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Preface to the 
Third Edition

The major reason for this third edition, besides updating costs and
other information, is the new building codes—the 2000 International
Building Code (and the very similar NFPA 5000 Building Code). With
the IBC, a very good thing has happened. The three model codes in the
United States have come together to produce one national model code
(even though it is called “international”). The bad thing, to my think-
ing, is that it has grown in size and complexity by a factor of 10. I chal-
lenge anyone to read it (if you can), as I did, and not come to the same
conclusion. It is very difficult to grasp, and I believe it will become dif-
ficult to enforce. This will put anyone associated with it in jeopardy of
being accused of not adhering to or enforcing the law. The NFPA code,
though a little more user friendly, is not much better. I believe that
when laws become too complex and voluminous people simply no
longer pay attention to them. It should not be that way.

Therefore, I urge all design professionals and all others dealing with
building construction or code enforcement to solicit their professional
associations and other organizations to lobby for a simpler code—now!
K.I.S.S. (“Keep it simple, stupid”) is the answer.

xiii
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How to Use 
This Book

The concept of this book is that of a personal tool that compacts the
20% of the data that is needed 80% of the time by design professionals
in the preliminary design of buildings of all types and sizes and of the
spaces between.

This tool is meant to always be at one’s fingertips (open on a drawing
board or desk, carried in a briefcase, or kept in one’s pocket). It is never
meant to sit on a bookshelf. It is meant to be used every day!

Because design professionals are individualistic and their practices
are so varied, the user is encouraged to individualize this book over
time, by adding notes or changing data as experience dictates.

The addition of rough construction costs throughout the book (mak-
ing this type of handbook truly unique) will date the data. But building
laws, new technologies, and materials are changing just as fast. There-
fore, this book should be looked on as a starter of simple data collection
that must be updated over time. New editions may be published in the
future. See p. 43 for more information on costs.

Because this book is so broad in scope, yet so compact, information
can be presented only at one place and not repeated. Examples of how
to use the information are provided throughout. Information is pre-
sented in the form of simple ratios or coefficients that replace the need
for commonsense judgment.

The whole book is laid out in checklist format, to be quickly read and
checked against the design problem at hand.

Where is shown, refer to p. 665 for further explanation of refer-
ences.

“Notes” pages appear throughout, on which the user is encouraged to
keep further information in the form of notes or sketches.

This book is not a substitute for professional expertise or other books
of a more detailed and specialized nature, but will be a continuing
everyday aid that takes the more useful “cream” off the top of other
sources.

xv
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A. PRACTICE

1. Services: Use “Schedule of A/E (Architectural/Engineer-
ing) Services” on pp. 6–15 to plan the services for building
design.

2. Compensation (A/E Fees)
a. See App. A, item E, for A/E fees as a percentage of

construction cost by building type.
b. Total services fees can be broken down as follows:

Schematic design 15% 
phase
Design develop-
ment 20%
Construction 40%
documents
Bid/negotiation 5%
Construction 
administration 20%

100% 100%
c. Of the total A/E fees, standard consultants’ fees can

be broken out as follows:
(1) Civil engineering and

landscape architect 2.5 to 6%
(2) Structural engineering 1 to 2.5%
(3) Mechanical engineering 4 to 10%
(4) Electrical engineering 4 to 10%
(5) Other

3. Rules of Thumb for Business Practice
a. Watch cash flow: For a small firm, balance check-

book. For a medium or large firm, use cash state-
ments and balance and income statements. Estimate
future cash flow based on past, with 15% “fudge fac-
tor,” plus desired profit. Many architects (and busi-
nesses, in general) get in trouble by not immediately
paying their bills (to consultants and vendors) as
they are paid by their clients.

b. Have financial reserves: Six months’ worth.
c. Monitor time by these ratios:

(1) Chargeable ratio =

This tells what percent of total labor cost is being
spent on paying work. The higher the percent the
better. Typical range is 55 to 85%, but lower than
65% is poor. However, principals often have a 50%
ratio.

direct job labor cost
���

total labor cost

or
25% Preliminary

design

50% Const. doc.

25% Const.
adm.�

�

6 28 57

3
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(2) Multiplier ratio =

This ratio is multiplied times wages for billing rates.
Usually 2.5 to 3.0. Will vary with firm and time.

(3) Overhead rate: looks at total indirect
expenses as they relate to total direct labor.
An overhead rate of 180 means $1.80 spent
for ea. $1.00 working on revenue-producing
projects.

(4) Profit: measured as total revenue minus
expenses. Expressed as percent of total rev-
enue.

d. Monitor accounting reports: A financial statement
consists of:

(1) Balance Sheet: Tells where you are on a
given date by Assets and Liabilities.

(2) Earnings Statement (Profit and Loss):
Tells you how you got there by Income less
Direct ( job) costs, and Indirect (overhead)
costs = Profit, or Loss.

e. Mark up for Reimbursable Expenses (travel, print-
ing, etc.): Usually 10%.

f. Negotiating contracts
(1) Estimate scope of services.
(2) Estimate time, costs, and profit.
(3) Determine method of compensation:

(a) Percent of construction cost
(b) Lump sum
(c) Hourly rates
(d) Hourly rates with maximum “upset”

(“not to exceed”)
g. Contract checklist

(1) Detailed scope of work, no interpretation
necessary.

(2) Responsibilities of both parties.
(3) Monthly progress payments.
(4) Interest penalty on overdue payments.
(5) Limit length of construction administra-

tion phase.
(6) Construction cost estimating responsibili-

ties.
(7) For cost-reimbursable contracts, specify a

provisional overhead rate (changes year to
year).

dollars of revenue
���
dollars of direct labor
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(8) Retainer, applied to fee but not costs.
(9) Date of agreement, and time limit on con-

tract.
(10) Approval of work—who, when, where.
(11) Ways to terminate contract, by both parties.
(12) For changes in scope, bilateral agreement,

and an equitable adjustment in fee.
(13) Court or arbitration remedies and who

pays legal fees.
(14) Signature and date by both parties.
(15) Limits on liability.
(16) Time limit on offer.
(17) Put it in writing!

Practice 5

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 5



6 The Architect’s Portable Handbook

6

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 6



Practice 7

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 7



8 The Architect’s Portable Handbook

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 8



Practice 9

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 9



10 The Architect’s Portable Handbook

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 10



Practice 11

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 11



12 The Architect’s Portable Handbook

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 12



Practice 13

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 13



14 The Architect’s Portable Handbook

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 14



Practice 15

10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 15



10210_Guthrie_01_qxd.k  2/27/03  4:52 PM  Page 16



B. “SYSTEMS” THINKING
In the planning and design of buildings, a helpful, all-inclusive tool
is to think in terms of overall “systems” or “flows.” For each of the
following checklist items, follow from the beginning or “upper
end” through to the “lower end” or “outfall”:

1. People Functions
a. Follow flow of occupants from one space to

another. This includes sources of vertical trans-
portation (stairs, elevators, etc.) including pathways
to service equipment.

b. Follow flow of occupants to enter building from off
site.

c. Follow flow of occupants to exit building as
required by code, in case of an emergency.

d. Follow flow of accessible route as required by law.
e. Follow flow of materials to supply building (includ-

ing furniture and off site).
f. Follow flow of trash to leave building (including to

off site).
g. Way finding: do graphics or other visual clues aid

flow of the above six items?
2. Structural Functions

a. Follow flow of gravity loads from roof down
columns, through floors, to foundations and soils.

b. Follow flow of lateral loads:
(1) Earthquake from ground up through foun-

dations, columns, walls, floors, and roof.
(2) Wind from side walls to roof and floors,

through columns, to foundations and the
earth.

(3) Follow flow of uplift loads from wind and
earthquake by imagining the roof being
pulled up and that there are positive con-
nections from roof to columns and walls
(through floors) down to foundations and
the earth.

3. Water, Moisture, and Drainage
a. Drain the rain. Follow rainwater from highest point

on roof to drain, through the piping system to out-
fall (storm sewer or site) off site.

b. Follow rainwater from highest points of site, around
building, to outfall off site.

c. Follow rain or moisture at exterior walls and win-
dows down building sides or “weeped” through

17
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assemblies to outfall. Remember: Moisture moves
from more to less. Moisture moves from warm to
cold.

d. Follow vapor from either inside or outside the build-
ing, through the “skin” (roof and walls) to outfall.
Things get wet. Let them dry out.

e. Follow water supply from source to farthest point of
use.

f. Follow contaminated water from farthest point of
use to outfall (sewer main or end of septic tank).

g. Follow vapor flow into materials over year and
allow for blockage, swelling, or shrinkage.

4. Heat (flows from warm to cold)
a. Follow sun paths to and into building to plan for

access or blocking.
b. Follow excessive external (or internal) heat through

building skin and block if necessary.
c. Follow source of internal heat loads (lights, people,

equipment, etc.) to their “outfall” (natural ventila-
tion or AC, etc.).

d. Follow heat flow into materials over a year, a day,
etc. and allow for expansion and contraction.

5. Air
a. Follow wind patterns through site to encourage or

block natural ventilation through building, as re-
quired.

b. Follow air patterns through building. When natural
ventilation is used, follow flow from inlets to outlets.
When air is still, hot air rises and cold air descends.

c. Follow forced air ventilation patterns through build-
ing to address heat (add or dissipate) and odors.
CFM out equals CFM in.

6. Light
a. Follow paths of natural light (direct or indirect sun)

to and into building. Encourage or block as needed.
b. Follow paths of circulation and at spaces to provide

artificial illumination where necessary. This includes
both site and building.

7. Energy and Communications
a. Follow electric or gas supply from off site to trans-

former, to breakers or panels to each outlet or point
of connection.

b. Follow telephone lines from off site to TMB to each
phone location.

18 The Architect’s Portable Handbook
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8. Sound
a. Identify potential sound sources, potential receiver

locations, and the potential sound paths between
the two.

b. Follow sound through air from source to receiver.
Mitigate with distance or barrier.

c. Follow sound through structure from source to
receiver. Mitigate by isolation of source or receiver.

“Systems” Thinking 19
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C. SPECIFICATIONS

1. Standard outline for writing specification sections:
a. General b. Products c. Execution

2. Quick checklist on products or materials:
a. What is it and what does it do?
b. Who is it made by?
c. How to apply?
d. What does it cost?
e. Warranties?

3. Detailed checklist on evaluating new products or mate-
rials:

a. Structural serviceability (resistance to natural forces
such as wind and earthquake; structural adequacy
and physical properties such as strength, compres-
sion, tension, shear, and behavior against impact
and indentation).

b. Fire safety (resistance against the effects of fire such
as flame propagation, burnthrough, smoke, toxic
gases, etc.).

c. Habitability (livability relative to thermal efficiency,
acoustic properties, water permeability, optical
properties, hygiene, comfort, light, and ventilation,
etc.).

d. Durability (ability to withstand wear, weather resis-
tance such as ozone and ultraviolet, dimensional
stability, etc.).

e. Practicability (ability to surmount field conditions
such as transportation, storage, handling, toler-
ances, connections, site hazards, etc.).

f. Compatibility (ability to withstand reaction with
adjacent materials in terms of chemical interaction,
galvanic action, ability to be coated, etc.).

g. Maintainability (ease of cleaning; repairability of
punctures, gouges, and tears; recoating, etc.).

h. Code acceptability (review of code and manufac-
turer’s claims as to code compliance).

i. Economics (installation and maintenance costs).
4.CSI format

Use this section as a checklist of everything that makes or
goes into buildings, to be all-inclusive in the planning and
designing of buildings, their contents, and their surroundings:

a. Uniformat for preliminary systems planning:

20
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PROJECT DESCRIPTION
10—PROJECT DESCRIPTION

1010 Project Summary
1020 Project Program
1030 Existing Conditions
1040 Owner’s Work
1050 Funding

20—PROPOSAL, BIDDING, AND CONTRACTING
2010 Delivery Method
2020 Qualifications Requirements
2030 Proposal Requirements
2040 Bid Requirements
2050 Contracting Requirements

30—COST SUMMARY
3010 Elemental Cost Estimate
3020 Assumptions and Qualifications
3030 Allowances
3040 Alternates
3050 Unit Prices

CONSTRUCTION SYSTEMS AND ASSEMBLIES

ELEMENT A—SUBSTRUCTURE
A10 Foundations
A1010 Standard Foundations
A1020 Special Foundations
A1030 Slab on Grade

A20 Basement Construction
A2010 Basement Excavation
A2020 Basement Walls

ELEMENT B—SHELL
B10 Superstructure
B1010 Floor Construction
B1020 Roof Construction

B20 Exterior Enclosure
B2010 Exterior Walls
B2020 Exterior Windows
B2030 Exterior Doors

B30 Roofing
B3010 Roof Coverings
B3020 Roof Openings
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ELEMENT C—INTERIORS
C10 Interior Construction
C1010 Partitions
C1020 Interior Doors
C1030 Fittings

C20 Stairs
C2010 Stair Construction
C2020 Stair Finishes

C30 Interior Finishes
C3010 Wall Finishes
C3020 Floor Finishes
C3030 Ceiling Finishes

ELEMENT D—SERVICES
D10 Conveying
D1010 Elevators and Lifts
D1020 Escalators and Moving Walks
D1090 Other Conveying Systems

D20 Plumbing
D2010 Plumbing Fixtures
D2020 Domestic Water Distribution
D2030 Sanitary Waste
D2040 Rain Water Drainage
D2090 Other Plumbing Systems

D30 Heating, Ventilating, and Air Conditioning (HVAC)
D3010 Energy Supply
D3020 Heat Generation
D3030 Refrigeration
D3040 HVAC Distribution
D3050 Terminal and Packaged Units
D3060 HVAC Instrumentation and Controls
D3070 Testing, Adjusting, and Balancing
D3090 Other Special HVAC Systems and Equipment

D40 Fire Protection
D4010 Sprinklers
D4020 Standpipes
D4030 Fire Protection Specialties
D4090 Other Fire Protection Systems

D50 Electrical
D5010 Electrical Service and Distribution
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D5020 Lighting and Branch Wiring
D5030 Communications and Security
D5090 Other Electrical Systems

D60 Basic Materials and Methods

ELEMENT E—EQUIPMENT AND FURNISHINGS
E10 Equipment
E1010 Commercial Equipment
E1020 Institutional Equipment
E1030 Vehicular Equipment
E1090 Other Equipment

E20 Furnishings
E2010 Fixed Furnishings
E2020 Movable Furnishings

ELEMENT F—SPECIAL CONSTRUCTION 
AND DEMOLITION

F10 Special Construction
F1010 Special Structures
F1020 Integrated Construction
F1030 Special Construction Systems
F1040 Special Facilities
F1050 Special Controls and Instrumentation

F20 Selective Demolition
F2010 Building Elements Demolition
F2020 Hazardous Components Abatement

ELEMENT G—BUILDING SITEWORK
G10 Site Preparation
G1010 Site Clearing
G1020 Site Demolition and Relocations
G1030 Site Earthwork
G1040 Hazardous Waste Remediation

G20 Site Improvements
G2010 Roadways
G2020 Parking Lots
G2030 Pedestrian Paving
G2040 Site Development
G2050 Landscaping

G30 Site Civil/Mechanical Utilities
G3010 Water Supply
G3020 Sanitary Sewer
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G3030 Storm Sewer
G3040 Heating Distribution
G3050 Cooling Distribution
G3060 Fuel Distribution
G3090 Other Site Mechanical Utilities

G40 Site Electrical Utilities
G4010 Electrical Distribution
G4020 Site Lighting
G4030 Site Communications and Security
G4090 Other Site Electrical Utilities

G90 Other Site Construction
G9010 Service Tunnels
G9090 Other Site Systems

ELEMENT Z—GENERAL
Z10 General Requirements
Z1010 Administration
Z1020 Quality Requirements
Z1030 Temporary Facilities
Z1040 Project Closeout
Z1050 Permits, Insurance, and Bonds
Z1060 Fee

Z20 Contingencies
Z2010 Design Contingency
Z2020 Escalation Contingency
Z2030 Construction Contingency

b. Masterformat for more detailed planning:

INTRODUCTORY INFORMATION
00001 Project Title Page
00005 Certifications Page
00007 Seals Page
00010 Table of Contents
00015 List of Drawings
00020 List of Schedules

BIDDING REQUIREMENTS
00100 Bid Solicitation
00200 Instructions to Bidders
00300 Information Available to Bidders
00400 Bid Forms and Supplements
00490 Bidding Addenda
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CONTRACTING REQUIREMENTS
00500 Agreement
00600 Bonds and Certificates
00700 General Conditions
00800 Supplementary Conditions
00900 Addenda and Modifications

FACILITIES AND SPACES

SYSTEMS AND ASSEMBLIES

CONSTRUCTION PRODUCTS AND ACTIVITIES

DIVISION 1—GENERAL REQUIREMENTS
01100 Summary
01200 Price and Payment Procedures
01300 Administrative Requirements
01400 Quality Requirements
01500 Temporary Facilities and Controls
01600 Product Requirements
01700 Execution Requirements
01800 Facility Operation
01900 Facility Decommissioning

DIVISION 2—SITE CONSTRUCTION
02050 Basic Site Materials and Methods
02100 Site Remediation
02200 Site Preparation
02300 Earthwork
02400 Tunneling, Boring, and Jacking
02450 Foundation and Load-Bearing Elements
02500 Utility Services
02600 Drainage and Containment
02700 Bases, Ballasts, Pavements, and Appurtenances
02800 Site Improvements and Amenities
02900 Planting
02950 Site Restoration and Rehabilitation

DIVISION 3—CONCRETE
03050 Basic Concrete Materials and Methods
03100 Concrete Forms and Accessories
03200 Concrete Reinforcement
03300 Cast-In-Place Concrete

03310 Structural Concrete
03330 Architectural Concrete
03340 Low-Density Concrete
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03350 Concrete Finishing
03360 Concrete Finishes
03370 Specially Placed Concrete
03380 Post-Tensioned Concrete
03390 Concrete Curing

03400 Precast Concrete
03500 Cementitious Decks and Underlayment
03600 Grouts
03700 Mass Concrete
03900 Concrete Restoration and Cleaning

DIVISION 4—MASONRY
04050 Basic Masonry Materials and Methods
04200 Masonry Units

04210 Clay Masonry Units
04220 Concrete Masonry Units
04230 Calcium Silicate Masonry Units
04270 Glass Masonry Units
04290 Adobe Masonry Units

04400 Stone
04500 Refractories
04600 Corrosion-Resistant Masonry
04700 Simulated Masonry
04800 Masonry Assemblies
04900 Masonry Restoration and Cleaning

DIVISION 5—METALS
05050 Basic Metal Materials and Methods
05100 Structural Metal Framing
05200 Metal Joists
05300 Metal Deck
05400 Cold-Formed Metal Framing
05500 Metal Fabrications

05510 Metal Stairs and Ladders
05520 Handrails and Railings
05530 Gratings
05540 Floor Plates
05550 Stair Treads and Nosings
05560 Metal Castings
05580 Formed Metal Fabrications

05600 Hydraulic Fabrications
05650 Railroad Track and Accessories

05700 Ornamental Metal
05800 Expansion Control
05900 Metal Restoration and Cleaning
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DIVISION 6—WOOD AND PLASTICS
06050 Basic Wood and Plastic Materials and Methods
06100 Rough Carpentry

06110 Wood Framing
06120 Structural Panels
06130 Heavy Timber Construction
06140 Treated Wood Foundations
06150 Wood Decking
06160 Sheathing
06170 Prefabricated Structural Wood
06180 Glue-Laminated Construction

06200 Finish Carpentry
06220 Millwork
06250 Prefinished Paneling
06260 Board Paneling
06270 Closet and Utility Wood Shelving

06400 Architectural Woodwork
06410 Custom Cabinets
06415 Countertops
06420 Paneling
06430 Wood Stairs and Railings
06440 Wood Ornaments
06445 Simulated Wood Ornaments
06450 Standing and Running Trim
06455 Simulated Wood Trim
06460 Wood Frames
06470 Screens, Blinds, and Shutters

06500 Structural Plastics
06600 Plastic Fabrications
06900 Wood and Plastic Restoration and Cleaning

DIVISION 7—THERMAL AND MOISTURE PROTECTION
07050 Basic Thermal and Moisture Protection Materials

and Methods
07100 Dampproofing and Waterproofing

07110 Dampproofing
07120 Built-up Bituminous Waterproofing
07130 Sheet Waterproofing
07140 Fluid-Applied Waterproofing
07150 Sheet Metal Waterproofing
07160 Cementitious and Reactive Waterproofing
07170 Bentonite Waterproofing
07180 Traffic Coatings
07190 Water Repellants

07200 Thermal Protection
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07210 Building Insulation
07220 Roof and Deck Insulation
07240 Exterior Insulation and Finish Systems (EIFS)
07260 Vapor Retarders
07270 Air Barriers

07300 Shingles, Roof Tiles, and Roof Coverings
07310 Shingles (Asphalt, Fiberglass Reinforced, Metal,

Mineral Fiber Cement, Plastic Shakes, Porcelain
Enamel, Slate, Wood, and Wood Shakes)

07320 Roof Tiles (Clay, Concrete, Metal, Mineral Fiber
Cement, Plastic)

07330 Roof Coverings
07400 Roofing and Siding Panels

07410 Metal Roof and Wall Panels
07420 Plastic Roof and Wall Panels
07430 Composite Panels
07440 Faced Panels
07450 Fiber-Reinforced Cementitious Panels
07460 Siding (Aluminum, Composition, Hardboard,

Mineral Fiber Cement, Plastic, Plywood, Steel,
and Wood)

07470 Wood Roof and Wall Panels
07480 Exterior Wall Assemblies

07500 Membrane Roofing
07510 Built-up Roofing
07520 Cold-Applied Bituminous Roofing
07530 Elastomeric Membrane Roofing (CPE, CSPE,

CPA, EPDM, NBP, and PIB)
07540 Thermoplastic Membrane Roofing (EIP, PVC,

and TPA)
07550 Modified Bituminous Membrane Roofing
07560 Fluid-Applied Roofing
07570 Coated Foamed Roofing
07580 Roll Roofing
07590 Roof Maintenance and Repairs

07600 Flashing and Sheet Metal
07610 Sheet Metal Roofing
07620 Sheet Metal Flashing and Trim
07630 Sheet Metal Roofing Specialties
07650 Flexible Flashing

07700 Roof Specialties and Accessories
07710 Manufactured Roof Specialties (Copings, Coun-

terflashing, Gravel Stops and Fascias, Gutters
and Downspouts, Reglets, Roof Expansion
Assemblies, and Scuppers)
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07720 Roof Accessories (Manufactured Curbs, Relief
Vents, Ridge Vents, Roof Hatches, Roof Walk
Boards, Roof Walkways, Smoke Vents, Snow
Guards, and Waste Containment Assemblies)

07760 Roof Pavers
07800 Fire and Smoke Protection

07810 Applied Fireproofing
07820 Board Fireproofing
07840 Firestopping
07860 Smoke Seals
07870 Smoke Containment Barriers

07900 Joint Sealers

DIVISION 8—DOORS AND WINDOWS
08050 Basic Door and Window Materials and Methods
08100 Metal Doors and Frames

08110 Steel
08120 Aluminum
08130 Stainless Steel
08140 Bronze
08150 Preassembled Metal Door and Frame Units
08160 Sliding Metal Doors and Grilles
08180 Metal Screen and Storm Doors
08190 Metal Door Restoration

08200 Wood and Plastic Doors
08300 Specialty Doors

08310 Access Doors and Panels
08320 Detention Doors and Frames
08330 Coiling Doors and Grilles
08340 Special Function
08350 Folding Doors and Grilles
08360 Overhead Doors
08370 Vertical Lift Doors
08380 Traffic Doors
08390 Pressure-Resistant Doors

08400 Entrances and Storefronts
08410 Metal-Framed Storefronts
08450 All-Glass Entrances and Storefronts
08460 Automatic Entrance Doors
08470 Revolving Entrance Doors
08480 Balanced Entrance Doors
08490 Sliding Storefronts

08500 Windows
08510 Steel
08520 Aluminum
08530 Stainless Steel
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08540 Bronze
08550 Wood
08560 Plastic
08570 Composite
08580 Special Function
08590 Window Restoration and Replacement

08600 Skylights
08700 Hardware
08800 Glazing

08810 Glass
08830 Mirrors
08840 Plastic Glazing
08850 Glazing Accessories
08890 Glazing Restoration

08900 Glazing Curtain Wall
08910 Metal-Framed Curtain Wall
08950 Translucent Wall and Roof Assemblies
08960 Sloped Glazing Assemblies
08970 Structural Glass Curtain Walls
08990 Glazed Curtain Wall Restoration

DIVISION 9—FINISHES
09050 Basic Finish Materials and Methods
09100 Metal Support Assemblies
09200 Plaster and Gypsum Board
09300 Tile

09305 Tile Setting Materials and Accessories
09310 Ceramic
09330 Quarry
09340 Paver
09350 Glass Mosaics
09360 Plastic
09370 Metal
09380 Cut Natural Stone Tile
09390 Tile Restoration

09400 Terrazzo
09500 Ceilings

09510 Acoustical
09545 Specialty
09550 Mirror Panel Ceilings
09560 Textured
09570 Linear Wood
09580 Suspended Decorative Grids
09590 Ceiling Assembly Restoration

09600 Flooring
09610 Floor Treatment
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09620 Specialty Flooring
09630 Masonry
09640 Wood
09650 Resilient
09660 Static Control
09670 Fluid Applied
09680 Carpet
09690 Flooring Restoration

09700 Wall Finishes
09710 Acoustical Wall Treatment
09720 Wall Covering
09730 Wall Carpet
09740 Flexible Wood Sheets
09750 Stone Facing
09760 Plastic Blocks
09770 Special Wall Surfaces
09790 Wall Finish Restoration

09800 Acoustical Treatment
09810 Acoustical Space Units
09820 Acoustical Insulation and Sealants
09830 Acoustical Barriers
09840 Acoustical Wall Treatment

09900 Paints and Coatings
09910 Paints
09930 Stains and Transparent Finishes
09940 Decorative Finishes
09960 High-Performance Coatings
09970 Coatings for Steel
09980 Coatings for Concrete and Masonry
09990 Paint Restoration

DIVISION 10—SPECIALTIES
10100 Visual Display Boards
10150 Compartments and Cubicles
10200 Louvers and Vents
10240 Grilles and Screens
10250 Service Walls
10260 Wall and Corner Guards
10270 Access Flooring
10290 Pest Control
10300 Fireplaces and Stoves
10340 Manufactured Exterior Specialties
10350 Flagpoles
10400 Identification Devices
10450 Pedestrian Control Devices
10500 Lockers
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10520 Fire Protection Specialties
10530 Protective Covers
10550 Postal Specialties
10600 Partitions
10670 Storage Shelving
10700 Exterior Protection
10750 Telephone Specialties
10800 Toilet, Bath, and Laundry Accessories
10880 Scales
10900 Wardrobe and Closet Specialties

DIVISION 11—EQUIPMENT
11010 Maintenance Equipment
11020 Security and Vault Equipment
11030 Teller and Service Equipment
11040 Ecclesiastical Equipment
11050 Library Equipment
11060 Theater and Stage Equipment
11070 Instrumental Equipment
11080 Registration Equipment
11090 Checkroom Equipment
11100 Mercantile Equipment
11110 Commercial Laundry and Dry Cleaning Equip-

ment
11120 Vending Equipment
11130 Audiovisual Equipment
11140 Vehicle Service Equipment
11150 Parking Control Equipment
11160 Loading Dock Equipment
11170 Solid Waste Handling Equipment
11190 Detention Equipment
11200 Water Supply and Treatment Equipment
11280 Hydraulic Gates and Valves
11300 Fluid Waste Treatment and Disposal Equipment
11400 Food Service Equipment
11450 Residential Equipment
11460 Unit Kitchens
11470 Darkroom Equipment
11480 Athletic, Recreational, and Therapeutic Equipment
11500 Industrial and Process Equipment
11600 Laboratory Equipment
11650 Planetarium Equipment
11660 Observatory Equipment
11680 Office Equipment
11700 Medical Equipment
11780 Mortuary Equipment
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11850 Navigation Equipment
11870 Agricultural Equipment
11900 Exhibit Equipment

DIVISION 12—FURNISHINGS
12050 Fabrics
12100 Art
12300 Manufactured Casework
12400 Furnishings and Accessories
12500 Furniture
12600 Multiple Seating
12700 Systems Furniture
12800 Interior Plants and Planters
12900 Furnishings Restoration and Repair

DIVISION 13—SPECIAL CONSTRUCTION
13010 Air-Supported Structures
13020 Building Modules
13030 Special-Purpose Rooms
13080 Sound, Vibration, and Seismic Control
13090 Radiation Protection
13100 Lightning Protection
13110 Cathodic Protection
13120 Preengineered Structures
13150 Swimming Pools
13160 Aquariums
13165 Aquatic Park Facilities
13170 Tubs and Pools
13175 Ice Rinks
13185 Kennels and Animal Shelters
13190 Site-Constructed Incinerators
13200 Storage Tanks
13220 Filter Underdrains and Media
13230 Digester Covers and Appurtenances
13240 Oxygenation Systems
13260 Sludge Conditioning Systems
13280 Hazardous Material Remediation
13400 Measurement and Control Instrumentation
13500 Recording Instrumentation
13550 Transportation Control Instrumentation
13600 Solar and Wind Energy Equipment
13700 Security Access and Surveillance
13800 Building Automation and Control
13850 Detection and Alarm
13900 Fire Suppression
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DIVISION 14—CONVEYING SYSTEMS
14100 Dumbwaiters
14200 Elevators
14300 Escalators and Moving Walks
14400 Lifts
14500 Material Handling
14600 Hoists and Cranes
14700 Turntables
14800 Scaffolding
14900 Transportation

DIVISION 15—MECHANICAL
15050 Basic Mechanical Materials and Methods
15100 Building Services Piping
15200 Process Piping
15300 Fire Protection Piping
15400 Plumbing Fixtures and Equipment
15500 Heat-Generation Equipment
15600 Refrigeration Equipment
15700 Heating, Ventilating, and Air Conditioning Equip-

ment
15800 Air Distribution
15900 HVAC Instrumentation and Controls
15950 Testing, Adjusting, and Balancing

DIVISION 16—ELECTRICAL
16050 Basic Electrical Materials and Methods
16100 Wiring Methods
16200 Electrical Power
16300 Transmission and Distribution
16400 Low-Voltage Distribution
16500 Lighting
16700 Communications
16800 Sound and Video
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D. PROGRAMMING

1. Programming is a process leading to the statement of an
architectural problem and the requirements to be met in
offering a solution. It is the search for sufficient information
to clarify, to understand, to state the problem. Program-
ming is problem seeking and design is problem solving.

2. Use the Information Index on pp. 40–41 as a guide for cre-
ating a program for more complex projects.

3. Efficiency Ratios: Use the following numbers to aid in
planning the size of buildings in regard to the ratio of net
area to gross area:

Note: The gross area of a building is the total floor area based on
outside dimensions. The net area is based on the interior dimen-
sions. For office or retail space, net leasable area means the area of
the primary function of the building excluding such things as stair-
wells, corridors, mech. rooms, etc.

Common Range

Automobile analogy For buildings Ratios

Super Luxury Superb 50/50
Luxury Grand 55/45
Full Excellent 60/40
Intermediate Moderate 65/35
Compact Economical 67/33
Subcompact Austere 70/30

Uncommon Range

Meager 75/25
Spare 80/20
Minimal 85/15
Skeletal 90/10

See App. A, item B, p. 629 for common ratios by building type.

E 5 52
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The following table gives common breakdowns of unassigned
areas:

Circulation 16.0 20.0 22.0 24.0 25.0
Mechanical* 5.0 5.5 7.5 8.0 10.0
Structure and walls 7.0 7.0 8.0 9.5 10.0
Public toilets 1.5 1.5 1.5 2.0 2.5
Janitor closets 0.2 0.5 0.5 0.5 1.0
Unassigned storage 0.3 0.5 0.5 1.0 1.5

30.0% 35.0% 40.0% 45.0% 50.0%

* More detailed HVAC systems space requirements as a percentage of
building gross floor area:

Gross floor
area (SF) Residential Institutional Assembly Laboratory

10,000 6 8 9 11
50,000–100,000 4 6 7 10

500,000 3 4 5 8
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FUNCTION What’s
going to happen in
the building?

People
Activities
Relationships

FORM What is
there now & what
is to be there?

Site
Environment
Quality

ECONOMY
Concerns the
initial budget &
quality of
construction.

Initial budget
Operating costs
Lifecycle costs

TIME Deals with
the influences of
history, the
inevitability of
change from the
present, &
projections into
the future.

Past
Present
Future

GOALS What does the
client want to achieve &
why?

Mission
Maximum number
Individual identity
Interaction/privacy
Hierarchy of values
Security
Progression
Segregation
Encounters
Efficiency

Site elements
(Trees, water, open space,

existing facilities,
utilities)

Efficient land use
Neighbors
Individuality
Direction
Entry
Projected image
Level of quality

Extent of funds
Cost effectiveness
Maximum return
Return on investment
Minimize oper. costs
Maint. & oper. costs
Reduce life cycle costs

Historic preservation
Static/dynamic
Change
Growth
Occupancy date

FACTS
What is it all about?

Statistical data
Area parameters
Manpower/workloads
User characteristics
Community characteristics
Value of loss
Time-motion study
Traffic analysis
Behavioral patterns
Space adequacy

Site analysis
Climate analysis
Cope survey
Soils analysis
F.A.R. and G.A.C.
Surroundings
Psychological implications
Cost/SF
Building efficiency
Functional support

Cost parameters
Maximum budget
Time-use factors
Market analysis
Energy source-costs
Activities & climate

factors
Economic data

Significance
Space parameters
Activities
Projections
Linear schedule

INFORMATION INDEX 52
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CONCEPTS How
does the client
want to achieve the
goals?

Service grouping
People grouping
Activity grouping
Priority
Security controls
Sequential flow
Separated flow
Mixed flow
Relationships

Enhancement
Climate control
Safety
Special

foundations
Density
Interdependence
Home base
Orientation
Accessibility
Character
Quality control

Cost control
Efficient allocation
Multifunction
Merchandising
Energy

conservation
Cost control

Adaptability
Tailored/loose fit
Convertibility
Expansibility
Concurrent

scheduling

NEEDS How much money,
space, & quality (as
opposed to wants)?

Space requirements
Parking requirements
Outdoor space req’mts.
Building efficiency
Functional alternatives

Quality (cost/SF)
Environmental & site

influences on costs

Cost estimate analysis
Entry budget (FRAS)
Operating costs
Life cycle costs

Phasing
Escalation

PROBLEM What are the
significant conditions &
the general directions the
design of the building
should take?

Unique and important
performance
requirements which will
shape building design.

Major form considerations
which will affect building
design.

Attitude toward the initial
budget and its influence
on the fabric and
geometry of the building.

Implications of change/
growth on long-range
performance.
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E. CONSTRUCTION COSTS
Note: Most costs throughout this book (and this chapter) are
from the following sources:

These references are used throughout the book, although not
identified at specific places.

1. This book has rough cost data throughout. Rough costs
are boldface. Subcontractor’s overhead and profit, plus tax,
are included. Both material (M) and labor (L) are included,
usually with a general idea of percentage of each to the total
(100%). Because there is room for only one cost per “ele-
ment,” often an idea of possible variation (higher or lower)
of cost is given. Sometimes two numbers are given—the first
being for residential and the second for commercial. One
must use judgment in this regard to come up with a reason-
able but rough cost estimate. As costs change, the user will
have to revise costs in this book. The easiest way to do this
will be to add historical modifiers, published each year, by
various sources. The costs in this book are approx. costs at
mid-2002. Over the last few years costs have increased
about 2% to 3% per year. Be sure to compound when using
this rule of thumb. See p. 60 for compounding.

C 9 15 21 22 23 43 44 52 55

43

10210_Guthrie_01a_qxd.k  2/27/03  4:38 PM  Page 43



2. Cost Control and Estimating
Cost estimating can be time-consuming. It can also be dan-
gerous in that wrong estimates may require time-consuming
and expensive redesign. From the beginning of a project,
responsibility for cost control (if any) should clearly be
established. If the architect is responsible for doing esti-
mates, the architect should consider the following points:

a. Apples to Apples: In discussing costs and budgets
with clients and builders, the parties must be sure
they are comparing “apples to apples” (i.e., what is
included and excluded). Examples of misunder-
standings:

(1) Cost of land (is usually excluded).
(2) Financing costs (are usually excluded).
(3) Architectural/Engineering (A/E) fees (are

usually excluded).
(4) City or government fees (are usually ex-

cluded).
(5) Is site work included or excluded in a $/SF

estimate?
(6) Are Furniture, Fixture, and Equipment

(FF&E) costs included or excluded (usually
excluded)?

44 The Architect’s Portable Handbook
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b. Variables: The $/SF figures for various building
types shown in App. A, item D are for average sim-
ple buildings. They (as all other costs in this book)
may need to be modified by the following variables:

(1) Location. Modify costs for actual location.
Use modifiers often published or see App.
B, item V.

(2) Historical Index. If cost data is old, modify
to current or future time by often-published
modifiers.

(3) Building Size. The $/SF costs may need to
be modified due to size of the project (see
App. A, item C). Median sizes may be mod-
ified roughly as follows:

As size goes down, cost goes up by ratio of
1 to 2.

As size goes up, cost goes down by ratio of
3 to 1.

(4) Shape and Perimeter. Increases in perimeter
and more complicated shapes will cause
costs to go up. Where single elements are
articulated (e.g., rounded corners or differ-
ent types of coursing and materials in a
masonry wall), add 30% to the costs
involved.

(5) Height. As the number of stories goes up
the cost goes up due to structure, fire pro-
tection, life safety issues, etc. For each addi-
tional story add 1% to 5%.

(6) Quality of Materials, Construction, and
Design. Use the following rough guidelines
to increase or decrease as needed:

Automobile For
analogy buildings %

Super Luxury Superb +120
Luxury Grand +60
Full Excellent +20
Intermediate Moderate 100
Compact Economical −10
Subcompact Austere −20

Note: Quality from lowest to highest can
double the cost.
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(7) Familiarity. A builder’s familiarity (or lack
of) with a building or construction type will
affect price.

c. Costs (and construction scheduling) can be affected by
weather, season, materials shortages, labor practices.

d. Beyond a 20-mile radius of cities, extra transporta-
tion charges increase material costs slightly. This
may be offset by lower wage rates. In dense urban
areas costs may increase.

e. In doing a total estimate, an allowance for general
conditions should be added. This usually ranges
from 5 to 15%, with 10% a typical average.

f. At the end of a total estimate, an allowance for the
general contractor’s overhead and profit should be
added. This usually ranges from 10 to 20%. Market
conditions at the time of bidding will often affect
this percentage as well as all items. The market can
swing 10 to 20% from inactive to active times.

g. Contingencies should always be included in estimates
as listed below.On alterations or repair projects,20%
is not an unreasonable allowance to make.

h. Use rounding of numbers in all estimating items.
i. Consider using “add alternates” to projects where

the demand is high but the budget tight.These alter-
nates should be things the client would like but does
not have to have and should be clearly denoted in
the drawings.

j. It is often wise for the architect to give estimates in
a range.

k. Because clients often change their minds or things
go wrong that cannot be foreseen in the beginning,
it may pay to advise the client to withhold from his
budget a confidential 5 to 10% contingency. On the
other hand, clients often do this anyway, without
telling the architect.

l. Costs can further be affected by other things:
Government overhead ≈+100%
Award-winning designs are often ≈+200 to 300%

3. Cost Control Procedure
a. At the predesign phase or beginning of a project,

determine the client’s budget and what it includes, as
well as anticipated size of the building. Back out all
non construction costs such as cost of land, furniture
and fixtures, design fees, etc. Verify, in a simple for-
mat (such as $/SF, $/room, etc.) that this is reason-
able. See App. A, item D for average $/SF costs as a
comparison and guideline.
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b. At the schematic design phase, establish a reason-
able $/SF target. Include a 15% to 20% contingency.

c. At the design development phase, as the design
becomes more specific, do a “systems” estimate. See
Part 13 as an aid. For small projects a “unit” estimate
might be appropriate, especially if basic plans (i.e.,
framing plans, etc.) not normally done at this time
can be quickly sketched up for a “take off.” Include
a 10% to 15% contingency.

d. At the construction documents phase, do a full unit
“take off.” For smaller projects, the estimate in the
last phase may be enough, provided nothing has
changed or been added to the project. Add a 5% to
10% contingency.

4. Typical Single Family Residential Costs
The following guidelines may be of use to establish $/SF
budgets (site work not included):

a. Production Homes:
(1) For a 4-corner, 1600-SF tract house, wood

frame, 1 story, with a 450-SF garage, no base-
ment, and of average quality, use $80.00/SF
(conditioned area only) as a 2002 national
average. Break down as follows:

Item % of total
1 General (including O & P) 18.5
2 Sitework (excavation only) 1
3 Concrete 6
4 Masonry (brick hearth and veneer) .5
5 Metals
6 Wood

Rough carpentry 17
Finish carpentry and cabinetry 7.5

7 Thermal and moisture protection 
(insulation and roofing) 8

8 Doors, windows, and hardware 4
9 Finishes (stucco, wallboard, resilient flooring,

carpet, paint) 19
10 Specialties (bath accessories and prefab 

fireplace) 1.5
11 Equipment (built-in appliances) 1.5

12–14
15 Mechanical

Plumbing 8
HVAC (heating only) 3

16 Electrical (lighting and wiring) 4.5
100%
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(2) Modify as follows:
(a) For “tract” or repetitive homes

deduct 8% to 12%.
(b) For perimeter per the following

percentages:
For 6 corners, add 21⁄2%. For 8 cor-
ners add 51⁄2%. For 10 corners add
71⁄2%.

(c) Quality of construction:
Low Average Good Best

−15% 100% +20% +50%
(d) Deduct for rural areas: 5%
(e) Add for 1800-SF house 

(better quality) 4%
(f) Add for 2000-SF house 

(better quality) 3%
(g) Deduct for over 2400 SF 

house (same quality) 3%
(h) Add for second story 4%
(i) Add for split-level house 3%
(j) Add for 3-story house 10%
(k) Add for masonry con-

struction 9%
(l) Add for finished basement 40%
(m) Adjust for garage (larger or

smaller): use 50% of house area.
(n) No site work is included!

b. Custom-designed homes:
The result of the above can be easily increased by 1⁄3
to 3⁄4 or more. See App. A, p. 640.

5. Typical Commercial Building Cost Percentages

Division New const. Remodeling

1. General requirements 6 to 8% about 30%
2. Sitework 4 to 6% for general
3. Concrete 15 to 20%
4. Masonry 8 to 12%
5. Metals 5 to 7%
6. Wood 1 to 5%
7. Thermal and moisture 

protection 4 to 6%
8. Doors, windows, and 

glass 5 to 7%
9. Finishes 8 to 12% about 30%

10210_Guthrie_01a_qxd.k  2/27/03  4:38 PM  Page 48



Construction Costs 49

10. Specialties* for divisions
11. Equipment* 8–12
12. Furnishings* 6 to 10%*
13. Special construction*
14. Conveying systems* about 40%
15. Mechanical 15 to 25% for mech.
16. Electrical 8 to 12% and elect.

Total 100%
*Note: FF&E (Furniture, Fixtures, and Equipment) are often excluded
from building cost budget.

6. Guidelines for Tenant Improvements (TI) in Office Build-
ings:

a. To estimate costs: take full building costs (see App.
A, item D) less cost for frame and envelope and less
1⁄2 mech. and elect. costs.

b. Costs for office building frames and envelopes: $30
to $40/SF.

c. TI costs range from $25 to $50/SF (in extreme cases
$100/SF).

7. Guidelines for Demolition
a. Total buildings: $4 to $6/SF
b. Separate elements: 10% to 50% of in-place const.

cost of element.
8. Project Budgeting

a. At the programming phase a total project budget
may be worked using the following guidelines:

A. Building cost (net area/efficiency 
ratio = Gross area, gross area × unit 
cost = building cost) $

B. Fixed equipment costs (lockers, kit.
equip., etc.), percent of line A* $

C. Site development cost, percent of 
line A* $

D. Total construction cost (A + B + C) $
E. Site acquisition and/or demolition 

(varies widely) $
F. Movable equipment (such as furnish-

ings) percent of line A* (also see 
App. A, item F) $

G. Professional fees (vary from 5 to 
10%), percent of line D $

H. Contingencies* $
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I. Administrative costs (varies from 
1 to 2%), percent of line D† $

J. Total budget required (D, E–J) $

*Percentages: low: 5%; medium: 10–15%; high: 20%; very
high: 30%.
†For those projects which require financing costs, the following
can be added to line J:

1. Permanent financing (percent of line K):
Investment banker fee varies, 2.5 to 6%.
Construction loan fee varies, 1 to 2%.

2. Interim financing (percent of line D):
Approximately varies 1.5 to 2% above prime rate per year
of construction time.

b. How to work back from total budget to building
cost:

The following formula can be used to reduce line K,
total budget required, to line A, building cost:

Building cost =

X = 1 + ( % fixed equip.) + ( % site dev.)
Y = (X) [( % contingency) + ( % prof. fee) +

( % adm. cost)]
Z = % movable equipment

Where necessary, interim financing percentage is
added to admin. cost. Permanent financing percent-
age becomes T in X + Y + Z + T.

9. Use Architectural Areas of Buildings as an aid in cost-
estimating. See Architectural Area Diagram on p. 51. When
doing “conceptual” estimating, by comparing your project
to already built projects you can come up with an adjusted
area by adding or subtracting the ratios shown.

total budget − site acquisition

X + Y + Z
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10. Value Engineering and Life Cycle Costing
The initial cost of a building appears quite insignificant
when compared to the costs incurred to operate and main-
tain a building over its lifetime. For a 20- to 30-year period,
these costs can amount to three or four times the initial
cost of construction. Even more impressive is the differ-
ence between initial cost and the long-term salary expen-
ditures needed for carrying out the work in a building,
where the amount spent on salaries of the people working
in the building over 20 to 30 years can be up to 50 times, or
more, the initial construction costs.

Considering the overall life of buildings, value engineering
(or life cycle costing) is a systematic approach to obtaining
optimum value for every dollar spent. Value is defined as “the
best cost to accomplish the function.” From this, value engi-
neering then becomes the identification of unnecessary cost.
Through a system of investigation, unnecessary expenditures
are avoided, resulting in improved value and economy.

In contrast to cost cutting by simply making smaller quan-
tities or using fewer or cheaper materials, this approach ana-
lyzes function or method by asking these questions:

What is it?
What does it do?
What must it do?
What does it cost?
What other material or method could be used to do the

same job?
What would the alternative cost?

Life cycle costing looks at the total cost over the life of the
building as expressed by the following formula: life cycle
cost = first cost + maintenance and repair costs + operation
costs + replacement costs − salvage value.

54 The Architect’s Portable Handbook
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F. CONSTRUCTION ADMINISTRATION

1. Estimate Scheduling
Project value Const. time
Under $1,400,000 10 months
Up to $3,800,000 15 months
Up to $19,000,000 21 months
Over $19,000,000 28 months

a. Design time runs 25 to 40% of construction time (up
to 100% for small projects, including government
review).

b. Construction time can be affected by building type.
Using commercial buildings as a base, modify other
building types: industrial: −20%; research and devel-
opment: +20%; institutional buildings: +30%.

2. Site Observation Visits
a. Take:

(1) Plans
(2) Specifications
(3) Project files
(4) Tape
(5) Chalk
(6) Camera
(7) Paper
(8) Pencil
(9) Calculator
(10) Checklist
(11) Field report forms
(12) Flashlight
(13) String line and level

b. List of site visits for small projects:
(1) After building stake out is complete
(2) After excavation is complete and rebar is

in place
(3) When foundation is being placed
(4) When under-slab utilities and stem walls

under way
(5) During placement of concrete slab on

grade
(6) During masonry and/or frame walls and

columns and layout of interior walls
(7) During floor and/or roof framing, wall and

roof sheathing (prior to roofing)
(8) During roofing
(9) During drywall, plaster, plumbing, electri-

cal, and HVAC
(10) At end of project (punch list)

57
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G. PRACTICAL MATH AND TABLES

1. General: Architects seldom have to be involved in higher
mathematics, but they need to continually do simple math
well.

a. For rough estimating (such as in this book) an accu-
racy of more than 90% to 95% is seldom required.

b. Try to have a rough idea of what the answer should
be, before the calculation (i.e., does the answer
make sense?).

c. Round numbers off and don’t get bogged down in
trivia.

d. For final exact numbers that are important (such as
final building areas), go slow, and recheck calcula-
tions at least once.

2. Decimals of a Foot Decimals of an Inch
1″ = .08′ 7″ = .58′ 1⁄8″ = 0.125″ 5⁄8″ = 0.625″
2″ = .17′ 8″ = .67′ 1⁄4″ = 0.250″ 3⁄4″ = 0.750″
3″ = .25′ 9″ = .75′ 3⁄8″ = 0.375″ 7⁄8″ = 0.875″
4″ = .33′ 10″ = .83′ 1⁄2″ = 0.50″ 1″ = 1.0″
5″ = .42′ 11″ = .92′
6″ = .50′ 12″ = 1.0′

3. Simple Algebra
One unknown and A = B/C Example: 3 = 15/5

two knowns B = A × C 15 = 3 × 5
C = B/A 5 = 15/3

4. Ratios and Proportions
One unknown and three knowns (cross multiplication)

= Example: = 20 X = 5 × 10

A × C = B × D X = = 2.5 X = 2.5

5. Exponents and Powers
106 = 10 × 10 × 10 × 10 × 10 × 10 = 1,000,000 [1 + 6 zeros]
100 = 1.0
10−6 = 0.000001 [6 places to left or 5 zeros in front of 1]

6. Percent Increases or Decreases
50% increase = 1⁄2 increase, use × 1.5

100% increase = double, use × 2.0
200% increase = triple, use × 3.0
Example: 20 increases to 25
To find percent increase: 25–20 = 5 [amount of increase]

5/20 = 0.25 or 25% increase

5 × 10
�

20

10
�
20

X
�
5

C
�
D

A
�
B ↔↔

18 24 37 38 54 60
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7. Compounding: A continual increase or decrease of num-
bers, over time, that builds on itself. Regarding construction,
the % increase of cost per year compounds over the years.
Thus, an item that costs $1.00 in 2000 will cost $2.10 in 2005
with 2% inflation per year.

8. Slopes, Gradients, and Angles
(see p. 51)

a. Slope = “rise over run” or

% slope = × 100

b. Gradient:
as ratios of rise to run
Example: expressed as 1 in 12
for a ramp or as 4″ in 12″ for
a roof

c. Angle
Degree angle based on rise
and run (see properties of
right angles)

9. Properties of Right Angles
45° angle: a2 + b2 = c2

or c � �a2 + b2

For other right angles use simple
trigonometry:

Sin angle = opp/hyp
Cos angle = adj/hyp
Tan angle = opp/adj

Use calculators with trig. functions or
table on p. 62.

10. Properties of Non-Right Angles
Use law of sines:

a/sin A = b/sin B = c/sin C
a/b = sin A/sin B, etc.

11. Properties of Circles
A circle is divided into 360 equal parts, called degrees (°).
One degree is an angle at the center of a circle which cuts off
an arc that is 1⁄360 of the circumference. Degrees are subdi-
vided into 60 minutes (′). Minutes are subdivided into 60
seconds (″). See p. 73.

12. Geometric Figures
Use the formulas on pp. 66–72 to calculate areas and vol-
umes. Also, see p. 255 for excavation volumes.

rise
�
run
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13. Equivalents of Measure
See pp. 75 through 82.

Table of Slopes, Grades, Angles

% Slope Inch/ft Ratio Deg. from horiz.

1 1⁄8 1 in 100
2 1⁄4 1 in 50
3 3⁄8
4 1⁄2 1 in 25
5 5⁄8 1 in 20 3
6 3⁄4
7 7⁄8
8 approx. 1 approx. 1 in 12
9 11⁄8

10 11⁄4 1 in 10 6
11 13⁄8 approx. 1 in 9
12 11⁄2
13 15⁄8
14 13⁄4
15 8.5
16 17⁄8
17 2 approx. 2 in 12
18 21⁄8
19 21⁄4
20 23⁄8 1 in 5 11.5

25 3 3 in 12 14
30 3.6 1 in 3.3 17
35 4.2 approx. 4 in 12 19.25
40 4.8 approx. 5 in 12 21.5
45 5.4 1 in 2.2 24

50 6 6 in 12 26.5
55 65⁄8 1 in 1.8 28.5
60 71⁄4 approx. 7 in 12 31
65 73⁄4 1 in 11⁄2 33

70 83⁄8 1 in 1.4 35
75 9 1 in 1.3 36.75

100 12 1 in 1 45
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15. Perspective Sketching
Use the following simple tech-
niques of using 10′ cubes and lines
at 5′ with diagonals for quick per-
spective sketching:

a. The sketches shown on p. 64
show two techniques:
The first establishes diagonal
Vanishing Points (VP) on the
Horizon Line (HL) at certain distances from the
VPs, also on the HL. 10′ cubes are established by pro-
jecting diagonals to the VPs. The second technique
has 10′ cubes and lines at the 5′ half-points. Diago-
nals through the half-points continue the 5′ and 10′
module to the VPs.The vertical 5′ roughly equals eye
level, and establishes the HL. Half of 5′ or 2.5′ is a
module for furniture height and width.

b. The sketch shown on p. 65 illustrates the most com-
mon way people view buildings. That is, close up, at
almost a one-point perspective. To produce small
sketches, set right vertical measure at 1⁄2″ apart.Then,
about 101⁄2″ to left, set vertical measure at 3⁄8″ apart.
This will produce a small sketch to fit on 81⁄2 × 11
paper. Larger sketches can be done using these pro-
portions.
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H. BUILDING LAWS

1. Zoning

Zoning laws vary from city to city. The following checklist is
typical of items in a zoning ordinance:

a. Zone
b. Allowable use
c. Prohibited uses or special-use permit
d. Restrictions on operation of facility
e. Minimum lot size
f. Maximum building coverage
g. Floor area ratio
h. Setbacks for landscaping
i. Building setbacks: front, side, street, rear
j. Required open space
k. Maximum allowable height
l. Restrictions due to adjacent zone(s)
m. Required parking
n. Required loading zone
o. Parking layout restrictions
p. Landscape requirements
q. Environmental impact statements
r. Signage
s. Site plan review
t. “Design review”
u. Special submittals required for approval and/or

hearings:
(1) Fees
(2) Applications
(3) Drawings
(4) Color presentations
(5) Sample boards
(6) List of adjacent land owners
(7) Other

v. Although not part of the zoning ordinance, private
covenants, conditions, and restrictions (CC&Rs)
that “run” with the land should be checked.

w. Other

L 57

85
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2. Code Requirements for Residential Construction
(2000 International Residential Code [IRC]) 
Note: This section approximately follows the NFPA 5000
code for one- and two-family dwellings.

Use the following checklist for residences.The IRC applies
to one- and two-family dwellings and multiple single-family
dwellings (townhouses) not more than three stories in height
with a separate means of egress,and their accessory structures.

a. Location on lot
(1) Openings must be 3′ from property line.
(2) Walls less than 3′ must be 1-hour construc-

tion.
(3) Windows not allowed in exterior walls with

a fire separation distance of less than 3′ to
the closest interior lot line (usually with
parapet).

b. Separation between abutting dwelling units must be
a minimum of 1-hour construction (1⁄2 hour, if sprin-
klered).

c. Windows and ventilation
(1) Habitable rooms must have natural light

and ventilation by exterior windows with
area of at least 8% of floor area and 4%
must be openable.

(2) Bath and laundry-type rooms must have
ventilation by operable exterior windows
with area of not less than 3 SF (1⁄2 to be
openable).

(3) In lieu of natural ventilation and light,
mechanical ventilation and artificial light-
ing may be used.

(4) Any room may be considered as a portion
of an adjoining room when at least 1⁄2 of area
of the common wall is open and provides an
opening of at least 1⁄10 of floor area of inte-
rior room, but not less than 25 SF.

d. Room dimensions
(1) At least one room shall have at least 120 SF.
(2) Other habitable rooms, except kitchens,

shall have at least 70 SF.
(3) Kitchens shall be 50 SF, min.
(4) Habitable rooms shall be 7′-0″ min. in any

direction.
e. Ceiling heights

(1) 7′-0″ min.

36
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(2) Where exposed beams not less than 4′
apart, bottoms may be at 6′-6″.

(3) Basements, 6′-8″ min. (6′-4″ to obstructions).
(4) At sloped ceilings, the min. ceiling height is

required at only 1⁄2 the area, but never less
than 5′ height.

f. Sanitation
(1) Every dwelling unit (DU) shall have a

kitchen with a sink.
(2) Every DU shall have a bath with a WC,

lavatory, bathtub, or shower.
(3) Every sink, lavatory, bathtub, or shower

shall have hot and cold running water.
g. Fire warning system (smoke alarms)

(1) Each dwelling must have smoke detectors
in each sleeping room and the corridor to
sleeping rooms, at each story (close proxim-
ity to stairways), and basement.

(2) In new construction, smoke detectors are to
be powered by building wiring but equipped
with backup battery.

(3) If there are additions or alterations (partic-
ularly sleeping rooms being added), the
entire building shall have smoke detectors.

(4) In existing buildings, smoke detectors may
be solely battery-operated.

h. Exits
(1) Doors

(a) At least one entry door shall be 3′
wide by 6′-8″ high.

(b) There must be a floor or landing at
each side of each door, not more
than 1.5″ below door.

(c) At exterior, doors may open at the
top step; if door swings away from
step and step or landing is not lower
than 8″, the landing must be the
width of stair or door and 36″ deep.

(2) Emergency exits
(a) Sleeping rooms and basements

with habitable space shall have at
least one door or operable window.

(b) The window shall be operable from
the inside and have a minimum
clear opening of 5 SF at grade or
5.7 SF (24″ high min., 20″ wide
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min.) and sill shall not be higher
than 44″ above floor.

(c) Bars, grilles, or grates may be
installed provided they are opera-
ble from inside.

(d) Windows, below grade, shall have a
window well.The window shall be 9
SF clear opening, min., and 36″ min.
dimension.When the well is deeper
than 44″, must provide ladder or
steps.

i. Stairs
(1) Min. width = 36″
(2) Max. rise: 73⁄4″
(3) Min. run (tread): 10″
(4) Variation in treads and risers = 3⁄8″ max.
(5) Winders: require 10″-wide tread at 12″ out

from narrow side, but never less than 6″
width at any point.

(6) Spiral stairs to have 26″ min. clear width.
Tread at 12″ from center to be 71⁄2″. Max.
riser = 91⁄2″. Min. headroom = 6′-6″.

(7) Handrails
(a) At least one, at open side, continu-

ous, and terminations to posts or
walls

(b) Height: 34″ to 38″ above tread nos-
ing

(c) Clearance from walls: 11⁄2″
(d) Width of grip: 11⁄4″ to 25⁄8″

(8) Headroom: 6′-8″ min.
(9) Guardrails at floor or roof openings, more

than 30″ above grade. Height = 36″ min. If
open, submembers must be spaced so a 4″
dia. sphere cannot pass through.

j. Garages and carports
(1) Must separate from DU (dwelling unit)

with 1⁄2″ gypboard on garage side and 13⁄8″ SC
wood or 20 min. doors.

(2) No openings to sleeping areas allowed.
(3) Carports (open on at least two sides) do not

apply (for above).
(4) Floors must slope to garage door opening.

k. Fireplaces: See p. 450.
l. Glazing: See p. 420.
m. Electrical: See p. 621.
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n. Residential Accessibility (per IBC [see p. 93] and
ADA [ANSI]):

(1) Facilities not required to be accessible:
(a) Detached 1- and 2-story DU (this

section).
(b) R-1 (boarding houses and hotels,

occupancies with not more than 5
rooms for rent.

(c) R-2 and -3 (apartments and resi-
dential care homes) with 3 or fewer
DU in a building.

(d) Existing residential buildings.
(e) Where unfeasible due to steep

grade (see IBC).
(2) Facilities required to be accessible:

(a) Types of accessible units (seeANSI):
TypeA are to be fully accessible.
Type B are to be minimally
accessible.

(b) Scoping:
Occupancies R-2 and -3 with
more than 5 DUs, every DU to
be Type B, except:
R-2 with more than 20 DU:
20% (but at least one) to be
Type A. Where no elevator,
need only be on ground floor.
Must have 20% of ground floor
DUs as Type B.
Sleeping accommodations (for
all R, not exempted):

90 The Architect’s Portable Handbook

Accessible units Total units
1 1–25
2 26–50
4 51–75
5 76–100
7 101–150
8 151–200

10 201–300
12 301–400
13 401–500
3% 501–1000

30 + 2 for ea 100 over 1000
over 1000
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3. Building Code

Note: See p. xiii for an overview.
The new 2000 International Building Code (IBC) has

drastically changed from the 1997 UBC. (The new NFPA
5000 Building Code [NFPA] is very similar to the IBC.) Con-
figuring a building that meets fire safety code requirements
is one of the architect’s primary responsibilities. This hand-
book uses the IBC as a guide (with NFPA differences noted).

Steps in preliminary code check are:
a. Establish occupant load.
b. Determine occupancy classification.Also see App.

A, item A.
c. Determine allowable area.
d. Determine allowable height.
e. Determine construction type.
f. Determine hourly ratings of construction compo-

nents for construction type.
g. Determine required occupancy separations.
h. Determine sprinkler requirements.
i. Determine if area separation walls are needed.
j. Determine if exterior walls and windows have

adequate fire protection.
k. Check exiting.
l. Other.

a. Occupant Load: Determining the occupant load
from IBC Table A (p. 113), in some cases, will help
determine the occupancy classification. When start-
ing a project, a listing of architectural program areas
by name, along with their floor area, occupant clas-
sification, and occupant load, should be compiled.
Total the occupant load to help determine the final
overall occupancy classification and for design of
the exiting. The occupancy load can always be
increased, provided the design of the building fol-
lows suit. (For the NFPA code, see Table A-A, p. 134.
Note that NFPA waiting areas assembly requires 3
SF/occupant.)

b. Occupancy Classification: The building code classi-
fies buildings by occupancy in order to group similar
life-safety problems together. Table B (p. 115) pro-
vides a concise definition of all occupancy classifica-
tions. In some cases, refer to the code for more detail.
(For the NFPA code, refer to Table B-B, p.136.)

3433XP 49
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c. Allowable Floor Area: Table C on p. 118 coordi-
nates the level of fire hazard (occupancy classifica-
tion) to the required fire resistance (allowable
construction type) by defining the allowable area
for a one-story building. High-hazard occupancies
(such as large assembly) can be built only out of the
most fire-resistant construction types. A lower-risk
occupancy (such as a small office or a residence)
can be built using any of the construction types.The
allowable construction types are listed from left to
right in approximately decreasing order of fire
safety and construction cost. Thus choosing a con-
struction type as far to the right as possible will
provide the least expensive construction for the
type of occupancy in question. Another way to
reduce costs is to compartmentalize, per p. 97, thus
creating two less expensive buildings with a fire
wall between.

The floor area of a single basement need not be
considered in the calculation of a building’s total
area, provided the area of the basement does not
exceed that permitted for a one-story building. (For
the NFPA code, see Table C-C, p. 138.)

(1) Area Increases:
(a) Sprinkler: Allowable areas in Table

B may be increased by adding auto-
matic sprinklers, as follows:

For one-story buildings: 300%
increase (Is = 300%).
For multistory buildings: 200%
increase (Is = 200%).

(The NFPA code also uses this.)
(b) Frontage: Allowable areas (except

H-1, -2, or -3) can be further
increased by keeping the building
away from property lines and other
buildings (a property line is usually
assumed halfway between two
buildings for the purposes of yard
separation), or by facing on a wide
street. Since this is a credit for
enabling fire truck access (as well
as for distance from fires at other
buildings) these yard widths may
have to be measured from the edge
of roof overhangs.
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This increase is allowed only
when 25% (or more) of the build-
ing’s perimeter adjoins an open
space of 20 ′ (or more) width.
Increase for frontage is calculated
by:

If = 100 [F/P − 0.25] W/30

Where: If = % area increase
F = perimeter of building

which fronts on min.
20′-wide open space

P = perimeter of building
W = min. width of open

space (must be at 
least 20′) W/30 must
not exceed 1 (or 2 in
some cases)

(NFPA requires one for higher-
hazard occupancies; otherwise it al-
lows two. In this case the 75% max.
in the following table can become
150%.)

For rough planning, use the fol-
lowing table of approximations:

Open Yard Area 
perimeter width increase

50% 20′ 16.5%
50% 30′ 25%
75% 20′ 33.3%
75% 30′ 50%

100% 20′ 50%
100% 30′ 75% max.

(c) Area of increase for both frontage
and sprinkler is then calculated:

Aa = At + [ + ]
Where: Aa = adjusted allowable

area per floor, in SF
At = area per floor per

Table B
If = from preceding 

formula

At Is

100
At If

100
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Is = increase due to sprin-
klers, per (a), above

(The NFPA code uses a similar
method, but may give you 5 to 10%
additional area.)

(d) Unlimited area buildings and other
area increases:
(The NFPA is similar, but the code
must be checked for each occu-
pancy.)

(i) Unlimited area Buildings
permitted under the fol-
lowing conditions:

One-story F-2 or S-2
with min. 60′ yard of
any construction type.
One-story sprinklered
Groups A-4, B, F, M, or
S with 60′ yard (sprin-
klers may be omitted
from participant areas
of A-4 under specific
conditions).
Two-story sprinklered
B, F, M, or S uses with
min. 60′ yards.

(ii) Reduction of 60′ open
space down to 40′ permit-
ted where:

Reduction applies to
≤75% of building pe-
rimeter.
Exterior walls at re-
duced open space to be
min. 3 hours.
Openings in wall at
reduced open space to
be protected 3 hours.

(iii) In Groups F and S, fire
areas of H-2, H-3, and H-4
permitted up to 10% of
floor area where located 
at building perimeter, but
not to exceed areas based
on Table C plus frontage
increases.
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Such fire areas not
located at perimeter only
permitted up to 25% of
area limitations of Table C.

(iv) Group E occupancies may
be unlimited in area where:

One story.
Type II, IIIA, or IV
construction.
Each classroom to have
two means of egress,
with at least one to out-
side.
Sprinklered.
60′ yards.

(v) Motion picture theaters may
be unlimited in area where:

One story.
Type I or II construc-
tion.
Sprinklered.
60′ yards.

(2) Compartmenting: A building may be split
into compartments (or “fire areas”) creat-
ing one or more smaller separate buildings.
This is done by fire walls which, in most
cases, must extend 18″ beyond exterior
walls and from the foundation to 30″ above
the roof. (The NFPA code also has this.)

d. Allowable Building Height: Table C specifies the
maximum number of stories that can be built in a
particular construction type. By credit for sprinklers,
height may be increased as follows:

(1) Group R occupancies protected with resi-
dential-type sprinklers are allowed height
increase of 1 story and 20′ permitted up to a
limit of 4 stories or 60′.

(2) All other sprinklered occupancies, height
values in Table C permitted to be increased
by 1 story and 20′.

(3) Height increases for sprinklered buildings
are in addition to the area increases
(except for I-2 [of Type II-B, III, IV, or V
construction] and Group H-1, -2, -3, or -5
occupancies).
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(The NFPA code follows these specifications
but must check each occupancy type.)

e. Construction Type: Based on the preceding, you can
now select the construction type. Construction types
are based on whether or not the building construc-
tion materials are combustible or noncombustible,
and on the number of hours that a wall, column,
beam, floor, or other structural element can resist
fire. Wood is an example of a material that is com-
bustible. Steel and concrete are examples of noncom-
bustible materials. Steel, however, will lose structural
strength as it begins to soften in the heat of a fire.

There are two ways that construction can be resis-
tant to fire. First it can be fire-resistive—built of a
monolithic, noncombustible material like concrete
or masonry. Second, it can be protected—encased in
a noncombustible material such as steel columns or
wood studs covered with gypsum plaster, wallboard,
etc.

The following are the construction types per the
IBC:

Type I and Type II (fire-resistive) construction is
noncombustible, built from concrete, masonry,
and/or encased steel, and is used when substan-
tial hourly ratings (2 to 3 hours) are required.
Type II-B construction is of the same materials
as already mentioned, but the hourly ratings are
lower. Light steel framing would fit into this cat-
egory.
Type III-A, IV, V-A construction has noncom-
bustible exterior walls of masonry or concrete,
and interior construction of any allowable
material including wood.
Type IV construction is combustible heavy tim-
ber framing. It achieves its rating from the
large size of the timber (2″ to 3″ thickness,
min., actual). The outer surface chars, creating
a fire-resistant layer that protects the remain-
ing wood. Exterior walls must be of noncom-
bustible materials.
Type V-B construction is of light wood framing.

Note: As the type number goes up, the cost of con-
struction goes down, so generally use the lowest
construction type (highest number) the code allows.

The NFPA code is basically the same except the
subcategories are changed as follows:

10210_Guthrie_01a_qxd.k  2/27/03  4:39 PM  Page 98



Building Laws 99

IBC I II III IV V
A B A B A B — A B

NFPA I II II II III III IV V V
442 222 111 000 211 200 2HH 111 000

(332)

Note that the NFPA 3-digit subcategories (XXX)
represent hourly ratings for exterior walls, columns,
and floor structure.

f. Hourly Ratings: See Table D for specific require-
ments of each construction type. See p. 122 on how
to achieve these ratings.
(For the NFPA, see Table D-D, p. 141.)

g. Occupancy Separations: For hourly ratings, these
are determined from Table E. Most buildings will
have some mix of occupancies. If one of the occu-
pancies is a minor area and subservient to the major
one, the whole building can often be classified by
the major occupancy. It will then have to meet the
requirements of the more restrictive occupancy, but
no separating walls will be necessary.

(For the NFPA see Table E-E on p. 146.The NFPA
code allows for subservient occupancies to be up to
25% of the building area.)

h. Sprinkler Requirements: A sprinkler system can be
used to substitute for 1-hour construction if it is not
otherwise required by the code and is not used for
area or height increases. However, in most cases,
exit access corridors, exit stairs, shafts, area separa-
tion walls and similar structures must maintain their
required fire protection.

A sprinkler system is the most effective way to
provide life and fire safety in a building. The IBC
requires fire sprinklers in the following situations:

Assembly occupancies: Sprinklers to be pro-
vided throughout Group A areas as well as all
floors between Group A and level of exit dis-
charge, where:

A-1 uses exceeding 12,000 SF, or occupant
load > 300.
A-2 uses where fire area exceeds 5000 SF, or
occupant load > 300.
A-3 uses where fire area exceeds 12,000 SF
or occupant load > 300.
A-4 same as A-3, with exemption for partic-
ipant sports areas where main floor located
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at level exit discharge of main entrance and
exit.
A-5 concession stands, retail areas, press
boxes, and other accessory use areas > 1000
SF.

Educational occupancies, where floor area
exceeds 20,000 SF or schools below exit dis-
charge level, except where each classroom has
one exit door at ground level. (The NFPA also
requires sprinklers when 4 or more stories.)
Commercial and industrial uses:

Groups F-1 and S-1 where their fire areas >
12,000 SF, or where > 3 stories, or where >
24,000 SF total of all floors.
Repair garages under the following condi-
tions:

Buildings ≥ 2 stories, including base-
ments where fire area > 10,000 SF.
Buildings of one story where fire area >
12,000 SF.
Buildings with repair garage in base-
ment.

S-2 enclosed parking garage, unless located
under Group R-3.
Buildings used for storage of commercial
trucks or buses where fire area exceeds
5000 SF.

Hazardous (H) occupancies.
Institutional (I) occupancies. (The NFPA re-
quires day care to be sprinklered for 20,000-SF
compartments, 2 or more stories, and where chil-
dren are under 2 years of age. Ambulatory
Health Care requires sprinklers at 2 or more sto-
ries [of certain construction types].)
Mercantile (M) occupancies where:

Fire area > 12,000 SF.
More than 3 stories high.
Total fire area on all floors (including mez-
zanines) > 24,000 SF. (This does not apply
with NFPA.)

Residential occupancies:
R-1 hotel uses, regardless of number of sto-
ries or guest rooms (except motels where
guest rooms not more than 3 stories above
lowest level of exit discharge and each guest
room has at least one door direct to exterior

100 The Architect’s Portable Handbook
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egress). (The NFPA requires sprinklers in
any occupancies placed below apartments.)
R-2 apartment house, congregate residence
uses more than 2 stories in height, including
basements, or having more than 16 DUs per
fire area.
R-4 residential care or assisted living facili-
ties having more than 8 occupants per fire
area. (The NFPA requires total sprinklers.)

All occupancies without sufficient fire depart-
ment access through outside wall at basement or
floor in excess of 1500 SF (Group R-3 and
Group U excluded). Sufficient access is 20 SF 
of openings with a minimum dimension of 30″
per 50 LF of wall. If these openings are on only
one side, the floor dimension cannot exceed 75′
from the opening. Furthermore, sprinklers are
required in buildings with a floor level that is
located 55′ above the lowest level of fire truck
access (excluding airport control towers, open
parking garages, and F-2 occupancies).
Miscellaneous: Rubbish and linen chutes;
nitrate film storerooms; and combustible-fiber
storage vaults, atriums, and stages.

See p. 533 for sprinkler installations.
i. Fire Areas, Walls, Barriers, and Partitions:

Fire Areas: Create separate compartments that
are enclosed by fire-resistance-rated elements.
These compartments may be due to occupancy
separations (per g, above), or may be chosen by
the architect to obtain greater building size
(where each compartment is a separate building).
Fire-Resistance-Rated-Elements:

Fire Walls: A rated wall (to enclose fire
areas) with protected openings that extends
continuously from foundation to or through
roof (with some exceptions). A collapse
from fire on one side will not allow collapse
on the other. Used for fire compartments to
allow larger buildings. See c (2), above. See
Table F for required ratings of fire walls.

(The NFPA code requires all fire walls to
be at least 2 hours.)
Fire Barriers: A rated wall used for required
occupancy separations (see Table E). Note
that the rating can be reduced 1 hour
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(except H and I-2 occupancies) when a
sprinkler system is used (even if sprinkler is
required). Also used to enclose vertical exit
enclosures, exit passageways, horizontal
exits, and incidental use areas. Floors that
support barriers must be of the same rating
(except for some incidental use separa-
tions). If building is sprinklered, there is no
limit on openings or fire doors; otherwise,
the openings are limited to 25% of the
length of wall (a single opening is limited to
120 SF). This also applies to fire walls.
Openings must be rated per Table G on
page 129.

(See Table F-F on p. 143 for NFPA rated
openings.)
Fire Partitions:

One-hour rated walls for:
Protected corridors, where re-
quired by Table H (see p. 130).
Separate dwelling units (DUs).
Separating guest rooms in R-1.
Separating tenant spaces in covered
malls.

Half-hour-rated walls in sprinklered
buildings for:

Construction Types II-B, III-B, or
V-B.
Separations of dwelling units or
guest rooms.

Floors supporting partition must be of
same rating (except for 1⁄2-hour-rated
walls).
Openings must be 20 minutes for corri-
dor walls and 45 minutes for others.

j. Fire Protection of Exterior Walls and Windows: This
is a function of location of the building on the prop-
erty and the occupancy type. See Table I, p. 124. As
buildings get closer together, or closer to a property
line, the requirements become more restrictive. See
Table O (p. 121) for allowable area of openings.
Where both protected and unprotected openings
are used, the total of openings must not exceed:

+ ≤ 1.0
Au

au

A
a
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Where: A = actual area of protected opening
a = allowable area of protected opening

Au = actual area of unprotected opening
au = allowable area of unprotected opening

See Table G (p. 129) for where openings are required
to be protected.

(For the NFPA code, see Table G-G for exterior
wall ratings and Table H-H for area of unprotected
openings. Table G-G will determine which H-H table
to use.)

k. Exiting and Stairs: At the conceptual stage of archi-
tectural design, the most important aspects of the
building code requirements are the number and dis-
tribution of exits.

Building Laws 103

A means of egress is a continuous path of travel
from any point in a building or structure to the open
air outside at ground level (public way). It consists
of three separate and distinct parts:

1. Exit access
2. The exit
3. The exit discharge

The exit access leads to an exit. See Tables M and
N, where only one is required; otherwise a minimum
of two exits are almost always required. (As a gen-
eral rule, plan on the NFPA code requiring two exits.)
Other general requirements:

1. Exit width determined by Table J, p. 131
(Table I-1 for the NFPA code), but corridor
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width is usually no less than 44″. It can be 36″
for fewer than 51 people. School corridors
must be 6′ wide. Hospitals 8′ wide. Large res-
idential care homes, 5′ wide.

2. Dead-end corridors are usually limited to 20′
long (in some cases 50′).

3. When more than one exit is required, the
occupant should be able to go toward either
exit from any point in the corridor system.

4. Corridors used for exit access usually require
1-hour construction.

5. Maximum travel distance from any point to
an exit is per Table L on p. 132. (The NFPA
code is the same except: educational is 150′
[200′ with sprinklers], a day care home is 100′
[150′ with sprinklers], hotels are 100′ [200′
with sprinklers], apartments are 100′ [200′
with sprinklers], and mercantile is 150′ [250′
with sprinklers].)

6. Handrails or fully open doors cannot extend
more than 7″ into the corridor.

7. Doors at their worst extension into the corri-
dor cannot obstruct the required width by
more than half.

104 The Architect’s Portable Handbook
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The exit is that portion of a means of egress that is
separated from the area of the building from which
escape is made, by walls, floors, doors, or other
means that provide the protected path necessary for
the occupants to proceed with safety to a public
space. The most common form the exit takes is an
enclosed stairway. In a single-story building the exit
is the door opening to the outside.

After determining occupant load (Table A, p. 113)
for spaces, rooms, floors, etc., use the following
guidelines:

1. In some cases one exit can be used (see
above), but often buildings need two exits
(see Table K, p. 128). In more than one story,
stairs become part of an exit. Elevators are
not exits.

(The NFPA code usually requires two
exits. It requires three when the occupant load
is 501 to 1000 and four when over 1000.)

2. In buildings 4 stories and higher and in
types I and II-B construction, the exit stairs
are required to have 2-hour enclosure; oth-
erwise, 1 hour is acceptable.

3. When two exits are required (for unsprin-
klered buildings), they have to be separated
by a distance equal to half the diagonal
dimension of the floor and/or room the exits
are serving (measured in straight lines). See
sketch below. If the building is sprinklered,
the minimum separation is 1⁄3 rd.

4. Where more than two exits are required,
two of them need to be separated by at least

Building Laws 105
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half the diagonal dimension. The others are
spaced to provide good access from any
direction.

5. May exit from room through adjoining
rooms (except rooms that are accessory or
high-hazard occupancy), provided adjoin-
ing rooms (other than DUs) are not
kitchens, storerooms, toilets, closets, etc.
Foyers, lobbies, and reception rooms are not
considered adjoining rooms and can always
be exited through.

6. The total exit width required (in inches) is
determined by multiplying the occupant
load by the factors shown in Table J (p. 131).
This width should be divided equally among
the required number of exits.

(For NFPA requirements, see Table I-I on
p. 143.)

7. Total occupant load for calculating exit stair
width is defined as the sum of the occupant
load on the floor in question.The maximum
exit stair width calculated is maintained for
the entire exit. See sketch on p. 108.

8. Minimum exit door width is 36″ with 32″
clear opening. Maximum door width is 48″.

9. The width of exit stairs, and the width of
landings between flights of stairs, must all be
the same and must meet the minimum exit
stair width requirements as calculated or:

44″ min. width for an occupant load of 51 or
more

36″ min. width for 50 or less

10. Doors must swing in the direction of travel
when serving a hazardous area or when
serving an occupant load of 50 or more.

A horizontal exit is a way of passage through a 2-
hour fire wall into another area of the same building
or into a different building that will provide refuge
from smoke and fire. Horizontal exits cannot pro-
vide more than half of the required exit capacity,
and any such exit must discharge into an area capa-
ble of holding the occupant capacity of the exit. The
area is calculated at 3 SF/occupant. In institutional
occupancies the area needed is 15 SF/ambulatory
person and 30 SF/nonambulatory person.
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Exit discharge is that portion of a means of egress
between the termination of an exit and a public way.
The most common form this takes is the door out of
an exit stairway opening onto a public street. Exits
can discharge through a courtyard with 1-hour walls
that connect the exit with a public way. 50% of the
exits can discharge through a street floor lobby area
if the entire street floor is sprinklered, the path
through the lobby is unobstructed and obvious, and
the level of discharge is separated from floors below.

Smokeproof enclosures for exits are required in
any building with floors 75′ above (or 30′ below) the
lowest ground level where fire trucks have access. A
smokeproof enclosure is an exit stair that is entered
through a vestibule that is ventilated by either nat-
ural or mechanical means such that products of
combustion from a fire will be limited in their pene-
tration of the exit-stair enclosure. Smokeproof
enclosures are required to be 2-hour construction.
They must discharge directly to the outside or
directly through a 2-hour exit passageway to the
outside. In a sprinklered building, mechanically
pressurized and vented stairways can be substituted
for smokeproof enclosures.

Building Laws 107
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Code Requirements for Stairs

Riser

Code requirements Tread min. Min. Max. Min. width Headroom

General (including HC) 11″ 4″ 7″ 36″ 6–8″
Private stairways (occ. <10) 9″ 8″ 20″ 6–8″
Winding—min. required T at 12″ from narrow side* 6″ at any pt.
Spiral—at 12″ from column* 71⁄2″ 26″

Only permitted in R-3 dwellings and R-1 private apartments*

Circular: inside radius not less than 2× width of stair, min. T depth = 11″ @ 12″ from inside and 10″ @ inside, 36″
min. width.

Rules of thumb for general stairs:
Interior 2R + T = 25
Exterior 2R + T = 26

Open risers not permitted in most situations.
*Requires handrail.
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Code Requirements for Ramp Slopes

Type Max. slope Max. rise Max. run

Required for accessibility 1:12* 5′
Others 1:8* 5′
Assembly with fixed seats 1:5
HC, new facilities 1:12* 2.5′ 30′
HC, existing facilities 1:10* 6″ 5′

1:8* 3″ 2′
HC, curb ramps 1:10 6″ 5′
Historic buildings 1:6

Any walking surface steeper than 5% is a ramp.

Landings are to be as wide as widest ramp to landing. Depth to be 5′
min. Where landing is at a corner, it shall be 5′ × 5′ min.

*Requires handrails for ramps > 1:15.
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4. Accessibility (ADA requirements)
a. General: This section concerns accessibility for the

disabled as required by ADA, the Americans with
Disabilities Act (Title 3, the national civil rights
law), in nongovernment buildings (Title 2 applies to
government buildings), as amended by ICC/ANSI
A 117.1—1998. Local or state laws may (in part) be
more restrictive regarding alterations and new
buildings. For each item under consideration, the
more restrictive law applies.

b. ADA applies to:
(1) Places of public accommodation (excluding

private homes and clubs,as well as churches).
Often, buildings will have space both for the
general public and for employees only.

(2) Commercial facilities (employees only)
requirements are less restrictive, requiring
only an accessible entry, exit, and route
through each type of facility function. Only
when a disabled employee is hired (under
Title 1) do more restrictive standards apply.

c. Existing buildings are to comply by removing “archi-
tectural barriers,” as much as possible, when this is
“readily achievable” (not requiring undue expense,
hardship, or loss of space). This effort, in theory, is to
be ongoing until all barriers are removed.When bar-
riers can’t be readily removed, “equivalent facilita-
tion” is allowed. Priorities of removal are:

(1) Entry to places of public accommodation
(2) Access to areas where goods and services

are made available to the public
(3) Access to restroom facilities
(4) Removal of all other barriers

d. Alterations to existing buildings require a higher stan-
dard. To the maximum extent possible, the altered
portions are to be made accessible. If the altered area
is a “primary function” of the building, then an acces-
sible “path of travel” must be provided from the entry
to the area (including public restrooms, telephones,
and drinking fountains), with exemption only possi-
ble when cost of the path exceeds 20% of the cost to
alter the primary function.

e. New buildings or facilities must totally comply, with
only exceptions being situations of “structural
impracticability.”

f. See Index, p. 673, for a complete list of ADA
requirements.

27
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I. STRUCTURAL SYSTEMS

Deciding which structural system to use is one of the most
prominent choices the architect will have to make. Factors
affecting the choice:

1. Construction type by code
2. Long vs. short spans
3. Live loads
4. Low vs. high rise
5. Lateral and uplift
6. Rules of thumb for estimating structural sizes

1. Construction Type by Code (also see p. 98)
a. Type I, A and B Construction—require noncom-

bustible materials (concrete, masonry, and steel)
and substantial fire-resistive ratings (2, 3, and 4
hours). Both these construction types can be used to
build large, tall buildings. The difference is that
Type I has no height or area limits for most occu-
pancies. Type I construction requires 3- and 4-hour
fire resistance for structural members. Type II has a
maximum height limit of 160′ as well as floor area
and maximum story limitations as a function of
occupancy. Type II requires 3- and 2-hour ratings
and thus is less expensive. Typical systems are:

Concrete solid slabs 10′–25′ spans
Concrete slabs win drop panels 20′–35′
Concrete 2-way slab on beam 20′–35′
Concrete waffle slabs 30′–40′
Concrete joists 25′–45′
Concrete beams 15′–40′
Concrete girders 20′–60′
Concrete tees 20′–120′
Concrete arches 60′–150′
Concrete thin shell roofs 50′–70′
Steel decking 5′–15′
Steel beams 15′–60′
Steel plate girders 40′–100′

b. Type II, A and B—uses structural members of non-
combustible construction materials for exterior
walls, interior bearing walls, columns, floors, and
roof. This is usually steel framing combined with
concrete or masonry walls. Typical systems are:

Steel decking 5′–15′ spans
Steel beams 15′–60′

1 2A 10 13 16 26 34 50
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Steel joists 15′–60′
Steel plate girders 40′–100′
Steel trusses 40′–80′

c. Type III, A and B—has exterior walls of noncom-
bustible construction material, usually masonry or
concrete; interior columns, beams, floors, and roofs
can be constructed of any material, including wood.
Typical systems are:

Wood joists 10′–25′ spans
Wood beams 15′–30′
Wood girders 20′–35′
Glu-lam beams 15′–120′
Wood trusses 30′–100′

d. Type IV Heavy Timber Construction—achieves its
fire resistance from the large size of the timber
members used to frame it (2″ actual +). Exterior
walls must be noncombustible. Typical systems are:

Wood planks, T and G, 3″ 2′–6′ spans
Wood beams, 6 × 10, min. 15′–30′
Wood girders, 6 × 10, min. 20′–35′
Wood trusses supporting floors 

8″ oc. min. and roofs 6″ × 8″ 30′–100′
Wood arches supporting floors 

8′ oc. min. and roofs 6″ × 8″ min. 30′–120′
Wood glu-lam beams 15′–120′

e. Type V, A and B—is essentially light wood-frame
construction. Typical systems are:

Plywood 2′–4′ spans
Wood planks 2′–6′
Wood joists 10′–25′
Wood beams 15′–30′
Wood girders 20′–35′
Glu-lam beams 15′–150′
Wood trusses 30′–100′

Note: When tentative structural system selected, see
Part 13 for details and costs.

2. Long vs. Short Spans
Select shortest span for required functional use of the space.

Short spans (10′, 20′, or 30′) suggest beams, girders, and
slabs in bending. This method encloses the space eco-
nomically with a minimum of structural depth.
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Long spans (50′ to 100′ and beyond) suggest the use of shape
to aid the structural material. Arches, shells, domes, space
frames trusses, and similar structures use their shape to
help the structural material span the long distance.

Extra-long spans (such as stadiums) involve roofs spanning
great distances. The economics suggest tension and
inflatable membrane structures.

3. Loads (vertical)
a. Roof

(1) Live loads are determined by occupancy
and roof slope use. See p. 164.

(2) Snow loads should be considered when
required (especially when loads are 20
lb/SF or more). See App. B, item T. Take
into account:

(a) Heavier loads at drift locations
(b) Pitch of roof
(c) Roof valleys

Structural Systems 163

b. Floor: see p. 164.

4. Low- vs. High-Rise
Low-rise (1 to 6 stories) structural design is dominated by

the collection of dead and live loads through slabs,
beams, and girders onto the walls and columns where the
load is taken down to the foundation and onto the earth
below.

High-rise (above 6 stories) design is dominated by the need
to withstand the lateral loading of wind and earthquake
on the building. This domination of lateral loading forces
a building to become more symmetrical as it gets taller.
There is substantial additional cost involved in a high-
rise solution because of this increased need to resist lat-
eral loads.

Costs: For each added story, add 1% to 5%.
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5. Lateral and Uplift: Beyond vertical loads, consideration
should always be given to horizontal and uplift forces. For
these, the UBC factors in the importance of the occupancies
(“essential occupancy with higher safety factor”) such as
hospitals, police and fire stations, emergency structures,
hazardous-materials facilities, etc.

a. The force a wind exerts varies according to the
square of its speed. If wind doubles, its pressure
quadruples. If wind speed halves, its pressure is
quartered. Wind forces are based on known wind
speeds. Minimum is usually 70 mph (13 lb/SF) and
maximum usually 130 mph (44 lb/SF) for hurricanes
(with the range between being 4 lb to 7 lb/SF added

166 The Architect’s Portable Handbook
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for each additional 10 mph). See App. B, item S.
Added to this are factors for height of the building.
Wind creates a suction effect on any roof slope of
less than about 20°. Also, see p. 386 for shingles.
Note: The new building codes have revised wind
speeds for gusts. It was decided, for simplicity’s
sake, to keep the 1997 UBC data.

b. Seismic forces are caused
by ground waves due to
earthquake shock, caus-
ing vertical and horizon-
tal movement.

The weight of the
building usually absorbs
the vertical element, leaving the horizontal force
transmitted through the building foundations to the
structure above. The weight of the building resists
side movement. Present engineering procedure is to
design the building for a side force, like wind.

Structural Systems 167

Seismic forces grow in proportion to the weight of
the building and the square of its height. The total
seismic force the building must withstand is a per-
cent of its total weight. This force is usually 10 to
50% of the total weight of the building. In determin-
ing the required force, the 1997 UBC considered:

(1) Risk: based on location. Zones 4 and 3 are
the most hazardous. Zones 0 and 1 are the
least hazardous. See App. B, item E.
Note: The new building codes have made
seismic engineering much more compli-
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cated. It was decided, for simplicity’s sake,
to keep the data from the 1997 UBC.

Costs increase about 1% to 2% for every increase
in zone (2% to 5% for high-rise, and 5% to 8% for
long-span, heavy construction).

(2) Importance of occupancy: See p. 166.
(3) Soils and site geology: Rock-like materials

are best. Soft clays are poor. Deep deposits
of soft soils tend to produce ground surface
motion with longer periods, whereas shal-
low deposits of stiff soils result in shorter
periods. Because of the potential for reso-
nance to increase the motion imposed on a
building, more rigid designs will probably
perform better on soft soils, whereas more
flexible designs will perform better on
stiffer soils.

(4) Resistance of the structure:
(a) The less weight the better
(b) The more flexible the better, or
(c) The stiffer the better
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c. Lateral design and overall building shape

Structural Systems 169
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d. Nonstructural seismic considerations
In seismic zones 3 and 4, the following things should
be considered:

(1) Overhead utility lines, antennae, poles,
and large signs pose a hazard.

(2) Secure and brace roof-mounted and floor-
mounted equipment for lateral load and
uplift. This would include AC equipment,
hot water heaters, and electrical service
sections.

(3) Brace structure-supported piping and ducts
for side sway. Avoid long, straight runs.

(4) Brace structure-supported suspended ceil-
ings for side sway. Allow for movement
where wall occurs.

(5) Sleeve piping through foundation walls.
(6) Locate building exits to avoid falling ele-

ments such as power poles or signs.
(7) Anchor veneers to allow for movement.
(8) Partitions should be constructed to assume

the added seismic lateral load caused by
the furniture or equipment.

(9) Seismic joints should include partition con-
struction details to provide a continuous
separation through the roof, floor, walls,
and ceiling.

(10) Interior partitions and fire-rated walls that
are floor-to-floor need to be designed for
lateral movement. Also, consider corners,
tee-junctions of walls, and junctions of
walls and columns.

(11) Brace suspended light fixtures. Consider
plastic rather than glass lenses.

(12) Battery-powered emergency lighting needs
positive attachment.

(13) Use tempered or laminated glass, or plas-
tic, at large-glass areas that could cause
damage. Use resilient mountings.

(14) Laterally secure tall furniture and shelving.

6. Structural Components (A Primer): Many of today’s
engineering courses have become so cluttered with theory
and mathematics that even graduate engineers sometimes
lose sight of the simple basic principles. Use this section to
remind you of basic structural principles.
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(4) Shear

(5) Torsion

(6) Buckling

a. Types of forces
(1) Tension
(2) Compression
(3) Bending
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b. Beams
(1) Simple beams have tension at the bottom

and compression at the top.
(2) If the beam is made deeper, “d” (the

moment arm) is increased and the compres-
sive and tensile forces decreased. The
deeper the beam, the stronger.

(3) Within limits, small holes can often be cut
through the beams at center, middepth,
without harm. But notches or holes at top
or bottom will reduce strength.
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(4) Since shear is usually greatest close to the
supports, judgment must be used regarding
cutting holes or notches in the web close to
the support. Also, see p. 359.

(5) Continuous beams can often carry more
load than simple span beams.

(6) A point to watch for in cantilever and con-
tinuous beams is possible uplift at a rear
support.

(7) Beams may be fixed or restrained. The
bending stress at midspan is less (so beam
depth is less) but connections become more
involved.
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c. Slabs
(1) Are nothing more

than wide, flat
beams.

(2) Generally, by far,
the greatest stress in
flat slabs occurs
where the columns
try to punch through
the slab. Slab open-
ings next to columns
can trigger failures!

d. Columns: Because of the
tendency for columns to
buckle, fatter ones carry
more load than thinner
ones (with same cross-sec-
tional area and length).

e. Walls
(1) Bearing walls act as

wide, flat columns,
carrying their loads
in compression.

(2) Walls must be tied 
to the floor and roof.

(3) Bond beams tie the
wall together, so
more of it will act to
resist any specific
load.

(4) Shear walls fail by:

Structural Systems 175
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f. Trusses

(1) A truss is a structural framework composed
of a series of straight members so arranged
and fastened together that external loads
applied at the joints will cause only direct
stress in the members.

(2) Trusses are usually lighter and more effi-
cient than solid beams carrying the same
load, but take more vertical space.

(3) Trusses are made by a series of triangles
supporting load at panel points. Patterns
other than triangles can change shape easily
and must be avoided or specially treated.

(4) When the external loads act downward and
the truss is supported at its ends, the upper
chord is always in compression and the
lower chord is always in tension, similar to
a simple beam. The web members are in
either tension or compression.

(5) Connections of
web and chords
become very
important. The
center of gravity
of intersecting
web members
should meet at
or very close to
the center of gravity of the chord.

(6) Loads should be carried at the panel points,
not between. This is probably the most
common problem with trusses.

(7) Field shifting or removal of web members
to allow passage of ducts or other items may
be dangerous.
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(8) If trusses can-
tilever over a
support or are
continuous over
a support, the
bottom chords
must often be
braced against sideways buckling where
they are in compression.

(9) Classification
(a) Complete frame is made up of the

minimum number of members re-
quired to provide a complete sys-
tem of triangles.

n = 2p − 3
where n = min. number of 

necessary members
p = number of panel points
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(b) Incomplete frame is where the
number of members is less than
required.

(c) Redundant frame contains a greater
number of members than required.
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(10)Truss types are based on form, method of
support, or arrangement of web bracing. A
truss can be made to just about any shape.
Following are common types:
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g. Arches (or sloped roofs)
Need resistance to lat-
eral thrust by either of
the following:

(1) Strengthening
or thickening
the supports

(2) Tension mem-
bers added

h. Connections
(1) Redundancy ensures structural integrity by

increasing the number of pathways by which
structural forces may travel to the ground.

(2) Connections are usually the most critical ele-
ments of any structure. Statistically, failures
are much more apt to occur at a connection
than anywhere else. When connections fail,
they often fail suddenly, not giving the warn-
ings of deflection and cracking inherent in,
say, a bending failure of a beam. Thus a con-
nection failure is apt to be more hazardous
to life and limb than are some other types of
failures.

(3) Connections are often more sensitive to
construction tolerances or errors than are
the structural members themselves.

Structural Systems 179
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(4) In cases where a strong material (such as
steel or prestressed concrete) must be con-
nected to a weaker material (such as con-
crete blocks), the stronger material may
carry a load that is not easily carried by the
weaker. The connection must spread the
load over a large area of the weaker mate-
rial and must also not cause undue bending.

(5) Don’t pare connection designs to the bone!
Estimate the maximum amount of probable
field error and design the connection for 
it. If possible, provide a second line of
defense. Try to make connections as fool-
proof as possible. Allow as much room as
possible for field tolerances.

(6) Where possible, locate con-
struction joints at a point of
low beam shear and locate
connections where loads
transmitted through the con-
nection are a minimum.

(7) Consider the prying, levering, or twisting
action in connections. Consider the effects
of connection eccentricities on the mem-
bers themselves.

(8) Consider the effects of shrinkage or other
lateral movement.

(9) Use care in stack-
ing beams and 
girders on top of
columns, particu-
larly deep beams
and girders that
want to overturn.
Provide bracing.

(10) Consider using shop over field connections,
when possible, because they are done under
more favorable conditions.

7. Rules of Thumb for Estimating Structural Sizes (Span-
to-Depth Ratios): Most rules of thumb for structural esti-
mating are based on span-to-depth ratios. First select likely
spans from structural systems (page 161). Then, the span in
feet or inches is divided by the ratio to get the depth in either
feet or inches. The higher the number the better.

Example: If ratio is 8 and span is 8 ft, then depth is 1 ft.
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Ratios for Typical Elements:
Beams and joists of all kinds range from 10 to 24. Use

lower ratios for heavy or concentrated loads. The ratio
of 20 is a good all-purpose average for steel, wood, and
concrete.

Structural Systems 181

Cantilevered beams: In
general, the optimal
length of a cantilever
is one-third the sup-
ported span.

Columns: The ratios of
unbraced length to
least thickness of most
column types range
from 10 to 30, with 20
being a good average.

Slabs: Reinforced con-
crete slabs of various
types have ratios 
ranging from 20 to 35,
with 24 being a good
average.

Trusses of various types
and materials have
ratios ranging from 
4 to 12. The lower
ratio is appropriate for
trusses carrying heavy
floor loads or concen-
trated loads. The ratio
8 is a good average for estimating roof trusses.

For more specific ratios based on materials and specific
types of structural elements, see pp. 297, 319, 343, and 
365.
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J. ENERGY: Passive and Active 
Approaches to Conservation

1. Building Type
All buildings produce internal heat. All buildings are
affected by external loads (heating or cooling) based on the
climate and internal loads (heat from equipment, lights,
people, etc.). Large commercial buildings tend to be inter-
nally dominated. Residences or small commercial buildings
tend to be the exact opposite.

2. Human Comfort
The comfort zone may be roughly defined as follows: Most
people in the temperate zone, sitting indoors in the shade in
light clothing, will feel tolerably comfortable at tempera-
tures ranging from 70° to 80°F as long as the relative humid-
ity lies between 20% and 50%. As humidity increases, they
will begin to become uncomfortable at lower and lower
temperatures until the relative humidity reaches 75% to
80%, when discomfort at any temperature sets in. But if
they are sitting in a draft, the range of tolerable temperature
shifts upward, so that temperatures of 85°F may be quite
comfortable in the 20% to 50% relative humidity range, if
local air is moving at 200 ft/min. Indoor air moving more
slowly than 50 ft/min is generally unnoticed, while flows of
50 to 100 ft/min are pleasant and hardly noticed. Breezes
from 100 to 200 ft/min are pleasant but one is constantly
aware of them, while those from 200 to 300 ft/min are first
slightly unpleasant, then annoying and drafty. See psychro-
metric chart on p. 187 for passive and active strategies.

3. Climate
In response to a climate, if a building is to be designed for
“passive” (natural) strategies, it is important to determine
the demands of the climate. Is the climate severe (for either
heating or cooling, as well as humidity) or temperate?
Which predominates, heating or cooling? Is the climate wet
or dry? Once the climatic demands are determined, what
climatic elements are available to offer comfort relief? Is
sun available for winter heating? Are breezes available for
summer cooling?

In the United States there are roughly four basic climate
zones, as shown on the map on p. 186. Climatic profiles of
four cities that represent these zones are plotted on psy-
chrometric charts (see pp. 188 through 191) suggesting
strategies that can be used in a “design with climate”
approach. Note that the cities (except New York) are
extremes of their zones. Also on these pages are added the

8 16 46 5940
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solar load diagrams, whose outside rings indicate air tem-
perature (each line 2°F higher) and arrows indicating total
clear sky (direct and diffuse) radiation impacting the sides
of a building (each arrow reprenting 250 BTU/SF/day).
At the bottom of the page the solar loads are expressed in
numerical values.

In determining passive and energy conservation strate-
gies for a building in an unfamiliar climate consult App. B
to make the following determinations:

a. If two-thirds of the heating degree days (HDD)
exceed the cooling degree days, winter heating will
need to be the predominant strategy or a major con-
sideration.

b. If cooling degree days (CDD) are greater than two-
thirds of the heating degree days, summer cooling
should be the major strategy or consideration.

c. If two-thirds of the heating degree days roughly
equals the cooling degree days, both winter heating
and summer cooling will be needed strategies
though these will be likely temperate climates.

d. When heating degree days exceed 6000, a severely
cold climate will have to be designed for.

e. When cooling degree days exceed 2000, a severely
hot climate will have to be designed for.

f. When annual average evening relative humidity
exceeds 80% and rainfall averages 40″/yr, or more, an
extremely humid climate will have to be designed for.

g. When annual average evening relative humidity is
less than 65% and rainfall averages 15″/yr, or less, an
extremely dry climate will have to be designed for.

h. When annual winter sunshine exceeds 50%, passive
winter heating may be a good strategy, if needed.
Summer shading will be an important factor in a hot
climate.

i. In the continental United States, winds generally
blow from west to east. Warm breezes born in the
Caribbean or mid-Pacific usually arrive from the
southwest, while cold fronts arriving from the arctic
tend to blow from the northwest. Most locations in
the United States have annual average daily wind
exceeding 5 mph, so natural ventilation as a means
of cooling may be a good strategy, if needed. See
Item R, Appendix B, p. 646. The site wind speeds
are generally less than NOAA data, usually col-
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lected at airports. But this may also be a problem if
in a cold climate.

j. Microclimates at specific sites can vary from the
overall climate due to:

(1) Large bodies of water (10°F milder).
(2) Built-up area (5°F warmer).
(3) Elevation (5°F cooler for each 1000 ft rise).
(4) Land forms: Tops of hills receive wind. Val-

leys get cool in evenings. Breezes rise up
slopes in day and descend in evenings:
South slopes receive most year-around sun;
north, the least, with east and west slopes
the most summer morning and afternoon
sun.

(5) Ground: The more heat a ground surface
absorbs during the day, the warmer the air
is at night. Light surfaces are cooler and
more reflective than dark. Also, an area in
sun will be about 12° warmer than in shade.

k. The three-tier approach to conservation:
Heating Cooling Lighting

1. Conservation Heat avoidance Daylight
2. Passive solar Passive cooling Daylight
3. Heating Cooling Electric

equipment equipment lighting

4. Checklist for Passive Building Design (Strategies for
Energy Conservation):

Note: During design, develop an energy strategy based on
the needs (building type) and location, as previously dis-
cussed. For instance, it might be a tightly sealed, minimum-
surfaced box to withstand the winters in Minneapolis, or it
might be an open design to take advantage of sea breezes in
Miami, or it might be a maximum-shade layout to avoid
summer sun in Phoenix, or it might be a combination of
winter and summer strategies for a temperate zone such as
New York City (and most of the United States). Use this
section to remind you of things that might be added to your
design. Many of the following items conflict, so it is impossi-
ble to choose all.
X Cold climate or winter

X Hot climate or summer
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Windbreaks: Two climatic design techniques serve the func-
tion of minimalizing wind exposure.

(1) Use neighboring land forms, structures, or
vegetation for winter wind protection.

Energy 193

(2) Shape and orient building shell to minimize
wind turbulence.

(3) When structure is fully exposed to cold
winds up the design temperature by: 
Roofs × 1.6 
Walls × 1.3

Plants and water: Several techniques provide cooling by the
use of plants and water near building surfaces and evapora-
tive cooling.

(4) Use ground cover and planting for site
cooling.

(5) Maximize on-site evaporative cooling;
ocean or water zones, such as fountains,
modify climate 10°F.

(6) Use planting next to building skin.
(7) Use roof spray or roof ponds for evapora-

tive cooling.

Indoor/outdoor rooms: Courtyards, covered patios, sea-
sonal screened and glassed-in porches, greenhouses, atri-
ums, and sunrooms can be located in the building plan for
summer cooling and winter heating benefits, as with these
three techniques.
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(8) Provide outdoor semiprotected areas for
year-round climate moderation.
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(9) Provide solar-oriented interior zone for
maximizing heat.

(10) Plan specific rooms or functions to coin-
cide with solar orientation (i.e., storage on
“bad” orient such as west, living on “good”
such as south).

Earth sheltering: Techniques such as using earth against the
walls of a building or on the roof, or building a concrete
floor on the ground, have a number of climatic advantages
for winter insulation and wind protection, as well as for
summer cooling.
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(11) Recess structure below grade or raise
existing grade for earth-sheltering effort.

Energy 195

(12) Use slab-on-grade construction for ground
temperature heat exchange. See p. 380 for
perimeter insulation.

(13) Use sod roofs (12″ of earth will give about
a 9-hour time lag).

(14) Use high-capacitance materials at interi-
ors to store “coolth.” Works best with
night ventilation.

Solar walls and windows: Using the winter sun for heating a
building through solar-oriented windows and walls is cov-
ered by a number of techniques, listed as follows.
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(15) Maximize reflectivity of ground and
building surfaces outside windows facing
winter sun.
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Cold Hot
(16) Shape and orient building shell to maxi-

mize exposure to winter sun. Glass needs
to face to within 15 degrees of due south.

(17) Use high-capacitance materials to store
solar heat gain. Best results are by distrib-
uting “mass” locations throughout interior.
On average, provide 1 to 11⁄4 CF of concrete
or masonry per each SF of south-facing
glass. For an equivalent effect, 4 times more
mass is needed when not exposed to sun.
Do not place carpeting on these floor
areas.

(18) This same “mass effect” (see 17) can be
used in reverse in hot, dry (clear sky) cli-
mates. “Flush” building during cool night
to precool for next day. Be sure to shade
the mass. A maximum area of up to 2″-
thick clay, concrete, or plaster finishes
work best. The night average wind speed is
generally about 75% of the average 24-
hour wind speed reported by weather
bureaus. About 30 air changes per hour is
an adequate rate to cool the building.

(19) Use solar wall and/or roof collectors on
south-oriented surfaces (also hot-water
heating). Optimum tilt angle for roof
solar collectors is equal to latitude of site
(+/− 15°). See p. 537.
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(20) Maximize south-facing glazing (with over-
hangs as needed). On average, south-fac-
ing glass should be 10 to 25% of floor
area. For north latitude/cold climates this
can go up to 50%. For south latitude/hot
climates this strategy may not be appro-
priate.

(21) Provide reflective panels outside of glaz-
ing to increase winter irradiation.

(22) Use skylights for winter solar gain and
natural illumination. See p. 588.

Thermal envelope: Many climatic design techniques to save
energy are based on insulating the interior space from the
exterior environment.
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(23) Minimize the outside wall and roof areas
(ratio of exterior surface to enclosed vol-
ume). Best ratios:

2-story dome—12%; 2-story cylin-
der—14%

2-story square—15%; 3-story
square—16%

1-story square—17%
(24) Use attic space as buffer zone between

interior and outside climate. Vent above
ceiling insulation. See pp. 375 and 380.
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Cold Hot
(25) Use basement or crawl space as buffer

zone between interior and ground. See p.
380 for insulation. Provide drainage sys-
tems around perimeter to keep soil dry
(and thus a higher R value).

(26) Provide air shafts for natural or mechani-
cally assisted house-heat recovery. This
can be recirculated warm at high ceilings or
recovered heat from chimneys.
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(27) Centralize heat sources within building
interior. (Fireplaces, furnaces, hot water
heater, cooking, laundry, etc.) Lower
level for these most desirable.

(28) Put heat sources (HW, laundry, etc.) out-
side air-conditioned part of building.

(29) Use vestibule or exterior “wind shield” at
entryways. Orient away from undesirable
winds.

Energy 199

(30) Locate low-use spaces, storage, utility, and
garage areas to provide buffers. Locate at
“bad” orientations (i.e., on north side in
cold climate or west side in hot climate).

(31) Subdivide interior to create separate heat-
ing and cooling zones. One example is
separate living and sleeping zones.
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(32) Select insulating materials for resistance to
heat flow through building envelope. For
minimum insulation recommendations, see
p. 206 and/or guidelines by ASHRAE
90A-80. If walls are masonry, insulation is
best on outside.
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(33) Apply vapor barriers to control moisture
migration. See p. 377.

(34) Use of radiant barriers. See p. 379.
(35) Develop construction details to mini-

mize air infiltration and exfiltration. See
p. 397.

(36) Provide insulating controls at glazing. See
section entitled “Glass,” starting at p. 
419.
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(37) Minimize window and door openings
(usually N [for cold climates], E, and W).

(38) Detail window and door construction to
prevent undesired air infiltration and
exfiltration. See p. 402 for doors and p.
407 for windows.

(39) Provide ventilation openings for air flow
to and from specific spaces and appliances
(such as cooking ranges and fireplaces).
See p. 450 for fireplaces.

Cold Hot

Sun shading: Because the sun angles are different in sum-
mer than in winter, it is possible to shade a building from
summer sun while allowing sun to reach the building sur-
faces and spaces in the winter.

(40) Minimize reflectivity of ground and build-
ing faces outside windows facing summer
sun. As an example, a south-facing wall
will receive an additional half of its direct
solar gain from a concrete slab outside.
Reduced paving and maximized landscap-
ing will minimize solar reflection.

(41) Use neighboring land forms, structures,
or vegetation for summer shading.

Energy 201
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(42) Shape and orient building shell to mini-
mize solar exposure. Best rectangular pro-
portions are 1 (east and west) to between
1.5 and 2 (north and south).
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(43) Provide shading for walls exposed to sum-
mer sun. For landscaping, see p. 279.

(44) Use heat-reflective materials on solar-
oriented surfaces. White or light colors
are best.

(45) Provide shading for glazing exposed to
sun. For south-facing walls, at 50° latitude,
most references recommend a shade angle
of 60° (from the horizon). For each 5° of
decreasing latitude, the angle increases 5°.
But this rule would not apply to locations
of extended overheated seasons, such as
Miami and Phoenix, where the angle
should be more like 45°. Also see p. 463.
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Natural ventilation: A simple concept by which to cool a
building.

(46) Use neighboring land forms, structures,
or vegetation to increase exposure to
breezes.

Energy 203

(47) Shape and orient building shell to maxi-
mize exposure to breezes. Long side
should face prevailing breeze within 20 to
30 degrees.

(48) Use “open plan” interior to promote air
flow.

(49) Provide vertical air shafts to promote
interior air flow. Also see (26).
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(50) Use double roof and wall construction for
ventilation within the building shell.
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(51) Locate and size door and window open-
ings to facilitate natural ventilation from
prevailing breezes. For best results:

Windows on opposite sides of rooms.
Inlets and outlets of equal size giv-

ing maximum air change.
A smaller inlet increases air speed.

However, adequate airflows can
be maintained for anywhere from
40/60 to 60/40 splits between inlets
and outlets. Window sizing can be
roughly figured by taking the
building volume × 30 air changes/
hour. Then, to get total airflow,
take the average wind speed in
miles/hour, convert it to feet/min.
(× 5280 ÷ 60). Divide desired air-
flow by wind speed to get inlet
area. However, the wind speed
will be reduced if its angle to the
inlet is less than 90° by a factor of
1 to 3.5 up to a 70° angle. Further-
more, the interior wind speed will
be further reduced by screens and
awnings ranging from 15 to 35%.

(52) Use wing walls, overhangs, and louvers to
direct summer wind flow into interior.

(53) Use louvered wall for maximum ventila-
tion control.

(54) Use operable roof monitors for “stack
effect ventilation.” Also see (26).
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Cold Hot
(55) Often fan power is needed to help ventila-

tion cooling. See 5a (below).

5. Checklist for Active Building Design (Strategies for Energy
Conservation)

a. Whenever possible, use fans in lieu of compressors,
as they use about 80% less energy. In residential,
this may take the form of “whole-house” fans to
cool the building and ceiling fans to cool people in
specific locations. Also see o, below.

b. Design for natural lighting in lieu of artificial light-
ing. In hot climates or summers, avoid direct sun.
See p. 577.

c. Lighting consumes about 8% of the energy used in
residences and 27% in commercial buildings nation-
wide. Use high-efficiency lighting (50–100 lumens
per watt). See Part 16A. Provide switches or con-
trols to light only areas needed and to take advan-
tage of daylighting. See Part 16B.

d. Use gas rather than electric when possible, as this
can be up to 75% less expensive.

e. Use efficient equipment and appliances
(1) Microwave rather than convection ovens.
(2) Refrigerators rated 5–10 kBtu/day or 535–

1070 kwh/yr.
f. If fireplaces, use high-efficiency type with tight-fit-

ting high-temperature glass, insulated and radiant-
inducing boxed with outside combustion air. See 
p. 450.

g. Use night setback and load-control devices.
h. Use multizone HVAC.
i. Locate ducts in conditioned space or tightly seal and

insulate.
j. Insulate hot and cold water pipes (R = 1 to 3).
k. Locate air handlers in conditioned space.
l. Install thermostats away from direct sun and supply

grilles.
m. Use heating equipment with efficiencies of 70% for

gas and 175% for electric, or higher.
n. Use cooling equipment with efficiencies of SEER =

10, COP = 2.5 or higher.
o. Use “economizers” on commercial HVAC to take

advantage of good outside temperatures.
p. At dry, hot climates, use evaporative cooling.
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q. Use gas or solar in lieu of electric hot water heating.
Insulate hot water heaters. For solar hot water, see
p. 537.

r. For solar electric (photovoltaic), see p. 624.
s. For some building types and at some locations, util-

ities have peak load rates, such as on summer after-
noons. These peak rates should be identified and
designed for. Therefore, designing for peak loads
may be more important than yearly energy savings.
In some cases saving energy and saving energy cost
may not be the same. Large buildings sometimes
use thermal storage systems, such as producing ice
in off-peak hours to use in the heat of the day. These
systems work best in areas with large daily and
yearly temperature swings, high electricity costs,
and big cost differences between on- and off-peak
rates.

t. HVAC system as a % of total energy use:
Residential

Cold climate 70%
Hot climate 40%

Office
Cold climate 40%
Hot climate 34%

u. TBSs (total building management systems) con-
serve considerable energy.

6. Energy Code (ASHRAE 90A—1980). For U values, see p.
380.

a. Although there are more current national energy
codes, these envelope guidelines, based on the old
ASHRAE 90A, should help the designer determine
if a preliminary design is in the “ballpark.” These
rules of thumb are for building envelope only.
Should the walls fail to meet code requirements, the
roof can be made to compensate, and vice versa.
Should these rough preliminary calculations fail,
this may indicate that either the design is poor from
an energy conservation standpoint or that other fea-
tures (such as passive heating) need to be consid-
ered by more stringent calculation or computer
modeling.

Use the following steps to roughly check for com-
pliance:

b. Approximate compliance can be checked by using
the following formulas:
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(1) For Walls, Winter Heating:

Uw = 

(2) For Walls, Summer Cooling:

OTTVw =

(3) For Roofs, Winter Heating:

Ur = 

(4) For Roofs, Summer Cooling:

OTTVr = 

where:
Uw, Ur are the overall wall and roof U 

values.
OTTVw and r are the overall wall and roof

cooling thermal transfer values.
Uw1, Ur1 are the U values of the wall and

roof components.
Aw1, Ar1 are the areas of the solid wall and

roof components.
Ug1, Ag1 are the U values and areas for

glass.
Ud1, Ad1 are the U values and areas for

doors.
HDD = Heating degree days.
TDEQ = Temp. difference factor for ther-

mal mass. See p. 382 for wt. of
materials. See Figure 4 for values.

SF = Solar factor. See Figure 5.
SC = Shading coefficient of glass. See

pp. 419 and 423.
∆t is the difference between summer dry-

bulb temperature found in App. B, item
Q and 78°F indoor temperature.

Note: Where more than one type of wall,
roof, window (or skylight) is used, each U
and A term in formulas must be expanded
(i.e., U2, A2, etc.) and totaled.

(Ur1 × Ar1 × Tdeg) + (138 × Ag1 × Sc1) + (Ug1 × Ag1 × ∆t)
�������

ATotal Roof

(Ur1 × Ar1) + (Ug1 × Ag1)
���

ATotal Roof

(Uw1 × Aw1 × Tdeg) + (Ag1 × SF1 × SC1) + (Ug1 × Ag1 × ∆t)
�������

Aw

(Uw1 × Aw1) + (Ug1 × Ag1) + (Ud1 × Ad1)
�����

Aw
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c. Determine building type
(1) Type A-1 is 1- and 2-family residential

dwellings.
(2) Type A-2 is all other residential buildings of

3 stories and under, including hotels and
motels.

(3) Type B is all other buildings.
d. The values determined in b, above, must equal or be

less than one-half the values in the graphs on pp. 
209 and 210. The one-half factors in because current
codes are more stringent than the old ASHRAE 90-
A. For HDD and CDD, see App. A, items L and M.
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Energy 211

e. Check compliance:
(1) Type A-1 and 2 buildings:

(a) Heating, walls:
Calculate, using Formula (1), to
insure that designed value is 1⁄2 or
less of the value in Figure 1.

(b) Heating, roof:
Calculate, using Formula (3), to
insure that designed value is 1⁄2 or
less of the value in Figure 2.

(c) Heating, floors over underheated
spaces:
Calculate, using Formula (2), to
insure that designed value is 1⁄2 or
less of the value in Figure 9.

(d) Slabs on grade must conform to
value shown in Figure 10 for
perimeter insulation.
Note: ASHRAE 90-A never re-
quired A-1 and 2 buildings to check
for summer cooling, but you can
check for cooling by using (c) and
(d) below.

(2) Type B buildings:
(a) Heating, walls:

Calculate, using Formula (1), to
insure that designed value is 1⁄2 or
less of the value in Figure 2.

(b) Heating, roof:
Calculate, using Formula (3), to
insure that designed value is 1⁄2 or
less of the value in Figure 7.

(c) Cooling, walls:
Calculate, using Formula (2), to
insure that designed value is 1⁄2 or
less of the value in Figure 3.

(d) Cooling, roof:
Calculate, using Formula (4), to
insure that designed value is 4.25 or
less.

(e) Same as 1(c) above.
( f ) Same as 1(d) above.
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K. GREEN ARCHITECTURE (SUSTAINABLE
BUILDINGS)

Green architecture is a whole-systems approach, utilizing design
and building techniques to minimize environmental impact and
reduce a building’s energy consumption while contributing to the
health of its occupants. “If brute force doesn’t work, you’re not
using enough of it” has been the typical American approach. The
green movement takes the opposite approach.

1. General
a. Save energy: Ongoing energy use is the single great-

est source of environmental impact from a building.
See “Energy,” p. 183.

b. Recycle buildings: Reuse existing buildings and
infrastructure instead of developing open space.

Note: Unfortunately, it is often less expensive to
remove existing old buildings and build anew than
to preserve but refurbish, in order to bring the old
buildings up to the latest codes.

c. Create community: Design communities to reduce
dependence on the automobile and encourage alter-
native transportation, including walking.

d. Reduce material use: Optimize design to make use
of smaller spaces and utilize materials efficiently.

e. Protect and enhance the site: Try to work with exist-
ing grades and landscaping rather than bulldozing
the site.

f. Select low-impact materials: Buildings account for
about 40% of the material resources flowing
through the economy. Specify low-environmental-
impact resources and efficient materials. Most
environmental impacts associated with building
materials occur before installation. Raw materials
have been extracted from the ground or harvested
from forests. Pollutants have been emitted during
manufacture, and energy has been invested during
production. Avoid materials that generate pollu-
tion, are not salvaged from other uses, deplete lim-
ited natural resources, or are made from toxic or
hazardous constituents. Specify materials with low
embodied energy used in extracting, manufacturing,
and shipping.

H 5 14
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g. Maximize longevity: Design for durability and
adaptability. The longer a building lasts, the longer
the period over which to amortize its environmental
impacts. Specify durable, nondecaying, easily main-
tained, or replaceable materials. Design for adapt-
ability (new building uses).

h. Save water: Design buildings and landscape that use
water efficiently.

i. Make buildings healthy: Provide a safe, comfortable
indoor environment. Over 60,000 commercial
chemicals are in use that were unknown 40 years
ago. Many common building materials and products
produce harmful off-gases.

j. Minimize construction and demolition waste: Re-
turn, reuse, and recycle job site waste.

2. Site
• Minimize impervious paving materials.
• Use asphalt with recycled tire and coating products.
• Use recycled brick, stone, or rubber aggregate surfac-

ing.
• Use walk, road, and parking appurtenances made of

recycled plastics and rubber.
• Use fences and gates of recycled plastic and fiber-

glass.
• Use site furnishings of recycled or salvaged plastics or

wood. Materials may be of a toxicity that might not
be acceptable inside buildings.

• Use soil and native plants (or special filtration prod-
ucts) to pretreat runoff from paved areas.

• Do rainwater harvesting (collect and reuse rainwater
that falls on roofs and site). See (15).
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• Use landscape edging made of recycled plastics and
tires.

• Nontoxic termite treatment.
• Use pilings of recycled plastics.
• Use geotextiles for slope stabilization.
• Use environmental septic systems (nutrient removal).
• Build “natural” swimming pools.
• Use organic fertilizers, compost from the site, or

hydromulching from recycled paper.
• Use native plants that require minimum water and

drip irrigation or none at all.
• Use lawns and ground covers that require no mowing.
• Use salvaged or recycled landscape timbers.

3. Concrete
• Use recycled form products.
• Use autoclaved aerated concrete.

4. Masonry
• Where appropriate, use strawbale for walls.
• Where appropriate, use sundried (adobe) or earth

(rammed) from site excavation.
• Use clay bricks with toxicity burned out.
• Use autoclaved aerated concrete or CMU.
• Use site stones.
• Use masonry accessories of recycled products.
• Use CMU that is specially molded for better R value

(integral insulated masonry systems).
5. Metals

• Use of metal framing in lieu of wood reduces deple-
tion of timber growth and can be made from recycled
metal. On the other hand, producing metals con-
sumes more energy, and steel production pollutes.

6. Wood and Plastic In the United States, building con-
struction accounts for more than 25% of virgin timber use
and 16% of water withdrawals. New home construction
consumes 40% of all lumber used in the United States. A
typical 1700-SF wood-frame home requires clear-cutting 1
acre of forest.

• Standard structural wood depletes timber growth.
Select FSC (Forest Stewardship Council)–certified
wood products.

• Use engineered (such as TJI and TJL) joists made
from recycled wood fiber and small trees, although
they may off-gas if exposed in the interior.

• Use structural insulated panels (SIPs).
• Use nonstructural composite plastic lumber. Plastics

are made from nonrenewable petroleum products
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and are toxic in a fire. However, some plastic prod-
ucts are made from recycled soda bottles.

• Use alternative particleboard products (and OSB)
made from recycled materials, although they may off-
gas if exposed in the interior.

• Some hardwoods used for interiors (such as
mahogany) may deplete tropical forests. Instead,
use domestic, temperate-climate hardwoods (plum,
cherry, alder, black locust, persimmon, etc.).

• Use interior veneer woods with recycled backing.
• Use fiberboard millwork and prefinished panels from

wood wastes.
7. Thermal and Moisture Protection

• Use waterproofing with minimum or no volatile
organic compounds (VOCs).

• Avoid insulation foams expanded with hydrochloro-
fluorocarbons (HCFCs).

• Avoid loose-fill insulation materials in unsealed
spaces (minimizes air-quality problems).

• For wood shingles, use FSC-certified wood.
• For metal roofing, select highest recycle content and

high-grade finish.
• For membrane roofs, select products with recycled

content.
• Use fireproofing with recycled foam and newsprint.
• Use reclaimed or FSC-certified wood siding.
• Design green roof systems (roof plantings and gar-

dens).
• Select insulation with recycled products.
• Avoid contact with standard fiberglass (probable car-

cinogen).
• For asphalt shingles, select products with recycled old

shingles.
• Avoid indoor use of sealants that may contribute to

indoor air-quality problems.
• Use shingles of recycled plastic.

8. Doors, Windows, and Glass
• Select wood doors that are salvaged or FSC-certified.
• Select vinyl windows with recycled content.
• Select wood, plastic, or fiberglass windows with recy-

cled content.
9. Finishes

• Gypsum board: Utilize recycled materials, synthetic
gypsum. Collect scrap for recycling use as soil amend-
ment.
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• Tile work: Select recycled content material or recycle
as mosaic or aggregate.

• Acoustic ceiling panels: Utilize high-recycled-content
materials. Utilize perlite or mineralized wood fiber to
avoid fiber shedding.

• Wood flooring: Select FSC-certified products. Select
salvaged flooring. Select engineered flooring with
thick-faced veneers that are able to be refinished.
Select nontoxic, low-VOC finishes and additives.
Consider bamboo in lieu of wood.

• Resilient flooring: Select materials with low-VOC
adhesives. Select recycled-content materials. Vinyl
and rubber are the best green materials.

• Carpet: Select materials with low VOC content.
Avoid synthetics. Select 100% recycled-content face
fiber and backing. Avoid synthetic latex backing.

• Painting: Select low- or no-VOC products. Select the
least toxic alternatives. Select recycled content.

10. Specialties Not applicable.
11. Equipment

• Residential appliances: Select water-conserving ap-
pliances with “green seal.” Select horizontal-axis
clothes washers. Select energy-star-rated appliances.

12. Furnishings
• Select materials with organically grown plant fibers.
• Select natural dyes or undyed fabrics.
• Use products with FSC-certified wood.
• Use refurbished furniture.
• Select fibers that are naturally pest resistant.
• Select recycled synthetic fibers.

13. Special Construction
• Use asbestos or lead encapsulation products.

14. Conveying Systems Not applicable.
15. Mechanical

• Select low-flow water-efficient plumbing fixtures
(1.6 GPF, or below, toilets).

• Select compost toilet systems.
• Choose cooling equipment that does not utilize

ozone-depleting refrigerants.
• Design graywater systems.
• Avoid PVC piping (recycle problems).
• Use domestic water-heat exchangers.

16. Electrical Not applicable.
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L. ACOUSTICS

Sound is a series of pressure vibrations that move through an
elastic medium. Its alternating compressions and rarefactions
may be far apart (low-pitched), close together (high-pitched),
wide (loud), or narrow (soft).

All perceived sound has a source, path, and receiver. Each
source has a size, direction, and duration. Paths can be air-
borne or structure-borne.

Sound has four quantifiable properties: velocity, frequency,
intensity, and diffuseness. Regarding velocity, sound travels
much faster through solids than air (and faster through warm
air than cool air). Frequency is sound’s vibrations per second,
or hertz (Hz). This varies according to its purity and pitch. The
average human pitch for hearing is about 1000 Hz. Intensity is
the power level (or loudness) measured in decibels (dB).
Attenuation is the loss of a sound’s intensity as it travels out-
ward from a source. Diffuse noise (blanket or background
noise level) is sound emanating from a multiple of similar
sound sources.

There is both a positive function
and a negative function to consider
in acoustic design.

The positive function is to ensure
that the reverberation characteris-
tics of a building are appropriate to
their function. See 1 below.

On the negative side, the task is to
make certain that unwanted outside
noises are kept out of quiet areas of
the building. See 2 below.

1. Room Acoustics
Sound can be likened to light. Sound control uses reflection
and diffusion to enhance acoustics in such spaces as audito-
riums and sound studios, and absorption for noise control in
more typical spaces such as offices.

a. Reflection: The geometry of the room is important
in effective sound control. Large concave surfaces
concentrate sound and should usually be avoided,
while convex surfaces disperse sound.

b. Diffusion promotes uniform distribution of continu-
ous sound and improves “liveness” (very important
in performing arts). It is increased by objects and
surface irregularities. Ideal diffusing surfaces nei-
ther absorb nor reflect sound but scatter it.

3 4 5
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c. Absorption (see table on p. 233) provides the most
effective form of noise control. Sound pressure
waves travel at the speed of sound (1100 fps), which
is a slow enough velocity
that reflections of the
original sound-wave form
can interfere with percep-
tion of the original,
intended signal. Rever-
beration time is the mea-
sure of this problem.

Sound of any kind emitted in a room will be
absorbed or reflected off the room surfaces. Soft
materials absorb sound energy. Hard materials
reflect sound energy back into the space. The
reflected sound can reinforce the direct sound and
enhance communication if the room size and room
surfaces are configured appropriately. Annoying
reverberation (echoes) occur in rooms more than 30
feet long. Echoes are stronger when the reflection
surface is highly reflective and is concave toward
the listener.

The room volume and surface characteristics will
determine the reverberation time for the room.
Reverberation time is the time in seconds that it
takes for a sound to decay through 60 decibels. It is
calculated as follows:

RT =

Desirable room reverberation times are:
Office and commercial spaces 0.5 seconds
Rooms for speech 1.0 seconds
Rooms for music 1.5 seconds
Sports arenas 2.0 seconds

The absorption, also called noise reduction coef-
ficient (NRC), of a surface is the product of the
acoustic coefficient for the surface multiplied by 
the area of the surface. The sound absorption of a
room is the sum of the sound absorptions of all 
the surfaces in the room. The higher the coefficient,
the more sound absorbed, with 1.0 (complete
absorption) being the highest possible. Generally, a
material with a coefficient below 0.2 is considered

0.05 × Room Volume (cf)
����
Average Absorption of Room
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to be reflective and above 0.2 to be absorbing. Some
common acoustic coefficients are:

11⁄2″ glass fiber clg. panels 1.0
Carpet and pad 0.6
Acoustic tile (no paint) 0.8
Cloth-upholstered seats 0.6
An audience 0.8
Concrete 0.02
Gypsum board 0.05
Glass 0.09
Tile 0.01
Fabric 0.30

The average absorption coefficient of a room
should be at least 0.2. Average absorption above 0.5
is usually not desirable, nor is it economically justi-
fied. A lower value is suitable for large rooms; and
larger values for controlling sound in  small or noisy
rooms. Although absorptive materials can be placed
anywhere, ceiling treatment is more effective in
large rooms, while wall treatment is more effective
in small rooms. If additional absorptive material is
being added to a room to improve it, the total
absorption should be increased at least 3 times to
bring absorption to between 0.2 and 0.5. An increase
of 10 times is about the practical limit. Each doubling
of the absorption in a room reduces RT by 1⁄2.
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d. Other factors affecting acoustics:
If a corridor is appreciably higher than it is wide,

some absorptive material should be placed on the
walls as well as the ceiling, especially if the floor is
hard. If the corridor is wider than its height, ceiling
treatment is usually enough.

Acoustically critical rooms require an appropri-
ate volume of space. Rooms for speech require 120
CF per audience seat. Rooms for music require 270
CF per audience seat.

“Ray diagramming” can be a useful tool in
sound control. As with light, the reflective angle of a
sound wave equals its incident angle. In like man-
ner, concave shapes focus sound and convex shapes
disperse sound.

Amplification: If listeners are within 110′ of the
sound source, a cluster of loudspeakers is usually
located well above and slightly in front of the sound
source. If some listeners are more than 110′ away,
an overhead network of small speakers, located no
more than 35′ apart, should be used.

2. Sound Isolation
Sound travels through walls and floors by causing building
materials to vibrate and then broadcast the noise into the
quiet space. There are two methods of setting up the vibra-
tion: through structure-borne sound, and air-borne sound.

Structure-borne sound is the vibration of building materi-
als by vibrating pieces of equipment, or caused by walking
on hard floors.

Air-borne sound is a pressure vibration in the air. When it
hits a wall, the wall materials are forced to vibrate. The
vibration passes through the materials of the wall. The far
side of the wall then passes the vibration back into the air.

Noise Reduction and Sound Isolation Guidelines
a. Choose a quiet, protected site. Orient building with

doors and windows away from noise.
b. Use site barriers such as walls or landscape (dense

tree lines or hedges, a combination of deciduous and
evergreen shrubs, reduce sound more efficiently).

c. Avoid placing noisy areas near quiet areas. Areas
with similar noise characteristics should be placed
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next to each other. Place bedrooms next to bed-
rooms and living rooms next to living rooms.

Acoustics 227

d. As the distance from the sound source increases,
pressure at the listener’s ear will decrease by the
inverse square law (as with light). Therefore, sepa-
rate sound sources by distance.

e. Orient spaces to minimize transmission problems.
Space windows of adjoining apartments max. dis-
tance apart. Place noisy areas back to back. Place
closets between noisy and quiet areas.

f. Massive materials (concrete or masonry) are the
best noise-isolation materials.

g. Choose quiet mechanical equipment. Use vibration
isolation, sound-absorbing duct lining, resilient pipe
connections. Design for low flow velocities in pipes
and ducts.
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h. Reducing structure-borne sound from walking on
floors is achieved by carpet (with padding, improves
greatly).

i. Avoid flanking of sound over ceilings.

j. Avoid flanking of sound at wall and floor intersec-
tions.

k. Wall and floor penetrations (such as elect. boxes)
can be a source of sound leakage. A 1-square-inch
wall opening in a 100-SF gypsum-board partition
can transmit as much sound as the entire partition.
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l. Many sound leaks can be plugged in the same man-
ner as is done for air leaks, by caulking.

Acoustics 229

m. Walls and floors are classified by Sound Transmis-
sion Class (STC), which is a measure of the reduc-
tion of loudness provided by various barriers. The
higher the number, the better. In determining the
required STC rating of a barrier, the following
rough guidelines may be used:

n. The best remedy for reducing impact noise is to
cushion the noise at its source.

STC Effect on Hearing
25 Normal speech clearly heard through barrier.
30 Loud speech can be heard and understood fairly well.

Normal speech can be heard but barely understood.
35 Loud speech is unintelligible but can be heard.
42–45 Loud speech can be heard only faintly. Normal speech

cannot be heard.
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46–50 Loud speech not audible. Loud sounds other than
speech can be heard only faintly, if at all.

See p. 161 for recommended STC room barriers.

Rough Estimating of STC Ratings
When the wall or floor assembly is less than that desired,
the following modifications can be made. Select the appro-
priate wall or floor assembly. To improve the rating, select
modifications (largest number, + 1⁄2 next largest, + 1⁄2 next
largest, etc):

a. Light frame walls
Base design STC Rating

Wood studs W/ 1⁄2″ gyp’bd. 32
Metal studs W/ 5⁄8″ gyp’bd. 39

Modification Added STC
Staggered Studs +9
Double surface skin +3 to +5
Absorption insulation +5

b. Heavy walls
The greater the density, the higher the rating. Density
goes up in the following order: CMU, brick, concrete.
Base Design STC Rating

4-inch CMU, brick, concrete 37–41, 42
6-inch 42, 46
8-inch 47, 49, 51
12-inch 52, 54, 56

Modification Added STC
Furred-out surface +7 to +10
Add plaster, 1⁄2″ +2 to +4
Sand-filled cores +3

c. Wood floors
Base Design STC Rating

1⁄2-in plyw’d, subfloor with 
oak floor, no ceiling 25

Modification Added STC
Add carpet +10
5⁄8-inch gyp’bd. ceiling +10
Add resilient damping board +7
Add absorbtion insul. +3
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d. Concrete floors
Base Design STC Rating

4-, 6-, 8-inch thick concrete 41, 46, 51
Modification Added STC

Resil. Susp. Ceiling +12
Add sleepers +7
Add absorption insul. +3

e. Glass
1⁄4″ float 26
double glaze 32

f. Doors
wood HC 26

SC 29
metal 30
special acoustical 35 to 38

Costs: Sound attenuation blankets: 2≤ thick = $0.75/SF (10% L and
90% M). Add $0.15 per added inch up to 4≤.

Acoustics 231

10210_Guthrie_01b_qxd.k  2/27/03  4:49 PM  Page 231



232 The Architect’s Portable Handbook

10210_Guthrie_01b_qxd.k  2/27/03  4:49 PM  Page 232



Acoustics 233

5

10210_Guthrie_01b_qxd.k  2/27/03  4:49 PM  Page 233



234

5

10210_Guthrie_01b_qxd.k  2/27/03  4:50 PM  Page 234



10210_Guthrie_01b_qxd.k  2/27/03  4:50 PM  Page 235



10210_Guthrie_01b_qxd.k  2/27/03  4:50 PM  Page 236



10210_Guthrie_02_qxd.k  2/27/03  4:54 PM  Page 237

Copyright 2003, 1998 by The McGraw-Hill Companies, Inc. Click Here for Terms of Use.



10210_Guthrie_02_qxd.k  2/27/03  4:54 PM  Page 238



A. LAND PLANNING

1. Costs: Site work and development costs roughly range from
$3 to $12/SF of site area, exclusive of building footprint. This
includes parking lot, sidewalks, landscaping, and utilities.

2. Slopes: Use the following guidelines for land selection:
a. Slopes under 1% do not drain well.
b. Slopes under 4% seem flat and are usable for all

kinds of activity.
c. Slopes of 4 to 10% are easy grades.
d. Slopes over 10% are steep.
e. Slopes at 15% approach limit of an ordinary loaded

vehicle.
f. Slopes at 25% are the limit of mowed surfaces.
g. Slopes over 50% may have erosion problems.

3. Site Selection (For Temperate Climates)
Avoid or make special provision for steep north slopes; west
slopes facing water; hilltops; frost pockets or positions at the
foot of long, open slopes; bare, dry ground; nearby sources
of noise or air pollution. Best sites are well-planted middle
slopes facing south, near water.

4.Streets (Typical Widths)

Type Width R.O.W.
One-way 18′ 25′
Minor road 20′ 35′
Minor residential 

street 26′
Major street 52′ 80′
Highway 12′/lane + 8′ shoulder up to 400′

5. Parking
a. In general, estimate 400 SF/car for parking, drives,

and walks.
b. For very efficient double-bay aisle parking, estimate

300 SF/car for parking and drives only.
c. Typical parking stall: 9′ × 19′.
d. Parking structure stall: 8.5′ × 19′.
e. Compact parking stall: 7.5′ × 15′.
f. ADA-required. HC parking: To be located as close

to the accessible entry as possible. One HC stall for
ea. 25 up to 100, then 1 per 50 up to 200, then 1 per
100 up to 500. From 501 to 1000: 2%. Over 1001: 20
+ 1 for ea. 100 over 1000. First, plus 1 in every 8 HC
stalls shall have 8-ft side aisle (for van parking). All
other HC spaces shall have 5-ft side aisle (but may
be shared). Stalls to be at least 8 feet wide. Grade at
these locations cannot exceed 2%.

5 10 40
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g. Loading dock parking: 10′ × 35′ × 14′ high.
h. One-way drive, no parking: 12′ wide.
i. Two-way drive, no parking: 18′ to 24′ wide.
j. Recommended pavement slope: 1 to 5%.
k. Primary walks: 6′ to 10′ wide.
l. Secondary walks: 3′ to 6′ wide.
m. Walks adjacent to parking areas with overhanging

car bumpers: 2.5′ minimum.
n. Above are for rough estimating; always verify local

zoning ordinance.
o. See following diagram and table for typical parking

lot sizes:
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A B C D E F G

Center-to-center width
of two parking rows
with access btw’n.

Overlap
center line

Parking Stall Stall to Aisle Curb Curb to to center
angle width curb width length curb line

0° 7′6″ 7.5* 11.0 19.0 26.0 26.0
8′0″ 8.0 12.0 23.0 28.0 —
8′6″ 8.5 12.0 23.0 29.0 —
9′0″ 9.0 12.0 23.0 30.0 —
9′6″ 9.5 12.0 23.0 31.0 —

30° 7′6″ 14.0* 11.0 15.0 39.0 32.5
8′0″ 16.5 11.0 16.0 44.0 37.1
8′6″ 16.9 11.0 17.0 44.8 37.4
9′0″ 17.3 11.0 18.0 45.6 37.8
9′6″ 17.8 11.0 19.0 46.6 38.4

40° 8′0″ 18.3 13.0 12.4 49.6 43.5
8′6″ 18.7 12.0 13.2 49.4 42.9
9′0″ 19.1 12.0 14.0 50.2 43.3
9′6″ 19.5 12.0 14.8 51.0 43.7

45° 7′6″ 15.9* 11.0 10.6 42.8 37.9
8′0″ 19.1 14.0 11.3 52.2 46.5
8′6″ 19.4 13.5 12.0 52.3 46.3
9′0″ 20.1 13.0 13.4 53.2 46.2
9′6″ 20.1 13.0 13.4 53.2 46.5

50° 8′0″ 19.7 14.0 10.5 53.4 48.3
8′6″ 20.0 12.5 11.1 52.5 47.0
9′0″ 20.4 12.0 11.7 52.8 47.0
9′6″ 20.7 12.0 12.4 53.4 47.3

60° 7′6″ 16.7* 14.0 8.7 47.5 40.4
8′0″ 20.4 19.0 9.2 59.8 55.8
8′6″ 20.7 18.5 9.8 59.9 55.6
9′0″ 21.0 18.0 10.4 60.0 55.5
9′6″ 21.2 18.0 11.0 60.4 55.6

90° 7′6″ 15.0* 18.0 7.5 48.0 48.0
8′0″ 19.0 26.0† 8.0 64.0 —
8′6″ 19.0 25.0† 8.5 63.0 —
9′0″ 19.0 24.0† 9.0 62.0 —
9′6″ 19.0 24.0† 9.5 62.0 —

* Based on 15′0″ stall length for compact cars; all others based on 19′0″ stall length.
† Two-way circulation.
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6. Open-Space Proportions
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B. GRADING AND DRAINAGE

1. Grading for Economy
a. Keep finished grades as close to the natural as possible.
b. Amounts of cut and fill should balance over the site.

2. Maximum Slopes
a. Solid rock 1⁄4:1
b. Loose rock 1⁄2:1 (1:1 for round rock)
c. Loose gravel 11⁄2:1
d. Firm earth 11⁄2:1
e. Soft earth 2:1
f. Mowing grass 4:1

D 5 16 19 25 34 51
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3. Desirable Grades
% of slopes

Situation Max. Min.

a. Paved areas
(1) AC 5 1
(2) Concrete 5 0.5

b. Streets
(1) Length 6–10 0.5
(2) Cross 4 2

c. Walks
(1) Cross slope 2 2
(2) Long slope
(3) (Subj. to freeze and 

accessible) 5
(4) (Not subj. to above) 14

d. Ramps
(1) HC-accessible (ADA) 8.33
(2) Nonaccessible 12.5

e. At buildings
(1) Grade away 10′ 2–5
(2) Impervious materials 21

f. Outdoor areas
(1) Impervious surface 5 0.5
(2) Pervious

(a) Ground frost 5 2
(b) No ground frost 5 1

g. Swales and gutters (concrete) .3
h. Stairs

(1) Landings and treads 2 1

10210_Guthrie_02_qxd.k  2/27/03  4:54 PM  Page 246



Grading and Drainage 247

4. Grades at Buildings
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5. Retaining Walls
COSTS ≈ $250/CY, all sizes, not including cut, backfill,

or compaction.
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6. Earthwork Conversion Factors
Native, in-place soils can be compacted for greater density.
When dug up the density decreases and the volume
increases. Use the following to estimate earthwork volumes:

Soil In place Loose Compacted

Sand 1.00 1.10 .95
Earth 1.00 1.25 .80
Clay 1.00 1.40 .90
Rock (blasted) 1.00 1.5 1.30

7. Earthwork Costs
The costs given below are based on machinery-moved and
compacted earthwork, normal soils, suburban sites, of
medium size (2000–15,000 CY):

On site
Cut $3.30/CY
Hand excavation $29 to $67/CY
Fill and compaction $2.50/CY
(Compaction 20% of total)

Off site
Import $5.50/CY (5 miles or less) to $10/CY
Export $4.40/CY (5 miles or less) to $7/CY

Modifiers:
Difficult soils (soft clays or hard,
cementitious soils) +100%
Hand-compacted +400 to 500%
Volume

Smaller +50 to 200%
Larger −0 to 35%

Location
Urban sites +100 to 300%
Rural sites −0 to 25%
Situations of severe weather 
(rain or freezing) +5 to 10%

Other materials:
Sand $6.60 to $11/CY
Gravel $16.50 to $27.50/CY
Rock (blasting only)

Rural sites $6.50 to $8.80/CY
Urban sites $130/CY

Jackhammering $1485/CY
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8. Drainage
a. General: Rainwater that falls on the surface of a

property either evaporates, percolates into the soil
(see p. 264), flows off the site, or drains to some
point or points on the site. That portion that does
not enter the soil is called the runoff and provision
must be made for this excess water. The grading
must be so designed that surface water will flow
away from the building. This may sheet-flow across
the property line or out driveways to the street. Or,
this may necessitate drainage channels with catch
basins and storm drains (see p. 271). Each commu-
nity should be checked for its requirements by con-
tacting the city (or county) engineering or public
works department.

b. Rainfall: For small drainage systems, the maximum
rainfall in any 2-year period is generally used. For a
more conservative design, the 5- to 10-year period
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may be employed. For establishing floor elevations,
100-year floods, are often used. Lacking more spe-
cific data, see App. B, item J, and divide the quantity
by half. One inch of rain per hour is equal to approx-
imately one CF of water falling on one acre of
ground per second.

c. Runoff: Volume may be estimated by:

Q = C × I × A, where:
Q = Quantity of runoff in CF/sec
C = Coefficient of runoff:

Roofs 0.95
Concrete or asphalt 0.95
Gravel areas

Loose 0.30
Compact 0.70

Vacant land, unpaved streets
Light plant growth 0.60
No plants 0.75

Lawns 0.35
Wooded areas 0.20

I = Intensity of rainfall in inches per hour
A = Area to be drained, in acres

d. Dry wells: Slowly drain runoff back into the
ground. They should be at least 10′ from septic
tanks and lot lines, 20′ from buildings, and 100′ from
water supply sources. Their bottoms should lie
above the highest annual level of the local water
table. They should not be used for toilet wastes.
They should not be built in nonporous soil (rock,
hard pom, dense clay, etc.).

e. Storm drains
It is wiser to oversize than economize on size
because the cost of a slightly larger conduit, besides
being a very small part of the installation cost, is far
less than the cost of flooding and erosion that could
result.

The following nomograph can be used to estimate
storm drain sizes. It is for rough concrete. Materials
of smoother surfaces will have smaller sizes. Also,
see pp. 271 and 531.
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f. Flooding:When siting a building near a lake, stream,
or river, examine the terrain above the water. If the
land slopes gently from the shore, then rises steeply,
and then levels out, this probably indicates a flood-
plain. No building should be placed below the crest
of the rise.The damage that can be caused by even a
small stream rising to flood stage is staggering. If a
stream’s speed doubles, its erosive force is 32 times
greater. If its speed quadruples, its erosive force
increases more than 1000 times.
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C. SOILS

1. Danger “Flags”
a. High water table.
b. Presence of trouble soils: Peat, other organic materi-

als, or soft clay, loose silt, or fine water-bearing sand.
c. Rock close to surface.
d. Dumps or fills.
e. Evidence of slides or subsidence.

2. Ranking of Soil for Foundations
a. Best: Sand and gravel
b. Good: Medium to hard clays
c. Poor: Silts and soft clays
d. Undesirable: Organic silts and clays
e. Unsuitable: Peat

3. Aboveground Indicators:
a. Near buildings: When deep excavations occur near

existing buildings there may be severe lateral move-
ment. This requires shoring of adjacent earth and or
existing foundations.

b. Rock outcrops may indicate bedrock is just under-
ground. Bad for excavating but good for bearing
and frost resistance.

c. Water (such as a lake) indicates a water table close to
grade. Foundations may be expensive and unstable.

d. Level terrain usually indicates easy site work, fair
bearing, but poor drainage.

e. Gentle slopes indicate easy site work and excellent
drainage.

f. Convex terrain (a ridge) is usually a dry, solid place
to build.

g. Concave terrain (a depression) usually is a wet and
soft place to build.

h. Steep slopes indicate costly excavation, potential
erosion, and sliding soils.

i. Foliage: Some species indicate moist soil. Sparse or
no foliage in a verdant area suggests hard, firm soil.
Large solitary trees indicate solid ground.

4. Basic Soil Types (Identification)
a. Inorganic (for foundations)

(1) Rock: good bearing but hard to excavate
(2) Course grain

(a) Gravel: 3″ to 2 mm. Well-drained,
stable material.

2 5 16 25 40 51 60
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(b) Sand: 0.05 to 2 mm. Gritty to touch
and taste. Good, well-drained ma-
terial if confined, but “quick” if 
saturated.

(3) Fine grain
(a) Silt: 0.005 to 0.05 mm. Feels smooth

to touch. Grains barely visible. Sta-
ble when dry but may creep under
load. Unstable when wet. Frost
heave problems.

(b) Clays: Under 0.005 mm. Cannot see
grains. Sticks to teeth (or hand,
when moist). Wide variety in clays,
some suitable and some not. Can
become expansive when wet.

b. Organic (not suitable for foundations). Fibrous tex-
ture with dark brown or black color.

5. Most Soils Combine Types
a. Consist of air, water, and solids
b. Size variation of solids a factor
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6. Amounts of types of solids vary, giving different char-
acteristics per following table:

Unified Soil Classification

Allow. Frost
Soil bearing Drain- heave Expan.
type Description (lb/SF) age potent potent

(1) (2) (3)

BR Bedrock 4000 to Poor Low Low
12,000

Gravels
Clean gravels

GW Well-graded gravel- 3000 Good Low Low
sand mixtures, little
or no sands

GP Poorly graded 3000 Good Low Low
gravels or gravel-
sand mixtures, little 
or no fine

Gravels with fines
GM Silty gravels, gravel- 2000 Good Med. Low

sand-silt mixtures
GC Clayey gravels, 2000 Med. Med. Low

gravel-clay-sand 
mixtures

Sand
Clean sands

SW Well-graded sands, 2000 Good Low Low
gravelly sands, little 
or no fines

SP Poorly graded sands 2000 Good Low Low
or gravelly sands,
little or no fines

Sands with fines
SM Silty sand, sand-silt 2000 Good Med. Low

mixtures
SC Clayey sands, sand- 2000 Med. Med. Low

clay mixture
Fine grained

Silts
ML Inorganic silts and 1500 Med. High Low

very fine sands, rock 
flour, silty or clayey 
fine sands w/slight
plasticity

MH Inorganic silts, mica- 1500 Poor High High
ceous or diatoma-
ceous fine sandy or
silty soils, elastic silts
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Clays
CL Inorganic clays of 1500 Med. Med. Med.

low to med. plasticity,
gravelly, sandy, silty,
or lean clays

CH Inorganic clays of 1500 Poor Med. High
high plasticity, fat clays

Organic
OL Organic silts and 400 Poor Med. Med.

organic silty clays
OH Organic clays of 0 Unsat. Med. High

medium to high 
plasticity

PT Peat and other 0 Unsat. Med. High
highly organic soils

Notes:
1. Allowable bearing value may be increased 25% for very compact, coarse-grained,

gravelly or sandy soils, or for very stiff, fine-grained, clayey or silty soils. Allowable
bearing value should be decreased 25% for loose, coarse-grained, gravelly or sandy
soils or soft, fine-grained, clayey or silty soils.

2. Percolation rate for good drainage is over 4″/hr; medium drainage is 2–4″/hr; poor
is less than 2″/hr.

3. Dangerous expansion might occur if these soil types are dry but subject to future
wetting.

4. IBC allows to 1500 psf for nonexpansive soils and small buildings.
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7. Clays: Usually give greatest problems for foundations.
a. Measure expansiveness:

The greater the PI (Plasticity Index), the greater the
potential for shrinkage and swelling. Some clays swell up to
20-fold with pressures of several tons/SF. Problems of
upheaval vs. settlement usually are 2 to 1.

b. Strength of clays

Shear Compression
Consistency (ton/SF) (ton/SF) Rule of thumb

Soft 0.25–0.5 <0.5 1⁄4″ pencil makes 1″ pene-
tration with med. effort.

Medium 0.5–1.0 0.5–1.0 1⁄4″ pencil makes 
stiff 1.0–2.0 1⁄2″ penetration with med.

effort.
Very 1.0–3.0 2.0–4.0 1⁄4″ pencil makes 1⁄4″ pene-
stiff tration with much effort.
Hard 3.0> 4.0> 1⁄4″ steel rod can penetrate

less than 1⁄8″. Can hardly
scratch.

8. Testing
a. Simple field tests

(1) Separation of gravel
(a) Remove from sample all particles

larger than 1⁄8″ diameter.
(b) Estimate percent gravel.

(2) Sedimentation test
(a) Place sample (less gravel) in can-

teen cup and fill with water.
(b) Shake mixture vigorously.
(c) Allow mixture to stand for 30 sec-

onds to settle out.
(d) Pour off water and save.
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(e) Repeat (b) through (d) above until
water poured off is clear.

(f ) Evaporate water from (d) above.
(g) Estimate percent fines.

(3) Comparison of gravel and sand
(a) Gravels have been removed in test

(1).
(b) Fines have been removed in test (2).
(c) Dry soil remaining in cup.
(d) Soil remaining in cup will be sand.
(e) Compare dry sand in cup with

gravel.
(4) Dry strength

(a) Form moist pat 2″ in diameter by 1⁄2″
thick.

(b) Allow to dry with low heat.
(c) Place dry pat between thumb and

index finger only and attempt to
break.

(d) Breakage easy—silt.
Breakage difficult—CL.
Breakage impossible—CH.
(see p. 260, Typical)

(5) Powder test
(a) Rub portion of broken pat with

thumb and attempt to flake parti-
cles off.

(b) Pat powders—silt (M).
Pat does not powder—clay (C).

(6) Thread test (toughness test)
(a) Form ball of moist soil (marble size).
(b) Attempt to roll ball into 1⁄8″-diame-

ter thread (wooden match size).
(c) Thread easily obtained—clay (C).

Thread cannot be obtained—silt
(M).

(7) Ribbon test
(a) Form cylinder of soil approxi-

mately cigar-shaped in size.
(b) Flatten cylinder over index finger

with thumb; attempting to form rib-
bon 8″ to 9″ long, 1⁄8″ to 1⁄4″ thick, and
1″ wide.

(c) 8″ to 9″ ribbon obtained—CH.
Less than 8″ ribbon—CL.
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(8) Wet shaking test
(a) Place pat of moist (not sticky) soil

in palm of hand (vol. about 1⁄2 cu.
in.).

(b) Shake hand vigorously and strike
against other hand.

(c) Observe rapidity of water rising to
the surface.

(d) If fast, sample is silty (M).
If no reaction, sample is clayey (C).

(9) Grit, or bite test
(a) Place pinch of sample between

teeth and bite.
(b) If sample feels gritty, sample is silt

(M).
(c) If sample feels floury, sample is

clay (C).
(10) Feel test

(a) Rub portion of dry soil over a sen-
sitive portion of skin, such as
inside of wrist.

(b) If feel is harsh and irritating, sam-
ple is silt (M).

(c) If feel is smooth and floury, sample
is clay (C).

(11) Shine test
(a) Draw smooth surface, such as

knife blade or thumbnail, over pat
of slightly moist soil.

(b) If surface becomes shiny and
lighter in texture, sample is a high-
compressible clay (CH).

(c) If surface remains dull, sample is a
low-compressible clay (CL).

(12) Odor test
(a) Heat sample with match or open

flame.
(b) If odor becomes musty or foul-

smelling, this is a strong indication
that organic material is present.

(13) Cast test
(a) Compress a handful of moist soil

into a ball.
(b) Crumbles with handling—GW,

SW, GP, or SP.
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(c) Withstands careful handling—SM
or SC.

(d) Handled freely—ML or MH.
(e) Withstands rough handling—CL

or CH.
(14) Slaking test

(a) Place soil or rock in sun to dry.
(b) Soak in water for 24 hours.
(c) Repeat (a) and (b) above several

times.
(d) If soil or rock disintegrates, it is

poor material.
(15) Amounts of soil

Sieve Jar of water

Gravel Remains on #10 Settles immediately
Sand Remains on #200 Settles in 30 sec
Silt Goes to bottom Settles in 15–60 min
Clay Goes to bottom Settles in several hrs

Measure each amount to get approximate
percent of each soil type.

(16) Testing for percolation: Absorption ca-
pacity of soil for sanitary septic systems
(see p. 530) may be checked by digging a
test pit at the drain field site in the wet sea-
son to the depth that the field will lie. Fill
the pit with 2′ of water, let fall to a 6″
depth, and time the drop from 6″ to 5″.
Repeat until it takes same time to make
the 1″ drop in two tests running.The allow-
able absorption rate of soil, in gallons per
SF of drain field per day, is:

Approx. absorption
Time for 1″ rate, gals
fall, minutes per SF per day

5 or less 2.5
8 2.0
10 1.7
12 1.5
15 1.3
22 1.0

Total sewage flow = 100 gal per person per day.
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b. Soils reports and data
Architects are well advised to have their clients
obtain soils reports for all projects, even residential.

(1) Geotechnical or soils report recommenda-
tions are based on lab tests of materials
obtained from on-site borings. Request the
following info:

(a) Bearing capacity of soil and settle-
ment

(b) Foundation design recommenda-
tions

(c) Paving design recommendations
(d) Compaction recommendations
(e) Lateral strength (active and passive

pressure, and coef. of friction)
(f) Permeability
(g) Frost depth

(2) Typical investigations require borings at the
center and each corner of the “footprint” of
the building, or one per 3000 to 5000 SF.

(3) Costs: Under 10,000 SF: $1750 to $4000.
Thereafter: $.15 to $.35/SF up to 100,000 SF.
Very large or high-rise projects have large
negotiated fees.

(4) Typical soils report strength characteristics:

Noncohesive (granular) soils

Relative density Blows per foot (N)

Very loose 0–4
Loose 5–10
Firm 11–30
Dense 31–50
Very dense 51+

Cohesive (claylike) soils
Unconfined

Comparative Blows compressed
consistency per foot strength (T/SF)

Very soft 0–2 0–0.25
Soft 3–4 0.25–0.50
Med. stiff 5–8 0.50–1.00
Stiff 9–15 1.00–2.00
Very stiff 16–30 2.00–4.00
Hard 31+ 4.00+
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Degree of Degree of
plasticity PI expan. pot. PI

None to slight 0–4 Low 0–15
Slight 5–10 Medium 15–25
Medium 11–30 High 25+
High 31+

(5) For small projects, especially in rural areas,
soils surveys by USDA Soils Conservation
Service are available (free of charge)
through the local soil and water conserva-
tion district office.

9. Soil Preparation for Foundations
a. Soils may or may not have to be prepared for foun-

dations, based on the specific foundation loads and
type and nature of the soil.

b. Problem soils
(1) Collapsing soils undergo large reductions in

volume as they become wet. This magnifies
when foundation loads are applied. These
soils are found most extensively as wind- or
water-deposited sands and silts, sometimes
called loess. Man-made fills can have the
same effect.The soils exist as loose deposits,
with large void spaces between soil particles.

(2) Expansive soils are usually clays. See 7,
above.

c. Compaction is a procedure that increases the den-
sity of soil (decreasing the void space and thereby
increasing the strength) by either rolling, tamping,
or vibrating the surface. Adding moisture increases
the density until the optimum moisture at maximum
density is obtained. This is given as a percent (usu-
ally 90% to 95% desired). Past this, the density
decreases.

(1) Typical procedure lays down a 6″ to 8″ layer
(“lift”) of soil, which is watered and com-
pacted. For sand, vibratory compaction
equip. is used. Sand cannot be over-com-
pacted. For clay, heavy rollers are best. Clay
can be over-compacted.

(2) Problem soils may need:
(a) “Engineered fill” is standard com-

paction, but with usually a prede-
termined fill material brought on
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site, placed, and tested under the
supervision of a soils engineer. This
may require removing the native
problem soil to a predetermined
depth.

(b) Prewetting (causing moisture to
penetrate several feet) and then
compacting or loading a “sur-
charge” of soil stockpiled above the
native.

(c) Other:
“Dynamic” compaction by
dropping heavy weights. This
can compact 60′ deep.
Deep vibration by a steel shaft
driven into the ground. Water
may be forced down the shaft.
Compaction can occur at
depths of 60′ to 100′. This is
economical only when used for
large sites.
Blasting.
Compaction piles.
Compaction grouting.
Stabilization by chemical grout-
ing such as lime (for expansive
soils).

10. Laterial: Many soils, particularly sandy or clayey soils, are
only 1⁄3 as strong laterally as vertically.

11. Foundations
a. Differential settlement of foundations: 1⁄4″ to 1⁄2″,

maximum.
b. Depth of foundations should be at or below the

local frost line. See App. B, item C.
c. The best solution to avoid potential problems is

wide footings with high safety factors.
d. For more on foundations, see pp. 293 and 297.

12. Radon
a. See App. B for likely radon locations.
b. A colorless, odorless, radioactive gas found in soils

and underground water.
c. Is drawn from the soil through the foundation when

the indoor pressure is less than the pressure outside,
in the soil. This usually occurs in winter.

d. Reduction approaches:

Soils 267
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(1) For slab-on-grade construction, a normal
uniform rock base course, vapor barrier,
and concrete slab may be satisfactory.

(2) Basements
(a) Barrier approach, by complete

waterproofing.
(b) Suction approach collects the gas

outside the foundation and under
the slab, and vents it to the outside.
Consists of a collection system of
underground pipes (or individual
suction pipes at 1/500 SF), and dis-
charge system.

(3) Costs: $350 to $500 during home const., but
$500 to $2500 for retrofits.

13.Termite Treatment
a. Wood buildings should usually have termite treat-

ment under slab on grade.
b. Locations where termites are most prevalent are

given in App. B, item F.
c. Costs: $0.30/SF (55% M and 45% L), variation 

−35%, +65%.
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D. UTILITIES
At the beginning of a project, the architect should verify util-
ity needs and availability. The five main utilities are water,
sewer, power, gas, and telephone—with storm drains and
cable TV as added options.

UTILITY TRENCHES

Typical Costs for Trench, Excavation,
and Compacted Backfill:

For 2′ × 2′ trench with 0 to 1 side
slope: $0.65/SF sect./LF trench
Double cost for 2 to 1 side slope.
Add 1% for each additional ft
depth past 2′.
Add to above cost of pipe or con-
duit listed below.

1. Storm Drains
a. Most expensive, avoid where possible.
b. Separate from sanitary sewer.
c. Manholes at ends, at each change of horizontal or

vertical direction, and each 300′ to 500′.
d. Surface drain no more than 800′ to 1000′ to catch

basins, or 500′ if coming from two directions.
e. 4′ deep in cold climates, or at least below frost line.
f. Minimum slope of 0.3% for a minimum velocity of

2′/sec (never exceed 10′/sec)
g. 12″ minimum diameter in 3″ increments up to 36″.
h. See p. 251 for sizing.

See below for Costs.

2. Sanitary Sewer
a. CO at ends, branchings, turns (less than 90°).
b. Typically, 4″ for house branch up to 8″ diameter for

mains and laterals. 6″ for most commercial.
c. Street mains often at −6′, or greater.
d. Slopes of from 1⁄16″ to 1⁄4″/ft.
e. Place below water lines or 10′ away.
f. Also see p. 530.

Typical Costs for Drainage and Sewage Piping: (per LF)
Reinforced concrete: 12″ to 84″ diameter = $1.50 to $4.60/inch dia.
Corrugated metal: 8″ to 72″ diameter = $1.45 to $3.30/inch dia.
Plain metal: 8″ to 72″ diameter = $1.10 to $3.25/inch dia. (storm
drains only)
PVC: 4″ to 15″ diameter = $1.25 to $1.40/inch dia.
Clay: 4″ to 36″ diameter = $1.60 to $4.50/inch dia.

30
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Typical Costs for MH and Catch Basins:
For 4′ × 4′ deep, C.M.U. or P.C.C. = $1800
Adjust: +10% for brick, +15% for C.I.P. conc.
Add: $450 each ft down to 14′.

3. Water
a. Flexible in layout.
b. Best located in Right-of-Way (ROW) for mains.
c. Layouts: branch or loop (best).
d. Affected by frost. Must be at −5′ in cold climates, or

at least below frost line.
e. Place water main or line above and to one side of

sewer.
f. Valves at each branch and at each 1000′ max.
g. FHs laid out to reach 300′ to buildings but no closer

than 25′ to 50′. Sometimes high-pressure fire lines
installed.

h. Typical size: 8″ dia., min., mains
6″ dia., min., branch

i. Typical city pressure 60 psi (verify)
j. Where city water not available, wells can be put in

(keep 100′ from newest sewer, drain field, or stream
bed).

k. Also, see p. 528.

Typical Costs for Piping (per LF):
Iron: 4″ dia. to 18″ dia. = $3.95/inch dia.
Copper: 3⁄4″ dia. to 6″ dia. = $7.35 to $23/inch dia.
PVC: 11⁄2″ dia. to 8″ dia. = $2.50/inch dia.

4. Power and Telephone
a. Brought in on primary high-voltage lines, either

overhead or underground.
b. Stepped down at transformers to secondary (lower

voltage) lines. Secondary lines should be kept down
to 400′ or less to building service-entrance sections.

c. Underground distribution may be 2 to 5 times more
expensive but is more reliable, does not interfere
with trees, and eliminates pole clutter. Always place
in conduit.

d. If overhead, transformers are hung on poles with
secondary overhead to building. Guyed poles typi-
cally 125′ (max.) apart. Where not in R.O.W., 8′
easement required. For footings, provide 1′ of inbed-
ment per every 10′ of height plus 1 extra foot.

e. See p. 617.
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Typical Costs for Conduit: 3″ to 4″: $4.40 to $6.60/LF
PC conc. transformer pad, 5′ sq.: $60/ea.

5. Gas
a. Underground, similar to water. Piping must be cor-

rosion protected.
b. Main problem is danger of leakage or explosion, so

lines should be kept away from buildings, except at
entry.

c. As a rule, meter each building separately.
d. Lines should not be in same trench as electric cable.
e. Also see p. 533.

Typical Costs for Gas Piping:
Plastic: $2.75 for 11/4″ to $8.40/LF for 4″ dia.
Steel: $26.40/LF for 5″ dia. to $48.80/LF for 8″ dia.

6. Fire Protection: Generally, fire departments want:
a. Fire hydrants at streets

or drives that are located
about 300 ft apart and
located so that a 300-ft
hose can extend around
building.

b. Min. of at least 16-ft-
wide drives around
building, with 30′ to 60′
turning radius for fire
truck access.

c. Also see p. 537.
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Typical Costs:
Piping costs, same as water (iron or PVC)
Hydrants: $1900/ea.
Siamese: $220 to $360/ea.
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E. SITE IMPROVEMENTS

Item Costs

1. Paving
a. Asphalt:

2″ AC $.50 to $1/SF (70%M and
40%L)

For each added inch: Increase 25 to 45%
4″ base: $.40 to .60/SF (60%M and

40%L)
For each added inch: Increase 25%

b. Concrete drives, walks, patios:
1⁄2″ score joints at 5′ and expan. joints at 20′ to 30′
4″ concrete slab: $1.75 to 2.20/SF (60%M and

40%L)
Add:
For base See AC, above
For each inch more Add 15%
For reinforcing 5 to 10%
For special finishes Add 100%
For vapor barriers See p. 377.

2. Miscellaneous Concrete
a. Curb $9/LF (30%M and 70%L)
b. Curb and gutter $14/LF

Add for “rolled” +25%
c. Conc. parking $50/ea. (65%M and 35%L)

bumpers
d. Paint stripes $.35/LF (20%M and 80%L)

3. Fences and Walls
a. Chain link

4′ high $5.55 to $8.00/LF (50%M
and 50%L)

6′ high $6 to $9.00/LF
b. Wrought iron, $24/LF (70%M and 30%L)

3′ to 4′
c. Wood fencing $1.90 to $8.00/SF (60%M

and 40%L) depending on
material, type, and height

d. Walls See Parts 3 and 4.
4. Site Lighting

a. Pole mounted
for parking lot,
20′ to 40′ high $1700 to $3500/ea.

5. Carports and Canopies
(no foundations) $1800–$4000/car

277

10210_Guthrie_02_qxd.k  2/27/03  4:55 PM  Page 277



10210_Guthrie_02_qxd.k  2/27/03  4:55 PM  Page 278



F. LANDSCAPING AND IRRIGATION

1. General
a. Landscaping can be one of the greatest aesthetic

enhancements for the design of buildings.
b. Landscaping can be used for energy conservation.

See p. 193.
c. Landscaping can be used for noise reduction. See

p. 226.
d. At locations with expansive soils, be careful about

plants and irrigation next to buildings.
e. Trees can be used to address the design needs of a

project by directing pedestrian or vehicle move-
ment, framing vistas, screening objectional views,
and defining and shaping exterior space. Trees can
also be used to modify the microclimate of a site and
help conserve building energy use from heating and
cooling systems. Mature trees and ground cover
absorb or delay runoff from storm water at a rate 4
to 5 times that of bare ground.

f. Existing: Mature trees will not survive a violent
change of habitat. The ground may not be cut away
near their roots, nor may more than a few inches be
added to grade; though a large well with radial
drains and 6″ of crushed stone out to the drip may
work. As a rule, though, up to 50% of the root sys-
tem can be lost without killing a plant, providing
the other 50% is completely undisturbed. Trees
which grew in a wood must be preserved in a clump,
since they have shallow roots, while trees that were
originally isolated or in open fence lines should be
kept so.

g. As a general rule, trees should be located no closer
to buildings than the extent of the mature “drip
line.” When closer, deeper foundations may be
needed, especially in expansive soils.

h. Good ventilation is a must for interior plants, but
AC supply should be directed away from plants due
to winter overheating. For interior plants and pots,
see p. 473.
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i. Trees are often selected by profile for aesthetics and
function:

2. Materials
a. Select material based on USDA Plant Zones, shown

below. See App. B, item H, for various zones.

Zone Approx. range of ave. annual min. temp.

2 −50 to −40°F
3 −40 to −30°F
4 −30 to −20°F
5 −20 to −10°F
6 −10 to 10°F
7 0 to −30°F
8 10 to 20°F
9 20 to 30°F

10 30 to 40°F

b. Next, select plants for microclimate of site (see p.
193) and location around building, as follows:

(1) Shaded locations and north sides
(2) Semi-shaded locations and east sides
(3) Sunny locations and south and west sides

c. Select material by the following types:
(1) Large trees (over 20′, often up to 50′ high)
(2) Small trees (under 20′ high)
(3) High shrubs (over 8′ high)
(4) Moderate shrubs (4′ to 8′ high)
(5) Low shrubs (under 4′ high)
(6) Ground covers (spreading plants under 24″

high)
d. Select material based on growing season, including:

(1) Evergreen versus deciduous
(2) Annuals (put in seasonally, not returning)

versus perennials (die in winter but return
in spring)
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e. Selection based on aesthetics:
(1) Shape (see item 1-h, above) and texture
(2) Color, often dependent on blooming season

Rule of Thumb: Costs of overall landscaping = $2 to $5/SF of landscape
area.

Costs shown below: 50%M and 50%L, variation of +/−25%, depending
on soil and growing season. For commercial jobs, add 20% due to war-
ranties and maintenance.

Trees 15 gal $100/ea. Shrubs 1 gal $9/ea.
24″ box (1″c) $250/ea. 5 gal $25/ea.
specimens $400 to $2500/ea. specimens $60/ea.+

Vines 1 gal $8.50/ea. Ground covers
5 gal $25/ea. plants 1 gal $9/ea.

lawn sod (incl. topsoil) $.50 to
$.75/SF

lawn seed $.25/SF
hydroseeding $0.06/SF
(seed, mulch, binder,
and fertilizer)

Other
Brick or concrete border $7.50/LF to $12.50
Rock $2.50 to $6.50/SY
Preemergent $.08/SF
Pots, 14″ ceramic with saucer $100/ea.

3. Irrigation
a. Can be in the following forms:

Type Material Costs

Bubbler Plants and trees $.50/SF
Spray Lawn $.30–$.50/SF
Drip Plants and trees $.50/SF

b. System should “tee” off water line before entering
building.The tee size usually ranges between 3⁄4″ and
2″.

c. Controls usually require a 110V outlet.
d. Backflow prevention unit usually required by code.

Landscaping and Irrigation 281
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A. CONCRETE MATERIALS

1. General Cast-in-Place Costs
a. Substructure: $150 to $400/CY (40%M and 60%L)
b. Superstructure: $500 to $1100/CY (30%M and

70%L)
2.Concrete: Consists of (using the general 1-2-3 mix, 1 part

cement, 2 parts sand, and 3 parts rock, plus water):
a. Portland cement

(1) Type I: Normal for general construction.
(2) Type II: Modified for a lower heat of hydra-

tion, for large structures or warm weather.
(3) Type III: Modified for high, early strength,

where forms must be removed as soon as
possible, such as high-rise construction or
cold weather.

(4) Type IV: Modified for low heat for very large
structures.

(5) Type V: Modified for sulfate resistance.
(6) Types IA, IIA, or IIIA: Air-entrained to

resist frost.
b. Fine aggregate (sand): 1⁄4″ or smaller.
c. Course aggregate (rock and gravel): 1⁄4″ to 2″.
d. Clean water: Just enough to permit ready working

of mix into forms. Mix should not slide or run off a
shovel. Major factor effecting strength and durability
is the water-cement ratio, expressed as gallons of
water per sack of cement (usually ranging from 5 to
8). Slump is a measure of this:

A 615 26 50 58 60
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3. Structural Characteristics (Primer)
a. Strength
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b. Bending
(1) Concrete is strong in compression but has

little dependable tensile strength. Steel is
strong in tension. When they are combined
in a reinforced concrete bending member,
such as a beam or slab, the concrete resists
compression and the steel resists the ten-
sion. Thus, the reinforcing must be located
at the tension face of the member.

Reinforcing splices in continuous-top rein-
forcing are usually located at midspan.
Splices at bottom reinforcing are usually
located over supports.

(2) Reinforcing: Steel
bars start at #2s, which
are 1⁄4″ dia. Sizes go up
to #11s, with each size
an added 1⁄8″. All bars
are deformed except
#2s. A common prob-
lem is trying to cram
too many bars into too
small a section.
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(3) Shear
(a) When con-

crete fails in
shear it is
generally
due to a ten-
sion failure
along a di-
agonal line.
Vertical steel “stirrups” or diagonal
bars are often used to tie the top
and bottom parts together across
the potential crack and prevent
failure. This steel must be placed
accurately in the field.

(b) The weakness of concrete in diago-
nal tension leads to problems with
keys and construction joints.
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(4) Bond: Reinforcing lap splices need to be
long enough to bond with the concrete.
These splices close to the surface are weak,
so reinforcing needs to be centered or kept
clear of surfaces. In general, bars should not
be lap-spliced at points of maximum stress.
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(5) Columns
(a) In columns, both the concrete and

the steel can work in compression.
(b) Bars need steel ties to keep them

from buckling outward. Also,
closely spaced ties help confine the
concrete against breaking apart.

(c) 90° hooks are often used, but
should not be used in seismic areas.
The best anchor for the end of a tie
is a 135° hook around the rebar and
back into the concrete.

(d) The ultimate in tying bars against
outward buckling and confining
concrete against breaking apart is
the spirally reinforced column.

(e) Reinforcing is often lap-spliced at
floor levels.

(6) Concrete shrinks: Details must allow for
this. Try to avoid locking fresh concrete
between two immovable objects. Pouring
sequences should consider this problem.

(7) Prestressed Concrete:
(a) Differs from ordinary, reinforced

concrete in that prestressing steel is
under a very high tension, com-
pressing the concrete together,
before any load is placed on the
member. This strengthens the con-
crete in shear as well as bending.
This requires very high-strength
steel which is impractical in ordi-
nary reinforced concrete but
results in large steel savings.

(b) Posttensioning involves tightening
the rods or cables after the concrete
is poured and cured. This concen-
trates a large stress at each end of
the cables and requires special care
(bearing plates, special hardware,
reinforcing, etc.) to prevent failure
at these points. If an end connec-
tion fails in unbonded posttension-
ing, there’s no reinforcing strength
left!
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(c) Pretensioning has none of these “all
the eggs in one basket” problems.
Pretensioning lends itself to pre-
cast, plant-produced members,
while posttensioning lends itself to
work at the job site.

(d) Problems
1. Continuing shrinkage is the

most common problem with
prestressed concrete. All
details must consider long-
term shrinkage.

2. Notches in precast tees at
bearing may cause problems.
Use quality bearing pads.

4. Testing: Typical design compressive strengths are f ′c =
2500 to 3000 psi. To be sure of actual constructed strengths,
compressive cylinder tests are made:

7-Day Break 28-Day Break

60 to 70% of final strength Final strength

The UBC requires average of three tests to meet or exceed
f′c. No test must fall below f′c by 500 or more psi.

5. Finishes: Different wall finishes can be achieved by:

Type Cost

a. Cast shapes and textures $3.30 to $6.00/SF
b. Abrasive treatment (bush 

hammering, etc.) $1.50 to $5.00/SF
c. Chemical retardation 

(exposed aggregate, etc.) $0.80/SF
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B. FOUNDATIONS

1. Functions
a. Transfers building loads to ground
b. Anchors the building against wind and seismic loads
c. Isolates the building from frost heaving
d. Isolates building from expansive soils
e. Holds building above or from ground moisture
f. Retards heat flow to or from conditioned space
g. Provides storage space (basements)
h. Provides living space (basements)
i. Houses mechanical systems (basements)

2.Types
a. Slab-on-grade b. Crawl space c. Basement

3. Types
a. Spread Footings: Used for

most buildings where the
loads are light and/or there
are strong, shallow soils. At
columns, they are a single
“spot” square directly bear-
ing on the soils. Bearing
walls have an elongation of
the above.These are almost
always of reinforced con-
crete.

293
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b. Grade Beams: These are
used where upper soils
are weak. They take wall
loads and transfer them
over to column founda-
tions as if the beam 
were in the air. They are
of reinforced concrete.
Where soils are expan-
sive, forms are some-
times hollow at the
bottom to allow for soil
heave without lifting the
beam. This system is usu-
ally used with drilled
piers at the columns.

c. Drilled Piers or Caissons:
These are used for heavy
loads and/or where the
soil is weak down to a
stronger depth.These are
almost always of rein-
forced concrete.
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d. Piles: These are used
for heavy loads and/
or where deep soils
are weak. End bear-
ing piles are driven
down to a deep bear-
ing stratum. Friction
piles are used where
there is no reason-
able bearing stratum
and they are driven
until a certain amount of resistance (from skin fric-
tion against the soil) is obtained to counteract the
column load. Piles can be timber, reinforced con-
crete, or steel (with concrete fill).

e. Rafts or Mats: Rein-
forced concrete rafts
or mats can be used
for small, light-load
buildings on very
weak and expansive
clays. These are often
post-tensioned con-
crete. They can also
be used at the bottom
of subbasements of very large buildings where there
are deep mushy soils. Either way, they allow the
building to “float” on or in the soil, like a raft or ship.

4.Depths (spread footings) should be at or below frost line
(see App. B, item C):

a. No Freeze 1′–6″
b. +20ºF 2′–6″
c. +10ºF 3′–0″
d. 0ºF 3′–6″
e. −10ºF 4′–0″
f. −20ºF 4′–6″

5.Differential Settlement: 1⁄4″ to 1⁄2″

Foundations 295

10210_Guthrie_03_qxd.k  2/27/03  4:57 PM  Page 295



10210_Guthrie_03_qxd.k  2/27/03  4:57 PM  Page 296



C. CONCRETE MEMBERS 
(SIZES AND COSTS)
See p. 180 for span-to-depth ratios.

1. Concrete Substructure
a. Spread footings

Spread footings located under walls and columns
are appropriate for low-rise buildings (one to four
stories) where soil conditions are firm enough to
support the weight of the building on the area of the
spread footings. When needed, footings at columns
can be connected together with grade beams to pro-
vide more lateral stability in earthquakes. Spread
footings are the most widely used type of footing,
especially in mild climates, because they are the
most economical. Depth of footing should be below
topsoil and frost line, on compacted fill (or firm
native soil) but should be above water table.

Concrete spread footings are normally 1′ thick,
but at least as thick as the width of stem wall. Width
is normally twice that of stem wall. Typical column
footings are 4′ square for one-story buildings.Add 1′
for each story up to ten stories.

Approximate cost for a column-spread footing (M and L) with
excavation, backfill, and reinforcing with 3000 psi concrete, 3′ ×
3′, 12″: $50 to $125/ea.

Approximate cost for a wall-spread (strip) footing (stem wall not
included), 12″ × 2′ W is $25/LF.

Approximate cost of concrete stem walls: 6″ × 4′ high is $41.25/LF.

b. Other foundation systems: As the weight of the
building increases in relation to the bearing capacity
(or depth of good bearing) soil, the footings need to
expand in size or different systems need to be used.

(1) For expansive soils with low to medium
loads (or high loads with rock not too far
down), drilled piers (caissons) and grade

A 1 13 31
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beams can be
used. The pier
may be straight
like a column
or “belled” out
to spread the
load at the
bearing level
of soil. The
grade beam is
designed to
resist expansion or compression of the soil
as if it were in the air.

Approximate cost of a 28″ deep × 1′ wide, 8-KLF load grade beam
spanning 15′ is $55/LF (M and L).

Approximate cost of a 2′ × 50′ concrete caisson (3000 psi concrete)
is $1985/each (M and L).

(2) Piles: Piles are
long columns that
are driven into the
ground. Piles trans-
fer the loads to a
lower, stronger
stratum or can
transfer the load by
friction along the
length of the pile
(skin friction). Piles
are usually grouped
together under a footing (pile cap) of
reinforced concrete. Piles should be at
least 2.5′ apart.

Approximate cost of reinforced concrete (3000 psi) PILE CAP
for two piles with a dimension of 6.5′ × 3.5′ by 1′–8′ deep for 45K
load is $385/ea. (M & L).

Different types of piles, their loads, and approximate costs
(M and L):

CIP concrete, end-bearing, 50k, with 12″ to 14″
steel shell, 25′ long, $725/ea.
Precast concrete, end-bearing, 50k, 10″ sq., 50′
long, $545/ea.
Steel pipe, end-bearing, 50k, 12″ dia., 50′ long,
$1745/ea.
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Steel H Piles, end-bearing, 100k, 50′ long,
$1285/ea.
Steel-step tapered, end-bearing, 50k, 50′ long,
$735/ea.
Treated wood pile, 3 ea. in cluster, end-bearing,
50k, 25′ long, $1620/ea. group.
Pressure-injected footings, end-bearing, 50k, 50′
long, $1550/ea.

(3) Mat foundations: For poor soil
conditions and tall buildings (10 to 20 sto-
ries) with their overturning moments, a mat
foundation is required. A mat foundation is
a large mass of concrete laid under the
entire building. Mat foundations range
from 4′ to 8′ thick.

Approximate cost: See p. 285.

2. Concrete Superstructure
a. Concrete slabs

(1) Slab-on-grade:
General rule on
paving slabs is that
depth should be 1⁄2 to
1⁄3 of average annual
frost penetration.
Typical thickness:

Floors 4″
Garage Floors 5″
Terraces 5″
Driveways 6″ to 8″
Sidewalks 4″ to 6″

Approximate cost of 4″ reinforced slab is $2.50 to $3.00/SF.
For rock base see p. 277.
For vapor barrier see p. 377.
For compacted subgrade see p. 250.
For termite treatment see p. 268.

(2) Reinforced concrete slabs in the air: For
general span-to-depth ratios, see p. 180.

(a) One-way slab
Usual spans: 6′ to 20′
Typical SDR:
20 for simple spans
28 for continuous spans
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(b) Two-way flat plate slabs
Flat plate

Usual spans of 20′ to 30′.
Usual thickness: 6″ to 12″
Usual maximum ratio of
long to short side of bay:
1.33.
Typical ratio of span to
depth: 30.
Another common rule is to
allow 1″ thickness for each
3′ of span.

Approximate costs of $8.80/SF (15′ bays, 40 psf) to $10.80/SF (25′
bays, 125 psf). 25%M and 75%L.

(c) Flat slab with drop panels
Usual spans: 25′ to 36′
Usual thickness: 6″ to 12″
Usual maximum ratio of long
to short side of bay: 1.33
Side of drop panels: +/− 1⁄3 span
Typical ratios of span to depth
24 to 30

Approximate costs of $9.25/SF (15′ bays, 40 psf) to $14/SF (35′
bays, 125 psf). 35%M & 65%L.

(d) Two-way waffle slabs
Longer 2-way spans and heav-
ier load capacity.
Usual spans: 25′ to 40′.
Standard pan sizes: 20″ to 30″
square with other sizes avail-
able. Standard pan depths 8″ to
20″ in 2″ increments.
Usual maximum ratio of long
to short side of bay is 1.33.
Typical ratio of span to depth:
25–30.

Approximate cost of $13/SF (20′ bays, 40 psf) to $16.30/SF (40′
bays, 125 psf). 40%M and 60%L.
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(e) Precast, prestressed concrete planks
Thickness of 6″ to 12″ in 2″
increments.
Spans of 8′ to 36′.
Span-to-depth ratio of approxi-
mately 30 to 40.
11⁄2″ to 2″ conc. topping often
used for floors.

Approximate cost of $7.20/SF for 6″ thick (85% M and 15% L)
with 35% variation higher or lower. Add $0.20 for each added
2″. Add $2.00/SF for topping.

b. Concrete beams and joists
(1) Precast concrete I beams (prestressed)

(a) Typical beam thickness of 12″ to
16″.

(b) Spans range from 20′ to 100′.
(c) Approximate ratios of span to

depth of 15 to 25.

Approximate cost of $54.75/LF for 15′ span and
$240/LF for 55′ span (90% M and 10% L) with varia-
tions of 20% higher or lower.

(2) Prestressed T beams (single and double
tees)

(a) Typical flange widths of 1⁄2 to 1⁄3 the
effective depth (8′ to 10′).

(b) Usual spans of 20′ to 120′.
(c) Approximate ratio of span-to-

depth ratio: 24 to 32.
(d) Usually has 11⁄2″ to 2″ concrete top-

ping for floors.

Approximate cost of double tee 2′ deep × 8′ wide with 35′ to 80′
span is $5.25 to $6.75/SF (90% M and 10% L) with variation of
10% higher or lower.
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(3) Concrete beams and joists.
SDR:

simply supported = 16
one end continuous = 18.5
both ends continuous = 21
cantilever = 8

Width should be 1⁄2 to 1⁄4 the total depth.

Approximate cost of P.C. beam, 20′ span is $60.00/LF (70% M
and 30% L). Cost can go 3 times higher with 45′ spans and
heavy loads.

c. Concrete columns
(1) Round columns usually 12″ minimum.
(2) Rectangular: 12 in sq. minimum.
(3) Usual minimum rectangular tied columns

10″ × 12″.
(4) Square or round spiral columns: 14″; add 2″

for each story.
(5) Most columns are “short”: maximum height

10 times least cross-section dimension. Typ-
ical column height is 12.5′ for multistory
building.

(6) Maximum unbraced height for “engi-
neered” long columns: 20 times least cross-
section dimension.

Approximate cost of $45 to $85/LF (30% M and 70% L). Use
lower number for single-story, min. loads, and min. reinforcing.

d. Concrete walls
(1) Wall Thickness

(a) Multistory: 8″ top 15′, add 1″ for
each successive 25′ down.

(b) Basements: 8″ minimum.
(c) Nonbearing: Minimum thickness

6″. Maximum ratio of unsupported
height: 25 to 30.

(d) Precast wall panels:
Minimum thickness: 51/2″.
Maximum ratio of unbraced length
to thickness: 45.
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Approximate cost of $15.35/SF for 6″, reinf. wall (65% M and
35% L) with variation of 35% higher for special finishes. Add
$.85 per each added inch thickness.

(2) “Tilt-up” (on site precast)
(a) Height-to-thickness ratio: 40 to 50.
(b) Typical heights: 22′ to 35′.
(c) Typical thickness: 51⁄2″ to 8″.
(d) Typical use: Favorable climate,

20,000 SF size building or larger.
Time and material savings can cut
cost ≈ 1⁄3, depending on height and
area, compared to masonry.

Costs: $7 to $12/SF (45% M and 55% L), costs can double for spe-
cial finishes. Add ≈ 30% for concrete columns.
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A. MASONRY MATERIALS

1. General: Masonry consists of:
a. Brick

(1) Fired
(2) Unfired (“adobe”)

b. Concrete block (concrete masonry units or CMU)
c. Stone
d. Glass block

2. Structural Characteristics
a. Strength

A 4 16 26 50 58 60

309

b. Load centers on masonry must lie within the center 1⁄3
of its width.

c. Reinforcing: Like concrete, masonry is strong in
compression, but weak in tension. Therefore, steel
reinforcement must usually be added to walls to sim-
ulate columns and beams.

(1) Like columns: Vertical bars @ 2′ to 4′ oc.
(2) Like beams: “Bond Beams” @ 4′ to 8′ oc.
(3) Also, added horizontal wire reinforcement

(ladder or truss type) @ 16″ oc. vertically, to
help resist lateral forces and cracking.

3. Bonds
a. Structural (method of laying units together):

(1) Overlapping units.
(2) Metal ties (should be galvanized with zinc

coating of 2 oz/SF, or stainless steel). Wire
ties usually @ every 3 SF, or . . .

Metal anchors, usually at 16″ oc, vertical
and 24″ oc, horizontal.

(3) Grout and mortar:
(a) Grout: A “soup” of sand, cement,

water, and often pea gravel that
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encases reinforcing bars. Usually
2000 psi comp. strength. Always
poured in cavities with high slump.
Except for adobe brick, the mortar
is considerably weaker than the
bricks or blocks. The mortar is more
elastic amd its joints shrink more.
See p. 285.

(b) Mortar: Stiffer mix of sand, cement,
lime, and water, to bond units
together by trowel work. Types:

N General purpose, medium
strength, for above grade.

M High strength, for high com-
pression, above-grade.

S High strength, for compres-
sion and tension.

O High lime, low strength, eas-
ily workable for veneers not
subject to freezing.

K Low strength, for interiors.
(4) Bond joints
(5) Bond patterns
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4. Control and Expansion Joints
a. Width

(1) Thermal movement. See p. 394. = 
Plus,

(2) Movement due to moisture: = 
(a) Bricks expand; should be 

laid wet.
(b) Concrete blocks shrink like 

concrete; should be laid dry. 
Plus,

(3) Construction tolerance. = 
Total width = 

b. Locations
(1) Corners
(2) Length of walls: 20′ to 25′ oc.
(3) Offsets, returns, and intersections.
(4) Openings:

(a) One side of opening, less than 6′
wide.

(b) Two sides of opening, greater than
6′ wide.

(5) Against other materials.

5. Embedments: The best metal today for embedment in
concrete or masonry is stainless steel, followed by bronze,
then brass; however, most structural embedments remain
galvanized steel.

6. Coatings: Must be (see p. 436)
(1) “Bridgeable” (seal cracks)
(2) Breathable (do not trap vapor)

7. Brick
a. Types

(1) Common (building)
(2) Face

(a) FBX Select
(b) FBS Standard
(c) FBA Architectural

(3) Clinker
(4) Glazed
(5) Fire
(6) Cored
(7) Sand-lime (white, yellow)
(8) Pavers

b. Weatherability
(1) NW Negligible weathering; for indoor or

sheltered locations and warm climates.
(2) MW Moderate weather locations.

Masonry Materials 311
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(3) SW Severe weather locations and/or earth
contact as well as cold, wet climates.

c. Positions

d. Sizes:
(modular brick based on 4″ module with 3⁄8″ jt.)

e. Coursing: See p. 313.
8. Concrete Block (CMU)

a. Types: Plain (gray), colored, pavers, special shapes
(such as “slump”), and special surfaces (split faced,
scored, etc.).

b. Size: See p. 314.
c. Coursing: See p. 315.
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9. Stone
a. Type unit

(1) Ashlar: Best for strength and stability; is
square-cut on level beds. Joints of 1⁄2″ to 3⁄4″.

(2) Squared stone (coursed rubble): Next-best
for strength and stability; is fitted less care-
fully than ashlar, but more carefully than
rubble.

(3) Rubble: Built with a minimum of dressing,
with joints unevenly coursed, or in a com-
pletely irregular pattern. Stones are lapped
for bond and many stones extend through
wall (when full-width wall) to bond it trans-
versely. If built carefully, with all interstices
completely filled with good cement mortar,
has ample durability for ordinary struc-
tures.

b. Typical materials
(1) Limestone
(2) Sandstone
(3) Quartzite
(4) Granite

c. Wall types
(1) Full width
(2) Solid veneer (metal ties to structural wall)
(3) Thin veneer (set against mortar bed against

structural wall)
d. Pattern types (see p. 322)
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B. MASONRY MEMBERS 
(SIZES AND COSTS)
See p. 180 for span-to-depth ratios.

1. Concrete Block (CMU)
a. CMU columns

See p. 181 for general rule
of thumb. Max. ht. to thick-
ness ratio = 20. Min. size =
12″ × 12″.

b. CMU walls
(1) Nominal min. thick-

ness: 6″
(2) Ratio of unsup-

ported length or ht.
to thickness: 25 to
35

Costs: CMU (Reg. wt., gray, running bond, typ. reinf’g. and grout)

4″ walls: $6.00/SF (Typical 25 to 30%M and 75 to 
6″ walls: $6.50/SF 70%L)
8″ walls: $7.50/SF (Variations for special block, such as 
12″ walls: $9.25/SF glazed, decorative, screen, etc. + 15%

to 150%)

Deduct 30 to 40% for residential work.

2. Brick Masonry
a. Columns

(1) See p. 181 for general 
rule of thumb.

(2) Usual min. dimension of
12″ (sometimes 8″).

(3) Maximum height = 20 ×
least dimensions.

(4) If unreinforced = 10 × least dimensions.

Costs: 12″ × 12″, standard brick: $34.50/VLF (20%M and 80%L).

b. Pilasters
(1) Usually consid-

ered when wall
is 20′ high or
more.

319
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(2) Typically needed under beams or heavy
trusses.

(3) Depth of pilaster: 1⁄12 of wall height.
c. Brick walls

(1) Maximum ratio of
unsupported length
or height to thick-
ness: 20.

(2) Reinforced bearing
walls: Nominal
minimum thickness: 6″.

(3) Unreinforced bearing wall:
1 story: 6″ min. thickness
2 stories: 12″ thick
+ 35′: 12″ upper 35′ and + 4″ added to each
35′ below

(4) Cavity walls: Typical nominal minimum
dimensions of 10″ (including 2″ air space).

Costs: Standard brick, running bond w/reinforcing (25%M & 75%L)
(Variations of +5%, −20%):

4″, single wythe, veneer: $11.00/SF
8″, double wythe, cavity-filled: $23.00/SF
12″, triple wythe, cavity-filled: $34.00/SF

For other bonds, add 15% to 30%

d. Brick arches
(1) Minor arches:

(a) Span: Less than 6′
(b) Configuration: All
(c) Load: Less than 1000 PLF
(d) Span-to-rise: 0.15 max.

(2) Major arches:
(a) Span: Over 6′
(b) Configuration: Semicircular & par-

abolic
(c) Load: Over 1000 PLF
(d) Span-to-rise: greater than 0.15
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3. Stone Masonry
a. Bearing walls

(1) Nominal minimum thick-
ness = 16″.

(2) Maximum ratio of unsup-
ported length or height to
thickness = 14.

b. Nonbearing walls
(1) Nominal minimum thick-

ness = 16″, veneer = 11/2″
cut stone, 4″ rough.

(2) Maximum ratio of unsupported length or
height to thickness = 18.

Costs: 4″ veneer (most common): $12.00 to $14.50/SF (40%M and
60%L) (Variation: + 50%)

18″ rough stone wall (dry): $44/CF (40% and 60%L)
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A. METAL MATERIALS

1. General
a. Ferrous metals (contains iron)

(1) Iron: Soft, easily worked, oxidizes rapidly,
susceptible to acid.

(2) Cast iron: Brittle, corrosion-resistant, high-
compressive strength. Used for gratings,
stairs, etc.

(3) Malleable iron: Same as above, but better
workability.

(4) Wrought iron: Soft, corrosion- and fatigue-
resistant, machinable. Used for railings,
grilles, screws, and ornamental items.

(5) Steel: Iron with carbon. Strongest metal.
Used for structural purposes. See p. 328.

(6) Stainless steel: An alloy for max. corrosion
resistance. Used for flashing, handrails,
hardware, connections, and equipment.

b. Nonferrous metals (not containing iron)
(1) Aluminum: Soft, ductile, high corrosion

resistance, low strength.
(2) Lead: Dense, workable, toxic, corrosion-

resistant. Improved with alloys for hardness
and strength. Used as waterproofing, sound
isolation, and radiation shielding.

(3) Zinc: Corrosion-resistant, brittle, low-
strength. Used in “galvanizing” of other
metals for corrosion resistance for roofing,
flashing, hardware, connections, etc.

(4) Chromium and nickel: Used as alloy for
corrosion-resistant bright “plating.”

(5) Monel: High corrosion resistance. Used for
fasteners and anchors.

(6) Copper: Resistant to corrosion, impact,
and fatigue. Ductile. Used for wiring, roof-
ing, flashing, and piping.

(7) Bronze: An alloy for “plating.”
(8) Brass: Copper with zinc. Used for hard-

ware, handrails, grilles, etc.
2. Corrosion to Metals

a. Galvanic action, or corrosion, occurs between dis-
similar metals or metals and other metals when suf-
ficient moisture is present to carry an electric

4 16 26 42 50 60
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current. The farther apart two metals are on the fol-
lowing list, the greater the corrosion of the more
susceptible one:

Anodic (+): Most susceptible to corrosion
Magnesium
Zinc
Aluminum
Cadmium
Iron/steel
Stainless steel (active)
Soft solders
Tin
Lead
Nickel
Brass
Bronzes
Nickel-copper alloys
Copper
Stainless steel (passive)
Silver solder

Cathodic (−): Least susceptible to corrosion

b. Metals deteriorate also when in contact with chemi-
cally active materials, particularly when water is
present. Examples include aluminum in contact
with concrete or mortar, and steel in contact with
treated wood.

3. Gauges: See pp. 329 and 330.
4. Structural Steel

a. General: Steel is stronger and springier than any
major structural material, and its fairly uniform mo-
lecularity makes every member nearly the same as
every other. When extreme stresses deform steel
past its elastic limit, it doesn’t break. However, its
strength lowers rapidly when exposed to fire. The
most commonly used strength grade of steel is 50,000
psi yield strength (grade 50) with some 36,000 psi
(A-36) still available. For heavily loaded members
such as columns, girders, or trusses—where buck-
ling, lateral stability, deflection, or vibration does
not control member selection—higher-yield strength
steels may be economically used. A 50,000 psi yield
strength is most frequently used among high-
strength, low-alloy steels.
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High-strength, low-alloy steels are available in sev-
eral grades and some possess corrosion resistance 
to such a degree that they are classified as “weather-
ing steel.”

Concrete and masonry reinforcing steel (rebar) are
40,000 psi and 60,000 psi. Wire mesh is 60 to 70 ksi.

b. Economy: The weight of structural steel per SF of
floor area increases with bay size, as does the depth
of the structure. Cost of steel may not rise as rapidly
as weight, if savings can be realized by reducing the
number of pieces to be fabricated and erected.
Improved space utilization afforded by larger bay
sizes is offset by increases in wall area and building
volume resulting from increased structure depth.

Steel frame economy can be improved by incorpo-
rating as many of the following cost-reducing factors
into the structure layout and design as architectural
requirements permit.

(1) Keep columns in line in both directions and
avoid offsets or omission of columns.

(2) Design for maximum repetition of member
sizes within each level and from floor to floor.

(3) Reduce the number of beams and girders
per level to reduce fabrication and erection
time and cost.

(4) Maximize the use of simple beam connec-
tions by bracing the structure at a limited
number of moment-resisting bents or by the
most efficient method, cross-bracing.

(5) Utilize high-strength steels for columns and
floor members where studies indicate that
cost can be reduced while meeting other
design parameters.
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(6) Use composite design, but consider effect
of in-slab electric raceways or other discon-
tinuities.

(7) Consider open-web steel joists, especially
for large roofs of one-story structures, and
for floor framing in many applications.

The weight of steel for roofs or lightly
loaded floors is generally least when long
beams and short girders are used. For heav-
ier loadings, long girders and short filler
beams should result in less steel weight. The
most economical framing type (composite;
noncomposite, simple spans, etc.) and
arrangement must be determined for each
structure, considering such factors as struc-
ture depth, building volume, wall area,
mechanical system requirements, deflec-
tion or vibration limitations, wind or seis-
mic load interaction between floor system,
and columns or shear walls.

c. Composite construction combines two different
materials or two different grades of a material to
form a structural member that utilizes the most
desirable properties of each materials.

(1) Composite systems currently used in build-
ing construction include:

(a) Concrete-topped composite steel
decks

(b) Steel beams acting compositely
with concrete slabs

(c) Steel columns encased by or filled
with concrete

(d) Open-web joists of wood and steel
or joists with plywood webs and
wood chords

(e) Trusses combining wood and steel
(f ) Hybrid girders utilizing steel of dif-

ferent strengths
(g) Cast-in-place concrete slabs on

precast concrete joists or beams
(2) To make two different materials act com-

positely as one unit, they must be joined at
their interface by one or a combination of
these means:
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(a) Chemical bonding (concrete)
(b) Gluing (plywood, glulam)
(c) Welding (steel, aluminum)
(d) Screws (sheet metal, wood)
(e) Bolts (steel, wood)
(f) Shear studs (steel to concrete)
(g) Keys or embossments (steel deck

to concrete, concrete to concrete)
(h) Dowels (concrete to concrete)
(i) Friction (positive clamping force

must be present)

Individual elements of the composite
unit must be securely fastened to prevent
slippage with respect to one another.

d. Shapes and designations

e. Open-web steel joists
(1) Types
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(2) Joist designation

(3) Use K Series for roofs, short spans, or light
loads.

(4) Use LH Series for floors, longer spans, or
heavier loads. Use DHL Series for longer
spans.

(5) Horizontal or diagonal bridging is required
to prevent lateral movement of top and bot-
tom chords, usually from 10 to 15 oc.

(6) Overhangs can be created by extending top
chords (up to 5′6″).

f. Steel decking
(1) Types:
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(2) Fire rating usually dictates thickness.

Total w/conc. Deck Span

21⁄2″ to 5″ 11⁄2″ 2′ to 6′
4″ to 6″ 11⁄2″ 6′ to 12′
51⁄2″ to 71⁄2″ 3″ 9′ to 16′

(3) Gauges: 16, 18, 20, 22
(4) For shorter spans, usually 8′, plain roof

decks with rigid insulation on top are often
used. For this type:

(a) Small openings up to 6″ sq. may be
cut without reinforcing. Larger
openings require steel framing.

(b) Roof-mounted equipment cannot
be placed directly on deck, but
must be supported on structure
below.

g. Structural connections
(1) Rivets (hardly used anymore)
(2) Bolts
(3) Welds
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5. Light Metal Framing
a. Joists

(1) Makes an
economical
floor system
for light
loading and
spans up to
32′

(2) Depths: 6″,
8″, 9″, 10″,
12″

(3) Spacings:
16″, 24″, 48″
oc

(4) Gauges: 12
through 18
(light = 20–25 GA; structural = 18–12 GA)

(5) Bridging, usually 5′ to 8′ oc
b. Studs

(1) Sizes
(a) Widths: 3⁄4″, 1″, 13⁄8″, 15⁄8″, 2″
(b) Depths: 21⁄2″, 35⁄8″, 4″, 6″, 8″
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(2) Gauges: 14, 15, 16, 18, 20
(3) Spacings: 12″, 16″, 24″ oc

6. Miscellaneous Metals
a. Nails

(1) Size:

Penny Gauge Length

2 15 1″
3 14 11⁄4″
4 121⁄2 11⁄2″
5 121⁄2 13⁄4″
6 111⁄2 2″
7 111⁄2 21⁄4″
8 101⁄4 21⁄2″
9 101⁄4 23⁄4″

10 9 3″
12 9 31⁄4″
16 8 31⁄2″
20 6 4″
30 5 41⁄2″
40 4 5″
50 3 51⁄2″
60 2 6″

Rule of thumb: Use nail with length 3×
thickness of board being secured.
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(2) Types
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b. Screws and bolts

Metal Materials 339
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c. Timber connectors (see p. 365 for costs)

340 The Architect’s Portable Handbook

Notes: Numbers in parentheses below, with corresponding uses, refer to
connectors illustrated above.

(1) Individual post base supports in concrete foundations.
(2) Truss or joist to plate and stud to plate, every other member

(every member in high-wind regions).
(3) For hanging a beam from a truss or deep beam, above.
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(4) High lateral wall braces used mainly for erection bracing at each
corner.

(5) To hold sill in place at each corner and every 4′ to 6′ o.c.
(6) Can be used for pitched joist to wall or plate.
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B. STEEL MEMBERS (SIZE AND COSTS)

See p. 180 for span-to-depth ratios.

1. General Costs: Steel framing for 1-story building:
$11.00/SF to $14/SF

For 2- to 6-story: +$1.15/SF

2. Light Steel Construction
a. Stud walls

(1) Widths of 15⁄8″,
21⁄2″, 35⁄8″, 4″,
and 6″.

(2) Maximum
heights range
from 9′ to 16′. 

(3) Available in
load-bearing
(LB), 14 GA to
20 GA, and
non-load-bear-
ing (NLB), 26 GA to 14 GA.

Costs: 35⁄8″ studs, LB, 16″ oc: $1.85 /SF wall area (20%M and 80%L)
Deduct or add 10% for each increment of size.
For 24″ oc: −25%
For 12″ oc: +25%
For NLB (25 GA): −30%

b. Joists
(1) Span 15′ to 30′.
(2) See p. 181 for rule of

thumb on span-to-depth
ratio.

(3) Typical savings of 16″ to
24″ oc.

Costs: 8″ deep, 16″ oc, 40 psf, 15′ span: $3.20/SF floor
Add 15% for each added 5′ span up to 25′.
For 30′ span, add 75%.
24″ oc, about same cost.

c. Steel pipe and tube columns
(1) Minimum pipe diameter:

31⁄2″. Minimum tube size:
3″ sq.

A 1 13 31 36
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(2) In general, assuming normal load condi-
tions, the minimum diameter in inches can
be estimated by multiplying the height in
feet by 0.33.

Costs: 3″ dia. or 3″ sq., 10′ unsupported height: $15/LF (55%M and
45%L). Cost can go up to double as load, height, and size
(up to 8″) increase.

3. Heavy Steel Construction
a. Steel decking

(1) For roofs, depths range
from 11⁄2″ to 3″, for spans
of 6′ to 18′.

(2) For floors, depths range
from 11⁄2″ to 3″ for spans of
7′ to 12′.

(3) For cellular steel floors:
Thickness: 4″ to 71⁄2″
Spans: 8′ to 16′

(4) Gauges range from 24 to 18 in increments
of 2.

Costs: 11⁄2″, 22 GA, galvanized, non-composite roof deck: $1.10/SF
(60%M and 40%L). Add $0.25 for each jump in heavier
gauge to 16 GA.
15⁄8″, 18 GA, galvanized, cellular floor deck: $5.00/SF
(85%M and 15%L). $6.00 for 3″. $8.85 for 41⁄2″.
4″ concrete on 11⁄2″, 22 GA deck, 6′ span, 125 psf: $3.30/SF
(45%M and 55%L). Add 4% for each added foot in span up 
to 10′.

b. Open-web joists
(1) Span range: 8′ to 48′, up to

145′ for long-span joist.
(2) Spacings: 4′ to 8′ at floors, 8′ at

roofs.
(3) Manufactured in 2″ incre-

ments from 8″ to 30″ deep and
18″ to 72″ for long-span type.

(4) Range of span-to-depth ratios:
19 to 24.

(5) Designations: Economy K
Series, long-span LH Series,
and deep, long-span DLH Series.

Costs: K Series: $7.00 to $8.50/LF (50%M and 50%L)
LH Series: $11.50 to $25/LF
DLH Series: $18 to $45/LF
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c. Steel beams
(1) Usual spans of 10′ to 60′.
(2) Typical bay sizes of 30′ to 40′.
(3) For roof beams, depth of beam

in inches can be estimated at
0.5 times the span in feet.

(4) For floor beams, depth of
beam in inches can be esti-
mated at 0.6 times the span in feet.

(5) Steel plate girders: Spans range from 60′ to
100′, with approximate span-to-depth ratio
of 14.

Typical costs for steel beams: $1800 to $2200 per ton (50% M and
50% L). For small projects use larger costs. For large projects
(over 4 stories) use smaller costs.
Use the following table to help estimate weight from depth esti-
mated in item 3 or 4, above.

Beam depth Roof Floor
(″) (lb/LF) (lb/LF)

8 18 24
10 22 26
12 26 30
14 30 38
16 36 45
18 40 50
21 55 62
24 62 76
27 84 94

Table based on minimum roof live load of 20 psf.
Add 15–25% more weight for snow, etc. For girders,
add 25%.

d. Steel columns
(1) See p. 181 for span-to-depth

ratio.
(2) In general, the 6 and 8 W

columns carry most light-
weight, low-rise construction.
The 10, 12, and 14 W
columns have capacities in
various weights, to handle a large variation
of extremes in lengths and loads.

(3) Maximum stock size in length is 40′. Col-
umn length in high-rise is 25′.

Steel Members (Size and Costs) 345
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(4) Safe loads for normal single-story heights
can be related to the weights of steel sec-
tions. For lightweight sections, the safe load
in kips equals approximately 4 times the
weight of the section per foot. For heavy-
weight sections the safe load equals approx-
imately 5 times the weight of the steel
section per foot.

Costs: See floor beams, above, and increase weight by 30%.

e. Steel trusses (see p. 176)
(1) Flat or arched steel trusses

Spans: 30′ to 220′
Span-to-depth ratio: 10 to 12
Spacings: 12′ to 20′.

(2) Triangular steel trusses
Spans: 30′ to 150′
Span-to-depth ratios: 2.5 to 4.5
Spacings: 12′ to 20′.

Costs: $70 to $150/LF (70%M and 30%L)

4. Space Frames
a. Spans: In theory

are unlimited, but
in reality are lim-
ited by thermal
expansion. Typical
spans are 30′ to
120′, with can-
tilevers of 15% to
30% of span.

b. Span-to-depth
ratios:

Roof
Column support: 18
Edge support: 20 to 25

Floor: 16 to 20 (not usually used for floors).
c. Modules: Depth to width of 1:3 to 7:10.

Costs: $20 to $40/SF (65%M and 35%L)
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A. WOOD MATERIALS

1. General (Note: See p. 362 for species table. See pp. 
337–341 for nails and connectors.)

a. Two general types of wood are used in buildings:
(1) Softwood (from evergreen trees) for gen-

eral construction
(2) Hardwood (from deciduous trees) for fur-

nishings and finishes
b. Moisture and shrinkage: The amount of water in

wood is expressed as a percentage of its oven-dry
(dry as possible) weight. As wood dries, it first loses
moisture from within the cells without shrinking;
after reaching the fiber saturation point (dry cell),
further drying results in shrinkage. Eventually wood
comes to dynamic equilibrium with the relative
humidity of the surrounding air. Interior wood typi-
cally shrinks in winter and swells in summer. Aver-
age equilibrium moisture content ranges from 6%
to 11%, but wood is considered dry enough for use
at 12% to 15%. The loss of moisture during season-
ing causes wood to become harder, stronger, stiffer,
and lighter in weight. Wood is most decay-resistant
when moisture content is under 20%.

2. Lumber
a. Sizes

(1) Sectional

Nominal sizes To get actual sizes

2×’s up to 8×’s deduct 1⁄2″
8×’s and larger deduct 3⁄4″

(2) Lengths
(a) Softwoods: cut to lengths of 6′ to

24′, in 2′ increments
(b) Hardwoods: cut to 1′-long incre-

ments
b. Economy: best achieved when layouts are within a

2′- or 4′-module, with subdivisions of 4″, 16″, 24″,
and 48″

c. Defects

A 5 15 16 17 26 41 50 60
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d. Grades
(1) Factory or shop-type lumber: used primarily

for remanufacturing purposes (doors, win-
dows, millwork, etc.).

(2) Yard-type lumber
(a) Boards:

1″ to 11⁄2″ thick, 2″ and wider
Graded for appearance only
Used as siding, subflooring,
trim

(b) Dimensioned lumber:
2″ to 4″ thick, 2″ and wider
Graded for strength (stress gr.)
Used for general construction

352 The Architect’s Portable Handbook
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Light framing: 2″ to 4″ wide
Joists and planks: 6″ and wider
Decking: 4″ and wider (select
and commercial).

(c) Timbers:
5″ × 5″ and larger
Graded for strength and ser-
viceability
May be classified as “struc-
tural.”

(3) Structural grades (in descending order,
according to stress grade):

(a) Light framing: Construction, Stan-
dard, and Utility

(b) Structural light framing (joists,
planks): Select Structural, No. 1, 2,
or 3 (some species may also be
appearance-graded for exposed
work).

(c) Timber: Select Structural No. 1.
Note: Working stress values can be

assigned to each of the grades according to
the species of wood.

(4) Appearance grades
(a) For natural finishes: Select A or B.
(b) For paint finishes: Select C or D.
(c) For general construction and util-

ity: Common, Nos. 1 thru 5.
e. Pressure-treated wood (wood preservative): Soft-

wood lumber treated by a process that forces preser-
vative chemicals into the cells of the wood. The result
is a material that is immune to decay. This should not
generally be used for interiors. Where required:

(1) In direct contact with earth
(2) Floor joists less than 18″ (or girders less

than 12″) from the ground
(3) Plates, sills, or sleepers in contact with con-

crete or masonry
(4) Posts exposed to weather or in basements
(5) Ends of beams entering concrete or ma-

sonry, without 1⁄2″ air space
(6) Wood located less than 6″ from earth
(7) Wood structural members supporting mois-

ture-permeable floors or roofs, exposed to
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weather, unless separated by an impervious
moisture barrier

(8) Wood retaining walls or crib walls
(9) For exterior construction such as stairs and

railings, in geographic areas where experi-
ence has demonstrated the need

f. Fire-retardant-treated (FRT) wood: Heavy timber
(thick timber) is generally assumed to be resistive
because it produces a charred surface when burned,
which retards further burning. Smaller wood mem-
bers can be fire protected by coverings, coatings,
and treatments. Modern fire-retardant treatment of
wood consists of various organic and inorganic
chemicals, followed by kiln drying to reduce mois-
ture to 15 to 19%. All proprietary FRTs must con-
form to UL classifications. See p. 457 for
fireproofing.

g. Framing-estimating rules of thumb: For 16-inch oc
stud partitions, estimate one stud for every LF of
wall, then add for top and bottom plates. For any
type of framing, the quantity of basic framing mem-
bers (in LF) can be determined based on spacing
and surface area (SF):

12 inches oc 1.2 LF/SF
16 inches oc 1.0 LF/SF
24 inches oc 0.8 LF/SF

(Doubled-up members, bands, plates, framed open-
ings, etc., must be added.) For cost of framing acces-
sories and connectors, see p. 365. Estimating lumber
can be done in board feet where one BF is the
amount of lumber in a rough-sawed board one foot
long, one foot wide, and one inch thick (144 cubic
inches) or the equivalent volume in any other shape.
As an example, one hundred one-inch by 12-inch
dressed boards, 16 feet long, contain:

100 × 1 × 12 × 16/12 = 1600 BF
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Use the following table to help estimate board
feet:

BF per SF of surface

12-inch oc 16-inch oc 24-inch oc

2 × 4s 0.8 0.67 0.54
2 × 6s 1.2 1.0 0.8
2 × 8s 1.6 1.33 1.06
2 × 10s 2.0 1.67 1.34
2 × 12s 2.4 2.0 1.6

3. Details
a. Walls: 
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b. Roofs: 
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4. Laminated Lumber
a. Laminated timber

(glu-lam beams): For
large structural mem-
bers, these are prefer-
able to solid timber in
terms of finished
dressed appearance,
weather resistance,
controlled moisture
content, and size avail-
ability. See p. 367.

b. Sheathing Panels
(1) Composites: veneer faces bonded to recon-

stituted wood cores
(2) Nonveneered panels:

(a) Oriented Strand Board (OSB).
(b) Particle Board

(3) Plywood
(a) Two main types

Exterior grade
Made with waterproof adhe-
sive
C-grade face or better
For permanent exterior use

Interior grade
Made with water-resistant
adhesives
D-grade face or better

(b) Grading according to face veneers
N All heartwood or all sap-

wood (for natural finish)
A Smooth paint grade
B Solid smooth surface
C Sheathing grade (lowest

grade for exterior use)
D Lowest grade of interior

plywood
(c) Engineered grades:

Structural I and II, Standard,
and C-C Exterior
Span identification index
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(d) Thickness: 3 ply = 1⁄4, 3⁄8
5 ply = 1⁄2, 5⁄8, 3⁄4
7 ply = 7⁄8, 1, 11⁄8, and 
11⁄4 inch

Use a minimum of 5⁄8″ or 3⁄4″ where
there are snow loads.

(e) Size sheets: 4′ (or 5′) × 8′ (or 12′)
5. Structural Wood

a. Strengths

b. Wood shrinks across grain much more than parallel
to grain. Avoid locking nonshrinking materials to
wood.

c. Wood is much weaker across grain than parallel to
grain in both tension and compression. A cross-
grain angle greater than 1 in 10 seriously weakens
the wood in bending.
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d. Wood beams deflect or sag more under long-term
loads than they do at the beginning. Long-term sag
is about 11⁄2 to twice beginning sag.

e. Wood beams may be weak in resistance to horizon-
tal shear. Since this shear is closest to beam sup-
ports, holes through wood beams should be avoided
near supports. Notches on the ends of joists should
not exceed 1⁄4 the depth. Holes bored in joists should
not be within 2″ of top or bottom and their diameter
should not be greater than 1⁄3 depth. Notches at top
and bottom should not exceed 1⁄6 depth and should
not be in middle 1⁄3 of span. Holes bored in studs
should not be greater than 40% (60% if studs dou-
bled) and should not be closer to the edge than 5⁄8″.

6. Finish Wood (Interior Hardwood Plywoods)
a. Sizes

(1) Thicknesses: 1⁄8″ to 1″ in 1⁄16″ and 1⁄8″ incre-
ments

(2) Widths: 18, 24, 32, 36, 48 inches
(3) Lengths: 4, 5, 6, 7, 8, 10 feet

b. Types
(1) Technical: fully waterproof bond
(2) Type I (exterior): fully waterproof bond/

weather- and fungus-resistant
(3) Type II (interior): water-resistant bond
(4) Type III (interior): moisture-resistant bond

c. Grades
(1) Premium 1: very slight imperfections
(2) Good 1: suitable for natural finishes
(3) Sound 2: suitable for painted finishes
(4) Utility 3: may have open defects
(5) Backing 4: may have many flaws
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d. Grains and patterns

Costs: Prefinished plywood paneling: $2.00 to $6.00/SF
Trim: $3.50 to $6.50/LF
Cabinetry: See p. 467
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B. WOOD MEMBERS (SIZE AND COSTS)

1. General: See p. 180 for span-to-depth ratios.
Rough lumber costs by board feet:

Studs $0.55/BF
Posts $0.60/BF
Joists $0.60/BF
Beams (Doug. Fir) $0.70/BF

Note: The above are material costs only. Total in-place cost
may be estimated by doubling the above numbers.

Note: As a general rule, add 5% to 10%
to framing costs for connections. Use the
higher % for seismic zones.

2. Light-Frame Construction
a. Stud walls: Usually 2 × 4s or 2 ×

6s at 16″ oc or 24″ oc with one
bottom and two 2× top plates.

Costs: 2 × 4s at 24″oc: $1.00/SF (50% M and
50% L) with variation of ±10%. Add
30% for each spacing jump (i.e., 16″ and 
12″ oc).
2 × 6s at 24″oc: $1.35/SF (M, L, variation,
and spacing, same as above).

b. Roof joists and
rafters: Rule of
thumb for roof
joists, rafters, and
ceiling joists:
Quick estimates
of joist depths in
inches can be
made by multi-
plying span in
feet by:

0.45 for ceiling
joists

0.5 for roof
joists
Usual spacing: 24″ oc.

For more precise sizing, see p. 370.

A 1 13 16 31
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Costs: 2 × 6s at 24″oc: $1.60/SF (50% M and 50% L), variation of 
+ 10%. Add 30% for each spacing increase (i.e., 16″ and
12″oc. 2 × 8s: $1.95/SF. 2 × 10s: $2.20/SF. 2 × 12s: $2.70/SF.
Ceiling joists: + 8%

c. Floor joists
(1) See p. 180 for

general rule
span-to-depth
ratio.

(2) Usual span
range: 8′ to 24′.

(3) Usual spacing:
16″ oc.

(4) For more pre-
cise sizing, see 
p. 370.

Costs: 2 × 6s at 24″ oc: $1.55/SF (50%M and 50%L).
16″ oc: $2.00/SF.
12″ oc: $2.15/SF. 

2 × 8 @ 24: $1.95/SF
2 × 10 @ 24: $2.20/SF
2 × 12 @ 24: $2.70/SF

3. Heavy Timber Construction
a. Wood beams

(1) Solid wood beams
(a) Minimum size of

4 × 6
(b) Thickness range:

2″ to 14″
(c) Spacing range: 4′

to 20′.
(d) Approximate

span-to-depth
ratios: 16 to 20.

(2) Solid wood girders: Commonly used span-
to-depth ratio for girders with concentrated
load is 12. Width will be 3/4 to 1/2 of depth.
To estimate depth in inches, multiply span
in feet by 1.

Approximate cost range from $4.10/LF for 4 × 8s to $6.25/LF for 
4 × 12s.  $6.45/LF for 6 × 8s to $9.60/LF for 6 × 12s (65% M and 35%
L).
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b. Glu-lam beams
(1) Minimum depth of 9″.
(2) Usual span range: 16′ to

100′ for roofs and 14′ to
40′ for floors.

(3) Spacing: 8′ to 30′.
(4) Thickness range from 31⁄8″

to 103⁄4″.
(5) Approximate span-to-

depth ratio: 16 to 20.
(6) Ratio of depth to width is about 2 to 1 for

light beams and 3 to 1 for large members.
(7) Depth varies in 11⁄2″ increments.

Approximate costs: Douglas fir, industrial grade:
31⁄8″ × 6″: $4.30/LF (45%M and 55%L). Add $2.25 for each 
3″ depth to 18″.
31⁄2″ × 9″: $9.10/LF (90%M and 10%L). Add $1.80 for each
3″ to 15″.
51⁄8″ × 6″: $6.50/LF (50%M and 50%L). Add $3.40 for each 
3″ depth to 24″.
51⁄8″ × 9″: $12.10/LF. Add $3.45 for each 3″ to 15″.
63⁄4″ × 12″: $17.20/LF (75%M and
25%L). Add $4.80 for each 3″ depth
to 24″.
51⁄8″ × 24″: $30.15/LF

For architectural grade, add 20%.
For prestain, add 10%.

c. Columns and posts: The
ratios of unbraced length to
least thickness of most
types range from 10 to 30
with 20 a good average.

Approximate costs of $3.90/LF for 4 × 4 to $7.00/LF for 6 × 6
(same M and L ratios as beams).
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d. Wood decking
(1) Thickness: 2″

to 4″
(2) Span-to-depth

ratio: 25 to 48
(3) Spans: 4′ to 8′

Approximate costs of $4.00/SF for 3″ fir to $8.00/SF for 4″ cedar
(70% to 90% M, 30% to 10% L).

4. Trusses
a. Light frame trusses

(1) Usually 2′ oc
(2) Roof span-to-depth ratio: 15–20
(3) Floor span-to-depth ratio: 12 to 15
(4) Usual spans 30′ to 60′

Approximate cost range: Fink truss, 2 × 4s, 3 to 12 slope, 24′ span:
$100/each (55% M and 45% L).
King post, 2 × 4s, 4 to 12 slope, 42′ span:
$180/each (75% M and 25% L).

b. Heavy wood trusses
(1) Flat trusses

(a) Typical range
of spans: 40′ to
160′

(b) Spacing 12′ to
20

(c) Usual ratio of
truss depth to span ranges from 1 to
8 to 1 to 10.

(2) Bowstring trusses
(a) Typical range of spans:

40′ to 200′
(b) Spacing: 12′ to 20′
(c) Usual span-to-depth ratio of 6 to 8

(3) Triangular trusses (see p. 176)
(a) Typical range of spans:

40′ to 100′
(b) Spacing 12′ to 20′
(c) Usual span-to-

depth ratio: 
1 to 6
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(4) Two- and three-hinge arches
(a) Typical range of spans: 20′ to 150′
(b) Spacing: 8′ to 20′
(c) Usual ratios of total arch heights to

span: 1 to 4 to 1 to 8.
(d) Span-to-depth ratio: 25

(5) Lamella arch
(a) Typical range of spans: 40′ to 150′
(b) Usual ratios of arch height to span:

1 to 4 to 1 to 6

c. Open web joists (T.J.L.)
(1) Spacing: 24″, 32″,

48″ oc
(2) Spans: 25′ to 40′
(3) Span-to-depth

ratio: 17 to 18
(4) 2″ to 4″ depth increments

Costs: $2.25 to $3.45/SF (70% M and 30% L)

d. Plywood web joists (T.J.I.)
(1) Spacing: 24″, 32″ oc
(2) Spans: 20′ to 35′
(3) Span-to-depth ratio:

20 to 24
(4) 2″ depth increments

Costs: $2.40 to $2.65/SF (65% M and 35% L)

5. Plywood Sheathing (see p. 357)
Usually minimum thickness for safe wall sheathing should
be 1⁄2″.

Costs: Roof and floor sheathing (65% M and 35% L)
3⁄8″ = $1.00/SF
1⁄2″ = $1.10/SF
5⁄8″ = $1.20/SF
3⁄4″ = $1.50/SF
For wall sheathing, add 7% to 8%.
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A. ATTIC AND CRAWL SPACE 
VENTILATION

1. When there is attic space
under roof, venting of attic
will:

a. Reduce heat buildup.
b. Provide escape route

for moisture.
c. In cold climates, help

prevent ice dams from
forming.

2. Even when there is no attic,
the venting effect can still be
achieved with at least a 1″ air
space above the insulation.

3. In some cases, the argument
can be made for having no
venting at all. This can be done
in dry climates and building
types where vapor is less of a
problem or if the “wet” side of
the roof is sealed against vapor
migration. Because the codes
require venting but often are not
enforced, this needs to be checked with building officials.

4. Venting can be done by:
a. Cross-ventilation
b. Stack effect
c. Fans

5. The IBC requires that where climatic conditions warrant,
attics or enclosed rafters should have net free ventilating
area of at least 1⁄150 of the plan area (1⁄2 should be upper venti-
lators at least 3′ above eaves). This can be reduced to 1⁄300 if a
vapor barrier is on warm side of attic insulation.

6. Under-floor crawl space should have a net free vent area
of 1 SF for each 150 SF of crawl space (or 1⁄1500 when ground
has a vapor barrier).

7. Area required to provide 1 SF vent:
1⁄4″ Screen 1 SF
1⁄4″ Screen w/louvers 2 SF
1⁄8″ Screen 1.25 SF
1⁄8″ Screen w/louvers 2.25 SF
1⁄16″ Screen 2 SF
1⁄16″ Screen w/louvers 3 SF

Costs: Louvers with screens: $10.50 to $20.50/SF (35% M and 
65% L)

375
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B. WATER AND DAMPPROOFING

1. Waterproofing is the prevention of water flow (usually
under hydrostatic pressure such as saturated soil) into the
building.This is usually basement walls or decks.This can be
by:

a. Membranes: Layers of asphalt with plies of satu-
rated felt or woven fabric

b. Hydrolithic: Coatings of asphalt or plastics (elasto-
meric)

c. Admixtures: To concrete
Typical costs:

Elastomeric, 1⁄32″ neoprene: $3.30/SF (50% M and 50% L)
Bit. membrane, 2-ply felt: $1.40/SF (35% M and 65% L)

2. Dampproofing is preventing dampness (from earth or sur-
face water without hydrostatic pressure) from penetrating
into the building. This can be:

a. Below grade: 2 coats asphalt paint, dense cement
plaster, silicons, and plastics.

b. Above grade: See paints and coatings, p. 436.
c. An excellent way to prevent water damage to build-

ings is to insert a layer of 90-lb roll roofing (not tar
paper) in every seam between wood, metal, and
masonry, as well as metal to metal (that is far apart in
the galvanic series).

Typical costs:
Asphalt paint, per coat: $0.20/SF (50% M and 50% L)

5
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C. VAPOR BARRIERS

1. General
a. Vapor can penetrate walls and roof by:

(1) Diffusion—vapor passes through materials
due to:

(a) Difference in vapor pressure
between inside and outside.

(b) Permeability of construction mate-
rials.

(2) Air leakage by:
(a) Stack effect
(b) Wind pressure
(c) Building pressure

b. Vapor is not a problem until it reaches its dew point
and condenses into moisture, causing deterioration
in the building materials of wall, roof, and floor
assemblies.

2. Vapor Barriers: Should be placed on the warm or humid
side of the assembly. For cold climates this will be toward
the inside. For warm, humid climates, this will be toward the
outside. Barriers are also often put under slabs-on-grade to
protect flooring from ground moisture.

Vapor barriers are measured by perms (grains/SF/hr/inch
mercury vapor pressure difference). One grain equals about
one drop of water. For a material to qualify as a vapor bar-
rier, its perm rate must be 1.0 or less. A good perm rate for
foil laminates, polyethylene sheets, etc. equals 0.1 or less
(avoid aluminum foil against mortar). See p. 381 for perms
of various materials. Care must be taken against puncturing
the barrier.

5
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Other methods are elastomeric coatings on interior wall-
board in cold climates and at exterior masonry or stucco
walls in hot, wet climates. See p. 436 for coatings. Care must
be taken to caulk all joints and cracks (see p. 394).

3. Roof Vapor Retarders
a. As a general guide, vapor retarders should be con-

sidered for use when:
(1) The outside, mean, average January tem-

perature is below 40°F.
(2) The expected winter, interior, RH is 45% or

greater.
b. Vapor retarders generally fall into two classes:

(1) Bituminous membranes: A typical 2-ply
installation using 3 moppings of steep
asphalt rates at less than .005 perms.

(2) Sheet systems, with sealed laps, such as PVC
films, kraft paper, or alum. foil, with perm
ratings ranging from 0.10 to 0.50.

c. When vapor is a concern in top of deck insulation,
moisture relief vents (preferably one-way) at a min.
of one per 1000 SF should be considered.

4. Asphalt Saturated Felts: See p. 390.
Typical costs: Polyethylene sheets, 2–10 mill. $.15 to $.25/SF
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D. RADIANT BARRIERS

1. Radiant barriers reflect long-
wave (invisible) radiation cre-
ated by the sun heating the
exterior skin of the building.

2. Use for hot climates or sum-
mer conditions only. Effective
for retarding the penetration
of exterior summer heat into
building, but not the other way
in winter.

3. Most critical locations:
a. The roof is most critical because it faces the sun.
b. Use at walls can be effective when:

(1) On east and west sides.
(2) Climate is less than 2000 HDD and greater

than 2500 CDD. See p. 645.
(3) On south walls when climate is greater than

3500 CDD.
Note: For HDD and CDD, see App. B, items L 

and M.

4. Radiation is blocked by a reflective surface next to an air
space. The barrier can be on either side of the air space, or
on both sides.

5. The reflective surface can be foil-faced batting, reflective
aluminum foil sheets, or reflective paint.

6. Emissivity is a measure of radiant-barrier effectiveness
(the lower the e-number the better):

a. Minimum for foils should be e = 0.06.
b. Minimum for paints should be e = 0.23

7. Added R value can be approximated for summer at e =
0.05:

a. Horizontal air space: Reflectance up, R = 5.3
Reflectance both sides, R = 6.0

b. Vertical air space: Reflectance out, R = 3.6
Reflectance both sides, R = 4.6

8. Must guard against dust reducing barrier effectiveness.
Costs: Aluminum foil barrier: $.25/SF (70% M and 30% L)

4
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E. INSULATION

1. Insulation is the entrapment of air within modern light-
weight materials, to resist heat flow. It is generally made as
batts, boards, and fills.

2. For minimum total resistance (ΣR) for building elements,
find Insulation Zone from App. B, item U., then refer to
below:

Min. insulation, R

Zone Cl’g. Wall Floor

1 19 11 11
2 26 13 11
3 30 19 13
4 38 19 19
5 38 19 22
6 49 22 22

3. In the design of a building, design the different elements
(roof, wall, floor) to be at the minimum ΣR. Each piece of
construction has some resistance, with lightweight insula-
tions doing the bulk of the resistance of heat flow.

ΣR = R1 + R2 + R3 + R4 + R5, etc. *(air films)
* *

See p. 381 for resistance (r) of elements to be added.
Another common term is U Value, the coefficient of heat

transmission.

U = Btuh/ft2/°F =

4. Other factors in control of heat flow
a. The mass (density or weight) of building elements

(such as walls) will delay and store heat. Time lag 
in hours is related to thermal conductivity, heat
capacity, and thickness. This increases as weight of
construction goes up with about 1⁄2% per lb/CF.
Desirable time lags in temperate climates are:
Roof—12 hrs; north and east walls—0 hrs; west and
south walls—8 hrs. This effect can also be used to
increase R values, at the approximate rate of +0.4%
for every added lb/CF of weight.

b. Light colors will reflect and dark colors will absorb
the sun’s heat. Cold climates will favor dark surfaces,
and the opposite for hot climates. For summer roofs,
the overall effect can be 20% between light and dark.

c. See page 379 for radiant barriers.

1
���
ΣR

5 10
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Insulation 381

5. Typical Batts:
R = 11 31⁄2″ thick
R = 19 6″
R = 22 61⁄2″
R = 26 81⁄4″
R = 30 9″

Typical Costs:
C.L. ’G. batt, 6″ R = 19: $1.00/SF (60% M and 40% L)

9″ R = 30: $1.10/SF
Wall batt, 4″ R = 11: $.55/SF (50% M and 50% L)

6″ R = 19: $.70/SF
Add $.05/SF for foil backs.
Rigid: $0.60 to $1.50/SF, 1″, R = 4 to $1.00 to $3.50/SF, 3″,
R = 12.5.

6. Insulating Properties of Building Materials:

r value 
Material Wt. #/CF (per in) Perm

Water 60
Earth dry 75 to 95 .33

saturated .05
Sand/gravel dry 100–120

wet
Concrete req. 150 .11

lt. wt. 120 .59

Masonry
Mortar 130 .2
Brick, common 120 .2 1 (4″)
8″ CMU, reg. wt. 85 1.11 .4

lt. wt. 55 2
Stone ±170 .08

Metals
Aluminum 165 .0007 0 (1 mil)
Steel 490 .0032
Copper 555 .0004

Wood
Plywood 36 1.25 1⁄2″ = .4 to 1
Hardwood 40 .91
Softwood 30 1.25 2.9 (3⁄4″)

Waterproofing .05

Vapor barrier .05
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r value 
Material Wt. #/CF (per in) Perm

Insulations
Min. wool batt 4 ±3.2 >50
Fill 3.7 >50
Perlite 11 2.78
Board polystyrene 4 1–6

fiber 2.94
glass fiber 4.17
urethane 8.5

Air
Betwn. nonrefl. 1.34
One side refl. 4.64
Two sides refl.
Inside film .77 (ave)
Outside film

winter .17
summer .25

Roofing (see p. 390)

Doors
Metal
Fiber core 1.69
Urethane core 5.56
Wood, solid 13⁄4″ 3.13

HC 13⁄8″ 2.22

Glass, single 160 (see p.
423)

Plaster (stucco) 110 .2
Gypsum 48 .6
CT 145
Terrazzo
Acoustical CLGs
Resilient flooring .05
Carpet and pad 2.08
Paint .3 to 1 (see

p. 436)
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F. EXTERIOR INSULATION AND 
FINISHING SYSTEMS (EIFS)

1. Exterior Insulation and
Finishing Systems (EIFS)
provide a stucco appear-
ance using exterior insu-
lation. They involve a
combination of exterior-
applied synthetic stucco
on rigid insulation on a
substrate (see item 32 on
p. 200). Substrate can be
masonry, gypsum board,
plywood, etc.

2. Rigid insulation is typi-
cally expanded polystyrene (R/in. = 4.17) of 1″ up to 4″
thickness, and is usually applied by adhesive.

3. Synthetic stucco is applied after a fiber mesh is embedded
in an adhesive.

Costs: For 1″ board $8.00/SF (30% M and 70% L), + 30% varia-
tion. Add $0.20/SF for each added 1″ of insulation.

384
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G. ROOFING

For costs, see p. 390. As a rule of thumb, add 30% to roofing costs
for flashing and edge conditions.

1. General
a. Shape (see p. 375)

(1) Flat
(2) Hip
(3) Gable
(4) Shed

b. Pitch: See p. 61 for slopes. Use the following graphic
as a guide for roofing selection:

C V 5 34 47 48 58

c. Drainage: See p. 531.
d. Fire resistance: Per the IBC, roofing is designated as

either nonrated or rated. When rated, roofing must
be not readily flammable, provide a degree of fire
protection to the deck, not slip from position, and
not produce flying brands during a fire. Rated roofs
are broken down as follows:

(1) Class A: Resists severe fires, flames on top
do not spread more than 6′, and no burn
through roof. Examples: roofing tile, ex-
posed concrete, and metal.

385
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(2) Class B: Resists moderate fires, flames on
top do not spread more than 8′, and no burn
through roof. Example: metals.

(3) Class C: Resists light fires, flames on top do
not spread more than 13′, and some burn
through roof.

e. Minimum code requirements per IBC.

Const. type: I-A I-B II-A II-B III-A III-B IV VA VB
Roof Class B B B C B C B B C
Note: For class C, also see 2-a-(4), below.

2. Basic Roofing Types
a. Shingles and tiles

(1) Normally have felt underlayment.
(2) Laid on pitched roofs of greater than 3 in 12

(or 2 in 12 with special underlayment).
(3) At high-wind locations, shingles have ten-

dency to blow off roof edges, unless special
attachment.

(4) Class C may include certain wood shingles
or shakes on buildings of 2 stories or less,
6000 SF max. area, where edge is not less
than 10′ from lot line.

b. Single ply
(1) Modified bitumen

(a) APP: rubber-like sheets, can be
dead-level, often with underlay-
ment.

(b) SBS: same as above, but more flexi-
ble sheets.

(2) Single ply (without underlayment), can be
dead-level.

(a) EPDM: single rubberized sheets,
sealed at seams, unattached or
adheared to substrate. Can be rock
ballasted. Normally black.

(b) CSPE (“Hypalon”): Like above,
but using a synthetic rubber that is
normally white.

(c) PVC: Like above, but using plastic-
like sheets that are normally white.

c. Coal tar pitch
(1) Like a built-up roof, of asphaltic products,

except coal tar has a lower melt point and is
better at self-sealing punctures.
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(2) Use on very low slopes (1% to 2%).
(3) Coal tar can be hazardous to work with.

Coal tar is normally 50% more expensive than built-up roofing.

d. Metal roofing
e. Urethane

(1) Sprayed-on insulation with sprayed-on
waterproof coating

(2) Very good for irregular-shaped roofs
(3) Weak point is delicate coating on top, which

is susceptible to puncture
f. Built-up: Plies of asphalt-impregnated sheets (often

fiberglass) that are adhered together with hot asphalt
moppings. (See Design Checklist which follows.)

DESIGN CHECKLIST

1. Roof leaks are often associated with edges and penetra-
tions.Therefore, these require the greatest amount of care.

2. “Flat” roofs should never be dead-level. Design substrate
or structure for minimum of 2%
(1⁄4″ per ft) to 4% (1⁄2″ per ft) slope
for drainage.

3. Place drains at midspans, where
deflection of structure is greatest.

4. When drains must be placed at
columns or bearing walls, add
another 1⁄2% (approx. 1⁄240 the
span) to allow for deck or struc-
ture deflection.

5. Where camber is designed into
structural members, this must
also be calculated into the re-
quired slope.

6. Provide drainage “crickets”
(“saddles”) to allow water flow
around equipment platforms or
against parapets.

7. To prevent ponding, roof drains
are best recessed. Drains should
be cast iron.

8. For roof drains, scuppers, gutters, downspouts, etc., see p.
531.

Roofing 387

10210_Guthrie_07_qxd.k  2/27/03  5:03 PM  Page 387



388 The Architect’s Portable Handbook

9. The drainage system should be laid out to accommodate
any required building expansion joints. See p. 394.

10. Roof expansion joints should be provided at structural
joints; where steel frame or deck changes direction; where
separate wings of L, U, or T shapes; where different types
of deck materials meet; where additions meet existing
buildings; where unheated areas meet heated areas; and
where movement between vertical walls and roof may
occur.

11. Where expansion joints are not used, provide area dividers
at 150 to 200 ft, laid out in square or rectangular areas, not
restricting the flow of water.

12. All horizontal-to-vertical intersections, such as walls and
equipment platforms, should have 45° cants, crickets, flash-
ing, and counter-flashing. Curbs should be 8″ to 14″ high so
that there is at least 8″ between top of curb and roof.
Premanufactured metal curbs should be 16 GA (or 18 GA
with bracing).

13. Roof penetrations of pipes and conduits should be
grouped and housed. Keep minimum of 18″ between
curbs, pipes, and edges of roof. If pitch pockets must be
used, reduce size so that no more than 2″ separate edge of
metal and edge of penetration.

14. If substrate is preformed rigid insulation, two layers
(with offset joints) are best, with top layer installed with
long dimension of boards perpendicular to drainage and
end joints staggered. Surface must be prepared prior to
roofing.

15. Use vapor retarder when needed. See p. 377.
16. Substrate Decks

a. Plywood should be interior type with exterior glue,
graded C-D, or better. Joints should be staggered
and blocked or ply clipped. Base ply should be
mechanically fastened.

b. Wood planks should be min. nominal 1″, T&G, with
cracks or knotholes larger than 1⁄2″ covered with
sheet metal. Edge joints should be staggered. Use
separator sheet, mechanically fastened as base ply.

c. Steel decks should be 22 GA or heavier. Rigid insu-
lation should be parallel to flutes, which are perpen-
dicular to slope.
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d. Cast-in-place concrete should be dry, then primed,
unless rigid insulation used; then use vapor retarder
or vent insulation.

e. Precast concrete should have rigid insulation. Do not
apply first ply to planks.

f. Lightweight concrete or gypsum concrete must be
dry and then have a coated base ply or vented base
ply mechanically attached.

Roofing 389
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H. FLASHING

1. Purpose: To stop water penetration at joints and intersec-
tions of building elements by use of pliable, long-lasting
materials.

2. Materials
a. Stainless steel: best
b. Copper
c. Aluminum
d. Galvanized metal (must be painted)
e. Flexible (PVC, EPDM, etc.)
f. Felt: worst

3. Locations
a. At roof

(1) Edges
(2) Where roof meets vertical elements, such as

walls
(3) Penetrations

b. At walls
(1) Copings at top
(2) Foundation sills
(3) Openings (heads/sills)

4. Typical Details

5

Costs: Complete roof to parapet assembly: ≈ $17.40/LF
Complete edge of roof assembly: ≈ $13.30/LF
Metal flashing: $5.70 to $8.60/SF (10% M and 90% L)
Copper flashing: $6.50 to $9.00/SF (45% M and 55% L)
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I. JOINTS

1. General
a. Joints need to be planned because buildings and

construction materials move small amounts over
time.

The two greatest
sources of joint fail-
ure are failure to
clean the joint and
failure to tool the
sealant.

b. Types
(1) Expansion joints allow for movement.

These will often go completely through the
building structure with columns on each
side of joint. See p. 171 for seismic joints.

(2) Control joints allow for control of cracking
of finish materials by providing an inden-
tion to induce the crack in a straight line.
See p. 288 for concrete slabs. See p. 311 
for masonry. See p. 388 for roofing. See p.
427 for plaster.

(3) Weather seals reduce infiltration through
building from outside (or vice versa).

c. Locations (Expansion Joints)
(1) New building adjoining existing structure
(2) Long, low building abutting higher building
(3) Wings adjoining main structure
(4) Long buildings: 125′ for masonry, and 200′

for steel or concrete buildings, but 100′ is a
conservative rule of thumb.

(5) Long, low connecting wings between build-
ings

(6) Intersections at wings of L-,T-, or U-shaped
buildings

(7) Control joints along walls and at openings

4 5 11
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d. Components
(1) Sealant
(2) Joint filler

e. Widths = thermal expansion + moisture + tolerance.
(1) Thermal expansion = Ec × ∆t × L

(a) Ec, coefficient of thermal expan-
sion of material, as follows:

(b) ∆t = max. probable temp. difference
the material will experience over
time. For ambient conditions, take
the difference between items P and
Q in App. B. Because materials
absorb and/or retain heat, the result
should be increased for the type of
material (can easily double).

(c) L = Length in inches.
(2) Moisture can add to expansion or to shrink-

age, depending on the material. See p. 311.
(3) Construction tolerance: depends on mate-

rial. For PC concrete panels use 1⁄8″ for 10′
lengths and 1⁄4″ for 30′ lengths.
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f. Depths:

Depth of sealant

Joint Concrete, Metal, glass, and other
width masonry, stone nonporous materials

Min. 1⁄4″ 1⁄4″ 1⁄4″
1⁄4″ to 1⁄2″ Same as width 1⁄4″
1⁄2″ to 1″ One-half width One-half width
1″ to 2″ Max. 1⁄2″ Max. 1⁄2″

2. Sealants
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3. Checklist of Infiltration Control
a. Tighten seals around windows and doors, and

weather stripping around all openings to the outside
or to unconditioned rooms.

b. Caulk around all windows and doors before drywall
is hung. Seal all penetrations (plumbing, electrical,
etc.).

c. Insulate behind wall outlets and/or plumbing lines in
exterior walls.

d. Caulk under headers and sills.
e. Fill spaces between rough openings and millwork

with insulation (best application with foam).
f. Install dampers and/or glass doors on fireplaces,

combined with outside combustion air intake.
g. Install backdraft dampers on all exhaust fan open-

ings.
h. Close core voids in tops of block foundation walls.
i. Control concrete and masonry cracking.
j. Use airtight drywall methods.

Costs: Exterior joint, 1⁄2≤ ¥ 1⁄2≤ $2.25/LF (20% M and 80% L)
Interior $2.00/LF
For joint fillers and gaskets add 50% to 100%

Joints 397
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A. DOORS

1. Accessible Door Approach (ADA)

401

20

5 10 17 27 60
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2. General
a. Types by operation

(1) Swinging
(2) Bypass sliding
(3) Surface sliding
(4) Pocket sliding
(5) Folding

b. Physical types

(1) Flush (2) Panelled (3) French (4) Glass

402 The Architect’s Portable Handbook

(5) Sash (6) Jalousie (7) Louver

(8) Shutter (9) Screen (10) Dutch

c. Rough openings (door dimensions +)

Width Height

In wood stud walls (r.o.) +31⁄2″ +31⁄2″
In masonry walls (m.o) +4″ +2″ to 4″

d. Fire door classifications: see p. 129 or p. 145.

e. Energy conservation: Specify doors not to exceed:
(1) Residential: 0.5 CFM/SF infiltration
(2) Nonresidential: 11.0 CFM/LF crack infil-

tration
(3) Insulated to R=2.
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3. Hollow Metal Doors and Frames

a. Material (for gauges, see p. 329). Typical gauges of
doors (16, 18, 20) and frames (12, 14, 16, 18)

Use Frame Door face

Heavy (entries, stairs 12, 14 16
public toilets, mech. rms.)
Medium to low 14, 16, 20 18
(rooms, closets, etc.)

b. Doors (total door construction of 16 to 22 GA)
Thickness 13⁄4″ and 13⁄8″
Widths 2′ to 4′ in 2″ increments
Heights 6′8″, 7′, 7′2″, 7′10″, 8′, 10′

Costs: Frames: 3¢ ¥ 7¢, 18 GA $6.75/SF (of opening) or 16 GA at
$7.65/SF (60% M and 40% L), can vary ±40%.
Doors: 3¢ ¥ 7¢, 20 GA, 13⁄4¢¢: $14.60/SF (85% M and 3¢ ¥ 6¢8¢¢,
20 GA, 13⁄8¢¢: $14.00/SF 15% L).
Add: lead lining: $660/ea., 8¢¢ ¥ 8¢¢ glass, $120/ea.,
soundproofing $30/ea., 3-hour $120/ea., 3⁄4-hour $25/ea.

4. Wood Doors
a. Types

(1) Flush
(2) Hollow core
(3) Solid core
(4) Panel (rail

and stile)

Doors 403
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b. Sizes
Thickness: 13⁄4″ (SC), 13⁄8″ (HC)
Widths: 1′6″ to 3′6″ in 2″ increments
Heights: 6′, 6′6″, 6′8″, 6′10″, 7′

c. Materials (birch, lavan, tempered hardboard)

Flush Panel

Hardwood veneer #1: hardwood or pine for
transp. finish

Premium: for transp. finish #2: Doug fir plywood for paint
Good #3: For paint.
Sound: (for paint only)

d. Fire doors (with mineral composition cores) B and
C labels.

Typical costs:
Wood frame: interior, pine: $4.00/SF (of opening)

exterior, pine: $7.80/SF
(triple costs for hardwoods)

Door: H.C. 13⁄8¢¢, hardboard $5.30/SF
S.C. 13⁄4¢¢, hardboard $10.90/SF (75% M and 25% L)
Hardwood veneers about same costs.

For carved solid exterior doors, multiply costs by 4 to 6.

5. Other Doors
a. Sliding glass doors

Typical costs (aluminum with 1⁄4¢¢ tempered glass):
6¢ wide: $770 to $900/ea. (85% M and 15% L)
12¢ wide: $1220 to $1800/ea.
Add 10% for insulated glass.
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b. Aluminum “storefront” (7′ ht. typical)
Typical cost with glass: $35/SF (85% M and 15% L). Variation of 
−25% to +55%.

c. Residential garage doors
8′ min. width/car (9′ recommended)
6′6″ min. height (7′2″ min. ceiling).

Costs: $28.75/SF (75% M and 25% L)

d. Folding doors
2 panels: 1′6″, 2′0″, 2′6″, 3′0″ openings
4 panels: 3′0″, 4′0″, 5′0″, 6′0″ openings
6 panels: 7′6″ opening
8 panels: 8′0″, 10′0″, 12′0″ openings

Costs: Accordion-folding closet doors with frame and trim: $23/SF

Doors 405
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B. WINDOWS

For costs, see p. 410.
1. General

a. In common with walls, windows are expected to
keep out:

� winter wind
� rain in all seasons
� noise
� winter cold
� winter snow
� bugs and other flying objects
� summer heat

They are expected, at the same time, to let in:
� outside views
� ventilating air
� natural light
� winter solar gain

b. Size designations: 3′ W × 6′ H = 3060
c. For types by operation, see p. 410.
d. For aid to selection of type, see p. 408.
e. Windows come in aluminum, steel, and wood. See

pp. 412 and 413 for typical sizes.
f. Fire-rated windows: see p. 129 or p. 145.
g. Energy conservation: Specify windows to not

exceed 0.34 CFM per LF of operable sash crack for
infiltration (or 0.30 CFM/SF). NFRC ratings:

U factor of .50 (0.25, better) 
SHGC of .40

407
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C. HARDWARE

1. General Considerations: How to . . .
a. Hang the door
b. Lock the door
c. Close the door
d. Protect the door
e. Stop the door
f. Seal the door
g. Misc. the door
h. Electrify the door

2. Recommended Locations 3. Door Hand Conventions

4. Specific Considerations
a. Function and ease of operation
b. Durability in terms of:

(1) Frequency of use
(a) Heavy
(b) Medium
(c) Light

(2) Exposure to weather and climate (alu-
minum and stainless steel good for humid
or coastal conditions)

c. Material, form, surface texture, finish, and color.
5. Typical Hardware

a. Locksets (locks, latches, bolts)
b. Hinges
c. Closers
d. Panic hardware
e. Push/pull bars and plates

415
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f. Kick plates
g. Stops and holders
h. Thresholds
i. Weatherstripping
j. Door tracks and hangers

6. Materials
a. Aluminum
b. Brass
c. Bronze
d. Iron
e. Steel
f. Stainless steel

7. Finishes
BHMA # US # Finish Base material

600 US P Primed for painting Steel
601 US 1B Bright japanned Steel
602 US 2C Cadmium plated Steel
603 US 2G Zinc plated Steel
605 US 3 Bright brass, clear coated Brass*
606 US 4 Satin brass, clear coated Brass*
611 US 9 Bright bronze, clr. coat Bronze*
612 US 10 Satin bronze, clear coated Bronze*
613 US 10B Oxidized satin bronze, Bronze*

oil rubbed
618 US 14 Bright nickel plated, Brass, Bronze*

clear coated
619 US 15 Satin nickel plated, Brass, Bronze*

clear coated
622 US 19 Flat black coated Brass, Bronze*
624 US 20A Dark oxidized statuary Bronze*

bronze, clr. coat
625 US 26 Bright chromium plated Brass, Bronze*
626 US 26D Satin chromium plated Brass, Bronze*
627 US 27 Satin aluminum, clr. coat Aluminum
628 US 28 Satin aluminum, clear anodized
629 US 32 Bright stainless steel
630 US 32D Satin stainless steel
684 — Black chrome, bright Brass, Bronze*
685 — Black chrome, satin Brass, Bronze*

*Also sometimes applicable to other base materials.
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9. Costs:
Residential: $95/door (80% M and 20% L) 

Variation −30%, +120%
Commercial:

Office:
Interior: $195/door (75% M and 25% L)
Exterior: $375/door (add ≈ $425 for exit devices)

Note: Special doors, such as for hospitals, can cost up to
$570/door

Hardware 417
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D. GLASS

1. General: Glass is one of the great modern building materi-
als because it allows the inside of buildings to have a visual
relationship with the outside. However, there are a number
of problems to be overcome:

2.Energy: Because more heat flows through glass than any
other building material, it must be sized and located care-
fully. See p. 196.

a. Solar: When heating is needed, glass can be used on
south sides to help. See p. 197. When heating is to be
avoided, it is best to place glass on north or south
sides, avoiding the east and west. The shading coeffi-
cient (SC) is the ratio of the total solar heat gain to
that of 1⁄8″ clear glass. 1.0 is no shade, so the lower the
number the better.The shading coefficient is approx.
equal to the SHGC × 1.15.The solar heat gain coeffi-
cient (SHGC) has replaced the SC as the standard
indicator of shading ability. SHGC is the fraction of
all solar radiation released inside. It is expressed as
between 0 and 1, with the lower having more shading
ability.

b. Conduction/convection heat flow: Also transfers
heat, since glass is a poor insulator. See p. 380.

419
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4. Legal Requirements: The UBC requires safety glazing at
locations hazardous to human impact. Safety glazing is
tempered glass, wired glass, and laminated glass. Hazardous
locations are:

420 The Architect’s Portable Handbook

3. Condensation: As room air comes in contact with cold
glass, it drops in temperature, depositing excess water vapor
on the surface as liquid condensate. Use the following graph
to select glazing to avoid this:
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a. Glazing in swinging doors (except jalousies)
b. Sliding and bifold doors
c. Storm doors
d. At doors and enclosures (where bottom of glass is

less than 60″ AFF and 60″ from water edge) for hot
tubs, whirlpools, saunas, steam rooms, bathtubs, and
showers

e. Glazing adjacent to doors within 24″; also at less than
60″ AFF (except where there is a perpendicular wall
between the door and glass, and at R-2 occ., in walls
perpendicular to door)

f. Glass panels where (all conditions apply):
(1) Pane greater than 95F
(2) Bottom less than 18″ AFF
(3) Top greater than 36″ AFF
(4) Walking surface within 36″ of glass

(Except a rail at walking side at 34″ to 38″
AFF)
(Except outer pane of insulating glass at 25′
or more above adj. surface (walk, roof, etc.)

g. Railings
h. Glass adjacent to stairways, landings, and ramps,

where:
(1) Within 36″ of walking surface
(2) Within 60″ of bottom tread
(3) Bottom less than 60″ or nose of tread walk-

ing surface

5.Sizing of Glass
a. Determine wind speeds at site by consulting App. B,

item S. Convert to pressure:

Wind pressure at 33′ height

Wind (MPH) 70 80 90 100 110 120 130
Pressure (PSF) 12.6 16.4 20.8 25.6 31.0 36.9 43.3

Glass 421
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b. Multiply results by the following factors:
(1) For low, normal, open sites: 1.5
(2) For high, windy, or gusty sites: 3.0

c. Select glass size from below:

6. Costs:
1⁄4′′ clear float glass: $7.00 to $9.00/SF (45% M and 55% L)
Modifiers:

Thickness:
1⁄8′′ glass −30%
3⁄8′′ glass +40%
1⁄2′′ glass +110%

Structural:
Tempered +20%
Laminated +100%

Thermal:
Tinted or reflective +20%
Double-glazed and/or low E +100%

422 The Architect’s Portable Handbook
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7. Typical Glazing Characteristics

R Shade Vis. trans. Perf.
Glazing type value coef. (%) index SHGC

Single-Glazed (SG), clr. 0.90 1.00 90 0.90 0.86
SG gray-tinted ″ 0.69 43 0.62
SG bronze-tinted ″ 0.71 52 0.73
SG green-tinted ″ 0.71 75 1.09
SG reflective ″ 0.51 27 0.53
SG low-E, clear 1.40 0.74 84 1.14
SG low-E, gray ″ 0.50 41 1.82
SG low-E, bronze ″ 0.52 49 0.94
SG low-E, green ″ 0.56 71 1.27
Double-Glazed (DG), clr. 2.00 0.84 80 0.95 0.76
DG gray-tinted ″ 0.85 39 0.69
DG bronze-tinted ″ 0.59 47 0.80 0.62
DG green-tinted ″ 0.60 68 1.13
DG reflective ″ 0.42 26 0.62
DG low-E, clear 3.12 0.67 76 1.13 0.74
DG low-E, gray ″ 0.42 37 0.88
DG low-E, bronze ″ 0.44 44 1.00
DG low-E, green ″ 0.47 64 1.36
DG polyfilm, clear 4.5 0.42 53 1.26
DG polyfilm, gray ″ 0.27 26 0.96
DG polyfilm, bronze ″ 0.29 32 1.10
DG polyfilm, green ″ 0.29 45 1.55
DG spectrally selective 4.17 0.47 72 1.53 0.41
Triple-Glazed (TG), clr. 3.22 0.81 75 0.93 0.69
TG, low-E 9.09 0.57 68 1.19 0.49

Note: Performance Index (“Coolness Index”) = Visual Transmission/Shading Coeffi-
cient. The higher the number the better.

Glass 423
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A. PLASTER

Note: For EIFS, see p. 384.

1. Exterior (stucco) of cement plaster.
2. Interior of gypsum plaster.
3. Wall supports usually studs at between 12″ and 24″ oc. If

wood, use 16″ oc min.
4. Full plaster—3 coats (scratch brown, and finish), but walls

of masonry can have 1 or 2 coats.
5. Joints: Interior ceilings: 30′ oc max.

Exterior walls/soffits: 10′ to 20′ oc.
6. Provide vents at dead air spaces (1⁄2″/SF).
7. Curing: 48 hrs moist curing, 7 days between coats.

Costs:
Ceilings with paint, $2.00 to $6.50/SF (25% M and
plaster, and lath 75% L), can vary up to +60%

for plaster
Walls of stucco with $2.20/SF for stucco + $1.00/SF
paper-backed wire lath for lath (50% M and 50% L)

427
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B. GYPSUM WALLBOARD (DRYWALL)

1. Usually in 4′ × 8′ (or 12′)
sheets from 1⁄4″ to 1″ thick
in about 1⁄8″ increments.

2. Attach (nail or screw)
against wood or metal
framing—usually at 16″
(fire rating) to 24″ oc.

3. Type “X”, 5⁄8″ will give 1 hr.
fire rating. Roughly each
additional 1⁄2″ layer will
give 1 hr. rating up to 
4 hours, depending on
backing and application.

4. Water-resistant (green)
available for wet areas or
exterior.

For exterior soffit venting, see p. 375.
Costs:

1⁄2″ gyp. bd. $.70/SF ceilings
on wood $1.00/SF columns and beams
frame $.70/SF walls
(Approx. 50% M and 50% L)

Increase 5% for metal frame. Varies about 15% in cost for 1⁄8′ ea.
thickness. Add $.08/SF for fire resistance. Add $.14/SF for water
resistance. Add $.40/SF for joint work and finish.

428
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C. TILE

1. Settings
a. Thick set (3⁄4″ to 11⁄4″

mortar bed) for
slopes.

b. Thin set (1⁄8″ mortar
or adhesive) for
faster and less expen-
sive applications.

2. Joints: 1⁄8″ to 1⁄4″ (can be
epoxy grouted for quarry tile
floors).

3. Types
a. Ceramic glazed and unglazed for walls and floors of

about 1⁄4″ thick and 4–6″ SQ. Many trim shapes avail-
able.

b. Ceramic mosaic for walls and floors of about 1⁄4″ thick
and 1″ to 2″ SQ.

c. Quarry tile of earth tones for strong and resistant
flooring. Usually 1⁄2″ to 3⁄4″ thick by 4″ to 9″ SQ.

Typical Costs:
Note: Costs can vary greatly with special imports of great
expense. 
Glazed wall tile: $5.90/SF (50% M and 50% L), variation of
−25%, +100%
Unglazed floor mosaic: $8.90/SF (65% M and 35% L), vari-
ation of +35%, −10%
Unglazed wall tile: $6.60/SF (40% M and 60% L), variation
of +35%, −15%
Quarry tile: $9.70/SF (same as above), variation of ±10%
Bases: $9.70/LF (same as above), variation of ±10%
Additions: color variations: +10 to 20%

abrasive surface: +25 to 50%

4 12
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D. TERRAZZO

1. A poured material
(usually 1⁄2″ thick) of
stone chips in a cement
matrix, usually with a
polished surface.

2. Base of sand and con-
crete.

3. To prevent cracking,
exposed metal dividers
are set approx. 3′ to 6′
oc each way.

4. Newer, high-strength terrazzo (with chemical binders) is
thin set with far less jointing. Can also come in tile pavers of
about 1″ thick × 9″ SQ to 2′ SQ.

Costs: $9.00/SF to $15.00/SF (45% M and 55% L)
Tiles: $17.00 to $28.00/SF

E. ACOUSTICAL TREATMENT

1. Acoustical Ceilings: Can consist of small (3⁄4″ thick × 1′ SQ)
mineral fiber tiles
attached to wallboard
or concrete (usually
glued). Also, acousti-
cal mineral fibers with
a binder can be shot
on gypsum board or
concrete.

Costs: Small tiles $1.10 to $1.50/SF (40% M and 60% L)

2. Suspended Acoustical Tile Ceilings: Can be used to cre-
ate a plenum space to conceal mechanical and electrical
functions. Typical applications are 2′ SQ or 2′ × 4′ tiles in
exposed or concealed metal grids that are wire-suspended
as in plaster ceilings. The finishes can vary widely.

Costs: Acoustical panels $1.00 to $2.00/SF (70% M and 30% L)
Suspension system $1.00 to $1.25/SF (80% M and 20% L)
When walls do not penetrate ceilings, can save $0.10 to
$0.20/SF.

4 12
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F. WOOD FLOORING

1. See p. 368 for structural decking.
2. Finished flooring can be of hardwoods or softwoods, of

which oak, southern pine, and Douglas fir are the most
commonly used.

3. All-heartwood grade of redwood is best for porch and
exterior flooring.

4. If substrate is concrete, often flooring is placed on small
wood strips (sleepers); otherwise flooring is often nailed to
wood substrates (plywood or wood decking).

5. Because wood is very susceptible to moisture, allowance
must be made for movement and ventilation. Allow expan-
sion at perimeters. Vapor barriers below concrete slabs are
important.

6. Use treated material in hot, humid climates.
7. Three types of wood flooring:

a. Strip
b. Plank
c. Block (such as parque)

Typical Costs: 
Wood strip fir $5.00/SF (70% M and 30% L)
Oak +90% +10% finish
Maple +100% clean and wax = $0.35/SF

G. MASONRY FLOORING
See Part 4 on materials.

Typical Costs: 
11⁄4″ × 4″ × 8″ brick: $9.25/SF

(65% M and 35% L)
Add 15% for special patterns.

4 12

4 12
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H. RESILIENT FLOORING

1. Consists of sheets
or tiles of vinyl, cork,
rubber, linoleum, or
asphalt with vinyl the
most commonly used.

2. Is approx. 1⁄16″ to 1⁄8″
thick with tiles being
9″ SQ to 12″ SQ.

3. Applied to substrate with mastic. Substrate may be ply-
wood flooring, plywood or particleboard over wood deck,
or concrete slabs.

4. Vapor barriers often required under slabs.
5. Vinyl base is often applied at walls for this and other floor

systems.

A wide range of colors and patterns is available for flooring.
Typical Costs:

Solid vinyl tile $3.00/SF (75% M and 25% L), can go up
1⁄8 × 12 × 12 20% for various patterns and colors; dou-

ble for “conductive” type.
Sheet vinyl $2.75/SF (90% M and 10% L), variation

of −70% and +100% due to various pat-
terns and colors.

Vinyl wall base $1.75/LF (40% M and 60% L). Can vary
+15%.

Stair treads $8.00/LF (60% M and 40% L). Can vary
from −10% to +40%.

432
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I. CARPETING

1. Most wall-to-wall carpeting is produced by looping yarns
through a coarse-fiber backing, binding the backs of the
loops with latex, then applying a second backing for
strength and dimensional stability. Finally the loops may be
left uncut for a rough, nubby surface or cut for a soft, plush
surface.

2. The quality of carpeting is often determined by its face
weight (ounces of yarn or pile per square yard), not its total
weight. Weights run:

a. Low traffic: 20–24 oz/SY
b. Medium traffic: 24–32 oz/SY
c. High-end carpet: 26–70 oz/SY

3. A better measure of comparison:

weight density factor = = oz/CY

Ideally, this should be as follows:
a. Residential: 3000 to 3600 oz/CY
b. Commercial: 4200 to 7000 oz/CY

4. Flame spread: see p. 458.
5. There are two basic carpet installation methods:

a. Padded and stitched carpeting: Stretched over a
separate pad and mechanically fastened at joints
and the perimeter. Soft foam pads are inexpensive
and give the carpet a soft, luxurious feel. The more
expensive jute and felt pads give better support and
dimensional stability. Padding adds to foot comfort,
helps dampen noise, and some say, adds to the life
of the carpet.

b. Glued-down carpets: Usually used in commercial
areas subject to heavily loaded wheel traffic. They
are usually glued down with carpet adhesive with a
pad. This minimizes destructive flexing of the back-
ing and prevents rippling.

6. Maintenance Factors
a. Color: Carpets in the midvalue range show less soil-

ing than very dark or very light colors. Consider the
typical regional soil color. Specify patterned or mul-
ticolored carpets for heavy traffic areas in hotels,
hospitals, theaters, and restaurants.

b. Traffic: The heavier the traffic, the heavier the den-
sity of carpet construction. If rolling traffic is a fac-
tor, carpet may be of maximum density for minimum
resistance to rollers. Select only level-loop or dense,
low-cut pile.

face weight × 36
���

pile height

433
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7. Carpet Materials:

Fiber Advantages Disadvantages

Acrylic Resembles wool Not very tough;
(rarely used) attracts oily dirt

Nylon Very tough; resists None
(most used) dirt, resembles wool; 

low-static buildup

Polyester Soft and luxurious Less resilient;
deep pilings attracts oily dirt

Polypropylene Waterproof; resists Crushes easily
indoor-outdoor fading and stains; easy 

to clean

Wool Durable; easy to clean; Most expensive
feels good; easily dyed

8. Costs: (90% M and 10% L) (Variation ±100%) See p. 473
for interiors wholesale/retail advice. Figure 10% waste.
Repair/level floors: $1.80 to $6.70/SY (45% M and 55% L)
Padding

Sponge: $6.15/SY (70% M and 30% L) Variation ±10%
Jute: −10%
Urethane: −25%

Carpet
Acrylic, 24 oz, med. wear: $22.60/SY

28 oz, med./heavy: $28.00/SY
Residential

Nylon, 15 oz, light traffic: $16.25/SY
28 oz, med. traffic: $19.80/SY

Commercial
Nylon, 28 oz, med. traffic: $20.90/SY

35 oz, heavy: $24.60/SY
Wool, 30 oz, med. traffic: $33.00/SY

42 oz, heavy: $45.00/SY
Carpet tile: $2.75 to $5.50/SY
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J. PAINT AND COATINGS

1. General
a. Paints and coatings: are liquids (the “vehicle”) with

pigments in suspension, to protect and decorate
building surfaces.

b. Applications: brushed, rolled, sprayed
c. Failures: 90% are due to either moisture problems

or inadequate preparation of surface.
d. Surface Preparation:

(1) Wood: Sand if required; paint immediately.
(2) Drywall: Let dry (0 to 7 days). If textured

surface is required, prime prior to texturing.
(3) Masonry and stucco: Wait for cure (28

days).
e. Qualities:

(1) Thickness
(a) Primers (and “undercoats”): 1⁄2 to 1

dry mills/coat.
(b) Finish coats: 1 to 11⁄2 dry mills/coat.

(2) Breathability: Allowing vapor passage to
avoid deterioration of substrate and coat-
ing. Required at (see p. 377):

(a) Masonry and stucco: 25 perms
(b) Wood: 15 perms
(c) Metals: 0 perms

f. Paint Surfaces:
(1) Flat: Softens and distributes illumination

evenly. Reduces visibility of substrate
defects. Not easily cleaned. Usually used on
ceilings.

(2) Eggshell: Provides most of the advantages
of gloss without glare.

(3) Semigloss
(4) Gloss: Reflects and can cause glare, but also

provides smooth, easily cleanable, nonab-
sorbtive surface. Increases visibility of sub-
strate defects.

g. Legal Restrictions:
(1) Check state regulations on paints for use of

volatile organic compounds (VOC), use of
solvents, and hazardous waste problems.

(2) Check fire department restrictions on
spraying interiors after occupancy or during
remodelling.

R T 17 60
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Paint and Coatings 437

2. Material Types
a. Water-repellent preservatives: For wood.
b. Stains: Solid (opaque), semitransparent, or clear.
c. Wood coatings: Varnish, shellac, lacquers.
d. Wood primer-sealer: Designed to prevent bleeding

through of wood resin contained in knots and pitch
pockets, and to seal surface for other coatings. Usu-
ally apply 2 coats to knots. Since primer-sealer is
white, cannot be used on clear finishes.

e. Latex primer: Best first coat over wallboard, plaster,
and concrete. Adheres well to any surface except
untreated wood.

f. Alkyd primer: Used on raw wood. Latex “under-
coats” can also be used.

g. CMU filler: A special latex primer for reducing
voids and to smooth surface on masonry. Does not
waterproof.

h. Latex paint: A synthetic, water-based coating, this is
the most popular paint because it complies with
most environmental requirements, is breathable,
and cleans up with water. Use for almost all surfaces
including primed (or undercoated) wood. Adheres
to latex and flat oils. Avoid gloss oils and alkyds
other than primers. Subdivided, as follows:

(1) Polyvinyl acetate (PVA): Most commonly
used. Provides 25+ perms.

(2) Acrylic: Smoother, more elastic, more
durable, often used as a primer. Provides
less than 5 perms.

i. Alkyd paint: A synthetic semisolvent-based coating,
replacing the old oils. This seems to be going out of
use due to environmental laws. Used for exterior
metal surfaces. Not breathable.

3. Paint Systems and Costs (30% M and 70% L) The fol-
lowing was developed for the SW U.S. Add 10% for the rest
of the country.
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Color 441

1. Basic Color Schemes

a. Triadic schemes.
Made from any three
hues that are equidis-
tant on the color
wheel.

b. Analogous or
related schemes.
Consist of hues that
are side by side.

c. Monochromatic
schemes. Use only
one color (hue) in a
range of values and
intensities, coupled
with neutral blacks 
or whites.

d. Complementary
schemes. Use con-
trast by drawing
from exact opposites
on the color wheel.
Usually, one of the
colors is dominant
while the other is
used as an accent.
Usually vary the
amount and bright-
ness of contrasting
colors.
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e. Split complemen-
tary schemes. Con-
sist of one hue and the
two hues on each side
of its compliment.

f. Double complemen-
tary schemes. Com-
posed of two adjacent
hues and their respec-
tive hues, directly
opposite on the color
wheel.

g. Many-hued schemes.
Those with more than
three hues. These usu-
ally need a strong
dose of one color as a
base with added col-
ors that are closely
matched in value.

2. Rules of Thumb
a. Your dominant color should cover about 2⁄3 of the

room’s area. Equal areas of color are usually less
pleasing. Typical areas to be covered by the main
color are the walls, ceiling, and part of the floor.

b. The next most important color usually is in the floor
covering, the furniture, or the draperies.

c. The accent colors act as the “spice” for the scheme.
d. Study the proposed colors in the lighting conditions

of where they will be used (natural light, type of
artificial light).

e. The larger the area, the brighter a color will seem.
Usually duller tones are used for large areas.
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Color 443

f. Contrast is greater from light to dark than it is from
hue to hue or dull to bright saturation.

g. Colors that seem identical but are slightly different
will seem more divergent when placed together.

h. Bold, warm (red/orange) and dark colors will
“advance.” These can be used to bring in end walls,
to lower ceilings, or to create a feeling of closeness
in a room.

i. Cool (blue/green), dull and light colors “recede.”
These can be used to heighten ceilings or to widen a
room.

j. Related colors tend to blend into “harmony.”
k. From an economic point of view, dark colors absorb

more light (and heat) and will require more lighting.
Light colors reflect light, requiring less lighting.

l. Colors will appear darker and more saturated when
reflected from a glossy surface than when reflected
from a matte surface.

m. A color on a textured surface will appear darker
than on a smooth surface.

n. Bright colors increase in brilliance when increased
in area, and pale colors fade when increased in area.

o. Incandescent (warm) lighting normally adds a
warming glow to colors. Under this light, consider
“cooling” down or graying bright reds, oranges, or
yellows.

p. Low atmospheric lighting tends to gray down colors.
q. Fluorescent lighting changes the hue of colors in

varying ways depending on the type used. In some
instances it will accent blue tones and make reds
look colder. It may make many colors look harsher.

r. Southern exposures will bring in warm tones of sun-
light.

s. Northern exposures will bring in cool light.
t. Cool pale colors tend to promote relaxation and

shorten the passing of time. Therefore, they are
good for repetitive work. Warm bright colors tend
to promote activity and heighten awareness of time.
Therefore, they are better for entertainment and
romantic settings

u. Cool colors tend to make warm conditions more tol-
erable. Warm colors do the same for cold conditions.

v. Advancing colors (red-yellow) usually make objects
larger. Receding colors (green-violet) usually make
things look smaller.
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3. Percent Light Reflected from Typical Walls and Ceilings

Class Surface Color % Light reflected

Light Paint white 81
ivory 79
cream 74

Stone cream 69
Medium Paint buff 63

lt. green 63
lt. grey 58

Stone grey 56
Dark Paint tan 48

dk. grey 26
olive green 17
lt. oak 32
mohogany 8

Cement natural 25
Brick red 13

4. Typical Reflectance %
a. Commercial

Ceiling 80%
Walls 50%
Floors 20%

b. Industrial
Ceiling 50%
Walls 50%
Floor 20%

c. Classrooms
Ceiling 70–90%
Walls 40–60%
Floor 30–50%
Desk top 35–50%
Blackboard 20%

5. Surfaces:
a. Specular: A smooth, shiny surface that casts a mir-

rorlike image of the arriving light.
b. Matte: A smooth, dull surface that emits an inar-

ticulate shine.
c. Diffuse: A rough, dull surface that widely scatters

the arriving light.
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A. TOILET PARTITIONS

1. Typical widths: 2′6″, 2′8″, 2′10″ (most-used), and 3′0″
2. Typical depths:

a. Open front: 2′6″ to 4′0″
b. Closed front (door): 4′6″ to 4′9″

3. Typical doors: 1′ 8″, 1′10″, 2′0″, 2′4″, and 2′6″
4. Typical pilasters: 3, 4, 5, 6, 8, or 10 inches
5. For HC-accessible, see pp. 524–526.

Costs: $600 to $900/each compartment
Ceiling-mounted partitions, with plastic-laminate finish, are the
least expensive.

449
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B. FIREPLACES

1. Typical Opening Sizes (see drawings below):

W H D S

2′ 1.5′ to 1.75′ 1.33′ to 1.5′
3′ 2′ 1.67′ 61⁄2″
4′ 2.12′ 1.75′ 6″
5′ 2.5′ to 2.75′ 2′ to 2.17′ 9″
6′ 2.75′ to 3′ 2.17′ to 2.33′ 9″

2. For energy conservation, provide:
a. Outside combustion air ducted to firebox
b. Glass doors
c. Blower

3. Per IBC:
a. Hearth extension to front must be 16″ (or 20″ if

opening greater than 6 SF).
b. Hearth extension to side must be 8″ (or 12″ if open-

ing greater than 6 SF).
c. Thickness of wall of firebox must be 10″ brick (or 8″

firebrick).
d. Top of chimney must be 2′ above any roof element

within 10′.
Costs: Fabricated metal: $500 to $1500 (75% M and 25% L)

Masonry: $5000 to $15,000

5
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C. GRAPHICS

1. General: Visual identification and direction by signage is
very important for “wayfinding” to, between, around, in, and
through buildings. Signage is enhanced by:

a. Size
b. Contrast
c. Design of letter character

and graphics.

2.Road Signage: Can be roughly estimated as follows:

3.Building Signage
a. Site directional/warning signs should be:

(1) 6′ from curb
(2) 7′ from grade to bottom
(3) 100′–200′ from intersections
(4) 1 to 2.5 FT SQ

b. Effective pedestrian viewing distance 20′ to 155′
c. Effective sign size: ≈10′/inch height (10′ max. viewing

distance per inch of height of sign).
d. Effective letter size: ≈50′/inch height.
e. As a rule, letters should constitute about 40% of sign

and should not exceed 30 letters in width.
f. Materials

(1) Exterior
(a) Building: fabricated aluminum, illu-

minated plastic face, back-lighted,
cast aluminum, applied letter, die-
raised, engraved, and hot-stamped.

(b) Plaque and sign: cast bronze or 
aluminum, plastic/acrylic, stone,
masonry, and wood.

M 10
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(2) Interior
(a) Permanent mounting: vinyl tape/

adhesive backing, silastic adhesive,
or mechanical attachment.

(b) Semipermanent: vinyl tape square
on inserts.

(c) Changeable: dual-lock mating fas-
teners, magnets, magnetic tape or
tracks.

g. Mounting heights

h. Accessibility signage per ADA required at:
(1) Accessible parking, see p. 239.
(2) Building entries (when accessible, not

required when all are).
(3) Accessible facilities, such as at rest rooms

(when accessible, not required when all are).
(4) ADA (ANSI) now requires both tactile and

visual (with contrast) graphics. Graphics
may be mounted on the push side of doors,
on side (pull side) of doors (18″), or on near-
est adjacent wall when no space is available
by the door. Visual graphics (except for ele-
vators) are to be mounted 3′–4″ to 5′–10″
above floor (with 5⁄8″- to 13⁄4″-high characters)
when viewed from up to 15′; 5′−10″ to 10′ AF
(with 2″- to 23⁄4″-high characters) when
viewed from 15′ to 21′; and 10′ AF (with 3″-
high characters + 1⁄8″/ft. beyond 21′) when
viewed from greater than 21′. Tactile and
braille graphics are to be mounted between
4′ and 5′ AF (except for elevators). Tactile
characters are to be 5⁄8″ to 2″ high and braille
1⁄2″ to 3⁄4″. Pictograms (of high contrast) are to
have 6″-high backgrounds.
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i Other common signs and symbols:
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Costs:
Road/site directional $20 to $40/SF (40% M and

60% L)
Pylon/monument $10,000 to $40,000 (40% M and

60% L)
Exterior building, $6000 to $12,000 (same)
I.D., backlighted,
with ind. letters
Plaques, cast alum. $500 to $900 (85% M and
or bronze 15% L)
Plastic, Bakelite $50 to $150/SF (40% M and

60% L)
Neon, small size $2000 to $4000 (same as above)
Exit, electrical $300 (45% M and 55% L)
Metal letters $50 to $95/ea. (60% M and

40% L)
Plexiglass $85 to $100/SF (95% M and

5% L)
Vinyl $20 to $30/SF (75% M and

25% L)
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D. FIREPROOFING

1. See p. 99 for requirements.
2.Thicknesses (in inches) of fire resistance structural mate-

rials will give hourly ratings, as follows:

3.Fire-resistive materials may be applied to structural mem-
bers to protect from fire. Use the above table, as well as the
following:

a. Concrete: 1″ ≈ 2 hr. 2″ to 3″ ≈ 4 hr.
b. Solid masonry: 2″ ≈ 1 hr., add 1″/hr to 4″ ≈ 4 hr.
c. Plaster: 1″ ≈ 1 hr., add 1″/hr.
d. Vermiculite (spray-on): 1″ ≈ 4 hr.
e. Gypsum wallboard: 2 layers 1⁄2″ type “X” or 1 layer of

5⁄8″ type “X” ≈ 3⁄4 to 1 hr.
Costs: Spray-on vermiculite: $3.00/SF surface/inch thickness

1 5 34
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4.Flame Spread: The IBC requires finish materials to resist
the spread of fire as follows:

a. Maximum flame-spread class

b. Flame-spread classification

Class Flame-spread index

A 0 to 25
B 26 to 75
C 76 to 200
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c. Use finishes to meet above requirements
(1) For woods, see p. 363.
(2) Aluminum: 5 to 10
(3) Masonry or Concrete: 0
(4) Gypsum wallboard: 10 to 25
(5) Carpet: 10 to 600
(6) Mineral-fiber sound-absorbing panels:

10 to 25
(7) Vinyl tile: 10 to 50
(8) Chemically treated wood fiberboard: 20 to 25
(9) Certain intumescent paints can reduce the

flame spread of combustible finishes to as
low as class A.

5.Floor Finishes: Most floor finishes present little if any haz-
ard due to flame spread. Carpet is the exception.

Types:
Class I (radiant flux of 0.45 W/cm2 or more) more
resistant to flame spread.This is usually of a low pile
and/or natural fiber.
Class II (radiant flux of 0.22 W/cm2) less resistant.
This is usually of a high pile and/or synthetic fiber.
Sprinklers can allow Class II where I is required.

6.Trim and Decorations on Walls and Ceilings:
Must be at least Class C.
Limited to 10% of area (except sprinklered audito-
riums may be up to 50%).
At Group I-3 occupancies, only noncombustible
materials allowed.
At Groups A, E, I, R-1, and R-2 dormitories,
only flame-resistant or noncombustible materials
allowed.

7. See p. 354 for fire-retardant-treated wood.
8.Fire Loads: Interior building contents that will start or con-

tribute to a fire. These typically range from 10 (residential)
to 50 PSF (office), and can be reduced 80% to 90% by use
of metal storage containers for paper.

Fireproofing 459
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9. Fire Extinguishers:
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Costs: Fire extinguishers: $95 to $250/ea
Cabinet: $100/ea
Hose & Cabinet: $220/ea

10. Keep in mind that for life safety, smoke control in buildings
is as important as suppressing fire.

Fireproofing 461
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E. OPERABLE PARTITIONS

1. Types

2. Data
(1) Stack widths:

(a) Accordion: 5″ to 12″
(b) Panels: 15″ to 17″

(2) Stack depths: Usually 1⁄6 to 1⁄8 of opened width.
(3) Panels usually 48″ wide.
(4) Acoustic: STC 43 to 54 available.
(5) Flame spread: Class I available.

Costs:
Folding, acoustical, vinyl, wood-framed: $62.50 to
$84/SF (70% M and 30% L) Variation: −35% to +50%.
Accordion, vinyl-faced: $15.50 to $36.50/SF, Variation:
±20%

F. BATHROOM ACCESSORIES

Costs given are for average quality. For better finishes (i.e., brass),
add 75% to 100%:

Mirrors $30/SF (90% M and 10% L)
variation of ±25%

Misc. small items $15 to $30/ea. (double, if 
(holders, hooks, etc.) recessed)
Bars

Grab $35 to $45/ea.
Towel $15 to $30/ea.

Medicine cabinets $80–$100/ea.
Tissue dispensers $30 to $60/ea.
Towel dispensers $130 to $400/ea. (increase by

21⁄2 times if waste receptacle
included)

5
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G. SUN CONTROL

1. Types
a. Horizontal (usually best on south side)

b. Vertical (usually best on east and west sides)

c. Egg crates (best for hot climates)

Costs:
Canvas awnings $48 to $110/SF (70% M and 30% L)

Variation −75%, +300%
Other types of awnings (alum.,
painted, plastic, or security) are 11⁄2
to 21⁄2 times.

Cloth patio covers ≈$4.00/SF (55% M and 45% L)
Metal carports See p. 277.

4
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A. RESIDENTIAL KITCHENS
(See p. 205, Energy Conservation)

5
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B. RESIDENTIAL LAUNDRIES

C. MISCELLANEOUS COSTS

(Also see item F, p. 629)
1. Bank Counter $2000 to $5000/teller
2. Barber

Total equipment $2500 to $5300/chair
3. Cash Register $550 to $2500/reg.
4. Commercial Kitchen Equip.

By area:
(Office) $68.50 to $110/SF kit.
(Restaurant) $85 to $140/SF kit.
(Hospital) $90 to $150/SF kit.

By item:
Work tables $265 to $335/LF
Serving fixtures $275 to $355/LF
Walk-ins $50 to $165/SF (add $1600/

ton for refrigeration
machinery)

5
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5. Library
Shelf $125/LF (−20%, +10%)
Carrels $690 to $800/ea.
Card catalog $100/tray

6. Religious
Wood altar $1500 to $9000
For pews, see p. 474

7. Safes
(Office) 4 hr.,

1.5′ × 1.5′ × 1.5′ $3500
(Jeweler’s) 63″ × 25″ × 18″ $20,900

8. Theater
Total equipment $90 to $500/SF stage
For seating, see p. 474

9. Trash Compactors $9500 to $10,700/ea.
10. Vacuum Cleaning Equip. $775 for first 1200 SF; then

add $0.15/SF

Miscellaneous Costs 469
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A. GENERAL COSTS

Costs for furniture and interior objects will vary more than any
other item for buildings. These can vary as much as −75% to
+500% (or more). Costs given in this part are a reasonable middle
value and are “for trade” wholesale. Retail can go up 60% to
175%. Cost location factors given in App. B, line V will not apply as
furniture costs are rather uniform across country.

B. MISCELLANEOUS OBJECTS

1. Artwork (photos, reproductions, etc.): $50 to $275/ea.
2. Ash urns and trash receptacles: $100 to $320/ea.
3. Blinds: $4.60 to $7.35/SF
4. Draperies: $20 to $115/SY
5. Rugs and mats: $20 to $110/SY
6. Interior plants: see p. 279. For artificial silk plants, double

or triple landscape costs.
7. Fabrics: Association of Contract Textiles (ACT) recom-

mendations. Check for following:

a. Flammability
Upholstery must pass CAL 117.
Drapery must pass NFPA 701.
Wall covering must pass ASTM
E-84.

b. Abrasion resistance

a A Test

15,000 30,000 Wyzenbeek
double rubs double rubs 40,000 Martindale

c. Colorfastness to light
Must pass Class 4 (40 to 60 hours
exposure for UV).

d. Colorfastness to wet and dry
crocking (Pigment colorfastness
in fabric). See p. 440 for color.

K U W 5 12 27
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e. Miscellaneous other physical properties
(1) Brush pill test: measures 

tendency for ends of a 
fiber to mat into fuzz balls.

(2) Yard/seam slippage test:
establishes fabric’s likeliness 
to pull apart at seams. Must pass 25 lbs for
upholstery and 15 lbs on drapery.

(3) Breaking/tensile strength test: evaluates
fabric’s breaking or tearing. Must pass:
Upholstery 50 lbs
Panel fabrics 35 lbs
Drapery over 6 oz 25 lbs

under 6 oz 15 lbs

C. FURNITURE

(Also see Item F, p. 629)
1. Miscellaneous

a. Theater $130 to $245/seat
b. Church Pews $70 to $120/seat
c. Dormitory $2100 to $3900/student
d. Hospital Beds $910 to $1475/bed
e. Hotel $1650 to $8635/room
f. Multiple Seating

Classroom $70 to $130/seat
Lecture Hall $140 to $400/seat
Auditorium $110 to $220/seat
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2. Living/Waiting
Note: Desirable conversation area is a 10′ diameter.
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3. Bedroom/Guestroom
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4. Dining/Conference

5. Restaurant Seating

Furniture 477
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6. Office
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D. HUMAN DIMENSIONS

Note: All dimensions are in inches.

479
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A. ROOF STRUCTURE ASSEMBLIES

1. Use the tables on pp. 490–493 to help select a roof struc-
ture assembly. See p. 385 for roof coverings. Cross-sections
on each table illustrate various assemblies, with depth of
assembly in inches. Columns bearing the following num-
bers on each table show:

2. Standard member sizes in inches
3. Dead loads in pounds per square foot
4. Suitable live load range in pounds per square foot
5. Span range in feet
6. Typical bay size in square feet
7. Suitable for inclined roofs:

Y = yes
N = no

8. Service plenum notes
Between structural members
Under structure

9. U value (without insulation)
10. Acoustical: Comparative resistance to sound transmission:

Impact E = Excellent F = Fair
Airborne G = Good P = Poor

11. Fire rating in hours
12. Construction type classification by code (IBC)
13. Total costs in $/SF of roof area

489
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B. FLOOR STRUCTURE ASSEMBLIES

1. Use the tables on pp. 496–499 to help select a floor struc-
ture assembly. Cross-sections on each table illustrate vari-
ous assemblies, with depth of assembly in inches. Columns
bearing the following numbers on each table show:

2. Standard member sizes in inches
3. Dead loads in pound per square foot
4. Suitable live load range in pounds per square foot
5. Span range in feet
6.Typical bay size
7. Service plenum notes

Between structural members
Under structure

8. Acoustical: Comparative resistance to sound trans-
mission:

Impact E = Excellent F = Fair
Airborne G = Good P = Poor

9. Fire-resistive ratings, in hours, per code and Under-
writers:

10. Construction type classification by code (UBC)
11. Total costs in $/SF of floor area

495
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C. WALLS

1. Use the tables on pp. 502–503 to help select a wall assem-
bly. See Part 9 for finishes. Cross-sections on each table illus-
trate various assemblies; columns bearing the following
numbers show:

2. Overall thickness in nominal inches
3. Weight in pounds per square foot
4. Vertical span range for unsupported height in feet
5. Heat transmission coefficient U value in BTU/hr/SF/°F

(see p. 380)
6. Resistance to airborne sound transmission (see p. 223)
7. Fire resistance rating in hours (see pp. 99 and 457)
8. IBC construction type (see p. 98)
9. Costs in $/SF of wall surface (one side). Wall finishes

(paint, etc.) are not included.
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D. CEILINGS
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A. ELEVATORS

Per A.D.A. one elevator is required in any building more than
3 stories high or with more than 3000 SF of area on each floor.

1. Hydraulic: The least expensive and slower type. They are
moved up and down by a piston. This type is generally used
in low-rise buildings (2 to 4 stories) in which it is not neces-
sary to move large numbers of people quickly.

Costs:
Passenger elevators $51,000 (50 fpm, 2000 lbs) to $64,000

(150 fpm, 3000 lbs) per shaft. 3 stops,
3 openings. Add: 50 fpm/stop = +$3500;
500 lb/stop = +$3500; stop = +$5300;
custom interior = +$5000.

Hydraulic freight $56,750 (50 fpm, 3000 lbs) to
elevators $86,100 (150 fpm, 6000 lbs).

13 16
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2. Traction Elevators: Traction elevators hang on a counter-
weighted cable and are driven by a traction machine that
pulls the cable up and down. They operate smoothly at fast
speeds and have no limits. Typically, penthouse floor area
equals twice the shaft area. A machine room is located
either next to the penthouse or on any floor next to the
shaft. The shafts, penthouse, pit, and landings are all major
special components in the building and often comprise
more than 10% of its costs.
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Costs:
Passenger elevators/shaft $66,000 (50 fpm, 2000 lbs) to 

$127,000 (300 fpm, 4000 lbs) for 
6 stops, 6 openings. Add: stop =
+$4000; 50 fpm/stop = +$2000;
500 lb/stop = +$2000; opening per
stop = +$4500; custom interior =
+$4800.

Freight elevators $100,000 (50 fpm, 3500 lbs) to 
(2 stops)/shaft $118,000 (200 fpm, 5000 lbs).

3. Elevator Rules of Thumb
a. Commercial

(1) One passenger elevator for each 30,000 SF
of net floor area.

(2) One service elevator for each 300,000 SF of
net floor area.

(3) Lobby width of 10′ minimum.
(4) Banks of elevators should consist of 4 or

fewer cars so that people can respond easily
to the arrival of an elevator.

(5) In high buildings, the elevator system is bro-
ken down into zones serving groups of
floors, typically 10 to 15 floors. Elevators
that serve the upper zones express from the
lobby to the beginning of the upper zone.
The elevators that serve the lower zones
terminate with a machine room above the
highest floor served.

(6) Very tall buildings have sky lobbies served
by express elevators. People arriving in the
lobby take an express elevator to the appro-
priate sky lobby where they get off the
express elevator and wait for the local ele-
vator system.

(7) Lay out so that maximum walk to an eleva-
tor does not exceed 200′.

(8) Per ADA, accessible elevators are required
at shopping centers and offices of health
care providers. Elevators are not required in
facilities that are less than 3 stories or less
than 3000 SF per floor. But, if elevators are
provided, at least one will be accessible (see
p. 514).
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b. Residential
(1) In hotels and large apartment buildings,

plan on one elevator for every 70 to 100
units.

(2) In a 3- to 4-story building, it is possible to
walk up if the elevator is broken, so one
hydraulic elevator may be acceptable.

(3) In the 5- to 6-story range, two elevators are
necessary. These will be either hydraulic
(slow) or traction (better).

(4) In the 7- to 12-story range, two traction ele-
vators are needed.

(5) Above 12 stories, two to three traction ele-
vators are needed.

(6) Very tall buildings will require commercial-
type applications.

(7) Plan adequate space and seating at lobby
and hallways.

c. Where elevators are provided in buildings of 4 sto-
ries or more, at least one must accommodate an
ambulance stretcher.

d. ADA-accessible elevators (see item 8, p. 513):
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B. ESCALATORS
Escalators require 1⁄3 the floor area of elevators to deliver the
same passenger loads, need not have pits or penthouses, and
can traverse tall floor-to-floor heights. But above 2 levels, rid-
ers prefer elevators.

Typically, ceiling-to-floor heights are 4′ due to underside
machinery at each end. Risers are 8″ and step slopes are 30°.

Costs:
Escalator costs range from $88,800 for 12′ rise, 32″ width, to
$139,500 for 25′ rise, 48″ width. For glass side enclosure add
$11,500 to $13,500.

517
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Rules of Thumb

1. All escalators rise at a 30-degree angle.
2. There needs to be a minimum of 10′ clear at top and bottom landings.
3. Provide beams at top and bottom for the escalator’s internal truss

structure to sit on.
4. The escalator will require lighting that does not produce any distort-

ing shadows that could cause safety problems.
5. Escalators need to be laid out with a crowded flow of people in mind.

Crossover points where people will run into each other must be
avoided.

6. Current trends in the design of retail space use the escalators as a
dramatic and dynamic focal feature of open atrium spaces.

7. Because escalators create open holes through building floor assem-
blies, special smoke and fire protection provisions are necessary.
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A. THE PLUMBING SYSTEM

See p. 271 for exterior utilities.
See p. 524 thru 526 for toilet rms.
See p. 538 for fixture count 2000 IPC and p. 541 for UPC.

The following systems need to be considered:
1. Fixture count by code
2. Water supply (p. 528)
3. Plumbing fixtures (p. 529)
4. Sanitary sewer (p. 530)
5. Rain water/storm sewer 

(p. 531)
6. Fire protection (p. 533)
7. Landscape irrigation

(p. 537)
8. Gas (p. 537)
9. Other specialties

(process, etc.)

1B 5 10 13 27 32 34 35
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Costs: As a rough rule of thumb, estimate $1000 to $1500/fixture
(50% M and 50% L) for all plumbing within the building.
Assume 30% for fixtures and 70% for lines. Also, of the
lines, assume 40% for waste and 60% for supply. For more
specifics on fixtures, only:

Residential

Fixture Low Medium High Commercial

WC $165 $550 $935 $110 to $330
Lavatories $110 $165 $275 same
Tub/shower $110 $440 $880
Urinals $275 to $660
Kitchen sinks $165 $330 $500

Initial cost is typically only a portion of projected life cycle costs. In
commercial buildings a fixture’s cost is usually no more than the cost to
maintain it for a few months, so any fixtures that reduce maintenance
cost usually pay for themselves quickly.When renovating existing build-
ings, all old piping should be thoroughly cleaned or replaced.

1. Fixtures Required by Code
Presently, two plumbing codes rule: the International
Plumbing Code (IPC; usually associated with the IBC build-
ing code) and the Uniform Plumbing Code (UPC; usually
associated with the NFPA building code). You will need to
know which code governs to determine your required fix-
ture count.

a. IPC Requirements:
(1) See p. 538 for fixture count table.
(2) Urinals may be substituted for water closets

up to 67%.
(3) Number of users based on occupant load by

the IBC. Usually this will be split 50% for
each sex.

(4) Separate toilets for each sex are not
required for private facilities or where
occupant load is less than 15. Can use a uni-
sex toilet.

(5) The IBC requires an extra unisex toilet at
assembly and mercantile occupancies when
the combined fixture count is 6 or more
water closets.

(6) Toilets for public must be within 500′ (300′
in malls) and not more than 1 story above
or below.
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(7) Toilets for employees must be within 500′
(300′ from tenant space) and not more than
1 story above or below.

(8) The IBC does not allow toilet rooms to
open directly to food service kitchens.

b. UPC requirements:
(1) See p. 541 for fixture count table.
(2) The number of users is based on occupant

load determined by the building code and is
split 50% for each sex, except in residences
and where occupant load is 10 or less (in
which a single-user toilet may be used).

(3) Toilet rooms must be no more than 1 story
away.

(4) Toilet rooms used in private offices do not
count toward the number required.

(5) Business and mercantile occupancies:
(a) A single-user toilet may be used

when area is not more than 1500
SF.

(b) Customer and employee toilets
may be combined but must use
count that is highest in each type.

(c) For stores, toilet rooms for cus-
tomers cannot be more than 500′
away. But at stores of 150 SF or less,
employee toilets cannot be more
than 300′ away.

(6) Food service establishments: When occu-
pant load is 100 or more, must have sepa-
rate toilet rooms for customers and em-
ployees.

(7) Water conservation required as follows:
Water closets: 1.6 gal/flush, max.
Urinals: 1.0 gal/flush, max.
Lavatories: 2.2 gal/min, max. (or not 

more than 1⁄4 gal per use).
Kitchen sinks: 2.2 gal/min, max.
Shower heads: 2.5 gal/min, max.

2. Water Supply
There are four kinds of water demand: occupancy, special
loads, climate control, and fire protection. The water supply
is under pressure, so there is flexibility in layout of the water
main to the building. In warm climates the water meter can
be outside, but in cold climates it must be in a heated space.
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For small buildings allow a space of 20″ W × 12″D × 10″H.
After entering the building the water divides into a hot- and
cold-water distribution system at the hot water heater. For
small buildings allow for a gas heater a space 3′ sq. dia. ×
60″H and for electric heaters, 24″ dia. × 53″H. Where bath-
rooms are spread far apart, consideration should be given to
multiple hot water heaters or circulated hot water.

Costs: Residential: $550 to $1650/ea.
Commercial: $1650 to $3300/ea. (80% M and 20% L).
Electric is cheaper for small buildings but high for large
buildings.

If the water is “hard” (heavy concentration of calcium ions),
a water softener may be needed. Provide 18″ dia. × 42″H
space.

Costs: ª $740

If water is obtained from a private well, a pump is needed. If
the well is deep, the pump is usually at the bottom of the
well. For this case provide space for a pressure tank that is
20″ dia. × 64″H. If the well is shallow (20′ to 25′ deep) the
pump may be provided inside the building. Space for pump
and tank should be 36″W × 20″D × 64″H.

Costs: $155 to $220 per LF of well shaft

Water supply pipes are usually copper or plastic and range
from 1⁄2″ to 2″ for small buildings, but 21/2″ to 6″ for larger
buildings or higher-water-use buildings. Hot and cold pipes
are usually laid out parallel. Piping should be kept out of
exterior walls in cold climates to prevent winter freeze-ups.
The cost of insulation is usually quickly returned by savings
in reduced heat loss. As the pipe diameter increases, this
becomes more so due to greater volume and surface area.
The city water pressure will push water up 2 or 3 stories.
Buildings taller than this will need a surge tank and water
pressure pumps. This equipment takes approximately 100 to
200 SF of space.

Costs: $5000 to $20,000

3. Plumbing Fixtures
The men’s and women’s restrooms need to be laid out to
determine their size and location in the building. Economi-
cal solutions are shared plumbing walls (toilet rooms back
to back) and for multistory buildings, stacked layouts.
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In cold climates, chases for plumbing lines should not be on
exterior walls, or if so, should be built in from exterior wall
insulation.
Public buildings should have one janitor sink per 100 occu-
pants, on each floor.

Costs: See p. 527.

4. Sanitary Sewer
Sewage flow is usually considered to be 95% of supply
water flow. Horizontal runs of drainage piping are difficult
to achieve inside the building. Pipe pitches should be at least
1⁄4″/ft. Straight runs should not exceed 100′ for metal (or 30′
for plastic) piping. Cleanouts should be located at every
direction change exceeding 45°, and every 50′ to 100′. The
best arrangement is to bring the plumbing straight down
(often along a column) and make connections horizontally
under the building. Piping should not pass within 2 vertical
feet above any electrical service unless contained in sec-
ondary piping.
The sanitary drainage system collects
waste water from the plumbing fixtures,
which flows by gravity down through
the building and out into the city sewer.
Because of the slope requirement, long
horizontal runs of drainage pipe will
run out of ceiling space to fit in. Ideally,
sanitary drainage pipes (called plumb-
ing stacks) should run vertically down
through the building collecting short
branch lines from stacked bathrooms.A
4″ stack can serve approx. 50 WCs and accompanying lavato-
ries.A 6″ stack can serve approximately 150 WCs and lavato-
ries. Pipes are typically of cast iron or plastic (ABS). Each
fixture is drained through a “P” trap with a water seal. This,
and venting the system to the roof, keeps sewer gases from
entering the building.
The building drain runs horizontally under the building col-
lecting waste water from multiple vertical stacks. A 4″ to 6″
pipe requires a minimum slope of 1%, and an 8″ pipe
requires a minimum slope of 1⁄2%.The lowest (or basement)
floor elevation needs to be set higher than the rim elevation
of the next upsteam manhole of the sewer main. If the build-
ing drain is below the sewer main, an automatic under-
ground ejector pump is needed.
At sites where city sewer mains do not exist, a septic system
will be needed. The size and configuration of private dis-
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posal systems vary widely depending on soil conditions,
topography, local laws, and the regulated capacity of the sys-
tem. The most common type includes a septic tank (usually
1000 to 1500 gallons) and a disposal field of open-joint pipe
below the ground which should slope 1⁄16 to 3⁄8″/ft (max.). Soil
saturation at the wettest time of the year determines final
design. The lowest part of pipe trench must lie above the
highest water table level. As a starting point, allow an area
of nearly level ground 40′ × 80′ with short side against build-
ing. No part of this area may be closer than 100′ to a well,
pond, lake, stream, or river, or 8′ from a building. Both tank
and field are best located in grassy open areas, and not
under parking or drives where heavy loads could compact
the soil above. Also see p. 264.
Water reclaimed (graywater) from certain plumbing fixtures
as well as runoff from roofs, parking areas, and driveways
may be reused after minor treatment, in fire sprinklers, for
toilet flushing, in numerous industrial operations, as well as
for landscape irrigation.

Costs: $11,500

Solid waste is often handled by a compactor for larger build-
ings. A compactor room of 60 SF is sufficient for a small
apartment building; 150 to 200 SF for a larger building; and
much larger for industrial. If a chute is used, plan on 15″ to
30″ diameter, with 24″ a typical dimension.

Costs: See p. 469.

5. Rainwater/Storm Sewer
The rainwater that falls on the roof and the grounds of a
building needs to be collected and channeled into the city
storm drain system. If there is none, the site is drained to the
street or to retention basins (if required). See page 251.
The roof slope must be arranged to channel water to drain
points, where drainage pipes can carry the water down
through the building and out into the storm drainage system
(or sheet-drained on to the site).
The storm drainage water is kept separate from the sanitary
drainage water so the sewage treatment system will not
become overloaded in a rain. The following guidelines can
be used in planning a storm drainage system:

a. “Flat” roofs need a minimum slope of 2%.
b. Except for small roof areas there should be more

than one drain point on a roof area.
c. Roof drain leaders are best located near exterior walls

or interior columns, not at midspans of the structures.
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d. Backup drains or scuppers should be provided in
case main drains become clogged. These should be
4″ up slope or 2″ above drain. For small buildings,
scuppers at exterior walls may be used.

e. At sloped roofs, water may shed off the edge, or to
avoid this, roof gutter and downspouts may be used.
Downspouts typically range from 3″ to 6″ in 1″ incre-
ments. Common provision for average rain condi-
tions is 1 square inch of cross section for each 150 SF
of roof area. Where parapets are long or tall, include
1⁄2 of their surface area to catch driving rain from one
direction. Estimate area of sloped roofs as follows:

Pitch Factor

Level to 3″/ft 1.00
4″ to 5″/ft 1.05
6″ to 8″/ft 1.10
9″ to 11″/ft 1.20
12″/ft 1.30

f. Horizontal storm drain pipes have a minimum slope
of 1%. The best strategy is to route them vertically
down through the building, with a minimum of hor-
izontal lines.

g. For estimating drain lines and downspouts:

SF roof per
Intensity, inch/hr. sq. in, downspout

(see App. B, item J) or drain

2 600
3 400
4 300
5 240
6 200
7 175
8 150
9 130

10 120
11 110

h. Gutters: Depth should be between 1⁄2 to 3⁄4 the width
but should be deeper where pitches exceed 1⁄4″/LF.
Minimum pitch should be 1⁄16″/LF. Widths usually
range from 4″ to 8″. Long runs should have expan-
sion joints at 60′ max. (at pitch peaks).

532 The Architect’s Portable Handbook 

10210_Guthrie_15_qxd.k  2/27/03  5:15 PM  Page 532



i. Leaders or downspouts: Every roof plane should
have at least two in case one is blocked, and each
one should have a sectional area of at least 1 sq in
per 100 SF of roof (7 sq in min.). They should be 20′
to 50′ apart.

Costs: $120 to $250/roof drain (for gutter and downspouts,
assume 1⁄2 to 2⁄3 cost)

6. Fire Protection
(See p. 273 for fire hydrants)

a. A sprinkler system is the most effec-
tive way to provide fire safety.
Research indicates sprinklers will
extinguish or contain 95% of fires
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that start. Water supply and pressure are critical. At
a minimum, should have 1-hour water supply.

(1) The IBC and NFPA standards require
sprinklers at certain occupancies (see p. 99).
Also see item I in App. A.

(2) Sprinkler spacing (maximum coverage per
sprinkler):

Light hazard (Class I)
200 SF for smooth ceiling and beam-

and-girder construction
225 SF if hydraulically calculated for

smooth ceiling, as above
130 SF for open wood joists
168 SF for all other types of construc-

tion
At both sides of a fire barrier (hori-

zontal exit adjacent to egress door-
ways). See p. 97. Also, accessible
roofs require one outlet.

Ordinary hazard (Class II)
130 SF for all types of construction,

except:
100 SF for high-pile storage (12′ or

more).
Extra hazard (Class III)

90 SF for all types of construction
100 SF if hydraulically calculated.

High-piled storage (CHS) warehouses
containing combustible items that are
stored more than 15′ high.

(3) Notes
(a) Most buildings will be the 225 SF

spacing.
(b) Maximum spacing for light and

ordinary hazard = 15′
High-pile and extra hazard = 12′

(c) Small rooms of light hazard, not
exceeding 800 SF: locate sprinklers
max. of 9′ from walls.

(d) Maximum distance from walls to
last sprinkler is 1⁄2 spacing (except
at small rooms). Minimum is 4″.

(e) City ordinances should be checked
to verify that local rules are not
more stringent than IBC/NFPA
requirements.
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(f) The sprinkler riser for small build-
ings usually takes a space about
2′6″ square. Pumps and valves for
larger buildings take up to about
100 to 500 SF.

(g) Types
1. Wet-pipe (water is always in

pipe up to sprinkler head)
2. Antifreeze
3. Drypipe (water no further

than main; used where freez-
ing is a problem)

4. Preaction (fast response)
5. Deluge
6. Foam water (petroleum fires)

Costs: Wet pipe systems: $1.00 to $3.50/SF
For dry pipe systems, add $.050/SF.

b. Large buildings often
also require a stand-
pipe, which is a large-
diameter water pipe
extending vertically
through the build-
ing with fire-hose
connections at every
floor. The system is either wet or dry. The IBC de-
fines three classes.

(1) Class I is dry with 21⁄2″ outlets. There is a
connection point on every landing of every
required stairway above or below grade,
and on both sides of a horizontal exit door.
This type of standpipe is for the fire depart-
ment to connect their large hoses to.

(2) Class II is wet with 11⁄2″ outlets and a hose.
This type is located so that every part of the
building is within 30′ of a nozzle attached to
100′ of hose. This type is for use by building
occupants or the fire department.

(3) Class III is wet with 21⁄2″ outlets and 11⁄2″
hose connections. These are located accord-
ing to the rules for both Class I and II.

Often, two Siamese fittings are required in
readily accessible locations on the outside
of the building to allow the fire department

The Plumbing System 535

10210_Guthrie_15_qxd.k  2/27/03  5:15 PM  Page 535



to attach hoses from pumper trucks to the
dry standpipe and to the sprinkler riser.

Also, when required, fire hose cabinets will
be located in such a way that every point on
a floor lies within reach of a 30′ stream from
the end of a 100′ hose. A typical recessed
wall cabinet for a wet standpipe hose and
fire extinguisher is 2′9″ W × 9″D × 2′9″H.
See UBC Table 9-A below for standpipe
requirements.

c. Fire alarm and detection systems: One of the most
effective means of occupant protection in case of a
fire incident is the availability of a fire alarm system.
An alarm system provides early notification to
occupants of the building in the event of a fire,
thereby providing a greater opportunity for every-
one in the building to evacuate or relocate to a safe
area. Where required (occupancies):

(1) Group A, when 300 or more occupants.
(2) Group B and M, when over 500 occupants.

Where more than 100 persons occupy
spaces above or below the lowest level of
exit discharge, a manual fire alarm must be
installed.

(3) Group E, where occupant load is 50 or
more.

(4) Group F, where multileveled and occupant
load is 500 or more is housed above or
below the level of exit discharge.

(5) Group H, semiconductor fabrication or
manufacture of organic coatings.

(6) Group I, both manual fire alarm and auto-
matic fire detection system.

(7) Residential: Certain residential structures
require fire alarm and smoke detectors.This
applies to hotels and other R-1 buildings.
There is an exception to the required man-
ual alarm system for such occupancies less
than 3 stories in height where all guest
rooms are completely separated by mini-
mum 1-hour fire partitions and each unit
has an exit directly to a yard, egress court,
or public way. In R-2 buildings, alarms are
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required where more than 16 DUs are
located in a single structure, or DUs are
placed a significant distance vertically from
the egress point at ground level.

7. Landscape Irrigation: See p. 281.
8. Gas: To allow for the gas meter and piping, provide a space

1′6″W × 1′D × 2′H. Where natural gas is not available,
propane, butane, and other flammable gases can be used to
heat spaces and run stoves and hot-water heaters in homes,
low-rise apartments, and small commercial buildings. A typ-
ical installation is a large cylinder located just outside the
building and should be accessible by truck and well venti-
lated. The line to the building should be flexible (no iron or
steel) and, at best, 10′ from windows and stairways.

9. Solar Hot Water Systems
a. In U.S., average person uses 20 gal. of HW/day.
b. Mount collectors at tilt equal to about the site latitude.
c. Typical collectors are 4′ × 8′ and 4′ × 10′.
d. Typical relationship between collector area and stor-

age volume is 1:3 to 1:7 gal. per SF of collector.
e. Type of systems

(1) Open loop, recirculation: The most widely
used system in climates where freezing is of
little concern.

(2) Open loop, drain down: Includes valving
arrangement from collectors and piping
when water temperature approaches freez-
ing.

(3) Closed loop, drain back: Use of separate
fluid (such as water) circulated through col-
lectors where it is heated and transferred to
HW storage through heat exchanger.

(4) Closed loop, antifreeze: Most widely used
with heat exchanger.

f. Auxiliary heat: Typically an electric element in HW
tank top.

g. For rough estimates:
(1) Northeast U.S.: 60 SF collector and 80 gal-

lon tank will provide 50% to 75% need of a
family of four.

(2) Southwest U.S.: 40 SF of collector will do
same.

Costs: $3300 to $10,000 per system
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B. HEATING, VENTILATION, AND 
AIR CONDITIONING (HVAC)

See p. 554 for selection and cost table.
Costs: Equipment 20% to 30%; distribution system 80% to 70%;

see p. 554 for cost of different systems. See App. A, item K
for % of total construction costs.

During programming it is useful to do a functional partitioning of
the building into major zones for:

1. Similar schedule of use
2. Similar temperature requirements
3. Similar ventilation and air quality
4. Similar internal heat generation
5. Similar HVAC needs

During design, if possible, locate spaces with similar needs together.
See App. A, item J for SF/ton estimates by building type. See 
p. 205 for energy conservation and equipment efficiency. As a gen-
eral rule, provide at least 3′ around all HVAC equipment for main-
tenance.

1. General
HVAC systems can be divided into four major parts:

a. Source:
(1) The boiler and chiller to create heat and

cold for the system to use. (In small package
systems this is an internal electric coil, gas
furnace, or refrigeration compressor).

(2) Cooling tower (or air-cooled condenser)
located outside to exhaust heat.

b. Distribution:
(1) Air handlers to transfer heat and cold to air

(or at least fresh air) to be blown into the
building zones. In large buildings this is in a
fan room. (In small package systems this is
an internal fan.)

(2) The system of ducts, control boxes, and dif-
fusers to deliver conditioned air to the spaces.

c. Delivery of diffusers, baseboard radiators, unit
heaters, convector cabinets, induction units, etc.

2. Systems for Small Buildings
a. Roof-mounted “package systems” are typically used

for residential and small to medium commercial
buildings. They are AC units that house the first
three parts in one piece of equipment that usually
ends up on the roof. Used usually in warm or tem-
perate climates. Typical sizes:

1B 1613
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Size Area served Dimensions System

2 to 5 tons 600 to 1500 SF 6′L × 4′W × 4′H Single zone constant
5 to 10 tons 1500 to 4500 SF 10′L × 7′W × 5′H vol. delivery system;

can serve more than
15 to 75 tons 4500 to 22,500 SF 25′L × 9′W × 6′H one zone with vari-

able air vol. delivery
system

Notes:
1. Units should have 3′ to 4′ of clearance around.
2. A ton is 12,000 Btu of refrigeration.
3. Each ton is equal to 400 CFM.

552 The Architect’s Portable Handbook 

Roof Mounted 
“Package” Unit

10210_Guthrie_15_qxd.k  2/27/03  5:16 PM  Page 552



Heating, Ventilation, and Air Conditioning (HVAC) 553

10210_Guthrie_15_qxd.k  2/27/03  5:16 PM  Page 553



554

10210_Guthrie_15_qxd.k  2/27/03  5:16 PM  Page 554



b. Forced-air central heating is typically used for resi-
dential and light commercial buildings. It heats air
with gas, oil flame, or elect. resistance at a furnace.A
fan blows air through a duct system.The furnace can
be upflow (for basements),
side flow, or down flow
(for attic). The fur-
nace must be
vented. Furnace
sizes range between
2′W × 2.5′D × 7′H
to 4′W to 7′D ×
7′H. Main ducts
are typically 1′ × 2′
horizontal and 1′ × .33′ vertical.

Can add cooling with a “split system” by adding
evaporator coils in the duct and an exterior con-
denser. Typical condensers range from 2′W × 2′D ×
2′H to 3.5′W × 4′D × 3′H.

c. Forced hot water 
heating is typically
used for residential
buildings and com-
mercial offices. A
burner or electric
resistance heats
water to fin tube
convectors (or fan
coil unit with blow-
ers). The fueled
boiler must be
vented and provided
with combustible air. Boiler
sizes range from 2′W × 2′D × 7′H to 3′W × 5′D ×
7′H. Fin tube convectors are typically 3″D × 8″H.
Fan coils are 2′W × 2.5′H. There is no cooling.

d. Evaporative cooling is typically used for residential
buildings. It works only
in hot, dry climates. A
fan draws exterior air
across wet pads and
into the duct system.
There is no heating.
Cooler size typically is
3′W × 3′D × 3′H. Main
duct is typically 1.5′W × 1.5′D.

Heating, Ventilation, and Air Conditioning (HVAC) 555

10210_Guthrie_15_qxd.k  2/27/03  5:16 PM  Page 555



556 The Architect’s Portable Handbook 

e. Through-wall units and package terminal units
are typically used for motels/
hotels as well as small 
offices. They are self-
contained at an exterior 
wall and are intended for
small spaces. These are usu-
ally electric (or heat pump 
in mild climates), which are
used for both heating and
cooling. Interior air is recir-
culated and outside air is
added. Typical sizes:

Package Terminal Units 3.5′W × 1.5′D × 1.3′H
Through-Wall Units 2′W × 2′D × 1.5′H

f. Electric baseboard 
convectors are typi-
cally used for residen-
tial buildings and
commercial offices.
They heat  by electri-
cal resistance 
in 3″D × 8″H baseboards around the perimeter of
the room. There is no cooling.

g. Electric fan-forced unit heaters are much like item f
above, but are larger because of internal fans recir-
culating the air. There is no cooling. Typical sizes
range from 1.5′W × 8″D × 8″H to 2′W × 1′D × 1.8′H.

h. Radiant heating: Electrical resistance wires are
embedded in floor or ceiling.There is no cooling.An
alternative is to have recessed radiant panels, typi-
cally 2′ × 2′ or 2′ × 4′. For alternative cooling and
heating use water piping. These are typically resi-
dential applications.

i. Wall furnaces are small furnaces
for small spaces (usually residen-
tial). They must be vented. There
is no cooling. They may be either
gas or electric. The typical size is
14″W × 12″D × 84″H.

j. Other miscellaneous small sys-
tems (typically residential):

Passive solar heating (see p.
555)
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Active solar heating
Heating stoves (must be properly vented!)

3. Custom Systems for Large Buildings
These are where the first three parts (see p. 551) must have
areas allocated for them in the floor plan. In tall buildings
due to distance, mechanical floors are created so that air
handlers can move air up and down 10 to 15 floors. Thus
mechanical floors are spaced 20 to 30 floors apart.

A decentralized chiller and boiler can be at every other
mechanical floor or they can be centralized at the top or
base of the building with one or more air handlers at each
floor. See p. 558 for equipment rooms. Note: An alternative
for large buildings (but not high rise) is to go with a number
of large “package” units on the roof. Instead of installing
one large unit, incorporate several smaller units of the same
total capacity, then add one more, so any unit may be ser-
viced without affecting the total operation.

a. Delivery systems
(1) Air delivery systems:

Because of their size, ducts are a
great concern in the preliminary
design of the floor-to-ceiling space.
See p. 505. The main supply and
return ducts are often run above
main hallways because ceilings can
be lower and because this provides
a natural path of easy access to the
majority of spaces served. Ideally,
all ducts should be run as straight
and clear of obstructions as possi-
ble, contain no corners that could
collect dirt, and have access portals
that allow inspection and cleaning.
Horizontal runs should be pitched
slightly to prevent moisture collec-
tion.

When ducts cross any kind of fire
wall or fire barrier, they usually
require fire dampers.

Air rates for buildings vary from
1 CFM/SF to 2 CFM/SF based on
usage and climate. Low-velocity
ducts require 1 to 2 SF of area per
1000 SF of building area served.
High-velocity ducts require 0.5 to
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1.0. Air returns are required and
are about the same size, or slightly
larger, than the main duct supply.
(The above-noted dimensions are
interior. Typically, ducts are exter-
nally lined with 1″ or 2″ of insula-
tion.)

Costs: Ducts typically cost about 40% of
total HVAC costs.

(a) Single-zone constant-volume sys-
tems serve only one zone and are
used for large, open-space rooms
without diverse exterior exposure.
This is a low-velocity system.

(b) Multizone constant-volume systems
can serve up to eight separate
zones. They are used in modest-
sized buildings where there is a
diversity of exterior exposure and/
or diversity of interior loads. This is
a low-velocity system.

(c) Subzone box systems often modify
single-zone systems for appended
spaces. They use boxes that branch
off the main supply duct to create
separate zones.The size of the boxes
can be related to the area served:

Box Area served

4′L × 3′W × 1.5′H 500 to 1500 SF
5′L × 4′W × 1.5′H 1500 to 5000 SF

The main ducts can be high-veloc-
ity, but the ducts after the boxes at
each zone (as well as the return air)
are low-velocity.

(d)Variable air-volume single duct can
serve as many subzones as required.
It is the dominant choice in many
commercial buildings because of its
flexibility and energy savings. It is
most effectively used for interior
zones. At exterior zones hot water
or electrical reheat coils are added
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to the boxes. Each zone’s tempera-
ture is controlled by the volume of
air flowing through its box. Typical
above ceiling boxes are:

8″ to 11″H for up to 1500 SF
served (lengths up to 5′)

up to 18″H for up to 7000 SF
(e) Double-duct systems can serve as a

good choice where air quality con-
trol is important. The air handler
supplies hot air for one duct and
cold air for the other. The mixing
box controls the mix of these two
air ducts. This system is not com-
monly used except in retrofits. It is
a “caddie” but also a “gas guzzler.”

(f ) Variable air-volume dual-duct sys-
tems. This system is high-end first
cost and most likely used in a retro-
fit. One duct conveys cool air, one
other hot air. This system is most
common where a dual-duct con-
stant volume system is converted to
VAV. The box is generally con-
trolled to provide either heat or
cool air as required in varying
quantities.

(2) Air/water delivery systems

These types of systems reduce the ductwork
by tempering air near its point of use. Hot
and cold water are piped to remote induc-
tion or fan coil units. Since the air ducts
carry only fresh air, they can be sized at 0.2
to 0.4 SF per 1000 SF of area served. The
main hot and cold water lines will be 2 to 4
inches diameter, including insulation, for
medium size buildings.

(a) Induction is often used for the
perimeter of high-rise office build-
ings and is expensive. Air from a
central air handler is delivered
through high-velocity ducts to each
induction unit. Hot and cold lines
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run to each unit. Each unit is
located along the outside wall, at
the base of the windows. They are 6
to 12 inches deep and 1 to 3 feet
high.

(b) Fan coils with supplementary air
are used where there are many
small rooms needing separate con-
trol. Hot and cold water lines are
run through the coils. A fan draws
room air through the coil for heat-
ing and cooling. A separate duct
system supplies fresh air from a
remote air handler.

The fan coils are 6 to 12 inches
deep and 1 to 3 feet high. They can
also be a vertical shape (2′ × 2′ × 6′
high) to fit in a closet. They are
often stacked vertically in a tall
building to reduce piping. Fan coil
units can be located in ceiling
space.

(3) Water delivery systems use hot and cold
water lines only. No air is delivered to the
areas served.

(a) Fan coil units can have hot and/or
cold water lines with fresh air from
operable windows or an outdoor
air intake at the unit.

(b) Hot water baseboards supply only
heat. Often used in conjunction
with a cooling-only VAV system for
perimeter zones. Baseboards are 6
inches high by 5 inches deep and as
long as necessary.
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4. Diffusers, Terminal Devices, and
Grilles: Interface the HVAC system
with the building interiors for visual
impact and thermal comfort. Supply
and return grilles or registers should
be as far apart as possible in each
space (ideally at opposite walls and
opposite corners, and one near the
ceiling and the other near the floor),
and they should be located where
occupants or furnishings will not
block them. Grilles are side wall
devices. Their “throw” should be
about 3⁄4 the distance to the other side
of the room. Opposite wall should be no greater than about
16′ to 18′ away (can throw up to 30′ in high rooms with spe-
cial diffusers). Diffusers are down-facing and must be coor-
dinated with the lighting as well as uniformly spaced (at a
distance apart of approximately the floor-to-ceiling height).
Returns should be spaced so as to not interfere with air sup-
ply. Assume return air grilles at one per 400 SF to 600 SF.
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A. LIGHTING

1. General
a. Lighting terms and concepts using the analogy of a

sprinkler pipe

(1) Visible light is measured in lumens.
(2) One lumen of light flux spread over one

square foot of area illuminates the area to
one footcandle.

(3) The ratio of lumens/watts is called efficacy,
a measure of energy efficiency.

(4) The incident angle of a light beam always
equals the reflectance angle on a surface.

(5) The 1-1-1 Rule: When 1 lumen of light
strikes 1SF of perfectly reflective area, 1′
away, at right angles, then 1 lumen of out-
put = 1 fc of incident light = 1 foot-lambert
of reflected light.

b. Considerations in seeing
(1) Contrast between the object or area being

viewed and its surroundings will help
vision. Too little will wash out the object.
Too much will create glare. Recommended
maximum ratios:

Task to adjacent area 3 to 1
Task to remote dark surface 3 to 1

571
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Task to remote light surface 1 to 1
Window to adjacent wall 20 to 1
Task to general visual field 40 to 1
Focal point: up to 100 to 1

(2) Brightness (How much light?). For recom-
mended lighting levels, see d, below, or p.
574.

(3) Size of that viewed. As the viewing task
becomes smaller, the brightness needs to
increase and vice versa.

(4) Time: As the view time is decreased, the
brightness and contrast needs to increase
and vice versa.

(5) Glare: Not only can
too much contrast 
create glare, but light
sources at the wrong
angle to the eye can
create glare. Typically,
the non-glare angles
are from 30° to 60°
from the vertical.

(6) Color: See p. 440.
(7) Interest.

c. Types of overall light sources
(1) Task lighting is the brightest level needed

for the immediate task, such as a desk lamp.
Select from table on p. 574.

(2) General lighting is the less bright level of
surroundings for both general seeing and to
reduce contrast between the task and sur-
roundings. It is also for less intense tasks,
such as general illumination of a lobby. This
type of lighting can be both natural or arti-
ficial.

(3) As a general rule, general lighting should be
about 1⁄3 that of task lighting down to 20 fc.
Noncritical lighting (halls, etc.) can be re-
duced to 1⁄3 of general lighting down to 10 fc.
For more detail, see p. 574.

d. Typical amounts of light
(1) Residential

Casual activities: 20 fc
Moderate activities
(grooming, reading,
and preparing food): up to 50 fc
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Extended activities
(hobby work, household
accounts, prolonged
reading): up to 150 fc 
Difficult activites (sewing): up to 200 fc

(2) Commercial
Circulation: up to 30 fc
Merchandising: up to 100 fc
Feature displays: up to 500 fc
Specific activities
(i.e., drafting): 200 fc to 2000 fc

(3) For more detailed recommendations, see p.
574.

e. For recommended room reflectances, see p. 444.
f. Calculation of a point source of light on an object

can be estimated by:

Foot candles = × Cosine of incident angle

Light hitting a surface at an angle will illuminate the
surface less than light hitting perpendicular to the
surface. The cosine of the incident angle is used to
make the correction. Doubling the distance from
source to surface cuts the illumination of the surface
by 1⁄4. Also, see page 609 for other calculations.

Source
���
distance2
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Lighting 577

2. Daylighting (Natural Lighting)
a. Before undertaking the design of electric lighting,

daylighting should be considered. Daylighting is an
important connection with the outside world. Even
if daylight is not to be used as a primary lighting
source, in most buildings there should be some pen-
etration of daylight.

The architectural program can be partitioned into
spaces where daylighting
can or should be used and
spaces where daylight will
not be a major factor. The
best opportunities for day-
light use are in areas where
task lighting is not the 
primary consideration. As
the task lighting needs to 
be more controlled, day-
lighting becomes more
problematic as a lighting
solution. Good daylight-
ing opportunities happen
where task-lighting needs
are not too critical, as in
corridors, lobbies, resi-
dences. Daylighting is prob-
ably not a good idea where
task-light constraints are
very restrictive, as in a lec-
ture room or hospital oper-
ating room.

b. Daylighting components
(1) Direct sun
(2) Diffuse sky
(3) Indirect sun (sunlight reflected from ground

or adjacent structures)
c. There are many ways to introduce natural light into

buildings, ranging from fairly obvious and common
methods to new and emerging technologies:

(1) Perimeter lighting involves the size and
placement of windows and, sometimes, the
use of light shelves.

(2) Top lighting includes the use of skylights
and roof monitors, and even translucent
membrane roofs.

137 16 29
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(3) Core lighting involves the use of atriums
and light wells.

(4) Optical lighting includes the use of fiber
optics, prisms, mirrors, parabolic reflectors,
and other means.

d. General rules of thumb:
(1) Daylighting, even more than artificial

lighting, needs to be considered early in
the design process.

(2) A useful conceptual approach to conceiv-
ing a daylighting scheme is to think in
terms of bouncing the daylight off exterior
and interior surfaces into the area to be lit.

(3) Direct sunlight is almost always too bright
to work under.

(4) Direct sunlight on critical task areas
should be avoided.

(5) Direct skylight and sunlight should be
used sparingly in noncritical areas.

(6) For the best daylight, consider increasing
the number of windows, rather than just
increasing the size of one window or glass
area.

(7) Daylight should be bounced off surround-
ing surfaces. In hot climates this should be
outside (roofs, ground, walls, etc.) to
reduce heat gain.

(8) Daylight should be brought in high and let
down softly.

(9) Daylight can be filtered through trees,
plants, screens, and drapes.

(10) Daylight from one side of a room can
cause a glare problem. Daylight admitted
from two or more sides will tend to bal-
ance the light in the room.
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(11) Office building window daylighting usu-
ally affects the 15′ perimeter of the plan.

(12) North-facing windows, skylights, or clear-
stories give the best daylight (but may
allow excessive heat loss in cold climates
with northerly winds).

(13) Northern orientations will receive only
minor direct solar penetration in the early
morning and late afternoon in the sum-
mer.

(14) North light should be used where soft,
cool, uniform illumination is needed.

(15) South light should be allowed only where
intense, warm, variable illumination is
appropriate.

(16) Southern orientations are relatively easy
to shield from direct solar penetrations 
by using horizontal louvers or overhangs,
provided the cooling season is not too
long, as in extremely hot climates.

(17) Eastern and western orientations are
almost impossible to protect from direct
solar penetrations (heat and glare) while
at the same time allowing occupants to see
out the window.

(18) See p. 463 for solar control of south-,
east-, and west-facing glass.

(19) Skylights can be a problem due to heat
gain from too much sunlight.

(20) Skylights and clearstories can be used to
deliver light deep into the interior of a
building. Clearstories can be designed to
best avoid direct sunlight.

(21) “Gun slots”
against wall
can provide
illumination
at minimum
heat gain.

(22) To be eco-
nomically
effective,
office day-
lighting
strategies may 
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require automatic controls that adjust the
level of electric lighting to complement
the available natural light during the day.
Controls may be photocells, 2- or 3-step
lighting, continuous dimming, or motion
detectors.

(23) New forms of daylighting are light piping
(optic fiber technology) and translucent
roof membranes.

(24) Design in light-sensitive applications such
as museums must pay particular attention
not only to UV but also to the visible light
which is responsible for some fading. Cer-
tain glazing options will reduce these neg-
ative effects of light to acceptable levels.

(25) Some new options available to designers
promise greater optical control capability.
Prismatic elements can provide varying
degrees of light control and solar control.

e. Designing for daylighting:
(1) Amount of skylight available (see App. B,

item K, for % sun at specific locations).
Typically:
Predominantly clear = 60% or more
Moderate = 50% to 60%
Heavily covered = under 50%

(2) Check sky dome for obstructions. Day-
lighting design requires a building to have
line-of-sight access to sufficient sky area
for adequate daylight exposure. Use the
following ratios to determine clear sky dis-
tance from obstructions:

Latitude Ratio

≤24° (or overcast) 1.2
32° 1.3
40° 1.5
48° 1.8
56° 2.5
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(3) Building orientation and configuration:
(a) Orientation:

Best North or south
Worst West or east

(b) Building shape:
(i) Sidelighting (windows or

glazed wall areas):
(a) For designs that use 

diffuse daylight from
the sky, cloud, or the
surrounding environ-
ment, it is difficult to
provide adequate day-
light when the depth of
the space is more than
1.5 or 2 times the height
of the head of the glass.
Designs that redirect
daylight and sunlight to
the ceiling using light
shelves or redirected
glazings might be able
to expand this to 3
times the ceiling height.

Lighting 581
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(b) Typically for office
buildings, the first 15′
depth in from windows
gets effective daylight.
The next 15′ gets day-
light but must be 
supplemented with ar-
tificial light. Past 30′,
there is no daylight.
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(c) Configuration due to
side lighting: In general,
rectangles, elongated 
in the EW direction,
narrow or elongated
plans, L- or U-shaped
plans, and courtyards or
atrium buildings pro-
vide greater access to
daylight than more
compact arrangements.

Lighting 583
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(ii) Top Lighting (skylights, clear-
storys, and roof monitors):
Where occupied areas occur
directly below roofs, daylight-
ing may also be provided
through top lighting by either
skylights or roof monitors
(clearstories). Large single-
story buildings, such as facto-
ries, are well suited to top
lighting configurations, as are
some top floors of many multi-
story buildings. Opportuni-
ties for top lighting can be
increased with building sec-
tions that step or are otherwise
configured to increase roof
areas. Illumination levels from
top lighting are roughly 3 times
greater than from sidelighting
of the same area.

South-facing clearstories pro-
vide illumination levels approx-
imately equal to skylights of
the same glazing area. Clear-
stories facing other directions
provide approximately half the
illumination of a skylight of the
same area. Sources of top light-
ing should be spread no more
than 1 to 2 times the height of
the opening above the floor.
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In predominantly overcast
areas, top lighting with clear
glazing and no other means of
sun control may be acceptable,
but in most areas, top lighting
should be oriented away from
the sun or control devices
should be used to prevent sun-
light passing in unimpeded to
the task area.

Interior reflectors, exterior
louvers, translucent light-dif-
fusing materials, and deep
openings with reflective sur-
faces can be effective in this
regard. Devices located exte-
rior to the opening can exclude
solar heat from the interior and
may be helpful in areas where
high heat gain is common. See
item b on p. 184.

When these devices are
placed on the inside, they may
also be helpful in distributing
the daylight farther from the
opening and creating more
even illumination within the
space.

Light distribution from sky-
lights is intrinsically more uni-
form than that from windows.
Light diffusion can be achieved
by using diffusing plastic bub-
ble skylights, high transmission
glazing with a diffusion screen
below, some of the fritted

Lighting 585
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glasses, or laminates with dif-
fusing layers or exterior shad-
ing systems.

Light wells can reduce the
amount of light entering a
space from as little as 10% to
as much as 85%. Splayed wells
with high-reflectance finishes
are the best performers. Ade-
quate daylight in most climates
is provided with skylight areas
of 4% to 8% with relatively
high transmittance glazing. For
complete glazed roof areas, the
transmittance should be about
5%.

f. Rules of thumb for sizing glazing: Daylight can be
used to reduce the need for electrical lighting, but
too much daylight can create glare, cause the air
conditioning load of the building to rise, or lead to
other overheating problems. The following list pro-
vides a useful guide to determining the approximate
daylight aperture areas that will balance lighting
and AC requirements.

Sidelighting
(1) Rough rules of thumb:

Window openings: 10% (min.) to 25% of
floor area; 25% to 40% of wall area
Room depth: 2 to 21⁄2 times window height
(usually 15′ to 30′ ).
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(2) Establish desirable illumination levels from
p. 574.

(3) Sizing sidelighting:
(a) Window height to depth of pene-

tration of light:
(i) An 8′- to 9′-high window

(H) will give full daylight
to a depth of about 15′
(D1). As window height
increases, depth increases
at a ratio of 1 to 2.

(ii) An 8′- to 9′-high window
(H) will give partial day-
lighting (requiring addi-
tional artificial lights) to a
depth of about 25′ to 30′
(D2). As window height
increases, depth increases
at a ratio of 1 to 3.
(a) Window width: To get

even light distribu-
tion, a window opening
should be at least half
as wide as the length of
its wall.

(b) Window area: The fol-
lowing areas light 1500
SF of floor area. Each
lighting category (see
p. 574) increasingly
needs more light and
thus greater window
area.

Window area in SF (to light 1500 SF of floor)

Category Sunny Cloudy

A 10 to 25
B 25 to 55
C 55 to 100
D 100 to 250
E 250 to 500
F+ 500 to 1000

To light larger (or smaller) floor areas, as window area
increases (or decreases), floor area increases (or decreases) at
same ratio.
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Toplighting
(1) Rough rules of thumb:

Skylights: 5% to 10% (max.) of ceiling
area. Space at 1 to 2 times
ceiling-to-workplane height.

Clearstories: 10% of wall area. Space 1.5
times ceiling-to-workplane
height. At a point 15′ from
rear wall:

For overcast sky (1500 fc)
climates, provide 15″ of
glazing height per 10 fc on
average workplane.
For clear climate (5000 fc),
provide 2″.

(2) Establish desirable illumination levels from
p. 574.

(3) Sizing toplighting:
(a) Spacing of skylights and clearsto-

ries can be roughly determined as
follows:

(i) Small skylights at 10′ ceiling
height (H) should be spaced
at 10′ (S). Greater (or less)
height to spacing can be
determined by a ratio of 1
to 1 (i.e., 30′ H is 30′ S).

(ii) Clearstories at a 13.5′ ceil-
ing height (H) should be
spaced at 20′ (S). Greater
(or less) height to spacing
can be determined by a
ratio of 1 to 1.5.

(iii) Large skylights (larger
than 30 SF) at a ceiling
height of 15′ (H) should be
spaced at 30′ (S). Greater
(or less) height to spacing
can be determined by a
ratio of 1 to 2.
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(b) Area of glazing: The following top-
light areas light 1500 SF of floor
area. Each lighting category (see p.
574) increasingly needs more 
light and thus greater light area. If
toplighting is by clearstory and
other than south facing, double
glass areas.

Window area in SF (to light 1500 SF of floor)

Category Sunny Cloudy

A 2.5 to 6
B 6 to 12
C 12 to 25
D 25 to 60
E 60 to 120
F+ 120 to 250

To light larger (or smaller) floor areas, as glass area increases
(or decreases), floor area increases (or decreases) at same
ratio.

Combined side and toplighting can be used to distrib-
ute daylighting deeper into the interior than is pos-
sible with just sidelighting. Recommended spacings as
shown:

Lighting 589
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g. Estimating illumination (daylight factors methods)
(1) Determine available daylight based on sky

conditions (in fc on horizontal surface)
and time of day:

Noon 8 AM or 4 PM

Clear Sky

Summer 10,000 to 9000 5250
Spring/Fall 8500 to 7250 3750 to 3500
Winter 5750 to 4000 2500 to 1750

Partly Cloudy Sky

Summer 7000 to 6000 3250
Spring/Fall 5500 to 4500 2250 to 2000
Winter 3000 to 2500 1250 to 1000

Overcast Sky

Summer 4250 to 2750 2000 to 1500
Spring/Fall 2500 to 1750 1250 to 1000
Winter 1250 to 1000 500
Note: Higher numbers are for lower latitudes (32°N and less).
Lower numbers are for higher latitudes (44°N and more).

(2) Calculate the “daylight factor” which ends
up being a percentage applied against sky
illumination available. This factor is based
on a number of design variables, as follows:

(a) Top lighting

Factor =

where F = the window factor, given the
amount of skylight incident
on the roof. F is equal to 1
for an unobstructed site.

U = the coefficient of utilization-
ratio of light reaching the
reference plane.

(F) × (U) × (Ag)
��

Af
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Average 
Interior Reflectance

U Values 50% 20%

Monitors
horizontal to 30° 0.4 0.3

Monitors at 60° 0.25 0.2
Vertical monitors 0.15–0.2 0.1–0.15

Ag = area of glazing
Af = area of floor

(b) Side lighting

Factor = +

where F = floor area
H = height of top of window above

reference plane.
W = width of window
D = distance of window to refer-

ence point.
R = reflectance of walls in % (see

p. 444)
G = net area of glass

(3) Multiply sky illumination in (1) above by
the daylight factor from either top lighting
(a) or side lighting (b) to get illumination in
fc on work plane.

Note: This method is mainly designed for
overcast sky conditions, so the “cosine”
method (see p. 573) may be best for direct
sunlight.

4GR
�
F(1 − R)

10 WH2

��
D(D2 + H2)
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Costs: Skylights = $6.00 to $185/SF (at average, 80% M and 20%
L). Lower number is for large-area skylights and vice versa.
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597

3. Electric (Artificial) Lighting

For energy conservation, see p. 205. For site-lighting costs,
see p. 277.

a. Lamp types
(1) Incandescent lamps produce a warm light,

are inexpensive and easy to use but have
limited lumination per watt (20 to 40) and a
short life. Normal voltage lamps produce a
point source of light. Most common shapes
are A, R, and PAR. Low voltage lamps pro-
duce a very small point of intense bright-
ness that can be focused into a precise beam
of light (for merchandise or art). These are
usually PAR shapes or designed to fit into a
parabolic reflector. Sizes are designated in
1⁄8 inch of the widest part of lamp. Tungsten-
Halogen (quartz) and low voltage are a spe-
cial type of incandescent. Quartz is another
type of incandescent that has high-intensity
white light with slightly longer life.

(2) Gaseous discharge lamps produce light by
passing electricity through a gas. These
lamps require a ballast to get the lamp
started and then to control the current.

(a) Fluorescent lamps produce a wide,
linear, diffuse light source that is
well-suited to spreading light
downward to the working surfaces
of desks or displays in a commer-
cial environment with normal ceil-
ing heights (8′ to 12′ ). Lamps are
typically 17, 25, or 32 watts. The
deluxe lamps have good color-ren-
dering characteristics and can be
chosen to favor the cool (blue) or
the warm (red) end of the spec-
trum. Dimmers for fluorescents are
expensive. Fluorescent lamps pro-
duce more light per watt of energy
(70–85 lumens/watt) than incandes-
cent; thus operating costs are low.
The purchase price and length of
life of fluorescent lamps are greater
than for incandescent and less than
for HID. Four-feet lamp lengths
utilize 40 watts and are most com-

SB 5 13 16 56

10210_Guthrie_16_qxd.k  2/27/03  5:19 PM  Page 597



mon. Designations are F followed
by wattage, shape, size, color, and a
form factor.

(b) High-intensity discharge (HID)
lamps can be focused into a fairly
good beam of light. These lamps,
matched with an appropriate fix-
ture are well-suited to beaming
light down to the working place
from a high ceiling (12′ to 20′).
Dimming HID lamps is difficult.
The lamps are expensive but pro-
duce a lot of light and last a long
time. If there is a power interrup-
tion, HID lamps will go out and
cannot come on again for about 10
minutes while they cool down.
Therefore, in an installation of HID
lamps, a few incandescent or fluo-
rescent lamps are needed to provide
backup lighting. Since they operate
at high temperatures, they would
be a poor choice for low ceilings,
wall sconces, or any other close-
proximity light source. They would
also be a poor choice in assem-
blies and other occupancies where
power outages could cause panic.

Mercury vapor (MV; the bluish
street lamps). Because they
emit a blue-green light, they
are excellent for highlighting
foliage, green copper exteriors,
and certain signage. Deluxe
version is warmer. 35 to 65
lumens/watt. This is not much
used anymore.
Metal halide (MH) are often ice
blue cool industrial-looking
lamps. Deluxe color rendering
bulbs are 50 to 400 watts, and
almost as good as deluxe fluo-
rescent for a warmer effect.
Efficiency is 80 lumens/watt.
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High-pressure sodium (HPS)
produces a warm golden yellow
light often used for highways.
Bulbs are 35 to 400 watts. De-
luxe color rendering is almost as
cool as deluxe fluorescent for a
cooler effect. Efficiency is 100
lumens/watt.
Low-pressure sodium (LPS)
produces a yellow color which
makes all colors appear in
shades of grey. They are ex-
cellent for promoting plant
growth indoors. Bulbs are typi-
cally 35 to 180 watts. Used for
parking lots and roadways.
Efficiency is 150 lumens/watt.

(c) Cold cathode (neon) has a color
dependent on the gas and the color
of the tube. Can be most any color.
Does not give off enough light for
detailed visual tasks, but does give
off enough light for attracting atten-
tion, indoors or out.
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Lighting 601

b. Types of reflectors:

c. Lighting systems and fixture types
Note: Costs include lamps, fixture, and installation

labor, but not general wiring. As a rule of
thumb, fixtures are 20% to 30%, and distri-
bution (not included in following costs) is
30% to 70%.

(1) General room lighting
A large proportion of commercial space
requires even illumination on the work-
place. This can be done a number of ways.

(a) Direct lighting is the most common
form of general room lighting.
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All recessed lighting is an example
of a direct lighting system, but a
pendant fixture could be direct if it
emits virtually no light above the
horizontal. Unless extensive wall
washing, or high light levels (as
with fluorescent for general office
lighting) are used, the overall im-
pression of a direct lighting system
should be one of low general
brightness with the possibility of
higher intensity accents.

A guide to determine max. spac-
ing is the spacing-to-mounting-
height ratio. The mounting height is
the height from the working place
(usually 2.5′ above floor) to the level
of the height fixtures. Note that the
ratio does not apply to the end of
oblong fixtures due to the nature of
their light distribution.

Spacing = ( ) × (Mounting Ht.)
S

�
MH
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Lighting 603

Types of direct lighting are:

Wide-beam diffuse lighting is often
fluorescent lights for normal ceiling
heights (8′ to 12′). The fixtures will
produce a repetitive two-dimen-
sional pattern that becomes the
most prominent feature of the ceil-
ing plane. Typical S/MH = 1.5.

Typical recessed fluorescent fixture:

Costs: 2′ × 4′ = $85 to $140/ea. (85% M and 15% L), variation of 
-10%, +20%.
2′ ¥ 2′ = 10% less
1′ ¥ 4′ = +10% more

Medium-beam downlighting is pro-
duced with a fixture located in or on
the ceiling that creates a beam of
light directed downward. In the cir-
culation and lobby areas of a build-
ing, incandescent lamps are often
used. For large areas, HID lamps
are often selected. In both cases the
light is in the form of a conical
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beam, and scallops of light will be
produced on wall surfaces.

S/MH is usually about 0.7 to 1.3.

Typical fixture:

Cost: (per ea. fixture) (Variation of −10 to +35%).
Res. Comm.

Low voltage: $150 $305 (85% M and 15% L)
Incandescent: $65 $305 (90% M and 10% L)
Fluorescent: $125 $280 (85% M and 15% L)
HID: $150 $460 (80% M and 20% L)

Narrow beam downlights are often
used in the same situation as above,
but produce more of a spotlight
effect at low mounting heights. This
form of lighting is used to achieve
even illumination where the ceiling
height is relatively high. S/MH is
usually 0.3 to 0.9. Typical fixture
same as above.

Cost: Same as medium-beam downlighting above.
(b) Semidirect lighting

604 The Architect’s Portable Handbook 

10210_Guthrie_16_qxd.k  2/27/03  5:19 PM  Page 604



All systems other than direct ones neces-
sarily imply that the lighting fixtures are in
the space, whether pendant-mounted, sur-
face-mounted, or portable. A semidirect
system will provide good illumination on
horizontal surfaces, with moderate general
brightness.

Typical fixtures:

Costs: Fluor.: $330 to $765 (90% M and 10% L)
Pendant: $150 to $460 (90% M and 10% L)

(c) General diffuse lighting

A general diffuse system most typically
consists of suspended fixtures, with pre-
dominantly translucent surfaces on all sides.
Can be incandescent, fluorescent, or HID.

Typical fixture: see sketch above
Costs: $75 to $560 (90% M and 10% L)

Lighting 605
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(d) Direct-indirect lighting

A direct-indirect will tend to equally
emphasize the upper and lower horizontal
planes in a space (i.e., the ceiling and floor).

Typical fixture: same as semidirect
Costs: Same as Semidirect.

(e) Semi-indirect lighting
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Lighting 607

A semi-indirect system will place the
emphasis on the ceiling, with some down-
ward or outward-directed light.

Typical fixture:

Costs: Wall sconce: $180 to $765 (90% M and 10% L)
Pendant: $355 to $2245 (85% M and 15% L)

( f ) Indirect lighting

A fully indirect system will bounce all the
light off the ceiling, resulting in a low-
contrast environment with little shadow.

Typical fixture: Same as Direct-Indirect.
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Costs: Same as Direct-Indirect.

Note: ADA requires that, along accessible
routes, wall-mounted fixtures protrude no
more than 4″ when mounted lower than
6′8″ AFF.

(g) Accent or specialty lighting

Used for special effects or spot lighting,
such as lighting art objects or products on
display.

Typical fixtures:

Costs: Track: $85 to $460 (90% M and 10%L)
Recessed accent: $150 to $1020 (80% M and 20% L)

d. Simplified calculations
(1) For estimating light from one source (such

as a painting on a wall lit by a ceiling
mounted spot) use the Cosine Method
shown on p. 573.

(2) For general room lighting use the Zonal
Cavity Method.
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e. Exterior lighting: As with all exterior lighting, avoid
light spill onto adjacent property and night-sky pol-
lution.

(1) Parking lot lighting: Space 4 times pole
height for range of 0.8 fc to 3.6 fc.

(2) Landmark lighting is the lighting of build-
ing facades, monuments, or other promi-
nent objects. This is most effective if the
object is light in color, rough, or varied in
texture, and has a dark surround. Possibili-
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Lighting 613

ties are scalloping (10–20° angles) or graz-
ing (1–5° angles).

(3) Landscape and pathway lighting: For public
plazas, space short poles or bollard lights at
about 4 times their height. At walkways in
landscaping, place lights at terminals such
as walk corners, steps, landings, overlooks,
and transitions. Place pathway lights at 15′
to 30′ along walking surface, using narrow
cone downlight. Place lights within land-
scape area for best visual effect.
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B. POWER AND TELEPHONE

For Energy Conservation, see p. 205. For Costs, see App. A,
item K. The architect needs to contact the utilities early to
verify power availability and type.

1. Electrical Power

a. Water analogy (an electrical circuit)
1 volt = Force needed to drive a current of 1 amp

through a resistance of 1 ohm.
1 watt = Rate at which electrical energy is consumed

in a circuit with a force of 1 volt in a current
of 1 amp.

b. Basic formulas
Power formula: Watts = volts × amps

Used to convert wattage ratings of devices to amps.
Wires and circuits are rated by amps.

Ohm’s law:

Amps =

Devices may draw different amperage even though
connected to the same voltage.

c. Modern electronics and computers are increasingly
having an impact on building design, requiring more
space than ever.

d. A building’s electrical system has three general parts:
service (where the power enters and is regulated), dis-
tribution (the network of wires that carry power to all
parts of the building), and circuits (where the energy

volts
�
ohms

B 1I O 16 27
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is utilized). An electrical system may be classified as
small, medium, or large. As a rule, provide 20% to
30% of breaker space for future expansion.

e. Building power systems consist of:
Transformer to reduce voltage from utility
power grid. Exterior ones should ideally be 20′
away from the building.
Main switchboard (sometimes called service
entrance section or switchgear) with main dis-
connect and distribution through circuit break-
ers or fused switches.
Subpanels and branch circuits to distribute
power throughout building.

More detailed description based on building size:

(1) Residential and small commercial buildings
typically use 120/240 volt, single-phase
power, at 60 to 200 amps and one or two
panel boxes.

(a) Transformers are pole mounted
(oil cooled, 18″ dia. × 3′ H) or for
underground system, oil or dry type
pad mounted on ground. Both out-
side building.

(b) Main switchboard usually located
at power entry to building and typ-
ically sized at 20″W × 5″D × 30″H.

(c) Branch circuits should not extend
more than 100′ from panel. Panel
boards are approx. 20″W × 5″D ×
30″ to 60″H. The max. no. of break-
ers per panel is 42.

(d) Clearance in front of panels and
switch boards is usually 3′ to 6′.

(2) Medium-sized commercial buildings typi-
cally use 120/208 V, 3-phase power to 
operate large motors used for HVAC, etc.,
as well as to provide 120 V for lights and
outlets. Service is typically 800 to 1200
amps.

(a) Transformer is typically liquid-
cooled, pad-mounted outside build-
ing and should have 4′ clearance
around and be within 30′ of a drive.
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The size can be approximated by
area served:

Area No. res. units Pad size

18,000 SF 50 4′ × 4′
60,000 SF 160 4.5′ × 4.5′

180,000 SF 8′ × 8′

(b) Main switchboard for lower voltage
is approx. 6′W × 2′D × 7′H (for
2000 amps or less or up to 70,000
SF bld’g.). Provide 3′ to 6′ space in
front for access. Higher voltage
require access from both sides. 3000
amps is usually the largest switch-
board possible.

(c) Branch panels: For general lighting
and outlets is same as for residen-
tial and small commercial except
there are more panels and at least
one per floor. The panel boards are
generally related to the functional
groupings of the building.

For motor panels, see large build-
ings.

(3) Large commercial buildings often use
277/480 V, 3-phase power. They typically
purchase power at higher voltage and step
down within the building system. Typically,
electrical rooms are required, ideally with
two exits (one to the outside). All large
electrical components require 3.5′ in front
and side, 2.5′ at rear, and 3′ above, for clear
access.

(a) Transformer is typically owned by
the building and located in a vault
inside or outside (underground).
Vault should be located adjacent to
exterior wall, ventilated, fire-rated,
and have two exits. Smaller dry
transformers located throughout
the building will step the 480 V
down to 120 V. See below for size.

(b) Main switchboard is approx. 10 to
15′W × 5′D × 7′H with 4′ to 6′ main-
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tenance space on all sides. Typical
sizes of transformer vaults and
switchgear rooms:

Commercial Residential Transformer Switchgear
building building vault room

100,000 SF 200,000 SF 20′ × 20′ × 11′ 30′ × 20′ × 11′
150,000 SF 300,000 SF (30′ × 30′ × 11′ combination)
300,000 SF 600,000 SF 20′ × 40′ × 11′ 30′ × 40′ × 11′

1,000,000 SF 2,000,000 SF 20′ × 80′ × 11′ 30′ × 80′ × 11′

Over 3000 amp, go to multiple ser-
vices. XFMR vaults need to be sep-
arated from rest of the building by
at least 2-hr. walls.

(c) Branch panels
Panels for lighting and outlets
will be same as for medium-
sized buildings except that they
are often located in closets 
with telephone equip. The area
needed is approx. 0.005 × the
building area served.
Motor controller panel boards
for HVAC equip., elev’s., and
other large equipment are often
in (or next to) mechanical
room, against a wall. A basic
panel module is approx. 1′W ×
1.5′D × 7′H. One module can
accommodate 2- to 4-motor
control units stacked on top of
one another. Smaller motors in
isolated locations require indi-
vidual motor control units
approx. 1′W × 6″D × 1.5′H.

(d) Other: In many buildings an emer-
gency generator is required. Best
location is outside near switchgear
room. If inside, plan on a room 12′W
× 18′ to 22′L. If emergency power is
other than for life safety, size
requirements can go up greatly. In
any case, the generator needs com-
bustion air and possibly cooling.
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f. Miscellaneous items on electrical
(1) Circuit symbols on electrical plans

(2) Lightning protection: As a rule, a tall build-
ing should have at least 2 lightning rods on
its roof, with special conductors down to
ground terminals.

(3) For fire alarms, see p. 536.
(4) Residential

(a) Service drops (overhead lines)
must be:

10′ above ground or
sidewalk
15′ above driveways
18′ above streets

(b) A min. of 1 wall switch
controlling lighting outlets
required in all rooms (but
convenience outlets may
apply in main rooms).

(c) All rooms require a conve-
nience outlet every 12′
along walls, 2′ or longer.

(d) Provide sufficient 15- and
20-amp circuits for min.
of 3 watts of power/
SF. One circuit for every
500 to 600 SF.

(e) A min. of two #12 wire
(copper), 20-amp small ap-
pliance circuits required
pantry, dining, family, ex-
tended to kitchen.
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( f ) A min. of one #12 wire, 20-
amp circuit required for
laundry receptacle.

(g) A min. of one receptacle
per bathroom with ground
fault circuit interrupter
protection (GFCI, re-
quired within 6′ of water
outlet and at exteriors).

(h) A min. of one 20-amp out-
let (GFCI) required in
basement, garage, patios,
kitchen counters, wet bars,
and crawl spaces.

(i) Provide smoke detector.
See p. 88.

(j) Mounting heights:
Switches, counter recepta-

cles, bath outlets: 4′ AFF
Laundry: 3′6″ AFF
Wall convenience outlets:

12″ AFF
(3) For outlets and controls required to be HC

accessible, per ADA, place between 18″ and
4′ AFF.

(4) Always check room switches against door
swings.

(5) Check flush-mounted wall panels against
wall depth.

(6) Building must always be bonded and
grounded by connecting all metal piping to
electrical system, and by connecting electri-
cal system into the ground by either a
buried rod or plate outside the building or
by a wire in the footing (UFER).

(7) Consider lightning protection by a system of
rods or masts on roof connected to a sepa-
rate ground and into the building elect.
ground system.
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Costs (20% M and 80% L):
Outlets including wiring:

Residential: $40–$60/ea.
Commercial: $50–$65/ea.
Hospital: $60–$80/ea.

2. Building Telephone and Signal Systems
a. Small buildings often have a telephone mounting

board (TMB) of 3⁄4″ plywood with size up to 4′ × 4′.
b. Medium-size buildings often need a telephone

closet of 4′ to 6′.
c. Large buildings typically have a 400-SF telephone

terminal room. Secondary distribution points typi-
cal throughout building (one per area or floor) usu-
ally combined with electrical distribution closets
(approx. 0.005 × area served).

d. ADA requires that where public phones are pro-
vided, at least one must be HC-accessible (1 per
floor, 1 per bank of phones). See ADA for special
requirements.

e. ADA/ANSI now has requirements on emergency
signals (called “appliances”) in buildings. Where
required by code, wall-mounted appliances must be
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either 6′8″ to 8′ above floor or 4″ to 12″ below ceiling.
For very high rooms, ceiling-mounted appliances
must be suspended to be no higher than 30′. Corri-
dors must have appliances every 50′ to 100′ and 15′
from ends. Rooms must have one appliance unless it
is not visible everywhere, limited to two, but 80′
square rooms or larger may require more.

3. Solar Electric (Photovoltaics)

a. Photovoltaics produce electrical energy from sun-
light via solar electric panels facing sunlight (direct
or reflected). Although it is most desirable to face
these panels into direct sun, they can operate in any
sky type of light. Batteries store the energy until
needed, unless supplying the power grid.

b. Because photovoltaics are still expensive, about
50% are presently being used for remote locations,
such as rural houses away from the power grid. The
other 50% are being used on grid, usually due to
government or utility subsidies.

c. The off-grid houses cost about 20% to 30% above
conventional houses. Of the extra cost, about 55%
to 60% is due to photovoltaics and the rest for
added energy conservation features to reduce the
electric load.

d. For off-grids, size collector area at about 10% of
floor area served (7 to 12 watts/SF of panel). For
retrofits of less efficient homes, double or triple this.
If the house is also tied into the power grid, then this
can all be reduced.
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e. Size battery and converter storage area at about 1
SF for every 12 SF of collector area.

f. Collector area is made up of the PV modules and in
turn assembled into arrays. This should face south
with a tilt angle within the range of ±15 deg. of the
site latitude, and be roof- or ground-mounted. PV
can also be building-integrated as part of wall or
roof systems. A typical PV module ranges from 
13″ × 4′ to 4′ × 6′, but on average is about 6 SF.

g. Presently there are two types of PV being made:
(1) Crystalline modules require glass protec-

tion in steel frames.
(2) The newer thin films are glass modules or

lightweight flexible laminates that are more
durable but sometimes only 50% the effi-
ciency of crystalline (or about 7 watts/SF of
panel).

h. Other concerns are no year-around shadows on
panels; keep collector undersides cool; steel-frame
mounting for wind resistance and, if roof-mounted,
prevention of leaks. Be sure battery storage is well
ventilated.

Costs: PV presently costs about 12/watt (95% M and 5% L), for
off-grid situations. About half is the cost of the electronics
and half the cost of structural support. The actual PV sys-
tem for a house costs about $10/SF of the house area.
About 10% of this is for the storage batteries, which must
be replaced about every 6 years. On-grid costs are presently
at $9/watt.
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APPENDIX A: BUILDING-TYPE DATA
Entries A through L in the tables on pp. 630–643 provide rough costs
and other useful information, as described below, for the various listed
types of buildings.

A. Occupancy type per IBC. See p. 93.
B. Efficiency ratio: Average net-to-gross ratio as a 

percentage of total. Also see p. 37.
C. Areas (SF): Give typical building 

areas.
D. Costs ($/SF): Typical SF costs based on areas in

item C above. The projects do not include any 
site work or furniture, fixture, and equipment 
costs. See p. 239 for site work costs.

E. A/E (Architectural/Engineering) fees (% of item
D): Low figure equals minimal work, whereas
high equals comprehensive, detailed services. A
highest quality job may often go up another 5%
from the high shown. In any case, these are
rough numbers to begin an estimate of fees. See
p. 3.

F. FF&E (Furniture, Fixture, and Equipment) costs
($/SF) are over and above costs given in item D
above, and are for items not generally provided
by the general contractor.These numbers are for
rough beginning planning. See pp. 468 and 
474.

G. Parking: Although local zoning ordinances will
give exact requirements, these numbers are
national standards that can be used for begin-
ning planning. See p. 239.

H. The average partition density (length of partition
based on floor area) is on the left. The average
door density (floor area per door) is on the right.

I. Fire protection classification designates what type
of sprinklers to use, when required. See p. 533.

J. A/C (Air Conditioning) loads are a range, given
in SF/Ton. See p. 554.

K. Average mechanical (HVAC and plumbing)
costs to left and electrical costs to right. Both are
given as % of total costs (D, above).

L. Typical power requirements are given in watts/SF.
Typically, lighting takes 20 to 25% of total power.
See p. 617.
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APPENDIX B: LOCATION DATA
Entries A through V in the tables on pp. 648–661 provide useful archi-
tecturally related data, as described below, for various U.S. cities and
nearby areas.

A. Latitude is given in degrees and minutes.

B. Elevation is in feet above sea level. See p. 192.

C. Frost line is inches below top of ground to frost line.
See p. 267 and p. 295.

D. Ground temperature is the constant year-round 
temperature (in degrees F) at about 20 to 30 feet
below the surface. See p. 194.

E. Seismic is UBC earthquake zones. See p. 167.

F. Termite lists zones of degree of infestation (with 1
being worst). See p. 268.

G. Soils are the predominant soils for the location. See
p. 195. No data available at this publication.

H. Plant zone is for plant hardiness. See p. 280.

I. Rain, average in inches per year.

J. Rain, intensity is hourly intensity in inches/hour for
5-minute periods to be expected once in 10 years.
Some storms have twice as much in some zones. See
pp. 251 and 531.

K. Percent sun is yearly average of clear days. See 
p. 184.

L. Heating degree days (HDD), base 65°F. See 
p. 184.

M. Cooling degree days (HDD), base 65°F. See 
p.184.

N. Percent humidity (% RH) AM is yearly average in
mornings. See p. 184.

O. Percent humidity (% RH) PM is yearly average in
afternoon/evenings. See p. 184.
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P. Winter temperature is design winter dry-bulb tem-
perature (99%) as recommended by ASHRAE.
See p. 184.

Q. Summer temperature is design summer dry-bulb
temperature (1%) as recommended by ASHRAE.
See p. 184.

R. Wind speed (mph), average is yearly average. See p.
184.

S. Wind, intensity is design wind speed per 97 UBC.
See p. 166.

T. Snow is the ground snow load in LB/SF per 97
UBC. See p. 163 where not given, establish from
local authority.

U. Insulation is the recommended zone for mini-
mum R value. See p. 380.

V. Costs are the city cost indexes to adjust cost
given in this book. See p. 43.

Other: (1) Possible radon-producing area. See p. 267.
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A

Abrasive, 473
Absorption, 224
AC, 246, 277
Accessibility (ADA):

area of rescue, 109
controls, 622
doors, 401
elevators, 514
general, 157
hardware, 417
lighting, 608
parking, 239
ramps, 111
residential, 90
route, 158
seating, 475
signs, 452
telephones, 623
toilets, 524–526
wheelchair, reaches, 484

Accounting, 4
Acoustical tile, 430
Acoustics, 223
Active, 205
Acute angle (triangle), 66
ADA (see Accessibility)
Adobe, 309
Aggregate, 285

Air entrainment, 285
Air film, 382
Aisle, 103
Alarm, 536
Algebra, 59
Alloy, 327
Aluminum, 327, 405, 413
Amplification, 226
Amps, 617
Angle, 60
ANSI, 157
Arch, 179, 320
Architectural concrete, 290
Architectural services/fees, 3
Area, 71, 72, 73, 76
Art, 473
Ashlar, 316, 322
Asphalt (see AC)
Assemblies, 487
Attic, 375
Attic ventilation, 375

B

Backfill, 250
Bar joist (see Open-web joist)
Baseboard heating, 554, 556
Base coat (see Paint)
Basement, 94, 101, 293

Index
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Base ply (see Roofing)
Base sheet (see Roofing)
Bath accessories, 462
Bathrooms, 523–526
Batt, 381
Battery (see Photovoltaic)
Bay window, 356
Beams, 161, 174, 181, 286, 301,

328, 345, 359, 366
Bedroom, 476
Bending, 173
Bills, 3
Blinds, 473
Block (see CMU)
Board foot, 354
Boiler, 551, 559
Bolts, 339
Bond, 288, 309
Box fixture, 601
Brass, 327
Brick, 309, 310
Bronze, 327
Brown coat (see Plaster)
Buckling, 173
Budgeting, 49
Building codes (see UBC)
Building types, 629
Built-up (see Roofing)
Bush hammer, 290
Business, rules of thumb for, 3

C

Cabinets, 467
Caisson, 294, 297
Can fixture, 601
Candles, 471
Cap sheet (see Roofing)
Carpentry (see Wood)
Carpet, 433
Casement (see Windows)
Cash flow, 3
Cast-in-place (see Concrete)

Cast iron (see Iron)
Caulking (see Joints)
Cavity walls (see Assemblies)
CDD (cooling degree days), 184,

379, 645
Ceiling joists, 365, 370
Ceiling systems, 505
Central heating, 555
Ceramic tile, 429
Cesspool (see Septic)
Chairs, 475
Chiller, 551, 559
Chrome, 327
Circles, 71, 73
Circuits, 617, 621
Circular arch, 320
Clay, 257
Clearstory, 578
Closed loop (see Solar)
CMU, 309, 312, 319
Coal tar pitch, 386
Coatings, 436
Code (see IBC)
Code, energy, 206
Cold cathode, 499
Color, 380, 440
Columns, 175, 181, 289, 302, 319,

331, 345, 367
Compartmenting, 97
Compensation, 3
Complementary angles, 66
Composite construction, 332,

357
Compounding, 43, 60
Compression, 173
Compressor core, 553
Concrete, 285, 297
Concrete block (see CMU)
Condensate, 420
Condenser, 553
Conduit (conductor), 612
Conference room, 447
Conjugate angle, 66
Connections, 179
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Construction administration,
57

Construction type, 98
Contingencies, 45
Contracts, 4
Contrast, 550, 553, 561, 571
Control joints (see Joints)
Conversions, 61
Conveying systems, 509
Cooling tower, 551, 559
Copper, 327
Corrosion, 327
Costs, 43
Counter flashing (see Flashing)
Coursing, 313, 315
Crawl space, 293, 375
Cricket, 387
Cross grain, 352, 358 
CSI, 21
Cube, 70
Curbs, 277
Current, 617
Curtain wall, 503
Cut, 250
Cylinder, 72

D

Dampproofing, 376
Daylighting, 577
Decagon, 67
Deciduous, 280
Decimal, 59
Deck, 344–368
Demolition, 49
Densities, 79
Dew point, 377
Diaphragms, 169
Diffuser, 563
Dimensions, human, 478–484
Dining room, 477
Dishwasher, 467
Dodecagon, 67

Dodecahedron, 67
Doors, 88–89
Dormer (see Roofing)
Drainage, 245–255
Drapery, 473
Drives, 239–242, 277
Dryer, 468
Drywall, 428
Ducts, 560

E

Earth sheltering, 194
Earthwork, 250
Efficiency ratios, 629
EFIS, 384
Electrical, 617–625
Elevation, 645
Elevators, 511–515
Ellipse reflector, 601
Elliptical arch, 320
Emissivity, 379
End grain, 359
Energy, 183–215
Energy code, 206–208
Energy or work, 82
Equilateral triangle, 68
Equipment, 465–469
Escalators, 511–515
Estimating, 44–46, 57
Evaporative coolers, 555
Evaporator, 553
Evergreen, 280
Excavating, 250, 271–273
Exit, 88, 132–133, 135
Expansion, 311
Exponents, 59

F

Fabrics, 473
Fan coil, 562
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Fees, 3, 629
Felt, 390
Fencing, 277
Ferrous, 327
FF&E, 629
Fill, 245, 250
Fine aggregate, 285
Finished grade, 245–246
Finishes, 425–444
Fire barriers, 101–102
Fire doors, 404
Fire extinguishers, 460
Fire hydrants, 273
Fire partitions, 101–102
Fireplace, 450
Fireproofing, 457–461
Fire walls, 101–102
Fixtures, 527–528
Flame spread, 458–461
Flashing, 393–397
Flood, 254
Floor, flooring, 431–432,

495–499, 506
Fluorescent, 597
Foil back, 378–381
Footcandles, 571–574
Footings (see Foundations)
Foundations, 266–267, 293–295,

297–304
Frame, 365–371
Frost line, 267, 645
Furnace, 555–557
Furniture, 221, 474–478

G

Gable roof, 356, 365
Galvanized, 327–328
Gambrel roof, 356
Gas, 273, 537
Gaseous discharge, 597
Gauge, 329–330
Geometry, 60, 67

GFCI, 622
Glare, 572
Glass, 419–423
Gloss, 436
Glu-lam, 333, 357, 367
Grade, 245–255
Grading, 245–255
Gravel, 257
Green construction, 217–221
Grilles, 563
Grounding, 622–623
Ground temperature, 645
Grout, 307–308
Gutter, 277, 533
Gypsum wallboard, 428

H

Hardware, 415–417
Hardwood, 362–364
HC (see Accessibility)
HDD (heating degree day), 184
Heat pumps, 556
Heavy timber, 366
Heptagon, 67
Hexagon, 67
HID, 598
High-pressure sodium, 599
Hip roof, 375, 385
Hollow metal doors, 405
Horizontal exit, 106
Hot water heating, 562
Human dimensions, 479–484
HVAC, 551–566
Hyperbolic reflector, 601

I

IBC, 87–90, 495
Icosahedron, 70
Improvements, site, 277
Incandescent lamps, 597
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Induction, 561–562
Infiltration, 397
Information index, 40–41
Insulation, 380–383, 646
Interiors, 471–485
Intrinsic reflector, 601
IRC, 87
Iron, 327
Irrigation, 279–281
Isosceles triangle, 68

J

Jambs, 403–405
Joints, 171, 288, 311, 370, 387,

394–397, 427
Joists, 365–366

K

Kitchen, 467
Kite, 169

L

Laminated, 357
Lamps, 597–598, 600
Land planning, 239–242
Landscaping, 193, 279–281, 537,

613, 615
Lateral, 166, 179
Lath, 427
Latitude, 645
Laundry, 468
Lead, 327
Leaders, 533
Lengths, 75
Liability, 5
Life cycle costing, 54
Lighting, 571–574, 597–615
Lightning, 621

Lime, 10
Living room, 475
Loads, 163–165
Lot, 85
Low-pressure sodium, 599
Lumber, 351–359
Lumens, 571

M

Magnetic declination, 622
Main disconnect, 618
Mansard roof, 356
Masonry, 307–322, 431
Math, 59–82
Mattress, 476
Mechanical, 521–566
Mercury vapor, 598
Metal framing, 336–337, 343–347
Metal halide, 598
Metals, 325–347
Metric conversion, 75–82
Microwave, 467
Moisture, 373–397
Monel, 327
Mortar, 307–308

N

Nails, 337–338
Negotiating, 4
Neon, 599
NFPA, 93–111
Nickel, 327
Nonagon, 67

O

Obtuse angle triangle, 66, 68
Occupancy, 113–117, 126–127,

138–139, 629
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Octagon, 67
Octahedron, 70
Office, 478
Ohm, 617
Open loop (see Solar)
Open space proportions,

242
Open-web joist, 369
Operable partitions, 462
Organic soils, 257–258
OSB, 357
Oven, 467

P

P trap, 530
Package system, 551–552
Paint, 436–439
Panel, electrical, 618–619
Panic hardware, 415–417
Parabolic arch, 320
Parabolic reflector, 601
Parallelogram, 69, 71
Parking, 239–242, 629
Parquet, 431
Particle board, 357
Partition, 501, 629
Party wall, 232
Passive solar, 183–215
Patios, 277
Pavement, 277, 246
Penny (d), 337–338
Pentagon, 67
Percentage, 58
Percolation, 264
Performance index, 423
Perm, 377, 381
Perspective, 63–65
Photoelectric, 624–625
Photovoltaic, 625
Pier, 294
Pilaster, 319
Piles, 295, 298

Pitch, 385
Plants, 193, 279–281, 537,

613–615
Plaster, 427
Plumbing, 523–549
Plywood, 357–358
Pocket door, 401
Pointed arch, 320
Point source, 573
Portland cement, 285
Post, 367
Postension, 289
Power, 81, 617–625
Powers, 59
Precast concrete, 301–303
Preservative, wood, 353
Pressure, 80
Prestressed, 289–290
Prism, 72
Programming, 37–38
Proportions, 59
Pyramid, 72

Q

Quadrilaterals, 69
Quarry tile, 429
Quarts, 597

R

R value, 380, 381, 646
Radiant barrier, 379
Radiant flux, 459
Radiant heating, 556
Radius, 71, 73
Radon, 267–268, 646
Rafters, 370
Railing, 104, 108
Rain, 531–533, 645
Ramps, 111
Range, 467

678 Index
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Ratios, 59
Rebar, 286, 307
Rectangle, 69
Reflect, 444, 601
Reflex angle, 66
Refrigerant, 558
Refrigerator, 467
Refuge, 109
Reinforced concrete 

(see Concrete)
Relative humidity, 183, 645
Residential code, 87–90
Residential costs, 47–48
Resilient flooring, 432
Retaining walls, 248–249
Rhombus, 69
Right angle triangle, 68
Rise, riser, 89, 107–108
Roads, 239
Roof frame assembly,

489–493
Roofing, 385–391
ROW, 239
Rubble, 316
Rugs, 473
Runoff, 251

S

Saddle, 387
Safety glazing, 420
Sand, 287
Sanitary sewer, 271, 530–531
Sash, 402, 412
Scalene angle, 68
Scoop fixture, 601
Scratch coat, 427
Screws, 339
Segmental arch, 329
Seismic, 167, 645
Septic, 531
Service entrance, 617–618
Services, 6–15

Setbacks, 85
Sewer, 271–273, 530–531
Shading coefficient, 419
Shakes, 390
Shear, 175, 287–288
Shear wall, 169
SHEC (solar heat gain coeffi-

cient), 419
Shed roof, 356
Shingles, 390
Shower, 523
Shrink, 289, 351, 363
Siamese fixture, 535
Signs, 451–456
Silt, 257–260
Single ply roofing, 386, 391
Site, 237–282, 571
Skylights, 584, 586, 588
Slab, 181–182, 299–300
Slab on grade, 185, 293
Sliding doors, 401, 404
Slope, 59, 61, 239, 245–255
Slump, 285
Smoke detector, 88, 622
Smokeproof, 109
Snow, 163, 646
Softwoods, 362–364
Soils, 257–268, 645
Soils report, 265
Solar, 624
Solids, 70
Sound, 223–234
Spans, 162–163, 370
Span-to-depth ratio, 189
Species, 362–363
Specifications, 21–35
Sphere, 72
Spread footing, 293
Sprinklers, 94, 99–107
Square, 67, 68
Stainless steel, 327
Stairs, 89, 108–110
Standpipes, 535
STC, 229–231
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Steel, 327, 328–336, 343–347
Stone, 316
Storm drains, 271, 531
Straight angle, 66
Streets, 239
Structures, 161–181
Stucco, 427
Studs, 336, 343, 355, 365
Substrate, 388–389
Substructure, 285, 297
Sun, 201, 463
Superstructure, 285, 299
Supplementary angle, 66
Sustainable design, 217–221
Swale, 246
Switch, 618, 621–622
Systems, 17–19

T

Task lighting, 571–572
TBS, 206
Tee beam, 301
Telephone, 617–625
Temperature, 74, 645–646
Tension, 173
Terminal unit, 556
Termites, 268, 645
Terrazzo, 430
Tetrahedron, 70
Thermal, 373–397
Thermal mass, 380
Thermostat, 205
Tile, 429
Timber connectors, 340–341
Toilet partitions, 449, 524
Ton, refrigeration, 552–554,

629
Torsion, 173
Transformers, 618–619
Trapezoid, 69
Tread, 89, 108–110
Trees, 279–281

Trench, 271–273
Triangles, 68
Trigonometry, 62
Truss, 176–178, 181, 368–369

U

U value, 380, 489
UBC, 87–90, 495
Undecagon, 67
Undercoat, 436
Underlayment, 390–391
Unified soils classification,

259–260
Uplift, 166
Urethane, 387, 391
Utilities, 271–275

V

Value engineering, 54
Vapor barrier, 377
VAV, 560
Veneer, 360–361
Ventilation, 184, 203, 375
Visual transmission, 423
Volt, 617
Volume, 72, 77, 255

W

Waffle slab, 301, 304
Waiting room, 475
Walks, 239–242, 277
Walls, 121, 173, 302–303,

501–503
Washer, 468
Water, 17–18, 288
Water-cement ratio, 285
Water closet, 523–526
Water heater, 529

680 Index
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Waterproofing, 376
Water softener, 529
Watt, 617
Weatherstripping, 416
Weights, 78
Welds, 336
Wells, 529
Wide flange, 333
Wind, 193–194, 646
Windows, 407–413

Wood, 219, 349–371
Work, 82

Z

Zinc, 327
Zonal cavity, 608, 609
Zone, AC systems, 560–561
Zoning, 85
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