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Th 3. ADVANCED CONSTRUCTION TECHNIQUES & EQUIPMENT

Name of the Course: Diploma in Civil Engineering

Course code: Semester 6th
Total Period: 60 Examination 3hrs
Theory periods: 4P/week Class Test: 20
Maximum marks: 100 End Semester Examination: 80

A. RATIONALE
Current age construction industry is adopting state of art materials and technologies to improve
aesthetics, strength, earthquake resistance, services relating to civil construction. The course will
help the student to develop a general awareness on these advancements.

B. COURSE OBJECTIVES

On completion of the course students will be able to-

1. Select proper material during construction in domain of advanced materials including fibers,
artificial timbers etc.
2. Select appropriate prefabrications in pursuance of standard codes
3. Adopt structural requirements and possible retrofits to improve earthquake resistance
4. Comprehend requirement of various services need to be operational
5. Understand the role of different construction earth moving equipments and select during
planning
6. Comprehend necessity of soil reinforcing and prescribe appropriate strategy
C. TOPIC WISE DISTRIBUTION
Chapter | Name of topics Hours
1 Advanced construction materials 10
2 Prefabrication 08
3 Earthquake Resistant Construction 08
4 Retrofitting of Structures 08
5 Building Services 08
6 Construction and earth moving equipments 10
7 Soil reinforcing techniques 08

D. COURSE CONTENT

Advanced construction materials

1.1 Fibersand Plastics-
Types of fibers- Steel, Carbon, glass fibers, Use of fibers as construction
material, properties of Fibers.
Types of plastics- PVC, RPVC, HDPE, FRP, GRP etc. Colored plastic sheets.

Use of plastic as construction material.




1.2 Artificial Timbers — Properties and uses of artificial timber. Types of
artificial timber available in market, strength of artificial timber.

1.3 Miscellaneous materials — Properties and uses of acoustics materials,
wall claddings, plaster boards, micro-silica, artificial sand, bonding

agents, adhesives etc.

Prefabrication

2.1 Introduction, necessity and scope of prefabrication of buildings, history of
prefabrication, current uses of prefabrication , types of prefabricated
systems, classification of prefabrication, advantages and disadvantages
of prefabrication,

2.2 The theory and process of prefabrication, design principle of
prefabricated systems, types of prefabricated elements, modular
coordination

2.3 Indian standard recommendation for modular planning.

Earthquake Resistant Construction

3.1 Building Configuration

3.2 Lateral Load resisting structures

3.3 Building characteristics

3.4 Effect of structural irregularities-vertical irregularities, plan configuration
problems.

3.5 Safety consideration during additional construction and alteration of existing
Buildings.

3.6 Additional strengthening measures in masonry building-corner reinforcement,
lintel band, sill band, plinth band, roof band, gable band etc.

Retrofitting of Structures
4.1 Seismic retrofitting of reinforced concrete buildings :
4.2 -Sources of weakness in RC frame building
4.3 -Classification of retrofitting techniques and their uses
Building Services

5.1 Cold Water Distribution in high rise building, lay out of installation

5.2 Hotwater supply — General principles for central plants-layout



53
5.4

types of wiring iii) Fuses and their types iv)Earthing
5.5
5.6

problems on ventilation
5.7

Construction and earth moving equipments —

6.1 Planning and selection of construction equipments

Sanitation —soil and waste water installation in high rise buildings

Electrical services — i) requirements in high rise buildings ii) Layout of wiring -

and their uses

Lighting — Requirement of lighting, Measurement of light intensity

Ventilation - Methods of ventilation (Natural and artificial Systems of ventilation)

Mechanical Services- Lifts, Escalator, Elevators — types and uses.

6.2 Study on earth moving equipments like drag line, tractor, bulldozer, Power

shovel

6.3 Study and uses of compacting equipments like tamping rollers, Smooth

wheel rollers, Pneumatic tired rollers and vibrating compactors

6.4 Owning and operating cost — problems

Soil reinforcing techniques

7.1
7.2
7.3

Necessity of soil reinforcing.

Use wire mesh and geo-synthetics.

by soil reinforcing techniques.

E. Syllabus Coverage up to Internal Assessment: Chapters1, 2, 3,4

F. RECOMMENDED BOOKS

Strengthening of embankments, Slope stabilization in cutting and embankments

Sl. Name of Titles of Book Name of
No Authors Publisher
1 Agrawal & Earthquake Resistant Design of Structures Prentice-Hall of
Shrikhande India Pvt. Ltd.
2 Swami Saran Reinforced Soil and its Engineering applications | |.K.International
Pvt. Ltd.
3 National building code of India_ BIS
4 Fred & Greeno Building Services Hand book Routledge
Publisher
5 B.L. Gupta & Amit | Construction Management & Machinery Limit Standard
Gupta Publishers
6 S.K. Duggal, Earthquake resistant design of structures Oxford
7 M.R. Samal Advance Construction and Equipment Platinum
Publisher,Kolkata
8 Hand book on repair & rehabilitation of RCC buildings- CPWD
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PART-C

5.BUILDING SERVICES
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Direct System of Cold Water Supply

For efficient operation. @ 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 copacity. The cistern may be located within the airing cupboaord
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 con occur when there is o high demand on the main.
Neqative 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 providad on supply pipes to
storage and flushing cisterns.
(2) Copper tube pipe sizes
shown. Absence of cistern and pipes
in rool space reduces risk
of frost damage
—c: Cold water
—) m ‘l
22 mm overfiow pipe
22 mm
cold leed pipe
A
Balh Basin WC

/
Hot water cylinder
[
A rising main

Mastic seal z Pipe duct 76 mm bore

Rel.: The Water Supply (Water Fittings) Regulations 1899,
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Indirect System of Cold Water Supply

The indirect system of cold water supply has only one drinking water
outlet. at the sink. The cold water storage cistern has @ minimum
capacity of 230 litres, for location in the roof space. In addition to
its normal supply function. it provides an odequate 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 oll 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 bolanced pressure shower from the cistern.

Notgs:
(1) Servicing valves to
be provided on supply pipes to mctg"f’e"‘""“
slorage and flushing cisterns,
(2) Copper tube pipe sizes I
shown,
A KR
Zd \
22 mm overflow pipe A
2|
22mm ] |coldieed pipe
denbiinapes Y
Bath Basn WC
C L&
\
Hel walar cyfrdor
V\
15mm
15mm —— fising man
A
WC  Basin R
\f ) Combined slop and
Ground level Drain vaivo drain vaive
1
g/
.‘J

Rel.: Tho Water Supply (Waler Fitlings) Regulations 1999,

Scanned with CamScanner




Boosted Cold Water System - 1

For medium and high rise buildings. there is often insufficient maoins
pressure to supply water directly to the upper floors. Boosting by
pump from a breck tank is therelore 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 (opprox. 300 kPaq). The drinking water header
pipe or storage vessel supplies drinking water to the upper floors.
As this empties and the water reaches o predetermined low level, the
pipeline switch engages 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 isolaling
valves to facilitote maintenance and repairs.
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Boosted Cold Water System - 2

As an olternative to the drinking woter header pipe. an auto-
pneumatic cylinder may be used. Compressed air in the cylinder
forces water up to the float valves and drinking 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 Qir is
absorbed by the water. As this occurs. a float switch detects the
high water level in the cylinder ond 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 o
break pressure cistern.

A

—x
2
—H—e man M
Drinking water from Supply 1o WC,
cylinder | o Danim, baths and
N p—
e e
Sopply & WO,
e bavioe, tths and A
Showers
=G i B A RE—
Y Y
B o -0 - pg——e
o | 7@9:‘
[E==Sla e ko T
, Brusk crrocr ﬁ
Bregk proyars catsm ety
-—] e S
Orinking war
w o] ®we from mein
— e
Supply to WCa.
“M.Nﬂﬁ\‘ A
.___”-t P
o
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Direct System of Hot Water Supply

The hot water from the boiler mixes directly with the water in the
cylinder. If used in a "soft” water area the boiler must be rust-
proofed. This system is not suited to 'hard’ waters, typical of those
extracted from boreholes into chalk or limestone strata. When
heated the colcium precipitates to line the boiler and primary
pipework. eventually ‘furring up’ the system to render it ineffective
and dangerous. The storage 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 cistem
vaive —c il

ammmhot 28 mm primary
” / s
\wm 28 mm primary |
ratum pipe
Y Y
Boller with
tharmaostatic
control
Sink Basin
—

T

Note: All pipe sizes shown are for copper outside diameter.
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Indirect System of Hot Water Supply

This system is used in ‘hard’ waler areas lo 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 woter circulates continuously throughout the boiler,
primary circuit ond heat exchange coil inside the storage cylinder.
Fresh waler cannot gain access to the higher temperature areas
where precipitaotion of colcium would occur. The system is olso used
in combination with central heating. with flow and return pipes to
radiators connected to the boiler. Boiler water temperature may be
set by thermostal at about BO°C.

T ‘m)mwamr\
H /
5 o :t::m — &mmm& w
E L 1
Rising mal
_ \’m Rising man
Eocnna:ycuumd \
pipe
22mm
primary vont
pipe
n
15mm
prnary cold feod
[
| —— \
28 mm
H=vont pips holght above pemany flow
Sm water ine ppe
H (min.) = 150 mm + 40 mm
per metre of sysiam height h.
h-gistance between cistem
water line and cold foed artry Pressure reflef*
1o cyindar {or boller on or saloty valve
| _Sink Basn al Drain vave
Drain vave l
] L
Bummnmlmmcmw

*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. o-commodated up
the cold feed pipe. |
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Indirect Hot Water System for a Three-storey Building

For larger buildings a secondary circuit will be required to reduce
‘dead-leqs’ and to maintain an effective supply of hot water at all
outlets. Convection or thermo-siphonage may provide circulation, but
for o more efficient service o circulatory pump will be necessary. In
buildings which are occupied for only part of the day. e.g. schools.
offices. elc.. a time control or programmer can be used to requlote
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
installotion can operate in conjunction with this system, but may
require duplication of boilers or separate boilers for each function.

o7 //W
s
Cold water siorage cistern
o | "
e— Socondary crast ™| |
[ | A
Baths, basins, sinks
ot showers ' ' '
— | 4
</ |k
Isolating vatves T
Pump
= T
Drain vaives % &mw\m
Sinks Calortfier e j

z
/
Boiler
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Indirect Supplementary Hot Water System

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

Expansion pipe

| High level hol water
slorage vessel

Secondary llow
/Sorvioovalw
Cold feed —pered : Hot water

7 branch supplies

IE| \ I oy
i Y \ f

valve

L Secondary return

Timed circulator and
3 non-relumn check valve

k
s
/S

Drain valve

Advantages over o single storage facility:

*« Smoller secondary flow and return distribution pipes.
* Less concentroted dead load on the structure.
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SAN ITATION Single Stack System

The single stack system was developed by the Building Research
Establishment during the 1960s. as a means of simplifying the
extensive pipewark previously ossociated with above ground drainage.
The concept is to group appliances arosnd the stack with o
separate branch pipe serving each. Branch pipe lengths and falls ore
constrained. Initiolly 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 woste pipes are carefully selected to
prevent loss of trop water seals. Water seals on the waste traps must be
75mm (SO mmbath and shower).
Branch pipe slope or fall: . Stack may be ofiset above
Sink and both - : DB ey M
18 to 90 mm/m = ‘,.:'
Basin and bidet - N ol
1

20 to 120 mm/m chr:h mmp 1700 (max)
WwC - 9 mm/m. 300 s

No connaclion inside} | iy
The stack should be s bt
vertical below the [ <
highest sanitary H ook
appliance branch. If an Bath
offset is unovoidable, we S
there should be no '
connection within 750
mm of the offset. Aoasl [; COmmBom. 8. vt s
The branch bath waste n
connection must be at "Ga tack | [s0mm nom. di. parate branch pipe
least 200 mm below the
centre .of the WC broth 3000 (max)
to avoid crossflow. This
may require a SO mm

X : Alternative branch
nom. dia. parallel pipe to connection e
offset the bath waste
pipe. or an ‘S’ trap WC
to offset its connection. wce L
ronwall) om. dia.

The vent part of the
stack may reduce to Centra lino radius
75 mm an. dia. when it R0 u,,"i"u'."é".‘,".':‘,l,,
is above the highest
branch. R A
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Single Stack System — Modified

It it is impractical to satisfy all the requirements for waste pipe
branches in a standard single stock system. some modification is
permitted in order to maintain on acceptable system performance:

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

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

* Larger than standard diometer waste pipes may be fitted.

40 mm (50 mm) 50 mm tail extension

mpbﬂ(w waste pipe to trap
mm
above openable
window within 3 m v
3.000 (max) J_n"““
6.000 (max) | 4,000 (max)
} 32 mm trap to
4 Basin [ buln(&?gun
Wwe | Bath m:ﬂm
40 mm 32 mm 9

100 mm discharge Somm  40mm
stack
4.000 (max)
N
| Sink
wC |
——— | 'R i i"wm
13 m max. : . \
it WC connects — 1
direct to drain I s mm
-
All pipe sizes nominal diameter

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

Refs: Building Requlations., Approved Document H1, Section 1: Sonitaory
pipework.
BS EN 12056: Gravity drainage systems inside buildings (in 6
parts). :
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Collar Boss Single Stack System

The collar boss system is another modification to the standord single
stack system. It was developed by the Marley compony 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 dischorge
stack without the problem of crossflow interference. This simplifies
the bath waste conneclion and is (ess structurally disruptive.

Smoll 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
siphonage, even when
the bath waste
discharges and flows into
the combined bath ond
basin waste pipe.
Vertical outlets are olso
likely to be less
obtrusive and less
exposed than higher
level ‘P’ trap waste

pipes.

If the branch waoste
pipes are kept to
minimal lengths. the loop
vents may not be
required. However, the
system must be shown
to perform adequately
under test without the
loss of trap water seals.

All pipe sizes shown are
nominal inside diameter.
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.

Vent pipe carried up
above the highest
branch connection

-

Stack may be offset above
the highes? sanitary appliance

\ N - -
\--

’

rtmmdschargasudt

%mtoopvomm

40mm bath was!e

40 mm sink waste pipe

Dimension A 450 mm (min)
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Modified Single Stack System

The ventilated stack system is used in buildings where close grouping
of sonitary opplionces occurs - typicol of lavotories in commerciol
premises. The appliances need Lo be sufficiently close together and
limited in number not to be individually vented.

Requirements:

WCs:

8 maximum

100 mm branch pipe

\

1S m moximum length

Gradient between Tog’naul‘odo;;amwu;:
1o take the di rges o

9 ond 90 mm/m sanitary appk el

(0 = 904°-95°). higher floors

Basins: 50mm

\

t Up 1o four basins
4 maximum 5
86wl Up to sight wc% | \

4 m maximum length 15000 (e
Gradient between

[
L4
18 and 45 mm/m b
0
(0 = 91°-924"). Branch oonnoclionst z\
for P trap WC pans
50 mm cross vant
in wls): as an alternative to the
Uri ols' (bowls) /" e 80 eharoeive fo e
5 maximum Discharge stack pipe
SO mm pipe 100 mm or 150mm
Branch pipe as short V:glti)l‘a!:& :::‘c‘k
as possible 50 mm pipe
: above spill level of WCs
Gradient between e e s

18 and 90 mm/m.

TrIzamses

Urinals (stalls):

7 maximum Cleaning eye

65 mm pipe

Branch p'pe os for Two 45° large radius bends 750 mm (min)
bowls. up to 5 storeys

All pipe sizes are — U S

nominal inside Venl pipe connected to base of stack to prevent back
diameter. pressure on the ground floor appliances
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The fully vented one-pipe system is used in buildings where there are
a lorge number of sanitary appliances in ranges. e.q. faclories.

schools. offices and hospitals.

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

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

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

Size of branch and stack
vents:

Fully Vented One-pipe System

; @
200m
(min) If L is less than 3-000 the
L stack must laminate $00 mm
\ abova the window opening
\ Note the above rule applies
Wind R fo all systems
Range ol wash basins

Discharge pipe Vent pipe
or stack (D) (mm) (mm)

<75 067D
75-100 50

>100 0-50D

All pipe sizes are

nominal inside diometer.
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The Two-pipe System

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

stacks.
f @

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 Usng
existing buildings
thot are the
subject of
refurbishment.

o

It may also be used /
where the sanitary ' o R S i e
applionces are
widely spaced or /
remotle and a xom /
separate waste 75 mm waste stack
stack is the only
viable method for Urinal
connecting these to
the drain. | y - H.W“""‘"‘

we
A variation typical Wri
of 1930s dwellings :
has first floor bath )
and basin wastes J

dischorging through
the wall into o ; _
hopper. The waste e ;A o |

stack from this and
the ground floor sink waste dischorge over a qully.

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

Lowest discharge pipe connection to stack:

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

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

Discharge Discharge stack and .
stacks and vent lo appliances on mm

—— 6 —= 21
_.z——' 5 ——— 20
= 4 = 1 4
‘r _ 2 h- 2
_.-—_——' 1 r:1
No appliances /
ground fioor -T'g . -] G
d—_———_J é —
\ //
Drains to Ground floor Ground and first floor
inspection discharge pipes  discharge pipes to
chamber 1o separate stack separate stack
Five to 20 storeys Over 20 storeys

Access - required for cleoring blockages. Rodding points should be
fitted ot the end of discharge pipes. unless trop removal provides
access to the fulkl pipe length. Discharge staocks are occessed from
the top ond through access plotes locoted midway between floors ot
o maximum spacing of three storeys aport.
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Electric Wiring — 1 ELECTRICAL SERVICES

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

Cooper

1randed co~ductor
Extruded PVC wre Extruded PYC
oute shreeth armour Irmulation

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

Conduit for electrical services is produced in steel (galvanised or
painted black) or plastic tube into which insulated cables are drawn.
The conduit protects the cable from physical damage and heat. It
also provides continuous support and if it is metol. 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 gouge. Light
gauge is connected by grip fittings. whilst the thicker walled heavy
gouge can be screw threaded to fittings and couplings. Plastic
conduit has push-fit connections.

Brass

N ) ‘

Gy ) {a) Tee (b} Elbow
(%) Grip coupling Steel oonoun protecien nside

and outside with bitumen or 2inc
Thnmd mldotor Tresadsd
ntide for
(c) Inspection
{b) Screwed coupling (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 78B46: Electric cables. 600/1000 V armoured fire resistant
cables having thermosetting insulation and low emission of
smoke and gases when affected by fire.
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Electric Wiring — 2

Mineral insulated copper covered cable (MICC) has copper conductors
insulated with highly compressed magnesium oxide powder inside o
copper tube. When installing the caoble. 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

resistont to most corrosive almospheres and is unaffected by
extremes of heal.

Lock nut compound
nut
M{.
—]
Insutabon
sloevos Brass
COMPrEssion Iy
Gland booy

Sioe of outie! bax Flbro disc seatng pot
Section of termination joint for mineral insulated Exploded view of lermination joint for mineral
copper covered cable (MICC) insulated copper covered cable

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

SSrEn P2

Core arrangements of mineral insulated coppor
PVC or rubber insulaled cable covered cables

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

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

Electrical instollations must be tested on completion to verify that
the system will operale 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 poart of the proceedings:

®* Continuity.
* Insulation.
®* Polarity.

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

Continuity - there are several types of continuity test for ring
mains. Each is lo ensure integrity of the live. neutral and earth
conductors without bridging (shorting out) of conneclions. 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 o
point mid-way in the circuit (B).

Check the resistance of the test lead (C).

Circuit integrity is indicoted by: A - 4 opprox. = B - C.

One conductor

_\/_ /ddngcirwlt

Test lead

'
|
'
-

z
|

. L ./ - /
) .
r - ! ’
]
] e Ly
- : o = - e - -
/ E
Resistance between Resistance from end Test lead
ends of circuit to mid-point resistance
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Testing Completed Installation - 2

Insulation = this test is to ensure Lhat there is a high resistance
between live and neutral conductors and these conduclors and earth.
A low resistance will result in current leokage ond energy wasle
which could deteriorate the insulation and be o potential fire hazord.
The test to earth requires all lamps ond other equipment to be
disconnected. all switches and circuit breakers closed and fuses left
in. Ohmmeter readings should be ot least 1 ML

—\ G @—umdhemnedad
Switches closed Appliances
2 - disconnected
]’]’ < © from sockets
EXEE
- COnsumer unit with
g- 1
(7 e
Insulation test

Polarity - this is to ensure that all switches and circuit breakers are
connected in the phase or live conductor. An inadvertont connection
of swilchgear to o neulral conductor would lead to a very
dangerous situalion where apparent isolalion of equipment would still
leave it live! The test leads connecl Lhe live bor in the disconnected
consumer unit to live terminals at switches. A very low resistance
reading indicates the polarity is correct and operation of the
swilches will give a fluctuation on the ohmmeter.

/— ‘i""""""--.-------\ )= Light sockat
Switch

—— ™\ \ \

N | =—— various positions
N\ for test leads
, \\ /
| — | r“f']'\“‘)‘/
— / . } ™~ ohmmeter
umer unit
Polarity test

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

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

Radial system - separate underground cables are laid from the sub-
station to eoch building. The system uses more cable than the ring
system. but only one fused swilch i5 required below the distribution
boards in each building.

}m room
11 kV supply rf
400/230 V d}dn armoured cable
I
Sub-station R
with transformer
meter and
switches
Radial distribution (block plan)

Ring circuit system - an underground cable is laid from the sub-
station to loop in to eoch 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 beller
balonce 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.

Intaks room
P = Phas Subreiroin
Incoming N = Noutl g e
11 &V wpply X N
A00VZI0 V Sawire armoured cable
P
Subetmon ) P 3¢ 8! o
with tranctoemas P ¥ 1 Y
meter and N
switches Funed rwitzhes
) Detail of equipment in the intake room for the
Ring distribution (block plan) ring distribution
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Earthing Systems - 1

Supply systems require a safely 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 - ot least one point of the supply is directly earthed.

| - the supply is nol directly earthed. but connected to earth
through a current limiting impedance. Not acceptable for public
supplies in the UK.

Second letter - instollation earthing arrangement:
T - oll 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 seporate.
C - eorth and neutrol conductors combined.

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

TT system:
Most used in rural Live bar \ /
areas where the supply \ 7

is overhead. An earth e \é&&_
terminal and electrode T
is provided on site by
the consumer. As an
extra sofely feature, o
residual currentl device
(RCD). generally known
as a trip switch, is
locaoted between the
meter and consumer
unit. The RCD in this m
situation should be \

I

ﬁ S Neutral knk and
100 A fuso

\2~ooromm
supply

of the time delayed
lype - see page 398.
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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 il 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 instollation 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 foult to neutral. which creates a high fault current.
This will operate the overload protection [fuse or circuit breaker)
ropidly.

Fuses or mebs

-

SEEIEX, XXX,

K — S
PSE— Eart — (¢
] 2-pole “* 1
| switch \|
| |
[ |
| Meter — 1
1 |
| J neutral cable |
| :
| Earth bond 1o —_—
' metal sheathing to ﬂx \
l Firak oonnection Sealing chamber
= at transformer and with 100 A fuse
| Earth connection
~——  ___ Underground 1o 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.
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Connection to Earth

Pages 380, 381 and 385 show thol the consumer’s earth conductor
IS connected to the neulral ond 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 os shown on page 384,

Unless wel, the ground surfoce is nol usually a very good conductor,
therefore ground contact is made ot about 15 to 2m below the
surface. In the past this was achieved by earth bonding to metal
water and gos mains. Since the introduction of plastic pipe materials,
this is of course no longer acceplable. 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 odequate for domestic and other small-scale
installations. In some instances, the electrode is housed as shown
below. Whatever eorth method used. o low resistance to an electricol
fault is essential. The IEE Wiring Requlations recommend that the
earth electrode resistance should not exceed 200 ohms.

Steel driving cap
/
- - 72
Waming nolice

AN\
|

E SAFETY ELECTRICAL
2~ CONNECTION
e e DO NOT REMOVE
‘ . e °n.
A .‘0,".

r of copper-faced
steel rod of 16mMM =
U <— Do cpanang
on eloctrical resistance
Installation of a housed earth electrode
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Earth Bonding of Services and Extraneous Metalwork

The Institution of Electrical Engineers (IEE) Wiring Requlations require
the metal sheaths and armour of all cobles operating ot low and
medium voltage to be cross-bonded to ensure the same potential as
the electrical installation. This includes all metal trunking ond ducts
for the conveyaonce and support of electrical services and any other
bare earth continuity conductors and metolwork 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.

10 mm? earth wire

& -

Earthing ctamp for pipes

Earth conductor
from consumer unit

N

Gas meter Earth bond

Gas service Water service  Electricity
pipe pipe service cable

Bonding of services at intake

Stainless stoel sink,
Metal window metal taps and plpes
\ Consumaer unit

Structural

-
1
1
'
1
)
!
|
!
1

ﬁ.< )

L e

: I
/ : '-------------------.

PRARA S ——— |

T ———_———— - -----‘

10 mm? earthing cable Earthing bar
Supplementary boning of extraneous metalwork
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Light and Light Sources — 1

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

Angle ol incidence @ = Light is reflected in ol

Angle of reflection 8, directions Some light is scattered and some
light in refiected directionally

Light reflected Light reflected Light scattered and

from a polished surface from a matt surface reflected from a semi-matt
surface

Light is scattered in all directions Light is bent or refracted when
(diffusion) mm:;m.m-um
two

i

opal glass
Light passing through Intensity of light
8 diffusing screen and lux

lllumination produced from a light source perpendicular to the
surface:

E =1=d?

m
"

illumination on surface {lux)

Illumination intensity from source (cd)

a
n

distance from light source to surface (m).

E= ] e: g
P
Source ] o
Suvfa\a
Hiumination produced
from a light source not
perpendicular to the surface
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Light and Light Sources — 2

Definitions and units of measurement:

* Luminous intensily - condela (cd). o measurement of the magnitude
of luminance or light reflected from o surface, i.e. cd/m?.
®* Luminous flux - lumen (Im). o measurement of the visible light

energy emitted.

* llluminance - Lumens per square metre (Im/m?) or lux (Ix). @
measure of the light falling on o 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

lHluminance (lux)

Limiting glare index

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

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

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

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

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

Venlilation - 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 Lo no more than O-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 acceplable.

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

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

* Retieve stagnation ond provide o sense of freshness - Qir
movement of 015 to O-5 m/s is adequate.

Measures for control:

Health and Safely at Work, etc. Act.

The Foclories Act.

Offices. Shops and Railway Premises Act.

Building Requlations. Approved Document F - Ventilation.

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

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

Requirements for an occeptable amount of fresh air supply in
buildings will vary depending on the noture of occupation and
aclivity. As o quide. between 10 |/s of outdoor air supply per person
can be opplied between the extremes of o non-smoking environment,
to an extract air rate of 36 |/s per person in a room dedicated
specifically for smokers. Converting thi= to m?/h (divide by 1000,
multiply by 3600). equotes to 36 to 130 m3/h per person.

Air changes prr heur or ventilation rate is the preferred criteria for
system design. Thi® 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: S0/100 x 5§ = 2.5 a/c per h.
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Natural Ventilation - 1

Natural ventilation is an economic means of providing air changes in
a building. It uses components integral with construction such as air
bricks and louvres. or opencble windows. The sources for natural
ventilotion 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 ot low level. Here it is warmed by
the occupancy. lighting. machinery and/or purposely located heat
emitters. A column of warm air rises within the building to discharge
through vents at high level. os 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.

PeSitvg prassura zone Sucton 7ona

* /’-—'.

w Looward sida

=i
Wind pressure diagram for rools with piiches
up to 30*
Suction

M;n:n{::m . 2000
TR o 4 Lecward skt
Windwara side

Wind pressure diagram for rools with pilches

above 30"
Posilivo prossuro Suction rone
one
— -~ Leoward 530
Vancward sido W "
Wind pressure diagram for fiat rools

A and B are the

“'f """ F 7 || Mo

SACKS (EEpECTVEly
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Natural Ventilation — 2

The rates of air change ore determined by the building purpose and
occupancy. and local interpretation of public health legisiation. 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 controlied 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 os stock effect. It must be requlated otherwise
it can produce draughts ot low levels and excessive warmth on the
upper floors.

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

1s requiated through daompers integral with the convectors.

Alr grawn out " - ———
V' Diraction of wing
NN\ S NN\
Alr forced in
Warm alr passing out
- of windows Wind causing ventilation through windows
Central core containing
stalrcasos and iNs e
air lemperature
~ u)i%-‘ 7
ey — e
(Y N 1Y 7
Stack pressure In a tall building
\f
(=} =] =]
Alr it &1 rear of hoales Hoater
Ventiation for an assembly hall by passing fresh
air through heat emittars
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Natural Ventilation — Passive Stack Ventilation (PSV)

PSV consists of verlical or near vertical ducts of 100 to 150 mm
diometer. extending from grilles set ot ceiling level to terminals
above the ridge of o roof. Systems can be applied to kitchens.
bathrooms. ulility rooms and somelimes sanitary accommodation, in
buildings up to four storeys requiring up to three stacks/ducts. More
complex situations are better ventilated by o 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 is self-requlating. responding to a
temperature differential when internal and external temperatures
vary.

Stale air discharged through
terminals at ridge height

IAJ/

100 to 150 mm ducts as
near vertical es possible

Rool space

|
Lr-

PSV to a dwelling house

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

MAVS may be applied to dwellings and commercial premises where
PSV is considered inadequate or impractical. This may be because

the number of individual ducts would be excessive. i.e. too space
consuming and oblrusive with several roof terminals. A low powered
(40 W) silent running fan is normally located within the roof structure.
It runs continuously and may be boosted by manual control when the
level of cooking or bathing activity increases. Humidity sensors caon
also be used to automatically increase air flow.

MAVS are acceplable 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 automotic
damper.

Low powered
continuously running

extract fan \ f/ Single ridge outlet
K/

MAVS in & group of fiats
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Mechanical Ventilation with Heat Recovery (MVHR)

MVHR is o development of MAVS to include enerqgy recovery from
the warmth in faon extracted moist air from bathrooms and kitchens.
The heat recovery unit contains an extract fan for the stale air. a
fresh air supply fan and a heal exchanger. This provides a balanced
continuous ventilation system. obviating the need for ventilation
openings such as trickle ventilators. Apart from natural leackage
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 heal energy in stale air can be
recovered, but this system is nol an alternative to central heating.
A space heating system is required and MVHR can be expected lo
contribute significantly to its economic use. MVHR complies with the
‘olternative approaches’ to ventilation of dwellings. as defined in
Approved Document F1 to the Building Requlations.

Central heat exchange outlet duct

energy recovery unit /
0 Cold alr intake

\ 4/
SAEEEE KN P

|
i e

O
é D q
Z1r W\ ZIAN

Warm air duct

g B3 i
Moist staie air
extract duct
W alr "E::amwnw

grille and filter

Schematic of an MVHR system of ventilation
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Mechanical Ventilation - 1

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

1. Natural inlet ond mechonical extract
2. Mechanical inlet and natural extract
3. Mechanical intet and mechanicol exlroct

The capital cost of installing mechanical systems is greater thon
naturaol systems of air movemenl. 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 aos shown on page 174, Page 180 provides
guidonce on occeplable noise levels.

Internal sanitary occommodation must be provided with @ 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 o a Fan an
Motor
m Zoed ."me . . lL .
Ha
: Canopy N\
/ 2 Alr inkat , \
Service
ouct Alr ot t
» grile : e
Canteen kitchen
Internal sanitary accommodation
Fan—fHe
Basement car porks require ot Z
legst 6 air changes per hour
and at exits and ramps where i somioti b puicmny Lpssc
queuing occurs. local ventilation Sl i hai vl 5 it 3 4

of at least 10 air changes per total voluma of alr

hour. Duplicate fans should be
provided with a fan failure
automalic change over.

Basement car park
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Mechanical Ventilation - 2

Fan aossisted ventilotion systems supplying external air to habitable
rooms must have a lacility to pre-heat the air. They must also have
control over the amount of air extracted, otherwise there will be
excessive heal loss. A mechanical inlet and mechanical extract
system can be used to requlote and balonce supply and emission of
air by designing the duct size and fon roting specifically for the
situation.

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

In lorge 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 insuloted to prevent heat losses
from processed air and to prevent surface condensation.

Machanical Inlot and natural extract Mechanical inlet and mechanical extract for an
open plan office or supermarkel
Extract tan P Hoatng unt
,_qS mm@’ suonmnu
A

N /\ /\ /\

Mechanical indet and mechanical extract for
a theatre
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Ventilation System Heating Load

When designing ventilation systems. provision must be made for

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

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

Heater rating = m X Shc X Temp. diff. (int. - ext.)

Where:
m = mass oir flow rate (kg/s)
Shc = Specific heaot capacity of air (10 kJ/kg K)
Temp. diff. = Temperature differentiol between internal room

air and external supply air (K)

Air flow rate by volume (Q) is calculated in m¥/s. To convert this to
mass air flow rate in kg/s. the volume rate is multiplied by air
density (P) of 12 kg/m?.

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

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

% /Fan (0.4 m¥s)

—

-~ Heater rating = 04 x12 x10 x (22 - -4)
— = 12:48 kW

Heater coil

Air duct heater calculation

Therefore if the ducted air is required to supply all heating needs,
then 12:48 kW is odded to the room losses of 3 kW, bringing the
total heat input to 1548 kW. If the ducted air system is to provide
for the design room heot loss of 3 kW, the discharge air
temperature (T) can be found by rewriling the formula:

Room heat losses = Q xpx She x (T -int. air temp.)

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

High tensile steel ropes are used to suspend lift cars. They have a
design factor of safety of 10 ond ore usually ot 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 copacity cars.

Single wrap 1:1 with diverter pulley - required for larger capacitly
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 olternative 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 troction between the counterweight,
driving sheave and steel ropes.

Traction sneave
Siab
Car
Stoet fopo 6 =4
Single wrap 1:1 roped
Hich Traction sheave
g Hitch
Stoal rope
Car
Counterweight =
Singlo wenp 2: 1 roped Double wrap 2: 1 roped (for high speed and medium to

heavy duty loads)
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Roping Systems for Electric Lifts - 2

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

Drum drive - o system with one set of ropes wound clockwise
around the drum and onother set anti-clockwise. It is equally
balanced. as one sel unwinds the other winds. The disadvantage of
the drum drive is that os height increases. the drum becomes less
controllable, limiting its appXcation to rises of aboul 30 m.

Compensaling 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 ottach to the underside of cor and
counterweight to pass oround a large compensating pulley at low
level.

Doublo wrap » Jo—— TraCON ShéaVe m m
Q Siab

i
CM\‘ Countarwoight s Vc.;
/d‘ W&Ww shaave - N, -
rope =]
Counterweight |

Double wrap 1: 1 roped with compensating rope Single wrap 3:1 roping
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Single Automatic Lift Control

The single automatic push button system is the simplest and least
sophisticated of controls. The lift car can be called and used by only
one person or group of people at a time. When the lift car is colled
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 caor 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 ond the cor is ovailable to respond to the next landing
call. Although the control system is simple and inexpensive by
comparison with other systems. it has its limitations for user
convenience. It is most suited to light traffic conditions in low rise
buildings such as nursing homes. small hospitals and flats.

‘In use’ ights
swichedon ™,

m Car
unoccuplod
| o [f =
responding
10 the first
landng cab

Lin car calied to & fioor. ‘In use' lights switched on

Car cccupled
and moving
efther up
Of Qown
In use’ fights
swilched off
e _____]
Litt car in conlrol of occupant and cannol bo Tho car will now
called by other passengers respond 1o an
Inlanching passenger

AR A A A AT E A L A AR AL AR ARRARRRN

-

Lift car vacaled. 'In use’ ights switched off.
Lift can now be called by other passengers

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

Down collective - stores 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 oplimise 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 coll, 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
lobby and specific floors.

Full or directlional
colleclive = a variation in
which car ond landing

2 Floar calls are immediately
a stored in any number.
Car suationary [ Upward and downward
intermediate landing calls
1" Mooe

are registered from one
ol two directional

buttons. The uppermost
and lowest floors only

Ground foor require one button. The

AR AR RAARMAAARARALARAARARARLARRRARRREY

e T T TS Y STSS"SESETTTSTTYVTE

Passenger anters While travelling : lift responds to calls in
the car and prass buttons upwards all the floor order independent of
0 Srovel upwands londing calls are by pamed call sequence. first in one
direction and then the
B a other. It has greater

flexibility than the down
collective system and is
appropriate for offices
and depoartmont ol stores
where there 5 more
movement between
intermediate floors.

Ground floor

When the car moves
down all landing calls
sre collected floor by floor
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Paternoster Lifts

A polernoster consists of a series of open fronted two-person cars
suspended from hoisting chains. Chains run over sprocket wheels ot
the top ond botltom of the lift shaft. The lift is continuously moving
and provides for both upward and downward tronsportation of
people in one shaft. Passengers enter or leave the car while it is
moving. therefore woiting time is minimal. Passengers will hove to be
fairly agile, which limits this type of installation to factories. offices.
universities, etc. It is not

suitable in buildings thot

accommodate the infirm or Sprocket whoets driven by

elderly! When a cor reaches lﬂmm

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

the adjacent set of hoisting | Ywo-person
chains to engage with cor Hoishing | =
quides and travel in the

other direction. In the

. Direction Hingod troad
mter;sts ol! sotlety. cc:: s i
speed musl nol excee
Apron
O-4 m/s. s
I
G I
- | ] | | D¥ection of
b ans: | | ] -
atopposite | I I
cormers (Cars | | |
Car 0 Car position) | * I
" — NG~ L@
T Oude I :/I
e |
'i-n 1 Tonsonea | ( | :\
! Holstng
sprocaol | . & | cnam
wnoot
Boarny
Plan ol lin at top changeover View ol installation

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

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

general use.

Side acting - the ram is connected to the side of the car. For large
capacity cars and heavy goods lifts. two rams may be required. one
each side of the cor. A borehole is not necessary. but due to the
caontilever design and eccentric loading of o single ram arrangement.
there are limitotions on car size and load capacity.

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

Indirect side octing - the cor is centrally suspended by o steep rope
and the hydraulic system is inverted.
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“\ Y Sioel 4
A
;I/I //I////A
Direct side scSnp Indirect side acting
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Qil-hydraulic Lifting Arrangements

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

generol use.

Side acting - the ram 15 connected to the side of the car. For large
copacity cars and heavy qoods lifts. two roams may be required. one
each side of the cor. A borehole is not necessary., but due to the
cantilever design and eccentric loading of a single ram arrangement.
there are limitations on caor size and load capacity.

Direct side acting - the car is cantilevered and suspended by o steel
rope. As with side ocling. limitations of contilever designs restrict
car size and poyload. 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 Qil-hydraulic Lift Installation

Originally, hydraulic lifts
used mains water supply as
the operating medium. The
main was pressurised from a
central pumping statien to
service lift installations in
several buildings. The oil-
hydraulic system hos oil
pressure fed by o pump into
a cylinder to raise the ram
and lift car. Each ¥t has
its own pumping unit and
controller. These units are
usually sited at or near to
the lowest level served. no
more than 10 m from the
shaft. The lift is ideal in
lower rise buildings where
moderate speed and smooth
acceleration is preferred.
Car speed ranges from O+
to 1 m/s oand the moximum
travel is limited to about
21 m. The lift is particularly
suitable for goods lifts and
for hospitals ond old
people’s homes. Most
hydraulic lifts carry the
load directly to the ground,
therefore as the shaft does
not bear the loads,
construclion is less
expensive than for a
comparable electric lift
installation.

s danal

SIS v 4

AR R U IO el Tt X LTl

né‘_

RS A LN L

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
installing hydraulic lifts.
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Qil-hydraulic Lift Pumping Unit and Packing Gland

Upward movement - the oil pressure must be gradually increased.
The up solenoid valve is energised by an electric current and opens
to allow oil to enter obove 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 bock to the tonk through the by-pass. As
the area of piston A is greater than volve B. the reduced oil
pressure behind the piston allows valve B to open. Oil flows into the
tank and the cor moves downwards.

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

l Pump
Stratrer « “
Spring-Joaded g
chock vaive

O to cyinder and tam
Ol tank, pump and conirols
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Escalators

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

The maximum carrying capacity depends on the step width and
conveyor speed. Standord steps widths are 600. 800 and 1000 mm.
with speeds of O-5 and 0-65 m/s. Control gear is less compiex 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 olternative is o
fireproof shutter actuated from a smoke detector or fusible links.

e

Waler curtain

Stee! shuttor
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Plan o Fireprool siiding shutler
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Escalator Arrangements and Capacity

Escalator configurations vory depending on the required level of
service. The one-directional single bank avoids interruption of traffic.
but occupies more floor space thon other arrangements.

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

L L R Rl o o e d——

{2) Single bank -tratfic In one direction

WL BB ——

(b) Crisscross -
~ Direction up and dawn

T TTTFTEr, TN

Lttt oo e ™

{c) Parallel

Direction up or down

VTS T TTETTEETTNIS

L bbb i bt b i o i i s il 2l id ik L i

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

i 3600 X P X V X cosine 0
L

N

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

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

_ 3600 X 1% 0-65 x 0-8192

N 04 = 4792 persons per hour
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Travelators

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

Applications range from retail, commercial and store environments to
exhibition centres, roilway and airport terminals. Speeds range
between 06 and 1'3 m/s. any faster would prove difficult for entry
ond exil. When added to walking pace. the overaoll speed is about
2:5 m/s.

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

Up to 300 m

Capacity 6500 to 10 800 persons per hour
Typical inclined travelator
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6.Construction and earth moving equipments
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PART-D

6.Construction and Earth moving equipments

INTRODUCTION

« Construction equipments are one of the very important resource of modern-day construction,
—aspacially 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 mnjor construction activily without the invelvement of construction equipment.

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

«  The selection of construction equipment defines the construction method, which i in a way leads
to the determinstion of time and cost for the project.

« For gelecting the right equipment to perform a specific task at the least cost, it is essential to

know the features of a conatruction equipment including its rate of production and the associated
- vost to operate the equipment, T : ?

o  While dealing with the construction stage, selection of the most suitable equipment s a very
typical problem which is generally faced by the construction engineers or contractors.

« A contractor may not afford to have al) types or sizes of equipment which are required for

exceution of the projects.

¢ Choice i made ulter considering many factors like nature of the project, cost of equipment,
depreciation, possibihity of its future uses on other projects, its resale value afler certain peried,
thé saving expected from the use of such equipments ete. -

LASSIFICATION OF CONSTRUCTION  EQUIPMENT

Construction equipments cnn be classified into many ways.

1. Bawms of function of equipment - for example, material Joading function, material — transporting
function etc.

On the basis of finctions equipments can be grouped into
(a) Power Units

(b) Prime movers

(¢) Tractors

(d} Material-Haudelling cquipment
(v) _.’c‘!.'nler_nql--plocc;smg equipment

WA VAC I AL B L tte ~
S . S Py . WY AN =
-3 u‘d:‘r < fswn-., o e T“'
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SELECTION OF 'CONSTRUCTION EQUIPMEN

3.

4.

Basis of Operation of equipment: s

(a) Equipments used for moving and leosening the materiols found in their natural elate cg-
pumps, excavalors, carth moving, trenchers, compressors ete. A S

) B&uipments used fur processing the materials, for example aggregate, concrete and asphalt

production,
(c) Equipments used for transporting the processed materials
(d) Equipmente used for placing finish materials,
Basis of purpose of equipment
(n) General Purpose : Earthwork equipment, Hoisting, Cancreling,

(b) Special equipments : Piling nig, coffer dams, tunnel boring machme £aISSONs equipments
ele, v

-

For speedy and economic construction of a pro)ect. pfoper choice of equipment is of primary
importance.

The problem of proper selection is further oomphcated because of the wide range of equipment
commercially available

Following factors must be con&dere(!-bcfm.-!laving 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 its operation 15 somewhat more expensive.

Depreciation cost of the new machine 1s likely 10 be high, and this would raise the owning cost
of the equipment and hence the unit cost of work.

. Availability of the Equipment

The equipment which is easily 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 P -

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

Spare parts of standard equipment pre easily available and are less costly,

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

For imported equipment, it is prefesable to import from_a toft currency rather from a_hard _.
currency country, to save foréign curréncy reserves, e
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5. Smtabxlnty for Future Use oy b

If 2 machine is required only for some part of its use fuﬂ life, then ways to disposed off or its
deployment on some other site should be considered.

Obso!eacenog_o( r.hc machine shpuld not be overlooked,

6. Suitability for Site Conditions

 The equipment chosen should suit the conditions of the job, =oil, valley, working conditions and
climate of the region,

7. Size of Equipment >
» Larger equipment give higher outputs on full load, but its-cost of prod\rotum ls nsuallv greatcr

DRSS _.

than that of smaller units working on partial load, - oA

o« For larger equipment transportation to site is generally dnf&nﬂt and cosdy in compmson to
sinaller equipment

¢ Servicing, maintenance and repair facilities have to be greater for Jarger units. However, larger
machines are usually more suitable for ough working conditions

¢ Standby cost of larger size equipment is more than, that of smaller equipment

8. Versatility

If.passible. the machine selected shonld be able to do more than one function,and should be
inter convertible where ever possible.

9. Snitability of Local Labour
-« The locally avéilab!e.opvrnwrs and tachniciane should be able o handle the selected equipment.

¢ Special equipment may have excellent performance but may be difficult to get repaired during
break down.

COST.OF OWNING AND:OPERATION
‘o Costof pusaéssion of an equipment is called cost of awning to which can be added the cost of
fuel for running the equipment,

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

» It should be noted that this does not include the operators cost.
Following factors should affect the cost of owning and operating.

(a) luitial cost of equipment, which includes equipmeht cost, transporiation cest, loading and
unloading charges and installation cost.

) Severnty of service condition under which 1t s used.
(¢) Number of Fours used in a year?
(d) Quality of Maintenance and repair.
(¢) Demand of equipment st the end of sevvice life.
() Service liferof equipment: : W N & i
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» Following cost constitutes the cost of owning and operating. - -
(i) Depreciation cost ‘ : s
(ii) Maintenance & Repair cost '
(i) Investment cost
(iv) Fuel or energy consumption cost
(v) Lubricating oil cost

Notle: Annnl maintenance and repoir cost = 50 to 100% of aml depreciation but 100% is o foir value.

: | Tatial vokee-Solvoge vahue
Aol Gepraciation’™ 1T Ffa of aquigmest .

ECONOMIC LIFE OF CONSTRUCTION EQUIPMENTE

« A construction equipment has two types of life.

(a) Physical life : The potential service life or time pen'bd of an €quipment before which it
physically becomes unable to produce a good or service.

(b) Economic life : It is defined as the time period over which an equipment is expected to
be use able, with normal repairs and maintenance. for the purpose it 1s hired.

+ A machine can be used for long period (il the end of physical life) through expensive repair
and maintenance cost, may have small eeonomxc life i €. during which it gives maximum proﬁ .
and lowest aperating cost.

--—-----—------—------—------------------------------------

Note: Economuc life may ofso be defined os the period of rtploczmnt of on equipment that moximises the profit from
the equipment or minimizes- the cumulatively lwurly owning and operating cost.
Gcm'dly the economic hfe of ‘an equipment is given in terms of _yeors ard wlmg hours.

- - ———— e Rt At W - - wm e A IR Y e - - -

+» When should the equipment be !'ep)aced’

« 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 the effect which the continued use will have on these costs.

The costs to.be considered -are:

1. Investment Costs

» It 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,
interest on the money invested in buying the equipment , taxes pertaining to the ownership
of the equipment, insurance and storage, .

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

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

. Gencral!y a combined investment cost including interest, taxes, insurance and storage is taken
“agzabout 10" to 12% per year of r.he value of the equipment at the beginning of year.
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‘ Avenge annual cost ol’ tho equipmcnt is found out in follomng ways.
Case -. When there is no salvage value of lhe cquipment
nF :
P e P(n¥])
v~ 2 = b.‘

where,

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

". !‘ }\ ' < ..
; "—-v-—»-:'-'-'—;——- % '. . :
3111!\1 N L e Ba

- “-z RN A ha “Pav. .
B e eeatcas sun T
=i - ’*g ': i!- ] 3 . . Y
c [ M 8 R e
x| pln= '
gl - :
= : 3 , . A
9. 2 3 n

hbmmra with mulnp valug ——»
Value of equlpment by yenr

»y

Case -11. When there is salvage value of the: cqmymcnl. The average valu;oﬂhe equipment
is the sum of the vulues at thie beginning of the first year and the end of the last
year divided by 2.

3 Pr "a
(1p+8)— . Pav
™ : s
b P - g E ﬂ_ =
) S

0 1 2 3 n
= Life in years with sabage valuo

Value of -eq'@lpgent_ by year

P-§
b P S Pme+Sn-1)
g 2n

where,
P = Total original cos|
P, = Average value
n = Life in years
. 8§ = Salvage value
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3. Depreciation and ReplacementCosts
« When one considers the réplamment. of equipment, it is necessary to know the salvage valji
of the machine and the replacement cost of a similar equipment.

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

3. Maintenance and Repair Costs

It is necessary to keep accurate records of maintenance and repair costs a&‘large varations 28
observed in these costs every year.

4. Downtime Cost

« Downtime is the time that a machine is not working because it ie undergoing repaire.
adjustments.

« Downtime tends W increase with usage.

.-~--—_..__----.—----------—--—---------—-----.--———---——“

-
- .--.-.--—---------—-—-----‘---------_,---------------0

5. Obsolescenee Cost

« Continuing improvements in lbe productive capacxue‘a of construction eqmpment have resultém
in lower production costs,
- &It ohserved that ; if by msta!ling a new machine the production cost is reduced by 5%, "h?’
- compared with the production costs of an existing machine, the existing machine will suffer
lose 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 equlpm“i'
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 ma} be used also as mount for
many types of equipment such as bulldozer, shovel, dragline, hoe, tenchers ete. Therefore.

*» It is considercd as one of the most important equipments and is indispensable on most of t}-e
construction projects whether small or big.

L]

Tvpes of Tractors

Tractors are divided intp foXowing types :

Tractor Sty
\ 4 |
v v
Crawler Tractor Wheel Trsctor
- i 1 <
Two wheel Tractor  Fourwheel Tractor

Factors affecting in selection of a tractor

* In selecting a tractor, several factors should be considered and some of them are enumerated
as follows;
(a) size required as per magnitude of the job. -
(b) kind of job for which it is to be used like bulldozing, pulling a scraper, clearing land etc,
(¢) type of footing over which it is to operate i.e. high tractive or low tractive efficency.

©iooid) - firmnese of haul road: - Pon o mesembe Ay T R e Sty T T e
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(c) smoothness of haul road

) slope of haul road,

(g) slope of haul road,

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

Crawler tractor

o If # tractor is wounted on crawler, it is called crawler tractor.

¢  Crawler track is an endless chain consisting of steel links made of steel plates connected
twgether by ping and bushinga.

o Itis used for moving heavy units on rough surface having poor tmctioq. 'l'he optimum pull that
a crawler tractor can provide depends upon its weight and is equal lo\hc mﬁﬁent of teaction
(depending upon road surfoces) multiplied by tho weight of uhit, mudlen of the power
supplied by the cagine. Its

*  Maximum speed 1z limited 1o 10 kmph while average speed lw 45156 kmph i
te suited for short haul say 60 to 1650 m.

*  Specinl advantage lies in ita absiity o travel over very rough surfaces and to climb very steep
grades up o 25 to 29% at a speed of 2,75 kmph,

* [t has a life of 8 to 12 years {9000 to 16000 hre) depending upon its horse power which varies
form 100 to 300-HP.
Advantages of crawler tractors

()  Having more teactive effort it can operate on soft fsoting such as loose or muddy soil.
i) It can apevate in rocky formations where rabber tyres may be seriously damaged,

(i) Tt can travel over raugh surfaces which may vedugy the cout of maintaining. heul. roeds
tiv) Tt has greater floatation becausze of lower prusu}e under the tracks.

(v) Being compact and powerful, it can handle very difficult jobe

Wheel tractor

* The bagic advantages of s wheel tractor when compared with a crawler tractor lios in its higher
speed. In order to sttain a higher speed, a wheel wactor must sacrifice its pulling effort. As
the speed is incressed with the help of higher gears. Rimpull will be decreased in approximately
the same proportion.

Q---‘---...-----------------'.-.-.-..........-..--.--------.

W L e e W O O R e e e W e e W W G e o e o W e

¢ It poasaaae.-. a Jower woelficient of traction between rubler tyres and some soil surfaces, the
whee] tractor aturts slipping beforo developing its rated rimpull.

¢ Itsuseful life les between 8 to 10 years (12,000 to 15,000 hrz) depending upon on its horsepower
which is gonerally more than 76-HP.

Advantages of wheel Lractors B

()} Tt can teovel at highor speed (maximum speed up to 50 kmph) on the job or more from
oie b L another,

(1) It cun give greater output where considerable teavelling is necessary. 3
' (m) 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 downhill work

(¢) Good underfoot conditions
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POWER SHOVEL -
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Basiely a chovel is o tool for digging, lifting. and moving bulk matcrhls. such as soil, coal,
gravel, snow, sand, or ore,

Shovels are extremely common tools that ave used extensively in agriculture, construction, and
gardaning.

* When 3 shovel :s mounted on a Power vehicle it " called a2z Power Shmel

Power shavels are used mainly Lo excavats earth and Joas into trucks or tractor-drawn wngont
Power shovels ean excavate all types of eartl excepisolid vock withiott prior iocsenihg "

The basic parte of & power shovel inciude Monnting, Cad, Boom, Dipper stick, Dipper.

Size of power shovel is indicated by capacity of its dipper, generally expressed in cubic meters.

Pomfr shovels are cafamouly av ailzble in divoer mizes of 0,29, 0.358, 0,57. 0.76, 0,95, 1.14. 1.33,
153 and 1.91 m3

Types of Power Shovels

1
2

Crawler mounted power shovel,
Rubbor tyred mounted power shovel,

Crawler mounted Shovels

11 16 mounted on crawler tracks,

It ig haa very low travel speed.

It exerts Jow pressure on the soil and hence suited for muddy and soft ground surfoce.

Rubber Tyre mounted Shovels

It is mounted on Rubber-tyres, .
It hae higher travel speeds are useful for small jobs where considefable travelling ie involved.

It exerts considerable pressure on the soil surface hence suitable for road and the firm ground
surfaces.

Operations of Shovels

i’wnon the shavel near. lh; face of the earth tc be oxcayated.
The dipper is lowered to the floor of the pit, with the teeth pointing into the face.

A penetrating force is applied through the dipper shaft and at the same time tension is npplzed
to the hoisting line to pull the dipper up along the face of the pit.

If the depth of the face (called the depth of cut) is just right, the dipper will be filled as it
reaches the top of the face.

If the depth is shallow it will not be possible lo fill the dipper completely without excessive
penetrating force and hoigting tension

If the depth of cut is more than is required to fill the dipper, the depth of penetration of the
dipper into the face must be reduced, if the full face is to be excavated or to start the excavation

above the floor of the pit.
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DRAGLINE

—

As the bamc charscter of the machine is, dragging the bucket asgainst the material {5 be
excavated, it is knowa as Dreagline,

+ Draglines are used to excavate earth and kad it 1sto haul units, sach aa trucks or to deposit
It an spoil banks and embankments near the place from whero it is cxcavated.

o Sue of dingline 19 expressed by the sao of ita bucker
Advantages of Dragline:

1. ltdoen nnt have (o go into the pit 10 excavate,lt may opernto on natural firm ground
2 1Fit has & long boam then it ean dupose of the earth in one aperation without the need for heu!

3. It can excavate below its Jevel 2nd usdor water.
4. It can excavaie trenches without shoring.

Disadvantage of Diagline

; mamummd.aumhwmmnﬁmnmm{m-m%!k

Types of Draglines !

1. Crawlermounted Draghnes-These can operate on soft and muddy ground lurtlcu.,,d
apoed of 16 kaph. hay

2 ‘mew‘hﬁaﬁ-ﬂumthﬂdIMndhu‘Mdum

Operation of Dragline &y N

o Excavatios i started by swinging the empty bucket to the digging position o"lthenm, )
locsen the drag and the hoist cables. g e

« Excavation is done by pulling the bucket toward the machine while maintaining tension
hoist eable. ' ) the

o When the bucket is filied the operator takes in the hoist cable while playing out the drag

o Dumping 14 doar by releasing the drag cable ! e '

« Filling the bucket, hoisting. swinging and dumping of the loaded bucket, followed in thyy Orde,
constitute one cycle r

ssamevesSrecescevereT e creseresaanndar Wl vaneess SRS Te,

B e e T S P

« ~ While the cficet of 0k 55 management conditions on the output of the dragline will b oy
the same a5 for 3 power shovel, and the job and manngement factars may be used for afy,,
the probable ontput of draghines, the size of bucket and length of boom have a direct .;;,t':"':
the output of & dragline. -

o Bockets are avoilable in classes, such as light-duty, medium-duty and heavy-duty.

« Lightduty backets are for matorials that are easily dug, such as sandy loam, sandy thay, 2
sand.

«  Medina duty buckets are lor general excavating service such as digging clay, eoft shiap,
loose gravel "

« Heavy-duty buckets are for handling Masted rock and other abrasive materials

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

« In slicting he eize and bucket type, the dragline and bucket should be matched o,

efficienty. bey
. thMun&nnM&Mht%me&htof&cloqd.udub
—  bucket does pot excred the safe Jood recommended for the dragline.
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BULLDOZER _

~ Reservoir Butatdes Cap
Exboint Pige
1

Hood Sade Panel
Main Qiting Edg» Tl Cylindes Guant v

From Axle

« Bulldozers are very efficient exm\';iing tools for short haul applications up to 100 m.
It is essentially a heavy steel blade which is mounted on the front of a tractor. The leavy blade

attached 1o the tractor pushes the material from ene place to another.
+ The size of o bulldozer is indicated by the length and height of the blade.

‘s Bulldozers are ciassified on the basis of :

(1) Position of angles
(a) Bulldozers- In these blade is sel perpendicular to the directiun of movement. It pushes the
earth forward and dump o scme place .

(b) Angle Dozers- In these blade is set at an angle with the direction of movement. It pushes
<he carth forward and to one wde,

(2) Based on mounting

(a) Wheel mountad
(b)  Crawler mounted
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Advantages of me"er.{mr;moﬁaeea bulldoger:.
(a) abx’hly to deliver greater tmclwe effort en soft, loose or muddy sol

(b) abahty to travel on muddy surfaces

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

(d) greater flotation because of lower pressures under the tracka
(e) greater use-versatility on jobs.

Advantages of the wheel-mounted bulldozers:

(a) higher travel speeds on -the job or from one job to anothcr
(b) ehmmauon of hauling cqmpmmt for mnspothng the bulldozer %0 tbe site
(c) grea&er output, eapecmlly when ngmﬁmt tnvelhn; 18 required
.(d) less operator fatigue
{e): ability to travel on bitumen roads without damaging the sarface.
(3) Based on control- for raising and lowering the blade

(a) Cable controlled
(®) Hydvaulieally controlled

“Advantages of the Cable controlled bulldozers

(a) Simple to install operate and qoutml

(b) Basy in reparing

(¢) Reduction in the denger of damaging a machine
Advantages of the Hydraulically controlled bulldozers

(a) Able produces a high down pressure on blades to force blades into ground
(b) Able to mantain a precise setting of the position of the hlade.

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

(1)) Clearing land of timber and vegetation ‘

(i) Opening up temporary roads through mountains and rocky areas

(i5i) Moving earth for haul distances up to about 100 o

(iv) Pulling loaded tractors and scrapers

(v) Levelling 2nd spreading earth fills

(vi) Backfilling trenches -—

(vi)) Clearing construction sites of debris -
(vii) Mamntaining haul roads

(ix) Clearing the floors of borrows and quarry pits
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Compactmg Eqmpment "

=—=—_' j- -_,;- “]

.NTRODUCTIO

‘o Compachon is the method of artificially dcnsxfymg the soil by pressing soil pamcles together’
into close contact, resulung in the expulsion of air and/or water from- the soil mass. '

u Compachon is dong to increase the strength of an carth fill or an embankment.

. Compacmn refers to the method emplo)ed by a eompactor to impart energy mto the soil o
achieve compaction.

+ Compactors are designed to use one or @ combination of the following types of compactive - -
“efforts: . PRS- ‘ ’ '
m i(neading action -Manipulation or rearr:;nging g
(2) Static weight — Pressure apphcat:on
(3) Impact — Sharp blow

@ Vibration- Shaking ~~ ™~ ' BRI B )

Sheeb’s Foot Rollers

| ‘I - Scanned with.CamScanner . ... --Sheep's . Foo! Roller. ‘.,;uz_ra.‘.},':&l-\‘é‘iv..-'?.‘)::i:':i"%;":".m-f,- 284
. . ~ A B B LT ot A
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+ Sheep's foot rollers mﬂimbk.hunﬁnﬁuﬁﬂzﬁné.&nﬂmim'mﬁals'mwmdm&&k '
of sand_and clay, _

* These cannot compact gronular_soils such as sand and gravel.

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

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

¢ Sheep's foot rollers can Le towed or self-propelled, and its drums consist of cylmdncal 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 oot have Leen used

to describe their particular features. - s ",
* Because of the"small contact aren of the lheep & foot roller it requirés it large number of passes
to prnvndc even one complete coverage of an area of soil. - . --,:--.

. 'Shecp foot rollers are slow, have o vcry high rolling resnstance and therefore cost per unit

. '..~

—  volume compacted is high.

Smboth-whccl RoMers

" $Smooth-whee! Roller :

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

* These rollers are effective in compacting granulor sils, such as sand, grave], and crushed stone

and they are also effective in smoothening surfaces of soils that have been compecmd by
lamping rollers. .

”r Mlmmmmmhuwmmmdnhmummnmm"rfaﬁmm“
prevent ndequate compaction in the lower portion of o lifl

+ Self- propelled eategory the machine can be a three rull (tricycle confi guration) with the front
wheel uacd for steering while the rear wheels are powered for driving-

* They can be tandem two rolls type nlso.

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

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

(= Jyﬂ&,(ilmt,;s JB1e: 30, g, dxpending on the size of the equipment.
7 ine.steel drums of the. rolls mav be hallazted with water-or sand to- mcrga&‘?-ll.."‘_'.?.. ’.‘.t.?: gkt
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e Il' a )oller is des:gaited.as.l_.!.u_a.t,.n.meahs dmt. I.he mmxmum wexght of tﬁé 'maclnne only
is 7.3 and that it can be ballastcd to give a maxxmum wexght o{ 128 t. ‘
Pneumatic-tyred Rollers i e . .
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. | Pneumauo-tyréh Rbll&t |

* Pneamatic-tyred Rollera ‘are surface- rolld‘s. whxch 'dpply the mnmnh_qf_knndmg_m_m tn .
-effect compachon ‘below the surface.

NS N liu L

. Thcse rollers rely on dead 'wcxght actmg 6: upon pneumahc t\'red ‘wheels to pmduoé the
compacting cffort.

The weight of a unit may be increased by ballashng .
m %wmmwﬁwmmwdahle varying [rom 13.6-180 tonnes gross weight.
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" Tamping Rollers

Tamping foot compactors (Fig. 5.3) are high-speed, self-propelled, nonvibra-
tory rollers, These rollers usually have four steel-padded whecls and can be
equipped with a small blade 1o help level the lift. The pads are tapered with an
oval or rectangular face. The pad face is smaller than the base of the pad at the
drum. As a tamping roller moves over the surface, the fect penetrate the soil to
Produce a kneading aclion and a pressure 1o mix and compact the soil from the
bottom 10 the top of the layer. With repeated passages of the roller over the
surface, the penetration of the feet decreases until the roller is said to walk out

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

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

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

material, 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 qIo‘l)g 2 particular pan of the fill is compacied. A working speed of 2 to
4 mph"provides the best 7esuils when using vibratory compactors.

amplilude
The ventical distance

the vibrating drum or

plate is displaced from
the rest position by an
eccentric momenl,
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. Sheepsfoot rollers
. Tamping rollers

. Smooth-drum vibratory soil compactors ©

. Pad-drum vibratory soil compactors |

: Pneumatic-tired rollers
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" Vibrating Compactors

« Vibralory compactors mlunt: the performance of satic weight rollers by adding dynamic
forees, usually achieved by a rotating vccentricnlly weighed shaft mounted inside the roller.

» -Vibrating compaciors have shawn their abilities to produce excellent densification of sails such
ax eand, gravel and relatively large stones.

» _As these materials are v:bnud the, particles lhl;! thm poduan lnd mstle mare ddcly mw
" adjacent particles to increase the-dénsity- of-dha ‘mass. e

« Types of Vibrating compactors ase : ‘
(») Vibrating sheep's foot rollers, P,
(b) Vibrating steel-drum rvollers, S :
(¢) Vibrating pnecumatic-tyred rellers,
(d) Vibrating plates or shoca, -

Maunually Operated Vibratory Plate .Compuctors

¥ 3 - T
Ay ' : y o Fekidh
[ . . Vla

T st

£ AT e
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o These machines have o ﬂhl.;:iﬁ:il'l;nt’;d with the soil. ) N

+ . DBecause of their much smaller size; vibrating plate oumpuum have lower wlpntsol compacted
soil than the larger vibrating rollers

« Theze are usedfor compaction of whcm-lm coil in confined .sreas or spaces~ - .-

« Power unit and contrel handles, for the pedestrian operator are sttached to a chassis suspended
above l!)e baze.plate on epringe or other form of Oexible mounting.

Manually Opcnl.oil Vibratory Tamping Compactors

Vibratery Tamping Compacior )
+  Vibro tsmpess have an engine-diiven reciprocating mechaniem which acte on a spriog system

L ‘)mﬁm MM’WM yith aatphlndf of abnut 1080 mm, are aat up in the bace
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. The most commonly used machmes have a mass m—the—range—of-SO—lel:g, 1md t;sually Operate
at-3 frequency of about 10 Hz.

o Their main mode of compaction is by impact and lhey are suwed for Lhc-eompoeuon-o{—most'
" types of soil.

« Because of their low output they are used in confined areas or spaccs where their portabnhly
and maneuverability are a particular advantage.

Manually Operated Rammer Compactors .

$7) - e

Rammer Compactor

Ramnier compactors are self-propelled in which cach blow moves them ahead slightly to’contact
new soil,

Theze units range in impact from 40 to 120 per sec at an impacl rate up lo 850 per min. '_ :
[EE. ?‘ci‘fﬂ?ﬁi’mé'wﬁghqﬁ’?ﬁﬂﬁ{le lig/blow, area covered per hour, and depth of compaction (lift) in em.
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PART-D

7.So0il reinforcing techniques
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Reinforced Sell

Reindorcenment m different formn s adided b0 sl in order to improve ity
mevhanical properties. Solls are strong i compression but weak in
tewsion. This week property of soll s Improved by Introducing
reiforcing elements in the direction of tenwile stress. Remforcement
msterial geoerally comists of galvanised of stamless seel strips, bany,
grids or fabrics of specified matenial, or wood, polymer and plastic, efc
The resndorcement s placed more or dess the same way as steel In
concrete, The end product is called remdorced soll, and is very etfectivedy
wsed for retaining structiures, embunhments, footings and subgrade, etc

It is a method of reinforong the sl with steel bars or other maberials.
The puspose i % increase the fensihe and shear strength of the soll and
restrain s displacements. The nails are vither placed in drill borehokes
and grouted along their total length to form “growted nadls”, or simply
deiven intir the ground as “deiven nais”™ The technique permits
stabiilization of both natural Sopes, und vertical or inclined excavations.

11, MATERIALS
There are two  basic materials used in the

construction of reinforced soil.
Soll or Al matrix

*  Reinforcement or anchor system

There used w0  be adequate Inter-
relationship between the materials used. Based on
the design strength and avadlsbility, the mateclals
are selected. We will discuss one by one, the
materiais that are being used.
Seil or fll matrix

convemlomlsmmdumﬂmedlsdnmll
graded cohesionless soll or a good cohesive
frictional fill although pure cobesive soils have
been used with success. The advantages of
cohesionless sofl are that they are stable, free
draining, not susceptible to frost and relatively non.
corroslve to reinforcing elements.

The only disadvantage Is fts cost. As a
convenient compromise between the technical
benefits from cohesionless soll and economic
benefits from cobesive soll, cobesive frictional may
be preferred,

Sometimes the use of waste material as fill
for reinforced soll structures Is attractive from an
environmental as well as economic view point
Mine wastes and pulverized fuel ash are the wastes

usually employed

|

varlety of materlal Including steel. concrete,
flber, wood. rubber. aluminium and
thermoplastics can be used as reinforcing matertal.
Reinforcement can have the form of strips, grids,
anchors and sheet material chain, planks, rope,
vegettion and combinations of these or other
material forms.

]

«  Surips are flexible lnear elements baving thelr
breadth greater than thelr thickness. Strips are
formed from aluminium, copper, polymers and
glass fiber reinforced plastic and bamboos. The
fornw of stainless galvanized or coated steel

strips are elther plaln or with projections such
as 1o increase the friction between

reinforcement and fill.
N

(b) Bar

() Strip
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.

(¢) Sheet (d) Gnd

Figure 3.2

«  Sheet reinforcement may be formed from
metal such as galvanized steel sheet. fabric or
expanded metal not meeting the criteria for o
grid




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

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

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
soll, together with low cost and ready availability.

Geosynthetics

Geosynthetics  are  manmade  products,
They are flexible and planar {(sheet-like). They are
manufactured from synthetic polvmeric materials
and sometimes from natural materials. They find
e in Geotechnical engineering as a separator,
filters, drains, reinforcement, hydmauolic barriers,
protectors and erosion control systenm.

L Geotextiles are porous geosymhetics that
resemble a thick strong cloth or blanket with
ts strands and fiber visible, They are planar
premeshle, 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 ar
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

Fig 2. Nowwoven Geoextile

IL Geogrids are mesh like or grid like
geosynthetics  with  square  or  reclangular
opentngs that sre larger than the thickness of
the ribs, the rib thickness ranges from 5 to

1 5mm aned the mass funit area Hes between 200
to 1500 gms

IOL Ceonets are simllar to geogrids but have
thinner member sand angular apertures not
square  or  rectangular bt resembling
parallelograms

Flgure 3.5

IV. SOIL REINFORCEMENT
TECHNIQUES
Soil reinforcement techniques can be divided into
two majot categaocles
1. Insite soil reinforcensent
2. Constructed soll reinforcement

In the insitu reinforcoment technique the
reinforcement is placed in an undisturbed soil to
form a reinforced soil strocture, Thiv includes the
technique of soil nailing and soll dowelling. The
retnforcement used for Insitu structures is usually
linear owing 10 the method of Installation,



Vertical or steeply inclined cuts can be
made for open excavation using rigid soll nails as
relnforcements. Such cuts are also referred o as
natled soil walls. Unlike reinforced soll walls are
constructed from bottom to top, nalled soil walls
are construcied from top o 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
mails are installed at an Inclination of 20 10 25
degrees to the horizontal near the ground surface so
as to avold intercopting underground nilities amd
the inclination is reduced to 10 ta 15 degrees as we

go deeper Inta the cut.

2, Constructed soll reinforcement ue: -
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 us backfill in such cases is granuksr soil with
Jess than 15% fines to enable development of large
fricdon between the reinforcement and sall. The
most often used reinforcement is steel strips since
they have large tensile strength as well as low

extensibility, Conatruction takes place from bottam
upwards and the reinforcement s placed

sequentially as layers of soll are compacted, one
after the other.

Figure 4.2

The constructed  soil  reinforcement
technique  describes  the  technique  where  the
reinforcement is placed at the same thme as an
imported and remolded soll. 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 embankiments and bridge abutments,
The reinforcement used for  the  constrocted
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  soll  with  better  mechanical
characteristics. The geogrid relnforced slope can be
easily vegetated with the local essences, in order o
obtain the best integration with the surrounding




environment.
2. Slope cutting repairs

The installation of pipelines and other
underground structures often requires cutting o
slope in protected or valuable areas where the
Authorlty 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 soll in the slope. Geogrids allow Improving
the stability of the soil: the slope can be rebuikt
without using expensive consolidation techniques.

3. Steep slopes embankments and bunds
Highway

Reinforcement

(a) Highway embankment
on hill slope

Figure 5.2

There are many situations where the
shortage of space or [ll 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 o
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 avallable 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 locaily available fill soil are the technical and
economic advantages of geogeld reinforced soll
sructures.

4. Widening of slope crest.

There are different cases where a rather
flat slope has to be converted 1o 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

boundartes {rivers, roads. etc ). Therefore the cres:
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 Rl soll. The face can be built with a
vegetated or concrete finishing different solutions
can  be eamily implemented ot design  and
constraction stages to meet technical, architectural,
environmental requirements. The orlginal 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 easlly avallable tools, even
by unskilled labourers. And, very important, the
traffic and the dctivities 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 ecarth retaining structures that support the
highest loads. Besides the high vertical and
horizontal loads directly applied by the bridge
deck, dymamic loads from heavy traffic, and
sometimes selsmic loads, challenge the design
engineer. Soft foundation solls, high water table,
environmental impact regulations often provide
further problem. Geogrid reinforced soil structures
provide strong, yet flexible, retaining structures.
Bridge abutments and wing walls can be designed
and bullt 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.

Figure 5.3

6. Soll retaining structures

Soil retaining structures can be divided into:

*  FACE WALLS which are usually designed to
cover a steep rock slope or a clff, 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 10 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 1o availability of the
fill soil, access 1o 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™ fuce is preferred.
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Figure 5.4

Geogrid reinforced walls can be designed
and bullt 10 fulfill the most varled requirements in
termns 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 o 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.

facual panc)

7. Road and Railway embankments
Road and rallway embankmenis are
usually large and earth structures, which
require considerable quantities of fill soil and land.
The cost of the Bl 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 guality 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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