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PART-C

95.BUILDING SERVICES
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Direct System of Cold Water Supply

For efficient operation. o high pressure waler supply is essentiol
particularly at periods of peok demand. Pipework is minimal and the
storage cistern supplying the hot water cylinder need only have 115
litres capacity. The cistern may be located within the airing cupboard
or be combined with the hot water cylinder. Drinking waler is
available at every draw-ofl point and maintenance valves should be
fitted to isolote each section of pipework. With every outlet supplied
from the main. the possibility of back siphonoge must be considered.

Back siphonage con occur when there is a high demand on the main.
Neqative pressure con then drow water back into the main from a
submerged inlet. e.g. a rubber tube attached to a tap or a shower
fitting without a check valve facility left lying in dirty bath water.

MNoles:
(1) Sarmvicing valves to
be provided on supply pipes to
storage and Mushing cislermns.
(2} Copper lube pipe slzas
shov. Absence of cistern and pipes
in rool space reduces risk
of frostl damage
- Cold water
g ford ciglom
22 mm ovordiow pipe
&2 mm
coid leed pipe
f

!
Hot water eylindar
s
A riging main

s Siirth
[:#—Lﬂ- Combinad stop and

T dninvabe

Pipe duct 76 mm bora

Flel: The Water Supply (Water Fitings) Regulations 1899,
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Indirect System of Cold Water Supply

The indirect system of cold waler supply has only one drinking water
outlet. at the sink. The cold water storage cistern has a minimum
copacity of 230 litres, for location in the rool space. In oddition to
its normal supply function, it provides an odequate emergency
storage in the event of waler main failure. The syslem requires more
pipework than the direct system and is therefore more expensive to
instoll, but wnilorm pressure occurs at all cistern-supplied outlets.
The water authorities prefer this system aos it imposes less demand
on the main. Also. with fewer fittings aottached te the main. there is
less chance of bock siphonage. Other advontages of loewer pressure
include less noise and wear on fittings. and the opportunity to install
o balanced pressure shower from the cistern.

Motes:

(1) Senvicing valves to
be provided on supply pipes to
slorage and llushing cisterns,

(2) Coppar tuba pipo sires
showm.

Bath Basink WO

= \
Hal walar cyfndor
Y \
15 mm
15mm =—* rising rmain
A
wC
Basin Sink
Combined Slop and

A

Pipe duct T8 mm bare

Ral: Tho Water Supply (Walor Fitlings) Flegudations 1999,
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Boosted Cold Water System - 1

For medium and high rise buildings. there i1s often insufficient moins
pressure to supply water directly to the upper floors. Boosting by
pump from a breck tank is therelore usually necessory ond several
more of these tanks may be required as Lhe building rises. depending
on the pump capacity. A breok pressure cistern is also required on
the down service to limit the head or pressure on the lower fittings
to a moximum of 30 m (opprox. 300 kPo). The drinking waoter header
pipe or slorage vessel supplies drinking waler to the upper floors.
As this empties and the woter reaches o predetermined low level. the
pipeline switch engoges the duty pump. A (loal switch in the break
tonk protects the pumps from dry running il there is an interruptlion
to mains supply. The vorious pipe sections ore fitted with isolaling
valves to facilitote maointenance and repairs.
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Boosted Cold Water System — 2

As an olternotive to the drinking woter header pipe. an auto-
pneumatic cylinder may be used. Compressed air in the cylinder
forces water up to the float valves and drinking woter outlets on
the upper floors. As the cylinder empties a low pressure switch
engages the duty pump. When the pump has replenished the cylinder.
o high pressure switch disengoges the pump. In time. some agir is
absorbed by the water. As this occurs, a float swilch detects the
high woter level in the cylinder ond octivates an air compressor to
regulate the correct volume of air. Break pressure cisterns moy be
supplied either from the storoge cisterns at roof level or from the
rising main. A pressure reducing valve is sometimes used instead of o
break pressure cistern.
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Direct System of Hot Water Supply

The hol woter from the boiler mixes direclly with the water in the
cylinder. If used in a 'soft’ waler area the boiler must be rust-
proofed. This system is nol suited to 'hard’ waters. typicol of those
exlracted from boreholes inlo chalk or limestone strata. When
heated the calcium precipitates to line Lhe boiler and primary
pipework. eventually ‘furring up’ the system Lo render it ineffective
and dangerous. The storage cylinder and associated pipework should
be well insulated to reduce energy losses. If a towel rail is fitted.
this may be supplied from the primary flow and return pipes.

M
Cold water siorage or feed cistermn
R |
T g ey oute vave
Riging main |, — 22 mm cold feed pipa

1
-

Baodler with
Sink Basin Sonwnt
Safety vane —
M L
2

1.“‘.\'."“l'.|IIJ|I'|||IJ'I.I'l

Mote: All pipe sizes shown ore for copper oulside diometer.
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Indirect Systemn of Hot Water Supply

This system is used in ‘hord’ waoler areos lo prevent scaling or
‘furring’ of the boiler ond primory pipework. Unlike the direct system.
waler in the boiler ond primary circuit is not drown off through the
taps. The same waler circulates continuously throughout the boiler.
primary circuit ond heat exchange coil inside the storage cylinder.
Fresh waler cannot goin access to the higher temperoture areas
where precipitation of colcium would occur. The system is also used
in combination with central heating. with flow and return pipes to
radiotors connected to the boiler. Boiler water temperature may be
set by thermostal al about BO°C.

i

H=ven plipa helgh abave Crnin vaive prmary fow
st walar v iR

H {min.} = 150 mm + 40 mm inatireet oyincar or caianfae mirimm

par mebe of sysiam height h capacity 140 Itre ol insulaled)

M= istance babween ciabem *
wales Bne and coid feed artty g 2B primary M pipe Y Precsurns rellal
to cyindar {or boler o

primary circut), /
|_Sine Basn e
Draln vakio - l
" !

Bk with Bttt conbi

*A safety valve is not normally required on indirect open venl
systems. as in the unlikely occurrence of the primary flow and vent
becoming obstructed, waler exponsion would b- c-commodated up
Lthe cold feed pipe.
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Indivect Hot Water System for a Three-storey Building

For larger buildings o secondory circuit will be required to reduce
‘dead-legs’ and to maintain an effective supply of hot woter ot all
outlets. Convection or thermo-siphonaoge may provide circulation. but
for o more efficienl service o circulatory pump will be necessaory. In
buildings which are occupied (or only parl ef the day. e.g. schools.
offices. elc.. a time control or progrommer can be used to regulote
use of the pump. Also. one of the valves near the pump should be
molorised and automatically shut off with the pump and boiler when
hot water i1s not required. All secondary circuits should be well
insuloted to reduce heat losses through the pipework. A heating
installotion can operate in conjunction with this system. bul may
require duplication of boilers or separate boilers for each function.

e kel L-
St s
Cold waber siomge cistern Expansion and
leed ciniarm
= | L
I *
e Socondary crall = | |
A A
Baths, hasing, sinks

Radialors or

lsalaling vates vl Taile

Pump
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Indirect Supplementary Hot Water System

Hot water provision in moderolely lorge buildings such os spocious
houses. small holels. hostels ond other situalions where demand is
periodicolly high. can be from o large storage cylinder or cylinders
installed in duplicate. Allernalively or additionally. depending on
requirements. o supplementary storage vessel may be strategically
locaoted ol high level. This vessel is relolively smoll. containing no
more than 20% of the lotal design capacily.

Expansion
i Expansion pipe
High level hol walar
sloragae vessal
Secondary fllow
/ Service valve
Cold foed L ..._......Z:. Hot water
Cold lead ,f branch supplies
i +e /
15
i ——
Salety +
axpansion \ T
valve 1\
W) F“TF Hwsc
[ Secondary return
t—
Timed circulator and
Fa % non-relum check vahe
/o
Bailar Drain valve

Advantoges over o single storage facility:

« Smoller secondary flow and return distribution pipes.
* Less concenlrated dead load on the structure.

Scanned with CamScanner



SAN ITATION Single Stack System

The single stock system wos developed by the Building Research
Establishment during the 1960s. as a means of simplifying the
extensive pipework previously ossociated with aobove ground drainage.
The concept is to group applionces aroend the stack with o
separate branch pipe serving each. Branch pipe lengths and falls are
constrained. Initially the system was limited lo five storeys, but
applications have proved successful in high rise buildings of over 20
storeys. Branch vent pipes ore not required unless the system Is
modified. Lengths and falls of wasle pipes are carelully selected to
prevent loss of trop water seals. Water seals on the waste traps must be
75mm |50 mmbath ond shower).

Branch pipe slope or fall: . Stack may be ciiset abiove
Sink and bath - : tha highas! sanflary appilanca
18 to 90 mm/m : S
Basin and bidet - — i
=y A’

20 to 120 mm/m WG branch mmf 1700 {max)
WC - 9 mmdm.

No connaction inside] |/ _ FOO yy
The stack should be i
vertical below the

highest sanitary
apphance branch. If an
offset 1s unavoidable.
there should be no
connection within 750
mm of the offset.

A0mm nom. 4. Cyvarlow pipe

The branch bath waoste

connection must be at mﬁﬂ;—nT;ﬂT 50mm nom. dis. paraliel branch pipe
least 200 mm below the
centre of the WC branch
to avaoid crossflow. This
may require a 50 mm :

nom. dia. parallel pipe to ”‘“L“‘,::“,,g‘;"’”‘ g
offset the both waste
pipe. or an 5" trap WC
to offset its connection.

2000 (max)

The vent part of the
stock may reduce Lo Canlra line radius
75 mm nom. dia. when it  #P0mm{mn
i5 above the highest

branch. st berad

450 mm [min)
Up to thras sinreys
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Single Stack System — Modified

Il it is impractical to sotisfy all the requirements for waste pipe
branches in o standard single stock system. some modification is
permitted in order to maintain on acceptoble system performance:

* Applionces may be fitted with resealing or anti-siphon traps [see
page 309).

* Braonch wasle pipes con be venltiloted [see pages 314 and 315).

* Larger thon standord diometer woste pipes may be fitted.

40 mm (30 mm) 50 mm tall extension

Vant plpa outlst waste pipe o trap
800 mm (min}
above openable @
window within 3 m T
3,000 (max) J_’E""’"
6.000 (manx) 4,000 (max) i
= /e
Bath m:ﬁfwﬂm
and sink)

All pipe sizes nominal diameter

Note: Where lorger than standard branch pipes are used. the trop
size remains as standard. Each trap is litted with a 50 mm tail
extension before connecting to a larger waste pipe.

Rels: Building Requlations. Approved Document H1, Section 1: Sanitory
pipework.
BS EN 12056: Gravily drainage systems inside buildings (in &
parts). '
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Collar Boss Single Stack System

The collar boss system is another modification to the standard single
stack system. It was developed by the Marley compaony for use with
their uPVC pipe products. The collar 15 in effect a gallery wilth
purpose-made bosses for connection of waste pipes to the discharge
stock without the problem of crossflow interference. This simplifies
the bath waste conneclion and is less structurolly disruptive.

Small diameter loop vent pipes on [or close to) the basin and sink
trops olso connect to the collar. These allow the use of 'S’ traps
and vertical waste pipes

without the possibility of q @ -

siphonage, even when | :thﬂﬁmﬁm
HI‘I! bath wasle . ";;

discharges and flows into s

the combined bath and Vent pips carried up | *

basin woste pipe. mJ?mﬁtn [ 100 mm discharge stack

Vertical outiets are also
likely to be less
obtrusive and less
exposed than higher
level "P* trap waste

pipes.

If the branch waste
pipes are kept to
minimal lengths. the loop

vents may not be

required. However, the .

system must be shown "?L:|mﬂhp:“= Vent branch

to perform adequately multi-storey | ]

under test without the e A | /—\\

loss of trap water seals. \E Waste pipe branch
h
i

All pipe sizes shown are
naminal inside diometer.
There may be some
slight variotion between
different product
manufacturers,
particulorly those using
outside diameler
specifications. Note that
there is not always
compatibility between
different monufacturers’
components.

40mm sink waste pipe

Dimansion A& 450 mem [min}
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Modified Single Stack System

The ventilated stack system 15 used in buildings where close grouping
of sonitory opplionces occurs = typical of lavotories in commercial
premises. The opplionces need Lo be sufliciently close together ond
limited in number not to be individuolly venled.

Requirements:

WCs:
B maximum
100 mm branch pipe L.l.
15 m moximum length |
Gradient belween Tﬂgmlndnr:ﬂrﬂudup
1o take the discharges ol
9 ond 90 mm/m sanitary appl i
(0 = 904°-95°), higher fioars
Basins: il
L maximum Up 1o lour basins

AY

N

50 mm pipe

4& m maximum length

[}
Gradient between e
18 and 45 mm/m -
(0 = 91°-921"). Branch connections -4

for P trap WC pans
S50 mm cross vant
. ; as an altarmativa to the
Urlnuls. (Raiisy connection to ' WC branch
5 maximum Discharge stack pipa
50 mm PiPE 100 mm or 150 mm
Branch pipe as short v;;i’;“%“;ﬂ:;ﬁ“
as possible 50 mm pipe
: above spill level of WCs

Gradient betlween bl G b
18 and 90 mm/m. EER——

Urinals [stalls):

7 maximum Cleaning eye

65 mm pipe

Branch pipe as for Two 45° large radius bends 750mm (min)
bowls. up 1o 5 storoys

All pipe sizes are . .

naminal inside Venl pipe connacted to base of stack to prevent back
diameter. pressure on the ground floor appliances
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The fully vented one-pipe system is used in buildings where there ore
a large number of sanilary appliances in ranges. e.g. faoclories.

schools. offices and hospitals.

The trap on eoch applionce is
fitted with an anti-siphon or
vent pipe. This must be
connected within 300 mm of
the crown of the trap.

Individual vent pipes combine in
a common vent for the range.
which is inclined until it meets
the vertical vent stock. This
vent stock moy be carried to
outside air or it may connect
to the discharge stack ot a
point above the spillover level
of the highest applionce.

The bose ol the vent stock
should be connected to the
discharge stock close to the
bottom rest bend to relieve
any compression ot this point.

Size of branch and stock
vents:

Fully Vented One-pipe System

; &
200 m
(min) 1L is less than 3000 the
L fstack miust laminate S00mm
Ih'. abova the window opaning
Mote the above nila applies
Window opening ndy oneiicd

Discharge pipe Venl pipe

or stack (D] {mm) | (mm}
<75 0-67D
75-100 50
>100 0-50D

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

This system was devised to comply with the old London County
Council requirements for connection of soil (WC and urinal) and
waoste [basin. both. bidet. sink] applionces to seporote stocks. For
modern systems the terms soil ond woste pipes are generally
replaced by the prelerred lerminology. dischorge pipes and discharge
stocks.

® #
There are many
examples of the
two-pipe system in
use. Although
relatively expensive
to install, it is still
permissible and may
be retained in Urinal
existing buildings
that are the VORI | ) VER De

subject of - '%/
refurbishment. 2

It may also be used
where Lhe sanitary i

Trap wale: seal 75mm dooeg

opplionces are

widely spoced or / /
1604 Py

remole and a sl siack

separate waste TS mim wasts stack

stock is the only

viable method for Urinal

connecting these to

the drain. bl ol | By f

A variation typical
of 1930s dwellings
has first floor bath
and basin wastes
dischorging through /3

the wall into o
hopper. The waste
stack from this and
the ground floor sink waste dischorge over a qully.

1100 mm dradn ol Bond or Dack-irel guily

A qully may be used os on alternotive to a rest bend before the
drain.
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Ground Floor Appliances — High Rise Buildings

Lowesl discharge pipe conneclion lo stack:

Up to three storeys - 450 mm min. from stock baose (poge 311),
Up to five storeys - 750 mm min. from stock bose (poge 314).

Above live sloreys. the ground floor opplionces should not connect
inte the common stack. as pressure fluctuations at the stack bose
could disturb the lower applionce trap woler seals. Above 20
storeys. both ground and first floor opplionces should not connect
into the common stock. Ground ond first floor opplionces so offected
can connecl directly to a drain or qully, or be provided with a stock
specifically for lower level use.

Dischange Discharga stack and Discha
rge stack and
ml and ﬁmgml ON  vent to lower fioor
—l— 5 = 21
- s
o T
j— 4 -_T='— Kl
m ——— —
rnanina\\ H— 3 ] q
—pm— | 2 e f— _—
— 1 o
No appliancas /
connected af — P ]
goundfioor | b =i ‘ G
;.—_J—l—'—'_‘
\
Drains to Ground floor Ground and first floor
inspection discharge pipes  discharge pipas o
chamber Io separate stack  separale siack
Five to 20 storeys Over 20 storeys

Access - required for cleoring blockoges. Rodding points should be
fitted ot the end of discharge pipes. unless trop removal provides
access to the full pipe length. Discharge stocks are accessed from
the top ond through access ploles locoted midwoy between floors ot
a maximum spacing of lhree storeys aportl.
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Electric Wiring — 1 ELECTRICAL SERVICES

Armoured cable i5 used for mains and sub-mains. The cable is laid
below ground level, breaking the surfoce where it enters sub-stations
or transformers and olher buildings. High voltoge cable s protected
below ground by precost concrete 'tiles’

pulEe il an-wr Irmulnign

Arrmmaired three-ghase four wire cable
Tar laying below ground lmel

Conduit for electrical services is produced in steel [galvonised or
pointed block) or plastic tube into which insuloted cables are drown.
The conduit protects the cable from physical domage and heat. It
also provides continuous support and if it is metol. it may be used
as an earth conductor. Stondard outside diometers aore 20, 25 32
and 40 mm. Steel is produced in either light or heaovy gouge. Light
gouge is connected by grip fittings. whilst the thicker walled heavy
gouge con be screw threaded to fittings ond couplings. Plostic
conduit has push-fit connections.

"t

mmmmm;u h!lde

(7) Grip coupling and oulside with bitumen or zin
EE Ic:l Inspectian
{d} Plain bend

Couplings for slael conduit Fittings for steel conduit

Refs: BS 6346: Electric cables. PVC insulated. armoured cables for
voltoges of 600A000 V and 190073300 V.
BS EN 61386: Conduil systems for cable maonagement.
BS_ 7B46: Electric cables. 6001000 V armoured fire resistant
cables having thermosetting insulation and low emission of
smcke and gases when affected by fire.
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Electric Wiring — 2

Mineral insulaoted copper covered cable [MICC) has copper conduclors
insulated with highly compressed magnesium oxide powder inside a
copper lube. When installing the coble. it is essential that the
hygroscopic insulant does not come into contact with a domp
almosphere. Cutting the cable invelves special procedures which are
used to seal the insulant from penetralion of atmospheric dampness.
The cable provides an excellenl earth conductor: it is olso

resistont Lo most corrosive olmospheres and 15 unaffected by
extremes ol heal.

Lioeck et COFmpening
A
Fibio mas Cabia
5 j-
InsLeabon
Shrinns -
Gland Bosy T

Saoe of oullef bax Fibno disc sealing pol
Section ol lermination joint for mineral insulaled Exploded view of lermination joint lor mineral
copper covered cable (MICT) nsulaled copper coverad cabla

PVC and rubber insuloted cables are relatively inexpensive and simple
te instaoll. requiring clipped support ol reqular intervals. PVC cables
are in general use. but lhey have o lemperalure limilation belween
0°C ond 70°C. Below zero lhey become brittle and are easily
domoged and at the higher temperalure they become soft. which
could encourage the conductor to migrate through the PVC. QOutside
ol these temperatures. the cable must be prolectied or an
approprigte rubber insulant specified. Cables usually contain one. two
or three conductors. In three-core cable the live ond neutral ore
insulated with brown and blue colour coding respeclively. The earth
is bare and must be protected with green and yellow sleeving where
exposed ot junclion boxes, sockels, elc. Grey ond block insulated
conduclors are occasionolly used where an odditional facility is
required. e.qg. two-way lighting.

=Sraso°3PLQ

Core armangaments of minemnl insulaled coppor
PV or rubber insulaled cakie e cables

Refs: BS 6004 Electric cables. PVC insulated. non-armoured cables
for veltoges up to ond including 450/750 V. for electric
power. lighting ond internal wiring.

BS 6007: Elecltric cables. Single core unsheathed heat resisting
cables for voltoges up to and including 450/750 V. for
internal wiring.
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Testing Completed Installation — 1

Electrical instollations must be tested on completion to verify thot
the system will operale efficiently and safely. The tests are
extensive, os defined in the Institution of Electrical Engineers
Requlations. They can only be carried out by a compelent person.
i.e. 0 qualified electrician or electrical engineer. The following tlesls
are an essentiol part of the proceedings:

* Continuily.
* |nsulation.
* Polarity.

Testing is undertoken by wvisuol inspection ond the use of a multi-
purpose meler (mullimeter) or an instrument specilically for recording
resistance. i.e. an oshmmeler.

Continuity - there are several types ol continuity tesl for ring
mains. Each is Lo ensure integrily of the live. neutral and earth
conductors without bridging (shorting out) of conneclions. The
following i5 one established test to be applied to each conductor:

* Record the resistance between the ends of the ring circuil [A).

®* Record the resistonce between closed ends of the circuil and a
point mid-way in the circuit (B).

®* Check the resistance ol the lest lead (C).

* Circuitl integrity is indicoted by: A <« 4 opprox. = B - C.

Ona conductor

/n‘l‘ ring circuit

Powar

a1 ™
<~ A
(] ome X/ Lo

i
| B

| S e
= 500 V = =]
'__,..--'"" potential
Resistance between Resistance from end Test lead
ends of circuit to mid-point resistance
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Testing Completed Installation - 2

Insulation - this test 15 to ensure Lhat there is o high resistance
between live and neutral conductors and these conduclors ond earth.
A low resislance will resull in current leokage ond energy wasle
which could deteriorole the insulation aond be a potential fire hozord.
The test to earth requires all lamps and olher equipmeni to be
disconnected. all switches and circuit breakers closed ond fuses left
in. Ohmmeter readings should be ot least 1 ML

= +—— Lamps disconnacted
= )
Switches closed Appliances
-—— disconnecied
"]’ T € 0— from sockels

Consumer it with
corttrol switch closed /wnﬂ

d_E—

[E

Insulation test

Polarily - this is to ensure Lhot all switches and circuit breakers are
connected in the phase or live conductor. An inadvertant connection
of swilchgeor lo g neulral conductor would lead lo g very
dangerous situaltion where apparent isolalion of equipment would still
leave it live! The lest leads connecl Lhe live bor in the disconnected
consumer unit to live terminals at switches. A very low resistance
reading indicales Lhe polarity is correct and operation of the
swilches will give a flucluation on the ochmmeter.

w rt.q.-—-—u;mm

s e

Switch m_;\

\_-— Varous positions
"-, "x for test leads
'\l i"'

Consumar unit -
Polarity tes

Ref: BS EN 61010-1: Safely requirements for electrical equipment for
measurement. contrel and laboratory use.
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Electricity Supply to Groups of Large Buildings

For lorge developmenls conlaining several buildings. either radial or
ring distribution systems may be used.

Raodial system - separalte underground cables are laid from Lhe sub-
station to eoch building. The system uses more cable thon the ring
system. but only one fused swilch i5 required below the distribulion
boards in eoch building.

Inlake roorm
11 kV supply I'f‘
4005230 V' 4-wire armaured cable
[
: 1
Sub-siation
with transtormer | & —
malar and
gwiichas
Radial distribution {block plan)

Ring circuit system - on underground coble is loid from the sub-
slation to loop in Lo eoch building. To isclate Lthe supply. two fused
switches are required below the distribution boards in each building.
Current flows in both directions from the intoke. lo provide o belter
balance than the radial system. I the cable on the ring is domaged
at any point. it con be isolated for repair without loss of supply to
any of the buildings.

Detail of equipment in the imaks room for the
ring distribution
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Earthing Systems - 1

Supply systems require a safely electrical earthing facility. The
maonner in which this is effected will depend on whether the supply is
overhead or underground and the conductive property of the ground
surrounding the installation. Systems are classified in accordance with
a letter coding:

First letter - type of earthing:
T - ot least one point of the supply is directly earthed.

| = the supply is nol directly earthed, but connected to earth
through o current limiting impedonce. Not acceptable for public
supplies in the UK.

Second letter - instollation earthing arrongement:
T - oll exposed conductive metalweork is directly earthed.

N - all exposed conductive metalwork is connected to an earth
provided by the supply company.

Third and fourth letters - earth conductor arrangement:
S - earth and neutrol conductors separate.
C - earth and neutral conductors combined.

Common supply ond earthing arraongements are:
TT (shown below).
TH-S ond TN-C-5 [shown next page).

TT system: P a o

Most used in rurol Live bar \ _/

areas where the supply \ .

is overhead. An eorth ey \&Llﬂ_

terminal and electrode &mm:*‘='_l i
is provided on site by H——— fl'""""m
Llhe consumer. ASs an

extra sofely feature, o

residual currenl device ACD

(RCD). generally known Metor — 1

as a trip switch, is

locoted between the
meter ond consumer

i

i

unit. The RCD in this |
m [ I'I - Nouitral bnk and

|

I

I

situation should be

100 A fuso

of the time delayed —

lype - see page 198. .H""'-n-nnmmm
supply
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Earthing Systems - 2

TN-5 system - this is widely used in the UK. with Lhe electricity
supply company providing an earth terminal with the intake cable.
This is usually the metal sheathing around the caoble, otherwise
known os Llhe supply protective conductor. It connects bock to the
stor point at the area traonsformer. where it is effeclively earthed.

TN-C-5 system - this 15 a5 the TN-5 system. but a common
conductor is used for neutrol and earth supply. The supply is
therefore TN-C. but with a seporoted neutral and earth in the
consumer’s instollation it becomes TN-C-5. This system is olso known
as proteclive multiple earth [PME). The advantage is that a foult to
earth is aolse a foull te neulral. which creates a high foult current.
This will operale the overload protection [fuse or circuil breaker)
ropidly.

Fuses or mchs
Consumear unit

l=$—|
4 Earth fp | / /
ble
2-pole *2 1
swilch h-'-""‘[
|
|
Metor — L
|
- Live and [
i neutral cahle I
I
I
Earth bond 1o _—
metal sheathing to i~ P
noutral conneciion ina cham
al transiomar and E“:ﬁll\:‘gﬂ A m;nr
oarthad .
Earth connection
""I-_____________ Underground o nautral link
supply cable
TN-S system TMN-C-S syslem

Note: Specification of instollalion cable between supply company’s
sealing chamber and consumer’s unit - phase/live and neutral
25 mm?, earth 10 mm® cross-sectional area.
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Connection to Earth

Pages 380, 3B1 and 185 show thal the consumer’s ¢orth conductor
15 connected to the neulrol and earthed al the local transformer.
For below ground supplies this arrangement provides a poth of low
resistance for an electrical foult. With an overhead supply typical of
rural areas. individual consumers must provide a suilable earth
terminal or electrode os shown on page 384,

Unless wel, the ground surfoce is nol usuolly a very good conductor,
therefore ground conloct is made ot about 1-5 to 2m below the
surface. In the past Lhis was achieved by earlh bonding to metlal
water and gos mains. Since the introduction of plastic pipe materials,
this is of course no longer acceploble. Currenl practices include
burying o metal plate or a metal lope mesh arranged over several
square metres. or driving o metal rod electrode into the ground. The
latter is normolly odequate for domestic and other small-scale
instaollations. In some instonces. the electrode is housed as shown
below. Whotever gorlh method used. a low resistance to an electrical
fault is essential. The IEE Wiring Regulations recommend that the
earth electrode resistance should not exceed 200 ohms.

SAFETY ELECTRICAL
COMNECTION
o T 0O MOT REMOVE

r or copper-faced
stgsl rod of 18 mm e
deametar
- Dopth
on elaciicsl rsstanca

Installatton of a housed aarth electroda
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Earth Bonding of Services and Extraneous Metalwork

The Institution of Electrical Engineers (IEE) Wiring Regqulations require
the metal sheaths ond armour of oll cobles operating at low and
medium voltage to be cross-bonded lo ensure the some polential as
the electrical installation. This includes all metal trunking ond ducts
for the conveyonce ond support of electrical services and any olher
bare earth continuity conductors aond metolwork used in conjunction
with electrical applionces. The bonding of the services shall be as
close as possible to the point ol entry of the services into @
building. Other lixed metalwork shall be supplementary earth bonded.

1ﬂmm’mrlhudm

@/*ﬁ

Earthing clamp for plpes

fmmrmmrwﬂt

ot

Gas matar Earth bond

Eis senvice Wﬂmﬂanﬁm Electricity
Enncﬁ'lg ol services al inlake
Stainlese stoal sink,

Metal window metal taps and plpes
\ Consurnar unit

\ Structural
steel
r . l]
Hh-. =.-‘-‘ -
I A R pp——_
4 n
/ e S

10 mm? aarthing cable Earthing bar
Supplementary bon ing of extraneous metalwork

-

[ ————
o
e
g
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Light and Light Sources - 1

Light is o form of electromagnetic rodiation. It is similor in noture
and behaviour to rodio waves al one end of Lthe frequency spectrum
and X-rays al the other. Light is reflected from a polished (specular)
surfoce ot the saome ongle that strikes it. A matt surface reflects in
a number of directions ond a semi-mott surface responds somewhere
between a polished and a matt surface.

Angle ol incidence 8§ = Ligh s reflected in all
Angle of reflection 8 directions Some light is scatiened and some

light in refiected directionally

Light reflected Light refllected Light scattered and
from a polished surfsce from a matt surface reflected from a semi-matt
surfece
Light it scatesred in all dirsctions Light is bent or refrected when Sohers Surface ares
{ditfuzion] passing through & surface between - 1m!
v rroedia

—
Plu'lh';" T
opal glas

Light passing through Intensity af light

& diffusing screen and lux

lumination produced from a light source perpendicular to the
surface:

Enl;d:

m
n

illumination on surface [lux)

I = lllummnation intensily Irom source (cd)

a
n

distance from light source to surfoce [m).

fem i

E-T
-
‘Sounce 1 a
oy N

Mumination produced
from a light source not
perpendicular to the surface
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Light and Light Sources — 2

Definitions and wunits of measurement:

* Luminous intensily - condela (cd). o measurement of Lhe mognitude
of luminance or light reflected from a surface. i.e. cd/m?.

* Luminous flux - lumen [lm). a measurement of Lhe visible light
energy emitled.

* llluminance - Lumens per square metre (Im/m?) or lux (ix). a
measure af the light falling on a surfoce.

* Efficacy - efliciency ol lamps in lumens per watl (Im/W).
Luminous efficacy = Luminous flux output = Electrical power input.

* Glare index - o numerical comparison ranging from about 10 for
shoded light to about 30 for on exposed lamp. Calculated by
considering the light source size. location. luminances and effect of
its surroundings.

Examples of illummnation levels and limiting glare indices for different
activities:

Aclivity flocation llluminance [lux) Limiting glare index

Assembly work: (general) 250 25
(fine) 1000 22

Compuler room 300 16
House 50 to 300" nfa
Laboralory 500 16
Lecture/clossroom 300 16
Offices: [general) 500 19
[drawing) 750 16

Public house bor 150 22
Shops/supermarkels 500 22
Restourant 100 22

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

The Building Regulations. Approved Document L2 requires thal non-
domestic buildings have reasonably efficient lighting systems and
make use of daylight where appropriate.
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Ventilation Requirements

Venlilation - o means of changing the oir in on enclosed spoce to:

®* Provide Iresh air for respiration - approx. 01 te O-2 I/s per
person.

® Preserve lhe correcl level ol oxygen in the ar - approx. 21%.

* Control carbon dioxide content lo no maore than 0-1%.
Concentrations above 2% ore unacceplable as carbon dioxide is
poisonous lo humans and can be folal.

®* Control moisture = relative humidity of 30% toe 70% is occeplable.

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

* Dispose of odours, smoke, dust ond other atmospheric
contaminants.

* Relieve stagnation aond provide o sense of freshness - air
movement of 015 te O-5 m/s is adequale.

Measures lor control:

Health and Sofely at Work, etc. Act.

The Faclories Act,

Offices. Shops and Roilway Premises Act.

Building Requlations. Approved Document F - Ventilation.

BS 5925: Code of proclice lor ventilation principles and designing
fer notural ventilation.

The statutes provide the Health and Salety Execulive with authority
to ensure buildings have suitably controlled internal environments.
The Building Regulations and the British Standord provide measures
for application.

Requirements for an occeplable amount of fresh air supply in
buildings will vary depending on the noture of occcupation and
aclivily. As o guide. between 10 |/s of ouldoor air supply per person
can be opplied between the exiremes of a non-smoking environment,
to an extroct oir rote of 36 |/s per person in o room dedicoted
specifically for smokers. Converting thiz to m*/h (divide by 1000,
multiply by 3600). equotes to 36 to 130 mi/h per person.

Air changes per hour or ventilation rate is the preferred crileria for
syslem design. Thi: is calculated by dividing the quantity cof air by
the room volume and multiplying by the occuponcy.

E.g. 50 m?/h. 100 m? office for five persons: S0/100 x 5 =2-5 a/c per h.
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MNatural Ventilation - 1

Natural ventilation is an economic means of providing air changes in
a building. It uses components integral with construction such as air
bricks and louvres. or openable windows. The sources for natural
ventilation are wind effect/pressure and stock effect/pressure.

Stock efiect is an application of convected air currents. Cool air is
encouraged Lo enter a building ot low level. Here it is warmed by
the occupancy. lighting. machinery and/or purposely located heat
emitters. A column of warm air rises within the building to discharge
through vents at high level. as shown on the following poge. This
can be very elfective in taoll office-type buildings and shopping malls,
but has limited effect during the summer months due to warm
external temperatures. A temperoture differential of at least 10 K is
needed to effect movemenl of air, therelore a supplementary system
of mechanicol air movement should be considered for use during the

warmer s€a50ns5.

52

Wind pressura diagram for rools with piichas
up o 30

Wind prossure diagram for at roats

Pyt PO R N NN = P STy L1 A &nd B g Tha
1 P ¢ R L
Stack pressure causing cross ventilation
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MNatural Ventilation — 2

The rates of oir change ore determined by the building purpose and
occupancy. and locol interpretation of public health legisiation. Public
buildings usually require a ventilation rate of 30 m? per person

per hour.

Wind possing the walls of a building creotes a slight vocuum. With
provision ol controlled openings this con be used Lo draw air from
a room to elfect air changes. In tall buildings, during the winter
months. the cool more dense outside air will tend to disploce the
warmer lighter inside air through windows or louvres on the upper
floors. This is known os stock effect. It must be regulated otherwise
it con produce draughis ot low levels and excessive warmth on the
upper floors.

Ventilation and heating for an assembly hall or similar building may
be achieved by admitling cool external air Lthrough low level conveclors.
The warmed air rises to high level extroct ducls. The cool air intoke

15 requlated through dompers integral with the convectors.

‘Wamm nir passing ol
=— ol windows Wind causing ventilation through windows

Caoniral cor contasng
Halrcases and iNs

Cold & erering
Ehrough door

Stack pressune ina tall building

i T LA T

¢
¢
i
¢
¢
’
F
i
’
Fa

Alf el B nsad of hoaled

Ventdalian for an assembly hall by passing fresh
air through haat aminars
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Natural Ventilation — Passive Stack Ventilation (PSV)

PS5V consists of vertical or near vertical ducts of 100 to 150 mm
diometer. extending from grilles set ot ceiling level to terminols
above the ridge of o rool. Systems caon be applied to kitchens.
bathrooms. ulility rooms and somelimes sanitary accommodation, in
buildings up to four storeys requiring up to three stacks/ducts. More
complex situaltions are better venlilated by o Mechonical Assisted
Ventilation System [MAVS). see nexl page.

PS5V is energy elficient and environmentally friendly with no running
costs. It works by combining stack effect with air movement and
wind possing over the roof. It is sell-requloting. responding to a
temperature differential when inlernal and externol temperolures
vary.

Stale air discharged through
tarminals at ridga height

|

\ 100 to 150 tucts

O | Y

_&_.:
N

PS5V 1o a dwelling house

Ref.: Building Regulations. Approved Document Fi.
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Mechanically Assisted Ventilation Systems (MAVS)

MAVS may be applied Lo dwellings and commercial premises where
PSV is considered inodequote or impractical. This may be becouse

the number of individual ducts would be excessive. l.e. Ltoo spoce
consuming and oblrusive with several roof terminals. A low powered
|40 W) silent running fan is normally located within the roof structure.
It runs continuously and may be boosted by manual control when the
level of cooking or bothing activily increases. Humidity sensors can
glso be used Lo automatically increase air How.

MAVS are acceptable to Approved Document F1 of the Building
Requlalions as on alternative to the use of mechanical fans in each
room. However, both PS5V aond MAVS are subject to the spread of
fire requlotions (Approved Document B). Ducting passing through a
fire resistant wall, floor or ceiling must be lire protected with fire
resistant maoteriols and be fitted with a fusible link automotic
damper.

Low poweanad
continuousty running

osiadtac \ /__’_, Single ridge outlet
- ‘\A../

\ Extract ducting
- - Alr inlat
] |
.t
£ l1""'1-

B Fire dampar

| = located at
Junction with
: [ t. compartmant

( boundaries
: l l |
= Kitchan

B = Bathroom K

MAVS in a group of flats
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Mechanical Ventilation with Heat Recovery (MVHR)

MVHR 15 o development of MAVS to include energy recovery from
the warmth in fan extracted moist oir from bathroems ond kitchens.
The heat recovery unit contains on extroct fon for the stole oir. a
fresh air supply fan and a heal exchanger. This provides o balanced
continuous venlilation system. obviating Lhe need for venlilation
openings such as trickle ventilators. Apart from natural leokage
through Lhe building and air movement from people opening and
closing external doors, the building is seoled to moximise energy
efficiency. Up to 70% of the heol energy in stole air can be
recovered. but this system is nol an olternative lo centrol heating.
A space heating system is required and MVHR con be expected lo
contribute significantly to its economic use. MVHR complies with the
‘alternative approaches’ to ventilation of dwellings. as defined in
Approved Document F1 to the Building Regqulations.

Stale air
Central heat exchange outiet duct
enarngy recovery unit
2 Coid alr intake
Warm air duct I Intake fan and fitter
4
kK o By
Sl v
[ o0
> Extract fan
< ; 5 g 3
J-i'nn"- (AR
g e 2 -l
Moist stale air
\ axiract duct
Warmn air oul E:nmhmnm

grille and fitter

Schamalic of an MVHR systemn of ventilation
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Mechanical Ventilation - 1

Mechanical ventilation systems are frequently applied to commercial
buildings. workshops. foctories, ¢lc., where the oir change
requirements are defined for health and wellore provision. There are
three calegories ol sysiem:

1. Notural inlet ond mechanical extroct
2. Mechamical inlet and notural extroct
3. Mechanical inlet and mechanical extlroct

The copital cost of installing mechanical systems is greater than
notural systems of air movementl. bul whelher using one or more
fons. system design provides for more relioble air chonge and air
movement. Some noise will be apparent from the {an and air
turbulence in ducting. This con be reduced by litting sound
attenuators and splitters as shown on page 174. Page 180 provides
guidance on acceplable noise levels.

Internal sonitory occommodotion must be provided with o shunt duct
to prevent smoke or smells passing belween rooms. In public

buildings. duplicated fons with outomatic changeover are also
required in event of foilure of the duty fan.

T T R T T

-

Basement car porks require at V7 -
least & air chonges per hour :
and at exits and ramps where VARSI P A 3 g 0

queuing occurs. local ventilation
of at least 10 air changes per
hour. Duplicate fans should be
provided with o fan failure
automalic change over.

Smal dict amund wads To acired 173 af
tolal voluma of air

i, il T T, oty i R e S

Basement car park
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Mechanical Ventilation - 2

Fan ossisted venlilotion systems supplying external oir to habitable
rooms must have a lacility to pre-heat the air. They must also have
control over Lhe amountl of air extracled. olherwise Lhere will be
excessive heal loss. A mechanicol inlel and mechanical extroct
syslem can be used Lo requlote and balance supply ond emission of
air by designing the duct size and fon ralting specilically for Lhe
situation.

Air may be exlracled through specially made light fittings. These
permit Lhe heat enhanced air to be recirculated back to the heating
unit. This not only provides a simple form of energy recovery. but
also improves the light outpul by aboul 10%. With any form of
recirculated air venlilation system. the rotio of fresh te recirculoted
air should be at least 1:3. i.e. min. 25% fresh. max. 75% recirculoted.

In lorge buildings where smoking i1s not permitted. such os o theotlre,
a downward air distribution system may be used. This provides a
uniform supply of warm filtered air.

Ductwork in all systems should be insuloted to prevent heat losses
from processed ar and to prevenl surface condensation.

Maochanical inlol and nabural axiraci Machanical inlet and mechanical extract for an
open plan office or supermarkel
Extract tan Heasng uril i
_mI mm"é
| Ve e

NN ATA
L)

Mechanical inlat and mechanical extract for
o theatra
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Ventilation System Heating Load

When designing ventilation systems. provision must be made for

the displacement of heal energy resulting from the movemen! of gir.
This is necessary for maintenance of the building or room ambient
temperature. Also. to prevent cold droughts and condensation.

Cold supply air 15 pre-healed to dischorge al lhe some temperature
as the design oir temperoture for the room served. This will hove
no real effect on any seporale heating system aond con be regulated
independently by o contrel Lthermostat. The following formula can be
used Lo establish the ducted oir heoter rating in kW. relative to
design lemperature parameters:

Heoter rating = m x She x Temp. diff. (int. - ext.]

Where:
m = moss oir flow rate [kqg/s)
Shc = Specific heat caopacity of air (10 kJ/kg K]
Temp. diff. = Temperalure differentiol between internol room

air and external supply air (K]

Air flow rate by volume |Q) is caolculated in m?*/s. To convert this to
mass air flow rate in kg/s. the volume rate is multiplied by air
density [P) of 12 kg/m?.

Therelore:

Heater rating = Q % px Shc x Temp. diff. [int. - ext.)

For example. a room with total fabric and infiltration heot losses of
3 kW [see melhod ol colculalion on page 125), with air supply and
temperoture design foctors os given below:

‘@ /an (0.4 m¥s)

-

:: . Heoter rating = O-4 %12 x10 x [22 - -4)
\"— = 12:48 kW

@ Heater coll

Ajr duct heater calculation

Therefore if the ducted air 15 required Lo supply all healing needs.
then 12-4B kW is odded to the room losses of 3 kW, bringing the
total heat input to 15-4B kW. If the ducted air system is to provide
for the design room heot loss of 3 kW. the dischorge air
temperalure (T) con be found by rewriling the fermula:

Room heatl losses = Q xpx She x [T-int. air temp.)

Or: T = [Room heat losses +[Q x px5Shc)] + 22
T =[3-(04x12x10))+22 = 28-25"C
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Roping Systems for Electric Lifts — 1

High tensile steel ropes are used to suspend lift cars. They have a
design factor of safely of 10 ond ore usually ol leost four in
number. Ropes travel over grooved driving or traction sheaves and
pulleys. A counlterweight balances Lhe load on the electric motor and
tractlion gear.

Methods for roping vary:

Single wrap 1:1 - the mosl economical and efficient of roping systems
but is limited in use to smoll copacity cars.

Single wrap 11 with diverter pulley - required for larger copacity
cars. It diverls lhe counterweighlt away from the car. To prevent
rope slip. the sheave ond pulley may be double wropped.

Single wrap 2:1 - an olternotive for use with larger cars. This system
doubles the lood corrying copacity of the mochinery bul requires
more rope ond alse reduces the car speed by 50%.

Double wrap - used to improve traclion between the counterweight.
driving sheove and steel ropes.

Trachon snose
Sat
Car
Stci fopa "
M&_ﬁ
Single wrap 1:1 roped
Hitch Tracticn sheave
Emb "'-‘ Hitch
Slapd rope
Crambanwighl “Hﬂj“
Single wrap 2: 1 roped Double wrap 2: 1 roped (lor high spead and medium to

haavy duty loads)
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Roping Systems for Electric Lifts - 2

Single wrap 3:1 - used for heavy goods lifls where il i5 necessary
to reduce the force acting upon the machinery beorings and
counterweight. The load carrying capacity i5 increased by up lo
three times thot of uniform rotio. but the copitol costs are higher
with increased pulleys and greater length of rope. By comparison,
the cor speed 15 also reduced to one-third.

Drum drive - g system with one sel of ropes wound clockwise
around the drum and another sel anti-clockwise. It is equally
bolanced, a5 one Sel unwinds the other winds. The disaodvantage of
the drum drive is thal os height increases. the drum becomes less
controllable. limiting its oppkcolion Lo rises of oboul 30 m.

Compensaling rope and pulley - used in lall buildings where the
weight of Lhe ropes in suspension will cause an imbalance on the
driving gear and also o possible bouncing effect on the car. The
compensoting ropes ottach to the underside of cor and
counterweight to poss oround a large compensating pulley al low
level.

Doublo vrag [y Pram— T T Pty

S A
!:u______“ . Countanweight f—h - '.H...._‘m
‘_’_,..-j‘ Weigd canpanaitng T el
Compondancn puitey

rope m-i'-";.
Double wrap 1 : 1 roped with compansating rope Single wrap 3: 1 roping

Single 1:1 roped with maching room bele « foo
Drum driva level. Tha of rope Is increased which b (ts the
iravel and spaed of car
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Single Automatic Lift Control

The single outomatic push button system is the simplest and least
sophisticated of controls. The Wit car can be called and used by only
one person or group of people ot a time. When the lift car is colled
to a floor. the signal lights engraved 'in use® are illuminated on
every lloor. The car will nol respond to any subsequent landing
calls, nor will these calls be recorded and stored. The cor is under
complete control of the occupants until they reach the required
floor and hove departed lhe lift. The 'in use” indicator is now
switched ofl ond the car is ovailable to respond to the next landing
call. Although the control system is simple and inexpensive by
comparison with other systems. it has its limitations for user
convenience. It i5s most suited to light traflic conditions in low rise
buildings such a5 nursing homes. small hospitals and flats.

“Inuse’ ights
ewiichedon ™

=TT rrerraagy Car
unoccuplod
:E Car and
respanding
ot Trsd
[ - ——— " largng cal
Lin car calied to a fioor. 'in use’ lights switched on
Car ocoupled
and moving
elled up
o dowin
in e fights
Ewiiched af E
b= o= e -]
Litt car b conlogl of cccupant and cannol ba Tha car will now
called by other passengars respond o an
inlarding passangar

E EE B Gar Gar slaporany
and
unoctupied

Lif car vacaled. ‘in usa’ lights swilched ofi.
Lifi can now be cafled by other passengers

Ref. BS 5655-7: Lifts and service lifts. Specification for manual
control devices. indicators and additional fittings.
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Down Collective Lift Control

Down collective - stores calls mode by passengers in the caor and
those made from the londings. As the car descends. landing calls are
onswered in floor sequence to oplimise car movement. If the car is
moving upwards. the lift responds to calls made inside the car in
floor sequence. After satislying the highest registered coll. the cor
outomotically descends to onswer all the landing calls in floor
sequence. Ony one coll bulton is provided at londings. This system is
most suited to flots ond small hotels. where the traffic is mainly
belween Lhe enlronce
lobby ond specific floors.

Full or directional
collective - o varialion in
which car and landing
colls are immedialely
stered in any number.
Upward and downward
intermediate landing calls
are reqistered from one
ol two directionol
buttons. The uppermost
and lowest floors only
require one button. The
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While traveiling lift responds to calls in
tha car and praws buttons uprwards all the floor order independent of
= o I SRS By i call sequence. first in one

direction and then the
other. Il has greater
flexibility thon the down
collective system and is
appropriate for offices
and departmentcl stores
where there = more
movement between
intermediate floors.

Ground floar

When the car moves
dawn all landing eally
are coliected floor by floor
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Paternoster Lifts

A palernoster consists of a series of open fronted two-person cors
suspended from hoisting chains. Chains run over sprocket wheels ol
the top ond boltom of the lift shaft. The lift is continuously moving
and provides for bolh upward and downward Lronsportation of
people in one shaft. Passengers enter or leave the coar while it is
moving. therefore waiting time is minimal. Passengers will have to be
fairly agile. which limits this type of installation to faclories. offices.
universities. etc. It is not
suitable in buildings that
accommodate the infirm or
elderly! When a cor reaches
its limit of travel in one
direction. it moves across to

the odjacent set of hoisling
chains to engage with cor
quides ond travel in the
other direction. In the
interests of safety. cor
speed must not exceed |
0-4 m/s. 3
* I
|
Top of I I |
Mesd o cnming | | |
mopposits | I [
comens fcars | I |
» L i)
Car pessition] I i
< - B
|
7 Quide I :.ﬂ“""l
—L |
ri_l I Tonskaned I ‘r’ I I
J sprockst | 11 [ Pl
car . whiwnls I 1
T and chaimn )
Doarsyg
Pran al lin af iop changeomar Wiew of installation

Patlernosters convey aboutl 600 persons per hour. This type of lift
hos the advantoge of ollowing passengers to begin their journeys
undelayed. regardless of travel direclion. Simplicity of control geor
adds to the advantages. resulting in lewer breakdown: by eliminating
normal processes of slopping. storting. occelerating and deceleraoting.
They are most suited to medium-rise buildings.
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Oil-hydraulic Lifting Arrangements

Direct acting - the simplest ond most effective method, but it
requires a borehole below the pit lo accommodatle the hydraulic ram.
The ram may be one piece or telescopic. In Lhe absence of o
counterweighl. the shaft width is minimised. This will save
considerably on construclion costs and leave more space for

general use.

Side octing - the ram i5 connected to the side of the car. For large
capacity cars and heavy goods Lifts, two rams may be required. one
each side of the car. A borehole is not necessory. but due to the
contilever design and eccentric loading ol a single ram arrangement.
there are limitaotions on car size and load copacity.

Direcl side octing - the car is conlilevered and suspended by a steel
rope. As with side octing. limitations of contilever designs restrict
car size and paylood. Car speed may be increased.

Indirect side octing - the cor is centraolly suspended by a steep rope
and the hydraulic system is inverted.

W
o
L
I'
=
/| =T Car
]
]
1
: Fam
e
A
o
L
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] Fam

N/ W CAC N /
2 Mﬂﬂﬂ ﬁ §
S 2 car |7

/ /

it 4 —

# Fiam ‘,rr

Car 4 %

1 Cytncer |1

Nl

i # :;

[ % Stocl mpa |4

Cylinar ﬂ"'j - ?—

A" B

SIS
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Qil-hydraulic Lifting Arrangements

Direct octling = the simplest and most effective method. but it
requires a borehole below the pit to accommodate the hydraulic ram.
The ram may be one piece or telescopic. In the absence of o
counterweight. the shalt width is minimised. This will save
considerably on construction costs and leave more spoce for
general use.

Side acling - Lthe ram is connected to the side of the cor. For large
copocity cars and heavy goods lifts. twoe roms may be required. one
each side of the car. A borehole is not necessory. but due to the
cantilever design ond eccentric loading of a single ram arrangement.
there are limitations on cor size and lood copacity.

Direct side octing - the car is cantilevered and suspended by a steel
rope. As with side acling. limitotions of contilever designs restrict
car size and poyload. Cor speed may be increased.

Indirect side acting - the car is centrally suspended by a steep rope
and the hydraulic system 15 inverted.

R
AN R U

LI i

Direct acting Skig aciryg

\"h"h\}\1\\\\\\1\\\\\\\\\1\\\\\\\"h
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Details of Oil-hydraulic Lift Installation

Originally. hydroulic lifts

T Py iy e b

used mains water supply os  e— Lining boam
T.h-l‘.'l operating mi::d'lurn. The s | B
main was pressurised from a \\ £ Gmcke vert

W 3 {01 m* unrasiriciod area)
central pumping statien te :1

service lift instollotions in
several buildings. The oil-
hydroulic system hos oil
pressure led by o pump inteo
a cylinder to raise the ram
and lift cor. Each I¥t haos
its own pumping unit and
controller. These units are
usually sited at or near to
the lowest level served. no
more than 10 m from the
shalt. The lLift is ideal in
lower rise buildings where

o TR P

moderate speed and smooth ':_ Coritraer Pump
. . Concrsle i 3

acceleralion 15 preferred. mmm—ﬂ;.

Car speed ranges from 0O-1 i '-.‘J'L

to 1 m/s and the maximum \oriost Section

travel is limited to about
21 m. The lilt is particularly
suitable for goods lifts and
for hospitals end old
people’s homes. Most
hydraulic lifts carry the
lood directly to the ground.
therefore as the shafl does
nol bear the loads,
construclion is less
expensive than for a
comparable electric lift
installation.

BS 5655-10-2 provides speciflic quidonce for the testing ond
examination of hydroulic lifts.

See olso BS EN 81-2 for safety rules applied to constructing ond
installing hydraulic lifts.
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Oil-hydraulic Lift Pumping Unit and Packing Gland

Upward movement - the oil pressure must be gradually increased.
The up solenoid valve is energised by an electric current and opens
to allow oil to enter obove piston D. As the area of piston D is
greater than valve C. the oil pressure closes the vaolve and allows
high pressure oil to flow to the cylinder and lift the rom and

the car.

Downward movement - the oil pressure must be gradually decreased.

The lowering solenoid valve is energised by an electric current and
opens allowing oil 1o flow bock to the tonk through the by-pass. As
the area of piston A is grealer thaon volve B. the reduced oil
pressure behind the piston aollows valve B to open. Oil flows inlo the
tank and the cor moves downwards.

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

Ehich vahvg

O o cyinder and fm

il tark, pump and controls

Detail of packing gland
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Escalators

Escalators are moving stairs used lo convey peaple belween floor
levels. They are usually arranged in pairs for opposing directional
traovel to lransport up to 12000 persens per hour between them.

The maximum carrying capacity depends on the step width and
conveyor speed. Standard steps widths are 600. B0O and 1000 mm.
with speeds of O'5 and O-65 m/s. Control gear is less complex than
thot required for lifts os the motor runs continuously with less load
variations. In high rise buwildings space for an escalalor is unjustified
for the full height and the high speed of modern lifts provides for a
better service.

To prevent the exposed opemings facilitating fire spread. o woter
sprinkler installation |see Part 12) con be used to automatically
produce a curtain of water over the well. An olternative is o
fireproof shutter octuoted from o smoke detector or fusible links.

Elevation Walar curiain

4
3

#, ;
HETFTFTFFS

Fireproal sliding shutlar
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Escalator Arrangements and Capacity

Escolator configurations vary depending on the required level of
service. The one-directional single bank avoids interruption of traflic.
but occupies more lloor space thon other arrangements.

A criss-cross or cross-over arrangement is used lor moving traffic in
both directions.

A S A ————

{2} Single bank -tratfic in ane dirsction

L ——

T e - -

il it

— Dilrection up and dsmn

Cad e s d il il S,

Ll il el et o e—

) Paraligl

Direction up or down

S " A A A A A

Al A A

T g g g G i g e g g g L

Escalator arrangements

Escalator capacity formula to estimate the number of persons [N)
moved per hour:

600 <= P x VW % cosined
L

N

where: P = number of persons per step
V = speed of travel [m/s)
0 = angle of incline
L = length of each step (m).

E.g. on escolator inclined al 35°% operating with one person per
400 mm step at O-65 m/s.

300 ® 1% p-ﬁE * O-B192
04

N= = 4792 persons per hour
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Travelators

Travelators - also known as autowalks. possenger conveyors and
moving pavements. They provide horizontal conveyance for people.
prams. luggage trolleys, wheelchairs and small vehicles for distances
up to about 300 metres. Slight inclines of up to 12° ore olso
possible, with some os greol as 18°, bul these steeper pitches ore
not recommended for use with wheeled transporl.

Applications range from retail. commercial and store environmenls to
exhibition centres, railway and airport terminals. Speeds range
between 06 and 13 m/s. any foster would prove difficult for entry
and exil. When added to walking poce. the overcll speed is about
2-5 m/s.

There have been a number of experiments with different moterials for
the conveyor surfoce. These have ronged from elaslics. rubbers.
composites. interlaced steel plales ond trellised steel. The latter two
have been the most successful in devialing from o straight line, but
research continues, parliculorly into possibililies for variable speed
lones of up to 5 m/s. However. there could be o daonger if bunching
were Lo occur at the exil point.

Up to 300 m

intervals

Capacity 6500 to 10 800 parsons per hour
Typical inclined travelator
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PART-D

6.Construction and earth moving equipments
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PART-D

6.Construction and Earth moving equipments

INTRODUCTION

« Construction cquipments are one of the very important resource of modern-day construciion,
—agpaally in infrastruclun: projecls.

= In such projects equipments are used for most of the works ineluding earth meoving operation,
npgregate produstion, concrete production and its placement ete, In fact, we cannot think of
any mnjor construction: aetivily without the invelvement of construction equipment.

s There are types of construetion equipments suitabla for different activities in a construction
project

» The selection of conslruction equipmie ol defings the construction method, which in a way leads
ta the determination of time and cost for the project.

« For gelecting the right equipment to perform a gpecific task at the lcest cost, it i rasential to
know the features of o construction equipment including it rate of production and the associated
cost to oporete the equipment. A

s While dealing with the construction stage, selection of the most suitable equipment i3 & vory
typecal problem which is generally faced by the construction engineers or contractors.

« A contractor may not afford to have all tvpee or sives of equipment which are required for
exceution of the projcts.

¢« Choice s made alley considering many factors like nature of the project, cost of equipmeni,
depreciation, posstbility af ils future uges on other projects; its resale value after certain period,
the saving expected from the use of guch squipments ate. -

LASSIFICATION OF CONSTRUCTION  EQUIPMENT

Conslruction equipments cin be classified into many ways,

1. Bawms of funclion of eqguipment - for example, material loading function, material - transporting
funciion etc.

On the basis of functions equipments can be grouped into

{a) Powar Units

(b} Prime movers

() Tractors

{1} Materinl-Harndeling vquipment
) _h_[:_utm-_iq.l--pl'ncumﬁp. :quipr:]n_'!r.

L b R LT N by i P e - -
|5 L s I 3 = ——
i E e LR r-:lll"r.'p.'_._ R i -
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- 1 Basis of Operation of equipment: - e

yiy

"

(a) Equipments used for moving and loosening the materials found in their natural elate og-
pumps, excovalors, carth moving, Wenchers, compressors ete! R

) 'E;]uipments used fur processing the materials, for example agpregate, concrete and asphalt
production,

{c) Equipments used for tansporting the processed materials
{(d) Equipments used for placing finish materials.
3. Basis of purpose of eqguipment
{n} General Purpose : Farlhwork equipment, Hoisting, Cancreling,.

{I.n:l Special equipments : Piling rig, coffer dams, tunnel hnﬂng m&v:hme, £BISs0NS equipments
ele, ]

o

SELECTION OF CONSTRUCTION EQUIPMEN

» For speedy and economic construction of a prnmt, prnpn: choice of equipment is of primary -
importance.

s The problem of proper selection iz further mmphnud becauge of the wide range of equipment
commercially available

« Following factofs-mbst be considered. before having a final choice

1. Use of Existing Equipment

"« When .'Lhz full utibizaton of new equipment for the futlure projecis is uncertain, it may be

desirable to wse existing old- equipment even if its operation 18 somewhat more expensive.

s Depreciation coat of the new machine 1s likely 10 be high, and this would raise the owping cost
of the aquipment and hence the unit cost of wark.

2. Availability of the Equipment

"« 'The equipment which is easily avalable in the market should be stlected for the purpose

because any delay in delivery may inerense the construction cost, repairing of such equipments
will also be dome easily.

3. Use of Standard Equipment P =)

+ Standard equipment is commonly manufactured in large numbers and hence these are readily
available and moderately priced. '

= Spare paris of standard equipment are easily available and are less costly.

= After the work 12 over, Selling off standard equipment and its spare parts is generally easier
than in comparison to non-standard or specialized equipment.

4. Country of Origin

* It is-always suggestable to buy equipment from own country because this will decrease the

repair cost and downlime cost and at the same time it will boost up nalion's economy,

* For imported equipment, it is preferable {5 import from_a saft currency rather from E,_hard_.
eurrency country, to save {oréifn curréncy reserves, -
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b. E‘u.t!;ahﬂlt}l' fnr Future Usa

« II'a machine is reguired only for some part of its use fl.1ll life, then wayra. to disposed off or its
" deployment on some other site should be considered.

. ﬂbaalmanng_nf 1'.]:|f.- maching sh_nutd nnr. be overlooked.

6. Suitability for Site Conditions
+ The equipment chosen should suil the mnd:'t_inna of the job, =ail, valley, working conditions and
climale af the region,
7. Size of Fgquipment
» Larger equipment give higher outpuls on full load, but its-cost nl' ;pmd'n]:tmn 15 mal]f greater

L o 5

than that of smaller units working on partial load, - "m,

s For larger eqmpment transportation to gte is generally d.:fﬁcﬁlt aud cu-ﬁ]}r in cumpirm-:ln lg
sipaller squipment i

o Servicing, maintenance and repair facilities have to be f,:n_‘t_ag_ler for Jarger units. However, larper
machines are usually more suitable for ough working conditions

« Standby cost of larger size equipment is mere than, that of smaller equipment

5. Versatility

if pnsu'hie the machine selected should be able to de more than one function,znd should be
inter convertible where ever pﬂmh]t' -

-

g 3 EmitﬂI:nni.lit.;i.lI of Local Labour
«  The locally nvﬁiluhle.ujmra tors and tachmiciane should be able to handle the selected equipment.

« Special equipment way have excellent performance bul may be difficult to get repaired during
break down.

COST. OF DWNING AND OPERATION
o Coet of ﬁuenéminn of an equipment is Eal]ed cosl of owning o which can be added the cost ol
fuel for running e equipmen),

o« It e the amount by which an equipment should be hired. It is generally estimated on hourly
bagis. _ .

» It should be noted thal this does not include the operatore cost,
Following factors should affect the cost of owning and operating.

{a)} luitial cost of equipment,-which includes aquipmnﬁt cost, transportation cest, loading and
unloading charges and installation cost.

T Severity of service condition under which itz used.
() Number of fiours used in a yea:;._
(d) Quality of Maintenance and repair.
(#] Demand of equipment st the énd of servite life.

i Service lifecofequipment: | - A T P
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» Following cost constitutes the cost of owning and operating. - -
(1) Depreciation cost . _ -
{ii) Maintenance & Repair cost '
(iii) Investment cost
{iv) Fuel or energy consumption cost
{v) Lubricating oil cost

- S e e S e e e S R

Note: Annual maintenance ard repoir cost = 50 to 100% of anrual depreciation but 100% is o foir volue,

Tntial valoe - Sclvoge volue
Annual depreciation = Useful life of equipment

e e e e O o e o oy i s o g e e e S G S S -

ECONOMIC LIFE OF CONSTRUCTION EQ'mPMEN

» A construction equipment has two types of life.

{a) ‘Physical life : The potential service life or time peniﬁd of an equipment before which it
physically becomes unable to produce a good or service.

“(b) Economie life : It is defined as the time peried over w_juq:h an equipment is expected to
be use able, with normal repairs and maintenance, for the purpose it is hired.

o A machine can be used for long period (till the end of physical life) through e:pensiun repair
and maintenance cost, may have small cmanmm life i €. during which il gives maximum profit.
wnd lowest aperating cost. P

R . I M i o - e B ), el O g i i T, s, =i~ i, -l - e e il

Nole: Economic life moy olso be defined o5 the period of replacement of on equipment that maximises the profit from
the equipment or manimizes the cumulatively hwrl-r- ewring and eperating cost.
Etmﬁ:df'r the econamic bfe of ‘an equipment is given (n terms of years and I.urimg hours.

e e e S i Y _-_-_-\_....._..J....',._'“_‘.;'-.'_'____

+ When should the equipment be replaced?

» If the equipment iz replaced too early, he will experience capital loss. and if too late, the
equipment might have passed its pegiod of economic operation.

+ The owner must consider all costs related to the ownership and operation of the equipment,
und the effect which the continued use will have on these costs.

The costs to.be considered -are:

1. Investment Costs

L

»' [ is the hixed cost which is incurred at the time of purchasing equipment but it also includes
some other parameters inclusive which definition get modified as :

Investment cost comprises fixed cost which is ineurred at the time of purchasing equipment,
wnterest on the money invested in buying the equipment , taxes pertaining to the ownership
of the equipment, insurance and storage, -

+ Money spent in the purchase of equipment, if invested in a bank would bring o return in terms
uf imterest

» Opportunity of earning this interest is lost due to purchase of the equipment, and so the ,
recavery of Lhis amount should be made on the machine's amount.

. GN‘IE"H"! a combined investment eost including interest, taxes, ingurance and storage is taken
“agabout T0' to 12% per year of I'.he value of the equipment at the beginning of year,
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' .'.vnrtge lnnual cost nf thn nquipmnnt is fm:.rul nut in I’nllnwmg wnrs. -
Case -1. When there is no sal'.ragt value of l'h: equipment

P ;
F =_n.| 2 P:]:H-IF

where,

P = Total initial cost
P,, = Average value
n = Jile'in years

AR B
e
g j_ ¥ i e
O A |
3 s 5 Tl - F o B
Rl r: i! A | ——
= ; : Al
= -f
o
= - T
E -
n

b [ O
lifi in years with po salvage value ——#
Value of equipment by year

Case -Il. When there is salvage value of the pqu;mem The average v;;'lﬁ;ﬁ:ii;e equipment
is the sum of the volues at the beginning of Ihe firsl year and the eénd of the last
year divided by 2.

e _
'L[lri]' : - FI'H'
- = P‘.q_
F ol
; s
f o 1 3 3 o
~ Life i years with sabeage valuo

Value nl'-&q'!:lin_ment_'_'hr year

P-§
b Tt PeeSn-1)
" 2 ; 2n

where,

P = Total original cosi
P,, = Average valoe

n = Life in years

o 5 = Salvage value
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Nole:  In both cagses shove, the book value is based on straight line ﬂu.prﬂhfun

B St o et o e | o i

2 Depreciation and Replacement Costs

+  When one considers thie replacoment of equipment, it is necessary to know the salvage valfi§
of the machine and the replacement cost of a similar equipment,

+ Replacement cost of on equipment must be increased 5% every year to balance the increafs
in cost of equipment every year. ' ]

3. Maintenance and Repair Costs

« Itis necessary to keep accurate records of maintenance and repair costs nﬁﬂﬂrg:ﬂ variations 2§
ohserved in these cosls every year.

. Downtime Cost

» Downtime is the time that a mm:hma is not working because it is undergoing repairs,
Ed]uFI:manl:.u

« Downtime tends (o increass with usage.

.

=R B e T e, R i B 5y e o e e e o S e, e ey o

Mole: Averlability is o term that idicates the portion of the time that o machine is in actual produiction, mrﬁﬂdg
0 percent, Thes, if o machiee {2 down 2% of the time, It ovoiability iz B8

ST e T e e T i ol e e i e T Wi e T i o e e e il ik g e i v ke . G | i A

5. Obsolescence Cost

« Continuing improvements in thie productive r,-apmue?n of-construclion -qullll ment have resultém
in loweor preduckion costs,

+ -t ohserved that ; if by installing a new maching the production’ cost is reduced by 5%, “’h‘i
" compared with the production costs of an existing machine, the existing machine will suller
loss in value equal to 5% This is defined a5 obsolescence loss. .

s+  Thesa improvements, whose advantsges can be gained only by the replacement of clder equipmel
with newer equipment, decrease the desirability of continuing to use the older equipment
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* Primary purpose of 2 tractor is lo pull or push leads, and it :mz.q,' be used also as mount for
many types of equipment such as hulldozer, shovel, dragline, hoe. tenchers ete. Therefore.

e It is considered as one of the most important equipments and is indispensable on most of the
construction projects whether small or big. '

Tvpes of Traciors

Tractors are divided intp folowing types : '

; Tractor e
1 4 _
v '
Crawlar Tractar  Wheel T'ractor :
£ s -
' v
Two wheel Tractor Fourwhee] Tractor

Factors affecting in selection of a tractor

* In selecting a tractor, several factors should be’ considered and some of the_m are enumerated
as follows; ' : =
{a) size required as per magnitude of the job. -
(h) kind of job for which it is to be used like bulldozing, pulling a scraper, clearing land etc,
(e} type of footing over which it is to operate ie. high tractive or low tractive efficiency.

fopao(d)- firmnese of haul road- - o S e T RE R SR e
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fu‘ll gmosthness I'.{“h-l!-ﬂ rand

i slope of haul road,

{g) slope of haul road,

() type of work it is no do aftor this job is completed.

Crawler tractor

» I @ tractar is mounted on crawler, it i= called crawler traclor.

«  Ceawler track is an endless choin comsisting of steel links made of stee! plates conmected
tugether by pins and bughings.

« It is used for moving heavy vnits on rough surfuce having poor tm-r:t-nq,. 'T'hc optimum pull that
a crawler tractor can provide depends upon its weight and is equal tii"tht coalfidient of tracticn

(depending upon rosd surfoces) multiplied by I‘.iw weight af uhit, tﬂnﬂlhﬁ of the power
gupplied by the eogine. [ts

¢ Maximum gpeed is imited 1o 10 kmph while average speed li u.hmu 4.5 o 5.6 kmph It
iz guited for short haul say B0 to 150 m.

+  Spocial advantage lies in it abilits o travel over very rough surfaces ond to climb very steep
gradez up o 25 to 29% al 2 speed of 2,75 kmph,

o [t hasa life af & v 12 voass (3000 to 16000 hred depending upaon its hocee power which varies
form 100 Lo 300 -HP
Advantages of crawler traclars

M Having more traciive effort it can operate onsoft Foting such: s loose of muddy el
(i} It can opesate in rocky formations where vabber tvres may be geriously damaped,

(i) T can travel over rough surfaces which may veduse the eest of maintaining. haul meds,
fiv) Tt has greater Nontaticn because of lawer prtﬂu;‘f.l wndar the tracks

(vl Baipg compaet and powerful, it can handle very difficult jobe

Wheel tractar

*  The bame advantapes af 5 wheel tractor when éompared with a crawler tractor liez in itz higher
spced. In order to attain & lugher speed, 8 whesl wractor must eacrifice its. pulling effort As
the speed i incressed with the help of highor pears. Rimpull will be decreased in approximately

the same proportion.

L g F R M W e o o D T, T O W N W o —

Nate: Fer a gven it whese engine i opecofed af a rlied power, speed o rimpull will il‘nﬂﬂ' be consion,

TE E S s e E E R R W OE W S R R R SR R MR e e W

It possesses a Jower welficient of traction between rubler tyres and some. soil surfaces, the -
whee] tractor sturts slipping before developing its mied rimpull,

*  Itsuselul hfe les between 8 to 10 vears (12,000 to 15,000 hrz) depending upon on its horsepower
which is gonerally more than 76-HP.

Advantages of wheel tractors )

(i} TLcan tesvel at higher peed (maximum speed up to 50 kmph) on the job or more from
v b Lo mnother,

(o) 11 eun give greater output where considerable travelling is neccssary. ;
. {iii) It can travel over paved highways without damaging the surfaces.

fiv) It can operate casily which makes the operator less fatigue.

(v} A wheel tractor is very useful in the following-conditions:

() Long push distance

b} Fast return

() Loose soil little or no rock

(dy Level or downhill work

{¢} Geod underfoot conditions
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POWER SHOVELS e e

¢ Basbely 3 .q:hmrnl is o tool for digging, lifting. and moving |:~1:|j|‘.-111_a't-|i|';‘i.|aia.L such as s0il, coal,
gravel, snow, sand, or ore;

s Shovels are-extremely commaen tools that sve used extensivoly in agriculture, eonstruction, and
pardening.

» * When s chovel is mounted on a Power vehicle it 1 called as Power Shovel

v Power shovels are uszed mainly to excavats earth and Joad inte trucks or tractor-drawn woagons:
~a Tower ghovels ean exoavnte all types of eurtls excepi solid vock ittt prior joosaiing "

¢ The basic parcts of & pewer ghoved inciode Monnting, Cab, Boom, Dipper stick, Dipper.

o+ Sz of power shovel is indicated by capacity of it dipper, generally expressed in cubic meters.
_» TPower shovels: nte caiamonty availeble in divoer sizes of 0,29, 038, 0.57. 0.76, 0.95. 1.14. 1,33,

155 and 191 md.

Types of Power Shovels

1. Crawler mounted power shavel,
2. Rubbor tyred mounted power shovel,

Crawler mounted Shovels

o I 34 mounted on crawler tracks,

s [tiz hoa wvery fow travel spesd.
s It exerts low pressure on the soil and hence suited for muddy and soft ground surface,
Rubber Tyre mounted Shovels

+ Itis mounted on Rubber-tyres, .

¢ It has higher travel speeds ore useful for small jobs where considerable travelling ie invalved.

» 1t gworts considerablo pressure on the soil surface henes suitsbla far road and the firfm ground
surfaces,

Operations of Shovels

*. . Pogition the shavel near. lhr_iaaa of the enrth tc ba excavated.
v The dipper is lowered to the floor of the pit, with the teeth painting into the face.

« A penetrating foree is applied through the dipper shaft and at the same time tension is ﬂp]!lmd
to the hoisting line to pull the dipper up along the face of the pit.

. [l‘ the depth of the face {called the depth of cut) is just right, the dipper will be filled as jt
reaches the top of the face.

« If the depth is shallow it will not be possitle to fill the dipper completely without excessive
penetrating force and howsting tension "

«  1f the depth of cut is more than is required to fill the dipper, the depth of penetration of the
dipper into the face musl be reduced, if the full face is to be excavated or to start the excavation

ahove the feor of the pit
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DRAGLINES

As the basic character of the machine is, dragging the buckel spninst the malerial iz ke
exenvnted, il is known as Diraghing, )

Diraglines are used o excavate-earth ond bad it uste haul units. woch sa tradks or bo deposit
it an spoil banke and pinhankesents near the place from where it is cxeavated.

Eize of drngline 13 expressed by the sae of its tuckar

Advantages of Draghine:

1.
L

a
4

It dosn ot have to gu inie the pit 1o excovate,lt may opernte on natural form ground
IFit s & Inng boom ke i can despese of Lhe earth in one aperstion without the need for o]

It can exeovate below its level snd ueder waler

.1 ean excavage trenches withoat shanng.

Disndvantageof DFagline

L

One of the dissdvantages of a dragline is that ils outpul in only Tﬁ-ﬂﬁlhllﬁflm%

Types of Draglines

Crawler-mounted Draghines-These ean eperale on sofl and muddy ground ﬂlll'-l’ltH anq
poed of 16 kmph, hay

2. Rubber-tyremeunted Draglines- These ean opernte on hard surfiaces and hﬂwﬂﬂh%
Operation of Dragline = L 2

-

Faxeavation b started by swinging the empty bucket to the Eu;m; pnmllul at the Batmg
Ipearn the drag and the hoist cables. g

Exesvation ie done by pulling the hucket toward the machine while m.uml.hmmi Eengigy -
heast exhle. u'!
Whien the bucket is Blied the operator takes in d:hm.tﬂu! whiile: th'lﬂl' aul e ﬂrqh._.hh
Damping 18 deaie by releasing the drag cahble

Filling Lhe bucket, heisting. swinging and dumping of the londed bucker, fllowed in thgy Brdg
fonstiite tno cycle B

___________________________________________________

Nale: Sinee it it dlfiali 1ﬁtﬂ|'ﬂ|h{mmd:ﬂq-qﬁ'm1ilgin -hwﬂmndhﬂwli-lﬁb‘k
o reduce fhe Fofegs

e i - e S i

Qutput of Draglines

“White the efiect of sk and mummrﬂ. cenditiane en the output of the dragline will b

the sam o5 for 3 power shovel, and the joh and manngemont factors may be used for uh:h"“'l
the probable entput of draghines, the see of bucket ond length of Boom have a direct um_.t
the atpit of & dragline.

Buckets are available in classes. such as light-duty, medim-duty ord heavy-duty.

Light-duty backets nre for materials that are easily dug, such as sandy Jowm, sandy thay,
sand.

Mediediety buckets nre for general sxcavating sorveee auch as dipging clay. solt "‘ﬂlr
Yoose pravel.

Heary-futy tuckets e for handling Maped reck amd other shragive materinls

fiackets are oiten perforated to permit draining of waler from the loads,

In sthcing ike stz nnd bucket type, the dragline ond bucket should be malched g, s

I gelecting tha bucken size care ahoald be laken that the combined weight af Lhe load ang
buckel does mol exeved the sale joad recommended for the dragline.
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BULLDOZER
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« Bulldozers are very efficient eim'l';.iing tools for short haul applications up te-100 m.
s It i essentially a heavy stes] blade which is mounted on the front el a tractor. The Leavy blade
attached 1o the tractor pushes the material Trom one place to ancther.

_» The size of & bulldezer is indicated by the leagth and height of the blade.
‘s DBuolldogzers are cigsaified on the basis of ;
(1) Position of angles

(a) Bulldozers- In these blade is sat perpendicular ta the direction of movement. [t pushes the
earth forward and dump to seme place

{b) Angle Dozers- In these blade is set ot an angle with the direction of movement. It pushes
e carth forward and o one gde,

(2) Based on mounting

(@) Wheel mountad
{B) . Crawler maunted

Scanned with CamScanner



Advantages of the crawler-mobnted bulldozer:.
fa) uh'ht:.r to deliver greater r.rw:lwe- efforl en sofl, loose or moddy sal

(b) ahility to travel on muddy surfaces

(c) ablity Lo operate in rock formations, where rubber tyres may get dmaged which may
reduce the cost of maintaining haul reads -

(d) preater flotalion because of lower predaures under the tracks
(&) preater useorersablity on jobs.

Advantages of the wheel-mounted bulldozers:

{a) higher travel epeeds on .the job or from one job to another,

(k) ¢IiminaLi:rn of hauling nqﬂpm:ﬁl for transporting the bulldozer vo ihie sile
fe) grealer cutpuot, quw:muar when mgnlr gant lra'-'ulh.n: 8. required
. {d) less pperator fatigue

{2} ability to travel on bitumen roads without damaging the snrface.

(3) Based on control- for raising and lowering the blade
fa) Cable conirolled
) Hydvaulically ontrolled
“Advantages of the Cable controlled bulldozers

fa) Simple ta install, operate and contrel

{b) Easy in reparing

{c) Reductien in the denger of damaging a machine

Advantages of the H};drﬂuliﬂﬂ]} controlled bulldozers

(a) Able produces o high down presaure on blades to force Mades into ground
(b} Able to maintain a precise setting of the position of the hlade.

» In addition to excavating and hauling many other functions are also pcrl'annud by
Bulldozers frem start to completion of an project lile:

(1) Clearing land of timber snd vepetation

(it} Opening up Wwmporary roada through wmoentaing and rocky Ereui.

(iii) Moving earth for haul distances up to about 100 m

(iv) Milling loaded tractors and scrapers

{(v) Levelling and spreading earth fills

ivi) Backfilling trenches .._-

(i) Clearing construction siles of debris =
(viii) Mantaining haol reads

(ix} Clearing the floors of borrows and quarry pits
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e Compactmg Eqmpment

_ '- Gumpar.:unn is the method of artificially :lenslfymg the soil by pressing boil pnrhcles topether*
into r:luse contact, resu'lhn in the expulsion of air and/or water from-the soil mass. '

‘u Bumpnchun is r]urlp to increase the strength of an carth fill or an embankment.

. Enmpm:tmn refers to the method employed by a mmpnctur to impart energy mtn the soil Lo
achieve compaction.

« Compactors are designed to use one or a combination of the following types of compactive -. -
_efforts: . JRCIE : o '

m i-ineading' action —Manipulation or rEnrm.ng'ing A MRS M

(2) Static weight — Pressure appllmtlm

{EI} Impact — ‘iharp hlaw

{4} "|._F|hruunn-— _f:ha.l-:mg o J S =W T

TYPES OF ROLLERS

Sheep's Foot Rollers

s =
i IIIII | SEE“nEdmuhﬂamSﬂaﬂnEr to "he --Ehlﬂ-"jl'ﬁ Fﬂﬂl Hﬂlhr -.u-l'-r- "i.""LfLE"" ?l_[“"j_'1_':.—..::,h-f 284

i -u.-..i
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+ Sheey's foot rollers are suitable for compacting fine erained materials such as clove and ixtures
of sand_and clay, _

* These cannol compact granular sails such ns sond and gravel.

» Depth of a layer of soil to be compacted is limited to approximately the length of the feet.

* They are used for mampu'la'r.iun and compiaction of plastic clays where stratificalion must be
eliminated, such as clay cores in dams.

* Sheep's foot rollers can be towed or eclf-propelled, and its drums consist of trllndmnl shell
_ with protruding 'feet’ which provide areas of high contact pressure under the machine,

* Feet can have numerous shapes and terms such as taper foot and club foot have been used

to describe their particular features, - :;;, r.
= Because of the"small contact aren of the sheep's foot roller it requires u largl.- numl:er ol passes
. o provide even ‘one complete coverage uf an area of goil. - 7

. -Elmﬂp foot rollers are slow, have o very high rolling resmtan:e ﬂ.ﬂd lhnr!fﬂf! cost per unit
— volume compacted is high. ’

Hmhuthﬁvlmni Rofers

" smoclh-wheel Roller .

» . Smooth-whee! Rollers can be self-propelled or of the towed Lype witlrsmooth steel roll surfaces.
» These rollers may be classified hy type or by weight

* These rallers ure effective in compacting granular saile, such as sand, gravel. and crushed stone
and they are also effective in smoothening surfaces of soils that have been compacted by
dmping rollers. .

. ﬂmmmmmmmmmmmammwfmﬂw
m_em.nﬂ:nnaiunmmnnn in_the lower portion of o lifl.

v Self- propelled catepury the machine con be a three roll (tricyele mnrguﬂhﬂﬂ] with the front
wheel used for steering while the rear wheely are pnwr:red for driving-

* They can be tandem two rolls type also.

"  Contact area between the deum of the roller nnd the surfoce of the soil is a narrow E"ﬁp. i,
85 0 result, the stresses ig the soil fall off rapidly as depth in the layer increases,

. Th'is type of roller is, therelore, I'Iimilr:i in performunce such as, to compaction of fairly thin

|" "“"ﬁ& Abdes e 30 s fgpending on the size of the equipment.
e steel deums of the. rolle mav be hallazted with water-or sand to- mtrgaﬂ?-l[ﬁﬁ?ﬁh_*ﬁ:?ﬁ-:-
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‘" * Pneumatic-tyred Rr.-llern Bre: hurl’n:e'*rnllei‘a. whmh dj:ply tha nmnnl:_af_kmaﬁmuﬂ_m tn .

eﬂe:t compaction below the aurface
Theae rni'lcrs are

: o They can be sell- prnpe]led or aned smai'l-nr ]Brgevt:.rreﬂ umts

||i'-|.-l-||--'.-n 5 i sk

« These rollers rely on dead weight acling or upon pneumatic tyred wheels ta prnduz:{- the
compacting offort. .

» The weight of a unit may be increased by hallasuﬂg

[.—.. T&me&ﬂ:mﬂﬂtﬂmm“ﬂahle varying from 13,6-180 t-'.:rnnes gross weight.
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Tamping Rollers

Tamping foot compactors (Fig. 5.3) are high-speed, self-propelled, nonvibra-
lory rollers, These rollers usually have four steel-padded whecls and can be
equipped with a small blade 1o help 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
drum, As a tamping roller moves over the surface, the fect penetrate the soil to
produce a kneading action and a pressure 1o mix and compact the soil from the
bottom 10 the top of the layer. With repeated passages 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
yvibratory acfion. The eccentric shafl need be only a body that rotates about an
axis other than the one 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  ampliiude
of the movement, or throw, and frequency, which is the rate of the movement, The vertical distance
or number of vibrations (oscillations) per second or minute (vpm). The ampli- the vibrating dnim or
tude controls the effective area, or depth to which the vibration is transmitted  plate is displaced from
into the soil, while the frequency determines the number of blows or oscilla- e rest position by an
fions that are transmilted in a period of time. ReCrirye S,

. The impacts imparted by the vibrations produce pressure waves that szl

~ the soil particles in motion, producing compaction. In compacting granular
material, frequency (the number of blows in a given period) is usually the crit- .
ical parameter as opposed to amplitude.

Compaction results are a function of the frequency of the blows, the force
of the blows, and the time period over which the blows are applied. The fre- -
quency/time relationship accounts for the slower working speed requirement
when using vibratory compactors. Working speed is important as it dictates

~now long a particular pan of the fill is compacied. A workin of 210
[ ok mp Lﬁfﬂjﬁﬁ'&%{l{:ﬂf | P - w

(Fesulis when using vibratory compactors.
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1. Sheepsfoot rollers

. Tamping rollers

3. Smooth-drum vibratory soil compactors - - |

. Pad-drum vibratory soil compactors

. Pneumatic-tired rollers
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Vibrating Compactors '

# Vibralory compaciors enlance Lhe p-rfnm:nw of siatie weightl mllers by adding drn_mn[—t
farces, usunlly achieved by o ml‘liﬂ; r:l;"ntriz:'ﬂf weeighed shall mounted inside the roller

s -¥ibrating compaciors have shawn their abilities to produce excellent densification of gnils such
=k eand, pravel and relatively larpe stones.

= _As these materials are vibrated. the particles uhﬁ l.1|e1r pmm lnd nﬂth mare rJd-Ely mlh
nﬂpunl. pm't'lﬂﬂ to 1|1:rnu|-:-"thrﬂthﬂrn!'~lh e, s

« Types of Vibraling compactors In.'r: -
(3} Vibrating sheep's fool rolbers,
(&) Vibrating steel-drum rollers,
(<) Vibrating preumatic-tyred rellers,
(@) Vibrating plates or shoea, -

irllnunlljr Dpu'ated Vibratory Plate ﬂmpndnrs

L.

=
LA

P

¢ These mm:'hjraﬂ heavee o finl |r]n1re in mnl.t:t vnl:liihe a:ﬂl

o . Beeaese of their much smaller size) vibrating plate mpul-m hawe lower wlpulsnlmaﬂrd
gwil than the larger vibrating rellers

s These are weedfor compaction .ul'_uqhumrl-lm enil in cenfined .xress or spaces- .
«  Power unit and conirel handles, for the pedestrian operatar are stlached to a chassis suspended
above ihe baee-plate on epringe or ather form of Dexible mounting.

Manually ﬂpﬂ:mlﬂi Vibralory Tamping Compactors

S
v

Vibratery Tamping Compacior _
+ Vibeo tampese bave an enpine-diiven r::up;'uuung wiéchaniem which ncle on a spring system

|--“"“51‘-E'|m"5h -m'ﬁ ww -rrnh nm;phlude :-l '|I1uul 10 E[I I'II'I'I. .'Il'il el 'll.ﬂ- in '3“‘ baze

B T
——
r-a ", g 1__;\.-
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. The mast mmmunh" used mn:hmes hm'e a mass 1n~the—range—nf—5{l—]5ﬂg.-nnd usually nperﬁte
at-a I'requem:y of about 10 Hz

« Their main mode of compaction is I::.r impact and the;r are suited for r.hn—eampa-ﬂmn—n{—mm
" ftypes of soil. .

+ Because of their low outpul they are used in conflined areas or spaces, where their pnrlahn]:el.f
and maneuverability are a particular advantage,

Manually Operated Rammer Compactors .

_\.‘

.I._:. - ll.a i %

il T Lo
=0
i'l'l|

=

.

fuad
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-

i

Rammer Compaclor

« Ramnier eompactors are sell-propelled in which cach blow moves them ahead slightly to'con I.m:ll
new sail,

These units range in impact from 40 to 120 per sec at an impacl rate up lo 850 per mim, '_
[i—:_E %ﬂ?ﬁﬁ?ﬁﬂ"c@ﬂﬂ?ﬁﬁﬁﬂﬁﬂn liglblow, area covered per hour, and depth of compaction (lift) in em.
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PART-D

7.S0il reinforcing techniques
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Relnforced Sell

Frindorcment m differerd forms s sdded B ssl, in onder b improve i
mechanical properties. Sofls are strong in compression but welk in
tevsion. This weak property of soll s improved by ntroducing
reindoacing clements in the dirsction of tensile stoess, Reinforcement
musderid] genseally consies of palvamised o stambess el atrps, burs,
grids or fabrics of specihied mutenal, or woosd, petymer and plashc, elc
The einbopcoment (s placed mone of ke the same way as sleel in
corcevie, Theend product is called nemdorced soll, and s very efectively
warrd for retaining sructres, embankments, haohings and sobgrade, eic

Soll Nallisg

B it a method of remborcing the sl with ses Bars o other maberiala
The puspose s & increase the tense and shear strengih of te soll and
rsirain s displacements. The naily are vither placed in drill borehoks
and grouted Al thetr total length s farm “groaied nadls”, or simply
deiven inko the ground as “driven nais®, The iechnique permils
shabilliation of both natural Sopes, ard vertical o inclined excavations.

M. MATERIALS
Thers are two bmic maierdals wed W the
consiruction of reinforced soil.
+ - Soil or fill matrix
*  Reinforcement or anchor system

There used #o0 be  adequate  bter-
relationship between the materials used. Based on
the design strength and availsbility, the materlals
are splected. We will discuss ome by one, the
materials that are being used.

Soil or fill matrix

The sheasr properties of sl can be
improved as theoretically any soil could be used 1o
form earth reinforced structure. Ino long  erm
eonventional structures the soll wsed is the well
griaded cohestonless soll or & powd cohesive
frictiomal fill although pere cobesive soils have
been ased with success. The asdvantoges of
cohesionbess soll are that they are stable, free
draining, tot susceptible o frost and relatively non-
corrosive to relnforcing elements.

The only dissdvanioge is - lis: cosi. As a
corveniend  compromise  betwean  the  technical
benefits  from cohesionless soll and  economic
benefits from cobesive soil, cobesive frictional may
b prosfierred,

Sometimes the use of waste material as Al
for reinforced soff strsctures is atractive from an
environmental as well as economic view point
Mine wastes and pulverized fuel ash are the wastes

usaially employed

Reinforcement

A varlety of material Including steel. concrete,
glass, fher, wood, rubber, aluminlum  and
thermoplastics can be.used a5 reinforcing materlal,
Reinforcement can have the form of =wrips. grids,
ahchors and sheet material chaln, planks, rogpe,
vepeintion and combinatlons of these or oiler
maerial forms.

o Sirips are Mexible lmear clements laving their
breadih greater than their thickness. Sirips are
Formed from aluminium, copper, polymers and
glass fiber reinforced plastic and bamboos, The
forme of sminbess gabvanized or cooted steel
strips are ether plodn or with projections such
st increase  the [riction  between
reinforcement and fll.

() Strip
Figure 3.1

= Cirpde or are also wssd o inforcement. Grids
are formed from steel in the form of plain or
galvanized weld mesh or [rom expanded metal,

() Sheet (d) Gid

Figure 3.2

*  Bheel reinforcement may be  formed  from
metal such as galvanized sceel sheet, [Ebric or
expanded metal net meeling the criteria for o
grid




Flexible Qlinens elemems having ome or
more proviounced  distortions  which  act  as
gbutments or anchors in the Bl or sell. They may
br made from materlals like steel, rope, plastic or
combination of materlals swch as webbing and
yTes; slee] and iyTes &,

Composite reinforcements can be formed
by combining differen materlals and  malerisls
forms such as sheets and strips, grids and strips and
anchors, depending on the  field  problem
redjrire L,

The principal requirements of reinforcing
materinds are strength, the stability (low tendency
to creep). and dorability, case of handling, a high
coefficiens of friction. ami'or adhesence with the
5o, together with dow cost and ready availabiflny.

Geosynthetlcs

Geosynthetics  are  manmade  produces,
They are flexible and planar {sheet-like). They e
manufactured from synthetic polvimeric materinls
and somedimes from natural materdals, They find
une i Geolechnical engineering ax o siparaior,
filiers, deadns, relnforeement, ]l}'dmull.i.' xrriers,
proteciors amd eroslon control system.

I. Geotextiles are porous gecsymhetlcs  tho
resemble a thick strong cloth or blankel with
s stramds o Tiber visible, They are plamar
permeshls, polymeric material that are waally
made from polypropylene and sometimes from
polyester, polvethylens or from natsral Rbers
spch as i they can be woven, non-woven or
knitted. Woven Ern-le;u:li]ﬂ. [ Flrudu:lﬂ:l by
weaving or Interlacing, usmlly at right anghes
of two or more sef of fibers. Non-woven
geotextiles: are  produced by mechanical
boneding or needle  punching of randomly
oriented fiber, Geotextiles can be (025 o 7.5
mm thick and have a mass'unit area of 150 o
200 g2

Fig |. Woven Geotensile  Flg X Now-woven Gedlextile

Figure 3.3

IIL. Geogrids are mesh like oo grid like
grosynthetics  with squase o rectangular
openkngs that are larges than the thickness of
the ribs, the il dekness catiges Trom 5 o

1 S anel 1l mevss Aunlt aiea Hes betwesn S00
o L5 gms

Figure 3.4

L Ceompets are simdlar o geogrids but  bave
thinmer member sand angular apectures ot
square of  rectangular el resembling

parallelograms

Flgure 3.3

IV. SOIL REINFORCEMENT
TECHNIQUES
Sall reinforcement wchniques can be divided inio
P miafod colegorles
1. Insite soil relnforcement
2. Constrocted soil reinforcemend

In the insitu reinforcement iechnigue the
reinforcement is placed in an wnclistarbed soil o
form a reinforcsd ol strectore, This includes the
technigque of soil nailing and soll dowelling. The
retnforcement used for Insitn strctures s asealiy
linear owing 1o the method of Installagon,



WP e

Vertical or steeply inclined cuts can be
made for cpen exeavation using Hgid soll nails as
relnforcements. Such cuts are also referred o as
pailed soil walls. Unlike reinforced soll walls are
constructed from bottom 0 top, nailed sofl walks
are constructed from top {0 botiom, The facing of
stich walls 5 psually in the form of o wire-mesh
reinforced shot Crete panels, although metal plates
and eiber types of panels have also been used. Soll
nails are installed ot an inclination of 20 mw 25
degrees 1o the horizontal near the ground surface s
a5 b avold infercopiing underground udilities and
the inclination is reduced to 10 o 15 degress a5 we

o deeper into the cut.

Z. Constructed soll relnforcement technbgue: -
I. Reinforced soil structures with vertical face:-
The facing wwally comprises of
prefabricated  concreie or  stoel  panels  |oinod
together by an interlocking amangement. The sail
inseel ds hackfill in such coses s granubsr soil with
bess than 15% fines o enahle development of large
fricton between the relnforcement and sall. The
moxsl aften wsed reinforcenent is steel strips since
they hawve lorge tensile sirength as well as fow

extensihility, Construction takes place from botiom
upwards and  the relnforcement ks placed
sequentiolly as layvers of soll are compacted, one
after the wther,

Figure 4.2

'n'h!' l:mﬂln.rl:l'.nd :nil. rr]nEnrr_'cll'r!-.nl
iechnique  describes  the  echnique  where  the
reinforcement is placed at the same thme a5 an
imported and remolded sall Soch technigque are
ofien called as bottom up process as they Involve
the placement of a fill and reinforcement
simultaneously, these include structures such s
rednlorced woil embunbinenis and bridge abulments,
The reinforcenwent wsed  for  the  constrscisd
category is in the form of strips, mats ar grids.

V. APPLICATIONS OF SOIL
REINFORCEMENT

1. Slope failure repairs

Unstable slope
Nail
Potcntial
failure surface
(d) Stablisation of slope

Flgure 5.1

Large and small landslides and failures of
natural slopes ofien occur In areas where the value
of the environment {for techndcal or economical or
touristic o artistic reasons) call For the repaic of the
slope io the original {or as close os possible (o the
original) peometry. Ceogrids allow using the sume
soil of the landslide to reinstate the slopes thus
achieving fundamental savings over the solotion of
importing  a  soll  with  better  mechanical
charactertstics, The geogrid relnforced slope can be
easily vegetated with the local essences, in order to
obtain ihe best |l11‘l!ET'-.‘-I|-'|ﬂ¢'l with the !-I.HTI:IIIIIHI!IF
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2. Slope cuiting repairs

The installation of pipelines and  other
underground  struciures ofien requires cuiting o
slope in protected or valuable areas where the
Authority imposes o répair the culting o the
original situation. This may produce geotechnical
problems due to the foct that te excavated - sioil
resulis in lower mechonical charocteristics than the
original soil in the slope. Geogrids allow Improving
ihe stability of the soil: the slope can be rebuik
without using expensive consolidation technigues,

3. Steep slopes embankments and bunds
Highway

Reinforecment

{a) Highway embankment
on hill slope

Figure 5.2

There ase many  situations  where  the
shordage  of space or Al material calls for the
constriection of embankments and bunds with very
steep slopes, greatly in excess of the naturally
stable angle,

Ceogrid relnforced soil structure provide a
safe, sound and economical solution which can be
used for some of these applications:

= Noise protection  bunds along:  highways,
railwiys and ndrport todways

=  Blast prodection embankments

s Inerease of the svallable volume in exhausted
lanal fElls

*  Construction of embankment dams for solid or

liquid impoundments.

In all ihese applications, the inbenen
Aexibdlity, the ease of construction, and the sse of
any locally available Fill sail are the technical ‘and
economic advantages of geogrid reinforeed ol
sfnucinires:

4. Widening of slope crest.
There are differemt coses where a rather
Mat slope has to be converted 1o o sub-vertical wall

enlargement of parking arcas, smoothing of sharp
road bends, land reclomation projects and housing
developments are just examples af them. In most al
these coses the toe of the slope conmot be moved
forward, due to ihe dght-of-way limits or natumal

bonmdarbes - {rivers, moads, etc.). Therefore the cress
of the slope shall be widened, making the slope
steeper or even vertical, Geogrids allow building
steep slopes and walls- with almost any locally
available Al soll, The face can be buill with a
vegetabid or concrete flinishing different solutlons
can be  easily  implemenied ol design and
constraction stages to meet echnical, architeciural,
environmental requirements. The orlginal slope has
usually to be cut ar the bonom to yield enough
spaco for placing the reinforcing geogrids. All the
operations. can be performed with standard earth-
moving machinery and easily availlable tools, even
by unskilled lsbousers. And, very imporiant, e
tralfic and e detivities in front of the slope are not
disturbed by the constructon operation,

5. Bridge abutments and wing walls

Bridpe abutments and wing walls are often
the carth rdtnining struciures that support  the
highesi loads. Beshdes the high venieal and
horizomal loads directly applied by the bridge
deck, dynamic loads from bheavy tralfic, and
sometimes selsmic loads;, challenge the design
engineer, Soft foundaton solls; high water table,
environmental impact regulations often provide
further problem, Geogrid reinforced soil strctures
provide strong, yei Mexible, retasining structures,
Bridge abutmenis and wing walls can be designed
and badlt to resist all the anticlpated loads with the
required Factors of Saley, even with low quality
fill soil. Soft soil sebillzaton and  drainage
problems can be sobved  with geogrids  and
geocomposites. The face can be destgned o fulfill
any.  requirement regarding ovisual  and
environmental impact

i

Remiforcement
ib) Bindge abutinens -

Figure 5.3

6. Soil retaining structures

Suil retaining sroctures can be divided into:

+  FACE WALLS which are wsually deslened o
cover a steep rock slope or a cliff, for
enwironmenial and safety reasons. This kind of
wall osually has only small or o borizontal
pressures from the backfill. b has o resist the
imernal outward pressure of the fill soil.

» TOUNTERSCARF WALLS which mus
support the constant load of a sloping terrain



on thee top. The soil pressures to be resisted are
usually much higher than for o foce wall,

»  RETAINING WALLS which are usually
designesl {0 support both static and dynamic
loads. The design and construction of face
walls, retaining walls and counterscarp walls
may lave to deal with technical, practical and
ecanommleal problems due o availability of the
(il sail, sccess 1o the job sie with operating
machines, speed of construction, aesthetics,
and overall cost and so on. The Technical
Authorities and the client ofion require specific
solutions, sometimes with a vepetsted - face,
while sometines a concrete face oF another
type of “rigid™ fice is preferned.

Temponary vapport
| gt e

(s Ercctioa of :

facial pasal i Filling of back il
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Flgure 5.4

Geagrd reinforced walls can be designed
andd budle 1o fulfill the most varled requirements. (s
termes of load support and face finishing geogrids
refnforced soil struchores provide a cheap and
diversified solution to wall construction problems
the experience of engineers can help 1o find the
proper solitlon, elther with o vegetated or concrete
face or new solutions can be developed for the face
finishing as well as for the constructbon method and
all vhe ancillary design detils.

7. Road and Railway embankments
Road and rallway  embankmenis  are
usually lorge and high eanh suctures, which
require considerable quandities of 1l soil and land,
The cost of the Al soll and its transport
from the quarries, as well as the value of the land,
may be so high that some afternatives may be

considered. such as deslgning steeper slopes or
using lower quality fill soil. Geogrids allow the
slope to be bailt at any inclination with the required
Factors of Safely, The specilic surcharge loads, &
well o5 the dvnamic or selsmic loads, can be
incorporated  into the deslgn o provide safe
construction 0 the Client, the Engineer and the
Contractor. Almost any locally avatlable soil can
be wsed foe the geogrid reinforced embankment;
this facility can produce very lamge sivings in bath
costs and construction time.
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Figure 1.5




