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PART-C

5.BUILDING SERVICES



Direct System of Cold Water Supply

For efficient operation. a high pressure water supply is essential
particularly at periods of peak demand. Pipework is minimal and the
storage cistern supplying the hot water cylinder need only have 115
litres capacity. The cistern may be located within the airing cupboard
or be combined with the hot water cylinder. Drinking water is
available at every draw-off point and maintenance valves should be
fitted to isolate each 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.

Notes:

(1) Servicing valves to
be provided on supply pipes to
slorage and flushing cisterns.

(2) Copper tube pipe sizes
shown.

Absence of cistern and pipes
in roof space reduces risk
of frost damage

= Cold water
— = feed cistern

22 mm overflow pipe

\\
22 mm

cold feed pipe

Bath Basin WC

L ¥,

!

/
Hot water cylinder

s

1S mm
‘ rising main

WC Basin

e Sink

Combined stop and
¥ " drain valve

Ground level .
. |
- }l ’l
f kfemmmemmmeeeaa - ’\
Mastlic seal Pipe duct 76 mm bore

Rel.: The Water Supply (Water Fittings) Regulations 1999.




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 failure. 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.

Notes:

(1) Servicing valves to
be provided on supply pipes to stg:’d;g;?;m
storage and flushing cisterns. 9

(2) Copper tube pipe sizes
shown. R

s |
¥

A \
22 mm overflow pipe A

rd

22 mm
25 mm " cold feed pipe
distributing pipe ' v

Bath Basin WC

C [ £,

X \
Hol water cylinder

Y

15mm
15mm > rising main
WC  Basin
i r — Sink
”\ o Combined stop and
Ground level Drain valve %-Pf=— drain valve
L L SR TR H
Tr.7s0mmmin. T T 711

Mastic seal Pipe duct 76 mm bore

Ref.: The Water Supply (Waler Fiitings) Regulations 1939.




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 tanks 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 engaqges the duty pump. A float switch in the break
tank protects 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.

Cold wats I
+—dH  owes, basine, batm -
and chowers

- b Drinking water mpply D 4
from header pipe

e Drinking water supply

direct from main

:: Non-réturn valv

=
e
D>
—J § [evm™
Flost switch —__ == % %
=

Incoming ssrvica pips Broak tank Duplicated pumping set

s |




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 water up to the float valves and drinking water 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
requlate 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 a
break pressure cistern.

Delayed action Nost valve

™

-
Drinking water from Supply 1o WCs,
cylinder | 4= basins, baths and

\ showers

p— e H—

Supply to W,
o= bajins, bathy and A
showers
Y  /

— it

Duplicated pumping st Ajr enmpressor
Overliow with filter




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 calcium precipitates to line the boiler and primary
pipework, eventually ‘furring up’ the system to render it ineffective
and dangerous. The storaqge cylinder and associated pipework should
be well insulated to reduce enerqy losses. If a towel rail is fitted,
this may be supplied from the primary flow and return pipes.

Sarvicing Cold water storage or feed cistemn
e [T oTE
PR T MR iy 'N’/‘ Full-way gate valve
Rising main | ,_— 22 mm cold feed pipe
22 mm vent pips | ]
y  Electric Immersion heater
1
Distance 'A’ - A—=i
! Direct cylinder
450 me (min) | minimum capacity
/ 140 litres
' !
Bath Basin
- |’.
22 mm hot water = or
distributing pl mm primary
wFee flow pipe
\‘ 16 mm 28 mm primary A
retum pipe
Y L |
Boiler with
{harmostatic
contral
Sink Basin /
—
Safety valve — J

e, P i
\ Drain valve /

Note: All pipe sizes shown are for copper outside diameter.




Indirect System of Hot Water Supply

This system is used in ‘hard’ water 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 and 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 connected to the boiler. Boiler water temperature may be
set by thermostat at about 80°C.

1 Cold waler storage cistern
H
o1
X Servicing - Expansion and feed cistern
i vave N A=t ——
—
Rising maln \
Rising maln
22mm
secondary cold leed
pipa
22mm
22mm A 7 primary vent
secondary vent pipe
h pipe e
Healing coll 15mm
primary cold feed
pipe
Bath Basin
r=g—
¥ I-. —
/'N- 28mm
H=vent pipe helght above Drain vaive primary flow
cistern water line. pipe
H (min.) =150 mm+40mm Indirect cylinder ar calorifler minimum "
per metre of system helght h. capacity 140 litre (well Insulaled)
h=dislance between clstern A B -
water line and cold leed enlry 28 mm primary return pipe ressura reile
to cylinder (or boller on ' V or salety valve
primary circult).
v
Sink Basin
> Draln valve
e
Draln valve
w’ / 2

/
Boller with tharmostatic control

*A safety valve 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: acrcommodated up
the cold feed pipe.




Indirect Hot Water System for a Three-storey Building

For larger buildings a 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. etc.. a time control or programmer can be used to requlate
use of the pump. Also. one of the valves near the pump should be
motorised 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 heating
installation can operate in conjunction with this system. but may
require duplication of boilers or separate boilers for each function.

B 7 f_\
e e, L-
e ==
Cold waler storage cistern Expansion and
feed cistern
Baa
o
x
+— Sacondary circutt = | ™
A A
Baths, basins, sinks
or shoyers v ' "
b | D
1717 .
P¢ I ‘2 1
Isolating valves Fi;i::c:;l: ¥
Pump

117, -

b %"
Drain valves Summer valve
T g

3 Ly

Sinks Calorifier j
Xl 4

4




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 small. containing no
more than 20% of the total design capacity.

Expansion Cwsc
cistern Expansion pipe
— am High level hot water
e storage vessal

Gate valve -»¥
Expansion Secondary llow

/ pipe /
Service valve

Cold feed ""*"A Hot water
= = Cold feed " branch supplies
P
S /
j =0 >4
1 —— - ——
Safety A I
expansion . \ 1
valve
\| Pump Hwsc
\{ Secondary return
a Timed circulator and
= 2 non-return check valve
SN
Drain valve

Boiler

Advantages over a single storage facility:

* Smaller secondary flow and return distribution pipes.
* Less concentrated dead load on the structure.




SANITATION Single Stack System

The single stack system was developed by the Building Research
Establishment during the 1960s, as a means of simplifying the
extensive pipework previously associated with above ground drainage.
The concept is to group appliances around 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 not 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
75 mm (50 mm bath and shower).

Branch pipe slope or fall:

Sink and bath -
18 to 90 mm/m

Stack may be offset above

g the highest sanitary appliance

“_‘_'_"_'-:-.. Py
Basin and bidet - 7‘; g
20 to 120 mm/m WC branch 1-700 (max)

WC - 9 mm/m.
No conneclion inside 3000 (max)

The stack shoud be R0 (e
vertical below the

highest sanitary
appliance branch. If an
offset is unavoidable,
there should be no
connection within 750
mm of the offset.

.._

Basin

Bath

L

~

Access 40mm nom. dia. Qvarilow pipe

The branch bath waste 100mm nom.
connection must be at dia. stack
least 200 mm below the

centre of the WC branch

to avoid crossflow. This

may require a 50 mm ,

’ ; Alternative branch| = &
nom. dia. parallel pipe to 2onnaction
offset the bath waste
pipe, or an 'S’ trap WC
to offset its connection.

50 mm nom. dia. parallel branch pipe

3-000 (max)

Sink

__ 40mm nom. dia.

The vent part of the
stack may reduce to Centre line radius
75 mm nom. dia. when it 209mm,min)
is above the highest
branch.

3

450mm (min)
Up to threa storays

w,
Rest bend




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 acceptable 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 diameter waste pipes may be fitted.

40 mm (50 mm) 50 mm tall extension
Vent pipe outlet waste pipe to trap

800 mm (min) __ \
above openable
window within 3 m
3,000 (max) }’5 mm
6.000 (max) f 4,000 (max)
A_ / .| l—3:! mm trap to
- Basin | basin (40 mm
WC | Bath  trap to bath
j and sink)

40mm 32mm

100 mm discharge Somm - 40'mm
stack
4,000 (max)
|
| Sink
wC
I =40 mm
1-3 m max. 1 | \
it WC connects — ‘'
direct to drain H S
- 1

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.

Refs: Building Requlations. Approved Document H1. Section 1: Sanitary
pipework.
BS EN 12056: Gravity drainage systems inside buildings (in 6
parts).




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 to) the basin and sink
traps also connect to the collar. These allow the use of 'S’ traps
and vertical waste pipes

without the possibility of @ @

Stack may be offset above

siphonage, even when i | the highest sanitary appliance
the bath waste 21
discharges and flows into gy

' #
the combined bath and Vent pipe carried up fr-'
basin waste pipe. E&O::hlgﬁnhrigf;ﬁg:] 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.

If the branch waste
pipes are kept to

h
minimal lengths, the loop Colrbess B
vents may not be ] Detail of
required. However, the 4omm i el boss
system must be shown ““?L‘;ﬂ]:’:;“,g,“’el: Vent branch
to perform adequately muli-storey

building i

under test without the
loss of trap water seals. !

£

Waste pipe branch

All pipe sizes shown are I
nominal inside diameter. i 15;1?}"3‘;*’
There may be some

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

40 mm sink waste pipe
Collar boss

Dimension A 450 mm (min)




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 to be sufficiently close together and
limited in number not to be individually vented.

Requirements:

WCs:

8 maximum

100 mm branch pipe
15 m maximum length

\
&
A ]

Gradient between Terminated or carried up
9 and 90 mm/m to take the discharges of

sanitary appliances on
(0 = 903°-95°). higher floors
Basins:

4 maximum Up to four basins

50 mm pipe UptoelghIWCs g= / L\

N

4 m maximum length o000 (mex) ﬂﬂ#‘“
Gradient between Q L L
18 and 45 mm/m -
(0 = 91°-921°). Branch connections -l
for P trap WC pans

50 mm cross vent
as an alternative to the

Jrinals.(Bosls): connection to WC branch

\

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

Branch pipe as short V_?gﬂggerodosr;ﬁk
as possible 50 mm pipe

Gradient between above spill level of WCs

18 and 90 mm/m.

Abova four wash basins

Urinals (stalls):

7 maximum Cleaning eye

65 mm pipe

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

750 mm (min)
up lo 5 storeys

All pipe sizes are

, i oa = \
nominal Inside Venl pipe connected to base of stack to prevent back
diameter. pressure on the ground floor appliances




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 a
fitted with an anti-siphon or 3
. . 900 mm
vent pipe. This must be (min) If Lis less than 3-000 the
connected within 300 mm of o L stack must teminate 900 mm
the crown of the trap. \ oo e i
Window opening to all systems
Individual vent pipes combine in  Range of wash basins
a common vent for the range. Ralign s
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. /
75 mm vent stack 150 mm discharge stack
The base of the vent stack 32mm loop vent
should be connected to the 50mm loop vent
discharge stack close to the Tt
bottom rest bend to relieve %ﬂ'
any compression at this point.

: [
40mm r
. Cleaning eye
Size of branch and stack Easy bend
vents: J-\
Resl bend

Discharge pipe Vent pipe

or stack (D) (mm) (mm)

<75 0-67D
75-100 50
>100 0-50D

All pipe sizes are nominal inside diameter.




The Two-pipe System

This system was devised to comply with the old London County
Council requirements for connection of soil (WC and urinal) and
waste (basin, bath. bidet. 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 Uvinal
existing buildings
thot are thE Wash basin Wash basin

subject of we

refurbishment. m

It may also be used

where the sanitary

appliances are

widely spaced or /
remote and a ;ﬂoﬂm
separate waste 75 mm waste stack
stack is the only
viable method for Urinal
connecting these to
the drain.

WC s
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.

Trap waler seal 75mm deep

Wash basin Wash basin

100 mm drain fest bend or back-Inlat gully

A qully may be used as an alternative to a rest bend before the
drain.




Ground Floor Appliances — High Rise Buildings

Lowest discharge pipe connection 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 appliances so affected
can connect directly to a drain or qully. or be provided with a stack
specifically for lower level use.

Discharge Discharge stack 8nd  py;e0harmg stack and

stacks and ;ﬁg‘f‘r:;?ﬂ:mg“ vent to lower floor
— h—-
L 5 — = 20
I L

— = 4 4
Discharge pi — B
No appliances
connected at ——___| — —
ground floor = frrt= G

___.___—J —_— 4

\

Drains to Ground floor Ground and first floor
inspection discharge pipes  discharge pipes to
chamber o separate stack separate stack

Five to 20 storeys Over 20 sloreys

Access - required for clearing blockages. Rodding points should be
fitted at the end of discharge pipes. unless trap removal provides
access to the full pipe length. Discharge stacks are accessed from
the top and through access plates located midway between floors at
a maximum spacing of three storeys apart.




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".

Coppur
stranded conductar
Extruded PVC Stew| wire Extruded PVC
outar shusth srmaur irmsulation

Armoured three-phase four wire cable
far 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
gauge can be screw threaded to fittings and couplings. Plastic
conduit has push-fit connections.

Brass Threaded
bolts inside for
conduit |

{(b) Elbow

Sleel condult protected Inside

(a) Grip coupllng and outside with bitumen or zinc

Threaded Inside for Threaded

o il Ly oy

conduit inside for
conguit
{c) Inspection
(b) Screwed coupling bend (d) Plain bend
Couplings for 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 61386: Conduit systems for cable management.
BS 7846: Electric cables. 600/1000 V armoured fire resistant
cables having thermosetting insulation and low emission of
smoke and gases when affected by fire.




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 penetration of atmospheric dampness.
The cable provides an excellent earth conductor: it is also

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

Lock nut

Flore disc Cable

Insulation
sleeves Brass

compression ring
Gland body
Side of oulle!l box Fitbre disc sealing pot

Seclion of termination jeint 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 at reqular intervals. PVC cables
are in general use. but they have a temperature limitation between
0°C and 70°C. Below zero they become brittle and are easily
damaged and at the higher temperature 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 cone. 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 1s
required. e.g. two-way lighting.

yTEH ° 'L @

rubber Magnesium

oxide powder shesth
Buckls dip
Core arrangements of mineral insulated copper
PVC or rubber insulated cable covered cables

Refs: BS 6004 Electric cables. PVC insulated., non-armoured cables
for voltages up to and 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.




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 can only be carried out by a competent person.
i.e. a qualified electrician or electrical engineer. The following tests
are an essential part of the proceedings:

* Continuity.
® |nsulation.
* 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 ohmmeter.

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 ) [ -
]
Power E
socket E/Tlaas‘t lead
(]
\ . Crocodile clips
i
(]
[ ] \l ./ L ] . ?\ /I/ [ ] E /
] ' / :---N—--!
’4' : 1
e - | =
L) Ommeer P
- : b= - - -
— potential
Resistance between Resistance from end Test lead

ends of circuit to mid-point resistance




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 result in current leakage and energy waste
which could deteriorate the insulation and be a potential fire hazard.
The test to earth requires all lamps and other equipment to be
disconnected, all switches and circuit breakers closed and fuses left
in. Ohmmeter readings should be at least 1 MQ

—-\ B8 =) Lamps disconnected
Switches closed Appliances
- -———disconnected
1] +. O from sockets
X by * 1 1
L "'—ll I - Ceansumer unit with
1] control switch closed Ohmmeter and
" testleads
=
SRR S — |
:"“-5’P ;
Insulation test

Polarity = this is to ensure that all switches and circuit breakers are
connected in the phase or live conductor. An inadvertant connection
of switchgear to a neutral conductor would lead to a 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 s R |'.|T'J-—— Light socket
Switch Socket — \ \
DA
b ‘-\ |=—— Various positions
v for test leads
. “ ,c
\'J:!"
1
---_-____________j ' R\Ghmmelar

Consumer unit

Polarity test

Ref: BS EN 61010-1: Safety requirements for electrical equipment for
measurement. control and laboratory use.




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.

Intake room
Incomin / \
11 kV sup?:lly ’j-l
400/230 V 4-wire armoured cable
4
|
Sub-station
with transformer 4 L
meter 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 better
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.

/ \ P = Phase Sub-circults

Incomi _ > Ewth
B rpsied e 'l.l N = Neutral Fored NN

/ / ri

—
with transformer Ll Py m —
meter and N [
switches Fused rwitches

Detail of equipment in the intake room for the
Ring distribution (block plan) ring distribution

|1‘1




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
surrounding the installation. Systems are classified in accordance with
a letter coding:

First letter - type of earthing:
T - at 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 - all 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.

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

TT system: Fusa ormecb Consumer unit

Most used in rural Live bar

areas where the supply \ 79

is overhead. An earth Mgiitval Beir \rlhl X

terminal and electrode Eanhw:"='_| ————
is provided on site by e———— I £

the consumer. As an
extra safety feature, a
residual current device
(RCD)., generally known
as a trip switch, is
located between the
meter and consumer
unit. The RCD in this
situation should be

of the time delayed
type - see page 398.

]‘\ RCD

x ——————— Neutral link and
100 A fuse

.——‘\.\

2-core overhead
supply




Earthing Systems — 2

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

TN-C-S system - this is as the TN-S system. but a common
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

Consumer unit

/

XX XXX XX ¥

- _—-—1/ / Earth '-m_l /
ble =

1 2-pole b I

I switch \\'"l

| |

I |

1 Meter — 1

l |

| [~~~ Live and [

| . neutral cable |

I I

: mg Earth bond to L. ﬂx

: metal sheathing to \

L neutral connection Sealing chamber
earthed

at transformer and I | with 100 A fuse
[

i 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?, earth 10 mm? cross-sectional area.




Connection to Earth

Pages 380. 381 and 385 show that the consumer’s earth conductor
iIs 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 384.

Unless wet, the ground surface is 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 is housed as shown
below. Whatever earth method used. a low resistance to an electrical
fault is essential. The IEE Wiring Requlations recommend that the
earth electrode resistance should not exceed 200 ohms.

/ 10mm? min. earth conductor

Access cover

\ Steel driving cap

NN

‘u\_'

Waming natice

SAFETY ELECTRICAL
: CONNECTION
DO NOT REMOVE

v -

ANV (§N
AN

I ~§— Screwed connector

Copper or copper-faced
steel rod of 16 MM = ——
diameter

¢ Depth depending
‘ on electrical resistance

Installation of a housed earth electrode




Earth Bonding of Services and Extraneous Metalwork

The Institution of Electrical Engineers (IEE) Wiring Requlations 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
the electrical installation. This includes all metal trunking and ducts
for the conveyance and support of electrical services and any other
bare earth continuity conductors and metalwork used in conjunction
with electrical appliances. The bonding of the services shall be as
close as possible to the point of entry of the services into a
building. Other fixed metalwork shall be supplementary earth bonded.

2
10mm E"{"\h wire Earth conductor

from consumer unit
'( ™

LS

—

| lamp for pipes
Earining clamp ior pipas 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
\ Consumer unit

S

—

RHadiator

10 mm? earthing cable Earthing bar

Supplementary bonding of extraneous metalwork




Light and Light Sources — 1

between a polished and a matt surface.

Angle of incidence 8, = Light is reflected in all

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 a semi-matt surface responds somewhere

from a polished surface from a matt surface

Light is scattered in all directions Light is bent or refracted when

{diffusion) passing through a surface between
two media
L
Plastic or
opal glass

Light passing through
a diffusing screen

~

surface:

E=1+d?

m
I

illumination on surface (lux)

| = Illlumination intensity from source (cd)

N

llumination produced
from a light source not
perpendicular to the surface

d = distance from light source to surface (m).
/cos @
E-T
P
Saurce 2 d
Surface

Angle of reflection 8, directions Some light is scattered and some
light is reflected directionally
Light reflected Light reflected Light scattered and

reflected from a semi-matt
surface

Sphere

Surface area
1m?

1
Solid angle

2m

1 lux

{ntensity of light
and lux

Illumination produced from a light source perpendicular to the




Light and Light Sources — 2

Definitions and units of measurement:

® Luminous intensity - candela (cd). a measurement of the magnitude
of luminance or light reflected from a surface. i.e. cd/m2.

¢ Luminous flux - lumen (lm). a 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) 250 25
(fine) 1000 22
Computer room 300 16
House 50 to 300* n/a
Laboratory 500 16
Lecture/classroom 300 16
Offices: (general) 500 19
(drawing) 750 16
Public house bar 150 22
Shops/supermarkets 500 22
Restaurant 100 22

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

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




Ventilation Requirements

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

®* Provide fresh air for respiration - approx. 01 to 0-2 /s per
person.

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

® Control carbon dioxide content to no more than 0-1%.
Concentrations above 2% are unacceptable as carbon dioxide is
poisonous to humans and can be fatal.

* Control moisture - relative humidity of 30% to 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 O-15 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 Requlations 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
aclivity. As a quide. between 10 |/s of outdoor air supply per person
can be applied between the extremes of a non-smoking environment,
to an extract air rate of 36 |/s per person in a room dedicated
specifically for smokers. Converting thiz to m?/h (divide by 1000,
multiply by 3600). equates to 36 to 130 m3/h per person.

Air changes per hour or ventilation rate is the preferred criteria for
system design. This 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 5 = 2.5 a/c per h.




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 discharqge
through vents at high level. as shown on the 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.

Positive pressure zone Suction zone

—>
Windward Leeward side
side
Wind pressure diagram for roofs with pitches
up to 30°
Posllive prassure zone Suction zone
P —
> Leeward side
Windward side

Wind pressure diagram for roofs with pitches
above 30°

Positive pressure
zone

4 Suclion zone

\

e Leeward side
Windward side W] __—"

Wind pressure diagram for fiat roofs

Ll AandB are the
—r "1 """ f‘ ‘;‘;—“‘ L helghls of the cool
and warm alr
A B slacks respectively

Stack pressure causing cross ventilation




Natural Ventilation — 2

The rates of air change are 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 effect 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 similar 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.

Direction l:lfl'ld
/

CO A= N\

Alr forced In
Wamm alr passing out

- of windows Wind causing ventilation through windows
Central core contalning
stalrcases and lifts :

D .‘ f’l_]‘\ , Flnor'spal:e
J O [4
C—I1CDOr—

Stack pressure in a tall building

Yt f Y S
= = =)

i \;_‘: Fl e DU D R R TP DAL T
Alr Inlet al rear of healer Healer

Ventilation for an assembly hall by passing fresh
air through heat emitters




Natural Ventilation — Passive Stack Ventilation (PSV)

PSV consists of vertical or near vertical ducts of 100 to 150 mm
diameter, 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 ventilated by a Mechanical Assisted
Ventilation System (MAVS). see next page.

PSV is energy efficient and environmentally friendly with no running
costs. It works by combining stack effect with air movement and
wind passing over the roof. It i1s self-requlating. responding to a
temperature differential when internal and external temperatures
vary.

Stale air discharged through
terminals at ridge height
b“ [ =
Roof space 100 to 150 mm ducts as
\ near vertical as possible
ey é
—
Bathroom Fresh air
'\L._ll through trickle
vants
| _ /

[N

Kitchen

PSV to a dwelling house

Ref.: Building Requlations. Approved Document F1.
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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 materials and be fitted with a fusible link automatic
damper.

Low powered
continuously running

extract fan \ //’/" Single ridge outlet

Extract ducting

L
\

i — ] Air inlet
!
| I
2 'E _/
("-‘ ‘*‘\
Kllk Fire damper
- wll - located at
é junction with
- compartment
} 1 \ / boundaries
7
& KK
K = Kitchen

MAVS In a group of flats




Mechanical Ventilation with Heat Recovery (MVHR)

MVHR is a development of MAVS to include enerqy recovery from
the warmth in fan extracted moist air from bathrocoms 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 natural 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 enerqgy 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 to
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
Q Cold alr Intake
Intake fan and filter

Wam air duct

/
2K S o B
a o~ S p
g Extract fan
< J \
; , D 4 q
2711 W\ 7i\ i
¥ S -
Moist stale air
extract duct
Extract grille and filter
Warm air outlet ; )
grille and filter rom bathroom/kitchen

Schematic of an MVHR system of ventilation




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 cateqgories 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, but 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 fitting sound
attenuators and splitters as shown on page 174. Page 180 provides
quidance on acceptable 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.

Fan-...ﬂ:\ o). Fan ffo\——Fan

3 Motor
Motor TR B 25re—Fan base ,
: Hanger
Ladies Gents Corridor ; g ;
hunt 7 /
= /' ‘\\ ﬁ 5 Air inlet :
Service A v
duct Alr inlet / z
» grille fiws )
4ecy e
Canteen kitchen
Internal sanitary accommodation
9 o
Basement car parks require at /
‘ P 9 A L. —.
least 6 air changes per hour 4"‘
- Large ducl over whole of celling area
and 'Clt. exits and erpS Wl.'ler? g 1o extract 2/3 of lolal volume of air
queuing occurs, l_ocal ventilation /] sman duct around was o extract 173 of
of at least 10 air changes per ; lotal volume of air
hour. Duplicate fans should be 7

provided with a fan failure
automatic change over.

5!

Basemenl car park




Mechanical Ventilation — 2

Fan assisted ventilation systems supplying external air to habitable
rooms must have a facility to pre-heat the air. They must also have
control over the amount of air extracted. otherwise there will be
excessive heat loss. A mechanical inlet and mechanical extract
system can be used to requlate 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.

Recirculating duct Extract

=
ey i b e S
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;
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L

Heating unit
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Mechanical inlet and mechanical extract for
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Ventilation System Heating Load

When designing ventilation systems. provision must be made for

the displacement of heat energy resulting from the movement of air.
This is necessary for maintenance of the building or room ambient
temperature. Also. to prevent cold draughts 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 separate 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 (kq/s)
Shc = Specific heat capacity of air (10 kJ/kg 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 kg/s, the volume rate is multiplied by air
density (p) of 12 kg/m3.

Therefore:
Heater rating = Q X p X 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)

]
: —_—
]
1 - Heater rating = 0-4 x1-2 x1.0 x (22 - -4)
I = \ = 1248 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 xpx Shc x (T -int. air temp.)

Or: T = [Room heat losses +(Q X P xXShc)] + 22
T =[3+(04X12X10)]+22 = 28-:25°C




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 grooved 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 capacity
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.

ft————- Tractlon shoave : » e Tracllon sheave
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2777777
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Hitch @ - Tracllon sheave
Slab N o Hich Slab
’7777727777)’1} V7. I VST IIIETIELES. 7727

T
-”"’i - Pulley Wrapping je—— Pulley
Sleel rope Steel rope pulley
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Pulley ‘-_‘___,....- Pulley Y B— Car
Counterweighl Counterweight
Single wrap 2:1 roped Double wrap 2: 1 roped (for high speed and medium to

heavy duty loads)




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 to
three times that of uniform ratio. but the capital costs are higher
with increased pulleys and greater lenqth of rope. By comparison.
the car 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 is that as height increases. the drum becomes less
controllable. limiting its appication to rises of about 30 m.

Compensating rope and pulley - used in tall buildings where the
weight of the 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 the underside of car and
counterweight to pass around a large compensating pulley at low
level.

()

Double wrap Lg— Tractlon sheave Pulley . a Pulley
Slab
A 17?77??7" 77 FE T T TTTSTETE TS

>

G o Counterwelght - Cor
Traction & /"’
Welghted compensating o' * )
Componsation pullay i Pulley
rope Counterwelght
Double wrap 1:1 roped with compensating rope Single wrap 3:1 roping

Clamp W‘ Clamp P
il
Drum ays L ] ® [ ]
—r - ————— Slab Floor
VP T T TTTETTECTTTLETEETEETTTEEETTS AT THETTTTE VETTLTTE CETTE T TEITTTS
.
J, Traction o
Counterwelght

Counterweight - S
\ﬁ M \b \\
Car Car

Single wrap 1:1 roped with machine room belc .« roof
Drum drive level. The length of rope is increased which lim s the
travel and speed of car




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 car 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. It is most suited to light traffic conditions in low rise
buildings such as nursing homes. small hospitals and flats.

J

fr o l‘]
‘In use’ lights
swilched on "‘_""-_:ﬂ’.
LY

m Car
unoccupled
'In use' lights -:B:- Car s
~R- respandin
Muminated '__—_.-I to tmrslg
m w ]andlng call
E Lift car called to a floor. 'In use' lights switched on
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e o and moving
elther up
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"E ‘In use’ lights ﬁ
switched off
=========ﬁ
m
Lift car in control of occupant and cannot be The car will now
called by other passengers respond lo an "
Intending passenger
o
Car Car stationary
and
unoccupled

Lift car vacated. 'In use' lights 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.




Down Collective Lift Control

Down collective - stores calls 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 satisfying 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

) between the entrance
ﬂ Car moving g

upward to lobby and specific floors.
2 Fioor above 2™ ficar \
i 4 Full or directional
B @ collective - a variation in
which car and landing
2 Floar calls are immediately
stored in any number.
Car stationary E Fl ¢ g Upward and downward
| L intermediate landing calls
17 tloor are reqgistered from one
a of two directional
ﬂ ¥ buttons. The uppermost
and lowest floors only
Ground fioor e require one button. The
Passenger enters While travelling lift responds to calls in
the car and prass buttons upwards all the floor order independent of
to travel upwards landing calls are by-passed call sequence. first in one
direction and then the
B E other. It has greater
flexibility than the down
99 Eloar collective system and is

appropriate for offices
and departmentol stores
where there 15 more

A movement between
intermediate floors.

Ground floor
When the car moves Passengers |eave
down all landing calls the car

are collected floor by floor




Paternoster Lifts

A paternoster consists of a series of open fronted two-person cars
suspended from hoisting chains. Chains run over sprocket wheels at
the top and bottom of the lift shaft. The lift is continuously moving
and provides for both upward and downward transportation of
people in one shaft. Passengers 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 factories. offices.
universities. etc. It is not

suitable in buildings that

accommodate the infirm or Sprocket wheals driven by
elderly! When a car reaches an electric
its limit of travel in one e
direction. it moves across to

the adjacent set of hoisting s marmon
chains to engage with car Hoistng | open fronted
- - car
guides and travel in the chan |
other direction. In the :
interests of safety. car Dl'::*rcll';"mf" | | Hinged tread
speed must not exceed : : | .
0-4 m/s. | ﬁ 4
! |
ca/gl il
| | | Direction of
Topotéars | :
fxed to chains | | 1 Bl
al opposita | | I
comers (cars 1 | I
always remain ) I |
In an upright
Car L car position) I +> I
fsing v 100 descending | \ ! :
%) |
i Guide | L~
= N P N
et 3™ ) Tonsioned | | -
Py | 2 oisling
T ! sprockel | I | | chaln
car ; LT L LT : wheels I I
;fr::: D - : - Sprockel wheel )
Bearing and chain
Plan of lift at lﬂp changaaver View ol installation

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




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

qgeneral 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 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.

. —
Car Car
| Ram
L~
TS .\
Ram
|:.1

A N

Cylinder Cylinder

LR

2/

() }=Fulley

S STTLTT T4 (N

Direct acting Side acting

Car

Direcl side acting Indirect side acling




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 qoods 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 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.
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Details of Oil-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 lift 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 and 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.

installing hydraulic lifts.

Landing door
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VPN RN N A

Precislon ram

Packing gland

B e A L |

Steel cylinde

Concrele
surround 150 m
thick

Vertical section

Car door

Lifing beam

Smoke vent

{0.1 m? unrestricled area)

Sharf (one
hour fire resistance
minimum)

Door Oll tank
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Machine room

Car door

Landing

Plan
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Controller Pump

Door Controller
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BS 5655-10:2 provides specific quidance for the testing and
examination of hydraulic lifts.
See also BS EN 81-2 for safety rules applied to constructing and
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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 oil
pressure behind the piston allows valve B to open. Oil flows into the
tank and the car moves downwards.

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

— — — — — — — —
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Qil tank, pump and controls
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Escalators

Escalators are moving stairs used to 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 O-5 and 0-65 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 is a
fireproof shutter actuated from a smoke detector or fusible links.

Balusirada Upper fioor
. level

Sleps

\ E
\,
] \\.\\
g \.

Hand Rise o
rall o
Lower floor level
- == I TTTIITTTEi" TIITETS
Beam “H4—Pit 1.000
/ 3
l 2.00 - 5.000 ~i| Fireprod! construction
# = 30° or 35°
Elevation
Sleel shutter
Comb Hand rall Comb Smoke deleclor
~ Ny prd
— —_
M\\ /77777077
Steps

Plan Fireproal sliding shutter




Escalator Arrangements and Capacity

Escalator 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 is used for moving traffic in
both directions.

{2) Single bank-traffic In one direction

A A -

F A A i

Direction up or down

¥ A - - - — -

A S -

A A A
(b) Crisscross o
Direction up and down

P e el es

il il e il e o L

{c) Parallel
Direction up or down

S "N NS EEEEE N

TS

AR ESEEES. A A

Escalator arrangements

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

_ 3600 x P X V X cosine 0
L

where: P = number of persons per step

speed of travel (m/s)

angle of incline

length of each step (m).

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

N = 3600 X1x 0-65 x 0-8192
O-4

N

roc
n n

= 4792 persons per hour




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 about 300 metres. Slight inclines of up to 12° are also
possible. with some as great as 1B°. but these steeper pitches are
not recommended for use with wheeled transport.

Applications range from retail. commercial and store environments to
exhibition centres, railway and airport terminals. Speeds range
between 06 and 1-3 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 latter 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.

Upto 300 m

6 m min.
radius

Floor recess

for drive motor radius Intermediate

and rollers suppon rollers
at 20 m max.
intervals

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

6.Construction and Earth moving equipments

INTRODUCTION

« Construction eqmpments are one of the very important resource of mudern day construction,
—espsmally in infrastructure projects.

« In such projects equipments are used for most of the works including earth moving operation,
aggregate production, concrete production and its placement ete. In fact, we cannot think of
any major construction activity without the mvolvement of construction equipment.

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

« The selection of construction cqu:pmcrt t!eﬁnes the cnns!.ruclmn methml which i m a way ]eada
to the determination of time and cost for the pruﬁact -

« For selecting the right equipment to perform a specific task at the Teast cost, it is essential to
know the features.of a construction equipment including its rate of producticn and the associated
- cost to operate the equipment.

Vhp m e e X r o

« While dealing with the construction stage, sell:*ctwn of the moat smtable eqmpment is a vcr)
typical problem which is generally faced by the consiruction engineers or contractors.

« A contvactor may not afford to have all types or sizes of equipment which are required for

i exccution of the prajects.

« Choice is made ufter considering many- factors like nature of the project, -cost 'of equipment,
depreciation, possibihty of its future uses on other projects, its resale value afier certain period,
the saving expected from the use of such equipments etc. -

Construction equipments can be classified into many ways. -

1. Basis of funclion of equipment — for example, material Joading function, material — transporting
fm‘c't'mn ete. , .
On the basis of functions ﬂqmpment.s can be grouped into .

(a) I’owel Umtq

) Prime movers

(c) Tractors

td} Material-Handelling equipment .

() M :n_’;m‘ig@--pl_‘p:’cst;nrlg equipment
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ISELECTION. OF"‘TCONSTRUCTION EQUIPMEN TR

2.

3.

LR

2.

Basis of Operation of equipmentz'- . s

(a) Equipments used for moving and loosening the materials found in their natural state eg-

pumps, excavalors, earth moving, trenchers, compressors etc.

(b) Equipments used fur processing the materials, for example aggregate, concrete and asphalt

" production. _ _
(¢) Equipments uged for I.J'unspurl.inlg the processed malerials
(d) Equipments used for placing finish materials.
Basis of purpose of equipment '
(n) General Purpose : Earthwork equipment, Hoisting, Cnncreting:'ﬁ-

(b) Specml equlpments Piling rig, coffer dams, tunnei burmg machme caissons equipments
ete. . i iR

TFor speedy and economic construction of a project, pruper choice ol' equipment is of primary
importance.

- The problem of proper selection is further comphcat,ed because of the wide range of equipment
commercially available. '

Following factors.must .be. cunmdemd before ha\nng a final choice

Use of Existing Equipment

When the full utilization of new equipment for the future projects is uncertain, it may be
desirable to use existing ‘old- equipment even if ite operation is somewhat more expensive. -
Depreciation cost of the new machine is likely 1o be high, and this would raise the owning cost
of the equipment and hence the unit cost of work.

Availability of the Equipment

‘I'he equipment which is ensily available in the market should be sclected for the purpose
because any delay in delivery may increase the construction cost, repairing of such equipments
will also be done easily,

Use of Standard Equipment j i

.

~ Standard equipment is commonly manufactured in large numbers and hence these are readily

available and moderately pnccd .
Spare parts of standard equipment are easily available und are less costly.

After the work is over, Selling off standard equipment and its spare parts is generally easier
than in comparison to non-standard or syec:ahz.ed eqmpmem

Country of Origin

It is-always suggestable to buy equipment from own country because this will decrease the
repair cost and downtime cost and at the same time it will boost up nation’s BCOHONY

For imported equipment, it is prefeyable to import from._a soft currency rather. from_a; hﬂl'd
currency country, to save’ [ore:gn CUrréncy reserves, :
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. than that of sma]le1 units working on partial load.

. smaller equipment. s e
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""éfu'i{ahiiii{y for Future Use

Il 2 machine is required only_for some pmt of its use full hfe then ways to disposed off or 1ts
deployment on some other site should be considered.. - -

Obsolescen_ce of t_he machine should not be overlooked.

Suitability for Site Conditions

" Thé equipment chosen should suil the cond1t1ons of the jo’n soil, va]ley, working cundm:ms and
climate of the region,

‘Size of Equipmeni

Larger equipment give higher outputs on full load, but its cost of prod"u_ntmn 13 usuallv greater

For larger eqmpment transportatmn to site 1s generally d1ff1cu]t and costly in -::ompanson to

i
e

Servicing, maintenance and repair faC]]_ltJE.‘S have to be greater for ]argel umts However, larger
machines are usuvally more suitable for mugh w orkmg conditions.

Standby cost of Jerger size equipment is more than, that of smaller equil:im'cnt.l

. Versatility

VI pmq:l*]f- the machine selected should be dble to do more than one functmn.,and should be
inter convertible. where ever poqs;ble =,

Suitability of Loca]_Labour

The locally available. operators and techniciane should be able to handle the selected equipment.

Special equipment may have e*ccellent performance bul may be difficult to gel repaired durmg
~ break down.

~Cost af punchsmn c)f an equipment is cal]e:] cost of aw ning to Wh]Ch can be added the cost of
fuel for runmng the equipment.

It is the amount by which an equipment should be hired. It is generally estimated on hourly
basis. _

1t shcmld he nnted thal this does not include the operators cost.
Following fai:tors should affect the cost of ownmg and operatmg

(a)} luitial cost of equipment,- swhich includes equ1pment cost, transpmlatmn cest ]oadmg and
unloading charges and installation cost.

(b‘l Severity of service condition undm which it-is u-ed.
(c) Number of lours used in a year.

(d) Qualiiy of Maiﬁtenance and repair.

(2) Demard of equipment at the end of service life.

(9 Servicediferofiequipment: LT e, e st Sl g



+ Following cost constitutes the cost of owning and operating. —_—
() Depreciation cost - o | -
(i) Maintenance & Repair cost -
(iii) Investment cost
(iv) Fuel or energy consumption cost

(v) Lubricating oil cost

[ e T Y S — - e W A R — o Em e e = =

Nole: Annual maintenance and repair cost = 50 to 1[10% of annual depreciation but lﬂﬂ'i. is o fair value.

Intial value-Salvage value
Useful life of equipment

Annal depreciation =

ECONOMIC LIFE OF CONST

« A construction equipmem has two types of life.

(a) 'Physical life : The potential service life or time peru:u:l of an eqmpment before which it
physically becomes unable to produce a good or semce

“(b) Economic life : It is defined as the time period over whlch an equipment is expected to
be use able, with normal repairs and mamt.enance, for' the purpose it is hirved.

+ A machine can be used for long pericd (till the end of, physical life) through expensive repair
and maintenance cost, may have small economlc hfe i.€. during which it gives maximum profit...
* and lowest aperating cost. - h
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Note: Economic life may also be defined as the period of replacement of an equipment that maximises the profit from
the equipment or minimizes-the cumulatively haurl'f ownmg and operating cost.
Genzrnlly the economic life of ‘an equipment is given in terms of years and mr'hmg hours,
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» When should the equipment be replaced‘:’

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

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

Thc,cuéts 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
some other parameters inclusive which definition get modified as :

Investment cost comprises fixed cost which is incurred at the time of purchasing equipment,
inlerest on the money invested in lruymg the eqmpmpnt taxes pe:tammg to the ownership
of the equipment, insurance and storage.

. —

. 1\.'Ium::,-r spent in the purchase of equipment, lfmvestcd in a bank would bring a return in terms
of interest

g Upportumty of earning this interest is lost due to purchase of the equipment, and so the
recovery of this amount should te made on the machine's amount.

. n_ . _GLnerdlly a combined investment cost including interest, taxes, insurance and storage is taken
~“abZzbout T("to 12% ‘per year of the value of the’ equipment at the heg'mnmg of year.’



Average annual cost nf the nqmpment is fnund nut in followmg ways =

‘Case -I. When there is no salvage value of the cquipment

, . =. J;-'(n+]-}

2 2n,_

where,
P = Total initial cost

" P,, = Average value

n = life’in years

Baok Value - l

Case -II. When there is salvage value uf the: equ1pment The average value of‘lhe eguipment
is the sum of the \'dlues at the beg:nmng of the firsl year and the end of the Jast
year divided by 2

FOPM= -
PO N ST
.......... W -
T T
L U | S T ........ el !
5 TR R A
¥ : < —~
0 1 2 - 3 n
= Lifein years with salvage value

Vaiué’.qf:éq:iiipl#_i_éﬁ_t_'...hy year

P-S
5 hPJ" g +5 _ P(n+1)+8(n-1)
L 9 i 2n

where,

P = Total eriginal cosl
P,, = Average value

n = Life in years

..-S5-=Salvage-value
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_ _2. Depreciation and ,Replacement—{'}osts

» When one corisiders the replacement of equipment, it is necessary to know the salvage valii
of the machine and the replacement cost of 2 similar equipment.

« Replacement cost of an equipment must be increased 5% every year to-balance the increasg
in cost of equipment every year.. '

3. Maintenance and Repair Costs

o Itis necessary to keep aceurate records of maintenance and repalr costs as: arge vanatmns E“cy
observed in these costs every year. ’

4. Downtime Cost

¢ Downtime is the time that a machme s not wurkmg hecause it is undergoing repairs.
ad]u:tments ' :

~«  Downtime tends to increase With usage.

,_____.__.__.__.___._____,..____.____________.,________.____________._.._______..-

Nole: Availability is a term that indicates the portion of the hme: that o machine is in actual preduction, expl'E.SSEd 05_3
a percent. Thus, if a machine is down 12% of the time, its nmflabﬂl’ry is 86%.

P _,_.__.__.__a_4__________‘_______________._____._____.._...._____—

5. Obsolescehce Cost

« Continuing improvements in the ploducu\'e capamhes of- congtruction equlpment have resultes
in lower production costs.

+ o<t observed that ; il by mstallmg anew machme the production cost is reduced ~by 5%. “’he%
" compared with the production costs of an existing machine, the existing machine will suffer
loss in value equal to 5%. This'is defined as obsolescence loss. .

o These improvements, whose advantages can be gained only by the replacement of older equipmen¥
_with newer equipment, decrease the desirability of continuing to use the older equipment.
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Primary purpose of a tractor is to pull or push loads, and it may be used also as mount for
many types of equipment such as bulldozer, shovel, dragline, hoe. tenchers etc. Therefore.

[t is'considered as one -of the most important.equipments and-is mdxbpensab]e on.most of the

construction projects whether small or big-

Tvpes of Tractors
Tractors are divided into fullluwmg types :
. " Tractor
v .
v e
Crawler Tractor Wheel Tractor ’
Fourwheel Tractor ’

‘o

.

Two wheel Tractor

J—

Factors affecting in qelectmn of a tractor

as follows;

P T

In selecting a tractor, severa] factaors shnuld be considered and some of them are enumerated

S L

(a)

[

size required as per magmtude of the job.
kind of job for which it is to be used like bulldozing, pulling a scr aper clearing land etc.
type of footing over which it is to operate ie. high tractive or low tractive efficiency

(b)
(©

L @.)'-;-_:-.ﬁrmness of haul road




L) VLIS U RS nuEu.
“ (g) slope of haul read.
() type of work it is no do after this job is completed.

| Crawler tractor

o Ifa tractor is mounted on crawler, 1t iz called crawler tractor.

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

.‘\

»  Itis used for moving heavy units on rough surface having poor tractlon. The optimum pull that
a crawler tractor can provide depends upon its weight and is equal to the coetﬁ&ent of traction
(depending upon road surfaces) multiplied by thc weight of unit, regardless of the pnwer
supplied by the engine. Its

. Maximum speed: ig limited to 10 kmph while average speed l1es_he.m*£an 4.5 to 5.6 ]unph 1t
: ie suited for short haul say 60.to 150 m.

+  Special advantage lies in its ability to travel over very rough surfaces and to climb very steep
grades up to 25 to 29% at a speed of 2.75 kmph.

+ It has a life of 8 to 12 years (3000 to 16000 hrs) depending upon its horse power which varies
form 100 to 300-HP.
Advantages of erawler tractors

() Having more traclive effort it can oiib_erat.e on soft foting such as loose or muddy sui].-
() It can operate in rocky formations where rubber tyres may be seriously damaged.
(1) 1t can travel aver rough surfaces_which may reduge.the cost of maintaining. haul.roads. -
fiv) It has greater floatation because of lower prcmm-'e under the tracks.

(v) Being compact and powerful, it can handle very difficult jobs.
Wheel tractor

*  The basic advantages of a wheel tractor when compared with a crawler tractor lies in its higher

speed. In order to attain a higher speed, a wheel tractor must sacrifice its .pulling effort. As

- the speed is increased with the help of higher gears. Rimpull will be decreased in approximately
the same proportion.

e e e e = e I I e —

*+ i poasesses a lower coefficient of traction between ruhbcr tyres and some soil surfaces, the -
wheel tractor starts slipping before developing its rated rimpull,

* s useful life lies betvlfogn 8ta 10 years (12,000 to 15,000 hrs) depending upon on its horsepower
which is generally more than 75-HP. :

Advantages of wheel tractors

A} I can travel at higher speed (maximum speed up to 50 kmph) on the job or more from
one jub L another.

(i1). It can give greater gy__tpht: where considerable travelling is necessary.

(iiii It can travel over paved highways without damaging the surfaces.

(iv) It can operate easily which makes the operator less fatigue.

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

(a) Long push distance
(b) Fast return
(¢) - Loose soil little or no rock
(d) Level or don'ﬁhill work
(¢) Good underfoot conditions



« Basicly a shovel is a tool for dlggmg, lifting, and moving halk.materzals such as soil, coal,
gravel, snow, sand, or cre.

+ Shovels are extremely common tools that are used e*{t,enswe]y in agr:cu]Luze construction, and
gardening.

s+ When a shovel is mounted on a Power vehicle it 15 called as Power Shovel,

. Power shovels are used mainly to excavatp éarth and load into trucks or tractor-drawn wagons.
- o Powar. shovels can excavate all types of eartl excep( solid vock: WJthoUt prior iooséiing.

« The basic parts of a power shovel include Mounting, Cab, Boom, Dipper stick, D:pper.
~«  Size of power shovel is indicated by capacity of its dipper, generally expressed in cubic meters.
« Power shov els are coramonly available in dioper sizes of 0.29. 0.38. 0.57. 0.76. 0.95. 1.14. 1.33.

153 and 1.91 m3

Types of Power Shovels

1. Crawler mounted power shavel,

2. Rubber tyred mauntc'_d_ power ‘shovel,
Crawler mounted Shovels

e It ié-‘muunterl on crawler tracks.
o It is has very low travel speed.

~e It exerts low pressure on the soil and hénce suited for muddy and soft ground surface.
Rubber Tyre mounted Shovels

e liis mounted on Rubber-tyres.

» It has higher travel speeds are useful for small jobs where considerable tr avelling is involved.
o It exerts considerable pressure on the soil surface hence suitable for road and the firm ground
. surfaces.

Operations of Shovels

Pos:tmn 'th shovel ‘near J,ha face of- thc carth te be excavased. -
.\. The d;pper is Towered to the floor of the pit, with-the teeth pointing into the Tace.

« A penetrating force is apphed through the d:pper shaft and at the same time tension is apphed
to the hoisting line to pull the dipper up along the face of the pit. IR

o If the depth of the face (called the depth of cut) is just right, the dlpper will be filled as it

~ reaches the top of the face.

o If the depth is shallow it will not be possible to fill the dlpper completely without 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
dlpper into the face must be reduced, if the full face is to be excavated or to start the excavation -
above the floor of the pit.



Hoist caole. .,

- Hoist chain

Drag cable

As the basic character of the machine is, draggmg the bucket against the material to be
excavated, it is known as Dragline.

. Drag]mes are used to excavate earth and load it into haul units. such as trucks or to deposit
it on spoil banks and embankments near the place from where it is excavated.

B Size of dragline is expressed by the size of its buckst -
Advantages of Dragline:

1. It does not have to go-inio the pit to excavate.lt may opcmtc on nat\nal firm ground.
o5

2. Ifit has a long hoom then it can dispose of the carth in one operation without the need for haul

3. It can excavate below its level and under water. -
4. It can excavate trenches without shoring.

Disadvantage of Dragline :
«- One of the disadvantages of a dragline is that its output is only 75-80% that of a power shoy,
Types of Draglines '

1. Crawler-mounted Draglines-These can Operalc on soft and muddy ground surl’aces anq’
specd of 1.6 kmph.

2, .Rubbgr-tyr&muunted Draglines- These can operate on hard surfaces and ha:.s:‘speed of 5g kn:

Operation of Dragline . - ~ g iy _

. Excavation is started by swinging the empty bucket to the digging position at the samg . i
loosen the drag and the hoist cables. ‘ time

«  Excavation is done by pulling th_h.\mke:. toward the machine whlle mamlmnmg lcns:on in
hoist cable. :

« When the bucket is filled. the opcrator takes in Lhe hoist cable while. playing out the dr ag Caly

o Dumping is done by 1elea<mg the drag cable. 5

«  Filling the bucket, hoisting. swinging and dumping of the loaded bucket, followed in thay —
constitute one cycle. or,

Nole: Since it is difficult t control the cccuracy in dumping from a draglmg a larger capacityof haul units is d llb1
fo reduce the spillsge. $ ) ]

e e E e e mm e E === -—-
-——-———

Output of Dragl:nes

o While the efiect of job and management conditions on the oulput of the dragline will be

" the same as for a power shovel, and the job and management factors may be used for Db[ In oug
the probable output of draglines, the size of bucket and length of-boom hn\’e a direct elfeq,
the output of a dragline.

s DBuckets are available in classes, such as lighl duty, medium-duty and heavy-duty.

o Light-duty buckets are for materials that are E'mlv dug, such as sand\' Joam, sandy Cla
sand.

o+ Medium-duty buckets are for general excavating service such as digging clay, soft shy o
loose gr:wel. & '

« Heavy-duly buckets are for handling blasted rock and other abrasive materials.

o Buckets are often perforated to permit draining of water from the loads.

» In selecting the size and bucket type, the dragline and bucket should be matched for besy
efficiency. '

‘s In selecting the bucket size care should be taken that the combined weight of the load ang gy
"= bucket does not exceed the safe load recommended for the dragline. .
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« Bulldozers are very efficient eilcé{'ﬁt{ng'tno]s for short haul applications up to-100 m.
o It is essentially a heavy steel blade which is mounted on the {ront of a tractor. The heavy blade

attached 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 .o_f-angles

() Bulldozers- In these blade is set perpendicular to the direction of movement. It pushes the
earth forward and dump to some place. '

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

(2) Based on mounting
' (a) Wheel mounted

(b). Crawler mounted .



Advantages of the crawlér-miounted bulldozer:.
' (a) abﬂity to deliver greater tractwe effOrt en aafl laoae nr muddy sml

(b) ability to travel on muddy surfaces

: (c) _ability o operate in rock formauons, where rubber. tyres may get damaged which may’
reduce the cost of maintaining haul roads

) greater flotation becauae of lower pressurea under the trar]v:s'

(e) greater uae-versat]lxty on jobs.

Advantag‘es of the wheel-mounted bulldozers:
: (a) higher travel Speeds on -the ]Oh or. from one ]ob to another _
(b) elimination of hauling eqmpment for transporl:mg the bulIdozm to the site
(@ greatm output, eaper:lally when significant travelhng is required
(d) lass aperatnr fatigue ' |
{e)- ability to travel on hltumen roads without damag]ng the surface.’

(3) Based on control- for raising and lowermg the hlade

(aj (lable controlled
-.(b) Hydraulieally controlled

-Advantages of the Lable contro]]ed hulldoze'rs
(a) Simple to msta]L opexate and coutrol
-(b) Easy in reparing oy

" {¢) Reduction in the danger of damaging a machine

Advantages of the Hydrau]ica]i_y—_ controlled bulldozers
(a) Able produces a high down pressure on blades to force blades ints ground
(b) Able to maintain a precise setting of the position of the hlade'

« In addition to excavating and hauhng many other functions are also performed by
Bulldozers from start to completion of an project like:

(i) Glearmg ]:md of timber and vegetatmn
(i) Opening up tempurary roads t.hrc-ugh mountains and rocky areas
{m_) Moving earth for haul dlstancas up to about 100 m
(iv) Pulling loaded tractors and scrapers
- (v) Levelling 2nd spreading earth fills ) "l . _ :
(vi) Backfilling trenches ' =5 .
(vii) Clearing construction sites of debris ' ' -
(vili) Mamtammﬂ haul roads |

(ix) Clearing the floors of borrows and quarry pits




Compacting Equipment-

"» Compactlon is the method of artificially dcns1fy1ng the soil by pressing soil partlcles together-
into close contact, resultmg in the expulsion of air and/or water from-the sm] mass. '

" Compactmn is done to increase the strength of an carth fill or an embankment.

. Compactlon refers to the method employed by a compactnr to impart energy mto the soil Lo
achieve compaction.

« Compactors arc designed to use one or a combination of the following types of compactive -
efforts: et e - ' ‘

) Ianeadmg action —Marupulatmn or rearranging

= L TR T LI RS SR S s =iy - e

(2) Static weight — Pressure appl:catmu
. (3) Tmpact - Sharp blnw ,
- (4) \f’lbralmnv Shaking " 7" & S T T T e

TYPES OF ROLLERS]

Sheeﬁ‘s' TFoot Rollers

=l —Scanned.WLtb.CamSc;anner - += --Sheep's . Foot Roller. .....u;: o

u;"“,.]':.‘:.--.:-,nr 284
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of sand_and clny,

Ilmumﬂ;nmpﬂﬂ_mnulﬂunﬂwmiﬂnd_nnﬂ_uud
Depth of a layer of soil to be compacted is limited to opproximately the lcpglﬁ 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'a foot rollers can be towed or self-propelled, and its drums consist of & c}'lmdncul shell

_ with protruding 'feet’ which provide areas of high contact pressure under the machine.

Feet can have numerous shapes and terms such as taper foot and club.foot have been used
to describe their particular features, - s- Y

Decause of the small contact area of the sheep s foot roller it requires n. lar{-e numher of passes

. to provide even ‘one complete coverage of an area of soil. - v Y
'Sheep foot rollers are slow, have o vcry high rolling reslstance ;md therefnre cost per unit

volume compacted is high.

Smbuth-whccl Rolers

" Smooth-wheel Roller .

- Smooth-wheel Rollers can be self-propelled or of the towed type witlrsmooth steel roll surfaces.

These rollers may be cladsificd by type or by weight.

These rollers pre effective ]n_t;_mlmac_tumm_r_ﬁgﬂs guch as ssnd, gravel, aud_cmslm.d_ﬂsme

and they are also effective in snmnthnmng sur!’uces of soils that have been cﬂmPﬂCtﬂd by
Lémping rollers.

: 'JMWIWMMMMU rf u-_th-miﬂ

prevent ndequate compaction in the lower portion of o lift

Self- propelled category lhe mnachine can be a three roll {tncvde mnfgurntmn] with the t'rnnt
wheel used for steering while the rear wheels are pnwered for dnwng

They can be tandem two rolls type also.

Contact area between the drum of the roller nnd the surface of the soil is a narrow strip. and,
as o result, the stresses in the 5011 fall off rapidly as depth in the layer increases,

This type of roller is, therefore, limited in performunce such as, to compaction of l'mr]y thin

r '?Ef%élgﬁt]ég, Ao 3%, e, depending on the size of the equipment.
... 1ne.steel. deums of the.rolle mav. be hallasted with water or sand-to- :ncrea's%’tlie~‘\?~?lgiitg s P
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7.3 t and that it.can be ballasted to give a maximum weight of 12.8 t.
Pneumatic-tyred Rollers - R , :
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% * Pneumatic-tyred - Rullera are-surface- rollefs 'g.'hlch apply the plmglg_qf_kngaimg action rn
effect compaction ‘below the surface e VIR

:These rollei's are L for | 5
« They can be self- propel]ed or towed small—ur large tyred units.
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« These rollers rvly on dead weight acting or upon pnetmatic tyred wheels to produce the
compacting effort.

The weight of a unit may be increased by bal]asng .
T?smlu:\gﬂvt;%dlwﬂsmamravaduble varying l'rom 13.6-180 tonnes gross weight.

e m—

LA

seariwa




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 the surface, the fect penetrate the soil to
Produce a kneading action and a pressure 10 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

-

B

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

Vibration has iwo measurements—amplitude, which is the measurement  amplitude
of the movement, or throw, and frequency, which is the rate of the movement, The ventical distance
or number of vibrations (oscillations) per second or minute (vpm). The ampli-  the vibrating drum or
tude controls the effective area, or depth o which the vibration is transmitted ~ plare is displaced from
inta the soil, while the frequency determines the number of blows or oscilla- e rest position by an
tions that are transmilted in a period of time. ecceniric Momen.

The impacts imparted by the vibrations produce pressure waves that set

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

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

[~-ow long a particular pant of the fill is compacied. A working speed of 2 to

— Scanney wilh Lamscanner . -
-4 mph-provides the best resulls when using vibratory compactors.




1. Sheepsfoot rollers

2. Tamping rollers

" 3. Smooth-drum vibratory soil compactors

- 4, Pad-drum vibratory soil compactors |

S Pneumatic-tircd rollers

canner



) « Vibratory compactors enhance the performance of static weight rollers by adding dynamic
' farces, usually achicved by a rotating eccentrically weighed shaft mounted inside the roller.

« .Vibrating compaclors have shown their abilities to produce ex;ellent densification of soils such
" =s sand, gravel and reIativcly large stones. '

) ndjacenl parhc]es to increase thrdéns*:t;--uf-ihwmasa i

« Types of Vibrating compactors are :

(a) Vibraling sheep's fool rollers, -

(b) Vibrating steel-drum rollers,
(c) Vibrating pneumatic-tyred rollers,

(d) Vibrating plates or shoes. - i

Manually Operated Vlbr‘ttory Plate Campactors

) \ﬁbrating Plate ffﬁlhpal:lor

- ey A e . T T

- The*-e nlachme:. have & 1'Iat plnle in conlsct MLh the sml

« . Decause of their much smaller size.. vlbratmg plate compacwra have lower gutputs of l:umpacted
soil than the larger vibrating rollers ¢

« These are usedfor m:n_mpacuun.nf_cqhesion;]eas soil in cenfined .areas or spaces: - .-
« Power unit and contrel handles, fq'r‘ the pedestrian operator are attached to a chassis suspended

above the base-plate on springs or other form of flexible mounting.

Manually Operateé Vibralory Tamping Compactors

Vibratory Tamping Compactor

¢ Vibro tempers have an engine.diiven reciprocating mechaniem which acts on a spring system

[-‘ "',J‘auzsuélrmé-ﬂ YRR fﬂrﬂﬁct’:g?l‘lll‘é’?‘“ with a:npluude of ahnut 10-80 mum, are sat tup in th- base

late,

e O —




Manually -GpErated Rammer Compactors

~ and maneuverability are a particular advantage.

- . . . - — W -, . . -
w e t |__a{
e mT, Tayg o :
.

i 'l‘he most commnnly used machmes ha\-e a mass the-range—of-ﬁﬁ—Jﬁﬂ—'l;g. -and usﬁally hPErau:' Sk

at-a I'requency of about 10 Hz

. Their main mode of compaction is b_v impact and they are suited for lhe-eemp&eﬂen—e‘:’-most'

types of soil.’ :

Because of their low output they are used in conflined areas or spaces, where their port.abtl:ly

Rammer Compactor

Rammier compactors are scll-propelled in which each blow moves them ahead slightly to'contact
new soil.

These units range in impact from 40 to 120 per sec at an impact rate up lo 850 per min.

_%E?H}ﬁﬁﬂdﬂ"'c@ﬂ@'hcaﬁ?ﬁﬂﬂﬂe lig/blow, area covered per hour, and depth of compaction (lift) m'cm.



PART-D

7.So0il reinforcing techniques



Reinforced Soil

Reinforcement in different forms is added to soil, in order o improve its
mechanical properties, Soils are strong in compression but weak in
tension. This weak property of soil is improved by introducing
reinforcing elements in the direction of tensile stress. Reinforcement
material generally consists of galvanized or stainless steel strips, bars,
grids or fabrics of specified material, or wood, polymer and plastic, efe.
The reinforcement is placed more or less the same way as steel in
concrete. The end product is called reinforced soil, and is very effectively
used for retaining structures, embankments, footings and subgrade, el

Soil Nailing

[t is a method of reinforcing the soil with steel bars or other materials.
The purpose is to increase the tensile and shear strength of the soil and
restrain its displacements, The nails are either placed in drill boreholes
and grouted along their total length to form “grouted nails”, or simply
driven into the ground as “driven nails”. The technique permits
stabilization of both natural slopes, and vertical or inclined excavations.

II1. MATERIALS
There are two basic materials used in the
construction of reinforced soil.
»  Soil or fill matrix
*  Reinforcement or anchor system

There used 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.

Seil or fill matrix

The shear properties of soil can be
improved as theoretically any soil could be used to
form earth reinforced structure. 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 success. The advantages of
cohesionless spil are that they are stable, free
draining, not susceptible to frost and relatively non-
corrosive to reinforcing elements.

The only disadvantage is its cost. As a
convenient compromise between the technical
benefits from cohesionless soil and economic
benefits from cohesive soil, cohesive frictional may
be preferred.

Sometimes the use of waste material as fill
for reinforced soil structures is attractive from an
environmental as well as economic view point.
Mine wastes and pulverized fuel ash are the wastes
usually employed

Reinforcement

A wvariety of material including steel, concrete,
glass, fiber, wood, rubber, aluminium and
thermoplastics can be used as reinforcing material.
Reinforcement can have the form of strips, grids,
anchors and sheet material chain, planks, rope,
vegetation and combinations of these or other
material forms.

= Strips are flexible linear elements having their
breadth greater than their thickness. Strips 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
as to increase the friction between
reinforcement and fill.

Soil
Soil
’ =
(a) Strip T
Figure 3.1

= Grids or are also used as reinforcement. Grids
are formed from steel in the form of plain or
galvanized weld mesh or from expanded metal.

Soi
= s

(c) Sheet (d) Grid
Figure 3.2

»  Sheet reinforcement 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 distortions which act as
abutments or anchors in the fill or soil. They may
be made from materials like steel, rope, plastic or
combination of materials such as webbing and
tyres, steel and tyres etc.

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

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

1. Geotextiles are porous geosynthetics that
resemble a thick strong cloth or blanket with
its strands and fiber visible. They are planar
permeable, polymeric material that are usually
made from polypropylene and sometimes from
polyester, polyethylene or from natural fibers
such as jute .they can be woven, non-woven or
knitted. Woven geotextiles are produced by
weaving or interlacing, usually at right angles
of two or more set of fibers. Non-woven
geotextiles are produced by mechanical
bonding or needle punching of randomly
oriented fiber. Geotextiles can be 0.25 to 7.5
mm thick and have a mass/unit area of 150 to
2000 gm/mm~*2
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Fig 1. Woven Geotextile  Fig 2. Non-woven Geotextile

Figure 3.3

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 /unit area lies between 200
to 1500 gms

III. Geonets are similar to geogrids but have
thinner member sand angular apertures  not
square or rectangular but resembling
parallelograms

IV. SOIL REINFORCEMENT

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

In the insitu reinforcement technique the
reinforcement is placed in an undisturbed soil to
form a reinforced soil structure. This includes the
technique of soil nailing and soil dowelling. The
reinforcement used for insitu structures is usually
linear owing to the method of installation.



1. Open excavation using soil nails:

STHP 2. ORILL NAK HOLE
STRF 1. EXCAVATE SSALL CUT

STEP & PLACE TEMPORARY FACING
(INCLORS $-0TORE TE
REMNPORCEMENT,

DEARING FLATE, MR NUT, AND
WASHERS INSTALLATION)

ATHF 3. ENITALL AWD OROUT NARL
VINCRUEAS ST (ol LS T AL TR,

STEP S PLACE FINAL FACING
O PERMANEMY HALLS

STEPS. COMSTRUCTION CF (IMELERE ELNE NG
SUBSEQUENT LEVELS OF TORE DRA
Figure 4.1

Vertical or steeply inclined cuts can be
made for open excavation using rigid soil nails as
reinforcements. Such cuts are also referred to as
nailed soil walls. Unlike reinforced soil walls are
constructed from bottom to top, nailed soil walls
are constructed from top 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. Soil
nails are installed at an inclination of 20 to 25
degrees to the horizontal near the ground surface so
as to avoid intercepting underground utilities and
the inclination is reduced to 10 to 15 degrees as we
go deeper into the cut.

2. Constructed soil reinforcement technique:-
1. Reinforced soil structures with vertical face:-
The facing wusually comprises of
prefabricated concrete or steel panels joined
together by an interlocking arrangement. The soil
used as backfill in such cases is granular soil with
less than 15% fines to 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 bottom
upwards and the reinforcement is placed
sequentially as layers of soil are compacted, one
after the other.

Connector

Metallie
facia Sl Concrete facia

Reinforcement

0 S
AN

Reinforcement

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 technique are
often called as bottom up process as they involve
the placement of a fill and reinforcement
simultaneously, these include structures such as
reinforced soil embankments and bridge abutments.
The reinforcement used 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
failure 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 to the
original) geometry. Geogrids allow using the same
soil of the landslide to reinstate the slopes thus
achieving fundamental savings over the solution of
importing a soil with better mechanical
characteristics. The geogrid reinforced slope can be
easily vegetated with the local essences, in order to
obtain the best integration with the surrounding




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 to the
original situation. This may produce geotechnical
problems 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 conselidation techniques.

3. Steep slopes embankments and bunds

Highway

'\._.‘____

(a) Highway embankment
on hill slope

Figure 5.2

Reinforcement

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

* Noise protection bunds along highways,
railways and airport taxiways

»  Blast protection embankments

= Increase of the available volume in exhausted
landfills

*  Construction of embankment dams for solid or
liquid impoundments.

In all these applications, the inherent
flexibility, 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 of slope crest.

There are different cases where a rather
flat 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 natural

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
vegetated 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 yield 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 activities in front of the slope are not
disturbed by the construction operation.

5. Bridge abutments and wing walls

Bridge abutments and wing walls are often
the earth retaining 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 seismic loads, challenge the design
engineer. Soft foundation soils, high water table,
environmental impact regulations often provide
further problem. Geogrid reinforced soil structures
provide strong, vet flexible, retaining structures.
Bridge abutments and wing walls can be designed
and built to resist all the anticipated loads with the
required Factors of Safety, even with low quality
fill soil. Soft soil stabilization and drainage
problems can be solved with geogrids and
geocomposites. The face can be designed to fulfill
any  requirement regarding  visual  and
environmental impact.
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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 horizontal
pressures from the backfill, but has to resist the
internal outward pressure of the fill soil.

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



on the top. The soil pressures to be resisted are
usually much higher than for a face wall.

=  RETAINING WALLS which are usually
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 technical, practical and
economical problems due to availability of the
fill soil, access to the job site with operating
machines, speed of 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
type of “rigid” face is preferred.
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Geogrid reinforced walls can be designed
and built to fulfill the most varied requirements in
terms of load support and face finishing geogrids
reinforced soil structures provide a cheap and
diversified solution to wall construction problems
the experience of engineers can help to 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 railway embankments are
usually large and high earth structures, which
require considerable quantities of fill soil and land.
The cost of the fill soil and its transport
from the quarries, 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 quality fill soil. 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 to provide safe
construction to the Client, the Engineer and the
Contractor. Almost any locally available soil can
be used for the geogrid reinforced embankment:
this facility can produce very large savings in both
costs and construction time.
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