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PART-C

S5.BUILDING SERVICES



Direct System of Cold Water Supply

For efficient operction. o high pressure water supply is essential
porticulorly ot periods of peak demand. Pipework is minimol and the
storoge cistlern supplying the hol woler cylinder need only hove 115
litres copocity, The cistern moy be located within the ciring cupboord
or be combined with the hot water cylinder. Drinking woter is
ovaoilable at every draw-off point ond maintenance voives should be
Iitted to isolote each section of pipework. With every oullet supplied
from the moin, the possibility of bock siphonoge must be considered.

Bock siphonage can occur when there & o high demoand on Lthe main.
Negative pressure con then draw water bock into the moin Irom @
submerged nlel, £.q. o rubber tube ottoched to a taop or a shower
hitting withoul o check valve focilily left lying in dirly both walsr.

Notes:
(1) Seevicng \vaivas to
Da providad on Supply pipes 1
slorage and fushing ciaterns
(2) Coppar wube plipo si2es
showe. Absence of astern and pepes
n 100! spoce reguces rish
of weet davage
Cols watee
==
22 mm OweTiow ppe
o~
ool e oo
A Y
Bath Hazn WC

/
ot wule cyfrcne
15mm
riang man
W  Baarm p—
Q—Ln‘_.__mnpvc
Ov sl beve dun vl
-~-~ L““-,-?-. -4‘\
Mastc weud Mipe duet 76 mm bees

Rel The Vster Supply (Ware: Fittngs) Regatatiors 1999
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Indirect System of Cold Water Supply

The indirect system ol cold woler supply hos only one drinking waler
oullet, ol the sink. The cold woler storage cstern has @ mnimum
capacity of 230 litres, for location in the roo! spoce. In addition to
its normal supply function, it provides on odequote emergency
storege in the evenl of water moin failure. The syslem requires more
pipework than the direct system ond s therelore more expensive to
mstall, bul aniorm pressure occurs al oll cislern-supplied oullets.
The water authorities prefer this system 0% it imposes less demand
on the mam, Also. with fewer hitings ottoched 1o the main. there is
less chance of bock siphonoge. Other advonloges of lower pressure
include less noise and weor on fitlings. and the cpportunity to install
o bolanced pressure shower from the cistern.

Nolot

(1) Serviceig valves

(2) Copper tube pipe sizes /
shown

22 e owortiow ppo ‘ /,

22 o

Pat. Tho Waser Scppty (Wase Fitngs) Rogatatons | 299
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Boosted Cold Water System - 1

For mediurn ond high rise buildings. there is often insuflicient moins
pressure 1o supply woler directly 1o the upper floors. Boosting by
pump lrom o breck tank » therelore wsuolly necessary and severol
more o! these tonks may be required os Lhe building rises. depending
on the pump copocily. A break pressure cislern is also required on
the down service 1o limit the heod or pressure on the lower hittings
to @ maximum of 30 m (opprox. JO0 kPo). The drinking water heoder
pipe or sloroge vessel supplies drinking water to the upper floors.
As this emplies ond the woler reoches o predelermined low level, the
pipeline swilch engages the duly pump. A floal switch in the breok
tank protects the pumps from dry runming f there 13 on interruption
Lo mains supply. The vorious pipe seclions ore fitled with isolaling
valves to focilitate maintenance and repoirs.
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Boosted Cold Water System — 2

As an allernalive to the drninking waler header pipe. an aulo-
pneumoalic cylinder may be used, Compressed air in the cylinder
forces waler up lo the flool volves and drinking waler oullets on
the upper floors, As the cylinder emptlies o low pressure swilch
gngoges the duly pump. When the pump has replenished the cylinder,
© high pressure switch disengoges the pump. In time. Some o is
obsorbed by the water. As this occurs. O oot switch detects the
high waler level in the cylinder and oclivates an air compressor 1o
requiate the correct volume of aw. Breok pressure cisterns may be
supplied either from the storage cslerns al roof level or from the
rising main. A presswre reducing volve is sometimes used instead of o
breok pressure cistern.

[T |

4

Drosh prvvie ow amierm

o -
] A S
A -y
S
B
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Direct System of Hot Water Supply

The hol woler from the boiler mixes directly with the woler in the
cylinder. Il used in o soft” water orea Lhe boiler must be rust-
proofed. This system i3 not suited Lo ‘hard’ walers. typicol ol those
extrocted from boreholes mto chalk or limestone sirata. When
healed the colcium precipitotes to line the boiler and primory
pipework, eventuaily “lurring up’ the system Lo render it ineflective
ond dangerous. The storage cylinder and ossociatled pipework shouls
be well insulated to reduce energy losses. If o towel roil is fitted,
this may be supplied from ihe primory flow ond return pipes.

Cold watar #3200 o 100C G208

L X
o
/ —
e | 1
1 1
Doller wit
hemastete
| oo e ER
suyymse [
o

Nole: All pipe sizes shown ore for copper oulside diometer.
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Indirect System of Hol Water Supply

. R

M= vert 5 PoggT o
Ut werae tre

M v ) = 153 « 40 mm
P e 0l ¢ yyiam N

M~ 0513700 SOEVOAN CHIEM
walas (Ve A w? Tead @t 17y
0 Cyirce (1r Dofe on
ey crouts

Lthe cold feed pipe.

set by thermostat ol aobout BO'C.

This system is used in ‘hord water areos to prevent scaling or
furring” of the boiler and primary pipework, Unlike the direct system,
woler in the boder ond primary circuil s nol drown off through the
tops. The some waler crculoles continuously throughout the boiler,
primary circuit ond heol exchaonge cod inswde the storoge cylinder.
Fresh waler cannol qain occess to the higher temperalure oreos
where precipitation of celcium would occur, The system is olso used
in combination with centrol heoting. with flow ond return pipes to
radiotors connecled 1o the boder. Boder woler temperaolure moy be
m/"mﬁ\
Eapermon wwd boad dater | Serecy
fiming man
h-wmnc \
2rm
prvary vem
e
~\;..
pn-'yumuo
pon
S
o
prreacy fow
Y
Y
e ly 140 % feuil insaxed)
y meemmee v TRaE
|_Sek Beon Oran vave
—
Dt v'es l
mnt-{-nzm
‘A sofely valve i nol normolly required on Indirect open vent
systems. o5 in the uniikely occurrence of the primory flow ond vent
becoming obstructed. water exponsion weuld b o~commodated up
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Indivect Hot Water System for a Three-storey Building

For lorger builldings o secondary circuitl will be required to reduce
‘dead-leqgs” end Lo maintoin on effective supply of hot water at all
outlets. Convection or thermo-siphonoge may provide circulotion, but
for @ more efficient service o circulalory pump will be necessary. In
buildings which are occupied lor only parl of the day. ¢.9. schools.
offices. elc. o time control or progrommer can be used to regulote
use of the pump. Also. one o the valves near the pump should be
molorised ond oulomolically shul off with the pump and boiler when
hol water s not required. All secondary cwcuils should be well
insulated to reduce heatl losses through the pipework. A heating
instaliation can operate in conjunclion with this system. bul may
require duplication of boilers or separote boilers for each function

A B

- -
—_— = -

N
Coet watar sl catern Evpancion and
foed cis'on
|

W11, .
)t

T s e
4 B

Baths, besing, shis

:|7$-|'_ _v.‘::
R |k

W4ne
-
T
~L 8 e
¥
y
.
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Indirect Supplementary Hot Water System

Hol water provision in moderately lorge buildings such as spacious
houses. smoll hotels, hostels and other situations where demand 4
pericdically high. con be from o lorge storage cylinder or cylinders
instolied in duplicote. Allernalively or additionolly, depending on
requrements, o supplementiory storoge vessel may be strolegicolly
locoted ol high level. This vessel is relatively smoll, containing no
more thaon 20% of the total design copacily.

Expansion

K

L2

Cold lood

z

Advontaqges over g single storoge focility:

« Smaller secondary flow and return distribution pipes.
o Less concentiroled dead lood on the structure.
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SANITATION Single Stack System

The single stock system wos developed by the Buldng Rescarch
Establishment during the 19605, as o meons of simplilying the
extensive pipework previously ossocioled with above ground dranage.
The concepl is to group appliances arosnd the stock with o
seporate branch pipe serving each, Bronch pipe lengihs and folls ore
constrained. Initiolly the system was limited to five storeys. but
opphications hove proved successful in high rise buldings of over 20
storeys. Bronch vent pipes are not required uniess the system
modified. Lengths and folls of woste pipes ore corefully selected to
prevent loss of trop waoter seals. Waler seals on Lthe woste trops must be
75 mm [SO mm bath end shower),

Bronch pipe slope or tall) Siack mey bo cliset sbove
Sink ond bath = : s Migrest sannisy ylance
18 to 90 mm/m =l ;. 3 H
Bosin and bidel - 7°-°\ *,.
20 to 120 mm/n WC branch "o | 1200 (esd
WC - 9 mm/m.

No oosnection insios 3000 (me)
The stock should be ok
verticol below the "l
highest sonitary oo
oppliance branch If an Aot
olfsel Is unovoidable, we “ -
there should be no S
connection within 750
mm of the offsel. Acoses N .

)

The bronch bath waoste $00mm nom.
connection must be ot el stack 3ommecm. da. paraliel branch ploe

least 200 mm below the
cenlre of Lhe WC bronch
to avod crossflow. This
may require @ 50 mm
nom. dia. porollel pipe to
offsel the bath waste
pipe, or on ‘S trap WC
lo offsel its conneclion.

3000 {mex)

The vent port of Lhe
stock may reduce to

75 mm nom. dia. when it
s above the highest
bronch
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Single Stack System - Modified

It 1t s wmproctical to sotisty oll the requirements for woste pipe
branches in o stondord single stock sSystem. some modification is
permitied in order 10 maintain on occepladble system performance:

* Applionces moy be fitted with reseoling or anti-siphon trops [see

page 309).
* Bronch woste pipes can be venliloled (see pages 314 and 315).
* Lorger thon stondord diomeler wosle pipes moy be fitled

40 (S0 mm) 50 men Il extorsion

:;umwm wasio pine to trap

mm

window within 3 m -
{max) TS mm

3.000
8.000 {mend /4000 fmax)

All pipe sizes nominal dameter

Note: Where iorger than stondard bronch pipes ore used. the trop
size remains as standard. Eoch trop is fitlted with a SO mm tail
extension before connecting to o lorger waste pipe.

Refs: Building Requiations. Approved Document HI. Section !* sonitory
pipework,
BS EN 12056: Gravily drainage systems inside buildings (in &
ports) '
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Collar Boss Single Stack System

The collar boss system i3 another modification to the stondard single
stock system It was developed by the Morley company for use with
their uPVC pipe products. The collor s In effect o qallery with
purpose-maode bosses for connaction of waste ppes Lo the discharge
stock without the problem of crossilow inlerference. This simplifies
the both woste conneclion and is tess structurally disruptive.

Small diometer loap vent pipes on (or close to) the bosin ond sink
trops olso connect to the collar. These allow the use of "S" trops

and verlical waste pipes
without the possibility of
siphonage, even when
the both woste
dischorges ond flows Into
the combined bath and
bosin wasle pipe.
Verlicol oullels ore also
likely Lo be less
oblirusive ond less
exposed than higher
level ‘P trap woste

ppes,

if the bronch waste
pipes ore kept lo
minimal lengths, the loop
ventls maoy nol be
required. Mowever, the
system must be shown
Lo perform odequalely

under tlest without the

loss of trop woter seals. :’
1
|

All pipe sizes shown ore ,

nominel inside diometer, i

There may bz some we :

slight variation between
difterent product
monufocturers.
porticylarly those using
outside diometer

Wiasin pips braveh

12 mm
i op Srw

specificotions. Note that

there is not olwaoys
compoltibiiity between
different manufocturers’
components.

A0mm sk wante ppo

Cumension A 450 me (min)
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Modified Single Stack System

The ventilated stack system s used in buldings where close grouping
of sonitory applionces occurs = Lypicol of lovolories in commerciol
premises. The opplionces need Lo De sulficiently close together ond
limited in number not to be individuolly vented

Requiraments:

WCs:

8 moximum

100 mm bronch pipe
15 m moximum length

Grodient between
9 and %0 mm/m

(0 = 90§°-95%).

Basins:

4 maximum

50 mm pipe

4 m moximum length

Grodient batween
18 ond &5 mm/m

(6 = 91°-92}").

S50 mm cross vort

Urinals {bowis): / e b:\!vg’:v:’:m
5 moximum Dischargo stack pipe
50 o plpe 100 men o 150 mwn
Branch pipe o short v?&atNM
0% possible 50 mm

- above spi of WCa
Grodient belween Above lour wash basina

18 ond 90 mm/m. somm LA b reeenas
Urinals (stalls): I‘F; i i ﬁ

7 moaximum Cleaning oy
65 mm pipe Above eight WCs \ ¢

Branch pipe os for Two 45" large: 1ach bends 750mm (min)
bowls. v 10 5 storoys

All pipe sizes ore 3 .

nominal inside Vent plipe connectad 10 base of stack 1o prevent back
diometer. pressura on the ground Boor appliansas
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Fuly Vented One-pipe System

The fully vented one-pipe system is used in buildings where there ore
o lorge number of sanilary applionces in ronges. ¢.9. foctores.
schools. offices and hospilols,

The trap on each opplionce s

fitted with an ontisiphon or 8"_.*_.

venl pipe. This must be [ i L o33 Ban 3000 e
connected within 300 mm of \ F_L—‘ |stach musd 1wmirate 900 mn
the crown of the trap. SEUPRINS TR

N0 e 3Eove nie sopies
W rcow opaning 10 4k wysters

Individuol vent plpes combdine in  Range of mmh tasins
@ common vent for the range.
which 15 inclhined until i1 meets
the vertical vent stock. Ths
vent stock moy be corried to
oulside owr or i1 may connect
to the dischorge stock at o
point gbove the spillover level
ol the highest applionce.

The base of the vent stock
should be connecled to the
discharqe stock close to the
beotlom rest bend to relisve
any compression at this pamnt,

Size of branch ond stock

venlis: J i

Discharge pipe Vent pipe
or stock (D) (mm)] | |mm)

<75 0670
75-100 S0
>100 0-500

All pipe sizes are nominal inside diometer.
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The Two-pipe System

This system wos devised Lo comply with the old London Counly
Council requirements for connection of soil (WC ond urinal) ond
waoste (bosin, balh, bidel, sink) applionces to seporole stocks, For
modern systems the lerms soil ond wosle pipes are generolly
reploced by the preferred lerminoiogy, discharge pipes and dischorge
stocks.

¥ D
There are many
examplies of the
Lwo-pipe system in
wse. Although
relatively expensive
1o install, it s still
permissible and may
be retoined in s
existing buldings
thal ore lhe Veash Basie | | Wik nsn
subject ol we
refurbishment, =

It moy olso be used
where the sonilory i
cpplionces ore
widely spaced or
remote ond o
separate woste Thren wasle siach
stock is the only
viable method lor
connecting these lo

the drain. e | | Veuan backe

A voriotion typical
of 1930s dwellings
has flirst floor bath
ond basin wastes
dischorging through
the woll into o
hopper. The woste
stock from ths and
the ground floor sink wosle dischorge over a guily.

130 rmem eaiy | el Dena o Dack Pt gy

A gully moy be used os on ollernotive to o rest bend before the
dran,
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Ground Floor Appliances -~ High Rise Buildings

Lowest dischorge pipe conneclion to stock

Up to three storeys - 450 mm min, from slock bose (page 1),
Up 1o live storeys = 750 mm min. from stock base |poge J14),

Above five storeys, the ground lloor apphances should not connect
inte the common stock, as pressure fluctuatlions at the stock bose
could disturb the lower cpplionce trap water seals, Above 20
storeys. both ground and first floor opplionces should not connect
into the commen stack. Ground and lirst floor cpplionces so offected
con connecl direclly to o droin or quily, or be provided with a stack
specifically for lower level use.

Oischarge D'scharge sinck and stack and
stacks and vant 1o appllances on Duugm
/v-u 2nd foor and above ""'/ foor
— ¢ 21
— 5 ‘jg—- 20
— 4 “
- | 2 = 2
No applances
connecied 81 ~—___ o —
ground floor -= —A-=——@G
Drains 1o Ground fioor Ground and first foor
Inspecion dachamge pipes  dischage pipes 1o
chamber 10 separale stack  SOpArnie siack
Five 1o 20 sioreys Owver 20 storeys

Access = required for clearing blockages. Rodding points should be
fitted ot the end of dischorge pipes. unless trop removal provides
occess to the fuX pipe fength. Dischorge stocks ore occessed from
the top ond through occess plotes locoled midwoy between floors at
o moximum spocing of three storeys aport,
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Electric Wiring — 1 ELECTRICAL SERVICES

Armoured cable » used for mains and sub-moms. The cable is lowd
below ground level, brecking the surfoce where it enters sub.stations
or tronsformers ond other buildings. Migh vollage coble is protecled
below ground by precost concrate “liles

Conduit for electrical services IS produced In steel (golvanised or
painted block| or plastic tube into which insuloted cobles ore drown,
The conduit protects the coble from physical domage ond heot. It
olso provides continuous support ond if it is metol. it moy be used
0s on earlh conductor. Standard outside diometers are 20. 25, 32
and 40 mm. Steel s produced in either light or heavy gouge. Light
gouge is connected by grip fittings, whilst the thicker walled heavy
Qouge con be screw thveaded Lo fittings and couplings. Plostic
conduil has push-fil connecltions.

Denes Thea adfion?

. =
) S0
Mlau\}mm-."“ e

.@

Refs: BS 6144. Electric cobles, PVC insuloted. ormoured cobles for
voltages of 600/1000 ¥V and 1900/3300 V.
BS EN 61186: Conduil systems for caoble monogement,
BS 78406: Electric cobles. 400/1000 V ormoured fire resistant
cobles having thermosetling insulction and low emission of
smoke ond qases when affected by lire
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Electric Wiring - 2

Mineral insuloted copper covared coble (MICC) has copper conductors
insuloted with highly compressed magnesium oxide powder inside o
copper lube. When installing the coble. it 15 essentiol thol the
hyqgroscopic insulont does not come mlo conloct with o domp
olmosphere. Culling the coble involves special procedures which ore
used Lo seal the insulant from pencliration of atmospheric dampness.
The cable provides an excellent earth conduclor: it s olso

resistonl 1o most corrosive olmospheres ond 15 unalfected by
extremes ol heotl.

Socton of ferminalon joint for mineal insulsied
Copper covared cablo (MICC)

PVC ond rubber insulated cables ore reletively mexpensive ond simple
lo install, requiring clipped support al regular inlervals. PVC cobles
ore n general use. bul they have o temperalure imitation belween
0®C ond 70°C Below zero they become brittle ond are casily
domoged ond al the higher lemperalure they become sofl. whach
could encourcge the conductor lo migrole through the PVC. Oulside
of lhese lemperolures. Lhe cable musl be protlecled or an
oppropriote rubber mnsulant specdied. Cables usuolly contan one. two
or three conduclors. In three-core coble the live and neutral ore
insuloted with brown and blue colour coding respeclively. The corth
15 bore ond must be prolected with green ond yellow sleeving where
exposed ol junclion boxes, sockels. elc. Grey and black insulated
conductors are occasionolly used where an odditionol facility is
required, ¢.g. two-way lighting.

=S/ *'LEQ

[
Com armnagameety of mineral Prenatod coppe
PVC or nubber insudated cabin Covered cabion

Refs: BS 5004 Electric cables. PVC insuloted. non-armoured cobles
for voltages up to and including 450/750 V. for electric
power, lighting ond internal wiring.

BS 6007: Electric cables. Single core unsheolhed heol resisting
cables for voltoges up to ond including 450/750 V. for
internal wirmng.
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Testing Completed Installation - 1

Electricol instollations must be tested on complelion 1o verily thot
the system will opercte elficiently and safely. The tesls ore
extensive. 0% defned in the stitulon of Electricol Engineers
Requlations. They can only be corried out by o competent person.
Le. 0 quoliied electricion or electrical engmeer. The lollowing lesls
are on essentiol port of the proceedings:

* Continulty.

* Ihsulation.

* Polarity

Testing is undertoken by visual nspection ond the use ol o mulli

purpose meler (mullimeler) or an instrumenl specifically for recording
resistonce, ie. an ohmmeler.

Conlinuitly - there are several lypes of conlinuily test for ring
moins. Eoch is to ensure integrily of the live, neulral end earth
conductors without bridging (shorting out) of connections. The
following is one estoblished test to bz opplied to each conductor:

* Record the resislonce between the ends of the ring cwcuit |A).

* Record the resistonce between closed ends of the circuit and o
point mid-way in the circuit (B)

* Check the resistonce of the test leod (C)

® Circuit integrity is indicaled by: A - & opprox. = B - C.

One corduchor
of ning circult
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Testing Completed Installation — 2

insulation = this test 15 Lo ensure thot there 15 © high resistonce
between live and neulral conductors ond these conduclors and earth
A low resistonce will resull in current leakoge and energy waste
which could deterorale the insulotion ond be o potential fire horard.
The test to eorth requires oll lomps and other equipment o be
disconnected. all switches and circuil breakers closed ond fuses lelt
in. Ohmmeler readings should be ot least 1 ML

‘-\ @ W)+ Lamps disconnecied
Swiches closed Applarces
11 ) (Epm— T trom wckes

Polorily - this in 1o ensure thol oll swilches ond crcuil breokers are
connecled in the phose or live conductor, An inadvertant connecclion
of swilchgear to @ neutrol conductor would lead Lo o very
dangerous siluation where cpparent isolalion of equipment would stdl
leave it livel The test leods connect the live bar in the disconnecled
consumer unil to live lerminols ol swilches. A very low resistonce
reading indicates the polarity is correct ond operolion of the
swilches will give o lluctuation on the chmmeter.

L3 I o

".\ - Vasious positons
\\ for tost loads
e Y
/ A
Consumar unk —
Folarky test

Ref: BS EN 61010-%: Safely requirements for electrical equipment for
meosurement, control and laboratory use.
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Electricity Supply to Groups of Large Buildings

For large developments contoming several buildings, either rodial or
ring distribution systems moy be used

Radial system - seporale underground cobles are loid from the sub.
slolion to each building The system uses more coble than Lhe ring
system. bul only one fused swilch is required below the distribution
boards in eoch bwilding.

Ring cwrcuil system - on underground cable is loid from the Sub.
staotion to loop in to roch budding, To isolote the supply. two fused
swilches ore required below the distribution boerds in eoch building.
Currenl flows in both directions from the intoke. to provide o belter
bolance than the radiol system, If the coble on the ring is damaged
ol any point. it con be isolated for repoir without loss of supply to
any of the buildings.

Oetal ol egupmant in the intaka room for the
ring Sarbtion ‘
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Earthing Systems - 1

Supply systems require a sofety electrical earthing focility. The
manner in which this is elfected will depend on whether the supply is
overhead or underground ond the conductive property of the ground
surrounding the instollotion. Systems are clossified in accordance with
0 letter coding:

First letler - type of eorthing:
T =~ ot least one point of the supply 15 directly eorthed.

I = the supply is notl directly earthed, bul connectled 1o zorth
through o current limiting impedonce. Nol ccceplable for public
supplies in the UK,

Second letter - instollation carthing arrangement:
T =~ all exposed conduclive melaiwork is directly earthed.

N - oll exposed conduclive metalwork is connecled to an earth
provided by the supply company.

Third and fourth letters - gorth conductor orrongement:
S « eorth ond neutral conductors seporote.
C - earth ond neulrol conduclors combined,

Common supply and eorthing orraongements ore:
TT (shown below)
TN-S and TN-C-5 (shown next poge).

TT system: Rt o e
Most used in rurol

Liva tar
areas where the supply \
15 overhead. An corth Nouvel ber N
terminal and elecirode “~:"=-1 Sachinth
s provided on site by e—
the consumer. As an
extro sofety featlure. ©
resdual current device
(RCD). generally known
Q% © trip switch. is
located belween Lhe
meler ond consumer
unit. The ACD in this m
situation should be
ol the Lime deloyed \
type - see poge 198,

[
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Earthing Systems - 2

TN.S system - this Is widely used i the UK, with the clectricity
supply company providing an earth Lerminal with the intcke cable
This is wsuolly the metal sheathing around the cable. otherwise
known as the supply protective conductor. It connects bock Lo the
stor poinl ot the orea tronstormer, where it s effectively eorthed.

TN-C-S system = Lhis is 03 the TN-S system. bul o common
conductor s used for neulral and eorth supply. The supply I8
therefore TN.C. bul with o seporaled neulral and earth in the
consumer's installotion it becomes TN.C.S. This system is also known
as protective mulliple eorth |PME). The odvontoge « that o loult 1o
eorth is olso o laull to neulrol. which creotes o high foull current.
This will operate the overlood protection [fuse or circult breoker)
ropidly.

XXX, &1
;-=,1! m = — i 4 4
| 2-pole
1 I
!
! Mt\:’
I |
| > Uvoand |
[ e nout catle | | —
| I
' Earm bong 1o LAt
’ i - T
L- # transiormer and ‘.”md;m
carthed
Eanh connaction
e Undorground o neutral Tnk
supply cablo
TN-S system TN-C-S systom

Nole: Specification of instalialion caobie between supply companys
svoling chamber ond consumers unil - phase/live and neulraol
25 mm?, eorth 0 mm? cross-sectional area.
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Connection to Earth

Pages 380, 38! and 38S show thot the consumers corth conduclor
IS connected to the neutral ond corthed ot the locol transformer.
For below ground supphies this arrongement provides a path of low
resistonce for on electrical foult. With an overheod supply typicol of
rural oreos. Individuol consumers must provide o suitoble earth
termmnal or electrode os shown on page J84.

Unless wel. the ground surfoce » nol usuvolly o very good conductor,
theretore ground contoct is made ot aboul 5 Lo 2m below the
surface. In the post this was ochieved by earlh bonding to metol
waler and qos maoins. Since the introduction of plostic pipe materials.
this is of course no longer occeplable. Current proclices include
burying o metol plate or o metal tope mesh orranged over severol
square metres. or driving o metal rod electrode into the ground The
latter 13 normolly odequote lor domeslic ond other smoll-scole
instollotions. In some instances. the electirode is housed as shown
below. Wholever corth melhod used. o low resistance to on electrical
foult s essentiol, The IEE Wiring Regulations recommend that the
corth electrode resistonce should not exceed 200 ohms.
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Earth Bonding of Services and Extraneous Metalwork

The Institulion of Electricol Enginesrs [IEE) Wiring Regulations require
the metol sheolhs and armour of oll cobles operaling at low ond
medium voltoge to be cross.bonded Lo ensure the same polential s
the electricol instollation. This includes all metol trunking ond ducts
for the conveyonce ond support of electricol services and ony other
bare eorih continuily conduclors and melalwork used in conjunction
with electncol oppliances. The bonding of the services shall be os
close o3 possible o the pont of enlry o! the services into ©
building. Other lixed melolwork shall be supplementary eorth bonded.

10 mm® carth wire Earth conducior
from conswmar unt
@/ =
ER T N Gas mator Ear bong
Gas service Wister service  Electricky
pipe ppe sorvico cable
Bonding of services at intake
Startess stood sink,

Mutal windaw  meetal taps end ploes

g

Structural
—— sed
L
‘
- 1 N | :
i '
s i '
1 ] ]
l : ”' L-- ‘ -—-——
—‘ . L R e H
------“-..--..“J
Radator -.'t-
10 mm” aarthing cadle Eantung bar

Supclamentary bon | g « | @cranecus metatwork
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Light and Light Sources - 1

between a polshed ond o mall surfoce.

Ange of rwideran P, ~ Light s sefaond in ot

Light Is o form of glectromagnetic rodiation. It is similar in noture

ond behaviour 1o rodio waves ol one end of the frequency speclrum
and X-roys al the other. Light 15 reflecled from o polished [speculor)
surfoce ot the some angle thot strikes it. A mott surfoce reflects in
a number of drections ond o semi-mott surloce responds somewhere

surface:
E=-lagf

E = luminotlion on surfoce (lux)
I = Rlumination intensity from source (cd)

lfexald
Er=F

lw{ ? o

N
IBumination peoduced
frorm a light source not
perpendicutar 1o the surfsce

d = distance from light source to surface |mj)

Angie ef reflection §y d rectom Soma g I watiered e some
gt u nliscied @ rpctionally
Light refipcind Light reflscted
from a polished urface from a matt surface
Light In sesmmond in il dirvetions Light is bent or refracted when
(8 Musion) peaiing though & surfsce between
Ty M

—

Mactic or

o gam
Lght passing through Intensity of light
o Gffusing scroen and lux

lluminotion produced from o light source perpendiculor to the
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Light and Light Sources - 2

Defimlions ond units of measurement:

Luminous intensity - condelo (cd]. @ meosurement of the magnitude
of luminonce or light rellecled from o surface. |e. cd/m?.
Luminous flux - lumen (Im). @ meosurement of the visible light
energy emitted.

fllyminonce -~ Lumens per square metre {im/m?) or lux (Ix)., @
meosure of the lightl folling on o surfoce.

Efficacy - efficiency of lamps in lumens per woll [(Im/W).

Lummnous elficocy = Luminous flux outputl - Electricol power input
Glore index - o numerical comparison ranging from aboul 10 for
shoded light to about 30 for on exposed lomp. Colculoted by
considering the light source size. localion. luminonces ond effect of
its surroundings.

Examples of Wlumination levels ond limiting glore indices for different

aclivities:
Aclivity/location llluminance [lux| Limiting glare index
Assembly work: [general) 250 a5
(fine) 1000 22
Compuler room 300 %
House 50 to 300* n/o
Loboratory 500 %
Lecture/clossroom 300 1
Offices: (generol) 500 9
(drawing) 750 L
Public house baor 150 22
Shops/supermarkels 500 22
Restauront 100 22

* Varies from 50 in bedrooms to 300 in kitchen and study.

The Budding Regulations, Approved Document L2 requires thot non-
domestlic buildings have reasonably efficient lighting systems and
moke use of daylight where appropriote.
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Ventilation Requirements

Ventilotion - o means of chonging the oir in on enclosed spoce to:

* Provide Iresh ar for respiralion - opprox. 01 te O2 I/s per
person.

* Preserve Lhe correct level of oxygen in the ar - approx. 21%.

¢ Contrel corbon dioxide content to no more than O 1%.
Concentrotions above 2% ore unocceploble as carbon dioxide is
poisonous Lo humans ond can be fatol

* Control moisture - relative humidity of JO% to 70% is occeptlabdle,

* Remove excess heal from machinery. people. lighting. etc.

* Dispose of odours. smoke. dust ond other almospheric
contaminants.

* Relieve stognation and provide a sense of freshness - Qir
movement o! 015 to 05 m/s is adequolte.

Meosures for control:

Heolth and Safely ot Work. elc. Act,

The Foclories Act,

Offices, Shops ond Rollwoy Premises Act,

Buliding Requlctions, Approved Document F - Venlilotion,

BS 5925: Code of proclice for ventilation principles ond designing
for notural ventilation.

The statutes provide the MHezeolth ond Safely Executive with authority
to ensure buildings have suitobly conlrolied internol environments,
The Building Requiations and the British Standord provide meosures
for application.

Requirements for an occeptable amount of fresh oir supply in
buildings will vary depending on the noture o! occupation and
activily, As o quide. between 10 |/s of ouldoor air supply per person
con be opplicd between the extremes of o non-smoking environment.,
to on extroct o role of 36 |/s per person in o room dedicaled
specifically for smokers. Converting th: to m*/h (divide by 1000,
multiply by J600). equates to J& to 'J0 m?/h per person,

Air chonges pri hour or ventilation rote Is the preferred criterio for
system design. Thi is calculoted by dividing the quantity o' oir by
the room volume and mulliplying by the occupancy. ‘ “

E.q. 50 m?/h, 100 m? office for live persons:50/100 x 5 = 2.5 g/c per h.
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Natural Ventilation - 1

Naturol ventilotion 15 on economic means of providing air chonges n
0 building. It uses components integrol with construction such os air
bricks and louvres, or openacble windows. The sources for notural
venidation ore wind elfect /pressure and slock effect/pressure.

Slack effect is on opplication of convected oir currents. Cool oir is
encowroged to enter o bwldng ot low level. Here it is wormed by
the occupancy. lighting. mochinery ond/or purposely locoted heot
emitters. A column of worm air rises within the building o dischorge
through venls at high level. as shown on the following page. Thes
con be very effective in Lall office-lype buildings and shopping malls.
bul has limited effect during the summer months due lo worm
external temperotures. A temperoture differentiol of ol leost 10 K is
needed to effect movement of oir, therelore o supplementory system
of mechanicol o movement should be considered for use during the
warmer seasons.

Prwtve provsire sune facton rovm
3 Lmowst side
wantewo
e
Wind pressurs dagram ke mofs weith pelches
up te 20*
Prciug pranam Jorms /‘mm
RS, sl | cormw e s
Wornean wor
Wind prassura dagram o enols with piichas
abavn 30"
Mstive press sy Burtion myw
e
—- - Lisoas pets
WASNEN e
Wit prassurs dagmm for st rools

2t B

A Masa reaDetve

Sl

SAck preamarn Caiey) Cross varslabon

A -
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Natural Ventilation - 2

The roles of oir change ore determined by the building purpose ond
occuponcy, ond locol interpretolion of public heoith legisiotion. Public
buildings usuolly require a ventilotion rate of 30 m? per person

per hour,

Wind passing the walls of a bullding creotles a shight vacuum. With
provision of controlied openings this con be used to draw air from
o room to elfect ar changes. In tall buldings, during the winter
months. the cool more dense oulside ar will tend to disploce the
warmer lighter inside ow through windows or louvres on the upper
floors. This is known os stock effect. It must be requloled otherwise
it con produce droughts al low levels ond excessive wormth on the
upper floors.

Ventilotion ond healing for on ossembly hall or simiar building may
be achieved by admitting cool external air through low level conveclors.
The warmed air rises Lo high level extroct ducls. The cool awr Intoke

15 requialed through dompers integrol with the convectors,

Ao Some 3t . --—
L p—
g —
- hianalrssndonind A7 twcea B
I fl = swmiom WINg cousing vontialion Teouch windows
- -
=0
Canre eren L
MIrcoms aea 1y !
-l:§
1
1
-a- IC
== (Y £Y &Y 1
Otack presaure in o Wl buiding

A et &l e Of Noa

Veriton for an assanly hal by paseng iesh
al gt haot oMot
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Natural Ventilation - Passive Stack Ventilation (PSV)

PSV consists af vertical or near vertlicol ducts of 100 to 150 mm
diometer, extending from grilles set ot ceiling level Lo Lerminols
above the ridge of @ rool. Systems con be opplied to kitchens,
bothrooms. ulillity rooms ond sometimes sanilory occommodation. in
buildings up to four sloreys requiring wp to three stocks/ducts, More
complex sitbotions ore better venliloled by o Mechonicaol Assisted
Venllation System (MAVS), see next poge.

PSV s enerqy efficient and enviconmentally iriendly with no running
cosls It works by combiming stack effect with ar movement ond
wind possing over the rool. It is self-requiating, responding to o
temperolure differential when internal ond external temperotures
vory.

Sin‘e air
lorminaia at ndgo hoight

Roof space / \ | ’W%MMM
\ near as pozubie

Ny

b N S SN a % N NN
[
(
(% D % Nk S % N WK

PSV 10 a dwetling houss

Rel.: Building Requiations. Approved Document Fi.
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Mechanically Assisted Ventilation Systems (MAVS)

MAVS may be opplied Lo dwellings and commercial premises where
PSV s considered inodequate or impracticol. This moy be becouse
Lthe number of Iindividual ducls would be excessive. i.e. Loo spoce
consuming ond oblrusive with several roof terminols. A low powered
(40 W) silent running fon Is normally located within the roo! structure,
It runs continuously and may be boosled by monuol control when the
level of cooking or bathing activily increases. Mumidity sensors con
olso be used to automalicolly increase air flow.

MAVS oare occeplobie to Approved Document F1 of the Building
Requlotions os on ollernative to the use of mechonical fons in each
room. However, both PSY and MAVS ore subject to Lhe spread of
fire requiations (Approved Document B). Ductling possing through a
fire resistont waoll, floor or celling must be fire prolecled with fire
resistant matericlis and be fitted with a fusible link automotic

domper.

Extract ducting
Alr inlat
’
¢ Firo damper
located at
g Junction with
: companmant
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Mechanical Ventilation with Heat Recovery (MVHR)

MVHR is o development ol MAVS 1o include energy recovery from
the warmth in fan extrocted moistl ar from bathrocoms ond kKitchens.
The heol recovery unit contoins on extroct fon for the stole or. ©
fresh oir supply fon and o heol exchonger. This provides ¢ balanced
conlinuous ventilation system. obvialing the need for ventiotion
openngs such os trickle ventilotors. Apert from notural leakage
through the building and air movement Irom people opening ond
closing externol doors. the bullding Is sealed 1o moximise enerqgy
efficiency, Up to 70% of the heal enerqgy in stale ow con be
recovered, bul Lhis system is nol on olternotive to central heoling.
A spoce healing system is required and MVHR con be expected lo
contribule significantly to 13 econamee use. MVHR complies wilh the
‘olternative approoches’ Lo ventilation of dwellings. os defined in
Approved Document F! lo the Building Reguialions.

= u
~ ‘ 0 3 q
Ill.\\ A Il.\\
\ Moist staio air
axtract duct
Warm air outiet S o
Qnio and frior

Schomabc of an MVHA systemn of veetiation
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Mechanical Ventilation - 1

Mechanical ventilation systems are Irequenily cpplied to commerciol
buildings. workshops, foctories. etc.. where the air change
requirements ore defined for heolth ond wellare provision. There are
{hree cotegories of system:

1. Nolural inlet and mechonical extract
2. Mechonicol inlet ond notural extroct
3. Mechanicol inlet and mechanical exliroct

The copitol cost of installing mechanical systems s greater thon
notural systems of o movementl. bul whelher using one or more
fons, system design provides for more relioble air chonge ond air
movement, Some noise will be opporent from the fan ond air
turbulence in ducting. This con be reduced by litting sound
otlenuators ond splitlers Q3 shown on page 174. Poge 180 provides
guidance on occeplable noise levels.

internol sonitory accommodation must be provided with o shunt duct
o prevent smoke or smells possing belween rooms, In public
buildings. duplicoted fons with automotic changeover are also
required in event of foilure of the duly fon.

:\\\\\\\\\\\

Basement cor porks require ot =
leasl 6 aw chonges per hour
and at exits ond romps where e Ll e e

queuing occurs. local ventiialion
ol at least 10 air changes per
hour. Duplicote fans should be
provided wilth a fon lollwe
automatic change over.

Smel 31 amend wals i evmas W3 o
Bl wohume of mr
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Mechanical Ventilation - 2

Fon ossisted venlilation systems supplying external air to hobitoble
rooms must hogve o focility to pre-heat the air. They must olso have
control over the amount of air extrocted, otherwise there will be
excessive heotl loss. A mechonical inlet and mechonical extract
system con be used Lo requiote and bolance supply ond emission of
aif by designing the ducl size ond fon roting specifically for the
situation.

Air moy be extrocted through speciolly made light fittings. These
permitl Lhe heol enhanced oir 1o be recirculated bock 1o Lthe heoting
unit. This not only provides o simple form of energy recovery, butl
olso improves the light outpul by about 10%. With any form of
recirculoled air ventilalion system. the rotio of fresh to recirculoled
air should be ol leost 12, Le. min, 25% fresh. mox, 75% recirculoted.

In lorge buildings where smoking 1s not permitled, such os o theatre,
a downword air distribution system moy be used. This provides o
uniform supply of warm liltered air,

Ductwork In oll systems should be insuvloted to prevent heol losses
from processed oir ond Lo prevent surfoce condensation.

Vacrankcal infe! and mechancal extmct kot
A honve

Scanned with CamScanner



Ventilation System Heating Load

When designing ventilation systems. provision mustl be made for
the displacement of heal energy resulling from the movemen! of air,
This is necessary for mamtenaonce of the bullding or room ambient
temperoture. Also. to prevent cold droughls and condensalion
Cold supply oir is pre-heoted to dischorge at the same temperoture
s the design air temperatlure for the room served. This will have
no reol elfect on any seporole heating system and con be requioted
independently by o conlrol thermostol. The lollowing formula can be
used Lo esloblish the ducled oir heoler rating in kW, relative lo
design temperoture poromelers
Heater roting = m X She x Temp. diff. (intl. - ext))
Where:
m = mass oir flow role (kg/s)
Shc = Specific heat copocity of ar (YO kJ/kg K)
Temp. diff. = Temperaoture differentiol betwezen internol room
agir and external supply air (K)

Air flow rate by volume [Q) is colculated in m?/s. To convert this to
moss air flow rote in kg/s. the volume rate is multiplied by air
density (M) of 2 kg/m?.

Therelore:
Heoler rating = O x px She X Temp. diff, (int. - 2xt.)
For example. @ room with totlal fobric and infillrotion heat losses of

3 kW [see method of colculotion on page 125). with air supply ond
lemperolure design foclors os given below:

Meoter roting = O-4 x 12 x 10 x (22 - -4)
ol = 1248 kW

Aie duct heater calculalion

Thorefore i the ducted air 15 required to supply all heoting needs,
then 12:48 kW is odded to the room losses of 3 kW, bringing the
tolal heotl inpul Lo 1S 48 kW. If the ducted air system is to provide
for the design room heal loss of 3 kW, the discharge air
lemperolure (T) con be found by rewriting the formulo:

Room heot losses = Q xpPx She x (T =int. air temp.)

Or: T = [Room heol losses - [O x pxShe)] + 22
T=[3-|04%x+2x%x10)}+22 = 28-25"C
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Roping Systems for Electric Lifts — 1
r High tensile steel ropes ore used to suspend lift cors. They hove ¢
design foctor of safety of 10 ond ore usually ol least four in
number. Ropes travel over grooved driving or troction sheoves ond
pulleys. A counlerweigh! balances the lood on the electric motor and
troction geor.

Melhods far roping vory:

Single wrop 11 - the most economical and efficient ol roping systems
but is limited in use to smoll copocity cors.

Single wrop 11 with diverter pulley - requwed for lorger caopocily
tors. It diverts the counterweight away from the cor. To prevent
rope slip. Lthe sheave and pulley moy be double wropped.

Sngle wrop 21 - on olternative for use with larger cars. This system
doubles the load carrying copocily of Lhe mochinery bul requires
more rope and olso reduces the car speed by SO%.

Double wrop - used to improve troclion between the counterweight.
driving shecve ond steel ropes,

Slagle weap 2: 1 roped Double 2: 1 roped {lor high speod and medum %o
vy chiy oncsl

Scanned with CamScanner



Roping Systems for Electric Lifts - 2

Single wrap 3:1 - used for heavy goods lills where it is necessory
to reduce the force ocling upon the machinery bearings and
counterweight. The load corrying copocity is increased by up to
three Uimes that of uniform rolio, bul the copitol costs are higher
with increosed pulleys aond greoter lenqlh of rope. By comparison,
the cor speed |3 olso reduced to one-third,

Drum drive = a system with one set of ropes wound clockwise
around the drum and another sel onti-clockwise. It 5 equolly
balonced. os one sel unwinds the olher winds. The disadvantoge of
the drum drive 15 thotl os height increases. the deum becomes less
controliable. imiting its oppkcotion to rises of obout 30 m,

Compensaling rope and pulley = used n toll buildings where the
weight of the ropes in suspension will couse an imbalance on ihe
driving gear ond olso o possible bouncing effect on the car. The
compensoting ropes olloch o the underside of cor and
counterweight 1o pass around o loarge compensating pulley ot low
level

Doutde monp 11 1 Toped with compensaing rope Srgle wrap 3.1 ropinyg

..
VPP TETRET IS

Ll b dd b daadie s s B

Courtarwors J’ - “ [

woag 1 | roped with maching room bew o o

Drem arive The leng® of tope |s increasod which kn 1 he
lravel and speed of o
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Single Automatic Lift Control

The single automatic push butlon sysiem is the simplest and [east
sophisticated of conltrols. The lift cor con be callied ond used by only
one person or group of peopies ot o Lime. When the W1t car 18 colled
to a floor. the signal lighls engraved 'in use” are illuminaled on
every floor. The car will not respond lo any subsequent landing
colls, nor will these calls be recorded ond stored The car = under
complete control ol the occuponls unid they reoch lhe required
floor and hove deported the It The ‘in use ndicotor s now
switched off and the cor s ovalioble to respond to the next londing
call. Although the conlrol system is simple and ingxpensive by
comparison with other systems. it hast its limitations for user
convenence. It is most suited to light tralfic conditions In low rise
bulldings such as nursing homes, smoll hospitals and lots.
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Ref. B5 5655-7: Lifts and service lifts. Specification for many ol
control devices. indicalors and odditional fittings.
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Down Collective Lift Control

Down coliective - stores colls mode by possengers in the cor ond
those mode from the londings. As the car descends. landing colls are
onswered in floor sequence to oplimise cor movement. I the cor is
moving upwords. the lift responds to colls made msde the cor in
floor sequence. After sotisfying the highest registered call, the cor
outomaticolly descends to onswer oll the londing caolls in floor
sequence. Ony one coll button is provided ol londings. This system
mostl suited to flats and small holels. where the traffic Is mainly
belween Lhe enlrance
lobby and specific floors.

Full or directlionol
collective - o varnation In
which cor and londing
calls aore mmedwolely
stored in any number.
Upwaord and downword
intermediate londing colls
ore registered from one
of two directionol
buttons. The uppermost
ond lowest floors only
requare one button. The
1t responds to colis n

’
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the car and prass buttons Uprwardh sl the ficor order independent of
W Pl s Wenging colls wra by-peand coll sequence. first in one
direction and then the

' other, It hot greater
flexability than the down
colleclive system and s

——— ocppropriate for offices
ﬂ ond departm i ol stores
where there i+ more

movemen! between
intermediate floors.

e ———————— S ——

When the car moves
down sl lending calh
wu zalected foor by Moer
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Paternoster Lifts

A palternoster consists of a series of open fronted two-person cars
suspended from hoisling choins. Chaing run over sprockel wheels ot
the top and boltom of the Lift shafl. The it is continuously moving
and provides for bolh upword ond downward Lronsportiotion of
people in one shofl, Possengers enter or leave Lthe cor while it
moving, therefore weiting time is minimal. Possengers will have to be
fairly ogile. which Limits thit Lype of installotion to faclories. offices.
universities, etc. it is not

suitaoble in bulldings that

accommodole the infuem or Samamiet shoeh VSR tY
elderly! When o cor reaches -:'
its limit of trovel in one -
direction. it moves ocross to ‘
thc.odncml set o'. hotsting - gt
chams Lo engoge with cor [ b
- : Homarg oo
quides ond trovel in the ows |
other direction. In the :
interests of solety, car °:":: 1 S s g
speed must not exceed :
O4 m/s. |
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“I Rorocesl et sk )
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Flan of Il at 1op changecvwer View of racalation

Paternosters convey cbout 600 persons per hour. This type of lilt
hos the advanloge of cllowing possengers Lo begin their journeys
undeloyed, regerdiess of trovel direction, Simplicity of control gear
odds to the aodvontages. resulling in fewer breakdov . by elimngling
normal processes of slopping. starting. accelerating ano deceleroting.
They ore mosl swled 1o medium-rise buldings.
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Qil-hydraulic Lifting Arrangements

Direct ocling - the simplest ond most effeclive method. but it
requires o borehole below the pit to occommodate the hydroulic raom.
The rom moy be one piece or lelescopic. In Lhe absence of ©
counlerwaighl. the shall widlh is munimised. This will sove
considerably on construclion costs and leave more spoce for

generol use,

Side acting - the rom 15 connected to the side of the car. For large
copacity cors ond heavy goods lifts, Lwo roms moy be required. one
coch %ide of the cor. A borehole 15 not necessory. but due 1o the
conlilever design and eccentric looding of o single ram orrangemaent,
there are limitotlions on car si2e and load copocitly.

Direct side ocling - the car s canlilevered and suspended by o steel
rope. As with side octing limitations of contilever designs restrict
cor size ond payload. Cor speed moy be increased.

Indirect side acting - the cor s centrally suspended by o steep rope
ond Lhe hydraulic system s inverted
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Oil-hydraulic Lifting Arrangements

Direct ocling = the simplest ond most effective method. but it
requires o borehole below Lthe pil to accommodate the hydraulic rom.
The rom moy be one piece or telescopic. In the obsence of o
counlerweight, the shalt widlh is minimised This will save
considerobly on construction costs and leave more spoce for

general use.

Siwde ocling - the ram 5 connected te he side of the cor. For lorge
copocity cars and heavy qoods Lifts. two rams moy be required, one
cach side of Lhe cor. A borehole 15 not necessory. butl due to the
canlilever design and eccentric looding of o single ram orrangement.
there are limitations on cor size ond load copocity.

Direct side octing = the cor is contilevered ond suspended by o steel
rope. As wilh side ocling, imitations of contilever designs restrict
car sze and paylood. Cor speed may be increosed

Indirect side acting - the cor & cenlrolly suspended by a steep rope
ond the hydroulic system is inveried

N B

Orect ooy
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Details of Oil-hydraulic Lift Instaliation

Originally, hydroulic lifts
usted mains water supply os
the operotng medium. The
moin wos pressurised from o
centrel pumping stotion to
service lifL installations in
several buldings. The oil-
hydroulic system hos oil
pressure fed by o pump into
a cylinder Lo roise the rom
and Wt cor, Eoch I¥! hos
its own pumping umil ond
controller. These units ore
usuolly sited ot or neor to
the lowestl level served. no
more thon 10 m from the
shoft. The 1Mt 13 ideal In
lower rise buildings where
moderole speed and smoolh
acceleration is preferred.
Cor speed ronges from O
1o 1 m/s ond the moximum
travel is limited to about
29 m. The Wt s porticulorly
suitable for goods lifts ond
for hospitals and old
people’s homes. Most
hydraulic Wits carry Lhe
load direclly to lhe ground,
therelore os the shaft does
not beor the loads.
construclion is less
¢expensive thon for a
comporable electric lft
mnstallation.

BS 5655-10:2 provides specific gudance for the lesling ond
exomination ol hydroulic [ifts.

See olso BS EN 81.2 for sofety rules aopplied to construcling and
instolling hydroulic Lifts,
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Oll-hydraulic Lift Pumping Unit and Packing Gland

Upwerd movement - the oil pressure must be grodually increased.
The up solenoid valve is enerqised by on electric currenl and opens
to ollow il to enter above piston D. As the area of piston D is
greater than valve C. Lhe oil pressure closes Lhe volve and ollows
high pressure oil 1o flow Lo Lhe cylinder ong Lift the raom ond

the cor.

Downword movement - the oll pressure must be groduaily decreased.
The lowering solenoid valve is energised by an electric current and
opens allowing oil to flow bock Lo the tank through the by-pass. As
the area of piston A is greater thon valve 8, the reduced oil
pressure behind Lhe piston ollows valve B Lo open. Oil lows into Lhe
taonk and the coar moves downwards,

A special pocking gland with several seals is required between the
cylinder and rom.

Cil tamy, pump ane controle
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Escalators
Escolators ore moving stolrs used Lo convey people between floor
levels. They ore usuolly arranged in pairs for opposing direclional
travel to transport up lo 12000 persons per hour between them.

The meximum carrying capocitly depends on the step widlh ond
conveyor speed. Stondard steps widihs are 600, BOO and 1000 mm.,
with speeds of O'5 ond 065 m/s. Control geor is less complex thon
that required for lifts os the motor runs conlinuously with less load
varigtions. In high rise bulldngs space for on escolotor is unjustified
for the full height ond the high speed of modern lifts provides for o
betler service.

To prevent the exposed opemings locilitating lire spreod, o woter
sprinkler installation (see Poarl 12) can be used to automatically
produce o curtoin of water over the well. An alternotive is o
fireprool shutler actuoted from o smoke deleclor or lusible links.
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Escalator Arrangements and Capacity

Escolotor configurations vary depending on the required level of
service. The one-direclionol single bank ovoids interruption of troffic.
bul occupies more floor space than other arrangements.

A Criss-cross or cross-over orrangement is used for moving traffic In
bolh direclions.

WS AN DA AT A A D] T——

{4) Single bank atfic in one direction

-
(b} Crivecroen -
Direemon o and down
Sy ar llllll)'-tlﬁltlllﬂ
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Escalator arrangementy
Escalotor copacity formula to estimote the number of persons (N)
maved per hour:

.JOOOKPXVICOWO
L

N

where: P = number of persons per step
V = speed of lravel (m/s)
0 = ongle of incline
L = lenqgth of zoch step (M)

E.Q. on escolator inclined ol 35%, operating wilh one person per
400 mm step ot 065 m/s.

N = 3600 X 1% 0-65 x 0-8192
04

= 4792 persons per hour

Scanned with CamScanner



Travelators

Trovelolors - olso known as oculowalks. passenger conveyors and
moving pavements. They provide horizontal conveyance for people.
praoms, luggoge trolleys. wheelchars and smaoll vehicles for distances
Up to about 3OO0 melres, Shght Inclines of up to 12° ore also
possible. with some os great os 18% bul these steeper pitches ore
not recommended for use with wheeled tronsport,

Applications range from retodl, commerciol ond store environmenis lo
exhibition centres. roliway ond airport terminals. Speeds range
between O6 and +3J m/s any foster would prove difficult for entry
ond exit. When odded to walking pace. the averall spesd 15 about
25 m/s.

There have been o number of experimenls with different materiols for
the conveyor surfoce. These hove ronged from elostics. rubbers.
camposites, interloced steel piotes and trellised steel. The lotter two
have been the most successful n deviating from o stroight line. but
reseorch continues. porticularly Into possibilities for vorable speed
lones of up to 5 m/s. However, there could be o donger if bunching
were 1o occur ol the exil point.

Up o 300 m

rp
1 I l
|

Cagacty 6500 to 10 800 peradrs por hour
Typical inciined travelator
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PARI-D

6.Construction and earth moving equipments
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PART-D

6.Construction and Earth moving equipments

NTRODUCTION

o Construction squipments nre one of the very mmpartant resource of moderndoy construstase,
—aapacially in infrastructurze projects.

o In such propcis equipmeniy are wsed fur most of the works including earth moving operation
szprepate production, conceele production and M placement els In fact, we connot Uunk of
aiyy major coostuchion sctivity without the invalvement af construction equipment,

o Thers wre typec of construetion equipments euitable for diffevent sctivities 1n & construction
project

o The stlection of conttruction oquipment definge the conatruction method, wiuch in a way leads
o the determination of timse and cost for Lhe projeet,

o Foc shcting the right equipment to perform o specific taeh st the leant coad, it is essential o
knew the atures of 4 constructisn equgiment inchuding ite rate of production and the amsaciated
cort 49 vperato the equipment . . x

o Wiile dealing with the construction stage, selection of the most suitable equipment is a very
Lypiral poobilem which 1o pinerally faoed by the conelruction sngmesry or contracians,

e A cootracior moy net afford 1o bave all typer or sizes of equipment which are required for
axocetion of the prajecta

o« Cholce s made wlier comsblering many facters Kl sature of the prapece, cost of equipment,
depreciotion. pomerin ity of ils future veps on othey progects, lumaleulunnncrmupmd
tht saving eapesicd frum the use of such eguipesents #ic

LASSIFICATION OF CONSTRUCTION EQUIPMENT:

Construction squsmpmenta can be classilind 1nto maay ways.

1 Basis of functian of equipgament — B exsaple, materia] Joading farction, material - traasporling
fuection ete

On the bomn of fimetions squipments enn be grouged into
(=) Power Unita

M) Primes movory

(&) Tractors

(@7 Matorssl-Handilfng cquipment

() Material-grocessing equipment

At R s LU e > o T
'-\‘M--.. Yo v
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2 Basis of Operation of equipment: - e
{n) Eguipments used for moving and locseming the materials found in their natural state eg-

pomps, axcavalons, sartl woving, Uenchers, compressors ete’
{b) Equipments used ks processing the materials, for example aggregate, concrete and asphalt
producticn,

{¢) Equipments used for tunaporting the processed materiale
{d) Equipments used for plonng fimsh matersals
3. Basis of purpose of equipment
(o) General Murpose 1 Earthwork equipwent, Homting, Cancreting, .
(b) Bpecial equipments ; Piling 1y, coffer dams, umml boring n_;N-e. calssons equipments

ISELECTION OF CONSTRUCTION EQUIPMEN

o  Feor speely and ecovmnic constraction of n propel, proper choien of equipment  of pramary
unpartance

o The problem of preger aclection is farther complicated because of the wide range of equpment
commercially available

» Fellowing factais’ Eust be covaidered before Baving » final chosce
1. Use of Existing Fquipment

o When the full vtileton of new aquipment for the future projets & uncertain, it cany be
deuralie 10 use axiting old equiptuent ceen of 12 operation i somewhal more exprogive.

» Deprocation coqt of the new machine w hkely to be hagh, nod this would rame the ewpmg cont
of the squapment and hence the unit cost of work

2 Availability of the Equipment

o The equipment which is rasily avadlable in the market should be selested for the purpme
because any delay in delivery may increase the construction cout, repairing of such equipments
will ale0 bo dooe eanily.

3. Use of Standard Equipment -

«  Standand equipment i commonly manwlactureld in large numbers and hence these are readily
availabde and moderntedy priced.

+ Spare parts of rlandard equipment ere easily available and sre less costdy,

«  After the work w ever, Solling off slandard egqupovent snd its spare paste 48 genecally camer
than in comperison 120 pon-standard or specialized equipment

4. Country of Origin Y
o It asglwoys suggeatable 10 huy squipment from own country brcause this will decrence the

repair coit and downtime enel and at Lhe same time it will boost up nstion's economy.

* For imported oquipment, ttupdm&wmntﬁmnnammm«ﬁuahﬁ
currency country, 1o ssve foréign curréncy reserves
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o« 1 0 machine is required only for come part of its wne full Kfe, Oven ways to disposed off or #ta
deployment on some other site should be conmidersd. | 1

o Obsalescence of the machine sheuld not be overloked

6. Suitability for Site Conditions

o The equipment chuses ehoubd mmmmmmmnnq workiog condrlaona and
dismate of the region

. Size of Equipment .
o Larger equipment give higher sutputs ea full load, but its cost dpﬁk&m is ueually graster
than that of emaller umits working on portial losd.

o For larper equipment transportation to elks i@ Mh@“mbmwumu
suanller equipmant

o Serviang, memienance snd repair faailities have to te gmmhhmumﬂm larga
maclunes are uswally mere suitabde for lough wosking eonditions

o Standby coot of Iarger 322 equipment in more Lhen, that of emaller equipment

§. Versatility
o 1fpowdhle the srachine seleotad dmtldh.ﬂnwdomlhn now funetion, and chould o
inter canverhilile where cver pesasble
‘9. Suitability of Local Labour
o The loeally avalsbleoperators and techmeiane should be Able La handle the nalacted equpment,

o Hpeoal sqwipment may have escellent performance bul may bo diffecnlt t6 get repaired during
break down

COST. QOF OWNING AXD OFERATION

. &nimmdmlqmuuundmd’mh‘bwlni:hnnblll&dthomd
fuel for ranoeng the equipnen!

o 10 je the omount by which na oquipmen! should be hired ¢ bs genorolly estiomoted on howrly
busas. X

¢ 1t should be toted that this does no! inclode the oparators cost.
Following factors should affoct the cost of owning and operating,

{a) lwitiad cost of equipmont, which incudes squipment conl. traneportaton cost, Joading aud
unloading charges and inatallation cont

) Severity of service condition uader which it s tud
() Number nf Fows wed 0 a2 year
{d) Quality of Maintenance and repur.
) Demand of eguiprent ot the end of service lafl. -

D mhkww : : S ’ e —
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« Following cost constitutes the cost of owning and operating. -
() Depreciation cost . .
(i) Mointenance & Ropoir cont
(1m) Investment cost
(iv) Fuel or energy consumpbion coet
(v) Lubricating oil cost

e~ .-Oﬁ-----------..---..-.... R R I S R

Ndc:wmdnpbaﬂ 50 #3 100% of armnl depreciation but 100N is @ fokr valee.

Trol vohu - Sohoge whe
Adeed deprastetion = S T Bie o] aqdhoasd

ECONOMIC LIFE OF CONSTRUCTION EQUIFPMENTE

o A construction equipment has two types of life

(a) Physical life : ﬂwwunudmnuhfnwumntuqunmmhknwhsdxn
physically becomes unable to produce a good or service.

(b) Ecomomic life : It is defined 25 the time penod over which an aquipment is expacted to
be use sbir, with norma) repairs and maintenance, for the purpose it s hired

o A machine can be vaed fir Jong period (Ll the end of physical life) through expennive repair
and maintenance cest, may have small econami= Life i #. during which it gives maximum profit.
and Jowest Gpernting cont

....... - S LR S S S

Note: Feorome b(an“hﬂn‘n’hpnﬁdm&mctummt that mammuses The prafit frem
the equipmant ar mmires the canvlatinly howrly oweing and eperating cect,
Mﬁnuom Mco(nwllpuhmul yeors ond sochleg haurs.

............................ P - b= A ALl e
.

¢« When should the equipment ba uplnoed?

o I the equipment w repiaced too early, he will expenence capital loss and if too Inte, the
equipment might kove passod its pegiod of econtmic eperation.

o The owner must consider all coste celated to the ownership and operation of the oquipment.
und Use effect which the contimued use will have on these costs. :

The costs to be considered are:

1. Investment Costs

» P in the fixed cont wl.m:h is incarred ot the time of purchasing equipment but 1t ako includes
voms other parametors inclusive which definition pet modified s :
Inveatment cost compriscs fixoed cont which is incurred at the time of porrh-dag equipment,
talercst on the money Invested In buying the cquipment , taxes pertaining to the ownership
of the equipment, msurance and storage.

¢  Money spent in the purchaze of equipment, if invested lnnhnknnllhhcunmm unm
of interest

* Opportunity of earming this intereet s loot due to purchase of the cquipment, and o the
recovery of this amoun! should be made on the machine’s amount.

¢ Generally o combined 1nvestment cest including interest, tazen, insurance and storage is taken
4 babE T o 12%  per year of the valuo of the equipment at the beginning of year.
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Avmgo annual cest of the qulpunt in found aut in ln&nm; ways.
Cago 1. When ﬁm 1 vo salvage value of the ofqeipment

z Px——l:m
=] on
where,
P' = Total initial cost
P,, = Averoge value
n*!iﬁioym

THEE T S
mﬁmm-mm—»

Value of equ

amd

Cm-lLWbm:Munmvduntmmmownwmwm
ntheunddw“hunlbhmdmfnlymudtbudofunm
yoar divided by 2 :

"R . 3

() sty

]

= 1 i e with sahags valos
Value of equipment by year
-8
r 8
b i Ptnol);&tn-l)
where, )
P = Teaal original cos)
P, = Average value
o = Lifo i years
S = Salvage volue
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Noler  In both coses sbove. the book wilwe ¢ besed on stroght bee depreciaton.

L ———————— —_——————— L ——————— T _— - ——

2 Depreciation and Replacement Costs
+  Whon cne songiders thie replacoment of equipment, it 1 nosvssary o koow the salvage vell
uf the machine and the replacement cout of & similar «quipment.

o Reglacement coat of sn oquipment must be increase 5% evary year &3 balance the increeff
in cost of equpment every year,

3. Maintenance and Repair Costs

. lthmbho«uﬂnﬁduﬁm-ﬁm&m%-vw
wheneved in thems costs every year, Bl

4. Downtime Cost

o  Downtime o the time that » moching is vot working bocsuse |t & undergoing repairs
adyustments.
o Downtime temds to ncreame with usage.

8 pereent. That, i1 & miehone i Sown 1T% of the tive, ¢ sadabiley w

-
........... W R e e AEEEERE -
. ..
= L N .

6. Obsolescence Coat

o Continwing tmprovementy o the productive eapacitien of consiruclion equipment have yegalom
m ower production sosts -
o woc i gheerved that | U by {stalling & new mashing the production cost s reduced by 9%,
" mespared with the prodaction couts of sn exsting mackine, the existing machine will sufler
lcea in valus egqual to 5%. Thie s defined a3 ohaclescence icoa. .
. Mmmwn%m“mahmwwmtmbumdddnquw“
with aewer equipment, decreass the desiratility of cuntinuicy (o wee the older squipmet
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o Primary purpose of a tracter i (0 pull or push loads, and it miy ke used also as mount for
© many types of equipment such as bulldozer, shovel, dragline, hoe, tenchers etc. Theefore.

* [tisconsddored as one of the most important squipments and is indispenaoble on moet of the
construction projects whether small or big.

Types of Tractors
Tractors are divided into foXowing types .
anor LA
' +
Creawler Toncter  Wheel Tractar :
' * )
Twowbeel Trostor  Four wheel Tractor

Factors affecting in selection of a tractor

* In selecting & tractor, severa) factors should be cansidered mdm-ofthonnnmunmud
s follows:

(n) wize required as per magaitude of the job.
1) kind of job for whith i in 10 be ueed like bulldozing, pulling & scraper, clearing Jand elc.
(&) type of fucting over which it is to operate Le. high troctive or low tractive efficiency.

oo 5. 0d) - firmness of haul road: —— kg S e -3

>
.
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(¢ swoathewse of baul rasd

(h slepe af hual read

(e whepe of haul read.

(1) type af work it 4 no do afier this job is completed.

Crawler tractor

o I & tsctor i ancunted o crawler it is ealled crawher tacice.
o Crawler track s o endlons chain cossisting of stee] Sinks made of steel plates comnected
tagether kv pint and bushings.

o It wesd for ving beavy units on rough serface haviag posr 'l\: pull ot
n crwwley teactne can provide depende upen its weight aad is oqusl W' of teuclion
Mumuma-wuu-mudmﬁupﬂn-dm_m
wpplied by the engion I

. m-wuuuunhpbmhmwuh*unumh
ix wusted for short hael say 00 15 150 =

»  Specil advastage live in 22 abelity 1o travel ower very rovgh ssfases 304 10 climb vary steep
grades wp 2o 26 10 20W At 5 spend of 290 huaph

o It has a bl of & tn 12 yearn (9000 to 1000 hred dapeading upon (ba heowe power which vane
fore WO 1o 200-HP

Advantages of crawler tractors

] Hmnmu-:uwdlm_imqym-nh&mingmuulunumuy-’l
1) 11 con operate in rocky formations where rubber tyres may be senimusly dameged.
A Tt can trweet over rongh sucfaosu whnck mar vodaos the oot of matutaingng. heel. meode
the) 15 hes greater Nentatn Sesance of Tower preswore ander the tracks

(v; Peang ceenpect wnd pasweriul, it can haodie very difficuls che

Whee! tractor

* The banic savactages of 2 wheel tractar whem compared with o crawler tractor Bes in s higher
sl In aeder b sitaws o kighyr speod & whee) racter s saceifice sa pullang effurs As
e speed o incremed with the Selp of higher prasm. Rimpadl will be decrvased 1o approximately
the same proportion.

-’0-..-o------------------- T ———_———— -

..........................................................

* It poaseassss & lewor coedficient of traction between rubles tyrew and tome sl surfaces, the
wiviel trzctes Murts sligplag bedore developing ts mied rimpull

. :ummumummtmuummm-nuhm
which is conerally move than 76.MP.

Advantugos of wheel (ractors -
(0 Teenn traved ot higher apeed (maximum speed wp ta 80 kmph) en the wb or move from
e job b ensther,

L

Ol It ean give preates ouipst where conmderabile Wravelling ls nocossary. =

© () It can travel over paved highways without damaging the surfaces.
(iv) It can opwrnte eamly which makes the operator less fatigue.
{v) A wheel tractor ie very useful in the following-conditions:
/(%) Long push distance
() Fast returm
(© Looee soil little or no rock
(d) Level or downhill work
(&) Good underfoot conditions

Scanned with CamScanner



POWER SHOVEL

ut .

Semcly 0 shoved iz & wol for digping, Nfung m-m;ﬂuié&ahm--l,ml.
pravel amaw, sand, or ore. :

Shavels sre catrawly cortmen 1W0ols that kv weed extenavely in agriesliure, cosstruction. and
gardening

Wbuu:bwﬂi-mwu-hvnwhhnpaﬂnfn«“o;d '
Pewnr shorels ave used mainly bo excavare earth ansd Jood iexo tyuchs o tractor Lrawn vagoss
Pawar shiovels cxn oxcavate all types of eartl excop™aoled rock Wmthoul priee oostalng =
The hasic parts of o poner shovel inclade Monstmg, Csk Beom, Uippor stk Dipper

Size af paver chovel is nficated ky copemty of wa fiprer. prnorally exprsssed (0 codac metocs

Peuer shovels are conranly available m diover sizes of 029 035 057 €70, 6195104 134
153 and 191 =i

Types of Power Shovels

|
L &

Cranler movated power shavel
Bubter syred mwumted power shovel,

Crawler mounted Shovels

I W weunted v crawler tncks
I hos vy low truved peed.

It oxerss low preassre on the soll and hesce wuited for muddy snd soft ground serfess

Rubber Tyre mounted Shovels

It 10 meunted ox Rubbertyres ¢
It han highor trovel spoeds are ssofid far pnell joba where considesible travelliag i invalved.

o Tererts conmderslle pressury oo Uhe sl surfoce Senor suitable fr road sod the fis® ground

wilaces

Oporatinns of Shovels
o Pagition the shorel muar the. face of the ooty 1o be excaipted.

The dipper is lnwered 1o the foor ef the pit, with the teeth ponting into the face.
penctrating force is upplied through the dipper shaft and st tha eame time tencion is applied
:&emﬁuﬂm‘hwmmu-hdhpu
If the depth of the face (called the depth of cut) is just right, the dipper will be filled ms it
renches the top of the face. _
umwhum'u-ﬂnuhpﬂbummmmwwuuw
penetrating force and hoisting tession . .
If the depth o cut is more then & oquired to fll the dipper, the depth of penetration of the
dippey into the face must be reduced, if the ful face in to be excavated or to start the excavation
wbove the Boce of the pit
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Ae the bouis charscter of O markioe 16 dragring (v husies apaing s wasesial 1o b
warmveied, it s knowew ax Draglne

o Deaglises sre el to evewnts eneth and foud it ate haid et sach 3¢ Lok or © dpeit
Woon el Sanha wmd e e nns mear e plaee frove whoes I caveveted

o Do of dosglow o cyreased By O s of (s ket

Advantages of Dragline:
Lo Didees s Bevr A5 £ bne Uee BN be encaete N mar aperate an febansl fiem ground
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BULLDOZER

Fw Anie

o Balldorers arw vory officvent oxcavsting tools for short hawl agplications up o 100 »

o Juin emsentinlly & hesvy sloel Made which i movatsd on Use Treok of & usctor. The laivy blade
ottached Lo the tractor pushies the matersial frome one place to anolher,

o The size of » hullfozer is indicated by the length and height of the bade
o Dulldozers sre clasaified on the baes of ¢ '

(1) Position of angles

(a) Bulldozers. In thess blade 1% set perpondicular to the direction of movement. 1t pashes the
warth forvard and damp (o same place

) Angle Dozers- In these blade is set ot an angle with the direction of movement. It pushes
“he vank feeward and o one wde,
(2) Based on mounting
{a) Whoel mounted
). Ceawles soninsod
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Y e e O‘W‘Cl'.' N Illu-_,".
Wabnluuwmamm&nclmnnn Inouwm.ml
) .wgumnsamm '

(&) ability 1w operate in rock formations, where rubber tyres moy get damoged, which may
reduce the cost of matataiming had roads

{d) grester flotation because of lowesr preaseres undes the tancks
(e} grealer useversstility o pabe
Advantages of the wheelanounted bulldozers:
(n)hmlmhanlwulnmlhpﬁwhmpbloudmr{
) ehmication of hawling equipment for transportisg the bubdazer 1o the wie
5] Momt,mmlly when nhiﬁuntmnmuhm‘
{d) Jems operstar fatgue
(e} amliey to travel pu bituscen roads without duum the suriace.
(3) Bmd on control- for raiting and lowering the blade
(a) Cable eantrolled
b} Hydeauivnily controlled
Advantages of the Cable controlléd bulldozers
(2) Smmple 19 noeall aperate -ndmwd
() ¥asy m separmng
(€} Weductaon in thw danger of dumagidg a machine
Advantages of the Hydraulically controlled bulldozers
() Abke prolucss » hueh dewn prensure on bindes W force Mades snlo grousd
@) Able ta moxntain & procise sething of the pesiton of the Mads.

o In addition to excavating and hauling many other functions are also mfumml by
 Bulldozers from sarl to completion of sn project like:

M) Clearing Jand of mbor sl veyetatioo

) Opening up lemperary reads through mountains and rocky aress

) Moving curth for hawl distancom op to about 100 m

iv) Pulling bosded tractors and wrapors

V) lavelling and spreading sarth fills

{vi) Backfilling trenches -

(vid) Clearing coostruction aites of debrin -
(visi) Mamntaining haw! reads

fix) Clearing the fooes of borrows and quany pits
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Compacting Equipment

INTRODUCTIONES .
» Compaction is the method of artificially densifying the soil by pressing soil particles together’

into close contact, resulting in the expulsioh of air and/or water from the soil mess. '
' Coupnchcn 18 dong¢ to increase the strength of an carth fill or an embankment.

. Conpncuon refers to the method employed by » mpadqr to impart energy into the z0il to
achieve compaction,

« Compactors are designed to use one or a combination of the follnwing typu of compactive - -«
offorts: : o
(1) Kneading action -Mmipulmoa or mmmdng 2 ym
(2) Ststic weight ~ Pressure apphcuuan
(3) Impact -~ Sharp leow
(4 Vibration— Shaking = "7 gk e v Tager 2

TYPES OF ROLLER!

Sheep's Foot Rollers

M aw - ' -

. .A_.Scomdwmu‘:am&amu -« ..Sheop's . Foot Roller. e 284
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* Sheep's frot rollers pre suitable for conypasting fine grained materisls guch an claye and nrixtures
of eard_and cloy,

* These cannol compact cronulnr sails such os sand and gravel

* Depth of u layer of sail to be compacted is limited tp approximstely the length of the feet,

* Thay are used for manipulation and compiaction of plastic clays where strotification must be
eliminated, such o5 clay cores in dams.

+ Sheep's foot rollers can Le towed or celf-propelled, and its drums consist of 4 qlmdfiul shell
_ with protruding ‘feet’ which provide sreas of high contact pressure under the machine.

* Feet can have numerous whapes ond terms such o toper fool and club, !oot have been used

1o describe their particular featluzes, !
* Because of the"small contact uren of the shewp's foot roller it nquim " llnt number of passes
“wcmdeevenmmpletccwmceohnmadwﬂ. P B

+ Sheep foot rollers are slow, have a very high rolling mmm lﬂd thmfm cost per unit
—  volume compocted is high. 0 =Y

Smombmlloc) Roflers

\Smocm-whul Roler

* . Smooth-whee! Rollers csn be self-propelled or of the towed type with smooth steel roll surfaces.
* These rollers may be clagsified by type or by weight. -

* These rollers are effective in compactine geanvlar ocile, such as sand, gravel and crushed stone
and they are also _effective in lmnulhenmg surfaces of soils that have been mpmd by

amping roflers. -

mm.nd:mr_mwnucn in_the lower portion of o Jifl,

v Sdr- propelled cotegury thg wachine con be o three roll (tricycle configurntion) with the front
wheel used for steering while the rear wheels are powered for driving-

* They can be tundem two rolls type nlso

'»  Contact aren between the drum of the roller and the surface of the soil s a narrow ‘mp und,
45 0 resnlt, the stresses i the soil fall ofl ropidly as depth in the Inyer increases.

* This type of rolier is, therefore, limited in performunce such as, to compaction of fnu'! thin

L_'ay ersg that is AR08, 818, dgpending an the size of the equipment,
¢ ine steel drume of the ralle mav be ballasted with woter or sand- NMMM).@‘“. A
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- B! Lo 5. Spe ¢ e x‘ -."'.,' \ '.' .., '-‘ - '.‘..-_zz

e ey \fi . s.¢.§0':‘,\l ':g'r‘.":.'.‘_ R
e ﬂu mn&udumhu.n.uam 'dnt nmhnmvmghtd‘tﬁt 'liicg.r "only’ !

u‘nunddntumbobcllnudumunuimummbhtoflzat. '

Pnoumﬂo-tyrg,d Bollm - i : . :

% * Poeamatic-tyred Tullers-are urfoce. rollch,,whlch Ypply thomwmg_m t
effect compaction below the surface, £

» . These rolicis arc MWMMM

» _They can be self-propelied or towed. mn‘or Jarge. mod unita,

compocting offort.

o The weight of a unit may be increased by hlluun;. .
l “] MWMCM!&!MN&H. varying from 13.6.180 tonnes gross weight.
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; Tlm:plné Rollers

Tumping foot compactors (Fig. 5.3) arc high-speed, self-propelled, nonvibra-
tory rollers. These rollers usually have four sieel-padded wheels and can be
equipped with a small blade 10 belp level the lift. The pads are tapered with an
oval or rectangular face, The pad face is smaller than the base of the pad at the

As 2 amping roller moves over the surfoce, the fect penetrate the soil 10
Produce a kneading oction and a pressure 1o mix and compact the soil from the

bottom o the top of the layer, With repeated pussages of the roller over the
surface, the penetration of the feet decreases until the roller is said to walk out

Vibrating drum rollers are actuated by an eccentric shaft that produces the
vibratory acjion. The eccentric shafl need be only a body that rotates about an
axis other than the ons through the center of mass. The vibrating mass (drum)
is always isolated from the main frame of the roller. Vibrations normally vary
from 1,000 to 5,000 per min.

Vibration has iwo measurements—amplitude, which is the measurement
of the movement, or throw, and frequency, which is the rate of the movement,
or number of vibrations (oscillations) per second or minute (vpm). The ampli-
tude controls the effective area, or depth 1o which the vibration is transmitted
into the soll, while the frequency determines the number of blows or oscilla-
tions that are transmitted in a period of time.

The impacts imparted by the vibrations produce pressure waves that set
the soil particles in motion, producing compaction. In compacting granular

material, fraquency (the number of blows in a given period) is usually the erit- .

ical purameter as opposed 10 amplitude.
Compaction results are a function of the frequeacy of the blows, the force

of the blows, and the time period over which the blows are applied. The fre- -

quency/time relationship accoonts for the slower working speed requirement
when using vibrotory compactors. Working speed s important as it dictates
how long u particular pan of the fill is compucted. A working speed of 2 to
4 mph" : 'Sé‘&ﬂsfﬂn‘ﬂs"whm using vibratory compactors.

The verrical disience
the vibrating drvm or
plate is disploced from
rhe rest position by an
eccentric momen,
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1. Sheepsfoot rollers

2. Tamping rollers

3. Smooth-drum vibratory soil compactors -

. Pad-drum vibratory soil compactors

. Pneumatic-tired rollers
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Vibesting Compastarn

* Vibratery compaciors enlisnce the parfarmance of sate weight roflers by addag dynamsc
fereex. wauslly actiovesd by o rotyting secemricaly weighed shall manntod innde (e raller.

« Visrating compacars hawe showa (hewr obulitsms (5 proctuer sxcalent denmfization of sods sk
2 cand provel and rolatieely lope clones

o _As these materiab are vibrated, w‘g&mmmmmmﬁa
Mpﬂnﬁobnm‘l‘eﬁw -lh-a-u

o Types of Yihesting compaciors are

{a) Vibesting sheep's fool rallers,

i Vibeaung sicel dram rellers,

{c) Yarsting poeumatic-lyved raflery,

) Yassting platar =7 sbosa
MWWMQQMM

S "‘_- . ;
}'t l‘-‘)

\.

! 1

m.mc-.-u

. n-mu--.u;w-hm-uub-n

. mammmmm#”unmmdw
il thas e brger vitwating mllers

. Mw“mlMﬂthcmf
o T'swor wmik 3nd conire) hzidlen, for the pedesirias peraer 3ve ottackod (s & chaose cucpended
lhwtbh-fhvm wprage or oiher Srm wf Desibie’ mu'.

Hn-ally ﬁmdul Vibrotory Tamping M

- +

v VBwa tamgeen e 20 soguedivmm m.;vmu; mehanion whith acts 20 3 spring srsem
?m*,m mw‘m with mlM < dhent 1050 i, are & op i the tore
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"+ The most conmouly med mochmu hwe a mass in-dn-nmf-bo-)bo-kg. and .uaullly operau.- £
at o fréquency of about 10 Hz.

¢ Their main mode of compaction ia by impact and lbey are nuted for U»-oomp.eun-ol-mut'
" lypes of soil,

+ Because of their low outpul they are used in confinod areas or spaces, where their porub'lny
and maneuverability are a particular advantage.

Manually Operated Rammer Compactors

0'. 'I .‘ G
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ok

« Rammer compactors are self-propelled in which each blow moves them ahead slightly to contact
new 5ol

w  Thesee units range in impact from 40 to 120 per s0¢ 3t an impact rate wp lo 850 per min,
C S : k&m‘&mﬂﬂwﬂ*mw: lig/blow, area covered per hour, and depth of compaction (liRt) in om.
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PART-D

7.S0il reinforcing techniques
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IV. SOIL REINFORCEMENT
TECHNIQUES
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V. APPLICATIONS OF SOLL
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& Saill relabalog strwtures

Sl retamning stroctones can be dovded imo

s FACE WALLS which are unnsdly disigid 1
COME & Vwp ek sl o T fr
enviroemenial sl sofety reasons, This Siesd ol
wall wsnally has only seeall or no hortzomal
prossores fronn the backBIL bt S o reslas the

wternal outward of the Fill soil
*  COUNTERSCARP WALLS which nmw
wipport the coovan load of 3 sloging wemain



aun the 1o, The wall preasuers 30 be sesiotod are comviderd. sach ax dexigniog sisepes slopes
allow

Geogrid reiforced walls can be desigaed
andd bkt to NIl the muw varted rgutressnis i

toens of Joed cuppont and Fae Rnidhilng googrids
winfoeced sotl stvcunes poavide 3 cheap aml
diversifind sodwmm 10 woll coesinmrhm groblons
the experience of sugineers can belp o find e
propes solition, elther with 2 vegetssed o woocets
Latwt tor merw solutions can be developed foe he Luw
ettt on woll 06 for the constraction e thad and
all b st Ry dimsiggn dovaile

7. Rood ard Fadlway embamkments
Road ad  esilwey  embhsskmees  we
welly Lege and high eaeth stnucsses. wiich
ywquie coomidocbile quanties of M soi! e L
The comt of the NI sl aeel s anpont
from e guamies, u well a8 the value of e lind,
may be o high that seose alisnadves nuy be



