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Thermal Insulation
in Buildings

CHAPTER OUTLINE

The previous chapters have locked! &t our human need for 3
tha thermal =flects that ploy 3 lage pat in the goveming of 1
theamnl erergy Pepugh the fabne of Duldngs 8 & &
Dakings and is the focus of thes chapter. The
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Rigid preformed materials
Flexible materials
Loose fill materials
: Materials formed
Typecal Dudng
asators
blocks of aerated
concrete
slabs of toamed
Dlastc
pranutes of
foamed plastic
quilts of fiwegiass :
Shaada ol Properties of thermal
adurmandum fod

Reflective materials

Rasstivity r = 14

3 Proper
2 bullding. The ¢

oesllog tles, 18 seri by alter

T ion

d b




rachiant nea

also good
aborbers of radiant

haat

« Emissivily




f.]ﬂ{i.’-‘.hy radhiat




new dwaellir

Table 3.3 Uvalyes

of common formes

1 resistance K

need

d values




Emiramenis > ——
4% _Enwoon

Matenal resistan

such
4 1 series
sistances connected =
1 elecincal e i

v of all the
he thermal resistances of all
um of e hert n in figure 3.3
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Calculation of U-values
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Calculation guide
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step 2 Tatshate all infor

HYSF Fhickne: "

Exposad bridkwork ' i
Exiorral wrizs wa V'3
Total resistance, R,

Step 3 e Mevalue formula

U=

evithie =03 Wim* K

U-values for floors

Where pog
= Mo

Perimetes |
bengi)

A= 318 of floor
m')
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Adjustments 10 y-values
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Worked example 3.2

A ceriain onifsulated cavity wall |
fosalation board s added 1w 10
this board is peeded 1

et

S the minnmum thicknes

li-value 44 mm, /A ety
woubl b ctiosen

THERMAL BRIDGING
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+| above a window, conduds
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Combining U-values

Average U-values

Worked example 3.3

A} bedriom SEmu-detached by
Anixture o 16 m double
e LEWihn' X tor e double ylazing

Saring. Caloyiare the average i;

gl

value log 1




and the studs R

Calculation of the Li-value using U/ = LiR,

ihe partial STRUCTURAL TEMPERATURES
lﬂlnmng formula

insul

ation instalied in a building affects the rate at which the
loses hieat energy which is measured by the -value. The thermal
rmance of the building also depends upon the thermal capacity of the
alfects the times taken to heat or cool the structure,

» insulation. which affects the temperatures in the

all to have the same thermal insulation, as slow response

es, but 10 absorb or dissipate hear at different rates; As a Light materials:
ide such walls would 1ake different times to warm or to faster response

'm then be adided ’ . ‘ G
Lavity) o give the

ol the outer 3 ol i

structures respond more quickly 1o surrounding
avyweight structures. This is because
+ & higher thermal capacity and require more heat
-mperature changes. These effeas are described

ne

erties and slow temperature changes of heavyweight
oncrete and brick, can be useful if thoughtfully designed.
quick heating Is often required. in bedrooms for example. a lightweight
.. may be more useful. Or the heating-up time of heavyweight
construction can be reduced by insulating the internal surfaces, such as by

carpeting a concrete floor.

Figure 3.6 Thermal response

Heavy Light
construction constructon
regulations for England and Wales
hﬁlﬁlﬂiﬂg elements containing
found in timber joists between (350 same
tconcrete wall block. A {/-value g "";‘if“‘ﬂ"

Fast heating

¢ s

= Ie total resistance, combined in
through the plane building element-

. ld'lll resistance, combined in
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Tis 1 be use 3 =i T
ns can be used 1o predict zones of possible condensarion, as shown

i inside d outside a wall or rogf n nte
e difference between the inside an . in chapte
" ‘”‘wm wmm temperature from the warm side 10 the cold side
. i ure gradient changes uniformly through cach componen
- H& is homogeneous and that the temperatures remair
- that the material : e b Worked example 3.5
A structute made up of different materials, such as the wa Wi i
3.7, will have varying temperarure gradients between the it A room has an external wall with 2 U-value of 1,5 Wim K and.contains See page 114 for
 The layers with the highest thermal resistances will have th air at 20°C when the outside temperatare is 5°C. The internal surface mi“ nmu|
“This Is because the best insulators must have the greatest temperatur resistande is 0012 m?® KW Calcuhumeh‘mmaqwnﬁh i
: hel R internal surface of the wall ] —

tiares between layers in a structurs T :
The boundary tempera E : Tetnperature drop across intemnal surface layer  A§=7

- \desermined from the thermal resistances that make up the (-valu
! m fotal temperature drop across wall 8 =20-5=15
Ly !Ibtll;ﬂ’d!hc temperature changes inside a structure is proj ) Reslstance of mternal surface layer R =042
‘the ratio of the thermal resistances. wtance of the wall B.=1U

Mﬂmmﬁmmawu =::;;

1o formula and substiruring
AG R

A 0120
15 0,667

Ap=0130 45 2690
0.667

Temperature drop across intemal surface layer = 2.7°C

T Sntcmpmlunmlhthﬂdtﬂm?m-l?’"éﬁ"'
5 usehil relations Bip i given by .

ok
Mo
"I

the following formula




. Choose 1 insylating materials used in moden
r 'l ﬂi.;‘:f:l:;ﬂul properties of each mater i
.mdhﬂl transter 10 explain why the matena
pdlhﬂ'mli {nsulator, Use construction sketches

‘where and how the material is installed in a building.

differen

to help describe

" 2 Use definitions, units and examples to cxplain the
o benween the following terms:

{8} thermal conductiviry:
~ {b) thermal resistance: and

(¢ thermal transmitiance.

* Auﬂyiul! 6 construcred as tollows: brickwork oute
'I 103 mm, air gap 50 mum, expanded Insulation board 5
|4 WMM inmet leaf 115 mm.
 plasterboard 10 mun. The relevant values ol therma
;‘ '  Wim K. arc: brickwork 0.84. polysiyrene 0.025, cono
- I8 plasterboard 0.18. The standard thermal resi
= KW are: owside surface 0.06. Inside surface 0 12

- Calculate the E-vatue of this wall,
33&“‘[“‘“‘8!‘1 existing howse has outer and i

:: m 105 mm with a 50 mm air gap between them
fon willlmh]'crnl' plaster inside. The relevan
Sonduaivity. in Wim K are: brickwork 0,73, plaster 0,
2 Wil !h!m.ll Fesistances. in m* KIW. are: outsidy
wurface 0123, air gap 0,18,

mﬂk U-value of the existing wall

e “U*m of the wall if the Q@avity i completely
Igmdm formaldehyde (& = 0,026 Wim K

t Uwalues obtained in Questions 3 and 4 with the (

zw“h Bullding Regulations applicable to your
suitability of the walls 1o different purposes.

iues of a single-glazed wing,
o glass wishy ‘ ow made
iy 2 double-glazed windquw made up of wo

X “l:;:;:mm airspace berween them.

e 151022 Wim K. The standard

= ._*“. I::llllde surface 0.06, inside
ey m"—"' o “‘:ll:ht' Proportion of the

¥l Yers. Comment on the

—

REEX

-

rl

up ol one

Thermal Insulation in Bulldings 1]

ork wall measures 5 m x 2.8 m in overall length and

wall contains one window 1400 mm by 800 mm and

n by 750 mm. The -values, in Wim® K. are

58, window 5.6, door 3.4. Calculate the average

1, airgap. and 15 mm ol lining
conductivity, in Wim K, are

oard 0.16 (the metal

mal resistances, in m* KIW
ce .12, a

ystyrene needed to give the wall

0.18. Calculate

tiles on felt sacking with a plasterboard
value of 1.9 W/m* K. Calculate the
wm in the molf space
e ol 0.25 wim* K. The

s quilting used is 0.04 Wim K.

5 W/m* K. The thermal resistance of the

).123 m' KIW. The inside air temperature is

ire Is 0°C. Calculate the

mper

nside surface of the wall

arrv out the calculations in the above

!

n is 1o use the worked examples 3.1 and 3.2 as

vouts for the spreadsheets

ANSWERS Pt |
3 032 Wim' K

4 147 Wim' K 04l W' K e
6 543 W/im'K  3.36 W' K '
7 12T WK

8 63mm

9 139mm

B!

PP TR |




teat during the ysar and the
pajor portion of energy
up4li to 50% of the natlo

and gains ralating 1o
nd the snergy Lise of
Countries include

ENERGY USE

mmon use comes rom the sun, even if the s

cen stored lor mans . i e
i iany years in other forms such as oil deposits. Plants and

material which can be bumed direaly, or

ind as coal and oil. The energy

ded by the sun

anges in the mass of sub-atomic

¢ processes of lission or fusion

| for generating such nuclear

i deep within

because the sun

on supplies of hydrogen

in our sun will be

ved by the
g long-teTm
vhich can only be used once.

enewable energy Is from sources v

« spurces becatse the

be easily

yken millions of years and can

Renewable energy is from sources 'w hich are replenishable wind power

are examples of renewal eneTgy SOTICES.

TUCESSES

contained in natural reserves or in

Cnergy

] or natural gas. The primary €ncrgy

35 coal, o

neasured in the ‘raw’ state befute any energy is used in

« Transformation is an activity that cove
W occur whe

s primary encrgy into another
n fuels are convened into

ples of transiorm

ted into petroleam.
i in a el which results from a

eTgy sources include
t water. The secondary

electridy, or crude oil conver
» Secondary energy is the energy containe
transformation process Example
anulactured gas, and surplus ho
only 30 to 40 per cent of the primary energy

els: the rest is lost in the conversion and

s of secondary et

most electricty. m
energy of eleciricity is
cantained in the original fu

distribution processes

Energy Use i Bukdegs. 63

+ Delivered energy is energy content as it is received by the ¢ er.
Delivered encrgy is the delivered energy or ‘site energy” for which ihe
consumer generally pays money. although some ol this energy will be lost

by conversion processes within the bullding.




i the energy reguired 10 perform a
peeded to balance the hean josses and lieat gains in o

il wmit of energy & the joule. as explained in chapter 2 The j
t and therelore larger multiples, such as megajoules (1M
{1 GJ = 10" 1), often need to be usid. The study and the
‘and enengy use an the national and international scale als

M“_dﬂw which is defined as follows
Wﬂdwtmﬂ B 4::3_ gigajoules
s = |07 kilocalories
11 630 kWh
= 3068 therms

ul“htﬁrmmﬂp content or heating v

& theoretical standard crude oil. To help visualse 1l
ﬂﬂmmlw convens to 1100 o 1200 lire

possible 10 cotivert or use all the enerey cont
<ontent of a fuel b a starting poini lor
a fuel
. _*_It'lm:ﬂl!hepmmn heat energy
40 terms of unit mass or volume

s ane Guated in table 4.1, These val Hes may
ullquutdlurmnnul.u ot and 1o calc

a given task It is usefal

National energy use
vpical use of energ i
c energy on the large scale of national usage. The
use changes with time. For example, in |hc-LEni|rd
< of solid fuels, mainly coal has declined from
while the use ol gas has risen from 510 37

ty has increased from 7 o 17 per cent

nal energy consumption Ipercentage)

COMFORT

governed by many physiological
N person o person. In any
ult tv get more than 50% of the
ire comionable!

energy from the lood energy It

{ at an appropriate rate 1 keep the

r of the heat from the body s mainly
radiation and evaporation. Evapuration
o the water vapour given out on the skin

1e breath (respiration)
ity of heat produced by a person depends upon the size, the
wctivity and the dothing of the pemon, A further counplication
wody 10 became accustomed o the surmounding conditions
and to adapt w them. For example. everyone can wlerate slightly lower

temperatres during winter. This adaptation can be influenced by the type of

ability ol the |

climate and the social hablts of a country

Factors affecting thermal comfort

The principal factors affecting thermal comfort cn be convenlently considered

under the headings below and are discussed further in the following sections.




Alr movement
o Humidity

bt the actisity of the body the more heat it gives ofl Th
depends upon the individual metabulic rate of & person
‘atea. People who seem similar in all other respecis can
ld. ;
- 18.20% in their hrat outpul
t —-Mmedhm emission decreases with age Table 47
: st from an adult male for a mumber of difterent activities
females i about B5% that of males

Typical kest output of human body

Seepng

Watching tesmsion
Office

Faciory. dancng
g

o insilator for the body and help 10 maintain the skin at
il "iﬁﬂhm in dothing have 2 significamt cifect on
ires that are nequired tor comiort

. z be predicied o scale of clothing has been
gy represents 0,155 m* K/w ol insul
: Table 4.8 shows the valye of differem types ol
- how thie roam temperature i e

» ek Tequired Tor comlon varies
i slightly highe temperatures.

ation and

Table 4.4 Clothing values

when sitting ("C
o
— = 28
fress, blouse =
= Joves, hat 14

thermal comfort of

This is because the

v the radiamt propertices

; nicar the ¢old surdace of 2

ody increases and can ause discomiorn,

ire for achieving thermal comiort needs 10

1 effects, Different types of

the average temperature of the bulk air inside 2
i by an ordinary dry-bulb thermometer which is

ed from radiation

adiant temperature is the average effea of radiation from
At the centre of the room this temperature can be taken

riaces

sual 1o the mean surface temperaiure as calculated by

where 1, ¢ are the surface wemperatures of the areas 4, Ay . ..00c

mean radiant temperature should be kept near the air temperature but not

The
Jow it. otherwise conditions are sensed as stuffy”,

more than about 3°C be

Inside environmental temperature t

The environmental temperature fs a combination of air temperature and
! ds upon tion and radiation

radiant temperature. The exact value dep
effects. For average conditions £, can

be derived from the following formula.




Environme

requircments
and energy

¢ tamperature 1.,
. tan! tempe
Dry resu

Table 4.5 Typical design te

FIOWN Dt

Faciows G work
e

Nosa ¢

Alr movement

The movemen; of alt in a
veCtion and €N catse 1
forchead yny the ankles ay,

N helps 10 ing

¢ semsation
e the iy

ures and filts

1car 1 i
of draughts. The back

YOSt sensitive

chilling

See also:
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tes

Tabia 4.6 Typical fresh air-supply 1@

HEAT LOSSES

Heat loss from 2 bullding occ
figure 4.1 which show

inpsulated hoyse. Some Importa

i Josit are listed here and 51 i
insulan t g shel
1 iy =5 = -
The heat |
kT
L
§

o affect the rate of air change

v exist in buildings on

Exposure to climate

At £ ot o When a wind blows act rate of heat transier
BEMCET A, | ; g z
* W a0 uninsulated ¢ through that element increases, This etfect is included in the standard value ol

v wall or rool surface the
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external surface o .
pesistances are vl
« Sheltered: Bulldings
« Normal: Most sus
* Severe: Buildings (

suburban o

Efficiency of services

m
e

pat )
Gl Whi

Calculation of heat loss

>

Vi

o & '|:.-|-!.r_—.‘ g Thic

difficul calcubate ! w
EmpTuyees 0, with thoe. Ho ' 1
an b used for predicins

ured. The

resules

ddequate ARTeEIment L

With ey s g i
do ot change with time and the v

¥ o contang s Assitming teady state oo




T e

Viatues can be calctibated o

25 m has an average |
Mat ale

lt the rate ol fabric bieat loss through
.Dnm Ot Yemperatyre is 20°C and the

Pevalue. including

" 4 2w 1.2 = 2.5 m -\"——"-'--1—"."-l

i } o
Cw the
ipacity of the
=g Lakaulae
i -
r
4 1 ate the

Jre doce
1.75mx 3G8m

Step 2

Tabulate the informatl

P.=0rag A

on and calculate the rate of fabric heat losses using



e avsumed thar inrernal and
s whete this sy Hitte amsumption s invalid, it ts

e elfects of ydic (dally) variaions in the outside
_““% And chianges in 1he inteenal heat ingait

Mect ol

: - Onie method of describing the o

Properiy of an elemen: OF & room
e temperature

external temperatures

(clacicting, Insulation, lrng)

Ihe greater the admintance, the smaller the lemperature swing inside the

ar affect the admittance values ol a particular material
iclude thermal conductivity and specilic hear capacity. Methods of calculation
idmintance values are available. Dense heavyweight materials, such as

bullding. The factors th

lave larger admintance values than the values lor less dense
such as lightweight thermal insulating materials. Therefore,
WIVYWeEIRNL structures have

srmaller temperature swings than lghrweight

Figure 4.2 Thermal response

B s A High swing
/ o I}‘ s, g damping
I,". vJ | \\ !
4 ¥ \ 3
/ e —b
’/..
,”. Vg
/
i
| —— o - '
".

—_— Outude temperalune

R = inwche Lemper ature

1 the unit lor admintance value is the same as for U-valoe, It Is
ble o have elements of different construction with identical imuhm.m
measured in (values but different thermal damping properties as mlnmlﬁ in
admittance values. Table 4.8 shows some examples. For very thin units, such as
glass, the admittance becomes the same as the (-value,

Table 4.8 Contrasting values of admittance and transmittance

L v
y-

Evvrmnt vithe

Tyyweal hoavywerght wal 10 06
{beickbiockwork with cavity nsutabon)

alrar g twsght waall 1.0 06




1 as loses hedt encrgy. and both processes

Jocation with a temperale cimate such as
rall losses, but the
oﬂ.ﬂﬂplm less than the overa
o mgﬁ!mmmsavmp The lactors alfecting hear
Mlﬂlmﬂfrﬂi under the following categoris

: ltr.w the sun
ﬂn from occupants and equipment ir

neat

1 the building

Fabnc
TSN

O

rathateon

th akie alfeats the height of the sun in the sky.
e mmﬁn&m radiation.

and the building surlaces, because maximum
l‘ﬁﬂwn 10 the rays rom the sun.
% and whether it absarbs or reflects any

3 m heavyweight materials behave

M & surlace varies throughout the day {
of the intensity of solar radiation on

a vertical and horizontal surface a1 ditferent times, The figures are for London
(latitude 51.7°N) and assume cloudless days, The heat gains for other surfaces
mn cations can be calculated from appropriaie tables and chans. Further data
t solar radiation is given in the section on dimate in chaprer 13.

wt solar heat gain to buildings in the United Kingdom is by direc
indows. The maximum gains through south<facing

r in spring and autumn when the lower angle of the sun
e d
ndows can, if used correaly. be useful for winter heating.

s through walls and roofs are considered negligible
the United Kingdom winter, Little solar heat

ectly anto vertical surfaces. This heat gain via

the building because the high thermal capacity of
ruction tends 1o delay transmission of the heat until its

the arrival of evening

Sotar intensities, latitude 51.7°N

IEEE
4
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Ly 11
| N
T AV
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00/ Fi A
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méu.{.ﬁ—-—“ 1600 2000 2800
. Sun time thoursd
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are relatively

¢ buikding at a specific time
s do s0 when predicting
© ) it is important 6 €
'wmfﬂdahmhﬂldinp_ For winter calculations however
: m . h tive total solar gain over an average
i solar heat gain throtigh the windows of typical buildings in

heat season

s are gans of a building that help prevent excesis
i by direa sunshine. The main types of devior are o

i eostirol are the maom ellective form ol sun control be

e rdlant heat reaching the fabric of the bullding F o

¢ extemml shiutiees, awnings, projecting caves or loor <lal
contraly such ax blinds give protection agatnst glare and dice,
The Spteth 18 less elffective than controls ourside the i
thhe Bliisd will absorb some solar heat and re-
e mﬂlﬂllﬂt blirids atl tntermal dusers
available which prevent the fratsimission of mos
mmlmul Hight transmission, A simitar clic
which sticks amio plain glass

ﬂ!fmun of the hear given off by various activities and
R Al s sor primarily designed 10 give heat. The major

i waler heating
* m electrical appliances.

8% this type of hea Eain must be allowed Tor in
'::m Wn possibie this heat should be
#ves 1ypical ratis of heat output from

Energy Use i Buldings &

at gain is useful in winter and, as dwellings become
A higher proportion of the total heat needed. The

ot of th
i the % from hour to hour so it is

In houses the casual he

el nsuiated, it forms

Various SOurces varie

Table 4.10 Heat emissions from casual soyrces

heat gain over a standard heating system.
inuites of the heat gains in a tvpical semi-detached house

on totalled over a heating season of 33 weeks

Table 4.11 Domestic seasonal heat gains

Wles: Fignrss R sami-catnchad house with 100 nv; Seasonal results are for 33 ;

ENERGY BALANCE

a
the thermal comfort of humans. requires that the inside lrmmurv :Lo
a spedilied level. The storage of most goods
atd 1o provide these conditions the buildimg will

building is kept constant at
heeds specitied temperatares




energy requirements

T
o 1 [
B
" i
eat | from a
e I O W for
eople and
31
} 4
ot
fabnic loss + vent
0 W + 1300'W
= 3800 W
{ heat loss x time [@KeT
-.\\\-‘_;:;_’l-"-\m\.nh.\
- ventilati = 5842 = |0
| = 75.842 GJ

= 75842 MJ

heat loss =

i) Heat gains




— = ——, This figure

sakes standard assumptions abour the pattern of usage. climate
i comrol and other influences. High efficiency boilers, such as condensing
== bollers, 1ypically are in a SEDBUK range of 80 to 90%.

System efficiency

The overall effiaency of

system depends upon how much of the heat is
v misch heat is lost through the flue and how much

heat lost in the distribution

cted from the fuel. he

vetem. The house effidency is an approximate

at takes all these effeas inmo account. Some

TN

D= 53712 Mi Table 4.12 Domestic heating efficiencies

heat distributed as required. The amount of he
hhmhﬂm comtent of the fuel and the
canverting and distributing this heat
8 memslire of the effectiveness of a system thiat cons

Waorked example 4.4

twith the mput. The maximum value is 100
are well below the maximim

¢ requirement of a house i§ 54 GJ. wihich is 1o be
y ating system with an overall house elficiency of 67%.
o fuel used has a calorific value of 31 Miikg. Calculate the mass
J "..M o _Uselul energy of fuel required tor one heating scason,
Input energy Delivered energy sy
BY = Duiput energy = 100 / Elficiency " Gclsey = 47 , Ouitpi energy = 54 GI. Input energy = 2
s T 100
-4 BIhe output energy fram the system which is

*‘f and heat gaing. The delivered encrgy is the Using efficiency foomuha and substinuting
boller. or other device, and it is the etiergy which

100
_ L
Fiton the boiler Inad at 3 particular time. 180
b they are working at higher loads, but
Blower than their maximunm design Input energy = 34.% |

- Boflers in the UK) is the average
Yypical domestic conditions.



whiass of heel peeded =

40 597 MJ
I —
31 MIrks

= 35999

= 2600 kg

ENERGY REGULATIONS
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1 | The Standard Assesemient Procedurc i®
2 Regukarhoms Jise England and Wales 1akes

the b

« thermal insulazion of
» pHficency of the heat
« controls of the heati ;
« vemilation of the bullding
» solar gain by the tu g

{ for heating spaces ¢

s price ol fueks used

Ratings arc afjusted so that the
al peaple in the dwelling
appliances. and the grogr:

Carbon Index, Cl

The Carbon lodex (C1) &
emissian figure for a !

the informanon lor 2

the €1 the bewer th

—DON NS v

Insulation of the building fabric

To allow dedgn Oeintin
ipsulamemn 1o be distion

Tailiieg wecion

Elemental method

The elememtal method involve matciing or b o
mdivldual consruaion . ements. | ) dote
tabie 413, M, with interi
achisve lower | values lor each

E‘WU—vmuemﬂm

The principle of this methid
aposed Gabrl wirh 4

10 Qo

Weelfied targs

They are Subect 10 poorss e
e elemnent and alo sibject 1o limmiations o

Values that

thermal bri

' Y : Fhermal briclgin
adinted tor 08T g6 and the cfficic i the he ] 2 of thermal
.nlll methind offers greater devg ) r 1 ; I
" Wnde-olts e ullowed between the hear | hrog 1!

for energy conservation
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- ring the air in J
L {or In buildings s the process of changing thc A

should be continuous wi

» conteol of air velodity for human comion
‘o yemoval of odours
) mdmicm-o:gamsms mites, mouids, fungi

q.‘f.' Mdmmmhth)prﬂ'lntn-n fensating
By -+ removal of particles such a5 smoke and .n-s-

mdm gas from photocopiers and la:
> Mﬂmm and decay products fron

; W-*H!wlmdhnmmn been heated anil. 1o conserve
d-_*%mhlhnﬂrdm heat may be recovered from

Wa‘mispam ¥ required by several sources of
llnlmu Kitigdom such as the Buildin

ventilation rates

i Regulations

. v wahwm::m:wn\\;vu for life. a buld-t "
- ‘hmwm and 3 general built-up of odours will be mory
g 0y i':ﬁ!elhemudam 10 lile. In addition to the comlort th ’ %
\ :mdnm&ﬂnbhasmhﬂ objectives, suct those listed be
* 5 of oxygen
| . mdaﬁm dioxide
i » control of humidity for human comfort

Fase

M“WWMJ
10-15 ar changes per how
34 2 changes per hour

8 litres/sec = 30 m'/hour.

Air Corvirol in a5

ations, Housing Acts, and the Health and Safety at work

anous authorities produce

technical guidance for providing

and imponant sources for the UK include British
Research Establishment (BRE) and the

services Engineers (CIBSE)

Chartered

the quantity and rate of air renewal varies and

such as 1.5 room air changes per hour

. i L i~ such as 8 litres per second per person.
ar d that if air Is actively extracted, such as by
' replace the extracted air. So the supply rate will
1 source of the supply may need to be
lesign. Other methods of ensuring minimum
Regulations, include the following:

wide extract vmntilation

-ments for dwellings.

pical ventilation standards for dwellings

Viantiation. wiveh rales on the naturs! stack effect caused by

Alr supply rates

Us be tems ving ventilatior e given in table

Iseful conversion between systems of 5[‘!’C||_' g Ve ilation are gi n :

2.3 an rd e 5 For a common standard per persan s
-3 and Worked t.\illIlPl 1. Fo t‘!dl‘llpll'. ;
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05 Enveoamental Scence g Buldnd
tion rate cONVersions fur Contral in Guldings 97

Table 5.3 Usshd ventild

Waorked example 5.1

An extract fan Is requited for 2 oot
or trieal) with the foliowing detalls

target Air change pet hour = 3 ach
voltmne ol foom 2 m x 3mx 25 m =

s with samiian

15

Fath=3x15=45m"/ hour = 45 (1)
45 000 Titres / bour = 45 000 1 &0 =

Theselore the extzact fan needs o have ar
fitres | second

Ventilation installations

b ilarians
.
.
- systen
e p
. |
iy e —— i
T A
The cormm
naide

Natural ventilation
| :

Natvral ventllation i mnr L e
lﬁm#’ ASr pressure difference
\eZion on over and sround a t . o
Fso fow o S — -: Air conditioning
g t) aseid by the T

building

A sim
NP rxam;
amge of psing
Oprne ¥ “alllh #Ir pressure | s o AiC
Dened on vither <de (of btk ure diflerenc
when 1y d buliding. The u i i and cspond at
here b a consid able diff v - auaic "
e dillerence in i he external air
o ent s described in table 3 5 ard in figure S.2.

tall bnzilg
1l wililing in a salrwell s
2 the stack of
humidity. is usually achieved

ilect
lower e

Creates




. air with refrigeration plant and then reheating the air befare

- '8 r

: - inlormation about changes
distribution sysieim. Mure in

fire next section of this chapier. but the feature 1o note js

: unts of encTgy

can be mosest wath fresh av

namoVes particies ana contarmants
slements or colls over which aif passes
10 prosids initial hest anargy f nesced
foawers temperahee B0 thersfors e
adds mostre 1o the air If neadsa
adusts fral tarmperature of ar o
PIOVIOSS g tnovermend lor iake and st
Quadtes gistiution of ay

eontrol disiributen of arr o roc

mm ol air-conditioning instatiation

d"' the degree uf moistlire in the
v VRS WRROUE I alr §s abou 50 I ‘g

i % by weight yer this
—.\m;ﬂ m::el-":du:n considerable effects, Human
T ather conditions and water supnplie ]
| » L ate pplics are
=i WI*B d:r:‘ukm on humidity, The amount of
:u-. fices the durability of materials, 1he drying of

. m- and the growth of plants,
v d Baresult of evaporation from the sea.
e carth'’s surface, Ay any particular place,
Weather conditions and, inside a building.
“mﬁm!ﬂa and the use of the building:

atmosphere. The

Water vapour

A vapour can be defined as a substance in the gaseous state which may be
liguelied by compression. Water vapour, for example, s formed naturally in the
space above lquid water which is left open 1o the air. This process of evaporation
s because some liquid molecules gain enough encrgy. from chance
collisions with other molecules, w escape from the liquid surface and become
gas molecules. The latent heat required for this change of state is taken from
1 lecules of the liquid, which therelore becomes cooled. The rate of
creases if there is a movement of air above the liquid.
vapour is invisible. Steam and mist. which can be seen, are actually
lropiets of water liquid, not water vapour. The molecules of water

OCC

any given space and exent a vapour pressure on the sides
3 mtact with. This pressure behaves
— an example of Dalon's Law ol

is enclosed then the evaporated vapour molecules

; i vapour pressitre increases. Some molecules are
ning 1o the fiquid state and eventually the pumber of
equal 1o the number of molecules condensing. The air

i 10 be saturated. Saturated air is a sample thai contains

nt of water vapour possible at that tfemperature

Figure 5.3 Saturated air

Higher

— Highet
moestuse
content

Higher temperature

Lower tempelatune

the amount of water vapour increases and at
hes a steady value called the saturated

Vapour pressure increases as
saturation the vapour pressure read
Vapour |!l("\"-lll’l.'_

+ Saturated Vapour Pressure (SVP) is the vapour pressure of the water

Vi
vapour in an air sample that contains the maximum amount ol vapour
possible at that femperature.
5 i increase with increase in temperature.
Saturated vapour pressure is found 10 o %
Table 5.6 lists the values for the saturated vapour pressure water vapour

different temperatures.

is invisibie




Increased vapour pressure
therclore the saturation of a fix

the air b mabsed. This

= Warm air can h

It an unsaturated

the sample w

dew-point temperature then

bgund. This condensation

dust particles in the Torm

Specification of humidity

Some of the Properies of water vap

mMsture in a sample of air. Tt
listed below ang scribed

* molsture unlent

3 !
v * vapour Pressure .
5k Moisturs contens
e
e Moisture conteny i & mieasure of abso

* Fumidiny

Waler vapuyy Present iy 1he air

Mmass i y
Malsture conteny = 7455 of water vapoy,

mass of thyy

N air sample
Alr sample when dry

sw-DOInL even
1l dew-poinL evie

v relevant in the
2 | M

Relative humidity

sares the acual amount of

p + of alr cormf
. Jative humidity (RH) of a sample o ¢ of molsture the air can contain
he relan t R i of m

e imum amot en below.
the air with the max 2 v i% given

muoisture in the ai o ciicv deRititiom ol relative humibdity L
Seratiire ws A -
at that remperature




e temperature. RHE values are a good measuren

vapour pressure ol sample 14

w tumidiey = SVP of sample at same temp

Unit: per cent RH, ata speified temperature

e
{ ’

11 b ako common practice 1 describe humidity
saturasion, which is defined by the following formula.

turation mass of water vapour In ais
g T mass ol water vapour regt
saturate sample al same emperature

Percemtage sawuration and relative humidity are idenucal on
peticaly dry (0%) or fully saturated (100%). For temperatus
to 25°C the difference between relative humidity ar
sinall.

‘& convenient alternative formula for relative humiditv |

SVP at de

Relative Humidity =

SYF of room temperatire

Mmﬂ 100% represenis fully saturated alr, such as ocour
on & oold surlace or in a mist or fog. An KH of 0% represe
Mlmﬁhlnn may be approached In some desert condin
temperatures when water s frozen solid,

'qﬂ SVP or saturated moisture colttent varies with e
LM_““" temperature of the air changes. Despit I

ene ol

mmﬂ lndfir\ringwucmcs
lm__ wamm air @an hold more moisture than cool air
iempermture dncreases the SVP or the saturation

n
i

: “eny molsture con 1€
; :mnﬂc ol the RH fraction then inc { so the
et ‘tlf x Prapeny gives rise to the follow ing general elfects

m the relative humddiry
the relative humidity.

1 1erms of perceni
i terms « entage

Using formula tor RH and sobstivuting values -
R = 2« 1o ’
sve \
0= 22 x]
2340
wp= 2240 L 50=936
100

Vapour pressure = 936 Pa

Hygrometers
) is the measur of humidity. The
) of a ¢ le of air could be measured by
n a laboratory. Usually however. other
ire measured and these properties are then used O
the RH
omeLers psychrometers, are ruments which measure the

per hygrometer make use of the fac that
their dimensions with changes in moisture
» be made to give a direat reading of RH on their

Iments cat

ation against another instrument

Dew-point hygrometer

re of the dew-point is a property that can be observed and
y cooling a surface until water vapour condenses upon it. The dew-
om temperature can then be used to obtainan RH

Tl emner
The lemper

perature and the ro
value from tables or chans
The Regr hygrometer is one form of dew-point hygrometer. A gentle
passage of air is bubbled through liguid ether in a container and causes the
¢ther to evaporate. The latent heat required for this evaporation s taken from
and from the air immiediately surrounding the containes, which

therefore becomes cooled. The polished ouiside surface of the conuainer is
observed and the moment a thin fitm of mist appears the temperature is noted
\c ether. When the instrument is used carefully, this
ure of the sur ding air.

the liguid ether

from the thermometer in th
abserved temperature s also the dew-point




¢ Emwonments Soence 0 220

Wet-and-ary-bulb hygromeler
r is wrapped in a

1l the bulb of a thermomcie
the moisture absorbs latent heat and will ax
hermameter will record @ Jower 1

thermometer {an erdinary e
evaporatiin and produces a gre

Saturated air at 100% RH causes no net evaporatic
the same temperat

bulb thermometers then record
between the wet and the dry thermor

The two thermony
wick are conneaed 10 the wet

figure 5.4. Is rapidly rota

fresh airarour
give the RH v

Figure 5.4 Whirfing sfing hygromeater

::vduommc chart
diferen; Variables yueg 4, Y

are 'rhk'd

o one
Medsiremen *3 h:nmlu-r. These relationsh;
dm‘_ expressed in (he form ¢ f‘-; bi it
N table

ecily the
A amoy i
nount of

i ¢
cen the differeny varial

VAo

differem

in 1

types ol

S of values, or in the form

Pt tie p Chart is 3 se1 of
- an
‘Muuhg’,, bet Braphs which are fombined so that they

es . op '3
used to specify humidity

iperature




LN curve represents 100% RHand that, at this saturaed
"!ll*:dty-lmﬂl- ihie set-bulb and the dew-point iemperatures all haye

‘. #Iﬂ! 1 chat is strialy valid for one value of atmospheric p

e ac in standard. So
the sea-level pressure of 101.3 kPa belng a common standar
:l‘&pgdlmﬂﬂ'dﬂﬂ contaln additional information. s
ﬂhuhwmm which are of panicular use to heatin

" Useof the psychrometric chart
i The temperature and moisture content of a particular sample of a
i) by a pair of values. These two values also act as coordinates o
M define a single sate point for the air. Moving 1o any other state point on the
- chant represents a change in the condition of the air.
A The direction of movement on the char also repr
y ‘onditioning change. For example, horizontal movem
y mossture content of the air remains constant, as haj whie )
| ‘heated without humidification. The relative humidity, howe ing
! during horizomal movements.

: Wiﬂﬁuwiugair vonditions and changes are

- = Point A Represents air of 5°C and 709 RH
vead that the motsture content s 0.0038 keike a
6 mb. :
’ * Polnt B Represents air where the dry bult

“20°C and so the RH has decreased 10 259

_ W]lm #re unchanged.

- l'ainc Represents air at the same dry bul
Whmdum ontent-10 0.0103 ke
e » m‘l’hkﬂhﬂh«n restored to 70'%
. MB Represents the dew-point of this same air
{. : ;-_Wﬂ Wwhich the air is saturated an

d has 100% RH

—*

{4} For the heated air S O
muoisture content = 0,003 kgikg ]

dry bulb = 18°C ' ; o

sa, reading from chary e
RH = 23% iy

b} For the moisiened air

maisture content = 0,003 +0.005 = 0,008 karkg e
dry bulh = |8*°C S

sir, reading from chan

t condensation
HH = 1D0%
inisture content = 0.008
ng from chare

vepoint = 10.8°C gives condensation

CONDENSATION IN BUILDINGS

a form of dampness caused by water vapour in the

I condensation are misting of windows, beads of water

5, dampness of absorbent materials and mould growth.

y to be a problem in a building where it has been
ed for, as in a tiled bathroom or at an indoor swimming

- condensation, however. is a problem when it causes unhealthy

ns; damage to materials, to struciures and to decorations; or
m to people

r sation as a problem is a relatively recent concern and ene that has
been increasing. It Is affected by the design of modem buildings and by the way
in which buildings are heated. ventilated, and occupied, These factors are
considered in the sections on the causes of condensation and the remedies for it.

Principles of condensation

Warm air can hold more moisture than cold air. If air in a building acquires
additional moisture, this increased moisture content will not be secn in places
where the air is also warmed. But if this moist air comes into contact with
surface, then the air is likely to be cooled to is dew-

the sample of air becomes saturated. it can no longer
and the excess water

colder air, or with a cold

point. At this temperature
contain the same amount of water vapour as belore,

vapour condenses to liquid.




in buildings occurs whenever warm fmoist air meets
it are at or are below the deéw-point of that air.

nt @ dassity the elfeqs of condensation into the |

%MMu o the surfaces of the walls. windows. ceilings and
a 4 it g > i e or as beads of w - ot
“The condensation appears as a film of moisture or as bead jter on

A surface may not show condensation at first, although persistent

:
4 will da 55
- W—: eveniually cause dampness

| condensation

Lk
E
e

ST . i the construction of a building as shown
st building materials are. 10 some extent permest

Tmeable 1o water
 Throun gm of air tomaining moisture). 1f this air
$J$$m at the dew-point temperature

-~ : Strueture. The dampness caused by
- <an damage important structural materials, such
ke insulating materials less effective.

H0m are moist air and cold sucfaces. The
of condensation can be considered under

= Muolsture sources

* Vemilation
* Useof buildings

» Temperatiurces

Moisture sources

[ =

nt in any sample of air comes from-a source of wate

] 1. Local
ons dete

mine the imitial moisture state of the air but if the
ool then it has a low moisture content and does not cause
ide a building. Warm humid weather can cause
rere is @ sudden change from cool weather 1o warm
1 suriaces are slow to heat up. In temperate

t of rainfall does not have a big influence on

content of

the air inside dwellings comes from the
An average family produces 10 to 20 kg of

activities of normal breathing, cooking and washing.

cookers or bottle-gas heaters release great

icreast the risk of condensation. The moisture

oms can quickly diffuse into other rooms and

TOT original source of the moisture.
sses involved in a traditionally-built brick house add
I + — mainly by the water used for mixing

y exposure 10 weather. This water dries out
ncy and adds to the moisture content of the

re moisture than cool air and is therefore less likely 1o

but the extra moisture contained in the warm air can
when that air is coaled. For example, the kitchen itself may
¥ o be free from condensation but the same muoisturised air
may cause condensation when it diffuses 1o a cooler part of the house.

Condensation occurs on those surfaces, or in those materials, lha.t have ‘a
the dew-point of the moist air. If moistre i
will first ocour on

emperature at or below
progressively added to the air in a room then condensation
the coldest surfaces, on windows and cold pipes for example. The fempesstares
of room surfaces are lowest where the thermal insulation is lowest.
s of worst insulation, particularly those

Condensation can indicate the area
caused by “cold bridges’ such as on lintels above windows.

The speed at which structures change their temperature :ﬂm?
condensation. Heavyweight construction. with a bigh :hr.m:-l! ah;p:::ﬂﬁ wallora
slower 1o respond to heating than a lightweight mnmuﬂlul' 2 when heated
concrete floor. for example, is slow 10 inerease its temperature -
and condensation may occur for a period while {t . e

Condensation is
not usually causad

1 kg of water is
1 litre, the same
quantity as a
typical bottie of
soft drink

Cooled air can
hold less water




1sation
‘e
s
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Use of buildings
i elps ke
¥ ¢
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KTeased beg d i
¥ & often dricd i b metl 3 turmibl ! . 4
Bt Yented to the ours

Many dwellin,
patte

B are anly OCCupied
™ of living tends 1o COMMIpres

% he
household inno 3 she o period,

evening and the

heat is lost thro

insulatior
although insu

comrkir

and wa

g activities ol a The

1 by
a1 2 tme when windows are

and w
unlikely 1o be opened




i S 1 laced on the insj
heat is WPFII‘-d' Insulation p nside
Ep @ TOCIN WaTH if no

. of & heavyweight construction, such as a brick wall, helps 1o raise the
'W"' more quickly when the room i heated. However, with the
-
: hnlﬂhehusidr:o!a room. the outer part of the wall wi
. i itial condensatior
ur b 1o prevent interstitia
3 wmkntﬂkd

- inthe next section.

1l remain coal

15 discussed

1 o
' CONDENSATION CONDITIONS

I -'y,i' ‘.‘mﬂ of condensation occurring on or in a building materia
2~ Fﬁmwmmehmwwof the air on both \i_i.!c? of ti

-1 W&md the material to the passage of |
: T:!wijﬁmm!elmamialswasuscdu.\r.:lcuzm- Ix.values in chapter 3

cat and vapour. T

'L - 'ﬁ,ﬁnm the similar idea of vapour resistance :
= ';m-ﬂmmm may OCCUr in a structure

ﬁwm of a sample of air increases wher ned et
! .,-,: el Because the eccupants of a bullding and their activities 20 TUre
. fmhwthEnflhr Inside air is usualls rt T thie
L Mm‘i—mmdﬂ:mu‘c resudls in the Iollowing g It

Sapaur passes thoough structures from (nside 10 outsid

SEWhIEh Water vapour passes through a structure depends unon the
F lity of the various bullding mazerials :
ﬂ&y_peunllthe fitlusion of water vapour. This property of :
fal eriing the behaviour of water vapour is of
of that same material fonceming water liquid. 1t is relatively
st Waterprool against Hquid molkecules bu
. ‘WM 3gainst the much smaller
-ﬁ,hlm:ahiltly ol matenials 10 v
gl Ways. as described below

present — that

ten totally different to

and 1

e cnerget

valér vapour can be

(r)is ;
& Im”:““d the resistance 1o the flow. of water
L OFa particular material under

ity vaiy alicmatively expressed as a vapour
Jm Which _" the reciprocal of vapour
fox the vapour resistivity or vapour

Table 5.7 Vapour transfer properties of mat
Adareia Vapour resisthity (MY /g m)
25-100
30-100
: 15-18
450-750

Vapour resistance
* Vapour resistance (R,) describes the resistance of a specific thickness of
matenal

Vapour resistance is calculated by the following formula.
R=rL

where R, = vapour resistance of that material (GN s/kg)
£ = thickness of the material (m}
r, = vapour reststivity of the material (GN s/kg m)

A vapour resistance value is usually quoted for thin membranes, such as
aluminium foil or polythene sheet. and some rypical figures are given in table 5.7

Total vapour resistance (R of a compound structure is the sum ol the
vapour resistances of all the separate components.

Re=R,+ R+ R+ .. 01C



Dew-point gradients

FmpTALLT i

The changes §

chapter 3, The tem

the b

wiere

ol a1 ea

by using the

de bning of plass

. them expanded poiys: :
yeene board (EPS) 25 mm. I:"Il": !

therma) : K
'N‘S;ma ol the components, in m K
Tesistance 0,123, plasterboard 0.06

EPS 00,75

*

I

Step 1
ire drop
Step 2
€ the tlemperature ¢

Ry =1.083

Step
s on a scaled section of the wall and join

e ure gradients, as in figure 5.7

Step 4
ipour resistances to aalculate the vapour pressure drops across each
‘ 5 f 2 the psychrometric chari, find the dew-point

lemperatune each boundary

Inside vapour pressure

Outside vapour pressure = 600

p= 1400 — oK)

Total vapour pressure droy
=800 Pa

= 14 i
=N J {rom psychrometric chart

B NS



Step 4

Plot the dew-point temperal

peostiice dew-point g3

Note: Dt
5 preckcy rverr

Figura 5.7 Prediction of condens:

ur barriers, vapour checks

* A Vapour Barrier or Vapour Check is

waler vap
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« Liguid flms.
« Pre-formed membranes
backed board, | th

Wall vapour barriers

Figure 5.8 Vapour barrisr

armers
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ciples of Light

| $onEe me sight to understand the
ut tamks. Our vision also plays @ maysr ol
B Light and the etfects of light stimutate

CHAPTER SIX

Ighit sources is an impanant feat

o light, ave arentad towards Hurm -

Principles of L m 123

NATURE OF LIGHT

oI ol eleciromagnetic radiation. T
Ture of d

his energy is radia

illerent material 1id
ilenials and causes a wide

eCirG meti a i
ciomagnetic radiation all share the

WAVES
Sound Ko (

S
)}
mrire
SEEEN  ORANGE RED m}’ )
e 3
waves
crgy can be desc

n physics

Yy lor

ement

i can be considered

ol electric and magnetic ficlds. which

By siaes ir
W
- o1 10 m v can therefore wavel through a
: sepetic radiation have different wavelengths or
3 have the same velodry which is approximately

£ 1N vacuum
* The waves travel in straight lines unless alfected by reflecrion, refraction.

amnil diffraction
an of light and other eleciromagnetic

Although not visible to us, the wave moll
waves, sound waves and

waves is the same mechanism found in sca
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» Reflection 5
« Relraction is dellectiv
Visible radiation
The waveir
( iR

* Monochromatic light

v e the human eye wit gard Lo its oplica Eye vs Camers:
from : oy . lens - lens
- Ui juce & S e
i retina - film
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Operation of vision

Sensitivity of vision
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Contrast

Contrast is 1

visual field

MEASUREMENT OF LIGHTING

standard 5

* One Steradian («
an area on the surface of the

Sjuared

oy i e
size of a solid

Therelore a ¢ nplet
Mpicte

128

Typical lumen
values:
candie: 1 cd
alectric lamp:

100 ed
lighthouse: 107 cd
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3 » gistance
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» Reflectance

Worked example 6.4
&N A
Calculate the i ) redle
listor beeripathy thye
MY Epow ] = 1300 e
Usin Hamtination furmul,
F=_
Fal20
= 20 . ¢ SI ?
S0 direy COmPOnent = 200 1y . ..
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Colour reproduction

of subtractive colours
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Additive coloyr
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W coloured
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Figure B.14 Subtractive oo

* Paint pigments

* Colour photographs

* Colour printing

- V) Calculate the ¢ -~ . 1
X 1b) Calcut
| sisrface of

-

ANSWERS
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ial light is:the 01

ame Irom fires, from candles and
tis produced as one of the products of chemical

irtihicial light convert elecrrical energy to fight
Wi main g

Iypes: incandescent sources and gas

substances to 3 temperature at
Incandescence can be achieved by heating

as the light bulb, 3 metal wire is

rassing an electric current through a gas or

ce able 1o conduct elearicity. At low
med between the electrodes and
Discharge lamps need special control
of their light is often poor.

used in modern lighting are

1ese lamps and their properties are

Properties of lamps

Lumino

bility of a lamp to convert electrical energy 1o
w the ratio of light output to energy input.

* Luminous efficacy is the

sured |

Luminous flux output
O
Electrical power input

Cacy =

Unit: lumens/watt (lmi'W)

g s using its luminous
The electrical running costs of a lamp can be calculated by 2

wattage so exact data
efficacy, The efficacy of a lamp varies with its type and its Be

should be obtained from the manufacturer.
Life

i
The luminous efficacy of a lamp decreases with

it may fall by as much as 50% before the lamp fa
is determined by the manufacturer by consl

ime and lor a discharge lamp
its. The nominal Iife of a lamp
idering the failure rate of a

L
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Discharge lamps
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arge lamps
Mercury discharge lamps
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Light output ratio

Downward light output
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Worked example 8.1 L

AN umErEITCed ¢

Know [iF=4 =N

nance = 200 Ix

X
Recommended daylight factors

X
] b

Daylight factor components ] NS

The daylight re 5 | Al _‘_:-..__._

P ¢ iy : ¥ : B S

ditberett types of sath e | —_——————
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Table 8.2 Internally refie

Worked example 8.2

4 and 8.5, The prowracio
CIE sky

Step 2

From pramary scale:

top reading

abiract Dotion res

Utwarrected sy oo

Step )

From clevation sale

top reading S0 {
botinm Tesding by " y
Avetage angle of elevathin B2 =3 TS e e
Step 4 _ _w
From auxillary scale. v : y | 3
frran N&ﬂl.l’lu na . = e ; :
oo e sding 0.1 e S R
Correction faco 0.4




118 Erveonme soene 11 2

(@)
a1
>
o
—
m

8]

m

EXERCISES

1
| -
I
> .
> q
H_L__—_"———______ - arstand the affect of i
ANSWERS » Appreciate the of hearing loss.
- =l . The
I 13 ey The f . sound insulation and acoustic quality

\at can be used for both
2 8% n supporting information that can




thm..r-.a
freguancy 100 low
for numan hearing
Utramamr
fraquency too tagn,
for human nennng

—

NATURE_DF_S_C_)UHD___

Qrigin of sound

* Moving obhjects

* Moving air

Wave motion oGt



Worked example 9.1

A parTis

340 me Calcolals the Wa

Know

Using formula Jor s
W41 =
= 34 ar
5 0.7TT2T m

Velocity of sound




« An ODctave Band

See also

Quality of sound

« Overtones and Harmonics

Sound Power (P)




RMS values are
8iso usad to
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VEIYNG nature of
AC siectnciny

Sound Intensity

Sound Pressure (p

D

Cibels
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» The Decibel (dB)

Sound levels




188 Emwonms

Thua calculation
shown thal
Boutimg the
sound energy
e a3 0B
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Worked example 8.2

67 dB

Worked example 9.3

|
T { 511 |
2 10
= |0 bog |
I Woine
|
=
: x 107
=10 g 16 toe 2 I
B x|t x 1l
st sen . s = | = 1O Wi
Bk change in SIL = 348 funse
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Combiged SIL = 10 log

Approximate comoinat

sound intensity I
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Worked example 9.5
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Noise and Sound Insul

CHAPTER OUTLINE

Nolse i unevanted sound. The resl
show that over 50% of the popu
the Werld Health Organisation
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pution of noise level

——

oo ¥

i;'- . ﬂvgwl

- o

Time petiod —p

pes of £,,, must be taken at cenain standard
With corrections made for any wind and reflect A typical
r llﬁmfrmthredgcutamumm.-q ig | {74 s dBLA)
: noise index has been found to give bl 1

dissatisfaction caused by road raffic nois ypical basis for
ieompensation to households affected by new or improved rosds

uous sound level L,

- dmm that varies in sound level over time is to use
:“m o total sound energy. The equivalent continuous
A varying sounid level to a theoretical consant sound
amount of sourn energy

i mm Nt judge loudness in terms of energy, the
, ‘W sound energy is found 1o correlate well 10
used by noise and also 10 damage to hearing

e, sound level, L, is that constant sound level
= Wemiodiof ime T, provides thie same oral sound

g of svind energy increases the SPL by 3 dB. s0
wwolsound levels and time periods could give the

Al give the same value of
w=90dB '

in most practical situations the nojse levels tend vary comtinuously and
und level meters are employed 1o sample the nolse rqul.arI:!md

se history’ over a particular period of time.
35 dB are considered by the World Health
mark  significant community annoyance during

whuce a i figure as the ‘noi
ater than [

tion (WHO) 1o

Railway noise

An equivalent continuous sound level Ly, i5 being used o assess railway

pise in the UK, It is difficult to directly compare road noise and railway noise

in their nature, espedially in duration and regularity of
no Cc. an approximate conversion relationship is:

. M itely equals Lyoe =3

Hearing risk

famage 10 hearing is largely dependent on the 1wtal energy
period. L, is the basis of safe exposure 1o noise.
in the range L.« = 8010 90 dB, a5 described

nal noise index Lagsqg

casure ol daily personal noie exposure. It measures the
received by a person during a standard 8-hour working
cislation, the duties of employers and employees are linked

B es o described below. Some authorities and some mtmmn
s 10 be too high and therefore not as safe as they might be.

85 dB. If the exposure exceeds this level then
be made and hearing proteciors

* First action level: L, =
stafl must be informed. assessments must
made available

! 2 maximum which
* Second action level: L, = 90 dB. This expusure .

used.
must not be exceeded and hearing Pmll‘d";n;n::'[:: 140 dB). This peak
* Peak action level: sound pressure level = seded and hearing protectors

level is a maximum which must not be ex

must be gsed,
Noise dose
i ise exposure such a5
¢ N . I .
The noise dose index makes 100% dose equdnﬁl:‘:ﬂldﬂl' n be assessed by
85 or 90 db(A) for 8 hours. Individual paise € o Pl

Wearing a personal dasemerer. L el e, -




pressure produced by a an explosive sound, such as
P and gtmshols- Although this peak only lasts for &
re I8 high and damaging o hearing. The peak value is
nd level meter which can hold and display the information.
3P wm 140 dB) Is used as an industrial action level
an & hour L, exposure ol 90 db{A) is reached in about

3 work in‘heavy industry” to suffer hearing damage
lies. such as those described below, can provide
Jegal industrial limits and hence Introduce a high o

Al sunveys of some popular restaurants have recorded average
of over B8 dB(A). Expaosure to this level of sound lor @

pd the legal noise dose of L, .., = 85 (B |
ibimhisicians, such as Pete Townsend of The Who, have

L ,ﬁnm;bmhq- have accumulated from prolonged |
music. The risk of hearing loss applics '
d lighting engineers, venne statf - and the a
‘& persanal stereo can cause the same hearing |
th concerts. If the volume needs 1o be increased|
Vironment, such as a train, then it is easy to be

dose.

My or Permanens Threshold
Therefore 10 ger the same
e volume of the amplified music:
heating loss permanent and

assessment and working methods, some of which
section on noise control.

. are outlined in the later
] . The rights of people to be protected from
unreasonable noise annoyance can be controlled by legislation

that acts on

measurements of sound level in a specified manner. B8 the 12
continuous equivalent sound level described below, e i

Occupational noise index L, ., for site workers

The [, index nij',:\un's the cumulative nojse energy received by a person

i a building site. Employers have a duty to assess the likely risk to
and table 10.2 gives some likely noise exposure figures for
ies. When L, i, values exceed 85 dB stalf must be informed,
¢ made and hearing proteciors made available.

site and work:

typical site a

Table 10.2 Noise exposure of construction activities

LIKELY NQISE EXPOSLIRE
LE’:

Average Range

100+
B3 B1-85
@ BE-96
chipping/driling B85+
fioor finishing &
annang 85+
89
Crushing mill worker 85+
Driver crawler tractor Bo%
dumper 85+
excavator g
loader
rolot 85+
B9
wheslad loader <85
Engeeer &
Formwork setter -
T <]
Gangee
Guﬁ‘
l‘--"--dl--__
Labourer
-'--.-_-__




LIKELY NOISE EXPOSURE
7 Lena
= : Average Range
= 89 B82-96
) w o 8 78-89
_— 35*
100+

i operations on & building site. The annovance
ican be equated 10 the total sound energy received at
fing the course of the day. A L, .., valuc of 75 dB
SWhich site operations can be stopped by legal action
& measurements, diflerent panterns of noise during
tsame value. For example, it is possible 1o run plant
! W) for several hours and still remain within the
iction of such results can be made using published
€an be made at the edge of a site using the
techniques desciibed [n the sections above

X of transient noise levels, such as those
ik, The SEL is a measure of acoustic
* Cansed by a noise but is different W0

Noise and Number Index (NNI)

NN is an index ol aircraft noise thar indudes the &

Vm
and the mumber of flyovers heard in a given perind mﬂﬂbrlem

This index e
predict and 1o measure annoyance resulting from neise near hﬂbmus_:dw .l | _f
16-hour L., index for airport noise ot
AN Ly e CONtinuous equivalent sound level index is currently used to assess s

the noise in the environment of an airportin the UK, The noise from aircraf
movements are expressed as the L, .. produced by i 3
&-hour day, 0700 to 1300 hours local time, during mid-June 1o mid-§ i

Sets of readings are taken at set places around an airport and used (0 prepare  Liscme=57 8B I8
maps which show contour lines joining up points of the same L, ., value SHIE I S
: near an aiport
{this has to

Speech Interference Level (SIL) measured over
SIL is a measure of the level of background noise at which the noise will __.__‘
imerfere with speech in a particular situation. The type o voices and distances

involved are taken into account.

NOISE CONTROL

Action against the many types of noise that cause coneem in buildings can be
grouped into the following three action areas.

* Source: Sources of sound may be outside the building, such as from 3
mwad. or may be within the building such as noise from Wm’;k

* Path: The sound path may be through the air from the saurce 10-$1€ o

building, or the path may be within the building. . 20Ty ) ;

E i y u its !l mk‘ E

* Receiver: The receiver of the sound may be ﬂ"“‘ "'m__ it s i

particular room, or it may be the persen hearing the noise.

Sound reductions in all three areas of source, path and receiver are
the design of quicter buildings, which is the main focus ol this
Noise levels in and around buildings are also affected by WICEE S
the design of quieter vehicles and machinery, the m
. and the type of construction techniques i 4

Matters need 1o be enforced by “ﬁ“"mmw. “

; g
mhmﬁscmuunl_ Ay




5 s Smination
h. v m nerol i most effective when it is considered at the design

+
.' ~ eliminate potentially noisy equipment and technigues.

elimination amd substitution indude:

= using a later model with improved noise insulation

- iﬂu:kmﬁ:m mnstead of petrol/diesel motors
® Btting ami-vibration mountings between engines and othes
= using hydraalic systems instead of poeumaric sysiems

= usi of tools with hush kits

1%y - )

B Sumeimethods of working are inherently quicter than other
R incomporated at the: design and work planning stage. Evampl

=y = = -

= * hydraslic piling rather than hammer piling

- -;‘.Wmd elements and therefore min
and similar noisy operatinns,

; ol peapie ; .m?‘]'“EWl operations have an importan

-

-
k -
usIng w such as wearltyg 1heir own hearing proteciors
' techniques such as dosing doors
mhwm‘ which produce high levels of s
8 operatar will use it for shormer periods of time. Goo
effective.

1tra

SSRGS a8 an approximate poini, such as a single

mh’w 3 and 6 dBA every time the
Fositioning the source of noise in an isolated
e. therefore provides an easy apportunity for
teehnique requires reasonable distances so I
g noise within bulldings.

" altesngtives in the design of a building and lts construction methods can

iStme fypes of equipment are quicter than other rypes and there are oprions at
the planning stage to use quicter machincry and tools. Techniques of

Acoustic screens and barriers

o deflect and absorb sound waves can be

1o the source ol

effective if they are placed
nt of the noise.

sound, or dose to the recipie

Personal protection

) r.rdiJL{‘ the noise energy reaching the ear then
al hearing needs 1o be protected by wearing hearing defenders over the
type ..--| ear pratectors available are ear plugs inserted in
mutls which cover the entire ear. When dumsing and

the fallowing properties should be considered:

« suf ¢
& lor as long as required
red

peTation.

e Noise Reduction ANR

ised by an identical wave that, if it is half a
les equal and opposite compressions and
vailable that rapidly analyses a sound and uses a
anti-noise” which lowers the sound level. ANR
nnlques work best for relatively constant sounds at [ower frequences.

s include ear muffs, headsets, confined machinery spaces,

NOISE TRANSFER

ferred into buildings and between different pans of buﬂiﬂ-nﬁ::
Means of several different mechanisms. It is necessary 10 identify the 1ypes

Notse iy tran

*ound involved as being of two main types:

* Airborne sound

- o
Impact sound.

Airborne sound
* Airborne Sound is sound which travels through the air defore: .
Partition,
. merely the
Notice that this definition is not as simple 35 ﬂ‘::‘dﬂaﬁl‘

Hrough the ajp The vibrations In the partition undet Jer by airborne

Marted by sound that has travelled through the ait d MM?M

:‘“nd is shown In figure 10.5 and typical SOUmes & 00 HE
Ulces. radios, missical instruments, raffic and aircraft 00 A

Impact sound may
also be known as

structure-bome
“sound
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Figure 10.5 Adrbome sound

Impact sound

+ Impact Sound

See also: &

Practical sound sources

It s mporam «

DEst tmietheds

of controll

Benerate bath ¢

non
Figure 10,7 Noise control by absorpt
4 of sound

mast be applied 10 1he

sound v 1 tng heard in the
exXample I‘..,;:;”‘. on a Moor wr e heard ma d
Foam below bui beard ac airbom

£ sound

110 the row
& recetving room by

Sound can aks, s into
I figures 105 and 106
tomplex. The etfea of
msulation ang olten lim

tankiyg ¢

These indirec sound paths ¢
Anking transmissions
its the overal)

b

' i wqund
Increases at high levels ol 50t
Botse reduction that is possible
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T, Noise 200 Sous st 217
A |: ‘mm mx; R Becatise insulation varies with lﬂ'queu(\_-. sound
ol j measured and considered fop ¢
he dillerence in sound levels an elther side 0f a partition, as shown o figure " o different frequen,
10.8, can be used as an index of airborme sound insulation

S8 » Sound Reduction Index (R or SRI) is a measure of the insulatior
against the direct transmission of airborne sound

reduction index needs to be
o 4 oy bands, such i

The results of measurements can he plotted agaj s

1, as shown in figure 10.9, which s a v“u;imm“m ’f"tl-‘f“‘:
. hie ranee « - - ] J I um

inge of frequencies. Values of sound insulation for

given in rable 10.3. While I 1s sometimes

*rvals

then giv

i1t a building are

- } " ider nly a s T
The measurement of an SRI can be made i a special laboratory where no flanking Only a single-ligure value, such as the average of
sound paths are e anound the pantition under test. The sound levels in the dings o single reading a1 500 Hz tha single figure 2

' B e s i T T : 3 may not reveal
poams on each side of the partition are measured and rmalised SRI obtained by & — e ince that occur at certain frequencies,

Figure 10.9 A typical insulation curve for double g]azhg
Figure 10.8 Airborne sound insulation L

|| T

|

400 800 1600 3150

Frequency i H2

= Insulation principles
’ bood sound insulation depends upon the following “nﬂai

by MO * Heaviness «  Flexibility.
s . T * Completeness o Isolation,
= 28 : 33 . ol
20 24 e .. O o The efectiveness of each technique of insulation i ditfer wﬁhmlh:*lﬁ:m‘
= % — "__';'_ = _"'___. — *und but in most constructions all the principles of fus
34 37 Details of the principles are deseribed in the follpwing sections.
@ 35 45 56 62
- . Heaviness ki
IR sound energy
i ""“'-'M‘mht structures with high mass wransmit wmniﬂﬂlh
LEERT 2 ) = ~ G Uehtweighy structures, The high density of heavy ﬂnl' the final face of the
' "2 0f the sound vibrations inside the material so thtt novement than
~ iy viheates with Jess moveD
i 57 4 a8 ure, such as the inside wall of a room. ’

— & lightweight material,
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Sound insulation of separ
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Table 10.7 Construction for sound Insulatk

N

Construction type / construction details

Sound insu

prinCiples.

Hesviness

isolation
isee detals sarber
in chapter)
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Figure 10.13 Timber frame wall for st 3
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Figura 10.14 Concrete Ean o
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Measurement of sound insulation

ing mass per unit a

. Uherwise the -

—

Worked

1
SIng re . &
¢ reduction index formula and

examplie

ound/incident §

ound)

subsiill

1 upon the wall at a
Wdex R of the wall a1 this

= pina =0 0l

1ting

2



m&-dwd_l-insula!cd wall can greatly reduce the overall soung
of the wall, as was discussed in the section on complet

#M pediiction Index have been calculated u
¢ cannot be simply averaged according 1o
coelficent can be caleulated using the
: of the Individual compohents, such as show
'g AT A F T x A + (T, % 4))

S8 A +4,+ 4,

ness. Because

e

I the overall

coelficients

7= overall transmission cocfiicient
T = tramsmission coefficient of one compornent
A =ares of that component ctc

otk and 18 d8 for the
Andex for the wall.

SRI =50 dB.
SRi= 18 dB.

007 %8) + (1385 % 40P x 2y
8+2 T‘a

=3 18x 107 e
tising reduction index formula and sub -4 _.
R = 10log (11T " A1 1
= 10 log _I___slomii“l: \ﬁ_
318 x 10t ;

So the overall SRi =25 dB

EXERCISES

A doubling ol sound energy increases the sound pressure Jevel by
3 dB : insd ition and a table to show the increases in sound

ing ar when the SPL level of a personal stereo system
om 70 db to 85 dB.
measured for a certain double-glazing unit the
F re those shown in figure 10.9: Explain the likely
the dips in the insulation curve and outline some
that would help to reduce these effects.

wation given in tables 10.6 and 10.7, or other sources, 10

ated section of any wall that is considered to give

ind insulation to meet regulations in your country or

8 Iy explain how each feature of the wall works to provide
the sound insulation.

4 800 units of sound energy are incident upon a wall and 10 of these
units are rransmitted through the wall
{a) Calculate the sound reduction index of this wall
(b) If a window has a sound reduction index of 33 dB then calculate
the transmission coefficient of this window.

5 An external brick cavity wall is to bed m runs-ﬂﬁz-“‘_“’"- _
The wall is to contain one window 1.2 m by 800 mm and one door
750 mm by 2m. The relevant sound reduction indexes are: i

53 dB: window 25 dB: door 20 dB. Calculate the overall sound: s

reduction index of the completed partition. ™ \J -




CHAPTER ELEVEN

be the study of sound In

general, but the
the control of sound within an enclose:
conditions for tha production and the

woncert hall. can be difficult 1o get
""‘mmam-c« But
hical proparties. that do atfect ou
\dasigning or improving the

ACOUSTIC PRINCIPLES

general Requirements

* ol room

uced 1o acceptable levels.

s

{
e

Jitorium

{ 1o be occupied by an audience.

ilarly important, and detailed acoustic

{ the space. as outlined below

i reception of speech Is that the speech is
1 the power and the clarity of the

are especially used for speech are

5 and lecure rooms.

ts for music that for speech.. Music
hich all need to be

depend upon the

These qualities are difficult 1o define
definition’ ol sounds,

1ent

iC regu
yund levels and freq uences wi
gualities of music

ne desirable

;:"1""—"'\” listener's judgment and taste:
Wt terms in common use include fullpess” of tone.
biend' of sounds and ‘balance’ of sounds.

Examples of auditoria de signed exclusively for musi

ractice roons.

¢ are concert halls, opera

howy
ses, recording studios and pr

Multi-purpose auditoria
The previous sections indicate that there are SOme conflics between the ideal
acoustic conditions for music and for speech. Compromises have 10 e made In

the de i
1e design of auditoria for more than one paIpose. and the relative Importance
Churches, luwn halls, conference

of
= cach activity needs to be decided upon. &
1 ulti-purpuse
tres, school halls and some theatres are examples of W I
auditoria,
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Sound pams in rooms 7 Y source of sound can be usetul <1
- 1 ’ A . - A o the source oy h!lﬂ.mhm i 3

A smond paiit OF SO T o

they mavel through a matenal o

ctor of sound

souind pays B & isedul techimigl

b3S

sound poths inside an en

reflection, absorption. (ra

with other wave §

exdges of objects and s

'-?{ i 8

result depe

nature of the 1

i s e i

Figure 11.1 Sound paths

Q ) 1 Ui

< anule of reRection still equals the:
. i ving effecis. Figure 11.3 {lhstrates

TH ow the two Iy ot curved surface,
REFLECT]ON types >
L

d 1o focus sound.
ul 1o disperse sound.

RS = * Concave surfaces ten

Sound i refleced i
B W-larger than the wvelengih
: equals the angle of incid
Remember 1hat 1y

1 * Convex surfaces te
e Way as T " S

s

Figure 11.3 Reflection from room surfaces

e

s angle Is measy;

he
wirface (the noemal and not measyre l
o rellection, the SRt lines representing « il
anad iy sound rays can be drawn on pla J
used 1 preddics some of the . o y
3 me ol the ellects of refle ton. The gy ¢ ol rapid /
. teflections o reverberation by o d in a larer = - _Lie
r I a later section ==
fecting surtaces i & o >
and 1o increase " are used 1o beip the even disiribution of sound
the overall sound levels by
The W reinlorcement of the sound waves 0
wctions dmnhlng vari Dvperruon by \e
here cm bie 1 ous reflection elfects also indicare that (O surtace

Bwanied reflections (echoes)
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. hal Science in Buding

i the acousy

S ol an auditoriymg, Figure 15.4
4 concert hall which mmﬂ

ection for

the curves are of

el elfex

gires and i

© surtaces et

such as

unsatisiacory aa

be satistact

10 the rear of the hail and absurbers used:
ditional ratios of dimensions for height

curves four

1)l allows more people in the sudience 1 be

fTer \':rwsuilhe!l*.‘ﬁ__l ;
outdoor theatres and amphitheatres and @n
he acoustics are not always optimised) orm

upon the

The

L 20th sec

; en d * nmmon in wraditional opera houses
checked by peometry and 1 11k F ck ol the hatl is broken uph!iiﬂﬂ._ eLs il
;-“-.I.Im; m. Late reflections can be ines n these tiers also act unm b
sirtaces that ! v
HIriaces [nat s
Fisister ' Figure 11.4 Acoustic features of a concert hall
decays, Tl

surides, espe

dispersion and abs

Standing waves

Each frequency of a sou
peralle) walls in g
half wavelength., Repeate
WaYES o room =

wi 1 A ks
# different positions. Stand €3 are most noticeab A
Frequency sounuds n smaller ¢ s a I genera rall

should be avinded

Hall shapes

Acuustic requinements are
an auditonum, Everyone the stage, far example. so good sight'
lines. fronn seats are 4 major requirement
Being able 1o see the stage abso hy
ssund which i an Imporian

not the only

s ol
the internal shape ¢
needs 10 e

; ot of
Fortunately, this requirement ©

! .'
Aps 10 provide 3 strong component of diret
feature of good acoustics. The aspects of shape

B e
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ABSORPTION a5 o ga

Absorption coefficient - =
P e Absorption 0w oA ~
Ahsarntnon L3 ,.,.'A
perfect smanmmer
=1 :
2= 2. g ¥
! : 25
e sed 81 ad

Menimum toe poor
abesrber or
certect reflactir :
srricular surface depends an botl the absorptian
I .x of thar particular surface
\} ahsorption = obrained by

Absarption coefficient
area of surface =
of that surface

T
able 11,1 Absorption c

L tiom of a m is the sum of the absorptions peowided ”“
pcts of alt aneas and theit

- omy, Thi the sum of the prod
v o

wal s t

as expressed in e fo

ients

¥i Area x Absorpiicn woelficient)

ve abwormtion coel
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panel v b
may be made o

ample in the torm

Types of absorber

0T
the airspace }
iIrspace heyond. The

= 3
. 1
L i

2nige 440 o 400

drfterant

Porous absorbers

inother, and the dosed i sntors are enclosures of air with one parow

+ acts as an absorber when ale in the opeming is forved to

air removes encrgy from the sound waves
ntatn material other than air and be pant of 3

s in a perforaied scoustic tile.

absorption coefficlent pver & very narmow band

rs a1 the resonant frequency of

1 absorption oo
| by the formula

neasurements shown in figure 1.7 - ; <
ncies is useful for comtrolling
s shown n Bguee U5

and 4 are the

The ability (o wne a cavity absaiber 1o spedficireqtis
TN sounds inside rooms; a1ypical response cirve




Practical absorbers

REVERBERATION
=

* Reverberation i

nd 1o decay by 60 dB

e taken for a sot

* Rever
everberation Time is

o 1o one millionth of the

et T 2gaedy level of 60 dB Is the sameas a ds
ound power and represents the decay of & moderately Joud sound 10
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w
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Ideal reverbera

» Speech

flacie

e

.t of the surisces




Worked example 111

N
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31 500 Hz

=

gy +
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' EXERCISES T e—
hall in worked example |13 4

2 yraw a scaled plan 3 a secti
ng needed i the walls 10 achjeye " ar use any suitable drawinge o s LSS kit e
detnt of-tiles = 0.4 at 500 Hay. iy suitable drawings of an auditoriym Choose &

fie centre of the stage and

0 figure 11,4,

; sound source
draw geometrically acourate

the reflections off the celling and off the
1¢ distribution of sound |
in the hall and suggest
r any arcas whe
ca © Cause acoustic defecis.

€ Nas a reverberation time of 1.2 5. Calculae

lagrams to show

arca of plain walls, The aregy
gebra as shown here

re reflections might

the amo il extra absorption require
Aba. units - OB ] equired 1o reduce the reverberation
T Saeng
DA% a .\ rberation time for a hall with a valume of
—————— 50 [ ne fofl

wing data for a frequency of 500 Hz,

umits eacn

erberation time for the above hall is 1.5 s then
iber of extra absorption units needed
\ cathedral has a volume of 120 000 m'. When the space is
tion time is 9 5. With a certain number of peaple
ation time is reduced to 6 5. Calculate the number
ach person provides an absorpiion of 0.46 m®

slar hall has floor dimensions 30 m by 10'm andaheish(lol

| area of windows is 50 m?. The walls are plaster on brick.
the celling is hardboard on battens and the floor is wont.l blocks on

r concrete, There are 200 fabric seats, The reverberation tlmtirﬁu::'d

‘_sd for the hall, without audience, is 1.5 5 at 300 Hz. Use table me
- he area of thick pile carpet needed to achieve
torrect reverberation time.
——

help calculate




CURRENT ELECTRICITY
CHAPTER TWELVE

Structure of matter

ms. An atom is the smallest pan of matter that has a

sarate ¢ . Aloms contain many smaller particles and among
Omic particles |1p}:‘—{hc; is an electric propenty
of charges: positive i+) and negative (-, The

R s

¥ e = .
tng aindt _.I liing the ronment in 1 modan 1 ; 1 lamental sub-atomic panicles which help determine the
ntilating and lighting all use alecirict, Feoa o ; give rise o electr lects. The important properties of
- g city can be controlles & ; particies are shown in fgure 12.1 and summarised

buiidings requires convenioe
2 supplies of slectric:
Jons such as the folowir - 1 ve electric charge, equal and opposite fo that of the
- .|:

¢ mass unit

0 1
ral nuceus.

s “I chapter expiains s * Neutron W ) ctric charee so are ‘neutral’
- - w
CIChy supplies. The text will snante * Neutrons i - nass as the proton

"
.

nucleus with the proton.

Electrons
* Electrons have a negative electric charge, equal and opposite to that of the
i ! -
: omgcmnnn.
* Electrons have very small mass .Jl\i"!il\ima“'l.‘ 171840 ¢

* Electrons are found surrounding the nucleus.
¢ centre of the avom but

size, the
\ . e, despite its small
Wntains all the protons and neutrons, Theref om. The electrons can be

The nucleus occuples a very small volume at th

Middeus contains nearly all the mass of an at

i ; the
: , cieus. held in position by
G cutrent electricity “onsidered as circulating in orbits Jrl)uﬂ:’j!l;::l:rtr\ﬂ awm contains the same

fve and negative charges are

“Pposing charge of the protons in the

Bumber of electrons as protons, so the posit

on, transmission ‘LN balanced and the overall charge ol an atom o cly weak lorces se outer

'{ The electrons in the outer orbits are held by l’lfh“‘wvm electrons in outer
orbits cag sometimes lose or gain electrons. Free viretrs

——

b



y

f

Qrits comaining -t S %
Urbnts . | = electric current fowing
13 edectrons whete 1=t lecri wing {A)

Q= electric charge (C)

t = time taken (s)

Pirsction of current

Electrons have a ne,

arge and, by the rules of
when electrons nuwc?h::gu;t:h:rma&]mgnﬁ
to the positive side of the eleatrical supply, a
OWeY Lr Oy convention, it is usual fo say thar direct
from .'vm:n-.; 1o negative. even though dm&mﬂy
1. This convention warks for practical problem

iined consistently,

102 positive

3 & @ble, they

shown in H
electnic ©

flow in the opposite

Not 10 szale

foimove from one atom to anothier. fomisaion is 2 proce<s in
manently gains or loses elecirons and so acqui
d atom is then called an jon.

galving as long a

Fgure 12.2 Electron and current flow

m from one place w0 another, by whateve wechanism
elecinic charge. It 18 this charge that clecrricity i« composed

y [
he Basic quantity of elecrricity 1*

ﬂim sleemicity 5 more fundamental than curremt
; elecrricity is more usitat in everyday applications
10 move o exist. A thundercloud, for example Effec
- > for exam f5 of cur o
ARy umty - which does not flow. except during a Current e o' g
e Eleairons are 100 small 1o be detected themselves. but the 7 mm q":";“
B - .J,' SOTic current can be known by its effes. Three important effect g Y

i

"ﬂ e ™ an electric current is said 10 * Heating effect: Current flowing in mnducrorsm!mhﬁ"m?;’d. Ay
l!gtnl.n} mechanismy for the wansfer AMOunT of hear depends upon the amount of current but does :
¥ described by the quantity of charge HPON its clirection Applications of the heating effect include electric

hcﬂmand fused switches a-#lﬁ' net
3 ritches.

“ fuctor a e L.
Magnetic effect; Current flowing ina and direction

The size and direction of the field is aﬂmddwth‘r ;ﬁl
e “ the urrent. An electric motor is one example noes cOUSESd
_u"ﬂiﬂ! effect: Current ﬂuwmthmh The hypeolchenge
it o ieal change and prodiices new -~ m‘ﬂ'm
upon the amount and direction of the curr iy

- Busaig electroplating and refining processes:

o
.



] 4 insulz o
m‘«i significant flow of electric current then the material i
mﬂm A material that passes relatively little P

‘materials whose free electrons readily produce a flow of
' is a liquid or a gas then the charge is usually transferred
ol lons, Common types of conductor are listed below,

r— .
tals: Examples include copper and aluminium cable conductors,
: Exan "nclude sliding contacts in electric moton:
d gases: Current can flow when jons are present, such asin

that have few free electrons aval
i types of insulator are listed below

, potential difference (pd or V) is a measure of the
petween two points in a conductor,

dﬂwmzh_dw
Unit: volt (V)

The volt is defined in terms of the energy needed .
5 : move an elecric
gecause potential difference is measured in volts it is charge.
sometimes termed

woltage drop’. Current flows from the point of higher
i higher potential
Jjower potential, as shown in figure 123, to the point of

Electromoative force

in order to produce a potential difference and the resulting current, there must
be a source of electrical "pressure” acting on the charge. This source, shown in
figure 12.3. is called an electromotive force (emf).

+ An Electromotive Force (E) is a supply of energy capable of causing an

electric current to How
Unit

Hecause the unit of emf is the voh, the same unit as for potential difference.

emf of a circ s sometimes called the ‘voltage’. Common sources of emf are

batteries and gener

Resistance

Some materials oppose the flow of electric current more than others. Resistance

i$:a2 measure of opposition to the flow of elearic current and is related to the

polential difference and the current associated with that oppasition.

. Potential difference (V)
Resistance (R)= ————7
Current (1)

Unit: ohm (Q) where | @=1V/A.

¢ o L
A resistor is a component that is used 10 provide resistance. and its resistance
depends upon the following factors:

* Length: Doubling the length doubles the Mﬂn i W

* Cross-sectional area; Doubling the ared 1ses with temperature.
* Temperature: The resistance of most metals metid BMW‘
* Material: The resistance provided by a cample, 1§ aboUt

value of electrical resistivity. The resistvity of mf;:‘ for . 10"““3 -—‘TT .

172 that of aluminium, about 1/6 that af iroR. 8855

s '—w.';
Ipical plastic. et

.| : o

ohm is the greek.
letter omega 2




and the current associated with a resistance may pe

Salies compared. For most metal conductors it is foyng that
& the potential difference (voltage) is doubled then the cuppgy,

This relationship is expressed as Ohm's Law.
% Law: For a metal conductor, at constant temperature, the curren
: p’mpqmﬂond 10 the potential difference across the

constant of propertionality is, by definition. the resist
getors so that the following useful expression is a result from Ohm's Lay

nce of the

*&ﬁ YEW difference across a component (V
o 1 = current flowing in the component (A)
 R=resistance of the component (Q)

I M. this expression can also be expressed in two rms as [ollows

B "
e

i Source of electromotive force. In most
0 by two obvious conductors connedting
i ‘svstems, however, use less obvious

means, such as the conduction of a metal siryqy
. ure ar
part of the circuit. For example, the metal o d:‘ the earth itself a5 one
part of the circuit; and the eanh ftself forms Pm::;“'l mmh
distribution of electrical energy to buiIdi.ngs, the dircyn for the
For simple problems the resistance of the &
Onnecti %
o be negligible. The voltage drop produced by .ng onductors s asumed

the resistance
of cable can be predicted from published tables and, if : dwm

lower resistance may be used. The theoretical layout of dircuigs is ﬂ:l- ‘mu*d
geometrical manner using standard symbols; as ysed for the diagrams lni:llli:

chapter. In an actual wiring system the conneqi ate utade i
: ons on
components, rather than on the conduciors as shown in the G
arcuit diagrams.

Circuit rules

There are basic principles regarding the behaviour of current. voltage and

to any circuit or pan of a circyit. 1f some of the elearical
ra drcuit then others can be predicted by the use of these

resistance n

values are k

layouts for connecting components in a circuit: parallel
gures 1 2.4 and 12.5 show the twa types of dircuit using
three components, but the circuit rules apply 1o any number of componenis.

Series connection

* Current: The current (lowing in each resistor has the ssme value.
* Voltage: The sum of the voltage drops across all the resistors Is equal to
the applied voliag

* Resistance: The total resistance of the dreuit is equal 1o the sum of the

individual resistances

R=R, + R, +R,

Figure 12.4 Resistors connected in series

] B L

' ' L :
1 & A7 ._—'

'Lt—-ov‘ o Vyr—" bR

1

i .

- ¥ ]

! !

i _ o

e f o

Paralle connection

) L .'gq_ual'miﬂl"w .
* Current: The sum of the currenis in all the resistor by ol -
Current flowing in the circuit

an oF

=t 0+




voltage drop (potential difference) across each resistor has
e: The total resistance of the drcuit 1s obtained from the

of the individual resistances

REEC . %

....4..,.;....

fl ‘l RI L8
s connected in parallel

rin paralle! and then
il of 24 ¥ is applicd 1o this

"
!
Total F=6S, Tol V=24¥
Vv 24
I= ‘R— =y 4A
Ic) Patential difference v,
Resistance R, =20, Cum:mina,as
Vi=1=R,
=dxl=8Y
{d) Curren
g
e ESnA
R 3
=2.6T A
Cells

A cell is a device that converts chemical energy to electrical energy and supplies
an electromotive force (emf) capable of causing a direct electric current to flow,
There are two classes of cell: primary and secondary cells.

Primary celis

* Primary cells are cells that can no ot be recharged.

is niot reversible and the cell must
imple cells, zinc-carbon cells, dry

Iver oxide cells.

Ina primary cell, the conversion of energy
be replaced Examples of these cells include s
Mercury cells, alkaline manganese cells and &

Secondary cells

* Secondary cells are cells that can be recharged. -l
Ina stcondary cell, the conversion process can be reversed: ﬂ!ﬂ:zw
Teplaced, and the cell can be used again. Examples of sec! ’ (NiCad) and
lead-acid accumulators used as car batteries. W“Mm M
Nickel-Metal Hydride (Ni-MH) cells found in imobile phones:

0d other portable electronic items.




umwmw

a::wndunms which form the terminals of the

el ks a primary cell which is constructed as shown in
s not a pracical source of supply as it ha |
ol palarisation. Polarsation is & reverse emf set up in o
5 m and dc}'lﬂﬂltd on the copper ¢ wde. The
re of simple cell is an nporiant mechanism in elecroletic corrosion
can pevur between neighbouring arcas of diffes \eials

emf=1V

ﬁﬂl-h-&: femmonest type of primary cell and s
, mmdﬂ’ cell is a form of Leclanché cell with
- rather than a liquid. The nominal emi of any
cell contains a depolarising agent. It is suitable

e of secondary cell and is used in most
# of lead and lead oxide set in lead alloy
rid. Each electrode changes from one
Is charged or discharged: the concentration

s af cell ate described below and all of them have the same

-

Figure 12.8 Dry cell

Binumen seal

ol the add electrolvi

Jead—acid cell s 2

Connections between cells

A Bartery is a comt on of more than one cell connected together to give an
r increased capacity (amp-hours).

ureased em!

* Series connection: This type of connection is shown in figure 12.9. The

sum of the individual emis.

* Parallel connection is type of connection is shown in figure 12.10. The
total emi of the bartery is equal to the emf of a single cell. The maximum

current or the life of the battery is three times that of 2 single cell.

total emt ol ¢

Figure 12.9 Cells connected in series

1.5V 1.5V 15¢

= | In .
— Ir it ¥
—— 45y ———>
Total emf

Figure 12.10 Cells connected in parallel

15V
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Power and energy

Electncal power

Power (P = Current ([} x Pot

Energy (£) = Power (F) = Time (¢

Unit: joule (4

wherte | joule = 1 wan |

otent

86,4 MJ 24 kWh

MAGNETISM oty sty

15 where clecri




-

Forces between
magnatic poles:
N+ § = attraction
N« N = repulsion
5 + 5 = mpulsion

glectromagnetism
Ic
»
- P,
ip ol i = £~ -
I
Ll | ] E~
Figure 12.11 Magnetic field of bar magne T oo ¢ T =
1 7
o —
= e,
»>
] nes
A 3
4
> A0 I
s .
conveniion, the eric | . m ards
When two mag . of gas and wale
towards or away al .
Iollows 1he general mle * Relay switches for cont ine circuits at a dist
* Unlike poles anr R s

* Like poles repel ¢

nother
nother

Twa tiorth poles, for ex ample, wil

0 away fre

< <hown in figure 12.13
and & south pole will pull towards one wnother

and magnetises the

But the movement of the




' the circuit at the contact points and the-magnetism dies away
ermatiire springs back 1o irs original position, completes the dreu,
— wrenihling of the armaiure can be used to ring a bell, or 1o
Y 1. for as long as the switch is pushed. This prindple of
iy »m fts own electrical supply on and off also finds \1Ses
bells and buzzers.

switch Suppty

1}
L]
i
b
]
[
]
‘
[l
1
]
'
]
]
[
[}
H
1
]
]

B e o

k?*m used Jor controlling one circuit by means of another
sses the force produced by an electromagnel. and a simple
i figure 12004, Switching on the conirol circuit magnetises
| m..&m attracts the armature. The movement of 1he
,!'!mﬁﬁnuhysmm and causes the main dreuit t©

““m‘dMl:h is that the control circuit can use oW
g h_ll 3 main circuit which carries a larger load and ¥

Mield carries a current, a force is found 1o 3
i caused by the interaction of two

Figure 12.14 Principle of relay switch

Contral circui

et

and the field due to the current. The strength
r is increased by the following measures.

trengin.

¢ conductor sited in the magnetic field.

field is in the form of a loap or a coff then a
i coil. These forces act in opposite directions and
¢ a turning effect, called a torque, on the coil. The
~carrying coll in a magnetic field is the basis of
nt motors and electric meters.

Electric motors

2 device for conventing electrical energy 1o mechanical

AR electric motor is a
,duced when two magnetic fields interact.

fmergy by using the force pro

Simple DC motor

¢ works would
The simple motor illustrated in figure 12.15 8 aﬂt::ﬂs“ U::H b‘““d the
escribe and they also apply to
free to turm on an axle.
am' which shide

Mot be used for a practical machine. However
Operation of a simple motor are convenient 10 d
Practical motors. The coil is set in a magnetic field and is
The DC supply is connected 1o the coil via conducting

gainst the rotating commtator
ga el produces forces that mum
When current flows in the coil the motor effect the supply and
the coil. When the coil is vertical the commutalor W‘“’h OIS
the coil continues wiming by momentuim. The

reversal ol connections CISUIE
the coil 1o the opposite supply terminals the same side ol the mMOtoL
that the same direction of force always - :
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Figure 12.15 Simple pc
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Adjacent ct

Principles of induction

» Lenz's Law
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Transformers I :

A major rea
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Worked example 12.4
\ /
A ansformer y SO0 tarms o \.\-r/,
seconadary ol 0 ]
o 250 mA Moy in the f
a1 Calculate the emi of the weons !

bl Caleuiate the currem Rowing i the
frEnslormer s 95% efficient

™ Knuw N =600, v =1

v, =230 N 3

Using wransformer equation
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T 2 Supply
RMS vaiue
RMS = 0.707 pesak "
CaK
Same A
’ F hase, four-wire AC supply

Fi y 12.21 Three-phasa, 10!

The power tactor ha

WS apparent power

grnerate 1

APpears or

lacior (085 for exam

Devices with stmple

A their active e
Induction coils, sych a% miotors for
Low power faciors am be improved by a
o talance the inducar

WMVe powers

) capacitance
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The term power
used with

s often an energy

CcHP 50 000
Wina 1000
Solar parl a

POWER SUPPLIES

A pablic supply of eleqrical <
Mapufacturing

buth  environme

con

electric power systems will also need

A complete power syste

proxinang clc r
used. A pOWer sys
» Generation

* Transmission

+ Distribution

clectnaty

Power stations

All power stations

vl
The ot

23000 A 3t 22 K\

important

Steam turbine power stations

Traditional

prneTatnm
M e

the fuel and heats warer 10 nn F rifahoaban,

The steam b directed onto the bla

mechanical energy and turmn
Waker retumed 10 the boller . I
The efficiency of the boiler

is the main
" d

echmigues, stich as Buidised-bed combustion

‘ bustion, «
hesmal POWer station can, however, use low -Quality
from the boiler can be used as 3 s

b
building aggregate. The conden

nd power (CHP)

Combined he

r hot water

tler some improveme

r At

tand the ash recovert

enis

stion ol

hdda
- ; % LY
Rl T
—»

in a single process The heat i
' : ¢ thermal
energy and their wall
CHP 52

nid powet -
Fot example, lange juolate

ounts of steam

n a way 0 wasted eneTgY




by T"ﬁmm-m such heat from elecricity generation for in<
or for community use such as disiicl heating (DH)
: The design of combined hear and power plant can be opli

wmw achieve efficiencies of up 10 90%. CHP |
steamn turbines. gas wrbines or combinations of them. Typically a ant is
D ich smaller than a large traditional power station and needs 10 be attached
.- 1o the site which consumes the heat and a large proportion of the rial
W power produced. This armangenient for the elearicity avoids significant
= transmission and disiribution losses via a grid

mm-ﬁaﬁnmm thermal stations where the |

; from a nudear reaction rather than by buming o

. elements, such a8 uranium and platonium have unstable
e neutrans. These newtrons split neighbouring
 newrons and producing heat. This fission reaction is con
ﬁma chain reaction by using moderator mat

whi 1 absorb neutrons without reaction
5 'II' - feavibr conalsts of & central container holdin
‘—"" hﬂmm surrounded by control ¢
S % of some control rods starts the
s, MMMWM reaction. The he.
' ‘!‘w from the core 1o a beat exch
i ‘_.m Becawse the core and the coo

_. ‘bmm resetor IPWR) s a commion 1vpe of reactor
L= 8 e eondlant in the reactor s water which !
ri: mtitbolling. The advanced gas-cooled rentor (AGR)
| uesa wdioxide gas as the coolant. Breeder reactors an
_me eunsume, a3 a result of the nuclear reaction
Aantages de for nuelear power stations are that they
upon fossil fuels, that their emis<on of greenhous i
MM apeting costs can be Jower than those o ermal
w B duclear power stations include the harm that

- i .Gnﬁh.n‘l.saml Waste products can cause 10 people and
_ The dangers associared with the disposal and storage ol
e ,r'-'mm«r stations will continue tor 1housands of
fEREY = ovl TEaqors depends upon the celiability with which
Mperated under practical conditions.

.'h

reactors

:I'ﬂle Kinetic and potential energy of running
- Alarge quantity of water at a height is necded 10

provide enough continuous energy. ki is
&+ AL 1s wonth remembering thag
the origina
water by means of evaparation,
and a reservoir of siored water:
or tunnels and Impans energy to the water

source of

1s energy 15 sunshine which lifs the
A dam usually provides both the
Th

. head of warer
water Hows down pemsiack pipes

turbines which turn the generators,

vantages of hydroelectric i
power stations are that their
neTgy source

. ! -\|.1<.'ra[ing life and they need few siaff The
b hydroelectric stations include the very large capital

ring work. Suitable sites for such stations are
long and expensive transmission fines o transfer

is free. they have a long

Vil enginee

nited and usually need

nergy ¢ COTISUIMETS.

Transmission systems

he uscful property of being easily transferred from one
smission system, as shown in figure 12.23. consists of
fines, stations for changing voltages and for switching.
i control. The energy losses in the sysiem must be kepe 02

dllernating current is used in nearly all modern: power transmission

s easy to change from one voltage to another. and the
e i 1w involved in AC are simpler to construct than for DC. To
Wita th transmission effidency the current needs to be kept low because
sses in a line increase with the square of the current (P = FR).
also require thick conductors which are expensive and heavy.
amounts of power at low current there must be a high
Transformers are used for obtaining the necessary high
ed to supply the high insulation that is

1 large

¥ = I.. )
wide air gaps are us
needed at voliage

Transmission lines

srs for overhead transmission K
. smission of three-phase supply

steel core added 1o give strength, The tram o
requires three conductors, or multiples of t
Transmission towers of ‘power pylons' are

the air. Air is a convenient cheap insulator but oxi s mﬁgg
8aps in order to prevent shor dreuits through the 2t m
from the rowers by solid insulators rmade of mmw
lines operate ar voliages of 132 kY and above. The R Ny
i8 at 400 kV and some countries have L www&rh whote length and
In a buried cable the conductor must be I
Protected from mechanical damage. High mwmtvu-ﬁﬁii
special cooling in srder to be efficent. It 5P ad s,
cables but the cost is 10 to 20 times greater

The cond

High currents -
high heat losse

UK gndt voltage
is 400 KV




Switching g Grid
stanon ——

s
Dwtributin
Srarvbonms 3ty
4
i ;'- - d15Yy
230v)

Systems need provision for changing voltages, for re-
<y for protecting against fauls.

'h! are changed up or down as required using large
= Vare immersed in ofl for the purpase of cooling as well as [or
Wm for example, a 1000 MV transtormer might step-
FIEVOrs 10 400 kV for the transimission lines. At distribution
s stepped down 10 132 KV, 33 kV, and 11 kV.
® substations where a number of transmission lines
electrical energy 10 be routed 1o where §t s

Bectriciy Suppies 288

required. When lines carrying large eurrents are

. disconnee ot
form arcs of flame which mely contacs. Ciraydt hreg oo

kmirtusedmmmu,

disconnect the transmission lines

of air. Protection SYSTems are dévices

faults on a line and then immediately isolating ¢

which act as fuses by.wmmg

he line,
Transmission control

tric power grid is a large system of interconnected power stations and

rom any power station is not dedicated 1o just one area
but can be distributed to other areas as required;

s of supply grids

VeT operating costs are possible.

. 5 T can be supplied by 3 number of power

' et breakdowns in generating plant and transmission Hnes can

. ema

Disadvar grids

; ep all the generators working at the same frequency,
essary for the transfer of power.

* Surplus heat from thermal power stations is often wasted,

United Kingdom electrical supply

United Kingdom is generated by steam and gas
as their fuel. Some nuclear energy

Most of the electricity in the
= val
ttirhine power stations which use gas orco jeity e
I electricity from
s generated and the UK often impors muimr—gcm:-!ltzmmm
L W pOWeT
france. A very small proportion of hydroeleattic pe il

Scotland. As part of a national commitment t delfdus’c“m“l'msﬁm

are 1argets for the UK 1o generate more electricity using

fenewable sources b g ties in the range of 2000 0
Large steam turbine power stations e mrﬂi&ﬂi the average

4000 \;1\\ and the trend towards larger units has -

ellidency ol such stations 1o around 35%-

tatio of the net output of electrical energy 1 Mbmmw'

total generating capacity of Unitexd Klﬂwﬂwwrnﬂw United Kingdom have
Typical figures for electricity consumpt

shown yearly totals approaching 400::. ull-' about one third of this “
energy. Domestic users and industry o used “wmim'
About one fifth of the dumrsﬂl-'flmm A

and abour one sixth for water heating.




European
CONSUMe! voltage:
230 V RMS
nominal but can
vary within agreed

General distribution

_ELECTR_IEAI: INSTALLATIC
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IDIMIMIm wiaslag,

PROSeCuon ol peoy

ey ot of fire

means

compliance with

ol solation
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ANSWERS

1 8W 6912 klor0.19 kWh

6 3527 W, 31.42 MJ, 148.5 min
3833 tums. 833 A

8 3400 W, 17.40 A, 2461 A
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FLUIDS AT REST
.———_-—_______————_________-_—

O5€ part e {r 1
particles are {ree 1 o ove their positions. Lic

juids
share COmmon

Propertics as fulds, although
sed as differént nates of maner. The seéctions in
cted towards under

b 3 i
nd gast Ire oLl 3

standing the flow of
cmember that the general principies described
i low ol air in vemtilation ducs

* lorce acting ar right angles on that
. An area which ks submerged in 2
T, experiences a pressure caused by the
n the area of the base

d at depth fr int a Auid the foree on that

f liquid or gas above the area. The

¥ e arca

« viliame
Y ing i 11541
Forg
re
Arca
We can write
mg _ pVe _ pAR
Pressure= =— = 1 ==
sure al any
i general the press
The area A in the expression cancels <o thal, in §
i L

formula:
peint in a fluid is given by the following

|p=pah

e
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wiheTe

Units of preasura

+ The pascal

Principles of Muid pros

LTI
}‘fl'r BT mMeanurameant

¢ Absoline pressure

* Lauge pressiing

Figues 101 Prinoysiey of

e
<
“\‘\ K
\
N
» p

on immarsed surmaces




fit) produied by the force. These comsiderations alao o
tetaining walls as most solls behind & wall rend o a1 1)
foree on such a surface can be calculated from e
ot and e area of the surface. A submerged plaie
- forces aating a1 many different points. 7
plate is given by the following expression

ﬁ:;ﬂ.lmﬂum lorce of thrust (newions N)
= pressire at the cenme of area (centroid) of the immersed ares (Pa)
Immersed area of the plate (7

ER, & shown in figure 13.4. the centre of area is positioned

ﬁ ¢ Although the centre of area (centroid) §s used to
3 lﬂuilnl loree, this force is exerted at a different
® centre of pressure.

re is the point where the line of action of the

hﬂau!bclmv the centre of area of the figure.
oentre. of pressure s at 273 of the fmmersed

Figure 13.4 Force on an immersed surface

h2

1 force is calculated using the centroid - such as

ir Striace

force is below the centroid - such as at 2/3 of

Worked example 13.1

ice gate ks 1.6 mowide and is retaining water 1o a depth
Late the sidewavs thrust on the gate produced by the
tensity of water & 1000 kgim’, and gravitational

acceleration s 9,81 misé,

=l6x08= 1.28 mr

1000 kgim?, g=9.81 mis. A
I = depth 1o centre of arca = 0.4 m.

a Inrpwssllﬂmdm :

Using 2 sultable formul

P.o=h . il
= 1000 x 9.81 x 0.4 = 3924 Pa -

Using the formula for force and substiruting

F=p xd
= 3924 x .28 =3023

50 lorce on gate = 5023 N -—_:-

s
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- We also know =
: ial We

Q= llow rate ym'/s)
¢= mean velocty of flow (m/s)
4 = cross-sectiomal area of pipe (M) Ih We

Continuity equation
Figurs 13.7 Continuity of flow

know V=23
=2nlx lLS=t6m

) = 6/300 = 0.02

rate = 0,02 m'/s

know Q= 0.02 m's

—Toion of Water Techviciogy 389

1=5%60=3005 Q=2

ng volume lormula and !llb&'li[‘mns

y=2

=2 A=axr=ax (005"

N forem
¢ lormuls and substiniting

Pipe deereaves i
r o hen the velocity of the (o im i

he pipe must (ncre
- AL The

Wessire o
Pressure energy when it is low

\ -
particle gains kinetic energy i moving fram pot

b .
e of fis pressure energy or potential eneTgy.

The Bernoulli principle

A particle of fluid, as shown in figure
ered from point A to point B

the gene
he general law of conservation ol e0etEy. w

v - = 2,546
2546 mi/s
FLUI 1= =
FLUID ENERGY
- . —
r 13,7 thows a pipe. which smouthly d
» wwving Hauid is made up "
Hquid flowing in the pipe i Incompre 2 liquid is made up of the three componenis
Ahien thee mass of liquid lowing past cach poin no
I“’: each poimt in the pipe must be th | * Poie nerey: the energy assodated with a mass of Tiguid at a height
R é UL dt a heg
mtinuity the quantity must remain unc s
Q= Rt ergy or the work assodiated with moving a mass
. i 381 . 1
By deliitlon, @ = ¥4 s we Gan also wrlte Kinetic energy ene yssociated with a mass of liguid having a
'!An =yA
cl
i 3 : a moving liguid are usually quantified in terms of
_hm tesult of this continuity ¢ L lent pi T W liquid -;\- ol v ¥ ares. The th \
BRI b (st b ke % i of liquid, measured I metres. The three [ypes of
~ the diam wail are ow and shown in lgure 13.8

measure of potential energy
is 3 measure of pressurc enevgy

2¢) Is a measure of kinetic encrgy

13.8, loscs potential energy bur gains
n figure 13.8. Hhe
nt B to point € then it must lose
This is a particular pxample of

hich states that the total energy of




s

X a dosed system must remain constant. When thi
U Muids it & ssated as the Bermonlli Theorent

mawing ffuid ks constan,

This statetrient assumes that there 1s no loss of en
such & fdadon. The Bernoulli theorem car

equation.
|_- & Potential + Pressure « Kinetic = o
- ® chetgy Energy el

The Bernoulli equation
e By welerting 1o ligure 139, and by writ
' i'\-' -eonstancy of energy can also be writien 5

a+m~§=a‘nvf
~ Pressure and velocity
’ l__*' &Wlﬁphﬁn cunstant datum head
.7 -ﬁlﬁzm thearem simplifics 1o the |
B humn’

Kinetlc energy = Constant

; '.~ ﬂ‘jﬂr\g WAler or air Increases
3 hlatlbrlmd eneTRy constam

» Bernoulli Theorem: the wial encrgy possessed by h

and ¢

tHowing expn

the kinelic encrey

may jnitially seem

Bumber of lnporag effects associate

Figure 13.9 Total pressure of moving fluid

¢ wing than at the bottom. The

{ the so that there is

auses a fifring force when
vinds blowing around a

5 enough o cause windows o be “sucked’ outwards

v the pressure In the chimney

ev 1o ‘draw’ smmoke outwards more effectively,

Flow measurement

e is also the basis of many devices that are used to

ers. channels, water mains and sewers

Venturimeter

which measures the flow rate in a pipe by applying
pressures measured in the pipe. A constrcion is
n the pipe and pressure gauges are fitted in the pipe and in the
I the constriciion, as shown in figure 1310, The liguid Howing in the
wity and therefore. by the Bernoulii
the throat

The venturimerer is a device

the Bernoulli principle 1o the

reduced cross-section increases in vele 1 :
Principle. it has a lower pressure. The pressure heads in the pipe and
are measured and vsed 1o find the flow rate
The Now rate or discharge vares in direct
Pressures measured by the meier, A dired reading o

be cal
from a suitably calibrated gauge, o else the Mow rate can

proportion 10 the dilference in
{ flow rate can be made
culated trom the

I\lllu\utm formula




—h
’ Q= Goa BT

-—.'J, " whete @ = llow ratein the pipe (m'/s)

oA .‘_- orss-sectional area of pipe (m°)
g = gross-sectional area of throal n°)

S8 H=pressurc head in pipe (m)

. = pressure head in throat (m)

A # = grawitational acceleration (mi/s)

g 1281 my/s Is a working value)

l: ' = the discharge coefficient for a particula

I ':‘ m::!mmmh used in water maing and the | gy that

1 S i the meter b minimised by using s long 1apes

I8 ane form of device Tor measurin 1w the flow of lig in
apen channel. The following devices can also installed into pipes and
‘measure llow rate,

* Pitot tube
* wiern,

these: devices make use of the Bernoulli relationship
MM“ we make a liquid or gas change velocity and
. .m onheight caused by the change in velodity
AL equation (o work out the flow rate. The Bemoulll
Practical coefficient which makes allowance for
assuclated with the particular device.

Fler i another form of device that measures fiuid
fr whose speed has been calibrated with velocity:
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Energy losses

» Bernoul

Accondi Ii’s theorem, the total energy

of the i
1 practice the: liquid flowing in a

€ 15 3 continyous foss qf ETergy. even in a
n the fiquid and the Pipe wall is the main cause

pipe is con

horizontal § Friction betwee

of eners 1 he size of the resulting pressure drop depends upon the
o '

* Ro ! npe wall * Velocity of flow,

. 1]

* Turbulence of flow.

Viscosity and temperature of the liquid.

hese lactors makes the theory of the pressure loss
the pressure losses that can be expected ina
use a number of practical formulas which

able results for different situations. A general

and practice is that the pressure lossesina

lare of the velody of the liguid. Pressure change
describe formulas used w predict pressure varies with the

s, Despite their variety and apparent  Square of velocity
llowing square or square root relatonship a1 the

char

vee v

v that determines the fow rate out of a tap or

11 example of the effect of the velocity-pressure

on a system s doubled. such as by

pressure
y ht of a header tank. Although the presure H is doubled. the
elocit . : Iy 2 or 1.14. Therefore to get a
velocity v d 1 double but only increases by V2.« o
L rate from a given tap the pressure memm
T square oot of

pressure change

Figure 13.11 Flow in full pipe

Pressure gradient




s an example ol Tiquid flo
w’ re. Cont of flow is
ﬁ-m‘ :‘::L:glh Friction and other losses in the pipeline
pressure .hud that drives the flow to be gradually lost, as shown in
. y be necessary 1o replace the losses with
. from an outside system stich as @ pump. _ .
Bemoulii o eguation and the continuity equation are the basis for
ﬂﬂmﬂﬂﬂlﬂs pipeline flow. Numerical vahies need 1o be found or
H".ﬂtm‘!om!aﬁuﬁ causing etiergy losses. Darcy’s formula, given
ﬁnd&éiﬁmﬁﬁlmhtltmu:i;n that can be used for predicting the
head lost from a liguid flowing in a full pipe beca
Mﬁqﬂdmd the pipe surfaces.

wing in a pipe that is completely full
malntained within the pipeline even

L = length of the pipe im)
%imllmj‘ of flow in plpe (m/s)
D= imtemal diameter ol pipe (m)
h ] 4 = gravitatlonal acceleration (m/s
1981 mi i & working value)
ol MW eoelfident (dimensionless with n

-
; Mrl'!'ll:'lil:mal eoefficient fis lound in 1ables and ranges |
£ smonth plpes 10 0.01 for rough pipes. The

g upan the accuracy required. engineers use Vanous
derived lrom the Darcy formula or other theoretical analysis
% The fllowing equations are found in use.

== 97 -

ot smooth turbulent flow
m.hl’ transitional turbulent flow
. ﬂhw turhulent faw,

; w with tables of practical coefficients for factors
between variables can also be converted 10
id losses for various types of pipe and fittings.
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Pipeline formulas

Blasius equation: ¥ = 75D 59
Hazen-Williams equation: ¢ = 355 Cou DPSY 04
Manning equation

= (0.397 /) DM g

Where

oss | length of pipe = #i1.
ims coefficient

Flow in open channels

a1
n

gutters, drainpipes and sewers are examples of
figuld flow iels or partly lilled pipes. Even though it s

nderg: un still acts like an “open’ channel because there is constant
weric pressure, on the surface of the lguid. The liquid
and the force producing the motion of the liquid is

balar | iin forces resisting the motion
1 ; v of liguid in the channel the energy lost by Inction is
balanced by the tential energy of the liquid. under gravity and its total

< it flows, For the analysis of open-channel flow the

figure 13.12. are used.

ion is the length of contact between the

& Wetted perimeter i a Cross sect
liguid and the channel surfaces.
¢ Hydraulicr 2 is the ratio of the cross-sectional area of flow A and the
wetted perimeter P, so that R'= A/
4 . ad H
* §=slope or hydraulic gradient is the ratio of the loss of pressure he
and the horizonal length of flow L, so that §= HIL

Figure 13.12 Flow in open channel




: in between the fall in height of a
! Wtﬁr relationship Mo Lot
g - and the velocity of flow that this ]‘.-"Iﬂn“- The
channel, such a;t.gu:;:nmmml has a constant gradient and is of u
formula assumes
© cross section and roughness.
L

" where v = mean velogity of flow (mis)
TN R= hydraulic radius
- § = slope or hydraulic gradient .
i icular pipe
[ ¢ = Chézy coefficient for a P.m““
{for example: ¢ = 50 m"/s)

‘equation for open channel

: : g : i is @ widely-used ad
Manning equation for open chanme y
am bazed on practical measurements

y={lmR" 5=

 where ¢ = mean velocity of flow (m/s)
s R= hydraulic radius
-~ $=slope or hydraulic gradient
i = Manning number for different types ol surface |

E typical values of the Manning number (in ur
GIbss 0,010 Earth canal 0.020: River stones 0.0

4 A venturimeter has a throat of 80 mm diamey

——
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e

T and is set in a

1 the measured Pressure
the throat then calculate
sefficient for the meter is

horizontal water main of 150 mm diameter. |
heads are 13.7 m in the main and 10,5 m in
the flow rate in the pipe. Given: discharge ¢
0.98: gravitational acceleration s 9.8] mis?,

5 A 100 mm diameter water

main is required to discharge at 0.035 m's
bore. Calculate the loss of pressure head that occurs
' m horizontal run of this pipe. Use Darcy's formula and

a friction coefficient of 0.006 for the pipe.

n of 150 mm diameter is laid with a fall of 1 in 40 and is
Il of water. Assume a Chézy coefficient is 50 m'®/s._

flow velodity in the drain.
discharge rate (in m's) for these conditions.

oikfilled manometer measures a certain pressure the
ol levels is 240 mm. Express this pressure as an absolute
- Given: ity of the oil Is 830 kg/m"; gravitational
11 5 9.81 mis.
: B 200 m in length, has a vertical face which retains
depehyol 15 m. Calculate the horizontal force on the dam

the retained water. Given: density of water is 1000 kg/m’;
Acceleration is 9,81 mjs:,
: ' PIpe Tuns into a 150 mm diameter pipe with a
0.04 m/s. If both pipes are running full bore then

"

ANSWERS 4
I 1954 Pa < o
¢ 220.7 MN |

- I‘
3 1.273 mis, 2.264-mis
s = .
4 0.04] m's 5
5 3643 m ,I.

"

6 1.531 m/s. 0.0135 m'is f =



workd's weather. espacia,
.Water is also essantial for 11::

but much greater an tr
300 fitres. The fotal supol,
forour neads but

Bre combined with poor

s,

ﬂ;ﬁ!ﬂhmy water suppi
d. By studying this chapter

NATURAL WATERS

The hydrological cycle

proporti the
A certain pr on ol the world's natura) waler Is involved in a continuous
cvele of rainfall and evaporatior

i sraporation. This hydrological water cycle, illustrated in
figure L4 1. 15 made up ol the follow; ing stages
« Evaporation: When the sup

1 shines upon a surface of water. such as (he
the water ey apra

tes irom the liquid state 1o water vapour.
T vapour

which, becoming less dense than
he atmosphere where it is circulated by

« Condensation: Wher

apour becomes cooled below its dew

« Precipitation 15 i a cloud are large enough they
* Run-olf rtion of th t lalls on the land where
a5 the sea by two main routes! as surface water such
1 as ¢ ater which percolates through the
riace of the land

drological cycle by absorbing moisture for the

wd by emitting water vapour in the process of

Irological cycle is provided by the sun which

evaporation hen raises huge masses of water
The many components and mechanisms of the cyde

ther and achieve a complex natural balance

ps. be upset by major changes in some parts of the cyde.

Chemical effects

Chemical terms

chemicals by their common names. of by outdated
lists equivalent names for some ol the substances which
[‘ﬂ‘! His llf watcr .\I.Im‘lii.‘s and water mmeatment

elerences

dre commonly referred to in desor

Figure 14.1 Water cycle




meters whiich detect 1he

Number of N LS

I Lot or st and nelther acidic or alkaling

and s sometimes (enned a ‘universal

'-‘hmm““? Pre; even rainwater. which
AR e air, Water which flows over the

. o ——
Chawrdicd formmasda they 1 i i
wh a1 —
. lirrws (mdnke de-tat
IO i) iy
p:h:_d_l_ Ey
m.l‘_‘.".
-F_llﬁ,'l
TR i Clteriaty MO
: “hn-”mu\um N EDeEny) |
ﬂMmthm o chemieal componinde o ive and
e WER ey aee vty strong bui many subsian ol
ot alkal ml’m are disolved In warer
.
i W#‘..MWhhh oonaing hiydeogen st o
e ¥ e by anhier vlements
: LRI O dtr s & Sbstance whtich riedieslises
foma freiin iy,
hmf‘“ MMsee hydrogen jon H* when o) ed In water
.-".m“' 1he achdiny o MRalinity of & solutian. rated on a
mm“““"'ﬂllﬂll)ld the lydrogen tan piresent
= Wndicutes an a
T < Indicates an alhgn
4 ""U'htmd.lw chemnical measurements, or by using

grface of the land or through the

Rrousd: comes o comiser with many
whstances and takes some of these subwtances intn solution ur into uspension
fhe impuaaties and qualities thar m

8y be found in navural warers can be

conveniently described under the headings used below

Inorganic matter

Dissalved Inorganic chemicals

such as sales of calctim, magnesium, and sodium
water, which is discussed In o lover seetiin ol this chapier
minute partcles of sand and chalk, wiieh
sl enough w e evenly dispersed as

wlour and cariry of the water, A dharacteristic of o
eparated by settlement of the panices

¢ matter inclied

P water, The partiches ar

Cirgan, nafter
crials uwnally have animal o1 vegetable orgins and the
W [ ecay include ammonia compounds, Suspended rganle
ricles aof vegetable or andmal origin such as Nibres
I‘. J i
[1E¥ il inall arganiams such as corain hactena, viruses and
it can be cardied by water 1 a supply b allowed s
Faamples include typhobll cholérs and dyseniery
Polfut,
il extra impurives to natal water mainty in the torm of waste
o ¢ nd trom tdustrial processes. Damestic seywage carries
{ivea . which must not be allowed 10 contaminate water supplies. The
| p— nrent of household sewage can alsa be high arnd diffioult o remove

ihal can contaminate water supplies Ipclude ok

atid mervury. Incregsed agricultural vse

ntaining cvanide, lead

componnds ¢ ¥ g I the
of Bhisiaenius ferilisens wikidh e NS trom Belds or seep 0L g

| I | an lead to excessve niirate compannds i ¢ :
underground waiter sources, o -~ . salth harard,
water supply. Ceratn levels of niteates are thiought 1o be 4 he

upecially o young children

Acidity
ral water s invariably
Piire water Is chemically pure with & pH ";-': but natu
adldic or alkaline with a pH range of 3.5 10 disolvedl catbon dioxide and
Actdity i natural water Is usually vauved by

alwy
- waters ane cufrosive and
Wissolved opganic substances such as peat. Acdie ved into the water Trom head
COUSE plmbo-ssivemy where Jead, a polsan. I8 dis

f i
more comiton than sddity
tanks or pipes, Alkalisity in nanural water ll“ -
usally cansed by the presence ol hydrogen cart

Water Supgies 311

pH = 07

pH = P14




5 OF WATER

with the substances producing this *hardness’. Thi

contiiciing effects because it qauses problems with water
‘suth as bollers but i is also associated with primeral warer and good health

' u

asurement of hardness
y ;‘h‘mbmﬂh}' the degree warer in which it
7 mﬁ'dﬁu Iather with soap.

.

" Uniemilligrammes per litre tmg/litre) of calcium carbonat
Jrrespective of actual sslis present

1pary-per million (ppm) is approximately | g
sgree Clarke' 16 approximately | part per 70 000

s of hardness

Harass

aolt wiatior

SOty hard waiter

o o waler

L % of the public water supply in the United Kingdom i
Brugdlisze, In general, hard water comes from undergr
bWater cotlected over ground containing solulle salis <
‘i lmestone areas foc example. Soft warer |

S e over impermeable groand, such as ir

.ﬂm o Bandness of water. defined in the foll
hﬂ-l'm Bypes of hardness are panicular)y rele
 Water, which are described in a later secion

3 waler contains substandes that form a curdy preapiiale or scum
to lonm a ¢ until enougil sodap has first been use
Ml s B phas i e Uses

parmanent hardness

« permanent Hardness is hardness in warer which can nog

boiling.

e removed by
Methods of removing permanent hardiess are
permanent hardness is usnally ¢

described later in the chapter.
aused by the presence of the lollowing sales,

s CaSO, calcium sulfate

« Mgs0 1 sulfare
s CaCl calcium chloride

e MgCl magnesium chiloride

Consequences of water hardness

the advantages and the disadvantages listed below,
Public water supplies are mor usually treated for hardness and the suitability of

} untre pply needs 1o be assessed for each application of the water,
are sold at premium prices bectuse they
» hard water

1 it Cd
Disadvantages of hard water
. W . curs because of scale in boilers and pipes.
+ Detet Gor il damage w boilers and pipes is caused by scale.
= Wasta | energy occurs before a lather forms.
s Increa roccurs in textiles which have 1o be washed for longer periods.
o Indust s are affected by the chemicals in hard water.
. al 1aste of lood and drinks can be affecred by hard

Advantages of hard water
* Less toxic lead is dissolved from pipes by hard water:

* “Better taste’ is usually a feature ol hard water.
* Decreased incidence of heart disease appears to be associated with hard

waler

SOURCES OF WATER

Rainfall is the original source of the water used for
aporates from the Earth soon after it falls as rain. Parrof s
the surface 10 join streams and rivers, and part of the water percola

gound to feed underground supplies.

The and underground water varies T
)
balance of evaporation, surface water

t = ol A ypical 3
With the panicular climate. the district and meﬂmmmd i 2e,

Moportion is one-third evaporation, one-third run: 3
A arger propartion of the rainwater is lost by evapor \

=




wsually classified by the routes that water has
drinking water the main categories are listed
that follow.

Examples include streams, tivers. lakes and reservoirs
nd water- Examples are Springs and wells.
collectors: Examples include roofs and paved surfaces

on sails or parous rocks, such as limestone ar sandstone, some
ks Into the ground, When this water reaches a lower layer of
dal. such as clay or rock, it may be held in a depression or it
wpdlheimpﬁmuhlr faver. Such water-bear et

" and & cross section of one 8 shown in ligure 14.2. The w
p plane of saturation Is the natural level of the underground water, The
i i some aquifers Is ‘conlinied” and held below the water table by an
rmca Tayer on top of the water.

pis 2 source of groundwater that occurs when geologic
WAlET 10 emeTRe naturally, as shown in figure 14,2

Water Supgies 315
wells

wells are a source of underground w
ater but. unlike spri
. springs, the water m
ust be

artificially tapped by boring down 10
¥ the supply. Wi
. We classified
types listed below and shown in figure 142 ‘ o i
« Shallow wells: Shallow wells lap water near the sur
SRR \ arface,
« Deep wells: Deep wells obtain water below the level of the fi
TMCTT : | layer. : ¥
impermeable layer. Such a well is not always physically de pmt
« Artesian wells: Artesian wells deliver water under their own heads of
o

pressure, because the plane of saturation is above the ground level

s -i'\. shallow” or ‘deep’ depends upon the sources of water
of their bore. Shallow wells may give good water but there
rom sources such as local cesspools, leaking drains and
lly yield hard water of high purity. The construction of
Tes 10 prevent contamination near the surface.

Water cted in upland areas tends to be soft and of good quality, except for
vegetation. As a siream or river flows along its
from farms. roads and towms and becomes
re. Many rivers receive sewage and industrial waste from

: and factories and are also required to supply fresh water to other towns.
{ that the levels of pollution in rivers are controlled and
t even rivers flowing through areas of heavy industry

+ are managed correctly.

g river tends to purify itself, especially if the flow is brisk and

This self-purification is due to a combination of actors including
sedimentation of suspended material, the action of

sunlight and dilution with cleaner water. Even so, water 1aken [rom a river for

eds treatment on a large scale and such

| and bacteriological content.

use in a large public supply usually ne
water must be carefully analysed for its chemica

WATER TREATMENT

The variety of types and qualitics of patural waters described in the previous
section indicates that there is a wide range of substances whase mnmmm
may need 1o be adjusted before water is used. The water ‘!or a public water
supply is required 1o be “wholesome’, meaning that it is suitable for drinking.
The following properties are destrable for good drinking water.

* Harmless 10 health o Sparkling

* Colourless
* Clear o Pleasant 1asting-




r Water (reatment ar
al techniques used [0

sedimentation and clarification.
ﬁ]’l‘. L 5ib sand fifters. rapid sand flliers, micro-sirainers. membrane

r*“dﬂ:rlnlﬂﬂn and ozonisation.

e for the trearment of a particular wates dep
na supplies or hulk supplics. and whether it is need
i) ise. T Bifwaini, the eotire warer supply s usuaily
MWWM it Is tised for non-dri
Matiy Indissirial processes require water with less o
ptabl bmmmd further trestment stag
“m The addition ol chemical comy

pensof o typical water treatment works o

i are: wsed 10 store reserves of v i
_‘*‘_ml. ANl contaminiant W Wa 1
. Jerent qualities of water arc evened
itend 1o die when in storage beoo
e and the action of suniiyi
3 ol m‘} srage of raw waler is
growth of dlgae: mitrute plants that ook
X b Algae can be controlled by the ¢
m and by the mixing of water

.v.‘ = the natural settling of suspended marerials
M . w*’h%.‘l-l“? dirsigned sentling tanks

ﬂm’ assisted sedimentation used for the
*Pasticles that do not setqle naturally, A chemical
5 } produces a precipitate when it is added to the

g WA the sispended material 1o form a fo
: h’_ = “"h_ A sediment, or it may be removed

‘.n".m&mﬂm! under the general headings giyen

Qter Supelen. V¥

water filtration

vassed 1

» .
hrough a fine material, such

as sand or a wire mesh
m the water. Some .

2 filtess, such as rapid sand filters
sical filte wd th -
. cdl Hiter and the water alsa requires chemical
anent. Slow sand Ritkss & "VET. O

g LT te however, combine a physical action with a

gical action

unken rectangular basins, with 100 m * 40 m being

1 modem slow sand filter is shown in figure 14.4

% a3 SyEL

of collector pipes and underdrains
Above the grave! Is a laver of sand, abow
d with water 1o a depth of around 1 m

s through the sand bed which develops a film
irismis. and microscopic plant Hifie. 1t i this complex “vital'
hysical and biological action. Because the
cduces the rate of filtration, the head of water is gradually

s the bed has 1o be emptied for deaning. The
moved, washed and eventually wsed ki replenishing
wrged” by siowly filling it with water from the botiom

cw vital layer 1o lonm

ly effective and gives high quality water,

These lilters, however, occupy larger arcas

ther types of filter. The mechanical scraping and
nade quicker and less labour-intensive by the

Rapid gravity

. are constructed in tanks which have dimensions up

Rapid gravity sand filver

w 12 m \ srm bed of sand, abott 600 mm thick, is supported on a
bed of gravel ol similar thickness. Beneath the gravel s a system for collec
water and also for passing air and water upwands, The filter is filled with water

1o a de of21103m

wards through the sand and the filiration is mainly
aned by draining and then Mowing a sirotig
are
seour of air followed by a backwash of clean waier from l’dlz :‘ashmn;
required ar intervals of 12 to 48 hours but the prmrdurr: <an : nnmal'
1e that is some 20 10 40 times faster than
than slow filters and they
ravity filter is much less

can be cheaper w install and to operae. - rap}d gm’l}' ““diﬂwm
ellective than a slow sand filter and a rapid filver Is us

primary filters’ which
with flocculated water. Rapid filters are also - nthem-
reduce the load on the slow sand filters which loltow

The water passes down

by phiysical action. The filters are cle

Rapid graviry filers work at a ra
slow <and filters. Their construction is more compact

B



Water

fevel

contained in sieel pressire vessels
" ﬂ!m ks similar o the open

mw'hnﬂmlhr way, The whole of 1he pressure oylinde
P “!iﬂ that pressure is nor Jost during filtr
(anbe fseried anywhere in 4 water main,

apid gravity filters and the

n and this

Arums with 4 very fine mesh of stainless stecl
km by water jers. The strainers are useful
mﬁ.w contain large amounts of suspended

need particles of algac they can decrease the
Lan produce water pure enough

or nano-filtration involve the use of

membranes whose structure is so fine thay g
ey can physically < L
Y eve out bacteria

| s herhicides, A membrane canridge, for
ymer fibres whise .
. - surlaces have tiny pores
all enough to trap impunties greater than 0, | micron (1 a:
ich il 90 \ icron =
L= metre). As the molecules of mos: bacieria ar
§ rl.artwer:nn'imdli)mj (i
: E 0 micron in
; of providing safe drinking water
WateT 1S TG . -
ater is pumped under pressure through collections of membrane
d in banks, Like other filters the membranes have to be deaned
! water, and this process can be awomated,

and other organic pollutams such
e

P contains bundles of po

which

diameter

micro-filtration js capable

Unitreate

The disinlection ol water supplies is: intended 10 redisce harmiul organisms,

h very low levels that thev are harmiess. This safe quality

hile the water is in the distribution system, including
1 water, Disinfection can be achieved by a
ne and ozone are usually emploved to trear public

nt which attacks many erganic compounds

terial cells. The rate of disinfection of a
m the chemical form of the chloring and
n time it is in comact with the water. The presence of
+ the effectiveness of the chlorine, but the

disinfection can be useful for reducing possible

objectionable tastes produced by the chlorine
The chlorine suallv kept liquefied in 1anks from where it s injected into
vater at a controlled rate. Because the sterilising effect is not lustantaneous

the water and the chlorine are held In contact 1anks for @ period of time such

Ozone treatment
. This
Ozone, O, is.a form of oxvgen with molecules that contain a].:,ml:::“m Tml
y i - . ox n 7
form of oxygen is unstable and reactive so ozone is a powerfu 8 AR
treatment s more expensive than

station. Alr is
chlorination as the ozone must be made at the trearment M h:m:dmm
ge and the azone produ

which rapidly sterilises water, Ozone

subjected 1o a high voltage elecric dischar

Miected inwo the water.

Softening of water hard water also
nking. but

Hard water is satisfactory, and even desirable. md": usual practice © s

has disadvantages as described previously. t'n:rsﬂnﬁ for industrial

Public supplies of water but softening may be




ce n Bukang

890 Envionments Scwr

| ] There ate several dif

Wl

i ] . yn_-c_iphaliun Preqpitation

the hardness <

removed by sex

« Base exchange Basc e

nto other «

compounds §

+ Demineralisation: !

Lime-soda treatment

Lime” and “sod

|
depend upon ¢ i
of the hard water become
The tollowing softenir
LA
CarHiK (
)kt
g
A% A
| o Na.Ci
n e
i [ T
i Mg(HCD,). & 2
1
lr Magnesium peaman:
X MgS0, + CaiO)
. o

MeCl. + Caion
slaked lime

In & lime-sody siifteni

water, elther dry or in
removed by sertlem
fillered. Lime—sad, water sofe
I :
e Ut proxhice large quaniities
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Ihat we drain into the Sewars and take away o7
d from tollets, waste water includes the
and industries. Although sewags (s
of atiral and man-made materials 11
o ﬂhm are treated. The aim of w
ent s therefore 10 take the waste safery ava,
matenals that aren't harmiul, and to sately cisp

and the systema currentsy |

CHAPTER FIFTEEN

DRAINAGE SYSTEMS

into modern bufldings
‘ | I de ,rr buildings by 3 sy Stem of pipes which are
Il of water under pressure and thi - > § -
5 pressure is supplied by central pumping
To take waste water a
s where the ware

amounts of energy

x way lrom
-1 llows by gravity and carries
ally no pumping of this waste water
€ Sewerage sysiem,

: 't channel s only panily full and not
| pipes. Therefore 15 between pants of
. ¥ low requires a constant sloping
X 1 v lati .
- ¢ allat In addition 10 correctly
also needs 1o satisfy the [ollowing
.
. on and compression.
1 lent flow,
. p W
. { le waler
y f eround pressures and movement
ge system
he dr idingsin ¢ I-Up arcas usually connects

wamtry areas which do not have any
inwater is usually directed simaight to

water is directed 10 a sptic fank. as

ground, while the ool

sre two main types of system depending
water or

ge Lhere

water is combined with foul
these 1Wo systems

nd surface

Whether it is kept from foul water. The features of s
; 5 . s may have
e described beloy d illustrated in figure 15:1. 5o0me communities may
ally wi inwater.
aloul water sewer and leave buildings to deal locally with rain

Separate drainage system
The fearures of a separate drainage system are given below.

drains and sewers from loul watet.

* Surface - St
: water is kept in separate
i ; v watern.

2 " urfa
Roadways contain two sewers: loul waterand §

pipe or closad
channel whers
water fiows by

Soul water:
waste watar from

Foul water:

mixture of soi
water from WCs
and other waste

Surface or
storm water:
clean water

roofs and paved



bathmom

stcher Note

uibiic oomitsred sewe |
k SEPARATE DRANAGE SYSTEM
kitchen P~ 11

reaiment.

can be channelled direcily to streams; rivers and
of building double sysiem of drainage

and costs a1 sewage treatment works,

Systems

R a8

sed

NATURE OF WASTE WATER

is the liquid material

which we take away from
The

typical sources of waste water from a

Runoff from vards and roads
n from roofs and yards.

i water but it also comniains a vanety of

1at are damaging 10 health and the
The solid

2lcrials in raw sewage are

¢, oils, soa

detergents. metals, plastic.

n ts shown in table §5.1 where the figures

lepends upon local conditions and habits.and #t
nd the year. The liquid is normally grey 10 brown in

ganic material. Darker sewage
bic processes have started and these processes give

sition of typical raw sewage

5 with fime and iocal congions

Biological factors

al water systems such as
amounts in waste water and are
{ sewage. However,
llowed to

o es are present in most natur

ev are present in greater
hiological stages in the treatment &
ms cause disease and must not be 2

sree

put to go

sime types of micro-Oreganis

tontaminate living areas or clean water supplies.

. i in
g e organic matier
Micro-organisms such as bacieria react readily with th

s i When
i ants and animals. V
water and therefore break down the remains of dc?d[-::l T;“e A
ro-organisms aisa e ik

] waters to purily themselves

eatment. W T « s !
preatin i here < ndition are pﬂJ\‘l‘k’d (1]
d .

are also capable of breaking down

arganic pollution increases, the mic
metabolism. This biological reaction allows natura
and is also used in sewage
encourage maximum reactions. Microbes

ass jc origin.
1oxic waste, such as oil spills, if it has an organic o urces of energy and carbon
- fres so
The metabolism of a micro-organism requl

D———

]
i
g




the nrsmif pnfhl!a‘ll'll* in Water can supply
nism, as shown in the equation below. Some

ts for the micro-orga

s rake their natrients by reacting with inorganic matter and
ol carbon.
WWB'M o
w Micro-organisms Acrobic ( _![;.‘.;, dioxide
F natter Oxygen —_— M- -organisms + Water
W ¥ Ammonia

s suich as sulfates isquhalrsJ (80, or nftrates (NO. |

wm pla“ in the presence of free ox

mh&uw observations of the prese
‘species and the diversity of certain o
and chemical gualities of water can be

: it described below, is an importan

o water in a river or other baidy of water
ent of the water. I urganic pollutans ¢
OxyRen from the water and creare an oxveen
RORYBER levels I given time, but not if they are consistently
pollutants. As poltution Increases, the levels of dissolved
and evenally fish, which breathe the dissolved oxygen.
‘Water, When lish return 1o ety rivers, like the Thame
"quqmim anul recovery from pollution

aWater sample can be assessed by measurement

s with oxygen. The following indices are

Jevels are given in 1able 15,2,

_‘M {BOD) test is a laboratory measurement
ol g oxygen used by the sample under

that

| (COD) st 15 # laboratory measurement that
“’Wmm in & sample, and can be

Table 15.2 Typical BOD levels

WASTE WATER TREATMENT

& Syste i age collecrion and treatment for a town or district usually

appropriate design, and a major community
'l sewage reatment can be summarised by the aims

stable end-products

in a safe manner
il possible

o p . eliable and regular

* o operal { e or offence

- nic system

, ropriate standards and legislation

»ome of 1eQ | and economic factors may need to be balanced against
tach other while mai ing absolute safety about health. Various sets of

ational standards and legislation reinforce the health and

fonal and 1

eEnvironmer

aspects of sewage treatment.

Sewage treatment processes

5 in
The techniques and processes available for sewage treatment can be grouped
ferms of their operating principles under the following types.

i i MATIONS,
Physical processes. Examples: screening, sedimeniarion fle
on. reverse osmosis, micro- -filtration

Hltration, centrifugati
utralisation, precipitatio

Chemical processes. Examples: ne
reduction, fon-exchange

Biological processes. Examples: bic
stabilisation ponds, anaerobic digestion.

n, oxidation-

Jlogical filtration. activated sludge.

i
i
§

|
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Sewage treatment plants

5.2 Sewage treatment scheme

Figure 1
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- o L g ce 1 .
ary freatment can M: up 10 70%. The output from the primary
s M ¥ material and fine suspendeg

e BOD measurement by up o 40% ang

Ila!l comains only dissplved
A=  {colloidal) material.

..‘_ )

- w‘ula wiose the settled
R ol s freatment fs to expose I
b . L%“dmﬁm"ﬂnﬂﬂ aerobic conditions, The purified waste
: 'M wl‘?mﬂlﬂ settlement fanks. A variety
L8 rumw e common choices are described below

- seical Al = the waste water B trickled through a

- .-’Mm which  blomass af micro-organisms develops. Acration occurs
W al ofi.
4 Activated sludge: the sewage s acrated in tanks by

S sludge: gt

= i-mmw“vwﬂ levels high, New biomass o
I e ; e of it i retumed o the aeration ank (o scod o

ey the serobic bacteris are able 1o grow a
sodimentation tanks separate the biomass or 't
it svhich the BOD reading is usually less than 20 0

: 'umhmﬁthcqunlnv--THm eifluent is
his o statudards. For example, the Jevel of s

b 100 Bigh. Methods of tertiary trestment include
L in lagoans

b land

beds of sand or gravel, fine meral filters

hmd I there is a danger of path s affecting
Such as hﬂﬂﬂs. Techniques used are the same as those
1 of water supplies, Chlorination is a simple methuod
“& use ol ozone 10y) or ultravioler (UV) light are more
s less envirgnmental damage than chlorination

ST two major components: liguid effluent and
10 suitable standards the effluent can be safely
Stems, such as rivers, but the sludge has 1o have
& w for dispasal. The costs of the sludge
o YO% of aapital ang operating costs for sewage

the sludge from primary and secondary treatment

processes typically has a
it 1o reduce this water
nd upon the nature of the sludge
(n!lnwmg processes are commaonly uscﬂ.

content greater than 90%

water b and needs treanme
cantent. The exact methods of treatmeny depe
il the proposed disposal method. The

« Thickening

3 process of reducing the volume of sludge, often by gravity

udge concentration increases, the volume typically
s Oy nree to bve times.

ement. As

setil

decr
« Stabilisation: a process which prevenis anaerobic breakdown of the
ludge and subsequent offensive odours Anaerobic digestion is a common
organic matter in the sludge. Chemical
ve method involving the addition of lime
dge, thereby creating an alkaline
TO-Organisms.

« Dewateri

8 the water content of sludge by physical
ation, squeezing, centrifugal action, and

ethod ding drying, fil

in European Union countries is increasng in

I towns to treat their sewage. The disposal of
| and environmental challenge tha is

bed below

Landfill

1 M alte romnion
The disposal « « direaily 1o landfill sites has been & ©

practice but has the follc 1 undesirable characteristics:

* con

ination of waters leaching from the landfill

* risk 1o public health by pathogen transier
* increased methane production during decomposition

* cnvironmental pollution by odour, flies and transport.

Land disposal

rtilizer.
Sewage sludge can be applied to farmiand as 5\’?“ mm.]mnu;:na:id;em :
The value of sludge depends on the treatment it receives. horus (P). The
organic marter and nutrients such as nitrogen 'S‘ - phfﬁpmuﬂ“}‘mt be
sludge may need to be balanced with other nutrients and can

pread onto farmiland all year long.

Sea dijs
posal es near the s€a to dispose of

) : nit
1 the past it was convenient for some commul discharging it out at ¢, e

3 d
*Wage sludge by loading it anto special boats arl




- : : sludge disposal. Some
i : permirs this method of g O
M“"wl raw sewage imto the sea but they mus
ear o -coast used 10 and secondary treatment of sewage and these
Ty out tull Flm:'w tities of sludge which need disposal.
also Increase the total quan

-..II ol
! quantiti de materials and, once
4 gonains considerabl tithes of combustible maie
" 2 Rl € g dudge the organic and volaiile
il dried, be burnt. During incineration of sludge T ola
=T ::k-lﬂm. including toxic compounds, are destroyed. The inert ast
3 . s i 10 be disposed of via a controlled
' semains is @ hazardous waste that still needs |
2 waste m. ement she. Incinerators have a high capital cost bu
3 mm used by large cities. There are opportunitics 1 s
3 . ‘ﬁ:&MIMIu use enesgy from the burning for heat and elearical

power,
TV

 OPTIONS FOR SEWAGE TREATMENT

s section describes methods of treating. which that can be alt.
e-stale tremment plants deseribed in the previous secnion

+ solated woups of buildings
mwmmmﬂm which
Withonit the resources building or maintainis

. mmﬂshm nse more tatural methods o

5 who have enough unused land 1o

pul aside Ic

ol strong industrial waste waters
b of efffuent from some treatment plants

might underground Sontainer used for the storage of
Keatment of the Sewage pecurs and the tank must be

d the sewage aken away for treatment. Cesspools are
&ﬁ*ﬂfhldudm it situ concrete, and prefabricated
are usually set into concrete. They are usually

. m of houses and require no resources oF
MPtYing: However, the running cost of emptying the
CTROUnd tanks can be expensive to construct or

geptic tank
A septic tank is a small-scale Sewage treatment plant [n the form of an
nt takes place and from which there Isa
of liquid. The tank contains separate zones which allow
solids to settle and form a sludge layer where anaerobic processes (Iccl:rmpoy_-
the sewage. Lighter materials may form a scum layer which helps prevent
ul thermal insulation, A septic tank acs as a
ffiuent from the tank needs §

und tank in which treatme

gndergr

mtinuous discharge

oxXVRET fer and pro

urther treatmemn such
ercolation into the soil via 2 system of percolated

r in shape if constructed on site. as shown
supplied as rounded prefabricated tanks in plastic
'Y require no particular maintenance apart from
desludging a small perceniage of sludge is kepe
ige and the tank is filled with water. Septic
d single dwellings but they can also be used
such as a village. A reed bed might be used
arranged so they can be maintained without

isola

Figure 15.4 Septic tank

Stabilisation ponds o
A subilisation pond or lagoon is any enclosed body - “':!:ww contained
Waste is allowed to oxidise by natural activity. N,uds = ;

by earth embankments and used in combination if mm they are simple
10 0perate where there is plenty of sunshine and s thogens.

10 maintain and very effective al removing daust‘m“‘m the most common
Stabilisation ponds have been used since early




form of treatment in ¢
communities. The gperation ol pon
accondistg to their method ol operation

+ Anaerobic ponds. The fprmaton of sludge anc
anacrobic conditions. These are particularly sulls
thicker wastes.

¥

: from the atmosphere and also supplied |
- pands. The ponds are kepi shallow (1 1o 2
penetration of sunlight

not by the action of algae.

Wetlands and reed beds

The natural processes associated with the growt!
the treatmient of waste water, These
flosting plants such as hysanth and ¢
development ol micro-organisns
allows both aetobic and anaerobic b 2t
m This vegetation can encouraged to o
M M m Cﬂh lhl.'!l hr _]f.{'{l 1”' e sec 1]
sewage. the treatment of storm wate }
The plants arc grown in beds of 5 I grave
Impervious lining. The by-products of the b
sakett up by the plants and removed when the |
M present, get removed into the mud at the ¢
need daily attention but the water levels, p
1o be managed. Reed beds are being used
well-suited for the yrearmen of o

feveloping couniries and are ©
ds can be Joosely grouped

« Oxidation pﬂl‘ldi These are aerobic systems whore 1

» Aeration ponds. In these ponds the Dxygen 18 supj

domestic sewage

CHAPTER 18

Green Buildings

CHAPTER OUTLINE

The ngs or civil engineering projects. such as transport systems, has
lives and they also have long-fasting effects on the wider

i uagests how the comect design and use of bulidings can

miak wider environment. The contents of the chapier enable you to:

» Uindemsta e effects on buildings of macro- and microciimates

* Make use of the terms and units for rain, wind and solar climate condimons

. cal and global resource implications of constructon activities

- . \mportance of sustainabifity and techniques for achieving sustainable

the principles and techniques of conservation of energy associated with

& various types of pollution and how construction activities can minimise

» Understand the causes and cures associated with ‘sick’ buildings

* Understand the principles and techniques wmmm satisfactory 3

buildings for the future. :
This chapter complements the introduction 10 the envioament ghvon i 008 e
tha book and connects to the individual topics W"m‘w. ::’;,m v g
sactmnsatsocm!mnsuapomngmfoﬂnaIiMMWM y revision of prne A
and for extended investigation of topics.
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lid wall would not suffer from rain e
solid wi

newration. In addition 1o damp walls,

main penetration through poorly-sealed windaws often cauepes problems in

[ sSevere exposure

Wind data
|t*_—" _ - o wind on a building are those of force, heat ls and rain
o '-.: . I i reed to be considered in the structural design and in
Soush Eat _ ; ihe cholce of building material trnd chill factor relaves wing to the rate of heay
; e foss from the human body rather than the loss from buildings. The
Nerth — o " J ns caused by wind chill have particular
— B S levanice 10 Op ) expimed construction sites and tall buildings.

juare of the velodty, so thara relatively

------ duces a larger than expected loroe on a surface
f I winid, measured by wind chill, also
the wind. Typical wind speeds range

ihed belivw

N king
T' T w With the molstiire content of oy . '
A oset ol m properties. such as Inaul t Y W
-wally have Pouter insulatlon thar y s ; i a building especally over a pitched rool, may

LL* Hmh’m{ﬂ“{drl\h.y raln can also « I el
' hmﬂmhﬂliunhm“ B con i i i

1 aeradynamic lifting force by using the Berpoulll

Such as coasts, where high rin(all
lumatymluinnm driving. ¢

13 This force can be strong enough to 1t ools

the downwind side of buildings

g also to pull our wind

ain inde Her
Wind direction d
R A
The direction of « wind on a building affects both the xumluultk'uuj -
the thermal design. The directional data of wind can be .h‘:ma:l:m"! that
Examioie shown by a ‘rose” of arms around a poiat. which represent the freq
W towns the wind blows from each direction

Cauntrynicie

. Figure 16.1 Directional wind rose of mean wind speeds
Went coantiv e

¢I.MU!JM sy have an e pos e one / N
o4 ey l“"“‘“l‘lt. which enable the driving ~¥-
e differen: POt of Britain. Variations in
T OINg make an X6t eorrelation difficult bot,

. that in o “shehereq: region a ane-brick-thick

secoon on The

n chapter 13
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Environmental Science in Building covers the science, nonrnogn_i
services that relate to the comfort of humans and the m=<_8==6___£.
ngs. The core material needed at a variety &_ai..
-cture, building engineering, environmental scianes.
and surveving is covered, __l.n—_._ﬁ__—._m

W el ; il ind conservation

B ext layout for ease of use

mcle m f principles and technology

® up-to-date practice and world-wide trends incorporated
® minimum previous knowledge of science or mathematics assumed
® facts and formulas made accessible for reference and use

. displayed step-by-step and supported by

m worked e KaImE

for practice

Randall McMullan is a construction physicist whose
industry and education, He is the author of various books in’
of construction, building science and applied computing.

1SBN 0=-333=-94771=1
_ = ! h._

80333947
www.palgrave.com

TILLE R W paulg

9




	P1010048_edited.JPG
	P1010049_edited.JPG
	P1010050_edited.JPG
	P1010051_edited.JPG
	P1010052_edited.JPG
	P1010053_edited.JPG
	P1010054_edited.JPG
	P1010055_edited.JPG
	P1010056_edited.JPG
	P1010057_edited.JPG
	P1010058_edited.JPG
	P1010059_edited.JPG
	P1010060_edited.JPG
	P1010061_edited.JPG
	P1010062_edited.JPG
	P1010063_edited.JPG
	P1010064_edited.JPG
	P1010065_edited.JPG
	P1010066_edited.JPG
	P1010067_edited.JPG
	P1010068_edited.JPG
	P1010069_edited.JPG
	P1010070_edited.JPG
	P1010071_edited.JPG
	P1010072_edited.JPG
	P1010073_edited.JPG
	P1010074_edited.JPG
	P1010075_edited.JPG
	P1010076_edited.JPG
	P1010077_edited.JPG
	P1010078_edited.JPG
	P1010079_edited.JPG
	P1010080_edited.JPG
	P1010081_edited.JPG
	P1010082_edited.JPG
	P1010083_edited.JPG
	P1010084_edited.JPG
	P1010085_edited.JPG
	P1010086_edited.JPG
	P1010087_edited.JPG
	P1010088_edited.JPG
	P1010089_edited.JPG
	P1010090_edited.JPG
	P1010091_edited.JPG
	P1010092_edited.JPG
	P1010093_edited.JPG
	P1010094_edited.JPG
	P1010095_edited.JPG
	P1010096_edited.JPG
	P1010097_edited.JPG
	P1010098_edited.JPG
	P1010099_edited.JPG
	P1010100_edited.JPG
	P1010101_edited.JPG
	P1010102_edited.JPG
	P1010103_edited.JPG
	P1010104_edited.JPG
	P1010105_edited.JPG
	P1010106_edited.JPG
	P1010107_edited.JPG
	P1010108_edited.JPG
	P1010109_edited.JPG
	P1010110_edited.JPG
	P1010111_edited.JPG
	P1010112_edited.JPG
	P1010113_edited.JPG
	P1010114_edited.JPG
	P1010115_edited.JPG
	P1010116_edited.JPG
	P1010117_edited.JPG
	P1010118_edited.JPG
	P1010119_edited.JPG
	P1010120_edited.JPG
	P1010121_edited.JPG
	P1010122_edited.JPG
	P1010123_edited.JPG
	P1010124_edited.JPG
	P1010125_edited.JPG
	P1010126_edited.JPG
	P1010127_edited.JPG
	P1010128_edited.JPG
	P1010129_edited.JPG
	P1010130_edited.JPG
	P1010131_edited.JPG
	P1010132_edited.JPG
	P1010133_edited.JPG
	P1010134_edited.JPG
	P1010135_edited.JPG
	P1010136_edited.JPG
	P1010137_edited.JPG
	P1010138_edited.JPG
	P1010139_edited.JPG
	P1010140_edited.JPG
	P1010141_edited.JPG
	P1010142_edited.JPG
	P1010143_edited.JPG
	P1010144_edited.JPG
	P1010145_edited.JPG
	P1010146_edited.JPG
	P1010147_edited.JPG
	P1010148_edited.JPG
	P1010149_edited.JPG
	P1010150_edited.JPG
	P1010151_edited.JPG
	P1010152_edited.JPG
	P1010153_edited.JPG
	P1010154_edited.JPG
	P1010155_edited.JPG
	P1010156_edited.JPG
	P1010157_edited.JPG
	P1010158_edited.JPG
	P1010159_edited.JPG
	P1010160_edited.JPG
	P1010161_edited.JPG
	P1010162_edited.JPG
	P1010163_edited.JPG
	P1010164_edited.JPG
	P1010165_edited.JPG
	P1010166_edited.JPG
	P1010167_edited.JPG
	P1010168_edited.JPG
	P1010169_edited.JPG
	P1010170_edited.JPG
	P1010171_edited.JPG
	P1010172_edited.JPG
	P1010173_edited.JPG
	P1010174_edited.JPG
	P1010175_edited.JPG
	P1010176_edited.JPG
	P1010177_edited.JPG
	P1010178_edited.JPG
	P1010179_edited.JPG
	P1010180_edited.JPG
	P1010181_edited.JPG
	P1010182_edited.JPG
	P1010183_edited.JPG
	P1010184_edited.JPG
	P1010185_edited.JPG
	P1010186_edited.JPG
	P1010187_edited.JPG
	P1010188_edited.JPG
	P1010189_edited.JPG
	P1010190_edited.JPG
	P1010191_edited.JPG
	P1010192_edited.JPG
	P1010193_edited.JPG
	P1010194_edited.JPG
	P1010195_edited.JPG
	P1010196_edited.JPG
	P1010197_edited.JPG
	P1010198_edited.JPG
	P1010199_edited.JPG
	P1010200_edited.JPG
	P1010201_edited.JPG
	P1010202_edited.JPG
	P1010203_edited.JPG
	P1010204_edited.JPG
	P1010205_edited.JPG
	P1010206_edited.JPG
	P1010207_edited.JPG
	P1010208_edited.JPG
	P1010209_edited.JPG
	P1010210_edited.JPG
	P1010211_edited.JPG
	P1010212_edited.JPG
	P1010213_edited.JPG
	P1010214_edited.JPG
	P1010215_edited.JPG
	P1010216_edited.JPG
	P1010217_edited.JPG
	P1010218_edited.JPG
	P1010219_edited.JPG
	P1010220_edited.JPG
	P1010221_edited.JPG
	P1010222_edited.JPG
	P1010223_edited.JPG
	P1010224_edited.JPG
	P1010225_edited.JPG
	P1010226_edited.JPG
	P1010227_edited.JPG
	P1010228_edited.JPG
	P1010229_edited.JPG
	P1010230_edited.JPG
	P1010231_edited.JPG
	P1010232_edited.JPG
	P1010233_edited.JPG
	P1010234_edited.JPG
	P1010235_edited.JPG
	P1010236_edited.JPG
	P1010237_edited.JPG
	P1010238_edited.JPG
	P1010239_edited.JPG
	P1010240_edited.JPG
	P1010242_edited.JPG

