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PART-C

5.BUILDING SERVICES
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Direct System of Cold Water Supply

For efficient operation, a high pressure water supply is essential
particularly at periods of peak demand. Pipework is minimol 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 water is
available at every draw-off point and maintenance valves should be
fitted to isolate eoch section of pipework. With every outlet supplied
from the main, the possibility of back siphonage must be considered.

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

MNotes:
(1) Servicing valves to
be provided on supply pipes o
storage and flushing cisterns.
(2) Copper tube pipe sizes

shown. Absance of cistern and pipes
in roof space reduces risk

of frost damage

Cold waler
s == fead cistern

22 mm overlow pipe

\
22 mm
cold feed pipe

A

Bath Basin WC

LI ¥,

/
Hot water eylinder

15 mm
T rising main

W i
'z Basin Sink

Combined stop and
g b O an oo

-

v — =

Mastic seal ] Pipe duct 76 mm bore

Rel.: The Water Supply (Water Fillings) Regulations 1999,
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Indirect System of Cold Water Supply

The indirect system of cold water supply has only one drinking water
outlet, at the sink. The cold water storage cistern has a minimum
capacity of 230 litres. for location in the roof space. In addition to
its normal supply function. it provides an adequate emergency
storage in the event of water main foilure. The system requires more
pipework than the direct system and is therefore more expensive to
install. but wniform pressure occurs at all cistern-supplied outlets.
The water authorities prefer this system as it imposes less demand
on the main. Also. with fewer fittings attached to the main. there is
less chance of back siphonage. Other advantages of lower pressure
include less noise and wear on fittings. and the opportunity to install
a balanced pressure shower from the cistern.

Noles:
(1) Servicing valves to —
be provided on supply pipes to
storage and flushing cisterns. e e
(2) Copper tube pipe sizes l
shown. ? ? |
< \
22 mm overlow pipe .. /
22 mm
25 mm __—| |coldieed pipe
distributing pipe ' '
Bath Basin WC
- "
% \

Hol water cylinder

|

15mm
15mm —— rising main

A
WC  Basin

———— Sink
l\iLr—‘ Combined stop and

Ground level Drain valve Z-H4=— drain valve

f" .pl

Pipe ducl 76 mm bore

Rel.: The Water Supply (Waler Filtings) Regulations 1989,
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Boosted Cold Water System - 1

For medium and high rise buildings. there is often insufficient mains
pressure to supply water directly to the upper floors. Boosting by
pump from a break tank is therefore usually necessary and several
more of these tonks may be required as the building rises. depending
on the pump capacity. A break pressure cistern is also required on
the down service to limit the head or pressure on the lower fittings
to a maximum of 30 m (approx. 300 kPa). The drinking water header
pipe or storage vessel supplies drinking water to the upper floors.
As this empties and the water reaches a predetermined low level. the
pipeline switch engages the duty pump. A float switch in the break
tank proteclts the pumps from dry running if there is an interruption
to mains supply. The various pipe sections are fitted with isolating
valves to facilitate maintenance and repairs.

-— Dk Ing weater supply
direct from main

= PMon.return valv

/
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Boosted Cold Water System — 2

As an alternative to the drinking water header pipe. an auto-
pneumatic cylinder may be used. Compressed air in the cylinder
forces waler 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.
a high pressure switch disengages the pump. In time. some air is
absorbed by the water. As this occurs. a float switch detects the
high water level in the cylinder and activates an air compressor to
regulate the correct volume of air. Break pressure cisterns may be
supplied either from the storage cisterns at roof level or from the
rising main. A pressure reducing valve is sometimes used instead of o
break pressure cistern.

Delayed sction Rost valve

e u]
—p—— =i P
o | =0
= / =——Ht
Bresk .e--.-m-nnf crtem H"';,::""
—id Dl -4
# Dirinking wrmer
| o1 direct from main
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Direct System of Hot Water Supply

The hot water from the boiler mixes directly with the water in the
cylinder. If used in a ‘soft’ water area the boiler must be rust-
proofed. This system is not suited to "hard’ waters, typical of those
extracted from boreholes into chalk or limestone strata. When
heated the caolcium precipitates to line the 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
Sarvicl Cold water storage or feed cistem
we [ B=n "
o oy Full-way gate valve
----- =
Rising main | .— 22 mm cold fead pipa
22 mm vent pipa |
Distance ‘A" -
450 mm {min})
3
Bath Basin
- |—>
22 mm hot waler 28 e ey
distrib
uting pipe flow pipe
K\"“[Emm 28 mm primary i
retum pipe
Y |
Boller with
tharmastatic
control
Sink Basin
i
Safety valve =
\Dmlnnh‘l/
Note: All pipe sizes shown are for copper outside diameler.

Scanned with CamScanner




Indirect System of Hot Water Supply

This system is used in "hard" waler areas to prevent scaling or
‘furring” of the boiler and primary pipework. Unlike the direct system,
water in the boiler and primary circuit is not drawn off through the
taps. The same water circulates continuously throughout the boiler,
primary circuit ond heat exchange coil inside the storage cylinder.
Fresh water cannot gain access to the higher temperature areas
where precipitation of calcium would occur. The system is also used
in combination with central heating. with flow and return pipes to
radiators connzcted to the boiler. Boiler water temperature may be
set by thermostat at about BO°C.

Cold walar storaga clsiom

b
H = venl pipa helght abave
dslam walar line. '
H {(min. ) =150 mm+ 40 mm Indiract cylindar ar calorifler minimum
par matra of systam haight b capacity 140 itre (well Insulated)
h=alslance batwean clslem ‘ "
walar line and cold faed enlry 28 mm primary retum pipa ressura ralle
to cylinder jor boller on ' ' of safaty vave
primany circult).
it
Basl
B n Draln valve
Draln valva l
W’ /L

Bollar wilh Mm{mau: control

*A safety vaolve is not normally required on indirect open vent
systems, as in the unlikely occurrence of the primary flow and vent
becoming obstructed. water expansion would b: a~commodated up
the cold feed pipe.
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Indirect Hot Water System for a Three-storey Building

For larger buildings o secondary circuit will be required to reduce
‘dead-legs’ and to maintain an effective supply of hot water at all
outlets. Convection or thermo-siphonage may provide circulation. but
for a more efficient service a circulatory pump will be necessary. In
buildings which are occupied for only part of the day. e.g. schools.
offices. elc.. a time control or programmer can be used to requlate
use of the pump. Also. one of the valves near the pump should be
motlorised and automatically shut off with the pump and boiler when
hot water is not required. All secondary circuits should be well
insulated to reduce heat losses through the pipework. A heatling
installation can operate in conjunction with this system. but may
require duplication of boilers or separate boilers for each function.

/\

= ]
Cold water slorage cistern
— | o4
'
a— Socondary cireult = | |
A A
Baths, basins, sinks
or sh 7 " '
— | <+
1717 o
bg - [
Isolating valves proceasiocg
Summar vahmo
v Calorifier \ -
Sinks 4
in L " _j
Emf!-er
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Indirect Supplementary Hot Water System

Hot water provision in moderately large buildings such as spacious
houses. small hotels. hostels and other situations where demand is
periodically high. can be from a large storage cylinder or cylinders
installed in duplicate. Alternatively or additionally. depending on
requirements., a supplementary storage vessel may be strategically
located at high level. This vessel is relatively smaoll, containing no
more than 20% of the total design capacity.

Expansion Cwse
cistern \ Expansion pipe
\\ — High level hot water
e slorage vessel
Gate valve —»

Expansion Secondary llow

pipe
/ - '/Sawica valve
Cold feed "'—““’z'/'

- e Cold feed Hot water _
", branch supplies
N
j 10 re——
I i
Safety 1
axpansion . 1 t
valve
v| Pump Hwsc
"f_ 1\ Secondary returmn
~ Timed circulator and
- % non-return check valve
VAN

Boiler Drain valve

Advantages over a single storage facility:

« Smaller secondary flow and return distribution pipes.
» Less concentroted deod load on the structure.
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SAN ITATION Single Stack System

The single stack system was developed by the Building Research
Establishment during the 1960s. as o means of simplifying the
extensive pipework previously associated with above ground drainage.
The concept is to group appliances aroznd the stack with a
separate branch pipe serving each. Branch pipe lengths and falls are
constrained. Initially the system was limited to five storeys. but
applications have proved successful in high rise buildings of over 20
storeys. Branch vent pipes are nol required unless the system is
modified. Lengths and falls of waste pipes are carefully selected to
prevent loss of trap water seals. Water seals on the waste traps must be
75mm (50 mm bath and shower|.

Branch pipe slope or fall: @ ’ Stack may be offset above
sink and bath - tha highest sanitary appliance

18 to 90 mm/m

i1

1y
&

Basin and bidet - Y ,"':"’
[ o
20 to 120 mm/m WC branch ™ | 1700 (max)

WC - 9 mm/m.
Mo connection inside A100: imax)
The stack shouwd be et | L
vertical below the

highest sanitary

appliance branch. If an

offset is unavoidable. wcC
there should be no

connection within 750

mm of the offset. Access

Balh

32 mm nom. dia.

40mm nom. dia. Querfiow pipa

The branch bath waste 00 M Rem:
cnnnecticn must be at dia. slack 50mm nom. dia. parallel branch pipa
legst 200 mm below the
centre of the WC branch
to avoid crossflow. This
may require a 50 mm _

: i Alternative branch < +
nom. dia. parallel pipe to SennaetEn
offset the bath waste —_—
pipe. or an 'S’ trap WC
to offset its connection. wc

3000 (max)

Sink

-

S __ 40 mm nom. dia.

The vent part of the

stack may reduce to Centra line radius
i 450 in

75 mm nom. dia. when it  200mm(min) u;:mtmna[?rarlys

is above the highest 1

branch.

-
Rest bend
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Single Stack System — Modified

If it is impractical to satisfy all the requirements for waste pipe
branches in a standard single stack system. some modification is
permitted in order to maintain an occeptable system performance:

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

* Branch waste pipes can be ventilated (see pages 314 and 315).

* Larger than standard diometer waste pipes may be fitted.

40 mm (50 mm) 50 mm tall extension
Vent pipe outiet wasie pipe to trap

800 I
abuv?%gi}zla -8 \
window within 3 m
3.000 (max) 1?5 b
6.000 (max) { 4,000

(max)
/ J LB.E mm trap to

S Basin | basin (40 mm
we | Bath  trap o bath
and sink)

100 mm discharge || somm - 40'mm
stack "‘H..‘
4,000 (max)
|
| Sink
wC
40 mm
13 m max. \
il WC connects —
direct to drain S
-

All pipe sizes nominal diameter

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

Rels: Building Requlations. Approved Document H1. Section 1: sanitary
pipework.
BS EN 12056: Gravity drainage systems inside buildings (in 6
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 company for use with
their uPVC pipe products. The collar is in effect a gallery with
purpose-made bosses for connection of waste pipes to the discharge
stack without the problem of crossflow interference. This simplifies
the bath waste connection and is less structurally disruptive.

Small diameter loop vent pipes on (or close te) the basin and sink
trops also connect to the collar. These allow the use of 'S” traps
and vertical waste pipes

without the possibility of Q ﬂ T
. ma ofisae ove
siphonage. even when : :ﬂ’lehighaﬂ?sanilaryappliam
the bath waste ”J;
discharges and flows into g
the combined bath ond Vent pipe carried up rrr‘
. ~ bove the highe -
bﬂq_-,”-.i waste pipe. Eranchcgnn}gmi:; 100 mm discharge stack
Vertical outlets are also 12mm loop vent pipe

likely to be less
obtrusive and less
exposed than higher
level P’ trap waste

pipes.

4

{ the branch waste

i /

r:ﬁ'l?;uﬁrfz::flja.t?he loop Lo ii 40mm befh Ssie pipe

vents may not be 0 Detail of

required. However, the somm || R

system must be shown vaﬂﬁirﬁmpe“ Vent branch

to perform adequately e ek :i f:"

under test without the f ‘\

loss of trap water seals. \! Waste pipe branch
lI

All pipe sizes shown are i

nominal inside diameter.

There may be some

slight variation between
different product
manufacturers.
particularly those using
outside diometer
specifications. Note that
there is not always
compatibility between
different manufacturers’
components.

40 mm sink waste pipa

Caollar boss

Dimension A 450 mm (min)

Scanned with CamScanner




Modified Single Stack System

The ventilated stack system is used in buildings where close grouping
of sanitary appliances occurs - typical of lavatories in commercial
premises. The appliances need Lo be sufficiently close together and
limited in number not to be individually vented.

Requirements:

WCs:
B8 maximum
100 mm branch pipe J
15 m moaximum length H
Gradient between Terminated or carried up
9 and 90 mm/m to take the discharges of
sanitary appliances on
(0 = 904°-95°). higher floors
Basins: S0mm
4 maximum i Up to four basins
. Up to eight WCs 3= ,t \
50 mm pipe

4 m maximum length | 15000 (max)

Gradient between
18 and 45 mm/m

(0 = 91°-923°). Branch connections
for P trap WC pans

a |
i

50mm cross vant
as an allernative to the

inal wls):
Urinals (bowis) connection to WC branch

\

S maximum Discharge stack pipe
50 mm pipe 100 mm or 150mm

Branch pi Ventilated stack
r PlFIE as short kbl e
as possible 50 mm pipe

Gradient between above spill level of WCs

18 and 90 mm/m.

Above four wash basins

e

[
‘I' Cleaning eye
J +

k

S50mm

Urinals (stalls):
7 maximum

Above eight WCs

65 mm pipe

Branch pipe as for  Two 45° large radius bends
bowls.

750 mm (min)
up 1o 5 storeys

All pipe sizes are

2 s \
nominal Inside Vent pipe connected to base of stack to prevent back
diometer. pressure on the ground floor appliances

Scanned with CamScanner



Fully Vented One-pipe System

The fully vented one-pipe system is used in buildings where there are
a large number of sanitary appliances in ranges. e.q. factories.

schools, offices and hospitals.

The trap on each appliance 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 stack. This
vent stack may be carried to
outside air or it may connect
to the discharge stack at a
point above the spillover level
of the highest appliance.

The base of the vent stack
should be connected to the
discharge stack close to the
bottom rest bend to relieve
any compression at this point.

Size of branch and stack
vents:

Discharge pipe Vent pipe

or stack (D) (mm) (mm)
<75 0-67D
75-100 50
=100 0-50D

4
Q00 m
(min) If L is less than 3-000 the
L stack must leminate 800 mm
\ abova the window opening
MNaote the above rule applies
Window opening a-all systems
Range ol wash basins
Range ol WCs
40mm
100mm

T5mm venl stack 150 mm discharge slack

32 mm loop venl

50mm loop venl

All pipe sizes are nominal inside diameter.

Scanned with CamScanner




The Two-pipe System

This system was devised to comply with the old London County
Council requirements for connection of seoil (WC and urinal] and
waste (basin, bath. bidetl. sink) appliances to separate stacks. For
modern systems the terms soil and waste pipes are generally
replaced by the preferred terminology. discharge pipes and discharge
stacks.

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 i
existing buildings
thﬂt are thE Wash basin Wash bagin

subject of wa I M

refurbishment. W
It may also be used /
where the sanitary i

g Trap wator seal 75mm deep
applionces are
widely spaced or /

100 e
remote and a soll stack
separate waste 75 mm wasio siack
stack is the only
viable method for Urinal
connecting these to

the drain.
m -

A variation typical m

of 1930s dwellings

has first floor bath

and basin wastes

discharging through
the wall into a

hopper. The waste
stack from this and

the ground floor sink waste discharge over a qully.

Wash basin Wash basln

100 mm drain Fiest bend or back-niat guily

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

Lowest discharge pipe conneclion to stack:

Up to three storeys - 450 mm min. from stack base (page 311).
Up to five storeys = 750 mm min. from stack base (page 314).

Above five storeys. the ground floor appliances should not connect
into the common stack, as pressure fluctuations at the stack base
could disturb the lower appliance trap water seals. Above 20
storeys, both ground and first floor appliances should not connect
into the common stack. Ground and first floor applionces so affected
can connect directly to a drain or qully. or be provided with a stack
specifically for lower level use.

Discharge Discharge stackand
socksand  yerloapplarcasn yorii e oor
anc a

Ahy 0N

e 5 — e 20
D i — —
ischarge pipe — 3 = e 3
== e el 2 ._.‘__- i 2
. e 1 t—\
No appliances /
connected al ——___| — —
ground floor G 0
Drains to Ground floor Ground and first floor
inspection discharge pipes  discharge pipes to
chamber o separale stack separmate slack
Five o 20 storeys Over 20 sioreys

Access = required for clearing blockages. Rodding points should be
fitted at the end of discharge pipes. unless trap removal provides
access to the ful pipe length. Discharge stacks are accessed from
the top ond through access plates located midway between floors at
a maximum spacing of three storeys apart.
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Electric Wiring — 1 ELECTRICAL SERVICES

Armoured cable is used for mains and sub-mains. The cable is laid
below ground level, breaking the surface where it enters sub-stations
or transformers and other buildings. High voltage cable is protected
below ground by precast concrete “tiles

Canrer

ytranded eanduetar
Extruded PVC Srowl wire Extruded PVE
culsr dmath armour v bartion

Armoured three-phase four wire cable
for laying below ground level

Conduit for electrical services is produced in steel [galvanised or
painted black) or plastic tube into which insulated cables are drawn.
The conduit protects the cable from physical damage and heat. It
also provides continuous support and if it is metal. it may be used
as an earth conductor. Standard outside diameters are 20, 25, 32
and 40 mm. Steel is produced in either light or heavy gauge. Light
gauge is connected by grip fittings, whilst the thicker walled heavy
gaouge can be screw threaded to fittings and couplings. Plastic
conduit has push-fit connections.

Sml mndull pratectad ir:s!-d&

(a) Grip coupling

and gutside with bllurmen or zine
Threaded inside for Thread
candull lnsu:le lur
v T g 4 ln} In A
(b} Screwed coupfing bend (d} Plain bend
Couplings lor steel conduit Fittings for steel conduit

Refs: BS 6346: Electric cables. PVC insulated. armoured cables for
voltages of 600/1000 V and 1900/3300 V.
BS EN 613B6: Conduit systems for cable management.
BS 7B846: Electric cables. 600/1000 V armoured fire resistant
‘cables having thermosetting insulation and low emission of
smoke and gases when affected by fire.
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Electric Wiring — 2

Mineral insulated copper covered cable (MICC) has copper conductors
insulated with highly compressed magnesium oxide powder inside @
copper tube. When installing the cable. it is essential that the
hygroscopic insulant does not come into contact with a damp
atmosphere. Cutting the cable involves special procedures which are
used to seal the insulant from penelration of atmospheric dampness.
The cable provides an excellent earth conductor: it is also

resistant to most corrosive almospheres and is unaffected by
extremes of heat.

Giand body

Shde of outiel box Fibra disc sgaling pot
Section ol lermination joint for mineral insulated Exploded view of termination joint for mineral
copper covered cable (MICC) insulated copper covered cable

PVC and rubber insulated cables are relatively inexpensive and simple
to install. requiring clipped support al reqular intervals. PVC cables
are in general use. but they have o temperature limitation between
0°C and 70°C. Below zero they become brittle and are easily
damaoged and at the higher temperotlure they become soft. which
could encourage the conductor to migrate through the PVC. Outside
of these temperatures. the cable must be protected or an
appropriate rubber insulant specified. Cables usually contain one. two
or three conductors. In three-core cable the live and neutral are
insulated with brown and blue colour coding respectively. The earth
Is bare and must be protected with green and yellow sleeving where
exposed at junction boxes. sockets, etc. Grey and black insulated
conductors are occasionally used where an additional facility is
required. e.g. two-way lighting.

Ny mT Q0

Pubber Magnesium
oxfde powdsr condurton
Buckls elip
Caore arrangements of mineral insulated copper
PVC or rubber insulated eable covered cables

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

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

Electrical installations must be tested on completion to verify that
the system will operate efficiently and safely. The tests are
extensive, as defined in the Institution of Electrical Engineers
Requlations. They con only be carried out by a competent person.
i.e. a qualified electricion or electrical engineer. The following tests
are an essential part of the proceedings:

* Continuily.
* Insulation.
* Polarity.

Testing is undertaken by visual inspection and the use of a multi-
purpose meter (multimeter) or an instrument specifically for recording
resistance. i.e. an ochmmeter.

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

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

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

®* Check the resistance of the test lead (C).

® Circuit integrity is indicated by: A = 4 approx. = B - C.

One conductor
/ of ring circuit
v e
an&r T laad
sockat o

Crocodile clips

J.\ \

: l e = e .
; s ﬁ' '

i_ J Ohmmoter

e — L__ FikE
=r 500V —
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 is to ensure that there is a high resistance
between live and neutral conductors and these conductors and earth.
A low resistance will resull in current leakage and energy wasle
which could deteriorate the insulation and be a potential fire hozard.
The test to earth requires all lamps and other equipment lo be
disconnected. all switches and circuit breakers closed and fuses left
in. Ohmmeter readings should be at least 1 ML

== 8 E ) «— Lamps disconnected
i
Switches closed Appliances
—<—— disconnected
1] o from soceet

-]
-‘=-—|| || -— Consumer unil with

Ohmmeter and
control swilch closed / aet bl

B e —

-

Insulation test

Polarity — this is 1o ensure that all switches and circuit breakers are
connected in the phase or live conductor. An inadvertant connection
of switchgear to g neutral conductor would lead to g very
dangerous situation where apparent isolation of equipment would still
leave it live! The test leads connect the live bar in the disconnected
consumer unit to live terminals at switches. A very low resistance
reading indicates the polarity is correct and operation of the
switches will give a fluctuation on the ohmmeter.

N \'._ {e—— Various positions
"-. Y for test leads
N
] \l}.-"
| e
I ‘-\_‘_‘
t
Consumer unit e 4 s
Polarity test

Ref: BS EN 61010-1: Safety requirements for electrical equipment for
measurement, control and laborotory use.
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Electricity Supply to Groups of Large Buildings

For large developments containing several buildings. either radial or
ring distribution systems may be used.

Radial system - separate underground cables are laid from the sub-
station to each building. The system uses more cable than the ring
system, but only one fused switch is required below the distribution
boards in each building.

Intaka room

i

Incomin
11 KV supply of

400/230 V 4-wire armoured cabla
4

Sub-station o 1
with transformer
meler and
switches

Radial distribution (block plan)

Ring circuit system - an underground cable is laid from the sub-
station to loop in to each building. To isolate the supply. two fused
switches are required below the distribution boards in each building.
Current flows in both directions from the intake. to provide a belter
balance than the radial system. If the cable on the ring is damaged
at any point. it can be isolated for repair without loss of supply to
any of the buildings.

Iniaks room

P= Phms Subreireuits
Ircoming l"r/ N = Nautral Fussd s
11 kV supply - \ L B B R
J— A00FII0 V -wire armoured cabls
/ / n—s
Sub-gtation T | h—1_, 1 - + —
with trarsformer© u Py Y
I'I'I'Hﬂ'ﬂ H [ e -
wwitches —%——mm

Detall of equipment in the intake room for tha
Ring distribution (block plan) ring distribution
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Earthing Systems - 1

Supply systems require a safety electrical earthing facility. The
manner in which this is effected will depend on whether the supply is
overhead or underground and the conductive property of the ground

surrcunding 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 not directly earthed. but connected to earth
through a current limiting impedance. Not acceptable for public
supplies in the UK.

Second letter - installation earthing arrangement:
T - aoll exposed conductive metalwork 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 neutral conductors separate.
C - earth and neutral conductors combined.

Commeon supply and earthing arrangements are:
TT (shown below).
TN-S and TN-C-5 (shown next page).

TT system:

Most used in rural Live bar \

areas where the supply \\ 7
is overhead. An earth M‘_
terminal and electrode T
is provided on site by
the consumer. As an
extra safety feature. a
residual current device
(RCD). generally known Meter — | _
as a trip switch, is

2-pola switch

RCD

located between the : =

meter and consumer i

unit. The RCD in this Earthing |

. * dlaciroda _-—

situation should be \ : ux Neulra rk and

of the time delayed I

type - see page 398. ki Mtk
supply

Scanned with CamScanner




Earthing Systems - 2

TN-S system - this is widely used in the UK, with the electricity
supply company providing an earth terminol with the intake cable.
This is usually the metal sheathing around the cable. otherwise
known os the supply protective conductor. It connects back to the
star point at the area transformer. where it is effectively earthed.

TN-C-5 system = this is as the TN-5 system. but a commaon
conductor is used for neutral and earth supply. The supply is
therefore TN-C, but with a separated neutral and earth in the
consumer’s installation it becomes TN-C-S. This system is also known
as protective multiple earth (PME). The advantage is that a fault to
earth is also a fault to neutral. which creates a high fault current.
This will operate the overload protection (fuse or circuit breaker)
rapidly.

Fuses or mcbs

\ yer unit

P :_| / /- Earth :_I( /

| switch 1

I |

[ |

I Meter — 1 (

I |

I ~—___ Live and [

I . neutral cable |

| |

I Earth bond to L. ﬁx

II metal sheathing lo ‘\

- neutral connection Sealing chamber
= ey at transformer and | with 100 A fuse

earthed

Earth connection

~—  ___ Underground to neutral link
supply cable

TN-S system TN-C-S system

Note: Specification of installation cable between supply company’s
sealing chamber and consumer’s unit — phase/live and neutral
25 mm?2 earth 10 mm? cross-sectional area.
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Connection to Earth

Pages 380. 381 and 385 show that the consumer’s earth conductor
I1s connected to the neutral and earthed at the local transformer.
For below ground supplies this arrangement provides a path of low
resistance for an electrical fault. With an overhead supply typical of
rural areas. individual consumers must provide a suitable earth
terminal or electrode as shown on page 3B4.

Unless wet, the ground surface 15 not usually a very good conductor,
therefore ground contact is made at about 1-5 to 2m below the
surface. In the past this was achieved by earth bonding to metal
water and gas mains. Since the introduction of plastic pipe materials.
this is of course no longer acceptable. Current practices include
burying a metal plate or a metal tape mesh arranged over several
square metres. or driving a metal rod electrode into the ground. The
latter is normally adequate for domestic and other small-scale
installations. In some instances. the electrode i1s housed as shown
below. Whatever earth 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.

/ 10mm? min. earth conductor

Steel driving cap

ok

Waming nolice

RS

= — SAFETY ELECTRICAL
- . CONNECTION
ey e o DO NOT REMOVE
ﬂ-- ,-‘ - Y

“'ﬂ— Screwed connector

Copper or copper-laced
steel rodof 16mm = —————=
diameter

« Depth depending
J on electrical resistance

Installation of a housed earth electrode
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Earth Bonding of Services and Extraneous Metalwork

The Institution of Electrical Engineers (IEE) Wiring Regulations require
the metal sheaths and armour of all cables operating at low and
medium voltage to be cross-bonded to ensure the same potential as
Lhe electrical installation. This includes all metal trunking and ducts
for the conveyance aond support of electrical services and any other
bare earth continuity conductors and metalwork used in conjunction
with electrical applionces. The bonding of the services shall be as
close as possible to the point of entry of the services into o
building. Other fixed metalwork shall be supplementary earth bonded.

2
10 mm ea\ﬂl:wira Earth cond

f S f;mnsumr unit
P

—

Earthing clamp for pipes

Gas meter ]]’— Earth bond

Gas service Water service  Electricity
pipe pipe service cable

Bonding of services at intake

Stainless steel sink,
Metal window metal taps and pipes

\ Consumar unit
N= spyaa
—— steal
—-!—
.i u\ ;-: 'E
; i :
‘ 1! :
| ! ) ity i
i
/ _i .-------ﬂ---------.
N T A — ¥l

10 mm? earthing cable Earthing bar
Supplementary bonding cf extraneous metalwork
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Light and Light Sources — 1

Light is a form of electromagnetic radiation. It is similar in nature
and behaviour to radio waves at one end of the frequency spectrum
and X-rays at the other. Light is reflected from a polished (specular)
surface at the same angle that strikes it. A matt surface reflects in
a number of directions and o semi-matt surfoce responds somewhere
between a polished and a matt surface.

Angle of incidence 8, = Light is reflected in all
Angle of reflection 04 directions Some light is scatiered and some

light is reflected directionally

Light reflected Light reflected Light scattered and
from a polished surface from a matt surface reflected from a semi-matt
surface
Light is scattered in all directions Light is bent or refracted when Sphere Surface area
[diffusian) passing through a surface between
two media

—_—

i |

opal glass
Light passing through ‘t‘g\\\. intensity of light

a diffusing screen and lux

lllumination produced from a light source perpendicular to the
surface:

E=1=d?

E
I = lllumination intensity from source (cd)

illumination on surface (lux)
d = distance from light source to surface (m).

feos @

Fs ——

a

-

Suumcﬂ d

Surface
N

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

Definitions and units of measurement:

* Luminous intensity - candela (cd). a meosurementl of the magnitude
of luminance or light reflected from a surface. i.e. cd/m2.
®* Luminous flux - lumen (Im). @ measurement of the visible light

energy emitted.

® |lluminance - Lumens per square metre (Im/m?) or lux (lx). a
measure of the light falling on a surface.
®* Efficacy - efficiency of lamps in lumens per watt (Im/W).
Luminous efficacy = Luminous flux output = Electrical power input.
® Glare index - a numerical comparison ranging from about 10 for
shaded light to about 30 for an exposed lamp. Calculated by
considering the light source size. location. luminances and effect of

its surroundings.

Examples of illumination levels and limiting glare indices for different

activities:

Activity/location

llluminance (lux)

Limiting glare index

Assembly work: (general)
(fine)
Computer room
House
Laboratory
Lecture/classroom
Offices: (general)
(drawing)
Public house bar
Shops/supermarkets
Restaurant

250
1000
300
50 to 300°*
500
300
500
750
150
S00
100

25
22
16
n/a
16
16
19
16
22
22
22

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

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

Ventilation - a means of changing the air in an enclosed space to:

®* Provide fresh air for respiration - approx. O-1 to 0:2 |/5 per
person.

®* Preserve lhe correct level of oxygen in the air - approx. 21%.

* Control carbon dioxide content Lo no more than O-1%.
Concentrations above 2% are unacceptable as carbon dioxide is
poisonous to humans and con be fatal.

® Control moisture - relative humidity of 30% lo 70% is acceptable.

®* Remove excess heat from machinery. people. lighting. etc.

®* Dispose of odours. smoke. dust and other atmospheric
contaminants.

®* Relieve stagnation and provide a sense of freshness - air
movement of 015 to O-5 m/s is adequate.

Measures for control:

Health and Safety at Work. etc. Act.

The Factories Act.

Offices. Shops and Railway Premises Act.

Building Requlations. Approved Document F - Ventilation.

BS 5925: Code of practice for ventilation principles and designing
for natural ventilation.

The statutes provide the Health and Safety Executive with authority
to ensure buildings have suitably controlled internal environments.
The Building Regulations and the British Standard provide measures
for application.

Requirements for an acceptable amount of fresh air supply in
buildings will vary depending on the nature of occupation and
activity. As o quide. between 10 I/s of outdoor air supply per persaon
can be applied between the extremes of a non-smoking environment.
to an extract air rate of 36 |/s per person in o room dedicated
specifically for smokers. Converting thiz to m?/h (divide by 1000,
multiply by 3600)., equates to 36 to 120 m3/h per person.

Air changes prr hcur or ventilation rate is the preferred criteria for
system design. Thit is calculated by dividing the quantity of air by
the room volume and multiplying by the occupancy.

E.g. 50 m?/h. 100 m? office for five persons: 50/100 x § =2-5 a/c per h.
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Natural 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 stack effect/pressure.

Stack effect is an application of convected air currents. Cool air is
encouraged to enter a building at 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 lhe following page. This
can be very effective in tall office-type buildings and shopping malls,
but has limited effect during the summer months due to warm
external temperatures. A temperature differential of at least 10 K is
needed to effect movement of air, therefore a supplementary system
of mechanical air movement should be considered for use during the
warmer seasons.

Posiiive pressura zona Suction zona
_',_ ,-f""--‘—
Windward Leeward side
slda
Wind pressure diagram lor rools with pilches
up o 30°
Wind pressure diagram for rools with pitches
abave 30°
Posliive pressune a—Suclion rong
Ione
,-r"".'..-- .
S Leaward side
Wincward side Y| ___—""

Wind pressure diagram for flat roofs

= A and B are tha
-—'1 """"" r '/‘;;7—‘- helghls af tha cool
and wanm air
A

slacks respectivaly

=

Stack pressure causing cross ventilation
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Natural Ventilation — 2

The rates of air change ore determined by the building purpose and
occupancy. and local interpretation of public health legislation. Public
buildings usually require a ventilation rate of 30 m® per person

per hour.

Wind passing the walls of a building creates a slight vacuum. With
provision of controlled openings this can be used to draw air from
a room to eifect air changes. In tall buildings, during the winter
months, the cool more dense outside air will tend to displace the
warmer lighter inside air through windows or louvres on the upper
floors. This is known as stack effect. It must be requlated otherwise
it can produce draughts at low levels and excessive warmth on the
upper floors.

Ventilation and heating for an assembly hall or similor building may
be achieved by admitting cool external air through low level convectors.
The warmed air rises to high level extract ducts. The cool air intake

is requlated through dampers integral with the convectors.

2

Alr torced In
Warm alr passing out
- ol windows Wind causing venlilation through windows
1]
Central core confalning L
stalreasos and lifis
Increasa in
alr lemperature
okt W TR g Pl
4 J ¥
Cokd air ertering /I ( (| wn
through door
(Y /Y 1Y 1)
Stack pressure in a tall building

T T TR R

o Alr indet al rear of haater

Ventilation for an assembly hall by passing Irash
air through heatl emitters
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Natural Ventilation — Passive Stack Ventilation (PSV)

PSV consists of vertical or near verlical ducts of 100 to 150 mm
diometer. extending from grilles set at ceiling level to terminals
above the ridge of a roof. Systems can be applied to kitchens.
bathrooms. utility rooms and sometimes sanitary accommodation. in
buildings up to four storeys requiring up to three stacks/ducts. More
complex situations are better ventiloted by o Mechanical Assisted
Ventilation System [MAVS). see next page.

PSV is enerqgy efficient and environmentally friendly with no running
costs. It works by combining stack effect with air movement and
wind passing over the roof. It is self-requlating. responding to a
temperature differential when internal and external temperatures
vary.

Stale air discharged through
terminals at ridge height

100 to 150 mm ducts as
near verlical as possible

Fresh air
through trickle

PSV to a dwelling house

Ref.: Building Regulations. Approved Document F1.
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Mechanically Assisted Ventilation Systems (MAVS)

MAVS may be applied to dwellings and commercial premises where
PSV is considered inadequate or impractical. This may be because
the number of individual ducts would be excessive. i.e. too space
consuming and obtrusive 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 bathing activity increases. Humidity sensors can
also be used to automatically increase air flow.

MAVS are acceptable to Approved Document F1 of the Building
Requlations as an alternative to the use of mechanical fans in each
room. However. both PSV and MAVS are subject to the spread of
fire requlations (Approved Document B). Ducting passing through a
fire resistant wall. floor or ceiling must be fire protected with fire
resistant maoterials and be fitted with a fusible link automatic
damper.

Low powered
continuously running Single ridge outlet

NG

Extract ducting

Air inlet

Fire damper
located at
Junction with
compartment
boundaries

B = Bathroom K = Kitchen

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

MVHR is a development of MAVS to include energy recovery from
the warmth in fan extracted moist air from bathrooms and kitchens.
The heat recovery unit contains an extract fan for the stale air. a
fresh air supply fan and a heat exchanger. This provides a balanced
continuous ventilation system. obviating the need for ventilation
openings such as trickle ventilators. Apart from naotural leakage
through the building and air movement from people opening and
closing external doors. the building is sealed to maximise energy
efficiency. Up to 70% of the heat enerqy in stale air can be
recovered. but this system is not an alternative to central heating.
A space heating system is required and MVHR can 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 Requlations.

Stale air

Central heat exchange outlet duct
energy recovery unit

Cold alr Intake
Q‘ Intake fan and fitter

Wanniirdm | / /
Rk o I3

( o0
S Extract fan
> —
D 4 Q
PR FARR
g 8 il E
Moist stale air
extract duct
Exiract grille and filter
Warm alr outlet m/kilche
grille and filtor o g "

Schematic of an MVHR system of ventilation
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Mechanical Ventilation — 1

Mechanical ventilation systems are frequently applied to commercial
buildings. workshops. factories, etc.. where the air change
requirements are defined for health and welfare provision. There are
three caoteqories of system:

1. Natural inlet and mechanical extract
2. Mechanical inlet and natural extract
3. Mechanical inlet and mechanical extract

The capital cost of installing mechanical systems is greater than
natural systems of air movement, bul whether using one or more
fans. system design provides for more reliable air change and air
movement. Some noise will be apparent from the fan and air
turbulence in ducting. This can be reduced by fitling sound
attenuators ond splitters as shown on page 174. Page 180 provides
quidance on acceplable noise levels.

Internal sanitary accommodation must be provided with a shunt duct
to prevent smoke or smells passing between rooms. In public
buildings. duplicated fans with automatic changeover are also
required in event of failure of the duty fan.

A T R

Internal sanitary accommodation

Basement car parks require at
least 6 air changes per hour
and at exits and romps where
queuing occurs. local ventilation
of at least 10 air changes per
hour. Duplicate fans should be
provided with a fan failure
automatic change over.

Large duct over whola of cefling area
1o eartract 273 of total volume of alr

] Small duct around walls to extrac 1/3 of
/ lolal voluma of alr

%u o iy T T T ML

Basemen! car park
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Mechanical Ventilation = 2

Fan assisted ventilation systems supplying external air to habitable
rooms must have a faocility to pre-heat the air. They must also have
control over the amount of air extracted. otherwise there will be
excessive heal loss. A mechanical inlet and mechanical extroct
system con be used lo regulate and balance supply and emission of
air by designing the duct size and fan rating specifically for the
situation.

Air may be extracted through specially made light fittings. These
permit the heat enhanced air to be recirculated back to the heating
unit. This not only provides a simple form of enerqy recovery. but
also improves the light output by about 10%. With any form of
recirculated air ventilation system, the ratio of fresh to recirculated
air should be at least 1:3. i.e. min. 25% fresh. max. 75% recirculated.

In large buildings where smoking is not permitted. such as a theatre.
a downward air distribution system may be used. This provides a
uniform supply of warm filtered air.

Ductwork in all systems should be insulated to prevent heat losses
from processed air and to prevent surface condensation.

E?FEETED\

7 “‘"'"ﬂ il Ventiated  Alr distribution [
light fitting :

Mechanical inlal and natural extracl Mechanical inlel and mechanical extract for an
open plan office or supermarkst

Hazaling wnit m

= =
NN ATA

Dtmn'amnlrﬂsmnwm
vy, /

S~ Baicony

B

Machanical inlat and mechanical extract for
a lhaatra
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Ventilation System Heating Load

When designing ventilation systems. provision must be made for

the displacement of heatl energy resulting from the movement of air.
This is necessary for maintenance of the building or room ambient
temperature. Also. to prevent cold draughls and condensation.

Cold supply air is pre-heated to discharge at the same temperature
as the design air temperature for the room served. This will have
no real effect on any separale heating system and can be requlated
independently by a control thermostat. The following formula can be
used to establish the ducted air heater rating in kW. relative to
design temperature parameters:

Heater rating = m xShc x Temp. diff. (int. - ext.)

Where:
m = mass air flow rate (kg/s)
Shc = Specific heat capacity of ar (110 kJ/kq K)
Temp. diff. = Temperature differential between internal room

air and external supply air (K]

Air flow rate by volume (Q) is calculated in m3/s. To convert this to
mass air flow rate in kqg/s. the volume rate is multiplied by air
density (p) of 12 kg/m3.

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

For example. a room with total fabric and infiltration heat losses of
3 kW (see method of calculation on page 125). with air supply and
temperature design factors as given below:

'% / Fan (0.4 m%s)

]
i g
‘
! - Heater rating = 04 x1-2 x10 x (22 - -4)
I = = 12:48 kW
Heater coil
Air duct heater calculation

Therefore if the ducted air is required to supply all heating needs.
then 12-48 kW is added to the room losses of 3 kW. bringing the
total heat input to 15-48 kW. If the ducted air system is to provide
for the design room heat loss of 3 kW, the discharge air
temperature (T) can be found by rewriting the formula:

Room heat losses = Q X pX Shc X (T -int. air temp.)

Or: T = [Room heat losses = (Q X pxShc)] + 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 safety of 10 and are usually at least four in
number. Ropes travel over gqrooved driving or traction sheaves and
pulleys. A counterweight balances the load on the electric motor and
traction gear.

Methods for roping vary:

Single wrap 1:1 - the most economical and efficient of roping systems
but is limited in use to small capacity cars.

Single wrap 1:1 with diverter pulley - required for larger capacily
cars. It diverts the counterweight away from the car. To prevent
rope slip. the sheave and pulley may be double wrapped.

Single wrap 2:1 - an alternative for use with larger cars. This system
doubles the load carrying capacity of the machinery but requires
more rope and also reduces the car speed by 50%.

Double wrap - used to improve traction between the counterweight.
driving sheave and steel ropes.

Slndmpn._.

Traction shoave Traclicn shaave

Siab Slah \"‘t.
___..--"'“" Divertar pullay

Steel rope P
Counlarweighl Counterwaight

car
Single wrap 1:1 ropad Single wrap 1:1 roped with diverter pulley
Doubio wrap

b

FITTFITE.VEF, :}j.fliﬂ A T TTFTES T ET

puliey
Pulley *___,..-':” Fufley -j———car
Counterweighl Counterweighl
Singe wiap 21 mopad Double wrap 2: 1 roped (for high speed and medium to
heavy duty loads)
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Roping Systems for Electric Lifts — 2

Single wrap 3:1 - used for heavy goods lifts where it is necessary
to reduce the force acting upon the machinery bearings and
counterweight. The load carrying capacity is increased by up lo
three times that of uniform ratio. but the capital costs are higher
with increased pulleys and greater length of rope. By comparison.
the caor speed is also reduced to one-third.

Drum drive - a system with one set of ropes wound clockwise
around the drum and another set anti-clockwise. It is equally
balanced. as one set unwinds the other winds. The disadvantage of
the drum drive 1s that as height increases. the drum becomes less
controllable. limiting its appication to rises of about 30 m.

Compensaling rope and pulley - used in tall buildings where the
weight of Lhe ropes in suspension will cause an imbalance on the
driving gear and also a possible bouncing effect on the car. The
compensating ropes attach to Lhe underside of car and
counterweight to pass around a large compensating pulley at low
level.

Compensation
rope Counterweight

Double wrap 1: 1 roped with compensating rope Single wrap 3: 1 roping

Clam - Clamp
by Driem l [ Pulloys
i == Floar
mmwb oA LT E AT TS

L

Counterweight - - m t Countarweight
\E \m \
Car

Single wrap 1: 1 roped with machine room bele » roaf
Drum drive level. The length of rope is increased which lin 1= the
traval and speed ol car
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Single Automatic Lift Control

The single automatic push button system is the simplest and least
sophisticated of controls. The lift car can be called and used by only
one person or group of people at a time. When the lift car is called
to a floor. the signal lights engraved ‘in use” are illuminated on
every floor. The car will not respond to any subsequent landing
calls. nor will these calls be recorded and stored. The car is under
complete control of the occupants until they reach the required
floor and have departed the lift. The ‘in use’ indicator is now
switched off and the cor is available 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. [t is most suited to light traffic conditions in low rise
buildings such as nursing homes. small hospitals and flats.

'In use' lights
swilched on -_“*.:E’:

Car
unoccupled

| cor [f oo
responding

Io he first
Harwding call

Lift car called lo a loor, 'In use’ lights swilched on

Car occupled
and moving
elther up
or down
In use’ Hights
switchod off
m
Lift car in control of occupant and cannol be Tt car will now
called by olher passengers respond bo an
Intending passangar ]

b e e e e

Lift car vacaled. ‘In use’ lighls swilched off.
Lift can now be called 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 colls made by passengers in the car and
those made from the landings. As the car descends. landing calls are
answered in floor sequence to optimise 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 call. the car
automatically descends to answer all the landing calls in floor
sequence. Ony one call button is provided at landings. This system is
most suited to flats and small hotels. where the traffic is mainly

: Cxemoving ] between the en}f‘un-::e

upward to lobby and specific floors.

9 Fonr m:"‘*i‘lnur\
B n Full or directional

collective - a variation in
which car and landing
calls are immediately
stored in any number.

ﬁ Upward and downward
intermediate landing calls
are reqistered from one

i ol two directional

Bl buttons. The uppermost
and lowest floors only
require one button. The
While travelling lift responds to calls in
the car and prass buttons upwards all tha floor order independent of
5 R Upyrercs onding omttyare by pamed call sequence. first in one

direction and then the

| ﬁ other. It has greater

flexibility than the down
5% Floar collective system and is
appropriate for offices
and departmentol stores
where there 15 more
movement between
intermediate floors.

Ground floor

When the car moves Passengers leave
down all landing calls the car
are collected floor by floor
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Paternoster Lifts

A paternoster consists of a series of open fronted two-person cars
suspended from hoisting chains. Chains run over sprocket wheels ot
the top and bottom of the lift shaft. The lift is continuously moving
and provides for both upward and downward Lransportation of
people in one shaft. Passenqgers enter or leave the car 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 Sprocket wheels driver: by

elderly! When a car reaches an glactric :
molor Hinged

its limit of travel in one : hiod
direction. it moves across to

the adjacent set of hoisting Two-person
chains to engage with car Holsing | open frontad

quides and travel in the
other direction. In the

interests of Sﬂfﬂty. car Direction of Himged tread
d must not exceed tan et
s5pee
DF:Ir m/s ! O i
; | hl
I
Y |
| I | | Direction of
Top of
meodiochains | | | | vl
al oppasita I | |
COMErs (Cars | | I
ezl | I
anu
Car Bearin Car position) I +>I
nsing . dascending : > : ) :
HIG Gulde I : |
+hr‘ |
! Tm.mnd | I :‘\\
- I

ja¢
i
,,c_é
@_n

Baaring

Flan of lift al top changeaover View of installation

Paternosters convey about 600 persons per hour. This type of lift
has the advantage of allowing passengers to begin their journeys
undelayed. regardless of travel direction. Simplicity of control gear
adds to the advantages., resulting in fewer breakdowr: by eliminating
normal processes of stopping. starting. accelerating and decelerating.
They are most suited to medium-rise buildings.
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Oil-hydraulic Lifting Arrangements

Direct acting - 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 a
counterweight. the shaft width is minimised. This will save
considerably on construction costs and leave more space for

general use.

Side acting - the ram is 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 necessary. bul due to the
cantilever design and eccentric loading of a single ram arrangement.
there are limitations on car size and load capacity.

Direct side acting - the car is cantilevered and suspended by a steel
rope. As with side acting. limitations of cantilever designs restrict
car size and payload. Car speed may be increased.

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

F

5

5

}

¢

A Car

'ﬁ

1

-]

1

1

g

e

&
i

Cyfinder Hitch "‘.m“
i

Diract acting

Direct sida acting
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Qil-hydraulic Lifting Arrangements

Direct acting - 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 a
counterweight. the shaft width is minimised. This will save
considerably on construction costs and leave more space for

general use.

Side acting - the ram is 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 necessary, but due to the
cantilever design and eccentric loading of a single ram arrangement.
there are limitations on car size and load capacity.

Direct side acting - the car is cantilevered and suspended by a steel
rope. As with side acting. limitations of caontilever designs restrict
car size and payload. Car speed may be increased.

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

Ham

Cylinder Hitch Pullays ) Y=-Puliay
_ e -
Direct acting Side acling
e
e AL\ e
Ram

Cylinder

)

Stonl opa
-

L

U
§

N
\

e o R A e L T et

\
o
(©)

L \\‘Q\'\.\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\

Diroct side acting Indiroct side acfing
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Details of Qil-hydraulic Lift Installation

Originally, hydraulic lifts
used mains water supply as
the operating medium. The
main was pressurised from a
central pumping station to
service lift installations in
several buildings. The oil-
hydraulic system has oil
pressure fed by a pump into
a cylinder to raise the ram
and lift car. Each li¥t has
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
shaft. The lift is ideal in
lower rise buildings where
moderate speed and smooth
acceleration is preferred.
Car speed ranges from O-1
to 1 m/s ond the maximum
travel is limited to about
21 m. The lift is particularly
suitable for goods lifts and
for hospitals and old
people’s homes. Most
hydraulic lifts carry the
load directly to the ground,
therefore as the shaft does
not bear the loads,
construction is less
expensive than for a
comparable electric lift
installation,

examination of hydraulic lifts.

installing hydraulic lifts.

el
.

Concrele
sumound 150
thick

Vertical seclion

TRt TR ] .I'-.'!.;-t"u.'l'."-.m‘. l-':’cu"

| [ ——
L

={]
TGN P
TS O G

Lining beam

oy s e e S S =

[
5

1
e =0 VI

BS 5655-10-2 provides specific guidance for the testing and

See also BS EN B81-2 for safety rules applied to constructing and

Scanned with CamScanner




Qil-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 above piston D. As the area of piston D is
greater than valve C. the oil pressure closes the valve and allows
high pressure oil to flow to the cylinder and lift the ram 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 to flow back to the tank through the by-pass. As
the area of piston A is greater than valve B, the reduced oll
pressure behind the piston allows valve B to open. Qil flows into the
tank and the car moves downwards.

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

Of lo cyfinder and ram

Qil tank, pump and conirols

Baaring

G\-_ Qll plpe

Delall of packing gland
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Escalators

Escalators are moving sltairs used Lo convey people between floor
levels. They are usually arranged in pairs for opposing directional
travel to transport up to 12000 persons per hour between them.

The maximum carrying capacity depends on the step width and
conveyor speed. Standard steps widths are 600, 800 and 1000 mm.
with speeds of 05 and 065 m/s. Control gear is less complex than
that required for lifts as the motor runs continuously with less load
variations, In high rise buildings space for an escalator is unjustified
for the full height and the high speed of modern lifts provides for a
better service.

To prevent the exposed openings facilitating fire spread. a water
sprinkler installation (see Part 12) can be used to automatically
produce a curtain of water over the well. An alternative 15 a
fireproof shutter actuated from a smoke detector or fusible links.

Balustrdae Uppar Hoar
Il

?’IJ’I!’IIIIIJ
H+— Baam 4 —pi

"
IJJJIJJJJIIJIJJIIA
l—200-5000 | Fireprost construction

#=30"0or 35"
Elavation Water curtaln

Steal shultar

Comb Hand rall

Plan Fireproal sliding shutler
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Escalator Arrangements and Capacity

Escalaotor configurations vary depending on the required level of
service. The one-directional single bank avoids interruption of traffic.

but occupies more floor space than other arrangements.

A criss-cross or cross-over arrangement 1s used for moving traffic in
both directions.

A A A A A A A E—

{a) Single bank-tratfic in one direction

A

Direction up or down

A S - - — - . - -

{b) Crisscrom
Direction up and dawn

il A A A A

A A A AT A A A AT

{e) Paraliel

Direction up or down
e N A A A AT A

A AT,

A AT AT AT A AN i il il il il

Escalator arrangements

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

_ 3600 x P x V X cosine 0

N
18
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. an escalator inclined at 35° operating with one person per
400 mm step at 065 m/s.

3600 x1x 065 x O-B192

N = 04 = 4792 persons per hour
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Travelators

Travelators - also known as autowalks, passenger conveyors and
moving pavements. They provide horizontal conveyance for people,
prams. luggage trolleys, wheelchairs and small vehicles for distances
up to obout 300 metres. Slight inclines of up to 12° are also
possible., with some as great as 18° but these steeper pitches are
not recommended for use with wheeled transport.

Applications range from retoil. commercial and store environments to
exhibition centres. railway and airport terminals. Speeds range
between 06 and 13 m/s. any faster would prove difficult for entry
and exit. When added to walking pace. the overall speed is about
2:5 m/s.

There have been a number of experiments with different materials for
the conveyor surface. These have ranged from elastics. rubbers,
composites. interlaced steel plates and trellised steel. The latler two
have been the most successful in deviating from a straight line. but
research continues. particularly into possibilities for variable speed
lanes of up to 5 m/s. However. there could be a danger if bunching
were to occur at the exit point.

Up to 300 m

for drive motor | radius Intarmediate

and rollers support rollers
at 20 m max.
intervals

Capacity 6500 to 10800 persans per hour
Typical inclined travelator
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PAR[-D

6.Construction and earth moving equipments
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PART-D

6.Construction and Earth moving equipments

INTRODUCTION

« Construction equipments are one of the very important resource of mndern-duy construction,
—espma!]y in infrastructure projects.
« In such projects equipments are used for most of r.he works including earth moving operation,
aggregate production, concrete production and its placement ete. In faet, we cannot think of
any major construction activily without the mvolvement of construction equipment.

« There are types of construction equipments suitable for different activities in a construction
project.

»  The selection of construction equipment defings the construction method, which i ina way leads
to the determination of time and cost for the |:-rcr_1m:t

« For selecting the right equipment to perform a specific task at the lcast cost, it is essential to
know the features.of 2 construction equipment including its rate of production and the aseociated
- post to eperate the equipment.

«  While dealing with the construction stage, seln:-clmn nl’ Lhe nmsl smtnh]e eqthpmenl. 50 w:rj_.
Lypical problem which iz generally faced by the construction engineers or contractors.

« A contractor mav not afford to have all tyvpes or sizes of equipment which are required for

' exceution af the projects.

«  Choice 1z made ufter congidering many factors like nalure of the project, cost of equipment,
depreciation, pessability of its [uture uses on other projects, its resale value afler cerlain period,
the saving expected from the use of such equipments ete. -

CLASSIFICATION OF CONSTRUCTION-EQUIPMENTS

Construction equipments ean be elassified into many ways.

1. Basisof I'u.nctiun of equipment - for example, material loading function, material — transporting
I urctmn ete.

On the basis of functions squipments can be grouped into
(a) Dower Units

{b) Prime movers

(¢} Tractors i .
{(d) Material-Handelling rguipment

(e} Material-processing equipment o
A r g vl o e e e g 10
et e
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2. Basis of Operation of equipment: - 4 ey

{a) Equipments used for moving and loosening the materials found in their natural etate cg-
pumps, excavalors, earth moving, trenchers, compressors etc!

(b) E&uipment.s used fur processing the materials, for example aggregate, concrete and asphalt
~ production.

{¢) Equipments ugsed for tl‘itrrspurtiﬁﬂ the processed malerials
(d) Equipments used for placing finish materials,
3. Basis of purpose of equipment
{a) General Purpose Earthwork equipment, Hoisting, Concreling:.

(b) Special equipments : Piling rig, coffer dams, tunnel boring mﬁﬁiﬁqe, caissons equipments
ele. : . - b

ISELECTION: OF CONSTRUCTION EQUIPMEN

« For speedy and economic construction of a pru]Ebr't. proper choice of equipment is of primary
importance.

« The problem of proper selection is further mmphcah‘:d because of the wide range of equipment
commercially available

« Following factars. muet be considered.before having a final choice
% -

1. Use of Existing Equipment

"« When the full utilization of new cquipment for the future projects is uncertain, it may be
desirable to use existing old- equipment even if its operation is somewhal more expensive,

« Depreciation cost of the new machine 15 likely to be high, and this would raise the owning cost
of the equipment and hence the unit cost of wark.

2. Availability of the Equipment

"« 'I'he equipment which is easily available in the market should be sclected for the purpose

because any delay in delivery may imerease the construction cost, repairing of such equipments
will also be done easily, :

3. Use of Standard Equipment ol L
+ Standard equipment is commonly manufactured in large numbers and hience these are readily
available and moderately priced. :

« Spare parts of slandard equipment are easily available and are less costly.

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

4 Cm:lnt.r]r of Origin
« It is-always suggestable to buy equipment from own country because thie will decrease the

repair cost and downtime cost and at the same time it will boost up nalion's ecomomy.

* For imperted equipment, it is. preferable to import from_a goft currency rather from a ha:rd_.
currency country, to save {oréign curréncy reserves. '
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« Il a machine is required only_for some part of its use ful] ILfe then ways to disposed uﬂ' or 1|.5
" deployment on some other site should be considered.. . . : : :

" Ghsules-::eng:e uf the machine should nnt be overlooked.

6. Suitability for Site Conditions

« The equipment chesen should suit the conditions of the job, =ail, valley, working conditions and
climate of the region,

7. Size of Equipment

» Larger equipment give higher outputs on full Toad, but its-cost nfpmﬂuhhuh is usuaﬂy g‘,naate]-
than that of smaller units working on partial load. -:«_-qg

« For larger equipment transportation to site is generally djfﬁrfu‘IL a:nd cnsﬂy in compansnn o
. smaller equipment 3

e Servicing, maintenance and repair famhLes have to Erngréaier fm.' ]argel units. However, larger
machines are usually more suitable for l.uugh werking conditions.

« Standby cost of lerger size equipment is more than, that of smaller equipment.

8. Versatility

I .pessible. the. mm:hme selpcmd shonld be aj}le tu de more than one function, and should be
inter convertible where ever puqmb}u

9. Suitahility of Loeal Labour
o The locally av rsilable. operators and technicians should be able to handle Lhe selected eauipment,

e BSpecial equipment may have e*:callnm performance but may be difficult to get repaired during
~ break down.

gos*r_.gnmn‘muﬁ AND OPERATION

e Enst of possession of an equipment is called cost of owning to which can be added the cost of
fuel for running the eguipment.

« 1t 1s the amount by which an equipment should be hired. It is generally estimated on hourly
bagis. _

et ahnu?d be noted that this does not include the operators cost.

Following [actors should affect the cost of owning and operating.

(a) luitia] cost of Equipn]r;:_lt_.-.'which includes equipment cost, transporiation cest, loading and
unloading charges and installation cost.

(b)Y Severity of service condition under which it-is used.
() Number of Fours used in a year._
(d) Quality of Maintenance and repair.
{2) Demand of equipment at the end of service life.

(f Service liferofequipments o T <o : o s
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» Following cost constitutes the cost of owning and operating. -
(i) Depreciation cost , iz | . 2
(i) Maintenance & Repair cost - '
{iii) Investment cost
(iv) Fuel or energy consumption cost
{v) Lubricating oil cost

- A e e e B S S o e R A R R A e e e e

Nole: Anmuol maintenance and repair cost = 50 to 100% of annual depreciation but 100% is o foir value.

Intial value-Salvoge volue
Uséful life of equipment

Annal depreciation =

ECONOMIC LIFE OF CONSTRUCTION EQUIPMENTHS

« A construction equipment has two types of life. :
(a) ‘Physical life : The potential sevvice life or time périod, of an equipment before which it
physically becomes unable to produce a good or serﬂce

“(b) Economic life : It is defined as the time period uuei'"‘which an equipment is expected to
be use able, with normal repairs and maintenance, for the purpose it is hired.

+ A machine can be used for long period (Lill the End of physical life) through Expens:w: repmr _
and maintenance cost, may have small amnnmm life i i.€. during which it gives mammum pmﬁt..__
" #nd lowest aperaring cost, '

——-—v——-—v—-——-—————————--——--—---—--.-_----u--u---—-—-———————-———————-————-

Note: Economic life may olso be defined as the period of replur.emnf of on equipment that maximises the profit from
the equipment or minimizes the cumulatively hﬂfl-l'ﬂ'r ﬂ'h'l‘f'lll'ls and cperoting cost,
El!l'l:l‘ﬂ"'r the ecoromic III': of ‘an eqqumuﬂ is given in terms uf _years and mh-ng hours.

» When should the equipment be rep]aced?

« If the equipment is replaced too early, he will experience capital Iuss and if too late, the
equipment might have passed its period of econumic operation.

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

The costs to.be considered -are:

1. Investment Costs

» N is the fixed cost which is incurred at the time of purchasing equipment but it also includes
gome other parameters inclusive which definition get modified as :

Investment cost comprises fixed cost which is incurred at the time of purchasing equipment,
interest on the money invested in buying the equipment taxes pertammg to the ownership
of the equipment, insurance and storage.

» Money spent in the purchase of equipment, if invested in a bank would bring a return in terms
of interest

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

. GLn{.-rali:,r a combined investment cost including interest, taxes, insurance and storage is taken
Zivagabout 10" to 12% per year of the value of the ‘equipment at the hagmnmg of year.
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Avarage ‘annual cost n[' thu equlpment is fnun:l nut in I'nllnwmg ways
Case -l When there is no sal\rage value of i.hr.e equipment
s | .
P4 _ F(n+l)

= n'_
B, 5 o

where,
P= Tut.nl imitial cost

~ P, = Average value

n = life’in years

4 '1]]':_-{;: Bt P
adls s ESELNE ey
[+ ﬂ':‘r' LF pas e I, T 'I,'-_'
Ezﬂj—ﬁ‘: - i ATk
o] e i —
- thaED H T
- IJIrﬂ--'----- Fomerem e -
= =1 y
£ . f g s |
: i * :
0. 2 3 '

life in years wlth msalruge value a—u—-—i-
Value Jn:l' eguipment by 3 yaar

Case -II. When there is salvage value -::iI the: eqmpm‘enl. The average w-atlu;ei&{:;hr. efjuipment
is the sum of the values at the beginning of the first year and the ena:l of the last
year divided by 2.

i .
{pp-5) . : 3 4 Pav
L] l‘ -lll : l -----
, S 5 .......! _..._J b
- f P
] 2 3
= Life in :,'_cars with mljm;n 'v_nIun

Value of -eq{:inn_i_ént_hy year

-8
P+% "48  pn+1)+Sm-1)
N 2n

where,

P = Total onginal cost
P,. = Average value

n = Life in years

5= Salvage value
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2. Depreciation and Replacemenl,—ﬂosts

« When one considers the replacement of equipment, it is necessary to know the salvage valifg
of the machine and the replacement cost of a similar equipment.

+ Replacement cost of an equipment must be increased 5% every year to balance _Lhe mm‘tf@
in cost of equipment every year. |

3. Maintenance and Repair Costs

It is necessary to keep accurate records of maintenance and repa.lr coste as,]arge vanatl-:msﬂF
observed in these costs every year.

4. Downtime Cost

« Downtime is the time that a machine is not working because. it is undergoing repairs.
adjustments. ' '

» Downtime tends to increase with usage.

-.__..__...-.____-_-.-.--_..._..___________________..__.-.._—-—————a——n-

5. Uhsulescenrm Cost

s Continuing improvements in thE pruducuve capaﬂtms of-congtruction equlpment have resulten
in lower production costs. ; )

- o --It ohserved that , i by installing a new maching the production cost is reduced by 5%, “h%

" compared with the production costs of an existing machine, the existing machine will suffer

loss in value equal to 6%. This is defined as obsolescence loss. .

» These improvements, whose advantages can be gained only by the replacement of older eqﬂi}?mm&
with newer equipment, decrease the desirability of continuing to use the older equipment:

Scanned with CamScanner



*  Primary purpose of a tractor is to pull or push loads, and it mally be used also as mount for =
many types of equipment such as bulldozer, shovel, dragline, hoe, tenchers ete. Therefore.

* Itis considered as ong of the most important equipments and is md;;.pensab]e on.most of the
construction projects whether small or big.

Types of Tractors

Tractors are divided into fokowing types :

C Tractor : ) R e
2 4 '
J —3
Crawler Tractor Wheel Tractor
Y v
Two wheel Tractor  Four wheel Tractor

Factors afféct.ing in selection of a tractor

» In selecting a tractor, sevara] factc:rs should be considered and some of them are enumerated
as follows; ' -
(a) size required as per magnitude of the job. | -
(b) kind of job for which it is to be used like bulldozing, pulling a scraper, clearing land etc.
(c) type of footing over which it is to operate i.e. high tractive or low tractive efficiency.

;I__{'ﬂ_JI’_{-_ﬁrmnﬁsE of kaul read: -
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() smoothness of havl road
(h slope of haul road,
“ (g) slope of haul read.
-ﬂl} type of work it is no do after this job is completed.

Crawler tractor

s Ifa tractor is wounted on crawler. it is called erawler traclor,

« Crawler track is an endless chain consisting of stee) links made of steel plates connected
together by pins and bushings. g

s Itisused for moving heavy unitz on rough surface having poor t"ac!.m:;. The optimum pull that
a crawler tractor can provide depends upon its weight and is equal Eh‘thq cnﬁﬂiﬁe nt of traclion
(depending upon road surfaces) multiplied by the weight of unit, Tpl;hrdless of l.he puwer
supplied by the engine. [ts

*  Maximum speed iz limited to 10 kmph while average speed Ile.a._h&mmn 4.5 to 5.6 k::nph It
ig suited for short haul say 60 to 150 m.

+  Special advantage lies inits ability to wrave] over very rough surfuces and to chimb very steep
grades up Lo 25 to 29% at 2 speed of 2.75 kmph.

¢ |t has a life of 8 to 12 years (2000 to 16000 hre) depending upon its horse power which varies
form 100 te 300-FIP.
Advantages of crawler tractors

(11 Having more tractive effort it can n]:rfraf.e on soft foting such as loose or muddy sail.
w) It can operate in rocky formations where ribber tyres may be seriously damaged.

(i) 1t ean travel over rough surfaces which may redupe. the eost of maintaining. haul rozds.-
tiv) 1i has greater foatotion because of lower prcsanﬁ under the tracks

(v} Deing compact and powerful, it can handle very dilTicult johe

Wheel tractor

*  The bagic advantlages of a wheel tractor when compared with a coawler tractor hies in its higher
speed. In order to attain a ligher speed, a wheel Lractor must sacrilice its pulling effort. As
the speed is increasad with the help of higher gears. Rimpull will be decreased in approximately
the same proportion.

-—u-n---u.-....___._._._._._._..._._._._.._,__-—.;-a...u--.--.;---------n_ S i e o o il i i s

-— -.---.—.—-._-..._.._...4,_...-.-._4,._..._.—..----..--.—--..-.—-.—-._-.—..--.-.—.....-. ______

« I pnaaeases a lower coelficient of traction between rubber tyres and some soil surfaces, the
wheel tractor sturts slipping before developing its rated rimpull,

* s uselul life liea between 8 ta 10 years (12,000 to 15,000 hrz) depending upon on its horsepower
whith is generally move than 75-HP. :

Advantages of wheel tractors

(1) It can travel at higher epeed (maximum speed up to 50 kmph) on the job or more from
one jub Ly anothey,

(1), 1t can give greater qgtp'ul, where considerable travelling is necessary.

© (iii) It can travel over paved highways without damaging the surfaces.
(i) It can operate easily which makes the operator less fatigue.
. (v) A wheel tractor is very useful in the fnlluwing—mn:liliuns:
(a) Long push distance
(t) Fast return
(¢) Loose soil little or no rock
(d) Level or downhill work
(¢) Good underfoot conditions
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Basicly a ahuvel is a tool for dlgg'mg lifting, and moving hL‘lﬂ-’. malr:n.ala such as sml, - coal,
gravel, snow, sand, or ore.

Shovels are extremely commaon lools that are used extensively in agriculture, eonstruction, and
gardening. ;

* When a shovel 15 maunted an a Pawer vehiele 1t 15 called as Power Ehm-e]

Power shovels ave used mainly to excavate earth and load into trucks or tractor-drawn wagons.

Power, ehovels can excavate all types of eartl excep(“zolid ru:u:h mthm.f_t prior Joosening. -
The basic parts of a power shove! include Mounting, Cab, Boom, Dipper stick, Dipper.
Size of power shovel is indicated by capacity of its dipper, generally expressed in cubic meters.

Power shovels are commonly available in divver sizes of 0.29, 0.38. 0.57. 0.76. 0.95. 1.]4 1.33.

153 and 1.91 m3.

Types of Euwer Shovels

L.

Crawler mounied power shavel,

Rubber tyred mounted. power shovel,

Crawler mounted Shovels

"

Il i mounted on erawler tracke.

Ib i haa very low travel speed.

It exerls low pressure on the soil and hence suited fnr muddy and soft ground surface.

Rubber Tyre mounted Shovels

it is mounted on Rubber-tyres.

%

It has higher travel speeds aré useful for small jobs where considerahle travelling is invalved.

It exerts cengiderable pressure on the soil surface hencs suitable for road and the firfi ground
surfaces.

Operations of Shovels

Pﬂs?tm.njhﬂ shovél near ﬂar face of thr-. earth to b excavated. .
The d:pper s Towered to the floor of the pit, with the teeth pointing into the Tace.

A penetrating force is applmd through the dipper shaft and at the same time lension is applu:d
to the hoisting line to pull the dipper up along the face of the pit.
If the depth of the face (called the depth of cut) is just right, the dipper will be filled as it

~ reaches the top of the face.

If the depth is shallow it will not be possible to fill the d]pper completely withoul excessive

penetrating force and hoisting tension. |
If the depth of cut is more than is required to fill the dipper, the depth of penetration of the
dipper into the face must be reduced, if the full face is to be cxcavated or to start the excavation °

above the floor of the pit.
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As the basic character of the machine is, dvapping the burkst agmnst the material ta be
excovrted, it s known ne Dregline,

s Draglines ore used to excovate earth and load it inte haul units. such as trucks or to deposit
it.cn spoil banks and embankmente near the place from where it iz excavated,

+  Size of dragline is expressed by the gize of its buckat
Advantages of Dragline:
I, lidoes oot Liave to gooimwe the pit to excavatelt may operate ¢n natural Bivn ground.

4. 1t has a long hoom then it can dispose of the earth in one eperation without the need for ha ul

4. It can excavale below ile level and under water,
4. It can excavale trenches without shoring.

Disadvan ragline

* One of the disadvantages of a dragline is that its output is only 75-80% Ihﬂt of a power 'h:
Types of Draglines

[, Crawler-mounted Draghnes-These can nptmte on soft and muddy ground Surl'n.:cg ang

gpeed of 1.6 kmph. .
2. Robber-tyremounted Draglines- These can operate on hard sarfaces and hﬂs..Ep-EEd of el
Operation of Dragline - g3

» Excovation is started by swinging the empty bucket to the dlggu'lg Pﬂﬁlh““ al. ““ Bmg o, -
Inasen the drag and the hoist cables. s me
+ Excavation is done by pulling the hucket toward the machine whﬂe maintaining tensiay ; in g
haist cable. t
o When the bucket is filled the aperator Lakes in the hoist l.':ﬂ.lll.‘ while playing cut the dp
o  Dumpng i3 done by releasing the drag cable.

« Filling the bucket, hoisting. swinging and duniping of the loaded bucket, followe Ld in llh'mrﬂ] o
eonstitute one cycle. o,

"_..-.._d-—"-—-'-'-'-'——-r‘-————————'-r-r'--.-r-'-"1

ﬂg{._a-hn

e o S

Output of Draglines

e While the efivet of job and mﬂnng:ment conditions on the outpul of the dragline wall hE hn
the same 35 for a power shovel, and the job and management factore may be used for obiy "1-

the proballe cutpul of draglines, the size of burket and Jength of boom have a divect l'lTe
the output of o dragline.

o Buckels are available in classes, euch as light-duly, medium-duty and heavy-duty.

« Lizght-duty buckets are for materials that EI:E.EHE:“}' dug, such as sandy Joam, sandy elay
gand. 2

«  Medmm-duty buckets ore for general excavating service such as digging clay, seft shia,
loose gravel,

«  Heavy-duly buckels wre for handling blasted rock and other sbrasive materinls

o [Duckets are often perforated Lo permil deaning of water from the loads,

s In selecting the size and bucket type, the dragline and bucket should be malched f, beg
efficiency. '

+  In selecting the bucket size care should be taken thal the combined weight of the load yy, th
—  hucket does not exceed the safe load recommended for the dragline, o
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« Bulldozers are very efficient ni:t:a's..-..'ii-.ing-mnls for short haul applications up to-100 m.

« It is essentially a heavy steel blade wlich iz mounted on the frent of a tractor. The heavy blade
' atlached Lo the tractor pushes the material from one place to another.

~+ The size of a bulldozer is indicated by the length and height of the blade.
-« DBulldozers are classified on the basis of :

(1) Position of angles

{a) Bulldozers- In these blado is set perpenticular to the divection of movement, 1t pushes the
earth forward and dump te some place.

(b) Angle Dozers- In these blade is set-at an angle with the direction of movement. It pushes
-the earth forward and to one side.

() Based on mounting

{a} Wheel mounted
(B Crawler mounted
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_{a) abfht}r to deliver greater t.rﬁtl.we eﬂ'urt on soft, lonse or muddy sml
(b) ability to travel on muddy aurfaces LR

" (¢) ability to operate in rock formations, where rubber. tyres may get damaged which may-
reduce the cost of maintaining haul roads

{d) greater flatation because of lower pressures under the tmﬂka

{e) greater use-versatility on jobs.

Advantzig‘es of the wheel-mounted bulldozers:

(a) higher travel speeds on -the job or from nne job to annt.her

() ellmmal:mn of hauling equipment for trﬂﬂspurtmg the bulldozer ’cc- the site
el grnm.ar output, especially when significant travelling is required

- (d) less operator fatigue 1 | ' .

{e). ability to travel on bitumen roads without damaging the surface.

(3) Based on control- for raising and lowering the blade

{a) Cable controlled
it} Hyvdraulically controlled

Advantages of the Gahle cuﬁtfﬁ“éﬂbu“ﬂb%&s
{a) Simple t» install, operate and mut.r::-l

{b) Easy in reparing
{t) Reduction in the danger of damaging ‘a machine

Advantages ol the l-I_',.rnth."auli-::all;',J controlled bulldozers

(1) Able produces a high down pressure on blades to force blades 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 performed by
Bulldozers from start to completion of an project like:

(i) Clearing land of timber and vegetation ‘
(1) Opening up tempurary roads through inountains and rocky aress
{iﬁ} Moving earth for haul distances up l.-".: about 100 m
(iv) Milling loaded tractors and scrapers
- {v) Levelling and spreading earth fills ' : -
(vi) Backfilling trenches = .
(vii) Clearing construction sites of debris ' -
(vii)) Maintaining haul roads
(ix) Clearing the floors of borrows and quarry pits
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- Cnmpanmn is the method of artificially densifying the soil by pressing soil part.tcles together-
into close contact, resullmg in the expulsion of air and/or water from-the soil mass. '

» Cnmpactmn 15 :I:}ne l.u increase the strenpgth of an carth fill or an emhankment

. Cnmpactmn refers tn the method emplu} ed by a cumpactar to impart energy mLa the soil to
achieve compaction.

+ Compactors are designed to use one or a cumhmatmn of the following l.}-pes nf compactive -. -

Lefl'mtﬂ- : I Y ‘
(1) Kneading action —Mampulatmn or marrang:ng g h e SN SR B
(2) Static weight — Pressure applmatmn

. () Tmpact - Sharp blow

_-{4'} Vibration- Shaking -~ "7 7 b e e s om e

J?._, : - " - - - i -
S| ..Ecannedwnh.ﬂamScanner_ v Sheep's . Foot RONET.. .. usyivyiinys - iissspent. 784

f= el .uLl-ng “‘__,...| i+
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+ Sheep's fot rollers are suitable for compacting fine grained materials guch as elays and mixtures
of sand_and clay,
. Ilmunnunl_cnmpu cl_mnulnr_mls_umh_mnd_mimxd

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

* They are used for manipulation and compaction of plastic clays where stratificalion must be
eliminated, such as clay cores in dams.

* Sheep's foot rollers can be towed or self-propelled, and its drums consist of a Cj'lmdncal 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 chlh Joot have been used

to describe their particular features, - .;, Ar
» Because of the'small contact area of the Bheeps foot roller it rnqu:rea n. ]arﬂe numher of passes
o Pl'm'lﬂﬂ even one complete coverage of an area of soil. - f : 4.,.-;

* 'Sheep foot rollers are slow, have a very high rolling reslstﬂnce and therel'nrr.- cost per unit
—  volume compacted is high. - .

Bmhuth-whnu] Rolers

* Smooth-wheel Raller

* . Smooth-wheel Rollers can be self-propelled or of'the towed type witlrsmooth steel roll surfaces.
« These rollers may be classificd hy type or by weight.

* These rollers pre effective in compacuing granular soils, guch as annd, gravel. and crushed stone

and they are also effective in smmlhﬂnmg surfaces of soils that have been compacted by

lamping rollers. .

. "%mmmumlmmwmmm:muﬂmtl tfm,_}us]:_.mx
prevent ndequate compaction in_the lower portion of o Jif

v Self- propelled category lhi.- inachine can be a three roll (tricycle unnf guration) with the ﬁ‘ﬁﬂl
wheel used for steering while the rear wheels are powered for driving-

* They can be tandem two rolls type also. ' '

" Contact area between the drum of the roller and the surface of the soil is a narrow ElTiP_Hﬂ'ﬂ.
as o result, the stresses in the soil fall off rapidly as depth in the layer increases.

* This type of roller is, therefore, Jimited in performunce such as, to compaction of fairly thin

[_'J?Et%&ggéﬁdﬁﬁggﬂlgm&"ﬁ@cndmg an the size of the equipment,
*_iiie steel drums of the.ralls mav be hallasted with waoter or sand-40- margawﬂlﬂ'-"mﬁh"‘ P T
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e Il’ a roller is :les:gnate.d_aa_:_.l_liﬂ.r. it'migans E'hnt the' t'nn'umum wmght ul' t.‘m! macinnc 5?;111
is 7.3 t and that it.can be ballasted to give a maximum weight of 12.8 t. : L

Pnauﬁmtic-t'yrgd Rollers - T wm _ e - . o

| | T T T A TR T

:"_.._.-'- e Lo
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il (]
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: :
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r;'_l

N W LI |-|....-~_' LT 1_.,]‘ L iRy

) PnEumatl::-lyrﬁ'ﬁ Hnii'ﬁr’ ¥

% " Pneumatic-tyred Rullera -are surface- rullei‘s whmh al}pl}r the mmnlg_ql'_kma_ma_a_cr_qn to .
effect compaction below the aurface : g

- These rollers are uged mhmwmmm

» They can be self- prupel]ed or tnwed. ‘ smallor Inrge tyred units.

LRk, 8 L T T LLL TP S e PR e Py -

+ These :'I‘EIHEI‘S rel:.- on dead weight acting or upon pneumatic tyred wheels to pmduce the
compacting cffort. ;

The weight of a unit may be increased by ballasuﬂg .
T&Eh}gﬂ-ﬂnthdlmﬂﬁfﬁam’mvmluhle varying Ircm 13.6-180 tcmnes gross weight.
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Tamping Rollers

Tamping foot compactors (Fig. 5.3) are high-speed, self-propelled, nonvibra-
tory rollers. These rollers usually have four steel-padded whecls and can be
equipped with a small blade to 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 Lhe surface, the fect penetrate the soil to
Produce a kneading action and a pressure 1o mix and compact the soil from the
bottom 1o 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

L -

Vibrating drum rollers are actuated by an eccentric shaft that produces the
vibratory acfion. The eccentric shaft 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  amplitude
of the movement, or throw, and frequency, which is the rate of the movement, The versical distance
or number of vibrations (oscillations) per second or minute (vpm). The ampli- the vibrating drum or
tude controls the effective area, or depth to which the vibralion is transmitted plare is displaced from
into the soll, while the frequency determines the number of blows or oscilla- he restposition by an
tions that are transmitted in a period of time, erraniie mamens

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

~ 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 accoonts for the slower working speed requirement
when using vibratory compactors. Working speed is important as it dictates

r—now long a particular of the fill is compacted. A working speed of 2 lo
A mpﬁ‘:ﬁiﬁgﬁl'ﬁﬁﬂfﬁgﬂﬂf ‘when using '.rrbmtnry r:umpa:ln%s.m:
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. Sheepsfoot rollers

Tamping rollers

Smooth-drum vibratory soil compactors - -

Pad-drum vibratory soil compactors |

Pncumatic-tired rollers
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" Vibrating Compactors -
+ Vibralory compactors enliance the performance of static weight mllers by adding dynamie
farees, usually achieved by a rolsting eccentrically weighed shalt mounted ineide the roller.

» .Vibrating compnctors have shown their abilities to produce excellent densification of soils such
2s gand, gravel and relabively large stones.

= _As these rn-mrl:ﬂs are mbrated f.lmparur.les shlt't thmr pnml.nun and nmle mnre dnﬂeiv mlh
nﬂpﬂ-nl mrtlr:lea to increase thrdEnmy-uHhe -musa ' i o i

[l

« Types of Vibraling compaclors are : )
(a) Vibrating, sheep's foot rollers, 2
{k) Vibrating steel-drum rollers,
fc) Vibraling pneumatic-tyred rollers,
(d) Vibrating plates or shoes.

Manually Operated Vibratory Plate lﬂumpnctnrs

T T Tir i A o

b

1n"ltm::llng Plate t.':mpm:'lnr

ay | AR - N -

» These mm:hmﬁ hove & !'I-ul |:1nh: in mnl.acl mlh the sml

«  Deeause of their imuch smaller size; vibrating pme mmpa:!nrs have lower outputs of mmpzn:ted
eoil than the larger vibrating rollers -

« These are usedfor compaction of _r.'qhemon;]ga-; zoil in confined .arezs or epaces. e
+ Power unit and comrel handles, for the pedestrian operator are attached to a chassis suspended
aboee the bose-plate on eprings or other form of Dlexible monnting,

Manually Upcrﬂeﬂ Vibralory Tamping Compactors

‘.I"hrﬂtnnr Tarming Eurnpan'tnr

. 1"151":' tempers have an engine- dmcn veciprecating mechaniem which acls on 3 -prmg system

tk '““ﬁ‘idﬁih'eh mm [ﬂﬁiﬁi‘?ﬁﬁﬂr‘h with aniphlu.je e ahaul 10- FJD mun, are F.el u|1 m I.l'l.r:L base .

eten S —nJ-.- el it e
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e 'The most cnmmnnl}r used ma:hm!:s ha'.-e a mass m—the—ranngvﬁﬂ—i Bﬂ—]ig. -Bnﬂ usuall;.' uperate-
at-a l'requenc_!,r of about 10 Haz. :

"« Their main mode of compaction is IJ:.‘ impact and they are suited for lhe-eam-paetm—ui—must'
" types of soil. .

+ Because of their low output lhey are uscd in confined areas or spaces, where their pnrl.ab:llly
and maneuverability are a particular advanlage

Manually 'Opernteﬂ Rammer Compactors
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ﬁammer Compactor

« Rammier compactors are self-propelled in which cach blow moves them ahead slightly to‘contact
new soil.
« Theze units range in impact from 40 to 120 per sec at an impact rate up to 850 per min.

bend fﬁ%"i‘?&?’ﬂﬁ‘l’l’&ﬂ“c{l"ﬂﬁhﬂ\f?ﬁﬂﬁﬂc liglblow, area covercd per hour, and depth of compaction (lift) in-cm.
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PART-D

7.So0il reinforcing techniques
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Reinforced Sall

Reinforeement in differend forms s addied to soll, in ordier o improve its
mechanical properties. Soils are strong in comprission but weak In
tension. This weak property of soil s improved by introducing
reinforcing elements in te direction of tensile stress. Refnforcement
materlal generally consists of galvanized or stainless dovl strips, bars,
grids or fabrics of specitied material, or wood, polymer and plastic, el
The reinforcement is placed more or less the same way as steel in
conctete. The end product is called reinforced soll, and is very effectively
wsed for refaining structures, embankments, footings and sabgrade, el

Soil Nailing

It is & method of rélnforeing the soll with sleel bars or other materials
The plirpose 8 to increase thee tersile and shear strength of the soll and
restrain its displacements. The nails are either placed in deill borcholes
and grouted along thede total length to form “grouted nadls”, or simply
driven into the ground as "driven nalls™. The hehnique permils
stabilization of both natural siopes, and vertical or inclined excavations

IIT. MATERIALS
There are two  basic materiols  wsed In the
construction of reinforced soil.
= Sofl or Ml meatrix
«  Reinforcement ar anchor system

There wused to be adequate inter-
relationship between the materials used. Based on
the design strength and availability, the materials
are selected. We will discuss one by one, the
materials that are being used,

Soll or fill matrix

The shear properties of soil can be
improved as theoretically any soil could be used o
form earth reinforced stucture, In long term
conventional structures the soil used Is the well
graded cohesionless soil or a good cohesive
frictional fill although pure cohesive soils have
been used with sucecess. The advantages of
cohesionless soil are that they are stahle, free
draining, not susceptible to frost and relatively non-
corrbsive to relnforcing elements.

The only disadvantage Is Hs cost. As a
convenient compromise between the technical
benefits from cohesionless soil and economic
benefits from cohesive soll, cobesive [rictional may
bhe preferred.

Sometimes the use of waste material as fill
Tor reinforced soil structures s attractive from an
environmental as well as economic view point
Mine wastes and pulverized fuel ash are the wastes
usislly employed

Reinforcement

A wvarlety of material Including sieel. concrete,
glass, fber, wood, rubber, aluminium  and
thermoplastics can be used as reinforcing material.
Reinforcement can have the form of sirips, grids,
anchors and sheet material chain, planks, rope,
vegetation and combinations of these or other

material forms.

*  Sirlps are fexible lincar elements having their
breadth greater than their thickness, Sirips are
formed from aluminium, copper, polymers and
glass fiber reinforced plastic and bamboos, The
forms of stainless galvanized or coated steel
strips are either plain or with projections such

a5 (o increase the friction  bhetween
reinforcement and fill.
Sai
Soil
(a) Strip (b) Rar
Figure 3.1

= Grids or are alsoused as reinforcement. Grids

are formed from steel in the Torm of plaln or
palvanized weld mesh or from expanded metal.

Soil

4

(c) Sheet (d) Gind

Figure 3.2

»  Sheet reinforcoment may be formed from
metal such as galvanized steel sheet, fabric or
expanded metal not meeting the criteria for a
grid



Flexible linear elements having one or
more  pronounced  distoriions  which  act  as
abutments or anchors In the Al or soll. They may
be made from materials like steel, rope, plastic or
combination of materials such as webbing and
tyres, steel and tyres ete.

Composite reinforcements can be formed
by combining different materials and materials
forms such as sheets and sirips, grids and sirips and
anchors, depending on  the field problem
reqpuirensent.

The principal requirements of reinforcing
materials are strength, the stability {low tendency
to creep), and durability, case of handling, a high
coefficient of friction, and/or adherence with the
soil, together with low cost and ready availability,

Geosynthetics

Geosynthetics are manmade products.
They are Nexible and planar (sheet-like). They are
manufactured from synthetic polymeric materials
and sometimes from natural materials, They find
use i Geotechnical engineering as a separator,
filters, drains, reinforcement, hydraulic barriers,
protectors and erosion control system.

I. Geotextiles are porous geosynthetics that
resemble a thick strong cloth or blanket with
lts strands and fiber visible. They are planar
permeable, polymeric material that are usually
made from polypropylene and sometimes from
polyester, polyethylene or from notural fibers
such as jute .they can be woven, non-woven or
knitted. Woven gestextiles are produced by
weaving or Interlacing, usually at right angles
of two or more set of fibers. Non-woven
peotextlles  are  produced by mechanical
bonding or needle punching of randomly
oriented fiber. Geotextiles can be 0.25 to 7.5
mim thick and have a mass/unit-area of 150 to

2000 gmimm™2

Geotextile  Fig 2. Non-woven Geotextile
Figure 3.3

Fig 1. Woven

II. Geogrids are mesh like or grid like
geosynthetics  with  square or  rectangular
openings that are larger than the thickness of
the ribs. the rib thickness ranges from 5 to

15mm and the mass funit area lies between 200
to 1500 gins

IIL. Geonets are similar to geogrids but have
thinner member sand angular apertures [ not
square  or reclangular  but  resembling

parallelograms

IV. SOIL REINFORCEMENT

TECHNIQUES
Soil reinforcement techniques can be divided into
two major categories
1. Insitu soil reinforcement
2. Constructed soll reinforcement

In the insitu reinforcement technigue the
relnforcement s placed In an undisturbed soil 10
form a reinforced soil structure. This includes the
technique of soll nalling and soil dowelling. The
reinforcement used for insitu structures is usually
linear owing to the method of installation.



1. Open excavation using soll nails:
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Vertical or steeply Inclined cuts can be
made for open excavation using rigid soil nails as
reinforcements. Such cuts are also referred 1o as
nailed soil walls. Unlike relnforced soil walls are
constructed from boltom o lop, natled soil walls
are constructed from lop to bottom. The facing of
such walls is usually in the form of a wire-mesh
reinforced shot Crete panels, although metal plates
and other types of panels have also been used. Sotl
nails are installed at an inclination of 20 o 25
degrees ta the horlzontal near the ground surface sa
as 1o aveld Intercepting underground uillities and
the inclination is reduced to 10 to 15 degrees as we
go deeper into the cut.

2. Constructed soil reinforcement technlgue: -
1. Reinforced soil structures with vertical face:-
The focing wsually comprises of
prefabricated concrete or steel panels  joined
together by an interlocking armangement. The soil
used as backfill in such cases is granular soil with
less than 153% fines 1o enable development of large
friction between the reinforcement and soil. The
most often used reinforcement is steel strips since
they have large tensile strength as well as low

extensibility. Construction takes place from baottom
pwards and the reloforcement s placed

sequentially as layers of soil are compacted, one
afier the other,

Figure 4.2

The constructed soil  reinforcement
technique describes the technique where the
reinforcement is placed at the same time as an
imported and remolded soil. Such technigue are
often called as bottom up process as they Involve
the placement of a fill and reinforcement
simultaneously, these Include structures such as
reinforced sofl embankments and bridge abuimenis,
The reinforcement wused for  the  constructed
category is in the form of strips, mats or grids.

V. APPLICATIONS OF SOIL
REINFORCEMENT
1. Slope failure repairs

Unstable slope

:

Nail

Potential
{ailure surface
(d) Stablisation of slope

Figure 5.1

Large and small landslides and failures of
natural slopes often occur in areas where the value
of the environment (for technical or economical or
touristic or artistic reasons) call for the repair of the
slope to the original (or as close as possible o the
original] peometry, Geogrids allow using the same
soil of the landslide to reinstate the slopes thus
achieving fundamental savings aver the solution of
importing o soil  with  better  mechanical
characteristics, The geogrid reinforced slope can he
casily vegetated with the local essences, In order 1o
obtaln the best Integratlon with the sumounding




environment.
2. Slope cutting repairs

The installation of pipelines and other
underground structures often requires cutting a
slope In protected or valuable areas where the
Authority imposes to repair the cutting (o the
original situation. This may produce peotechnical
prohlems due to the fact that the excavated soil
results in lower mechanical characteristics than the
original soil in the slope. Geogrids allow Improving
the stability of the soil: the slope can be rebuilt
without using expensive consolidation technigues,

3. Steep slopes embankments and bunds
Highway

Reinforcement

{a) Highway embankment
on hill slope

Figure 5.2

There are many situations where the
shortage of space or fill material calls for the
construction of embankments and bunds with very
steep slopes, greatly in excess of the naturally
stable angle.

Geogrid reinforced soll structure provide a
safe, sound and economical solution which can be
used For some of these applications;

*  MNoise protection bunds along highways,
rallways and alrport taxiways
Blast protection embankments
Increase of the available volume in exhausted
landfills

«  Construction of embankment dams lor salld or
liguid impoundments.

In all these applications, the inherent
fexihility, the ease of construction, and the use of
any locally available fill soil are the technical and
economic advantages of geogrid reinforced soil
structures,

4. Widening ol slope crest.

There are different cases where a rather
Nat slope has to be converted to a sub-vertical wall
enlargement of parking areas, smoothing of sharp
road bends, land reclamation projects and housing
developments are just examples of them, In most of
these cases the toe of the slope cannot be moved
forward, due to the right-of-way limits or natoral

boundaries (rivers, roads, etc.). Therefore the crest
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 fill soil. The face can be built with a
vepetated or concrete finishing different solutions
can  be easily implemented at  design  and
construction stages to meet technical, architectural,
environmental requirements. The original slope has
usually to be cut at the bottom to vield enough
space for placing the reinforcing geogrids. All the
operations can be performed with standard earth-
moving machinery and easily available tools, even
by unskilled labourers, And, very important, the
traffic and the activites In front of the slope are not
disturbed by the construction operation,

5. Bridge abutments and wing walls

Bridge abutmenis and wing walls are often
the earth relalning structures that support the
highest loads. Besides the high wvertical and
horizontal loads directly applied by the bridge
deck, dynamic loads from heavy traffic, and
sometimes selsmic loads, challenge the design
engineer. Soft foundatlon sotls, high water table,
environmental impact regulations often provide
further problem. Geogrid reinforced soil structures
provide strong, yet flexible, refaining structures.
Bridge abutments and wing walls can be designed
and built to resist all the antcipated loads with the
required Factors of Safety, even with low quality
fill soil. Soft soil swmbilization and drainage
problems can be solved with geogrids and
geocompasites, The face can be designed w fulfill
any  requirement  regarding  visual  and
environmental impact:

i

(b) Bridge abutment °
Figure 5.3

6. Soil retaining structures

Soil retaining structures can be divided into:

= FACE WALLS which are usually designed to
cover a steep rock slope or a cliff, for
environmental and safety reasons. This kind of
wall usually has only small or no horizonal
pressures from the backfill, but has 1o resist the
internal outward pressure of the fill soil.

=  COUNTERSCARF WALLS which must
support the constant load of a sloping terrain



on the top. The soil pressures 1o be resisted are
usually much higher than for a face wall.
RETAINING WALIS which are uosually
designed to support both static and dynamic
loads. The design and construction of face
walls, retaining walls and counterscarp walls
may have to deal with technieal, practical and
economical problems due to availability of the
fill soil. access 1o the job site with operating
machines, speed ol construction, aesthetics,
and overall cost and so on, The Technical
Authorities and the client often require specific
solutions, sometimes with a vegetated face,
while sometimes a concrete face or another
tvpe of “rigid™ face is preferred.

Temporary suppont
Compactor
l = _&‘é
{8) Excction of '
facial panel (b) Filling of backfill

() Erection of next
factal panel

—
() Completed wall

Flgure 5.4

Geogrid reinforced walls can be designed
and built to fulfill the most varied requirements in
terms of load support and face finishing geogrids
reinforced soll structures provide a cheap and
diversified solution to wall construction problems
the experience of englneers can help (o find the
proper solution, either with a vegetated or concrete
face or new solutions can be developed for the face
finishing as well as for the construction method and
all the ancillary design details.

7. Road and Railway embankments
Road and rallway embankmenis are
usually large and high earth structures, which
require considerable quantities of fill soil and land.
The cost of the [ill soil and its transport
from the guarries, as well as the value of the land,
may be so high that some alternatives may be

considered, such as designing steeper slopes or
using lower guality fill soll, Geogrids allow the
slope to be built at any inclination with the required
Factors of Safety. The specific surcharge loads, as
well as the dynamic or seismic loads, can be
incorporated Into the design o provide safe
construction to the Client, the Engineer and the
Contractor. Almost any locally avallable soll can
be used lor the geogrld reinforced embonkment:
this Facility can produce very large savings in both
costs and construction time.
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