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Foreword

In 1986, Uli Schoberer, a German engineering student and cyclist, invented the mobile cycling power meter—the Schoberer Rad Messtechnik, or SRM. Up until that time most cyclists relied almost exclusively on perceived exertion to gauge intensity during a ride. A few riders in the 1980s were also using heart rate monitors—another new invention that was only about ten years old. But the problem with heart rate was its slow response during short accelerations, which are common in cycling, and being affected by variables such as weather, mental stress, and diet. By the 1990s the SRM was growing in use among professional cyclists. But as they were more expensive than most bikes at the time there were few in use outside of the pro peloton. It wasn’t until the early 2000s as prices came down that power meters were widely adopted by serious recreational riders in a wide range of cycling sports.

Up until the invention and widespread use of the power meter, cycling was perhaps the least scientific of all endurance sports. While swimmers and runners in the 1970s and 1980s were taking tiny blood samples at the pool or track to determine changes in lactate levels at various paces, serious cyclists were primarily focused on volume—miles, kilometers, and hours. Weekly saddle time was the gold standard for determining progress. Why not speed? Wind, hills, and drafting made miles or kilometers per hour practically useless on the road.

Then along came the SRM and things began to change, albeit slowly. Now there are several companies making bicycle power meters and the prices have come down considerably since the 1990s. Road cyclists, mountain bikers, triathletes, track racers, and other riders at all levels of performance have found them to be a great way to measure training progress. Cycling has gone from one of the least scientific endurance sports to arguably the most scientific because of the power meter. Non-cycling sports such as rowing, competitive sailing, running, and others now are starting to use power meters.

I finally got my hands on a power meter in 1995. It was a loaner from SRM. As a poor coach I couldn’t afford to buy one. Uli was very kind to let me use it for three months. At the time I was writing my first book—The Cyclist’s Training Bible—and wanted to include something on this new technology. I wrote one page in the book on what I had learned about training and racing with power. As far as I know this was the first-ever description of how to train with a power meter. There wasn’t much to say because I didn’t know much.

In 1998 I got my second power meter. It was a prototype from a new start-up company called PowerTap. Instead of being in the chainring spider as with the SRM, PowerTap’s strain gauges were in the rear hub. The price was now much more manageable. I’ve been training and racing with power ever since.

By 1999 I was starting to understand quite a bit about how to use a power meter, or at least I thought so at the time. So that year I wrote a 32-page booklet called Training with Power. I would certainly not call it the definitive guide on how to train with power. It was just a small step in the right direction.

In 2006 Hunter Allen and Andy Coggan, PhD, released their first edition of Training and Racing with a Power Meter. From one page to a book—my how things had changed in only ten years. They introduced then what has become the most widely accepted methodology for using a power meter in cycling. From my oversimplified single page on the topic in the mid-1990s they had come up with a system that revolutionized training and set a standard for other sports to aim for. And the amazing thing is that they are still innovating and changing how the world of cycling trains and races.

What you have here in your hands is the most complete and advanced book on power-based training ever written. It’s amazing to think that so much about how we ride a bike and prepare to race could come from a single data point—what your wattage is right now as you ride. My single page on the topic in the mid-1990s went no further than that. Coggan and Allen—along with Stephen McGregor, PhD—have taken that jewel of data and turned it into a unique training method that continues to evolve while revolutionizing how we train. Other endurance sports are observing and adopting what is so thoroughly explained in the following pages. Coggan, Allen, and McGregor are changing the world of competitive training.

On a more personal level, your training and racing will also improve as you come to understand and adopt the methodologies they describe in the following pages. It won’t be easy. Change never is. But if, like most serious athletes, you are always seeking more effective ways to raise your level of performance, then this book, used along with your power meter, will provide the guidance and direction you need.

—Joe Friel

Coach, Author, and Co-Founder of TrainingPeaks
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Introduction

Believe it or not, the first power meters, or ergometers, appeared in the late 1800s. These were essentially stationary bikes that allowed researchers to determine power, but they were not practical for everyday use and certainly not portable. Only in the last few decades have key technological advances made power meters portable, cheaper, and ultimately accessible to cyclists at all levels of the sport.

What was once a secret closely guarded by top coaches and a few select, elite athletes is now considered essential equipment. Power-meter data is a focal point in race coverage, so even cycling fans are increasingly familiar with the wattage output of standout riders and the analysis of their data. Social media platforms that allow riders to share the data from their rides and tout their power-to-weight ratio like a badge of honor can also be credited with bringing power to the masses.

Because power meters and the software that supports them have become far more accessible, both in price and in practice, there’s never been a better time to incorporate power into your training. We want to demystify the power meter so you can tap into cycling’s best technology and achieve peak performance in your training and racing.

HOW WE GOT OUR START

Andrew Coggan, PhD, an exercise physiologist, first began working with ergometers in the early 1980s in his exercise physiology lab. Creating testing protocols that used specific workloads (wattage), he learned how carbohydrates work in the body and how blood lactate levels affect an athlete’s performance. He eventually wrote numerous scientific papers relating to the subject. A talented cyclist himself, Andrew often took advantage of indoor ergometers to improve his own training and racing—with great success. With the introduction of a less-expensive mobile power meter in the mid-to-late 1990s, he began to collect even more data while racing and training outdoors. From what he had learned in the lab, he knew that this tool would benefit cyclists training in the “real world” by quantifying the demands of racing, by improving pacing, and even by tracking fitness changes. Soon, however, it became clear that this tool would provide many cyclists with more information than they could handle. Andrew set out to create a schema for training with a power meter and began teaching the coaches at USA Cycling how to use it. You’ll find a lot of this information in Training and Racing with a Power Meter. For these educational efforts, in 2006 he received USA Cycling’s Sport Science Award and was among three finalists for the US Olympic Committee’s Doc Councilman Award.

Hunter Allen, a former professional cyclist, elite-level cycling coach, and the owner of the Peaks Coaching Group, began coaching endurance athletes in 1995. He worked with several athletes who were early adopters of power meters in the late 1990s. As their questions about training with power multiplied, he committed to exploring the technology further. In 2003, Hunter Allen, Andrew Coggan, and Kevin Williams developed TrainingPeaks WKO Software, a valuable program that helps athletes analyze workouts, compare race data, and track progress. Although he is no longer one of the owners of TrainingPeaks, Hunter is now known as one of the world’s experts in training and coaching with a power meter, having analyzed thousands of power-meter files and successfully coached hundreds of athletes using power meters. Hunter has traveled to over 20 countries and taught the principles of power training to over 5,000 coaches and athletes, along with authoring numerous articles on the subject. Hunter, as the technical coach to the USA BMX Olympic team in 2008, brought power-meter training to the BMX world and has coached multiple world and national champions as well as elite riders in the Olympics, Tour de France, and Ironman® world championships.

Stephen McGregor, PhD, also an early adopter of power-meter technology, is director of the Applied Physiology Laboratory and the Sport Performance Technology Laboratory at Eastern Michigan University. Since 2005, he has been a USA Cycling instructor responsible for teaching coaches about physiology, general training, and power training. Since 2013, he has served as co-lead instructor for the USA Cycling Level 1 Elite coaching certification. He is the co-author of The Runner’s Edge ebook, in which he developed the run Training Stress Score (rTSS) and normalized graded pace (NGP). Stephen also coaches for Peaks Coaching Group, guiding multiple athletes to national and world championships in road cycling as well as Olympians in various disciplines. In 2016 he was the recipient of an Order of Ikkos medal as the coach of an Olympic medalist in track cycling. His own experience, first as an elite cyclist and more recently as a masters-level athlete, helps him keep the science and data analysis grounded in the day-to-day concerns of training and racing. He tells athletes: “When it’s all said and done, the science doesn’t matter if it doesn’t help you go faster!”

HOW YOU CAN GET STARTED

For a cyclist who wants to reach a new threshold of achievement, a power meter is an invaluable tool. It can help you uncover hidden areas of weakness that never would have come to light through the use of a heart rate monitor or simple cyclometer. Capturing a second-by-second diary of your ride that you can later download and analyze, a power meter is a data goldmine.

Far from being just another gadget on your bike, the power meter can help you track your improvements over any period of time. Would you like to compare this week’s hill repeats to last week’s? How does your best 20-minute effort from this year compare to your best 20 minutes from two years ago? How has your average cadence changed over the past three years? With a power meter and a few clicks of the mouse, you will have the answers to these questions and so many more. What you learn could very well be the difference between a mediocre season and a successful one.

Training and Racing with a Power Meter will show you how to mine the data for better performance. Chapter 1 explains how using a power meter will impact your training. Chapter 2 delves into how the equipment works and how different software interprets the data. Chapter 3 will teach you how to find your functional threshold power and further individualize your training levels. Learn how to use a power meter to identify your strengths and weaknesses as a cyclist in Chapter 4. You’ll find some sample workouts in Chapter 5, all of which are based on wattage—time trials, hill climbs, interval training, and so on. These workouts target the goals of the power-based training levels.

Chapter 6 is where you will begin to interpret the data from your rides. Sample graphs illustrate the important concepts that you can explore using your power-meter software. Normalized Power, Intensity Factor, and Training Stress Score are explained in Chapter 7, allowing you to dive deeper into the data. Chapter 8 covers the numerous advances, new concepts, and tools developed since the previous edition was published, including concepts like functional reserve capacity and stamina. The real value of these concepts comes to light in Chapter 9 as we explore the process of using the data to create and time peak fitness.

Although the focus of this book is not on training, Chapter 10 presents four case studies on training with power. Each case study contains a fully developed training plan that you can use or adapt for your own training. You will see how the workout menu in the Appendix can be used in your own training, and you will get a better understanding of how to develop your Power Profile and build fatigue resistance specifically where you need it most.

Chapter 11 explains what the data will mean over a longer period of time. For example, you can use the power-meter data to track long-term changes or compare races from year to year. Again, we’ll give you concrete examples of how you can use your power-meter software to reach your goals.

Triathletes benefit tremendously from power meters and the insight they provide into effective pacing. Chapter 12 explains how to train properly for both long- and short-distance events and also includes some key racing advice.

Chapter 13 takes a closer look at how to use the power meter to reach your peak performance in racing. Chapter 14 discusses other cycling disciplines and how to effectively use a power meter in cyclocross, track, and ultra-endurance events. Finally, the epilogue summarizes the important steps in putting it all together.

In the Appendix, you’ll find more than 100 sample workouts sorted according to training level. These are just a starting point. After reading this book and figuring out your own Power Profile and Power Duration Curve, you’ll undoubtedly want to build a few workouts of your own.

There is a lot of terminology and technical jargon in this book. If you are anything like us, you’ll love it. For the moments when you can’t keep the terminology straight, use the Abbreviations (pp. xv–xvi) or the Glossary (p. 351) to sort it out.

Again, this book is not a training manual—it will not explain the nuances of peaking or go into the details of exercise physiology. There are many great books that go over these concepts in depth. Our goal is to teach cyclists at every level of ability that training and racing with a power meter is not hard to do. You do not need a PhD in exercise physiology to understand what the data mean. Furthermore, you do not have to be an elite racer to benefit from the technology the power meter offers. If you are a cyclist with an interest in improving your performance, this book is for you, whether you have a power meter already or you are just considering purchasing one. Any athlete can benefit from being challenged to think critically about training and will come to a better understanding of the essential components that comprise peak performance.


Abbreviations



	AEPF

	average effective pedal force



	AT

	anaerobic threshold



	ATL

	Acute Training Load



	ATP

	adenosine triphosphate



	bpm

	beats per minute



	C

	cadence



	Cat. I, Cat. II, etc.

	Category I, Category II, etc.



	CdA

	cyclist’s aerodynamic drag



	CP

	critical power



	CPV

	circumferential pedal velocity



	Crr

	cyclist’s rolling resistance



	CTL

	Chronic Training Load



	CX

	cyclocross



	FRC

	functional reserve capacity



	FTHR

	functional threshold heart rate



	FTp

	functional threshold pace



	FTP

	functional threshold power



	IF

	Intensity Factor



	J

	joule



	kJ

	kilojoule



	LT

	lactate threshold



	m/s

	meters per second



	MAOD

	maximal accumulated O2 deficit



	mFTP

	modeled FTP



	MLSS

	maximal lactate steady state



	MMP

	Mean Maximal Power



	MTB

	mountain bike



	NP

	Normalized Power



	OBLA

	onset of blood lactate accumulation



	PCr

	phosphate creatine



	PDC

	Power Duration Curve
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	PMC

	Performance Manager Chart



	Ppeak

	peak power



	RM

	repetition maximum



	RPE

	rate of perceived exertion



	rTSS

	running Training Stress Score



	SX

	Super Cross



	TRIMP

	training impulse



	TSB

	Training Stress Balance



	TSS

	Training Stress Score



	TTE
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	TT

	time trial



	VI

	Variability Index



	W/kg
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1

Why Train with Power?

POWER METERS HAVE COME TO BE virtually as ubiquitous on bicycles as clincher tires. At bike races and triathlons, in bike shops, in cycling magazines, on the internet, in velodromes, and anywhere else cyclists and multisport athletes gather, the power meter has become the topic that everyone wants to discuss. The consensus is the same: For cyclists, training with power is a critical part of reaching the next level of performance.

In our work in coaching and exercise physiology, we have seen the benefits of training with a power meter firsthand. Simply put, the power meter allows you to quantitatively track your fitness changes, more easily define your weaknesses, and then refocus your training based on those weak areas. Whether you want to take your riding to a new level or fine-tune your training program, what you can learn from your power meter is the impetus for change.

Even experienced riders are likely to benefit from a power meter. Hunter’s experience coaching riders with decades of cycling in their legs proves this to be true. Phil Whitman, a masters 60+ rider, was hesitant to adopt the power meter, thinking that after more than 30 years of training he’d be unlikely to see further improvements, but on Hunter’s urging he gave it a try.

“I have seen all the little ‘gadgets’ that have promised improvement, and most have come and gone,” Phil said. “However, using a power meter really helped me focus my training for specific intervals, pacing in breakaways, and also in time trials. Plus it’s been exciting to actually see my progress in quantitative form for the first time in 30 years of racing.”

By installing a power meter on your bicycle, you will gain access to more data than you can imagine. However, the benefits accrue only when you know what to do with all that data and how to interpret it. Many power-meter users find all of the graphs and data from their rides daunting at first. That is why we devoted a significant portion of this book to explaining how to extract the information necessary to focus your training and track improvements. You also will need to understand how to implement wattage-based workouts in your training regimen and when and how to make adjustments to your training. With some simple strategies your power meter will go from being a pricey upgrade to an invaluable tool for improving your riding.

Knowing how to use power-meter technology properly facilitates real advantages in the following areas:



       •  Self-Assessment: A power meter supplies a great deal of information about your ride, and these data will enable you to identify your strengths and weaknesses.

       •  Collaboration: Share detailed information with your coach and teammates in a way that enables everyone to work together more efficiently.

       •  Focused Training: The data, along with good coaching and teamwork, allows you to better identify appropriate training goals and methods.

       •  Peak Performance: With accurate information, improved collaboration, and smarter training, you will be positioned to do your best in cycling.

As you can see, these four areas overlap and build on each other. Without the data that the power meter provides, conducting an analysis of your ride, communicating with your coach and teammates, and developing a training plan will involve plenty of guesswork. When the data becomes the baseline, you can move to a whole new level in all these areas.

However, let the old-timers be warned: If you are unwilling to change the way you train, then training with a power meter might not be for you. This method will take some time and effort on your part, but if you are serious about training and going faster, then a power meter will help you reach your peak performance. Let’s take a closer look at how this happens.

ACCURATE SELF-ASSESSMENT

Record Your Effort

Power meters record massive amounts of data that you can download after your ride. Armed with a second-by-second diary of your ride, you will be able to see exactly how strong you were as you stomped up that hill, whether you should have fueled better along the way, whether you had the right gearing when you hit that wall 50 miles into the ride, and so on.

A power meter records your effort from both a cardiovascular viewpoint (heart rate) and a muscular viewpoint (watts). The watts that you are able to produce are what drive the bicycle forward. Your heart rate is your body’s response to the pressure you are exerting on the pedals, and by being able to quantify the exact training dose, you will be able to better understand all the other aspects of your training and racing. You will know exactly how much time you’ve spent in your wattage training zone while riding. You will be able to highlight the areas of your ride where you need the most practice, concentrating, for example, on intervals, hills, sprints, or attacks during a race. By reviewing your data after the ride is over, you will know with certainty whether you completed your training goals or need to revise your training methods.

Add Meaning to Heart Rate Monitoring

A heart rate monitor does not tell you how much you are improving on your bicycle; it just tells you how fast your heart is pumping. Heart rate is affected by many factors, most of which have little to do with performance. Relying solely on a heart rate monitor can even lead you to false conclusions about your fitness level or performance, and undermine your confidence.

Hydration, environment, body temperature, sleep, stress, and other factors all affect heart rate. There are times in training and competing when you might be better off not knowing your heart rate, and instead go on your “perceived exertion.” Although heart rate monitors can be valid and useful tools, heart rate is just one piece of the puzzle. How fast your heart is beating is a response to a stimulus, whether that stimulus is a bear chasing you through the woods, the pressure of an important presentation at work, or your effort in pushing harder on the pedals in an attempt to latch on to the tail end of the winning breakaway. Think of your heart rate as being similar to the rpm dial (tachometer) in your car. The more you step on the gas pedal, the higher the rpms go. Hunter often describes heart rate as the “intensity of your intention,” a readout of how hard you are trying. The harder you try, the higher your heart rate will be.

On the other hand, a power meter measures your true rate of work (power), that is, how hard you are pushing on the pedals. Power can quantify the amount of horsepower your car engine uses to cruise at 60 mph. On your bike, you are the engine and a power meter tells you how much power you are exerting in the form of watts. By comparing your heart rate response with the power output, you may find there are days when your heart rate is telling you to slow down, but your power meter is telling you to speed up because you are not making those muscles work hard enough to really create a training stimulus. Your heart is a muscle, just like any other muscle in the body, and it gets tired, too. This means that if, for example, you’ve been training hard for seven days, your heart rate may be lower than normal for a given wattage while you are riding. If your heart rate is normally 165 beats per minute (bpm) when you are riding at 280 watts, then after seven days of hard training it may only be 158 bpm at 280 watts because of your fatigue. Heart rate data alone might suggest that you back off of intense training on that day, but it’s highly probable that you would still be able to do the same amount of watts, or nearly the same amount, as when you were fresh at the beginning of the block. Wattage is the key to knowing when you truly need a rest day.

Track Fitness Changes

The ability to readily track changes in performance is one of the most exciting reasons to train with a power meter: Over time, you will know with certainty whether your fitness is improving and by exactly how much. Is all this hard work really worth it? Are you really getting faster? Will doing all those doggone intervals really help you get over that last hill in the Tuesday-night group ride with the leaders?

Download your information directly after your ride and you will see the differences between today’s effort and the same ride last week, and the week before, and so on. Since your fitness changes continually, and you will have different strengths and weaknesses from one month to the next, it’s essential to track your progress toward the bigger-picture season goals. Power data reveals the status of your lactate threshold and aerobic capacity, and if they aren’t improving, you can make the appropriate changes to your training regime. You will be able to look back on previous data and see how long it has taken for you to achieve a new level of fitness, which will enable you to set realistic goals. On the other side of the coin, it is also important to know when to rest and recover. Power meters play an important role in avoiding overtraining. By tracking the overall training stress, using a method such as Training Stress Score (TSS), you will be able to make more accurate decisions about your training load.

Analyze Your Race

Use your power meter to gain an objective view of your race performance. The data allows you to examine the demands of the racecourse and your execution. In fact, the best data will often come from races where the competition drives you to go harder than you would in routine training.

Sometimes the most interesting data will come from a race in which you got dropped. You can review the power-meter file, much in the same way that a football coach would review a videotape of a game, to see what changes are necessary to avoid similar problems in the future. During a very hard stage in the Gila Stage Race, for example, one of Hunter’s athletes was dropped on a particularly difficult part of the climb. In reviewing the post-race data, Hunter was able to pinpoint other races in which the athlete had been dropped from the lead pack and then compare the efforts. He found that whenever this racer’s cadence dropped below 70 rpm for more than five minutes while riding at his threshold power output, he was dropped. However, Hunter also found many cases in which the cyclist was able to stay with the same athletes at and above his threshold wattage as long as his cadence was over 95 rpm. The solution: changing the gearing on the bike so that the largest cog had 27 teeth instead of the standard 23. This allowed the athlete to spin at a cadence over 100 rpm on the steepest climbs, thus maximizing his ability to produce watts based on his body’s physiology. For the rest of the year he was able to stay in the front group of riders.

A power meter can also help you determine when you are using too much energy in a race. It could be that you are pedaling “too much.” The thousands of power-meter files that Hunter has analyzed prove that the racers who consistently win are also the ones who do not pedal as much as the rest of the peloton. How can this be? Well, the best racers just sit in the pack, watch, wait, and hide from the wind, conserving their energy. These aren’t the riders who are sitting out front driving the peloton down the road for hours on end. The winners are the ones who pedal less, but when they do pedal, watch out, because they pedal harder than the rest of the pack.

In this same vein, a power meter can tell you when you burned a match—that is, performed a very hard effort. Because you have only so many matches in your matchbook to burn, timing is everything. Power data can also show whether you used too much energy in parts of the race that were not decisive. By analyzing the data, you can replay the race in your head while viewing your power-meter file to uncover tactical errors, and understand exactly what it would have taken to make the winning break or the decisive split. Then you can take this information and use it to better focus your training.

Pinpoint Your Strengths and Weaknesses

Before the advent of power meters, cyclists had to guess at their strengths and weaknesses, and many times these guesses were wrong. Guessing can hurt your ability to improve. Ultimately, armed with this new information, some simple testing protocols, and experience with your power meter in a variety of races and training rides, you will begin to get a clearer picture of your specific strengths and weaknesses.

Learning what your weaknesses are may not always be pleasant. Finding out that you are a Category I racer in your best 5-minute power, but a Category IV racer in your best 20-minute power may be exciting for a track racer, but it will be disappointing for a road racer desperately trying to improve. However, you cannot improve until you know your weaknesses. Each racer is different, and each racer has different goals. Just knowing your strengths and weaknesses makes a big difference in the focus of your training. What will happen if you have to ride at 105 percent of your threshold power for more than three minutes? Will your lungs feel like they’re about to explode, or will this be easy for you? A power meter lets you analyze your performance and training to find out what your natural talents are and where you need improvement.

IMPROVED COLLABORATION

Give Your Coach Better Information

Coaches love power meters and the information that they provide. Power meters are clear and concise, and the data is right there on the computer screen—an objective set of facts that can’t be denied. That is why coaches work hard to persuade their athletes to engage with the data. Plain and simple, using a power meter closes the gap between you and your coach.

It’s a coach’s job to determine the dose (training) that will elicit response (adaptation). When a coach can clearly see how an athlete is responding to the training, he or she can more accurately prescribe the training going forward. The athlete-coach collaboration benefits from the review of daily training schedules, a more robust discussion of progress, and better analysis over time to ensure that key goals are realized.

With the data that you collect with your power meter, your coach will discover things about you and your riding abilities, both positive and negative, that he or she would not otherwise have been able to figure out even by racing with you. This information can be leveraged to improve your training plan. Your coach can also react more quickly to changes in your fitness and make adjustments to your plan accordingly.

Undoubtedly, improved communication between the two parties makes all the difference. With a power meter, there can be no “hemming and hawing” about what is going on with your fitness or whether you are on the right path. Instead, where you are with your training, and whether you are doing the workouts correctly, will be clear cut. Your coach will know what you are doing in races and training rides, and will have a chance to make much more useful suggestions for further improvements.

A power meter increases accountability—that feeling of having to be responsible to someone for your training. When you know that your coach is going to see that you did only 5 out of the 10 prescribed efforts, it’s like having your coach with you on the ride. A power meter doesn’t lie, and sometimes, the truth can be tough to face!

Cyclist Sam Krieg started working with a coach in his second season of training with power, and attests to how this increased accountability helped him: “Several times during my pre-season training, I would see my workouts and think, ‘I can’t finish that.’ I would start the workout saying to myself, ‘When I blow up, I’ll just e-mail my coach the power file and let him know I tried but just couldn’t pull it off.’ [But] minute by minute the intervals would come and go, and somehow I would still be turning the pedals.” Sam often found himself in complete disbelief of what he had just accomplished.

One workout in particular stood out for Sam: “My coach prescribed doing 50 minutes at my threshold power, with several cadence changes and power spikes. I didn’t think I could survive 20 minutes of this workout, much less 50. Slowly the seconds on the computer just ticked away. In the back of my mind, I knew I would have to e-mail this power file to my coach, so I figured that as long as I could sustain the prescribed wattage, I would continue. Several times during the interval I didn’t think I could make it another minute, but my power and heart rate were stable, so I pedaled on. Fifty minutes later I finished. I had a new 50-minute peak power, and I had mentally grown more in one workout than I had over the past three months.”

This mental and physical strength translated into racing strengths throughout the season. Sam describes an early-season race where he made the selection early on, only to get dropped from the echelon 20 minutes later. Struggling to regain his composure, he reframed the remainder of the race as a 30-minute time trial at threshold wattage. In his words: “As demented as it sounds, I was racing for a great power file, not against the racers who were up the road. I struggled for the next half hour just like I did in my winter workouts, racing my power meter minute to minute.” As it turned out, Sam caught the break and managed to finish at the front of the remaining riders. Sam carried this new level of persistence into the rest of the season and turned out some surprising results, even winning on days when he felt weak, because the data convinced him he was capable of it.

Improve Interaction with Teammates

The use of a power meter can have a profound impact on how well a cycling team works together. Many times in teams, it is not always clear who should be the leader; sometimes it’s hard to know who is riding the best. When all the team members use a power meter and commit to regular testing, coach and riders alike will know exactly who is riding well enough to be a protected leader and who will ride in support.

While in a race, a very good rider knows exactly where to ride in the peloton to save the most energy. The leader will know how many watts are needed to make it over the climb in the lead group. In addition, power meters can build confidence when the data show that team members have the physical ability to win. It’s right there on the graph. If three out of five riders have the necessary fitness to win the race, that confidence can really propel a team to success.

FOCUS YOUR TRAINING

Gain Motivation to Work Harder

A power meter can be an effective motivator. For example, if you see your average watts drop near the end of a 5-minute effort, you are likely to pick it up to achieve your 5-minute wattage goal. As long as the goal is challenging yet achievable, the wattage numbers will inspire you to eke out just a tiny bit more. And in the world of a sport that can be won or lost by less than a tire width, marginal gains are significant.

Every athlete strives to eliminate guesswork and wasted time, and in this day and age, most athletes are too busy to train as much as they’d like, so every minute must be optimized. If you are strapped for time, using a power meter and sticking to the letter of your workout will help you gain a higher fitness level more rapidly, minimizing junk miles and maximizing your precious time.

Improve Your Position and Aerodynamics

Your body position is the single greatest factor determining your speed while riding at a specific power output. Why risk the disadvantage of riding in a poor position when you can measure your aerodynamics and discover your fastest position? With some simple tests using a power meter, you can figure out how your current position on the bike is impacting your overall speed and exactly how to change it in order to produce the most watts and the least amount of aerodynamic drag. With the most recent wind-tunnel testing of bicycle frames, wheels, rider positioning, and other factors, it has been found that with improvements in positioning and equipment a rider should be able to pedal at approximately 30 watts less to maintain a given speed. In other words, just by optimizing your position and equipment, you may be able to gain 30 watts of power. This represents a greater gain than most cyclists see in an entire year of training.

Pace Your Efforts

When you are out training, racing, or just riding around enjoying the countryside, a power meter allows you to pace your effort better in order to achieve your goal for that ride. Whether that’s simply to finish the ride or to achieve a particular physiological stimulus, using a power meter as a pacing tool can help you to conserve energy or expend energy at the right times.

You can use a power meter on all of your long rides—on ultra-endurance rides, in interval workouts, on hill climbs and time trials (TTs), and so on—in order to get the most out of your effort and avoid overdoing it. Once you know your functional threshold power (or FTP; see Chapter 3), you can push to hold it in a time trial or on a hill climb so that you can be confident that you went as hard as you could possibly go. Using a power meter for pacing in time trials is an especially good use of the technology. It provides a “ceiling” that will prevent you from overexerting yourself in the first five minutes of the race. During a race, knowing your wattage helps you to focus, providing a “carrot” when the going gets tough and you find yourself pushing right on the edge of your ability. In mass-start races, pacing is equally important. You can use it in the field in order to conserve your energy until later in the race, or to judge whether the pace is right for you to attempt a breakaway or to figure out what it will take to win the race.

Randy Weintraub, a highly competitive triathlete, for example, was concerned about the lack of hills near his home and training grounds. His goal was to complete Ironman Lake Placid, one of the toughest of the Ironman-distance races, in less than 10 hours. The bike course is very hilly and includes a substantial 2-mile climb. Randy needed to figure out exactly how many hills he would have to ride, and how long each one was, and then go back and train for those racecourse demands at home in Long Island, New York.

Randy went to Lake Placid and rode the bike course very close to his goal wattage. His first priority was to assess whether his goal wattage was actually correct. He had never done this triathlon before and was unsure whether he could maintain that wattage for the entire 112 miles and then still have something left for the 26.2-mile run. After his ride, he downloaded the data and found that he had indeed averaged his goal wattage. Based on his level of fatigue at the end of the bike leg, he surmised that he had enough energy left over for his run. Then, using old-fashioned pencil and paper, Randy simply counted the number of hills that took more than two minutes to complete along the course. With this information, he began to seek out new training routes near his home that would mimic that course as closely as possible. When he did not have a long enough hill, he would simply ride into the wind to simulate a longer climb. He also programmed the number of hill repeats, along with the wattages he would need to reach in order to achieve a peak performance, into his indoor trainer.

Create a Mobile Testing Lab

A power meter allows you to test your fitness on a periodic basis, such as every month, so you can quantitatively see where you have made improvements and where you still need work. For serious racers, using a power meter in this way can even eliminate some of the costly testing that formerly was possible only at a lab, since they now have the mobile equipment installed right on their bikes.

A power meter measures changes in your ability to move the bicycle down the road. It tells you how much force you are putting into the pedals, not just how hard your cardiovascular system is working. By testing your skills regularly, you will better understand your potential for improvement, and you can avoid overtraining. We all undergo changes in our fitness in different areas. Some athletes improve more quickly with shorter efforts, whereas others improve more quickly with longer efforts. With proper periodic testing, you can see exactly which of your physiological systems are improving and then determine whether it is the right time to focus on a particular area of training.

Andrew says it best: Training is testing; testing is training. Treat every training session as an opportunity to build toward a peak performance.

Enhance Indoor Training

With a power meter, you can use your indoor trainer to the fullest extent. One of the first things you will learn about using a power meter on the road is that your wattage will have a high degree of variability. It fluctuates on a moment-by-moment basis depending on the conditions, and sometimes this is not the best way to train. On an indoor trainer, without the outside influences of wind, hills, dogs, and so on, you can focus your intervals in exact wattage zones for optimal improvement.

In addition, indoor training gains new meaning when you can compare your intensity with on-road efforts. Indoor training also becomes more interesting, as now you have a new goal and focus to your workout. With the advent of the latest computerized indoor trainers, a cyclist with a power meter can even go out and ride a particular racecourse, come back, and download these data into the trainer to re-create this exact ride indoors. Power-meter data from indoor training sessions are also “cleaner” than from on-road efforts, as the massive wattage fluctuations caused by changes in terrain, riding with others, and just the variable nature of pedaling frequency are gone from the power file, making it easier to analyze the periods of effort.

Quantify Your Sports Nutrition

The entire time you are riding your bike, you are expending energy based upon how much work you are doing. Knowing how much work (in kilojoules) you are doing while riding is important. If you know your kilojoule expenditure, you can easily estimate your kilocalorie usage (nearly a one-to-one ratio), and this can help you determine when you need to consume additional calories or cut back.

Your production of watts will be drastically reduced if you allow your energy stores to become depleted, so making sure that you are eating often enough, and getting the right number of calories, can be a very important factor in the quality of your workout or race. By knowing your energy expenditure on the bike, you can more accurately plan your post-exercise meals to the exact kilocalorie. This especially helps if you are trying to balance your energy intake with your energy expenditure to maintain body weight during heavy training.

By eating to replenish your expended glycogen fuel stores and possibly packing in more, you should be able to recover faster from training sessions and be ready to train harder, sooner. Sami Srour, for example, a highly competitive recreational cyclist, had been planning for many months to ride a local metric century with his club. However, in each of his practice runs, he ran out of energy toward the end of the ride and had to stop at a convenience store to refuel. This routine impacted his energy levels for the next two days, and consequently, the quality of his training for those days suffered. From his two practice runs, however, Hunter figured out Sami’s total expenditure of energy in kilojoules for the entire ride. Then he broke the ride into segments and determined the number of kilojoules used in each segment, which allowed him also to set goals for calorie intake in each segment. Sami was able to determine when to eat, and how much to eat, during each section of the ride, and also how much electrolyte replacement drink to use. With this new information, Hunter created a postride recovery protocol that gave Sami the correct levels of carbohydrates, proteins, and fats to maximize his recovery, so he would be ready and able to complete his next day of training.





WHAT IS A KILOJOULE?

Almost all current power meters report the amount of work you have performed in joules in addition to measuring and recording your power in watts. Joules (J) and kilojoules (kJ) are therefore a measure of energy expenditure, or work performed. In the United States, however, this is usually measured in kilocalories, or Calories (1 kilocalorie, or large Calorie [with a capital “C”], is equal to 1,000 small calories [lowercase]).

By definition, there are 4.184 kJ per Calorie, so at first glance it would seem that to determine your energy expenditure using power-meter data, you would simply divide your total work in kJ by 4.184. However, this is not correct because power meters measure external work production, not the amount of energy needed to perform that work. Most of the energy expended during cycling is actually converted into waste heat that must be dissipated to the environment, leaving only a portion available to actually turn the pedals. The relationship between work performed and energy expended depends upon your thermodynamic efficiency (i.e., your ability to process food and convert it into energy) when cycling, which, for most trained cyclists, is on the order of 20–25 percent.

Thus, to estimate your energy expenditure (in Calories, or kilocalories) from the amount of work performed, using a power meter, you would need to first divide your total work in kilojoules by 4.184, but then multiply this result by either 4 (if efficiency is at 25 percent) or 5 (if efficiency is at 20 percent). These conversion factors tend to simply cancel one another out, such that you can also take the value for the total work performed in kJ as an estimate of your energy expenditure in kilocalories (or Calories). Although the exact relationship between kJ and kcal is not one to one, it probably is not worth worrying about any error this assumption creates, since an individual’s efficiency can only be readily determined in a laboratory setting, and it can vary depending upon the intensity and duration of training, environmental conditions, and other factors.






ACHIEVE PEAK PERFORMANCE

With all of the benefits that a power meter offers—greater knowledge about your riding, improved communication with your coach and teammates, and better focus for your training efforts—there is no reason why you should not be able to reach your fitness goals and achieve your peak performance at events.

Every top cycling performance in recent years has been aided by the use of power-meter training technology. In everything from the stage races like the Tour de France to hour records, track records, Human-Powered Vehicle (HPV) records, mountain-bike racing, and even BMX racing, the best cyclists have used power meters to determine not only the exact physiological demands of hard stages but also exactly how powerful they are as cyclists and how they stack up against their peers. Adapting training with the latest scientific training tools used to be an advantage enjoyed by only the world’s top cyclists. Now almost any serious cyclist can gain access to the same data that the pros have and execute their workouts to the same exacting precision.

Training with a power meter is about results. Simply training with a power meter is not going to bring you success because the power meter won’t do the work for you. If you want to go faster on your bike by just throwing money at it, then go get a nicer set of aero wheels, a lighter frame, or the latest carbon-fiber widget. But eventually, you will have to push harder on those pedals if you want to ride faster. Training with a power meter is only worth doing if you are willing to work at it.

If you have limited information about your training, you are limiting your ability to improve, and ultimately limiting your success. The details of testing and training with a power meter may entail some frustration, but given time you’ll be on the way to training more effectively and efficiently using a power meter. If your training and cycling are to change (that is, improve), then you must be willing to change first. This book is about how to change your thinking about training and racing and how to gain a clear understanding of what needs to be done in order to achieve your goals.
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Power Tools

WITH AN UNDERSTANDING OF THE ADVANTAGES the power meter has to offer, the pressing question is: Which one is right for me? Other questions quickly follow:



Which type of power-meter technology is the best?



What about price? Which model is most cost-effective? Do all the models have the same features and ease of use? Which type has the fewest problems?



Does the athlete need a degree in computer science or exercise physiology to understand what all those graphs mean?

These are good questions, but to make sense of the answers you need to know the different methods that power meters use to measure your effort.

Previous editions of this book included an overview of the power meters on the market, but more than 10 new power meters have been introduced since the second edition was published, and several more are introduced every year. Given the continual changes in the marketplace, the most up-to-date product information is found online. For the best in-depth information and pros and cons for specific products, we recommend you start with DC Rainmaker (www.dcrainmaker.com).

POWER HARDWARE

The power-meter hardware differs depending on how the manufacturer approaches the technology. Ultimately, there are five distinct methods: (1) crank-based integrated systems, which include spider, crank arm, and chainring setups, (2) hub-based integrated systems, (3) bottom-bracket sensors, (4) systems that measure “opposing forces,” and (5) pedal-based force sensors.

Crank-Based Power Meters

This is the most common place to measure power, and for good reason: It’s close to where the power is actually being produced. Crank-based hardware measures power across the entire range of the 360-degree circle. There are multiple variations on the cranks to accommodate different types of riding—road, mountain bike, and track. Crank-based power meters fall into three subcategories depending on precisely where and how the measurement is taken.

Spider Power Meters

We have the German company SRM (Schoberer Rad Messtechnik) to thank for the first commercial power meter, which truly started this technological revolution in cycling. Ulrich Schoberer, a medical engineer, made the measurement of wattage available to the masses.

Schoberer developed his first prototype in the 1980s by taking old cranks, cutting off the spider portion, and then replacing it with a power meter, about the size of a small saucer plate, consisting of a series of embedded strain gages. The front chainrings were then mounted onto this plate to allow for the measurement of power as the rider applied force to the pedals. The first models that he put on the market were incredibly pricey, reaching upward of $10,000 per unit. Keeping with his reputation for forging cycling success in part through his adoption of new technology, Greg LeMond was one of the first Americans to use Schoberer’s power meter. The SRM crank-based power meter, called the SRM Training System, set the standard by which all other power meters are measured.

The SRAM Quarq was the next spider-based power meter to hit the market, measuring power similarly to the SRM but offering the advantage of a battery mounted outside of the spider for easy replacement. Power2Max, FSA, and Team Zwatt produced spider-based power meters as well.

Measuring wattage in the spider of the crank is both convenient and logical, as the data incorporate the force from both legs and force is measured at the place where it occurs, right at the crank. This type of power meter measures torsion inside the spider of the right side of the crank. (The spider is located between the right crank arm and the chainrings.) Force is transmitted from the foot, to the pedal axle, down the crank arm, and into the spider before moving outward to the chainrings, creating torsion or twisting longitudinally on the spider. To make sense of this, consider the perspective from behind your bicycle: As you pedal forward with the right foot, there is twisting or a slight deflection in the metal on the spider itself before the force transfers to the chainrings. Strain gages mounted on legs within the spider can measure this torsion and calculate wattage. Multiple strain gages can be placed in different locations, providing a more complete picture of where the force is created, which can be seen and averaged into a second of data. Your power meter should be calibrated at the factory before you buy it, and you should check it periodically as you use it to make sure it’s accurate.
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Since spider power meters are built as a single unit within the crank, they are easily integrated with the bike. Many existing cranks are compatible with these power meters, so you might only need to buy the power meter itself (chassis) and install it on your existing crank. This can also be a disadvantage—if your existing crank is incompatible, you will need to find the right crank to fit your bicycle frame. Furthermore, if you change frames in the future your power meter might not be compatible with your new frame.

While the spider measures the force from both legs, it is not able to measure that force independently, so a true bilateral power reading showing left and right power separately is not possible. It is possible to extrapolate left/right balance using a spider-based power meter, as many models have two reed switches mounted in the power meter to identify dead center at the top and bottom of the pedal stroke. If total power equals 300 watts, and on the right side from 0 to 180 degrees there is 170 watts, then there must be 130 watts on the left side from 0 to 180, making the balance 57 percent left and 43 percent right. Unfortunately, this does not take into account any positive or negative forces from 181 to 359 degrees. By not taking into account the negative (or positive) force from the upstroke (181–359 degrees), the pseudo balance could be completely incorrect. For a true bilateral power meter, we recommend a crank arm or pedal-based unit.

Crank Arm

Strain gages can be affixed to the inside of the crank arms to measure the force transmitted through the crank arm. Crank-arm power meters include cranks that have been “scalloped” out as well, and the strain gages are embedded in the actual crank arm. This creates a very accurate power meter as the strain gages are not measuring only the deflection of the outside surface of the crank arm, but rather the entire deflection from inside the arm. Gluing the strain gages onto the outside of the crank with a small electronics pod to send the signal to the unit is another popular and economical approach. At the time of publication there were no less than six companies using this method to measure power, including the first-to-market Stages to the component giant Shimano.

Crank-arm power meters can be adapted and used on a wide variety of crank arms, making them appealing both in terms of fit and aesthetics. Andrew likes to joke that these single-crank-arm power meters are “only correct half of the time.” Mounted on the left crank arm, the power meter measures the left leg, which can be a disadvantage because typical leg-strength discrepancies amount to roughly 5 percent for most adults. While it doesn’t seem like much, when your functional threshold power is 300 watts, a 15-watt discrepancy could be very misleading. With Ergomo’s first left-leg power meter, which came out in 2002, we observed athletes who appeared ready for the pro peloton only to find out they had very large and strong left legs!

When the strain gages are placed on both cranks, independent left and right power can be accurately measured, reported, and recorded. Some power meters record data at a higher rate, displaying both tangential and radial forces, which can be important metrics for correcting pedaling form.

Crank-Based: Chainring

PowerTap brought this technology to market in 2014 to ensure it had products that measured power in all three locations (pedals, crank, and hub). The chainring is an ingenious place to measure power, though the label is a bit of a misnomer given that it’s not actually the chainrings that contain the strain gages, but an additional spider bolted onto the existing crank spider at the traditional chainring bolts. This spider or chainring has extra spider arms between the actual crank spider arms, and inside these extra arms there are strain gages measuring torsion. The actual chainrings are customized to the power meter, so if they wear out, you need only replace the specific chainrings just as you would for normal wear and tear. Because these chainrings are compatible with many existing cranks, you can simply bolt them onto the crank without replacing the crank. These chainrings measure both left and right power, though not independently. As with the other spider-based power meters, the chainring is a good place to measure power since it’s so close to where the power is transferred from the body. An obvious disadvantage is that these are not compatible with all cranks.

Hub-Based Integrated System

One of the first power meters on the market was developed in 1997 by a company called Etune, which was later bought by CycleOps, and the hub-based power meter evolved into the modern day PowerTap hub. The strain gages are housed in a “torque tube” in a complete rear hub on the bicycle’s back wheel. These strain gages measure the torsion inside the hub as it twists from the load that is applied to the pedals by the rider. The bicycle chain wraps around the cogs on the hub and, as it moves, causes small twists in the hub itself. This torque is measured and then converted into wattage.

One of the advantages of a hub-based system is that it measures the wattage that is actually getting to the road, after it has traveled from the crank through the drivetrain. This causes the power to be about 5–10 watts lower than if it were measured by a power meter at the crank or pedals. This technology is easy to move from one bicycle to another, so you only need one wheel if you have multiple bikes. If you are a coach, you can easily loan out the wheel to a rider. One disadvantage of using a hub-based system is that you are locked into using the wheel into which the hub is laced. To use your super-trick wheels for racing, you’ll need to get an additional hub.
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PowerTap has been the long-time leader and only company in the market with this type of power meter. It has continued to innovate, refine, and improve its power meter, making it lighter and more weatherproof, while simplifying the battery replacement procedure. These power meters are also ANT+ or Bluetooth compatible.

Bottom-Bracket Power Meter

This power meter was originally introduced in 2002 by a German company called Ergomo. Using optical light sensors, the power meter measured the twisting of the bottom bracket axle. Since the right side of the bottom bracket axle is attached to the drivetrain, there is no significant twisting; only the left side of the axle twists. This means that only the power generated by the left leg can be measured, and as mentioned previously, this can be problematic. The bike industry moved away from the traditional three-piece bottom bracket and Ergomo was not able to adapt its technology to the newer two-piece cranks and external bearing bottom brackets. But other companies have produced a sensor that fits inside the hollow axle of the bottom bracket to easily measure the left-side torsion. These power meters are self-contained and have all the electronics, the strain gages, and the battery packaged into a single unit that is small enough to slide into the inside of the axle and lock into place. Once calibrated, the power meter accurately measures the torsion of the bottom bracket axle and transmits the data to the head unit. The internal battery is charged through a micro-USB cable that is connected to the end cap on the outside of the axle. These power meters are compatible with a variety of cranks and bottom bracket axles and when used in combination with a right-side power meter (one that only measures the right side), this creates a clean and nice bilateral power meter. The delicate nature of the power meter requires extra care in installation and removal.

Opposing Forces Method

Velocomp introduced the first iBike power-meter computer in 2006. It contained a calibrated altitude sensor, an accelerometer, and a Pitot tube for measuring the opposing air pressure caused by ambient wind and the cyclist’s movement down the road.

The innovation of the PowerPod (formerly called the iBike PowerPod) is that its sensors measure opposing forces instead of applied forces—the measurement methodology used by all other power meters. The practical implication of this approach is that the PowerPod’s critical sensors are located in its pod instead of on the wheel, crank, or chain, making the pod small, lightweight, and relatively inexpensive, with easy connectivity to an ANT+ computer head. The PowerPod’s sensors, combined with a sophisticated algorithm that computes opposing forces based on sensor readings, allow the pod’s computer to determine wattage by calculating the force and speed needed to create power, essentially flipping the power equation around:

Power = Force × Speed

Later chapters will expound on this basic equation. Suffice it to say, cyclists apply force to their bike pedals in order to overcome the forces of resistance that are opposing forward motion (hill climbs, wind resistance, rolling resistance, acceleration, and so on). Direct-force power meters measure the forces applied by the cyclist, but the PowerPod is the only power meter to measure the resistive or opposing forces working against the cyclist. According to Newton’s Third Law, resistive (opposing) forces must exactly equal applied forces. The PowerPod uses Newton’s Third Law by taking sensor readings of opposing forces and combining the resulting data with some key inputs from the user (weight, an aerodynamic coefficient, and a rolling resistance number) to arrive at the applied forces that determine the cyclist’s power.

As is the case with any new technology, the PowerPod has gone through continuous improvement with its hardware and software algorithms. Riders are connected to their bikes through the pedals, seat, and handlebars. On average the rider and bicycle must move down the road at exactly the same speed (except, of course, in a crash!). However, during the short time period of a crank revolution the rider isn’t “glued” to the bike. In fact, the bike wobbles underneath the cyclist, both side-to-side and front to back. More technically, the bike moves (wobbles), relative to the center of mass of the bike-and-rider system. The PowerPod measures the side-to-side and front-to-back wobbling of the bike outside of the laboratory environment, in a real-life bike ride. The accelerometer in the device defines wobbling as the average distance the bike deviates from the rider’s center of mass, both side-to-side and front-to-back, during the period of time selected by the user. Wobbling is reported in two graphs in the iBike software window: (1) side-to-side versus front-to-back, and (2) front-to-back versus crank angle.

In 2018, AeroPod™, Velocomp’s newest product, was introduced. Using digital sensors it offers cyclists power output for both legs. Also, when used with a DFPM (direct-force power meter), AeroPod continuously measures aerodynamic drag (or Continuous CdA) on the road. When AeroPod is mounted on a bike with an ANT+ Sport direct-force power meter, the bike computer displays the power output measured by the power meter along with the CdA and Time Advantage data from AeroPod. However, simultaneously, the AeroPod records in its internal memory the power data from both your direct-force power meter and the AeroPod, along with wind speed and slope information. Velocomp’s Isaac software, which is included with AeroPod, makes it possible to analyze all of your power and aerodynamics data.

Velocomp’s products are not conventional power meters. Because the PowerPod is not a direct-force power meter, it helps to keep the concept and implications of opposing-force measurement in mind. That said, the PowerPod reports some impressive numbers when stacked up against a direct-force power meter. Many of the questions that critics of the first-generation iBike raised have been addressed through improvements in firmware to handle differences in road surfaces as well as temperature changes and complicated setup requirements.

Pedal-Based Power Meters

The first on-bike pedal-based power meter was created in 2008 by MetriGear, and two years later Garmin acquired the company to move into the power-meter market. Now multiple companies offer pedal-based power meters, which measure power at the very point where it is transferred from the foot to the bicycle. The technology in the pedals is lightweight, but the greatest advantage it offers is the ability to easily move your power meter from one bike to another, or even to an indoor cycling class, with just a pedal wrench. Finally, pedals are truly bilateral, showing your left and right power. Some cyclists have a strong preference for a particular pedal, so having to switch to a new pedal can be a disadvantage. For criterium racers, the cornering angle of a pedal-based power meter might not be as acute for pedaling through turns because with the additional electronics the pedals are bulkier. Bearings can also be an issue, as they are with any pedal, but manufacturers typically have a program to refurbish and/or replace the bearings if needed. Pedal-based power meters can also send some unique metrics to head units and/or phones—such as tangential and radial forces or data to show if you are pronating (pushing with the inside of your foot) or supinating (pushing on the outside of your foot). Take these unique metrics into consideration because they could be very helpful to improving your overall power output. We will dive deeper into bilateral pedaling data in Chapter 7.
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DO NONCIRCULAR CHAINRINGS SHOW A FALSE POWER INCREASE?

Most of the current power meters report the angular velocity of the crank (speed of the crank) once per rpm from the power meter to the head unit, which assumes it remains the same across one entire revolution. This creates a problem for noncircular chainrings, which have become popular with many cyclists. Whether or not noncircular chainrings make an appreciable improvement in actual power output or energy saving is a debate best saved for another day, but these noncircular chainrings will show an increase in calculatecd power output for any power meter measuring angular velocity at the crank or pedals. The purpose of noncircular chainrings is to speed along the non-power portion of the pedal stroke, which is typically at the bottom and top of the pedal stroke, so that the rider can get back to the power stroke portion (0–180 degrees) more quickly. This does in fact speed up the crank within a single rpm and because of this increase in speed within the single rpm, causes the power output to be inflated by up to 10–20 watts on average, depending on how oval the chainrings are. This equates to a false reporting of power. Using a power meter that measures power at the hub or in the pedals will eliminate this problem.






ANT+ COMPATIBLE HEAD UNITS

This area of the market seems to be changing as rapidly as the wind, with new companies entering it all the time. It is dominated by Garmin by a large margin and rightly so, since that company owns the ANT+ wireless protocol and has been successful in getting it universally adopted. Garmin has many unique features, and it allows programmers to develop independent apps to run on some of its higher-end units. To go in-depth in the review of these head units would be wasteful as there are many online resources that are updated regularly with the latest in head units and technology. As a reader, you should know that you have tremendous choice and available features in these head units and you should carefully research them to ensure you purchase the one that best fits your needs.

Advances in wireless technology have had a big impact on power meters over the past few years. ANT+ is a computer chip incorporated into nearly every power meter and computer head unit to allow them to speak a “common language,” so power-meter measuring devices can communicate with a computer head unit. This ultra-low-power wireless transmission protocol has many applications beyond cycling. But what makes it such a valuable feature for cyclists and power-meter manufacturers is its interoperability. The ANT+ technology essentially divorces the power-measuring device from the computer head unit. This allows cyclists to mix and match the devices they use. In other words, you no longer have to use a computer head made by the power-meter manufacturer. An ANT+ SRM crank can talk to an ANT+ Garmin computer, an ANT+ PowerTap hub can talk to an ANT+ Wahoo computer head, and an ANT+ Garmin pedal can talk to a Stages computer head. All of the power meters on the market operate on the ANT+ network. For the most part, you can now select a head unit with the features you like without worrying about whether the same company’s power-meter offering is your top choice. ANT+ has given consumers the ability to choose their ideal power-meter system.

One downside to the ANT+ protocol is that the power-meter manufacturers are constrained by the broadcast message definitions, which can limit the types and amount of data that can be sent and received by the computer heads and power-meter measuring units. In practical terms, this limits the data that can be received by the ANT+ head units to four messages per second, three of which are repeated, so it’s truly only one message per second. The team at ANT+ continually updates the protocols, and that allows for new channels of data such as specific left and right pedaling metrics, but without the ability to capture higher-definition data, this constraint hinders future product development.

Bluetooth Low Energy (BLE) is another wireless method used by many of the power-meter companies to transfer the data from the power meter and the computer head unit. BLE uses common language similar to ANT+ and this technology is found in every smart phone in the market. This means your smart phone can take the place of the bicycle computer, and using the manufacturer’s app, a cyclist can record, view, and upload data directly from the phone. BLE has advantages over ANT+, namely that it allows for a higher rate of data transmission, which sends more data from the power meter to either a head unit or a phone. For some of the power meters available, BLE transmits the radial and tangential forces along with left and right power data at a high enough data rate to be useful. Another advantage of BLE is that it makes easy work of updating your power meter with the latest firmware, which can fix bugs and give users access to new features.

BEST PRACTICES

Set a High Recording Rate

Always record your power-meter data using the highest recording rate. This typically means that data is recorded every second, but some head units have capacity for even more data. The more the better. Be aware that Garmin head units default to a rate described as “smart recording.” If you are just recording GPS points this is smart, as it records fewer points when you are riding in a straight line and more points when you are turning. Unfortunately, this is not ideal for capturing power-meter data, and if you don’t change the setting you will miss out on a tremendous amount of power data.

Set Display Rate to 3–5 Seconds

Note that there is a difference between recording rate and display rate. Recording rate is the rate at which the data is recorded by your power-meter head unit or phone. Because you want the most data possible, the faster the recording rate, the better the data will be. Display rate is the rate at which the data is averaged and then updated on the display of your head unit or phone. Most head units will let you configure this as 3-second, 5-second, 10-second, 20-second, etc. rolling averages of the data to be displayed. Power-meter data changes very quickly so smoothing these changes over a 3- or 5-second interval will allow you to better pace yourself and keep you from chasing the numbers. For 90 percent of your training we recommend using a 3- or 5-second rolling average. A 10-second rolling average might be more beneficial in a time trial.

Zero Your Power Meter

Power meters need to be “zeroed” just like the weight scale in your bathroom. If your scale reads “+5 lb.” before you step on it, well, your weight will be heavier by 5 pounds. The same goes for power meters. Each head unit needs to receive a signal from the power meter when there is no load on the power meter. This will be understood as “zero”—any load above this will be attributed to the rider. Before you start riding, turn your power meter on by turning the crank arms, spinning the pedals, or rolling the wheel so that the power meter begins sending a signal to your head unit. Once connected, go into the settings in the head unit and zero the power meter. Garmin head units use a different naming convention, calibration, which leads to a great deal of confusion. If you were to truly calibrate your power meter it would entail a completely different process, in which you would need to hang a known weight (e.g., 50 kg) off your crank arm or pedal in order to tell the power meter that this is indeed 50 kilograms. It can be a complicated process, best done at the power-meter factory, although many manufacturers make public the calculations and process. Bottom line: If you own a Garmin head unit, when you want to “zero” the power meter, choose “calibration.”

We suggest that you zero your power meter before every ride or after any kind of trauma, (e.g., any time you take the rear wheel out of the frame to put your bike in your car, if your bike falls over causing the pedal and crank arm to hit the pavement, or if you crash). Some units will give you a prompt before you begin riding. There is nothing worse than coming home from a ride where you put out more power than you ever have, to download the data and realize you forgot to zero your power meter and all your data is skewed by +23 watts.

Don’t Trust a Single Sample

Power meters can be finicky and you will occasionally get an erroneous sample of data, which usually manifests itself as a massive power spike above and beyond any wattage you have ever been able to create. This can occur for many reasons: if the cadence signal is lost for a second, if you do a track stand at a stoplight and inadvertently activate the reed switch multiple times and quickly, or after you have coasted down a hill and begin to pedal again on the next uphill. Some power meters are more susceptible to power spikes than others due to their method and design. Fortunately, after the data has been downloaded power-meter software makes it easy to find and fix power spikes. In most cases, you can just interpolate the power spike to get a more accurate reading. For example, if your power data was recorded as 213, 234, 242, 1,876, 254, 260, 267, simply changing 1,876 to 248 (splitting the difference between 242 and 254) in the software would provide a more accurate representation. We have long emphasized the value of analyzing your best 5 seconds of power with regard to your neuromuscular ability, and this situation illustrates why—it ensures that you have an accurate sense of your true maximum power.

Average Zeroes for Power, but Not for Cadence

In most head units, you have the option to change how some of the data is averaged. Where power is concerned, be sure to set the head unit to record and average zero power into the head unit. Any time you are not pedaling, your power meter will record zero watts—this is an important metric to understand, explained in more detail in Chapter 4. However, when analyzing cadence it’s important to not average the time spent not pedaling. To illustrate this point, let’s say you are riding a 5-minute interval at 90 rpm and 3 minutes into the effort you have to ride down a steep, but short and technical hill, so you coast for a little bit. You then continue your interval at 90 rpm for the final minute and a half. So did you average 90 rpm for the entire time you pedaled? Yes, but only if you exclude the 30 seconds you were not pedaling. If you include that zero cadence then your average rpm would be 81 rpm, which would be misleading and erroneously report that you did not pedal at 90 rpm the entire time you were pedaling.

Use the Interval or Lap Button

Knowing how to mark an interval during a training session is critical. There will be interval sessions where you want to optimize the number of intervals you do based on your average power in each one (a strategy detailed in Chapter 5). Make it a habit to use the lap button on your power-meter head unit. Simply touch the lap button just before you begin the interval, and then again when you stop the interval. This allows the averages to be recorded and you can easily review them in a separate display on the head unit after each interval is finished. Marking intervals also means this range of data will be easily viewable in your power-meter software, making it easy to compare the efforts. One important distinction: When doing intervals such as micro-bursts or crisscross efforts, or any interval in which there might be sub-goals within a given interval, you will want to mark only the beginning and end of the larger interval. So for 3-minute microburst intervals you wouldn’t worry about marking every 15 seconds, for example. This way you will capture the average for the entire 3-minute effort and more easily be able to compare the larger effort.

POWER SOFTWARE: HOW A BIKE GEEK’S TOY BECOMES A TOOL

The true usefulness of a power meter comes from post-ride analysis of the data. Understanding the data presented on the display while racing or training certainly has benefits and is worthwhile; however, the power meter’s true advantage comes with downloading the recorded data and sifting through the graphs to gain insights that will help you improve. Because a power meter records data at sampling rates of possibly many times per second, the sheer volume of information from even a one-hour ride can be overwhelming. What does it all mean? That’s where the software comes in. The software that comes with the product should present the facts in an easily digestible manner so that even if you are a novice you can use the information to make decisions about your training. Later chapters will look at specific charts and graphs that are common in the different power-meter software and discuss what they mean.

Many power meters come with proprietary software accessible either through a simple online interface or a more complex desktop application. The expansion of power meters and head units has been accompanied by a growing number of options for power analysis software, which will not be reviewed here as this information becomes quickly dated. We encourage you to search out the best software for your analysis needs as this truly allows the recorded data to become more useful and enables you to track fitness trends and changes over time.


3

Power-Based Training: Where to Begin?

TRAINING WITH A POWER METER IS NOT DIFFICULT, and certainly anyone can install one on a bike. But actually using the equipment, and especially the software, in the way that they are intended to be used will take some work on your part. Look at it this way: If you were the proud owner of a new Ferrari sports car, would you need to take lessons at the local race car driving school to enjoy it? No, of course not. But doing so would certainly enhance the experience of owning the car. In the same way, you’ll get the most out of owning a power meter when you learn how to take advantage of all the features that it offers.

Power meters give you access to complex information that has the potential to help you reach your goals and achieve your potential in cycling. Such cutting-edge tools have traditionally been reserved for exercise physiologists studying the biomechanics of movement and human physiological limits in a lab. Experimenting with new tech and gear is always fun, but your power meter is more than just a bike geek’s toy—it’s one of the best ways to get to know yourself as cyclist.

Once you have installed the hardware on your bike, start riding with your power meter and downloading the data. Your power meter creates a second-by-second record, or diary, of your ride in graph format. Before you dig into the data, simply get a sense of what different wattage numbers mean in the real world—check out what happens to your power output when you ride in a crosswind, when you take on a particularly long climb or a set of short, difficult hills, and before and after you stop for a drink at the convenience store. Then look at the graph to see how a 300-watt effort affects your heart rate, cadence, and speed. Take note of how hard (or easy) producing a certain power actually feels, both when you do so only briefly and when you attempt to sustain the effort. These associations will help you to better understand your cycling.

STEP 1: ESTIMATE YOUR FUNCTIONAL THRESHOLD POWER

Now that you have some rides under your belt and a sense of how to operate the computer display while riding, schedule your first testing session. The Functional Threshold Power test will help determine your training levels and thus allow you to give the correct focus to your efforts. With this first test, you will find out how many watts you can currently produce at your functional threshold power (FTP), establishing a fitness baseline.

It would be a good idea to repeat this threshold test every six to eight weeks in order to assess your fitness, track performance changes, and decide whether to make changes to your training program based on the results. There are two important things to remember: (1) always perform the test on the same stretch of road or on an indoor trainer, and at close to the same time of day and with similar weather conditions; and (2) minimize external influences that could affect performance, such as stress or lack of sleep. This way you can be confident in comparing the results from different tests.

What Is Functional Threshold Power (FTP)?

The term “threshold” has become synonymous with the word “confusion” in the minds of many athletes. There are many different words for essentially the same concept: anaerobic threshold (AT), lactate threshold (LT), maximal lactate steady state (MLSS), onset of blood lactate (OBLA), and just plain old “threshold.” It seems that there are just as many possible quantitative definitions, with different versions of the concept based on heart rate (HR), blood lactate, wattage, and so on. As a result, even in many scientific articles the authors have to present their own definition to clarify what they are talking about.

For nearly 40 years, exercise physiologists have known that the exercise intensity at which lactate begins to accumulate in the blood, called lactate threshold, is a powerful predictor of performance, specifically endurance. This is because although an athlete’s cardiovascular fitness—that is, his or her maximal oxygen uptake, or VO2max—sets the upper limit to his or her rate of aerobic energy production, it is the individual’s metabolic fitness or lactate threshold that determines the percentage or fraction of this VO2max that can be utilized for any given period of time.

The physiological factors determining LT are complex, but essentially blood lactate levels serve as an indirect marker for biochemical events within exercising muscle. More specifically, a person’s LT reflects the ability of his or her muscles to match energy supply to energy demand, which in turn determines the “mix” of fuel used (i.e., carbohydrate versus fat) and the development of muscle fatigue. Consequently, LT is the single most important physiological determinant of performance in events ranging from something as short as a 3 km pursuit to a stage race lasting as long as three weeks. This is especially true when LT is expressed in terms of power output, which also takes cycling efficiency into account. Because the effort that is experienced by an athlete when exercising at any given intensity is dependent upon his or her power output relative to power at LT, this parameter provides a physiologically sound basis around which to design any power-based training program.

However, few athletes have ready access to lactate testing on a regular basis. What’s more, even those who do are still generally dependent on the person performing the test to first design an appropriate protocol, and then to correctly interpret the results. This is more difficult than many people realize, and the data obtained are not more accurate or precise than those obtained using much simpler field tests (since the best predictor of performance is performance itself).
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FTP is the highest power that a rider can maintain in a quasi–steady state without fatiguing. When power exceeds FTP, fatigue will occur much sooner (generally after approximately one hour in well-trained cyclists), whereas power just below FTP can be maintained considerably longer.
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Determining Functional Threshold Power

So, how do you go about determining your functional threshold power using a power meter? There are a number of different ways to do this, each with its advantages and disadvantages, but all of which provide similar estimates of threshold power. In order of increasing complexity, these are:



       1.  Power Frequency Distribution Charts. A good estimate of FTP can often be obtained by simply uploading all of your training data into your power-meter software and then examining the power frequency distribution chart (see Figure 3.1). Because exercising above threshold power is quite strenuous and there is a limit to how long you can do so, there will often be a rather noticeable drop-off above this point in the graph. (This same approach works even better for identifying an individual’s spontaneously achieved maximal heart rate, thus reducing or even eliminating the need for formal testing.) Of course, this method works best if the time period examined includes some high-intensity training and/or racing, which serves to make the distinction between sub-threshold and supra-threshold efforts more distinct. Also, sometimes the drop-off in time spent above threshold power is more apparent when the width of each power “bin” is smaller, such as 5 or 10 watts.
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       2.  Routine Steady Power. Another way to estimate your threshold power without formal testing is to simply evaluate the steady power that you can routinely produce in training during longer hard efforts, such as intervals or repeats aimed at raising LT, or during longer climbs. In most power-meter software, perhaps the easiest way of doing this is to add a horizontal gridline to a “stacked” graph of an appropriately chosen workout (or race), and then look for places where your power is quasi-constant for some minutes at a time (see Figure 3.2). You can then adjust the gridline up or down as needed to home in on the best estimate of your functional threshold power.
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       3.  Normalized Power. Perhaps an even more precise way of determining your threshold power that still does not require formal testing is to use power-meter software to examine your Normalized Power (a concept explained in greater detail in Chapter 7) during hard mass-start races of approximately one hour. Since many power-meter software applications automatically calculate Normalized Power even if you haven’t yet entered a value for your threshold power, using a program first to analyze several race files may be the quickest way to derive a good estimate of your threshold power.

       4.  One-Hour Time Trial. Since, by definition, the best measure of performance is performance itself, the most direct estimate of your FTP will be obtained by simply doing a one-hour time trial. By examining the horizontal graph of the data from such a trial in your power-meter software (perhaps with a little smoothing applied), you will be able to quickly tell whether your effort was well paced or whether you started out too hard and then faded. In the latter situation, the data for average power will somewhat underestimate your true threshold power.

       5.  Mathematical Modeling. Those who are more mathematically inclined may wish to use Critical Power (CP) or the Power Duration model. It’s possible to perform formal testing to determine “critical power” as described in the scientific literature. Briefly, this approach consists of plotting the total work performed (in joules) during a series of relatively short (i.e., between 3 and 30 minutes), all-out efforts against their duration (in seconds), then fitting a straight line to the data points. The slope of this line is critical power. Provided that you adhere to these guidelines—which are based on the scientific literature, and in particular the recommendations of those that originally developed the model—the value you obtain for CP will be essentially equal to FTP. On the other hand, if you calculate CP based on tests that are too short in duration, CP will be higher than FTP, and in fact will overestimate the true maximal metabolic steady-state intensity (as measured by blood lactate levels, hormonal responses, ventilation, etc.). The critical power paradigm allows you to determine whether changes in anaerobic or aerobic function (or both) are responsible for any such improvements in performance. You can use this insight to plan future training.

       6.  Computer Modeling. The TrainingPeaks WKO4 software application, developed in part by the authors, contains a Power Duration Model that uses your power data to estimate FTP. This estimate is called “modeled FTP” (mFTP) and like all models, it is a snapshot of reality that depends upon the quality, quantity, and accuracy of the data that informs it. In many cases, it can be quite accurate and in others wildly inaccurate, so it’s important to use this (along with the other ways of estimating FTP) as another point of triangulation in determining your FTP. If you’re a new user, one of the advantages of mFTP is that it can give you a quick and easy estimate of your FTP without any formal testing. By default, WKO4’s mFTP is built upon the last 90 days of data, so if a rider has not done a hard effort in the past 90 days, the model will most likely underestimate mFTP. Furthermore, if a best effort falls off on day 91, mFTP might take a surprisingly large drop on a single day. There are other software packages on the market that use computer modeling to estimate FTP and some claim that formal testing is never required to determine your FTP. While theoretically this is possible, we maintain that the best way to determine your FTP is through testing. After all, testing is training and training is testing, so what better way to do some quality training than through testing?
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With all these different ways to test your FTP, you may wonder which one to start with. We believe that the best way to begin is to just go out and do a ride specifically designed to find your threshold, such as the FTP test described in the next section. Without a doubt this is the first big step in your new adventure in training with power.





TESTING PROTOCOL

FUNCTIONAL THRESHOLD POWER

Hunter developed this testing protocol to estimate FTP based on the highest watts you can average over a substantial period of time. Be sure to do the same warm-up, and to use the same intensity in your warm-up, each time you do the test. The warm-up and recovery intervals throughout the test should be at about 65 percent of your functional threshold power, which would be Endurance pace. After the three fast pedaling intervals, the true warm-up begins.

When you begin the 5-minute all-out effort, punch it and hold it! Start at a high pace, but not so high that you die at the end. You should have a little in reserve to kick it to the finish line in the last minute. The goal of this first part is threefold: first, to “open” up the legs for the rest of the effort, second, to capture your ability to produce watts in what is called VO2max power, or Level 5 (discussed later in this chapter), and third, to use a majority of your aerobic work capacity in order to reduce the influence of your aerobic ability in the 20-minute test. Your next effort is more likely to be truly representative of your FTP.

For the 20-minute time trial, ride on a road that is fairly flat, allowing a strong, steady effort for the entire 20 minutes. Do not start out too hard! Get up to speed and then try to hold that speed. If you have never done one of these efforts before, try this on a steady climb or into a slight headwind, where you are forced to ride at a maximum effort for the entire 20 minutes. Your goal is to produce the highest average wattage over the entire period. If you suddenly run out of energy, you will not be able to produce your true maximal steady-state power. It is always better to be a little under what you believe to be your FTP for the first 2 minutes, build speed, and then ride at your maximum level in the last 3 minutes. Finish the ride at an easy pace.
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After completing the test and downloading the data, figure out what your average power was for the entire 20-minute effort. Take this number and subtract 5 percent from it as a general rule. The resulting number is your functional threshold wattage. So, for example, if you average 305 watts for the 20-minute time trial, you would calculate that 305 × 0.05 = 15.25, and 305 – 15.25 = 290. Thus, your functional threshold power is estimated to be 290 watts. Hold on to this number, as we will come back to it later in this chapter.

The reason for subtracting 5 percent of the watts from your 20-minute test is that FTP is defined as the highest average wattage or power that you can maintain in a quasi-steady state before fatiguing, which is close to 60 minutes. Because some athletes have a hard time focusing for 60 minutes on a maximal effort, and those who can learn very quickly that a 60-minute time trial is not that much fun, we have found that 20 minutes is more realistic in terms of getting athletes to commit to more regular and higher-quality tests. But because 20 minutes is a shorter time period, it incorporates more of the athlete’s anaerobic capacity, and this skews the wattage data by about 5 percent over a 60-minute effort. By subtracting that 5 percent, you will come up with a wattage number that should be a close estimate of your 60-minute power measure. Some riders with a higher anaerobic capacity might have to subtract 7 or more percent, while riders that are purely aerobic might need to only subtract 2–3 percent. Again, this is only an estimate of your FTP—another convenient point of triangulation.






One goal of any training program is to increase power at threshold (FTP), and how often threshold power changes depends in part on an individual’s training history and habits. For example, someone who is just beginning to ride or returning to cycling after a long break may see large and rapid changes in threshold power at first, whereas an experienced rider who has been training for many years, or an athlete who maintains a high level of conditioning year-round, will probably experience much less variation. In general, assessing FTP six to eight times a year (e.g., in the middle of winter training, near the start of serious outdoor training as a baseline, partway through the pre-competition period to track improvement, a couple of times during the season to determine peak fitness, and finally, after peak fitness is over to determine how far you have “fallen”) is probably sufficient.

STEP 2: ESTABLISH YOUR POWER-BASED TRAINING LEVELS

With more cyclists using power meters, there has been a demand for more power-based training programs. Andrew Coggan, coauthor of this book, developed a series of power-based training levels, or zones, that draws upon the fundamental principles of exercise physiology as well as his own experience with power-based training in both laboratory and field settings. In recent years, Andrew refined his power-based training levels to create individualized levels, or iLevels, which are calculated based on each rider’s unique physiology. We will first explain Coggan’s Classic levels and then delve deeper into the individualized levels.

The seven Classic levels are categorized in Table 3.1, and other aspects of the levels are noted in Table 3.2. We will explore the factors that were taken into consideration in developing the power-based levels. At the end of the chapter you will see an example of how to determine training levels and use that knowledge in developing a training program.
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Coggan’s Classic Training Levels

Power at lactate threshold is the most important physiological determinant of endurance cycling performance because it integrates VO2max, the percentage of VO2max that can be sustained for a given duration, and cycling efficiency. As such, it is more logical to define training levels relative to an athlete’s threshold power than it is to, for example, define them vis-à-vis power at VO2max (just as it is more logical to define heart rate-based training levels relative to threshold heart rate than to use maximal heart rate). Determining the appropriate number of levels, however, is somewhat tricky; the number is bound to be arbitrary because the physiological responses to exercise really fall on a continuum, with one intensity domain simply blending into the next.

A compromise must therefore be made between defining more levels, thus better reflecting the continuum that exists in reality, and defining fewer levels, for the sake of simplicity. Seven levels was the minimum number needed to represent the full range of physiological responses and to adequately describe the different types of training required and used to meet the demands of competitive cycling. Table 3.2 lists the primary physiological adaptations expected to result from training at each level, although these will obviously be influenced by factors such as the initial fitness of the individual, the duration of each workout, the time taken between interval efforts, and other factors.

Heart Rate Guidelines

Relating the specified power levels to corresponding heart rate ranges or zones is somewhat difficult to do owing to the inherent variability of heart rate as well as individual differences in the power–heart rate relationship (even when referenced to threshold power). Nonetheless, approximate heart rate guidelines have been provided in Table 3.1 so that they can be used along with power to help guide training, if desired.

Perceived Exertion Guidelines

The values used in Table 3.1 for perceived exertion are from Gunnar Borg’s 10-point category ratio scale (see Table 3.3), not the original 20-point scale that is more commonly used. We use this scale because it explicitly recognizes the nonlinear response of many physiological variables (e.g., blood and muscle lactate) and thus provides a better indicator of overall effort. Since perceived exertion increases over time, even at a constant exercise intensity (power), the suggested values or ranges refer to perceived effort as determined relatively early in a training session or series of intervals.
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Other Issues

Although this method of determining an individual’s power level is based on the average power produced during a workout or interval effort, consideration must also be given to the distribution of power. For example, average power during mass-start races typically falls within Level 3, but racing at Level 3 is often more stressful than training at Level 3 because racing involves greater variability (and therefore higher peaks) in power. Similarly, due to soft-pedaling and coasting, the average power achieved during a hilly ride or group training session is not equivalent to the same average power achieved during a completely flat ride or solo workout.

In part, this variability in power is already taken into account in the definitions of the various levels, especially Levels 2 and 3 (training at the higher levels will tend to be much more structured than training at the lower levels, thus limiting variations in power). Furthermore, there is an inverse relationship between power output and the duration that this power can be sustained. Obviously, power during shorter training sessions or efforts will fall toward the higher end of a given range, whereas power during longer sessions or efforts will fall toward the lower end of a given range. Nonetheless, a workout consisting of 30 minutes of cycling at Level 1 (a warm-up, for example), 60 minutes of cycling at Level 3, and then another 30 minutes of cycling at Level 1 (a cooldown) would best be described as a Tempo training session, even though the overall average power might fall within Level 2.

How to Determine Your Training Levels

If you performed the functional threshold power test described in Step 1, you have defined your power at 20 minutes and derived your estimated FTP power from that. Now you can take this value and calculate the percentages of FTP for each level.

Let’s look at how this works. Joe Athlete has a threshold of 290 watts. His training levels are defined in Table 3.4.
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Because 55 percent of 290 is 159.5 (290 × 0.55 = 159.5), we can say that at Level 1, Joe’s wattage range will be from 1 to 160. Each level is calculated accordingly. To come up with your own power levels, simply plug in your own FTP.

Once you’ve constructed your own table, what do you do with it? Again, let’s look at what our hypothetical Joe Athlete could do. Now that he knows his training levels, he can begin to train with a specific wattage range in mind as a goal. This will allow him to improve in the specific areas that need work. If Joe needs help on his VO2max power, then he can begin to specifically address that “hole” in his fitness by working in the 306–348 watt range. Joe also knows that if he is to go on a recovery ride, then he must stay below 160 watts in order to really help his body to recover. Otherwise, he would risk riding too hard and not getting sufficient recovery. Since Joe has used a heart rate monitor before, he can also begin to understand the relationship between his heart rate zones and his new wattage levels. For Level 3 (Tempo) riding using wattage, Joe will see watts between 219 and 261. He may find that his heart rate fluctuates all the way from his Level 2 (Endurance) heart rate zone to his Level 4 (Lactate Threshold) heart rate zone, while his power is still at the Tempo level. Joe can now see how fatigue, dehydration, and low blood sugar might impact his wattage dramatically even when it does not impact his heart rate, or vice versa. Each individual is different, and knowing the different training levels will allow Joe to train effectively. He may find that he was not training as hard as he could have in the past, and he can make sure his wattage does not drop below the training level he is targeting.

Individualized Power Levels or iLevels

Following the release of the WKO software, we started to gather more and more data on riders who appeared to be outliers—their power levels did not fit within the Classic model. These riders could easily ride at a higher percentage (or lower) than those the Classic levels described. For example, at Level 5 or VO2max (between 106 and 120 percent of FTP), a cyclist should be able to ride for 5 minutes at an average of 115–118 percent of FTP, within the VO2max energy system or a Level 5 interval. But we found some riders were capable of “superhuman” efforts, holding 150 percent of FTP for 5 minutes! According to Table 3.1 (p. 32), a 150-percent effort is in the high range for Level 6, Anaerobic Capacity. These riders required a new set of training levels beyond Level 4, to allow them to train in the correct area of their unique physiology.

On the other side of the spectrum, some riders struggled to hold 105 percent for 5 minutes, and they needed their training level calculations scaled down for their unique physiology. As we worked with more and more riders with similar FTPs, we discovered they could have radically different short-term power that did not fit the Coggan Classic Levels percentages. When we set out to work on the WKO4 software we wanted to create individualized power levels specific for each athlete. This required a software feature to review past data and apply a rule-based system rooted in exercise physiology principles to come up with training levels tailored to the specific athlete.

Where iLevels diverge from the Classic levels is above FTP—Levels 1–4 are still wide enough to fit the vast majority of us, and these are expressed as a percentage of the software modeled FTP. The addition of Level 4a (88–95 percent of FTP), otherwise known as the Sweet Spot, was important since it is a popular range for athletes to train in, which we will explore further in Chapter 5.

Ultimately, there are nine iLevels (Table 3.5) and there are eight divisions or cut-off points, all of which are determined by the Power Duration model found in Chapter 8. As for how the cut-offs are determined, that’s the secret sauce, as the iLevels are based on inflection or transition points in the fitted Power Duration Curve, where significant changes take place in the primary performance parameter (e.g., Pmax versus FRC) that is being stressed.
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Joe can now begin to make the shift from his previous heart rate–based training into a power-based training scheme. We recommend that he start with the Coggan Classic Levels and then as he gains more insight and collects more data, he can determine if he needs or wants to use the iLevels.

STEP 3: GO COLLECT MORE DATA

We’ll address specific workouts in Chapter 5, but at least for now, you have taken the first two steps in training with a power meter. Step 3 is the fun part of power-meter training: All you have to do is go out for a ride—stomp on the pedals and see what you can do. It will bring new meaning to training rides and training loops that you have done hundreds of times. Meanwhile, you’ll be learning how many watts it takes to get up your local hill or how hard you have to go during the Tuesday-night world championships in order to win the sprint coming back into town.

You can also begin to learn which roads in your area are the best stretches to do specific intervals that require you to hold a small wattage range. If you are doing a threshold workout (Level 4), you may find that you can easily hold your watts steady on a long, gradual climb, for example, and that might be your best place to do this type of a workout. By collecting all these data, you will begin to understand your strengths and weaknesses as a cyclist, which gives you a head start on the next step in your training.


4

Determining Your Strengths and Weaknesses

ATHLETES ARE ALWAYS SIZING THEMSELVES UP, and cyclists are no exception. On rides you may have heard other cyclists saying “I am a bad climber” or “I have no snap or sprint.” In fact, you may have said these things yourself. And maybe there have been times when you correctly assessed your relative weaknesses, or when those other cyclists were able to pinpoint exactly what was holding them back. But oftentimes, such guesses are not on target. By using the power-meter data that you collect in races, in training rides, and in tests, it is possible to create an objective Power Profile of your strengths and weaknesses. We have developed a method of doing just that, and in this chapter you will learn how to use this method to create a more accurate profile of your own strengths and weaknesses as a cyclist—based on the facts, rather than your subjective opinion.

THE POWER PROFILE

When we first began collecting data on various riders in 2002, we simply wanted to get a clearer picture of the power that different types of cyclists could produce. What levels could be attained by elite pro riders? What could masters riders do? What about beginners? From these datasets, we created the Power Profile chart (see Table 4.1). Our original intention was to compile enough information that we would be able to see if our athletes were on track with their training. However, when we started to plot rider profiles, we became determined to find out if this way of looking at the data would give us clues to the relative strengths and weaknesses of individual riders and their physiological systems.
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If a rider had a strong anaerobic capacity as compared with his or her lactate threshold, for example, then we could see this easily in his or her profile. If a rider was talented neuromuscularly but challenged cardiovascularly, this, too, was easy to quantify in the Power Profile. What started out as a way to compare one individual’s performance against others turned out to be one of the most effective ways to quantify the relative strengths and weaknesses of each individual rider.

There have been other attempts to generate guidelines or benchmarks for power output, which have usually been based on racer category (i.e., Cat. I, Cat. II, etc.). Aside from satisfying human curiosity, though, such category-based values are of limited practical use—after all, the best measure of a racer’s competitive ability relative to others is found in actual race performance, not power output. If, however, valid standards were available for power across different durations that represented different physiological characteristics or abilities rather than simply racing categories, then it would be possible, we reasoned, to identify a particular individual’s relative strengths and weaknesses. In other words, we would be able to see how you are doing in one area compared with how you are doing in other areas, rather than how you are doing in comparison with others. This is where the true value of Power Profiling comes in. When you know your relative strengths and weaknesses, you can develop a program to improve in the weak areas, and that marks the start of real progress. And it may even be possible to identify events where you could be expected to achieve the greatest success, and thereby build on your strengths. Our goal was to develop rational guidelines that could be used for these purposes.

The Method Behind the Data

In theory, tables of standards for power output for different durations could be generated by simply collecting data on a large number of cyclists of widely varying ability. However, it is highly unlikely that any coach or researcher would have access to a sufficiently large database for this approach to be very accurate. This is especially true if all of the data were simply obtained by self-reporting, which makes the quality of such data highly questionable. As an alternative, estimates of power output for riders of differing abilities could be derived from actual performance—for example, in time trials. This approach, however, would require one to make somewhat tenuous assumptions regarding body mass, aerodynamic drag, and so on, and such a method would become particularly complex when applied to shorter-duration, non-steady-state events (e.g., 1 km on the track).

Therefore, we decided to “anchor” the upper and lower ends of each range based on the known performance abilities of world champion athletes and more novice riders, respectively. For example, a world-class match sprinter can produce over 23 watts per kilogram (W/kg) in a 5-second sprint, whereas a novice might produce only 10 to 12.5 W/kg. We assigned ranges in between these extremes to six other divisions (exceptional, excellent, very good, good, moderate, and fair), found in Table 4.1. In addition, we used our own data on the wide variety of athletes with whom we worked to provide confirmation of these figures. The advantage of this approach is that it enhances the validity of comparisons across event durations—for example, a “world-class” power output should be equivalent regardless of whether the duration over which it is measured is 5 seconds or 1 hour.

As we obtained more accurate data from the world’s best riders, we continued to revise the Power Profile tables. One request we have received is to create a chart for masters and junior riders. For masters riders, it would amount to shifting the top categories so that the Excellent category becomes World Champion. Given our data from masters riders in their late 50s and early 60s who can still race with some of the best amateur 20-year-olds maintaining over 5.0 W/kg at FTP, we decided against creating a separate Power Profile chart for masters athletes. We even have data from world champions in their 80s who still compete at the Cat. III/Good level. Taken in context of age, this is obviously impressive.

Target Durations

The Power Profile indexes efforts of 5 seconds, 1 minute, and 5 minutes and a fourth measure at functional threshold power in an attempt to best reflect neuromuscular power, anaerobic capacity, maximal oxygen uptake (VO2max), and lactate threshold (LT), respectively. This does not imply that a 1-minute all-out effort is completely anaerobic (in fact, roughly 40–45 percent of the energy expended during such exercise is derived aerobically), or that it fully utilizes anaerobic capacity (which generally requires 1.5–2.5 minutes to deplete). Nor does it mean that a 5-minute all-out effort entails exercising at precisely 100 percent of VO2max (most athletes can sustain a power that would elicit 105–110 percent of their VO2max for this duration). However, power output over these target durations would be expected to correlate with more direct measurements of these different physiological abilities. The duration of these index efforts were also chosen in an attempt to increase the reproducibility of the data, as well as for convenience in gathering the data.

Power-to-Weight Ratio

Since weight influences how many watts you can produce, it is important to know your power-to-weight ratio. How many watts per kilogram can you produce? A rider who weighs 200 pounds and produces 350 watts up a hill, for example, will be able to ride side by side with a rider who weighs 125 pounds but is producing only 218 watts. Why? Because for each of these riders, the power-to-weight ratio is the same—3.85 watts per kilogram.

Power-to-weight ratio drives performance. The higher your power-to-weight ratio, the stronger you are as a cyclist. That is why in cycling we say that one of the main goals is to be as light as possible, while producing the highest possible power. The trick is figuring out what weight allows you to crank out the most watts.

To find your power-to-weight ratio, you need to know how much you weigh in kilograms. To convert your weight from pounds to kilograms, simply divide your weight by 2.2. For example, if you weigh 165 pounds, that would be 75 kilograms. Now, take your wattage numbers for each time period and divide them by your weight in kilograms. If you held 423 watts for 5 minutes, for example, you would divide 423 by 75 to get 5.64 watts per kilogram. The Power Profile chart is stated in watts per kilogram because it is the standard scientific power-to-weight ratio measurement used around the world.





TESTING PROTOCOL

POWER PROFILE

In combination with the result of your Functional Threshold Power test from Chapter 3, this test will help you establish a complete profile of your strengths and weaknesses. Find a section of road where you will not be interrupted by stop signs or intersections—it should be a place you can return to periodically for retesting. For accurate results, you’ll want to conduct the test in similar conditions every time—so take into account wind, weather, and what phase of training you are in. It is also a good idea to do the test right after a rest week so that you will be fresh and relatively fit. Be sure to perform the same warm-up routine on the way to your testing grounds.
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The majority of your warm-up should be in Levels 2 and 3 (Endurance/Tempo pace as described in Table 3.1). Complete at least 10 minutes of easy pedaling before the first effort. For the test efforts, do not worry about cadence, heart rate, or anything else—all that matters is the clock, so drive hard to the end of each timed effort. In other words, just do the work, and what happens, happens. Record your efforts as intervals on your power meter, if possible.

Finish with a short cooldown to get in at least another 300–500 kilojoules of Level 2 riding.

Now, download your data and pick out the best watts for each time period.






DEFINING YOUR PHENOTYPE

To use the Power Profile charts that follow, first find the profile best suited to your riding. Then, simply locate the peak or maximum average power that you can generate for 5 seconds, 1 minute, and 5 minutes and at functional threshold power, and find corresponding values in the rows of the table. If your performance falls between two values, which will often be the case, assign the nearest ranking. It is critical that the values used in this analysis be truly reflective of your very best effort over that duration; otherwise, the resultant profile may be distorted, leading to inappropriate conclusions and decisions about training.

What emerges as you highlight your results will be a unique pattern that shows your relative strengths and weaknesses in cycling, which then help to define your specific phenotype. You may find that you are at a higher level in sprinting, for example, than in efforts requiring endurance. Or perhaps you have an incredible ability to maintain a high level of power for a long time, but you have little to no anaerobic ability—a Power Profile that categorizes you as a time trialer. The phenotype that best characterizes your riding may change slightly over time as you train and work on your weak areas. Although every Power Profile is unique, there are some typical patterns. These patterns are explained below. However, in considering these examples, keep in mind that performance at each duration is being evaluated in light of the world’s best cycling performances. Thus, road cyclists will tend to appear relatively weak in 5-second sprints in comparison with match sprinters, and nonendurance track racers will likely have relatively low 5-minute and FTP levels relative to their abilities at the shorter durations.

Also keep in mind that, based on physiological considerations, an inverse relationship might be expected to occur between anaerobic and aerobic efforts—that is, someone who is great in aerobic forms of exercise, such as the Tour de France, may not be as strong in anaerobic forms, such as the match-sprint event on the track. At the same time, however, a positive association might be expected between pairs. (Although the scientific literature is in fact split on whether there actually is an inverse relationship between short-term and long-term power, there is clearly a positive association within each category.)

All-Rounder

The cyclist who is an all-rounder will have a generally horizontal plot across all the categories (see Figure 4.1A). That is, all four values will fall at about the same point in that individual’s range. The all-rounder does not necessarily excel at any one thing but is likely competitive in his or her category across a broad range of events.
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Given the fact that only specialists will likely truly excel at the extreme durations, very few individuals will show this pattern and still fall at the upper end of each range. Instead, the vast majority of nonelite athletes will likely show a generally horizontal Power Profile because they have not yet developed specific strengths. This is a very common profile for beginning racers; as a racer or other rider trains more and more, those areas of strength will begin to reveal themselves.

Sprinter

A good sprinter will typically have a distinctly downward sloping plot, especially between the 1-minute and 5-minute categories (see Figure 4.1B). Since aerobic ability is quite trainable, such an individual may be able to become more of an all-rounder through focused training; however, if the individual is a sprinter who has already been training hard for many years, he or she may have natural abilities in short-duration, high-power events. If so, focusing on events that favor these abilities, such as track racing and criteriums, is likely to result in success.
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Time Trialist, Climber, or Steady-State Rider

A distinctly upward-sloping plot (again, especially between the 1-minute and 5-minute efforts, but also between 5 minutes and FTP) is typical for the time trialist (see Figure 4.1C). This is because most time trialists are weak in neuromuscular power and anaerobic capacity, but they have relatively high aerobic power and an especially high lactate threshold. Though these athletes may be able to improve their performance by spending lots of time practicing sprints, this may not be the case if the training results in a decline in their strength, which is sustainable power. A time trialist could indeed improve his or her sprint, but the small improvements in the sprint may not result in more race wins; meanwhile, the time spent working on sprints would mean less time spent on improving FTP. In other words, by practicing sprints, the time trialist could lose fitness and perform worse in time trial races.
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Pursuiter

A sharply inverted V pattern implies both a relatively high anaerobic capacity and high aerobic ability, which makes a rider particularly well suited for events such as the pursuit (see Figure 4.1D). Alternatively, a potential all-rounder who simply hasn’t focused on raising his or her lactate threshold to its highest possible level may exhibit this same pattern.
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On the other hand, the sharp V pattern is a relatively unlikely combination, given the expected inverse relationship between neuromuscular power and lactate threshold and the positive relationship expected between VO2max and lactate threshold. If you find your power data reflects such a pattern, take care to ensure that the values are truly representative of your abilities.

Limitations and Caveats

The Power Profile standards are based on the performance capacities of young adults and thus do not account for the effects of aging (or development). As stated earlier, we considered developing age-specific standards, but rejected this idea because of the difficulty of collecting sufficient data and attempting corrections based on known physiological changes. For example, starting around age 30, an athlete’s VO2max will decline year over year. For men, the annual rate of decline equates to roughly 0.5 ml/kg/min. (i.e., milliliters per kilogram per minute, the standard unit of measure for VO2max); for women, VO2max declines at a slightly slower annual rate, about 0.35 ml/kg/min. Muscular strength and power, in contrast, can generally be maintained, with training, until around age 50, but at that point they begin to decline somewhat more rapidly. Therefore, for maximum accuracy, different age-based correction factors might need to be applied to the different columns. It is unlikely, however, that these differential changes with age are sufficient to significantly alter a rider’s profile, so we suggest that Table 4.1 simply be applied as is, regardless of a rider’s age.

THE POWER DURATION CURVE

In the prior edition, we established the Fatigue Profile to take the Power Profile a step further by testing durations beyond the four standards included in the Power Profile. The Fatigue Profile helped us to learn more about each cyclist, especially in the shorter durations, so we could distinguish between a sprinter with a blisteringly fast snap in the final 100 meters and a diesel sprinter with the fatigue resistance to start sprinting 350 meters out and hold the same power to the finish line. We also collected more data to inform the Anaerobic Capacity and VO2max training levels, to better understand how the unique physiology of each rider affected the shift in their energy systems. While the Fatigue Profile was a great tool at the time, the subsequent development of computer models and better mathematical algorithms led to the creation of the Power Duration Curve (PDC). This model uses the relationship between time to exhaustion and work rate during both anaerobic and aerobic exercise, alongside your personal power data, to chart a complete curve of your power over all time periods. The Power Duration Curve is derived from your Mean Maximal Power, which captures your actual best power outputs for each and every time (a concept covered in Chapter 6). The Power Duration Curve is a mathematically calculated curve of “best fit” along the Mean Maximal Power Curve that serves as a basis to calculate new metrics such as functional reserve capacity, stamina, and time to exhaustion. This curve also allows you to understand what your theoretical best power will be for a given time, so you can pinpoint when you haven’t actually achieved it in your Mean Maximal Power Curve.

The blue line in Figure 4.2 shows your actual data (i.e., your Mean Maximal Curve) and the black line is your mathematically derived curve of best fit, or the Power Duration Curve. When viewing this curve, first look at any areas where your effort falls below the PDC. This could mean you haven’t done an all-out effort for that specific time period or it could indicate a physiological weakness to be improved. Start by addressing these areas with specific tests to see if you can improve upon these “dips” in the curve. One note of caution: The PDC represents your very best effort, which might have occurred at peak fitness. You might not be able to achieve this same level with your current fitness. If this is the case, revisit these areas when you are more fit. The goal of refining these “dips” is to make your Power Duration Curve Model increasingly accurate, as Figure 4.3 illustrates. The more accurate it is, the better it will be able to predict your FTP, your Pmax, your functional reserve capacity, and your stamina—markers that we will learn more about in Chapter 8.
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Your next goal is to find the areas where your PDC (the blue line) crosses different category curves. This indicates that your fatigue resistance needs to be improved. Target these specific time frames and the 20-30-60 seconds that follow to keep your PDC in line with the category or moving upward. Figure 4.4 shows a rider with some clear opportunities to improve fatigue resistance.
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By plotting the Power Profile data in the background of your power data (see Figure 4.4), we can further analyze your power data in the context of the Power Profile categories, like World Class, Excellent, and Novice. Each line in this new chart represents the lower border of each category. Thus, if your own Power Duration Curve at a particular duration fell above the “Excellent” line but below the “World Class” line, your power at that duration would still be considered “Excellent” (and not “above Excellent” or “between Excellent and World Class”). In other words, the lines are used to delineate regions or areas.

POWER PROFILING VERSUS POWER DURATION MODEL

With Power Profiling, you compare power across durations taken to be representative of Neuromuscular Power, Anaerobic Capacity, VO2max, and Lactate Threshold so as to gain insight into your relative strengths and weaknesses, that is, to find out how much power you can actually produce. With the Power Duration Curve Model, you compare power across all of the ranges of durations taken to be representative of the same physiological abilities, again to gain insight into your relative strengths and weaknesses. The Power Profile establishes your initial phenotype and from there the Power Duration Curve Model allows you to better understand specific areas in your fatigue resistance that could be a limiter. We’ll take a look at real-life examples of Power Duration Modeling in Chapter 10, “Developing a Power-Based Training Plan.”

Now that you have created your own Power Profile and charted your Power Duration Curve, you know the areas in your own cycling that need to be addressed. Use these charts to work toward improvements and also to race or ride to your strengths. If you are a world-class sprinter, it might be futile to try to break the Mount Evans hill-climb record. You may even have limitations in certain areas because there is a genetic basis to your strengths and weaknesses. But in most cases, it is possible to focus your training and make strides toward specific goals. Be sure to revise your chart every four to six weeks and note changes from the previous training block. This is an excellent way to make sure all your hard work is going in the right places.


5

Using Power for Optimal Workouts

NOW THAT YOU KNOW your functional threshold power and power levels, and have determined your strengths and weaknesses as a cyclist by constructing your Power Profile and learning your current phenotype, you can begin to change your training to improve your unique weaknesses and track your fitness increases. By developing specific workouts based on wattage, you will be able to monitor your training efforts more accurately. You will be able to make better decisions about when to stop an interval workout, when to take a rest day, and when to tackle greater challenges. The tips presented in this chapter are not meant to last for only a season, nor do we present a one-size-fits-all workout plan that every cyclist can follow. Rather, our goal is to help you to discover how to develop your own training program to meet your unique set of objectives, and how to reevaluate and revise that program as you make progress.

THE STOCHASTIC NATURE OF CYCLING

In mathematical terms, stochastic means that a process appears to be random, but there are patterns that can be analyzed statistically. Instantaneous power output when riding on the road over variable terrain contributes to the highly variable nature of your wattage. One second it’s 500 watts, the next second it’s 0 watts, and the next it’s 220 watts. Although your power seems stochastic, it is actually just highly variable because of the nature of the terrain, the wind, the riders around and in front of you, and so on. This seeming randomness makes it very hard to maintain your power in a narrow range. Only on the flattest of roads, with little to no wind, or on an indoor trainer is it possible to adhere strictly to a small range of wattage.

Because of the inherently stochastic nature of cycling, it is important not to become discouraged if you are unable to hold a perfect 300 watts while doing, for example, a Lactate Threshold interval. Rather than trying to hit a specific wattage target, you should attempt to stay within a particular range, avoiding dipping too low or overdoing your maximum power for a particular effort. For example, if your goal is to work the lactate system but not go too hard, you might focus on producing at least 300 watts, but not exceeding 320 watts, while holding a 90-rpm cadence. The importance of correctly pacing your efforts during a specific interval will become evident, because it is pacing that will allow you to successfully complete the interval correctly.

As you begin to incorporate the following workout suggestions into your training, make sure that you also choose the correct terrain for each type of effort. If you are trying to improve your anaerobic system with 1-minute efforts at 475–500 watts, for example, then make sure you are attacking a slight uphill for that minute or a flat road without any downhills. If you are focusing on a 60-minute effort in your Tempo level, then make sure that you keep your power in the Tempo range 90 percent of the time, applying steady power on uphill sections and staying on the gas as much as possible on downhill sections.

If you live in an area that offers only one type of terrain, you will have to adjust your training to overcome this. For example, if you only have access to flat roads, you can use the wind to your advantage to generate more resistance. Rolling hills present the greatest challenge to holding a smooth and steady power output on a Tempo ride: If you wanted to end your ride with your average watts in the Tempo level, you would have to hammer up every hill, because your power would go down on every downhill run. Unfortunately, this would not be a Tempo workout! It would be a hill-repeat workout, and most likely you would be working on your VO2max or your anaerobic capacity system. The nature of hilly terrain also makes it very tough to do easy recovery rides and endurance rides without having to put your power in the upper training levels. If you live in such an area and you need a rest, ride on an indoor trainer so you can more easily adhere to the recovery power guidelines.

You can use your power meter on any type of ride, and each will provide a unique opportunity to use the tool to reach your peak performance.

On an indoor trainer. On a trainer, it is easy to regulate your wattage, as there are no external influences such as wind or traffic to interfere, and you can easily hold to a specific wattage range.

On flat roads. This is also an excellent place in which to utilize a specific wattage protocol, as the terrain allows for a steady power output and controlled interval workouts.

In time trials. Using your power meter to help maintain your effort right at lactate threshold is one of the greatest ways to incorporate it into racing. You can stick to your power goal like glue and maintain your optimal cadence. Use your power meter to follow the cardinal rule of time trialing: Don’t start too hard!

In hill climbs. When climbing a gradual grade, you can stay within a small range of power to maintain your optimal pacing. You can also determine your preferred climbing cadence by doing multiple repeats on a climb, selecting a different cadence each time, and seeing which cadence produces the highest power.

For specific intervals and training protocols. You can use your power meter to really dial in your training, for example, by doing 5-minute intervals at 295–305 watts. Using heart rate as a guide for doing the same 5-minute interval could cause you to go too hard in the beginning and decline in power throughout the interval.

While doing our “race-winning intervals” and other wattage-based workouts. You will begin to put together your own favorite workouts using wattage, and that will help motivate you to achieve even more success. You can watch your average wattage while executing the interval, and this can become a great carrot for you to push harder than before.

GUIDELINES FOR OPTIMAL INTERVALS

When should you stop doing repeats? Is there a point at which doing just one more interval is actually not helping you anymore? Can you do too many intervals? And at what point do you experience diminishing marginal returns? These questions have probably been asked by every cyclist and coach a thousand times over, and they have been the source of many an argument between sports scientists. But there is an easy answer to all of them: It depends!

It depends on your goal for that particular workout, your current level of fitness, the big picture of how that session fits into the goals you have for your training, and your own ability to dig deep and put out a 110 percent effort. Since there are so many factors involved in making a decision about when to end an interval session, it is difficult to provide precise guidelines, and any guidelines put forth will likely not address all the issues. Nevertheless, we have presented a way to determine the optimum number of repeats in Table 5.1. These numbers are based on our review of more than 3,000 power-meter files and our experience of working with more than 1,000 athletes in training with power. We produced this table for the first edition, but it has since been validated again and again in our work with hundreds of additional athletes over the past few years. In fact, it has proven to be so useful that we would like to expand on this concept and argue that this is one of the key reasons to use your power meter in every training session.
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When Joe Friel wrote the first edition of The Cyclist’s Training Bible and explained his personal coaching and training philosophy, he said: “An athlete should do the least amount of the most specific training that brings continual improvement.” When we first read that, it made sense to us immediately, but at the same time we scratched our heads and asked, “How do I know it’s the right amount, though? What determines ‘the least amount’?” Being the overachievers and hypercompetitors that we were, it didn’t jibe with our own training philosophy, which was that the person who trains the hardest and the most will be the most successful. If your competitor is out doing 10 hill repeats, then shouldn’t you be out doing 15, just so you are stronger than him or her?

Before athletes could train with power, the problem was that there was no way to accurately quantify diminishing marginal returns when doing intervals. The question of “How many intervals is enough?” just couldn’t be answered. Now, with your power meter and the information in Table 5.1, an answer is possible: You can do “intervals to exhaustion,” or accurately determine the correct number of intervals to do in each session, without going too far over the hump in the diminishing marginal returns curve.

It is still with some hesitation that we provide these guidelines. Being able to quantify a rider’s percentage of wattage reduction after each interval by using a power meter has opened up the possibility of truly narrowing the factors that determine when interval sessions should be stopped; however, continued research needs to be done in this area. Therefore, keep in mind that the guidelines presented in Table 5.1 should be adjusted according to your own situation, fitness level, and goals. While it’s best that you do these intervals when you are fresh so you can maximize the number of intervals, the beauty of the concept is that you can do them in a fatigued state. This, of course, will result in fewer completed intervals, but you will do the optimal number of intervals in that workout.

In the table, we have based the percentage drop-off on the third interval that you complete because typically, the effort that a rider can put forth in the first two intervals will be much higher than what that rider could actually repeat multiple times. Since we assume you are fresh when you begin your interval session, we throw out those first two efforts for the purpose of determining when to stop a workout. Obviously, if you are doing longer intervals in which you might complete only two intervals total, then this rule does not apply. Eventually, you will get a feel for the wattage that you can hold for the duration, so you will not need to throw out the first two efforts, especially those longer than three minutes.

Let’s look at an example. Let’s say that an athlete wants to work on his VO2max power to prepare for a race with eight 5-minute climbs. From Chapter 3, we know that his VO2max is stressed when he is riding at between 106 and 120 percent of his functional threshold power. The intensity must be in the correct training range in order to place enough stress on the VO2max energy system and stimulate improvement. At the same time, the duration of the effort must be long enough to stress that energy system. If the athlete rode at 120 percent of FTP for only 30 seconds, he would not have ridden long enough for an adaptation to occur. For the VO2max system to adapt to a training stimulus, a minimal effort of 3 minutes is necessary, with the maximum duration being about 8 minutes. After 8 minutes, it’s very difficult, if not impossible, for most people to maintain 106–120 percent of FTP.

Understanding this relationship between time and intensity will allow our rider to set some guidelines about the optimal number of intervals to do in his workouts. For instance, since he is trying to improve his VO2max system, and wants to prepare for the race with eight 5-minute climbs, then he should do eight 5-minute intervals at 106–120 percent of FTP (let’s use an FTP of 300 watts in this example). The first interval could be at 360 watts, the second at 350, and the third at 340. This third interval is what we call the “repeatable” interval. The watts that he does in that interval are the watts that he can repeat multiple times. The first two efforts are the fresh efforts, when he has plenty of glycogen in his muscles and a lot of anaerobic work capacity available to produce big wattage; once that anaerobic work capacity is used up, he is left with just the right amount of energy to produce an effort that can be repeated.

The reason this is so important is that we must take the wattage in the third effort and subtract 5 percent from it (in this case, 340 × 0.05 = 17, and 340 – 17= 323 watts) to determine when to stop the repeats. When the athlete cannot average at least this wattage (323) for his interval, he is going to stop, as he would now not be training intensely enough to elicit enough stress to cause a training improvement or adaptation. Let’s say that in the sixth interval he produces 320 watts, and because he is an overachiever (like many serious cyclists) and he wants to make absolutely certain that he has done as much as possible, he does one more interval. But then, let’s suppose that by the time he is in the second minute of the interval, he sees that he cannot even maintain 310 watts, much less 320 or more. This immediately lets him know that he is now working below the intensity needed to stimulate the VO2max system. He cannot maintain the wattage over time needed to create enough stimulus for improvement.

In the next example, shown in Figure 5.1, we see a case where the athlete could have done more intervals to gain even more training adaptation. This athlete’s watts didn’t drop at all from the first interval to the third interval; instead they actually went up. The athlete’s third interval averaged 320 watts. A 5 percent drop-off would be 304 watts, which would suggest that the athlete should do just one last interval before stopping. Unfortunately, he stopped after the fifth interval when he could have easily done another, if not two or more, because the fourth interval was still less than a 5 percent drop-off in power.
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We are all limited by the time we have to train, and we all want to train in the most efficient way possible. Using your power meter allows you to figure out the optimal number of training intervals for each workout and put Joe Friel’s philosophy into practice: “Train just enough for success.” With a power meter, you can quantify your optimal training load in the grand scheme and truly optimize your training each day. As a result, you can improve at the highest rate that you are capable of. And when you can train at an optimal level, you’ll be assured of success.

WORKOUTS FOR POWER-BASED TRAINING

Let’s consider how workouts correspond to different cycling goals using the specific Coggan Classic training levels that you learned about in Chapter 3 (see Table 3.1). We will explore individualized levels created by using the Power Duration Curve Model—iLevels are well suited for more advanced power-meter users or for riders that do not fit into the Coggan Classic levels. These levels are only applicable above Power Level 4, and we’ll give you specific workouts and training strategies to best utilize your iLevels.

By reading the following workout descriptions and charting the best routes on your local terrain, you’ll be better prepared to adhere to the intended philosophy of each workout. Be sure to always be safe and careful in your workouts and think about the big picture: Don’t just focus on the numbers. You will find a complete Workout Guide in the Appendix.

Our hypothetical Joe Athlete is a Category III racer, and his functional threshold power wattage is 290. His heart rate at this level is 175 bpm, and his max heart rate is 200. Joe weighs in at 160 pounds, and his ratio of watts per kilogram at threshold is about 4. He is a very good sprinter and has very good anaerobic capacity as well. His Power Profile is downward-sloping to the right (the typical “sprinter” phenotype described in Chapter 4).

In these workouts, we are assuming the best of conditions, from weather to road surface to a strong and healthy Joe. Joe also pedals at his normal self-selected cadence, unless the workout description says otherwise. To find the correct Coggan Classic wattages for your workouts, calculate your power based on the percentages of your own functional threshold power using the instructions presented in Chapter 3. For more advanced athletes, iLevels are automatically calculated in the TrainingPeaks WKO4 software. In some cases, when specifying power for Joe Athlete at different training levels, we’ve rounded the range to the nearest increment of 5 watts for easier application.

Level 1: Active Recovery

Joe Athlete does his Active Recovery (Level 1) workout when he needs to recover from a hard workout the day before or cool down at the end of a hard workout.
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There are two options that Joe might choose for a Level 1 ride. The first one lasts for about 1.5 hours. Joe warms up for 15 minutes, holding his watts under 148 (that is, staying within 48–51 percent of his threshold power of 290 watts). Then he rides for the next hour with his watts under 160 (55 percent), keeping his cadence nice and smooth at 90–95 rpm. He cools down for 15 minutes, maintaining his wattage below 140 (48 percent).

For the second option, Joe rides for a total of 1 hour, warming up for 10 minutes, with his watts under 140 (a range of 45–48 percent), then keeps his cadence about 5–8 rpm higher than his normal, self-selected cadence for the next 40 minutes, maintaining his watts at 145–160 (50–55 percent). He cools down at his normal cadence, with watts under 140 (48 percent).

Because this is an embarrassingly slow pace, many elite racers do not do enough riding at this level. When you are going out for a recovery ride, it should really be slow and all about recovery. If you go above the upper limit of the wattage range for this level, then you are riding too hard to recover properly, but not hard enough to train. It is very important physically to do Active Recovery rides because they help to flush built-up waste products out of your system, keep your body in a rhythm of riding, and maintain suppleness in your muscles.

Reminder: It is okay if your watts go above the 55 percent level a few times during the ride. When you get back from your ride and download the data, however, the average power should be under the 55 percent level.

Level 2: Endurance

When Joe wants to build a base of endurance and enhance his aerobic fitness, he emphasizes Endurance rides (Level 2). Over time, training in this range will lead to the development of a stronger heart muscle, increased mitochondrial levels in the cells, development of more capillaries in his muscles, and an overall increase in stamina.
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For this workout, Joe may take a 2.5-hour ride, starting with a warm-up of 15 minutes with an output at less than 160 watts (less than 55 percent of FTP, or Active Recovery pace). He then rides at a level of 200–220 watts (69–75 percent) for 2 hours. His cadence is self-selected. He cools down for 15 minutes, with his watts under 160 (55 percent).

Alternatively, he may ride for 3.5 hours total, warming up for 15 minutes while keeping his watts under 190 (65 percent). He then rides with his watts at 200–220 (69–75 percent) for 3 hours, but includes some bursts of faster riding once every 10 minutes (8 seconds, seated, taking rpm to 130 and watts to 300, or 103 percent). The rest of the ride is at a normal, self-selected cadence, and he cools down for 15 minutes, keeping his watts under 150.

It is very important that you do enough of these longer rides to prepare your body for harder levels of riding. The longer you can ride, the better. The workouts described below for Levels 3–7 are on the short side; therefore, to receive the benefits of riding at an Endurance level, long Level 2 rides are best.

Level 3: Tempo

The Tempo level is the meat and potatoes of every cyclist, and it is probably the level that cyclists ride in more than any other. A Tempo ride should be done at a level that feels fast and takes some work to maintain. Do not underestimate the amount of work that Level 3 training requires. Riding in Level 3 causes some of the greatest physiological adaptations, giving you the best bang for the buck, so to speak. There are a variety of ways to effectively train in Level 3, and two of these are described below. But remember to keep the big picture in mind: Do not worry, for example, if your watts go above 90 percent of your threshold (the upper limit of Level 3) on a few hills or in a short headwind section. It’s the average watts (or normalized watts, discussed in more detail in Chapter 7) that are important.

Many a coach has referred to this level as a cyclist’s no-man’s-land. It’s true that if you spend too much time here, you just get very good at riding at Level 3 and not much else. If you want to improve your power at VO2max, then you will have to train at VO2max power, and Tempo power just won’t be sufficient.

If you have limited time, however, or if you are trying to increase your muscular endurance, then this level is just what the doctor called for. If all you have is 3 hours a week to ride, drill it in the upper range of Level 3 and get in a great workout; or, if you are getting prepped for a long 100-mile race, then being able to ride in this zone for 2.5–3 hours will pay off with a possible podium finish.
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Here are two 2.5-hour rides for our fictitious Joe Athlete, with more options found in the Appendix. For the first ride, he warms up for 15 minutes, keeping his watts under 200, or 68 percent, which is a good intensity to begin warming up the muscles. It’s not as easy as recovery pace, but it’s not so hard that it will undermine the entire workout. Joe then rides at Tempo pace, between 76 and 90 percent of his threshold (220–260 watts). He tries his best to hold this range over hills, on flats, and even on downhill runs. The emphasis is on spending as much time as possible in the 240–260 (82–90 percent) range. He keeps his cadence at his self-selected level, metering his efforts on hills. He may go over 260 watts, and that’s fine, but he does not sprint up hills.

For the other option, Joe warms up with his watts under 200 (68 percent), then rides at between 76 and 90 percent of his threshold, 220–260 watts. However, this time he does two 20-minute segments of specific cadence work. The first one is at a cadence 15 rpm lower than his self-selected cadence to emphasize strength endurance; the second is at a cadence 15 rpm higher than his self-selected cadence, emphasizing leg speed and muscular endurance. Again, he goes steady and smooth, metering his effort on hills.

An alternative approach to Tempo workouts is to treat the Level 3 ride as a fartlek workout. That is, deliberately vary the power to try to replicate the stochasticity of mass-start racing. In other words, as you ride at Tempo pace, randomly accelerate and vary your power within that Tempo wattage to better simulate the demands of racing. Although this may or may not be better than following the option described above, training in this manner will tend to be highly specific to the demands of racing. Since mass-start racing is not limited to a specific level of training, applying a fartlek-type philosophy will definitely help foster improvement. If you take this approach, your rides should be shorter, however, since you will be creating more training stress than in a solid, steady Tempo ride.

Lower Level 4: Sub-Threshold, or the Sweet Spot

The lower part of Level 4 is what we call the Sub-Threshold level, or the Sweet Spot. This occurs at about 88–94 percent of your functional threshold power—on the cusp of both the Tempo level and the Lactate Threshold level. Although this is not exactly an official level of its own, it is an excellent place to begin building your FTP and pushing it higher. We encourage the athletes we work with to train heavily in this area at the beginning of the racing season, before moving into training right at their FTP (91–105 percent). We then revisit this intensity level around the middle of June in the lead-up to a second peak in the fall. Even if an athlete is not trying to achieve a second peak, we incorporate this Sweet Spot training at least once or twice every 14 days. Figure 5.2 highlights this important training zone.
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Riding in this range certainly does not help significantly with your sprint, your power at VO2max, or your anaerobic capacity. Nor will it make you the best criterium racer. But at the same time, if all your training were in this area, at least you probably wouldn’t get dropped. All in all, it’s one of the most beneficial places to spend your training time.

To train at this level, Joe Athlete rides for 2–2.5 hours, warming up well for 15 minutes at below 200 watts (68 percent), then does one 5-minute effort at 290 watts, or 100 percent of threshold power. This is to get his body ready for some solid work. He then does two efforts of 20 minutes each with his watts at a range of 255–272 (88–93 percent of threshold power). It is critical for him to stay in this range as best he can. He should rest for 15 minutes after each 20-minute effort. He uses a gear that allows him to keep his cadence in his self-selected range, or challenges himself to pedal just a touch faster than he normally would. He finishes the workout with several (8 or 10) 1-minute intervals of fast pedaling with a high cadence (over 105 rpm), holding his watts under 280 (85–95 percent range), and resting for 2 minutes between efforts. The goal is not to go super-hard, but to spin a high cadence at Sub-Threshold power. Then, he goes into his cooldown.
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There are other options to Joe’s workout at this level. Depending on his fitness level, the time of year, and his experience in cycling, it might be better for him to start out with a shorter time period and build up as he gains more fitness. For example, for the main part of the workout, he could start with three 12-minute efforts and build up to four efforts, then start over at three 15-minute efforts, and build to four efforts, and then move to two 20-minute efforts. A Category III racer like Joe Athlete should not need to do more than two 20-minute efforts, but cyclists rated in higher categories should strive to build to four 20-minute segments.

In any case, he should do at least six to eight of these workouts before moving to specific threshold work. This type of workout is a good base upon which to build threshold work, so he should be sure to make it a base that is wide and strong. If he moves to upper Level 4 work and above too soon, he could compromise this foundation.

Remember: When you are working at this level, don’t hammer over hills; instead, keep your pedaling pressure steady up to the crest of the hill.

Typical Level 4: Threshold

Threshold-level workouts are meant to focus directly on improving your FTP, and they are done right at FTP. They are strenuous and require a solid recovery between efforts and also between workouts. Otherwise, they are very similar to Sub-Threshold workouts. The only difference is that the intensity is increased a notch to hold you right on the edge of Threshold. These are important workouts to perform, not only so you can increase your ability to handle the level of intensity needed to maintain this type of effort, but also so that you can continually improve your threshold power.

Joe Athlete will ride for 2–2.5 hours to train at this level, with a 15-minute warm-up in which he holds his watts under 200 (68 percent). He then gets in one 5-minute blowout effort with watts at 290 (100 percent), followed by 5 minutes at an easy pace—that is, less than 200 watts (68 percent). After that, he does two 20-minute efforts at 288–305 watts (96–105 percent), with 10–15 minutes of resting in between. After the second effort, he cruises for 15 minutes with his watts below 220 (76 percent).
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An alternative is for Joe to build up to the 20-minute efforts by simply following the same ramping strategy described for Sub-Threshold workouts, only at FTP wattage.

If your goal is to become a strong Category III racer, build up to riding for at least 1 hour at this power level.

Nontypical Level 4 Workouts

There are some other ways to train at Level 4 that are not so typical. These workouts might give you a different way to think about training at this important level.

For a 2-hour ride, warm up for 15 minutes at 68 percent of your FTP (for Joe Athlete, that would be less than 200 watts). Start with one strong 5-minute effort at 100 percent of threshold watts, then recover under 68 percent of FTP for 5 minutes. For the main part of the ride, do a 10-minute effort at 100–107 percent, and then bring up the intensity by 10 watts in each successive minute until you reach your limit. See if you can increase the number of minutes you last, as well as your ability to hold a constant load and pace. Follow up with a cooldown.

Another 2-hour ride starts with the 15-minute warm-up, with watts under 68 percent of FTP and the 5-minute effort at 100 percent. Next, cruise for an easy 5 minutes, then begin a 15-minute effort with specific wattage goals: Begin strong, at 110 percent of your FTP, and hold this for 2 minutes; drop the wattage by about 10 watts each minute for 4 minutes; bring the watts back up by 10 watts each minute for 2 minutes; and hold it here for the remaining 7 minutes (try to pick it up to 110 percent in the last 45–60 seconds if you can). Repeat this drill two or three times and allow for good recovery between efforts.
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The goal of this exercise is to start out hard in order to load up the system with lactate, demand a steady output for a short period of time, scale back to prevent exhaustion, and then force yourself to hold just at your threshold power or a touch above. In the end, you ramp back up in order to make a final push.

Another nontypical ride at this level could be called the Hour of Power (a.k.a. the Hour of Pain). This is a particularly hard workout that has been popularized by Bill Black, an elite masters athlete. He created it to combat the boredom of indoor training during a long Maine winter. Give it your best shot!

Begin this 1.5-hour workout by ramping up to threshold power level (100 percent of FTP), reaching it by the 20-minute mark. To work on muscle tension, keep cadence at 80 rpm; otherwise, pedal at a self-selected cadence. Now hold this wattage for one hour to enhance your FTP. Every 2 minutes, get out of the saddle for 10 seconds, shift down a gear, and drop or raise the cadence by 20 rpm. Finish with a 10-minute cooldown.
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Level 5: VO2max

Designed to elicit improvements in your VO2max, or your maximal volume of oxygen uptake, efforts for Level 5 range from 3 to 8 minutes, with the majority of work typically done in the lower end of this range of time. Be sure to apply the intervals-to-exhaustion concept to all of these workouts.

If Joe Athlete wants to boost his VO2max on a 2-hour ride he would begin with a 15-minute warm-up, keeping his wattage at less than 200 (that is, less than 68 percent of FTP). Then he would do one 5-minute interval at 290 watts (100 percent), followed by 5 minutes at an easy pace. The main set of the workout would consist of six 3-minute efforts, trying for an average of 340 watts (117 percent of FTP or greater) in each effort. He would rest for 3 minutes between efforts. Following the sixth one, he would cruise easy for 10 minutes, and then do four 2-minute efforts with 4 minutes of rest between them. In these four efforts, he would try to average between 330 and 350 watts (113–120 percent), and then cool down.
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Another 2-hour ride at this level would start with the same 15-minute warm-up, 5-minute interval at 100 percent of FTP, and easy 5 minutes. The main part of the workout would start out with five efforts in which Joe pushed his level of watts to 330 (113 percent), and in each successive effort, he would try to extend the time by 30 seconds. The first effort would last 5 minutes, the second would last 5.5 minutes, the third would be 6 minutes, and so on. Joe would end the workout with a 15-minute cooldown.
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If you try this workout and cannot extend the efforts by an additional 30 seconds each, then try reducing the intensity by 10–15 watts (3–5 percent) so that you can do them for the full recommended times. Do not reduce the intensity below 106 percent. Instead, go ahead and start with shorter periods of time, but work toward extending the duration. Do 5–8 minutes of Recovery-level riding between efforts. Finish the workout with two hard, all-out 3-minute efforts reaching 100 percent or greater of FTP, and rest for 5 minutes between efforts.

VO2max is an important factor in racing, and therefore, training at this level is essential for racing. Hunter’s examination of power-meter files has proven that the race-winning move always contains an initial attack to create separation from the field—that is, a breakaway—then a continued high effort to establish the separation, followed by a relative settling in at threshold power and a finish with a short burst of speed. This is considered a VO2max effort because of the short amount of time available to complete the effort and the average power that the breakaway move elicits. Practicing this exact pattern is the perfect race-winning simulation. It is a series of moves that plays out just as easily in a criterium as it does in a road race or even a track points race. Because the power-meter data reveal how they work, it is possible to put these efforts inside a solid, Endurance-pace workout to increase your chance of winning and create a super workout.

In Figure 5.4, it is easy to see the initial explosive effort that was needed to create a separation from other racers. At the same time, the upper line, which represents heart rate, climbs in response to this quick burst of power. As the effort continues, the watts come down to hug the threshold power line (blue line), and then the effort ends with a short increase in wattage. The speed line (middle) provides perspective on the terrain. Notice that as the speed goes down, the power goes up dramatically, indicating that the rider is going up a hill.
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You can replicate race-winning efforts with a workout that includes five to eight efforts. Each effort begins with a 30-second sprint (15 seconds out of the saddle), averaging approximately 200 percent of threshold power, and peaking at around 300 percent (for Joe Athlete, this would be a 600-watt average and a peak of 850–950). Then ride for 3 minutes at 100–110 percent of FTP (290–310 watts for Joe) and finish with a 10-second burst, trying to reach 200–250 percent of FTP. Rest for 5–6 minutes, then cool down for 15 minutes at Level 2.

Level 6: Anaerobic Capacity

Anaerobic Capacity (AC) efforts typically entail intervals of 2 minutes or less. These are very intense, short, hard efforts, and they are difficult to do correctly without the use of a power meter. The intensity of these efforts is far beyond what can be maintained aerobically. It is a supra-maximal intensity—that is, it requires more than 100 percent of your VO2max.

Level 6 efforts are much higher in intensity than Level 5 efforts, and they are carried out long enough to stress the anaerobic capacity system, which means they hurt! Training at this level includes the greatest variety of efforts, however. There is a huge difference between a 30-second effort and a 2-minute effort, although both train the AC system. This variety makes it exciting to create lots of different intervals and workouts. The key is to reach the required intensity; the duration of the effort can change somewhat. These Level 6 exercises should be performed when you are relatively fresh in your training week.

To add some Anaerobic Capacity work to your training plan in a 2-hour ride, start with a standard warm-up, then set your power meter to show average watts in interval mode. Then do about eight 2-minute efforts pedaling as hard as you can, using average watts as a carrot to push all the way to the end. Your goal is 135 percent of FTP (390 watts for Joe Athlete). Stop when you can no longer reach 120–122 percent of FTP, which is a 10–12 percent drop in your average power. Joe Athlete, for example, would stop when he could no longer reach an average of 348–355 watts. Recover for at least 2–3 minutes, more if needed, then finish with eight 1-minute efforts, trying to average at least 145 percent of FTP (420 watts, for Joe), with 3-minute rest periods between efforts. Do all of these efforts unless you are unable to reach 128–131 percent, which would represent a 10–12 percent drop in power (370–380 watts in our hypothetical example). This guideline follows the intervals-to-exhaustion idea.
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Another 2-hour ride includes hill repeats. After a 20-minute warm-up, do 8 to 10 hard hills. Each should be between 45 seconds and 1.5 minutes in duration. Try to average around 140 percent of FTP for each effort, and sprint in the last 25 meters or so to explode at the top of each hill. Rest for 4–5 minutes between attempts. Stop the efforts when you experience a 10 percent drop in power from your performance in the second or third interval. Finish with a 20- to 30-minute cooldown at Endurance pace.

In the Appendix there are more Level 6 rides that develop anaerobic capacity, specifically working intervals of 2 minutes, 1 minute, and 30 seconds. See Anaerobic Capacity Workouts 6 and 7 for descriptions of these workouts.

Level 7: Neuromuscular Power

Level 7 exercises are super-short, high-intensity efforts usually lasting less than 10 seconds each. They place a larger load on the musculoskeletal system than on the metabolic systems. In these short efforts, it would be difficult to use power as a guide for training, since the efforts themselves are so explosive and short that you would have to focus more on handling the bike than on reading your power meter.

Quite literally, there are hundreds of ways to do these workouts. Anytime you do a sprint workout, you are training your neuromuscular power. Perform Level 7 workouts when you are the most fresh, as the intensity of the workout is very high and you will need to be highly energized for them.

When you do these efforts, do not concern yourself with looking at your power meter. You can review the data later, while you are cooling down between sprints. The most important thing is to get all the sprints done and continue to add more repetitions as you get stronger.

The Appendix includes several good “peak sprint” workouts (see Neuromuscular Power Workouts 5 and 6). The sprints done in the small chainring typically do not involve gear changes. The objective is to wind the gear out and increase cadence to 120 rpm by the end of the interval. The sprints in the big chainring include one or two gear changes, with an emphasis on a hard jump at the start of the interval and winding out the gear at a high cadence (110–120 rpm) before shifting.

One of the goals of this workout is to show that you do not need to dump the chain into the hardest gear for a sprint. Sprinting starts out with a hard jump in a gear that you can turn over. Then, as you wind out each gear, you shift down one. It’s just like driving a car with a stick shift: You work down the gears when the rpms reach the correct range.

Another Level 7 workout, which also can be categorized in Level 4, has become very popular. It’s called the “micro-burst workout.” It is an excellent exercise to do on the indoor trainer, and it really focuses on improving your neuromuscular power. Since the efforts are 15 seconds each, using an indoor trainer makes them highly controllable. You can easily use your power meter for pacing. The micro-burst workout is designed to improve your ability to produce the explosive power that is needed for the initial snap in a sprint, for the jump out of the saddle in a criterium, or for the standing start in a track event. When you view data from this workout and compare them to data from a criterium, you can easily see that the downloaded files are very similar in nature. This shows the importance of specificity in training (see Figure 5.5).
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For a typical 2-hour micro-burst workout, do a standard warm-up and then do two sets of micro-bursts lasting 10 minutes each. A micro-burst effort is 15 seconds on and 15 seconds off, repeated continually for the 10 minutes. For the on segment, go to 150 percent of FTP (for our fictitious Joe Athlete, that would be 435 watts), and draw back to 50 percent of FTP (145 watts) for the 15-second off segment. Follow this with 20 minutes of easy spinning, and then begin your next block. This block includes ten 10-second sprints out of the saddle, with at least 2 minutes of easy pedaling between efforts. Try to reach 300–350 percent of threshold power as your max wattage. Then cool down for 15 minutes.

A slight variation of this workout still attacks the neuromuscular power system. Again, it is a 2-hour ride that begins with a standard warm-up, followed by a pace at the lower end of Level 3—approximately 76–80 percent of FTP—maintained for the next hour. Within this hour, do a 10-second, out-of-the-saddle burst every 3 minutes, trying to reach 150 percent of FTP, and hold it there for the 10 seconds. Make sure your cadence remains high. You should have no more than one or two gear changes, if any. Cruise for the rest of the ride at below 80 percent of FTP, and then cool down.

As you do these workouts, keep in mind that all the training levels are continuous: There is no definitive starting or stopping point for any of them. You do not just go from training your aerobic capacity while you are riding in Level 3 (76–90 percent of FTP) to magically training your threshold at 91 percent of FTP in Level 4. The physiological systems in the human body that you are training meld into one another; if you are training in Level 3, you are using a larger percentage of that particular system than you are using for other systems at that intensity, but that does not mean the other systems are unaffected. It’s important to remain aware of the big picture, or the philosophy of the workout, and to not get too caught up in becoming a slave to the numbers.

iLEVEL WORKOUTS

When the Coggan Classic levels were created, it appeared that 99 percent of the cyclists using a power meter fit within the general percentage guidelines for VO2max, Anaerobic Capacity, and Neuromuscular Power. However, we kept receiving power files from some outliers who, for example, could hold 150 percent of their FTP for five minutes, which we had previously thought was not possible. Andrew Coggan set out to reconcile these discrepancies and create custom training levels for each unique athlete. If you have been training with power for a sufficient period of time or if you find your wattage percentages do not fit into the upper Coggan Classic levels, you will benefit from using iLevels.

The Power Duration Curve Model was used to create iLevels based on specific percentage changes along the curve. For example, using the Coggan Classic levels, your anaerobic capacity should be between 121 and 150 percent of your FTP, at which point efforts can range from 30 seconds to 2 minutes. However, using the TrainingPeaks WKO4 software, you might find that you experience a large percentage decrease in power at, for example, 28 seconds and then again at 1:33 duration (see Figure 5.6). The Power Duration model interprets these markers as the duration at which the individual’s metabolic system is operating at the Anaerobic Capacity level and creates an iLevel for that area.
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For example, Joe Athlete’s Level 6 (Anaerobic Capacity) based on the Coggan Classic levels is 121–150 percent of Joe’s FTP, which is 290 watts, so he would do intervals from 30 seconds to 2 minutes, riding between 351 and 435 watts. Obviously, the shorter, 30-second effort should come closer to the top of that range. Using the Power Duration Curve in TrainingPeaks WKO4, however, and reviewing the calculated iLevels, Joe finds that at 28 seconds, he has sustained just under 700 watts, and at 1:33, he averaged 471 watts. Thus, in order to properly train Level 6, he would need to dramatically increase his watts above the Coggan Classic prescribed percentages. Table 5.2 shows the new iLevels for Joe Athlete.
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iLevels pertain only to efforts above Coggan Classic Level 4, because at Level 4 and below there is much less variation between individuals in the power that can be sustained relative to FTP. The only exception is the inclusion of a Level 4a in iLevels, which is Sweet Spot. The popularity and sheer effectiveness of Sweet Spot training warranted its inclusion as a specific iLevel. With iLevels, new names were created to more clearly represent the continuum of the energy systems and, with the help of modern training software, further fine-tune the training levels for your unique physiology.

iLevel 5: Functional Reserve Capacity/Functional Threshold Power

Functional Reserve Capacity (FRC) is the total amount of work that you can do above your FTP. In theory a cyclist will utilize all of his or her FRC when riding to failure at a supra-FTP intensity. However, by taking advantage of the greater individualization possible with the Power Duration model, it is possible to more specifically target different physiological abilities. This starts with the new iLevel 5 shown in Figure 5.7, which encompasses “tweener” efforts that place significant demands upon both FTP and FRC. Although not necessarily as effective as pure FTP (i.e., iLevel 4) or pure FRC (i.e., iLevel 6) intervals at improving either ability, training at iLevel 5 will help to improve both, and can be used to mimic the specific demands of competitive events such as the individual pursuit, prologue or hill climb TTs, or even somewhat longer (e.g., 10 mi.) TTs.
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The duration of Joe Athlete’s iLevel 5 is between 1:33 and 17:40 and his corresponding wattages are 321 watts to 471 watts. iLevel 5 contains a solid blend of both FTP and FRC, and the range is quite large, so it’s important to ensure you are reviewing your Power Duration Curve to precisely understand the wattage goals for the time periods. For Joe, at his longest iLevel 5 duration, 17:40, he would target between 313 and 320 watts, and at the shortest iLevel 5 duration, 1:33, he would target between 458 and 468 watts. Figure 5.8 provides target guidelines for these duration and power ranges. It is important that you target the area between the vertical lines in order to train both the FRC and FTP.
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When comparing this to the Coggan Classic Levels, there is no real difference in the structure of the workout, but the intensity has been customized for Joe Athlete’s unique physiology during 5-minute efforts.

iLevel 6: Functional Reserve Capacity

This iLevel is purely focused on improving the FRC, or ability to do work above FTP. These are intense intervals and will be short in duration, similar to the Coggan Classic Level 6 Anaerobic Capacity intervals. As mentioned before, Joe Athlete’s Coggan Classic Level 6 is 121–150 percent of his 290-watt FTP, so he would do intervals from 30 seconds to 2 minutes at 351–435 watts. The shorter duration correlates with the higher wattage range, and the longer duration correlates with the lower wattage range. However, using the Power Duration Curve in TrainingPeaks WKO4, and reviewing the calculated iLevels, Joe finds that at 28 seconds, he has averaged 697 watts, and at 1:33, he averaged 471 watts. Therefore, in order to properly train Level 6, he would need to dramatically increase his watts above the Coggan Classic Level 6, and instead target 653 to 675 watts for 28 seconds and 435 to 449 watts for 1:33.
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iLevel 7a: Pmax/Functional Reserve Capacity

This iLevel represents another “tweener” intensity, that is, one that places emphasis on both maximal neuromuscular power (Pmax) and FRC. Training at this intensity is very effective at improving your resistance to fatigue at/near Pmax, or your ability to sprint for a long period of time. Since few races finish with riders doing just a short jump sprint on fresh legs, often it is not Pmax, but rather how well a rider can hold on to a power as close to Pmax as possible that determines whether they win or lose.

In Joe’s case, this is a sprint that lasts as long as 28 seconds or as little as 9 seconds, at 710 watts and 968 watts, respectively. Training at iLevel 7a will increase fatigue resistance in longer sprints, and could be a great area for improvement if a rider has an explosive sprint but cannot hold his or her highest wattage for more than a few seconds. It is critical to hold the workout’s prescribed time duration in order to trigger the necessary stress to create fatigue resistance. It will be very difficult to watch your power meter during these intervals, and we don’t recommend doing so. Focus on your form, start a lap timer just before your sprint, then stop it at the end of the interval. You can then look back at your average watts, which should reach your prescribed target.
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iLevel 7: Pmax

This iLevel is directly comparable to Level 7 in the Coggan Classic training levels. It represents your pure explosiveness in a sprint and your best single pedal stroke, both for left and right legs. This is a great way to measure explosiveness because it incorporates the contribution from each leg, and is short enough to accurately measure Pmax but long enough to eliminate erroneous data points. When executing these intervals, it’s impossible to gain any insight from your power meter in the moment, as you should be 100 percent focused on your sprint, so we don’t recommend even trying. It is possible to start and stop a lap timer on your computer head unit, so we recommend reviewing the wattage after your sprint. Complete as many sprints as you can until you can’t reach an average wattage of your lowest target value.
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These Coggan Classic and iLevel workouts are helpful as you begin to use your power meter more strategically in training, but they are by no means the only workouts you can do. There are hundreds of ways to design a workout using wattage, and we encourage you to create others that will help you to achieve your goals. You can also make use of more than 100 workouts in the Appendix. When you begin to design your own workouts, just make sure that you are aware of the different training levels that you will be addressing and the impact these factors will have on your goals for the given workout. Intervals are one of the most important things you can do in order to improve, and doing the optimal number of them in each training ride is key. Remember to utilize Table 5.1 and the rules for optimizing your efforts. With your power meter you can now rest assured that you are training all of your systems optimally.


6

Interpreting the Data

NOW THAT YOU KNOW YOUR TRAINING LEVELS and your functional threshold power; you have evaluated your cycling strengths, weaknesses, and phenotype using the Power Profile; and you know how to create workouts with wattage; the next step in conquering this learning curve is to understand what the downloaded data mean.

Your power meter will give you a quantitative summary of your ride and periods of significant effort, showing your maximum wattage and average wattage, heart rate, cadence, and kilojoules of energy burned. You can pinpoint significant fluctuations in power during the workout (see “What Is a ‘Match’?” later in this chapter). You can review your cadence, which is especially helpful over periods of high power output. You can review the relationship between total work done and time spent at varying levels of intensity. Understanding all of this data will make your approach to training more sophisticated.

Interpretation of the data is the key to understanding your current level of fitness, how it has changed over time, and how you might need to adapt your training to make progress in your cycling. Every chart and graph has meaning, just as every ride has meaning in your overall training program. Your rest days are just as important as your hard training days, and it is the same with your power-meter data: All your data are significant. Record every ride, every race, every time you get on the bike, and make sure to download your files.

Try to pinpoint areas of a race that were significant and determine the exact power demands of those areas, and then compare them with your training data. You can determine what level of power you needed to stay with the front group when the winning split occurred. You can evaluate your power output when you got dropped: Your cadence might have been too low or maybe your pedaling stroke became sloppy due to fatigue, and your torque was too high compared with your power output. Compare this race with others or similar rides. All of this analysis will help you to gain insight into how you can become a stronger cyclist.

There are many software packages available to analyze power data, some more detailed than others. It is important that you work with your selected software and take the time to analyze the information fully. Only by viewing and correctly interpreting your own data will you be able to utilize your power meter to the utmost extent. By taking these steps, you will discover a whole new world of possibilities in training and racing.

ADJUSTING THE CALIBRATIONS AND SETTINGS

First, let’s do some housekeeping in order to make your data the best they can be. Make sure to set your power meter on the smallest sampling interval you can do in order to get the greatest accuracy in recording your ride. For some power meters, this limits the total time that it can record your ride, so set the recording rate higher if you are doing a longer ride. On your computer head unit, set your power display to show your three-second-average power, which will make it easier to execute intervals accurately. Make sure that you zero the power meter before you begin. There is nothing more frustrating than coming home from a ride only to see that your zero-offset point was not at zero when you started and your data are essentially worthless. As mentioned in Chapter 2, there is a misnomer in the language that Garmin head units use for this process. Instead of a “zero-offset,” Garmin calls it “calibration,” so if you are using a Garmin head unit, you need to “calibrate” before each ride. Finally, make sure that your power meter is calibrated (using the term correctly). With many power meters, you can determine the calibration by connecting wirelessly to the power meter with a phone app, while with other power meters you can find an outline of the calibration process on the manufacturer’s website.

When you view your ride graphs, either look at the data without any smoothing or with just five-second smoothing. There are some inherent issues in how power meters measure power, as discussed in Chapter 2, so smoothing the data in your software application might be the best way to get rid of any “noise” that could be misleading. But there’s a problem: Although smoothing gets rid of some of the jaggedness in the data, many times it obfuscates the true peaks and valleys in the data. In five-second smoothing, the data are smoothed over five-second time periods. This is short enough that you lose little of the meaning contained in the data, and it is easier for your eye to comprehend as opposed to data without smoothing. It is also very important to remove any erroneous data points that might have occurred. If you notice that your max power is suddenly listed at 2,000+ watts but you have never broken 1,000 watts in a sprint, you should find that erroneous 2,000-watt power spike and either change it to 0 watts or interpolate it using the points before and after it as a reference.

We’ll start by looking at each individual file; later, we’ll come back to the larger perspective of managing your training over time.

POWER DISTRIBUTION

Time Spent Pedaling (and Not Pedaling)

Let’s open a workout file and begin to look at some of the charts that are created from your ride. The first task is to view your power distribution chart. If it is from a race, then check out how much time you spent not pedaling, which is interesting to know because you may have spent too much time turning the pedals. The name of the game is saving energy. Most winning road racers do not pedal at least 15 percent of the time. If you are pedaling more than 85 percent of the time in a race, you need to think about where you are sitting in the peloton. The downloaded power distribution charts of road-race winners usually look like the one shown in Figure 6.1.
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In this chart, you can see that the cyclist spent lots of time not producing any watts (that is, saving energy and resting) and then lots of time at Tempo, FTP, but not much above it. For this rider, this translates into lots of time between 250 and 340 watts and lots of time over 360 watts. That means the winners usually pedal the least, but when they do pedal, they pedal the hardest. This is imperative to remember.

On a normal training ride, the time spent not pedaling is not that important. What is important: how much time you spend in your power zones. Therefore, you should also begin to look for the time drop-off around your functional threshold power level. Notice that in Figure 6.1 there is a huge drop-off in the amount of time that this rider spent at 400–410 watts compared with the amount of time that he spent at 390–400 watts. Based on this information, one could make a ballpark guess that this rider’s FTP is somewhere on the upper end of the 390–400 bar; it is unlikely to be over 400 watts. How do we know this? Since we know that, by definition, you can ride right up to your FTP, but not much over it, we should expect to see a larger percentage of time in the bin that most closely represents that FTP edge. (See “Determining Functional Threshold Power” in Chapter 3 to review this and other methods of identifying FTP.) Winning racers will spend lots of time just at FTP, but not much above it, because they know how to pace themselves well. Similar trends may show up in your power-meter download.

Time in Power Levels

The next thing to consider in looking at the power distribution chart is whether you spent enough time in the level that you were interested in. If you were trying to make strides in an area in which you are weak, did you ride at that level long enough to achieve your overall goal? Examine your power distribution chart by levels. This will enable you to make sure you trained in the correct level to maximize your training time. It is important first to set up your training levels correctly based on your FTP in order to make sure that your power-level calculations will be correct.

Since your fitness changes over time, and your power levels are calculated on the threshold value, these absolute numbers will change throughout the year. For example, say that in January your FTP was 200 watts. This would mean that your Tempo level (Level 3, 76–90 percent of FTP) would be between 152 and 180 watts. Anytime you are riding within this range, you will be accumulating time in Level 3, and you will see this in the corresponding bar in the power distribution chart. By June, however, you may have raised your FTP to 260 watts. Your corresponding Level 3 watts will now be 197–234. Because your fitness has increased so dramatically, 152–180 watts is now in your Level 2, or Endurance level. This is great news. But you will have to adjust your settings, and your training, to make further progress. Remember to update these associations as your fitness changes.

HEART RATE DISTRIBUTION

Once you have determined your power output in relation to your ride, the next thing to look at is your heart rate distribution chart. Just as with the power distribution chart, if you look at a large enough dataset that includes time spent at and above FTP, you can see where the heart rate threshold would be. Set the data range set to three to five heartbeats per minute to more easily see where the step-down occurs. In Figure 6.2, it is easy to see the sharp decline from 160–165 bpm to 165–170 bpm.

[image: image]

CADENCE DISTRIBUTION

By examining the cadence chart, you can start to see how much time you typically spend in different cadence ranges (see Figure 6.3). This can be informative if you are actively trying to increase or decrease your cadence for a specific workout or for overall physiological change. It also tells you something about yourself and may provide a clue to the percentages of fast-twitch and slow-twitch muscle fibers in your body.
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ONE CAVEAT TO REVIEWING TIME IN POWER LEVELS

There is one issue that you should be aware of when looking at your power levels. Consider, for example, that if you alternated between pedaling for 15 seconds at 400 watts and pedaling for 15 seconds at 100 watts, and kept this up for an entire hour, you would end up spending 30 minutes pedaling at 400 watts, which is a power that you might be able to maintain for only about 4 minutes if you were pedaling at this level continuously. When you look at just “time in level” the impact of how long each foray into a particular power level actually lasts is not evident. This is not an issue when using heart rate, because (1) heart rate lags behind changes in power—that is, it is automatically smoothed by your physiology so that very short forays get averaged into the mix; and (2) you can use heart rate only for levels requiring less intensity than maximum heart rate or VO2max. In other words, “time in level” is much more meaningful when applied to heart rate than when applied to power.






This chart also provides further information about how much time you spend not pedaling. The power distribution chart will show you this as well, but the cadence chart is more accurate, and here’s why. Since the data ranges are smaller in the cadence chart than in the power distribution chart (you should view this chart in increments of 5 rpm), you will see, for example, the time you spent pedaling at between 1 and 5 rpm, between 6 and 10 rpm, and so on, which is more precise than the 0–20 watt bin in the power distribution chart.

MEAN MAXIMAL POWER

Now that you have examined the overall ride, you should narrow the perspective to look at your peak power for the ride. By plotting your peak power over small slices of time, you can view a telling graph of your mean maximal power. This is quite literally a plot of your best average power for each second of the ride.

The Mean Maximal Power (MMP) Curve gives you the ability to confirm that you are in the correct training level when working out. In an intense race file, the chart helps you to pinpoint weaknesses and strengths. When you examine maximal power for a relatively large set of data (six months or greater), the shape of the curve will be based on your personal set of abilities. Distinctive changes in the slope may reveal how much you rely on different physiological systems and help you model your Power Duration Curve and decide your rider phenotype.

For example, the slope of your Mean Maximal Power Curve might be very consistent from 20 seconds out to 2.5 minutes but run at a lower angle from 2.5 minutes out to 25 minutes. This might tell you that at 2.5 minutes your body shifts emphasis from the anaerobic capacity system to the VO2max and lactate systems. Each rider is different, and this is one reason why it is important to read and interpret this graph regularly. If you see a distinct hump in the curve at around 3–6 minutes, that is, a very high output of power in that section in relation to the rest of the curve, this indicates your strength at VO2max power. Or, if you see a plateau in the curve, you may have a weakness in your ability to produce power in the time period where the plateau occurs.

It is important to compare similar time periods from workout to workout. If you did a workout with 5-minute efforts, and then looked at the watts you produced at 6 minutes, the data may not be indicative of your overall ability. To obtain valid data, you would need to do specific 6-minute efforts. Also, if you did not do sprints or lactate threshold intervals, then your max power on the chart would not be representative of your true max when you do sprints, and your lactate threshold would not be representative of your true FTP. This applies to the Power Duration Curve Model as well, and the accuracy of your model is highly dependent on gathering enough data points across all durations. If you are looking to see the big picture from this curve, then create the MMP Curve over a larger period of time—maybe even looking at an entire year’s worth of data in order to get the true picture. Figure 6.4 shows a classic example of an MMP Curve for a sprinter. Note the relatively long period of time at a very high power output. In this example, the rider weighed only 153 pounds, so based on her Power Profile, she is considered a world-class sprinter. We’ll examine these charts in more detail in Chapter 9.
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INTERPRETING POWER GRAPHS

There are many ways to view your ride in your training software, and each can reveal more information about you as a rider and about the workouts you complete. The graph of your ride tells the story of your ride second by second. Examining these graphs, which at first may look like a bunch of squiggly lines, and discerning their story are what this section is all about.

Stacked and Horizontal Views

Each type of software represents the data a little differently in graph mode, and each type has its advantages and disadvantages. A stacked view presents raw data that has not been interpolated, smoothed, or “smashed together.” This is helpful because the X-axis is not compressed by time and makes it easy to analyze more precisely. However, a graph in stacked view may span a great horizontal distance, making it difficult to view long-term changes in power output. A “horizontal” graph, on the other hand, is useful because you can view the data all on one screen, or compressed horizontally on the X-axis (time). This allows for the “big picture” view and helps when picking out intervals. When viewing the stacked graphs, it may be difficult, for example, to see a small decrease in power over a period of 60 minutes or longer. A horizontal view is better for this type of analysis. In Figures 6.5 and 6.6, you can see that the stacked view makes it difficult to find the decrease in power right at the end of the climb, whereas the horizontal view makes this easy to locate and analyze.
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We recommend that you begin with the horizontal view with no smoothing or with five-second smoothing, as this will enable you to see your ride from a broad perspective. From this view you can easily determine the segments of the effort that you want to examine in more detail. Many times we begin to mark up the file in this view and then switch over to the stacked view in order to better define the exact start and finish of each period of work. If it is a road ride, then we view the watts, heart rate, and speed lines. Viewing speed allows you to determine whether the work was being done on an uphill or on the flats. If the workout was aimed at specific cadence goals, we take out speed and add in cadence in order to better understand the power-to-cadence relationship. If it is a trainer ride, then we view watts, heart rate, and cadence, as speed is largely irrelevant on a trainer.

Areas of Interest

Begin analyzing your data by scanning through your ride and finding areas of interest. You can create a range around a specific area of interest (that is, mark an interval or create a “lap”) to gain further insight into the numbers. You can also mark intervals while you are on your bike so they will be easy to find and view later. However, if you did not mark a particular effort—maybe it was an intense mountain-bike race, for example, and you couldn’t afford to take your hands off the handlebars to mark it—then you can find that area later. For example, let’s say you went over a 25-minute climb in your mountain-bike race. This should be easy to view, as your heart rate will be high, your speed low, and your power fairly constant. The graph of this portion of your ride might look something like the one presented in Figure 6.7. Notice that when the climb begins, the power line becomes smoother, the speed line is lower, and the heart rate line climbs rapidly. The power is relatively smooth despite undulations in the trail.
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Interval Shape and Meaning

The line for each interval that you do will have a slightly different shape, and this shape means something about how you paced yourself in the interval, how relatively fresh or tired you were, and whether you gave it your all or didn’t quite get the job done. By comparing the different shapes of the interval lines with each other, you can gain valuable insights about your efforts, and this will help you to determine a better pacing strategy, set a bigger wattage goal, or plan the number of intervals to do.

Let’s look at the various shapes of the intervals and what they mean. Figure 6.8 shows 3-minute intervals done by an elite track racer in her preparation for the Canadian Track Nationals. In this example, the graph is in the horizontal view so that we can see all the intervals at one time. We have created a range around each interval in order to pull out the data for just that interval. One of the first things you may notice is the shape of the power lines. Notice that there is a general trend that each one follows: Each interval starts with a hard effort; the power drops down about 1 minute into the effort, however, and then the wattage rises again at the end of the interval. We might call this pattern a “twin peak interval.”
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Humans adapt easily to stress, and good athletes quickly learn pacing after they have done only a few intervals. But this pacing may be arbitrary instead of deliberate, and analyzing the files may enable you to make better pacing decisions. That is the case here: A closer look at the files provides interesting clues to how this track racer could improve.

To be fair to this athlete, even though she is an elite-level Canadian track racer, this is the very first time she had ever tried this specific workout, and so she was learning just how hard she could go for each interval. The goal was to do seven 3-minute repeats as hard as she could, with 3 minutes of easy pedaling between efforts. We estimated that she would be able to hold VO2max power (315–325 watts), as this 3-minute time period is perfectly within the VO2max power level. We told her to just go as hard as she could and didn’t give her a specific wattage goal. Since this was her first workout for this time period, we did not want to color her results with some wattage number that might or might not be right for her. We also wanted to see how well and how quickly she would adapt to the effort so that we could uncover any weaknesses that she might have at this level. The workout was performed on an indoor trainer.

In Interval 1, notice how there is a peak at the beginning and end, with a little valley in the middle (see Figure 6.9). This is perfect pacing, and it’s her first interval. She’s very fresh, and as a result she does very well. This shape also indicates that she was a little conservative, so as not to blow up, and then she realized that she had more to give and throttled it at the end. So, she didn’t go all out, but in terms of giving it her best time and watts, she was dead on. This is a textbook example of creating your best average watts in an interval.
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In Interval 2, our Canadian cyclist went too hard (see Figure 6.10). The power drops off very quickly, and she has no power in the end. In the first interval she was a little worried about going too hard, so she held back, and at the end of the interval she realized she could have gone harder. In the second interval, she drills it from the start, but blows up. At this point, she must have realized that she started the interval pedaling too hard.
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By the time she does Intervals 3, 4, 5, and 6, she has this figured out (see Figure 6.11). Perfect! This is as hard as she could go; she has these intervals nailed. However, we are starting to see an intriguing pattern: Note how each effort has a little power “hole” after the first minute (see 1:17:05–1:17:25 in Figure 6.11). This tells us that our track racer is having a hard time transitioning from her purely anaerobic capacity, which requires fast-twitch muscles, to using a larger percentage of her slow-twitch muscles every time she hits a certain point in the interval. It’s as if her depth of anaerobic capacity is not deep enough. We should be seeing that drop-off occur closer to the 2:30 mark (1:18:30 in Figure 6.11).
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But this is exactly why we did not give her a wattage goal in the beginning of the workout, and the strategy worked. Now we can see that she might have a weakness in this transition period, and we can determine how to address this issue. To do that, it helps to look at Interval 7 (see Figure 6.12). In this last interval, she held back and did not push it hard enough. At this point, if she was at her limit and feeling fatigued, we would have seen a quicker drop-off in power from the start to the finish. In addition, she would not have been able to bring up the power at the end of the final effort. Instead, Interval 7 presents a profile that is very similar to the profile for Interval 1; however, since it is not the first effort but the last one, we need a different interpretation. That interpretation is that, ultimately, she could have done a few more of these efforts before reaching a point of diminishing marginal returns or using the intervals-to-exhaustion concept.
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We can conclude that this rider has good average pursuit power and good cruising power in pursuit. Her repeatability is good, as evidenced by the relatively low drop-off in power from Interval 2 and Interval 3 to Interval 7. (When looking for “repeatability,” always compare the second and third intervals with the last one to really see the drop-off in power, because the first interval always takes place when the athlete is fresh, and the wattage is therefore not one that can be repeated multiple times.)

From this analysis, we can suggest areas for improvement. Because this athlete seems to fade too fast if the initial effort is too high, practicing her pacing from the start would be important. By holding back a hair more on the start, and then consciously focusing on that time period from minute 1 to minute 2, she could begin to eliminate the quick drop in power during that time period. If she can boost her ability to keep the pressure on throughout that period and then dig deep for the last minute, she will really reduce her time.

ANALYZING AND COMPARING YOUR EFFORTS

Many software analysis packages allow you to overlay ranges within a given workout or from different workouts and thus compare intervals or complete workouts. Figure 6.13 is an example of a comparison of the same race, two years in a row. Overlaying data also makes it easy to sort intervals according to different criteria. When comparing one ride (or race) with another, you can see exactly where the power was created, which could give you a clearer understanding of your ride/race. Below is a table that compares a series of 12 hill repeats done by one rider. Each repeat was about 1 minute long.
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Although it can be hard to pick out individual intervals when there are so many, it’s easy to see which was the strongest and which was the weakest. With the ride downloaded onto his computer, this rider would simply click on the Average Power column to sort the intervals (as shown in Table 6.1). Once he has done so, he can see how closely he followed the intervals-to-exhaustion principle explained in Chapter 5. In this case, he did well. Note that his fifth interval was 403 watts. A 10 percent decrease would be close to 360 watts. His 11th interval was 347 watts, and he did one more, with his 12th interval being 382 watts. He knew that he was seriously struggling in his 11th interval, so he went all-out for the 12th and then headed home. This kind of analysis is also possible for a race across different years. Make certain that you select exactly the same range of data so you can compare apples with apples. Figure 6.13 illustrates a race that the athlete did in two consecutive years. He placed second in Year 1. In Year 2 he won, with a solo breakaway after an attack 45 minutes into the race. It is possible to see when the breakaway started on the graph because his heart rate climbed suddenly at that point. It’s interesting that the winning power file shows a reduction in cadence from the previous year. A likely explanation is that in Year 1 he was in a breakaway with three other riders; his cadence was probably higher because he was riding with other cyclists and matching surges in between pulls at the front. The lower cadence in the solo breakaway file might indicate that this rider prefers to produce a higher force on the pedals with lower cadence when riding by himself at FTP. We will use this same file in Chapter 7 to illustrate a principle about the force-cadence relationship.
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Scatterplots

When you want to compare different data channels—heart rate versus power, left- and right-leg power balance, or power versus cadence—you might want to use a scatterplot. A scatterplot can give you a good sense of how the different data channels relate to each other. Scatterplots can be useful for interpreting trends in statistical data. Each point in a scatterplot has two coordinates; the first corresponds to the first piece of data in the pair (the X coordinate; the amount that you go left or right). The second coordinate corresponds to the second piece of data in the pair (the Y coordinate; the amount that you go up or down). The point representing that observation is placed at the intersection of the two coordinates. When you plot power on the Y-axis of the graph and cadence on the X-axis, it becomes easy to see at which cadence you had the highest power outputs and your upper cadence limit to produce high wattage. Figure 6.14 illustrates this comparison.
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Let’s consider another example of how the scatterplot can help you in your training. Many power meters have bilateral (independent left and right) power measurement and a power balance scatterplot helps to identify which leg a rider favors across the range of his or her wattage output. Some riders will “save” or “rest” a leg at lower wattages so that when they need more power for short periods of time, they can use that rested leg. In Figure 6.15, we see that this rider is more left-leg dominant at wattages below FTP, then uses his right leg more at VO2max and Anaerobic Capacity levels, and shifts back to depending on the left leg for Neuromuscular Power output.
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Finally, in our last example we will again plot cadence on the Y-axis and speed on the X-axis, but this time we will consider a cyclocross race. Looking at Figure 6.16, you can see a strong correlation between how fast the rider is pedaling and how fast his bike is going. At a certain cadence, about 100–105 rpm, as you can see from the plot, he shifts to a harder gear in order to continue increasing his speed. This could indicate a need for improvement in pedaling speed, or it could mean that more muscular strength is needed when he shifts into the harder gear. The relationship between cadence and speed is an interesting one, similar to the relationship between cadence and power.
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Cyclists can learn a lot by taking a closer look at these data streams. In cycling, besides making yourself more aerodynamic, there are only two variables involved in going faster: You can pedal harder and you can pedal faster. The scatterplot can help you to understand which one of these options (or combination of them) might be more beneficial for you to set goals in as you train.

What Is a “Match”?

“Match” is an elusive term used by riders and coaches in the bike-racing world. When you “burn a match,” you have done a hard effort. It’s an effort in which you had to dig deep or really push yourself. Any bike racer knows what it feels like to have burned a match, but until now, no one has really tried to quantify exactly what a match is.

Why do you need to know what a match is? Think of it this way: As a rider, you start out the day with a full set of matches in your matchbook, but every time you go hard, do an attack, or hammer over a hill, you burn one of your matches. The size of the matchbook is different from one cyclist to the next, but nobody has an infinite number, so it is important to burn your matches at the right time, whether you are competing in a race or just training. Otherwise, you may be left with an empty matchbook when you still might need to use some matches to finish well, and your chances of performing at your best may have been drastically reduced. If you burn all your matches before the end of the race, it’s doubtful you will win. Indeed, if your matches are burned prematurely, it’s certain that you won’t win.

So, with regard to matches, your goals are fourfold: (1) figure out exactly what a match is for you, (2) figure out the size of your matchbook, (3) try to increase the number of matches you have, and (4) burn your matches at the right time in the race in order to optimize your chances for success.

For most riders and racers, a match can be defined as an effort in which one goes over threshold power by at least 20 percent and holds it there for at least 1 minute. Of course, burning the proverbial match could involve an effort longer than 1 minute, but as the time period gets longer, the percentage above threshold power would be lower. Table 6.2 estimates the power required to burn a match for different time periods for a rider with an FTP of 330 watts. Remember, however, that there is no exact definition of match, and these numbers would be different for every individual. You may be able to use your training software to determine exactly when and how you burn your own set of matches. It may be illuminating to make a chart for yourself like the one presented in Table 6.2, where you attempt to quantify your own matches.
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Now that you have a general idea of what a match is, you need to figure out how many matches you have at your disposal. There are only two ways to do this: You could do a super-hard training ride in which you have planned out the matches that you are going to burn, or you could do a tough race that requires a lot of match burning. The great thing is that you now know, based on your rate of perceived exertion and rate of exhaustion, when you have burned a match and when you are out of matches. Listen to your body as you ride, and then go back through your downloaded data to find your matches.

There are multiple charts in the TrainingPeaks WKO4 software that you can use to automatically find your matches. These charts are highly sophisticated, showing your matches in different colors in personalized graphs as well as time spent in each power level. In Figure 6.17, the matches are shown for a rider’s iLevels from a recent race—as power increases to Pmax levels, the color changes to black. This helps to better determine the demands of racing and the workouts needed for future success in similar events.
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When you have more insight into when you burn your matches and how many you have before you are cooked, you can make changes in your training that will increase both the size of your matchbook and the intensity of the flame from each match. At the same time, by using a power meter in a race, you can review the data postmortem and determine whether you spent too many matches in the beginning of the race or spent them at the correct times to optimize your chances for success. This is one of the great benefits of racing with a power meter. It allows you to see your performance objectively and determine whether you are using the right tactics. At the same time, you can begin to develop a better training plan based around your weaknesses in order to better “toast” your competition.

PREDICTIVE POWER ANALYSIS

As we learn more about human and athletic physiology through advancements in computing power, we are seeing an entirely new category of tool in computer software. Xert (www.xertonline.com) is an early leader in the area; their approach to data analysis enables them to provide adaptive training workouts and plans for cyclists and coaches that not only analyze past data, but also predict future physiological improvements. Of course, prediction of the future is the ultimate in planning for success and one of the key goals in using a power meter.

Maximal Power Available (MPA) is one of Xert’s fundamental and unique concepts. It reveals in real time how much power a rider can generate at any point during a ride by integrating sophisticated fatigue modeling with a rider’s unique three-parameter Fitness Signature, comprised of Peak Power (PP), High Intensity Energy (HIE), and Threshold Power (TP). Xert defines Peak Power (PP) as your peak 1-second power, High Intensity Energy (HIE) as close to your anaerobic capacity, and Threshold Power (TP) as your FTP (see Figure 6.18).
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MPA can be shown in real time on a bike computer, or it can be reviewed during post-ride analysis online. It can be used to predict fatigue during workouts to help target specific energy systems. It can even help improve your tactics and help with decision making during a race.

At the start of a ride, your MPA is equal to your Peak Power (Peak 1-second). As you ride your MPA is calculated, on a second-by-second basis, using an algorithm incorporating the following: current power, work performed above Threshold Power, and work performed below Threshold Power.

As you fatigue it gets harder and harder to maintain a specific wattage above your Threshold Power (e.g., holding 400 watts may be quite easy for the first 10 seconds, but becomes much harder after 60 seconds) until you can’t maintain it any longer. After a period of rest, hitting 400 watts becomes easier again. This is because the amount of power you have, your MPA, declines as an effort or interval continues and you fatigue, and it is restored when your effort eases. Imagine having a real-time battery gage on your bike computer as your ride. Only that battery is telling you how much you have left in the tank at any given moment. Can you climb that hill without getting dropped? Are you pacing that time trial properly? Are you really ready to start that next interval?

The modeling of Maximal Power Available in Xert creates the possibility of taking the “optimal intervals” concept from Chapter 5 and advancing it. Namely, workouts and intervals can target a specific level of strain and fatigue, or a specific physiological focus, rather than based on a static measure like a percentage drop-off from Interval 3.

An example of this is an on-and-off-style workout consisting of short, high-intensity bursts coupled with short recovery periods. Often, such workouts are based on an “on” effort at a set percentage (e.g., 150 percent) of FTP, with recovery at another set (e.g., 50 percent) FTP (i.e., microburst workouts). The rider is tasked with completing a certain number of efforts in a set, and also a number of these sets.

However, one challenge with such workouts is that, when trying to maintain a set wattage, the first efforts may be relatively easy because the rider isn’t fatigued yet. However, the final efforts may be too hard because of the built-up fatigue, so the rider ends up not completing all the efforts in a set, or maybe not as many sets as originally planned.

Instead of this, a fatigue/MPA-based workout can have intervals where every effort is the same in terms of strain or physiological demand.

In Figure 6.19 the first interval in the set of 10 efforts starts at 439 watts, dropping progressively down to 363 watts over 20 seconds. Because it’s early and not as much strain has been accumulated, the MPA drops just slightly. By the latter part of the set, each interval begins at a lower wattage of 340, dropping to 304 after 20 seconds. However, because these efforts are being done when you are at a greater level of fatigue, the strain on your body remains similar.
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Notice also how the same principles can apply to the recovery between interval efforts, or between sets of intervals. During the recovery phase of this workout, the power gradually increases over each of the eight recovery efforts. In this way, the MPA gradually recovers, then fluctuates in a consistent pattern during the latter stages.

OTHER WAYS TO ANALYZE THE DATA

In training files, you can do the following:



       •  See how many kilojoules of energy you used during your ride and determine whether you refueled enough to supply the energy you needed.

       •  View your Quadrant Analysis for each training ride and compare that with the Quadrant Analysis of your races to make sure you are training specifically for your races. We will take a closer look at this in the next chapter.

       •  Determine when your wattage began to decrease during the ride. How many kilojoules of energy had you expended up to this point?

       •  Compare your intervals with one another using an overlay analysis. How many repetitions were you able to do before there was a major drop-off in power? Did you do enough intervals? Or did you do too many?

In race files, you can use the power data in the following ways:

       •  View the matches burned in a race to clearly understand the demands of the event. Once you understand the specific demands of the event, create workouts that mimic those demands.

       •  Look for your peaks and determine where they are in the file. This will help you to gain insight into the hardest parts of your race.

       •  If you got dropped, see what types of efforts you had to do, the number of watts for these efforts, and where the breaking point was. You can use this information to tailor your training plan.

These suggestions should help to get you started looking at your data in a more productive manner. Every time you ride, your data will teach you something new about yourself and also enable you to further define your abilities as a cyclist. You do not need to do a full markup on every file, but it will still be important to review each ride and make notes about that ride and how it fits into the big picture of your fitness and racing goals. In the next chapter, we’ll build on what we’ve learned here to ultimately prepare you for more productive training and dynamic analysis.


7

Beyond Average Power

IT’S NOT ABOUT AVERAGE POWER.

One of the first things that catches the attention of all beginning power-meter users is how variable, or jumpy, their power output tends to be. This is largely due to the constantly changing levels of resistance that occur due to small changes in elevation, gusts of wind, and other external factors, all of which must be overcome when cycling outdoors. Because of this variability, training with a power meter is not directly comparable to training with a heart rate monitor. In particular, it is very difficult (as well as often counterproductive) to try to keep power constantly within a certain range or zone during a training session.

Just as important, this variability means that the overall average power for a ride or part of a ride is often a poor indicator of the actual intensity of the effort. For example, you could go out and do two 20-minute intervals at your FTP, and your average power for those 20-minute segments might be 300 watts, but since you rode easily before and after the intervals, the average power for the entire ride might be only 180 watts. Does this mean that this workout would have the same effect on your body as an easy recovery ride during which you averaged 180 watts for 2 hours? Obviously not: Both rides may have had the same average power, but they were entirely different in terms of the physiological systems that they called upon and the overall training stress they produced.

This limitation to using average power as a measure of intensity is even more apparent in racing because power can vary dramatically from one moment to the next in a race. Most good racers try to conserve energy and then attack, and these extremes skew the averages. For example, after the hardest road race of the year, in which you hung on for dear life, you might download your power-meter data and find that you averaged only 200 watts for the entire four hours of racing. Since you know that this was your hardest race of the year, obviously there must be something more going on that simply is not reflected in your average power.

And it’s not about total work.

In early 2002, we began to explore the possibility of developing an athlete’s annual training plan based on some measurement that quantified overall training load. Many cyclists plan their training around an arbitrary number of hours according to their category or classification. We felt that there had to be a better alternative. If we could come up with a score for each ride that properly accounted for both duration and intensity, it seemed logical that we could then look at an athlete’s past data, correlate those with successes and failures, and draw some conclusions about whether training had been appropriately structured.

Ultimately, the goal was to accurately predict when an athlete would achieve peak fitness, which would make it possible to design the ideal individualized training program. In essence, we hoped to obtain the holy grail of periodization—that is, to apply the appropriate amount of training stress at the appropriate times, such that an athlete would peak for his or her most important competition(s). Coaches and athletes attempt to do this every season, but they often rely on intuition and trial and error. But with the capability to precisely measure what a rider was doing during each and every training ride, we believed that it would be possible to make these decisions far more accurately and confidently. The inspiration for this idea came from a number of scientific studies showing that it is possible to accurately model, or predict, training-induced improvements in performance using Eric Banister’s heart rate–based training impulse (TRIMP) score to quantify the overall training load.

We quickly dismissed the idea of using the total work performed (in kilojoules, or kJ), since this is a function of both volume (i.e., frequency and duration) and intensity (i.e., average power). This idea was fundamentally flawed, because it did not account for the limitations of average power or the nonlinear relationship between physiological responses and exercise intensity. For example, you might go out and ride for 3.5 hours and in the process perform 2,000 kJ of work, which would require pedaling at an average power of 159 watts. For the average serious rider, this would be a garden-variety Level 2 Endurance workout. It probably would not result in undue fatigue on the following day.

On the other hand, you could go out and perform that same 2,000 kJ of work during a ride lasting only 2 hours by sustaining an average of 278 watts. For all but the most talented athletes, this would be a much more difficult workout, most likely falling into Level 3 or Level 4, and would probably leave the cyclist rather tired for one or more days afterward. It’s clear that two very different workouts can require the same amount of total work in kJ, but the impact they have on your body can be completely different.

With this in mind, we developed a number of unique analytical tools designed to provide greater insight into the true demands of training and racing a bicycle. The first three—Normalized Power (NP), Intensity Factor (IF), and Training Stress Score (TSS)—are interrelated, and you can use them to quantify the metabolic demands and overall training load with an accuracy that goes well beyond average power and total work. Normalized Power is integral to the calculation of IF and TSS and serves as a means of accounting for the variability in power during a ride. IF is an athlete’s Normalized Power expressed as a fraction of his or her functional threshold power, and as such it is designed to aid in comparisons across individuals. Finally, TSS quantifies the overall training load, similar to the way that Banister’s training impulse method quantifies training based on heart rate data. Once these three concepts were developed and integrated into the TrainingPeaks WKO Software, it became possible to capture a considerable amount of information regarding the demands of a workout based on just these three metrics. A fourth tool, Quadrant Analysis, is also described later in the chapter. Let’s look at Normalized Power first, and then we’ll introduce the rest of the concepts that will take your power analysis beyond average power including analyzing your bilateral power data.

Some of the reasoning behind these concepts draws on advanced research in exercise physiology and requires some math knowledge to really understand. If you’d rather skip the technical details, you can still get a general idea of how to use these tools by reading through this chapter. But we did not want to leave out the nitty-gritty. If you are the type of cyclist or coach who wants to be thoroughly informed, you will not be disappointed: You are about to get a crash course in some very useful concepts.

TOOLS TO ADVANCE TRAINING AND ANALYSIS

Normalized Power

As stated before, the act of riding, training, and racing a bicycle is a highly variable, or stochastic, exercise. There are many factors that affect every ride you take: wind, uphills, downhills, quick accelerations, long steady grinding, and so on. Because of this variability, average power is just not a sufficient indicator of the true metabolic demands of your ride. To account for this variability, we developed a special algorithm to calculate an adjusted (or normalized) power for each ride or segment of a ride (longer than 30 seconds) that you may want to analyze.

The algorithm incorporates two key pieces of information: (1) Physiological responses to rapid changes in exercise intensity are not instantaneous but follow a predictable time course, and (2) many critical physiological responses, such as glycogen utilization, lactate production, stress hormone levels, and the like, are curvilinearly, rather than linearly, related to exercise intensity.

To calculate Normalized Power:



       1.  Start at the beginning of the data and calculate a 30-second rolling average for power.

       2.  Raise the values obtained in Step 1 to the fourth power.

       3.  Calculate the average of all the values obtained in Step 2.

       4.  Find the fourth root of the number obtained in Step 3.

Many power-meter software analysis packages calculate Normalized Power for you. Basically, it’s the wattage you would have averaged if you had pedaled smoothly for the entire effort—the power that your body thought it was doing, though in reality the effort could have been a very sporadic on/off affair. It estimates the power that you could have maintained for the same physiological cost if your power output had been perfectly constant (such as on a stationary cycle ergometer), rather than variable.

Keeping track of Normalized Power is therefore a more accurate way of quantifying the actual intensity of training sessions and races. For example, it is common for average power to be lower during criteriums than during equally difficult road races, simply because of the time spent soft-pedaling or coasting through sharp turns during a criterium. The Normalized Power values for a criterium and a road race of about the same duration, however, will generally be very similar, reflecting their equivalent intensity. In fact, during a hard criterium or road race of about 1 hour in duration, Normalized Power will often be similar to what a rider can average when pedaling continuously for a flat 40 km time trial. The Normalized Power from mass-start races can therefore often be used to provide an initial estimate of a rider’s threshold power.

Figure 7.1 shows the difference between average power and Normalized Power in a road race. In this figure, the power line is constantly fluctuating, indicating that this section of the race contained times of high wattage and times of low wattage. This is typical of road races, where the range of power that cyclists produce is very wide and constantly changing. Since these changes in power output occur so quickly, the body does not have enough time between them to fully recover. Thus, although the muscles get very short breaks, the body experiences the same amount of stress that it would if you did one hard, constant effort. Note that in Figure 7.1 the Normalized Power is 357 watts, whereas the average power is 319 watts. In this case, the stress, or physiological cost, to the body was equivalent to what it would experience at 357 watts. The greater the difference, the more variable and less continuously aerobic the effort was. Charles Howe coined the term Variability Index to describe this. To find the Variability Index, simply take the Normalized Power number and divide it by the average power number. The more variable your ride (after the 30-second smoothing has been applied), the higher the Variability Index.
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The reason all of this is important is that, used correctly, Normalized Power can help you to better define the demands of your event. Table 7.1 shows typical Variability Index values for some common types of cycling events. This is just a rough guideline for helping you to think more critically about variability in cycling. Knowing the demands of your event is one of the key factors to training specifically for that event. If you are a mountain biker and you are training only on the road, then most likely you will not be ready to handle the constant change in power, cadence, and speed that you will encounter in your next mountain-bike race. You’ll learn more about this variability in the section on Quadrant Analysis later in this chapter.
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Figure 7.2 shows Normalized Power and average power on a steady, relatively constant-gradient climb. It is clear that this type of climb has a much smaller effect on the variability of a rider’s power output than the mass-start road race shown in Figure 7.1. The wattage line shows how much smoother and more stable the power output was in this effort. The Normalized Power for this section of the ride was 304 watts; the average power, at 300 watts, was only 4 watts lower. Therefore, the Variability Index for the ride depicted in Figure 7.2 is very different from the Variability Index for the ride shown in Figure 7.1 (1.02 for Figure 7.2 versus 1.12 for Figure 7.1). Although these different efforts have roughly similar average power values, their Normalized Power and physiological cost are markedly different.
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Intensity Factor

Although Normalized Power is a better measure of training intensity than average power, it does not take into account an individual athlete’s changes in fitness over time or differences between unique athletes. It is also important to be able to quantify the intensity of your effort relative to your own abilities, as this plays a key role in the adaptations to training that occur as a result. That is where Intensity Factor comes in.

Intensity Factor is simply the ratio of your Normalized Power to your functional threshold power—that is, the fraction of your functional threshold power that you maintained for that workout or part of a workout (i.e., IF = NP/FTP). So, for example, if the Normalized Power for a long training ride that you performed early in the year was 210 watts, and your threshold power at the time was 280 watts, then the Intensity Factor for that workout would be 210 divided by 280, or 0.75. However, if you did that same exact ride later in the year, when you were fitter, and your threshold power had risen to 300 watts, then the IF would be lower—0.70. IF is a valid and convenient way to compare the relative intensity of a training session or race either over time for an individual rider or from one rider to the next, taking into account changes or differences in threshold power. Table 7.2 shows typical IF values for various training sessions or races.

[image: image]





USING INTENSITY FACTOR TO RECOGNIZE CHANGES IN FITNESS

One particularly useful application of IF is to check for changes in functional threshold power. Specifically, an IF of more than 1.05 for a race that is approximately 1 hour in duration is often a sign that the rider’s threshold power is actually greater than that presently entered into the TrainingPeaks WKO Software program or a spreadsheet program. By simply examining IF for various events during the course of a season, increases or decreases in threshold power can be identified without formal testing.

For example, let’s say that Joe Athlete has set his threshold power at 290 watts and proceeds to train hard for eight weeks. During that time he does no formal testing or races. Then Joe heads out to his local district criterium race and gets in a breakaway for about an hour. He comes home and downloads his power-meter data. Looking at his graph, he creates a range around the time he spent off the front, and he sees that his TSS is 114 and his IF is 1.07, with his normalized watts at 310.

Joe knows that this can’t be right because, by definition, an hour at threshold should equal 100 TSS points and an IF of 1.0. Joe adjusts his threshold value to 310, lets the software recalculate his TSS and IF, and sees that the TSS is now 100 and the IF is now 1.0, as expected. That tells Joe that his functional threshold power has almost certainly increased. However, since Joe knows that a 20-watt increase in FTP (i.e., from 290 to 310 watts) in just eight weeks is a relatively large jump, he should probably raise his FTP setting in the software to only 300 watts and confirm this number through formal testing as soon as possible.






Training Stress Score

Exercise intensity is clearly an important factor in determining the type and magnitude of physiological adaptations to training, but exercise frequency and duration—which together determine the overall training volume—are important as well. There is obviously an interaction between training intensity and volume—that is, at some point, as your intensity goes up, your volume must come down, and vice versa, or you will become overtrained. Training Stress Score (TSS) was developed to quantify the overall training load and help to prevent such a situation.

TSS can be calculated for every workout, and you can view a graphic summary of your recent TSS in a spreadsheet program or in a power analysis software program. Most bicycle computers have the ability to calculate and display TSS as you ride, which is a big help to serious cyclists in modeling performance. TSS takes into account both the intensity (i.e., Intensity Factor) and the duration of each training session, and might best be viewed as a predictor of the amount of glycogen utilized in each workout. If you know the TSS from a certain workout, you can make decisions about how to proceed in your training. A very high TSS resulting from a single race or training session, for example, would indicate that one or more days of rest should be scheduled. The formula for TSS is

TSS = [(s × W × IF) ÷ (FTP × 3,600)] × 100

where s is duration in seconds, W is Normalized Power in watts, IF is Intensity Factor, FTP is functional threshold power, and 3,600 is number of seconds in 1 hour.

The Training Stress Score is based on a 1-hour time trial at threshold. An athlete riding for 1 hour at FTP would score 100 TSS points, and the IF from this ride would be 1.0. Most serious cyclists know what it feels like to do a time trial for 1 hour and also how much it takes to recover from this effort. There are many 40 km time trials, and riding 40 km in under 1 hour is and has been the goal of many an aspiring cyclist. More importantly, performance in a 40 km time trial is highly correlated with an individual’s power at lactate threshold. With this effort in mind, just about any rider can understand that a 200 TSS ride would represent a dose of training equivalent to two 40 km time trials. In contrast, a 100 TSS ride could be a longer 2-hour ride at a lower IF (0.71), which at least in theory would still represent the same physiological cost as a 40 km time trial at an IF of 1.0.

One of the exciting things about TSS, since it is calculated based on functional threshold power, is that beginning riders can work at a level that is right for them to optimize their own training. Although a 300 TSS ride for a beginning rider will be very different, in terms of distance and duration, from a 300 TSS ride for Peter Sagan, it will put the same degree of stress on the beginner’s physiological system and produce an equivalent positive impact. As long as we know the FTP of the athlete, we can easily understand the amount of stress created by his or her efforts, no matter what the category of the rider. The amount of training load that individuals can tolerate, however, will differ. Peter Sagan might be able to do 300–400 TSS at an IF of 0.85 for 21 days in a row and continue to get stronger, whereas a beginning cyclist may find that just 2 days of training at that level severely overreaches his or her abilities. Because of this difference, we created a scale that can be used as an approximate guide to training (see Table 7.3).
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Once you are able to associate your different rides with TSS and IF scores, you will be able to understand the type of ride that someone else did just by hearing what the TSS and IF scores were for that ride. Table 7.4 lists some different types of rides and their corresponding scores.
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By tracking NP, IF, and TSS for each workout and over time, individual athletes and coaches will gain a powerful tool for analyzing the enormous amount of data gathered by training with a power meter. This knowledge serves as the springboard for improvements in training and, ultimately, race performance.

ANALYSIS TO IMPROVE TRAINING SPECIFICITY

In order to be successful at racing, you must train in ways that are highly specific to the events in which you compete. That is why it is important to consider the moment-by-moment power fluctuations that occur in cycling using Normalized Power. But power fluctuation is also related to an athlete’s neuromuscular power—and that is the issue we wanted to address when we developed the concept of Quadrant Analysis.

Tools such as Normalized Power, IF, and TSS explicitly recognize the seemingly stochastic nature of cycling power output and help coaches and athletes better understand the actual physiological demands of a given race or workout. Even so, to completely understand the physiological consequences of large variations in power, one must also understand how they impact neuromuscular function—that is, the actual forces and velocities that the leg muscles must generate to produce a given power output. Such effects are recognized by the algorithm used to calculate Normalized Power, but only to the extent that they influence metabolism (e.g., via altering fiber-type recruitment patterns). Although strength (or maximal force) is rarely a limiting factor in cycling, neuromuscular factors nonetheless can sometimes play an important role in determining performance.

Measuring Neuromuscular Power

How fast you can contract a muscle, how strongly you can contract it, and how long you can contract it before you fatigue and must relax it again is determined by your neuromuscular function. New movement patterns—from learning how to type on a keyboard to pedaling a bicycle—are governed by that individual’s ability to transfer the information from his or her brain to the muscles that are involved. We all take this for granted, and when it comes to cycling we just pedal, but in reality each of us is different in our ability to make these contractions occur. With your power meter, you can begin to understand your neuromuscular ability, determine whether you are training correctly, and then begin to improve your neuromuscular power.

Some information about the neuromuscular demands of a given workout or race can be obtained by examining a frequency distribution histogram of the rider’s cadence. Most, if not all, power-meter software programs automatically prepare these plots for easy data analysis. For example, Figure 7.3 shows how much time a rider spent at different cadences, and we can see a large percentage of time was spent in the 80–90 rpm range, which would most likely indicate a Level 2 (Endurance) ride.
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The velocity of muscle contraction (as indicated by cadence) is only one of two determinants of power, with the other, of course, being force. Regardless of the power meter that you use, it is possible to derive the average (i.e., over 360 degrees) effective (i.e., tangential to the crank) pedal force (both legs combined) from power and cadence data. The equation looks like this:

AEPF = (P × 60) ÷ (C × 2 × π × CL)

where AEPF is average effective pedal force (in newtons, or N); P is power (in watts); C is cadence (in rpm); CL is crank length (in meters); and the constants 60, 2, and π serve to convert cadence to angular velocity (in radians/seconds). Additional insight into the neuromuscular demands of a race or training session can then be obtained by preparing a frequency distribution histogram for AEPF that is similar to the one for cadence, as shown in Figure 7.3. (Note that, as with all such plots, graphs like this one do not take continuous efforts into consideration. Each range reflects a compilation of efforts over the course of the ride. This is not an issue, however, because unlike heart rate, neuromuscular responses and demands are essentially instantaneous. Indeed, it is the generation of specific velocities and forces via muscle contraction that essentially drives all other physiological responses.)

Although simply examining the frequency distributions of AEPF and cadence provides insight, it does not reveal the relationship between these two variables. This relationship can be quantified only by plotting force versus velocity. Muscle physiologists have used such force-velocity diagrams to describe the contractile properties or characteristics of muscle ever since the early 1920s. Figure 7.4 provides an example of a force-velocity (that is, AEPF, or average effective pedal force) scatterplot. This is the same training session that was used to generate Figure 7.3.
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Circumferential pedal velocity—that is, how fast the pedal moves around the circle it makes while pedaling—is derived from cadence as follows:

CPV = (C × CL × 2 × π) ÷ 60

where CPV is circumferential pedal velocity (in meters/second); C is cadence (in rpm); CL is crank length (in meters); and the constants 2, π, and 60 serve to convert the data to the proper units. Technically, muscle-shortening velocity, or at least joint angular velocity, should be used instead of circumferential pedal velocity, but CPV has proven to be an excellent predictor of both of these. Because crank length is generally constant, especially for a given individual, one could just as well use cadence instead of circumferential pedal velocity. We have used the latter to be consistent with scientific convention and to emphasize the relationship of cycling-specific plots to the more general force-velocity curve of muscle. A scatterplot of force and velocity, such as that shown in Figure 7.4, presents information that cannot be obtained from simple frequency distribution plots of AEPF and CPV.

However, it can be difficult to detect subtle and sometimes even not-so-subtle differences between roughly similar rides based on such shotgun-blast patterns, especially if the scaling of the X and Y axes is allowed to vary. Furthermore, without additional information, such force-velocity scatterplots are entirely relative in nature because there are no fixed anchor points or values that can be used as a frame of reference. Quadrant Analysis was specifically developed to address this problem.

Whereas many times we look at the common or normal parts of a power file or race, with Quadrant Analysis it is about looking for the outliers—the points on the periphery. Quadrant Analysis highlights the outliers in your power file and calls attention to them, and as you learn to interpret them, you will be able to make even more improvements in your training and racing.

Once again, threshold power (and the associated cadence) provides a useful basis for comparison, and in particular for separating relatively low-force from relatively high-force pedaling efforts. (It cannot be overemphasized that the absolute forces generated while cycling are usually quite low, and consequently strength is rarely considered a limiting factor to performance. Later in this chapter we will use Quadrant Analysis to demonstrate this point.)

One factor contributing to the curvilinear relationship between exercise intensity and various metabolic responses (e.g., glycogen utilization, blood lactate concentration) is the recruitment of Type II, or fast-twitch, muscle fibers. Specifically, when you are pedaling at a typical cadence and power output is well below lactate threshold, there is little engagement or utilization of fast-twitch fibers. But with progressive increases in power output, more and more of your muscle fibers must be recruited to generate the required force. For example, while riding at Level 2 (Endurance), you could be using 90 percent slow-twitch, or Type I, muscle fibers, and only 10 percent fast-twitch, or Type II, muscle fibers. When you pick up the intensity to Level 4, you will continue to use those slow-twitch fibers, but you will begin to recruit significant numbers of fast-twitch fibers as well. In other words, the more intense the effort, the greater your reliance on fast-twitch muscle fibers.

Figure 7.5 shows how the different fiber types are recruited in relation to the intensity of the effort. The Type I fibers are maximally recruited even at a relatively low exercise intensity (i.e., 40 percent of VO2max), whereas the Type IIa and especially Type IIx fibers are recruited, only at much higher exercise intensities.
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Scientific studies using a wide variety of techniques (e.g., electromyography spectral analysis, muscle biopsies) suggest that threshold power represents not only a threshold in terms of the power that an athlete can sustain, but also somewhat of a threshold in terms of fast-twitch fiber recruitment. To state it another way: When you’re pedaling at a typical self-selected cadence, functional threshold power appears to occur at the power (and thus force) at which significant fast-twitch fiber recruitment first begins. Thus, AEPF and CPV at an individual’s threshold power can be used to divide the force-velocity scatterplot from any ride into four quadrants, as shown in Figure 7.6. This division is somewhat arbitrary, in part because of the gradation in force, and thus motor unit recruitment, that occurs when cycling. Also, exercise duration plays an important role in fiber-type recruitment, but this is not considered in the figure (to do so would require a three-dimensional plot of AEPF, CPV, and time, which is too complex for routine use). Furthermore, the threshold relationship for fast-twitch fiber recruitment is not really a horizontal line as shown, but more of a curve that falls from left to right. Nevertheless, data points that fall into these four quadrants can be interpreted as follows.
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Quadrant I (upper right): high force and high velocity. At the extreme, this would be represented by sprinting, but it also includes almost any extended supra-threshold effort on flat ground (e.g., an attack or bridge attempt during a race). Perhaps not surprisingly, mass-start racing on the track (e.g., a points race) invariably entails a significant amount of high-force, high-velocity pedaling due to the typically aggressive nature of this kind of racing and the use of a fixed gear.



Quadrant II (upper left): high force but low velocity. Typically, Quadrant II pedaling occurs when climbing or accelerating, especially from a low speed. A standing start, in which the initial CPV is zero, is the one situation in cycling where strength is truly limiting. Only when CPV is zero will AEPF be maximal. Racing off-road (e.g., cyclocross or mountain-bike racing) also often involves a significant amount of high-force, low-velocity pedaling. Even a race held on pavement may require a large percentage of such pedaling if the climbs are steep and/or the rider is over-geared. Because AEPF is sufficiently high, pedaling in both Quadrant I and Quadrant II would be expected to entail significant recruitment of fast-twitch fibers.



Quadrant III (lower left): low force and low velocity. Rides that entail a very large percentage of pedaling that falls into Quadrant III would typically be focused on recovery or social purposes (e.g., coffee shop rides), not on actual training. However, a mass-start race in which power is highly variable may also involve a good deal of low-force, low-velocity pedaling—for example, when recovering from harder efforts when there is little possibility of an attack, or when soft-pedaling in a large bunch.



Quadrant IV (lower right): low force but high velocity. Perhaps the most obvious example of Quadrant IV pedaling would be the use of a low fixed gear or rollers in an attempt to improve pedaling smoothness. Racing may also involve a significant amount of low-force, high-velocity pedaling, especially during events requiring frequent and rapid accelerations (e.g., criteriums).

To further illustrate the applications of the Quadrant Analysis method and the insights it may provide, examples from different types of workouts and races are provided (Figures 7.7–7.12). Aside from the 40 km time trial provided earlier as a reference, these examples were specifically chosen because in each case average power is close to 250 watts. But we can also see that the combination and distribution of pedaling forces and velocities accounting for this power output differ significantly. In particular, note the different patterns evident in the plots of the constant-power and micro-burst ergometer training sessions. Force-velocity scatterplots reveal some important differences between workouts that cannot really be discerned based on average power, Normalized Power, average cadence, and other analyses.
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Quadrant Analysis, or at least the calculation of average effective pedal force and circumferential pedal velocity, can also be used to address other specific issues related to cycling performance. What if this method could help you determine the role of strength in generating power and the effectiveness of training for increasing strength endurance, as it has come to be known? Let’s examine it further.

Strength Versus Power

By definition, strength refers to the maximal force-generating capacity of a muscle or muscle group. Since the force that a muscle can produce inevitably decreases with any increase in its speed of contraction, the strength of a muscle can technically be measured only at zero velocity—that is, during an isometric contraction. (Muscles can actually generate even more force when being slowly lengthened—that is, during an eccentric contraction—but this fact is generally ignored in discussions where strength is being defined.) Power, by contrast, is defined as the rate at which work is being done and is a function of the force that is produced, the distance over which it is produced, and especially the speed of movement. Unfortunately, many people confuse these two interrelated but nevertheless distinct properties and mistakenly conclude that muscular strength plays an important role in cycling performance.

The fact is that strength, per se, rarely limits an individual’s power output. This fact can readily be demonstrated by comparing an athlete’s average effective pedal force during training or competition with the maximal force that is being applied to the cranks of a bicycle, taking into consideration the joint angles and other factors involved. Although maximal force can be measured in other ways, for a power-meter user the best way is to simply perform a series of brief, maximal efforts while recording power and cadence at a high frequency (at least once per second). These efforts can be performed either seated or standing, depending on which position is considered most relevant to the question at hand, but each effort should be sufficiently short (for example, less than 10 seconds) such that fatigue does not limit power output. (Note that due to differences in their sampling protocol (i.e., time-based versus event-based), not all power meters can produce data with sufficient accuracy to be useful in this type of testing and analysis.)

Average effective pedal force (AEPF) and circumferential pedal velocity (CPV) can be calculated from the combined data from these multiple efforts, which, when plotted against one another, should form an essentially straight line that slopes down from left to right. Extension of this line to the Y-intercept would give us an estimate of the cyclist’s maximal AEPF at zero CPV (i.e., his or her strength when pedaling against an infinitely high resistance). Conversely, if we were to extend the line to the ×-intercept, we could get at least a theoretical value for maximal CPV at zero AEPF (i.e., the athlete’s maximal speed of movement while pedaling without external resistance).

An example of the data resulting from this sort of testing is shown in Figure 7.13, where the data from 10 maximal standing-start efforts are plotted along with the AEPF and CPV data from Figures 7.7 to 7.12. As can be seen in Figure 7.13, the maximum force that this individual could produce when pedaling was just over 1,100 newtons (N), or just over 110 kilograms of force (approximately 166 percent of the athlete’s body mass). But the highest force the athlete ever generated (had to generate) when racing (e.g., when sprinting) was only about 600 N (i.e., only about 55 percent of maximal force), and during the vast majority of the time the athlete was applying less than 400 N (i.e., only about 35 percent of maximal force). Indeed, even time trialing at FTP required that the athlete repeatedly press on the pedals with only about 25 percent of the maximal force he or she could produce. This was true even though this athlete was a poor sprinter but an excellent time trialist who preferred a relatively low cadence (i.e., less than 80 rpm during the time trial shown in the example), which would require a higher percentage of strength than is usually the case during a time trial.
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From the above analysis, it should be readily apparent that a person’s strength rarely limits his or her cycling performance. The standing starts performed by BMX racers and some track cyclists are a notable exception. Instead, the issue is how much power can be produced, not only throughout a race (i.e., on average) but at key moments during a race (e.g., when attacking or following an attack, during the final sprint, and so on).

Even so, it is unusual for a rider to generate 100 percent of his or her maximal power during an endurance event such as a road race or criterium, as shown in Figure 7.13. We can see that only a relatively small number of points (collected, in this case, at 1-second intervals) lie close to, or even slightly above, the rider’s maximal AEPF-CPV line (which coincides with the maximal power the rider can generate at any given CPV). So even though a rider might be pedaling as hard as he or she can at certain times during such a race, the power produced is usually lower than the maximum produced at that CPV (or cadence). The discrepancy is due to short- or long-term fatigue. That is why it is so important to work on enhancing the ability of your muscles to produce adenosine triphosphate by training the anaerobic and aerobic pathways. Even sprinters, who depend on short-term speed, can train their muscles to resist fatigue.

This analysis implies that training strictly to increase strength (e.g., by lifting heavy weights at a slow speed) would have a limited effect, at best, on the maximal power output of a trained cyclist. Indeed, a number of scientific studies have now demonstrated this to be the case, even when the test employed (such as a maximal 30-second effort at only 50 rpm) has favored the likelihood of finding a positive effect. This is the specificity principle at work: Resistance training performed at slower speeds primarily increases the force that can be generated at such speeds and has little or no impact on the force that can be generated at higher speeds (i.e., at speeds closer to the speed at which power is maximal).

When carried to an extreme, training with weights may actually result in a reduction in the maximal shortening velocity of muscle, which can lead to an impairment of maximal power, at least at high contraction velocities. In terms of Figure 7.13, this would correspond to a steeper AEPF-CPV line (i.e., the Y-intercept would be higher, meaning that strength has increased, but the ×-intercept would be farther to the left, meaning that maximal pedaling speed has declined). Although there may be ways to mitigate such effects (for example, by doing more explosive movements, such as those used in plyometrics), cyclists who ride with a power meter don’t need to rely on guesswork or anecdotal reports by coaches or other cyclists to figure out whether any off-the-bike training they choose to do beneficially impacts their performance. Instead, using tools such as Quadrant Analysis, they can determine the answers to such questions for themselves.

Strength Endurance Training

Some coaches have advocated strength endurance intervals as part of a well-rounded training program for cyclists. Although the precise format of these intervals varies, they generally consist of pedaling for extended periods (e.g., 5–20 minutes) at a moderate to high intensity but at an abnormally low cadence (e.g., 45–75 rpm). This form of “big-gear” training is popular with triathletes. Based on anecdotal evidence, the proponents of this form of training claim that it improves performance, although there seems to be no consensus on the particular aspect of performance that it is thought to benefit.

Strength, per se, plays a very small role in determining power output. The growing realization that more traditional forms of resistance training, such as weight lifting, provide little or no benefit to cyclists is possibly contributing to the increasing popularity of strength endurance training. Coaches who employ these workouts are attempting to provide a more specific form of on-the-bike resistance training that will enable a cyclist to make gains applicable to racing. However, it appears that few, if any, of the people who recommend strength endurance training have actually considered whether the forces generated during these sessions are in fact sufficient to cause beneficial adaptations to occur. Instead, most seem to have simply assumed that just because the cadence is lower than usual, and hence the pedaling forces higher, there will be an increase in muscular size and strength, and hence in maximal power. In fact, the average effective pedal force during strength endurance intervals is generally too low to represent a significant overload. A laboratory study performed in New Zealand found that such training does not increase either the size (estimated using anthropometry) or the maximal force production (determined using isokinetic dynamometry) of the leg extensor muscles.

Figure 7.14 compares the AEPF produced during two typical strength endurance sessions performed by the same athlete who did the rides analyzed in Figures 7.7 to 7.12. These sessions consisted of pedaling either for two 20-minute efforts at 250 watts or for five 5-minute efforts at 300 watts, both at 45 rpm. A “no-gripping” rule was applied, as advocated by some coaches, to minimize the recruitment of upper-body musculature. To mimic the inertial load a cyclist encounters while climbing a moderate grade, the efforts were performed on a Velodyne trainer operating in ergometer mode while using a 53:12 gear combination. The selected power outputs represented only 90 percent of the amount the individual would normally be able to maintain for these durations, but they were in fact nearly maximal in light of the markedly suboptimal cadence.
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Pedaling at 45 rpm during the strength endurance workouts resulted in an AEPF approximately twice that required to pedal at the same power(s) but at a more normal cadence of 85–90 rpm (results not shown). Nevertheless, the AEPF produced during the two strength endurance sessions still required less than 50 percent of the athlete’s strength, an amount equivalent to that produced during weight training at only 50 percent of one repetition maximum. Indeed, even accounting for the decline in muscle force with increasing cadence, the AEPF during the strength endurance workouts was still lower than two-thirds of the individual’s velocity-specific maximum force.

This result may at first seem surprising, especially to anyone who has performed such training and has felt that he or she was pushing very hard on the pedals. However, the finding is consistent with the fact that the test subject was able to perform 1,125–1,800 “reps” (i.e., five 5-minute segments or two 20-minute segments at 45 rpm) with this load. Furthermore, when it is taken into account that peak force on the pedals was roughly twice the average force (i.e., AEPF), then one can determine that the athlete was not pushing any harder with his leg extensors than he would when, for example, performing step-ups with only body mass for resistance (i.e., 68 kg × 9.81 N/kg = 667 N). The strength endurance sessions were therefore actually much more like climbing many flights of stairs than traditional weight training. Consequently, these sessions would be unlikely to result in any significant hypertrophy and/or strength gains, at least in an athlete performing other forms of training.

Proponents of strength endurance training have also proposed that such workouts improve performance via enhanced recruitment of Type II (fast-twitch) muscle fibers. This, it is argued, produces greater physiological adaptations in these fibers than training at a normal cadence, and hence leads to greater improvements in performance. However, the basic premise that strength endurance training results in markedly greater utilization of Type II fibers may not be correct.

Again, consider the Quadrant Analysis plot of the two strength-endurance training sessions presented in Figure 7.14. When the athlete was performing strength-endurance training, AEPF and CPV clearly fell well into Quadrant II, in which there is relatively low velocity and relatively high force. Since the AEPF during these efforts was greater than that resulting from pedaling at functional threshold power and a self-selected cadence, it would at first glance seem that significant recruitment of Type II muscle fibers must have occurred. As previously discussed, however, the AEPF during the strength-endurance workouts was still well below the individual’s velocity-specific maxima, which presumably reflects maximal recruitment of all fibers—that is, both Type I and Type II. Therefore, either a significant percentage of Type II muscle fibers was not recruited by the strength-endurance training, or they were not recruited as frequently as they are during very short efforts.

The AEPF associated with pedaling at functional threshold power and a self-selected cadence represents the approximate force at which significant Type II fiber recruitment appears to begin. But, as you may recall, the exact force at which this occurs varies in a velocity- and time-dependent manner (i.e., it is higher at a lower CPV and lower at a higher CPV). Or, to state it another way, the AEPF threshold for Type II muscle-fiber recruitment is better represented by a line that slopes downward from left to right, approximately parallel to the maximal force-velocity line, than as a strictly horizontal cutoff. From this perspective, it seems much less clear that strength-endurance training results in significantly greater recruitment of Type II muscle fibers. The AEPF during these two workouts is nearly as far below the maximal AEPF at that CPV as it is when a rider is pedaling at a more typical cadence. Even if strength-endurance training does enhance Type II muscle-fiber recruitment, it is unclear why this would be necessary or desirable. When endurance athletes do not perform strength-endurance training, Type II fibers can still be sufficiently recruited, and hence trained, to cause the almost complete replacement of Type IIx by Type IIa fibers and to result in an aerobic ability of Type II fibers equal to that of the same athlete’s Type I fibers.

BILATERAL POWER ANALYSIS TO IMPROVE PEDALING

Today’s power meters can now measure left- and right-leg power independently, as well as the angles at which your power application begins and ends, helping cyclists to better understand the contribution from each leg. The computers that record power-meter data are more powerful than ever, and you can download custom apps that help you to optimize your intervals, record your “bests,” live-track your ride on the internet for friends to watch, and connect directly to your smart phone. Training software has also become more powerful, providing charts and graphs of data channels in ways that provide custom, individualized insights, such as iLevels, gross power released, and maximum power available. This section delves into some of these new advances and explains how best to use them during and after your rides.

Interpreting Bilateral Power Data

As humans, we are not perfectly symmetrical; one leg might be longer than the other, one hip might be able to apply more force while seated than the other, and the left side of your body might be more flexible than the right side. This is completely normal, and the typical leg-strength discrepancy between the left and right is 5 percent.1

The ANT+ protocol with the standard .fit file format measures the average power from each individual leg and calculates the percentage that each contributes to the total; this is referred to as “power balance.” For example, if the left-leg average power is 150 watts and the right-leg average power is 120 watts, the total would be 270 watts, with 55 percent coming from the left leg and 45 percent coming from the right leg. But there is a problem with this simple calculation: When the left leg pushes down on the pedal, the right-leg upstroke creates some resistance on the opposite side, and this negative power is not correctly accounted for in the ANT+ power balance. In other words, the left leg releases power on the downstroke while the right leg absorbs power on the upstroke. Therefore, the left leg’s released power minus the right leg’s absorbed power is the left-leg net contribution toward moving the bicycle forward. For example, if the left leg releases 150 watts, but the right leg absorbs 20 watts, the net power for the left leg would be 130 watts (see Figure 7.15). Or if the right leg releases 170 watts, and the left leg absorbs 30 watts, the net power for the right leg would be 140 watts. As in the previous example, we still have a total of 270 watts (130 + 140), but now we accurately see that the left leg is not dominant, and the correct power balance is 48 percent left and 52 percent right.
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Because of the inherent complexity of left-right power balance, it is actually more accurate not to analyze your bilateral power using the ANT+ metrics (Pedaling Smoothness, Torque Effectiveness, and Balance), because these metrics are based on the average power from one leg as compared to average power from the other leg, rather than the released and absorbed power from opposing sides. With this in mind, we created new metrics to more accurately measure bilateral power.



Gross Power Released (GPR): The gross (i.e., muscular + inertial + gravitational) power released by one leg (left or right), primarily on the downstroke.



Gross Power Absorbed (GPA): The gross (i.e., muscular + inertial + gravitational) power absorbed by one leg (left or right), primarily during the upstroke.



Kurtotic Index (KI): A measure of the “peakedness” of the pattern of force, torque, and power application during the power-producing phase.
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These metrics are best understood in graph format, but it is initially difficult to see clearly which leg is more dominant and at what intensities. It is useful, however, to see if these metrics changed throughout the ride due to the onset of fatigue.

Balancing Gross Power

The best way to analyze this data and see if there is a significant difference between the left and right legs is to plot the GPR and GPA on a Mean Maximal Power Curve. This format allows for easy pinpointing of the areas where one leg releases or absorbs power more than the other. In Figure 7.17, the athlete’s left leg releases more power in short efforts up to 30 seconds, but above 30 seconds and up to 20 minutes, the right leg releases more power. The left leg absorbs more power than the right across all durations, so this rider has potential to improve by reducing his or her gross power absorbed.
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To better understand which leg releases and absorbs more power you can conduct a testing protocol, in which you complete a series of defined intervals. This test is designed to help you learn if you truly have a leg-strength discrepancy or if your pedaling form or bike position needs to be altered.





TESTING PROTOCOL

PEDALING ASYMMETRY HILL CLIMBING TEST

For this test, on four different days you will complete three 5-minute intervals at your Level 5 (VO2max) power (roughly 113–115 percent of your FTP). For the first interval, stand up on the pedals the entire time, for the second interval stay seated the entire time, and for the third interval alternate standing and sitting (stand when you want to and sit when you want to). Do this on exactly the same course all four days, and make sure to do this outside, as you will want to capture your power output when you are moving on the bicycle and the bicycle is moving under you.

Pick a route that can be repeated each day. It must be the same route, and you must start all efforts at the same locations. Try to make each of the four testing days as identical as possible.



       •  Day 1: Complete the test with no emphasis on either leg; just climb naturally.

       •  Day 2: Emphasize the leg that releases less power to see if you can balance out the GPR/GPA.

       •  Day 3: Emphasize the left leg only for all efforts.

       •  Day 4: Emphasize the right leg only for all efforts.

After each test, download your power data and analyze it using the GPR-GPA Mean Maximal Power Curve to learn which leg released more or less power than the other. This is especially critical after Day 1 so you’ll know which leg to emphasize during the second test day.






Let’s take a look at a case study in which our test rider, Joe Athlete, found a significant difference between his left and right legs when standing and seated.

Figure 7.18 illustrates the Day 1 testing during the standing interval. This clearly shows that Joe Athlete releases more power with his left leg when standing. Figure 7.19 shows Day 1 testing during the seated interval, and here the exact opposite occurs: Joe releases more power with his right leg. On Day 2, the goal for each effort is to emphasize the leg that was found to release less power on Day 1, and to learn whether consciously creating additional force with the less propulsive leg will create a better GPR balance for both legs. This means that Joe should emphasize his right leg when standing and the left leg when seated—and not just a little bit. He should push much harder on his “weaker” leg, overemphasizing the force on each downstroke to see if his GPR will balance out or become worse. This is critical on Days 2, 3, and 4, and if Joe does the tests correctly, the leg being emphasized will be “on fire” from the increased power output.
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For Joe, Day 2 revealed that he was able to balance his GPR when standing just by adding more force on each right-leg downstroke, as illustrated in Figure 7.20. Without more testing, however, it is difficult to say that greater propulsive force in that right leg alone caused a more balanced GPR. For instance, maybe Joe changed his movement or position on the bike in order to create more force with his right leg. But when Joe was seated and pushing much harder with his left (“weaker”) leg, it just barely equaled the GPR from the right leg. Since Joe was in a seated position, this likely eliminates the possibility that a positional change is the cause of the difference in left- and right-leg GPR. It is more likely that there is a muscular strength discrepancy in the muscles used when seated and climbing (gluteal muscles and biceps femoris), as shown in Figure 7.21.

[image: image]

[image: image]

Joe completes both Day 3 and Day 4 testing. But on Day 4, when Joe is standing and climbing while emphasizing his right leg, he had an epiphany about his body position when climbing. He realizes that when he climbs normally, he only wobbles his bike to the right and shifts his body weight to the left when pushing down with his left leg. When he pushes down with his right leg, he never wobbles his bike to the left nor does he shift his weight to the right side. Therefore, with this new insight, a small change in movement pattern (shifting his weight to the right during his right-leg downstroke) allows Joe to release 10–20 watts more with his right leg and increases his total average power by the same amount when standing and climbing.

Troubleshooting the Kurtotic Index

The Kurtotic Index is a way of measuring the “peakedness” of the power production of one leg versus the other. Many riders stomp on the pedals with one leg while their opposing leg applies power more smoothly across the entire pedal stroke. The higher the Kurtotic Index, the more of a stomper that leg is. In Figure 7.22, the left leg is smoother as the points are more concentrated.
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If you have a significant imbalance between right- and left-leg GPR, the big question is whether you do anything about it. To help answer this question, there are three studies you should know about:



       •  Elite cyclists actually pull up on each upstroke slightly less than non-elite cyclists. Instead of pulling up on the pedals, elite cyclists minimize the power absorbed on the upward stroke.2

       •  Riders who deliberately pull up on the pedal stroke actually use more energy and are less efficient, that is, pulling up on the pedal stroke is costlier than not.3

       •  Deliberately modifying the pattern of force application throughout your pedal stroke to emphasize pulling up reduces your metabolic efficiency. Your pedal stroke can be as unique as your fingerprint, and changing your pedal “print” can hurt your efficiency.4

As you can see, caution should be exercised as you interpret bilateral data from your power meter. We do, however, believe that there are some instances in which you should deliberately change your pedaling “print.”



If one leg is more than 10 percent different in power output than the other. In this case, you need to determine if you have muscular strength discrepancy or a possible movement pattern or bike fit issue.



If both legs have a GPA of greater than 35 watts while seated. This may be an attribute of a newer cyclist who just needs more practice, but for a cyclist who has been riding seriously for 3 years or longer, we suggest you intentionally drive your knee toward the handlebar on the upstroke and lightly point your toe downward throughout the pedal stroke.
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The concepts presented in this chapter are advanced, but they are important, and it is very useful to understand them when training with power. Associating your rides with how many TSS points you accumulated, and figuring out how that will impact your recovery, can be a profound learning process. Knowing that an hour of work at your FTP equals 100 TSS points with an Intensity Factor of 1.0 will help you to better associate levels of training load with your rides. You will begin to understand the levels of training load that would be provided in a ride with your local Tuesday night group, the ride you do on your hill-climbing day, the workout you do to reach Level 3 (Tempo), and so on, and from this knowledge you can use TSS and IF on a daily basis to design a more complete training plan. This is one of the greatest uses you will discover with your power meter. You can accurately quantify your unique training load or your individual and cumulative workouts over entire years of time. With these tools, the power meter allows you to see how your training load will impact you after your ride, two days later, one week later, and even a month later.

Quadrant Analysis provides another level of understanding about the specificity of your workout. If you are a triathlete and all you are doing are mass-start road races, it is very likely that you would not be ready for your upcoming triathlon, neuromuscularly speaking. By learning how your events fall into the four quadrants, you can determine whether your training is specific to that quadrant. Don’t expect to be a successful criterium racer if you spend a majority of your time in Quadrant III riding back and forth to the coffee shop. But make sure that you are in Quadrant III when you are doing your recovery rides. Utilizing Quadrant Analysis to ensure you are creating enough force in order to increase muscular strength is a critical component in improving your sprint and short uphill attacks. Using Quadrant Analysis on selected rides and races will help to confirm that you are training properly and achieving peak performance at cycling events.

Analyzing your bilateral power opens up the potential to increase your overall power output simply by modifying your pedaling technique. Through systematic testing and diligent analysis, you might find small improvements you can make in your pedaling technique or bike position. These are small improvements that can be made while you carry out your normally planned workouts, and over time you may experience higher power output in the 5 to 10 percent range. You can also make your pedal stroke smoother and more consistent by analyzing your Kurtotic Index. These tools together will give you an objective view of your pedaling technique, which can be difficult or impossible to quantify with the naked eye.
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Shifting to the Power Duration Model

FUNCTIONAL THRESHOLD POWER (FTP) has shaped much of our thinking on how to train with power. It serves as the basis for setting training levels and as the benchmark for establishing your Intensity Factor (IF) and Training Stress Score (TSS) for a workout or race. Power Profiling, which uses the relationship between discrete power duration efforts to describe the rider’s phenotype and relative strengths and weaknesses (described in Chapter 4), provides a more complete and robust characterization of the athlete than FTP alone. In other words, two athletes could have identical FTPs, but excel in different aspects of racing that might not be explained by FTP (e.g., all-rounder versus time trialist versus sprinter). In the same way that FTP is the functional expression of the underlying physiological characteristics that contribute to the lactate threshold, the discrete power duration time frames of the Power Profile are the functional expression of power levels that correspond to underlying physiological characteristics, such as neuromuscular power, anaerobic capacity, VO2max, and functional threshold. Not only are these values useful to describe individual characteristics in terms of performance, they also help provide context for the underlying physiological characteristics that may be more difficult to grasp for some individuals. By using a power meter to determine your FTP and Power Profile, you can get context for your power numbers and better understand the underlying physiology that determines performance in cycling.

It has become clear over time, however, that using discrete time frames to create an athlete’s Power Profile comes with a significant limitation: Power data collected from the field most often represent less than ideal, or uncontrolled, situations. One of the greatest virtues of portable power meters is the ability to collect performance data in what are termed “ecologically valid” conditions. With a power meter, you can collect data in training and in races, unstructured group rides, or any other time you ride your bike. The best data most often come from races, because in many cases it is difficult to get truly maximal efforts in training. The competitive pressure, psychological motivation, and other intangibles can often cause you to dig a little deeper than you thought possible. Before the advent of portable power meters, efforts that happened on the bike outside of a laboratory occurred in a proverbial black box, but with the widespread use of power meters we now understand the demands of racing and can compare efforts in racing versus training. Indeed, we specifically chose to reflect in the title the importance of both training and racing with a power meter, not only to benefit your competitive performance (e.g., via better pacing in time trials), but also to obtain the best data possible.

That said, although efforts in races may provide the best glimpse of an athlete’s maximal power, these efforts are not as controlled or well defined as lab testing, or even non-lab-based formal testing, with a power meter on a trainer. Herein lies the conundrum in the Power Profile approach: Much of the best data comes from races, but at the same time, other than time trials, races are uncontrolled and athletes will not be able to collect data that exactly match the requisite discrete time frames of the Power Profile.

As an example of this, let’s imagine that you’re seeing a coach for an initial consultation and bring with you two years’ worth of power files. This quantity of power files collected on a regular basis is a veritable treasure trove of information on your characteristics as an athlete and your training behavior. A new coach can create rapid progress in your development as long as the data is utilized effectively. In your initial assessment, it would be useful if the coach could characterize your athletic performance using this batch of existing power files, as opposed to performing formalized testing. The coach could, of course, perform formal testing upon starting to work with you, but the problem is that you might be out of shape or less fit than you were during the racing season, in which case the formal testing might not accurately represent your capacity. Because of this, the best approach is to extract data from the batch of data collected over the past two years. Within this batch of data, though, there are a number of non-standardized efforts (races and group rides), which require the coach to take a different approach to analysis.

For example, if you compete in criteriums and often go for primes, you may perform a personal best effort for 50 seconds, which is very close to the 60-second criterion for Anaerobic Capacity in the Power Profile. These 50-second efforts are maximal and rely heavily on the anaerobic capacity, but in practice, after crossing the line, perhaps you back off before actually performing a maximal 60-second effort. In this case, since the maximal effort lasted only 50 seconds, the mean maximal power for 1 minute will be low and not truly indicative of your anaerobic capacity power as stipulated by the Power Profile chart in Table 4.1 (p. 41). Further, you might plausibly perform many maximal efforts in races over the course of days, weeks, or years, and each of these might only have lasted 50 seconds, missing the mark that corresponds to the discrete 1-minute criterion used to represent anaerobic capacity for the Power Profile. The coach could have a wealth of information regarding your anaerobic capacity, but would be misled by the lack of efforts lasting a full 60 seconds.

This phenomenon has been observed in practice when coaches have an athlete with a V-shaped Power Profile showing a relatively high 5-second neuromuscular power and also a high FTP. This Power Profile is difficult to reconcile with fundamental physiology, because a relatively high neuromuscular power is associated with a predominance of fast-twitch muscle fibers, while a relatively high FTP is associated with a predominance of slow-twitch muscle fibers. A predominance of both fast-twitch muscle fibers (i.e., more than 50 percent) and slow-twitch muscle fibers (i.e., more than 50 percent) in the same individual are mutually exclusive—because we can’t have more than 100 percent muscle-fiber types. Therefore, it is very unlikely that an athlete would have both relatively high neuromuscular power and FTP, with a low anaerobic capacity. What is more likely is that this individual is an all-rounder with exceptionally high neuromuscular power and FTP relative to other riders, but consistent within the individual. In this case, the relatively low 1-minute power is simply an artifact of testing or lack of performing maximal 60-second efforts in training and racing. Because the athlete never did truly maximal efforts lasting 60 seconds, the Power Profile missed the rider’s high capacity for 50-second efforts and under-estimated anaerobic capacity.

The same situation could occur for the other discrete time frames used in the Power Profile, such as 5-second or 5-minute power. Even for the gold standard FTP metric, this same issue can arise. For example, many have considered that an all-out 60-minute effort will best represent the FTP for an individual (though we will discuss more on this later). In point of fact, however, FTP is an intensity that can be sustained for different durations by different individuals. Based on the scientific literature, FTP represents an intensity that can be sustained for between perhaps 30 and 70 minutes, with more trained subjects tending to fall toward the upper end of this range. This is why Andrew originally suggested using power from a 40 km TT as the best way of estimating FTP. However, while a 40 km TT may last approximately 60 minutes for most individuals, it will almost never last exactly 60 minutes. The faster the rider is, the more this issue will be exacerbated, and the athlete will be left with an effort that does not fit with the 60-minute criterion that many have chosen to define FTP.

As an example, Jimmy Fast, a time trial specialist, practices a 40 km time trial with 32-spoke wheels and no aero equipment and produces an FTP of 300 watts for 60 minutes on his practice course. One week later, he races a 40 km time trial in full aero gear and wheels and finishes the 40 km in 55 minutes at 310 watts, but completely shuts it down as he crosses the line. As a result of reducing his power for the final five minutes, Jimmy’s mean maximal power drops from 310 watts during the 55-minute time trial effort to 284 watts for the full 60 minutes. Did his FTP drop in the time trial? Of course not; the lower 60-minute wattage is an artifact of the fixed time period used to determine FTP. Formalized testing would be the necessary next step for Jimmy to ensure that he had performed a maximal effort corresponding to the discrete FTP time frame. This would actually abrogate one of the prime advantages of using a power meter and gathering data in ecologically valid circumstances, such as Jimmy’s 40 km race in which his true best effort would more likely be elicited. It’s clear that a more robust approach capable of capturing much of the same information as the Power Profile but mitigating the need to produce efforts within exact, discrete time frames would be useful.

A second problem with the use of discrete time frames for rider characterization is that, at the basic physiological level, it assumes that each of the Power Profile’s physiological characteristics (i.e., NP, AC, VO2max) is a discrete system with no overlap or relationship to the others. Let’s take, for example, the 5-second power that is intended to be representative of neuromuscular power. It is typically assumed that for efforts in this time frame, energy is derived entirely from the ATP-PCr (phosphate creatine) system. It’s true that a 5-second effort is primarily determined by neuromuscular power of the individual and driven by the ATP-PCr system, but we know there is indeed some glycogen metabolized even during efforts as short as 5 seconds and that the time frame is not solely reliant on the ATP-PCr system. In fact, there is even a very small aerobic contribution to 5-second maximal efforts. Similarly, although a maximal 1-minute effort is largely reliant on anaerobic metabolism for ATP provision, approximately 50 percent of energy for such an effort will be provided by aerobic metabolism. It becomes clear that there are no truly discrete efforts that rely on one singular physiological system. Moreover, an effort that falls between two discrete criterion values (e.g., 3 minutes, about halfway between 1 and 5 minutes), is still a very important time frame for many athletes (e.g., pursuit racers) and can be descriptive of their strengths and/or weaknesses.

Finally, another practical use of power-meter data is to plan for future events and predict what one might be able to do in a particular race for pacing or tactical purposes. For example, let’s say Sue Hillclimber has an uphill time trial coming up on her schedule, and from previous results she knows that to win she will need to finish with a time of around 13 minutes. It would be beneficial for her, or her coach, to examine data on file and find a recent maximal effort for 13 minutes to determine what power Sue can maintain for that duration. Unfortunately, over the past four months, she hasn’t completed any maximal efforts longer than 5 minutes or shorter than 20, so she has to guess her maximal 13-minute power. One might think she could simply interpolate between the two points, but as we will see in later chapters, the power duration relationship is not linear, so simple interpolation/extrapolation is nearly impossible. The Power Duration model provides an approach that rigorously predicts what could be done for all durations based on consistent rider data accumulated over a sustained period of time.

UTILIZING THE POWER DURATION MODEL

The Power Duration model is a mathematical approach that leverages the technological developments of the portable power meter and modern computing power. Working with data representing maximal efforts in ecologically valid situations, it applies statistical methods (non-linear curve fitting) to extract the same information as the original Power Profile approach. The Power Duration model includes all the characteristic attributes encompassed by the discrete time frames included in the Power Profile (e.g.. NP, AC, VO2max, FTP) but bridges the time frames between each of the discrete values. Further, it extends beyond the FTP and provides additional insight regarding effort levels not previously considered in the Power Profile that might be distinctive from the FTP. Finally, the Power Duration model provides a way of smoothing out some of the discontinuities—that is, the lumps and bumps—present in any mean maximal power dataset, as a result of normal day-to-day variation in performance, power-meter error, etc. This aspect is very important when attempting to base additional analyses on a rider’s mean maximal power.

The Power Duration relationship has been understood in a general sense for some time. Intuitively, we know that high power output can be achieved for a very short duration, and as the duration increases, the power that can be maintained is reduced dramatically. Say you’re out on a group ride and sprinting for road signs: If you sprint only a short distance, you can produce a lot of power, but as the distance to the sign increases, the power you can sustain decreases substantially. As it turns out, this decrease in power that we experience as duration increases follows a non-linear relationship with time, as can be seen in Figure 8.1. Further, although the decrease in power between two relatively short durations (e.g., 10 seconds and 30 seconds) can be substantial, as the duration goes beyond several minutes and approaches an hour, power roughly plateaus. This plateau in the Power Duration Curve roughly corresponds to the functional threshold.
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While the decline in power over longer durations is intuitive, the exponential decline in power over time is less intuitive. The curvilinear nature of the Power Duration relationship makes simple interpolation of power that lies between two discrete durations (e.g., 1 and 20 minutes) into an exercise in mathematical modeling. Figure 8.1 shows a Power Duration Curve and a dotted line of interpolation between 20 seconds and 20 minutes. If you tried to interpolate the power you could elicit for 8 minutes (as indicated by the vertical dotted line), the line of interpolation would indicate approximately 500 watts, while the Power Duration model indicates 380 watts. That’s a substantial difference, and it demonstrates a major advantage of the Power Duration model.

Although the new Power Duration model is not simply based on the discrete time frames of the Power Profile, there are still criterion components of the model that help add context to the rider’s FTP and phenotype. This context is enhanced and made more robust with the Power Duration model, and understanding and fully grasping that enhanced context requires a more flexible and nuanced approach from the individual athlete or coach. Although it is more complex and nuanced, the insights gained from this approach are also more accurate and valuable to the astute athlete and/or coach.

With the development of the Power Duration model, some new metrics and corresponding nomenclature have been developed that go beyond the Power Profile parameters of Neuromuscular Power, Anaerobic Capacity, VO2max, and FTP. Some of these new metrics are roughly analogous to the attributes used in the Power Profile model, while others are not. We will address each of the new Power Duration metrics below and help clarify their differences from the analogous Power Profile metrics.

Pmax

The first new metric associated with the Power Duration Curve is Pmax, which is analogous to the previous neuromuscular power attribute, but with a more rigorous definition. Pmax is the greatest amount of power that can be generated for a very short period of time with a minimum of one full pedal revolution with both legs. It is essentially a measure of the true maximal power an individual can produce on the bicycle. Pmax is differentiated from the previous neuromuscular metric insofar as neuromuscular power was stipulated to be 5 seconds in duration. There was a technical reason for this criterion duration: On older power meters, anomalous power spikes were more common and difficult to deal with, and using a 5-second duration minimized the effects of data spikes and other technical limitations of older power meters (e.g., aliasing). With the improvements in power-meter technology and the advanced data-analysis approaches offered in TrainingPeaks WKO4, it became more feasible for us to use the maximal power generated for a single pedal revolution as a performance metric. The Pmax metric is a much truer expression of the maximal neuromuscular power a rider can produce, because the influence of fatigue and overlapping energy system contributions are minimized. Further, since we are not using a longer discrete time interval, it is more likely that we will capture Pmax values more frequently in day-to-day data collection, thus making the metric more robust. At the same time, by exploiting the Power Duration model, and either acquiring actual maximal efforts at 5 seconds or interpolating values along the Power Duration Curve that correspond to 5 seconds, we also receive roughly the same information we would acquire from the Power Profile approach—the best of both worlds.

Functional Reserve Capacity (FRC)

The second new metric is functional reserve capacity (FRC). Roughly analogous to the Anaerobic Capacity (AC) power level, the FRC is the amount of continuous work that can be performed above FTP until fatigue occurs. We won’t go into a lengthy discussion regarding the distinction between FRC and AC, but as alluded to earlier in this section, the traditional notion of distinct energy systems (i.e., anaerobic versus aerobic) that work in isolation is not accurate in reality. That being said, the FTP corresponds to the part of the Power Duration Curve below which power primarily comes from aerobic metabolism, which is continuously sustainable during the exercise as long as a fuel source (i.e., carbohydrate or fat) is available. As the power output increases above FTP, progressively more energy will come from non-oxidative sources (i.e., anaerobic glycolysis and the ATP-PCr system). The addition of energy provision from these non-oxidative systems, however, will be depleted in short order. Further, the higher the power output above FTP, the shorter the duration that can be maintained and faster the FRC will be depleted.

Another way to look at FRC (and hence the name for this metric) is that energy sources for efforts above FTP are a reserve used only for high-intensity efforts. When below the FTP, the body relies on sustainable energy provision, but when power output exceeds the FTP, the body needs to dip into energy reserves that are not sustainable, but are more readily and quickly available. There are a couple possible sources of energy contribution from FRC, but regardless of the source, continuous exercise cannot be sustained above FTP, and at some point the FRC will be depleted.

Conceptualization of the FRC is sometimes difficult for those unaccustomed to the idea and terminology. So, it might be helpful to think of FRC as a rechargeable battery, but one that that doesn’t recharge very quickly: Although FRC is not sustainable for long durations, with sufficient rest, it can be recharged to some extent. To illustrate this point, we can use the analogy of a gas-electric hybrid car, in which a gasoline engine provides the majority of the energy and an electric engine, powered by a battery, adds power to the gasoline engine as needed. The battery power is very effective, but the charge drains quickly when the electric engine is the only source of power. If the electric engine runs out of battery charge, the car can only run on gasoline. Similarly, the FRC can be used to enhance the power the aerobic engine produces in a cyclist, but the harder the rider goes, the faster the FRC is depleted and the sooner the rider becomes exhausted and will need to recover. With rest or a period of effort below the FTP, the FRC can be recharged. The speed with which the FRC is recharged is dependent to a large extent to how easy the recovery period is. So, if the rider is recovering just below the FTP, the FRC will take longer to recharge than if the rider rests entirely.

Another important aspect of FRC is that it is a capacity measure and not a rate measure. This is in contrast to most of the other metrics we look at, which are based on power. Power is a rate metric, because it is an expression of the amount of work that can be performed in a certain amount of time. For example, 1 watt = 1 joule per second; so if your FTP is 300 watts, you can produce 300 joules of work in one second at FTP, and a rider with a lower FTP will perform less work per second. On the other hand, FRC is expressed in terms of joules, and the absolute amount of work the rider can perform above FTP, regardless of the time available to perform it. What this means is that you have a defined amount of FRC (in joules) that you can use at a fast or slow rate.

For example, let’s say an athlete has an FRC equal to 20 kJ (20,000 J). Remember that the watt is 1 joule per second, so the athlete has 20,000 joules of reserved energy available for use over the course for any amount of time. So if the athlete is going to perform a maximal 30-second effort, he or she will be able to sustain 666.7 watts above FTP (20,000 J/30 sec. = 666.7 watts for 30 sec.), or for 120 seconds 166.7 watts above FTP (20,000 J/120 sec. = 166.7 watts). Note that since this is a reserve measure, these power levels are what can be done above FTP, so for the 120-second effort, if the rider’s FTP is 300 watts, he or she would be able to sustain 300 + 167 = 467 watts for 120 seconds. If we extend the duration to 180 seconds, the power over FTP to be sustained declines rapidly (300 + 111 = 411 wattts), and by the time we get to 30 minutes, only 11 watts are added to the FTP (311 watts for 30 minutes versus 300 watts for 60 minutes). As you can see, the more time spent above FTP, the lower the power that can be sustained. That’s why for longer-duration efforts, or more than a couple of minutes, you’ll find that training to increase FTP power output gives you a better bang for your buck compared to training your FRC.

Modeled Functional Threshold Power (mFTP)

One element of the Power Duration model that can be misunderstood is that of the modeled FTP (mFTP). Put simply, the mFTP is the power level on the Power Duration Curve at which the curve flattens horizontally.

As stated in the first edition of this book, “FTP is the highest power a rider can maintain in a quasi-steady-state without fatiguing.” In and of itself, that is a rather nebulous definition, and it has come to include some additional baggage and misconceptions. First, if we go back to the time before the advent of Power Profile system, the threshold was typically accepted to be the most important contributor to endurance performance, while at the same time being among the most poorly defined and possibly poorly understood metrics in the field of sport performance. For those well versed in the nomenclature and esoteric aspects of exercise physiology, “threshold” was most commonly understood to be associated with the lactate threshold. At the same time, it could very well apply to the anaerobic threshold or ventilatory threshold. Although these various thresholds are all somewhat related, they are also slightly different and influenced by different factors. As an example, a popular scientific review article from the early 2000s presented over 30 different, scientifically validated threshold definitions.1 The clear problem was that although the threshold was recognized as an important contributor to performance, there was no standard definition of the most valid physiological threshold, and there is even variation among the different definitions of the lactate threshold.

As the FTP became popular, it solved several problems present around the notion of the threshold in sport performance:



       •  It removed the need to perform laboratory assessment to determine threshold.

       •  It standardized the definition of threshold.

       •  It established threshold as a practical, functional way to assess performance.

Some of the baggage that became attached to FTP was a consequence of the way it was being used. As a functional or practical way to determine a threshold, a standardized criterion value was attached to it—a power level that could be sustained for one hour. This was a very useful way to determine the FTP since it roughly corresponded to efforts that were common, especially in the US: one-hour criteriums and 40 km time trials. This one-hour duration gained more weight as the basis for the 1.0 IF score and 100-point TSS (see Chapter 7). All of these factors conspired to place a lot of weight on the notion that a one-hour all-out effort corresponded to an individual’s FTP and that any deviation from this duration didn’t actually refer to a person’s FTP.

When determining one’s FTP, though, an alternative method that has consistently been cited is that of the Critical Power (CP) determination. The CP requires multiple shorter tests to determine an effort that is “sustainable for a very long time without fatigue” as defined by Monod and Scherrer.2 The CP is often very close to the FTP in terms of power, although sustainable for anywhere from 40 to 75 minutes.

Although valid alternatives exist aside from the one-hour test to determine an athlete’s FTP, the discrete 60-minute criterion helped focus the idea of the threshold and provided some standardization. If you were on a group ride 15 years ago and heard two riders talking about their thresholds, each could have been talking about very different things. On the other hand, if you heard two riders discussing their FTP on a group ride today, they would almost certainly be talking about the same thing: the power they can sustain for roughly one hour. That being said, the notion that the FTP actually corresponds exactly to a maximal one-hour effort is a bit simplistic. In order to fully utilize the Power Duration model, we need to accept some variation on the sustainable duration of the FTP power level.

We’ve already discussed the notion that as the power declines with time, it eventually flattens out on the Power Duration Curve, and this flat portion of the curve typically corresponds to the FTP. The flat point on this curve identified as the mFTP might correspond to a maximal 45-minute effort, or a 60-minute effort, or a 75-minute effort, depending on the individual and his or her fitness. That being said, on average, the mFTP will still be around one hour for most individuals. For riders whose mFTP deviates above or below 60 minutes, this can be used as another distinguishing characteristic, in addition to the other new Power Duration metrics, when describing the unique power characteristics of a rider.

Time to Exhaustion (TTE)

The Power Duration model can also be used to evaluate time to exhaustion (TTE), or the duration that the mFTP power level can be maintained. Without reading the above text on the mFTP, most cyclists would likely respond, “How can I sustain my FTP for a different duration than one hour?” We know the mFTP is not an absolute metric that is sustained maximally for exactly one hour. There is some inter-individual and even intra-individual variability that can be used to describe a rider’s characteristics in a more robust fashion. To clarify this issue compare the two Power Duration Model plots in Figure 8.2. These two riders have almost exactly the same Pmax (~1,300 watts) and mFTP (~320 watts). The top rider has a TTE of 34:23 while the bottom rider has a TTE of 52:40. You can see that within the shaded area, the flat portion of the Power Duration Curve occurs at roughly the same power for each rider, indicating similar mFTPs. But in relation to the horizontal line, the Power Duration Curve for the top rider falls away sooner and steeper than that of the rider on the bottom, indicating the top rider has a lower TTE. Going hand-in-hand with the concept of the mFTP, the TTE presents a second way the Power Duration model can be used to describe athletes beyond the traditional notion of the Power Profile and FTP.
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Stamina

A familiar term among endurance athletes, stamina is another tool used to describe the ability of the rider to sustain sub-maximal efforts. It is defined as a measure of resistance to fatigue during prolonged-duration, moderate-intensity exercise. Within the Power Duration model, stamina refers to the tail end of the Power Duration Curve, beyond the mFTP, where the curve flattens slightly a second time. Expressed as a percentage, it refers to the time an athlete can ride at a sub-FTP level before fatiguing. A stamina score of 100 percent would indicate that a rider would never fatigue, while a score below 50 percent would indicate that the rider fatigues quickly (the higher the percentage score, the flatter the tail end of the Power Duration Curve). Most riders will exhibit values in the 75 to 85 percent range, and it is useful to observe stamina over time in order to track increasing or decreasing ability to stave off fatigue at sub-FTP power levels.

Phenotyping

A phenotype, in its most straightforward definition, is a physical expression of a genetic characteristic or genotype. Most people understand that, at our core, what determines much of what we are is genetic in nature. Each of our cells contains genetic material, DNA, that makes up our genes. Our genes are specific units of genetic material that code for some physical characteristic such as eye color, hair color, or any multitude of other characteristics that are inherited from our parents and distinguish us from each other. The physical characteristics coded by genes are termed phenotypes.

Eye color is a rather straightforward specific phenotype, but if we think about other physical characteristics, such as athletic performance ability, these characteristics are more complicated and may be the result of the interaction of several genes. For example, sprint performance relies on factors such as contractile protein, myosin ATPase, calcium ATPase, motoneuron innervation, and energy system characteristics, which collectively rely on dozens, if not hundreds or even thousands of genes.3 Still, the physical expression of sprinting ability itself is a phenotype. And while simple phenotypes, such as eye color, are primarily determined by the genotype, more complicated phenotypes can be influenced by varying levels of environmental factors. For example, VO2max is a phenotypic expression of numerous interacting factors thought to be between 40 and 60 percent genetically determined. Although that argues for a strong dependence of VO2max on genetics, it also means that between 40 and 60 percent of VO2max is dependent upon environmental factors. Further, it has recently been determined that there are at least 97 genes that contribute to VO2max trainability.4 So although a phenotype is determined by a genotype, the level of that determination and the contribution of environmental factors, such as training, is somewhat variable.

If we think back to the characteristics associated with the Power Profile (sprinter, pursuiter, time trialist, all-rounder), each of these characteristic profiles could be considered a phenotype. But there is a more sophisticated way to look these phenotypes that can provide greater insight than the original concept. We discussed the notion that the FTP power does not necessarily describe the ability of the individual to sustain the FTP (i.e., TTE); similarly, when looking at the profile of the time trialist we may see a spectrum of individuals who are not sprinters and not all-rounders, but may have variability in the level of their time trial prowess. To better describe these phenotypic characteristics in a more nuanced way and to provide an objective (“hard”) instead of a subjective (“soft”) determination of an individual’s phenotpye, auto-phenotyping was developed. The results of this statistical calculation can be presented in various ways, with the simplest being to just provide a label (e.g., “sprinter”). An even more sophisticated way of presenting such information, at least for multiple athletes, is to prepare a Phenotypic Map, as shown in Figure 8.3.
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The key aspects of the Phenotypic Map are the ratios of Pmax/FTP and FRC/Pmax. We can see the classic Power Profile descriptors (e.g., sprinter and time trialist) are still present at the extremes of the X-axis, which represents the spectrum of the Pmax/FTP ratio. If the Pmax/FTP ratio is low, this would be comparable to the upward-sloping classic Power Profile of the time trialist. On the other hand, a high Pmax/FTP would indicate the classic downward-sloping Power Profile of the sprinter.

To see the value in these ratios and why they are used, let’s look at the lower left portion of the map. In this region, when both the X and Y values are low, we have the pure time trialist phenotype. As stipulated by the Power Profile, this would be an upward-sloping profile where the athlete has a high FTP and a low 5-second power, indicating low neuromuscular power, poor sprinting capability, and probably a low proportion of fast-twitch muscle fibers. At the same time, if we looked at all athletes who exhibit a relatively high FTP compared to their 5-second power (Pmax), there would likely still be differences in performance among that group of athletes, particularly in a sprint.

There’s an old adage: If you want to win a race, get into a breakaway with a time trialist, because you know you’re going to win the sprint. Put another way: Imagine 50 riders identified as time trialists by a Power Profile. In a sprint against sprinters, they would all lose, but in a sprint against time trialists, somebody would have to win, and those who would be most likely to win would be pursuiters. The pursuiter phenotype is similar to the time trialist; both have a high FTP, indicative of slow-twitch muscle-fiber predominance. The evidence that pursuiters are also good at time trials can be found in two recent high-profile Grand Tour riders, Sir Bradley Wiggins and Geraint Thomas. Obviously, they are both exceptional time trialists and stage racers, but both riders were elite champions on the track in pursuit events and then transitioned to the road, where they excelled in road races, time trials, and stage racing. So there seems to be some plasticity with regard to movement between the pursuiter and time trialist designation.

What is the nature of the difference between time trialists and pursuiters? Well, as all riders on the left portion of the Phenotypic Map will have a low Pmax/FTP, the distinguishing factor between these riders with highly developed slow-twitch muscle will be their FRC/Pmax. It might seem counterintuitive to use Pmax in the ratio, but again, everyone on the left portion of the map has a low Pmax relative to FTP, so by using FRC/Pmax we are using an “anaerobic”/“anaerobic” ratio. In other words, in a segment of the population with a high FTP relative to Pmax, they’re all “slow” sprinters. But within the population of poor sprinters, the distinguishing characteristic in the sprint would be the FRC. So, since the time trialists will all have a relatively low Pmax, looking at the FRC/Pmax will identify the successful pursuiters.

Another, more refined aspect of the Phenotypic Map compared to the Power Profile is the fact that the Phenotypic ratios allow us to see the spectrum of abilities within and between phenotypes. By placing a rider on the two-dimensional map as opposed to the one-dimensional Power Profile, we gain greater insight into the rider’s relative strengths and weaknesses. Further, the two-dimensional map allows us to view the movement of a rider on the map as a result of training. For example, as a result of training, or de-training, a rider could move between categories such as all-rounder, to pursuiter, then to time trialist, and back to all-rounder. This movement is more visible and distinctive using the Phenotypic Map as opposed to the Power Profile.
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The new concepts and features introduced by the Power Duration model enhance or improve upon concepts previously introduced for training and racing with power. As a result, a much more sophisticated and robust characterization of a rider’s strengths and weaknesses can be gained than has been previously available to this point. Further, the modeled parameters of the Power Duration model enable the collection of more ecologically valid data, thus reducing constraints on data collection. Formalized testing becomes less important while data collected from typical riding becomes more relevant than in the past. As such, the power meter becomes an even more powerful tool than before.


9

Using Power to Manage Performance

PRO CYCLISTS TALK A LOT ABOUT FORM. When they are on form, they feel unbeatable. But what is form? We all know it when we feel it, but we can never really describe it. Where does it come from and, most importantly, how can you acquire it?

Coaches are responsible for creating form in their athletes. Not only do coaches want to make sure their athletes have it, they also want to make sure athletes have it on race day. And therein lies the challenge: How can you achieve form exactly on the day you want to have it? How will you know that the training you are doing now will give you the necessary peak when you want it? Are you training too hard? Are you training hard enough? What about the type of training? Are you training in the proper zones, and is there enough variety in your workouts to make sure each physiological system is improving? Every cyclist and coach is looking for answers to these questions.

Any good coach or smart training program can increase your fitness or make you faster; but the true challenge is not just to be faster. It’s to be fitter and faster than before at the exact time that you want to be. Fortunately, power data enable us to better predict performance, using an approach we have termed the Performance Manager. It’s important for you to understand how the Performance Manager works, even if it takes a little time to sort out the technical details. In this chapter, we will explain an alternative model that has often been used in research studies, along with the limitations of that model, and then explain how our Performance Manager works. Finally, we will explain how to apply the Performance Manager to create your own fitness peaks at the right times.

BANISTER’S IMPULSE-RESPONSE MODEL

When attempting to design the optimal training program, most coaches and athletes rely upon some combination of tradition, trial and error, and basic training principles (for example, the overload principle). A number of scientific studies, however, have investigated the relationship between the volume and intensity of training and the resulting improvements in performance in a more direct, quantitative manner. These studies have used a wide variety of mathematical approaches, but the vast majority has employed what is typically referred to as the “impulse-response model,” first proposed by Dr. Eric Banister in 1975.

In the impulse-response approach, the effects of training on performance are modeled as a transfer function with “inputs” and “outputs.” The inputs are the daily “doses” of training, which are a combination of volume and intensity, and the outputs are the results of the training, the individual’s predicted performance. Training is said to exert two opposing effects: (1) positive adaptations to training that result in improved performance, which are longer-lasting, or “chronic,” and (2) negative consequences of recent exercise bouts, such as residual fatigue, which are shorter in duration, or “acute.” These acute, negative effects can obscure the chronic, positive effects, but only for a period of time.

The impulse-response model has been successfully applied to a number of different sports, including weight lifting, hammer throwing, running, swimming, cycling, and triathlon. The factors it takes into account have been shown to account for more than 70 percent, and often more than 90 percent, of the day-to-day variation in performance. Moreover, the model has been shown to accurately predict changes in performance-related parameters considered indicative of training (over)load and/or adaptation, such as serum hormone levels (for example, of testosterone), enzyme levels (for example, of creatine kinase), and psychological measures of anxiety or perceived fatigue.

The model has therefore been used to optimize training and tapering regimens, to evaluate the impact of training in one sport on performance in another (such as the impact of training in running on performance in cycling), and so on. In most of these studies, the metric used to track training load has been Banister’s heart rate–based “training impulse” (TRIMP) score, but other ways of quantifying training have also been used (especially in studies of nonendurance sports, but also in, for example, swimming). Roughly speaking, the model appears to work equally well regardless of precisely how training has been quantified.

The impulse-response model would therefore appear to be a highly useful tool for coaches and athletes wishing to maximize their probability of success in competition, and in fact some prominent national team programs in cycling have attempted to exploit this approach. There are, however, a number of significant limitations to the impulse-response model, some of which may be purely academic, but others that clearly limit its usefulness in a practical sense.





BANISTER’S IMPULSE-RESPONSE MODEL

We can express these changes in an individual’s performance over time as a mathematical equation:
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where pt is the performance at any time t, p0 is the initial performance, ka and kf are gain or multiplier terms relating to the magnitudes of the positive adaptive and negative fatigue effects (and also help in converting the units that are used to quantify training to the units that are used to quantify performance), τa and τf are time constants describing the rate of decay of the positive adaptive and negative fatigue effects, and ws is the daily training dose.

The impulse-response model therefore has four adjustable parameters, ka, kf, τa, and τf, which are constrained such that ka is less than kf, and τa is less than τf. The best-fit solution to the model is determined iteratively, that is, by repeatedly measuring both the daily dose of training and the resulting performance, and then adjusting the values of these parameters to result in the closest correspondence between the model that was predicted and actual performances. Figure 9.1 illustrates the effects of a single bout of training on performance resulting in a TSS of 100, as predicted by this model. Performance (the difference between the two terms of the equation above) is initially predicted to be diminished or degraded because of the acute, negative influence of training. As this effect passes, however, the positive adaptations to training begin to dominate, such that performance is eventually improved.
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The impact of repeated bouts of training on performance is thus the summation of individual impulses, with the ultimate effect (that is, when, or even whether, training results in an increase or decrease in performance, and the extent to which this is true) depending on the magnitude and timing of each dose of training. This principle is illustrated in Figure 9.2, which depicts the response to a sustained increase in daily training to 100 TSS per day.
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LIMITATIONS OF THE IMPULSE-RESPONSE MODEL

First, although the impulse-response model can be used to accurately describe changes in performance over time, it has not been possible to link the mathematical structure of the model to specific, training-induced, physiological events relevant to fatigue and adaptation, such as glycogen resynthesis or mitochondrial biogenesis. In this regard the model is purely descriptive in nature, like a black box into which it is not possible to see. Although this by no means invalidates the approach, if we were able to connect the model parameters (in particular, the time constants τa and τf; see sidebar, “Banister’s Impulse-Response Model,” for definition of variables) to known physiological mechanisms we could apply the model with greater confidence and precision.

Second, the impulse-response model assumes that there is no upper limit to performance. Instead, it assumes that a greater amount of training always leads to a higher level of performance, at least once the fatigue resulting from recent training has dissipated. In reality, plateaus happen. Like it or not, there will always be some point at which further training will not result in a further increase in performance. Even if you can avoid illness, injury, overtraining, or just mental burnout, this holds true.

Third, to obtain a statistically valid fit of the model parameters to the actual data, it is necessary to have multiple, direct, quantitative measurements of performance over a duration that is comparable to that of the goal event. The exact number depends in part on the particular situation, but from a purely statistical perspective it would take somewhere between 5 and 50 measurements per adjustable parameter. Since the model has four adjustable parameters (τa, τf, ka, and kf), performance would have to be directly measured between 20 and 200 times in total. Furthermore, since the model parameters can change over time (with training), these measurements should all be obtained in a fairly short period of time. Indeed, Banister himself suggested revisiting the fit of the model to the data every 60 to 90 days, which would mean directly measuring an athlete’s maximal performance ability at least every fourth day, if not several times per day. This is obviously unrealistic, especially outside the setting of a laboratory research study.

Fourth, even when an adequate number of performance measurements are available, the fit of the model to the previously collected data may not be accurate enough for the results to be truly helpful in projecting future performance (which is obviously necessary to be able to use the impulse-response model to plan a training program). This is especially true when you consider that, in keeping with the saying “The best predictor of performance is performance itself,” the bar is already set quite high through knowledge of your current ability. For example, in most cases even the best taper regimen will only improve performance by less than 5 percent, and usually by less than 2 percent. Consequently, the impulse-response model would need to be able to predict performance on race day with at least this degree of accuracy to be of great practical use. This is usually not possible.

Finally, while values reported in the scientific literature for the time constants for fitness and fatigue (τa and τf) are generally pretty consistent in most scientific studies, there is considerable variability among individuals and studies in the gain factors (i.e., ka and kf). In part, this is because these values serve not only to balance the two integrals in the equation but also to quantitatively relate the training load to performance in an absolute sense. In other words, for the exact same set of data for the same individual, the values for ka and kf would be different if power were expressed in terms of horsepower instead of watts. However, this is not the only explanation for the variation in ka and kf between studies, as even their ratio varies significantly across studies, with this variation seemingly unrelated to factors such as the overall training load. Because of this variability, it is difficult, if not impossible, to rely on generic values for ka and kf from the literature to overcome the limitations caused by performance plateaus and accurate testing of performance. This is especially true given the fact that the impulse-response model is more sensitive to variations in these gain factors than it is to variation in the time constants, especially τa (for example, increasing or decreasing τa by 10 percent changes the output of the model by less than 5 percent).

THE PERFORMANCE MANAGER CONCEPT

The relative complexity of the impulse-response model and its limitations led us to search for a more practical way of analyzing data obtained using a power meter. We wanted our model to work in a manner that was consistent with the results of previous scientific research yet still be simple enough to be used and applied outside of a laboratory setting. The starting point for this search was recognition of the simple fact that performance is typically greatest when training is first progressively increased to a very high level to build fitness, after which the athlete reduces his or her training load—that is, tapers—to eliminate residual fatigue. Or, to put it more simply, “form equals fitness plus freshness.”

With this perspective in mind, we recognized that eliminating the gain factors (ka and kf) from the impulse-response model solved two problems: (1) It removed any uncertainty regarding the precision with which they can be estimated (with the price being that interpreting the results of the calculations becomes as much a matter of art as of science); and (2) it allowed for substitution of simpler, exponentially weighted moving averages for the more complex integral terms in the original equation (because, at least qualitatively, they behave the same way). Based on this logic, the components of the Performance Manager were then defined.



Chronic Training Load (CTL). Taking into consideration both volume and intensity, CTL provides a measure of how much an athlete has been training historically, or chronically. It is calculated as an exponentially weighted moving average of daily TSS (or TRIMP) values, with the default time constant set to 42 days. (In effect, what this means is that your CTL is primarily a function of the training that you have done in the past three months.) CTL can therefore be viewed as analogous to the positive effect of training on performance in the impulse-response model—that is, the first integral term in the equation given earlier—with the caveat that CTL is a relative indicator of changes in performance ability due to changes in fitness, not an absolute predictor (since the gain factor, ka, has been eliminated).



Acute Training Load (ATL). Again, taking into consideration both volume and intensity, ATL provides a measure of how much an athlete has been training recently, or acutely. It is calculated as an exponentially weighted moving average of daily TSS values, with the default time constant set to seven days. (In effect, what this means is that your ATL is primarily a function of the training that you have done in the past two weeks.) ATL can therefore be viewed as analogous to the negative effect of training on performance in the impulse-response model—that is, the second integral term in the equation—with the caveat that ATL is a relative indicator of changes in performance ability due to fatigue, not an absolute predictor (since the gain factor, kf, has been eliminated).



Training Stress Balance (TSB). As the name suggests, Training Stress Balance (a term coined by cycling coach Dave Harris) is the difference between chronic and acute training loads: TSB = CTL – ATL. TSB provides a measure of how much an athlete has been training recently, or acutely, compared with how much he or she has trained historically, or chronically. Although it is tempting to consider TSB as analogous to the output of the impulse-response model—that is, as a predictor of actual performance ability—the elimination of the gain factors ka and kf means that it is really better viewed as an indicator of how fully adapted an individual is to his or her recent training load—how fresh the athlete is likely to be.

We will explore these concepts in more detail as we begin to quantify form, but you can see that performance depends not only on TSB but also on CTL. This is in keeping with saying that “form equals fitness plus freshness.” The art in applying the Performance Manager lies in determining the precise combination of TSB and CTL that results in maximum performance. To put it another way: In the Performance Manager concept, an individual’s CTL (and the composition of the training resulting in that CTL) determines his or her performance potential (at least within limits). The individual’s TSB influences his or her ability to fully express that potential. Actual performance at any point in time will therefore depend on both CTL and TSB, but determining how much emphasis to accord to each is now a matter of trial and error—that is, experience—not science.

To help illustrate these conceptual differences between the impulse-response model and the Performance Manager, consider Figure 9.3, which shows the effects on CTL, ATL, and TSB of a square-wave increase in daily training load from 0 TSS per day to 100 TSS per day as of January 1. The situation being modeled is therefore identical to that shown in Figure 9.2; the only difference is that the lines on the graph have been generated using the Performance Manager approach instead of the impulse-response model.
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As shown in the figure, both CTL and ATL respond to this sudden increase in training in an exponential fashion, just like the fitness and fatigue components of the impulse-response model, and with identical time courses (since the time constants are the same). TSB shows an initial reduction followed by an exponential rise, which is qualitatively similar to the time course of performance as predicted by the impulse-response model. However, the minimum in TSB occurs later than the reduction in performance would be predicted to occur by the impulse-response model when using the same time constants (42 days and 7 days for τa and τf, respectively).

Moreover, unlike performance as predicted using the impulse-response model, TSB never exceeds its initial level but instead rises mono-exponentially to eventually equal CTL (and ATL).

This differing behavior is a consequence of the elimination of the gain factors ka and kf from the impulse-response model, as well as the substitution of exponentially weighted moving averages for the integral sums.

PEAKING WITH POWER

Now that we have explained how and why we came up with the Performance Manager concept, let’s get back to that nebulous idea of being on form on the right day of the season: race day. A quick reminder that

Form = Fitness + Freshness

A rider can be fit at the end of the Tour de France, but he will be very tired, and not on form. On the other side of the coin, if he has not ridden a bike for two months, he will be very fresh and rested, but not very fit, and therefore not on form either. Sitting on the couch and channel surfing for the two months before the race (so that he is fresh) will cause him to lose that precious fitness he’ll need to compete. And if he trains very hard to become super fit, but does not rest and taper before the race, then he will be fit, but unable to apply that fitness because he is fatigued. Only the correct balance of fitness and freshness will create form.

What exactly is fitness, then? Basically, it’s a response to training stress. A dose of training is given to the athlete, and then the athlete adapts and responds positively to that dose, which then creates improvements and efficiencies in the body. These improvements accumulate to make the athlete fitter and faster. So, fitness is created from training stress, or training load. The training load has to continually increase in intensity and/or volume in order to create a greater adaptation. Training load can increase in many ways, but with a power meter it is easy to define an exact training load. By quantifying your training using TSS, you can better understand how the cumulative effects of training load are influencing your body, then use that knowledge to determine when to rest and when to continue to push yourself further with your training. The complex ways in which different types of training stress affect overall fitness and fatigue levels are an area currently under study; in fact, theories about training load are on the cutting edge of exercise physiology theory, and the jury is still out on how it all works.

Managing Fitness and Fatigue (CTL and ATL)

We’ve touched upon the concept of Chronic Training Load, the cumulative effect that builds up over a long period of time. The basic idea behind all the research is that an ideal level of CTL allows your body to undergo positive fitness adaptations. But the period of time required for those adaptations to happen (again, through hard training) can be anywhere from 3 weeks to 6 weeks, 6 months, or 2 years. And the old-school cycling coaches will say that you just need another 20,000 kilometers in your legs to be at the top.

In many ways, these coaches are correct—it takes years to fully develop the physiological systems needed for racing at the highest levels. The more kilometers you have in your legs, the more training stress you’ll be able to handle and the faster you’ll become. Your current fitness depends not only on what you did in training a week ago, but also on what you did in training a month ago, 6 months ago, and even in years past. The workouts you did a month ago are without a doubt impacting your performance today. The workouts you did a week ago are impacting you even more. The thing to remember is that CTL refers to the long-term effects resulting primarily from the workouts you have done in the past three months. In reality, however, the PMC approach (like the impulse-response model of Banister upon which it is based) is not very sensitive to changes in the CTL time constant, such that there really isn’t much point in changing it from the default value.

Acute Training Load, on the other hand, is accumulated over a shorter period of time—using the default time constant, primarily in the past two weeks. Since fatigue is more closely related to your ATL, the workouts done during, say, a weekend are very much going to impact your ability to do hard work during the following week. Therein lies another challenge: If you rest too much, you will start to lose fitness (and CTL will fall), but if you train before you are properly rested, then you will fail to get the greatest bang for your training buck. Since your ATL drives your CTL, if you stop training in the short term, then this will impact your long-term fitness.

This principle is very similar to the ones you use to manage your own budget at home. You have a certain amount of income coming in each month, you have fixed expenses that must be paid each month, and you have some variable expenses that occur each month, such as that stellar deal the bike shop just offered you on a sweet new set of carbon wheels. If you buy those wheels, in the short term you may be very happy (whoever said money can’t buy happiness hasn’t bought a set of really fast wheels), and you may win some races. But if you can’t pay some of your fixed expenses because of the purchase of the wheels, you are going to have to spend some extra hours at the office to compensate for your lack of long-term budgeting. Similarly, if you train too hard in a block of training, you’ll overtrain (overspend), and it could take you months to recover from that training block. The opposite scenario applies as well. If you get too much rest, then your long-term fitness will deteriorate (you haven’t spent money where it needed to be spent). You might come onto form too soon or lose watts at your functional threshold.

Accumulated ATL is what forces you to rest after a hard week of training, and it is what builds your CTL. Without those hard, intense training blocks, you would never achieve a high enough CTL to create meaningful, long-term fitness adaptations. On the one hand, it is important that you naturally build your CTL; on the other, it is the rest periods that enable your body to adapt to the ATL. ATL and CTL go hand in hand, and trying to manage these two essential components of your training program can be one of the toughest things to master. And yet, it can have a more profound impact on your overall fitness than any other aspect of training.

Riders and coaches will want to customize this time constant at times during the season when recovery is happening more quickly or slowly than usual. For example, you will recover more quickly while you are building your CTL yet are still below your CTL ceiling. As you approach the highest CTL that you can sustain, you will begin recovering more slowly. Because your fitness is still improving in your early-season events, you’ll recover faster. Later in the season, the accumulation of months TSS will reduce your time to recover. Of course, recovery is multi-factorial, so your sleep, work/life balance, general life stress all play a role in how quickly you recover. When you are recovering more quickly, you may want to set this at 5 days, and when you are recovering more slowly, you may want to set it at 10 days. The ATL time constant may also need to be adjusted for age. As we age, we recover more slowly. Here’s a quick and simple table (Table 9.1) that will help you to customize your ATL time constant.
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Finally, the optimal ATL time constant to use is likely to depend on the duration of the event for which you are training, especially when attempting to reach a peak. In particular, power at shorter durations (e.g., at/near Pmax) seems to be especially dependent upon an individual’s “freshness,” whereas power at much longer durations (e.g., at/near FTP) seems to be much less so (see “Guidelines for Optimal TSB for Racing”). Individuals who are targeting shorter races where neuromuscular power is likely to play a large role in determining the outcome may therefore benefit from using a longer ATL time constant (say, 10 or even 14 days instead of the default of 7 days), to be certain that their TSB truly reflects the dissipation of fatigue induced by training. On the other hand, athletes who are aiming for much longer races (e.g., a mountain-bike marathon) may benefit from using a shorter ATL time constant (say, 3–5 days instead of the default 7), which will require that they maintain their training until closer to their event to prevent TSB from going too positive.

Managing Form (Training Stress Balance)

To review our main points: Form is the proper balance of fitness and freshness. Fitness is based on training stress or training load. So, to take our thinking one step further:



       1.  Form = Fitness + Freshness.

       2.  Fitness is the result of training stress.

       3.  Freshness is the result of rest.

       4.  Therefore, form comes from the combination of training stress and rest.

       5.  Training Stress Balance can be viewed as a predictor of form.

TSB thus represents how well you have been juggling your training load and your rest periods. If you want to create form, you must have the proper balance of the two. If your TSB is a positive number, this indicates more freshness. You would have a good chance of riding well during those “positive” days; you are both fit and fresh. When your TSB is a negative number, this indicates more fatigue. You are most likely tired from a high training load, which could mean that both your CTL and your ATL are too high.

As we begin to understand that ATL drives CTL, and that CTL is closely related to your level of fitness, then the questions become: How hard can I train, and is there an optimal training load? How much should I ride? How hard should I ride? Should I ride when I’m tired? How tired is too tired to train? When will I be recovered enough to train hard again? Joe Friel may have said it best in The Cyclist’s Training Bible when he wrote, “An athlete should do the least amount of the most specific training that brings continual improvement.” If you can win the race with 10 VO2max intervals, then why do 12 or 15? But how can a rider know how much is enough? The answer to that question lies in the power meter and the software you use with it. By using your power meter and the Performance Manager Chart, you can begin to determine your personal optimal training load. It is possible to mathematically quantify when enough is enough (see Figure 9.4).
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Guidelines for Optimal CTL and ATL

Although most of a racer’s attention is likely to be focused on using the approach to manage the peaking process, other benefits clearly exist and should not be overlooked. In our experience, across a wide variety of athletes and disciplines (for example, elite amateur track cyclists, masters-age marathon mountain-bike racers, and professional road racers), the “optimal” training load seems to lie at a CTL between 100 and 150 TSS per day. Individuals whose CTL is less than 100 TSS per day usually feel that they are undertraining: They recognize that they could tolerate a heavier training load if only they had more time to train, or if other stresses in life (such as job and family responsibilities) were minimized. (This does not necessarily mean that their performance would improve as a result, which is why the word “optimal” in the sentence above is in quotation marks.) On the other hand, few, if any, athletes seem to be able to sustain a long-term average of more than 150 TSS per day.

Indeed, analysis of power-meter data from riders in the Tour de France and other hors catégorie international stage races indicates that the hardest stages of such races typically generate a TSS of 200–300. This illustrates how heavy a long-term training load of more than 150 TSS per day would be (since the average daily TSS of the Tour de France is reduced by the inclusion of rest days and shorter stages, such as individual time trials). It is generally considered quite difficult to maintain such an effort for three weeks, much less for the three months or more that it would take for CTL to fully catch up.

In addition to the absolute magnitude of CTL, we can learn a lot about an athlete’s training (and/or mistakes in training) by examining the pattern of change in CTL over time. Specifically, a four- to six-week plateau in CTL during a time when the focus of training has not changed and performance is constant is generally evidence of training stagnation. Athletes in this situation might feel they are training well by being very consistent and repeatedly performing the same workouts, but in fact this is not training at all. It is simply maintaining, because the overload principle is not being applied. We’ll look at patterns of change in CTL more closely in the first of two case studies presented later in this chapter.

In contrast, attempting to increase CTL too rapidly is often a recipe for disaster and frequently leads to illness or other symptoms of overreaching or overtraining. Of course, since changes in CTL are driven by changes in ATL, any sudden increase in the training load (due, for example, to a training camp or a stage race) must be followed by an appropriate period of reduced training or recovery. To state this idea yet another way: Failure to periodically come up for air by allowing TSB to rise toward, if not all the way to, neutrality may lead to problems. If ATL is greater than CTL for too long, you will reach a state of non-functional over-reaching, where you can train but no longer improve and in fact become more and more fatigued. Too much time in a non-functional over-reaching state could lead to overtraining syndrome, at which point you would need to take months or even a year off the bike to recover.

We have found that most cyclists can increase their CTL at a rate of 3–7 TSS per day per week. When you increase your CTL at a rate greater than 7 TSS per day per week for more than 4 weeks in a row, then the level of intense weekly training could be too much and send you into an overreaching downward spiral. It’s fine to increase TSS at a rate of more than 7 per day for 1 week, and possibly even for 2 weeks, but longer periods can lead you into a chronically overreached state. The training age, maturity, or the number of years an athlete has been seriously training is a big consideration as well. The more mature you are as a rider, the higher you can drive your CTL and at a steeper ramp rate. If you’re a newer cyclist, you’ll need to be more careful with how quickly you increase your CTL in order to prevent injury, non-functional over-reaching, and deeper levels of fatigue. As you approach a CTL of 100, you are getting closer and closer to your theoretical limit and will need to back off your ramp rate in order to continue to improve and adapt and prevent non-functional over-reaching. For example, the highest continual CTL loads we have seen have been in riders at the Tour de France who can maintain a CTL between 150 and 160 for most of the year. After the Tour, they have a CTL of 170 to 180. (Ask any rider after the Tour de France if they would like to do another one and you’ll get a firm “No,” which indicates that a hypothetical genetic limit on CTL could be somewhere between 180 and 200). If they started the Tour at 150 CTL and ended at 170 CTL, their ramp rate would be in the 7 TSS/day range, so even the best riders in the world have a relatively shallow ramp rate when approaching their limit.

It is possible to increase your CTL ramp rate, but it is only advisable in short periods of time, less than two weeks long, such as a weeklong training camp. Typically, if you increase your ramp rate at the rates shown in Table 9.2 for one week, and especially for two weeks, you will need a rest week afterward.
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By examining the Performance Manager Chart, and hovering just over the ATL line from the start of a 7-day period to the end, it can be easy to track whether you are increasing your short-term training load too quickly. Everyone handles a training load differently, however, and a 22-year-old pro can certainly manage a quicker rate of increase for ATL and CTL than a 55-year-old masters rider.

Guidelines for Optimal TSB for Racing

To be fresh on race day, watch your TSB each day. When you reach a zero balance in your TSB, you are neither fresh (which requires a positive TSB) nor fatigued (which requires a negative TSB). If you have a negative TSB that is rising, you are recovering from the deep hole of training that you have been in; that doesn’t mean that you cannot have a good performance, however (see Figure 9.5). Precise values for TSB will depend on the individual and the time constants used to calculate CTL and ATL (if you rely on the default time constants, CTL and ATL are 42 and 7 days, respectively), so don’t apply these guidelines too literally. If you review your training and find that you need to increase the time constant, the TSB at which you are most fresh will be lower. This is especially true with ATL.
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So what is the ideal TSB for race day? In other words, how much freshness is enough? We surveyed about 200 athletes in our quest to answer this question, asking them what their TSB was when they created a Personal Best for Power across any time range, whether it was for 1 minute, 1 minute and 23 seconds, or 3 hours and 10 seconds. We primarily wanted to know their TSB when their best wattage for that time period occurred. This gave us enough information to create a set of charts that has been very effective in showing how much freshness is just right for different types of events.

Figure 9.6 shows that personal bests for power in all time periods have occurred at a wide range of TSBs, from –30 to +30, with many of them occurring in the mid-range that we call neutral (–10 to +10). The majority of personal bests occurred with TSBs between –5 and +15. In other words, the athletes we queried did very well when they allowed their TSBs to become positive, but not overly so. When we examined this chart, it caused us to think a bit more about this issue and then separate out the data for two different time periods. We wanted to see if there might be a difference in the TSB values for personal bests if the effort lasted less than 5 minutes or more than 5 minutes. What we found was that personal bests for time periods of less than 5 minutes occurred when the TSB was even more on the positive side of the scale (see Figure 9.7). This makes sense from a physiological standpoint, as shorter efforts (that is, efforts of less than 5 minutes, for the purposes of our study) require more neuromuscular power and anaerobic capacity than long efforts, and these will be at their highest when the athlete is well rested. One of the obvious conclusions that can be drawn from this chart is that in short, heavily anaerobic events (track, BMX, short hill climbs), it is best to be very well rested. In the personal bests from time periods of 5 minutes or more, there is a swing back to the center. This also makes sense, as longer time periods are more aerobic in nature and therefore require more fitness and less freshness. In Figure 9.8, there is a nice bell curve distribution for TSBs from –10 to +25. This shows that athletes are as likely to have a personal best with a –10 TSB as they are with a +25 TSB. If an athlete’s TSB is –10, this most likely means that he or she is recovering from a negative number further to the left on the graph, rather than getting more and more fatigued. Likewise, if a personal best occurs on a day when an athlete’s TSB is +10, it was probably not the first day that the athlete had a positive TSB; he or she probably crept up to that number to produce the big wattage on that particular day. Figure 9.8 also demonstrates that an athlete who is competing in a longer event, such as a road race, a mountain-bike race, or a stage race, should not taper or rest too much beforehand, as this could mean missing that peak window.
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In conclusion, the more anaerobic the event, the more important it is to be fresh, and the more aerobic the event, the more important it is to be fit. To create form, determine the balance of fitness and freshness you want for the event you have in mind, and make a plan to have your TSB reach that optimal point at the right time. The Performance Manager is equally valuable as a lens through which to view previous attempts at peaking. With the knowledge you gain, you can modify or replicate past performances with a greater degree of confidence.

PERFORMANCE MANAGER CASE STUDIES

One of the best ways for any cyclist to learn how to use the Performance Manager Chart is by looking at other cyclists’ charts, learning the story behind each one, and then taking the lessons that can be learned from them to heart. The Performance Manager can be used for every discipline in cycling in which it is possible to use a power meter to track training stress—so road racers, mountain-bike racers, cyclocrossers, and track racers can all benefit from examining this type of information. As you review the case studies presented below, think about how these lessons could apply to your own situation. It is important just to collect data from every ride, no matter how easy or intense it is, so that you can conduct this same sort of analysis to chart your own progress.

Timing TSB for Multiple Peaks in a Season

Matt is a 30-year-old Category I racer. His Power Profile is upward-sloping to the right, and his FTP is 5.2 watts per kilogram. He started the fall season with some serious cyclocross races and did 11 races throughout the winter, achieving a nice top-10 placing at cyclocross nationals. While training and focusing on cyclocross, he worked at a high level of intensity on the trainer, as he lives in a relatively cold climate and cannot train outside in the winter. With the volume low but the intensity high, his CTL was not very high in the fall.

As Figure 9.9 shows, Matt’s CTL increased at different rates during this time period as he completed each mesocycle of training and started a new one. Matt has employed the concept of having a progressive rise in CTL, so he quickly brings his CTL up during certain periods, then allows that new CTL level to stabilize and grow slowly and steadily. When he is ready for the next big ATL shock, he doses himself with a big week of training stress, which has the effect of increasing his CTL quickly again.
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As his CTL rises, his TSB drops. Moreover, even a small decrease in the CTL ramp rate can result in a positive TSB, which could be a good predictor of a good performance. Figure 9.9 shows how a small decrease in CTL can create a positive TSB. Also, take note of the 20-minute mean maximal line, which shows the ten best 20-minute wattages for this time period. Note that four of Matt’s best 20-minute wattages occurred at the end of January after a taper, which was preceded by a large increase in CTL. Matt’s third-best 20-minute wattage occurred at the end of March, immediately after another steep increase in CTL at a ramp rate of 12 TSS per day for 2 weeks. Although the TSB was still negative at this point, it was clearly climbing positively. It is important to recognize that TSB does not necessarily need to be a positive number in order to create a peak performance; it just needs to be climbing to a positive number.

Now that we have looked at some specific aspects of Matt’s Performance Manager Chart, let’s take a look at the overall chart (see Figure 9.10). By doing so, we can see whether the training plan he followed did the job and allowed him to peak when he wanted to peak. We are also looking for clues about this season’s performance in order to use that information to determine how he can improve on it for next year. Matt had two major objectives for the year: top performances at the Tour of the Gila in early April and at the masters nationals in mid-July.
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In his Performance Manager Chart, we see that his highest wattage numbers occurred in January, coming off an intense cyclocross season and his first solid Build cycle. This was unplanned. It occurred at an early-season stage race in which he placed third overall. But it wasn’t until we looked back at the season later that we realized these were his peak wattage numbers for the year. The chart also reflects the two times that he got sick during the year. Both times, his TSB became very positive from the lack of riding.

Unfortunately, the first bout of illness occurred right after his second main Build phase in March. This leads us to ask whether the increase in CTL was too rapid, with the stress of the training load contributing to the illness. During the Build phase, his CTL increased at a relatively quick rate (12 TSS per day), so he was under a high load of training stress. But the illness also occurred the week after a very hard race. It had rained and snowed during the race, and Matt had become slightly hypothermic. So we can conclude with a fairly high degree of certainty that the stress of the race, coupled with the high rate of increase in his CTL, compromised his body’s immune system and caused him to pick up a cold. Of course, this was poor timing to have him on form for the Tour of the Gila. Another point to notice is the dramatic slip in Matt’s CTL from 122 TSS points to 90 TSS points while he was sick.

As we examine the chart further, we see that Matt achieved his third-highest wattage for the season at the masters nationals. This came during his longest period of time with a positive TSB. He performed very well at the masters nationals, coming very close to a national championship, with a second-place finish in the road race. Finally, we can see his CTL gradually slipping at the end of the racing season as he backed off his training and started to ride just for pleasure and fitness maintenance.

Matt’s Performance Manager Chart shows not only how a small drop in CTL can create a good performance, but also how a period of illness can impact training load and how tough it can be to stay on that fine line between too much training stress and not enough. Matt’s form could really shine in mid-July after his longest period of positive TSB. Planning training loads for an athlete who has multiple goals for the season, especially at different times during the season, is more complicated than planning for a simple, straightforward season with a single race as the main objective—but it’s another great reason to utilize the Performance Manager Chart to its fullest extent. That means knowing how to interpret and analyze the chart. Knowing the story behind the chart is critical to interpretation, however, and the art of coaching is therefore still very much a part of the process.

Timing TSB for a Single Peak

Dave, 55, is a Category II masters time trialist with an FTP of 5.2 watts per kilogram. After two years without a stars-and-stripes at masters nationals, he decided to put all of his eggs in one basket and do everything right in order to win a national championship. From a coaching perspective, planning for this kind of season is both easy (because there is just one main peak to achieve) and scary (because something could go wrong and that all-important goal could be missed).

Dave had a solid off-season and put in some good workouts on the trainer and in the gym, and he came into the season fit and ready to perform well. As his coach, Hunter was trying to bring his CTL gradually up to 100 points at the peak of his training, while at the same time not digging a big TSB hole that would be hard for him to recover from. The goal when increasing CTL was to help Dave get even stronger. He had one smaller intermediate goal in mid-May that he wanted to be sure to win as well, which fit nicely with the plan of having him rested before his final buildup to nationals.

Figure 9.11 shows a steady buildup of CTL throughout the season. During May, Dave’s CTL stabilized somewhat, as he wanted to be fresh for the weekend races. Then, in late May, his CTL started climbing, as he was putting in the workouts required to be on form for July nationals. It is interesting to note that even while Dave had a negative TSB, he was still winning races (March through June). His level of fitness was already that much higher than that of his peers; even when he was tired, he could still easily win.
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At masters nationals, he achieved his best 20-minute and 60-minute Normalized Power for the season. Though his TSB for much of this time period was +25, he was clearly riding well, and his fitness was at an all-time high (with an FTP of 5.2 W/kg, not too bad for a 55-year-old). After climbing the podium at masters nationals, Dave decided to go to masters world's and try for a rainbow jersey. Figure 9.12 shows that Dave’s CTL took a dramatic slide downward during and after masters nationals. This was planned, as Dave had originally decided to call it a season after that event; it wasn’t until later that he made the decision to race for the rainbow jersey. Once this decision was made, he amped up his ATL in order to rebuild some lost fitness. As the ATL went up, the CTL rose to about 80 TSS points, which was close to Dave’s normal sustainable training load.
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When masters world's approached, it was time to taper off the training and hope for the best. Dave went into the time trial with a TSB of +35, which netted him a solid top-10 placing in the TT. However, his form was clearly not the same as it was in mid-June, as he was only able to ride at 4.9 watts per kilogram for the time trial. The Performance Manager Chart allowed Hunter to rebuild Dave’s CTL at the appropriate rate and to a level that could be sustained for a couple of weeks before tapering. This guaranteed that Dave’s fitness would increase without overdoing it. In this way we protected his immune system and were able to give him time to recover before world's.

Dave performed at his best right on time, just as predicted by the Performance Manager Chart. His CTL climbed at a steady rate, and his TSB was generally negative for most of the season as he built for his peak at masters nationals. Even though his TSB was negative, he still performed well against his peers, as he was fitter than them even when tired. It was no surprise that he performed well at masters nationals, as he had performed well nearly all season with a negative TSB. In hindsight, had Hunter known that Dave was going to masters world's, he would not have let Dave’s CTL drop so much after nationals. But since that was a relatively late decision, Hunter did the best he could to get Dave’s CTL back to a sustainable level without causing his ATL to skyrocket. In terms of managing training loads, this is a perfect example of how powerful the Performance Manager Chart can be when an athlete has very focused goals based around a specific time period.

APPLYING THE PERFORMANCE MANAGER CONCEPT

Successfully using the Performance Manager entails some degree of art, and you may need some time to become a good artist. The following hints, tips, caveats, and limitations are offered in hopes of speeding up this process.

Strive for Accuracy

The concepts embodied in the Performance Manager apply regardless of how the training load is quantified. You can use this approach to evaluate and manage your training whether you are using TRIMP scores, RPE, or TSS. If you decide to quantify your training with TSS, it is important that your values be based upon valid, up-to-date estimates of FTP because the TSS calculated for a particular workout varies as a function of the square of the Intensity Factor (IF) (that is, TSS = duration [hours] × IF2 × 100). Digging a little deeper, TSS is the inverse square of your estimated functional threshold power (because IF = Normalized Power [NP] ÷ FTP). In other words, if you decrease your FTP by 4 percent (for example, using 240 watts instead of 250 watts), your TSS for a particular workout will be 8 percent higher. Your higher TSS will then affect CTL, ATL, and TSB. An inaccurate functional threshold power will magnify errors in your data and ultimately manifest as mistakes in your training. Interestingly enough, it is sometimes possible to identify periods of consistent over- or underestimation of functional threshold power if your response to training deviates significantly from what was anticipated based on the Performance Manager approach.

Use Power with Consistency

The Performance Manager approach is predicated on the assumption that you will use your power meter during every workout and race, producing a value for TSS in order to maintain consistent data. This consistency will make the data more reliable. However, it is not at all uncommon for individuals to choose to race without the power meter, for data files to be corrupted during collection (for example, if the memory of the power meter is exceeded) or lost during downloading, for the power meter to stop working entirely, and so forth. When these lapses occur, you need to estimate any missing TSS, or the Performance Manager data will be distorted. Missing values for TSS can be estimated a number of different ways:



       1.  From a library of comparable workouts performed previously.

       2.  From heart rate data, which can be used to estimate Normalized Power, allowing TSS to be calculated manually (TSS = duration [hours] × IF2 × 100, where IF = NP ÷ FTP).

       3.  By simply estimating the Intensity Factor and then calculating TSS using the above formula. (When using this approach, you’ll want to recall the typical Intensity Factor associated with different types of training sessions and races; see Table 7.2.)

You might assume the second approach would be best since it is based on actual data, but in reality there is little reason for us to recommend it over the other two approaches. It is often possible for experienced power-meter users to estimate their TSS just as accurately, if not more accurately, without heart rate data as with the data. Any error introduced as a result of poorly estimating the true TSS for one or two missing workouts is likely to be minimal. However, if you were missing a large amount of data (for example, more than 10 percent of all files for a particular block of time), then the output of the Performance Manager calculations during and after that period should be interpreted with considerable caution. This emphasizes the importance of racing with a power meter, since athletes often incorporate frequent racing into their training program when attempting to peak.

Start with Educated Assumptions

Because Chronic Training Load depends on the accumulation of fatigue and positive adaptations over a longer period of time, you will need to collect data for a fairly long period of time before the Performance Manager calculations can be considered accurate (see the buildup of CTL in Figure 9.3). Obviously, if you are a new power-meter user you will not have a large database of files that can be analyzed to determine your starting point. Similarly, a longtime power-meter user may not have reliable data, whether as a result of failing to track changes in functional threshold power or training without a power meter for a lengthy period of time (for example, while it is being repaired). In such cases, it may be necessary to seed the model with initial values for CTL and ATL.

To calculate appropriate values, start by identifying how you typically train. Most athletes train at an intensity resulting in 50–75 TSS per hour (with an average weekly Intensity Factor of between approximately 0.70 and 0.85). If you train more, mostly or entirely outdoors, or in a less structured fashion, your score probably falls toward the lower end of this range, whereas if you train less, frequently indoors, or in a more structured fashion, your score will tend to fall toward the upper end of this range. Unless there is a specific reason to do otherwise (for example, transitioning from using a spreadsheet to track TSS to using the Performance Manager within WKO), assign the same value to both CTL and ATL (with TSB assumed to be zero). Over time your CTL will become evident, in which case you may want or need to go back and revise these initial estimates. Of course, the calculated values for CTL, ATL, and TSB should be interpreted cautiously following such a seeding until you accumulate sufficient data.

Build Precision with Experience

The default time constants of the Performance Manager—that is, 42 days for CTL and 7 days for ATL—were chosen as nominal values based on the scientific literature. As with the fitness component of the impulse-response model, the precise time constant used to calculate CTL in the Performance Manager has a limited impact. However, the calculations in the Performance Manager are sensitive to the time constant used to calculate ATL, and hence TSB (since TSB = CTL – ATL).

Part of the art of using the Performance Manager consists of learning what time constant for ATL provides the greatest correspondence between how you actually feel or perform on a particular day and how you might be expected to feel or perform based on CTL, ATL, and TSB. Younger individuals, those with a relatively low training load, and those preparing for events that place a greater premium on sustained power output (such as longer time trials, 24-hour mountain-bike races, or long-distance triathlons) often find better results using a somewhat shorter time constant—for example, 4 or 5 days instead of 7 days as illustrated in Table 9.2 and 9.3. Conversely, masters-age athletes, those with a relatively high training load, and those preparing for events that place a greater premium on non-sustainable power output (shorter time trials, criteriums) may obtain better results using a somewhat longer time constant than the default value—for example, 10–12 days instead of 7 days. (Of course, since athletes preparing for longer events often, but not always, carry higher overall training loads, this tends to constrain the optimal time constant more than would otherwise be the case.)

Maintain Your Perspective

Although the Performance Manager is an extremely valuable tool for analyzing training on a macro scale, it is important to also consider things on a micro scale, such as the nature and demands of the individual training sessions that produce the daily TSS values. The composition of your training is just as important as the overall dose, and the usefulness and predictive ability of the Performance Manager depends on the individual workouts being chosen and executed in light of your competition goals. Suppose an elite pursuiter builds her CTL up to the same high level during both a road-focused, intense period of training at Levels 2, 3, and 4 early in the season and a track-focused, intense period of training at Levels 5, 6, and 7 immediately before the national championships. Even after a comparable period of tapering (to achieve the same positive TSB and gain the same amount of freshness), she would still not be expected to perform as well in an actual pursuit early in the season as she would later in the season. Conversely, she would probably perform better in a road time trial early in the season than later in the season because the training she was performing at that time would have been more appropriate, or more specific, for the time trial event. In both cases, however, CTL, ATL, and TSB would be good indicators of training load and adaptation.

When you are in the midst of training hard, it can be difficult to see the forest for the trees. The Performance Manager gives you that 10,000-foot view of the forest, but don’t lose sight of the individual workouts. It is important to note that the impulse-response model has the same limitation. The specificity principle always applies.
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The principles for coaching, training, and the periodization of training really haven’t changed much in decades. The principles that Dr. Tudor Bompa put forth back in 1968 still apply today: You still have to build, taper, and rest in order to create an overload and then allow for an adaptation to that new level of stress. Dr. Eric Banister’s ideas from the 1970s are still useful. The art of coaching is very much alive and well, and cycling coaches still have to rely on all their years of personal experience—from racing, from working with athletes at all levels of skill and ability, and from those gut instincts that also become more accurate over time. What has changed is our ability to accurately quantify training dose and response with the use of a power meter.

The Performance Manager leverages your power data to better predict peaks of fitness, determine when you need to rest in order to prevent overtraining, and improve your chances of being on form at the right time.
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Developing a Power-Based Training Plan

SOMETIMES IN CYCLING, IT’S HARD TO KNOW whether you are indeed improving or if everyone else is just going slower. Now that you have some tools, tips, and tricks for training with power, you can track your progress, and seeing your wattage improve can be quite a motivator for continued hard work. In this chapter you will learn how to develop a training plan based on wattage that will take your fitness to the next level.

Rather than delve into methods and theories about training, we will focus specifically on how to integrate wattage into your training plan. This is a chance to put into practice what we have learned about Power Profiling, the Power Duration Curve, Quadrant Analysis, and more detailed explanations of power-training principles. But first, you must start with the things you know, such as weekly training-time constraints, strengths and weaknesses, and season goals. From these known items, you can begin to fill in the blanks of your training plan—how hard to train, which roads to train on, and whether to do sprints, endurance rides, or hill climbs. The finished product is your blueprint for success.

To illustrate this process, we will look at four different case studies in developing a training plan. Bob Rider, 42, is a fast, masters-age cyclist with good bike-handling skills who is already doing well in the local club rides, but targeting a stage race featuring a significant climb and criterium. Jill Racer, 32, is in the last eight weeks before her peak event, the state championship criterium. Joe TriGuy, 38, is an age-group triathlete with a good foundation of fitness looking to better prepare over the final 12 weeks leading up to his 70.3 event. Bill Masters, 58, is getting ready for an upcoming gran fondo that features a 45-minute climb. We will develop power-based plans that build toward each of these goals, taking into account the unique needs of each athlete. The menu of workouts found in the Appendix complements the training plans and case studies in this chapter, and you might find them useful in shaping your own training plan.

BOB’S 16-WEEK THRESHOLD IMPROVEMENT PLAN

Bob is ambitious and excited about cycling. He has decided to begin racing this season and compete in 10 events. He really wants to do well in a two-day stage race in late May that features a 10-mile time trial and a 25-mile criterium on Saturday, followed by a 50-mile road race on Sunday with a 5-mile climb.

Bob only recently began going on weekly race-training group rides. He has 8 to 12 hours a week to train, including weekends. While he is a decent climber, his time trialing and sprinting skills are lacking compared to other local racers. Bob weighs 155 pounds (70.5 kg), and his current FTP is 268 watts, or 3.8 watts per kilogram (W/kg). His peak 5 seconds is 1,071 watts (15.2 W/kg), his peak 1 minute is 613 watts (8.7 W/kg), and his peak 5 minutes is 366 watts (5.2 W/kg). His Power Profile (Figure 10.1) is a moderately inverted V. He is a good climber and has a good power-to-weight ratio. He also has very good aerobic capacity and VO2max, but he is a relatively poor sprinter, lacking absolute power in short, hard efforts.
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Of the three main body types, Bob could best be characterized as an ectomorph. He has a thin build with relatively small muscles, or a larger percentage of slow-twitch muscle fibers. Comparatively, mesomorphs have a medium build and a relatively even distribution of fast-twitch and slow-twitch muscle fibers; and endomorphs feature a heavier build, a greater percentage of body fat, and mostly fast-twitch muscle fibers.

Bob’s Power Duration Curve (Figure 10.2) is a relatively flat line, which gives us further insight into his capabilities. Because he does not have any big shifts from one energy system to another and he has very good power at 1 and 5 minutes, his phenotype is pursuiter, but it’s likely that with more training he will prove to be a time trialer. This also means that his fatigue resistance in Level 7 is above average, so he can maintain his power all the way out to 18 seconds. However, his peak power at 5 seconds is weak. The power he needs for an explosive snap just isn’t there.
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Bob’s fatigue resistance for Level 6 is also above average. In fact, he has a spike of power between 45 and 60 seconds, but after the 1-minute mark his power drops quickly out to 2 minutes. This could be explained by the simple fact that he doesn’t do many 2-minute intervals or perhaps he has an energy system change just beyond 1 minute. Beyond 2 minutes, Bob’s Power Duration Curve nearly perfectly follows the “very good” line on the Power Profile curve. This is where his fatigue resistance really shines and further proves his natural time trial or steady state abilities.

Bob’s 20-minute average power is in the “good” range, and his 60-minute and 90-minute Normalized Power hit that mark that as well, again demonstrating his excellent fatigue resistance at longer durations. While Bob has a decent aerobic engine, he struggles with intense efforts lasting 10 to 20 minutes, which are characteristic of hard road races and short time trials. Since Bob’s neuromuscular power is lagging at 5 seconds, he will have a hard time handling the bursts of effort that are typical of a criterium. He needs to improve both of these areas to succeed in his upcoming two-day stage race, while maintaining and improving his FTP.

To get a feel for Bob’s pedaling style, we can use Quadrant Analysis. Again, we know Bob is not a big, bulky guy. This, along with his poor fatigue resistance at Level 6, leads us to suspect that he has to spend most of his time in Quadrant IV (high cadence, low force) in order to produce enough watts to compete. The Quadrant Analysis in Figure 10.3 shows one of Bob’s typical race files. As predicted, the largest percentage of his time when pedaling hard was spent in Quadrant IV. Bob lacks the muscular power he would need to spend significantly more time in Quadrant II.
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Now let’s summarize Bob’s strengths and weaknesses.



	
Strengths

Above-average fatigue resistance in Level 5

Good FTP for his category

Good hill climber and time trialist

Very good 5-minute VO2max effort

Very good short-term anaerobic power

Very good endurance from 60-minute to 90-minute average power

	
Weaknesses

Below-average explosive power in Level 7

Below-average fatigue resistance in Level 4

Below-average muscular strength

Poor ability to do intense “on and off”-type efforts.






This summary, along with our understanding of Bob’s goals for the season as stated above, will help us to determine a plan of attack for Bob to optimize his training time.

First, to address Bob’s weakness in high-intensity efforts from 10 to 20 minutes, we will have him do highly focused intervals that are right at his limit for those time periods. The iLevel guidelines will dictate these efforts. Second, to improve Bob’s ability to create more force so that he can improve both his explosive sprints and his time trialing, we will use big-gear power efforts and have him climb some steep hills using a harder gear than he normally would choose. We will also make sure he gets plenty of practice on his time trial bike, mashing a big gear for short periods. Finally, to make sure his FTP continues to improve, we’ll have him do plenty of 30- to 60-minute efforts at FTP. We’ll have Bob begin his plan in early February and take it through his peak event, giving him a complete 16-week program. The plan, overviewed in Table 10.1, includes a rest day every Monday. Rides on Tuesday, Wednesday, and Thursday constitute the meat of the program, and Friday will generally be for Active Recovery (Level 1). Some Fridays will be specific workouts in order to build out three strong workouts on consecutive days. Weekends include a long group ride (or race) on Saturday and a medium-length ride (or race) on Sunday. Bob’s fitness will be built up with the classic “three weeks on, one week off” periodization model, and he can monitor it along the way with his downloads in case a change in direction is needed. His workouts are detailed in the Appendix.
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Weeks 1–4

The first part of Bob’s training program is designed to introduce him to speed changes and also to have him work at threshold. Because Bob has a weakness in his short sprint efforts, we will work on his ability to change speeds. His threshold will be another area of focus throughout the 16 weeks and on the weekend, even though his FTP is already decent.

Bob will start addressing his limiter of muscular power by incorporating some big-gear work on Friday of Week 2. Let’s take a look at a specific workout (see Appendix, TEMP-W8, p. 309): Bob will begin with 15 minutes of pedaling at 100 rpm, keeping his power at the bottom of Level 2 (Endurance). After warming up, he’ll get his legs ready for the work by hammering out one 5-minute effort right at threshold power. Increasing the intensity in the last 30 seconds to 295 watts will push him over the edge, then he can recover with 5 minutes of easy pedaling, with his watts under 150.

Then, every 5 minutes for the next 60 minutes, Bob will do an effort in the 53:13 gear for 20 seconds, trying to hold 425–535 watts and pushing this big gear. Staying seated the entire 20-second effort, he’ll try to jump hard into it and get it going as fast as he can. This effort is aimed at developing neuromuscular power. Bob’s cadence will start low and get faster with each second, so he should focus on pushing hard on the pedals and being as smooth as possible. Between efforts, he’ll ride 5 minutes easy, with his cadence in the 90–100 rpm range, and wattage around 150–200. To cool down, Bob will ride 10–20 minutes in the small ring, spinning at 95–100 rpm with watts under 150.

As you can see, regulating his effort specifically with watts in mind will allow Bob to get the most out of this workout and also keep him from overdoing the short bursts and undermining his upcoming workouts.

The weekends are critical for training because they allow Bob to get in a longer ride and improve his overall aerobic fitness. Although Bob isn’t a weekend warrior, he also has to take advantage of the additional time in order to build more stamina in his legs. At the end of this first 4-week cycle, he will need a rest week to recharge and allow his body to adapt. Then he can come back stronger than ever for the next block of training.

Weeks 5–8

Bob starts this block with some intensity to improve his anaerobic capacity and increase the length of his threshold power intervals. By Week 6, Bob is ready for a sprint workout and also a time trial workout to focus on improving his snap and his power at VO2max.

Thursday workouts change depending on what type of training happens Tuesday and Wednesday as well as what is planned for Saturday. In general, there is no set pattern to Thursdays. Sometimes Bob will be resting on Thursday in order to recover from the two previous workouts and prepare for Saturday. Other Thursdays, he’ll get in a strong workout, either because he had an easier day on Wednesday or because he is doing a three-day block of training.

Let’s take a look at Bob’s time trial workout on Thursday of Week 6 (see Appendix, VO2-W1, p. 326). He’ll begin the 1.5-hour ride with 15 minutes at Level 2 (Endurance) pace, with his power at 150–200 watts, pedaling smoothly at a self-selected cadence. After the warm-up come six mock time trials. Each one will be 6 minutes long but will reach only 96–102 percent of his FTP (255–275 watts). Bob will start out strong, but not too fast, as he’ll need to pace himself in these efforts, and then hold to his wattage goal. These time trials target pacing and require solid work at threshold power, which develops a solid, powerful rhythm. He will ride these intervals fast without hammering at max pace. Between efforts Bob will rest at least 6–8 minutes with his watts below 150. The final 15 minutes are a cooldown, below 200 watts.

The weekend rides get progressively longer, gently increasing Bob’s endurance. There is some focused threshold work in Week 7 on Tuesday and Wednesday involving multiple intervals at FTP, and by the end of the week he will be ready for a rest week.

Weeks 9–12

This block of training starts with a testing protocol to see how much Bob’s threshold has improved. It may be time to increase his threshold power number in the software and adjust his workouts accordingly. The threshold test needs to happen when he’s still fresh from his rest week; with eight weeks to go before his big event, an accurate threshold power is critical. This testing protocol does not have to be done monthly; however, it is important to do this test at least once every eight weeks.

The testing protocol does not just look at threshold power. Also test the four Power Profile time periods and update your Power Profile chart accordingly. The testing protocol is a great workout in and of itself, so Bob will not be losing anything by completing it.

To begin the testing protocol (see Appendix, TEST, p. 341), Bob starts with a 15-minute warm-up, followed by three fast 1-minute efforts at 100 rpm, with 1 minute between efforts. These intervals help open up his legs and finish warming up his muscles. Next up, Bob will ride for 3 minutes easy at less than 180 watts. Then he’ll go for it—doing one 5-minute all-out effort. He’ll punch it as hard as he can and hold the highest watts he can for the 5 minutes. He will need to avoid starting out too hard. Now he’ll ride 10 minutes easy at less than 180 watts. These next efforts test his anaerobic capacity: two 1-minute efforts, with 5 minutes between efforts. Bob should be out of the saddle and accelerating hard up to speed, and then really pushing until the end of the minute. After the second effort, he’ll do 5 minutes easy at watts less than 180.

Bob will finish the short tests with a test of his neuromuscular power, or sprinting ability, doing three 20-second “super jumps.” For these, he should jump as hard as he can out of the saddle and then sprint for 20 seconds, as if he were about to win a race. We will take the best 5 seconds, but to get that segment he needs to do the full 20 seconds of effort and make sure he gives it his all. He should rest for 3 minutes between efforts with very easy pedaling (less than 120 watts), then ride easy for 10 minutes at 150–200 watts, and finally complete a 20-minute time trial. At this point, he should try to produce the best average watts he can for the entire 20 minutes. If he starts out too hard, he’ll blow up in the first 5 minutes, but it’s important for him to give it his all, focus, and push hard. After this, he should cool down for 15–30 minutes of easy pedaling (around 160 watts).

Bob should start to race on the weekends and work on more race-specific efforts. Threshold power work will continue on the weekends, both in long training rides and in races. This block is the most important segment for building muscular endurance and overall aerobic endurance; therefore, the weekend rides, if not races, are much longer and intense than before. Bob should again be ready for a rest week in Week 12, as his chronic training load is really starting to build up now.

Weeks 13–16

This is the final block leading up to Bob’s race weekend. Week 13 starts out with three hard days in a row to take advantage of being fresh and to get in some high-quality work. At the end of the week, Bob will do a practice 20 km time trial in order to get his gear and his position dialed in, and to experience the sheer intensity of a 20 km flat-out time trial effort. This will be an important test, as up to this point Bob hasn’t done any threshold work over 20 minutes, and he hasn’t done such work in his time trial position, either.

Week 14 is another tough stretch of training and racing. Bob should do a hard Anaerobic Capacity workout on Wednesday, and either two days of racing on the weekend or two hard training rides. The week preceding Bob’s key event is a rest week that allows him to rebuild his muscle glycogen stores, rid his body of any residual muscle soreness, and make sure that he comes into his big weekend with plenty of enthusiasm for the event. It’s absolutely essential that Bob not overdo it in this week. If he does, he may compromise his finishing position in his key event.

The start of this final week is a great time for Bob to get any work done on his bicycle if it needs maintenance. Waiting until two days before the event to try to change old, worn-out parts is a sure sign of a beginner. Bob should take care of any mechanical issues on the Monday of Week 16. After a few days of rest, Bob should shake out the cobwebs, getting in a solid race tune-up (for his body, not his bike) on the day before his event. This is a critical workout and will help to prepare his muscular and cardiovascular systems for some intense work the next day.

The tune-up is a simple yet effective workout (see Appendix, RACE-W2, p. 342). Bob will ride 1.5 hours at upper Level 2, Endurance pace (175–200 watts), and within this 1.5 hours he will do three hard 1-minute efforts, with at least 5 minutes of easy riding between them. These are random efforts and can be done toward the beginning, middle, or end of the ride on hills or a flat road. The key is to really push hard in order to prepare the legs for the next day’s event. It is also critical that Bob do three hard 30-second sprints on this ride, starting out of the saddle and sprinting for at least 15 seconds, then settling back into the saddle and driving the bike to the line for the full 30 seconds. Therefore, he should rest with 5 minutes easy pedaling at Endurance pace between the sprints. As with the 1-minute intervals, these can be done at any time during the ride, as long as he groups them together. It is important that he leave at least 15 minutes of easy recovery riding before finishing for the day.

By the end of this training period, Bob should have improved his muscular power and endurance so that when it comes time to hit Level 4 and 5 efforts, he can maintain it for a longer period of time. Along with increasing his FTP, Bob has become a more complete cyclist and should easily be able to handle any racing situation.

JILL’S 8-WEEK PEAK PERFORMANCE PLAN

Jill has been racing for five years, narrowly missing a win at the state championship criterium. While she is regularly in the breakaway at the finish, she gets edged out by her archrival in the final sprint. She is determined to win this year.

Jill has about 8 to 12 hours a week to train. She weighs 130 pounds (59.1 kg), and her current FTP is 221 watts, or 3.74 watts per kilogram. Her best 5 seconds is 956 watts, her best 1 minute is 452 watts, and her best 5 minutes is 260 watts, which makes Jill’s Power Profile (Figure 10.4) relatively flat across all four durations. These stats, coupled with her excellent bike-handling skills, make Jill a solid all-rounder.
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Jill’s Power Duration Curve (Figure 10.5) offers some clues on how to change her training for the better. Notice where the curve crosses different category lines—these are areas where Jill faces a limiter.
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Jill has a decent sprint that lands her just barely in the “excellent” category. Her Power Duration Curve drops rather dramatically until around 25 seconds. Jill has a solid anaerobic capacity, as evidenced by her mean maximal power line “bump” above the Power Duration Curve from 26 seconds to nearly 2 minutes, which again enters the “very good” category. The fall-off from 5 to 28 seconds highlights an area of poor fatigue resistance and a limiter in terms of her unique physiology. Her power output drops from 956 watts to 509 watts, so it’s clear that she lacks in fatigue resistance in a long sprint. Of course increasing her total maximum wattage output would help in winning a sprint, and that needs to be addressed as well.

We know that Anaerobic Capacity or Level 6 is largely comprised of efforts lasting between 30 seconds and 2 minutes, so looking at Jill’s curve we can see that her anaerobic capacity is very good because it continues to rise from 26 seconds to about 1 minute, 30 seconds, at which point she most likely shifts to relying on predominantly aerobic energy production.

Since we are trying to get a better understanding of Jill’s anaerobic capacity, we’ll examine her power file from an Anaerobic Capacity workout and compare that with a criterium race file (see Figure 10.6). In the criterium, Jill spent most of her time in Quadrant IV, but in the training ride she spent most of her time in Quadrants II and III. These two rides represent distinctly different ways to create wattage. This demonstrates that Jill is not mimicking the demands of racing when she trains. This could be why her Level 7 power consistently drops off abruptly at 1:30.
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When we consider these plots along with the Power Duration Curve for the Level 6 time frame, the only explanation that fits is that Jill’s fast-twitch muscle fibers fatigue quickly. If Jill extends an effort to 1 minute or more, she has to increase her cadence in order to maintain a high wattage (and the wattage still drops off dramatically).

In scenarios like this two principles apply: (1) From an exercise physiological standpoint, the athlete needs to train the ability to pedal at 105 rpm for the 1 to 2 minutes and/or improve in neuromuscular power, so that he or she does not experience excessive fatigue after 30 seconds; and (2) it can be hard for an athlete to pace himself or herself correctly in a race situation, since it is a “make-or-break” effort, so it is important to train one’s pacing skills. If Jill learns to pace herself, she could get a side benefit: improving her power in the 1- to 2-minute time period. She could do an Anaerobic Capacity workout (AC-W8 in the Appendix, p. 332) to achieve this, as it challenges her to reduce her overall output while maintaining a high wattage for as long as she can. When she can’t maintain this, then she stops the effort, recovers, and goes again.

We would also want to investigate Jill’s gear selection, particularly while sprinting, and possibly her sprinting technique as well. It’s possible that she can improve her sprint with more practice in both the technique and wattage output areas.

Since Jill’s primary goal is to win the state criterium championship, and she has come close so many times, we will take a three-pronged approach. First, we will improve Jill’s neuromuscular power so that she can have a more explosive sprint and be able to hold that intensity a little longer. This will involve sprint workouts and big-gear intervals at least two times a week.

Second, we will improve Jill’s anaerobic capacity to eliminate some of the excessive fatigue she has in Level 6. She will do at least one workout each week that will focus on increasing her overall wattages at Level 6 while continuing to improve her “repeatability.”

Third, we will work on improving Jill’s FTP to see if we can eliminate the need to sprint in the finish. It would be great if she could just ride away and win the race solo! This will require at least two workouts a week (one could be a race on the weekend) that emphasize both Sweet Spot and Threshold intervals from 10 to 20 minutes long.

We’ll have Jill begin her plan in early April and take it through her peak event, which is the first weekend in June, giving her a complete 8-week program. The plan, described in Table 10.2, has a general pattern that is similar to the one used for Bob’s plan. Jill will have a rest day every Monday. Her Tuesday, Wednesday, and Thursday workouts are the meat of the program, and Friday will generally be for Active Recovery (Level 1), although sometimes Jill will do specific workouts on Friday in order to build three strong workouts on consecutive days. The weekend will include a long group ride (or race) on Saturday and a medium-length ride (or race) on Sunday. We’ll build up her fitness to a crescendo with 3 hard weeks, then 1 rest week followed by 2 final hard weeks, and a final 2-week taper period. All of her power workouts can be found in the Appendix using the codes from Table 10.2.
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Strengths

Moderate to very good at Levels 2, 3, 4, 5

Excellent breakaways

Very good FTP compared to category

Good steady-state riding (time trialing could be a strength with more training)

Excellent bike-handling skills

	
Weaknesses

Below-average power output in Level 7

Extreme fatigue in shorter efforts

Poor fatigue resistance in her sprint

Possible technique issues with sprinting




Weeks 1–4

The first 4 weeks of Jill’s plan build a powerful foundation of overall fitness. In the last 4 weeks of the plan she will focus on specific efforts. Week 1 emphasizes threshold work, with a long, solid ride on Saturday to get in some “overdistance,” to help aerobic development. The key workout is the Lactate Threshold Crisscross workout (see Workout LT-W9 in the Appendix, p. 320).

In this workout, Jill will use subthreshold intervals to improve her threshold. To understand the effect of this kind of workout, visualize a bathtub filled about three-quarters full, with the drain open. Every two minutes you will turn on the fire hose and fill the water level to its maximum capacity, stopping the hose just before water floods the bathroom floor. Let the water drain back down to three-quarters full, and then turn on the fire hose again. Unlike the tub, which will only let water drain at a constant speed, the body will (over time) begin to shed the fatigue from the high-capacity effort faster, therefore improving the rider’s threshold. In other words, this workout can help to improve the size of your drain.

After a 15-minute warm-up and some fast pedaling intervals, Jill will begin the crisscross intervals, each of which will be 20 minutes in total. The crisscross interval begins at close to 90 percent of FTP. After 2 minutes, Jill will pop it up to 120 percent of FTP for 30 seconds, and then recover back to the initial pace, 85–90 percent of FTP, being careful not to let power drop below 85 percent in her 5-minute recovery leading up to the next 30-second effort at 120 percent. Jill will recover for 10 minutes after both crisscross intervals and finish with some VO2max efforts and a cooldown.

Week 2 sharpens Jill’s fitness with a focus on shorter, more intense workouts, including a sprint workout early in the week, a critical Anaerobic Capacity workout on Thursday (see Workout AC-W3 in the Appendix, p. 330), and a very tough “race-winning” interval workout on Friday.

The goal of Thursday’s workout is to improve Jill’s ability to go hard and recover quickly. Jill will use the guidelines in Table 5.1 to know exactly when to stop doing intervals, but she will plan to do at least eight repeats. After a standard warm-up, Jill will adjust her power meter so she can view the average power in interval mode. She will begin her 2-minute intervals riding as hard as she can, pushing her average watts all the way to the end. Her goal will be an average that is over 130 percent of FTP. Jill will stop the intervals when she falls below 118 percent of FTP. After recovery (taking more than the recommended 2 minutes, if needed), Jill will finish with some hard 1-minute efforts where she pushes that average over 140 percent of FTP. She will do all three intervals unless her power fails to exceed 120 percent of FTP, and then cool down. If Jill can’t achieve 120 percent on the first interval, then she should just skip this workout, ride easy for another 30 minutes and call it a day.

Week 3 is the final hard week prior to a recovery week. The Anaerobic Capacity workout and the VO2max workout on Tuesday and Wednesday, respectively, are definite “must-do” workouts. On the weekend there are two workouts emphasizing Level 3, Tempo. The key Level 5, VO2max workout on Wednesday deals with what we call “race-winning intervals” and is designed to simulate making an attack to win the race.

After a sensible warm-up, each effort begins with a 30-second sprint (15 seconds out of the saddle) in which Jill averages approximately 200 percent of her threshold wattage with a peak of at least 300 percent. She then rides for 3 minutes at 100–104 percent of her threshold wattage and finishes with an out-of-the-saddle 10-second burst, trying to reach 200 percent of her threshold wattage. She’ll rest for 5–6 minutes between efforts and cool down for 15 minutes at Level 2.

In Week 3 of the training plan we included alternate plans for Jill to follow if she has a race on the weekend. Plan A is the plan Jill will follow if her race is on Saturday, while Plan B is the one she will use if the race is on Sunday. If she is just training through the weekend, she will follow Plan C.

The Level 3 Tempo ride on Sunday (Plan C, if she’s not racing on the weekend) combines solid Tempo work with some Sweet Spot and VO2max work. The goal of this ride is to improve Jill’s endurance so that her muscles have the stamina for up to 3 hours of aggressive riding. She’ll ride for at least 3 hours total, with the majority of the ride at between 76 and 90 percent of her FTP. Within this ride, she’ll try for two efforts lasting 20 minutes at 88–93 percent of her FTP. If this is too tough for her right now, then she will start out with three 10-minute efforts, then go on to four 10-minute efforts, then three 15-minute efforts, and finally the two 20-minute efforts. In the second hour she will add four 3-minute efforts at VO2max watts (250–255 watts), with 3 minutes of rest between efforts and a final cooldown of 15 minutes.

Week 4, though not very glamorous, is an extremely important part of the plan. If Jill doesn’t rest during this week, she won’t reap the benefits of her hard work in the previous 3 weeks, and she won’t recover enough from them to train optimally for the next 2. Jill will ride her bike this week, but when she does, she will ride easy. And when she rides easy, she must ride really easy, keeping her watts under 62 percent of her FTP—no speeding over 14 mph on a flat road.

Riding really easy is tough for many people. Too many of us ride at Endurance pace when we should actually be riding even easier. During Week 4, Jill will limit her riding to less than 2 hours per day, with her rides during the week lasting only an hour and 15 minutes. A rest week means that you also rest completely on some days, and Jill will relax around the house on Monday, Wednesday, and Sunday.





HOW TO ADJUST YOUR TRAINING PROGRAM FOR RACING

How do you know whether to use Plan A, Plan B, or Plan C? And what exactly is the flow of the workouts in each plan? Here are some guidelines:

    •  If you are racing on Saturday/Plan A: Thursday should be an easy ride to give yourself a rest two days before your race. Friday will be a tune-up workout to prep your legs for the hard effort on race day.

    •  If you are racing on Sunday/Plan B: Thursday will be an Endurance ride. Don’t overdo it, but include some short bursts to keep your legs sharp. Friday will be an Active Recovery day and Saturday is the tune-up day to get your legs prepped for the race.

    •  If you are not racing/Plan C: Thursday will be an Endurance ride, with some short bursts to keep the legs sharp. Friday is for Active Recovery riding and Saturday is a solid Tempo ride with some shorter efforts. Sunday is the great Level 3 Tempo ride (in Jill’s case, TEMP-W10).






Weeks 5–8

Jill is back to training with a vengeance during Week 5, with double workouts on Tuesday, a VO2max workout on Wednesday, FTP work on Thursday, and a big 5-hour ride on Sunday—the longest ride in the entire training block.

Let’s take a closer look at Jill’s FTP workout (Workout LT-W4). After warming up, Jill will ride two 20-minute intervals at FTP, with 10 minutes to recover in between. Then she will begin a Tempo effort for 20–30 minutes with twenty 10-second bursts, riding out of the saddle and pushing her cadence to 110 rpm. She will attempt to shift only one gear, and she will rest for 50 seconds between the bursts. The workout will end with three 5-minute all-out intervals. As long as Jill keeps her power above 106 percent of FTP, she will reap the benefits.

Week 6 is the last hard week of Jill’s training plan and features a combination of VO2max work, to help bring on the peak of fitness, with some shorter but very intense threshold intervals. Thursday’s workout is a critical one to help bring on this peak of fitness and starts with a 20-minute warm-up, followed by five 1-minute fast pedaling efforts with 1 minute of rest between efforts. This prepares the muscles for the intensity of the next segment, which contains five 6-minute efforts at 240–255 watts. Jill pretends she is doing a time trial and really pushes hard for the entire 6 minutes at her self-selected cadence, resting for 5 minutes between efforts. She finishes with 20 minutes of Tempo riding (175–200 watts) and cools down for 15 minutes.

Saturday’s ride is one of Hunter’s favorites, as it provides a bit of everything in terms of training in each system (see Workout WATTS-W5). This ride is around 4 hours long. The majority of the ride is in Level 2, but in the last 45 minutes Jill will be pushing at the Sweet Spot we talked about in Chapter 5. After a long warm-up, she will begin the first of two 20-minute intervals at just below threshold. These will be hard intervals and she will have to push it to maintain power, recovering for 10 minutes between the intervals. Jill will cruise for 30 minutes and then begin sprints: three in the small ring from a slow speed, spinning the gear, and three in the big ring from about 20 mph (300 m) and getting the 53:13 going. She will rest for 5 minutes between sprints. Then she will cruise for another 30 minutes or so.

Next, Jill will begin five hill repeats, riding multiple hills of different lengths. She will ride at VO2max pace with good solid rests between intervals. Jill then will ride at Endurance pace for 30 minutes and do a short burst every 5 minutes, getting her cadence to 110 rpm for 20–30 seconds. With an hour to go, she will stop for some sugar and caffeine (soda or an energy drink). For the last 45 minutes she will push it in the Sweet Spot. After her cooldown, it’s important that Jill stretch to speed her recovery in the days that follow.

Hunter strongly believes in a rest week before the final week leading up to a big event, as this allows the athlete to become rested for the race. With a good result the weekend before her peak, Jill will go into her peak event with loads of confidence, and form plus confidence is always a winning combination. Week 7 is therefore very similar to Week 4, with the addition of a couple of workouts on the weekend. On Saturday she will do a relatively short Endurance ride of 2.5 hours, and on Sunday, an intense, shorter interval workout designed to put the finishing touches on her anaerobic capacity (see VO2-W5 in the Appendix). It starts with a 15-minute warm-up and four 1-minute fast pedaling intervals with a cadence of over 100 rpm. She won’t worry too much about wattage but will focus more on cadence and pedaling smoothly. During a short (5-minute), easy spin, Jill mentally prepares herself for the next efforts, which are intense. For these six 2-minute efforts, she will ride as hard as she can, trying to average over 300 watts (135 percent of FTP).

The goal is to go very hard, but to still pace herself so that she will just explode in the last 10 seconds. Jill will take a short rest (2 minutes) between intervals and finish with one 6-minute time trial simulation in order to max out her VO2max system. She’ll then cool down for 15 minutes and stretch afterward to help get the recovery process going.

The final week in Jill’s plan is a tune-up week starting off with an Anaerobic Capacity workout on Tuesday and a critical race-winning workout on Wednesday. Tuesday’s workout is similar to the previous Anaerobic Capacity workout from Tuesday of Week 5, but this time with fewer intervals (see AC-W6 in the Appendix). There is no need for her to overdo it here, but the intensity will keep her legs prepped for the weekend. After a nice 15-minute warm-up, she will do three 2-minute efforts, striving for wattages similar to those of her previous Anaerobic Capacity workout (she’ll review her power file from that workout to give herself a goal for the day). After the three efforts, Jill will ride for 5 minutes at an easy Endurance pace and then do three 1-minute efforts, striving for 330 watts (150 percent of FTP) with 1 minute of rest between. She will finish with three 30-second efforts at 200 percent of her FTP. A nice cooldown and stretching routine afterward will help her legs to recover and keep them supple for the weekend’s peak.

The last couple of days before the state championship criterium must be easy days. Those final days are key to making sure that Jill is both fresh and rested, but also not becoming stale from too much rest. Her legs should be twitching with energy and ready to go off the front and win solo, in a break or in a sprint.

JOE TRIGUY’S 12-WEEK 70.3 TRIATHLON PLAN

Joe TriGuy is training for a hilly half-Ironman triathlon. Having competed in triathlons for two years now, he has made some improvements and decided that he wants to place in the top 10 of his age group. He has a decent foundation of fitness and very good endurance, so he’s not concerned about the overall distance. Joe is a good swimmer and runner, but he needs to work on his bike leg, so he bought a power meter and is ready to start training with power. He wants to improve his climbing ability, specifically on short hills. Joe weighs 180 pounds (81.8 kg), and his current FTP is 270 watts (3.3 W/kg). His best 5 seconds is 780 watts, his best 1 minute is 417 watts, and his best 5 minutes is 320 watts, which makes Joe’s Power Profile (see Figure 10.7) upward sloping to the right: a classic triathlete, steady-state rider, and time trialist.
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Joe’s Power Duration Curve (see Figure 10.8) reveals that he has a relatively flat curve. In order to improve his ability to ride short hills and recover quickly, he’ll need to improve both his anaerobic capacity and VO2max. Of course, improving his FTP will be a key factor in his overall success on the bike, so he’ll need to put in a significant amount of work there as well. As we take a closer look at his Power Duration Curve, we notice Neuromuscular/Level 7 power falls below “novice” until he reaches 1 minute, and then it begins to flatten out. Since Joe has only ever trained for triathlons, it could be that he hasn’t done any sprints on his bike, as he has only a triathlon bike, which makes sprinting hard. His focus is completely on triathlon, so even though this might be a weakness, it doesn’t make sense to try and improve it or even spend time training at Level 7. His training time is better spent elsewhere, like FTP. However, with a poor anaerobic ability from 30 seconds to 2 minutes, Joe will need to raise this part of the curve upward and to the right in order to better handle the hills in his event. Triathlon is predominantly a slow-twitch, steady-state affair that is dominated by athletes with fewer fast-twitch fibers. Joe has picked his sport well, but when there are many small hills in a triathlon, riding over them at the correct intensity and recovering back to the previous pace is critical for success. This is why he still needs to improve his anaerobic capacity and VO2max power, as the more trained these are, the less he’ll have to use them so he saves energy for the run. It almost seems counterintuitive, but in reality it’s the correct solution.
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The rest of Joe’s Power Duration Curve is flat out to an hour and then gently slopes downward. As Joe trains longer and longer distances for his 70.3, we suspect that his curve will become even flatter from 1 hour to 5 hours. He needs to continue working on his FTP and his stamina, the ability to maintain power after 1 hour.

Many triathletes pedal too slow in a big gear, an idea we will look more closely at in Chapter 12. Spending power in Quadrant II on the bike leg is a surefire way to deplete muscle glycogen and have a poor run. Joe’s quadrant analysis during both a recent workout and a race (Figure 10.9) shows that Joe pedals with less force and higher cadence, which is the perfect strategy to conserve precious glycogen in the leg muscles.
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Strengths

Good steady state power

Very good endurance

Good FTP for a guy his size

Very good swimmer

Very good runner

	
Weaknesses

Low power output at Neuromuscular Power

Low power output at Anaerobic Capacity

Low power output at VO2max




Joe’s training plan will definitely need to develop his anaerobic and VO2max efforts, and also improve his FTP. Balancing this with his ongoing swim and run workouts is the real trick. Joe will need to do some type of anaerobic or VO2max work every week to be ready for that hilly 70.3. Rather than doing race-specific anaerobic or VO2max intervals, his workouts will be geared toward improving his abilities in these key energy systems to set him up for a top performance. On the weekends he will increase his distance to ensure he has enough endurance and stamina to run at his goal pace after a demanding bike leg. He will ride upward of 4–5 hours on a few weekends to get in the overdistance he needs to increase his stamina—that is, the ability to produce and sustain power for longer than 2 hours. This will have the added benefit of enhancing his endurance, which will also translate to his swim and run.

Joe will begin his plan 12 weeks out from his goal event, so he’ll start in the beginning of April to peak the first week of July. The plan described in Table 10.3 features 2–3 swims, 3–4 bike workouts, and 3–4 runs per week. The mix will change based on the emphasis for the week, but even though Joe is focused on improving his bike leg, his swim and run workouts are just as important. We’ll have Joe do an easier week of training in weeks 4, 7, and 12 (taper week). Here we will just summarize the bike workouts, but Joe’s swim and run workouts can be found in the Appendix.
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Weeks 1–4

Week 1 is designed to get Joe used to higher tempo (Sweet Spot) workouts with two workouts this week and a brick (bike-run) workout on the weekend. These rides are not very long so as to accommodate Joe’s swim and run workouts, but this first week gets Joe started with structured workouts. In Week 2, we will begin to ramp up the intensity with testing to find his baseline fitness in swimming (Tuesday), cycling (Wednesday), and running (Saturday). The testing on Day 3 on the bike will be tough; he’ll test both his 5-minute VO2max power and his 20-minute effort. He’ll take 5 percent off his 20-minute average power and use that as his FTP for the rest of the plan. The 5-minute test is critical because it helps to exhaust his FRC and therefore make his 20-minute test (less 5 percent) more accurate as an estimation of FTP. At the same time this is a great measure of his VO2max power, which could be higher than the Coggan Classic levels of 106–120 percent of FTP. If Joe does a great 5-minute test and cranks out 150 percent of his FTP, then he’ll want to use the iLevels as the basis for his training. Pacing is important in both of these tests. Joe needs to hold himself back a little in the first 2 minutes of the 20-minute test in order to do his best effort and average the highest wattage he can. Week 3 training starts with an Anaerobic Capacity workout on Wednesday, followed by an FTP workout on Friday, then a 4.5-hour Tempo ride on Sunday. Combined with his “hour of power” run on Saturday, an easier week is in order. In Week 4 intensity and time are reduced to give him the time to recover for the next block of training.

Weeks 5–8

Joe has to get back to work this week, starting with a great VO2max workout on Wednesday to really stretch his limits and force him to push harder than he has in the past. He will need to nail the wattages on each of the 3-minute and 2-minute efforts to exhaust both his VO2max and anaerobic capacity systems. This combination workout includes both VO2max and AC work, with the AC work coming at the end, which is not usually the case, as the most intense work is usually done at the beginning of the workout while the rider is still fresh. However, this workout is designed to build Joe’s fatigue resistance so that he’ll be able to handle a series of hard hills in his upcoming triathlon. The VO2max work will also help to lift his FTP. The 3-minute intervals will require careful pacing, most likely between 115–120 percent of Joe’s FTP, while the 2-minute intervals also need pacing, Joe will aim for a target of 135 percent of his FTP on each of these. Even if he drops below 135 percent, he still needs to complete all four of the intervals in order to create the training stress he needs to improve. On the weekend, he’s got another tough run and swim on Saturday, followed by his first “kitchen sink” workout (so-named because we throw everything into them!) on Sunday, with 4.5 hours in the saddle. He should finish tired, having fully exhausted his energy systems. If his muscles begin to twitch and threaten to cramp toward the end of the ride, he will know he has pushed his body to the max during a great workout. Exhausting muscular endurance without damaging muscles will produce some of the greatest adaptations to training.

Week 6 maintains swim and run fitness and includes a key FTP workout on Wednesday. On Sunday he will do a longer Endurance ride (4.5 hours), by which point he might be able to see some early improvements in his overall fitness. Week 7 is an easier week again—a strategic decision to give him some freshness so that he can really push hard for the final 4 weeks.

Week 8 is back to the grindstone, with a tough Anaerobic Capacity workout made up of 18 intervals—it’s one of Hunter’s favorites. Doing three sets of six intervals makes the work feel more manageable, and when it’s done it should be a great mental breakthrough and confidence builder for Joe. The first time you look at this workout, it appears nearly impossible, but once you start it, you find out that you can do the first set of 6 intervals, and then you decide you should at least try the second set of intervals, and once you complete those, caution is thrown to the wind and you decide to go for it on the last set of 6. In the end, you are surprised that you completed them all and usually declare, “That wasn’t so bad!” This AC workout is another that helps Joe to keep improving his fatigue resistance and prepare him to be a well-rounded triathlete. On Friday Joe will turn his focus to FTP work, especially riding in his aerobars and pushing each interval to the limit. His Sunday ride includes riding at Tempo and Sweet Spot, getting another solid 4.5 hours in his legs.

Weeks 9–12

The final four weeks in the plan solidify Joe’s FTP, general endurance, and ability to go hard and recover quickly. Week 9 contains FTP work on Wednesday to continue to stretch Joe’s limits and also act as a nice test of where his FTP stands. If he easily completes these intervals at the prescribed wattages, then it’s time to raise his FTP and adjust his training zones accordingly. Friday will include a solid Tempo workout and then another brick workout on Sunday that includes a tough kitchen sink progression followed by a run to ensure Joe has the necessary cardiovascular adaptations needed for his race.

Week 10 is focused on intensity in all three sports, pushing Joe to the edge of what he can do. On Tuesday this entails hill repeats on his run followed by a tough swim, and then a long swim on Thursday. On Friday, he will put in a solid VO2max workout, designed to teach him pacing. This workout contains two sets of 5 × 3 minute intervals done at 106 percent of FTP to ensure he’s pushing hard and learning to pace himself in these short intervals and recover quickly. Saturday will be a three-sport day to serve as a short triathlon simulation.

Week 11 is his final chance to sharpen the blade a little more. Joe will need to log some Tempo work on Wednesday, riding for a full hour at his Sweet Spot. Friday is a classic 2 × 20 minutes at FTP to test his baseline one more time. This ride will also mix in some VO2max intervals to push him to the edge of exhaustion. FTP can be raised with VO2max work and doing work at the lower levels of that system makes for an effective challenge while increasing the time spent near FTP. The weekend workouts aren’t overly tough, wrapping up a solid week of training.

The final week of the plan, Week 12, is a taper to give Joe the freshness he needs for the event. He will take two rest days on Monday and Tuesday, and then enjoy some easy swims, rides, and runs for the remainder of the week. Coming into the event Joe should have just the right amount of freshness without feeling stale—the sluggish, heavy-leg feeling that can result from coming off a hard training plan. He will focus on putting in some quality workouts later in the week so he’s ready to compete at his best. With a comprehensive 12-week training program that takes into account his strengths and weaknesses along with the demands of the course, Joe will have an improved FTP, better ability to handle short hard hills without fatiguing, and the energy stores he needs for that personal best run.

BILL MASTERS’S 12-WEEK GRAN FONDO PLAN

Bill Masters is preparing for a tough gran fondo event that will include three significant climbs over the 80-mile (128 km) course. Bill is concerned about having enough endurance for the event, which is likely to take him at least 5 hours to finish. He also hopes to keep up with his buddies by riding at a solid Tempo pace over the climbs (which he is estimating at 45, 30, and 18 minutes in duration). Bill has between 6 and 9 hours a week to train, and it’s difficult for him to get in more than 3 hours in during a weekend, although with advance planning he can do a long ride twice a month. He is a decent climber with good bike-handling skills, so the descents shouldn’t be a problem.

Bill weighs 150 pounds (68.2 kg) and his current FTP is 235 watts (3.45 W/kg). His peak 5 seconds is 803 watts (11.8 W/kg), 1 minute is 381 watts (5.6 W/kg), and his peak 5 minutes is 261 watts (3.8 W/kg). The resulting Power Profile slopes modestly to the right, consistent with that of a steady state/climber/time trialist—Bill’s 5-minute and 20-minute power are definitely his strengths. He just doesn’t have a good enough sprint or 1-minute power output to be considered an all-rounder.

Bill’s Power Profile (see Figure 10.10) is very similar to Joe TriGuy’s, although he has a better sprint and Level 7 Neuromuscular Power than Joe. In Bill’s case, VO2max and FTP are strengths. While he does have a sprint, it’s nothing to write home about. A long ride with lots of climbing is well suited to his strengths. The higher his FTP, the faster he will ride over the mountains and the fitter he’ll be, giving him confidence that he can finish the ride with his buddies at a quick pace.
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Bill’s strength lies in his 5-minute VO2max and FTP efforts. His Power Duration Curve (not shown here) bumps up from 5 to 20 minutes. This is promising and will be one of the first areas to train with more consistency and focus. Because Bill participates in other events that are shorter and more dynamic, it will serve his interests to become more of an all-rounder. To achieve this we will also address Anaerobic Capacity (Level 6) and Neuromuscular Power (Level 7).

Bill professes to be a good climber, but we need to take a look at one of his climbs with the Quadrant Analysis tool to see how he generates power when climbing and whether there is anything that could make his climbing even better.

In Figure 10.11 we see that even though Bill is a relatively light guy, he can create power in Quadrant II, which requires a lot of force. Lighter riders typically need larger gears to create the wattage through higher rpm, but Bill spent 40 percent of the Gavia Climb in Quadrant II, and 53 percent in Quadrant III, so it’s clear that he applies more force at lower cadences when climbing. This is perfectly fine for a single climb where he will be able to recover afterward or for a climb at the end of a ride, but it might be too taxing for a multi-climb ride like the gran fondo he is preparing for. He will need to work on pushing his cadence into the upper 70s and 80s when climbing to shift some of the load from his muscular system to his cardiovascular system.
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The WAC (Williams, Allen, Coggan) score chart is a tool that assigns the rider a score for all time durations against the world’s best and then adjusts the score to account for age. It’s essentially a variation on the Power Profile chart that captures how a rider compares against the world’s best both in the pro ranks and in their age category. Bill’s peak WAC score is a 74 against his peers at 22:48, which means he performs at 74 percent of the world champion’s best wattage for that same time duration. Figure 10.12 shows that Bill has some reason for concern regarding his endurance, as he drops off by 43 percent at 5 hours. Endurance will be critical to a successful performance in this challenging gran fondo.
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Strengths

Good Level 5 and 4 power for his category and age

Good climber with ability to use more force when climbing

Solid bike-handling skills

	
Weaknesses

Poor Level 7 and 6 power

Lackluster sprints due to poor Level 2 and 3 power




Now that we know Bill’s strengths and weaknesses, along with the demands of his upcoming event, we can map the training he will need for his mountainous gran fondo event.

Addressing Bill’s lack of endurance is going to be challenging since Bill doesn’t have much time to do long rides. He is committed to doing two rides per month that are five hours or longer. To be successful he will need to ride hard and finish exhausted, otherwise he won’t get the deep fatigue that comes from hard pedaling for hours on end—and the improvements that come with it. Ideally these rides, and his shorter rides, will include substantial amounts of climbing up mountains in order to prepare his low back, neck, and leg muscles for the unique strain brought on by climbing. If Bill can ride these climbs at either Sweet Spot or FTP for 10, 15, 20 minutes and longer, it will be the perfect stimulus to boost his FTP.

Bill will need to begin his plan 12 weeks out from his gran fondo to allow ample time to improve. The plan, described in Table 10.4, follows the same basic pattern used for Bob Rider’s training plan with a rest day on Monday, and workouts on Tuesday, Wednesday, and Thursday. Fridays are typically easy rides at Active Recovery (Level 1), but there will be a Friday that’s part of a string of three hard days in a row. The weekends will stretch his limits, as will the 5-plus-hour rides that Bill adds in on whichever day best suits him and his family.
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This plan does not follow the classic “three weeks on and one week off” periodization cycle. Bill will push for five weeks and then recover in Week 6. He will train hard in Week 7, and then reduce his workload in Week 8. This plan is designed to apply training stress in a concentrated way and then allow a little more rest in the middle of the plan so that Bill can adapt and reach the next level of fitness in the last four weeks of the plan. Weeks 9, 10, and 11 will continue to challenge him while also targeting further improvements in his FTP and endurance. Week 12 will be a taper week to bring about the freshness needed for a perfect ride at his gran fondo. All of his workouts can be found in the Appendix using the codes from Table 10.4.

Weeks 1–4

Because we know Bill has a decent foundation of fitness heading into the training plan, these first four weeks jump into the intensity right away. Bill has hill repeats on Wednesday, FTP with bursts on Thursday, and then a solid 4-hour Endurance ride with FTP, Tempo, and VO2max mixed in. The goal of Week 1 is to come into the weekend a little fatigued from the hard work throughout the week, and use that fatigue to push Bill even further with the long ride on Saturday or Sunday. In this first week, it’s important to fit in all of the intervals and work. If Bill begins to fail on his intervals in the weekend workouts, he can back off the prescribed intensity as long as he gets in the work. It’s the cumulative training stress that we want this week, not perfectly executed intervals.

Week 2 includes a sprint workout on Tuesday that consists of six small-ring sprints and six big-ring sprints. The small-ring sprints will improve Bill’s explosiveness and the big-ring sprints are designed to improve his fatigue resistance in a longer sprint effort. Depending on whether Bill is racing on the weekend, he can adjust his training plan (as described on p. 195).

Week 3 continues with more intensity and rides to build endurance on the weekend. Given Bill’s limited training time, every minute must be effective and this means sometimes cutting out the fluff in the workout by reducing the warm-up and cooldown times, and even shortening the rest time between intervals. This is fine as long as he is able to hit the prescribed wattages in the intervals.

In Week 4 the focus shifts to improving threshold power. Bill has classic FTP workouts on Tuesday and Wednesday: 2 × 20 minutes at just below FTP with short bursts within the sets. He has another crisscross workout in store for the weekend as well.

Weeks 5–8

Bill has to keep pushing in Week 5 in the lead-up to a rest week. This push is possible because he’s getting a good balance of rest and work as he has been taking his rest days seriously. This week is focused on Endurance rides, culminating in a big 5-hour ride on Saturday. By now, Bill should be feeling stronger toward the end of these rides. Saturday includes FTP, Tempo, and even some VO2max work, so it will not be easy, but with an easier week in sight, he should be able to complete it.

Week 6 is a much-needed rest week, which is just as important for Bill to respect as the training thus far. If Bill didn’t push hard enough in Week 5, he wouldn’t need the rest week as much and valuable time would be lost. So throughout this week, Bill needs to truly rest! His power meter will serve as a governor to prevent him from overdoing his rides. With another hard week on the way, he’ll want to be rested.

Week 7 contains VO2max work to improve Bill’s FTP and his ability to ride at VO2max. Right after a rest week is the perfect time to do these intervals and Bill should be in a good position to hit all of the wattage numbers, even on Sunday when he’ll do some simulated short time trials. Bill has a tough FTP/Sweet Spot workout on Thursday as well.

Another rest week follows in Week 8. This pattern is unconventional but very strategic, as Bill is most likely feeling some cumulative fatigue from the training thus far. By creating more freshness this week and raising his Training Stress Balance, his body will continue to adapt and prepare for the final four weeks of hard training.

Weeks 9–12

Week 9 is exactly what Bill might have expected—hard—with a combination of every training level. Monday starts with Anaerobic Capacity work, then moves into VO2max work on Tuesday, followed by FTP work on Wednesday. It’s important to do the more intense workouts early in the week when Bill will be freshest and most likely to complete them at the prescribed wattage.

Week 10 is all about solidifying Bill’s fitness with Sweet Spot and FTP work, along with two tough “kitchen-sink” rides on the weekend. After such a high-intensity week in Week 9, we will bring the intensity down a little bit in order to ensure that Bill completes the intervals as prescribed. We also want to be sure he is able to do some final long rides on the weekend to challenge his endurance and stamina.

Week 11 is the final week of workouts before the gran fondo. There is still time to gain some final improvements in his FTP and put a little more money in the bank since he will be making a big withdrawal next week. The weekend contains a couple of Endurance rides in which Bill will feel strong, building his confidence for the following week.

Week 12 provides a final chance for Bill to gain some fitness while resting. He needs to also increase his complex carbohydrate intake this week in order to ensure that his muscle and liver glycogen stores are completely full. His legs should be twitching with energy come Sunday, ready to put out serious power over the climbs. When the event begins it’s just a matter of pacing, riding at his Sweet Spot on the climbs, eating and drinking, conserving energy on the downhills, and staying with his buddies on the flats between the mountain climbs. Bill’s endurance, FTP, and stamina will have seen huge improvements over the past 12 weeks so it’s important for him to pace by both wattage and rate of perceived exertion. It’s highly likely that he will be producing more watts on the climbs than he has been previously able to do, and with less perceived effort. Normally this would be a reminder to do another test to ensure he paces correctly, but in Week 12 it’s better that he save his energy for the actual event. So if he sees that he is producing more power than ever on a climb, yet his heart rate is lower and his perceived exertion is lower, he should maintain the effort. It’s critical that all three metrics be employed to skillfully pace at the peak event.

DEVELOPING YOUR POWER-BASED TRAINING PLAN

We hope that by reading through these sample plans, you will see how to develop a plan that addresses your own training needs. The workouts described in Chapter 5 will also be useful and, of course, the workouts that make up the sample plans for Bob, Jill, Joe, and Bill that are detailed in the Appendix.

There are a few traps that you should be wary of when writing your training plan. The first one—not downloading your data—is entirely avoidable: Make it a rule to download your power following every ride. By now you should know how important it is to view the power-meter data, even from your recovery rides. That said, should you find yourself facing the prospect of riding without the feedback a power meter provides, don’t panic—even if your power meter is in need of service during a critical time. We all rode without all these gizmos for a long time, and now you probably have a good sense of what 400 watts feels like going up a hill and how your heart rate responds to different efforts. Fall back on your rate of perceived exertion (RPE) and heart rate, and you’ll be able to weather the temporary horror of having no data.

Another common trap is the temptation to force the plan. Some athletes do this by “stacking” workouts to make up for missed sessions. Coach Gale Bernhardt coined this term to describe how busy athletes are prone to add workouts over the weekend to make up for lost workouts earlier in the week. This mentality is similar to that of the weekend warrior. For example, let’s say an athlete completes the Tuesday workout but takes off the rest of the week because life and business are full throttle on those days. Stacking Level 4 work, a long group ride and hills, and sprints all in the same day is a recipe for disaster. The next day, the athlete might go out and overdo it with even more intervals (making up whatever was missed on Saturday, most likely due to fatigue). Packing all or most of the work into a few days will lead to illness or injury.

If you miss a day, it’s generally better to move on to the next workout. One caveat: If the workout you missed was highly specific, and you see that you will not be performing that workout again for at least two weeks, then you should try to make up the workout as soon as possible.

A degree of flexibility is essential to any good training plan. It’s okay to do your Tuesday and Wednesday workouts in the reverse order if you need to. Thursday’s workout should be easier because it follows two hard days, and it’s often two days before a big Saturday ride or race. If you are not racing on Saturday, or if you are not looking to be quite as sharp on the Saturday group ride, then you can switch your Thursday workouts with the Tuesday and Wednesday workouts, too.

If you begin to feel that you are overly tired at the end of a hard week of training, it might be advantageous to move up a rest week. On the other side of the coin, it’s okay to push back a scheduled rest week if you are not tired. Many times athletes do not push themselves hard enough; as soon as they get a little tired, they assume they are overtraining. Push through these periods to avoid limiting your performance potential. Rest is incredibly important, but also challenge yourself to push beyond what you thought was possible. Do be sure to take the rest week in the week after it was scheduled.

Finally, cyclists are a competitive bunch. You might hear about the benefits of different training techniques or rides for other cyclists and be inclined to add them to your program. Keep in mind that your program should be driven by the strengths and weaknesses you identified in your Power Profile. If neuromuscular power is not one of your weaknesses, you can better use that time on the bike.





HOW TO SUCCESSFULLY IMPLEMENT A POWER-BASED TRAINING PLAN



  1.  Find your functional threshold power (see methods and test, pp. 26–31).

  2.  Use your FTP to establish your training levels.

  3.  Try out sample workouts and collect data on your power meter.

  4.  Understand your data and what the charts/graphs are telling you.

  5.  Use your Power Profile, Power Duration Curve, and Quadrant Analysis to pinpoint your strengths and weaknesses.

  6.  Assess your time constraints.

  7.  Develop a power-based training plan that targets the improvements you need to reach your goal.

  8.  Review your power data regularly for feedback on your training.

  9.  Adjust your FTP and training levels as your fitness progresses.

10.  Refine your plan as needed to get additional rest or adaptation.






You have now learned all the steps that are necessary for training effectively with your power meter. If you follow your training plan and make adjustments according to the feedback you get from your power-meter data, your training is sure to reach a new level of sophistication.

You can purchase a training plan specific to your goals at www.peakscoachinggroup.com/featuredtrainingplans. You will also find interactive online plans that include workouts that can be downloaded to your power-meter computer or smart trainer; just choose the plan that fits you best. You can also purchase the training plans featured in this chapter. Bob Rider’s training plan, as presented in this chapter, is a compilation of two plans: Weeks 1–8 are from the “FTP/Power Threshold Improvement Weeks 1–8” plan, and Weeks 9–16 are from “FTP/Power Threshold Improvement Weeks 9–16.” Jill Racer’s plan in this chapter has been taken from “FTP/Power Threshold Improvement 8 Weeks to Your Peak.” You’ll find Joe TriGuy’s plan is taken from the first 12 weeks of the “Half Ironman 20 Weeks” plan, and Bill Masters’s plan is the “Gran Fondo Plan 12-Week Plan for Masters Riders 40+.” Find the details on the workouts for these plans in the Appendix.
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Tracking Changes in Your Fitness

UNTIL THE INVENTION OF THE POWER METER, it was difficult for coaches and athletes to accurately track changes in cycling fitness. Cycling is not like other sports where improvements can be easily measured. In football, for example, it is easy to track the number of successful catches in the end zone; in baseball, you can record the number of RBIs; and in golf, the number of birdies. But cyclists have usually judged their performances rather subjectively by comparing how they have placed in races or ridden against regular training partners. Some go even further and regularly time themselves on set courses or up specific climbs. These methods obviously have their limitations, however, because good performance in races depends on tactics and luck in addition to fitness, and even performance in the “race of truth”—a time trial—can vary significantly depending on environmental conditions such as wind.

With the introduction of the power meter, cyclists began to have the ability to easily track quantitative changes. You can see how much you have improved in your peak 5-minute power, for example, or your peak 60-minute power. With a few simple charts you can really see the fruits of your labor, as that little line on your graph continues to climb higher and higher. One of the benefits of this technology is the excitement and motivation that results from seeing these changes. With a power meter, there is no guessing that maybe you are better. It’s a definite. There’s the number right there in your power-meter software. Unfortunately, the opposite can also apply, and when you are riding poorly, it can be discouraging. Quite simply, sometimes the truth hurts! Even in this case, however, it is worth knowing precisely how your fitness has declined, and by how much, so that you can make appropriate changes in your training program to get back on track.

It is important that you understand what the charts and graphs mean, so that with a few simple clicks of the mouse you can see your improvements. Each type of software has different options and ways to view the data. Some of these are more advanced than others, and going through each one is beyond the scope of this book. However, there are some key charts that you should understand and use on a daily basis. Though it is possible to perform some of these analyses using other programs, we have used TrainingPeaks WKO Software to illustrate the ideas.

CHANGES IN MEAN MAXIMAL POWER

One of the most important charts for you to understand is the Mean Maximal Power (MMP) Periodic Chart. This chart compiles the data from every ride that you have done for a particular time duration. Each data point represents your MMP (that is, average best power) for a particular ride for the time period you select. Figure 11.1 is a graph showing the peak 5 seconds, peak 1 minute, peak 5 minutes, and peak 20 minutes for Jack, a masters rider in his second season of training (his first year of training with a power meter). However, as you can tell by just glancing at this chart, there is too much data, and it is difficult to draw any conclusions about Jack’s fitness changes from it. Did he improve? It’s hard to tell.
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How can we see the trees for the forest? We can smooth the data over seven days and look at them week by week (Figure 11.2). This will help us to better see how Jack’s fitness has changed over time. Now, each data point represents the peak wattage for each time period over the entire week. So the peak 5 seconds will be the peak 5 seconds for that entire week, the peak 1 minute will be the peak minute for the entire week, and so on.
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Now we have a better picture of how Jack’s fitness changed throughout the year and when it peaked in each of the different time periods. We see that his peak 5 seconds for the year was in early spring, when he almost cracked 1,080 watts. His peak 1 minute for the season was in early May, when he was able to produce 560 watts for 1 minute. Note how his peak 5-minute power stayed relatively the same throughout the entire racing season, finally peaking in early September at 375 watts. Now look at his peak 20-minute power. In fact, there are two peaks for this duration, one in May and one in August. Both are roughly the same wattage, at 327 and 323 watts, respectively.

A little background information might help to explain this double peak. Jack wanted to do well in the spring races and also at masters nationals. His goal for masters nationals was to achieve an FTP of 350 watts in August. He was right on track with his training, he was progressing well in the spring, and he had a great spring campaign, with eight race wins. Unfortunately, he crashed in early June, breaking his collarbone in four places. (Note the sharp drop across all power in June.) This effectively stalled his fitness growth for the season. When he came back to training at 100 percent, he was able to bring his fitness back to his previous level, but there was just not enough time to reach his goal of 350 watts at FTP for the masters nationals in August. He still placed in the top 20 of each event. In November, he took one month off completely in order to recharge his batteries and get ready for a strong winter of work.

Now let’s look at Jack’s performance in the following year (Figure 11.3). As the chart shows, in a span of a little more than one month he achieved his peak 5 seconds at 1,015 watts, his peak 1 minute at 575 watts, his peak 5 minutes at 387 watts, and his peak 20 minutes at 333 watts. Obviously, his fitness was the greatest in April and May, also evidenced by six race wins in this time period. What this doesn’t show is that he also did very well at masters nationals in Year 2; but since the event was held at altitude (at an elevation of about 8,000 feet), his peak wattages were lower than what might have been expected at sea level. He finished fourth on the time trial and in the top 15 in the other two events.
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Finally, let’s look at a third consecutive season (Figure 11.4). At the beginning of this season we changed his training so that he could really peak for masters nationals, aiming at an FTP of 375 watts. This year the masters nationals competition would be held in late June instead of early August, and we shifted his training accordingly. His fitness came up steadily at all levels throughout the season, peaking in mid-June with his peak 1 minute at 631 watts, his peak 5 minutes at 417 watts, and his peak 20 minutes at 375 watts. His peak 5 seconds was the highest in early April, as in previous years—almost exactly four weeks to the day after his winter weight training program was completed.
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He did well throughout the season, coming to masters nationals with 12 wins under his belt. Masters nationals was held at altitude, so his true peaks weren’t reached in that event. However, his performance there was the best out of the three years. He took the Overall Omnium Win and a criterium championship, and he had the fastest time in the time trial for his age group (though, as seen in his downloaded power-meter file, he missed his start by 1:30!).

When we chart all three seasons together (Figure 11.5), we can see this athlete made some major improvements. His first season was very good, but in the second year he experienced even more dramatic growth. Some of this growth is obscured, because his peak occurred while at altitude. Nevertheless, having the opportunity to look at all three years of data is very powerful, not only for the athlete but also for the coach.
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With the Mean Maximal Power Chart, we can see how an athlete has (or has not) improved in four different significant time periods. A related chart, called the Mean Maximal Power (MMP) Curve, shows how an athlete has (or has not) improved over every time period. With the MMP Curve, you can gain more insight into the type of rider you are.

The MMP Curve is a plot of all your bests—your best 39 seconds, your best 56 seconds, your best 1:38, your best 5:42, your best 1:15:32, and so on. By plotting all of your bests over the entire selected time span, you can grasp the rate of your wattage decay as the duration of the effort increases, and you can determine when it decays the fastest. By looking at the shape of the line and the areas of slope change in a rider’s Mean Maximal Power Curve, we can also begin to distinguish the different training levels, their relative strengths and weaknesses, and possible areas for improvement. We can identify a rider as a sprinter, a time trialist, or a climber simply by reading the data.

It is worth noting the differences between the Mean Maximal Power Curve and the Power Duration Curve (PDC). The Power Duration Curve is simply the line that best fits your MMP curve, and is used to help derive many of the metrics we have already discussed: FRC, Pmax, Stamina, and modeled FTP. It is important to review both when considering fitness changes, but ultimately, your real-world power data in the MMP curve offers the best glimpse of your fitness, strengths, and weaknesses.

Figure 11.6, for example, shows the Mean Maximal Power Curve of an all-rounder Category II female cyclist with a high VO2max power. Note how little her power decreases from about 1 minute to 8 minutes, an indication that her strength would be in races that emphasize hard VO2max-type efforts. Figure 11.7 shows the curve for a sprinter. Notice the high power output from 0 to 5 seconds, indicating very good neuromuscular power. The power decay is very stable (the slope is constant) all the way to roughly 1 minute. Even at 30 seconds, this athlete is doing 700-plus watts.
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The MMP Curve is best viewed logarithmically, as this places the most emphasis on the data at the shorter time periods. Most fitness changes typically occur in time periods between 1 second and 30 minutes, so by placing a “log” on the data, you can bring out these small but important changes. Notice that in Figure 11.8, which shows a logarithmic view for a road racer, over half of the chart covers only the first 3 minutes of his mean maximal power data.
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When you are viewing your own curve, note the exact time at which the slope of the line changes and how that relates to your different physiological systems. For example, in the MMP Curve shown in Figure 11.9, note that at 1 minute 25 seconds, the slope dramatically changes, and the new slope continues until about 7:25, at which point it flattens out even more. It could be that this slope shows the athlete moving from the anaerobic capacity system into the VO2max system and then transitioning into the lactate threshold system around that 7:25 mark.
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When you see the slope change, the steepness of the change could indicate a weakness in your cycling that you could address with some specific training for that time period. In addition, there will be some dips in the curve. Does this mean that you cannot do, say, 350 watts for 1:24, but you can do this same wattage for 1:45? No—that would not make sense. How could you produce more power at 1:45 than at 1:24? Remember: This is a curve of the best watts you produced for every 2- to 3-second increment over a long period of time. It’s highly possible that you did a hard hill interval for 1:45 at about 350 watts but then did not do any maximal efforts for 1:24. Therefore, it’s possible that your chart could show a higher wattage for that longer time period.

It is also important to note that, at longer durations, your average power will tend to be lower than the maximum wattage you can produce, in part because of the time you spend not pedaling. Thus, beyond about 1 hour (or beyond the longest, generally flat time trial that you have done), Normalized Power will be a more accurate measure of your true ability. In Figure 11.10, the upper line shows mean maximal power, while the lower line is the mean maximal Normalized Power. At about 7:25, they switch places and the Normalized Power becomes the upper line. This is an interesting curve because it shows that average power can obfuscate your true abilities. Theoretically, as this MMP line moves farther to the right, it would eventually hit zero, but in real life this most likely will be when you can’t throw your leg over your bike and you are heading to the nursing home. For now, there is some level of wattage that you can maintain for even longer periods of time, almost indefinitely.
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In Year 1, Jack, the masters rider who was discussed earlier in this chapter, lost many races in the final sprint when a competitor would just nip him, beating him by a hair. So in Year 2, he changed his training in order to make his sprint longer, as evidenced by the flatter top portion of the MMP Curve (see Figure 11.11). From Year 1 to Year 2, the slope of the first 16 seconds of the line drastically changed, and although his overall watts were not as high in the second year, he was able to maintain a much higher wattage for 16-plus seconds. Now, compare that first 16 seconds from Year 1 and Year 2 with Year 3. The slope shifted back to a pattern that was similar to the one from Year 1, but now the watts were higher overall. Did Jack lose any of his sprinting ability in Year 3? No, it actually got better! By Year 3, he was able to produce more absolute peak watts and also could maintain them longer than in the preceding years. Now, take a closer look at the period from roughly 2 minutes to 30 minutes. The slope of this data did not change significantly from year to year, but it did move upward, indicating overall improvements in fitness.
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CHANGES IN THE DISTRIBUTION OF TRAINING LEVELS

You may notice that the areas you train in shift throughout the season. In the off-season, you might spend more time in Level 2 (Endurance), for example, and as spring approaches, you might spend more time in Levels 3 (Tempo) and 4 (Lactate Threshold). This is natural and indicates that you are indeed taking on more race-specific training as racing season approaches; you are building your fitness one piece at a time. By creating the power distribution charts for more than one duration, you can either confirm this shift in training levels or discover that you need to change your training and begin to address a different training level.

The power distribution chart in Figure 11.12 shows the percentage of time that a particular cyclist spent at each wattage level in January and February, and then the percentage of time that he spent in the different levels. In this example, the rider spent the majority of his time in Levels 1, 2, and 3 (Active Recovery, Endurance, and Tempo), just building a base of fitness. Figure 11.13 shows what happened in March through May. Notice how the amount of training begins to smooth out in the upper wattage bins. The rider is now spending more time at Level 3 (Tempo) and also in Level 5 (VO2max) and Level 6 (Anaerobic Capacity).
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By June, the amount of time he spends in Level 6 (Anaerobic Capacity) is really increasing (Figure 11.14). Also note the drastic increase in the amount of time that he spends in Level 1 (Active Recovery). As this rider begins to race more criteriums, he increases his emphasis on Anaerobic Capacity. The chart for July shows how much racing influences the amount of time spent at or near FTP (Figure 11.15). The big step-down after Level 4 (Lactate Threshold) is clearly evident now. Racing data, primarily road races and time trials, constitute much of the data. Although initially it appears that the increase in Level 4 riding is not that drastic, a 2 percent increase can be very significant in terms of creating chronic training stress. (Remember the caveat about the “time in levels” from Chapter 6.)
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CHANGES IN CADENCE

Although the main reason to invest in a power meter is to examine your power output in a variety of situations and make improvements accordingly, it is also extremely useful to examine your cadence in those situations. We know from the Quadrant Analysis explanations in earlier chapters that how you produce the watts is nearly as important as the number of watts you produce. Using cadence charts, you can track not only what your cadence was for one ride, but also how it changes over time.

One of the pro triathletes whom Hunter worked with pedaled at a very low cadence in both training and racing, and as a result, she had difficulty with the run portion of Ironman-distance races. Using Quadrant Analysis and comparing her files with those of other pro triathletes, he found that she spent much more time in Quadrant II than the other pros did. It became apparent that this high-force, low-velocity pedaling was contributing to her muscle fatigue in the runs. If she could reduce her reliance on force, thereby conserving precious muscular glycogen, Hunter hypothesized, she would have a better chance of doing well throughout the entire 26.2-mile run.

Hunter encouraged her to concentrate on raising her cadence in all of her training and racing from her norm of 80 rpm up to 90 rpm. She would have to make a concerted, conscious effort to pedal faster. Figure 11.16 is a chart of her average cadence for a week of rides and her mean max cadence for 30 seconds, 20 minutes, and 60 minutes, after she made this change. The purpose of making this chart was to track her progress with this goal.
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With cadence, you have to remember that the averages include all of the time spent not pedaling (when your cadence was zero), which can artificially drag the numbers down. But if you look for trends, you can still put this kind of analysis to good use. With enough data, you should be able to see the difference when you begin to change your cadence. Indeed, as you can see in Figure 11.16, which shows the cadence changes for this particular athlete, all of the lines, as well as the bar for average cadence per week, ended up rising, which was certainly a good sign that this rider’s training had changed.

By overlaying workouts, races, and intervals on top of one another, you can begin to understand more about your improvements over time. Reviewing your Mean Maximal Power Periodic Chart is a great way to instantly see any improvement in the overall wattage numbers. You might also want to take power data from the same exact ride done at different times—for example, two time trials done a year apart—and make comparisons. In this way you can figure out exactly where you have improved over a particular section of a course. Maybe you just put out more watts, but as you get closer to that theoretical genetic potential, using the best possible aerodynamic position and becoming more efficient in the production of power will play bigger roles in making those incremental improvements that lead to optimal performance. You can gain a lot of insight into how these sorts of changes affect your performance by overlaying the same races or workouts from one year to the next. To illustrate this principle, let’s examine a time trial from the same athlete on the same course that was done two years in a row.

The time trial results are shown in Figure 11.17. As you can see, the results are very similar in each of the three plots. The watts in the two rides (shown at the top) are nearly identical (within a watt of each other), as was the cadence (shown in the middle). The bottom line, showing speed, is just a bit different, however, from one year to the next. The darker line is the slower effort (by 10 seconds), and also the one representing Year 2, so why did this cyclist go slower in the second year than in the first?
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Upon further analysis, you’ll notice that the peak speeds are higher in Year 1 (the lighter line). This most likely was a result of the athlete trying to take advantage of a slight downhill to really push the speed up for a few seconds. You’ll also notice that in the final 3 minutes, the speed in Year 1 was a little higher than it was in Year 2. Losing 10 seconds in a time trial may not sound like much, but certainly it could make the difference between a win and a second-place finish.

After analyzing the files and reviewing them with the athlete, it seemed most likely that the racer was just a little more focused in the first year than in the second. She was more focused not only in those crucial final 3 minutes, but also earlier on the slight downhill, where she pushed to get just that little bit of extra speed that the downhill could give her. The lack of focus in Year 2 resulted in a time that was 20 seconds slower than the time achieved in the first year, despite nearly identical watts in both years.

POWER DURATION HISTORY METRICS

With the new Power Duration model, new charts and means of measuring training effectiveness further enable you to confirm your suspicions about your improvements in fitness and back them up with hard power data. Fitness changes, from your Pmax to your FTP, happen irregularly. In other words, your fitness does not just improve in a linear fashion, every day gaining 1 watt on your FTP; rather your FTP will stay the same for weeks at a time while you train it, and then you after you take a rest week, your FTP will suddenly appear to increase by 10, 15, or 20 watts. It can seem like it happens overnight. Of course, the improvement is due to an accumulation of training stress and subsequent adaptation that was revealed after you “shed some fatigue” during your rest week. These changes occur in similar fashion for all your different energy systems. As Hunter has stated before, the importance of a rest week cannot be overstated, and testing after a rest week is equally important so that you can easily and accurately track your changes in fitness.

In Figure 11.18, we see an athlete’s improvement over an entire season. This athlete has made improvements in all areas of his fitness throughout the season, as all of his metrics have moved upward to the right in the graph. The dark blue line represents modeled FTP and it shows the smallest improvement because the FTP takes the longest to improve and the changes are smaller in terms of absolute watts, (176 to 256 watts), whereas the Pmax improves more drastically (743 to 1,169 watts). The blue line represents FRC, which in many cases can have an inverse relationship with improvements in FTP, which means that as FRC improves, the FTP might drop down. But in this rider’s case, his FRC improves at a similar rate to his FTP. You might notice that in early April his FRC makes a big jump from 10 kJ to 15 kJ, whereas his FTP stays flat. This usually is an indicator that the rider recently had a rest week, because FRC, which contains a considerable amount of anaerobic capacity, is at its peak when the athlete is freshest. This rider’s Pmax also improves in an irregular fashion, peaking in the middle of the race season. Toward the end of the season, it drops off, due to one or two possible factors: As this rider created more and more cumulative fatigue over the season, his ability to produce high-force efforts was reduced due to the lack of sufficient rest; or, he simply didn’t do an all-out sprint effort near the end of his season. Interestingly, the TTE (time to exhaustion) can be a preceding indicator to an FTP improvement. A TTE that moves closer and closer to or even exceeds 1 hour can be an indicator that the rider’s FTP may increase very soon. Once the FTP improves, the TTE resets back to a lower time frame until the athlete can prove that he can maintain that power for the full hour again.
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It is important to note that the FRC, Pmax, and mFTP can have a “teeter-totter” relationship. Remember that you are tracking all of the area under your Power Duration Curve, and if you test your 1 minute and 5 minute power after a rest week and raise the FRC portion of the curve without also testing your 20- or 60-minute FTP power, then you will raise the left side of the curve up and the right side (durations longer than 5 minutes) will appear to drop by comparison. This is the reason you might see a drop in your modeled FTP after a new best for your FRC. It’s not likely that your FTP actually dropped; rather it’s a result of how the PDC is affected by your MMP Curve.
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Taking all the examples in this chapter as a guide, you can now begin to track your own fitness changes. Looking at your mean maximal power over the past 28 days is a reliable method of seeing how you are improving in different areas. Learning the intricacies of Quadrant Analysis is a little more complicated, but the tools are there and available for you. In any case, it should be clear that your power-meter data can help you to achieve more. The simple collection of data is one of the most zen ideas about training with power. Ride, collect data, do nothing extra. Even though this motto may sound simplistic, it also brings out a concept some cyclists may find helpful: a minimalist approach to training with a power meter. The interpretation of the charts and graphs is not complex in most cases, and we hope that this chapter has helped to illuminate the simplicity of tracking fitness changes.


12

A Powerful Triathlete

PACING PLAYS A LEADING ROLE IN TRIATHLON; in fact, it’s the crux of the entire game. Sure, you need to know how to swim efficiently, ride your bike solidly, and run fast, but once you have those skills down, the event itself is about metering out your energy for the entire event so that you finish strong on the run. If you go too fast on your bike leg, you are going to be in serious trouble on the run, but if you hold back too much on the bike, you will not always have a faster run. In many ways, a power meter is even better suited for use with triathlon than for use with road racing. Most triathlons do not have complicated racing tactics—which increases the relative importance of pacing—and most are performed on the same course every year—which means that you can plan your pace in advance and test your pacing choices as you prepare for an event. Pacing, in short, is absolutely critical to triathlon success.

Using a power meter in triathlon training and racing can be very rewarding for the triathlete, not only because it can be used in triathlon in all the ways we have described already for cycling (figuring out your strengths and weaknesses, staying in training zones, and so on), but also because it can be used in specific ways tailored to triathlon. These specific ways include principles for both training and racing with a power meter, and you don’t have to be a rocket scientist—or even an elite triathlete—to apply them. All the same concepts about training with power that we have discussed so far apply to triathletes. You’ll still have to do your 20-minute FTP test, complete your Power Profile testing and understand clearly your limiters with your Power Duration Curve, figure out your power training zones, learn how to analyze a power file, and, of course, get out there on the road and train correctly—all of which we have described in earlier chapters. In this chapter you will learn how to apply triathlon-specific principles to training and racing with a power meter.

These principles will be affected by the length of triathlon that you are doing and the type of training that you do. Training with power for a sprint race is very different from training with power for an Ironman-distance race. That difference plays a large role in your preparation for the event as well as during the event itself. Let’s first take a look at how you can use your power meter effectively for training, and then we’ll discuss principles of using a power meter during triathlon racing.

TRAINING FOR TIRATHLON

Triathletes and triathlon coaches talk a lot about pacing yourself in the swim, pacing yourself on the bike, pacing yourself on the run, pacing your food intake, pacing your fluid intake, and so on, and the longer the races, the more critical pacing becomes to your success. Pacing is a skill learned through trial and error in everyday training and at races, but you can speed up the learning process by using your power meter to give yourself an objective real-time view. Your power meter will show you how to pace correctly.

Calibrating Your Power for Better Pacing

Pacing for triathlon is difficult because for races at the Olympic distance and longer, perceived exertion at the correct pace is likely to be much lower than you know you can do. It is important to be in tune with your rate of perceived exertion (RPE) and learn how to associate RPE with power output. One of the best ways to hone this skill is to do longer and longer intervals at different intensities, focusing on how you feel physically at each level. As cycling coach Charles Howe said, “Power calibrates perceived exertion, and perceived exertion modulates power.” This statement sums up the underlying principle of pacing: The key to proper pacing for triathlons is learning the wattage output that you must maintain for the bike leg so that you will have a good run leg, and then calibrating that with the correct perceived exertion.

The problem with this calibration is that your RPE changes daily and, like heart rate, it is impacted by your sleep, stress levels, hydration levels, and so on. On race day, your RPE will likely be lower than it was in training for the same effort. This is where your power meter factors in, and we’ll talk more about that in a moment. To learn to pace yourself on race day, you must go through what we call a “power calibration.” To begin the process, you will do a series of three to four 10-minute intervals, with 5 minutes rest between intervals, 5 times over 10 days:
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For the power calibration to work, you must internalize the perceived exertion at each power level correctly—doing more than one session a day can cause you to confuse the physical responses to the different levels instead of learning how to distinguish them. If possible, however, do these efforts on the same road each time so that you minimize other factors that might influence how you feel at the different intensity levels. Make notes after each session.

Once you have done this exercise at each intensity at least twice, lengthen the intervals and do two 20-minute efforts at each intensity level in order to recalibrate for the longer distance. While the prescribed intensities are the intensities you’ll experience in the race (with the specific choices depending on the length of the race), the longer intervals will help you learn how to push yourself more consistently at higher intensities. Your RPE at the beginning of the interval will be different from your RPE at the end of the interval.

To complete the power-calibration process, we recommend that you lengthen your efforts to 60 minutes and repeat the process at least two more times through each intensity level. After you have mastered the basics in pacing, turn your focus to the specific demands of the event.

Specific Training

First and foremost, triathlon is a highly aerobic sport, which means your functional threshold power is critical to your success. But absolute stamina is also paramount. You might have a relatively high FTP because you train very intensely, but for only one-hour sessions at a time. This is fine if you compete only in sprint triathlons, but for longer events you need to be able to ride farther without major muscle fatigue—hence the need for exceptional endurance. We have devised workouts based on this two-pronged approach. The following two workouts address these key components separately. After discussing these, we’ll introduce a third advanced workout that combines both, and finally we’ll provide a fourth workout to help you train for short, high-wattage efforts in unique events. You can find additional workouts in the Appendix.

Functional Threshold Power

After a warm-up, start with two 20-minute intervals with watts at 95–100 percent of FTP. Every 4 minutes (i.e., five times within each 20-minute interval), do a short burst: Get out of the saddle and shift down one gear, sprint for 10 seconds, then return to your previous pace. Bursts simulate changes in pace that you might have to make in a race because of terrain or passing a slower rider. Rest 10 minutes between 20-minute efforts. Finish with 20 minutes at the Sweet Spot, and then cool down.
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Endurance

To address muscular endurance you will need to ride for a distance at least 50 percent longer than your normal distance and for a time period of at least 3 hours. Within the first hour of riding, do at least two efforts at Tempo pace to get in some focused aerobic work. These efforts can be either on the flats or on climbs, and they must be at least 20 minutes long.

After the first hour, challenge yourself with 10 efforts of 2–3 minutes each, preferably on hills that require you to push hard. If you live in a flat area, do your best to ride into the wind. Aim for 115 percent of FTP (Level 5) for each. Rest periods should be varied, and you can spread these randomly throughout your ride. Between these short efforts, ride at the upper end of Endurance pace. After the hills, begin another 45 minutes at upper Endurance. Finally, with an hour to go, really push for 45 minutes at the Sweet Spot, stressing your muscles to the limit. Cool down for the last 15 minutes. The goal here is to fatigue the muscles in the legs so they adapt and gain more endurance for future rides.
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FTP and Endurance

A combination of FTP work and Endurance work, this workout extends the previous efforts even more. Make sure you can easily do the above workout before attempting this one, as here it is your goal to ride for 100 miles (162 km).

For the first hour of riding in this workout, keep your watts under 76 percent of your FTP. In the second hour, keep your pace at 70–80 percent of FTP while staying in your aerobars, and every 5 minutes do a small burst at high power for 30 seconds. For each burst, increase your gear and drop your cadence 10 rpm to recruit more muscular strength.

In the third hour, do at least three efforts at your Sweet Spot to make sure you are continuing to stress the lactate threshold. These efforts can be either on the flats or on climbs. Rest for 10 minutes between efforts. After this set, fatigue will be settling in.

To recover, ride at Endurance pace for 15 minutes. Make sure you are eating and drinking. (A quick stop at a convenience store for a caffeinated soda can help refocus your mind and also give you a quick sugar boost before the last hard effort.) You will be tired as you near the end of the ride, but the final stretch will make you stronger and increase your endurance. During the last 45 minutes, increase your effort to 85–90 percent of FTP. Allow yourself time to cool down and stretch at the end of the ride.
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Anaerobic Capacity

In road racing, riders need to train their sprint and their ability to go very hard for short periods of time to bridge gaps. They also need the power to attack hills and the endurance to ride for 100-plus miles. Road racing incorporates many different physiological energy systems, and, as we wrote in Chapter 3 in the discussion of power training levels, Levels 5, 6, and 7 are as important to success in road racing as Levels 1, 2, 3, and 4. Triathlon, however, is a different story, as the demands of triathlon are more aerobic. We have never witnessed a field sprint in triathlon. In draft-legal races you might need to consider bridging short gaps to the next group, but in general a strong FTP will be key to your finishing position in triathlon events.

For this reason, it’s not that important for most triathletes to train at the Neuromuscular Power level (Level 7), the Anaerobic Capacity level (Level 6), or even for VO2max (Level 5). For draft-legal races, it’s good to touch on these levels to promote a well-rounded level of fitness. The other caveat is courses that demand short, high-wattage efforts, such as the Ironman Wisconsin race, which contains over 100 hills, each taking from 10 seconds to 5 minutes to complete, with the majority in the 30- to 90-second range. If you are competing on this type of course, consider adding the workout below on p. 240 to your repertoire.

Start with a traditional warm-up to prepare your legs for an intense workout. Begin by doing one 5-minute effort at high intensity, then 5 minutes easy. If possible, set your power meter so you can see the average mode in “interval” mode. This will allow you to review each interval so that you can have a goal for the next one or know when to stop. Then do six to 12 (or possibly more) 2-minute intervals as hard as you can. Your goal is to average over 130 percent of your threshold power. Reach for that goal, but stop when your average falls below 118 percent of FTP. Recover for at least 3 minutes after each effort. For recovery periods, ride at your normal cadence—whatever feels right to you. Cool down.
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Conserving Energy for the Run

When training for triathlon, you must also train your body to conserve precious muscle glycogen for the run. Consistently training with workouts like the ones described above will enable you to store more muscle glycogen and use it more efficiently. Still, you will need to spare as much of that glycogen as possible when you are out on the course itself, and practicing this in training is just as important as practicing your pacing. On days when you are not pushing yourself to the max with intervals at FTP and the like, make sure you are pedaling efficiently. Quadrant Analysis can be used to determine whether you are conserving enough energy on the bike leg (see Chapter 7 to review this concept). The better part of most triathlons should be completed in Quadrants III (low force, slow cadence) and IV (low force, fast cadence), which means low force on the pedals and adjusting your gearing to pedal either slower or faster. This topic is explored in some detail below.

RACING TRIATHLONS

After training and pushing yourself to the limit, you will be prepared to take all of that hard-won fitness and do your best on race day. Pacing yourself correctly on the bike is critical. Most triathletes do not understand how easy it is to ride too fast on the bike leg; it’s the number one cause of DNFs in triathlons. The difference between a well-paced bike leg and a poorly paced one can be as little as 15 watts (normalized) for an average in the event. It’s not just about average watts; it’s about how you produce those watts, how many surges you make, and whether you go harder in the beginning or save some for the finish. All of these factors can dramatically impact your run time.

In pacing for a triathlon, no matter the distance, it is best to use Normalized Power because it accounts for the differences in terrain and allows you to focus on pedaling smoothly and steadily. A power meter that displays NP on the head unit can be a real advantage. If this isn’t possible with your unit, you will need to pace yourself based on average power as a percentage of FTP.

See Table 12.1 for general pacing guidelines. But bear in mind that the levels provided in the table may not be exactly right for you. It is important for you to do some rehearsal rides in which you try to hold particular levels of intensity for the entire length of the event you are planning to enter. If your event is longer than Olympic distance, try to hold a particular pace for half the race distance, followed by a half-distance run, for a solid brick workout. Pacing at this distance will provide you with a good indication of exactly how much energy you will have left at the beginning of the run and at the end of the run.
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Wattage Creation: Are All Watts Created Equally?

How you will produce watts is the first consideration when developing a tri racing strategy—after all, not all watts are created equal. Recall the discussion of Quadrant Analysis in Chapter 7. You can create 1,000 watts by pedaling in the 53:12 gear at a very high force but slow cadence, or you can produce 1,000 watts by pedaling in the 39:21 gear at a low force but very fast cadence. The watts are the same in the end, but each effort called on very different muscle fiber types. More fast-twitch (Type II) muscle fibers are recruited when you are in Quadrant II or pedaling in a high-force, low-cadence situation, whereas more slow-twitch (Type I) fibers are recruited in a Quadrant IV, or low-force, high-cadence situation.

This matters in triathlon because your energy expenditure in each situation will be quite different. When fast-twitch muscle fibers are recruited, more muscle glycogen is used in the contractions than when slow-twitch fibers are recruited. Pedaling as smoothly and steadily as possible is key in triathlon. By keeping the Normalized Power and average power as close to the same as you can, you save valuable energy for the run. When Normalized Power is very high relative to average power, or when the Variability Index is high, this means that your power fluctuated too much. By smoothing your effort on hills and avoiding bursts of wattage, you can keep your Variability Index low and therefore reduce the amount of muscle glycogen used on the bike leg.

When considering Quadrant Analysis and smooth pedaling, even an effort that isn’t fully in Quadrant I or II will cost you more than you want to expend, and this critical waste of muscle glycogen could impact you negatively on the run. Just as when you are driving a car your fuel consumption will be much higher if you are constantly flooring it and accelerating hard at every chance you get than if you just drive smoothly and consistently, your muscle glycogen expenditure will be greatest on the bike when you are fluctuating your power between low and high forces. We are not necessarily advocating high cadence in triathlon; we are, however, advising greater mindfulness about how you create your watts in a race. Stay light on the pedals, use your gearing to keep your cadence consistent, and if you are a gear masher spend plenty of time in training trying to achieve a more consistent, smooth pedaling stroke.

When you plan your pacing strategy, you’ll want to choose the correct gearing so you minimize excessive glycogen use.

Let’s examine two different race files from an Ironman event to better illustrate this point. In Figure 12.1, the athlete spent over 41 percent of his race in Quadrant II, which represents high force and low cadence. From an energy conservation standpoint, this is the worst quadrant: Quadrant II requires a particularly large amount of muscle glycogen.
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In the Quadrant Analysis shown in Figure 12.2, we see a much better example of how an athlete can create watts. This athlete shows nearly perfect wattage creation for over 70 percent of the race. He pedaled with low force and a slower cadence as you would in a recovery/Endurance ride, staying in Quadrant III. He avoided any hard power spikes and maintained a comfortable and steady pace throughout the ride, thus preserving his glycogen stores for the run. In fact, he was able to set a personal record on the run and easily won his age group as well, and in a tough event, Ironman Canada. Riding as smoothly as possible, avoiding hard surges of power throughout the ride, and being sure not to push a big gear can dramatically enhance your ability to conserve energy for the run. The best triathletes not only ride fast but also know exactly how to create watts in order to conserve energy—and the energy they conserve is energy that can be used on the run.
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The Mathematical Approach to Pacing

Pacing is such a huge part of successful triathlon racing that every tri coach makes it a priority. But they all have different ways of teaching this skill and then getting the athlete to apply it in races. A power meter makes a huge difference in how pacing skills are acquired. The power calibration process explained earlier in the chapter is just one example of how your power meter will help you pace yourself. Coaches and participants alike have developed some great tools and strategies to make sure you get to the run with plenty of energy.

Rich Strauss and Patrick McCrann from Endurance Nation (EnduranceNation.us) have created an interesting mathematical approach to pacing. They give the triathlete a maximum “budget” of 300 Training Stress Score (TSS) points for an Ironman-distance event. From here, the athlete predicts his or her finishing time or sets a goal time for the event. With a known TSS and a known time, he or she can solve for the Intensity Factor (IF) and then calculate a precise wattage number. For example, if you are planning to finish your Ironman in 6 hours, and your budget is 300 TSS, with an FTP of 275 watts, then your IF for the event will be 0.71. However, according to Rich and Patrick, a 300-TSS Ironman is the maximum budget and puts you in the danger zone for not being able to run for the entire race. A more realistic TSS budget would be 280. When the TSS is 280, the IF is reduced to 0.68.

To do the calculations yourself, follow these steps:



       1.  Figure out your TSS per hour. Simply divide the total TSS by the number of hours you will be racing (in our example, 280 divided by 6, which is 46.7).

       2.  Solve for the Intensity Factor. The TSS per hour (the number you just pinned down) is equal to the square of the Intensity Factor times 100. So, in our example:

IF2 × 100 = 46.7



You can then use algebra to work out that IF2 is equal to 46.7 divided by 100:

IF2 = 46.7 ÷ 100, which means that IF2 = 0.47



So, again through algebra, you know that IF will be the square root of 0.47, or IF = 0.68.



       3.  Calculate the average Normalized Power needed to maintain IF. Intensity Factor is equal to average Normalized Power divided by FTP:

IF = Average NP ÷ FTP



Average NP is thus IF times FTP:

Average NP = IF × FTP

So, in our example, multiply IF (0.68) by FTP (275) to calculate an average Normalized Power of 187 watts.

In this example, your pacing goal would therefore be 187 watts for an Ironman-distance race. It would be unrealistic to try to maintain exactly 187 watts for 6 hours, but fortunately there are some additional rules of thumb you can learn—again, thanks to Rich and Patrick at Endurance Nation. They prescribe a set of pacing guidelines for the Ironman and half-Ironman races.

For the first 30–45 minutes of the race, hold 95 percent of the goal wattage; thereafter, ride as close as you can to your goal wattage. If you encounter a hill, adjust the level of intensity above your goal wattage based on the length of the hill. If the hill is longer than a 3-minute climb, then ride at 105 percent of your goal wattage; if it’s a 30-second to 2-minute climb, then ride at 110 percent of your goal wattage.

Normally a 3-minute, all-out effort would be done between 115 and 120 percent of FTP in Level 5, and a 30-second to 2-minute effort would range from 120 to 150 percent of FTP. Holding at 105 percent and 110 percent, respectively, will minimize spikes in power on hills. Along with these pacing guidelines, Rich and Patrick also use Variability Index as a key postmortem metric to determine how smoothly you pedal on a ride or in a race. They maintain that a triathlete with a Variability Index of 1.04 to 1.07 on the bike leg has done an excellent job of pedaling smoothly for the entire ride and has correctly limited his or her surges (see Chapter 7 for more on Variability Index).

Every time you come to a hill, instead of attacking and getting up out of the saddle, smoothly transition your power from the flats to the hill and resist the temptation to accelerate or keep up with a faster rider. This advice is consistent with the Quadrant Analysis goals for triathlon racing. A race with a low Variability Index when plotted on the Quadrant Analysis chart of TrainingPeaks WKO Software will show a majority of the ride in Quadrant III and Quadrant IV.

These guidelines are designed with amateur athletes in mind. The pros can ride at a much higher IF and produce a larger TSS and still run at personal-record pace. Some elite triathletes create nearly 390 TSS at an IF of 0.83 and finish with a stellar run, but that’s why they’re professional athletes, training 30-plus hours a week and often enjoying some significant genetic advantages.

Pacing in the Real Race

So far we have seen just how important a power meter can be in helping riders pace themselves correctly and smooth out the power surges on the bike leg. The power meter really comes into play on the execution of your strategy on race day. Having a strategy and using your power meter can make the difference between a good experience and a bad experience. The two case studies illustrated in Figures 12.3 and 12.4 will help you see the difference.
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Let’s start with an example of poor pacing. Figure 12.3 shows data from Lake Placid Ironman. This athlete is strong in her age group, 40–44. Her FTP is 215 watts, and her Power Profile slopes upward to the right, which is typical of most triathletes, who are often very fit aerobically but less inclined to train their anaerobic system. Since triathletes rarely sprint in their events, they are less likely to train their anaerobic and neuromuscular capacities, and as a result they do not usually reach their full potential across all the different levels.

In this race, her goal was to qualify for the Hawaii Ironman World Championships. In her words, “I went all out on the bike course. My strategy was contrary to the advice of almost everyone I met. I felt that I had nothing to lose, except a slot in Hawaii. As it turned out, my body was spent and my run was about 10–15 minutes off where it should have been.” Despite going all out on the bike, she did have a strong run, and she still placed fourth and qualified for Hawaii!

Looking at her power output, we can see the sheer number of hills on this course. Every time the speed line goes up or down, that’s an indicator of a big speed change—an uphill or downhill. This means that pacing is tougher than normal, and doubly important. Going too hard on the hills risks using too much muscular glycogen and then not having any reserve for later. Second, notice that her IF was 0.75, which indicates that she held 75 percent of her Normalized Power. This approaches the upper limit for pacing in an Ironman (see Table 12.1). Her TSS was 306, which, according to Rich and Patrick, is a TSS for proven strong Ironman runners only. Although this competitor is indeed a talented athlete, by her own admission this pace was too much, and it left her without enough in the tank for the run.

There is not one clear area in the download that we can point to that was paced incorrectly. Her Variability Index is 1.06, so she pedaled smoothly, but just too hard, for the entire race. She started out a little hot as, in the first 30 minutes, she averaged 170 watts, which is about 80 percent of her FTP. In the longer uphill portion (the second quarter of the race), her power was higher (with an average NP of 170 watts), and it stayed closer to her FTP at this point than during any other extended period in the race. Some might argue that she went too hard on this section, but we think that she paced this section correctly.

When riding uphill, in almost every situation, you can afford to produce more watts than you can in other parts of a triathlon or time trial. This is because you have more resistance to push against, and on the downhills, there isn’t a big enough gear to allow you to produce the same level of force, no matter how hard you try. Even with your best effort, your muscles are recovering when you ride downhill. Let’s say that, as in this case, your FTP is 215 watts, and on the longer uphills you ride right at your FTP, or above it on the shorter ones (106 percent, or 230 watts); on the downhills, you might be lucky to be able to produce 120 watts. That would be roughly 55 percent of your FTP, which is Level 1, or Active Recovery pace.

Figure 12.4 illustrates the point that no matter how hard you try, it is difficult to produce wattage on a downhill. Therefore, although your pacing may be higher than FTP on the uphills, you will be able to recover on the downhills without losing any time to your competitors. With this in mind, we can go back to the drawing board and tweak this triathlete’s training so that she is better prepared for the number and length of the hills, and develop a finer point to her wattage goals. Practicing pacing before her trip to Hawaii will be important. She also needs to improve her FTP to have a chance of winning in her age group in Hawaii.

Now that you know what not to do, let’s look at what to do. Figure 12.5 illustrates a well-paced Ironman Wisconsin race. This athlete had raced in this event the year previously and went too hard on the bike. He ended up walking during his run portion. Determined to come back the following year fitter, stronger, and with a smarter bike strategy, he budgeted for a 250 TSS day and therefore came into the event aiming for an IF of 0.70.
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Notice how there are hardly any watts over his FTP power and that those that do go over FTP are short-lived. His Variability Index for the race was 1.05, which is very low given the incredibly hilly nature of this race, where the terrain usually causes the Variability Index to be over 1.10 without factoring in the rider’s pacing. A Quadrant Analysis of his race (see Figure 12.6) shows over 51 percent in Quadrant III and 36 percent in Quadrant IV, confirming his very low-force effort on the pedals, which allowed him to conserve precious glycogen for his run. He said, “While I wasn’t scared of the bike and going too hard on it, I definitely was super careful this year not to push a big gear and hold fast to my wattage ceiling of 200 watts. My FTP was 20 watts higher than last year, so I knew I could go a bit faster, but I also knew that I had to pedal smoother this year. Last year, I really blew it by pushing too big of a gear and attacking the hills, and that sapped me for the run.”
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Another great way to confirm that he spent the correct amount of time in his training levels would be to check the power distribution chart by training level (see Figure 12.7). This chart displays the amount of time he spent in each of the training levels, as discussed extensively in Chapter 10. This athlete had had some big training sessions, but he did well in this race largely because of his excellent pacing strategy, smooth pedaling, and smart use of the power meter. He won his age group pretty easily after setting a personal record on the run leg, passing more than 20 competitors who had great bike splits, and easily secured a slot for Hawaii.
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TIMING YOUR FITNESS PEAK

Coordinating a peak of fitness for your event is a great use of the power meter for a triathlete. One exciting aspect of triathlon is that you can record the data from both your bike ride and your run. Pace (minutes per mile) is very similar to power on the bike.

Dr. Stephen McGregor, co-author of this third edition and a professor at Eastern Michigan University, has developed the Running Training Stress Score (rTSS) to quantify the training stress from runs. Based on coauthor Andrew Coggan’s work on TSS, rTSS has become a common method for measuring training stress in the running world. Instead of using the one-hour scale used in TSS for cycling, Stephen took the approach of trying to create a level playing field, so that 100 TSS points on the bike would be the same amount of training stress as 100 points on the run. Since running has the additional musculoskeletal-structural risk that comes from pounding your feet on the pavement (the additional gravitational forces of the weight of the body falling to the earth on each foot strike), an hour at functional threshold pace (FTp)—note the use of the lowercase “p” to denote pace instead of power) on the run would be more training stress than an hour on the bicycle, and consequently more recovery time would be required. Therefore, roughly 45 minutes of running at FTp, or a flat-out effort for 15 kilometers, would be equivalent to 1 hour at FTP on the bicycle.

Understanding the impact of TSS on cycling and running makes a huge difference in how much training a triathlete can handle and helps the athlete predict his or her perfect taper for a triathlon. In power analysis software, it’s possible to input your data from your GPS device on your runs, and also power data from your bicycle rides, and then view the corresponding charts and graphs associated with each. Though discussing all of these graphs and charts is beyond the scope of this chapter, we would like to give you a case study on the Performance Manager Chart and provide some insight on how to use it for creating the right taper and the corresponding fitness peak for your upcoming triathlon.

The Performance Manager Charts shown in Figures 12.8, 12.9, and 12.10 belong to an age-group athlete who races primarily in Ironman-distance events. She is fortunate enough to be able to train nearly full-time, and she has been doing triathlons for many years. Highly dedicated to data, she uses a power meter and a GPS device on nearly every workout, including sticking it in her swim cap on some open-water swims. With this vast repository of data, we were able to analyze six seasons of data to understand what makes her tick. As you read in previous chapters, the Performance Manager Chart can be a very useful tool in planning for a taper or peak of fitness. We examined the data from the previous year to identify her best rides and correlate that information with the Training Stress Balance (TSB), Chronic Training Load (CTL), and Acute Training Load (ATL). In this way we could determine the exact training load needed to create her best fitness and what her TSB is when she is riding and running at her best. As a triathlete, you will need to make three Performance Manager Charts inside the TrainingPeaks WKO Software: a PMC just for cycling, a PMC just for running, and then a combination PMC to include both running and cycling. This will allow you to get a better understanding of which workouts in which sports give you the best results in peak fitness, which workouts allow you to experience your highest level of training stress, where during the training year you experience your highest level of training stress, and finally, which sport contributes the most to the overall picture for you as a percentage of training stress.
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In Figure 12.8 we see this athlete’s cycling chart. We have added three additional sets of data to this chart in order to show her “bests.” These mean maximal power numbers represent her 1-minute, 20-minute, and 120-minute Normalized Power and can be used to determine when her fitness and endurance were the highest. We like looking at the 1-minute power number, because even though it isn’t a key factor in triathlon, it gives us a picture of what was happening when she was the most rested and her anaerobic capacity was at its peak. This is useful in determining optimal training load; it’s common to see a best 1-minute value at the same time as a best 20-minute or 60-minute value. This indicates that both the aerobic and anaerobic systems are at their maximum.

We also see in the chart that she had a peak 1-minute result on December 14 after a huge rest period, a peak 20-minute result on July 12, and a peak 120-minute result on July 20. The events that she was attempting to peak for were the Ironman Arizona (early April), the Ironman Wisconsin (early September), and the Ironman Hawaii (mid-October). Her peaks therefore don’t really correspond with her races in a way that you might be accustomed to seeing. Usually we see peak efforts on the days that the athlete wanted them, typically a race. However, an Ironman is more about endurance than about producing the highest wattage for 20 minutes. You cannot determine an Ironman triathlete’s effort on the day of the event based on the 1-minute, 20-minute, and 120-minute values. So, even though we look at these numbers to get an idea of how the athlete’s fitness changes throughout the season, the important thing to understand is what the athlete’s TSB was, is, or will be on race day.

A high positive TSB would mean the athlete is too fresh and has lost fitness, and a negative TSB could mean the athlete will be too fatigued to perform well. So, for an Ironman triathlete, it is important to keep close tabs on the TSB metric. In Figure 12.8 it appears that the athlete peaked at the wrong times for her goal races. She was likely very close to her peak, as she had one of her best 20-minute wattages the week before her event in Arizona, but it was her third best of the year. Although it is possible to hold a peak for six to eight weeks, it’s not advisable to attempt to do this; had she cranked out some big numbers two weeks before this event, we would be more confident that she would have hit her peak at just the right time. This example shows just how hard it is for even a very competitive athlete to peak at the right times.

The triathlete must look at the PMC for running as well as for cycling. Fortunately, this triathlete used her Garmin GPS for each of her runs leading up to Ironman Wisconsin and we have a good dataset to review.

When we examine her running chart (Figure 12.9), we see that she did a much better job of peaking for the run in April than for the run in August, as she had 4 of her 10 best runs of the year all within 15 days of the Ironman Arizona event. However, she did not have too many personal best runs for 20 minutes or 120 minutes until August. It’s possible that she then was close to a good run time for Ironman Wisconsin, but it’s hard to be sure. One thing that reviewing the PMC for running has shown us, though, is that it’s possible to peak for one event and not peak for another even though you are simultaneously training for both. Of course, the ideal is to merge these two peaks of fitness so that you will bike and run as fast as you ever have, but it’s not always that easy.

Now that we have looked at both Performance Manager Charts separately, let’s combine them to see how each sport impacted the big picture. Which sport contributed the most training stress? Was there a pattern to her fitness that we couldn’t see separately? Did the combination of training stresses really impact her negatively?

From the screen shot shown in Figure 12.10, we begin to see a pattern in her personal bests for power and running pace. These occurred predominantly after her rest weeks during her hard training phases in the buildup to peak events. Nearly all of her bests happened right after her normal rest weeks during a hard week of training. This could mean that this athlete keeps a relatively high load of fitness throughout the year and does not need much focused training to actually get into peak shape. Second, an Ironman event is largely endurance based, and it’s very possible to have peak fitness for 20 minutes or 120 minutes but at the same time not have the requisite endurance fitness needed to complete an Ironman-length event. So, again, what the PMC doesn’t tell us is important to understand and recognize.

If we were coaching this athlete, we would recommend plenty of endurance work for a long lead-up to the event, followed by four hard weeks of intensity, some rest, and then a week of endurance and intensity right before the Ironman event. This way, she could avoid peaking too early and build the needed aerobic fitness. With a high load of training stress right before the event, and with just enough rest, she would have both endurance and fitness on race day.

One last thought, and one that should be obvious here: We are not tracking the swimming part of tri training here, but this also plays a role in peaking and in cumulative training stress.
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It’s clear that a power meter can play a very large role in the success of a triathlete. Whether you are learning how to pace an Olympic-distance event, making sure you can create watts correctly in an Ironman, or coordinating peak performance, a power meter and the data it provides are essential to a serious triathlete.
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Racing Faster with a Power Meter

IT IS EXCITING TO THINK ABOUT USING POWER METERS to help coordinate your racing strategy, nutritional intake, and pacing. In bike racing, after all, awards aren’t given to those who can produce the greatest number of watts per kilogram; they are given to those who finish first. Power meters can also serve as a post-race analysis tool and enable a racer to communicate more effectively with a coach about the race experience. Indeed, the race power data are some of the most valuable data you will collect.

For starters, racing with your power meter is a great way to help pace yourself during demanding parts of the race. When you are riding in the breakaway, how do you know whether you should pull or just “sit on” (that is, draft behind the rider in front of you and never help in the workload)? How hard should you pull? If you pull too hard, you risk getting dropped, but if you don’t pull hard enough, the peloton will inevitably catch your break. A power meter is a great pacing tool for any mass-start racing event or time trial. Second, racing with a power meter can let you define the physiological demands of the event. Just by capturing the data with your power meter while competing, you will begin to understand what it takes to ride in the peloton, to escape from the peloton, and even to win the race. Finally, by reviewing the data after the race, you will be able to better prepare yourself for your next race and for next year’s racing season.

In the previous chapter we analyzed power-meter data from triathlon racing to consider how to plan a peak performance in not one, but three sports. In this chapter, we will take a look at power-meter files from different races and events and tell the stories behind them so that you can begin to understand how power meters can be used to achieve success. In fact, your own power-meter data are incomplete without the “story” behind each ride, so it’s important for you to take a couple of minutes after each race to write the story of your ride in your ride diary. It does not need to be a dissertation, but it should contain the key points of your ride, any significant areas to review, and explanations of important moments of the race that you might want to have for future reference.

PACING: THE SKILL WE NEVER TALK ABOUT

Pacing in cycling is probably one of the most overlooked areas for improvement. We are much too concerned with that latest carbon-fiber widget or the newest aero helmet to consider that if we don’t have our pacing strategy dialed in, and possess an ability to meter out power smoothly, then that new aero helmet isn’t going to do any good. Pacing your effort is definitely a learned skill. Yes, some people can do it naturally, but they are the minority. In cycling, many races (and not just time trials) are lost because of poor pacing skills! Pacing plays such a large role in the sport that every racer needs to make it a priority. If you have not practiced your pacing skills, or if you do not think pacing is that big of a deal, think again. In this section we’ll give you some examples of how important pacing is to success in cycling and how you can use your power meter to improve in this area.

How many times have you been out on a long group ride with your friends and felt great in the beginning, and as a consequence you hammered out the first 40 miles, only to fall to pieces in the last 20 miles? Meanwhile, another rider in the group (whom you consider not as strong as you) comes on stronger and stronger. All of a sudden, you are struggling, this other rider is driving the pace, and you are desperately hanging on. Is this rider really fitter than you? Or did he just pace himself better?

The importance of pacing may be most obvious in a century ride. Many newbies drive their pace high in the first 40–50 miles but finish in 10 hours, pausing at every rest stop in the last 50 miles with their speed reduced to 10 miles an hour. They used up all their energy in the first part of the ride.

The stakes are higher in stage races, such as the Tour de France, but the importance of pacing is the same. Are riders rewarded significantly for going off the front at the beginning of a stage? No—a rider taking this strategy would be more likely to get caught with 40 km to go and lose by 10 minutes. In fact, the winner of the Tour de France never undertakes that strategy. What about the Tour as a whole? Have you ever noticed that the riders who rip through the first five to eight stages are not the same ones who are in the top 10 after Stage 8? Usually these riders have expended too much energy in the first third of the overall race, and in the latter third, they are in jeopardy of not finishing.

But pacing is important for racers at all levels, not just for the ones who make it to the Tour de France. And it is important for short events as well as long events. If you push yourself too hard in the beginning of a breakaway, for example, then you’ll either “drop yourself” or the break will be caught because you and your companions cannot maintain your initial speedy pace. What about pacing for a pursuit on the track? Or even for an event lasting less than 4 minutes? Surely, you may think, pacing becomes less important in the shorter events. Actually, pacing may be even more critical in shorter events than in long stage races. In the pursuit, if you start out too hard and expend all your energy on the second lap, then your power will drop off too quickly and your time will suffer. Pacing in the pursuit and even in short track events can be critical to the outcome of the event. So critical, in fact, that we would dare to say that track racers should spend the most time of all on learning correct pacing strategies.

Good pacing is also essential in triathlons, as we talked about in Chapter 10. If you overdo your effort on the bike leg, then you’ll be walking the running leg, and that will definitely hurt your overall time. In a triathlon, pacing is so critical that even 10 watts—for example, riding at 240 watts instead of 250 over an Ironman distance—can make the difference between a steady run and a walk in the final leg.

Pacing in a Criterium

Figure 13.1 shows the story of a criterium race and provides an example of how to use a power meter effectively in this type of event. This is a Category II racer with a very powerful sprint and a solid fitness level. His threshold power is 350 watts, he weighs 175 pounds, and his Power Profile slopes downward to the right, the classic shape for a sprinter.
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In the first part of the race, this rider’s heart rate was relatively low, but you can see a major spike in power at 2 hours into the ride file (time includes the warm-up). It was at this point that the bell for a prime (an intermediate sprint with a prize) was rung. This rider attacked out of the field and sprinted for the prime, and he was successful. At this point, he found himself off the front solo by 20 seconds, as the field really sat up after the prime sprint. Not wanting to ride solo for the rest of the race, but at the same time recognizing the opportunity presented by this nice 20-second “leash,” he pedaled just below his threshold power.

Less than a lap later, three riders bridged up to him and were really drilling it. He jumped on the back of the train and instantly started to work in the rotation. However, after a couple of pulls, he realized that he was working at more than 500 watts; when he was in the “recovery line,” he was still having to put out 400 watts. Doing some quick math and drawing on a keen understanding of his FTP, he realized that he was going to get dropped very quickly. He reasoned (and rightly so!) that if he was just sitting in on the break and over his FTP, then his time in the break was limited. So he did what every good rider should do at a point like this: Sit on! It would make no sense to continue to pull in a breakaway that was “over your head,” and if you did, you would only succeed at spitting yourself out of the back of the breakaway. This rider had a hunch that the three riders were also riding above FTP and were in imminent danger of blowing up.

Though he took some flak from the other riders for sitting on, he knew that was better than getting dropped from the breakaway. The bell rang for the second prime, and like any good sprinter who has been sitting on, he blasted from the back of the trio and easily won the second prime (see Figure 13.2). After the prime, he looked around and the trio was nowhere to be found. They were rapidly falling back to the peloton. Now he was in quite a predicament: He was more than 45 seconds off the front of the field, solo, and a sprinter! He reasoned that the best he could do was to drill it at 350 watts for the rest of the race; if the field caught him, they caught him. He knew that if he tried to hold 360-plus watts, he would only succeed in blowing up, and then the field would catch him for sure. In Figure 13.2, notice how much smoother his power became once he was solo off the front; his heart rate was also steady.
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This was really his only viable strategy at this point. By using his power meter, he paced himself correctly to avoid overexertion, and luckily for him, he was able to hold off the charging field by about 10 seconds at the finish. Note his increase in power in the last 4–5 minutes. He knew he could hold his power output a little higher than his threshold for the last push, so he inched it up to the 360–370 range for the finish. This proved to be a crucial pacing move for his success. He was able to create a successful outcome because he used his power meter in almost every lap of the race to pace himself correctly for the phase that he was in.

Pacing in a Time Trial

The “race of truth” is where your power meter can really shine. In a time trial you can use your power meter to regulate your watts in the first part of the event, pace yourself over hills or climbs, and figure out how much more intensity you can handle near the end of the event. There are many different kinds of time trials, from hill climbs, to dead flat, to rolling hills, and many different lengths as well. The type of time trial you are competing in will determine how you pace yourself throughout the event. Before we start to examine the different types of time trials and how each one will impact your pacing and racing strategy, let’s look at a typical time trial situation.

Picture yourself 10 minutes before your time trial begins: Your aero helmet is on, your shoe covers are in place, the skinsuit that you barely squeezed into is already wet with the sweat from your warm-up, and you are excited, nervous, and caffeinated after several shots of espresso. As you approach the starter and your time, you take a few deep breaths to try to relax, but it’s not much use, because the same amount of adrenaline is pumping through your veins as there would be if a bear was chasing you.

As the countdown approaches zero, you are even more ready to blast off the starting line. Then you hear it: “Go!” You accelerate, getting up to speed quickly, and with all that adrenaline and caffeine pumping through your veins, you can’t even feel how hard you’re pushing on the pedals. You look down at your speedometer and see 29 mph on it and think, “Oh, I am sooo going to win this TT. I am going to crush these people.” Then you start to see your speed drop: 27 mph, 26.5 mph, 25, 23 . . . and finally you end up settling in at a rocketing fast 22.3 mph, even though you know you have done 24 mph for the same time period many times in training. What happened? Well, you made the same mistake that all of us have made. You started too hard. You see, in the beginning of a race, your rate of perceived exertion (RPE) does not match your actual exertion.

All the adrenaline, endorphins, caffeine, and general excitement mask the actual effort until about 4 to 5 minutes down the road, when it all catches up to you. By then it’s too late to fix your pacing; you have dug yourself a nice hole in the pain cave and there is no way out. Yes, if you could stop pedaling for a couple of minutes, allow your body to recover, and then start over at a much more reasonable pace, maybe you’d have a chance of doing better—but of course that’s impossible, because in a race you have only one shot at the start. You might recover, but your finish time cannot be saved.

The importance of pacing is summed up by the second rule of time trialing: “Don’t start too hard, don’t start too hard, don’t start too hard.” (The number one rule in time trialing is: “Get to your start time on time.”) If you start too hard in your time trial, it’s highly likely that you will ride a slower time trial than if you had started off pacing yourself a bit more realistically. And this is where a power meter can really help. Your power meter doesn’t lie.

When your power meter says you are doing 800 watts off the starting ramp and down the first 300 meters, it’s not telling you that to make you feel good; it’s telling you that because you are putting out 800 watts. There is no reason to go that hard in the start of a time trial. If your goal wattage is 250 watts for the time trial, use the first 15 to 30 seconds to get up to speed, then nail your wattage at 250 to 260 for the rest of the time trial. Hold it there as best you can. This will allow you to pace your effort and average 24 mph, not 22.3, for the entire TT. Begin to push a little harder in those last 5 minutes to finish strong, and then you can go as hard as you can to the finish line.

Figure 13.3 illustrates how one rider held his pace above threshold for just a few minutes before settling into a rhythm at his FTP. Notice how long it took for his heart rate to come up to his threshold heart rate—nearly 5 minutes, which indicates that he put out a good, regulated effort in the beginning of the time trial.

[image: image]

Correctly pacing yourself in the beginning of the time trial has a lot to do with the length of the time trial. If your time trial is 40 km, as shown in the example above, then you should probably hold back a little for the first 5 minutes of the event. If it’s shorter—such as a 10-miler—then you can’t afford to hold back as much; you could still hold back for the first 2 minutes of the effort, however. And if you are doing a 4 km pursuit, there is almost no holding back; it’s just a matter of how much you can hold on to at the end of the effort. In general, the shorter the event, the less you hold back.

But in addition to using your power meter to start correctly in a time trial, you can use it to pace yourself correctly during the rest of the effort. What’s the ideal pace for a flat time trial or for a rolling time trial, and what about those downhills: How do you pace them? The impact of wind is another issue to consider.

Flat Time Trials

First, let’s tackle a flat time trial that doesn’t have any wind, and make this our “control,” so to speak, as well. This is where the pacing strategy is the simplest: Ride at your FTP until there’s only 3 to 5 minutes to go, and then bring that pace up until you reach the finish line. This “isopower” strategy is the default strategy for any time trial: Ride at your FTP, making it your goal to be as smooth and consistent as you possibly can be.

That said, there can be times when variable pacing might be beneficial, and though variable pacing is a very complicated subject—and this section is far too short to go into depth on the topic—there are some considerations you might want to make. If we introduce a headwind, for example, on the “out” leg of this flat time trial, it might be a good idea to change your pacing. When there is a headwind, there is also a tailwind, and when there is a tailwind, it has the effect of normalizing some of the fitness differences among riders. You might look down at your speedometer, see 32 mph, and think, “Wow, I am going to win this TT”; then you might relax a bit instead of focusing on what your strategy should be and working accordingly. As it turns out, though, because of the tailwind, everyone else is also going 32 mph, or very close to it, no matter what their FTP is.

In a tailwind, it’s very difficult to produce watts even at your FTP. This is because (1) your gearing is too small and you can’t spin the gear fast enough, or (2) you may not be accustomed to producing high power when traveling so rapidly. The net effect is that someone with an FTP of 340 watts can maybe put out 320 watts and rides at a speed of 32.5 mph in the tailwind, and a cyclist with an FTP of 320 watts can only put out about 300 watts in the tailwind and rides at an average speed of 32.1 mph. In a 40 km TT, this small speed difference for 20 km will result in the faster rider gaining only 17 seconds over the slower rider.

On the headwind section of the course, the rider with 340 watts can ride at 22 mph for the entire 20 km, and the rider with 320 watts averages only 20.5 mph for the same section. This gives the rider with 340 watts at FTP a 194-second advantage on that portion of the course. This shows that, all other things being equal, the time trial could be won in the headwind.

Hilly Time Trials

In a time trial with a major hill, rolling hills, or perhaps a couple of significant but relatively short hills, there are other pacing strategies to use. It all depends on the kind of hills you will be encountering, however. What about a short, steep hill or a long, more gradual one? How about hills that plateau versus hills that have equal downhills on the other side?

First, let’s think about how to pace yourself on even hills. In this scenario, you can afford to push a little harder on the uphill section because you will get a chance to recover on the downhill. How much harder than FTP you pedal depends on the length and grade of the hill. For a hill that is less than 1 minute long and very steep, you can pedal much harder than you could for a hill that was as long as 5 minutes, yet more gradual. A longer effort on the uphill will also take longer to recover from on the downhill, whereas a short, hard burst of power will create a quick burn in the legs, but also allow for a quick recovery.

You are riding at the absolute limit when you hit a hill, so be careful about how much harder you go over your FTP; it could also mean the end of your nice, consistent effort if you blow up spectacularly at the top of the hill. If you are unsure about how hard to go on a hill, think about power training levels: If it’s a 3-minute hill, for example, then you know you can hold 115 percent of your FTP for that amount of time without cracking when you are fresh, so you could knock off, say, 5 to 10 percent of that and try for 105 percent of FTP. This strategy gives you a good place to start with your pacing, but it requires you to thoroughly understand the power training levels explained in earlier chapters.

On hills that have corresponding downhills, you can push a touch harder than you would in a flat time trial, but when you have a hill that flattens out at the top, or plateaus, then you have to be very careful to maintain FTP or just above it on the uphill portion. As soon as you crest the hill, you will want to get back on the gas and get back up to speed. The sooner you can do that, the better your time will be. These types of hills really throw some racers off; they hammer up the hill only to wear themselves out by the time they get to the top, and then they have to struggle to get back to speed. Make sure you meter out your effort on these kinds of hills. It’s fine to be just at FTP on the hill. Remember: You won’t have any time to recover afterward, and any time spent below FTP after the crest of the hill and on the flat will be time you are giving away to your competition.

Pacing in a time trial with your power meter gives you a definite advantage. You can regulate your effort in relation to the terrain, conditions, and length of the course, and you can pace yourself for certain sections within a course. At the start of a time trial, your RPE is not telling you the actual exertion rate, and you need to rely on your power meter to make sure you don’t start too hard. Along with using our guidelines and tips, test pacing strategies in practice time trials over different types of courses, using your power meter to help you find the quickest time.

COMPARING THE DEMANDS OF RACING AND TRAINING

Another way to improve your racing performance is to look at the demands of the events that you want to enter and train accordingly. For example, if you know that you will have to do 20 laps of a criterium course, and that each lap has a 20-second hill on it, then you can train by doing 20 hill repeats of 20 seconds each. You can also look at the Quadrant Analysis chart of a race and compare this with a typical day of training. If you look at the number of hills or accelerations that you might have to produce, but do not take account of the neuromuscular demands, then you could be missing a very critical component.

Be sure also to think about how many kilojoules of energy you will need to produce for the event. This component of your power-meter data can inform your nutritional intake during subsequent races. The key thing here is to mark the point at which you became exhausted with the beginning of an interval or “lap” (if you forget to do this, many times you can still find this point in your file after you have downloaded the data). When you download racing data, you can see how many kilojoules of energy and TSS points you scored before you became tired, and subsequently you can determine how many calories you need to consume during your next race. For example, if you did a 2.5-hour race and consumed 500 kcals during the race, but then downloaded your race file and found out that you expended 2,000 kJ, or roughly 2,200 kcals, you might plan to eat more during your next race or load up on carbs in the days leading up to the race.

In this section we will look at a typical training file from a mountain-bike rider, then a race file from the same cyclist, and use the Quadrant Analysis spreadsheet in order to compare the actual neuromuscular demands of the race with the athlete’s training.

Figure 13.4 shows the graph of the athlete’s training ride, and it’s easy to see that there is a lot of power fluctuation. He was definitely riding near his threshold for a good portion of the time, and slightly above it at other times. In the words of the athlete, “I felt good today! I was kind of dreading the workout Hunter slated for me because I was feeling tired and weary. Wow, I felt good power and excellent ability to maintain it. After the up-tempo at Bob’s place, we cruised over to the steepest hill you have ever seen, called Upper Springs. I ramped it up to 350 watts for the beginning 2 minutes, and then it got steep—in fact, so steep that the 32:27 I was riding was not enough gear! Ouch! The climb pitched to over 20 percent in spots and I was going over power just trying to keep the wheels turning. I really tried to focus on low cadence and high force in this workout, but I’m not sure if I got enough in.”
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Let’s compare the athlete’s training ride with his race file, which was about the same duration (Figure 13.5). Immediately, you can see how much more stochastic the race was than the training ride. In the race, there are fluctuations in cadence and wattage; the cadence and power lines in the training file look almost smooth by comparison. The comment from the athlete was “Awesome day!! 80 degrees and clear skies at Flat Rock Ranch in Texas. Way fun race! More open Texas hill country like I had seen on TV. Hard race with lots of rocks up on top of the hills, and sweet singletrack. More technical than I would have thought for Texas. Good win and was still feeling strong at the end despite having drilled it for the whole race.”
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Now let’s compare the same two power files using Quadrant Analysis and see if the athlete is training in the correct quadrants to specifically address the neuromuscular system (Figures 13.6 and 13.7). To review: Quadrant I is high force and high cadence; Quadrant II is high force and low cadence; Quadrant III is low force and low cadence; and Quadrant IV is low force and high cadence. Overall, it is easy to see that in the training ride, this mountain biker’s goal was to do plenty of subthreshold work, and from that perspective it was a great success. Almost all of the points fall just below the line representing functional threshold power. However, the majority of his time pedaling fell into Quadrants III and IV, which are relatively low force but require both fast and slow cadence. Thus, although this training ride accomplished the goal of stressing his metabolic fitness, it did not place much emphasis on the use of his Type II, or fast-twitch, muscle fibers.
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It is apparent that the race put a much larger demand on multiple neuromuscular capabilities than the training ride did. The “shotgun blast” of the race indicates a high degree of variability in the neuromuscular and cardiovascular capacities needed to win the event. Although the majority of the ride was in Quadrant III, it also contained quite a lot of effort in Quadrant II. This makes sense because in a mountain-bike race, many times you have to push hard and fast in order to get over obstacles, maintain traction on steep slopes, and keep your momentum going. This distribution also shows approximately how much effort the rider spent over his threshold power and exactly how his muscles were working at those times. In this race, when he was riding over his threshold, it appears that he was spending a majority of his time in Quadrant II, which gives us further insight into the demands of the event.

What should this athlete do in order to train more specifically for the races that he enters? For starters, he needs to develop some workouts that will focus on Quadrant II. He needs to be better prepared, come race time, to produce a large amount of force at a low cadence, and with a high degree of cardiovascular strain. Second, he should introduce more variability into his ride to be ready for the speed and force changes required by mountain biking. Perhaps the easiest and most logical way to accomplish this would be to do more race-like efforts while riding off-road—for example, he could perform time trials on a technically challenging loop. Alternatively, he could do specific interval workouts—such as micro-bursts using a large gear, or perhaps motorpacing—to achieve this goal.

FATIGUE RESISTANCE

Fatigue resistance across all of your energy systems plays a large role in your success or failure in any race. Many times, a race’s winner outsprints the second-place guy only because he was able to maintain high power without fading before the finish line, or a mountain-bike rider wins simply because he is able to maintain an average power 10 watts higher than his competitor throughout a 7-hour ultra-endurance mountain-bike race. Yet another example would be our case-study cyclist, Bill Masters, who at the end of his 12-week gran fondo training plan is able to maintain high wattage on each of the gran fondo’s long climbs without fading, so that he outpaces his buddies he was previously worried about staying with. Fatigue resistance spans all cycling disciplines and ride types from the Tour de France to the local Saturday group ride with your friends. The more fatigue resistant you are, the stronger you’ll be at the end of your event.

You can pinpoint the areas in which you could improve your fatigue resistance—and translate that improvement into a smarter racing/riding strategy—by reviewing your Power Duration Curve and comparing it to your best power when you’re fresh versus after a certain amount of work has been done. You may be able to knock out 300 watts for 20 minutes when you are fresh, but what can you do after you have completed 2,000 kJs of work? You can also look at your fatigue resistance for your sprint, which will allow you to determine if you need to focus on your explosiveness or fatigue resistance.

In Figure 13.8 Bill Masters’s fatigue resistance chart shows a dramatic difference between his best 5-minute and 20-minute power when he is fresh at the beginning of a ride as compared to after 2,000 kJs of work. His 5-minute power drops from 261 watts to 202 watts, and his 20-minute power drops from 241 watts to 187 watts. These are significant drops in power, which was the source of Bill’s concern about his stamina during his gran fondo. This was his reason for working with Hunter to create a training plan designed to improve both his FTP and his stamina. By increasing the length of Bill’s rides along with doing increasingly more “kitchen sink” workouts during those long rides, Bill was able to improve his best 5-minute and 20-minute power in a fatigued state (i.e., after completing 2,000 kJs of work). If you are riding or racing for longer than 3 hours, we recommend reviewing and using this chart to help determine the right course of action for your power training plan.
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Now, let’s take look at a sprinter’s fatigue-resistance chart and explain what makes him a sprinter and the type of sprinter he is. In Figure 13.9, we have charted only the first minute of the athlete’s Power Duration Curve and included a fatigue-resistance plot as a percentage of power degradation from maximum power. Although this rider doesn’t have a 1,500-watt pure sprint, he clearly has a very high fatigue resistance for a longer, 15-second sprint, which starts at 1,274 watts and drops only 20 percent after 15 seconds. Extend it out to a 41 percent degradation at 35 seconds into his sprint—which translates to nearly a 600-meter sprint—and he’s still producing over 800 watts! This rider needs to make sure he starts his sprint more than 300 meters to the line and, if no one jumps on his wheel, he should be able to outlast most competitors. Or he has the ability to surprise everyone at 600 meters from the finish line, sprinting very long and holding it to the finish.
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Contrast this to Bill Masters’s sprinter fatigue-resistance chart. As we know from our case study in Chapter 10, Bill is not a good sprinter. His absolute power is low and he cannot maintain his sprint for a long time. Based on his sprint-fatigue resistance chart, he should stick with climbing.
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GAUGING AEROBIC AND ANAEROBIC ENERGY PRODUCTION

Let’s consider the individual pursuit—one of track cycling’s classic races—to observe how power-meter data can help an athlete go faster than ever before. At first glance, the individual pursuit may seem to be a fairly straightforward event, as it is just a short time trial contested on a banked velodrome (4 km for men, 3 km for women). In reality, however, this appearance of simplicity is deceptive, as the margin of victory in such races is often very small, and there are numerous physical and physiological factors that can have a significant influence on performance.

Although it is possible to learn how to pace yourself correctly using only lap times for feedback, post-race analysis of power-meter files can speed up the feedback process by providing objective data regarding the distribution of effort throughout the race. A power meter can also be used to fine-tune body position from an aerodynamic perspective, which is crucial, since approximately 85 percent of a pursuiter’s power output is used to overcome wind resistance, which we’ll explore in more detail later in this chapter. (The other sources of resistance—inertia, rolling resistance, and drivetrain and bearing friction—account for approximately 8 percent, 5 percent, and 2 percent, respectively.)

Of course, data from a power meter can also be used to determine whether the training program is having the desired effect—that is, whether the athlete’s ability to produce power for various periods of time, especially over the 3.5- to 5-minute duration of a pursuit, is indeed increasing. Just as important, however, is that power-meter data can be used to determine how a particular rider produces power—the individual’s relative reliance on aerobic and anaerobic energy metabolism during this predominantly, but by no means exclusively, aerobic event. In turn, this information can be used to fine-tune the rider’s training program by consolidating strengths while improving on weaknesses.

Consider the two riders whose data are shown in Figure 13.11. Rider A, on the one hand, is a male masters racer who excels in road races and longer time trials but has a very poor sprint and a limited anaerobic capacity. Rider B, on the other hand, is an elite female track cyclist whose specialty is the pursuit. As shown in the figure, their average powers during a pursuit are quite comparable, as are their personal best performances—3-kilometer times on the same outdoor concrete 333.3-meter velodrome. (Although Rider A does not produce quite as much power as Rider B, Rider A is a bit more aerodynamic and thus goes slightly faster.) How they go about generating their power, however, and thus achieving their performances, is significantly different. Specifically, Rider A apparently produces more of his power via aerobic metabolism, whereas Rider B relies more on her superior anaerobic capacity.
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These differences in power can be determined by comparing the areas under the lines shown in the figure: The lower, smoother lines in the two graphs represent the riders’ theoretical maximal aerobic power output, as calculated from laboratory-determined VO2max and efficiency, whereas the more jagged lines represent their total power output as directly measured using a power meter during their pursuit. For Rider A, the area under the power-meter line represents 80 percent of the total area (i.e., 80 percent of the work was performed aerobically), which leaves only 20 percent unaccounted for, meaning that it must have come from anaerobic sources (i.e., phosphate creatine/adenosine triphosphate, or PCr/ATP, and lactate production). Expressed in terms of the amount of additional oxygen that would have to be taken up to generate this energy aerobically, this anaerobic energy production is equivalent to 3.36 liters (L) of O2—in other words, Rider A’s maximal accumulated O2 deficit (MAOD) can be estimated at 3.36 L.

In contrast, for Rider B the area under the maximal aerobic power output line represents only 72 percent of the total area (at most she could have generated only 72 percent of her energy aerobically). The remaining 28 percent therefore must have come from anaerobic sources, leading to an estimated MAOD of 5.27 L, which is significantly greater than that of Rider A. Or, to put it another way: Despite the fact that her VO2max is 4 percent lower (4.20 L/min versus 4.47 L/min), Rider B is able to produce 4 percent more power (411 watts versus 397 watts) during a 3 km pursuit because her anaerobic capacity is much larger. (This difference is even more striking when you consider that, on average, anaerobic capacity is generally lower in women than in men, even when expressed relative to muscle mass.) If Rider B were as aerodynamic as Rider A, the additional power that she could generate anaerobically would enable her to complete the 3 km in approximately 3 minutes and 43 seconds, or approximately 4 seconds faster than Rider A.

Given the differences between Riders A and B in how they generate their power during a pursuit, we can conclude that even though they might be training for the same event, their training programs should be different. Specifically, since Rider A’s weakness as a pursuiter is his anaerobic capacity, his performance would likely be improved the most if he focused on very high-intensity (i.e., Level 6) intervals, especially during the run-up to his goal event (for example, district championships). Rider B, by contrast, has a tremendous anaerobic capacity that seems unlikely to improve dramatically with additional high-intensity training. Thus, she should place a greater emphasis on improving her VO2max (and also her functional threshold power, since this is an important determinant of muscle fatigue resistance, even during maximal/supra-maximal exercise) via training at Levels 3, 4, and 5 (especially in the off-season and preseason periods). Indeed, after making precisely this change in her training program, Rider B improved her personal-best time by more than 4 seconds and won the national championship in the pursuit.





ON-SITE POST-EVENT PERFORMANCE ANALYSIS

Using the information from your power meter for immediate on-site analysis of your performance can be very helpful because it can allow you and your coach to make quick adjustments in your pacing or racing strategy, or even in your gearing combination. At a velodrome event, for example, you might be competing in eight different races, and in those events, you would have heats, qualifiers, and then a final. You could have up to 30 minutes of downtime between events, leaving you with ample time to download your data and make adjustments before your next race.

From training and testing with a power meter, you would know what cadence you generally use in your best performances. But you might discover when looking at your data that your cadence in the first qualifying round was faster. The track could be quicker than you anticipated, or the air density could be radically different from what you are used to in your training. With the power-meter data, you would know immediately how to adjust your pace and your gearing.






In this example we used laboratory-based measurements of VO2max and efficiency to calculate the riders’ maximal aerobic power output, but you could just as easily use the quasi-plateau in power that occurs after the 1.5- to 2.5-minute mark of a well-paced pursuit. As shown in the figure, this is essentially the rider’s power at VO2max, as would be expected, since anaerobic capacity (as measured by maximal accumulated oxygen deficit) is generally completely used up after that period of time. So from that point, further exercise can only be performed on a “pay as you go” basis (i.e., 100 percent aerobically).

AERODYNAMIC TESTING WITH A POWER METER

If you are a road time trialist, track racer (e.g., pursuiter, kilometer, or 500-meter rider), or triathlete, one of the benefits of owning a power meter is that it enables you to determine your aerodynamic drag via field-testing. Indeed, with an optimal venue and careful attention to detail, it is possible to measure your effective frontal area, or CdA (i.e., the product of the dimensionless coefficient of drag, Cd, and frontal area, A, measured in square meters, or m2), just as precisely—and more conveniently—than using a wind tunnel. Data obtained using a power meter can therefore be used to make decisions about a rider’s position on the bike or possibly even choice of equipment so as to maximize performance at any given power output—in other words, it can give you free speed. A detailed description of how best to perform such testing is beyond the scope of this book, but in general, three different approaches may be used: the constant speed (or constant power) method, the regression method, or the virtual elevation method. There are also commercially available products that can be used to determine CdA, such as the Aero Stick created by Alphamantis Technology (and acquired in 2017 by Garmin), or the AeroPod, created by the engineers at iBike.

Constant Speed (or Constant Power) Method

The simplest way to determine CdA is to have a rider perform one or more passes, or test runs, in both directions along a section of windless road (or better still, on a running track or velodrome, especially indoors) of known grade or slope (perfectly flat is ideal, but not absolutely necessary) at a constant speed while measuring the power output (or at constant power while measuring speed). The measurements should be made over a distance of at least 500 meters, and the power data should be corrected (after downloading) for any slight variations in starting and ending speed (to correct for changes in stored kinetic energy). This is most easily achieved by simply selecting as starting and ending points of each run moments when the speed was the same (and if testing on a track, select a straightaway and not a turn). If the road is not perfectly flat, the data also need to be corrected for changes in potential energy during each run. Finally, if a SRM, Quarq, or Polar power meter is used, the data also need to be corrected for the assumed efficiency of the drivetrain (since the PowerTap measures power “downstream” of the chain, the power value it provides can be considered equal to that of driving the bicycle forward).

As a first approximation, the corrected power itself can be viewed as a rough indicator of the rider’s aerodynamic drag (or changes in his or her aerodynamic drag), provided that the speed, air density, and rolling resistance are constant across trials. It can be difficult to achieve precisely the same average speed during all trials. Furthermore, when testing outdoors, the environmental conditions—that is, barometric pressure, temperature, humidity, and wind—are subject to considerable change, which in turn will influence the air density and hence the power requirement. Consequently, it’s best to complete all of the measurements in a rather short period of time. If this can’t be done, it is necessary to record the precise environmental conditions to determine the air density and then calculate the rider’s actual CdA (for example, check out the free calculators available at Tom Compton’s excellent website, www.analyticcycling.com). Perhaps more importantly, when using this approach it is necessary to assume a value for the coefficient of rolling resistance, or Crr, and to accurately weigh the rider and all of his or her equipment in order to account for the power required to overcome rolling drag. If different tires or wheels are used in different tests, or if the tire pressure or temperature varies significantly, this would present a complication in the results, since rolling resistance varies with both tire pressure and temperature.

Regression Method

A somewhat more complicated approach for determining CdA is to have a rider make multiple passes (six to nine) along the same type of course at a variety of speeds, ranging from perhaps 5 to 15 meters per second, or the highest that the rider can sustain and reproduce for the required distance and duration. If the course is not level or if there may be residual wind, it may be a good idea to make an equal number of runs in each direction to try to account for, or at least detect, such effects. When the corrected steady-state power (in watts) from such trials is plotted on the Y-axis of a graph against speed on the X-axis, the relationship is well described by a curvilinear equation of the form:

Y = aX + bX3

where “a” is a constant representing the rolling resistance (in newtons, N) and “b” is proportional to one-half times the air density (in grams per liter, or g/L) times CdA.

Alternatively, this equation can be transformed into a linear equivalent by dividing the power during each trial by the speed and plotting this result on the Y-axis against the square of the speed (in m2/s2) on the X-axis. The resultant data should form a straight line, the intercept of which will again be the rolling resistance and the slope of which will again be proportional to one-half times the air density times CdA. Based on the environmental conditions at the time of the testing, it is therefore possible to calculate the air density, and thus in turn, to derive the CdA. Compared to the constant speed (or constant power) approach, there are two advantages to using the regression method. First, it distinguishes between changes in rolling resistance and changes in aerodynamic drag, which can be useful in equipment selection. If you seem to be faster using a particular set of wheels, for example, using the regression method will enable you to determine whether it is because they are more aerodynamic or because the tires roll better. Second, the regression method may provide a more precise estimate of CdA, since the value derived is automatically based on multiple measurements.

Virtual Elevation Method

Dr. Robert Chung developed this approach largely as a means of estimating CdA when an ideal venue such as the one described above is not readily available. Rather than placing any constraints on speed or power, as in the first two methods described above, in this method the rider simply collects speed and power data while repeatedly riding over the same stretch of road as he or she normally would. These data are then used along with the total mass and other factors to solve for the apparent, or virtual, elevation profile based on the physics of cycling, assuming reasonable starting values for CdA and Crr. The latter two parameters are then adjusted as needed to visually “level the plot,” that is, to force the repeated measurements made at each point along the route to appear to be at a constant elevation.

Alternatively, more formal mathematical and statistical (rather than graphical) methods can be used to arrive at the combination of CdA and Crr that best explains such data. While this method can be applied to estimate CdA from data collected during, for example, longer time trials (as can the constant speed or power method described above), shorter out-and-back or loop courses work best, as they provide more estimates of the virtual elevation of any particular point. Because braking must be avoided (or data collected during such braking events excluded from the analysis), one particularly useful approach has been to use a “half-pipe” course—a short section of road with moderately steep hills at each end—as this eliminates, or at least minimizes, the need for braking while also providing the variation in speed required to truly pry apart CdA and Crr.

As indicated above, the primary advantage of this method is that the slope of the road does not have to be zero or even constant—in fact, the exact profile of the path traveled does not even need to be known (indeed, estimating course profiles from data collected using a power meter is another application of the “virtual elevation” method). In addition, because the data are utilized on a point-by-point basis rather than averaged together, it may be easier to identify anomalies due to, for example, a gust of wind or a change in rider position. However, it can sometimes be difficult to differentiate changes in CdA from changes in Crr and vice versa. While this problem can be avoided by testing under conditions where Crr can be assumed to be constant (i.e., using the same set of tires inflated to the same pressure rolling over the same surface at the same temperature while carrying the same mass), it does tend to complicate comparison of different tires or wheels, or data collected at one location with data collected at another.

Precision in Aerodynamic Testing

Regardless of which approach is used, under ideal conditions it is possible to quantify CdA via such field-testing with a coefficient of variation (i.e., reproducibility) of less than 2 percent. This is comparable to that obtained in wind-tunnel testing and approaches the limits of resolution of power meters themselves. To obtain this degree of precision, however, testing generally needs to be performed in the absence of any significant wind or automobile traffic, as a single car can disturb the air enough to affect measurements for several minutes after the car has passed.

Assuming that you can find a suitable location, you should plan to perform this field test very early in the morning, immediately after the sun has risen but before the wind starts to pick up or traffic begins to develop. It could require many days of testing to obtain the data necessary to, for example, determine the optimal aerobar height, as uncooperative weather or other conditions could make your data unusable. If you want to check the accuracy of your data, measure the reproducibility of trials by comparing your data for outbound versus inbound within a given session and comparing data across sessions.

Since it is necessary to perform such testing only when there is minimal wind, the value obtained for CdA reflects only that for when the wind is coming from straight ahead (i.e., at or near zero degrees of yaw). This is in contrast to measurements made in a wind tunnel, where it is possible to measure CdA quickly and conveniently across multiple yaw angles. This distinction is important, since the benefits of aerodynamically designed cycling equipment are usually greatest when the wind is coming from an angle rather than from straight ahead. Nonetheless, if you are a dedicated racer interested in wringing out every last drop of speed, a field test to determine CdA becomes a very useful application of a power meter.
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When you begin to race with your power meter, you will be taking full advantage of all it has to offer. The information that you collect while you are on the bike in a race will help you with many aspects of creating a peak performance. It will help you learn how to pace yourself efficiently whether you are in a 40 km time trial, off the front of a criterium soloing to the line, or simply drafting in the peloton. In shorter events, such as track racing, it is easy to make adjustments to your pacing and/or racing strategy, along with your gearing, based on your power-meter data, so that in your next heat you’ll have the advantage you need to perform your best.

Using your power meter to guide your energy expenditure in a race can make the difference between standing on the podium as a champion and being just another rider in the field. As you learn more about the demands of your events and the requirements for success, you will be able to train more specifically and efficiently for each event. From knowing how to coordinate your nutrition for optimal energy conservation to understanding the neuromuscular demands of your discipline, defining the demands of your event can also make a big impact on your ability to make the winning move.
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Power for Other Disciplines: Cyclocross, Track, Ultra-Endurance

THOUGH MORE AND MORE CYCLISTS HAVE BEGUN USING POWER METERS on the road and for mountain biking over the past few years, there are many other disciplines in cycling, and enthusiasts in all of these specialties could benefit from using power meters to train with wattage. Cyclocross, track, and ultra-endurance mountain biking are all areas of cycling where the potential for power meters is very promising.

In any sport, a great recipe for properly utilizing a power meter is to:



       1.  Determine the demands of the event by recording the power data and the effort that it takes to complete the event successfully.

       2.  Understand your strengths and weaknesses relative to the demands of the event.

       3.  Train for both the demands of the event and your weaknesses (assuming those weaknesses could impact your success in the event).

       4.  Review the results of those training sessions and compare them with data collected in races.

Keep these steps in mind as we discuss the three disciplines covered in this chapter. One goal of the chapter is to show how competitors can use a power meter effectively in a given event. For each discipline we have therefore given examples of how the power meter has been used by actual riders. Although you might not be interested in all of these disciplines, it will still be useful for you to read through the chapter, as the ideas shared can also be applied across most of the cycling disciplines.

CYCLOCROSS

Cyclocross brings a unique set of demands: Competitors must be able to create quick bursts of effort over small obstacles, or leap off the bicycle and run while carrying it for sections as long as 30 seconds, all the while maintaining a pace at FTP (and above) for 40 to 75 minutes. Power-meter files from cyclocross races typically show an average of 20 to 40 watts below the actual FTP of the athlete. One reason for this is that there is so much downtime, spent coasting down a technical hill or running with the bike. The other reason is that many of the courses lack good traction because they traverse mud, sandpits, and the like.

The ability to put the power to the ground skews the power down, and one has to take this into consideration when reviewing cyclocross power files. Because of the running and coasting sections of the course, it’s also hard to determine the exact muscular demands of cyclocross. When viewed in a Quadrant Analysis plot, a cyclocross race turns out to be largely in Quadrant II, which represents slow pedaling and higher force, but Quadrants III and IV are also heavily involved in cyclocross (see Figure 14.1).
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In some ways the power file from a cyclocross race can resemble the power file from a criterium with stochastic power spikes, easily discernible laps, and big “race-winning” types of efforts. But cyclocross power files have some interesting differences, including power bursts, periods of reduced power in each lap, and the overall training stress accumulated. Keep in mind that power is not recorded when a rider is dismounting, running, and remounting, but this obviously contributes to the physiological (and technical) demands of cyclocross. One thing that is important to identify in a cyclocross power file is the number of watts above FTP and the length of each of these efforts; in other words, how many “matches” the cross racer has to burn. A cyclocross match is a little different from a match in a road race or a criterium, however, because most likely the racer is already at his or her FTP when the need to do a hard effort arises. In this case, the matches are more like bursts of flames coming up from an already raging fire! Identifying these “flames” and being aware of their intensity will allow you to train more specifically for the kind of effort that cyclocross requires. Figure 14.2 shows an example.
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After reviewing hundreds of cyclocross race and training power files, we began advising that cyclocross racers work yet another variation of the Level 7 Micro-Burst Workout into their training plans (see Workout 14.A). We call this the 30-30-30 workout, because it involves 30 seconds at 150 percent of FTP, 30 seconds of coasting (0 percent of FTP), and 30 seconds of running. By extending the intervals from 15 to 30 seconds, we take the workout from Level 7 to Level 6. At 30 seconds, the anaerobic capacity system is utilized, but the neuromuscular power requirements are reduced. The 30-30-30 workout is done continuously for 10 minutes. Rest for 5 minutes between intervals, completing three to five 10-minute intervals, and then cool down.

[image: image]

Training for the demands of the event is highly applicable here. The 30-30-30 workout is good training for cyclocross because it addresses the specific need for strong anaerobic capacity along with the need for highly tuned technical skills (dismounting, running with the bike, and remounting smoothly). In addition, cyclocross demands a strong FTP, so the traditional Level 4 FTP workouts are important for the successful cyclocross racer. We recommend doing four efforts at FTP for 10 minutes each, or three for 15 minutes each, or two for 20 minutes each, in order to get in the needed threshold work in one of your workouts each week.

Sam Krieg, a coach for the Peaks Coaching Group and an elite ’cross racer, says the 30-30-30 workout is a favorite. He likes “the structure it provides” and “the nearly identical similarities” to his ’cross races. “It forces me to go hard for the entire 10-minute set,” he said. Kris Walker, the national champion in the 2009 masters (45–49) time trial and the 2008 and 2009 masters cyclocross event, also found these workouts helpful, saying, “As a classic steady-state rider, my forte is my ability to hold a constant power for the entire event, and cyclocross is very challenging to me because I have to train my weakness, anaerobic capacity. After reviewing my power files with Hunter, we were able to determine just exactly how much anaerobic work I was going to need in order to be on the top step of the cyclocross national championship podium.”

Cyclocross is another discipline in cycling where racers are using power meters to train more quantitatively and also more specifically to the demands of the race. To a large degree, the improvement that can be made with power meters in CX hinges on the athlete’s ability to mimic the demands of upcoming CX races and develop training routines for them accordingly. As cyclocross grows in popularity, more racers will be using power meters to collect data, analyze the demands of the events, and change the way they train.

TRACK CYCLING

Because track racers perform a significant portion of their training, and all of their racing, under comparatively well-controlled conditions—on an indoor or outdoor track—in the past a simple stopwatch proved very useful for quantifying a rider’s training and performance. In recent years, track cyclists have designed elaborate training programs based on their power-meter data and the specific demands of their event.

Now we now track cyclists can benefit from the use of a power meter just as much as, if not more than, other types of cyclists. Why? First, the short distances and durations of most track cycling events mean that the difference between winning and losing is often exceedingly small; gaining even a tiny advantage over the competition can often tip the balance in a racer’s favor. Furthermore, at least at the elite level, many races are conducted using a time trial (TT) format, which places more emphasis on the rider’s physical ability and less upon, for example, tactics. Finally, even on an indoor track, the environmental conditions (for example, air density) can vary enough to result in a significant difference in a rider’s TT time even when actual performance—that is, power output—remains constant. For all of these reasons, a power meter can be a very useful tool for a trackie.

How a track cyclist uses a power meter will be somewhat different from, say, the ways that a road racer employs it. For example, a track cyclist is unlikely to find much use for a power meter for pacing purposes, as (1) track training and racing quite often entail short, high-intensity, unpaced effort; and (2) the high speed and frequent turns on the track can make it difficult to read the power-meter display even during longer intervals or races where some degree of pacing is desirable (for example, individual pursuit). In addition, with the exception of some endurance events (such as a points race or a Madison), most races on the track are too short for Normalized Power data to be readily interpretable.

On the other hand, data from a power meter can be absolutely invaluable for determining the precise demands of a particular event, and hence for optimizing a racer’s training program and/or position, his or her equipment, and the strategy he or she will use when racing. Indeed, there are so many opportunities for fine-tuning your preparation for track racing using data from a power meter that it is simply impossible to describe them all in this short section. Instead, below we have simply listed a number of different potential applications to illustrate some of the various ways in which a track cyclist can employ a power meter.

Aerodynamic Testing

The high speeds typical of track cycling mean that aerodynamic drag often represents an even greater fraction of the total resistance a rider faces than is true in other branches of the sport. Because of this, it is common for track racers to use the most aerodynamically designed equipment they can (for example, disc wheels), even in mass-start events. With a power meter and some careful testing (see “Aerodynamic Testing with a Power Meter” in Chapter 12), however, it is possible to make equipment choices based on actual data instead of theory and manufacturers’ claims. More importantly, such testing can be used to refine a rider’s position, thus potentially saving those critical tenths of a second in a flying 200-meter race, or many seconds in a team pursuit.

The controlled, or at least semicontrolled, environment of a velodrome also provides an excellent venue for such testing, in part because the testing can be performed under precisely the same conditions that will exist during the race. This minimizes concerns over differences in wind angles and aerodynamic drag characteristics that arise when testing and racing are done in different settings. When testing on a track, other factors that can influence the outcome are also eliminated: You don’t have to worry about cars, dogs, bumps in the road, and so on. It is important, however, to conduct such testing only when the track is empty, or nearly so, not only for safety reasons but also because the presence of many riders on the track at once can disturb the air enough to affect the data.

Monitoring and Managing Training Load

As mentioned above, it is often difficult to interpret Normalized Power data from track races, simply because these races are usually so short. The general concepts behind Training Stress Score, however, remain valid, and the Performance Manager approach can still be effectively used to monitor a rider’s overall training load, to plan and execute an appropriate taper, and so on. (Indeed, the very first use of this method was to quantify the training of a national champion pursuiter.) However, care must be taken when analyzing track workouts to delete any significant portions of the file where the rider was not actively pedaling; otherwise the TSS score may be artificially inflated.

Determining Race Demands

A power meter is obviously useful for recording the power associated with a particular level of performance (such as time or placement) as well as the cadence at which it was achieved. This information can then be used to adjust your training and gear selection to better meet the demands of a particular event. For example, Dr. Jim Martin of the University of Utah, working in conjunction with the Australian Institute of Sport, has shown that world-class match sprinters tend to initiate their jump during a flying 200-meter time trial essentially right at the cadence that results in maximal power output—beyond this point, power declines continuously because of increases in cadence beyond this optimum as well as fatigue. Such data demonstrate why it is important for such riders to train not only to increase their peak power, but also to be as fatigue-resistant as possible at very high cadences (for example, 140–160 rpm). They also suggest, however, that riders may benefit from using larger gears in qualifying (versus the actual match-sprint rounds), so as to stay closer to their optimal cadence for more of the effort.

Although simply measuring power and cadence can provide significant insight into race demands, even greater understanding can often be achieved by analyzing power-meter data using tools such as Quadrant Analysis. Consider, for example, the data shown in Figure 14.3, a Quadrant Analysis of average effective pedal force against circumferential pedal velocity for the same rider performing two different events: a 20 km points race on the track and a criterium of approximately 30 minutes on the road. These races were specifically chosen for analysis because the average power and cadence were nearly identical.
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As is immediately evident from the plot, however, the points race on the track entailed considerably more variation than the criterium in both the force applied to the pedals and the speed at which they moved, because of the use of a fixed gear. In fact, if the data points from the track race file were connected sequentially with lines, the result would be a consistent, clockwise pattern, as the rider went from pedaling easily and relatively slowly during lulls in the action (Quadrant III), to generating high forces at a lower cadence when initiating or following a sudden attack (Quadrant II), to producing high forces at high cadence while sprinting or in a breakaway (Quadrant I), to easing off on the pedals but continuing to pedal rapidly while slowing down afterward (Quadrant IV), and so on.

Connecting the data points from the criterium in the same manner would not reveal any consistent pattern; instead it would just result in what would appear to be a tangled knot. Although this difference in the “power expansion path” between track and road racing may seem intuitively obvious to some individuals, analysis of data from a power meter makes it abundantly clear. It also illustrates the importance of specifically training on the track—or at least performing specific training—to meet the specific demands of track racing, or as they say, to gain one’s “track legs.” As we saw in Chapter 13, a power meter can also be used in other ways to determine the demands of a particular event (see “Gauging Aerobic and Anaerobic Energy Production”).

Evaluating Physical Performance

Performance has historically been defined on the basis of a rider’s time or placement, and indeed, that is how the outcome of races is determined. As alluded to earlier, however, there can be significant differences from track to track, or even at different times on the same track, in the way that an athlete’s power output—that is, physical performance—translates into speed. This can make it difficult to determine with confidence whether a particular change in your approach to training, equipment selection, and other factors had a positive, neutral, or even negative effect. However, this is much less of an issue for cyclists who train with a power meter, and especially those who race with one, as the power data themselves demonstrate how well you functioned as an “engine” on any given occasion. Furthermore, by carefully recording the conditions under which a particular performance was achieved, it is often possible to compare results from different tracks, even if they vary markedly in their inherent “speed.”

An example of the latter approach is shown in Table 14.1, in which the results of two 3 km pursuits performed by the same rider are compared. The race at sea level took place on a 333.3-meter concrete track, and the race at altitude took place on a very similar track. The rider went nearly 6 seconds faster at altitude. But when the data are adjusted for the effects of the reduced atmospheric pressure on both aerodynamic drag and aerobic power output, the predicted power—and hence time—are identical to what was achieved at sea level. The two performances are therefore essentially equivalent, despite the significant difference in time required to cover the same distance. Of course, a similar conclusion might be reached by simply examining the times achieved by a large number of riders who have also raced on both tracks. But such data are not always available, and that kind of data would only provide a measure of the average difference, which may or may not be applicable to the performances of a given individual.
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Evaluating Technical Performance

Racing on the track requires a unique set of skills, with the importance of a given skill varying with the event. For example, team sprint cyclists must be highly proficient at performing standing starts, especially if they will be lead riders, but there’s essentially no need for them to learn how to pace themselves during such a violent, all-out event. The opposite is true for individual pursuiters, whose final times depend very little on starting skills (as long as they don’t fall over!) but who are heavily influenced by how well they can pace themselves. In this context, a power meter can once again be a useful tool.

For example, recording power-meter data (including not only power and cadence but also speed) at a high frequency during a standing start can often provide more insight into the impact of changes in technique (for example, the position of the hips relative to the crank) on a rider’s performance than simply looking at split times, even if the latter are recorded over very short distances (such as 25 meters) using an electronic timing tape. Somewhat along the same lines, knowing a rider’s actual power during an individual pursuit and, in particular, how it changes over time can be more useful in evaluating pacing strategy than knowing the rider’s splits, especially if environmental conditions are variable (either from one occasion to the next or during an actual race—for example, there could be variations in wind on an outdoor track).

Yet another example of how a power meter can be used to evaluate a rider’s technical performance comes from data collected by Dr. Jeff Broker (now at the University of Colorado–Colorado Springs), and others as part of Project 96, USA Cycling’s program to prepare for the 1996 Olympics in Atlanta. Jeff and his colleagues measured the power that team pursuit riders produced in various positions in the paceline as well as their power during exchanges. They observed that riders in the second, third, or fourth position required only 64–71 percent of the power required for the lead rider. This is not surprising, but they also found that the power requirement varied significantly with the rider’s skill at drafting.

The amount of power a rider had to produce to remain on the wheel in front of him was initially quite high, but it decreased dramatically as a rider became more comfortable drafting and was able to draft more closely behind his teammates. More surprisingly, Jeff and his team determined, using power meters, that what coaches had typically considered a bad exchange proved not to be so bad after all. Dropping back down the track too early after completing a turn at the front, such that you briefly overlap the third rider in the line before drifting back slightly to slot onto his wheel, does not require any more power than a perfect exchange in which you drop directly into the line. (On the other hand, coming down too late, such that you lose some of the draft and have to accelerate to get back onto the wheel ahead, proved to be much more costly, just as you might expect.) Of course, overlapping wheels during an exchange in a team pursuit can be dangerous, so riders should at least aim for a perfect exchange, regardless of the power requirements of the alternatives.

Evaluating Training Methods

Just as the demands of track cycling tend to be different from those found in other disciplines—and more diverse—so, too, are the various workouts to address these demands. Fortunately, a power meter can be an extremely useful tool for determining whether a particular workout is likely to achieve its intended goals. For example, data from a power meter can be used to assess whether sufficient rest is taken between, say, the efforts in a 2,000-meter flying-start workout, so that each effort will adequately stress the rider’s anaerobic capacity as intended. Otherwise, cumulative fatigue can cause the workout to deteriorate into a suboptimal VO2max training session. The critical power approach (see Chapter 3) could then be used to track changes in the rider’s anaerobic capacity over time, just to be certain that this aspect of his or her fitness was improving.

Continuing along this theme, it is not uncommon for track cyclists to perform standing-start efforts in a gear that is larger than normally used when racing, under the assumption that this creates a greater overload on the neuromuscular system and hence increases cycling-specific strength and/or power more effectively than if such efforts were done using typical race gearing. As shown in Figure 14.4, however, this is not the case. Instead, within fairly broad limits, the gear that is used when performing a standing start has no impact on the force applied to the cranks at any particular cadence. This is because during maximal efforts it is primarily the contractile properties of the cyclist’s muscles (and to a lesser extent his or her technique) that determine the force-velocity relationship when pedaling; the exact conditions under which the test (that is, the standing start) is performed are far less important.

[image: image]

To put it another way: Within reason, varying the gear ratio has no effect on the force that a rider’s muscles can produce at a particular speed. It only determines how quickly the rider will “hop, skip, and jump” down his or her maximal force-velocity line—pedal stroke by pedal stroke—when accelerating away from the starting point. Armed with this knowledge, astute riders and coaches can focus their energies on something other than constantly swapping chainrings or cogs in training, such as manipulating the motivation of the rider(s) when performing standing-start efforts (by, for example, pairing riders together or using a handicapped start with one rider chasing another). The standing-start efforts could also be performed in a manner that would greatly increase the “dwell time” at high forces and low cadences. For example, an extremely large gear could be used, or the rider could climb up the banking, thus using gravity as well as inertia to slow his or her rate of acceleration.

ULTRA-ENDURANCE MOUNTAIN BIKING

Mountain biking has its own set of unique challenges, from long, rocky climbs to narrow, muddy tracks to hair-raising descents over drop-offs. Mountain biking is extreme in its demand for high-force, low-cadence efforts (Quadrant II), and a power meter can help mountain bikers train in the correct quadrant and apply the appropriate amount of training stress.

In the past few years, ultraendurance mountain-bike races and mountain-bike stage races have become increasingly popular. In the United States the Shenandoah 100, Leadville 100, BC Bike Race, and 24 Hours in the Old Pueblo are extremely demanding events, in terms of both muscular and aerobic fitness. There are also epic stage races like La Ruta de los Conquistadores in Costa Rica, which is a multiday event with stages that are over six hours long. These longer events put a high premium on muscular and aerobic fitness along with technical cycling skills. Here we’ll examine the ultra-endurance mountain-biking event, determine how best to train for one, and look at strategies for the event itself. We’ll focus on how to use your power meter as a pacing device, how to use software for training and participating in these events, and what the Quadrant Analysis diagram looks like for these events.

In some ways, ultra-endurance mountain biking is similar to time trialing. The mountain-bike course is very seldom about drafting; in fact, after about the first 15 minutes, each mountain-bike racer is in his or her own little world of time trialing to the finish. However, pacing (holding back your effort in the beginning to conserve energy for the end) does not work the same way in these two specialties. The time trialing rule about not starting too hard, in order to conserve energy for the finish, does not apply.

Consider the Allen effect. The Allen effect occurs when a competitor accelerates through a slow section of a course, knowing that a much faster section is coming up. As the competitor reaches the faster section and increases his speed, a larger gap can be created between him and the competitors behind him. Meanwhile, the competitors behind him are still stuck riding in a slower section of the course. A common place to see this effect is when a competitor attacks on a steep hill in order to get over the climb first, and then averages over 30 miles per hour on the backside of the hill while other riders are pacing themselves carefully up the final part of the hill, but averaging only 4 miles per hour. Because of the Allen effect, it can become impossible for the riders still climbing that hill to close the gap.

This gap initially begins as a distance gap, and it is true that the distances between riders can fluctuate while the time gap remains the same. It can be a psychological strength for the riders who are following to realize that the gap is indeed only a distance gap and not a time gap. However, in most forms of bicycle racing, it’s the distance between riders that determines the winners. In any case, holding back your effort in the beginning of a mountain-bike race is rarely going to help you in the end. The Allen effect will continue to accumulate throughout the race. The front-runner in this scenario will find his pace slowing dramatically near the end of the race, but there just isn’t enough time or space left by then for the other riders to make up the difference. The Allen effect that occurred in the first half of the race will keep that rider in the lead during the second half. This effect is exaggerated in ultra-endurance mountain-bike races.

24-Hour Races

Power files of 24-hour racers have shown that putting out more wattage in the first four hours of a race and creating a gap on the competition can be a huge advantage later in the event. In an ultra race (a race longer than six hours), most athletes fatigue at the same rate over the next 18 hours, so a gap of 45 minutes from Rider 1 to Rider 2 at the six-hour mark is most likely going to hold for the next 18 hours. Of course, poor hydration, improper nutrition, and bike mechanicals can change this—but take those things out of the equation, and a solid time gap established in those critical first six hours will most likely hold for the rest of the race.

Figure 14.5 shows professional ultra-endurance mountain biker Dave Harris’s power during the first six hours of an event. He held it just above the level he thought he could maintain for the entire race. In fact, Dave’s power over the first four laps was almost identical from one lap to the next, which demonstrates excellent discipline and an ability to pace himself using his power meter. Figure 14.6 shows this same ride as a Quadrant Analysis. Table 14.2 shows the first five laps of the race. Dave’s Normalized Power averaged 224 watts for the first four laps (1 hour, 7 minutes to 1 hour, 9 minutes), dropping to 206 watts (1 hour, 10 minutes) in lap 5. This will be closer to the power that can be sustained for the remaining 19 hours of the race. This is a textbook example of how a racer can create a distance gap between himself and his next competitor as part of his overall race-winning strategy. Initially, the idea of going harder than you know you will be able to sustain for a 24-hour race seems highly suspect, but when we consider the cumulative impact of the Allen effects, we see that this strategy is a sound one.
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100-Mile Races

Let’s examine a power file from Jeremiah Bishop, an elite pro mountain biker, 2008 national marathon mountain-bike champion, and winner of multiple ultra-endurance mountain-bike races, including the Shenandoah 100-mile event. This event is considerably shorter than a 24-hour mountain-bike race, although still considered an ultra-endurance event. The power file from Jeremiah’s record-breaking time in the 2009 Shenandoah 100 (see Figure 14.7) can teach us many lessons. Jeremiah had done this race many times before, so he had intimate knowledge of the course.
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As a pro, Jeremiah’s FTP is an impressive 390 watts, which is the highest of the three dashed gridlines in Figure 14.7. The middle gridline is at 340 watts. If we look at the number of times Jeremiah’s intensity fell within this range, we can see how incredibly intense a shorter ultra-endurance race can be. With Normalized Power at 274 watts (see lower gridline) and a TSS of 356 over close to 7 hours, this win was just as difficult as (if not more difficult than) winning a stage in the Tour de France.

To understand Jeremiah’s pacing strategy it’s helpful to know that in this race, he had some stiff competition. After the first two hours of racing, there was a front group of five riders. Jeremiah and the four others rotated in a paceline on gravel road sections, averaging speeds of over 30 miles per hour. The essential work done by a team of riders during early fast sections is the key to a record-breaking performance in many types of races. During these faster-than-normal early two to three hours, Jeremiah tried to limit hard efforts and sharp bursts, and in this way he avoided early glycogen depletion. He pedaled as smoothly as he could, spinning a higher cadence when necessary to minimize fatigue. In fact, by examining his power file we can see that he went over 500 watts numerous times during the entire record-breaking 6-hour, 51-minute ride, and he held each of those efforts for less than 60 seconds.

The conservation of effort illustrated in Figure 14.8 was based on a few different insights that Jeremiah could explain: “From using my power meter in races from short tracks to cross-country, to these epic 100 milers, I have found that what you have in the ‘tank,’ so to speak, in the last 30 miles of the race determines the winner, especially in a tightly fought race. For sure, the higher-than-average pacing that occurs in the first four hours can be the difference between winning and losing (especially so in a long 24-hour race), but races in the six- to eight-hour range are more competitive and similar to long road races, where the winning attacks come near the end of the event.”
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Even with this key conservation strategy in mind, an ultra-endurance mountain-bike race requires a tremendous amount of force, as do regular mountain-bike races. The physiological demands of ultra-endurance mountain biking are not that different from those of a normal cross-country race, but those demands have increased in volume. This increase in volume, in terms of muscular endurance and power as well as cardiovascular fitness, is a key aspect of the ultra-endurance mountain-bike event, and it is something that every rider must take into consideration. A Quadrant Analysis of Jeremiah’s race shows that 21 percent of his ride was spent in Quadrant II, which represents slower cadence and higher force, and therefore we know that fatigue resistance of Type II fibers was a determining factor in his success.

Circling back to the conservation strategy, we can examine the amount of data in Quadrants III and IV, which represent nearly 75 percent of his ride. This confirms that Jeremiah did a very good job of pacing himself over the entire ride. In Figure 14.9, the darker points represent the last 36 minutes of the race. You’ll notice that the majority of the darker points (21 percent) fall in Quadrant II, drawing attention to Jeremiah’s herculean effort to drop the second-place rider. The final miles of the event required tremendous force. Notice also the sheer volume of data points in this Quadrant Analysis. At the risk of pointing out the obvious, this shows us that more riding equals more data equals more muscular fatigue.
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Clearly, ultra-endurance mountain biking demands specific training. Cyclists hoping to excel in this type of event must push their muscular endurance further and further in training in order to be able to handle the sheer volume of muscular contractions during the race. In addition, they must do solid force work in Quadrant II and finish off with threshold work, then package all this together with a careful pacing strategy and an understanding of how to conserve energy throughout a race. For all these reasons, a power meter is an essential tool for the ultra-endurance mountain biker.


Epilogue: Putting It All Together

We hope this information will make you a savvy user of power-meter technology so you can be more competitive in training and racing. By now you are well on your way to asking the questions that lead to performance breakthroughs, such as: “Hey, my Power Profile says that I am a sprinter and I can do 4.55 watts per kilogram at FTP, so how do I increase my VO2max power?” Ultimately, we hope that this book, along with your power meter, will help you to achieve your fitness goals.

We have covered the steps that you can take to get started with using your power meter, and we’ve discussed some advanced tools and techniques that you can use as you become more familiar with it. Now it’s time to put it all together. The main steps are as follows.

Step 1: Collect Data and Determine Your Threshold Power

Testing your FTP as you begin using a power meter is one of the most important steps. This will define the intensity of all your training from here on out. As you gather ride data over your local routes and races, you’ll learn even more about what it means when you ride at a particular wattage during particular types of rides. Remember to repeat this test every six to eight weeks, or whenever you think your fitness has changed. (Chapter 3)

Step 2: Determine Your Training Levels

Once you know your threshold power, training in the correct levels will guide you to success. By understanding what happens physiologically when you train in each level, you will be able to easily target any weaknesses that need to be addressed. (Chapter 3)

Step 3: Determine Your Strengths and Weaknesses

How you define your strengths and weaknesses will also be a guiding factor in your training. When you plot your Power Profile, you will not only know how you stack up against your peers but you’ll also learn even more precisely which physiological systems you need to train. The Power Duration Curve is also critical, as it will help you determine whether there is a specific area in which your fatigue resistance needs to be improved. That knowledge can help you change your training to make that final 10 percent leap in improvement. (Chapter 4)

Step 4: Create Workouts and Begin Training

The work must be done. So use your new knowledge to create workouts that address your own fitness needs and goals and that are aimed at specific power levels, and go for it. In order to really improve, you will have to train, and you will have to train hard. It will hurt and you will want to quit. But one of Hunter’s favorite sayings applies here: “Quitters never win, and winners never quit.” Go ride your bike . . . faster. (Chapter 5)

Step 5: Interpret Your Data

Download every ride, every race, every time you throw a leg over that bike. Your data are important, and interpreting them correctly will help you to make the right decisions about the next day’s training, the next month’s training, and even the next year’s training. Spend the time that you need to understand what the data are telling you. (Chapter 6)

Step 6: Use the Data Analysis Tools

The advanced tools of Training Stress Score, Intensity Factor, Normalized Power, Functional Reserve Capacity, Pmax, and Quadrant Analysis can give you even more insight into your cycling and help you to fine-tune your training and racing. They can help you define the demands of your events and shed light on the additional factors that are necessary for success. Cycling is an incredibly complicated sport with many unknowns, and the more unknowns you can eliminate, the better your chance of success. (Chapters 7, 9, and 10)

Step 7: Race with Your Power Meter

Your best data will come from races, your best efforts will come in races, and you stand to learn the most from your race data. Contrary to what you might think, some of the very best data will come from your failures. You’ll learn exactly why you failed, and then you’ll be able to take steps to avoid making the same mistakes again. You will also learn why pacing is the most important component of success in this sport. (Chapters 12, 13, and 14)

Step 8: Make Changes to Achieve Your Goals

Training with a power meter is about results. It is worth doing only if you have a clear understanding of what needs to be done. Now that you have a good working knowledge of what needs to be done, you must be ready and willing to change. So, based on what you’ve learned in taking the steps listed above, go ahead and make the needed changes, and watch your cycling improve.
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While training and racing with your power meter, avoid the “paralysis by analysis” syndrome. Training with a power meter can be very easy to do, but it can also be very frustrating, especially if you have trouble with your unit or encounter some initial technical difficulties. Sometimes your power meter may seem to be more of a hassle than it’s worth. But remember to keep an eye on the big picture. Each training day fits into an overall set of objectives. Sometimes you may want to download your ride, keep it in your database, and not even look at the actual workout file. That’s fine once in a while. But keep looking at the long-term graphs to get a sense of how all your systems are improving. You may even decide that ultimately you are not all that interested in the data, or may choose not to spend hours poring over your data files. And that’s fine, too. You can still benefit from using the power meter on your bike as the ultimate pacing tool. Driving a Ferrari is still fun even if you never test its limits on the racetrack!

Be open to making changes in your training based on new information. When you begin making these changes, you will see your fitness improve, which is both satisfying and rewarding. Having the ability to quantify that improvement is doubly rewarding. Training and racing with a power meter will allow you to truly know that your hard work is paying off.
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Appendix: Workout Guide

Refer back to Table 3.1 (p. 32) for additional detail on power-based training levels. In the workout tables that follow, RI describes the rest interval between efforts.





LEVEL 1: ACTIVE RECOVERY (<55 OF FTP)



	AR-W1

	Spin

	APPROX. TIME: 1 HR.




Just spin the legs at a normal cadence (neither fast nor slow) at Active Recovery pace. Do not place force on the pedals or allow lactate to build up in the legs. The goal is to preserve the “feel” for the legs and muscles, but to go really easy. Power and heart rate should remain low.



[image: image]




	AR-W2

	Longer Spin

	APPROX. TIME: 1.5 HR.




Spin the legs at a normal cadence at Active Recovery pace. Focus on relaxing on the bike and enjoying the ride. If climbing hills, try to use an easier gear and moderate your effort; there should be no hard pedaling. The goal is to make sure you recover from previous workouts and are prepared for the next hard one. Power and heart rate should remain low.
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LEVEL 2: ENDURANCE (56–75% OF FTP)



	END-W1

	Endurance Recovery

	APPROX. TIME: 1 HR.




Warm up and ride at a nice, steady pace. Keep cadence high, at 85–95 rpm. Occasional hills might increase your power, but generally average between 56 and 75 percent of FTP. Cool down.
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	END-W2

	Basic Endurance Ride 1

	APPROX. TIME: 2 HR.




This is almost like an Active Recovery day, but a touch too long for that. Warm up to get the legs loose. Try for a solid 2- to 2.5-hour ride today. Still, just ride easy and do not push it. Keep cadence high, at 85–95 rpm. Power should not exceed 80 percent of FTP. It’s okay if power tips past 80 percent on the occasional hill, but keep the ride focused on building endurance. Cool down with easy pedaling.
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	END-W3

	Basic Endurance Ride 2

	APPROX. TIME: 3 HR.




This ride will extend your mileage slightly and build your engine. Solid Endurance/Tempo miles will improve your aerobic capacity.

After warming up, ride for about 2.5 hours with power between 60 and 70 percent of FTP and cadence in the 90–95 rpm range. At times this is an easy effort, and other times it’s a solid, fast pace. Try not to spend much time at over 70 percent of FTP. Cool down with 10–15 minutes of easy riding before making that recovery shake and stretching.
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	END-W4

	Endurance with 8-second Bursts

	APPROX. TIME: 2.5 HR.




Warm up with cadence at 90–100 rpm. Then begin 2–2.5 hours of riding at a nice, steady pace with watts in Levels 2–3. This is a great Endurance pace that will allow you to finish strong and also get some solid aerobic benefit. Within the Endurance set do ten short 8-second bursts out of the saddle. This burst effort is 80 percent of what a full sprint would be. Cadence should be high (over 105 rpm) to create a hard, sharp effort that will begin to improve your neuromuscular capacity. Do these bursts randomly throughout the ride. Cool down.
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	END-W5

	Endurance with Tempo Drill

	APPROX. TIME: 4.25 HR.




The main set is 3.5 hours today. Just ride and have fun. Complete the work, and make sure to stay hydrated and strong throughout.

Warm up and begin the first hour with power under 75 percent of FTP. For the next 2 hours, try to stay within 80–85 percent, including a short 10-second sprint (in the 53:17 gear) every 5 minutes. This will add up to 24 sprints over the 2 hours of riding.

With 1 hour to go, stop at a convenience store for a caffeinated drink. In the last hour, try to ride at your Sweet Spot, keeping a nice, strong pace. To cool down, pedal easy for 15 minutes before you get home.
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	END-W6

	Endurance with Cadence Drills

	APPROX. TIME: 1.25 HR.




Cadence drills are intended to improve your pedaling. Don’t worry about speed, power, or heart rate. Ultimately, you are hoping power and heart rate remain low at the higher cadence so you can become more efficient at harder efforts. Build cadence steadily to avoid fading too fast.

Warm up with cadence in the 90–95 rpm range. Start the main set with six 1-minute “on,” 1-minute “off” fast pedaling cadence efforts. Ride 10 minutes easy, and then do two 5-minute efforts, trying to get wattage to FTP and hold it there. RPE should be 5; keep cadence at 100 rpm. Rest for 5 minutes between intervals. Finish with two more 1-minute “on” and 1-minute “off” cadence drills. Cool down.
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	END-W7

	Endurance with FTP Hills

	APPROX. TIME: 3.5 HR.




Make this a hilly ride. Rolling hills, one long hill (more than 20 min.), or several short hills should accommodate 30 minutes of Threshold work over the course of the 3.5–4 hours. If you don’t have hills, simulate hills by riding into the wind. For the majority of the ride, pace should be at Level 2, Endurance. Cool down and stretch.
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	END-W8

	Endurance with Tempo and VO2max Intervals

	APPROX. TIME: 4 HR.




This will be a 4-hour solid Endurance/Tempo ride on varied terrain. If you live in a hilly area, then meter your efforts on the hills. Ride at Endurance/Tempo pace and have fun with some variety of work. Getting in a long ride with VO2max efforts will hit the watts that will work your cardiovascular system and also fatigue the muscles.

After warming up, begin an hour of riding in the Sweet Spot, then get in 20–30 minutes of Endurance riding. Next, do two 20-minute intervals and maintain power right at your FTP, recovering 10 minutes between intervals. Cruise for another 30 minutes at Endurance pace. With an hour to go, stop for a caffeinated drink to give you a boost for the final six three-minute VO2max intervals. Ride at Endurance pace for 5 minutes between them. Cool down.
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	END-W9

	100-mile Ride

	APPROX. TIME: 5+ HR.




Get out there and spend time in the saddle today, riding toward a goal of 100 miles (161 km).

In the first hour, keep watts under 75 percent of FTP. In the second hour, include 15-second sprints, resting for 4 minutes between sprints. Keep pace at Tempo between the sprints.

In hours 3 and 4, it’s key that you do at least three 20-minute efforts in the Sweet Spot to make sure you are continuing to develop that system. Do these either on the flats or on climbs. Rest for 10 minutes between efforts.

The last 45 minutes will be the most important part of the ride—this is where you become a stronger, better rider. Motor at 85–90 percent of FTP. Cool down and stretch.
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	END-W10

	Endurance with AC Hill Jams

	APPROX. TIME: 2 HR.




Warm up for 15 minutes, building from Active Recovery pace into Endurance pace, and include two or three 1-minute fast pedaling intervals (110+ rpm) to wake up the legs. For the next 90 minutes of this ride, we are “jamming the hills.” Try to hit at least three hills, ideally eight. With each hill, do a 30-second to 2-minute effort in the Anaerobic Capacity (AC) zone at 135 percent of FTP. Between efforts, ride the rest of the time in the Endurance zone. Vary cadence on the AC efforts with some at 100–115 rpm and some at 65–80 rpm. Cool down.
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LEVEL 3: TEMPO (76–90% OF FTP)



	TEMP-W1

	Basic Tempo Ride 1

	APPROX. TIME: 1 HR.




Warm up at a high cadence, 95–105 rpm. Begin a solid 35-minute Tempo effort. Keep the pressure on and have fun—this is a fast but achievable pace. Keep your cadence in the 90–95 rpm range and make sure you get into a nice breathing rhythm. After the Tempo set, ride at Level 2, Endurance pace. Spin to cool down.
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	TEMP-W2

	Basic Tempo Ride 2

	APPROX. TIME: 2 HR.




This ride will improve your aerobic capacity with some solid Endurance/Tempo miles.

Warm up at a high cadence, 95–105 rpm. The goal is to ride 2–3 hours with power between 70 and 90 percent of FTP and cadence at 90–95 rpm. Try not to spend any time above 90 percent FTP. Cool down and stretch.
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	TEMP-W3

	Tempo with Anaerobic Capacity Intervals

	APPROX. TIME: 1.5 HR.




Work on smooth, efficient pedaling on this ride: When your foot is at the bottom of the pedal stroke, pretend you are scraping mud off the bottom of your shoe. At the top of the pedal stroke, try to contract your quadriceps muscles and drive your knee forward toward the handlebar.

Warm up at a high cadence. Begin a solid 45-minute effort with watts at 76–94 percent of FTP. It’s a fast pace, but it should feel achievable. Keep your cadence in the 90–95 rpm range and make sure you get into a nice breathing rhythm. If this feels good, then begin three 2-minute hard intervals. Recover at 80 percent of FTP and not lower. Cool down.
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	TEMP-W4

	Tempo with 10-minute FTP Intervals

	APPROX. TIME: 2 HR.




After warming up, begin a solid 45-minute effort with watts at 76–94 percent of FTP. Then ride for 10 minutes at Active Recovery pace. Next do at least one Threshold effort for a full 10 minutes, recovering as needed. Do a second interval if possible. Cool down with 15 minutes of easy riding.
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	TEMP-W5

	Tempo with Anaerobic Capacity Bursts

	APPROX. TIME: 2 HR.




Riding at your Tempo pace will increase speed! Focus on your pedaling stroke—“scrape the mud off the bottom of your foot” as you pull back across the bottom of the stroke and drive your knee toward the handlebar at the top of the stroke.

Warm up and then do a 3-minute all-out effort to get the cobwebs out of the legs. Next begin five 1-minute fast pedaling intervals with 1 minute of rest between intervals. Ride for 20 minutes at Endurance pace, increasing cadence by 5 rpm. Legs should be spinning a little faster than they want to be! Next ride for 1 hour at Tempo pace, not race pace—this should feel challenging but not quite uncomfortable. Within this 60 minutes, do twenty bursts to FTP and hold it there for 20 seconds, then recover to your previous pace. Cool down for at least 10 minutes.
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	TEMP-W6

	Tempo with Anaerobic Capacity Bursts and Hills

	APPROX. TIME: 3.5 HR.




Begin by riding at Endurance pace for 1 hour, smooth and steady. In the second hour, pick up the intensity to Tempo pace. Include fifteen 30-second bursts to 150 percent of FTP within this hour and then return to 80–85 percent FTP—no lower! Finish the last hour by attacking eight hills and sprinting until you reach 15 meters over the crest. Cool down for 20 minutes.
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	TEMP-W7

	Tempo with Endurance Intervals

	APPROX. TIME: 4 HR.




After warming up, keep your power at under 90 percent of FTP for the first hour of riding. For the long interval (1.5–2 hr.), keep the effort within 64–80 percent of FTP. In the final hour, push a strong pace, between 90 and 94 percent of FTP. Cool down.
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	TEMP-W8

	Tempo with VO2max and Neuromuscular Power Intervals

	APPROX. TIME: 1.5 HR.




Warm up with 15 minutes of fast pedaling at 90–100 rpm. Next, begin a 5-minute Threshold interval to prepare the legs for the rest of the ride. Increase the intensity in the last 30 seconds to push the effort over your threshold. Over the next hour in the saddle, every 5 minutes start a hard 20-second effort in the 53:13 gear, increasing your cadence with each second. Cool down with 10–20 minutes of small-ring spinning.
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	TEMP-W9

	Tempo and Aerobic Building, Ride 1

	APPROX. TIME: 3 HR.




If this ride is scheduled early in your training, this will likely be a breakthrough ride. Be sure to eat and drink enough to sustain the final Tempo interval.

Warm up, loosening the legs for 3–3.5 hours of riding. To begin, try two 15-minute intervals at threshold. Rest for 10 minutes between intervals with easy pedaling. In the final hour, ride for 40 minutes at Tempo pace. Have fun getting in the time! Cool down and stretch.
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	TEMP-W10

	Tempo and Aerobic Building, Ride 2

	APPROX. TIME: 4 HR.




For this ride choose a steady and relatively flat route where you will have to push the whole time.

Warm up, loosening the legs for 4 hours of riding. To begin, try two 20-minute intervals at the Sweet Spot and push those. Rest for 10 minutes between each. Then cruise for 60 minutes, adding in at least four 3-minute efforts at VO2max to give that system a little charge. Rest for 3 minutes between intervals. Now it’s hammer time—ride at Endurance/Tempo pace and have fun getting in the time! Cool down and stretch.



[image: image]




	TEMP-W11

	Endurance/Tempo with NP Attacks

	APPROX. TIME: 4 HR.




Warm up for 15 minutes, building to Endurance pace, then continue to ride for an hour at that pace. For the next two hours, try to stay within Endurance/Tempo pace. Do a short 10-second maximum power sprint in the 53:17 gear at the end of every 5-minute block for a total of 24 sprints. With an hour to go, stop for a caffeine boost (Red Bull, Coke, etc.) and then ride Tempo pace for the final 30 minutes. Cool down for 15 minutes at Active Recovery pace.
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	TEMP-W12

	Endurance-Tempo Progression

	APPROX. TIME: 2 HR.




Warm up for 10 minutes, building to Endurance pace, including three 1-minute fast pedaling intervals with 1-minute rests in between to open up the legs. Once warmed up, ride relaxed at Endurance pace on flat to rolling terrain, keeping cadence between 90 and 100 rpm. As close to the end of the ride as possible, complete one hour at Tempo pace using a gear that results in a cadence of 75–85 rpm. If you can go longer today, extend this ride 30–60 minutes, staying in the middle to upper end of the Tempo level. Cool down for at least 10 minutes at Active Recovery pace.
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	TEMP-W13

	Tempo and Aerobic Building, Ride 3

	APPROX. TIME: 1.25 HR.




This ride will help improve both Tempo and FTP power. After warming up for 5 minutes at Endurance watts, hit two 25-minute intervals at Tempo with 5 minutes recovery at Endurance between each one, holding cadence between 85–105 rpm. Add a third or fourth interval if time allows. Ride on flat to rolling terrain, being careful to contain power when climbing and keep it on target when descending. Cool down for 5 minutes.
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	TEMP-W14

	Tempo and Aerobic Building, Ride 4

	APPROX. TIME: 1 HR.




Increasing time spent at Tempo pace is critical to improving aerobic fitness; this ride will help develop this. Warm up for 15 minutes building power to Endurance effort. Hit three 1-minute fast pedaling intervals to prepare the legs for the work to come. Holding cadence around 90 rpm, do two 15-minute intervals at Tempo power with 5 minutes rest between each. Cool down.



[image: image]




	TEMP-W15

	Endurance-Tempo Intervals

	APPROX. TIME: 2.5 HR.




This is a great workout with an hour at Tempo pace. Keep pushing and stay focused, especially when it gets hard.

Warm up for 30 minutes, building to Endurance power. Do a 60-minute effort at upper Endurance/Tempo power, then 10 minutes at lower Endurance effort. Next, hit ten 1-minute high cadence intervals (100+ rpm) at Tempo pace, with 1-minute recovery at Endurance pace between each. Cool down for 30 minutes at Active Recovery pace.
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	TEMP-W16

	Tempo and FTP Intervals

	APPROX. TIME: 1 HR.




This ride is ideal for flat to rolling terrain. Warm up for 5 minutes working up to Endurance effort. Hit two 20-minute intervals at Tempo pace, taking 5 minutes recovery between each interval. Finish strong with a 5-minute effort at FTP pace, before easing into a 5-minute cooldown. Vary cadence throughout the ride, 85–105 rpm.
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	TEMP-W17

	More Endurance-Tempo Intervals

	APPROX. TIME: 3 HR.




After a 30-minute warm-up building to Endurance power, do a strong 60-minute effort at upper Endurance/Tempo power. Keep pushing the pace throughout the entire hour. Recover for 10 minutes at Endurance pace. Next hit ten 1-minute high cadence (100+ rpm) intervals with 1-minute rest at Endurance pace, 80 rpm, in between efforts. Cool down at Active Recovery pace for 30 minutes.
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	TEMP-W18

	Tempo with Quick FTP work

	APPROX. TIME: 1.25 HR.




This is a great workout: focus and determination will be needed to keep pushing the pace. These are the workouts that yield great fitness gains.

Warm up for 15 minutes at Endurance pace. Hit two 15-minute Tempo intervals, resting for 5 minutes between each. (If the 15-minute interval is too challenging, break it into 3 sets of 10-minute Tempo intervals.) Next, do 5 minutes at Threshold, maintaining pressure on the pedals. Cool down for 15 minutes at Active Recovery.
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LEVELS 3 AND 4: SWEET SPOT (88–93% OF FTP)



	SubLT-W1

	Basic Sweet Spot Ride 1

	APPROX. TIME: 1.25 HR.




After warming up, start with a 5-minute “blow-out” effort, pushing power to above threshold, and then recovering with 5 minutes of easy riding. Follow this with two 10-minute intervals at your Sweet Spot, keeping cadence at 90–100 rpm. Be careful not to start out too fast on these intervals. Take the first minute to build up to speed. Rest for 5 minutes between intervals. Cool down.
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	SubLT-W2

	Basic Sweet Spot Ride 2

	APPROX. TIME: 2.25 HR.




After warming up, begin a set of five 1-minute fast pedaling intervals, keeping your cadence over 110 rpm, with a 1-minute recovery between efforts. Next do two 20-minute Sweet Spot intervals, with a rest interval of 5 minutes. Finish with a nice, but not hard, 45-minute Tempo ride. Cool down.
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	SubLT-W3

	Cadence and Tempo Work

	APPROX. TIME: 2.25 HR.




Start with a steady warm-up before moving into a set of five 1-minute fast pedaling intervals, keeping your cadence over 110 rpm, with a 1-minute recovery between efforts. Move into three 10-minute Sweet Spot intervals, with a rest interval of 5 minutes. Finish with a nice, but not hard, Tempo ride for 45 minutes. Cool down.
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	SubLT-W4

	Single-Leg Drills

	APPROX. TIME: 1.5 HR.




After a brief warm-up, ride at a smooth, steady pace for 30 minutes, keeping your cadence at 85–90 rpm. Then do ten 1-minute, single-leg pedaling efforts with each leg, alternating left and right to allow for 1-minute recoveries. Identify your weaker leg by noting which one starts to “burn” the soonest. Try to complete five extra intervals with that leg. Cool down with 15 minutes of smooth and steady riding, focusing on getting your legs back in “balance.” Cadence (at least 90 rpm) supercedes power in these drills.
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	SubLT-W5

	Downhill Intervals

	APPROX. TIME: 1.5 HR.




For this ride you’ll want to have access to some gradual downhill stretches where you can still push the effort hard, but also go fast and keep a fast cadence.

After warming up, begin a hard 5-minute effort to increase your heart rate. Ride for 10 minutes easy. Jump into (i.e., sprint start) six downhill 1-minute intervals, pushing your cadence to over 105 rpm for each effort. To recover, pedal easy between downhill efforts for 20–40 seconds. Then go again. After completing the set, take 10 minutes to ride easy and then begin six more downhill efforts. This time do 45-second intervals. Ride for 10 minutes easy and then do six 30-second downhill intervals. Finish with three 2-minute efforts on a flat road, pushing hard. Rest for 2 minutes between intervals. Ride home at Tempo pace—this last push will get your top-end speed higher and work on your anaerobic capacity without stressing the muscles too much. Cool down.
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	SubLT-W6

	Crisscross and Neuromuscular Power Sprints

	APPROX. TIME: 1.5 HR.




Warm up and jump into a 3-minute hard effort, followed by 5 minutes easy. Get your power to the Sweet Spot and hold for 20 minutes, with seven 10-second bursts to 150 percent of FTP, returning to the Sweet Spot after each burst. Try to recover within the 2 minutes allotted—initially reducing the effort drastically, but turning the gas back on so your power doesn’t drop too much before the next burst. Ride for 5 minutes easy after the 20-minute interval is complete. Finish with five big-gear (53:13) sprints going from 12 to 31 mph. Remain seated and tighten the core before beginning the effort. Don’t worry about heart rate. Finish with 10 minutes of easy spinning.
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	SubLT-W7

	Hill Repeats

	APPROX. TIME: 1.75 HR.




Warm up and begin three 10-minute intervals at the Sweet Spot. To recover, pedal easy for 3 minutes between intervals. Then do four repeats of a hill that will take 3 or 4 minutes. On the downhill, pedal slowly with the brakes on and in a big gear to better “flush” the legs. Allow for a solid 4 minutes between efforts. Finish with five 1-minute fast pedaling intervals, resting for 1 minute between intervals. Cool down.
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	SubLT-W8

	Race-Winning Intervals

	APPROX. TIME: 1.5 HR.




Race-winning Sweet Spot intervals replicate how most road races are won from a breakaway. Ride on flat or low-grade terrain. Start with a 15-minute warm-up building to Endurance power and include three 1-minute fast pedaling intervals (110 rpm) to wake up the legs. Next, hit three 15-minute efforts at Sweet Spot effort, but start each effort with an out-of-the-saddle sprint for 30 seconds. Repeat this for the last 30 seconds of the interval too, as if sprinting for the finish line. Easy spin for 5 minutes between efforts. Cool down with 15 minutes of easy spinning.
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	SubLT-W9

	Crisscross Intervals

	APPROX. TIME: 1.5 HR.




A crisscross interval involves efforts at varying intensities to help teach your body how to clear lactate. This is a challenging workout; expect to be fatigued at the end of it.

Begin with a 15-minute warm-up building into your Endurance zone and include three 1-minute high cadence efforts to wake up your legs. Hit two 15-minute intervals at Sweet Spot power, but every two minutes increase effort to 120 percent of FTP for 30 seconds, then return to Sweet Spot and never let power drop below 85 percent of FTP. Rest 5 minutes between intervals. Next, complete two 5-minute intervals at VO2max with 3 minutes rest in between. Cut the set short if efforts fall below FTP. Ride on a long stretch of road where you can complete this without stopping. Finish with a 45-minute Tempo effort, varying cadence between 75 to 85 rpm. Cool down with 15 minutes of Active Recovery.
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	SubLT-W10

	Endurance and Sweet Spot Intervals

	APPROX. TIME: 1 HR.




Do this workout on the trainer or on the road on flat to rolling terrain. Warm up for 10 minutes building to Endurance effort and include two 1-minute high cadence intervals. Next hit two 20-minute efforts at Sweet Spot power with 5 minutes recovery at Endurance effort in between intervals. Cool down for 10 minutes.
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	SubLT-W11

	Sweet Spot Power Ramp

	APPROX. TIME: 1 HR.




This ride challenges you to continually ramp up power and will help boost aerobic endurance as well as overall fatigue resistance. In the main set you will be increasing power by 5 percent every 10 minutes.

Warm up, building from Active Recovery to Endurance effort, begin at Endurance/Tempo pace for 10 minutes. Next, hit 10 minutes at Tempo, then another 10 minutes at Tempo, pushing intensity up another 5 percent. Finish with 20 minutes at Sweet Spot. Cool down with 5 minutes of Active Recovery.
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LEVEL 4: LACTATE THRESHOLD (91–105% OF FTP)



	LT-W1

	Basic Lactate Threshold Ride 1

	APPROX. TIME: 1.25 HR.




Warm up for 15 minutes, then do three 1-minute fast pedaling intervals. Stay seated for these. Rest for 1 minute between efforts. Follow this with 10 minutes of pedaling at 80–90 percent of FTP. Begin two 10-minute Lactate Threshold intervals, resting for 5 minutes between intervals. These efforts should be right at threshold and can be done on a 10-minute hill if you prefer. Cool down.
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	LT-W2

	Basic Lactate Threshold Ride 2

	APPROX. TIME: 1.25 HR.




Fast pedaling intervals teach your muscles to be ready for changes in speed at any time. They are also a good warm-up when you want a hard interval set that does not cause too much fatigue. Since the goal is based on cadence and not wattage, be sure to keep your power lower when doing these.

After warming up, spin those legs fast for five 1-minute intervals. Keep your cadence over 100 rpm, resting for 1 minute between intervals. To recover, ride easy for 10 minutes. Next, do two 15-minute intervals at Lactate Threshold with a 5-minute rest interval between efforts. Cool down.

(Note: Intervals mentioned in text reflect the minimums. As the season progresses, or as time allows, add intervals to develop your abilities.)
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	LT-W3

	Tempo and Sweet Spot

	APPROX. TIME: 4 HR.




Warm up for a solid hour at Endurance pace. Hammer eight 1-minute all-out intervals, recovering for 1 minute between intervals. Cruise for 15 minutes or so and then begin four 10-minute intervals at threshold, increasing your cadence by 5 rpm. Rest for 10 minutes between intervals. Finish with 45 minutes in the Sweet Spot, riding just below threshold. Cool down.
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	LT-W4

	Tempo with Neuromuscular Power Bursts and VO2max Intervals

	APPROX. TIME: 3 HR.




After a warm-up, do two 20-minute intervals at threshold, resting for 10 minutes after each one. Then ride at Tempo for 20–30 minutes, including twenty 10-second bursts. For the bursts, start out of the saddle and push your cadence to 110 rpm, maybe shifting just once. Rest for 50 seconds after each one before starting the next burst. Finally, finish with three 5-minute all-out intervals. Hammer these, trying to hold 110–115 percent of FTP, but just do your best. As long as you are above 106 percent of FTP, you are doing them correctly. Rest for 5 minutes between intervals. Cool down.
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	LT-W5

	Threshold Intervals with Neuromuscular Power Bursts

	APPROX. TIME: 1.5 HR.




After a warm-up, do one 10-minute interval at Threshold, followed by 10 minutes of recovery. Then ride at Threshold for 20–30 minutes, followed by ten 20-second bursts. Ride at Endurance pace between the bursts. For the bursts, start out of the saddle and push your cadence to 100 rpm in all-out intervals—hammer these. Rest 2–3 minutes between intervals. Cool down.
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	LT-W6

	4 × 10-minute Threshold Intervals with Sub–Lactate Threshold and Neuromuscular Power Bursts

	APPROX. TIME: 2.75 HR.




Warm up for 20 minutes, then do four 10-minute intervals at Threshold, with 5 minutes of recovery after each one. Then ride for 20 minutes easy. Next, push your power to the Sweet Spot for 20 minutes, including ten 10-second bursts to 200 percent of FTP, and back down to your previous effort. Cruise for 30 minutes and cool down.
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	LT-W7

	Lactate Threshold with Cadence Drills and Hills

	APPROX. TIME: 4 HR.




Warm up and ride smooth and steady for the first hour with five 1-minute fast pedaling intervals and then two hard 3-minute hills. At the start of the second hour, do two 20-minute Threshold efforts and give it your best! Next, hit ten shorter 2-minute hills. Your wattage should be at least 130 percent of FTP—these are not all-out hills. Rest at least 2–3 minutes after each one. Finish with 30–45 minutes in the Sweet Spot. Cool down.
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	LT-W8

	Lactate Threshold on Mountain Passes and Short Hills

	APPROX. TIME: 5 HR.




Warm up and ride smooth and steady for the first hour or so. If possible, plan to ride over two mountain passes, riding both at Threshold power. These should be 30-minute efforts. Later in the ride, hit ten solid hill jams, each lasting from 30 seconds to 2 minutes. Wattage should be at least 120 percent of FTP—these are not all-out hills. Rest for 2–3 minutes between hills. (This ride can be done into the wind if hills or mountains are not accessible.) Cool down.
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	LT-W9

	Crisscross to Anaerobic Capacity

	APPROX. TIME: 2 HR.




Warm up for 15 minutes, then do three 1-minute fast pedaling intervals. Begin two 20-minute crisscross FTP intervals, and every 2 minutes do a burst for 30 seconds, which will swing your power from FTP to Anaerobic Capacity and back to FTP. Be careful to keep your power from slipping below 90 percent of FTP. Recover for 5 minutes after each 20-minute crisscross interval. Finish with two 5-minute VO2max intervals, resting for 5 minutes after each one. Cool down for 15 minutes.
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	LT-W10

	Lactate Threshold with Anaerobic Capacity Intervals and Cadence Drills

	APPROX. TIME: 2 HR.




Warm up for 15 minutes in Level 2. Begin fast pedaling intervals with the goal of pedaling at 110+ rpm for the entire minute. Don’t worry about power or heart rate. Recover for 1 minute between intervals. Then push hard and increase your cadence by 5 rpm for four 10-minute intervals at 100 percent of FTP. Rest for 5–10 minutes between efforts. Finish with four 1-minute intervals. Attack at the beginning of each interval, pushing as hard as you can. Rest for 2 minutes between efforts. Finish the ride with a 15-minute cooldown.
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	LT-W11

	FTP with AC Bursts

	APPROX. TIME: 1.25 HR.




These intervals simulate the aggressive pace of road races in which you have to constantly match power surges within the group.

Warm up for 15 minutes, building to Endurance pace, and include three 1-minute high cadence intervals to get your legs firing. Complete two 15-minute FTP intervals, riding in your lower FTP zone. Starting 50 seconds into the interval, hit a 10-second burst at 130 percent of FTP at a cadence of 110 rpm. Do this 15 times throughout the interval, always starting 50 seconds into the minute (bursts at 0:50, 1:50, 2:50, etc.). Return to riding in your lower FTP zone after each burst. Take 5–10 minutes rest between each interval, riding at Endurance pace. Cool down for 15 minutes.
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	LT-W12

	FTP, Tempo, and VO2max Work

	APPROX. TIME: 3.5 HR.




This is a tough ride with work at varying intensities that will help boost your FTP and VO2max.

Warm up for 15 minutes building to Endurance pace with three 1-minute fast pedaling intervals with 1-minute rest between each effort. On flat to rolling terrain with a cadence of 90–100 rpm, ride in your Endurance zone for the next hour, staying relaxed. In hour two, complete two 15-minute FTP intervals, taking 10 minutes recovery at Endurance pace between these. In hour three, ride 30 minutes at Tempo and also work in six 3-minute VO2max efforts. Take 3–5 minutes rest between each effort, staying in your Endurance zone. Cool down for 15 minutes.
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	LT-W13

	Building Endurance and FTP

	APPROX. TIME: 2.5 HR.




Warm up for 15 minutes, building to Endurance pace. Complete three sets of 1-minute high cadence intervals with 1-minute recovery between each. Continue riding at Endurance pace on flat to rolling terrain holding 90–100 rpm. In the first hour, complete two 20-minute intervals at FTP power. Take 10 minutes recovery between each. In hour two, it’s time to push yourself and hit three 3-minute VO2max efforts, resting for 5 minutes between each interval. Stop if power falls below FTP watts. Cool down for 15 minutes.



[image: image]




	LT-W14

	More FTP, Tempo, and VO2max Work

	APPROX. TIME: 3.5 HR.




This is similar to workout LT-12 but with extended time at FTP power. Ride on flat to rolling terrain.

Warm up for 15 minutes building to Endurance pace and then hit three sets of 1-minute high cadence pedaling with 1-minute rest between each. Ride in your Endurance zone for the next hour, staying relaxed and keeping cadence high (90–100 rpm). In the second hour, complete two 20-minute FTP intervals, taking 10 minutes recovery at Endurance pace between these. In hour three, ride 30 minutes at Tempo and also work in six 3-minute VO2max efforts. Take 3–5 minutes rest between each effort, staying in your Endurance zone. Cool down for 15 minutes.
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	LT-W15

	FTP with AC Bursts

	APPROX. TIME: 1.25 HR.




This workout helps simulate the aggressive power surges of group riding.

Warm up for 15 minutes working into Endurance pace, including three 1-minute fast pedaling intervals. Hit two 20-minute FTP efforts riding in your lower FTP zone, but each minute throughout the 20-minute interval complete a 10-second burst out of the saddle, surging to 130 percent of FTP at 110 rpm. Return to lower FTP effort between surges. Ride at Endurance pace for 5–10 minutes between intervals and at all other times. Cool down for 15 minutes.



[image: image]




	LT-W16

	FTP, Tempo, VO2max

	APPROX. TIME: 5 HR.




This is a similar workout to LT-12 and LT-14, but this time we will increase the overall ride time. It is a challenging workout that will leave you fatigued. Ride on flat to rolling terrain.

Warm up for 15 minutes building to Endurance pace and then hit three sets of 1-minute high cadence pedaling with 1-minute rest between each effort. Ride in your Endurance zone at a high cadence (90–100 rpm) for the next hour, staying relaxed. In the second hour, complete two 20-minute FTP intervals, taking 10 minutes recovery at Endurance pace between these. In hour three, ride 30 minutes at Tempo and also work in six 3-minute VO2max efforts. Take 3–5 minutes rest between each effort, staying in your Endurance zone. Ride in your Endurance zone for the remainder of the ride, making sure to cool down for 15 minutes.
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	LT-W17

	Time Trial FTP Efforts

	APPROX. TIME: 2 HR.




If you have a time trial bike, use it for this ride. This is a time trial simulation at FTP pace.

After a 15-minute warm-up including three sets of 1-minute high cadence pedaling, get ready to work hard. Complete six 6-minute intervals, targeting 105 percent of FTP for each one, taking at least 7 minutes recovery at Endurance pace between each effort. Cool down for 15 minutes.
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	LT-W18

	FTP Ramp Intervals

	APPROX. TIME: 2 HR.




Warm up for 15–20 minutes building to Endurance pace and include three 1-minute fast pedaling intervals. Hit 3–5 minutes at FTP at the end of the warm-up to prepare for the main set: this is a tough workout.

There are three 10-minute efforts, riding at 90 percent of FTP, but at the end of each one don’t stop: continue riding hard and increase the intensity every minute until you blow. Spin easy for 5 minutes between each effort. Aim to ride for longer for each interval.

Upon completion of all three, spin for 10 minutes before finishing with four 2-minute AC efforts. Begin each 2-minute effort with an attack, as if attacking out of the peloton, and then hold AC power for the remainder of the interval. Rest for 4 minutes between each one. Cool down for 10–15 minutes.
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	LT-W19

	Endurance with FTP and Tempo Work

	APPROX. TIME: 1.75 HR.




This ride will help build endurance on flat to rolling terrain. Start with 10 minutes building to Endurance pace. Complete three sets of 1-minute fast pedaling with 1-minute rest between to wake up the legs. Ride at Endurance pace, holding cadence to 90–100 rpm. Hit two rounds of five 3-minute FTP intervals, taking 3 minutes rest between intervals and 5 minutes recovery between rounds. Finish with a 20-minute interval at Tempo effort before cooling down with 5 minutes of Active Recovery.
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	LT-W20

	Endurance with FTP and Tempo Work

	APPROX. TIME: 1.5 HR.




This is a similar workout to LT-W19 with longer intervals at FTP effort and slightly less rest. Ride on flat to rolling terrain.

Start with 10 minutes building to Endurance pace. Complete three sets of 1-minute fast pedaling with 1-minute rest between to wake up the legs. Ride at Endurance effort, keeping cadence at 90–100 rpm. Hit two rounds of five 4-minute FTP intervals, taking 1 minute rest between intervals and 5 minutes recovery between rounds. After this first main set, recover for 10 minutes at Endurance pace before hitting the second main set, a 20-minute interval at Tempo effort. Cool down with 5 minutes of Active Recovery.
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LEVEL 5: VO2MAX (106–120% OF FTP)



	VO2-W1

	6-minute VO2max Time Trial

	APPROX. TIME: 2 HR.




If you have a time trial bike, use it for this ride. These time trials will help you develop pacing and deliver solid work at Threshold power.

After warming up, move into the time trial simulation. Keeping FTP between 96 and 102 percent of FTP, do six 6-minute time trial simulations. Really push these, but you need to pace yourself so you blow up right at the end of the interval. Rest for at least 6–8 minutes between intervals, being sure to ride at your normal self-selected cadence. Finish with a 15-minute cooldown.
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	VO2-W2

	6-minute VO2max Time Trial with Tempo

	APPROX. TIME: 2.25 HR.




If you have a time trial bike, use it for this ride. Because this ride is a simulation of pushing through a time trial, it is important to nail the FTP as much as possible.

Start with a brisk 20-minute warm-up and then go right into five 1-minute fast pedaling efforts, resting for 1 minute between efforts. Ride easy for 10 minutes and then move into the time trial simulation. Do five 6-minute pushes. Rest for 5 minutes between intervals, being sure to ride at your normal, self-selected cadence. Finish with 20 minutes of Tempo riding and a 15-minute cooldown.
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	VO2-W3

	3-minute VO2max Time Trial

	APPROX. TIME: 2 HR.




Go for it on this ride. Try to do six 3-minute hard pushes, holding your power at over 115 percent of FTP for the entire interval—so don’t start your interval on a section of road that will include a downhill. Be sure to rest for 5 minutes after each push, keeping your FTP at 75 percent (with FTHR at 85 percent). Keep a Tempo pace when you’re not pushing, staying around 80 percent of FTP.
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	VO2-W4

	3-minute and 2-minute VO2max Time Trial

	APPROX. TIME: 1.75 HR.




Warm up, then complete a 5-minute VO2max interval, followed by 5 minutes of easy riding. Do six 3-minute intervals next, trying to average the highest possible power—shoot for 120 percent of FTP. Rest for 3 minutes between intervals. Cruise easy for 10 minutes, and then do four 2-minute intervals with 4 minutes of rest after each one. These are hard efforts. Cool down.
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	VO2-W5

	2-minute VO2max Time Trial

	APPROX. TIME: 1.25 HR.




You should be fresh for this ride. As you can see from the big numbers, this is not a long workout, just a hard one.

After warming up, it’s hammer time! Do four 1-minute fast pedaling intervals with your cadence over 100 rpm. Don’t worry too much about wattage, but focus on cadence and pedaling smoothly. Ride for 5 minutes easy and then do six 2-minute time trial intervals, starting from a speed of 23–25 mph, pushing steady for the entire effort, and building to a hard push at the end. Rest for 2 minutes between intervals. Ride easy for 10 minutes and finish with one 6-minute time trial—really push it! Cool down.
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	VO2-W6

	Race-Winning Intervals, Ride 1

	APPROX. TIME: 2 HR.




These intervals will improve your VO2max and your ability to win races because the workout simulates the power graph of a rider attacking for the race win.

Begin the workout with a 20-minute warm-up at Endurance pace. Next begin five 1-minute fast pedaling efforts, keeping the amount of force on the pedals relatively low to prevent bouncing in the saddle. Ride at Endurance pace for 5 minutes and then get ready for the race-winning intervals, trying to complete at least five efforts in one session.

Begin intervals with a 30-second sprint (spend 15 seconds out of the saddle), averaging 200 percent of FTP and peaking at 300 percent of your Threshold wattage. Try to reach a speed of 28–30 mph and hold it for 30 seconds. Ride for 3 minutes and really hammer at 100–110 percent of FTP (or the best speed you think you can maintain for 1 hour), and finish with a 10-second out-of-the-saddle burst, trying to reach 200 percent of FTP wattage again. Rest for 5–6 minutes between sets.

If you can push yourself, finish with eight 1-minute fast pedaling efforts (over 110 rpm), resting for 1 minute after each effort. Cool down.



[image: image]




	VO2-W7

	Race-Winning Intervals, Ride 2

	APPROX. TIME: 1.75 HR.




Complete a 30-minute warm-up. Build from Tempo to Threshold for 10 minutes, so the last minute is at threshold. Then ride easy for 10 minutes.

For the main set, start out with 5 minutes at Threshold, then ride for 2 minutes at just above Threshold (your heart rate will rise about 5 bpm). Bring it back down to Threshold pace. For example, if your Threshold power is 300 watts and your Threshold heart rate is 170 bpm, ride at 300 watts for 5 minutes, then bring up the power to 320 watts for 2 minutes, raising your heart rate to 175 bpm, then back off to a power of 300 watts again. When your heart rate reaches 170 bpm again, or when 3 minutes is up, bring it back up to 320 watts (175 bpm).

Each set of race intervals begins with 3 minutes at Threshold, then 2 minutes just above, repeating three times in 15 minutes. Then rest for 10 minutes. Do three 15-minute sets of race intervals. Cool down for 20 minutes.
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	VO2-W8

	20-minute Time Trial

	APPROX. TIME: 1.25 HR.




This is a test workout that should be done on the trainer. Start too hard and you will finish slow.

Begin with a 15-minute warm-up that includes three 10-second sprints with 1-minute recovery between each effort. Make sure you are warmed up well as you will go straight into a 5-minute maximum effort. Start the interval at a strong pace, but not too hard, aiming to increase power each minute. Spin easy for 15 minutes of recovery, then hit the 20-minute time trial. Hold back slightly in the first 4–5 minutes so that you can finish strong. Cool down for 15 minutes.
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LEVEL 6: ANAEROBIC CAPACITY (121–150% OF FTP)



	AC-W1

	Anaerobic Capacity Hills, Ride 1

	APPROX. TIME: 1 HR.




Make this ride a very hilly one or simulate hills by riding into the wind. The hills can range from 30 seconds to 2 minutes in length.

After warming up, let the fun begin. Ride at a fast pace. Your legs should be burning by the time you reach the top. Recover on the downhills, 2–3 minutes. Cool down with 15–20 minutes of Active Recovery.
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	AC-W2

	Anaerobic Capacity Hills, Ride 2

	APPROX. TIME: 2 HR.




This is a hill-repeat workout. Find a hill that is similar to the hills in an upcoming race, requiring 2–3 minutes to climb.

Warm up with at least 20 miles at a steady pace before beginning the hill intervals. Do ten repeats, hammering all the way and exploding at the top. Rest between efforts. These should hurt. Cool down.
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	AC-W3

	1-minute and 2-minute AC Intervals

	APPROX. TIME: 1.5 HR.




The goal of this workout is to improve your ability to go hard and recover quickly. Use the guidelines in Table 5.1 to know exactly when to stop doing intervals, but do at least eight intervals.

Get the legs moving with a standard warm-up and then set your power meter to “interval mode” so you can see the average. Go as hard as you can in your main sets, using your average watts as a “carrot” to push all the way until the end. Reach for over 130 percent of Threshold for eight 2-minute intervals, but stop when you can no longer reach 118 percent in your average. Recover for at least 2 minutes (more if needed) between sets. Finish with three 1-minute efforts, trying to average over 140 percent, and stopping when you fall below 120 percent. Cool down.
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	AC-W4

	Anaerobic Capacity with FTP and Sweet Spot

	APPROX. TIME: 1.5 HR.




Get the legs moving with a low-intensity 15-minute warm-up, and then set your power meter to “interval mode” so you can see the average. This will allow you also to review each interval after it is completed, so you can have a goal for the next one or know when to stop.

Begin the 45-minute main set by hitting 100 percent of your FTHR in a 5-minute effort to get the legs ready. Do another 5-minute effort at 80 percent of your FTHR, and then really push it, doing six 2-minute sets as hard as you can go, using your average watts as a “carrot” to push yourself to the end. Try to average over 130 percent of your Threshold power, but stop when you can’t reach 118 percent of FTP. Recover for at least 3 minutes, and then finish with a 20-minute Sweet Spot ride. Cool down.
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	AC-W5

	Tempo with Neuromuscular Power Bursts

	APPROX. TIME: 2 HR.




Warm up and ride for 1 hour at your Sweet Spot, smooth and steady, including ten 15-second bursts at 150 percent of FTP within the hour. Next, do eight 2-minute intervals at an average of at least 135 percent of FTP. Stop when the intervals fall below 122 percent. Rest for 2 minutes between intervals. Use the interval guidelines to decide when to stop doing repeats. Cool down.
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	AC-W6

	All AC Intervals, Ride 1

	APPROX. TIME: 1 HR.




There are fewer Level 6 intervals in this workout. There is no need to overdo it, but the intensity should be good.

After warming up, do three 2-minute intervals at Anaerobic Capacity with 1-minute rests between intervals. Then ride easy for 5 minutes. Begin three 1-minute intervals, pushing harder still, again resting for 1 minute between intervals. Ride at an easy pace for 5 minutes. Finally, do three 30-second intervals, riding all-out, with 1-minute rest intervals. Cool down.
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	AC-W7

	All AC Intervals, Ride 2

	APPROX. TIME: 1.25 HR.




After warming up, do six 2-minute intervals at Anaerobic Capacity with 1-minute rests after each one. Then ride easy for 5 minutes. Begin six 1-minute intervals, pushing harder still, again resting for 1 minute between intervals. Ride easy for 5 minutes. Finally, do six 30-second intervals, riding all-out, with 1-minute rest intervals. Cool down.
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	AC-W8

	Anaerobic Capacity Intervals

	APPROX. TIME: 1.25 HR.




This workout will help improve your anaerobic capacity and repeatability, both of which are critical for racing success.

Warm up for 10–15 minutes and include three 1-minute fast pedaling intervals. Complete six 2-minute intervals at 130 percent of FTP, taking 4 minutes rest between efforts. Try to finish each interval with a 5-second stand and sprint. These are best done on a low- to medium-grade climb. Spin easy for 10 minutes before hitting three 1-minute efforts at 140 percent of FTP. Recover for 2 minutes at Endurance pace between each one. On both sets of intervals, stop if you can no longer maintain 118 percent of FTP. Cool down for 10 minutes.
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LEVEL 7: NEUROMUSCULAR POWER



	NP-W1

	Neuromuscular Power Microbursts

	APPROX. TIME: 1.25 HR.




This workout will teach your muscles how to change speeds by improving contraction and relaxation responses.

After warming up, begin three 10-minute microburst intervals. Your power will be continuously switching from 15 seconds “on” (150 percent of FTP) to 15 seconds “off” (spinning easy). Rest for 5 minutes between intervals. Cool down.
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	NP-W2

	Neuromuscular Power Microbursts and Sprints

	APPROX. TIME: 2 HR.




After a standard 15-minute warm-up, do three 10-minute microbursts with 15 seconds “on” (150 percent of FTP) and 15 seconds “off” (50 percent of FTP). Repeat continually for 10 minutes. Recover for 5 minutes after intervals. Cruise for 15 minutes easy, and then do ten 10-second sprint intervals out of the saddle, with at least 2 minutes between efforts. Try to reach 300–350 percent of Threshold power on the sprints. Cool down.
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	NP-W3

	10-second Neuromuscular Power Bursts

	APPROX. TIME: 1.5 HR.




After a standard warm-up, set a pace in the lower end of Level 3 (76–80 percent of FTP) and hold it steady for the next hour. Within this hour, do a 10-second, out-of-the-saddle burst every 3 minutes, trying to reach 180 percent of FTP wattage, and hold it there with no more than two gear changes, if any. Make sure your cadence stays high. Cruise the rest of the ride at below 80 percent of FTP. Cool down.
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	NP-W4

	Big Gear Uphill

	APPROX. TIME: 1.75 HR.




This is a great ride for an indoor trainer. Place the front wheel of the bike on some blocks to lift it about 2–4 inches above horizontal. Alternatively, find a 2-minute hill nearby and ride outdoors.

Warm up for 20 minutes. While remaining seated, begin six big-ring efforts in 53:14, starting from 12 mph. Bring your cadence up to 80 rpm to finish the effort and begin a 3-minute recovery interval. Recover from the set with 15 minutes of spinning. Start the next set of sprints in 53:19 or 53:17. Get out of the saddle and ride for 2 minutes, visualizing that you are taking off at the bottom of a hill and muscling the gear over the top. Do six to eight sprints total, keeping your cadence at 50–60 rpm. Be careful on the knees. Rest for 3 minutes after each interval. Spin to cool down.
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	NP-W5

	Small- and Big-Ring Sprints, Ride 1

	APPROX. TIME: 1.25 HR.




One of the goals of this workout is to avoid “dumping the chain” into the hardest gear for a sprint. Sprinting starts out with a hard jump. As you “wind” out each gear, you shift down one. Just like driving a stick-shift car, you work down the gears when the rpms reach the correct range.

After warming up, begin six sprints in the small chainring with no gear changes, riding 50 meters and winding the gears out. Rest for 2–3 minutes between sprints.

Then do three sprints in the big chainring, jumping in the 53:17 from 20 mph and shifting once. Rest for 3–5 minutes after each sprint. Next, do three big-ring sprints from 53:16 at 23 mph with two gear changes. Finish with one big-ring sprint from 53:15 at 28 mph, jumping hard and winding out both the 53:14 and 53:13 gears. (This can be on a slight downhill grade to help you get up to speed.) Cool down.
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	NP-W6

	Small- and Big-Ring Sprints, Ride 2

	APPROX. TIME: 2 HR.




To improve your sprint for this season, try this workout. Make sure you have a smooth road with plenty of visibility—ideally a flat to gentle downhill section of straight road.

Warm up for 20 minutes, keeping your effort at Endurance pace. Start out with three 1-minute fast pedaling efforts in which you get your cadence to 110+ rpm, holding it there for 1 minute. Force on the pedals is relatively low, but avoid bouncing in the saddle. Recover for 1 minute between intervals. Ride at Endurance pace for 5 minutes, then get ready for the sprints.

Start out with small-ring sprints from a slow speed, about 10 mph. Emphasize the initial “jump” and then wind out that gear as best you can and spin the legs. Do six 50-meter sprints in your small ring and two cogs down from the top gear on the rear wheel, without shifting gears. Wind the gears out. Rest for 1–2 minutes after intervals (which is usually just the time it takes for a leisurely ride back to the starting line of your sprint).

Next, do six big-ring sprints with only one gear change. Try to start out at 53:17 from 20 mph, and when you wind out this gear, shift to the 53:16 and wind it out to the finish line. Again, rest for at least 2 minutes, if not longer, for these intervals.

Finish with four more sprints, but now starting from a slightly harder gear and from a faster speed. Do three big-ring sprints from the 53:16 at 23 mph, and this time you can shift gears two times, so you finish in the 53:14. The final sprint of the day is in the big ring from 30 mph and starting in the 53:15, and then giving yourself two gear changes so you finish in the 53:13. Remember that for each sprint, you need to wind out each gear until you have nothing left to wind out. Cool down for at least 20 minutes.
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	NP-W7

	Sprint Intervals

	APPROX. TIME: 1.5 HR.




Warm up for 15–20 minutes including three 1-minute fast pedaling intervals to wake up your legs. For the first main set, hit six 8-second 150-yard small-ring sprints in the 39:16 gear. Start each sprint at about 12 mph and then spin up to fast pedal power, aiming for a target cadence of 120 rpm or higher.

Recover for 5–10 minutes and then begin the second main set: six 15-second 250-meter big-ring sprints in the 53:16 gear. Start each effort at around 18 mph and hit it hard, shifting up twice until you are at maximum speed and effort. Sprint for the win! Cool down for 10 minutes.
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	NP-W8

	The Sprint Double

	APPROX. TIME: 2 HR.




In the finish of a race there is always a sprint to put yourself in position to execute the final sprint to the line. It is rarely talked about and almost never trained for. It is typically a 5–8-second sprint at around 80 percent of maximum sprint effort. Once there, you need to ride above FTP for about 10 seconds to maintain position before unleashing your maximum sprint to the finish line. This workout is designed to prepare you for both of the sprints needed to finish at the front of the pack.

Warm up for 20–40 minutes including five 1-minute fast pedaling drills, pedaling 100 rpm or higher and then recovering for 1 minute at 80 rpm. Keep watts low and focus on cadence. Complete six 8-second small ring sprints, starting from 10 mph and focusing on initial explosive effort and really pushing it to your maximum. Rest for 2–3 minutes between each one. These are designed to create some fatigue before the sprint doubles, of which you will do 6–10.

Start from 20 mph, in the big ring, riding at 90 rpm. Sprint at 80 percent of your maximum sprint effort for 5–8 seconds, then ride at 120–150 percent of your FTP for 10 seconds, before really going for it and hitting your maximum sprint effort to simulate the final finish line sprint. This should be for about 18 seconds, or 250–300 meters. Recover for 5 minutes between each sprint double. Cool down for 20–40 minutes.
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ALL LEVELS: KITCHEN SINK

Many of the rides work multiple energy systems at once, yet there is typically emphasis on one system. The rides that follow throw in “everything but the kitchen sink.” They are challenging workouts and a good test of overall fatigue resistance.



	WATTS-W1

	Kitchen Sink in the Mountains

	APPROX. TIME: 4 HR.




Try for a solid 4 hours of riding in the mountains. Make sure to maintain cadence on steep grades.

Ease into the ride and in the first two hours do at least three major climbs. Ride at Threshold over two of them. Ride the other climb at Tempo pace. Watch cadence and power, and maximize efficiency!

On each of the downhills, try to fit in two 3-minute fast pedaling efforts. Keep your cadence above 120 rpm, braking as needed to keep pressure on the pedals, and pedal fast. Rest for 3 minutes between intervals. If the climbs are not long enough to fit in two intervals, make them up later in the ride on flatter sections.

In the third hour, ride steady, incorporating eight 2-minute intervals on flat to rolling terrain.

Stop for a recovery drink or caffeine boost with 20 miles to go. Hammer for the last 30–40 minutes, riding fast. Cool down.
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	WATTS-W2

	Anaerobic Capacity, Neuromuscular Power, FTP, and Motorpacing

	APPROX. TIME: 5 HR.




The Training Stress Score for this ride is 300. Warm up and do four 1-minute fast pedaling intervals. Then do six 2-minute all-out efforts on a flat road. Recover fully, riding for about 4 minutes at Endurance pace. Then do six 30-second efforts with a hard sprint at the start. Recover fully, riding for about 3 minutes. Cruise easy for 20 minutes.

Next, do six 75-meter small-ring sprints, starting from 10 mph and winding out the 39:16 and 39:17 gears to 135 rpm. Then do six 250-meter big-ring sprints, starting from 18 mph and winding out the 53:16, 53:15, and 53:14 gears.

Finally, choose a hill that will take 10–12 minutes to ride. You’ll be riding in the Sweet Spot, completing five repeats. Your intensity should approach the edge of Threshold up the hill (100–105 percent of FTP). Rest for 5–10 minutes between the climbs. Motorpace home and cool down.
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	WATTS-W3

	FTP, Anaerobic Capacity, and Neuromuscular Power Sprints, Ride 1

	APPROX. TIME: 2 HR.




This is a great Saturday workout. By the end of the ride, you should be tired and ready for the ride to be over.

Warm up, including three 1-minute fast pedaling intervals. Begin with four sprints in the big chainring (53:15) from 22 mph, shifting just twice to finish at 53:13. Rest for 3–4 minutes after each sprint. Then do two 12-minute intervals at just above Threshold, doing your best to hold it. Rest for 5 minutes after intervals.

Finally, do four 2-minute intervals on the flats, with 1-minute recoveries. Try to hold 130 percent of FTP. Finish with 20 minutes at Endurance pace. Cool down.
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	WATTS-W4

	FTP, Anaerobic Capacity, and Neuromuscular Power Sprints, Ride 2

	APPROX. TIME: 3.5 HR.




This is a great Saturday workout with everything but the kitchen sink thrown in. By the end of the ride, you should be tired and ready for the ride to be over.

Warm up, including three 1-minute fast pedaling intervals. Begin with four sprints in the big chainring (53:15) from 22 mph, shifting just twice to finish at 53:13. Rest for 3–4 minutes after each sprint. Then do four 12-minute intervals at just above threshold, doing your best to hold it. Rest for 5 minutes after each interval.

Finally, do four 2-minute intervals on the flats, with 1-minute recoveries. Try to hold 130–140 percent of FTP on the 2-minute efforts. Next, cruise for 45 minutes at upper Endurance pace. Finish with 20 minutes in the Sweet Spot. Cool down.
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	WATTS-W5

	The Great Workout

	APPROX. TIME: 4+ HR.




This 4-hour ride includes a bit of training in all the physiological zones. Endurance will be the focus, but with the added work throughout the ride, this is a great all-around workout. You should be feeling fatigued at the end of the ride, but in the last 45 minutes, push at the Sweet Spot.

After a 30-minute warm-up, do two 20-minute intervals at or just below threshold. This will be challenging. Rest for 10 minutes after each effort.

Cruise for 30 minutes and then do six sprints—three 75-meter sprints in the small chainring from a slow speed, spinning the gear, followed by three 300-meter sprints in the big chainring, starting from about 20 mph in the 53:13 gear. Rest for 5 minutes after each sprint.

Cruise for another 30 minutes or so. Next, ride five hills of various lengths and grades at VO2max pace, with good solid rests after each hill.

Cruise for another 30 minutes, adding in some 8-second bursts every 5 minutes or so. With an hour to go, stop at a convenience store to drink something with sugar and caffeine. Finish with 45 minutes of riding in the Sweet Spot. Cool down and stretch.
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PYRAMID WORKOUTS



	P-W1

	Pyramid Intervals

	APPROX. TIME: 1 HR.




This workout is designed to help you improve both your repeatability and your ability to work at higher intensities. It is a tough workout, so stay focused.

After a 15-minute warm-up with three 1-minute fast pedaling intervals, begin the pyramid: 4 minutes at upper FTP, rest for 2 minutes at Endurance pace; 3 minutes at VO2max, rest for 2 minutes at Endurance pace; 2 minutes at Anaerobic Capacity, rest for 2 minutes at Endurance pace; 1 minute maximum effort, 2 minutes rest at Endurance pace. Then come back down the pyramid, always taking 2 minutes rest at Endurance pace between each effort: 2 minutes at Anaerobic Capacity; 3 minutes at VO2max; 4 minutes at lower FTP. Cool down for 15 minutes.
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	P-W2

	Tempo and Sweet Spot Pyramid

	APPROX. TIME: 1 HR.




This workout isn’t as intense as most pyramid sessions, but will still help improve both aerobic capacity and FTP.

After a 5-minute warm-up, hit a 5-minute interval at lower Tempo pace (80% FTP), then 10 minutes at upper Tempo (85% FTP), then 20 minutes at Sweet Spot, 10 minutes at upper Tempo, and a final 5 minutes at lower Tempo. Cool down for 5 minutes.
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PERFORMANCE TESTING



	TEST

	Monthly Testing Protocol

	APPROX. TIME: 2 HR.




After warming up, begin three 1-minute fast pedaling efforts, resting for 1 minute after each one. Then ride for 3 minutes easy. Next, do a 5-minute all-out effort, followed by 10 minutes at an easy pace.

The next set of intervals will test your aerobic capacity. Do two 1-minute efforts with 5 minutes between them. Ride for 5 minutes easy.

The third set of intervals will test neuromuscular power. Do three 20-second “super jumps.” Jump hard out of the saddle and sprint for the full 20 seconds. Rest for 3 minutes after each sprint, and after the final sprint pedal easy for 10 minutes. Finally, complete a 20-minute time trial. Cool down.
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RACE PREPARATION



	RACE-W1

	20 km Time Trial

	APPROX. TIME: 1.75 HR.




This ride is a good race rehearsal for a 20 km time trial.

Start with 15 minutes at Level 2, Endurance. Then begin a 10-minute “ramp” where you gradually build from Level 2 to Level 4, Threshold. By the last minute, you will be riding flat-out, at time trial pace. Then ride at an easy pace for 5 minutes. Next, do four 1-minute fast pedaling efforts. For each effort, keep your cadence over 100 rpm. Don’t worry about power, but focus on fast, smooth pedaling and getting the muscles to “open up” and the blood pumping. Rest for 1 minute between intervals, pedaling easy. Ride for 5 minutes at Level 2. Follow this up with one 5-minute effort at Level 5, VO2max. Pedal at an easy pace for 5–10 minutes.

Next, start your 20 km time trial, starting your time from about 3 mph. To avoid starting out too hard, take the first 4–5 minutes to build up to Threshold power. On the way into the turnaround, get a sip of water, and then get back up to speed, making sure power is applied throughout the turnaround. Get right back into your rhythm and remain focused. In the last 5 kilometers, pick up the pace and push a little harder. In the last kilometer, push your effort to the max.

Take 30 minutes of easy riding to cool down and do a solid stretching session.
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	RACE-W2

	Classic Race Tune-up

	APPROX. TIME: 2 HR.




The purpose of a tune-up is to prepare your muscles and the cardiovascular system for an upcoming race or big effort. With some hard, short intervals, the legs will become a bit more supple and responsive the following day. Riding too hard could create some muscle trauma and cause muscle soreness.

After warming up, begin the main set. Over the next hour or more, cruise at Endurance pace, working in two sets of sprints. The first set consists of three hard 1-minute intervals, with 5-minute rest intervals. Next, begin three 30-second all-out sprints, again resting for 5 minutes between intervals. These intervals can be done at any point during the ride, on hills or on flats. Cool down.
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	RACE-W3

	Warm-up for Road Race or Crit

	APPROX. TIME: 1 HR.




This is a great warm-up for a road race or criterium. Be sure you know the course and have surveyed the turns and your lines in advance. If it’s a road race, take it easy for the first half unless it’s windy—in which case you should try out some moves near the end and give it a shot to win! If it’s a criterium, be sure to warm up really well, get a great start, and try to stay up front!

For the warm-up, start with a 5-minute Endurance set and then do four 1-minute fast pedaling efforts, shooting for a cadence of over 100 rpm. Don’t focus on the wattage; focus on fast, smooth pedaling to really open up the muscles and get the blood pumping. Rest for 1 minute between intervals. Take an additional 5-minute rest before moving into “ramps.”

For the ramp intervals, gradually take your wattage from Level 2 to Level 4. You should be at threshold in the last minute of each ramp. Take a rest, riding for 5 minutes at Endurance level before beginning the next interval. Finish with 5–10 minutes of easy pedaling, and then start the race.
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	RACE-W4

	Pre-Race Efforts

	APPROX. TIME: 1 HR.




Pre-race efforts are all about opening up the legs and keeping the body feeling sharp.

Warm up for 15 minutes, including three 1-minute fast pedaling intervals. Hit three 90-second hard efforts at VO2max intensity, staying focused and pedaling smoothly. Rest for 5 minutes between intervals. Cool down for 15 minutes.
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SWIM WORKOUTS



	SWIM-W1

	12 × 100 m

	APPROX. TIME: 40 MIN.




Warm up 200 m easy, your choice of stroke. Do 2 × 100 m as 50 m zipper drill, 25 m backstroke, 25 m freestyle. Swim 12 × 100 m taking 20 seconds rest between each. Cool down 2 × 200 m easy.
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	SWIM-W2

	10 × 25 m Kick + 500 m

	APPROX. TIME: 40 MIN.




After 200 m easy choice warm-up, do 3 × 100 m as 50 m zipper drill, 25 m backstroke, 25 m freestyle. With a kickboard, do 10 × 25 m kick taking 15 seconds rest between intervals. Go into a 500 m swim, steady to fast pace. Repeat the 10 × 25 m kick set. Cool down for 500 m easy.
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	SWIM-W3

	3 × 500 m with pull buoy

	APPROX. TIME: 45 MIN.




Warm up for 400 m easy. With a pull buoy, swim 3 × 500 m taking 20 seconds rest between each interval. Progress effort on each 500 m to make the third one the fastest. Cool down for 400 m easy.

Alternative option: Open water swim, covering 1800–2300 m, swimming continuously.
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	SWIM-W4

	1,000 m TT

	APPROX. TIME: 40 MIN.




Warm up as 5 × 100 m, progressing from easy to steady/strong so you are ready for the 2 × 500 m time trial. There’s no rest between the 500 m swims, just stop long enough to note your time. Record times for both 500 m efforts. Start at a controlled pace and try to increase effort throughout. Cool down for 5 × 100 m easy pace.
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	SWIM-W5

	8 × 200 m

	APPROX. TIME: 50 MIN.




Warm up for 400 m easy, then do 200 m swim, 100 m pull with buoy and paddles, 100 m kick. For the main set, swim 8 × 200 m taking 15 seconds rest between each. Cool down as 2 × 200 m easy.
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	SWIM-W6

	1-4-1 Pyramid

	APPROX. TIME: 50 MIN.




Warm up for 400 m easy as two sets of 200 m: 50 m freestyle, 50 m backstroke, 50 m fingertip drill, 50 m freestyle. For the main set, swim 100 m, 200 m, 300 m, 400 m, 300 m, 200 m and then 100 m, taking 10 seconds rest between each. Cool down as 2 × 200 m easy.
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	SWIM-W7

	2 × 1,000 m

	APPROX. TIME: 1 HR.




Warm up 5 × 100 m easy as 100 m freestyle, 100 m fingertip drill, 100 m pull, 100 m kick, 100 m freestyle. Swim 2 × 1,000 m with 20 seconds rest between, aiming to make the second one faster than the first. Cool down as 5 × 100 m easy.

Alternative option: Open water swim, 2,800–3,000 m, continuous swimming throughout.
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	SWIM-W8

	10 × 200 m

	APPROX. TIME: 1 HR.




Warm up as 400 m easy: 100 m freestyle, 100 m fingertip drill, 100 m kick, 100 m freestyle. For the main set, complete 10 × 200 m with 15 seconds rest between. Cool down 400 m easy.
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	SWIM-W9

	10 × 25 m + 500 m

	APPROX. TIME: 40 MIN.




Warm up as 500 m easy. Up the tempo on the first main set with 10 × 25 m fast, taking 15 seconds rest between. Then swim 500 m steady-fast, before a second set of fast 10 × 25 m on 15 seconds rest. Cool down 500 m easy.
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	SWIM-W10

	14 × 100 m

	APPROX. TIME: 45 MIN.




Warm up 400 m easy as 2 × 100 m freestyle, 100 m kick, twice through. Swim 14 × 100 m on 10 seconds rest. Cool down for 400 m as 2 × 200 m easy.
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	SWIM-W11

	4 × 400 m with pull buoy

	APPROX. TIME: 1 HR.




Warm up 400 m easy as 300 m freestyle, 100 m kick. With a pull buoy, swim 5 × 400 m, taking 20 seconds rest between each one. Cool down for 400 m easy, as 2 × 200 m freestyle.

Alternative option: Open water swim, 1,800–2,300 m, continuous swimming throughout.
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	SWIM-W12

	3 × 1,000 m

	APPROX. TIME: 1.5 HR.




Warm up as 5 × 100 m easy. For the main set, swim 3 × 1,000 m, taking 20 seconds rest between each. Aim to make each 1,000 m a little faster. Cool down 5 × 100 m easy.

Alternative option: Open water swim, swimming continuously for 1.3 hours.
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	SWIM-W13

	12 × 200 m

	APPROX. TIME: 1.25 HR.




Warm up 400 m easy as 100 m freestyle, 100 m pull, 100 m kick, 100 m freestyle. For the main set, swim 12 × 200 m taking 15 seconds rest between each. Cool down 400 m easy.
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RUN WORKOUTS

Note: Be sure to stretch after finishing these workouts.



	RUN-W1

	Easy endurance

	APPROX. TIME: 1.5 HR.




Run for a total of 90 minutes, spending 10–15 minutes warming up. Build to upper Zone 2. Stay in Zone 2 for the majority of this run, focusing on easy strides and quick turnover. Slow down to Zone 1 to cool down and be sure to stretch afterward.
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	RUN-W2

	Aerobic Threshold

	APPROX. TIME: 45 MIN.




Warm up for 10 to 15 minutes building to upper Zone 2. Run in lower/middle Zone 3 for 30 minutes. Cool down in Zone 1; stretch afterward.
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	RUN-W3

	Short Endurance

	APPROX. TIME: 35 MIN.




Warm up for 10 minutes building to middle/upper Zone 2. Spend 15 minutes running in Zone 2, focusing on quick turnover and easy strides. Cool down in Zone 1; stretch afterward.
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	RUN-W4

	Brick Run

	APPROX. TIME: 20 MIN.




Quick 20 minutes run off the bike, focusing on easy strides and quick turnover.
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	RUN-W5

	55-minute Endurance Run

	APPROX TIME: 55 MIN.




Warm up for 10 minutes building to middle/upper Zone 2. For the main set, run for 35 minutes in the middle of Zone 2. Slow to Zone 1 to cool down, making sure you stretch afterward.
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	RUN-W6

	Alternating Aerobic Threshold

	APPROX. TIME: 1 HR.




This is a strong threshold run, alternating between Zone 3 and 4. Be sure to use the full range of each zone to maximize this workout.

After warming up for 10 minutes, ramping to upper Zone 2, hit the main set, which comprises three rounds of 8 minutes at Zone 3 into 7 minutes at Zone 4. Cool down for 5 minutes, slowing to Zone 1.
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	RUN-W7

	20-minute Time Trial

	APPROX. TIME: 50 MIN.




Warm up for 10–15 minutes easy, incorporating a 30-second sprint at 3 minutes, 5 minutes, and 7 minutes. Once fully warmed up, begin the 20-minute time trial effort, building the pace smoothly so that your last mile can be your fastest. Cool down for 10–15 minutes.
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	RUN-W8

	Hour of Power

	APPROX. TIME: 1 HR.




This is a tough threshold workout; ensure you approach it well rested and hydrated. After a 10-minute build warm-up, begin 40 minutes at Zone 4. Start out at a controlled pace; don’t go out too fast. Cool down for 10 minutes in Zone 1.
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	RUN-W9

	Easy Endurance

	APPROX. TIME: 45 MIN.




This run is all about clocking some easy endurance miles. After a 10-minute warm-up building to Zone 2, remain in Zone 2 for the next 30 minutes. Cool down for 5 minutes in Zone 1.
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	RUN-W10

	Hour of Tempo

	APPROX. TIME: 1 HR.




Warm up for 10 minutes, ramping to upper Zone 2. The main set today is 40 minutes at Zone 3, keeping it controlled and not starting too fast. Cool down well in Zone 1, stretching afterward.
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	RUN-W11

	Track Day: 5 × 800 m Threshold

	APPROX. TIME: 45 MIN.




Today is track day—be ready! If you don’t have access to a track, use time intervals or run measured distances on flat terrain, substituting the 800 m repeats for 2–2.5-minute intervals instead (e.g. 2 minutes Zone 4; 2.5 minutes Zone 1–2). Warm up well, building to upper Zone 2. Hit five sets of 800 m at Zone 4 to 5 followed by 800 m easy running. Cool down in Zone 1, making sure you stretch after.
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	RUN-W12

	Progressive Aerobic Threshold

	APPROX. TIME: 2 HR.




This is a long negative split run that requires patience and focus. Warm up for 40 minutes, building to upper Zone 2. For the first main set, spend 40 minutes gradually building pace to the middle of Zone 3. For the second main set, spend 30 minutes in Zone 3, ramping to lower Zone 4. Cool down 10 minutes easy.
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	RUN-W13

	2-hour Easy Endurance

	APPROX. TIME: 2 HR.




Warm up for 20 minutes, building to upper Zone 2. Spend the next 90 minutes at Zone 2, increasing pace to lower Zone 3 if you feel good. Cool down in Zone 1 and stretch after.
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	RUN-W14

	Hill Repeats, 8 × 30 seconds

	APPROX. TIME: 40 MIN.




Spend 15 minutes warming up, ramping to upper Zone 2. The main set involves eight 30-second uphill sprints on a hill that is greater than 4 percent grade. Jog back down to recover between each. Cool down for the remaining time in Zone 1.



[image: image]




	RUN-W15

	Zone 3 Brick Run

	APPROX. TIME: 30 MIN.




Run for 30 minutes in Zone 3 off the bike.
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Glossary

Acute Training Load (ATL)  The overall quantity (i.e., combination of frequency, duration, and intensity) of training that you have performed recently (during the past week or two). See also Chronic Training Load (CTL).

Aliasing  Distortion or artifact in data (such as from a power meter) that occurs when an analog signal is sampled at too low of frequency.

Anaerobic capacity/anaerobic work capacity  The overall quantity of work (not the rate of doing such work, which is power) that you can perform by relying on anaerobic metabolism. Usually trained by performing short (e.g., 30-second to 3-minute), very high-intensity intervals.

Anaerobic threshold (AT)  More correctly termed “ventilatory threshold”; the exercise intensity at which there is a nonlinear increase in ventilation relative to metabolic rate—that is, the rate of oxygen uptake (VO2). Although they are not mechanistically related (i.e., not related as cause and effect), “anaerobic” or ventilatory threshold is often used to estimate lactate threshold.

Athlete Home Page  The main screen that shows the user long-term changes in your fitness in TrainingPeaks WKO Software.

Average Effective Pedal Force (AEPF)  The average force applied to the pedal that causes the crank to turn.

Big-ring sprint  A maximal effort completed in the largest chainring of the bicycle. Usually this large chainring is made up of 53 teeth.

Cadence  The revolutions per minute (rpm) of the cranks at which you pedal.

Calibration  Commonly seen in power-meter computer head units, this refers to “zeroing” the power-meter computer (see Zero offset). This is misnamed, as true calibration requires calibrating the power meter against a known static or dynamic load.

Cardiovascular fitness  The capability of the cardiovascular system to transport O2 to tissues (e.g., contracting muscles), aid thermoregulation by increasing blood flow to the skin, and so on. It is traditionally quantified by measuring a person’s maximal oxygen uptake, or VO2max.

CdA (Cyclist’s aerodynamic drag)  A measure of an object’s aerodynamic drag characteristics. In the context of this book, the object is the cyclist and his or her bike. CdA is the product of the coefficient of drag (Cd) and frontal area (A). Though CdA is best measured in a wind tunnel, it can also be estimated via field tests performed using a power meter.

Chronic Training Load (CTL)  The overall quantity (i.e., combination of frequency, duration, and intensity) of training that you have been performing over a substantial period of time—for example, several months or more. See also Acute Training Load (ATL).

Circumferential Pedal Velocity (CPV)  The speed at which the pedal travels around the circle. CPV determines the speed at which your muscles must contract to produce force and thus power.

Critical Power  Defined in scientific literature as the slope of the work-time relationship. Critical power is an inherent characteristic of the aerobic energy supply system and as such represents a power that can be sustained for a very long time without fatigue. When measured using exercise bouts that are 3 minutes to perhaps 30 minutes in duration, critical power is essentially the same as functional threshold power. See also Mean Maximal Power.

Fartlek  See Tempo.

40 kilometer TT  A 40 km (24.8-mile) solo race against the clock. Time trials are often referred to as “the race of truth.”

Functional Reserve Capacity (FRC)  The total amount of work that can be done during continuous exercise above FTP before fatigue occurs. Units are kJ or J/kg.

Functional Threshold Power (FTP)  The highest power that a rider can maintain in a quasi–steady state without fatiguing for approximately one hour. When power exceeds FTP, fatigue will occur much sooner, whereas power just below FTP can be maintained considerably longer.

Gross Power Absorbed (GPA)  The gross (i.e., muscular + inertial + gravitational) power absorbed by one leg (left or right), primarily during the upstroke.

Gross Power Released (GPR)  The gross (i.e., muscular + inertial + gravitational) power released by one leg (left or right), primarily during the downstroke.

Intensity Factor (IF)  For any workout or part of a workout, the ratio of the Normalized Power to the rider’s functional threshold power.

iLevels  Individualized training levels based on the Power Duration model. A more accurate system of training levels using a rider’s actual data (best average wattages) achieved during racing and/or training.

Kilocalorie (k/cal)  The amount of energy required to raise 1 kilogram of water by 1 degree Celsius. In common vernacular, 1 kilocalorie is typically referred to as one Calorie (note the capital C).

Kilojoule (kJ)  Like the kilocalorie, the kilojoule is a measure of energy. One joule is equal to 1 watt-second, or the work done by exerting 1 watt of power for 1 second. One kilojoule is therefore equal to 1,000 joules.

Kurtotic Index (KI)  An indicator of the “peakedness” of an athlete’s pattern of force application during the pedaling downstroke. A higher value (e.g., closer to 5) indicates the rider “punches” down harder on the pedal but for a briefer period of time, whereas a lower value (e.g., closer to 3) indicates that the rider generates the same power by “pushing” for a longer period.

Lactate Threshold (LT)  The exercise intensity at which the release of lactate into the blood first begins to exceed its rate of removal, such that blood lactate levels begin to rise. From the perspective of most athletes and coaches, LT is a relatively low intensity, approximately corresponding to the transition between Levels 2 and 3.

Match  A reference to expending a tremendous amount of energy in a short period of time when, for example, attacking during a race. “Burning a match” is when you actually expend the energy.

Maximal Accumulated O2 Deficit (MOAD)  The difference between the rate of oxygen uptake (VO2) and the rate of O2 demand at the onset of supra-maximal (i.e., requiring more than 100 percent of VO2max) exercise continued to fatigue. MAOD is currently considered the “gold standard” for measuring a person’s anaerobic capacity.

Maximal effective pedal force  The maximal force that isolates the height (peak) of each torque curve for each leg.

Maximal heart rate  The maximal rate at which your heart can beat per minute.

Maximal Lactate Steady State (MLSS)  The highest exercise intensity at which blood lactate levels remain essentially constant over time. MLSS is comparable to functional threshold power and is closer to what most coaches and athletes mistakenly call “LT.”

Maximal neuromuscular power  The maximal power that you can generate under optimal conditions (e.g., at the right cadence).

Mean maximal power  Your highest average power for a particular duration.

Mean Maximal Power (MMP) Curve  The curve of all your average best watts over each second of time, starting from zero seconds and extending to the longest ride you have completed.

Mean Maximal Power (MMP) Periodic Chart  A chart of specific average best power for a certain time period. For example, a line graph of your best 5 seconds for each ride you have completed over the entire year.

Metabolic fitness  The ability of your muscles to balance aerobic energy production with energy demand, which in turns determines the rate of muscle glycogen utilization, blood lactate levels, and so on.

Micro-bursts    Intervals with very short work and rest periods (e.g., 15 seconds “on,” 15 seconds “off”). Sometimes also referred to as “micro-intervals.”

Modeled FTP or mFTP  The model-derived highest power a rider can maintain in a quasi-steady-state without fatiguing. A mathematical model inside TrainingPeaks WKO software that uses the data from the previous 90 days of power data to estimate the functional threshold power.

Normalized Power (NP)  An estimate of the power that you could have maintained for the same physiological “cost” if your power had been perfectly constant, such as on an ergometer, instead of variable.

Onset of Blood Lactate (OBLA)  The exercise intensity corresponding to a blood lactate concentration of 4 millimoles per liter. An individual’s OBLA is generally close to, but may be significantly higher or lower than, his or her MLSS or FTP.

Overreached  An acute state of fatigue and hence diminished performance resulting from a brief period of excessive training relative to what you normally perform. Although many times riders describe themselves as being “overtrained,” in reality they have usually simply overreached and their performance will recover after just a few days of rest or reduced training.

Overtrained  A chronic state of overreaching from which recovery takes a long period of time, usually over 30 days. Also called Overtraining Syndrome (OTS).

Pedaling smoothness  Commonly used for bilateral power-meter metrics. The mean power averaged across one crank cycle divided by the peak power applied during that cycle—e.g., Pavg/Ppeak=Pedal Smoothness. A lower number means the rider has a larger Ppeak in relation to the Pavg. For example: Pavg=200W, Ppeak=1500, so PS=13 percent. Big peaks of power in relation to a small average. A smoother pedal stroke would be: Pavg=350W, Ppeak= 700W, so PS=50 percent.

Ppeak  The peak power applied during a single pedal cycle. This is misnamed “Pmax” in the ANT+ pedaling metrics and is seen in Garmin head units as Pmax. See Pmax for the correct definition of Pmax.

Performance Manager  Analysis available in WKO and other software that allows you to quantify changes in your acute and chronic training load and hence training stress balance over time, thus helping you to build fitness and peak at the appropriate time while minimizing the risk of overtraining, illness, or injury.

Periodic Chart  A chart in TrainingPeaks WKO Software that allows the user to view data over a certain period of time.

Phenotyping or Rider Phenotyping  The objective classification of a cyclist as a sprinter, pursuiter, all-rounder, or time trialer based on quantitative analysis of the shape of their individual power duration relationship.

Pmax  The maximal power that can be generated for a very short period of time over at least a full pedal revolution with both legs. Units are W or W/kg.

Power  The rate of doing work, where work is equal to force times distance.

Power Duration Curve  A curve based on the power duration (PD) model. The Power Duration model is a mathematical model that takes into account all the data from an athlete and uses that model to provide insight into the unique physiology of that athlete allowing a more comprehensive insight into the correct training needed.

Power Profile  The specific measurements of power (watts) per kilogram generated at 5 seconds, 1 minute, 5 minutes, and functional threshold power that reveal the relative strengths and weaknesses of a cyclist.

Power Profile table  A table that categorizes the watts per kilogram needed to be successful in each category of racing.

Prime  A special prize given to the winner of a designated lap in a bike race.

Quadrant Analysis  A graphical means of analyzing data from a power meter to visualize specific demands placed upon the neuromuscular system.

Rate of perceived exertion (RPE)  An individual’s subjective evaluation of how intense or strenuous a particular exercise intensity feels. Typically rated on either a linear 20-point or a nonlinear 10-point scale, both of which were developed by Dr. Gunnar Borg.

Repeatability  The ability of an athlete to repeat a certain effort many times without a loss in power.

Self-selected cadence  The cadence range in which you naturally will pedal without consciously thinking about your cadence.

Small-ring sprint  A maximal effort completed in the smallest inner chainring of the bicycle. Usually this small inner chainring is composed of 39 to 42 teeth.

Specificity  An important concept of exercise physiology that takes account of the fact that the adaptations to training tend to specific, or unique, to the particular demands that are imposed.

Stochastic  Technically, “varying randomly.” Often used to refer to the marked fluctuations in power that occur when riding a bicycle outdoors. In fact, such variations are generally not really random but occur because of the ever-changing resistances (e.g., hills, wind) that must be overcome.

Strain gauges  Small foil leaflets that, when incorporated into an electronic circuit and bonded to a surface, can be used to measure the amount of strain, or deformation, occurring in the underlying material. This deformation is related to the magnitude of the force that is applied; hence, strain gauges are used to measure force (or torque).

Stamina  A measure of resistance to fatigue during prolonged duration, moderate intensity (i.e., sub-FTP) exercise. Units are percent of maximum, i.e., 0–100, although most individuals will fall in the 85–95 percent range. Stamina represents time periods beyond one hour of performance, scoring your resistance to fatigue over such longer efforts. On the Power Duration Curve, this is typically the “flat tail” of the extended curve beyond about one hour.

Sweet Spot  A small area of intensity characterized by 88–93 percent of one’s FTP.

Tempo (or “fartlek”) From Swedish, meaning “speed play”; workouts performed at an intensity that is “up tempo” from what a rider normally trains at when riding at a comfortable level.

Time to Exhaustion (TTE)  An estimate of the maximum duration that a power equal to mFTP can be maintained.

Threshold heart rate  The heart rate corresponding to functional threshold power.

Torque efficiency  A metric commonly used for bilateral power meters in the Garmin ANT+ metrics. The sum of the positive power and the negative power over a single stroke divided by the positive power. For example: P+= 150W, P-=30W. TE=100x(150+-30)/150= 100(120/150)=80% torque efficiency. This is also used in the Pioneer power meter, but uses a slightly different formula.

Training Stress Score (TSS)  A composite number that takes into account the duration and intensity of a workout to arrive at a single estimate of the overall training load and physiological stress created by that session. It is conceptually modeled after the heart rate–based training impulse (TRIMP).

Variability Index (VI)  The ratio of Normalized Power to average power, Variability Index provides an indicator of just how variable, or “stochastic,” a rider’s power output was during a particular workout.

VO2max  The maximal rate of whole-body oxygen uptake that can be achieved during exercise. VO2max is primarily limited by the ability of the cardiovascular system to deliver oxygen-carrying blood to exercising muscle; hence, VO2max is considered the best measure of a person’s cardiovascular fitness and sets the upper limit to aerobic power production.

Zero offset  Also called “calibration” in common power-meter computers. This process “zeroes” the power meter while no force is applied in order for it to correctly interpret applied force.
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endurance, 60, 84, 125, 184, 186, 187, 198, 200, 210, 228, 238 (fig.); aerobic, 188; building, 209, 239; determining, 252; fitness and, 255; FTP and, 238, 239 (fig.); intensity and, 255; lack of, 207; muscular, 61, 62, 188, 202, 238, 297, 298; strength, 61, 123; wattage and, 252

Endurance Nation, 244, 245

Endurance pace, 68, 70, 189, 195, 196, 238, 239

Endurance training, 36, 44, 60, 106, 115, 117, 189, 195, 207, 223, 285
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performance, 101, 117, 125, 126, 139, 217, 230, 235, 272, 273, 284; abilities, 40, 48, 159, 160; adaptations, 33 (table); aerobic, 274; analysis of, 5, 40, 139, 213, 288–290; athletic, 140, 150; changes in, 26, 154, 160; comparing, 288 (table), 289; improvements in, 114, 128, 153, 154, 156, 157, 265, 296, 299; limitations caused by, 158; managing, 153; measurements of, 157; past, 170; peak, 2, 9, 12, 44, 54, 138, 157, 189–190, 192–197, 193 (table), 255, 276, 279; physical, 288–289; predictor of, 27, 154, 157; pursuit, 273 (fig.); race, 4, 40; technical, 289; training and, 156, 158; workouts and, 162
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physiological abilities, 42, 44, 51, 74, 150, 272
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power, 7, 48, 51, 54, 83, 109, 254, 267, 270, 289, 293; absolute, 272; aerobic, 46, 274, 275; anaerobic, 184, 193; analysis of, 4, 101–103, 107, 129–132, 139, 180, 219, 230, 231, 278, 289; average, 34, 44, 68, 94, 105, 106, 108 (fig.), 110 (fig.), 120, 131, 221, 222 (fig.), 241–242, 270, 273, 287; balance, 96, 129, 130; bilateral, 138; for “burning a match,” 99 (table); cadence versus, 96, 97 (fig.), 98; consistent use of, 177–178, 284; in criterium, 261 (fig.); cruising, 94; defining, 123–124; differences in, 274; drop in, 57, 94, 216, 219, 259, 270, 271; exercise intensity and, 34; explosive, 184; fluctuations in, 114, 266; force/speed and, 18; FTP and, 59, 249; increase in, 187, 260–261; long-term, 44; maximal, 86–88, 125, 126, 132, 222, 271, 274, 275; measuring, 16, 287, 289–290; muscular, 184, 186, 189, 297; negative, 130; neuromuscular, 46, 51, 70–72, 72, 96, 114–118, 139, 142, 151, 169, 183, 188, 200, 205, 211, 219, 239, 282; normalized, 107–109, 110, 112, 114, 123, 142, 143, 174, 177, 222, 241–242, 245, 246, 247, 252, 285, 286, 294, 300; peak, 7, 44, 86, 161–170, 286; personal best for, 168, 169 (fig.), 170 (fig.); producing, 264, 273; pursuit, 94, 272; short-term, 44; spikes in, 23, 68, 243, 244, 246; steady-state, 27–28, 31, 200, 277; strength versus, 123–126; threshold, 29, 32, 34, 59, 64, 65, 72, 99, 111, 117, 118, 178, 187, 188, 209, 212, 259, 299; training with, 30, 35, 56, 58–72, 137, 181, 198, 235–236, 239; TSB and, 167 (fig.), 168 (fig.), 169 (fig.), 170 (fig.); VO2max, 56, 61, 92, 199, 202, 299

power distribution charts, 27, 83–84, 86, 224 (fig.), 225 (fig.), 226 (fig.), 227 (fig.), 228, 251; creation of, 223; FTP and, 28 (fig.); for successful Ironman racing, 250 (fig.)

Power Duration Curve (PDC), 29, 36, 48–49, 49 (fig.), 58, 72–76, 86, 87, 142, 143, 144–145, 144 (fig.), 147, 152, 181, 182, 183, 183 (fig.), 190, 191 (fig.), 192, 198, 199, 199 (fig.), 204, 212, 218, 231, 232, 233, 235: accuracy of, 50 (fig.); fatigue resistance and, 50 (fig.); FRC and, 74 (fig.); FTP and, 148; for iLevel 6: 76 (fig.); for iLevel 7: 78 (fig.); for iLevel 7a: 77 (fig.); with iLevels, 73 (fig.); mFTP and, 149; power profiling versus, 51; TTE and, 149 (fig.)

power graphs, 58 (fig.), 247 (fig.), 249 (fig.), 261 (fig.), 263 (fig.); creating range in, 91 (fig.); horizontal view of, 89 (fig.); interpreting, 88–90, 92, 94; mountain bike, 295 (fig.); pacing, 260 (fig.), 293 (fig.); stacked view of, 88 (fig.)
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power output, 3, 40, 53, 96, 105, 109, 124, 133, 138, 154, 246, 276, 288; aerobic, 274, 289; determining, 126, 228; downhill, 248 (fig.); drop in, 190; maximal, 125–126; non-sustainable, 179; RPE and, 236; world-class, 42

Power Profile, 39–40, 42–44, 43 (fig.), 59, 88, 139, 140, 142–145, 150, 152, 171, 181, 182 (fig.), 183, 189, 190 (fig.), 198, 198 (fig.), 204, 205 (fig.), 211, 212, 259, 299; analyzing, 235; charts, 41 (table), 42, 43, 44, 81, 187, 206; Fatigue Profile and, 48; FTP and, 148; horizontal, 45; limitations/caveats with, 48; neuromuscular power and, 144; plotting, 51; sprinter, 151; time frames of, 143–144; TT, 151; V-shaped, 141
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Project 96: 289
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Quadrant Analysis (QA), 103, 107, 114, 117, 120–121, 123, 126, 181, 184, 184 (fig.), 205, 206 (fig.), 212, 228, 233, 240, 241, 242, 243, 245, 249, 266, 269, 287, 292, 293, 294, 297, 298, 300; of all examples plotted together, 123 (fig.); of constant-power ergometer workout, 121 (fig.); criterium, 122 (fig.), 287 (fig.); cyclocross, 282, 283 (fig.); of micro-burst interval workout, 121 (fig.); mountain biker race file, 268 (fig.); mountain biker training file, 268 (fig.); pacing and, 242 (fig.), 243 (fig.), 250 (fig.), 294 (fig.), 297; points race, 287 (fig.); racing/training and, 191 (fig.), 200 (fig.); of road race/flat to rolling terrain, 122 (fig.); standing start versus all previous, 125 (fig.); strength-endurance training and, 128; of TT, 120 (fig.); workout specificity and, 138
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TABLE 3.5 iLevels for Joe Athlete
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Recovery <1711W
2 Endurance 171-232 W 56—76
3 Tempo 232-269 W 76-88
43 Sweet Spot 269-290 W 88-95
FTP 290-321W 95-105
5 FRC/FTP 321-471W 17:40-1:33
FRC A-T11 W 1:33-0:28
7a Pmax/FRC 711-961 W 0:28-0:09

7 Pmax >961 W <0:09
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TABLE 3.4 Calculating Power Levels Based
on FTP of 290 Watts

Active Recovery 1-160
2 Endurance 56—75 161-218
3 Tempo 7690 219-261
4 Lactate Threshold 91-105 262-305
5 VO,max 106-120 306-348
6 Anaerobic Capacity 121-150 349-435
7 Neuromuscular Power N/A N/A
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TABLE 3.1 Power-Based Training Levels

Typical Duration of | Typical Duration of
Level Description % of FTP* | % of FTHR* | RPE** Continuous Ride Interval Effort

Active Recovery 30-90 min.
2 Endurance 56—75 69—83 2-3 60-300 min. N/A
3 Tempo 76-90 84-94 3-4 60—180 min. N/A
4 Lactate Threshold 91-105 95-105 4-5 N/A 8-30 min.
5 VO,max 106-120 >106 67 N/A 3-8 min.
6 Anaerobic Capacity 121-150 N/A >7 N/A 30 sec.—3 min.
7 Neuromuscular Power N/A N/A Maximal N/A <30 sec.

*Percentage of average power and average HR are at functional threshold.
**RPE uses 10-point Borg Scale (see Table 3.3).





OEBPS/images/t3_3.jpg
TABLE 3.3 Perceived Exertion Scale
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T LE 3.2 Expected Physiological and Performance Adaptations for Levels 1-7
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Note: The plus signs represent the magnitude of adaptation for a given "dose" of training. The more plus signs, the greater
the adaptation.
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Warm-up 15 min. Easy riding 56-75 69-83
3 min. All-out 115-120 >105
5 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm 56-75 69-83
Main set 20 min. Endurance pace, +5 rpm 56-75 69-83
1 hr. Tempo with bursts 76-90 85-94

20 x 20 sec. (2.5 min. RI) Bursts 100 N/A

Cooldown 10 min. Easy riding 56-75 69-83
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Warm-up 15 min. Fast pedaling, 95-105 rpm
45 min. Tempo pace 76—94 84—94
Main set 10 min. Active Recovery =55 <68
1-2 x 10 min. (Rl as needed) Threshold, +5 rpm 100-105 99-105

Cooldown 15 min. Easy riding 56-75 69-83
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This workout was done on an ergometer. The micro-burst interval was 15 sec. on, 15 sec. off.
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FIGURE 7. Normalized Power Versus Average Power on a Steady Climb
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RANGES Heart Rate ——  Power ——
Duration 15:02.00 MN  MAX  AVG
Work 288 kJ Power 0 1,009 319 watts
1SS 29.3(1.081) | Heart Rate 145 178 161 bpm
Norm Power 357 Cadence 30 106 92 rpm
Vi 1.12 Speed 205 31.7 26.2 mph

Distance 6.569 mi

1:49:00

1:50:00
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Warm-up 15 min. Fast pedaling, 95-105 rpm
. 35 min. Tempo, 90-95 rpm 76-90 84-93
Main set T
Remaining time Endurance 56-75 69-83

Cooldown 15 min. Easy riding <68 <75
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Warm-up 20 min. Easy riding 56-75 69-83
4 x 10 min. (5 min. RI) Threshold 100-105 98-103
20 min. Easy riding 70-80 88-91
Main set 20 min. Sweet Spot with bursts 88-93 92-98
10 x 10 sec. Bursts 200 N/A
30 min. Cruise 70-85 80-88

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
10 min. Lactate Threshold, TT effort 98-105 98-103
. 10 min. Easy riding 56-75 69-83
Main set :
20-30 min. Threshold 100-105 98-103
10 x 20 sec. (2-3 min. RI) Bursts, 100+ rpm >135 N/A

Cooldown 10-15 min. Easy riding 56-75 69-83
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Warm-up 15-20 min. Fast pedaling, 95-105 rpm 70-75
Main set 1.5-2.5 hr. Endurance/Tempo, 90-95 rpm 70-90 85-95
Cooldown 15 min. Easy riding <75 <83
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Warm-up 15 min. Easy riding 56-75 69-83
. . Hard as you can

Main set 8 x 2 min. (2 min. RI) Recover longer if needed avg. 130+ >105

3 x 1 min. (2 min. RI) Hard as you can avg. 140+ >105

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83

1-1.5 hr. Endurance riding, including intervals 65-75 75-83

Main set 3 x 1 min. (5 min. RI) Anaerobic Capacity >150 >105
3 x 30 sec. (5 min. RI) All-out max N/A

Cooldown 15 min. Easy riding 56-75 69-83
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TEST Functional Threshold Power
I S ™ S T T.T CYTT)

20 min. Endurance pace
Warm-up 3 x 1 min. (1 min. RI) Fast pedaling, 100 rpm N/A N/A
5 min. Easy riding 65 <70
5 min. All-out effort max >106
Main set 10 min. Easy riding 65 <70
20 min. Time trial max 99-105
Cooldown 10-15 min. Easy riding 65 <70

Note: FTP = Functional Threshold Power. FTHR = Functional Threshold Heart Rate. N/A = Not Applicable
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Felf =0 A Close-up View of Interval 1, Perfect Pacing
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RANGES
Duration 3:00.00 MN  MAX  AVG
Work 58 kJ Power 108 355 324 watts
TSS 8(1.268) | HeartRate 119 186 172 bpm
Norm Power 323 Cadence 83 115 108 rpm
Distance 2.276 km | Speed 349 484 455 kph
Torque 11 361 285 N-m
41110 4120 4130 4140 4150  42:00 4210 4220  42:30 42440 4250  43:00 4310 4320 4330 4340 4350  44:00
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Flel0 =GR S PD Curve Targets for iLevel 7
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SV 2 Interpreting the Shape of Intervals
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Heart Rate == Power ———
This power graph shows seven 3-minute Intervals in a VO,max workout. Interval 1 shows perfect pacing, Interval 2 was too hard,

and Intervals 3-6 were dialed in. Also see Figures 6.9-6.12. Judging from the power generated in Interval 7, this athlete could
have done more efforts.
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21elbi=0 %A  Creating a Range in a Power Graph
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Heart Rate Speed —— Power ———

Gridlines are placed at threshold heart rate and threshold watts. Note the small spike in power at the beginning of this 25-minute
mountain-bike climb, which makes it possible to find this segment of the ride easily.
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S8 =05 Horizontal View
of Power Graphs
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The decrease in power at the end of a long climb
ic much easier to see in a horizontal view
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H[e10 =00 Stacked View of Power Graphs
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The power drop-off on this climb is hard to see in the stacked view.
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WORKOUT Level 6, Hills
I I S Y1 X

Warm-up 20 min. Easy riding
. 8-10 x 45-90 sec. Hard hills (45 sec.—1.5 min.), sprinting final 25 meters
il (4-5 min. RI) Stop after 10% drop in power gt )

Cooldown ~ 20-30 min. Easy riding 56-75 69-83
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H[e18 =04 Mean Maximal Power Curve for Sprinter
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Here's an example of a pure sprinter. Note how long this athlete is able to produce a very high amount of power and the time
associated with the break point of sprint or neuromuscular power decline.
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A[clll=0F= 88 Distribution of Cadence in a Training Ride
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This rider spends a large percentage of time over 90 rpm, with an even larger percentage over 100 rpm, thus giving us a clue to
his muscle type.





OEBPS/images/f6_2.jpg
Alelf 50328 Distribution of Heart Rate in a Training Ride
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H[eI0 =05 B Distribution of Power in a Race-Winning Effort
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Felf= <R KN Role of MAOD and C,A in Determining 3 km Pursuit Performance

Rider A
900
VO,max = 4.47 L/min
800 Est. MAOD =3.36 L
Total Avg. power = 397 W
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C,A = Aerodynamic Drag Characteristics
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Rider B
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Est. MAOD =5.27 L
Avg. power =411 W
C,A=0.236 m?

3 km time = 3:49.7
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Flellld=y &R 8 Bill Masters's Sprint Fatigue Resistance
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Warm-up

Main set

Cooldown

15 min.
5 min.
5 min.
1 hr.

12 x 20 sec.

10-20 min.

Fast pedaling, 90100 rpm

Hard effort, burst in last 30 sec. 100-110 N/A

Recover <68 <75

Tempo with 20-sec. sprints every 5 min. 68-80 80-90
Seated big-ring sprint (53:13) 160-200 N/A

Spinning in small ring <55 <68
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A0 =5 0 PD Curve Targets for iLevel 7a
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Warm-up 15 min. Easy riding 56-75 69-83
1 hr. Tempo <90 <95

Main set 1.5-2 hr. Endurance/Tempo 64-80 75-94
1 hr. Tempo 90-94 94-98

Cooldown 10-15 min. Easy riding 56-75 69-83
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General Guidelines for Triathlon Events

Intensity Factor Average Power
Type of Triathlon Distance (fraction of NP) (% of FTP) Tralnmg Level

Sprint 10 km (6.2 mi.) 1.03-1.07 100-103

Olympic 40 km (24.8 mi.) 0.95-1.00 95-100 4
Half-Ironman 90 km (56 mi.) 0.83-0.87 80-85 3
Ironman 180 km (112 mi.) 0.70-0.76 638-78 2-3

Double Ironman 361 km (224 mi.) 0.55-0.67 56-70 2
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Level 1, Spin

I e KX Y

Warm-up 15min.  Easy riding 48-51
. Spin,
Main set 1 hr. 90-95 rpm 55 <68

Cooldown 15 min.  Easy riding <48 65
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TABLE 9.1 Adjusting ATL to Account for Age
e e

2-4 days
20—29 4-7 days
30-49 6-8 days
50-59 7-10 days
60-65 9-12 days

66—70+ 11-14 days
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Warm-up 15 min. Easy riding, 90-100 rpm 56-75 69-83
Vi 2-2.5 hr. Endurance/Tempo with bursts, 90-95 rpm 70-85 84-90
10 x 8 sec. Bursts at hard effort, 105+ rpm 150 N/A

Cooldown 10-15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
Main set 2.5-35 hr. Endurance, 90-95 rpm 60-70 75-80
Cooldown 10-15 min. Easy riding 56-75 69-83
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F[elfi= KBS Mean Maximal Power for Masters Cyclist, Year 11to Year 3
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Flelf=E K Mean Maximal Power Curve for All-Rounder Cyclist
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Female Cat. Il cyclist with high VO,max power. The highlighted time frame (1-8 minutes) shows minimal decrease in power.
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Flelfi= KA Mean Maximal Power Curve for Sprinter

watts

1,520
1,440
1,360
1,280
1,200
1,120
1,040
960
880
800
720
640
560
480
400
320
240
160
80

0

0:.01 0:02 0:04 0:08 0:16 0:32 1:03 2:05 4:08 811 17:01 38:59 1:33:50 3:57:.07

High power output from 0 to 5 seconds indicates strong neuromuscular power.,
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F[el0=n K38 Mean Maximal Power Curve, Logarithmic Scale
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Most fitness changes occur between 1 second and 30 minutes, a good reason to draw this as a “log” plot.
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F[e10 = KIS Mean Maximal Power Periodic Chart, Masters Cyclist

watts

1,080
1,020
960
900
840
780
720
660

600

u“‘ w -‘ l‘ !
mh ."\ h'w \\‘J

p

|
i
.
i

l«*

(’XH’

2 2 0

n

222

Peak 5 second —

4ns

6/6 7128 Ing 19

Peak 1 MiNULE em— Peak 5 minute Peak 20 minute

12/31





OEBPS/images/f11_2.jpg
H[elf) = kP28 Mean Maximal Power for Masters Cyclist, Year 1 (Week-by-Week View)
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TABLE 9.2 CTL Ramp Rate as a Function of Training Load

_ Training Age CTL <100 Ramp Rate CTL >100 Ramp Rate

5+ years 7-10 TSS/day 5-7 TSS/day
Long-term 3-5 years 5-8 TSS/day 3-6 TSS/day
(14-28 days) 1-3 years 4-7 TSS/day 3-5TSS/day
<1 year 3-5 TSS/day 3-4TSS/day
5+ years 14-20 TSS/day 10-14 TSS/day
Short-term 3-5 years 10-16 TSS/day 6-12 TSS/day
(<14 days) 1-3 years 8-14TSS/day 6-12 TSS/day

<1 year 6-10 TSS/day 6-8 TSS/day
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F[e18) = k<8 Mean Maximal Power for Masters Cyclist, Year 2 (Week-by-Week View)
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F[elf) 5= K FAS  Mean Maximal Power for Masters Cyclist, Year 3 (Week-by-Week View)

watts
1,140

1,080
1,020
960
900
840
780
720
660
600
540
480
420
360
300
240
180
120
60

0

mn
17

129 226
2/4 3/4

Peak 5 second —

3126 4123
4an 4129

Peak 1 MiNUte

5121
527

Peak 5 minute =

6/18
624

me
7122

Peak 20 minute

8/13
819






OEBPS/images/f12_10.jpg
Jclbiza=t P& [1F  Combined Performance Manager Chart for Cycling and Running
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The two shorter gray lines represent pace, and the two blue lines represent power. All of this rider’s personal bests for pace and
power occurred during the lead-up to her peak events, but it's possible that she was on form too soon. When that happens, it can
be difficult to maintain form for the goal event.
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. Build to Endurance with 3 x 1 min. fast pedaling,
Warm-up 15 min. 110+ rpm 56-75 69-83
2 x 15 min. (5 min. RI) Sweet Spot with 30-sec. bursts every 2 min. 88-93 92-98
. 6 x 30 sec. Hard, out-of-the-saddle burst 120 105
Main set . .
2 x 5 min. (3 min. RI) VO,max 106-120 >106
45 min. Tempo with varied cadence, 75-85 rpm 76-90 84-94

Cooldown 15 min. Easy riding <55 <68
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Time Description % of FTP | % of FTHR
Ride 90 min. Spinning <55 <68
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Warm-up 15 min. Easy riding 56-75 69-83
3 x 10 min. (3 min. RI) Sweet Spot 88-93 92-98

Main set 4 x 3—4 min. (4 min. RI) Hill 110-115 84-88
5 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <90 <80

Cooldown 10 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
3 min. (5 min. RI) All-out 115-120 >105
20 min. Sweet Spot with bursts 88-93 92-98

Main set 7 x 10 sec. (2 min. RI) Bursts >150 69-83
5 min. Easy riding 56-75 69-83
5x300m (3-5min.Rl)  Big-ring sprints (53:13) from 12 to 31 mph >150 N/A

Cooldown 10 min. Easy riding 56-75 69-83
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Main set

Cooldown

15 min.

4 x 1 min. (1 min. RI)
5 min.

6 x 2 min. (2 min. RI)
10 min.

6 min.

15 min.

Easy riding

Fast pedaling, 100+ rpm
Easy riding

VO,max time trial

Easy riding

VO,max time trial
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56-75
<80
56-75
avg. 135+
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TEST Power Profile
— Tome oo | %oi | %ot

45 min. Easy riding
3 x 1 min. (1 min. RI) Fast pedaling, 110 rpm 80—90 80—90
Sprint out of the saddle for 15 seconds, then

Warm-up : sprint for the next 15 seconds in the saddle
Ll Uil and hang on for dear life for the last 30 e It
seconds.
10 min. Easy riding 70-80 <5
Start hard, but pace yourself. You are trying
5 min. Test to maintain your power for the entire effort 115-120+ >106
and push hard in the last 30 seconds.
Main set . =
10 min. Easy riding 70-80 <75
25 =22 minkan Out of the saddle, sprint at your maximum, Max N/A

starting from 15 mph in the big chainring
Cooldown 15 min. Easy riding 60-70 <68
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Jelbiz=0 28 PD Curve Targets for iLevel 6
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WORKOUT 30-30-30 Workout for Cyclocross
T  Joepion | ot | thof A

Warm-up 20 min. Easy riding 56-75 69-83
3-5 x 10 min. (5 min. RI) Micro-bursts
. 30 sec. “On” 150 90-100
Main set o .
30 sec. Off"/coasting 0 90-100
30 sec. Running (quick pace, but not sprinting) N/A 90-100

Cooldown 15 min. Easy riding <56 <69
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Warm-up 15 min. Easy riding 56-75 69-83
Main set 45 min.—1 hr. Endurance, 85-95 rpm <75 <83
Cooldown 15 min. Easy riding 56-75 69-83
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FRC is the shaded area, under the PD Curve but above mFTP. In this example, Level 7, Pmax is 0:00-0:08, Level 7a, Pmax/FRC is
0:08-0:24, Level 6, FRC is 0:24-1:36, Level 5, FRC/FTP is 1:36—18:15. It's possible to increase FRC by (1) raising your Pmax, (2)
focusing on a specific time period, such as 0:30—1:30, or (3) by shifting the entire PD Curve to the right.
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Slelbizd=F 38  Micro-Bursts from a Workout and a Criterium
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FIGURE 5.3 Bill Black's Hour of Power
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Figure 5.3 shows a graph of Bill Black’s Hour of Power. In this screen shot, you can see how he gradually builds up to his FTP, in-
corporating small bursts during this time. Note, this does not include the entire workout. Also notice how his heart rate gradually
increases throughout the workout, showing the effects of possible overheating and/or dehydration.
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In this scenario, the athlete "underachieved." The athlete's third interval averaged 320W. 5 percent off of this number would
be 304W. However, the athlete's last interval was at 315W, so he could have done at least one more effort if not a couple more.
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Flel¥ize=k PR Performance Manager Chart for Cycling, Year 1
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The athlete’s best efforts on the bike were at 368 W for peak 1-minute power, 235 W for peak 20-minute power, and 217 W for
peak 120-minute power.
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This rider’s best runs of the year all occurred leading up to her Ironman-distance event, giving her good evidence that she was
on form for her main event of the season





OEBPS/images/f327a.jpg
Warm-up 15 min. Easy riding 56-75 69-83

5 min. (5 min. RI) VO,max 106-115 >105

) 6 x 3 min. (3 min. RI) VO,max 120 >105
Main set : :

10 min. Cruise 56-75 69-83

4 x 2 min. (4 min. RI) VO,max time trial 135 >105

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 30 min. Easy riding 56-75 69-83
2 x 20 min. (10 min. RI) Threshold 93-100 98-103
30 min. Cruise <75 <83
3 x 75 m (5 min. RI) Small-ring sprints max N/A
3 x 300 m (5 min. RI) Big-ring sprints (53:13) from 20 mph max N/A
Main set 30 min. Cruise <75 <83
5 varied hills (RI) VO,max 110-120 >105
30 min. Cruise with bursts at 5 min. <75 <83
5 x 8 sec. Bursts >150 N/A
45 min. Sweet Spot 88-93 92-98

Cooldown 10 min. Easy riding 56-75 69-83
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Level 1, 1 Hour

S 3 2 X X

Warm-up 10 min.  Easy riding 45-48
Main set 40 min.  Spin, +5-8 rpm 50-55 <68
Cooldown 10 min.  Easy riding <48 65
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WORKOUT iLevel 7a, A Case of Dynamite
e  [oeapin | %oire e

Warm-up 15 min. Easy riding 68-70 70-80
10 x 9-sec. Target 910-watt minimum. Extend rest period in iLevel 7a N/A
(3-5 min. RI) order to achieve target power as fatigue creeps in.
10 min. Easy riding 68-70 70-80

; 10 x 5-sec. sprints Target 1,000+ watts. Extend rest period in order ;

Al (3-5 min. Rl) to achieve target power as fatigue creeps in. iLevel 7a e
10 min. Easy riding 68-70 70-80
4 x 5-sec. sprints Target 1,000+ watts. Extend rest period in order avell 74 N/A
(3-5 min. RI) to achieve target power as fatigue creeps in.

Cooldown 15 min. Easy riding 68-70 70-80
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Quadrant Analysis of Jill Racer Comparing Training and Racing
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Flelfl=R 1 H:38  Power Duration Curve for Joe TriGuy
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Joe’s power drops dramatically in Level 7 and continues declining until 1 minute, when it begins to rise and level off. Even though

this is clearly a limiter, Joe will not address it in training because he is focused solely on triathlon.
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F[clbl= LR Quadrant Analysis of Joe TriGuy in Training and Racing
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Joe TriGuy demonstrates the perfect creation of power in racing—pedaling with less force and high cadence in order to be fresh
for the run.
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WORKOUT Level 6, Optimal Intervals
I e T N T CYE)

Warm-up 15 min. Easy riding 56-75 69-83
) . Hard as you can
’ 1S O T ) Stop intervals when power is <120-122% LS 10
Main set
All-out effort

8 x 1 min. (3 min. RI) avg. 145 >106

Stop intervals when power is <128-131%
Cooldown 15 min. Easy riding 56-75 69-83
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Bob has a relatively flat Power Duration Curve. His power and output after 1 minute indicates his phenotype as a pursuiter.
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Slelblzd=x ik Power Duration Curve for Jill Racer
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When the Power Duration Curve falls below a category line it generally indicates an area of weakness that later shifts into a
strength. Jill's PDC drops from 5 seconds to 28 seconds and then begins rising. Her explosiveness is very good, but she lacks
sustainability in her sprint.
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FIGURE 3.1 Power Frequency Distribution Chart Indicating FTP
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The drop-off in power occurs between 300 and 315 watts, 5.2 percent of the ride, and 316 and 330 watts, where frequency drops
to 3.2 percent.
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Warm-up 1 hr. Endurance 56-75 69-83
8 x 1 min. (1 min. RI) All-out >150 N/A
. 15 min. Cruise 75-85 84-88
Main set p :
4 x 10 min. (10 min. RI) Threshold, +5 rpm 100-105 98-103
45 min. Sweet Spot 88-93 92-98

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 10 min. Easy riding 56-75 69-83
50 min. Endurance pace <75 <83
1 hr. Steady with sprints every 4 min. 70-80 84-90
. 15 x 15 sec. Sprints 120 N/A
Main set .
2 hr. Tempo with Sweet Spot efforts 76-90 84-93
3 x 20 min. (10 min. RI) Sweet Spot 88-93 92-98
45 min. Tempo 85-90 90-93

Cooldown 15 min. Easy riding 56—75 69-83





OEBPS/images/f069.jpg
WORKOUT Level 5, Race-Winning Effort
I T S 7T (Y

Warm-up 15 min.
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5-8 x Drill
30 sec. Sprint, first 15 sec. out of the saddle avg. 200 N/A
Main set 3 min.

Long, intense riding

100-110 >106
10 sec. All-out effort 200-250 N/A
5-6 min. Recovery 68 <70
Cooldown 15 min.

Easy riding 56-75 69-83
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KOUT Level 5, VO,max Intervals
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WORKOUT Level 4, Hour of Power
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Warm-up 15 min. Easy riding
20 min. Ramp up to Threshold 91—1 05 95-1 05
Mainset 1 hr. Steady Threshold effort with 10-sec. bursts every 2 min. 100 >100
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Shift down, drop or raise cadence 20 rpm
Cooldown 15 min. Easy riding <68 <70
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Warm-up 15 min. Easy riding 56-75 69-83
] 3-3.5 hr. Endurance/Tempo, with Threshold interval 64-94 70-98

Main set . .
30 min. (10 min. RI) Threshold 100-105 95-105

Cooldown 15 min. Easy riding 56-75 69-83
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WORKOUT Level 4, Ramp from Threshold
I T S [T CYT

Warm-up 15 min. Easy riding
5 min. All-out effort 100 >106
Main set 10 min. Threshold 100-107 >106
Increase 10 watts each min. until you reach limit +10 watts >100

Cooldown 15 min. Easy riding <76 <75
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Level 3, 2.5 Hours
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Warm-up 15min.  Easy riding
Main set 2 hr. Tempo 76—90 84—94
Cooldown ~ 15 min.  Easy riding <55 <68





OEBPS/images/f060.jpg
Level 2, 2.5 Hours
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Warm-up 15min.  Easy riding
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Cooldown ~ 15min.  Easy riding <56 65





OEBPS/images/f4_4.jpg
Felbl=rAVA  Improving Fatigue Resistance Using the Power Duration Curve
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F[e18 =74 88 Improving Accuracy of the Power Duration Curve
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When Mean Maximal Power dips below the PDC, it indicates specific time frames to be targeted in training for improved accuracy.
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FIGURE 4.2 Power Duration Curve
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=S VA Training Plan: 12-Week Masters Plan

ek Jon,_ s, it s i LS

END-W10
SubLT-W8

10

1

12

AR-W2  END-W1
AR-W1  NP-W4
If you are racing on Saturday:
If you are racing on Sunday:
Rest Day RestDay NP-W4
If you are racing on Saturday:
If you are racing on Sunday:
Rest Day NP-W4  NP-W1

If you are racing on Saturday:
If you are racing on Sunday:
AR-W1  RestDay END-W1
If you are racing on Saturday:
If you are racing on Sunday:
Rest Day AR-W1  AR-W1

If you are racing on Saturday:
If you are racing on Sunday:
RestDay AR-W1  AC-W6
If you are racing on Saturday:
If you are racing on Sunday:
AR-W1  AR-W1  Rest Day
AC-W6  VO,-W4  LT-W6

If you are racing on Saturday:
If you are racing on Sunday:
RestDay AC-W8  AC-W7
If you are racing on Saturday:
If you are racing on Sunday:
Rest Day AC-W8  AC-W7
If you are racing on Saturday:
If you are racing on Sunday:
Rest Day AR-W1  Rest Day

LT-W11
Rest Day
AR-W1
Rest Day
P-W1
AR-W1
P-W1
LT-W15
AR-W11
LT-W15
VO,-W1
AR-W1
VO,-W1
Rest Day
AR-W1
Rest Day
LT-Wé

AR-W1
AR-W1

Rest Day
AR-W1
Rest Day
Rest Day
AR-W1
Rest Day
AR-W1

Rest Day
AR-W1
Race-W4
AR-W1
Rest Day or AR-W1
RACE-W4
Rest Day
AR-W1
RACE-W4
AR-W11
Rest Day or Active Recovery
RACE-W4
AR-W1
AR-W1
RACE-W4
AR-W1
VO,-W1
RACE-W4
VO,-W1
Rest Day
Rest Day
RACE-W4
Rest Day
AR-W1
RACE-W4
AR-W1
AR-W1
RACE-W4
AR-W1
Rest Day

LT-W12

END-WS3 or Group Ride
Race

Race-W4

END-WS3 or Group Ride
Race

RACE-W4

Endurance or Group Ride
Race

RACE-W4

LT-W16

Race

RACE-W4

END-WS3 or Group Ride
Race

RACE-W4

LT-W16

Race

RACE-W4

END-W3

FTP /LT-W18

Race

RACE-W4

LT-W14

Race

RACE-W4

LT-w14

Race

RACE-W4

SubLT-W11

END-W2
END-W3
END-W3
Race
LT-W14
END-W3
Race
TEMP-W4
TEMP-W4
Race
Endurance
LT-W16
Race
SubLT-W9
SubLT-W9
Race
LT-W17
LT-W17
Race
TEST
END-W3
END-W3
Race
END-W3
END-W3
Race
SubLT-W10
AR-W1
Race Day
TEST
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2(elbzd=0 1 PMC for Entire Year
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(1) Four peaks occurred here, including peak 20-minute and peak 60-minute NP for season.

(2) Top 3—Las Vegas stage race.

(3) Question of the season: Was this increase too rapid and one of the causes of the illness afterward?

(4) Time to quit the sport? Underperformed at Gila, goal race for season, due to previous illness and toll it took on fitness.
(5) CTL is dropping rapidly, now showing signs of a decrease in FTP and overall fitness.

(6) Longest period of positive TSB.

(7) Masters nationals: 2nd in RR, 6th in TT, 3rd-best 20-minute power for season.
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S[clbld= K 8 Mean Maximal Power Curve, Transitions Between Training Levels
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The highlighted portion of the curve marks a dramatic change in slope, indicating a transition from the anaerobic capacity to the
VO,max system.
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(1) Dave got sick and wasn't able to train.
(2) Note the short positive TSB weekends and corresponding personal bests. These short periods of recovery kept Dave fresh for

early-season key races.
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0
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(3) Best 20-minute and 60-minute NP for the year on the day he wanted it. Masters nationals, 2nd in TT, 1st in Crit, 4th in RR.
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Slelbizd=v A A Decline in CTL Rebuild for World's, Rise in TSB
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(1) The result of nearly 6 weeks of positive TSB, or freshness. A huge 3-minute personal best of 462 watts, 6 percent higher than

any previous 3-minute best for the year.
(2) Note the decline in CTL before the decision to attend masters world's, which gave Dave nearly 6 weeks of positive TSB.
(3) Rebuild for masters world's. A short 2 weeks, but large ATL dose.
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Warm-up 15 min. f"lgfga:‘ec;x:;‘ 3 10 sec. sprints with 56-75 69-83
5 min. VO,max effort 106-120 >106

Main set 15 min. Active Recovery <55 <68
20 min. Time trial at threshold 91-105 95-105

Cooldown 15 min. Easy riding <55 <68
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Warm-up 15 min. Fast riding, 90-95 rpm 70-75 69-83
6 x 2 min. Cadence drill
1 min. “on”: 105 rpm <90 <85
1 min. “off”: 85 rpm <56 <69
. 10 min. Easy riding 56-75 69-83
Main set . -
2 x 5 min. (5 min. RI) Threshold, 100 rpm 91-105 95-105
2 x 2 min. Cadence drill
1 min. “on”: 105 rpm <90 <85
1 min. “off”: 85 rpm <56 <69

Cooldown 10-15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Endurance 56-75 69-83
3 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90

Main set 10 min. Cruise 80-90 85-94
2 x 10 min. (5 min. RI) Threshold, +5 rpm 100-105 >105

Cooldown 15 min. Easy riding 56-75 69-83
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Build to Endurance with 2 x 1 min. fast pedaling,

Warm-up 5 min. 56-75 69-83
110+ rpm
10 min. Endurance/Tempo 75 83
" 10 min. Tempo 80 88
Main set .
10 min. Tempo 85 91
20 min. Sweet Spot effort 88-93 92-98

Cooldown 5 min. Easy riding <55 <68
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Warm-up 20 min. Easy riding 56-75 69-83
Main set 10 x 30 sec.—2 min. (2-3 min. RI) Hill repeats >120 >105
Cooldown 15-20 min. Easy riding 56-75 69-83
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R = 0% B Training Plan: 16-Week Threshold Improvement

10
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12

13

14

15

16

AR-W1
Rest day
Rest day
Rest day
AC-W4
Rest day
Rest day
Rest day
TEST
Rest day
Rest day
Rest day
AC-W2
Rest day
Rest day

Rest day

NP-W3
SubLT-W1
AR-W1

AR-W1

LT-w2,
1.25 hr.

TEMP-W3

LT-W2,
1.5 hr.

AR-W1
AC-W3
Rest day

NP-w4

AR-W1,
1.25 hr.

NP-W3
LT-w4

LT-W5

AR-W1,
1.25 hr.

END-WI1,
1.25 hr.

NP-W3
SubLT-W1
AR-W1
AR-W1
NP-W5
TEMP-W3
Rest day
TEMP-W8
NP-W5

VO,-W5

AR-W1,
1.25 hr.

LT-W5
AC-W7

AC-W2

AR-W1,
1.25 hr.

LT-W1
AR-W1
TEMP-W4
AR-W1
NP-W3
VO,-W1
AR-W1

AR-W1

END-W1,
<68% FTP

AC-W6

AR-W1
AR-W1,
1.25 hr.
END-W1,
1.5 hr.
AR-W1,
1.25 hr.
AR-W1,
1.25 hr.
AR-W1,
1.25 hr.

AR-W1
TEMP-W8
AR-W1
Rest day
AR-W1
Rest day
NP-W3
Rest day
RACE-W2
AR-W1
RACE-W2
Rest day

AR-W1

AR-W1 or
RACE-W2

AR-W1

RACE-W2

TEMP-W2,
2-2.5 hr.

TEMP-W2,
3hr

END-W4

TEMP-W2,
2 hr.

TEMP-W9

END-W7,
4 hr.

TEMP-W7

TEMP-W2,
2-2.5 hr.

Race or
LT-w8

Race or
WATTS-W1

Race or
LT-W8

TEMP-W2,
2 hr.

RACE-W1

END-W8

Race

Race

mmm_mm

END-WI1,
1.5-2 hr.

END-W2
END-W2
Rest day

END-W2

END-W4,
2.25 hr.
END-W4,
25 hr.
Rest day
END-W4,
25 hr.

END-WS3,
3-4 hr.

END-W4,
2.5hr.

Rest day

TEMP-W6

Race or
TEMP-W6

Race

Race
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Training Plan: 12-Week Triathlon Plan
| Week | Mon | Tues | Wed [ Thos R st sw

1

10

11

12

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

Rest Day

AR-W1

Rest Day

Swim-W1
Run-W1
Run-W3
Swim-W4
Swim-W5
Run-W6
Run-W3
Swim-W1
Run-W10
Swim-W5
Run-W8
Swim-W8
Rest Day

Run-W6
Swim-W8
Run-W3
Swim-W10
Run-W14
Swim-W8

Run-W3
Swim-W13
Rest Day

TEMPO-W13

TEST

AC-W4

AR-W1

VO,-W4

LT-W7

AR-W1

AC-W7

LT-W6

AR-W1

TEMPO-W15

AR-W1

Swim-W2
Run-W2
Run-W5
Swim-W1
Run-W3
Swim-W6
Swim-W2
Run-W1
Run-W3
Swim-W6
Run-W3
Swim-W4
Run-W3
Swim-W2
Swim-W9
Run-W12
Run-W13
Swim-W4
Run-W3
Swim-W12

Run-W6
Swim-W11
Run-W5
Swim-W2

TEMPO-W14

AR-W1

LT-W5

TEMPO-W14

SubLT-W10

TEMPO-W18

P-W2

Swim-W9

Run-W12

TEMPO-W13

LT-W19

LT-W16

END-W1

Run-W3
Swim-W3
Swim-W4
Run-W7
Swim-W7
Run-W8

Run-W8
Swim-W7
Run-W11
Swim-W7
Run-W1
Swim-W3
Run-W3
Swim-W6
Run-W3
Swim-W11
Swim-W3
END-W1
Run-W15
Run-W13

Race

END-W2
Run-W4
END-W1
Run-W4
END-W7
Run-W4
END-W3
Run-W4
WATTS-W1
Run-W4
END-W8
Run-W4
END-W3
Run-W4
TEMP-W10
Run-W4
WATTS-W4
Run-W4
END-W3

END-W3
Run-W4
AR-W1
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Training Plan: 8-Week Peak Performance
mmm——m

TWi0 LW NP-W2 ARWI SUBLTW4  END-W8 i
2 Restday ARWI NP-W5 ACW3 VO, W6 END-W8 o
3 Restday ACW3 VO,-W6 AR-W1 RACE-W2 RACE-W3 ;E}:‘f SO
4 Restday ARWI ARWI ARWI Rest day TP Rest day
AM: NP-W5 END-W9,
5 Rest day PM: AC-W7 VO,-W2 LT-w4 Rest day VO,-W2 5 hr.
6  Restday  ARWI VO, W3 VO, W2 T-W3 WATTSW5  SubLT-W3
7 Restday ARWI Rest day ARWI AR-W1 e VO, W5
VO.-W6 Road Race/ END-W8,
8  ARWI  ACW6 e AR-WI ARWI Crit. 3-4x3

5 x 5 min. RACE-W3 min.
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TABLE 7.1 Variability Indexes

for Common Rides
Steady isopower workout 1.00-1.02
Flat road race 1.00-1.06
Flat time trial 1.00-1.04
Hill-climb time trial 1.00-1.06
Flat criterium 1.06-1.35
Hilly criterium 1.13-1.50
Hilly road race 1.20-1.35

Mountain-bike race 1.13-1.50
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Warm-up 30 min. Endurance 56-75 69-83
Upper Endurance/Tempo pace

1 hr. (10 min. RI) 70-90 80-94
Vit Recover at Endurance pace

15-20 x 1 min. Tempo at 100+ rpm o

(1 min. RI) Recover at Endurance, 80 rpm dimel Rk

Cooldown 30 min. Easy riding <55 <68
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TABLE 7.3 Impact of Training Stress on Fatigue
I T

<150
150-300

300-450
>450

Moderate

High
Very high

Recovery is generally complete by the following day.

Some residual fatigue may be present the next day, but recovery is generally
complete by the second day.

Some residual fatigue may be present even after 2 days.
Residual fatigue lasting for several days is likely.
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WORKOUT iLevel 7a, A Clean Dozen Sprints!

Warm-up

Main set

Cooldown

15 min.

6 x 12 sec. sprints
(3-5 min. RI)

10 min.

6 x 28 sec. sprints
(3-5 min. RI)

15 min.

Easy riding 68-70
Target 856-874 watts. Extend rest as long as
needed to achieve watts as fatigue creeps in.
Easy riding 68-70

Target 668—682 watts. Extend rest to achieve
watts as fatigue creeps in.

Easy riding 68-70

iLevel 7a

iLevel 7a

70-80
N/A
70-80
N/A
70-80
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TABLE 7.2 Typical Intensity Factor Values in Training and Racing

Level 1, Active Recovery <0.75

Level 2, Endurance 0.75-0.85

Level 3, Tempo 0.85-0.95 Also includes road races lasting less than roughly 2.5 hr.

Lol 4 ltete Thiesheld 0.95-1.05 Also includes road races lasting less than roughly 2.5 hr., criteriums,

circuit races, and longer time trials
Level 5 and higher 1.05-1.15 Shorter time trials
>1.15 Prologue time trial, track pursuit, track miss-and-out
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Warm-up

Main set

Cooldown

20-40 min.

6 x 8 sec. (2-3 min. RI)
5-10 min.

6-10 x 18 sec. (5 min. RI)

20-40 min.

Endurance with 5 x 1 min. fast pedaling

(100+ rpm) with 1 min. recovery (80 rpm) e o
Small-ring sprints (39:16) from 10 mph

Target 120 rpm e N8
Active Recovery <55 <68
Big-ring sprint doubles (53:16) from 20

mph, 90 rpm, at 80% FTP for 8 sec. max N/A

Reach max speed and effort in final 10 sec.
Easy riding <55 <68
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Warm-up 10 min. Build to Zone 2
Main set 30 min. Stay in Zone 2
Cooldown 5 min. Slow to Zone 1 with easy strides and quick turnover
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Warm-up 10 min. Build to Zone 2
Main set 40 min. Zone 4—don't start too fast
Cooldown 10 min. Slow to Zone 1 with easy strides and quick turnover
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Warm-up 5 min. Endurance 56-75 69-83
e 2 x 20 min. (5 min. RI) Tempo with varied cadence, 85-105 rpm 76-90 84-94
5 min. FTP 100-103 100-105

Cooldown 5 min. Easy riding <55 <68
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Build to Endurance with 3 x 1 min. fast pedaling, 56-75 69-83
110+ rpm

Time trial efforts at FTP (use aerobars or drops)
Recover at Endurance

Cooldown 15 min. Easy riding <55 <68

Warm-up 15 min.

Main set 6 x 6 min. (7 min. RI) 105 95-100
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Warm-up 10 min. Build to top of Zone 2
Main set 40 min. Zone 3, with good control
Cooldown 10 min. Slow to Zone 1 with easy strides and quick turnover
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Power Graph of Good Pacing in a Time Trial, 40 km

watts
960
930
900
870
840
810
780
750
720
690
660
630
600
570
540
510
480
450
420
390
360
330
300
270

210
180
150
120
90
60
30

bpm
180
175
170
165
160
155
150
145
140
135
130
125
120
15
110
105
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5

AV N Ao NN

e

0
1:10:00

1:15:00 1:20:00 1:25:00 1:30:00 1:35:00 1:40:00 1:45:.00 1:50:00 1:55:00 2:00:00 2:05:00 2:10:00

Heart Rate = Speed —— Power e

The first 5 minutes were pivotal in establishing good pacing. Notice how heart rate slowly climbs to threshold, but power quickly
settles at the rider’s FTP
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Alelfi= kA8 Mountain Biker's Training File
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=lelllxd=v kR3S  Mountain Biker's Race File

watts rpm
480 120

= e, L sk, et 3

160 Y Y fi 18 R { "A"vﬁ\f' W 40
@ wg \CM \JW %\\r W A W\!\IU i WW%\[ :

0

watts
480

pm
120
400 (\}W 100
i N :
2
160 m '.,"‘M‘- ﬂ\, WA h T A A ] %
20
it 0
wal pm
1
320 W 80
Ll g il A . etk - - A L4






OEBPS/images/f13_6.jpg
AlelllH=v kN Quadrant Analysis of a Mountain Biker's Training File
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Most of the data were spent under the rider’s FTP and in Quadrants Ill and IV.
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WORKOUT Level 4, Crisscross
C rme  [oewpion o seimm

Warm-up 15 min. Easy riding
5 min. Blowout effort 100 >1 06
5 min. Recover <70 <75
2-3 x Drill
) 2 min. Ride at Threshold level 110 >106
Main set . .
4 min. Back off 10 watts each min. —10 watts
2 min. Build 10 watts each min. +10 watts
7 min. Hold power steady 95-105 >106

Repeat drill 2—3 times, with recovery between each effort
Cooldown 15 min. Easy riding <68 <70
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TABLE 7.4 Training Stress Score (TSS) and Intensity Factor (IF) for Different Rides

N

Easy Level 1 recovery ride, flat terrain, male Cat. Il rider 1:00 0.37
Easy Level 2 recovery ride, rolling terrain, male Cat. Il rider 2:30 60 0.49
CX race, female masters, 40-45 age group 0:45 61 0.92
Division 1 pro in an American pro 1/2 criterium 1:00 73 0.86
Women's pro criterium 0:45 80 1.06
40 km TT, male Cat. Il rider 0:53 89 1.02
Typical national caliber Cat. Ill Criterium 1:57 109 0.75
Typical national caliber Pro 1/2 Criterium 2:35 118 0.67
2018 Mount Evans Hill Climb, Cat. | 2:02 126 0.79
Masters National Road Race, 2018, 55-59 age group 2:34 160 0.79
2018 technical national caliber criterium, Cat. | 2:28 166 0.82
Cat. IV road race, rolling terrain, in one small break, rest of time riding in the field 2:50 185 0.81
Level 2/3, with 1 hour of threshold climbing 2:50 241 0.92
Cat. Il dead flat road race 3:35 246 0.83
2018 national caliber very hilly road race, Cat. I, small chase group 4:55 266 0.74
2018 US Elite National Championships, Cat. | 5:22 272 0.71
2018 Lake Placid Ironman, fast female age grouper, top three 40-45 5:40 278 0.70
2018 stage 1 road race of USA national caliber stage race 4:55 292 0.78
Cat. Il Hilly Road Race in North East USA 4:16 305 0.85
2018 US Pro national championships 4:41 323 0.83
2018 Vuelta a Espafia stage 12, breakaway, top 10 placing 4:22 323 0.86
2018 Leadville 100 MTB race, female age 35—40 winner 9:18 354 0.62
2018 Tour de France mountain stage 16, top 5 placing 5:13 359 0.83
24 hour MTB race, elite masters male 24:00 1058 0.74

1,000 km Brevet, done over 3 days, only 5 hours sleep total, female, age 40 42:00 1610 0.62
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F[clbl= =B B Power Graph of Good Pacing in a Criterium
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The rider has a major spike in power 2 hours into the ride. His first prime was at 1,065 max, averaging 913 for 13 seconds, while
his second prime was at 1,007 max, averaging 711 for 11 seconds.
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Flclbli= &2 Power Graph of Maintaining Power and Pace in a Criterium
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Notice how stable the rider’s heart rate becomes when he is solo off the front. His Normalized Power is just below his 350-watt
FTP until the finish is in sight.
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Flel8=y 728 Smoothing the Pedal Stroke
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The Kurtotic Index helps the rider to understand how smoothly he or she pedals, or how much power production fluctuates
throughout the pedal stroke.
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Jlelbiz=y P4 8 Day 2, Seated with Left Leg Focus
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Joe is just barely able to match the GPR of his right leg when seated by pushing incredibly hard with his left leg.
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Day 2, Standing with Right Leg Focus
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When Joe pushes harder on his right leg while standing, he can almost balance the gross power released from both legs.
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Easy riding, with 3 x 1 min. fast pedaling,
110+ rpm 56-75 69-83

Main set 2 x 15 min. (5 min. RI) Tempo, 90 rpm 85-90 84-94
Cooldown 10 min. Easy riding <55 <68

Warm-up 15 min.
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A=K LR Using Mean Maximal Power to Identify Changes in Fitness
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Over three years, this masters cyclist improved his sprinting ability in the first 16 seconds. The upward movement of the MMP
Curve shows significant fitness gains, even where slope remained unchanged (see highlighted curve).
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Warm-up 5 min. Easy riding 56-75 69-83
. 2-4 x 25 min. (5 Tempo with varied cadence on flat to rolling ¥ it
SHELIESS S terrain, 85-105 rpm e e

Cooldown 5 min. Easy riding <55 <68
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Warm-up 10 min. Build to the top of Zone 2
Main set 3 x 15 min. Alternate 8 min. Zone 3, 7 min. Zone 4
Cooldown 5 min. Slow to Zone 1 with easy strides and quick turnover
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Day 1, Climbing Naturally, Seated
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When Joe is seated his right leg releases more power than his left. Also, his left leg absorbs a little more power.
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Power Distribution for Sample Cyclist, January and February
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Level 7, Neuromuscular Power, is not included in Figures 11.12-11.15 because time spent in this level is so insignificant.
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Day 1, Climbing Naturally, Standing
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Joe clearly releases more power with his left leg than with his right leg. GPA is close to equal for both legs.
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Power Distribution for Sample Cyclist, March-May
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Flelbiz=y A VA A Case for Reducing Gross Power Absorbed
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Gross Power Released is higher for the left leg on shorter efforts below 30 seconds. Over 30 seconds, the right leg releases more

power. Because the left leq absorbs more power throughout the entire range, the athlete should try to reduce GPA.
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Power Distribution for Sample Cyclist, June
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WORKOUT Endurance
B S IS AT T YT

Warm-up 15 min. Easy riding 56-75
2 x 20 min. (10 min. RI) Tempo 76-90 85-95
45 min. Upper Endurance 70-75 80-85
Main set 10 x 2-3 min. Hard efforts 115 >105
45 min. Upper Endurance 70-75 80-85
45 min. Sweet Spot 88-93 95-99

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 10 min. Build to the top of Zone 2
Main set 15 min. Stay in Zone 2, focusing on easy strides, quick turnover
Cooldown 10 min. Slow down to Zone 1, easy strides
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Bilateral Power Released and Absorbed While Pedaling
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The GPR of both legs shows that the left releases more power than the right. The GPA lines are too close together to easily tell if
there is a difference between left and right.






OEBPS/images/f11_15.jpg
Power Distribution for Sample Cyclist, July
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Hlelblza=y AL How Power Is Really Produced
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Each downstroke is opposed by an upstroke. Positive power is released on the downstroke, and negative power is absorbed on the
upstroke. True bilateral power balance comes from the difference of the opposing legs’ positive and negative power output—in
this case 48-52 percent.
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Hlelbiz=w KIS Charting Changes in Cadence over Time
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A conscious effort by this pro woman triathlete to increase her cadence in training and in races is shown here. Each bar represents
the average cadence for an entire week of rides, and the lines are the mean max cadence for 30 seconds, 20 minutes, and 60
minutes. Notice the trend to a faster cadence with some focused work.
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Build to Endurance with 3 x 1 min. fast pedaling,

Warm-up 15 min. 56-75 69-83
110+ rpm
2 x 20 min. Low FTP effort, 85-105 rpm, with 10-sec. bursts — »
Main set (5-10 min. RI) to finish every mintue 2= ceilLy
20 x 10 sec. Bursts, 110 rpm, out of the saddle 130 N/A

Cooldown 15 min. Easy riding <55 <68
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Warm-up 10 min. Build to the top of Zone 2
Main set 35 min. Stay in Zone 2, focusing on easy strides, quick turnover
Cooldown 10 min. Slow to Zone 1 with easy strides and quick turnover
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F[c101:3=% A P48 AEPF and CPV During Strength Endurance Intervals
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Main set 20 min. Run off the bike with easy strides and quick turnover
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Flellid=y A &3 Standing Starts Versus All Previous Quadrant Analyses
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F[clbli=F 28 Stacked Power Graphs Indicating FTP
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Placing a “gridline” in an area of the graph where power is relatively constant (see highlight, 2:37-2:41:45) could help you in
determining FTP. In this case, FTP is estimated at 325 watts.
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F[c10l3= PAT S Quadrant Analysis of Good Pacing in a 24-Hour Mountain-Bike Race
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In 24-hour ultra-endurance mountain-bike races, the best riders are able to modulate their power output to spend the majority

of their time (50 percent or more) in Quadrant IV, which is relatively low force and high cadence. This spares muscle glycogen for
use later in the event.
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F[e10) = P4V A8 Power Graph of a 100-Mile Mountain-Bike Race
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Jeremiah Bishop's record-breaking power file from the Shenandoah 100 mountain-bike race. With his FTP at 390 (upper dashed
line) and a grid line at 340 watts, this file demonstrates just how intense a shorter ultra-endurance race can be. The stats inside
the ranges bar also show the level of difficulty.





OEBPS/images/f14_8.jpg
A[cl0s3= A1 Power Graph Showing Conservation of Effort in 100-Mile Mountain-Bike Race
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Conservation of effort: Using the “Fast Find” feature in WKO software, we find that Jeremiah exceeds 500 watts only 33 times in
the 100-mile race, and 19 of these occur in the first 2 hours. Not only is this a very small number of efforts for a race this long, but
each effort was only between 10 and 60 seconds long. In a 1-hour criterium, there might be 100 power spikes.
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Flelbid=w P40 Quadrant Analysis of Good Pacing in a 100-Mile Mountain-Bike Race
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With the majority of his efforts in Quadrants Il and IV, Jeremiah conserved his legs for the final section of the race. The darker
points represent the last hour of the 100-mile race. Note that most of them are over his FTP and a large number (21 percent) are
in Quadrant II. You must have muscular strength in the final miles of a race of this type in order to have a chance at winning.
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Quadrant Analysis of All Examples Plotted Together
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Flel8=y A K Quadrant Analysis of a Flat Criterium
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Flel8=y A0 Quadrant Analysis of a Road Race over Flat to Rolling Terrain
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Main set
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TABLE 6.2 Power Required to “Burn a Match”
IR T

1 min. 120+

5 min. 114-120 376-396
10 min. 108-114 356-376
20 min. 100-108 330-356

Note: In this example, the athlete’s FTP is 330 watts.
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Warm-up 30 min. Endurance 56-75 69-83
, 1 hr. (10 min. RI) Ugeey Sl i 70-90 80-94

Main set Recover at Endurance pace
10 x 1 min. (1 min. RI) Tempo, 100+ rpm 76-90 84-94

Cooldown 30 min. Easy riding <55 <68
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Comparing Hill Repeats

HILL REPEATS SORTED

Avg Min Max Avg Avg
Interval DITET (kJ) TSS (IF) Pwr Cad Cad Cad Spd

01:04.0 3.1(1.318) 155 174 166
4 01:06.0 2 2.4(1.15) 163 565 404 2 102 7 8 173 151
5 01:10.0 28 26 (1.163) 212 504 | 403 61 110 78 102 16 1456
6 01:10.0 28 25 (1.144) 154 516 403 50 %0 79 98 167 15
7 01:19.0 30 2.9(1.15) 76 555 392 48 134 70 102 168 144
3 01:13.0 28 25 (1.101) 144 560 390 57 87 77 96 158 144
9 01:14.0 28 2.5 (1.095) 130 476 389 35 67 57 9.4 157 141
12 01:14.0 28 2.4(1.087) 149 59 | 3@ 3 50 4% 10.1 162 1438
2 01:13.0 2 2.4(1.08) 153 520 377 55 170 89 93 155 146
10 01:17.0 28 2.4(1.051) 138 456 369 36 63 55 8.1 15 136
8 01210 28 2.4(1.026) 105 467 356 37 95 67 65 158 135
11 01:18.0 27 2.1 (0.988) 78 m | w3 52 49 88 149 134

This cyclist’s fifth interval was an average power of 403 watts, and then his 11th one (at the bottom of the column) was 347 W.
On his final effort, he dug deep and cracked out 382 W. This is good application of the intervals-to-exhaustion principle.





OEBPS/images/f067a.jpg
WORKOUT Level 5, VO,max Build
I S ™ S YT EY T

Warm-up 15 min. Easy riding
5 min. All-out effort 100 >106
5 min. Easy riding 68 <70
Main set VO,max efforts, adding 30 seconds with successive
5 x Build (5 min. RI) intervals (5.0 min., 5.5 min., 6.0 min., 6.5 min., 113 >106
7.0 min.)
2 x 3 min. (5 min. RI) All-out effort >100 >106

Cooldown 15 min. Easy riding 68 <70
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Flelfr=s DR K Quadrant Analysis of Bill Masters

1I: Entire workout 17.5%\ | -€—1.63 I: Entire workout 0.1%
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0 T T [ T T T T T T T T T
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m/s
Entire workout ®  Gavia ®

Bill spends most of his time pedaling in QI and QIll on the Gavia Climb.

3.0
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Warm-up 10 min. Easy riding, with 3 x 1 min. fast pedaling, 5675 69-83
110+ rpm
) Endurance on flat or rolling terrain,
NG e 40 min. 90-100 rpm <75 <83
1+ hr. Tempo in gear for 75-85 rpm 76-90 84-94

Cooldown 10 min. Easy riding <55 <68
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Flelblzd=x i P2 WAC Score Chart for Bill Masters
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Time (hms)

YEAR TO DATE: WAC score 57 —————  Age-adjusted WAC score 74

The blue line is age adjusted. The black line is against the world’s best.
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Warm-up 15 min. Easy riding 56-75 69-83
2.5-3 hr. Endurance, with Threshold and Tempo intervals 70-84 80-90

: 2 x 15 min.
Main set (10 min. RI) Threshold 95-100 98-103
40 min. Tempo 76-90 84-94

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 10 min. Easy riding 56-75 69-83
30 min. Tempo, 85-90 rpm 80-85 88-92

Main ot 10 x 1 min. Single-leg drill, right leg, 90+ rpm 80 <90
10 x 1 min. Single-leg drill, left leg, 90+ rpm 80 <90
5 x 1 min. (1 min. RI) Single-leg drill, weaker leg, 90+ rpm 80 <90

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 20 min. Endurance pace 56-75 69-83
5 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90
. 10 min. Easy riding 56-75 69-83
Main set : - : :
5 x 6 min. (5 min. RI) TT simulation 110-115 >105
20 min. Tempo riding 80-90 90-94

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Endurance pace 56-75 69-83
Main set 6 x 6 min. (6—8 min. RI) VO,max TT, fast 96-102 100-105
Cooldown 15 min. Easy riding 56-75 69-83
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Flelflsi=n P74 Example of Downhill Power Output
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120
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84
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n

323

6:27:10 6:27:20 6:27:30 6:27:40 6:27:50  6:28:00

RANGES

6:28:10 6:28:20 6:28:30 6:28:40 6:28:50 6:29.00 6:29:10 6:29:20 6:29:30  6:29:40  6:29:50

Cadence Speed —— Power ——

1SS

Duration 2:52.00
Work

20 kJ

1.5 (0.554)| Heart Rate
Norm Power 119
Distance 1mi

Power

Cadence
Speed
Torque

MAX
205
108
11
24.9
678

watts
bpm
pm
mph
Ib-in

Notice how as speed increases, cadence increases, but the watts plummet, demonstrating that producing power on a downhill

is quite challenging.
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F[cl0izd= PR Power Graph Showing Good Pacing in an Ironman

watts
520

320

0:00 20:00 40:00

RANGES

1:00:00

1:20:00

1:40:00

2:00:00

Duration 5:08:58.38
Work 3,358 k)

155 246.4 (0.692)| Heart Rate

Norm Power 190
Vi

Pw:HR 0.96%
Pa:HR 4.75%
Distance 112.677 mi

Power

Cadence
Speed

MIN

0
131
29
2.7

MAX
521

188
244
41.7

VG
181
164

21.9

watts
bpm
rpm
mph

2:20:00  2:40:00  3:00:00

Heart Rate ==

3:20:00  3:40:00  4:00:00  4:20:00

Power ——

4:40:00  5:00:00

The middle gridline shows the rider’s FTP at 275 W, and the bottom gridline shows his actual Normalized Power average at 190
W. Notice in the ranges bar, his IF is 0.692, which was his goal coming into the race and helped him win the 25-29 age group at

the Ironman Wisconsin.
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2[clbld= P  Quadrant Analysis of Good Pacing in an Ironman
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011 022 033 0.44 054 0.65 0.76 0.87 0.98 1.09 1.20 131 1.42 152 163 1.74 185 1.96 2.07 218 229 240 2.51 261 272 2.83 294 3.05 3.16 3.27 3.38
Circumferential Pedal Velocity (CPV), (m/s)

RANGES

Duration  5:08:58.38 SiE e Power Curve 315W ———  Threshold Power Curve 285 W ———

Work 3,358 kJ Power 0 521 181 watts s

155 3522 (0.827)| HeartRate 131 188 164 bpm | Power Curve255W —— Ride

Norm Power 190 Cadence 29 244 85 rpm

Vi 1.05 Speed 27 47.7 219 mph

Pw:HR 0.96%

Pa:HR 4.75%

Distance 112.677 mi

The rider spent over 51 percent in Quadrant Ill and 36 percent in Quadrant IV. This really demonstrates the importance of how
you create the watts.
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F[clbzi= P4 A Power Distribution Chart for Successful Ironman Racing
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The power distribution chart by training level illustrates the amount of time spent in Levels 2 and 3 during a successful Ironman-
distance triathlon.
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(el P2 B Quadrant Analysis of Poor Pacing
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G- 108%

0.10 0.19 0.29 038 0.48 0.57 0.67 0.76 0.86 0.96 1.05 1.15 1.24 134 1.43 1.53 1.62 1.72 1.82 1.91 2.01 2.10 2.20 2.29 239 2.48 2.58 2.67 2.77 2.87 2.96

Circumferential Pedal Velocity (CPV), (m/s)

51.94

297 Qlll: 45.9%
RANGES
Duration 7:09:27.00 MIN  MAX  AVG
Work 4,590 kJ Power 0 617 178 watts
TSS 528.5(0.859) Heart Rate 142 183 164 bpm
Norm Power 198 Cadence 33 244 80 rpm
\ 1.1 Speed 23 455 15.9 mph
Pw:HR 9.39%
Pa:HR -4.5%
Distance 113314 mi

Power Curve 253W ——  Threshold Power Curve 230 W ——
Power Curve 207W ——  Ride §

This Quadrant Analysis is for a triathlete who pushed too big a gear and rode too hard. He ended up walking on the run.
Note that he spent 41.2 percent of his time in Quadrant II, showing high force and low cadence, which equals a lot of muscle
glycogen usage.
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FIGURE 12.2

Quadrant Analysis of Proper Pacing

o e QIV:17.0%
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RANGES
Duration 5:24:26.00 MIN  MAX  AVG
Work 4,199 k) Power 0 426 216 watts
TSS 293.4(0.737)| Heart Rate 0 142 130 bpm
Norm Power 232 Cadence 39 123 84 rpm
vi 1.08 Speed 1 452 20.9 mph
Pw:HR -2.18%
Pa:HR —0.68%
Distance 113.017 mi
Elev. Gain 4,140 ft
Elev. Loss 4,140 ft
Grade -0.0% (-3 ft)

Power Curve 340 W ———  Threshold Power Curve 320 W ——
Power Curve 300W ——  Ride &

This Quadrant Analysis shows a well-paced Ironman-distance race with proper selection of gears. Note that this athlete spent only
12 percent of his time in Quadrant Il and 70 percent in Quadrant Ill. He conserved a lot of glycogen in this way and consequently
set a personal record on the run. He easily won in his age group.
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F[c10]:3=5 F2= 3 Power Graph Showing Poor Pacing in an Ironman
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RANGES Speed Power =

Duration 5:30:31.00 MN  MAX  AVG

Work 2,975kl Power 0 487 152 watts

1SS 306.5 (0.751)| Heart Rate 37 254 122 bpm

Norm Power 161 Cadence 29 238 90 rpm

Vi 1.06 Speed 6.1 44 185 mph

Pw:HR 6.50%

Pa:HR 5.86%

Distance 100.338 mi

The top gridline shows the FTP for this athlete at 215 W, and the bottom gridline shows the actual Normalized Power average at
161 W. The ranges box shows the rider’s IF to be 0.751, which is 75 percent of her Normalized Power.
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Warm-up 15 min. Easy riding 56-75 69-83
2 x 20 min. (10 min. RI) Threshold 100-105 98-103
Mair ot 20-30 min. Tempo with bursts every minute 80-85 90-98
20 x 10 sec. (50 sec. RI) Bursts, 110+ rpm >140 N/A
3 x 5 min. (5 min. RI) All-out effort 110-115 >105

Cooldown 15 min. Easy riding 56-75 69-83
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15 min. Easy riding 56-75 69-83
Warm-up . -

3 x 1 min. Fast pedaling, 100+ rpm <80 <90

W Big-ring sprints (53:15), from 22 mph,

4%300m G-4min.R) i 5 twice (53:14, 53:13) max N/A
Main set 2 x 12 min. (5 min. RI) Above Threshold 100-105 100-105

4 x 2 min. (1 min. RI) Anaerobic Capacity 130 >105

20 min. Endurance 56-75 69-83

Cooldown 5 min. Easy riding 56-75 69-83
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Warm-up 10 min. Easy riding 56-75 69-83
5-10 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90

Main set 10 min. Easy pace 56-75 69-83
2-3 x 15 min. (5 min. RI) Threshold 100-105 100-103

Cooldown 10-15 min. Easy riding 56-75 69-83
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Build to Endurance with 2 x 1 min. fast pedaling,
110+ rpm 56-75 69-83

Sweet Spot effort
Recover at Endurance pace

Cooldown 10 min. Easy riding <55 <68

Warm-up 10 min.

Main set 2 x 20 min. (5 min. RI) 88-93 92-98
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Warm-up

Main set

Cooldown

15 min.

3 x 15 min. (5 min. Rl)

15 min.

Build to Endurance with 3 x 1 min. fast
pedaling, 110+ rpm

Sweet Spot effort with 30-sec. out-of-the-saddle
sprint to start and finish each interval 88-93 92-98
Recover at Endurance pace

Easy riding <55 <68

56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
5 min. (10 min. RI) All-out 115-120 >105
6 x 1 min. (20—40 sec. R) Downhill, 105+ rpm 88-93 95-98
10 min. Easy riding 56-75 69-83
A 6 x 45 sec. (20-40 sec. RI) Downhill, 105+ rpm 88-93 95-98
10 min. Easy riding 56-75 69-83
6 x 30 sec. (20-40 sec. RI) Downhill, 105+ rpm 88-93 95-98
3 x 2 min. (2 min. RI) Hard >120 >105
Remaining time Tempo 80-85 88-92

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
5 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <80 <90

Main set 3 x 10 min. (5 min. RI) Sweet Spot 88-93 92-98
45 min. Tempo 76-80 84-88

Cooldown 15 min. Easy riding 56-75 69-83
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Build to Endurance with 3 x 1 min. fast pedaling,

LI T 110+ rpm and finish with FTP effort ol o

5 x 3 min. (3 min. RI) FTP intervals 91-105 95-105

A 5 min. Endurance, 85-105 rpm 56-75 69-83
Main set . \ .

5 x 3 min. (3 min. RI) FTP intervals 91-105 95-105

20 min. Tempo 76-90 84-94

Cooldown 5 min. Easy riding <55 <68
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Warm-up 15 min. Build to the top of Zone 2
Uphill sprints on greater than 4-percent grade
Main set 8 x 30 sec. Easy downhilll jog to recover

Quick turnover uphill and down
Cooldown 10 min. Easy strides, quick turnover, slowing to Zone 1
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Warm-up 20 min. Build to the top of Zone 2
Main set 90 min. Start in Zone 2 and build to the bottom of Zone 3
Cooldown 10 min. Easy strides, quick turnover, slowing to Zone 1





OEBPS/images/f313b.jpg
Warm-up 15 min. Easy riding 56-75 69-83
5 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <80 <90

Main set 2 x 20 min. (5 min. RI) Sweet Spot 83-93 92-98
45 min. Tempo 76-80 84-89

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
. 5 min. (5 min. RI) Blow-out effort 100-105 >105

Main set . .
2 x 10 min. (5 min. RI) Sub-Lactate Threshold , 90-100 rpm 88-93 95-98

Cooldown 15 min. Easy riding 56-75 69-83
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Time Description

Main set 30 min. Run off the bike in Zone 3
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Alelbl=N k3 Quadrant Analysis of a Mountain Biker's Race File
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The rider spent more time in Quadrants Il and Ill during the race than in training and also plenty of time above threshold. Note
the much wider distribution of data in this file than in the training file. This indicates that the race required a much higher degree
of power fluctuation.
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F[cll= KB Bill Masters's Fatigue Resistance Chart
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PD Curve —— MMP Curve ———— PD after 2000kJ

The upper PDC with MMP Curve is the athlete’s best-ever power output, executed when fresh. The lower PDC is after the athlete

completed 2000kJ of work, so he was in a relatively fatigued stated. This illustrates the need for increased stamina or fatigue
resistance.
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Flel8 = R Sprinter's Fatigue Resistance Chart
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Warm-up 15 min. Easy riding 56-75 69-83
1 hr. Endurance <75 <83
" 1 hr. Tempo with bursts 80-85 84-92
Main set
15 x 30 sec. Bursts 150 N/A
1 hr. Hill intervals, sprint over crest 76-90 84-94

Cooldown 20 min. Easy riding 56-75 69-83
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Warm-up 15 min. Fast pedaling, 95-105 rpm
Main set 45 min. Tempo pace, 90-95 rpm 76—94 84—94
3 x 2 min. (3 min. RI) Anaerobic Capacity 120-150 N/A

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 40 min.

o 40 min.
I

30 min.
Cooldown 10 min.

Build to the top of Zone 2

Slowly build to middle of Zone 3

Run in Zone 3, building into the bottom of Zone 4
Easy, let the legs recover
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Easy riding, with 2-3 x 1 min. fast pedaling,

Warm-up 15 min. 110+ rpm 56-75 69-83
90 min. Endurance on rolling terrain 56-75 69-83
Main set 3-8 x 30 sec. to Vary cadence on hills, both high 135 N/A
2 min. (100-115 rpm), and low (65-80 rpm)

Cooldown 15 min. Easy riding <55 <68
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Warm-up 15 min. Easy riding 56-75 69-83
1 hr. Sweet Spot 88-93 93-95
20-30 min. Endurance 56-75 69-83

Main set 2 x 20 min. (10 min. RI) Threshold 100-105 95-105
30 min. Endurance 56-75 69-83
6 x 3 min. (5 min. RI) VO,max 113-118 102-104

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 30 min. Easy riding 56-75 69-83
30 min. Endurance <75 <78
. 2 hr. Tempo with bursts 80-85 90-93
Main set p
10 sec. Burst every 5 min. 150 N/A
1 hr. Sweet Spot 88-93 92-98

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 10-15 min. Easy riding 56-75 69-83
Main set 1.5-2 hr. Endurance, 85-95 rpm <80 <85
Cooldown 10-15 min. Easy riding 56-75 69-83
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Time Description % of FTP | % of FTHR

1 hr. (or as specified in plan) ~ Spinning
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Warm-up 10-15 min. Endurance with 3 x 1 min. fast pedaling 56-75 69-83
& 52 mi Anaerobic Capacity on low- to medium-grade climb,
min RI). finishing each interval with 5-sec. standing sprint 130 >106
i Recovery at Endurance
Main set 10 min. Active Recovery <55 <68
3 x 1 min Anaerobic Capacity, finishing each interval with 5-sec.
B min RI). standing sprint 140 >106

Recover at Endurance
Cooldown 10 min. Easy riding <55 <68
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Warm-up 20 min. Easy riding 56-75 69-83
3 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <80 <90
5 min. Easy riding 56-75 69-83

Small-ring sprints from 10 mph

Finish at 120 rpm

Big-ring sprints in 53:17 from 20 mph
6 x 250 m (2-3 min. RI) Finish at 110-120 rpm, shifting once max N/A
(53:16)

Big-ring sprints in 53:16 from 23 mph
Wind out the gear and shift twice (53:15,
53:14)

Finish at 110-120 rpm

Big-ring sprint in 53:15 from 30 mph
(downhill)

250 m Wind out the gear and shift twice (53:14, max N/A
53:13)

Finish at 110-120 rpm

Cooldown 20-30 min. Easy riding 56-75 69-83

6 x 50 m (1-2 min. RI) max N/A

Main set

3 x 250 m (2-3 min. RI) max N/A
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Warm-u 400 Easy
. 200 100 pull with buoy and paddles, 100 kick
Main set 8 x 200 (15 sec. RI) Tempo

Cooldown 2 x 200 Easy
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S0 =00 Xert's MPA for Optimal Intervals
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Note how the power for each interval during both the work and recovery phases is different. The strain of an interval remains
constant over time, not the absolute power requirement.
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Warm-up 20 min. Easy riding 56-75 69-83
: Seated big-ring sprints (53:14)
6 x 30 sec. (3 min. RI) from 12 mph, finish at 80 rpm max N/A
Main set 15 min. Spinning <75 <83

Standing small-ring sprints
(53:19 or 53:17), 50-60 rpm
Cooldown 15 min. Easy riding 56-75 69-83

6-8 x 2 min. (3 min. R) max N/A
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Warm-up 5 x 100 Start easy and finish steady/strong

Time Trial, without rest between sets
Start controlled and increase effort throughout

Cooldown 5 x 100 Easy

Main set 2 x 500
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Flelbis=r S Xert's Maximum Power Available
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Here's an example of Xert's MPA in action, using data from a hard road and gravel race. The blue line reflects the rider’s actual
Power Profile and the gray line above it is the rider’s estimated MPA. The circle highlights the rider’s “best effort,” where power
output comes closest to MPA.
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TABLE 5.2 iLevels for Joe Athlete

Duration
Description % of FTP (m:s)

Recovery <17MwW
2 Endurance 171-232 W 56—76
3 Tempo 232-269 W 76-88
4a Sweet Spot  269-290 W 88-95

EIR 290-321W 95-105
5 FRC/FTP 3214711 W 17:40-1:33
6 FRC 471-T11W 1:33-0:28
7a Pmax/FRC 711961 W 0:28-0:09

7 Pmax >961 W <0:09
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15 min. Easy riding 56-75 69-83
Warm-up . . .
3 x 1 min. (1 min. RI) Fast pedaling, >110 rpm <80 <90
2 x 20 min. (5 min. Rl) Crisscross, FTP to AC 85-90 98-105
e, 30 sec. Burst every 2 min. 120 102-103
it 10 min. Recover 56-75 69-83
2 x 5 min. (5 min. RI) VO,max 115 103

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
3 x 10 min. (5 min. RI) Continuous 15 sec. microbursts 91-105 95-103

15 sec. “0On": hard microburst 150 N/A

Main set 15 sec. "“Off": recovery 50 N/A
15 min. Cruise 56-75 69-83

10 x 10 sec. (2 min. RI) Sprint intervals 300-350 N/A

Cooldown 15 min. Easy riding 56-75 69-83
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H[I0 =0 VA |dentifying Matches Burned Using “Fast Find”
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WORK  TIME (him:s) % Time (hms)
FTP Level 222kj 0:10:50 9.8 FTP Level (W) FRC/FTP Level (W)
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Pmax/FRC Level  24kj 0:00:24 0.4
Pmax Level Okj 0:00:00 0

The black matches are very hard, short spikes in power.
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Warm-up 30 min. Easy riding 56-75 69-83
4 hr. Smooth with hill work 70-85 80-92
Main set 2 x 30 min. (10 min. RI) Threshold 98-100 99-103
10 x 30 sec.—2 min. (2-3 min. RI) Short hills >120 >105

Cooldown 30 min. Easy riding 56-75 69-83
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Warm-up

Main set

Cooldown

20 min.

6 x 2 min. (1 min. RI)
5 min.

6 x 1 min. (1 min. RI)
5 min.

6 x 30 sec. (1 min. RI)
15 min.

Easy riding
Anaerobic Capacity
Easy riding
Anaerobic Capacity
Easy riding

All-out

Easy riding

56-75
>135
<75
>150
<75
200
56-75

69-83
>105
<83
>105
<83
N/A
69-83
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Warm-up 15 min. Easy riding
3 x 10 min. (5 min. RI) Continuous 15-sec. microbursts 91—105 95—1 03
Main set 15 sec. “On": hard microburst 150 N/A
15 sec. "Off": recovery 50 N/A

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 2 x 200 50 free, 50 backstroke, 50 fingertip drill, 50 free

100, 200, 300, 400
300, 200, 100 (10 sec. RI)

Cooldown 2 x 200 Easy

Main set Pyramid intervals
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e8I =09 Scatterplot of Cadence Versus Speed
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Note the linear relationship between speed and cadence up to about 104 rpm, at which point the athlete isn’t able to increase
his speed by pedaling faster. This indicates a need for improvement in pedaling speed and a possible need for muscular strength
in order to use a bigger gear at higher speeds.





OEBPS/images/f331.jpg
Warm-up 15 min. Easy riding
5 min. Threshold effort 91—1 05 99—1 03
e, 5 min. Recover <75 80
6 x 2 min. (3 min. RI) Hard as you can avg. 130 >105
20 min. Sweet Spot 88-93 92-98

Cooldown 10 min. Easy riding, watts <100 56-75 69-83
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H[el8 =0 Scatterplot of Bilateral Balance
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At lower wattages, this athlete uses the left leg more than the right. Above FTP power shifts to the right leg. Ultimately, at the
Neuromuscular Power level, the athlete again relies on the left leg.
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Warm-up 20 min. Easy riding 56-75 69-83
Maintet 1.5 hr. 20 miles at Tempo with hill repeats 70-85 88-91
10 x 2-3 min. Hill repeats >120 >105

Cooldown 15-20 min. Easy riding 56-75 69-83
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Slelblz= %A Power Versus Cadence
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This rider does not pedal faster than 105 rpm in his races, which could be a limiting factor to his success. Notice how his cadence
decreases as his power increases, which indicates a shift away from his cardiovascular system to his muscular system.
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Flelbl=r kS Comparing Races
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Breakaway in Year 2 begins here.
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0:00 500 10:00 1500 20:00 25:00 30:00 35:00 40:00 45:00 50:00 55:00 1:00:00 1:05:00 1:10:00 1:15:00 1:20:00 1:25:00 1:30:00 1:35:00 1:40:00 1:45:00

Year 1 = Year 2 e

Normalized | Pwr

Jefferson Cup Race  1:49:41 1,651 184.8 302W (1.2) 0 896 251 97 180 145 31 [E5 90 104 433 212
Year 1—2nd place (1.008)

Jefferson Cup Race  1:45:02 1,647 1657 292W(1.12) 0 878 261 94 182 147 33 127 82 78 421 07
Year 2—WIN (0.973)

Note the differences in heart rate, power, and cadence from one year to the next. In Year 2 the heart rate was higher, the cadence
was lower. and the power production was smoother than Year 1.
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TABLE 5.1 When to Stop Intervals
ool | verage Drop i power

20 min. 3-5%
10 min. 4-6%
5 min. 5-7%
3 min. 8-9%
2 min. 10-12%
1 min. 10-12%
30 sec. 12-15%
15 sec. Jo=il

(15-20% peak power)

Note: The drop in power is based on the number of
watts achieved in the third effort. For example, when
doing 5-minute intervals, a rider is ready for a rest when
his or her average watts for an interval are 5-7 percent
lower than they were for the third effort.
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F[10 =5 P28 Close-up View of Interval 7, Stronger Than Expected

watts

bpm
432 188
423 184
a4 180
405 176
3% 172
387 168
378 164
369 160
360 156
351 152
342 148
333 144
324 140
315 136
-
298 RANGES 128
279 Duration 3:01.00 MIN  MAX  AVG 124
270 Work 57kl | Power 109 417 318 watts 120
261 1SS 7.8(1.242)| HeartRate 121 188 175 bpm 116
252 Norm Power 317 Cadence 80 112 106 rpm -
23 Distance  2.235km | Speed 333 469 445 kph 108
234 Torque 112 41.9 286 N-m 104
225 100
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WORKOUT Level 3, Cadence Work
e Losciion Lot Lioi

Warm-up 15 min.  Easy riding

40 min.  Tempo 76-90 84-94
20min, Cadencework, oo g0 gy g4
. =15 rpm
Main set .
40 min.  Tempo 76-90 84-94
. Cadence work,
20 min. +15 rpm 76-90 84-94

Cooldown  15min.  Easy riding <55 <68
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Session
Day 1
Day 3
Day 5
Day 8
Day 10

% of FTP
70-72
75-76
80-82
88-93 (Sweet Spot)
100
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Flelf =0 K Close-up View of Interval 6, Good Pacing with Drop in Power
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MAX
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watts

116:10
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2[cl0l3=05 [ Close-up View of Interval 2, Starting Out Too Hard
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15 min. Easy riding 56-75 69-83
Warm-up
3 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90
. Big-ring sprints (53:15) from 22 mph,
4 x 300 m (3—4 min. RI) shifting twice (53:14, 53:13) max N/A
) 4 x 12 min. (5 min. RI) Above Threshold 100-103 100-105
LR 4 x 2 min. (1 min. RI) Anaerobic Capacity 130-140 >105
45 min. Upper Endurance 70-75 80-85
20 min. Sweet Spot 88-93 92-98

Cooldown 5 min. Easy riding 56-75 69-83
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Warm up 30 min. Easy riding 56-75 69-83
4 x 1 min. Fast pedaling <80 <90
6 x 2 min. (4 min. RI) All-out effort 120+ >105
6 x 30 sec. (3 min. RI) Hard sprint 150+ >105
20 min. Easy riding 56-75 69-83

Mainset 6x75m Small-ring sprints (39:16, 39:17) e N/A

from 10 mph, finish at 135 rpm
Big-ring sprints (53:16, 53:15,

et 53:14) from 18 mph max Rk
5 x 10-12 min. (5-10 min. RI) Hill repeats in Sweet Spot 88-93 92-98
Remaining time (2+ hr) Motorpace home 85-110 90-105

Cooldown 15 min. Easy riding 56-75 69-83





OEBPS/images/f337.jpg
Warm up 30 min. Easy riding 56-75 69-83
1.5 hr. Endurance/Tempo with hills 70-85 80-92
2 x 20 min. Hills at Threshold 100-105 99-103

2 x 3 min. (3 min RI) Downbhills, fast pedaling, 120+ rpm <100 <100

20 min. Hill at Tempo 76-90 84-94

Main set 2 x 3 min. (3 min RI) Downbhills, fast pedaling, 120+ rpm <100 <100
1'he E?fgl:trsanceﬂempo with hard 2 min. 70-85 80-92

8 x 2 min. Anaerobic Capacity 120-140 >105

30-40 min. Fast 80-95 90-98

Cooldown 30 min. Easy riding 56-75 69-83
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Warm-up

Main set

Cooldown

15-20 min.
6 x 8 sec. (2-3 min. RI)
5-10 min.

6 x 15 sec. (2-3 min. RI)

10 min.

Endurance with 3 x 1 min. fast pedaling

Small-ring sprints (39:16) from 12 mph
Target 120 rpm

Active Recovery

Big-ring sprints (53:16) from 18 mph
Wind out gear and shift twice to reach max
speed and effort

Easy riding

56-75
max

<55

max

<55

69-83
N/A
<68

N/A

<68
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Warm-up 15 min.

2 hr.

2 x 20 min.
(10 min. RI)

Main set 1hr.

30 min.

6 x 3 min.
(3-5 min. RI)

Upto1.5hr.
Cooldown 15 min.

Build to Endurance with 3 x 1 min. fast pedaling,
110+ rpm

Endurance, 90-100 rpm, with FTP work in
second hour

Low FTP effort, with 10-sec. bursts to finish
every mintue

Endurance, 90-100 rpm, with Tempo and
VO,max work

Tempo
VO,max efforts

Endurance
Easy riding

56-75

56-75

91-100

56-75
76-90
106-120

56-75
<55

69-83

69-83

95-100

69-83
84-94
>106

69-83
<68
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Warm-up 15 min. Endurance with 3 x 1 min. fast pedaling 56-75 69-83
] 30 min. Endurance with 90-sec. efforts 56-75 69-83
Main set .
3 x 90 sec. (5 min. RI) VO,max effort 106-120 >106
Cooldown 15 min. Easy riding <55

<68
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Warm-up 15 min.

1 hr.
1 hr.

2 x 20 min. (10 min. RI)
1 hr.

30 min.

6 x 3 min. (3-5 min. RI)
Cooldown 15 min.

Main set

Build to Endurance with 3 x 1 min. fast
pedaling, 110+ rpm

Endurance, 90—-100 rpm

Endurance, 90-100 rpm, with FTP efforts
FIP

Endurance, 90-100 rpm, with Tempo effort
Tempo
VO,max efforts

Easy riding

56-75

56-75

91-105
56-75
115-118
115-118
<55

69-83

69-83

95-105

69-83
>105
>105
<68
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Build to Endurance with 3 x 1 min. fast pedaling,

Warm-up 15 min. 110+ rpm 56-75 69-83
1 hr. Endurance on flat to rolling terrain, 90-100 rpm 56-75 69-83
1 hr. Endurance, 90-100 rpm, with FTP efforts 56-75 69-83
2 x 15 min.
(10 min. RI) FTP 91-105 95-105
Main set Endurance, 90—100 rpm, with Tempo and
1 hr. VO,max efforts 56-75 69-83
30 min. Tempo 76-90 84-94
6 x 3 min.
ismniny VO,max 115-118 >105

Cooldown 15 min. Easy riding <55 <68
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Warm-up

Main set

Cooldown

15 min.

3 x 2 min. (1 min. RI)
5 min.

3 x 1 min. (1 min. Rl)
5 min.

3 x 30 sec. (1 min. RI)
15 min.

Easy riding
Anaerobic Capacity
Easy riding
Anaerobic Capacity
Easy riding

All-out

Easy riding

56-75 69-83
135 105
<75 <83
150 >105
<75 <83
200 N/A

56-75 69-83





OEBPS/images/f343c.jpg
Warm-up

Main set

Cooldown

200

3 x 100

10 x 25 (15 sec. Rl)
500

10 x 25 (15 sec. Rl)
500

Easy, choice of stroke

50 zipper drill, 25 back, 25 free
Kick with kickboard

Steady to fast

Kick with kickboard

Easy, choice of stroke
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Four of the rider’s bests occurred after a taper and a positive TSB of as little as +8. The third best occurred after a short rest from

a large increase in CTL.
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15 min. Easy riding 56-75 69-83
Warm-up . . >
3 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <80 <90
. 4 x 10 min. (5-10 min. RI) FTP, +5 rpm 100-103 100-105
Main set p .
4 x 1 min. (2 min. RI) All-out effort >140 >105

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
1hr. Sweet Spot with bursts 88-93 92-98

Main set 10 x 15 sec. Bursts 150 N/A
8 x 2 min. (2 min. RI) Hard as you can avg. 135 >105

Cooldown 15 min. Easy riding 56-75 69-83





OEBPS/images/f343b.jpg
200 Easy, choice of stroke
Warm-up . .

2 x 100 50 zipper drill, 25 back, 25 free
Main set 12 x 100 (20 sec. RI)

Cooldown 2 x 200 Easy
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Warm-up 15 min. Easy riding 56-75 69-83
1 hr. Smooth with cadence and hill work 80-95 90-98

5 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90
y 2 x 3 min. Hard hills >115 >105

Main set : ;

2 x 20 min. (10 min. RI) Threshold 100-105 98-102

10 x 2 min. (2-3 min. RI) Short hills >130 >105

3045 min. Sweet Spot 88-93 92-98

Cooldown 10 min. Easy riding 56-75 69-83
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F[c101350 8 TSB Prior to Personal Best for Power, All Time Ranges
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Felf= A8 PMC Screen Shot Showing Negative TSB, Top 10 Peak 20 minute Power
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A positive Training Stress Balance is not always necessary in order to have one of your best rides. In this example, note that four

of the athlete’s bests occurred at a time when his TSB was -62 to -130! Also note that before these bests he had a positive TSB
for nearly 3 weeks.
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Acute Training Load (ATL) “drives” the Chronic Training Load (CTL). As harder workouts are completed in the short term, they build

the fitness in the long term. The blue bars represent your Training Stress Balance (TSB), or your freshness. When they go above 0,
you are coming into form. The dashed line represents peak wattages created by the athlete.
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RKOUT Level 2, 3.5 Hours
-

Warm-up 15min.  Easy riding

Endurance with
y 3 hr. 8-sec. bursts every 6975 69-83
Main set 10 min.
8 sec. Bursts, 120 rpom 103 104-105

Cooldown 15 min.  Easy riding <55 65
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F[elf =028 Impulse-Response Model: Adaptation to Sustained Training
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H[clllS0 R B Impulse-Response Model: Effect of a Single Training Session
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Warm-up

Main set

Cooldown

10 min.

10 min.

10 min.

5 min.

2 min.

3 x 5 min. (10 min. RI)
3 min.
2 min.
10 min.

20 min.

Easy riding 56-75 69-83
Build to Threshold 75-100 85-100
Easy riding 56-75 69-83
Threshold 100-105 98-103
Just above Threshold 105-110 >105
Race-winning intervals

At Threshold 100 100-103

Above Threshold 105-110 >105

Recovery 56-75 69-83

Easy riding 56-75 69-83
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20 min. Easy riding 56-75 69-83
Warm-up 5 x 1 min. (1 min. RI) Fast pedaling, 110+ rpm <80 <90
5 min. Endurance pace 56-75 69-83
5-8 x 5 min. (5-6 min. RI) Race-winning intervals 100-110 100-105
30 sec. Sprints, peak at 300% FTP 200+ N/A
Main set 3 min. Steady effort 100-110 100-105
10 sec. Burst 200+ N/A
8 x 1 min. (1 min. RI) Fast pedaling effort, 110+ rpm <80 <90

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Easy riding 56-75 69-83
Mait st 6 x 3 min. (5 min. RI) Hard efforts at VO,max >115 >105
Rest of the ride Tempo pace 80-85 88-90

Cooldown 10 min. Easy riding 56-75 69-83
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Build to Endurance with 3 x 1 min. fast

Warm-up 10 min. pedaling, 110+ rpm Se=7/5) 69-83
1hr E;\Iﬂ;:gagﬁ arilgmg with FTP interals on flat to 56-75 69-83
5 x 4 min. (1 min. RI) FTP intervals 90 95-100
Main set 5 min. Recover between sets, 85—-105 rpm 56-75 69-83
5 x 4 min. (1 min. RI) FTP intervals 90 95-100
10 min. Endurance, 85-105 rpm 56-75 69-83
20 min. Tempo 76-90 84-94

Cooldown 5 min. Easy riding <55 <68
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. Build to Endurance with 3 x 1 min. fast pedaling, -
Warm-up iascUmin 110+ rpm and finish with FTP effort G E
3-5 min. FTP 91-105 95-105
FTP Ramps: After 10 min., increase intensity with
3 x 10 min. (5 min. RI) each additional minute until you crack, then spin 90 95-100
Main set to recover
10 min. Active recovery <68 <75
4 x 2 min. (4 min. RI) Anaerobic Capacity 121-150 N/A

Cooldown 10-15 min. Easy riding <55 <68
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Warm-up 15 min. Easy riding 56-75 69-83

2 x 20 min. (10 min. RI) Sweet Spot 88-93 92-98

) 1 hr. Cruise with VO,max 80-85 89-91
Main set : :

4-6 x 3 min. (3 min. RI) VO,max efforts 115 >105

30 min.—1.5 hr. Endurance/Tempo 70-85 80-90

Cooldown 15 min. Easy riding 56-75 69-83
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Warm-up 15 min. Build to Endurance with 3 x 1 min. fast pedaling, 56-75 69-83
110+ rpm
1 hr. Endurance, 90-100 rpm, with FTP efforts 56-75 69-83
L FIP 91-105  95-105
Main set min.RY)
1 hr. Endurance, 90-100 rpm, with VO,max efforts 56-75 69-83
3 x 3 min. (5 min. VO,max efforts 2
RI) Stop if power falls below FTP e e

Cooldown 15 min. Easy riding <55 <68
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Warm-up 10-15 min. Build to middle/top of Zone 2
Main set 1 hr. Stay in Zone 2, focusing on easy strides, quick turnover

Cooldown 15 min. Slow down to Zone 1
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Warm-up 15 min. Easy riding 56-75 69-83
1 hr. Endurance 56-75 69-83
2 hr. Endurance with max power sprints <75 <83
Main set Max power sprints in the big ring (53:17)
el at the end of every 5 min. = N
30 min. Tempo 76-90 84-94

Cooldown 15 min. Easy riding <55 <68
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Warm-up 15 min. Easy riding 56-75 69-83
& % 50 m (2=3 min, RI) Small-ring sprints from 10 mph, finish at s N/A
120 rpm
Big-ring sprints in 53:17 from 20 mph
3x250m (3-5min.Rl)  Wind out the gear and shift once max N/A
Finish at 110-120 rpm
Main set Big-ring sprints in 53:16 from 23 mph
3x250m (3-5min.Rl)  Wind out the gear and shift twice max N/A
Finish at 110-120 rpm
Big-ring sprint in 53:15 from 26 to 28 mph
250 m [onnhi max N/A

Wind out the gear and shift twice
Finish at 110-120 rpm

Cooldown 20-30 min. Easy riding 56-75 69-83
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Warm-up 400 Easy: 100 free, 100 with pull buoy, 100 with kickboard, 100 free
Main set 12 % 200 (15 sec. RI) Steady-state
Cooldown 400 Easy, choice of stroke
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Warm-up 5x 100 Easy

Endurance
Make each 1,000 a little faster

Cooldown 5 x 100 Easy

Main set 3 x 1000 (20 sec. RI)
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TABLE 4.1 Power Profile Chart
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Hlelf) =8 '4¥28  Matches Burned in a Cyclocross Race
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We can see both the matches burned, and the flames of a cyclocross race. A hard, sustained effort with harder bursts on top

creates flames of leg burns.
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F[e18) =8 PA= S Quadrant Analysis of Points Race and 30-minute Criterium

600

CPV at 260 W
and 90 rpm

500 o

Average Effective Pedal Force (AEPF), (N)

AEPF at 260 W
and 90 rpm

Circumferential Pedal Velocity (CPV), (m/s)

Points Race @ Criterium @

A Quadrant Analysis plot of power-meter data from a national-caliber female track cyclist competing in

25 3.0

a 20 km points race on

the track and a 30-minute criterium on the road. The average power and cadence during these two races were nearly identical,

but the pattern of the AEPF and CPV was dramatically different.
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Fclbizd=w FA7A8  Force-Velocity Curve During Standing Starts
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54 x 14 (104.1") Gear 48x14(92.6") Gear =——

Plot of AEPF against CPV for a track cyclist performing standing-start efforts when using two different gear ratios. As can be seen
in the figure, the force-velocity curve is essentially identical for the two training sessions, demonstrating that the choice of gearing
had no impact on the demands of the workout.
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18 S8 P48 Power Graph of Good Pacing in a 24-Hour Mountain-Bike Race
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RANGES

Duration 19:30:27.36 MN  MAX  AVG
Work 11,539 k) Power 0 735 165 watts
TSS 657.1(0.581)| Heart Rate 80 166 128 bpm
Norm Power 192 Cadence 29 174 80 rpm
Vi 1.16 Speed 22 31.8 13 mph
Pw:HR 5.93%

Pa:HR —6.15%

Distance 253.76 mi

Heart Rate === Speed —— Power ———

This is Dave Harris’s power file from a 24-hour ultra-endurance mountain-bike race. Note the higher wattage in the first six hours
of the race. This was done in order to create a gap between Dave and the riders behind him that Dave could hold to the finish.
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WORKOUT iLevel 5, In the Crosshairs
T e Josapen | o | woime

Warm-up 15 min. Easy riding 68-70 70-80
Target 350-357 watts. Extend rest
Main set 5 x 5 min. (5 min. RI) period in order to achieve targeted iLevel 5 >100

wattage as fatigue creeps in.
Cooldown 15 min. Easy riding 68-70 70-80
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A[elblH=8 AL Quadrant Analysis of a Typical Cyclocross Race
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This graph shows a typical cyclocross race. Note that there are about equal amounts of work in Quadrants I, Ill, and IV.
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Garmin Edge 1050
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WORKOUT Functional Threshold Power and Endurance

Warm-up 60 min. Easy riding
60 min. Ride in aero position with bursts every 5 min. 70-80 80-84
. 30 sec. Bursts 120 100+
Main set . -
3 x 20 min. (10 min. RI) Hard efforts 88-93 95-99
45 min. Sweet Spot 88-93 95-99

Cooldown 15 min. Easy riding 55-65 69-83
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WORKOUT Functional Threshold Power
— Tome  lowamin | %ol | ol |

Warm-up 15 min. Easy riding 56-75 69-83
. 2 x 20 min. (10 min. RI) Threshold.wnh 10-sec. bursts

Main set every 4 min.
20 min. Sweet Spot 88-93 95-99

Cooldown 10 min. Easy riding 56-75 69-83

95-100 100-102
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Build to Endurance with 3 x 1 min. fast pedaling,

Warm-up 15 min. 1104 rpm 56-75 69-83
2 x 15 min. Low FTP effort, 85—105 rpm
Main set (5-10 min. RI) with 10-sec. burst to finish every minute <L S
15 x 10 sec. Bursts, 110 rpm, out of the saddle 130 N/A

Cooldown 15 min. Easy riding <55 <68
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2 x 200 Easy: 100 free, 100 kick with kickboard
14 x 100 (10 sec. Rl) Tempo
Cooldown 2 x 200 Easy: 100 free, 100 kick with kickboard

Warm-up
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Warm-up 400 300 free, 100 kick with kickboard
Main set 5 x 400 (20 sec. RI) Swim with pull buoy
Cooldown 2 x 200 Easy
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Warm-up 15 min. Easy riding
1hr ;err::i?]o riding with bursts every 76-80 84-88
T g 10 sec. Bursts, 100+ rpm 180 NA
Remaining time Cruise <80 <90

Cooldown 15 min. Easy riding 56-75 69-83
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) Easy: 100 free, 100 fingertip drill, 100 with pull buoy and paddles,
LEUGL 2100 100 kick with fins and kickboard, 100 free

Endurance intervals
Try to make second 1000 a little faster

Cooldown 5 x 100 Easy

Main set 2 x 1000 (20 sec. RI)
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Warm-up 500 Easy
10 x 25 (15 sec. RI) Fast

Main set 500 Steady to fast
10 x 25 (15 sec. RI) Fast

Cooldown 500 Easy, choice of stroke
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Warm-up 400 Easy, choice of stroke

Swim with pull buoy
Try to make each 500 a little faster

Cooldown 400 Easy, choice of stroke

Main set 3 x 500 (20 sec. RI)
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5 min. Easy riding 56-75 69-83
Warm-up 4 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90

5 min. Endurance 56-75 69-83
Main set 2 x 5 min. (5 min. RI) Ramps, build to Threshold 56-105 75-100

Cooldown 5-10 min. Easy pedaling before race starts 75-80 83-87
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15 min. Easy riding 56-75 69-83
10 min. Build to Threshold 75-100 85-100
5 min. Easy riding 56-75 69-83
Warm-up 4 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90
5 min. Easy riding 56-75 69-83
5 min. VO,max 106-120 >105
5-10 min. Easy riding 56-75 69-83
Mot 20kmTT Start timer at 3 mph 91-105 95-105
1st 4-5 min. Build to Threshold 75-100 85-100

Cooldown 30 min. Easy riding 56-75 69-83
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15 min. Easy riding 56-75 69-83
Warm-up 3 x 1 min. (1 min. RI) Fast pedaling, 100+ rpm <80 <90
3 min. Easy riding <68 <75
5 min. All-out max >105
10 min. Active Recovery <68 <75
2 x 1 min. (5 min. RI) Anaerobic Capacity 125-150 >105
Main set 5 min. Recovery <68 <75
3 x 20 sec. (3 min. RI) Super jumps max N/A
10 min. Easy riding 56-75 69-83
20 min. TT Test 100 99-103

Cooldown 15 min. Easy riding 56-75 69-83





OEBPS/images/f340.jpg
Warm-up

Main set

Cooldown

Time
15 min.

4 min. (2 min.
2 min.

3 min

2 min.
1 min.
2 min.

3 min

(
(
(
(
(
(

4 min. (2 min.

15 min.

2 min.
2 min.
2 min.
2 min.

Endurance with 3 x 1 min. sprints
Upper FTP effort
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Anaerobic Capacity
Neuromuscular Power, max effort
Anaerobic Capacity
VO,max effort
Lower FTP effort
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N/A
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N/A
>106
>105
95-100
69-83
<68





OEBPS/images/f345a.jpg
Warm-up 400 Easy: 100 free, 100 fingertip drill, 100 kick with kickboard and
fins, 100 free

Main set 10 x 200 (15 sec. Rl) Tempo
Cooldown 400 Easy, swim straight through set
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Flelbi=N:F< B8 Phenotypic Map of the Classic Power Profiles
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The two-dimensional nature of the phenotypic map allows us to see the spectrum of abilities within and between phenotypes.
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Flelbid=x:F-28  Exploring TTE with the Power Duration Curve

Pmax 1,305 W
1,200
= =
= =
= =
= FRC16.9 k) >
S 7 5
; 710 f=
(=) (7]
o =
w
0 T - . 12
00:01 00:02 00:05 00:10 00:20 00:40 01:00 02:00 05:00 10:0 20:00 1:00:00 2:00:00 5:00:00
Time (hms)
PD Curve

Pmax 1,371 W

=
=
v
Wl o=
FRC 15.1 >
............................................................................................................................................................ fo)
S
[}
| =
(NN}
—_—
0 10
00:01 00:02 00:05 00:10 00:20 00:40 01:00 02:00 05:00 10:0 20:00 1:00:00 2:00:00 5:00:00
Time (hms)
PD Curve

Here are two riders with a similar Pmax and FTP, but significantly different TTEs (time to exhauastion). Rider 1's power drops off
sooner and steeper than Rider 2—34:23 versus 52:40. Rider 2 has more sustainable power.
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H[e18=N: 5 B Exponential Decline of the Power Duration Curve
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The blue dotted line shows how the PDC’s mathematical modeling more accurately estimates power over time.

Energy (kJ)
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TABLE 14.1 Performance Comparison for
Track Cyclist, 3 km Pursuit

Total time (min.:sec.) 03:55.9 03:50.2
Average power (W) 386 360
Time for 1st lap (min.:sec.) 00:30.0 00:30.0
Time laps 2-9 (min.:sec.) 03:25.9 03:20.2
Average power laps 2-9 (W) 358 333
Air density (g/mL) 1.159 0.97
CA (m?) 0.24 0.24
Sea-level equivalent power (W) 358 358

Sea-level equivalent time (min.:sec.) 03:55.9 03:55.9
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1A\=18 = PAVAS  Analysis of First 5 Laps of 24-Hour Mountain-Bike Race
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Warm-up 800 Build to the top of Zone 2
] 5 x 800 Zone 4/Zone 5
Main set
800 Recovery

Cooldown 10 min. Build to the top of Zone 2
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Warm-up 10-15 min. Incorporate a 30-second sprint at 3, 5, and 7 min.

Time trial effort, start at moderately hard pace and build pace
smoothly to make the last mile your fastest

Cooldown 10-15 min. Slow to Zone 1 with easy strides and quick turnover

Main set 20 min.
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Warm-up 1015 min. Build to the top of Zone 2
Main set 30 min. Low to mid Zone 3
Cooldown 5-15 min. Slow down to Zone 1





