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“ GLOSSARY OF HIGHWAY ENGINEERING TERMS
AND HINDI EQUIVALENTS”

By
TuE SrrcirlcatTioNs & STANDARDS COMMITTEE OF THE INDIAN
Roapns CoNGRESS

[Following precedent, the recommendations of the Specifica-
tions & Standards Committee on ‘ Glossury of Highway
BEngineering Terms’ are published in the Journal. Mem-
bers are requested to send their comments in writing by the
31st Mareh 1956.]

For purposes of easy reference, the terms of the Glossary
have been grouped into eight Sections. Sections 1, 2 and sub-sgc-
tion 3.1 were presented to the Congress as Paper No. 146*.
Sections 3.2 to 5.2 were published as Paper No. 170t, and
comments of members invited. The present Paper deals with
the following Sections :

SECTION 6. Plant and Machinery
SECTION 7, Traffic

7.1. General Terms

7.2. Signs and Directionas
SECTION 8. Miscellaneous

Since the publication of the above mentioned two Papers a
vommittee appointed by tbe Ministry of Education, Government qf
India, have compiled equivalents in the national language,'Hmdl,
forall the terms included in the I. R, C. Glossary of Highway
Engineering Terms. The Ministry of Education have now
requested the Congress to give wide publicity to the Hindi equi-
valents and have asked for comments on their suitability: Accor-
dingly, Hindi equivalents also have been given for Sections 6, 7
and 8. An appendix to this Paper contains the terms already
Published in Paper No. 146 and 170 and their Hindi equivalents.

* Journal of the Indian Roads Congress, Volume XI1V-3, Decemnber 1949,
t Journal of the Indian Roads Cougress, Volume XV11I-3, January 1954,
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5 O
Members are rec i
. juested to ¢ :
tio 0 g1ve their co ini
theniq,{gfd!;he terms now publishe , &8 well amments on the .d.eh“l'
ndl equivalents.  If they h "o the suitability of

To facilitate referenc
I ilit; e to published
llpmrles, Universal ‘Decimal Ul&ssiﬁcailzl'terature’ uy classified in
given, wherever possible. o numbers have been
'l‘ v . .
he Use of terms gven within backets is deprecated
precated.

.

SECTION 6-PLANT & MACHINERY

QuT ST agiad

qI—6
Defini~ ' !
tion No, | vl | rhRM l DEFINITION
6.0l ANGLEDOZER * A tractor on the front of which
: is mounted a suitable blade
Gfies éﬁl’( which can be set obliquely
to the line of advance.
60.02 ASPHALT A complete mechanical equip-

PLANT . ment for the processing of
TAthi=Z qad, asphalt.

TERIET HiZ

60.03  ¢25.5.088 BATCHING The mechanical equipment for
- ITLAN'I' measuring, either by weight
af=m AL, or volume, the quantities-of

: different ingredients  re-

Tqmdt &1 _quired . to make up each

complete charge of a mixer.

60.04 625.5.086 BULLDOZER ** A tractoron the front of which

; is mounted, at right angles

2 E‘Tat _to the direction of advance

of the machine, a wide

blade of suitable shape,

which- can be raised or
lowered.

Ty *The oguipmont is used to pash material to one side of tho machine:

mlo word *“ Anglodozor s also used for the equipment which, when

ag’(‘)l‘:lted on & tractor, constitutes a complete machine of the type stated
. .

b 11“ The equipment is used for pushing material forward, The word
co‘; dozer is used for the equipment which, when mounted on a tractor
sonstitutos a cumplete machine of the type stated above. oo e
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Defini-
tion No.

60.05

60.08

60,09
60.10

60.11

U.D. ¢,
No.

| TERM

‘BUSH
HAMMER

(2)aweE guter,
(X) g BAT

CAULDRON
w3

CONCRETE
FINISHER

FROT QUFCT

CONCRETE
PAVER

FEAZT YT

CORE DRILL,
o, gTar
CRANE

w9, Sz

CRAWLER
TRACK

fenw o

DEFINITION

1. A 1ight7 mﬁ&éﬁésive ma-

chine, usually driven by
compressed air and held in
hand, for removing the
outer skin from concrete
and the like, thus exposing
the aggregate.

. A tool used for giving a

type of surface on stone
magonary.,

An open vessel for heating

tar or bitumen,

A wide wooden or metal tem-

plate, or flat band, which
may be either manual or
power operated, and uged
for the purpose of floating
or smoothing off large con-
crete surfaces as a conti-
nuous operation.
(8ee Float, 60.19)

A concrete mixer capable of

moving on crawler tracks
or rails and provided with a
boom and bucket for depo-
siting the concrete jn the
required position for -a
Pavement.

A rotary apparatus used for

extracting cylindrical speci-
mens for tests.

A machine for hoisting, slew-

Ing and lowering heavy
loads.

A device, consisting of an

endless chain of plates
which bear upon the ground,
used in place of wheels on
vehicles or equipment, in-
tended for traversing soft
ground.

" D]
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Defini- u. n. e,

tion N Ne TERM DEFINITION
IO 0. ),
6(;—12* 6-‘;5.8.088 CRUSHER A machine for breaking stone
. ﬁ‘-ﬁ» or gsimilar material to suit
% able smaller sizes. :
60.13 DRAG A machine, usually Qragged
. [ and used for scraping off
AT At & and levelling irregularities
during the construction or
maintenance of roads.
(See Grader, 60.22)
60.14 DRAGLINE* A machine used principally
. EXCAVATOR  for exoavating below the
ARG GE level of the machine.
60,15 . DUMPER A vehicle for transporting
TIT material, so designed as to

be capable of discharging
its load by forward tipping.

80,16  A25.8086 ELEVATING A machine equipped with a
) GRADER scrapper and  elevating

attachment to discharge the
ﬂ&q loosened material into vehi-
cles for transport. -
D liance for raising
60.17 ELEVATOR An a,pI.)
' al from one level to
S?Eﬂ'f%m, materi

another by means of an
geATfax endless belt or a chain of
buckets passing over rotat-
ing drums or gearing.

5 EXCAVATOR ** A ower operated  digging
60,18  625.8.087 m;ﬁ,hine, usually mounted
@l on crawler tracks.

FLOAT a) A flat-faced wood or metal
6019 o ( )ha.nd tool for spreading or
guarer, Je smoothing mortar, mastio
A&t
(Conid)

* It consists of a bucket sispended by ropes and filled by being dragged
towards the machine, ‘

** Tt may he fitted with various attachments for different methods of
excavation,
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Defini-

U, D. (.

tion No, | No.

60.19

60,20

60.21

60.22

60.23

60,24

625 8,086

625.8.085

[
! TERM

FLOAT ((lontd.)

qrAT@l, -
HISAT FTAT

GAUGE BOX
T 959
GRAR*

arg

GRADER**
aATT

GRITTER

TRQ A

HAND
RAMMER

73, 9wy

DEFINITION

road materials or the like in
plastic form.

(See Concrete Finisher 60.07 )

(b) To produce a smooth sur-
face on materials in plastic
form.

A receptacle for measuring
materials by volume.

An attachment, fitted to an
excavator or crane, consist-
ing of a split and hinged
bucket suspended from g
jib and fitted with inter-
locking curved jaws or teeth,

A machine, either self-propel-
led or towed, having a blade
within the wheelbase.

(See Drag, 60.13)

A mechanical device for scat-
tering uniformly a thin
covering of grit, sand or
shingle on the surface of a
road.

A heavy wooden or metal
block attached to a handle
which is raised vertically
by hand and allowed to fail
for the purpose of compact.
ing loose material or for
bedding paving material,

* The jaws or teeth are designed to di
bucket is being lowered and to ol
hucket is being raised.

** It is used for sha
sproading loose materials,

g into the material when the

080 80 as’to retain the material while

ping a subgrade, certain types of roads or fop
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Dofini- | 1. D. C. TRRM | DEFINITTON
tion No.mw —]iob‘ - [
60.25 HEATER A tank or container eqpipped
(Boiler) with means for heating tar.
ans or bitumen.
60.26 INDENTING A light roller with rolls having
‘ ROLLER projecting teeth for impres-
:;NOII)EE{ sing a pattern on a road
. surface.
Frage VET
60.27 JOINTING A special float shapped for
' TooL rounding the arrises of
%ggism(, freshly placed concrete and
road slabs.
M graSt
JUMBO A movable stage oar}-ying a
60.28 number of rock drills, for
waAy use in tunnelling.
i ill
JUMPER A heavy bar, chisel or dri
w02 worked either by hand or
IR, A by means of a hammer, for
drilling rock preparatory to
blasting.
60.30 MECHANICAL A power-driven machine, usu-

60.31 625.8.085

60.32

MIXER

agivt fasw

ally portable, consisting of
suitable mechanism for the
purpose of mixing materials
such as concrete, asphalt,
tarmacadam, etc.

MECHANICAL A power-driven machine in

RAMMER which a weightlis lifted ag}lld

allowed to fall upon the

At g, material to be compacted or
HF Y bedded.

PAN MIXER A mixing machine having a

: shallow open-topped drum

FITE Rt or pan rotating about a

vertical axis, and a paddle,.
whereby the contents of the
drum are mixed.

2—1
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Defini- U.D.cC.
tic?n?\;o. No. TERM DEFINITION
60.33 PII’CII(()I?}}&XE A double-headed ecurved tool,
. attached to a long handle,
Tt having both ends pointed or
one pointed and one chisel
shaped.
60.34  625.8.086 PLANER* A machine fitted with cutters
R LA and  used for removing
irregularities from black-top
surfaces.
60.35 Pﬁg%ﬁ’)ﬁm' A roller having two axles on
ROLLER gﬁﬁb‘g W}fxich are mounted a
r of pneumatic-t
raat-2raT wheels, yred
TEAT
60.36 POWER
SHOVEL$ A J;%%Svf excagator operated
er and wused inci-
agftdr F2=r pally against a bank g:lpaccle
of material.
60.37 PUG MILL 3
P A m.a.c-hme for grinding and
AT R s Iixing wet materials, such
as clay, mortar ete,
60.38 RAK
R E A long handled tool with long
Qs projecting teeth wused for
handling loose materials.
60.39

ROAD HEATER A machine for heating a road

(Road Burner)

€TF 19T

surface by causing flg
. me
or hot air to play uf)on it. ’
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Defini-

tion No.

U.D.C.
No.

TERM

} DEFINITION

* The process is usually preceded by softening the surface

. **Itis towed by a tractor and
inereased by tho addition of ballast,

t The digging bucket is attached to a rigi
d is ¢
forced upwards through the earth and away tgrlomatr}rxlels ?lrxlafic}lxsir(x’:

is usually capable of having its weight

pable of being

*

60.40

60.41

60.42

60.43

60.44

60.45

625.8.08¢ ROAD ROLLER A towed or

625.8.5

625.8.086

625.8.086

|ITF U3
QT FIN
F1 £

ROOTER
RIPPER

sryfas

SCARIFIER
JqIH

SCooP

TRT

SCRAPER

ga-Agita

SCREED

Fqdt

power-driven
machine having smooth
rigid rolls for rolling and
compacting road material,
The approximate weight of
the roller is usually stated.

A machine mounted on wheels,
capable of being towed by
a tractor, and having one or
mors tines which are drawn
through the ground for the
purpose of loosening it and
for pulling up roots.

An independent machine or
attached apparatus used for
scoring and loosening the
surface of a road to a uni-
form designated depth.

A machine consisting essenti-
ally of a bucket or shallow
container with a cutting
edge, designed to excavate,
load and transport over
relatively short distances,
and dump the material so
collected.

A machine mounted on wheels
consisting essentially of a
large scoop, with a cutting
edge, designed to excavate,
load and transport over
relatively short distances
and dump the material so
collected.

A strip (one of a pair) usually
of wood or metal used as s
guide for striking off or
finishing a surface to a
required form.
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Defini-

tion No.

60.46

60.47

60.48

60.49

60.50

60.51

60.52

60.563

TIRM

OLLER
ARG ERNCAN

SMOOTHING
IRON

ZfEad

SPRAYER
FE

SPREADER
fazE aga,

qTW AT

SPREADING
BOX

fa3g awg

TAMPER
QI

TANDEM
ROLLER

- -
IR VET

TEMPLATE
®TAT

DEFINITION

625.8,084 SI'II{EEPS FOOT

A ;oller, _usually towed, hav-
Ing a single axle on which
18 mounted a cylinder or
gyllpders studded with pro-
Jecting foet.

An iron tool used, when heat-
ed, for smoothing the sur-

faces and sealing tho joj
in asphalt. E tho Joints

An equipment for distributing
fluid materials as a film,

either by gravity or pressure
over a road surface.

A mach@ne mounted on wheels
for distributing, while in

transit, loo i
R se material ove
a road. '

A machine or appliance which
recerves road material and
spreads it in an even but
uncompacted layer.

A wooden or metal template
beam or frame, manually
or mechanically operated
used for shaping and con-
solidating surfaces.

A road roller baving two or
more rolls of approximately
the.same width set one
behind the other so that
they operate in succession

on the same track. Unlegs '

otherwise stated, it is imp-

lied that the machi
P achine has

A full.sized mould, pattern or
frame shaped to serve as a
guide in forming or testing
contour or shape.
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5, 2

Dofint- t v ¢ \ TERM \ DEFINITION
60.54 THREE-WHEEL A road roller with one broad
ROLLER roll on the front axle opera-
e UEg, ting on the middle of its
D track, and two narrower
%QF@T UL ,1ls on the rear axle opera-
ting on the sides of its track.
60.65 TIPPING A vehicle fitted with a body
LORRY which is capable of bgi/ng
&I raised at onme end and/or
TS 5 sideways in order that the
contents may be discharged.
60.56 TIPPING A truck running on rails and
WAGON fitted with a body which is
¥ 3 pivoted in order that the
sars: feer contents may be discharged.
60.57 TRACTOR A self-propelled machine
i carried either on crawler
F tracks or on wheels, inten-
ded primarily to exert &
powerful tractive force for
towing other machines but .
often capable of serving as
s mount for other equipmen
(e. g. bulldozer, winoh eto.),
the combination forming &
self-contained unit.
60.568 TREEDOZER* A tractor on the front of whjch
STUMPER is mounted a blade special-
ly designed for felling trees
KA mq and uprooting  stumps.
60,59 TREMIE A oylindrical tube, funnel

shaped at the top, .used for
depositing concrete in water.

mounted on & tractor const
above,

* The word ¢ Treedozor

" ig also used for the equipment which, when
itutes a complete machine of the type stated
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Defini- | U.D. C. \
ti:nlglo. No. ! TERM DEFINITION
! \
60.60 Tgiﬂgg&( A self—propel_led power opera-
- ted machine for digging
Qe @A trenches,
60.61 VIBRATING A roller, either power-driv
" , - en
ROLIjER or towed in which the roll is
FI9T T1HT suh]gcted. to mechanically
applied vibrations.
$0.62 VIBRATOR A machine which compacts a
FEqt layer of freshly mixed con-
crete by vibrations.
WEIGH- i i
60.63 BATCHER A batching plant in which

: quantities of different mate-
WA AIFANTF  rials are measured 8‘bey
weight.

SECTION 7-TRAFFIC,
gT-—1 QA

SUB-SECTION 7.1 GENERAL TERMS

IqET~71 |raww gegraEt

Dofini- | U.D.C. :
ti(?nulleo. No. TERM DEFINITION
71.01 ACCELE- An additional traffic lane to
RATION LANE  engble a slow moving vehi-
| At cle entering a major traffic
artery to increase its speed
to the rate at which it is
convenient or safe to merge
with the through traffic.
71.02 BOLLARD A gubstantial post to define
ANa1g, the position of a refuge and
T &A¥A to prevent vehicles over-
running it.
71.03 BRAKE* The ratio of the effective
EFFICIENCY braking force to the mass of
e BTRAT the vehicle expressed as a
percentage.
71.04 BRAKING  The distance traversed by a
DISTANGCE vehicle between the point at
= which brakes are applied -
5% §ﬁ and the point at which the
vehicle comes to rest.
71.056 BRAKE RE- The time Jag or the brief in-
ACTIONTIME  terval between the percep-
3% afaiRar tion of danger and the
effective application  of
Fled
brakes.
71.06 CAPACITY The maximum number of vehi-

cles that can pass & given
point on a lane or a carriage-
way during one hour under
the prevailing roadway and
traffic conditions, without
unreasonable delay or res-
triction to the driver’s
freedom to manoceuvre,

g TIHLA

* A 100 percent efficiency would give a deceleration rate of 32.2 ft,
per sec. per sec,
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256 SPECIFICATTIONS & STANDARDS COMMITTEE ON
- : ] 1
sion No, | e \ TERN ; DEFINITION
71.07 #*CAHANNH:I ;xvn island that canalises
ZING ISLAND traffic at a grade intersec-
fAaga 3 tion into definite paths of
travel to ensure safe and
orderly movement.
71.08 CONTROLLED An approach from a highway
ACCESS to abutting property, the
. L 4 siting of which is subject to
f‘aazfaa ag= certain restrictions.
71.09 CONVOY Vehicles in motion that main-
ari tain a predetermined order
and spacing in & group.
71.10 DECELERA- An additional traffic lane to
TION LANE enable a vehicle to slow
asga T down, after it has left the
stream of fast moving
traffic, to a speed which is
safe for any subsequent
manoeuvre,
71.11 DENSITY The number of vehicles, per-
(TRAFFIC) sons or animals passing per
SIAAT (ATAG) unit length of the carriage-
way at a specified time.
71.12 DESIGN SPRED The magi;numh safe speed
~ agsumed for the desjgn and
Tiwera A correlation of the pl%ysical
features of a highway that
influences the operation of
vehicles.
71.13 DIREGTIONAT. Same as Ch 1isi
O o annelising Island,
a9 g
71.14 DIVERGING The dividing of a single
finma stream of traffic into sepa-
rate streams.
71.15 DII}III(I;&\I’)VAY A road on which traffic in one

. direction of travel is sepa-
ﬁn”aa Eﬁq rated . from that in the
N opposite -direction by a
A i :
median strip.

foligt | VD € ]’ TERM DEFINITION
7116 GYRATORY Vehicular traffic circulating in
TRAFFIC one direction round a cent-
i d or islands, a8 in a
JmarS aigr- rel slan ,
traffic rotary.
1, Rl
7 HEADWAY The distance from the front of
T : a vehicle to the front of the
{
(’ll'ﬁ 5&) T, one ahead in the same traffio
(AR TEET  lane,
71.18 HIGHWAY An intersection layout which
GRADE permits crossing manoeu-
SEPARATION 3,64 ot different levels.
<
amas faaraa
1.19 LAG The distance covered by a
7 DISTANCE vehicle moving at t?mfomci
speed during perception an
ﬁg“ iﬂ’ brake resction time.
FIAFAT
71.20 MERGING The converging of separate
- A streams of traffic into a
Sl gingle stream.
c by
.WAY Traffic which is compellgd
71 O?lﬁiAFFIC regulation to flow in one
a% &5“ direction only.
qamara v
Maximum flow of traffic at a
7122 PEAK TRAFFIC lace for a specified period
frran i P
A of time.
g '
N A transverse strip of carriage-
71.23 P%ll)l%ssg?l\llé way int;endedh for ge_destn-
ans orossing the road.
(dgw ) qrcag
PEDESTRIAN A raised safety zone
71.24 ISLAND (See 71.29.)
tae fia

3—m
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Defini- U D. C. : | -
NN No. TERM | DEFINITION
71.25 P{‘i}}ﬁEPTION The time taken by the driver
X L of a vehicle in motion to
ATATIA comprehend a danger before
trying to take avoiding
action.
71.26 REFUGE* An area near a junction set
g apart for the exclusive use
of pedestrians crossing the
carriageway.
71.27 ngli)A”leVE The rate of convergence of two
ELD vehicles as they approach a
YA P point of potential collision,
71.28 ROTARY A road junction laid out for
,IFI‘I’ggRSEC' movement of traffic in one
direction round a central
Fq qE, island.
TFRT AR
71.29 SAFETY ZONE Same as Refuge, 71.26.
qrAq
71.30 SHUTTLE Traffic constrained to flow
TRAFFIC first in one direction and
SJFZE "’i\&*’ then in the other.
| agq ararE
71.31 SIGHT The distance along the road
DISTANCE surface at which a driver
iﬁ! iﬁ has visibility of an object,
stationary or moving, at a
specified height above a
carriageway.
: SKIDDING The di i i
71.32 PING istance required to bring

a vehicle to rest with all
tﬂlﬂ{ﬂ' wheels locked under speoi-

aaa é{} fied conditions.

* Usunally it is protected, or is so marked o
signs as to bo clearly visible at all times,

r indicated by adequate

GrLossary or Hremway ExciNgmriNG TERMS 259
tjl)o(n“i\lt) ] U'fq)(‘, ¢ \ TERM DEFINITION
71.33 SINGLE-LINE Traffic constrained to move-
TRAFFIC ment in a single direction in
qi(Fasw arar- a traffic lane.
71, qif¥a®
EN
ZiRT
71.34 STOPPING The distance travelled by a
DISTANCE vehicle from the time ba.
danger is comprehended by
e ol iﬂ the driver, to the actual
stop i.e. the distance tra-
velled during perception
time and the brake-reaction
time plus the braking dis-
tance.
71.35 TRACKING (a) The act of driving hvehi-
cles one behind another in
@ approximately the - same
i) qEar track.

(b) Longitudinal depressions
or markings on a road sur-
face caused by the passage
of vehicles following appro-
ximately the same path.

71.36 TRAFFIC Vehicles, persons, orha.mhima,ls
travelling on a highway,
AT, ?‘\ﬁ% considered collectively.
71.37 TRAFFIC . A central island at a junetion,
CIRCLE having a circular or an oval
qramara g9,  shape.
axﬁﬁlﬁ. =h
71.38 . TRAFFIC Same as Density, 71.11.- .
GCONCEN-
TRATION
(ararara) gaar
71.89 'IRAFFIC GUT The inter-section of two
' 3w WA TE streams of traffic when cir-
R i cumstances preclude Wweav-
qraraa & ing.
HZ
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BPECIFICATIONS & StanNparps CoMMITTIEE ON

Defini-

U.D.C. |

tion No. No. ‘ TERM DEFINITION
— ———— ! T e . e S
71.40 T%:EI;}C A unit width of carriageway
o which will safely accommo-
JraF nn date a single line of vehi-
cular trafic. Usually the
width varies from 10 ft to
12 £t
71.41 VOLUME . The number of vehicles, per-
(TRAFFIC) sons, or animals passing a
aftamm given point on aroad during
@@ a specified period of time.
71.42 WEAVIN(i The crossing of streams of
74, g3 traffic moving in the same
general direction accom-
p!lshed by merging and
diverging.
71.43 W}EQI\C’ANG The area of a carriageway in
X which weaving ocours
. .
37 &, gAar
=
71.44 Wg&YFIESGE The length of a carriagoway
between  adijac adial
. Jacent radial
qgqe iﬁ, qAE routes at g rotary inter-
section, in which aving
ﬁ'} %\t’i’ occurs, WQd‘Vlub
71.45 WLEAVING I ¢ i i
LENGT?{ bd’;llleﬁds _Woavmg Distance,
797 gq, gg
Lik-L4
71.46 WE 3 ; i
Sf}X(I;lE(’ Same as Weaving Area, 71.43.

97 &4, gAn
B8

SECGTION 7 —TRAFFI(
gE—1 arama

SUB-SECTION 72 S8IGNS AND DIRECTIONS

37 @T —7.2 GFa A fdg

Deofini-

tion No.,

72.01

72,03

72,04

72.056

72,07

72,08

72.09

U. D. C.
No.

TERM / DEFINITION
ADVANCE A sign that gives prior direc-
SIGN tion, warning, or guidance
LY
94 G%a‘ to traffic.
CARRIAGE- Marking by means of studs,

WAY MARK-  white lines, etc. on the sur-
ING face of a carriageway for

FaATL f%[:g the control, warning, guid-
ance, or information of
traffic.

CAUTIONARY A sign indicating to traffic,
SIGN usually by means of appro-

%’atéﬁﬂ a5 priate symbols, of their
approach to a place where
caution is required.

DIREGTION A sign indicating the direction

SIGN to a particular locality.

e &%a

INFORMATIVE A sign, other than that of
SIGN prohibitory, mandatory, or

qEat axa warning significance, for
> the guidance of traffic.

LANE LINE A marked longitudinal iine,
other than a centre line,

et T separating two traffic lanes.
MANDATORY A sign indicating to traffic
SIGN an obligation to comply
3"%{1 S with a statutory regulation,

. A plate or panel giving the
NAME-BOARD name of a road, bridge' river,
ARGz town, or village, etc.

PROHIBITORY A sign indicating to. trafic
SIGN that the use of a highway

. by a specified class of traffic
sfada G.%El, is forbidden or restricted.
aanft &%a :
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Defini- U. D. C. N
tion No. No. l TERM DEFINITION
72.10 i‘OAD SIGN A device mounted on a fixed
;’J?‘E’? &¥a, (i)lzl' fﬁ;t?ble sufpport to give,
. [ orm of an inscrip.
Frarara a¥a tion and/or symbol, waxl-ﬁ-
Ing, direction, or guidance
to traffic.
72.11 R(l\)/llﬁll‘g{ER A sign indicating, by means
of a number, a device, or a
g fae colour, the course of a par-
ticular route.
72.12 TRAFFIC :
sion A(f, A Wdew.ce for thed control,
arning or guidance of
qraraE f|aas,  traffic. °
3w Ryt
72.13 TRAFFIC SIGN Same as Road Sign, 72.10
ES . sy (&0,
ifew G
72.14 WARNING Same tauti 7
SIGN Trpgg ubionary  Sign,

JaraA dna

* 1t may bo oporated manually, oloctrically, or wechanically

SECTION 8—MISCELLANEOUS

T8 fifyg
D!f. i~ ‘ IT. D. C Al \I G K
tion Nov. I N, 1 TERM | DEFINITION
R0.01 BLEEDING The exudation, a8 a viscous
: liquid, of the free binder
(StaT ) fega from a black-top surface.
80.02 BRAKING- A coefficient used as a measure
Eg?&%E%QI?, of the resistance of a wheel to
i . forward sliding on the road,
3% ¥% YU,  and to the condition where
t brakes are applied to a
>
NERL g wheel having forward mot-
ion only.
80.03 BULLING The enlargement of the bottom
of a drilled or jumped hole by
T joining a small charge of
explosive.
80.04 CORRUGA- Approximately regular and
TION wave like deformations on
a road, transverse to its
L, it centre line.
80.05 GRAZING The cracking of a surface into
small irregularly shaped
FER ) contiguous areas. '
qsar
80.06 DRILLING The process of boring a hole in
o a material with a tool revol-
A, e ved by a suitable mechan-
HRIAT ism.
80.07 FAT SURFACE A smooth patch on a black-
top surface due to the excess
at ag of binder.
80.08 FUSE Combustible material in the
qeftat form of a cord or a flexible

tube for igniting blasting
charges.

* It is expressed as the ratio of the horizontal force in the plane of
the wheel to the load,on the wheel,
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SPECTIFICATIONS & STANDARDS COMMITTRE ON

Defini- | U.D. . | |

tion No. ]

80,00

80.10

8011

80.12

80.13

80.14

‘ TERM \ DEFINTITION

HATR CRACK  An irregular, fine and shallow
crevice or fissure on the sur-

AT, AT U face of a material, like con-
crete, indicating that the
material has fractured.

JUMPING The process of sinking a hole

Fn in the ground by means of a
long steel rod worked up
and drawn by hand (as dis-
tinct from drilling).

OVER BURDEN (a) The soil or the superficial

s material overlying deposits
of rock, sand, or gravel,

(b) The material above a

specified level in the ground,

RI}‘VEL_LING Disintegration of a road sur-

(Fretting) face due to loss of bond
IqTAr between aggregate particles.
SIDEWAY-

‘ A coefficient used as a measure
Iligll}lc(‘ﬁFCNO'I-‘ «  of the resistance of a wheel
. to skidding on the road, and
qH-9W qUTR applied to the case where
the wheel is free to rotate
but has sideways as well as

forward motion.

SKID-BRAKE An iro oe
e n sh or & wooden

block or other device to

8%, TEs) enable animal-drawn carts
to travel on steep gradients
without the risk of sliding
back or forward.

* It is expressed as the ratio
plane of the wheel to the load on the

of the force at right angles to the
wheel,
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Defin- \ U.D.C. | ppgy DEFINITION
tion No. ! No. 1 -
SKIDDING* The motion of a vehicle with
-1 its wheels locked on a road
ﬁiﬂaﬂt surface.
ierced by
IT The depth of earth pierce
. . the full length of a spade
¥ blade.
igniti fuse
S NG The ignition of a sa.f.ety
wT SPITTING which is accompanied by a
ganar slight puff of smoke and
sparks,
y Appearance of moisture on a
s SWRATING I:i\grfao,e like concrete, stone,
qEisET oto.
Deterioration in, or diminu-
w1 Ay tion in the thi,ckness of, a
faa road surfacing by use.
ther-
:np Partly decomposed or o
020 WEAT}-IERF wise effected by exposure to
Tag, A weather or other natural
gar causes,
80.21 WEATHERING: Partial decomposition and/or

change in colour at tl}?ﬁsqri

wg, AT face of a natural or artificia
S material due to natural
cauges.

% It may be either longitudinal in the direction .of _moticima olf)r:}l:
vehicle or transverse, and is brought abo:; by thde :flélflo:::n n(:ass Drake
i fore he wheels greater than the produ
::;iiclzr:ul(:ilpl:e; by the coefficient of iriction between the tyres and the
road surface,

4
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- o
Defini- U.D.C. 21 PR
sien No. No. { TERM DEFINITION
860.22 WHEEL-RUT A longitudinal depression or
,"'?Ea 1 &t groove on & road surface

caused by the passage of
vehicles following approxi-
mately the same path.

[Same as Tracking, 71.35 (b).]

Appendix

{IIGHWAY ENGINEERING TERMS

quT-§oit fadin gegrast

SECTION 1

@oe |

HIGHWAYS GENERAL, CLASSIFICATION
qT-ATIRT aEi

Defini- [ o _
tion Terms ! Hindi Equivalents

No. *
11.01 BLIND ALLEY q+g At
11.02 BRIDLE PATH A% 99
11.03 BY-PASS ROAD gredt QE®
11,04 CARRIAGEWAY q19q mﬁ
11.05 CART TRACK TTET FT AT, SR

tCIRCUMFERENTIAL HIGH- qftly geq "

WAY

CIRCUMFERENTIAL ROAD qQRTI §I%
11.06 CYCLE TRACK FiKfka orear
11.07 DISTRICT ROAD, MAJOR [ %1 &7 Q%
11,08 DISTRICT ROAD, OTHER 33§ o15g 92T
11,09 DRIVEWAY qard ant
11.10 FIELD-PATH qagedl, @al A iw
11.11 FOOT-PATH T 1a
11.12 FORMATION WIDTH Rqir Atg
11.13 HIGHWAY g&q An
11.14 INTERSECTION
11.16 INTERSECTION, FLARED =gt sfergr
11.16 LANE Ui
11.17 LIMITED ACCESS efia swrfnna gea qma

HIGHWAY

11.18 LOOP ROAD a7 8%

* As given in Paper No. 146 and 170.

+ Terms without definition numbers have not been defined in Paper
No. 148 and 170. .
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11.19
11.20
11.21

11.23
11.24
11.26
11.26

11.27

11.28
11.29

11.22
11.30

11.31
11.32
11.33

SPECIFICATIONS & STANDARDS COMMITTEE on

MOTORWAY

NATIONAL HIGHWAY

PARKING PLACE

RADIAL HIGHWAY
RADIAL ROAD
RING ROAD
RIGHT-OF-WAY
ROAD
ROAD LAND
(Right-of-way)¥*
ROAD MARGIN
ROAD SIDE+}
ROADWAY
SERVICE ROAD

STATE HIGHWAY
STREET

TRACE

TRAFFIC LANE
TOW PATH
VILLAGE ROAD

* Use of this terin as synonymous with road land is dep
t Synonymous with road margin.

ART ART

Tty gea At

meET e

{53 geg aw

fisar qew

IAT §YF

At

qes

L
(aratfamr)*

qET A 9T A1 FRAr

|QTT T 920 ar fRAaro

UTT, ATH Y

figa A, fgae
Qg

AT &I AW

ATC-TIF,

Sied

AT At

T 94,

(atg =) nf@a

recated.

21.01
21.02

21.03
21.04
21.05
21.06
21,07

21.08
21.09
21.10
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SECTION 2

gug 2

PRELIMINARY OPERATIONS
grfeys faharg

SUB-SECTION 2.1 LOCATION

I9E0e 2.1 i fgko

ALIGNMENT

ALIGNMENT POSTS, PEGS
AND STONES

CENTRE LINE

DETOUR

DEVIATION

DIVERSION

LOCATION

RECONNAISSANCE
REFERENGCE MARK
TURNING POINT

W\, |

e V@A e, G Al
qe

AT QT

TERT Rl AW

A g

qfeqad, HT-4qS

e frat,
faaifta waa

@t AR

agRT Frg

ae farg
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22.01
22.02

22.03

22.04
22.05
22.06

22.07
22.08
22.09

22.10

22.11
22.12
22.13
22.14

22.156
22.16
22.17
22.18
22.19
22.20
22.21

NPECIFICATIONS & STANDARDS COMMITIER ON

SUB-SECTION 2.2 SURVEYING

JUET 2.2 w0y

BASE LINE
BEARING

BENCGH MARK
BUILDING LINE
BOUNDARY STONE
CHANGE POINT
CHECK LEVELS
CONTOUR LINE
GCONTROL LINE
CROSS SECTION
DATUM
FORMATION LEVEL
FURLONG STONE
G.T.S. BENCH MARK

GROUND LEVEL
LEVELLING
LONGITUDINAL SECTION
MAGNETIC BEARING

"MEAN SEA LEVEL

REDUCED LEVEL
ROAD SURFACE LEVEL
SPOT LEVEL

TEMPORARY BENCH MARK
TRAVERSE

TYPICAL CROSS SECTION

HIAIT TR®r

fZaw w1y, e,
Fafin

as (aeg

ATEIT dee

AT g7

‘Iﬁﬂﬁﬂ-ﬁ:@

qT A aw

AT @

s ftar

ATE w1z

/19 aF

Jac a=m

RAIT qeare

agan sl
qigw awfae,
q4.9.9. e

i aw

a% wiq

AT FIT

3% T Far

Aitaa agy a«

fatla a=

AW qUAR

A ad

wenfias faee

arar @

g & N w2,
qIasg e wrx

23.01

23.02

23.03
23.04
23.05

23.06

23.07

23.08
23.09
23.10
23.11
23,12

23.13
23.14
23.16
23.16
23.17

23.18
23.19

23.20
23.21
23.22
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SUB-SECTION 2.3 SETTING OUT

I@ee 2.8 famA @mEr

ANGLE OF CURVATURE

APEX OF A CURVE
(Ver tex)*

APEX DISTANCE OF A
GURVE
BANKING

BATTER
BONING
BONING RODS

CAMBER
CANT

CENTRE PEGS

CENTRE OF CURVATURE
GCROSSFALL

GCROWN

CURVE, DEGREE OF
CURVE, HORIZONTAL

GCURVE, TRANSITIONAL OR
EASEMENT

GURVE, COMPOUND
CURVE, REVERSE

CURVE, VERTICAL
CURVE, SUMMIT

CURVE, VALLEY
(Curve Sag)

DAGBEL
DEVIATION ANGLE, TOTAL

GRADE
GRADIENT

GRADIENT, AVERAGE
GRADIENT, LIMITING
GRADIENT, MAXIMUM

AmaAT T

s w1 AifEeg, as w
AR

am PIOfFg ardrs A g

I, g@ArH

|

g draar

g dtad § TR
INIT, IqAAT

314, gErHt

@i & 92 (Ffal)
qEFAT FoF

g FAHY, A TA
forET

CENf

q¥r HE, AW aF
greadal o, StrAddl AIE

afw am

IFHA g%, AT AE
| Mg, 4 an
IqT NAr

qqqS MATE

CWL
fasam s, QU
N

S
sitax Tre

Afywan &
sfyran 2@

* The use of terms given within brackets is deprecated.



23.26
23.26
23.27

23.28
23.29
23.30

23.31
23.32
23.33

23.34
23.35
23.36
23.37
23.38

23.39

23.40
23.41

23.42

SPECIFICATIONS & STANDARDS COMMITTEE oN

GRADIENT, RULING
INTERSECTION ANGLLE
HAIR PIN BEND
INCLINE

LOCKSPIT

OFFSET
OSCULATING CIRCLF,
OFFSET PEGS
PROFILE

RADIUS OF A CURVE

RADIUS OF A CURVE,
ABSOLUTE MINIMUM

RADPIUS,RULING

RAMP

REFERENCE OBJECTS,
REFERENCE PEGS

SHIFT

SIGHT DISTANCE

SIGHT RAIL

SLOPE

SUPERELEVATION

TANGENT DISTANCE

TANGENT POINT
TRANSITION LENGTH
TRUING

TURNING RADIUS,
MINIMUM

BN H 6T Hiar
FIA Fw, afassy K
Fat W

CI%, WA

A

TEFI, ArAAT
"Afysar g9
Tmaa ¥ §7

8T @

CEEARE T

s A Prsar, sqaan

19 afywan fear
I

I IR &
T WRY ¥ &2
gxg, faws

3z g

gtz q

g

I, qATHY

TG A AT
g favg

Aeaqdt aF% & qvand
€T A

AgT 12 wAaA faear

31.01
31.02

31.03

31.04
31.056
31.06
31.07
31.08
31.09
31.10
31.11
31.12
31.13
3l.14

31.15
31.16
31.17
31.18
31.19

31.20

31.21
31.22
31.23

GLossary oF HicEway ENGINEERING TERMS

SECTION 3.

PREPARATORY WORKS
a8 w1 w4

SUB-SECTION 3.1 EARTHWORKS
Jv@oe 3.1 i %1 &9

BACK-FILLING

BALANCED EARTH-WORKS

BANK
BANKFILL
BENCH
BENCHING
BORROWPIT
CLAY
CLEARING
CONSOLIDATION
cuT

CUT AND FILL
GUTTING
DRAGGING
EARTH WORK

EMBANKMENT
FILL

FILLING
GRADING
GRUBBING
LAND-SLIDE
LEDGE

LOAM

MARL

B—i11

g &1 7T

grgfaa fagt w1 wm,
TUAT FIE FCATE

L

qug -

AT FATAC

T

wara, neyr, aatafa,

famat fagt

gwrt

LT

g7

gt aite wad

w9, FIE

qEAT AT

fat &1 ww, st sk
aE

au

ATAY, AT FTAT, AT
ATA, AT

KZ-HE

_E @gar

qy firear
far-was

CRt o

ars

273
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31.24
31.25
31.26
31.27
31.28
31.29
31.30
31.31
31.32
31.33
31.34
31.35
31.36
31.37
31.38
31.39
31.40

SprerFIOATIONS & STANDARDS COMMITTEE ON

PEAT
QUICKSAND
RUNNING SAND
SAND
SETTLEMENT
SHALE

SIDE CUT
SILT

SLIP

SOIL

SPOIL

SPOIL BANK
STEPPING
SUBSIDENCE
SUB-SOIL
SURCHARGE
TRIMMING

fz
T a1, Igd Oy

IqA F1g, A AT
Iy, &

Az

Ik

TS HT0A

AT, M

|, faawar
wmH

wiaq
W& gy w1 ¥
FAT

saar

A 1 AL, adms
TR

Riz-BT

32,01
32,02
32,03
32.04
32.06
32.06
32.07

32.08
$2.09

32.10
32.11
32.12
32.13
32.14

32.15

32.16
32.17
32.18
32.19
32.20

32.21
32.22

32.23
32.24
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SUB-SECTION 3.2 SOILS

JqaEee 3.9 W

ABSORPTION
ADSORPTION

BASE EXCHANGE
BINDER

BLACK COTTON SOIL
BROWNIAN MOVEMENT

CALIFORNIA BEARING
RATIO

CAPILLARITY

GCENTRIFUGE MOISTURE
EQUIVALENT

CLAY

COHESION

COHESIVE WATER
COLLOIDS

COMPACTION
COMPACTION, DEGREE OF

CONSISTENCY INDEX

CONSOLIDATION

DENSITY, DEGREE OF

DUST

DUST RATIO

EARTH PRESSURE,
PASSIVE, TOTAL

EFFECTIVE SIZE

EXPANSION LIMIT,
LINEAL
EXPANSION, LINEAL

FIELD MOISTURE
EQUIVALENT

AW
I
Araq farag

qeqw

et g

AT afx

AR grer-
IIATE

it

Frgaqiia angaaw

Rt @

qafia

gaf¥azhs qet

wlwa

g, QA

g oY am, {9
1 ATAT

fuaqr |AFAA

b <

AT HN ATl

&

ot AFAT o
fa = g3 fftes qad

|ra® A S
qFrarHt feare 5t A

qEran fraran
Q9 A gaais



32.26
32.26
32.27
32.28
32.29
32.30
32.31
32.32
32.33
32.34

32.35

32.36
32.37
32.38
32.39
32.40
32.41

32.42

32.43

32.44
32.45

32.46
32.47
32.48
32.49
32.50
32.51

32,562
32,53

SPEOIFICATIONS & StaANpARDS COMMITIEE ON

FLOCCULATION
FLOCCULATION RATIO
FLOGCULATION LIMIT
FLOW CURVE

FLOW INDEX

FREE WATER
FRICTION, ANGLE OF
GRAIN DIAMETER
GRAIN SIZE

HUMUS

HYDROSTATIC PRESSURE
RATIO
LEACHING

LIQUID LIMIT

LOAM

MARL

MODULUS OF ELASTICITY

MODULUS OF
INCOMPRESSIBILITY

MODULUS OF SUBGRADE
REACTION

MODULUS OF SUBGRADE
REACTION DYNAMIC

MOISTURE CONTENT

OPTIMUM MOISTURE
CONTENT

MOISTURE INDEX
OVERBURDEN
PEAT

PERCENT FINER
PERMEABILITY

PERMEABILITY
COEFFICIENT

pPH VALUE
PLASTICITY INDEX

S pug]
QA Hiar
ARYA AFAA
q9q1g 5

qq1g GIF |

AT A -

T R

F = 1]

FW AN

EEIH

feac gefta 3ar9 QA

PRI

| qiAar

EAGES

ar

AT JUiT
FFFNZTAT K iR

freaas afafiar s quis

fFeaas sfafe & as
qai

adt wran

ATFAAR A AFArA

At gaw
AlEaz

i

geaac afaga
QAT
QTEIAT JUIF

fo qsro gag
#T JA%

32,64
32.55
32,66
32.57
32.68

32.59
32.60
32.61
32.62
32.63
32.64
32.65
32.66

32.67

32.68

32.69
32.70

32.71
32.72
32.73

32.74
32.76
32.76
32.77

32.78

32.79
32.80

y . X . = X o
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PLASTIC LIMIT

POROSITY

REMOULDING INDEX
REPOSE, ANGLE OF

SAFE BEARING GCAPAGITY

SAND

SAND, COARSE

SAND, FINE

SATURATED SOIL
SATURATION, DEGREE OF
SHALE

SHRINKAGE LIMIT

SHRINKAGE LIMIT,
LINEAL

SHRINKAGE, LINEAL

SHRINKAGE LIMIT,
VOLUMETRIC

SHRINKAGE RATIO

SHRINKAGE
VOLUMETRIC

SILT

SO1L

SOIL MORTAR

SOIL MOISTURE, CONTENT
SOIL STABILISATION
SOIL WATER, ADSORBED
SOIL WATER, CAPILLARY

SOIL WATER,
GRAVITATIONAL

SOIL WATER,
HYGROSCOPIC

SUB-SOIL
SURFACE TENSION

g giar

fofgear, woRUga

gA%zTA AR

fasa fiw

fasT (/F0S) AW
QAar

a1, XA

A A

A T

agea fag

agf & am

e

ag=a dar

gy §iar, owRrrE

agad, eRrard

gxax dar, wraada

{Ea7 QqA
|9, sqaNg

mE

fugr

awe 9 AR

fazh & adt & amr
fagt w1 Radwao
HERNE -
Hfaw f-aa
T LI

gEER N -

Ay, Y &
qaft ay
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32.81
32.82
32.83

32.84

32.85

32.86
32.87

32.88
32.89

32.90
32.91
32.92
32.93

SPECIFICATIONS & STANDARDS COMMITTEE OX

SURCHARGE
SURCHARGE, ANGLE OF
TOP SOIL

TOTAL ACTIVE EARTH
PRESSURE

TOTAL PASSIVE EARTH
PRESSURE

TOUGHNESS INDEX

UNIFORMITY
COEFFICIENT

VOID RATIO
VOID RATIO CRITICAL

UNDISTURBED SAMPLE

VOLUMETRIC CHANGE
WATER CONTENT
WATER GRADIENT
WATER TAELE

ST
T R
FaQ (R

it w1 g qfwa zam
a2t w1 & Fftwg garg

geIar GHF
qUTAAT AT

fegaar sigara

Reaar ogara, darfas
(mrffa®)
fam S0 aga

AAFHT SFIA
adt w1 qrar

;A TAT

S TqT

33.01
33.02
33.03
33.04
33.05

33.06
33.07
33.08
33.09
33.10
33.11
33.12
33.13
33.14

33.15
33.16

- 33.17

33.18
33.19

33.20

33.21

33.22
838.23
33.24
33.25
33.26
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SUB-SECTION 3.3 DRAINAGE

39ER 3.3 FAMFH

AFFLUX

AQUEDUCT
BACKWATER
BACKWATER CURVE
BACKWATER LEVEL
BORE HOLE

BOX CGULVERT
BOX-DRAIN
BOX.GUTTER
BREACHING SECTION
BRIDGE

BUOYANCY
CATCHWATER DRAIN
CATCHMENT AREA
CATCHMENT BASIN
CATCH-PIT
CATCH-DRAIN

CAUSEWAY
(Irish Bridge)

CAUSEWAY, RAISED

COEFFICIENT OF
CONTRACTION

COEFFICIENT OF
DISCHARGE

COEFFICIENT OF ROUGH-
NESS OR RUGOSITY

CRITICAL VELOCITY
CULVERT

CURTAIN WALL
CUT-OFF WALL
DITCH

=T (qrdt 1)
TAG

JgT AT qrelt

TG ET T FHT IR
g g I+ A qag
qTAT 3

=itmic gferar

wrc A

S et
{Aaz-wog

/g ar 9«
IEFATTHRAT, LW ArFAT
st T et

s A7

Say &%

3 faz

FAQSR ATt

FI9A, T

33T TqT

MEAA JUITR

fAwa quw

AT BT U
sharfas (riffas) im
qfesar

T3 e ar Wty

fRaa-OF fax
i
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33.27
33.28
33.29
33.30
33.31
33.32
33.33
33.34
33.356
33.36
33.37
33.38
33.39
33.40
33.41
33.42
33.43
33.44

33.46
33.46
33.47
33.48
33.49
33.50
33.51

33.562
33.53
33.54
33.56
33.56
33.67
33.58

SPECIFICATIONS & STANDARDS COMMITTEE ON

DRAIN

DRAINAGE
DRAINAGE BASIN
EROSION

FLOOD ESCAPL
FLOOD GATE
FLOOD WAY
FLUSH CAUSEWAY
FORD

GRATING
GROYNE

GUIDE BANK
GULLEY

GUTTER
HERRING-BONE DRAIN

HIGH LEVEL CAUSEWAY
HYDRAUL@. GRADIENT

HYDRAULIGC GRADIENT
LINE

HYDRAULIC MEAN DEPTH
HYDRAULIC MEAN RADIUS
INFILTRATION
INTENSITY OF RAINFALL
INTERCEPTING DRAIN
INVERT

INVERTED SIPHON

(Siphon Culvert)

KERB INLET

LEADER DRAIN

LEADING DRAIN
LEAD-OFF DRAIN
MAN-HOLE

PERCOLATION

PIPE DRAIN

aArEr ar Arey, /At
S fAwig

HqIW AN
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AT IS fawre, arg any
T FIT
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aa qnn

qMT

St

qRare, Siwc
framas

2T, Y=

arslt

arEt Mk

Fan Taar

g zom

g T Er

ataq gatT wgard
Atqa gdra nEas
A FTA

aat qRamg
FAAUF A2
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& Ay
TH it
g A
qTH
TQFRAT
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33.59
33.60
33.61
33.62
33.63
33.64
33.65
33.66
33.67
33.68
33.69
33.70
33.71
33.72

33.73
33.74
33.756
33.76
33 77
33.78
33.79

33.80
33.81
33.82
33.83
33.84
33.85
33.86
33.87
33.88
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PIPING
PUDDLE

PUG

RAINWATER

RAISED CAUSEWAY
RATE OF RUN-OFF
RUBBLE DRAIN
RUN-OFF

SCOUR

SEEPAGE

SEWER

SIDE DRAIN

SOAKING PIT
SOAKAWAY
SPILLWAY

SPUR

STORM-WATER
STORM-WATER DRAIN
STONE DRAIN
SUBGRADE DRAIN
SUBMERSIBLE BRIDGE
SUBSOIL DRAIN
SUMP (Sump Well)
UPLIFT

VIADUCT

WASTE WEIR

WATER GUSHION
WATER SHED

WEEP HOLE

WETTED PERIMETER
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34.01

34.02
34.03

34.04

34.05
34.06

34.07

34.08

34.09
34.10

34.11

34.12

34.13
34.14

SPECIFICATIONS & STANDARDS COMMITTEE ON

SUB-SECTION 3.4

STRUCTURES

J9Eee 3.4 AR, §TFAT

ABUTMENT
ABUTMENT, GRAVITY
ABUTMENT PIER
AFFLUX

APRON

AQUEDUCT

ARCH

ARCH BRIDGE OR
CULVERT

ARGH RING
ARCH STONE

BALANCED CANTILEVER
BRIDGE

BARRIER

BASCULE BRIDGE
BEAM

BEARING

BEARING PRESSURE
BEARING LOAD
BOAT BRIDGE

BOW STRING GIRDER

BOWSTRING GIRDER
BRIDGE

BOX CULVERT

BRACED FRAME

BRACING

BRIDGE

BRIDGE LOADINGS,
GCLASS A, B.

BRIDGE, TRUSS

dvat quaT, stRaraT
Tfegqa wsarare
SITIT €359

1T (T )
qaeT
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Azug, T, [AIq

T g& A1 giaa
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34.15
34.16
34,17

34.18
34.19

34.20

34.21

34.22
34.23
34.24
34.25

34.26

34.27

34.28
34.29

34.30
34.31
34.32

34.33

34.34
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BUTTRESS ggar
CABLE FENCE T & IS
CAISSON *ga
CANTILEVER Zrer, 94rg
CAUSEWAY gferar, Sfea
(Irish Bridge)
CAUSEWAY RAISED ¥ iAy
CELLULAR ABUTMENT RITAT A=A
GENTRING, FALSE gl
WORK
CHORDS (OF BRIDGE) sar, shar (g )
CLEAR SPAN L IR IES
CLEARANCE fFal
=
COFFER DAM RIwT 3A
COLUMN Tl aNn
CONTINUOUS GIRDER OR  #IARMTT TET AT T
BEAM ar w
CORNIGE e, wifas
COUNTERFORT gEaZIt FATIIT
ABUTMENT
GROSS-GIRDER rEY AT
GROWN fsrac
CULVERT gﬁ?ﬂt
CURTAIN WALL qg1 1T
CUSHION, OVER ARCH agh (312 & FT)
CUT WATER TR, AH
DECK BRIDGE qza g
DECK LEVEL iz aq
DYKE ET{;
EASE WATER qaud
EFFECTIVE SPAN Gm;zm
ELASTIC ARCH i % S
ELLIPTICAL ARCH AIHFL I
qREaT
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34.356

34.36

34.37
34.38

34.39
34.40

34.41
34,42

34.43
34.44
34.45
34.46
34.47

34.48
34.49
34.50
34.51
34.52
34.53

SPECIFICATIONS & STANDARDS COMMITTEE ON

FENCE

FERRY

FERRY BOAT
FIXED BEARING
FLOATING BRIDGE
FLYING FERRY
FOOT BRIDGE
FOOTINGS
FORMWORK

FREE BOARD
GIRDER

GIRDER BRIDGE
GRADE LEVEL CROSSING
GROYNE

GUARD RAIL
HANGERS, BRIDGE
HAUNCH
HEAD-WALL
HINGES OF BRIDGE
HINGED ABUMENT
HINGED BEARING
IMPACT
INTRADOS

KEY STONE

LIVE FENCE

OVER BRIDGE
PANEL

PARABOLIG ARGH
PARAPET
PEDESTRIAN GUARD RAIL
PIER

PILE

PITCHING

PLATE GIRDER
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34.54

34.56
34.56
34.57
34.58

34.59

34,60
34.61

34,62

34.63

34,64

34,65
34.66
34.67

34.68
34.69
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PONTOON BRIDGE
PORTAL FRAME

POWER FERRY

PRE-STRESSED
CONCRETE

PROTECTION WORK
REINFORCEMEN'T
RETAINING WALL
RETURN WALL
REVETMENT
RIGID-FRAME BRIDGE
RISE, ARCH

RIVER CROSSING
ROAD-RAIL BRIDGE

ROAD RAIL LEVEL
CROSSING

ROCKER BEARING
ROLLER BEARING
SAFE BEARING LOAD
SAFETY FENCE
SEGMENTAL ARCH
SEMI CIRCULAR ARCH
SHEET PILES
SHORING
SHUTTERING

SKEW ARGH
SKEW-BACK

SKEW-BRIDGE OR
CULVERT

SLAB BRIDGE OR
CULVERT

SLIDING BEARING
SOFFIT LEVEL
SPAN

SPAN, CLEAR
SPAN, EFFECTIVE
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34.70
34.71
34.72
34.73

34.74

34.7b

34.76
34.77

34.78
34.79

34.80

34.81
34.82
34.83
34.84

34.86
34.86
34.87

34.88

SPECIFICATIONS & STANDARDS COMMITTER ON

SPANDREL
SPANDREL WALL
SPRINGING LINE

STOCK SUBWAY
(Cattle Creep)

STRIKING
STRIPPING

SUBMERSIBLE BRIDGE
SUBSTRUCTURE

SUBWAY
SUPERSTRUCTURE

SUSPENSION BRIDGL
T-BEAM BRIDGE
THREE PIN ARCH
THROUGH BRIDGE
TOE WALL

TRESTLE BRIDGE
TRUSS

TRUSS OF BRIDGE
TWO PIN ARCH
‘U’ ABUTMENT
UNDER BRIDGE
VIADUGCT
VOUSSOIR

WEB OF A GIRDER
WING WALL
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41.01

41.02

41.03

41.04

41.05
41.06

41.07

41.08

41.09

41.10

41.11
41.12
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SECTION 4
T 4

SURFACE CONSTRUCTION

gag faniq

SUB-SECTION 4.1 SURFACING TYPES

J9E0E 4.1 GAE & FHL

BITUMEN CONCRETE
SURFACING

BITUMEN OR TAR
MACADAM

BLACK-TOP SURFACE
BREAK OF JOINT
BRICK PAVING
BRICK ROAD
CARPET

CEMENT BOUND
MACADAM

CEMENT CONCRETE
SURFACING

CONCRETE ROAD
EARTH ROAD
FASCINE

GRAVEL ROAD
GROUT
GROUTED MACADAM

GROUTED SURFACE

GROUTING

KANKAR ROAD
LATERITE ROAD
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41.14
41.15
41.16

41.17
41.18

41.19
41.20

41.21

41.22
41.23
41.24

41.25
41.26

SPECIFICATIONS & STANDARDS COMMITTEE ON

LIME STONE ROAD

METAL
MOORUM ROAD
PAVEMENT
PAVING

ROAD BED
SOLING
STONE-SETT PAVING

STONE-BLOCK PAVING

SURFACING

SURFACE DRESSING OR
PAINTING

TAR CONCRETE
SURFACING

TOP COAT

WATER-BOUND MACADAM

WEARING COAT
(Wearing Course)

WEARING SURFACE
WOOD BLOCK PAVING
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42.01
42.02
42.03
42.04
42.05
42.06
42.07
42.08
42.09
42.10
42.11
42.12
42.13
42,14
42.156
42.16
42.17
42.18
42.19
42.20
42.21
42.22
42.23

42,24

42.25
42.26
42,27
42,28
42.29
42.30
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SURB-SECTION 4.2 CONSTRUCTION DETAILS
IEve, 4.2 iy fatg

BASE COAT

BASE COURSE

BERM

BLINDING

BLOTTER

BOTTOM COAT
CENTRAL RESERVE
CONSOLIDATION
COURSE

GRETEWAYS

CUSHION (SUB-CRUST)
DIVIDING STRIP
EDGING

EXPANSION JOINT
FENDER

FLUSHING

FOOT PAVEMENT
FORMATION
FOUNDATION
GRITTING
IMPROVEMENT
INTERMEDIATE COURSE
JOINT

JOINT, CONTRACTION

KERB
MAINTENANCE
MARGIN
MEDIAN STRIP
PATCHING
PICKING
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42.31
42.32
42.33
42.34
42.35
42.36
42.37
42.38
42.39

42.40
42.41
42.42
42.43
42.44
42.45
42,46
42.47
42.48
42.49
42.50
42.51
42.52
42.53
42.54

42.55
42.56
42.57
42,58

SPROTFICATIONS & STANDARDS COMMITTEER ON

POT HOLES
PRE-COATING

PRE-MIXING
PRIME COAT
RAMMING
RECONDITIONING
RENEWAL
REPAIRING
REPAVING

RESURFACING

SAND PAPER SURFACE
SCARIFYING

SEALING COAT
SHAPING

SHOULDER (Haunch)
SLEDGING

SPRAY

STAGGERED JOINT
SUB-BASE

SUB GRADE
(Road Bed)

SURFACE

SURFACE TREATMENT
TACK GOAT
TEMPORARY DIVERSION

TRACKWAYS
TRIMMING
VERGE

WHEEL GUARD

UECA

74 I7a

g fasr
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51.01
51.02
51.03
51.04

51.05
51.06
51.07
51.08
51.09
51.10
51.11
51.12
51.13

51.14
51.16
51.16
51.17
b1.18
51.19
51.20
51.21
51.22
51.23

61.24
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SECTION 5—MATERIALS
gz S-grazdt

SUB-SECTION 5,1-CLASSES

JTE€ 5.1 9%

AGGREGATE
ASPHALT
ASPHALTITE
ASPHALTIC CEMENT
ASPHALTIC CONCRETE
BALLAST

BASALT

BINDER

BITUMEN

BITUMEN EMULSION
BITUMINOUS MATERIAL
BLINDAGE

BLOWN BITUMEN
BOULDER

BRICK

CEMENT

CHIPPING

GOAL TAR PITCH
COARSE AGGREGATE
CONCRETE
CONGLOMERATE
CREOSOTE

CRUDE TAR

CRUSHER RUN STONE

CURING (RAPID, MEDIUM
OR SLOW)

CUT-BACK BITUMEN
DEHYDRATED TAR
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51.25
51.26
51.27
51,28
51.29
51.30
51.31
51.32
651.33
51.34
61.36
51.36
61.37
51.38
51.39
51.40
51.41
51.42

51.43
5l.44
51.45

51.46
51.47
51.48

51.49

61.50
51.61
61.52
61.53

51.54

SPECIFICATIONS & STANDARDS COMMITTEE ON

DIORITE

DOLOMITE

FILLER

FINE AGGREGATE
FIXED CARBON
FLINT

FLUXING AGENT
FREE CARBON
GNEISS

GRADING

GRADED MATERIAL
GRANITE
GRANULITE
GRAVEL

GRIT

HARD CORE

HIGH ALUMINA CEMENT

HIGH EARLY~STRENGTH
CEMENT

HORN BLENDE

HORN BLEND SCHIST
HUMUS

HYDRAULIC CEMENT
LAITANCE
LAKE ASPHALT

LATERITE

LIME STONE
MARBLE
MASTIC ASPHALTY

MEDIUM CUT-BACK
BITUMEN

MOORUM
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51.56
51.56
51.57
51.58

51.59
51.60
51.61
51.62
51.63
51,64
51.65
51.66
51.67
51.68

b51.69

51.70
51.71
51.72

51.73
51.74

51.756
51.76

61.77
51.78
51.79
51.80
51.81
51.82
51.83

51.84
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MORTAR HErdr
MUCK EHéﬂ

NATURAL ASPHALT

NORMAL-SETTING
CEMENT

PEGMATITE
PITCHING STONE
PIT-RUN GRAVEL
PORPHYRY
PORTLAND CEMENT
PRIMER

QUARTZ
QUARTZITE

QUICK-SETTING CEMENT
RAPID CURING CUT-BACK

BITUMEN
RAPID-HARDENING

PORTLAND CEMENT
REFINED ASPHALT
REINFORCED CONCRETE
ROAD METAL

ROAD STONE
ROAD TAR

ROCK ASPHALT
RUBBLE

SAND STONE
SCHIST
SCREENINGS
SHALE
SHINGLE
SLATE

SLOW CURING CUT-BACK

BITUMEN
SYENITE
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52.01

52.02.

52.03
52.04
52.05

52.06
52.07
52.08
52.09

52.10
52.11
52,12
52.13

52.14
52.15
52.16
52.17

52.18
52.19
62.20
52.21
52.22
52.23

52.24

52,25
52.26

SPECIFICATIONs & STANDARDS CoMMITTEE ON

SUB-SECTION 5.2 PROPERTIES AND TEST

9@ 52 9Y TR Sy

ABRASION
ABSOLUTE VOLUME
ABSOLUTE WEIGHT
ABSORPTION
ACTUAL VOLUME

ACTUAL WEIGHT
ADHESION

ANGLE OF REPOSE
ATTRITION

BOND
BULKING
BULK DENSITY

CEMENTING VALUE,
OF AN AGGREGATE

COHESION
CONSISTENCY
CREEP

CRUSHING VALUE,
OF AGGREGATES

GCURING
CURING PERIOD
DENSITY
DUCTILITY
ELASTICITY

EQUIVISCOUS
TEMPERATURE OF TAR

FINAL SETTING TIME
OF CEMENT

FINENESS
FINENESS MODULUS
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52,27

52.28
52.29
52.30

52.32
52.33
52.34

52.35

52.36
52.37
52.38
52.39
52.40

52.41
52.42
52.43
52.44
52.45
52.46
52.47
62.48
652.49
62.50
52.51
52,62
52,53
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FINENESS TEST FIAET 7Y Af=, graar
qlierar
FLASH POINT ZARIH
FLOW-TABLE TEST qgreqaerm

FRENCH CO-EFFICIENT
OF WEAR

HARDENING PERIOD

OF CEMENT MORTAR OR

CEMENT
HYDROMETER
IGNITION POINT
INITIAL SET

INITIAL SETTING TIME

OF PORTLAND CEMENT

MECGCHANICAL ANALYSIS
MELTING POINT

MESH

ORGANIC IMPURITY

PENETRATION,
MEASUREMENT OF

PERMEABILITY
PLASTICITY
POROSITY
PROPORTIONING
QUARTERING
RESILIENCE
SAMPLING
SEDIMENTATION TEST
SIEVE ANALYSIS
SLUMP

SLUMP TEST
SOFTENING POINT
SOUNDNESS

frefet SN JuTR

9 UEW i (diiez &
qagie ar N0z H1)

gaurdt

ST

§7gq A, FAX W
T

I AGA TS, FAA

TITET &1 F) HIT
atfas Rgeq
aqAT®
37 ()

FEAAT ATEHA
T4 (Fr AM)

QAT
=, Searegar

gfiwa, |aeaar
qaTgaad
aguigiEa, SaEe
afereniga

AGAT FFrwTA

wFHT T

Tt fawarn

LLL i

wrgara qdera
TLFAT

gHwTar



296

52.54
52.55
52.56
52.67
52,58

52.59

52.60
52.61
52.62
52.63
52.64
52.65

SPEcIFICATIONS & STANDARDS COMMITTREE ON
GLOSSARY oF H16AWAY FNGINEERING TRRMS

SOUNDNESS TEST
SPECIFIC AREA
SPECGIFIC GRAVITY
TENSILE TEST

TOUGHNESS
OF ROAD STONE

TOUGHNESS INDEX
OF ROAD STONE

UNIT WEIGHT

VISCOSITY

voIDS

WATER-CEMENT RATIO
WORKABILITY

YIELD OF CONCRETE
YIELD POINT
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SYNOPSIS

The Paper describes the Fact Finding Survey that is being carried ouf
districtwise in Uttar Pradesh for planning an integrated system of highways
and finalising the second Five-Year Plan. The survey is aimed at finding

the needs of the people and has enabled proper selection of roads and
agsigning priority.

The organization for the survey, procedure adopted in the collection and
compilation of the data, how the data are used for the selection of roads, and
how the Master Plan is prepared are deseribed.

1. INTRODUCTION

1.1. The need of highways for the development of a nation
is universally accepted. The highways should be so
developed that they form an integrated system and provide

8—111
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best service at a minimum cost. FEfforts have been made to
achieve this object on the lines of development in more
advanced countries.

1.2. The Star & Grid Formula, evolved by the Nagpur
conference of Chief Engineers! for calculating the lengths of roads
necessary for an area, was accepted as the basis for fixing the
targets of road milage. Having fixed the target of lengths
required in an area, selection of roads for Phase 1 Programme in
the State was influenced mainly by the demands of few persons
and by suggestions put forward by Government departments
based on consideration of their own needs.

1.3. On execution of this programme, it was realised that
the programme was not always in accordance with the needs of
the people. There were some cases where less important roads
were constructed and the claims of really important ones were
ignored.

1.4. So, realising the importance of a proper selection of
the works, it was decided that Statewide surveys should be made
to collect data for rational planning of highways.

1.5. A beginning was made in a small way some years ago
when an economic survey of few western districts was taken up.
Abhent_ion was mainly paid to marketing facilities and details
regarding population and agricultural area of various villages
were co_llected and areas contributing to the trade of various
marketing centres were plotted on maps. These factors gave

indication of flow of traffic and population served by a particular
alignment?.

Ina ?ape.r ‘* Fundamentals of Highway Needs and Highway
Planning '3 it was suggested that factual studies covering
economic, fiscal, traffic, and engineering aspects should be carried
out for highway planning on scientific basis. Studies in respect
of some of the suggestions contained in the Paper were under-
taken in a few districts. It was felt that detailed investigations
covering most of the items given in that Paper should be carried
out. The formulation of the scheme of Fact Finding Survey
described in this Paper is the result. )

1.6. Highway development is a continuous pro
such the plan should take pini:o account the needsp ofcz;'lz ?Jﬁnis
Also, .t.he schemes should be phased according to their necessitj;
and importance over a period of years. Therefore, a Fact
Finding Survey has been undertaken before the end of the first
Five-Year Plan period. So far the survey has been carried out
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in about 15 districts and the second Five-Year Plan has been
evolved on the basis of the study.

1.7. The Fact Finding Survey, in brief, consists of collection
of economic and other data and proposals for construction or
improvement of roads from various authorities, compilation of
the data, preparation of maps and evolving Master Plan.

2. ORGANIZATION FOR THE FACT FINDING SURVEY

2.1, The survey has been carried out considering a district
as & unit. The ideal unit would have been a subdivision or a
tehsil but that would have involved more expenditure a.n.d tx.me,
specially because Uttar Pradesh has as many as 51 districts.
With a view to complete the survey as quickly as possible, the
whole of the State has been divided into 17 groups consisting of
three districts each and the work is being taken up in succession
in these groups.

2.2. One overseer, assisted by one draftsman a tracer and
an enumerator is in charge of & district and there are 3 such
parties working. The work of these three overseers is supervised
by one Assistant Engineer under the Planning Circle. . The Plan-
ning Organization, with the Chief Engineer as the head, consists
of the following:

1. Superintending Engineer (Planning)

9. Executive Engineer, Planning Division

Wholetime Staff

3. Assistant Engineer, Planning 1
4. Overseers 3
5. Draftsmen 3
6. Tracers 3
7. Enumerators 4
8. Typist 1
9,  Clerk 1

3. WORKING PROCEDURE

3.1. The party under the charge of an oversger visits the
hoadquarter of a district and fixes ite camp there. The draftsmen
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and the tracer start making the maps, and the overseer along
with the enumerator collects data and proposals and also fills in
the questionnaire, Appendix 3, by local enquiries. The overseer
also checks the tracings of the map. The information so collect-
ed is then plotted on maps. Then new highways are carefully
planned and these proposals are scrutinised in head office. The
roads so selected form part of the Master Plan, i.e. the ultimate
pattern of highways required for the district.

4. COLLECTION OF DATA

4.1. To illustrate the details, Barabanki District has been
sclected as an example. This district lies to the east of Lucknow
and Barabanki, the headquarters of the district, is about 18 miles
from Lucknow.

4.2. The party headed by an overseer started work at
Barabanki in the first week of May 1954. The overseer and the
enumerator started collection of relevant data, details in
Appendix 1, from various offices and other sources in the district.
It includes information regarding important marketing centres,
population, number of bullock carts, etc.,, in the various
villages.

)

The draftsman prepared tracings of the district map to the
scale of 1 in. to 4 miles. The information collected, was also
plotted on the various maps as described in para 7.1. Simul-
taneously proposals for new roads from various administrative
authorities, representatives of the people like the M.L.As,,
M.Ps., M.L.Cs., District Board, District Planning Officer, etc.,
were cvllected.” A-specimen of the information collected from
District Plafining Officer is given in Appendix 2.

The party visited a large number of important villages and
filled in the questionnaire, Appendix 3, by making enquiries
from local people regarding important features of the village,
local requirements of roads and other proposals for further road
programme. The existing roads were also inspected and their
present condition and existing traffic were noted, Photos 1 and 2.
The questionnaire being comprehensive, the information and
details collected provide sufficient data for the preparation of the
Master Plan. n

This ¢ on the spot enquiry ' also enables the staiff to verify the
information collected from various sources and to get an idea of
the traffic intensity on the roads.

Photo 1. Present condition of a road in the.district’
U gy

Photo 2. Traffic census being carried out on a road
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5. ROAD MILAGE REQUIREMENT

5.1. The milages required for the various districts have been
worked out according to the Star & Grid Formula!, Appendix 4,
and the deficiency or surplus found. This formula is based on two
main considerations, namely, (i) the area should have metalled
road grid so that no place is more than 5 miles of a metalled
road, and (ii) if the railways serve the area well enough, roads
are not required. But the existing system of roads and railways
have not been planned on such considerations. Hence the milage
of railway running parallel to the road should not be counted for
subtraction in the formula. Similarly the roads which are
surplus to the requirements worked out by the Grid & Star
considerations should be excluded from the existing road
milage.

5.2. In the district of Barabanki, for example, the metalled
road milage according to Star & Grid Formula, works out to
249 miles. It will be seen from Plate I that about 63 miles of
railway run parallel to the road. Besides, Barabanki-Zaidpur
road lics within 3 miles of the two existing metalled roads. As
such the calculated requirement should be increased by an
amount equal to the sum of these two lengths.

6. SATURATION SYSTEM

6.1. Road milage can be further verified from Saturation
System based on U. 8. method of highway planning*. In order
to obtain the milage in a district which can be added without any
decrease in the utility per mile, the existing road system called
System ¢ A’ is compared with two other systems ‘B’and ‘C’,
comprising additional roads which have been &elected on
considerations of productivity and population only.

6.2. The three systems are as under, Plate I:
System ¢ A’ — the existing system of roads — 341 miles

System ‘B’ — the existing system of roads .
plus 39} miles — 3804 miles

System * C* — system ‘B’ plus 36 miles
of roads w416} miles

6.3. The‘productivity gerved directly pet mile by the different
systems and the number of villages gerved classified into 3 groups
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having population of 1,000 to 2,000, 2,001 to 5,000 and above
5,000, are tabulated in Table 1.

TaBLE 1

Utility by Population and Productivity

¥

Number of villages | = 22, ]ls & | -
served ° . B §'d"§m a*‘:‘:‘ =
e — X [=3 o = b =3
| with Population of | °® = | 5§50 BR a8 (kza®
System ’ PS8 gL | BET RIS
1,000 | 2,001 |, 587 | BE® DnlE eSS
oo e RS 517 225 3EEREE o
2,000( 5,000 %00 25 |5 g &TETE~ 3
1 \ 2 3 4 ‘ 5 | o6 | 7 8
[ S R R N
System A- [ l ’ I
341 miles | 140 | 44 6 126 | 0.369 | 283.20 | 0.830
System B- ‘ ‘ | |
380.5 miles| 159 | 50 6 141.5  0.372 | 318.24 | 0.837.
System C- T
416.5 milesl 174 = 51 6 ! 150  0.362 ‘ 343.95 | 0.825
i |

6.4. A comparative study of columns 6 and 8 of Table 1
shows that the utility per mile on population and productivity
basis increases up to a limit of additional 39.5 miles and beyond
that it starts decreasing. Hence it is safe to assume that system
‘B’ obtained by adding 39.5 miles to the existing milage is
saturated and is of greater benefit than the system ¢C°’. Therefore
milage up to the extent of 39.5 miles can be safely added to thé
existing system.

The optimum metalled milage for the district of Barabanki
thus works out to 380. Having fixed the target milage ?Ora[ffhel
district, new roads are selected to bring the length of roads to
this figure.

1. SELEGTION OF ROADS

7.1.  All the information collected, as described i ,
and 4.2, was plotted as far as possible in maps. n paras. 4.1

Map No. 1, Plate I, showing productivity in maunds
per acre and the roads under the saturation system.
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The .places visited by the survey party are also
indicated on this map.

Map No. 2, Plate II, showing the general details such
as police stations, post offices, markets, etc. It
also shows villages according to population in three
categories—between 1,000 and 2,000, between 2,001
and 5,000 and above 5,000. The proposals received
from various sources are also marked on this map.

Map No. 3, Plate III, showing villages grouped
according to number of carts present in them. It
also shows the existing traffic intensity in tons on
different roads. This information helps in selection
of roads for new construction, modernisation and
reconstruction.

7.2. New Roads

The proposals received are filled in the proforma as shown
in Appendix 5. Bach proposal is then scrutinised and the
abstract of roads recommended is prepared. Priority is fixed
according to the ufility of roads.

While planning, importance is given to gaps in the State
highway system which, generally, are through roads running
east-west or north-south. Even though these gaps are not
important to the district yet first priority is given to them. Next
in the order of priority are the inter-district links to open up the
inter-district communications. Connections to tehsil headquarters
and markets with the district headquarters and making farm to
market roads for transport of the produce from agricultural
areas come next.

7.3. Roads for Reconstruction and Modernisation

Apart from new roads, reconstruction and modernisation are
also provided in the Master Plan according to the need of the
traffic and present condition of the surface.

° 8. MASTER PLAN

8.1. The Master Plan, Plate IV, is then prepared after
detailed study of all the maps and statements to meet the require-
ments of population, productivity, traffic and the other considera-
tions. It will be seen that no village of about 5,000 population
is beyond one mile of a metalled road and no village having &
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population between 2,001 and 5,000 is beyond a di

miles from a roa._d. Itcan also be said that r?o place ?t:s:}?: (cleigstcx)'gc:i
is beyond 5 miles of a metalled road. It is also claimed that'
practically no marketing centre, post office, police station tehsi{
or pargana headquarter is beyond 2 miles of a road. ’

8.2. In the Master Plan are included all the road
in the Phase I and Five-Year Plan, The other r(fags sh:‘:gc{)l’;:g
divided into Phase II and Phase III schemes according to pri-
ority fixed on consideration of utility and importance.

8.3. In view of the limitations of funds for th tive-
Year Plan, the whole Phase II scheme ea.nnot;e S:cotx:li{egxze)
simultaneously and as such only a limited number of metalle&
roads having high priorities have been chosen for inclusion in
gecond Five-Year Plan.

8.4. A statement showing the utility valu A
systegn,.Pha.se II scheme and the MasteryPlan ?)Sf (:'f)&tll;e i,fx}?grng
banki district in respect of population and productivity is iv:r;
in Appendix 6. Appendix 7 gives the percentages of the nu%nber
of villages, productivity, population and area served by th
existing system, Phase II scheme and the Master Plan Tbip e
shown diagrammatically in the Fig. in Appendix 7. . is is

Comparison of the statements given i i
for various districts will ena,bleg one l1;rcl> %Egggdl;;setgerand :
particular district has got minimum requirements. Also atx;ly
requirements of roads for any chosen unit of pi’oduct','t :
population and area can be found out. iy,

9. SECOND FIVE-YEAR PLAN

9.1. Phase II scheme for all the districts of th
prepared -with tl_le idea that all works under this ;hS::t;ilrg:
’tﬁ;.en uplldmmeéli)atelg7 after completion of first Five-Year Plan
is could not be done as funds provided £ ive
e ooty P or the second Five

9.2. Phase II scheme for the State ro
Rs 44 crores, whereas second Five-Year Plalilg}ilsl};ora;ﬁ)(:)‘:z%t?dd w
the amount. Hence a further selection of important proj ?:-,r of
of the Phase 11 scheme of the districts had to be madIt:r %ec P
paration 'of District second Five-Year Plans. Therof or pre-
construction of all new unmetalled roads have been o '?;Ee;i the
those metalled roads which have been given top prio ,1:1 s and
people us well as those roads which are TeqUiredpf:-oI;l v pla}t;ngsz

considerations have been included in the second Five-Year Plan
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9.3. Tt is expected that 2,770 miles will be completed by the
end of second Five-Year Plan. The milage of metalled roads in
the State after the completion of first Five-Year Plan will be
11,430. Hence, although there will be 14,200 miles after the
second Five-Year Plan yet the State will be short of 2,284 miles
of metalled roads even according to the Star & Grid Formula.

9.4. The planning of highways on scientific basis is bound
to bring satisfaction to the people as only those roads which
serve the need of population best are provided in the Plan.
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Appendix 1 ks
I)ETAILS OF DATA TO BE COLLECTED ~ %a
. gl
“
S. No. tem Source of Receipt :g gi
1 List of hospital and dispensaries...  Civil surgeon’s office. a S
2 » Ppost and telegraph offices Post office. 2 3:" o s w = 3 PP -c:e i 5
. . & ==
3 ,» police stations and 8. P’s Office, | E = E: f';.gi 3 'E g‘% 3 g4 E
out posts 5 —~ L. 68 =25 Tg D8 25
, : S T 5E 2% %sd %8 s3L g3
4 ,, railway stations ... Station masters, & 4 o8 "o &3 g3 2E% B o
. L . B S5 -8 o £fg & @Rz
5 ,,» marketing and industrial Tehsil records anc 2218 o =mz g 8., =y £ > A
centres District Board Offices 2z 4; Eu B Te 873 g 4 2 mE” goﬂ
6 ,, fairs do Eg = E‘PS_S:% g 3”8 .8; 24 26
7 lNeoti : ' z<l D  85°% E5 Eak L8 $FwET
»» cane collecting centres .., Compiled from s |88 838 2 & g gﬁ 8w a 9 .,:8)
questionnaire 5|58 mges 22 Bi- 855 Eg,68
! ) </ &3 2, T 8. o >.2% <] s S B g =]
Appendix 3. 2ol 828w =® o888 gk . “ggTs
towns and notified istri 5 8 o | g9 S E AL "BEo¥gag
” ed areas ...  District Board Offices m S 2 8g o%® E g oks o g & 2 ﬂ-g w b
: ; . » g 24y o 2 Zomd S 2D B
9 " IHSII,)eV%;n%n h((;usos——D. B., Respective Offices, ; zZ o S 8E = 2 BET R q‘z r o'g _ e uwy
.W.D. and canals mg E =2=9g g -°-—*8ﬂ_h;'-‘£=—‘u=‘&=2
o ) I SR T RSN T oS8 E gk gg
10 ,»  alluvial villages District  Collectora Qo ~ B g B -E E *5';;[:' B 5§ g B §C.’> g § 2 EE
ffice. gz SEfe HER SRR SERSMAMS
11 ,, flooded areas do % % o~ =~ o~ = F o
- : R 3 ® T L
12 »»  existing roads under charge P.W.D. a fu - = - ~ :
of P.W.D. 2R
Bt ot LA
13 " do. «»  District Board Office a § R £95
14 ,, ferries do S & g g “‘:"é °
15 ,, government buses do A jw 3 sM
. ’ W o~ -
16 »»  export and import of gnods Station Masters g > 2 § E’ iy E :
at various stations ' “@l g | =6 ~ 38
17 traffic census 3 8 g 2 % 'gé'g d
. C.E. Office, and cal <g | % % LI
culated from th & “ w8 5 oM g
questionnaire, Y © o :M: %
18 »» labour and material rates P.W.D. 8 g .g 3 w 8 ?'P?
0 & L] € OCagdas
1 ,» bullock  carts  census Tehsil. Z | 3% -2
(village wise) 3 : 28 l§ £
s -
20 »»  population (village-wise) ... — §'§ i-g e+
. . . 8o =R~
21 » pargana-wise  population Calculated f-g ' QE A&
density '
. . . 8 . .
292 »  Pargana-wise productivity Calenlated. R |~ ™
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Appendix 3

QUESTIONNAIRE FOR ORIGIN AND DESTINATION STUDY

He 0 ko =

N

9.

FOR FACT FINDING SURVEY

Shri Abdul Haij Saheb.
Chairman, Town Area, Dewa.

Name of person
Present occupation

Village Dewa.
Pargana Dewa.
Tehsil ... Nawabganj.
District ... Barabanki,

Important features of the village whether it is connected
by unmetalled or metalled road, has got a railway
station, police station/out post, or telgraph office,
school, mandi, factory, is a cane collection centre,
hospital ete.

Cattle fair is held every October. In April,
high officials come to visit and pay homage at
Majar Haji Waris Ali Shah Saheb.

Nearest Milage of :

(a) an unmetalled road —
(b) metalled road —
(c) railway station —

Zero.
Zero.

8 miles Barabanki & 10
miles Fatehpur.

4,000
Wheat, gram, sugar

cane, tobacoo, potatoes
mangoes, govas,

(a) Population —
(b) Main produce —

QUESTIONS

How many roads and carts tracks pass through your
village %

Name some important villages on each road.

(1) Barabanki-Fatehpur, (2) Dewa (Chinhat*Lucknow)
(3) Dewa-Kursi

Important villages on these roads are shown in
maps*.

Which route is mostly used by the villagers ; for what
purpose and for going where ?

(1) Barabanki-Fatehpur Road : Business,

; [ court,
tehsil and for going to Lucknow for business.

* Not included —[Ed].

(14

4
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(2) Dewa-Chinhat: For going to Lucknow to avoid
octroi.

How many numbers of carts travel on each road every
day? This should give number of carts going out and
coming in the average by different roads separataly.

O FATEMPUR  '0/300 SO 1O CHINHAT '

2 2
16/360 «= so* ,
TO KURSI 25 445 Ton10/400 TO BARABANK
/ 7300 —

Is the approach to your village an all-weather road ?Y
8.

1f not, for how much period it remains out of use ?
Where do you generally go out for ¢

(a) Your household purchases: local.
(b) Selling your sugar cane : Barabanki.

(¢) Selling your other products, as wheat etc., Local,
Lucknow & Faizabad.

(d) Purchasing cattle: local.

(¢) Purchasing manure : 200 maunds, loocal.

(f) Attending markets, fair etc.:
& Lucknow.

local, Barabanki

Where do you need a bridge (new or reconstructions):
Nil.

What are your proposals for new roads or for improve-
ment of existing roads and seasons for the same

(1) Improvement of Barabanki-Dewa-Fatehpur Road.
The present surface cannot stand traffic.

(2) Metalling of Dewa-Chinhat Road.
This will provide a short-cut to Lucknow. Distance
will be reduced from 26 to 20 miles.

(3) Majar Haji Waris Ali Shah Saheb: Hundreds of
people collect here twice a year. A cattle fair and
an exhibition are held here for which nearly 2 lakhs
of persons collect.. ’
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Appendix 4
STAR & GRID FORMULA

Yor metalled roads which are classified as National High-
ways, Statc Highways and Major District Roads, the required
milages for an area is equal to:

A5 4+ Bj20 + N+57T 4+ D — R
where - : Agricultural Area of the region.
B: Non-agricultural area of the region.

N: Number of towns & villages having a popula-
tion of 2001 to 5000

T : Number of towns and villages having a popula-
tion over 5000 :

D: An allowance for agricultural and industrial
development during next 20 years, which is
at present assumed nil in this State, as
against 15 per cent average proposed for all
States in the Nagpur Plan.

R: Railway milage in the area under consideration.

For unmetalled roads which are classified as other district
roads and village roads, the required milage is equal to:

Vi5+ Q2+ B+23 4D

where V: Number of villages with population of 500 or
less :

¢: Number of villages with population of 501-1000.
R : Number of villages with population of 1001-2000.
S : Number of villages with population of 2001-5000

D: An allowance for agricultural and industria
development during next 20 years, which af
present is assumed nil per cent, for this Stat
as in the ocase of metalled roads.
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Appendix 5

PROPOSALS RECEIVED FROM VARIOUS SOURCES—FOR DISTRICT BARABANKI

Does | . . cr s . v iy s
. | .. | Does it form ( Names of towns & villages within ten miles of the roads No. of Number of villages within
Name " Recom. ‘g“a;‘)ir :‘ i Df?)i?nlt link with A - villages of | 2 miles of road having carts i?mthc)e:t
(r)(f) Milage | mended | State } inter- ;};its:]ilr;% Population above 5000 | Population between 2001_-5009 l%%l:)llt}g;l(;)or}) ‘ t:nt. Reasons advanced by the Reasons for jus'tifz'.ing selection or
- . D oeens - . ; osers
I?osal ? by High- | d;§trﬁct roads in same! N Important N Important | Within 2 miles AggVe Bsegw;;n ngwlegn places proposer . rejection
| rvgﬁ'g; \ n district ame features ame features of the road ” ” served
, I I b i e e L
1 2 | 3 + |5 6 7 8 9 [ 10 11 12 13| 14 16 16 ' 17
28-0 D.D.A.II No. No. Yes. 1. Fatehpur Town Area, 1. Ram Nagar Town Area, 11 | 4 14 33 Kotwa (1) D.P.O, & M.L.A, Tt will This road is very important because (a)
Tehsildar P.S, P.S., P.O. Fair .| provide transport  facilities | the portion from Ramnagar to Tikaitnagar
D.P.O. P.O.H. Sugar Factory Place between Sudhiamau and Bado- | is a State Highwey gap. (b) It serves the area
M.L.A. Factory ) H. Market. Sarai between the National | of the National Extension Service block at
(l\)’[arket g %ialllxt"]' Extension Service block. Sudhiamau and Badosarai. (¢) The road
ane . Inchauli . connects & large number of important plac
. 1ons 2) It nect Fatehpur A ge num por places
Collecting 4. Tikaitnagar S.P.O.hMarket wi(bh) th:luig:?;ortant tovI;ns like Fatehpur,. Ramna.g'a.r,.Kutwa, Ganesh-
Centre, Town Area Ramnagar, Ganeshpur and | Pur, Bad.osa.ra.l and ’I.'lkalt;na.gar. (d) One
Canal » Tikaitnagar. Sugar mill at Burwal lies on this road. (e) It
IH. 3) K 7. Das i . connects all these places to their respective
Tehsil ( t) utwa J. ‘ﬁl 18 ‘;‘fl 0" | Tohsil Headquarters as Fatehpur Ramane-
portant plage from the religious highat. (f) Kutwa an important fair place

point of view & melas are held | ;. ® .o .q by this road. There are -a
on every pornamasi with two | e of markets, (gglioe stations,
specially big melas held every | }o5pita) otc. on this road. (b) The area
year. By, constructing th,“; has not got any metalled road at present
road pucca Kutwa J. Das lel and requires one very badly. (i) The
be very well connected with | o 1o 0 004 is an existing O.D.R. of Phase I.

Road.

Fatehpur-Ramnagar—Badosarai—Tikaitnagar

the area of Fatehpur Tehsil.

Tehsildar: There 1is no
metalled road from H, Qrs. to
this place. There is also
police station at Ramnagar &
the traffic is almost at a stand-
still during rains. This
hinders administration and
the public are inconvenienced.

(i) The trafic at present varies between 50
to 126 tons per day whioh -will increase
after metalling. (k) The area is in parb
very productive and highly populated.
Hence the road is recommended: for metal-
ling in the Master Plan. The portion
Ramnagar-Tikaitnagar is given first
priority & Fatehpur-Ramnagar, 6th priority
in metalled roads.

q

~ f
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Appendix 7

PERCENTAGE OF VILLAGES, PRODUCTIVITY,
POPULATION AND AREA SERVED BY
EXISTING SYSTEM, PHASE IT PLAN AND MASTER PLAN.

Served by . Served by | gerved by

| Existing | Phase 11
~ System Plan Master Plan

. Percentage . Percentage Perceintfe

Villages with Population . T T E

Above 5000 100 . 100 100.00
Between 2001-5000 ‘ "3.33 81.67 93.33
Between 1000-2000 59.31 | 69.69 74.48
Productivity 6262 7129 . 1977
Population . 6419 1 17396 81.61
Area . 61.61 | 70.66 | 77.99

Note:

Existing System: Tnoludes P.W.D. metalled roads, Distriat Board
metalled road and O.D.R’s and V. R's at end of
Phase I and the First Five-Year Plan.

Phase 1T Plan: Tncludes in addition to existing system the roads
metalled and unmetalled provided in the Phase II
Plan.
Master Plan: Includes in addition to existing system the voads
metalled and unmetalled provided in the Mastor
Plan,
100
MASTER PLAN. .. [SS5S]  PHASEX pLan.. |
EXISTING SYSTEM. ] -
80
I 6o ,g
z :
w
v
« y
u ;
W a0 |
20 |
o L 2 I K

VILLAGES WITH L) pun.*nou
UCTIVITY  POPULATION AREA
ABOVE 5000 2001~ 5000 1001=2000 pRoD

Comparison of existing system, Phase II Plan and Master Plan
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. POPULATION,

Paper No. 186—Inp1aN Roaps CONGRESS Jourxan, Vor. XX-Part3.



SRIvASTAVA ON PLANNING OF ROADS IN UTrar PRADESH 321
PLATE i
< j
SIDHALILT . o
Q
\a .
/\’ o
N Y
) B ) 70 6ONPP
PARASPUR,, &
| o
‘: 73
"9
7
Vl"z' - =~ ‘\ Q) .
’d LUCKNOW 1 -s'A'*r'mKH-g TOWNS WITR CARTS ABOVE 160 MR
.y » N woow w BETEN502K0M
c 5 NS - ovov o s
- EXISTING METMLLED ROAD  emeamm
@ v . - . %0 Frois PROPOSED 1 n —
A ) , . - i W N w  UNMETALLED # wmemma
* Ry Z . ) 7O, FYZABAD RIVERS i ° ,,m somces]
R TRAFFICINTENSIY 2 o 7
Y4 : AN g 500
o | A ) A_ -.. ; :.‘ ™ _,:?‘ MLESL 3 21 0 4 f:tusjl’ -
.. © . VILLAGES SHOWING
e - NUMBER OF CARTS AND
‘ ('\.-/""x./:\_ -  TRAFFIC INTENSITY.- -
O - *_ FACT FINDING SURVEY,
- / e o . BARABANKI DISTRICT
i » \h\_j l e ) . s
| &

i
|

2

_Paper No. 186—Inp1an Roaps CoNGRBSS igOUBNA:VD," Vor. XX-Papr 8.

: P
S + EI N S




«

& LUCKNOW

o

f
1

! .'ﬁ\\ .

\,5unmm;q. O\
F"'o

TO FYZABAD
\

1TO FIZABAD

=L w

-mmue N

'._._

A
RPN gy ™ TR S

ABOVE 10000.
TOWNS OR VlLLAG(S VIH'H 0P|
BETWEEN 5000 &
TOWNS OR VW WITN NPULII
BETWEEN 2000 & 5000.
TOWNS OR YILLAGES WITH POPULATI
BETWEEN 1000 & 2000.
HOSPITAL DISDENSARIES
POST OFFICES
MILLS AND FACTORIES
CANE COLLECTING CENTRES
FAIRS AN PILGRIMAGES

LICE STATIONS
INDLISTRIAL OR MARKETING
CENTRES
INSPECTION HOUSES

SRIVASTAVA ON PLANNING OF ROADS IN UrTar PrRADESH 323
PLATE IV
'
70 GONDA .
llr‘-/ . '\'s—. . -\\?\
. Y v ) * ‘
/ RURET . M \\ Lo Nyridkp Y "
\ - N
¢ Q PROPOSED METALLED ROADS -
! " »  UNMETALLED ROADS —
X : ®  MAJOR BRIDGES =
9/‘, ' ROADS UNDER RECONSTRUC TION 01- =
o \PS - t \\ MODERNIZATION.
\ TERSIL BOUNDARIES -
o‘ TIKAIT PUR EXISTING ROADS (METALLED) ——
RAILWAY LINES f—
g __,. TOWNS OR VILLAGES WITH POPULA! -

w-}-

PROPOSED MASTER PLAN,
BARABANKI DISTRICT °

Paper No. 186—INpiax Roaps Covorass JourNar, Vor. XX-ParT-3.

% '



Paper No. 187

“ THE IMPORTANCE OF TRAFFIC ENGINEERING
IN INDIA”
By
Dr. R. K. N. IyeNaag, B.E., D.Sc., M.1.E. (IND14).

CONTENTS

Page
1. Introduction 325
2. Traffioc Conditions in India e 326

3. Traffic Engineering Methods in Advanced Coun-
tries . 351

4. Suggestions for Regulation of Traffic and Accident
Prevention . 351

SYNOPSIS

The main object of this Paper is to focus attention on the need for
adopting modern methods to reduce accidents on roads.

- The Paper describes the traffic conditions obtaining on the roads in
India. A survey of the growth of motor and animal-drawn vehlclps,
traffic conditions, accidents and the methods adopted for accident prevention
in six big cities is made. Some suggestions to regulate traffic and minimise
hazards on roads are made.

1. INTRODUCTION

1.1. Traffic engineering is ¢ that phase of engineering which
deals with the planning and geometric designs of streets, high-
ways and abutting lands, and with traffic operation thereon, as
their use is related to the safe, convenient and economio trans-
portation of persons and goods.” It covers a very vast field
and its scope extends to various subjects such as road aocidents,
traffic surveys for obtaining details of traffic conditions, traffic
planning, geometrio design of roads and intersections of all types,
sight distances, traffic oapacity studies, surface charaoteristics and
their influence on speed and accidents, design and locatjon of

10—
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graffic control devices, parking, street lighting and traffic regula-
tions etc.

1.2. Due to the greater use of motor vehicles there has
been an increase in road traffic in recent times. Traffic
engineering methods will help in providing a smooth traffic
flow conducive to safer and quicker transportation of men
and materials, so vital to the economic life and quicker tempo
of industrialisation and in reducing human sufferings and loss
to property, by building safety into the roads. There is a
great necessity in India to make a systematic study of the
existing traffic conditions and adopt suitable engineering methods.
Education of the road users and enforcement of traffic rules
are also necessary for minimising accidents. This Paper touches
upon the salient points only as far as India is concerned
and stresses the importance of (1) maintaining proper records
of types and behaviour of road users and accidents, etc.
and the advantage of providing improved designs and layout of
roads using results of research, (2) widespread educational pro-
paganda and (3) stricter enforcement measures.

2. TRAFFIC CONDITIONS IN INDIA

2.1. The number of motor vehicles has increased nearly
two fold since 1940, Table 1.

TasLy 1

Year ending Total number of

31st March motor vehicles
1941 164,886
1942 156,822
1943 154,284
1944 162,247
1945 178,697
1946 181,621
1947 211,949
1948 225,227
1949 269,669
1950 294,727

1951 307,157
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2.2. Behaviour of Traffic on Highways

Mixed traffic consisting of fast moving cars, buses and
trucks, slow-moving bullock carts, horse and camel drawn
vehicles, cycles, rickshaws, and sometimes herds of cattle and
sheep, use the highways, In some States the speed of heavily-
loaded passenger buses and lorries plying on the highways
connecting important cities is restricted to 15-20 miles per hour.
But enforcement of these rules is rather slack except at some
check posts, perhaps due to paucity of police staff. Speeding is
the order of the day and is a potential source of danger on the
highways.

Slow-moving traffic do not leave the hard metalled surface
and thus cause difficulties to the fast traffic while overtaking
them,

Loading of carts with projecting grass, hay, sugar-cane, or
logs of timber etc., obstruct the view of motorists and is,
therefore, dangerous especially when these carts move along in
caravans during nights without any lights. :

From a random survey, it was observed that more than 50
per cent of the bullock cart drivers are either sleeping or resting
during night journeys, allowing the bullocks to slowly jog along.

While private owned cars generally have proper head and
tail lights, quite a good number of trucks run without tail lights
or have badly aligned headlights, which are also undipped. The
proverbial speeding habits of truck drivers ocoupled with
improper lights cause hazards in night travel.

A great number of oyclists travel without lights and tail
reflectors.

In general, there is no traffic control and enforcement of

rules in the real sense on the highway. Conditions on minor
roads are worse.

Due to the increasing menace of road accidents in recent
times, the Govt. of India and many States such as Bombay,
Bengal and Madras have published Highway Safety and Road
Traffic Codes, laying down suitable regulations for control of
transport vehicles, traffic signs and signals, parking motor buses
and oars, and rules to he observed on roads. Regional Transport
Authorities and Road Traffic Boards are set. up in several -States
and major cities, for deciding disputed matters ~regarding road
traffic and transportation, TN e e,
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Inspite of all these measures, the Author has observed that
road laws are not generally enforced strictly; the violation of
traffic regulations, go unpunished.  Hence strict enforcement of
the regulation is essential. The Author noticed the organisation of
« Road Peons’ appointed by many District Boards in Bihar for
looking after the conditions of roads and traffic. Each road peon
is provided with a cycle and has a few miles of road under
his jurisdiction. His duties are to report any damages to roads,
especially during the rainy season when flooding or erosion
occurred and infringement of traffic rules by the bullock carts not
giving the right-of-way, occurrence of accidents, etc., so that
prompt remedial measures could be undertaken. It, would be
very helpful if some such arrangements on well-planned lines are
made on all highways. Suitable persons living in nearby areas
could be appointed and invested with powers to supervise the
maintenance and to enforce traffic rules.

2.3. Traffic in Cities and Urban Areas

The problem to be tackled in major citie i -
te(_l urban. areas is the mixed t;ra.fﬁcJ whichs aélo(i:h;gtl);;)izgu?n
this gcale in many other countries of the west. A medley of slow-
moving bullock carts, horse-drawn vehicles rickshaws cycleé,
cyclg—nckshaws, motor cars, buses and héa.vily-la.dex; private
carriers, many of them driving recklessly or carelessly, ignoring
traffic rules even on narrow carriageway is the ’ cause of

150 . &“i(} &ll(l f] equen O na resu lta t acCIl( lentls-

During rush hours, on roads leadi
shopping centres and railwa tion and Gonment offiss’

. : y stations and at 1 ings

gg’;’e Jsen:gct‘hconlf“mn and obstructions to an ec:;?iler(i‘;ost.sr:iﬂgic

e slow-moving vehicle not vield; ioht-of-Wa

e ol e, vl gt
ste of m i i )

cost. otor vehiole drivers to get through first * at any

Pedestrians experience i : :
though * traffic isIl)&nds ’ azﬁl 01‘1 difficulty in orossing roads, even

. . zebra i ’ ian
crossing are provided in many cities merkings” for podestris
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Even though automatic fixed-time or hand-operated light
signals are the most useful traffic control devices at congested
road intersections both during day and night, these are rarely
used excepting a few in cities like Calcutta, Delhi and Madras.

Street lighting is provided in most of the cities and impor-
tant towns, but there is mo uniformity in the standards and
designs of lights and in general the lighting provided is not
adequate.

Parking of vehicles has not as yet received the attention
it deserves. In general kerb-side parking is the rule. This takes
away much of the road width and leads to congestion and
resultant accidents especially near offices, shopping centres,
markets, cinema houses, restaurants and places of worship, etc.
Adequate parking lots or parking garages in busy areas are
absent. Development of parking areas as & business proposition
by commerocial concerns, is unknown. Only where frequent
bottle-necks, impediments to traffic and accidents occurred due
to indiscriminate parking, police, municipal and transport
authorities have taken some steps, in recent years, to regulate
parking and allot suitable kerb-side and off-street parking spaces.
This is only a temporary palliative and does not even touch the
fringe of the problem which is gradually assuming serious propor-
tions of late.

2.4. For a proper appreciation of the traffic problem in big
cities, conditions regarding population, demsity of vehicles,
behaviour of road users, incidence of accidents, goneral traffic
conditions and measures adopted for enforcement of traffic
regulationa in some cities are given.

2.5. Calcutta

Calutta the biggest city in the Indian Union has a popula-
tion of 29.9 lakhs according to the census in 1951. The number
of vehioles is also the largest in the country namely 69,500 in
1953 excluding cyocles which are very few. Thus, the intensity
of traffic in this oity is very high. Table 2 gives the number of
vehicles by types, the incidence of road accidents, and the number
of traffic control light signals, Fig. 1. From a study of the above
statistics it is seen that the number of motor vehicles of all types
have more than doubled itself in the last 10 years, while the use
of animal-drawn vehicles has considerably decreased. The
number of accidents specially the number killed has gone down.
Drunken driving is also low being 18.19 per lakh of vohicles,
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Caleutta traffic police Authorities are always on the alert
and due to proper system of traffic control, introduction of some
automatic light signals for controlling road traffic at important
road junctions, the number of traffic casualities is gradually
decreasing. Inspite of a better traffic control and enforcement
and also a reasonable road sense amongst the public, it has been
noticed that the queue system at bus and tram stands has not
been working satisfactorily and many accidents have occurred
when people -fight to board & moving vehicle. Though the
Calcutta Corporation have passed a resolution as early as 1952 in
favour of formation of orderly queues and its enforcement by the
police, the situation has not improved much. Propaganda about
the necessity for a better civic sense and stricter enforcement
methods are indicated.

The Calcutta police have in recent Years undertaken an
extensive programme of marking the centre line of roads with
““ erystallex *’ plastic white lines so that vehicles could keep to the
proper road lanes. These plastic marks reflect the light better at
night as each yard contains nearly a million ¢ glass spheres *,

There are very few round-abouts in Calcutta due to very
heavy expenditure that has to be incurred in acquiring land in
busy localities, but traffic is well controlled at road intersections
either by traffic police or traffic light signals,

Calcutta is far ahead in traffic trainin
Department has established a ¢ Police Tr
1952 in order to train personnel in ad
cope with the growing complexities of
ments. This school also offers refresher courses for keeping up a
continuity of the training. It is understood that in one year, 500
officers and men of the Calcutta and West Bengal police,

military police, from Delhi and other parts of India passed
through the school, :

g methods, as the police
affic Training School * in
vanced traffic control to
the city’s traffic require-

The - Safety First Association of India, Bengal Branch in
co-operation with the Calcutta police and Govt, Publicity Depart-
ment arrange ‘Safety First Weeks’ and ¢ Safety Exhibitiong’
with special features like ‘ Learning Through Play * for children to
acquaint them with the basic principles of road safety, to watch
the behaviour of road users and inculcate a proper road sense in

-them. TFurther, the Association have published the Highway
Code in Bengali and distributed them free to every school and
other organisations to create interest in road safety. They have
also collected much data through complaint post-cards from which
suitable plans have been formulated and got approved by the

Photo 1. Impediments to free flow by animal-drawn
traffic in a main street,

Photo 2, Mix up of slow trafic occupying most of the road,



Photo 3, Parking of * thelas’ and unloading at the roadside oto 5. Stray cattle in a main city street cause traffic bottleneck.
tukes away much of the effective road width, ’

s i

Photo 4, Two bus stops opposite each other blocks the Fhoto 6. Confusing speed and parking elén.

entire road,



Photo 7. Enforcement Photo 10.
Pillonriding cyclists

during peak hours
leads to orderly are a menace to
traffic flow,

road traffic,

Photo 8, Trafc mix '

up caused by non.- Photo 11. Heavily-
observance of loaded cyclists,
road rules.

Photo 9. Cyclists
riding many

Photo 12. Bullock

carts Heavily-
loaded with bulk
abreast, produce require

large road width,




Photo 13. Slow-
moving vehicles

. f
occupy most of the Photo 16. Herd o

carriageway on a cattle in the middle of

broad road road obstructs

traffic.

e
Photo 14, Mixed
traffic with kerb
parking impedes Photo 17. Centre
Smooth traffic. line markings help

orderly traffic.

Photo 15. Bad parke-
ing habits lead to

Photo 18. Jay walk-
traffic delays,

‘ing in main street,




Photo 20. Rush of cycle traffic during peak hour—New Delhl,
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Traffic Advisory Committee. All these have resulted in better
road usage and hetter lighting in the city.

Calcutta’s system of maintaining detailed statistics regarding
vehicles and road accidents is very good and has been helpful in
achieving many an improvement in traffic conditions.

2.6. Bombay

Bombay had a population of 28.4 lakhsin 1951. The number
of motor vehicles is on the increase, whereas animal and hand-
drawn vehicles are on the decrease, Table 3 and Fig. 2.

Bombay has about 14.0 motor vehicles per 1,000 population
and road fatalities in 1951 were 9.2 per lakh of population which
compare well with similar cities, But the city’s 660 deaths
per lakh of vehicles are more'than anywhere else in the world.
The number of injured which is 184.8 per lakh of persons is
quite high, as also the 131.7 injuries per 1,000 vehicles. The
city’s toll of 182.22 children killed per 1,00,000 vehicles is very
high compared to other major cities in the world.

Bombay has many good roads running through busy shop-
ping centres. Traffic control at important road junctions espe-
cially during peak hours is of a very high standard compared to
that in other Indian cities. There are no automatic traffic light
signals, but it is understood that due to very heavy intensity of
traffic, it is proposed to instal & few of them at busy junctions as

an experimental measure. Round-abouts are few compared. to
Delhi. o

TasLE 3
Number of Vehicles and Accidents in Bombay

[ " I Persons

No.of | _No.of | No. of involved in
Yeay | Te8istered ! r%gxlslterﬁd reilstered No. of | road accidents
motor | toc& q orse- | voles | —————

vehicles | SIS & rawn No. | No.
| thelas vehicles 'injured Killed

1950 30,408 1288 2423  Not 5912 227

available

1951 36,561 1049 2102 do 5234 262
1952 35,346 883 1623 do 4494 221

1953 36,081 1190 1403 do 4409 216

12—y
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The taxi, bus and tram services are very well organised
38000 ) having frequencies to suit the traffic requirements. The greatest

‘outlaws’ against traffic rules are the jay walkers, horse-drawn
3600 gharries (victoria) and bullock carts. As the pedestrian traffic
o O otor Vehiclas during office hours is terrific, great care is taken by traffic police
/9—- 5/1/7 = tor e} to channclise movement at t%e numerous road ci’ossings and in
34000 / forcing pedestrains to use the footpaths.
32000 / / ‘“Silence zones’’ have been introduced in the fort area and
/ at other places, and they have proved to be a far greater success
30000f than anticipated due to the strong road sense displayed. Inciden-
tally this has done more to get rid of jay walkers than any other -
28 00O measure adopted so far,
26 000 - The Traffic Control Department of Bombay has also
, introduced traffic control twice a week at selected centres by
24 000 school poys between the ages of 10 and 12 belonging to a local
" school situated in a very crowded locality. After six months’
W 20 training, the boys are examined and certificates are awarded
d 000 4 to successful boys. The best trainee is presented with a medal.
5 20000 — “Traffic Safety Weeks >’ are organised by the Western India
S Automobile Association in co-operation with the Police Depart-
N 18000 mer}t. Placards and banners bearing such slogans as ¢ Traffic
o accidents do not happen—they are caused’, and ‘Your First
16000 Accident may be Your Last’ are exhibited. These along with
o lectures, film shows, and on-the-spot instructions on road safety in
g 14000 various areas of the city, have been helpful in making people road
§ conscious, The Association has also organised ‘reliability trials’
Z 12000 for motor vehicleson a 161-mile route from Poona to Ahmednagar,
‘rough driving and reversing tests’ for finding out the road.
0000 worthiness of vehicles under normal driving conditions.
8000 On the whole, it can be said that traffic congestion and
‘ accident rate are gradually being brought under control by
6 00 earnest efforts on the part of the traffic police, organizations such
S f;S the Westorn India Automobile Association with the co-opera-
4000 N —{:F{;"j ,a:::,;:zinvl lon of the road users.
2 o(x)q P ' Horse-drawn Vehicles 2.7 Madra! ‘
P ! s
N\I Bullock Cares ] Madras with a population of 14.3 lakhs is growing rapidly

due to expansion of many industries. Motor vehicles are on the
. YEARS 1850 1951 1952 1953 increase. ' The number of animal-drawn" vehicles is decreasing.
Tig. 2. Number of vehicles and accidents in Greater Bombay. '1‘1318 number of road accidents is on the increase, Table 4 and

ig. 3, Plate I,
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Many of the main roads of Madras are well designed and
Rickshaws

!
DB FH D e o= A - . i fr t interval
X > o SR 3 =R broad. Bus services run at very frequent intervals.
é&_‘? ‘;« :L S ’_?*j, R :Lj;i 5 ?Bﬁ :3“ ' provide a quick means of transport for short distance travellers.
: ! &1
loﬁ‘ SO H S Mo m f‘ Traffic control and enforcement in Madras can be considered
i AS35E 58 E | 532 as fairly good. But due to the heavy mixed traffic and the rapid
MM B MM @ & 0 < Y : : ; £ t bottl k d
— = - — o ‘ o oF increase in population, there have been frequent bottlenecks an
! - | the accident rate is increasing. The number of motor vehicles
ey ! LWNOM QD g e in Madras is very low, being only 8 per 1,000 pecople. TFatal
& | SRIRT 902 a S92 i ¢ lation in 1951. 603 deaths
S S E NI A B © accidents were 4.69 per lakh of populatio ' '
= > = ~- N ! z' :“ per lakh of vehicles are larger than in any city in the
“ | world except Bombay with its 635 persodns h}n]t_lred onhphg
@ Do —~ oy - : roads are 202 per lakh of population and this is very hig
< 10 ~ ™ N .
5 = Eg: 5« IR ‘&i Ta g § § S compared to other cities. The number of children kl!led on th_e
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Zebra pedgstrian crossings have been provided. Traffic
surveys and accident counts have been taken at important road
Jl.mct_ions and suitable round-abouts have been constructed, resul-
ting in a smoother traffic tlow. Recently an a.utomatié light
signal has been installed at one junction and it has been helpful
for controlling traffic at peak hours. The Corporation of Madras
has undertakgx1 the ‘prcpa.raﬂtion of a master plan for the city and
its environ in which the city’s traffic problem will be dealt
with. The traffic hold-up during the recent Congress session in

January 1955 at Avadi has been an eye-o
authorities. ye-opener to the concerne

2.8. Delhi

The population of Delhi had increa i i
prewar size and was 17.4 lakhs in 1951. Tieed[;gtégl;rehtilsleessalx:)s
shows a steep rise, especially lorries, taxis and motor ¢ (;le
rickshaws. th}e the numbers of bullock carts, tongas ete siow
8 gradual decline, the number of hand-oar’ts ig incréasin
'_[‘he most phenomenal rise is shown in the number of lgS.
I‘hough.the statistics indicate that there are a,boutol(;)éc()%(;
cyeles in Delhi, this figure would definitely be moré t’han

two lakhs as quit
registered. quite a good number of cycles have not been

Tratfic has increased more than three-fold ; for example
; )

1205.9 tons was the traffi i N !
195455 it was 4,800 tons.c using Mathura road in 1934 whereas in

Details of vehioles by type and the number of accidents are

given in the Table 6, Fig, 4 .
Cour flow at 8 selocted pgla.ce.’ Plate I. Table 7 shows the peak

insuézie;rt?pmti?t shopping qnd business centres there is
traffic jam pa(xl' ing space, leading to jay parking of vehicles
ol sega, Sﬂzz accxdepts. During peak hours it is quite common’
monopolising Otrhenxlre&;cl;;rk?zgr(;&vggingofthe foot-paths and
. 8. vps
lllgv:ba.llocatﬁd existing suitable places foi'a’tg;,:llsl?n ? u(i:}flontxre;s
motor‘:;z.y shopping area (Chandni Chowk) where E%m cal )
p ars are parked on both sides throughout th ms P,
of a suitable off-street space. e day for want

: . T Also in the heart .
Delhi, the parking position is most unsatisfact::y a?sf Ezgldr?:;:lgi

lorries " are parked from end to end of the street oven blocking

entrances to la.nes result. i t co i n
s 1ng 1n rea i i i
. & g niusion and imcreasl g
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TaBLE 6

Number of Vehicles and Accidents in Delhi

[
| 1948

1949 1950

|
'

1951 \ 1952 | 1953 ‘ 1954

2,100 | 2,423 2,486 | 2,602 9,843 2,942

1’307 | 1473 1,510 11,709 | 2,021 1,969
|

196! 351 561 634 952! 968

s00| 440 494 62| 627! 731

6.856 | 7,126 7,404 7,582 | 7945 8,307

Total .. 9,637 10,858(11,813 12,456 12,959 14,388 14,917

- i
Motor Cycles ... 1,832
Lorries .. 748
Taxis & motor cycle
rickshaws ... 213
Buses .. 383
Cars ... 6,461
Hand carts .. 515
Bullock carts ... 1,763
Tongas ... 3,311
Kharkhras ... 1,109
& Tum Toms 83
Cycle Rikshaws w250
Cycles

Total No. of a,ccidem;e;‘ _2%1
Persons killed 58

Persons injured e 209

988 | 1,162 1,381 ' 1,452 | 1,700 1,964
1,795 | 1,872 | 1,806 1,485 | 1,370 | 1,625
4510|3871 | 2,223 2,948 | 2,676 2,781
1528 | 1,298 | 1,066 937, 963| 978

144! ‘102! 86| 15 12 11

400| 600 600! 600! 600 600

U0 — l99,539(119,8731121,796

203! 658 684 303| 972] 925

32| 172 93| 68 85 72

004 | 459 398| 302| 817 612

TABLE 7

Peak Hour Flow in Delhi

Type of traffic Numbers
Horse-drawn vehicles 213
Other animal-drawn vehioles 34
Motor cars 336
Motor cycles 59
Lorries 57
Buses 89
Hand carts 15
Rickshaws 27
chles 1612
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The number of the accidents on some of important roads
are given in Table 8. In addition to these, 69 accidents
oceurred at road junctions. These places mentioned in the
Table require special attention.

TABLE R

The number of accidents in the period
1946—1948

Road No. of accident«

Mehrauli Road to Aliporo Road via Prithviraj
Road, Shahjshan Road, Hardinge Avenue, Tlgin

Road and Lothian Road 131

Mathura Road — Wellesley Road — Curzon Road 41

Queensway 33
Parliament Strest—Minto Road 50
Lady Hardinge Road 8
Irwin Road 18
Reading Road 14
Panchkuin Road 45
Chelmsford Road 21
G. B. Road 26
Delhi-Shahdara Road (Grand Trunk Road) 22

Total 409

An enumeration during peak hour traffic in Connaught Place
area, showed that 1,000 to 1,200 motor vehicles and thousands of
cycles are parked. Except in the inner circle, these vehicles are
mostly parked in a disorderly manner without observing the rule
of ‘ facing the road,’” resulting in impediments to smooth traffic
flow. Tt is suggested that further parking facilities be provided
for another 500 cars by utilising part of the extensive central
park and the lawns opposite Regal Buildings,
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The authorities are alive to the increasing traffic needs and
construction of rotaries designed to modern standards, silence
zones, and marking of pedestrian crossings etc. have been done.

As an experimental measure, two electrically-operated traffic
signals have been installed. Of late, traffic regulations are tighten-
ed up by periodical surprise checks and prosecutions for offences
such as crossing the *stop line’ using illegible number plates,
defective tail lights and exceeding speed limits. In addition
to posting traffic constables at important crossings, 70 specially
trained constables wearing ‘ May I Help You’ badges are posted
at railway station, congested crossings, busy shopping centres and
cinema houses, to help children, the old and infirm and others

durfing difficulties on the road, These measures have been very
useful.

Mnuch interest is evinced in this problem by the traffic police
of Delhi State and non-official organizations such as the
Automobile Association of Upper India, National Safety Assosia-
tion, Rotary Club, Road Courtesy Squad, Scouts and National
Cadet Corps. ‘Road Safety Week’, ‘Walk on Footpath
Campaign’ for educating the road users and the public on the
proper observance of road laws, popular lectures and film shows
are arranged and leaflets on safety code are distributed.

These periodical checks have had no effect. Continuous
enforcement with greater vigour by prosecutions and heavy fines,
by introducing permanent checking arrangements seems neces-
sary. Movements of flocks of cattle on many of the roads

must be prevented by diverting them to lanes and unfrequented
routes.

2.9. Hyderabad

The number of motor vehicles, animal-drawn vehicles and
acoidents in the city are given in Table 9 and Fig. 5, Plate I.
The number of animal-drawn vehicles is on the decrease whereas
cycles and cycle rickshaws are on the increase. The number of
accidents is on the inerease. The number of cycle rickshaws
have increased more than two fold within the last six years and
extra traffic police are posted during peak hours to control their
reckless movement.

2.10. Bangalore

The city’s population of 7.8 lakhs in 1951 is rapidly inorea-
8ing due to industrial expansion,

13—111
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TazLy 9

Number of Vehicles and Accidents in Hyderabad

Year

1948 1949 1950

1947

1946

Types of Vehicles

Motor Cars, Trucks,

6,079

,203

-
‘

7,183

o0}
10

6,2

3,263

Buses

TYRNGAR 0N

519 1,035 1,509 1,780 1,625

422

464

Motor Cycles

™~

[}

893 820 503 478 453 308

1,163

Horse-drawn
Vehicles

2,632 2,297 1,992 2,176 2,279 2,169 —

2,305

2,676

Bullock-carts

53,725

49,041 51,825

777

42

38,106 44,352

37,278 38,471

Cycles

6,479 7,275

5,481

5,003

ird

I~

0

3
3

3,457 2,621

3,460

Rickshaws

Persons involved in Accidents

347 362 345

211

Not available

Injured

21

18

18

I~

Not available

Killed
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Uycles are popular amongst factory workers, students and
the middle class population and have registered the maximum
rise. The number of road accidents is fairly high, At all main
road crossings and turnings, ‘Halt’ boards and ‘Slow Down’
road signals have been put up. At these places vehicles must
stop for a few seconds and then only proceed whether a
policeman is on duty or not. This prevents motorists from
speeding and gives them a second or two to look round whether
there is any danger from approaching traffic. This has resulted
In a reduction of accidents in recent years.

Photos 1 to 20 illustrate some of the points mentioned above.

3. TRAFFIC ENGINEERING METHODS IN ADVANCED
COUNTRIES

:3.1. Ln progressive countries like the U.S.A. and the U. K.,
considerable thought is given to traffic planning and road safety
and effqrts are being made to reduce accidents on the roads from
all possible angles. Organizations for obtaining statistical data
on road traffic and keeping records of the data collected exist.
Improved designs and specifications of roads and crossings, park-

ing places, and road signs and signals have been worked out and
adopted.

3.2. Fast and slow-moving traffic have been separated ;
centre line markings are provided on an extensive scale, Greatest
va,lue? has been attached to the education of the road users and
Public on proper road use. Suitable traffic laws have been framed
and very rigidly enforced. Traffic engineering departments have
been established which work in closest co-operation with all
agencies—government and non-official—including education and
research institutions. All these measures have resulted in a high
degree of efficiency and economy in road traffic and transpor-
tation. It is neither possible nor economically feasible for at least

80me years to come to adopt all the latest methods practised
abroad in India.

4. SUGGESTIONS FOR REGULATION OF TRAFFIC AND
ACCIDENT PREVENTION

41. In India various Government and private organizations
such as Automobile, Rotary and Safety First Associations are
doing valuable work to minimise accidents. But co-ordinated
effort is lacking.
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While in the U.S.A, and the U. K. pneumatic-tyred high-
speed vehicles predominate—60 millions in the U. S. A. and about
6 millions in the U. K., in India truffic consisting of automobiles,
slow moving bullock and horse carts, and cycles have to
be catered for. In order to avoid greater traffic hazards and
achieve better use of motor vehicles, separate lanes should be
earmarked for fast and slow-moving vehicles on roads which are
wide enough. The kutcha road berms on highways in rural areas
should be made pucca though not to the highest specification, in
stages, and set apart exclusively for animal-drawn vehicles and
cycles. Concrete trackways must be constructed wherever feasible
for animal-drawn vehicles. All these may entail greater initial
costs, but this will be far outweighed by the resultant economy.

4.2. Traffic Surveys and Research

As a pre-requisite for all new road projects and programme of
road improvements, whether in rural or urban areas, traffic sur-
veys including origin-destination studies by the interview method
or pre-paid postcards or roadside interviews must be carried out
results statistically analysed and future trends in the growtt;
taken into account in the design. * Before and After Studies’

should be conducted to ascertain the betterment values after
improvements. Standard proeedures for these should be evolved.
Research on the use of local materials for different types of road
surfacing must be undertaken. As a first step in tackling traffic
and road safety problems, the Central Road Research Institute
Delhi, has now undertaken studies on the ** Behaviour of Roa(i

Users” and ‘ Fixing the time cycles for traffic light signals at
road intersections, ”’

Generally, there is an utter lack of road sense amongst all
road-users, compared to the orderly behaviour in other countries.
In urban areas, special studies must be carried out to find out the
characteristics of road users and how far they are responsible for
traflic hold-ups and accidents, and how far insufficient road widths
and parking facilities and improper signalisation contribute to
the increasing hazards on the roads.

4.3, Strict Enforcement

Due c(_)nsideration must be given to pedestrians and eyclists
who contribute most to road accidents. Pedestrians must be
confined to side walks and must be allowed to cross only at
~crossings controlled by policemen. Guard rails should be fixed at
edges of foot-paths at busy places to prevent roaming on the
roads. Separate cycle tracks must be provided for cyclists.
Traflic rules being more honoured in the breach than the obser-
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vance must be checked by enforcing the traffic laws strictly.

Violators should be prosecuted or fined as done in cities like
Paris.

4.4, Building Safety into the Roads

More parking places, construction of public garages, ade-
quate street lighting, proper control of traffic by road signs
and light signals, and proper centre line marking along the
carriageway should be provided. Construction of rotaries at
important road intersections might serve the present needs, but
with increase in traffic these might not be so efficient and effective
later on., Hence, widening ®f roads at busy intersections and
installation of automatic light signals to facilitate control will
have to be thought of well in advance. Co-ordination of the work
of the town planner and the road engineer is essential for
achieving a well planned and designed road system in the urban
areas, The town planners should be acquainted with the prinei-

ple%underlying modern road lay out to suit the demands of
trathic,

4.5, Signs

The Motor Vehicles Act of 1939 has recommended uniform
road signs and traffic signals all over India. In many cities
these signs and signals are not located properly and are not
maintained properly for giving the best service to road users. It
is hoped that the system of signs prepared by the United Nations
would be introduced throughout this country.

4.6. VYehicle Inspection

Poor standards of automobile maintenance lead to many
avoidable accidents caused by mechanical defects. It is, there-
fore, imperative that a thorough checking of all vehicles by traffic
authorities is done at regular intervals. Though some control is

being exercised at present, it is not enough and rigorous enforce-
ment is necessary. : -

4.7. Standard Forms for Obtaining Data on Traffic

There is an urgent need to adopt a uniform standard for
obtaining and recording detailed information on road trafﬁ-o, 80
that the data could serve a useful purpose in the proper design of

the road and planning improved tratfic control and enforcement
measgures, R
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4.8. Education

Widespread and well organized propaganda by means of
lectures, films, radio talks, organization of safety weeks, should

be continued persistently if any reasonable measure of success is
to be achieved.

Co-ordination of efforts in all these matters by (Government
bodies like police, Bducation Departments, Roads Wing of the
Ministry of Transport, Public Works Departments and Municipal
Corporations, Research Organizations, like the Central Road
Research Institute Delhi, and non-official organizations like
Automobile and Road Safety Associations, Rotary Clubs and
(‘ourtesy Squads, ete., is essential™”

The existing road traffic laws and regulations in various
areas have to be carefully studied and amended or modified in the
light of present day traffic conditions and future trends.

4.9. Commission of Road Traffic and Safety

The constitution of a * Statutory Commission on Road Traffic
and Safety ' by the Government is nccessary in view of the
increasing complexities of traffic problems. This Commission
can go into this question on a national level in  detail and

recommend necessary ways and means to control, regulate and
improve road traffic and safety.

4.10. Traffic Engineering Unit

In all cities, a ‘ Traffic Engineering Unit’ s} i
shed f.or improving engineering and rfad safetymfl;lxlgil?t?e:s;ab‘;
experimental measure and these could later on be ex and ; at'z
full.ﬂedged departments depending upon the measure I:)f ocens
a.chleved.' Initially these units may be attached to Publj B;}l\?c?l:s
or Ml}ﬂi(}lpa,l Engineering Departments. A beginnin yw' (:} o
direction has to be made and the sooner it is done th l% t:n fns
road traffic and safety in India. o better fur
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. GENERAL DESCRIPTION OF THE COUNTRY

L.1. The State of Himachal Pradesh is situated between
North Latitude 30"-30" and 33°-10" and East Longitude 75°-55'
and 79°-50'. The arca of the State is 10,600 sq. miles and its
population about 10 lakhs. The State is divided into the adminis-
trative districts of Chamba, Mandi, Mahasu, and Sirmur. Plate
T is & map of the State showing important roads, rivers, admini-

strative divisions, location of some of the suspension hridges, and
other details,

1.2. Being situated on the foothills of the mighty Hima-
layan range, the country is mountainous and partly covered with
dense forests and vegetation. The altitudes range from 1,500 to
16,000 ft above the mean sca level. The annual rainfall varies
from 30 to 130 in. most of which oceurs during June to September.
Portions of the country above 7,000 ft altitude gener

ally get
heavy snowfalls during the months of December to M

arch.

1.3. The country is crossed by several big rivers such as
Chandra Bhaga, Ravi, Beas, Sutlej and Giri, a tributary to the
Jumna, in the early stages of their course. So, provision of an
adequate system of road communications in the State is Jinked up
with the construction of many bridges both over the big rivers
and the smaller stroams. Moreover, many villages are situated
along the river valleys and the important towns like Chamba
Mandi, Bilaspur on the banks of the big rivers. Consequentlv’
crossings of the rivers or their tributaries necessitate bridges of
various spans in the road construction programme of the State.

1.4. The course of the rivers or
current is very swift and hence rocky s
have to be selected as suitable sites
river beds in most cases consist o
which come rolling down from the h
the Chandra Bhaga, Ravi, Beas and Sutlej, and some of the
bigger streams are fed both by the monsoon rains and the snow
melt in the higher regions and are perennial, while the smaller

streams are dry and fordable during greater part of the year and
hecome impassable only during rains.

streams being steep, the
ections of narrow gorges
for single-span bridges. The
f big boulders and shingle,
ill tops. The big rivers like

1.5. The main agricultural wealth of the State consists of
potatoes and fruits. The former is the chief cash crop and the
State is the source of potatoes, especially secd potatoes, for the
plains of India. The apple is the important fruit crop of the
State. In addition, Himachal Pradesh forests contain the largest
guantities of coniferous timber in northern India. They are the
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nain source of revenue of the State. For lack of adequate road
sommunications, large quantities of timber are at present floated
lown the rivers to the plains with consequent losses in transit.
Further, the mineral wealth of the area remains unexplored for
want of proper road communications.

2. SURVEY OF EXISTING BRIDGING CONDITIONS

2.1.  As most of the roads in the State were meant only for
mule or pedestrian traffic and were not intended to cater for
motor vehicles, crossings over big rivers or smaller streams
existed in the form of one of the following expedients :

i i tone
a) Dry stone scupper which consists of a dry 8
) em{)a.nkment with a suitable outlet for the passage
of water across small streams. In times of heavy
floods it serves as a causeway.

. . . . . iy

b) Simple timber bridges which consist usual

*) of b}i)lree longitudinal wooden beams or logs with
cross planking and wooden railing fixed to them
for streams up to 40 ft wide.

. . . irder
Wooden cantilever bridges or light steel gir
© bridges with wooden decking for bigger streams up

to about 60 ft width.

For spans of about 100 ft and above, light suspension

@ bridggs were constructed over maln establ_lsheld
routes while ropeway bridges, Plate II, and simple
pulley-rope devices were used over squdla.ry routes
or for local crossings of rivers near villages.

2. hile these temporary devices served their purpose very
well20x21 mt\ﬁle roads, permal.)nent. structures have to be coxllstruot:lagi
on motor road alignments which will replace the old mule roads.
Difficulties of transporting materials and equipment n(?cezsarz
for deep foundations in boulder beds might ml'llta.te agains ’ a
extensive use of modern methods of b{'xdge construc hl_cﬁl,
particularly in reinforced cement concrete, in t';h?1 upper nslioi
regions. From past experience it is seen that the suspf:1 sion
type bridges have proved quite s_ucg:essfu! in this regxo}:l, an dl'ﬁed
recognised that the design of exmtmg.bndges has to e xgo lt o
to suit present day requirements of highway l_o?.dmg a& Sot e
highway standards as applicable to traffic conditions in (;'t,' 8 d
In fact, some of the bridges have already been reconf i 1orze
or strengthened and are now safe for the passage of mo ox‘
lorries.
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« 23. The many existing suspension bridges over rivers in
the lower Himalayan region were built at various times between
1890 and 1930. They are mostly between 100 to 200 ft in span
and some have spans even longer than 200 feet. Their width is
mostly 8 ft and below. A statement containing particulars of
some of these bridges situated in Himachal Pradesh is given in
Appendix 1, Photos 1 to 7.

2.4. The suspension bridges referred to above are mostly
light suspension bridges, chiefly meant for pedestrian and mule
traffic. The justification for their existence lies in the torrential
nature of the rivers with deep channels in the mountainous
region and high velocity of flow not permitting intermediate
temporary or permanent supports. “The light nature of hill
traflic at the time of their construction and the difficulty of trans-
porting materials other than those locally available were other
reasons which favoured the adoption of light structures. A
striking feature of these bridges is that they are invariably sited
ideally at places where the course of the river runs through a
gorge and is straight and the banks are very stable. It is not
unusual to find in many cases the towers resting directly on solid

rock and in some cases the cliffs themselves serving as towers for
fixing the cables.

J. DESIGN FEATURES OF EXISTING SUSPENSION BRIDGES
3.1. As most of the bri
successfully stood the test o

worth while to consider so
design?!,

dges described in Appendix 1 have
f time to this date, it would be well
me of the salient features of their

(a) Loads: A dead load of 30 1b per sq. ft. and a live Joad
of 100 Ib per sq. ft. were taken as a fair allowance for an average
bridge in the upper part of the Sutlej Valley.

_ (b) Types: Suspension bridges were divided into the follow-
ing two main classes :

(1) Unstiffened, and
(ii) Stiffened.
In type (i), » moving load wag transferred

each suspender in turn. In type (ii),
ferred to the cables through the mediu

direct to the cables by

& moving load was trans-
m of trusses.

(c) Towers: The backsta

¥8 were usually arranged so as to
cause the resultant pressure on

the towers to be vertical, but if

Photo 2. Dehar suspension bridge.

Bridge over Sutlej River at Dehar on Simla-Mandi Road.

FPhoto 1.
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Victoria bridge

over the Beas at Mandi.

Photo 3,

Pully ropeway b ridge at Chini.

Photo 6.

Pully ropeway bridge at Chini.

Photo 7.
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this was not feasible, the towers were designed to withstand
resultant pressure at an inclination to the vertical.

(d) Saddles: Tt Was generally desired to design the sadd]
80 that the resultant pressure of the cables on the towers shoul

be vertical To obtain this effect, two conditions had to b
fulfilled, viy. :

(i) the backstay and the tangent to the curve of the
cable to make equal angles with the horizontal ;

(i) the tension on both sides of the saddle to be equal, |

on either side wag not, equal.

(i)  C. 1. rocker and bed plate — This wag an improved
type suitable to all conditions. The rocker would
Jl0Ve 80 a8 to equalise tension and the resaltant
force would then be vertical, if the angles of the
cable and the backstay to the horizontal were equal.

tion. On thig hypothesis, the amount of camber required at any
point was a calculable quantity, being equal to the_.correspondi.ns

() Wind Ties: Tpe drawback of the unstiffened type of
bridge was itg flexibility which admitted of movements in’ the
roadway, Thege movements were of two kinds :

(i) deformation due to concentrated or partial- live Joad
causing a vertical movement of the roadway'result-
ing in undulations. . -

(ii) lateral movement due to wind pressure causing
8waying. Wind ties were necessary to counteract
this effect, T
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(g) Cradling: By cradling the oables to an inclination of
1u° to the vertical, the lateral oscillation due to wind pressure
could be reduced to about one-half at the cost of an increase of
tension in the suspenders and main cables of only 3.5 per cont.
Tt did not, however, appear advisable to increase the angle of
inclination further as the results did not justify a corresponding
increase in the strength of the cables,

(h) Stiffening Truss: Unlike an ordinary truss, the function
of this truss was to distribute loads uniformly to the suspenders
and so to the cables and not to transfer loads to the supports at
its ends. It was assumed that the cable retained its para-

bolic form and carried the entire dead load. The truss had to be
designed for live load only.

In actual practice on bridges of about 150 ft span, the depth
of the truss was usually taken as 5 ft and the tran’soms were
placed 5 ft apart, thus giving a square panel truss, Timber
trusses were generally adopted to serve both as stiffening girders
and hand rails. The purpose of stiffening was, however, not fully
fulfilled by this means as timber deteriorates under exposure to
weather and requires frequent renewals. In relatively light struc-
tures timber trusses can be provided cheap and made effective

when properly jointed and provided with met
and bolts. metal gusset plates

The maximum bending moment for a self-supporti i
truss was WL?/8 while for the suspended truss Iif Wt;ggwsl_:gr;gr
This was according to the common theory of the suspension truss
a8 first evolved by Rankine. For a heavy dead load and a light
live load it was not far from correct; for a light dead load ajgnd

:b};::‘vy live load the stresses would be different from the

Regarding horizontal stiffening agai i

) s gainst wind pressu ot
infrequently the lower booms of the vertical trgsse: r:érged
also as booms to the horizontal truss, and in this case they

are required to be designed with suffici
functions. cient strength for both the

1. RECENT ADVANCES IN SUSPENSION BRIDGE DESIGN

4.1. Suspension bridges are now used in i

3 western countries
not only for relatively narrow structures suitable for trails, forest
development, or other light traffic roads but also in the construc-

tion of some of the largest bridges each of i i
special problem in itself, i Which constitutos &
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4.2. The design of suspension bridges, though highly in-
volved, is flexible, depending, in the main, upon:
(a) the dead load of the structure;
(b) the intensity and position of the live load ;
(c) the area and elastic properties of the cable system :
(d) the moment of inertia of the stiffening truss.

The design is influenced still further by temperature changes, by
the span arrangement, and by the sag ratio chosen to fit a
particular site.

4.3. Suspension bridges can be classified and grouped in a
number of ways. The principal classifications ate:

(a) By type of the suspension system, such as
(i) forged-link chains,
(i) eye-bar chains,
(iii) wire cables, and
(iv) other miscellaneous arrangements.

(b) By the method of stiffening the suspension system,
such as

(i) unstiffened®,
(ii) integrally stiffened, and
(iii) deck stiffened.
(¢) By the loading of the suspension system, such as
(i) structures with loaded backstays, and

(ii) with unloaded backstays.

(d) By the anchorage of the suspension system, such as
(i) externally anchored, and

(ii) self-anchored**.
® Used for (I)Alight construction, such a8 foot-bridges, forest trail atrue
tures, ete., where the moving load is negligible and deflection requirement
are not controlling; (2) very long spans where the ratio of dead to movin;
load intensity is so great as to render gtiffening unnecessary.

** By tho employment of horizontal struts or girders extending from ent
to and of the structure, gonerally at roadway deck level, designed to carr;
the horizontal component of the cable stross, thus relieving the end piers o
all forces vortical ones.
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4.4, The three methods commonly employed for analysin of
suspension bridges are:

(a) the RElastic Theory; (b) the ¢ Melan’ or Deflection
Theory; and (c} the Fourier Series method.

The Elastic Theory disregards the effects of deflection while
the Melan Theory takes this into account. Further, while the
assumption that the cable remains parabolic under all live load
conditions is approximately true for a loading occupying the
entire span, there may be a considerable distortion from the
parabolic form for long spans and heavy concentrated loads. The
Fourier Series method takes this secondary distortion into

congideration and is, therefore, the most precise method of the
three.

4.5, In practice, however, the elastic or approximate theory
is generally used in the first instance with a subsequently applied
correction to reduce all shears and moments to be substantially
identical with those derived by the deflection method. The
deviation from precision is thus exceedingly small.

4.6.  Two-hinged truss type suspension bridges with unloaded
or straight backstays are generally suitable for the conditions
prevailing in the hills of the lower Himalayan region. The
formulae for this type derived by the application of the Elastic
Theory are based upon the following assumptions :

(a) the cable is perfectly flexible;

(b) the entire dead load is carried by the cable without
stressing the stiffening system. The trusses are

.:bressed by live load and by changes of tempera-
ure ;

(¢) the dead load of the floor, trusses
uniform per linear unit, ,
so that the dead load cur
parabola ;

and cables is
measured horizontally,
ve of the cable is a

(d) under application of live load, the cable retains
parabolic form ; and

(¢) the stiffening trusses or girder

ng v have a constant
moment of inertia.
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5. BRIDGING POLICY IN THE STATE

5.1. Two important points deserve consideration before
examining the requirements of light suspension bridge structures
for the various classes of roads in the State. These are:

(a} width of roadway, and
{b) live load for which the bridge is to be designed.
5.2, Width

The existing suspension bridges enumerated in Apgendlx 1
are mostly 8 ft and below in width. The roads over which tl}ey
are situated were, no doubt, meant only for mule and pedestrian
traffic in the past but with their improvement or realignment
to new standards, work on which is now in hand, it is expected
that full value of the improved roads will be derived only when
loaded trucks up to 10-ton capacity, Fig. 1, are able to pass
over them. The minimum width of roadway over the bridge

required in that case will be not less than 9 or 10 ft for one
traffic lane.

1o E
(8-0 MIN. CLEARANC

| ;
W= TOTAL WEIGHT OF |
TRUCK & LOAD

t
'
0.8W !

0.2 W Y ' ”

———14-0 —bfe-er0-ofid-
04w El:}— :% 04w
__? 0.4.W

ot

5.3, Live Load

The light suspension bridges under consideration cannot
probably be classed as permanent structures. As such, and on
account of the fact that they will not be called upon to carry
loads heavier than a 10-ton truck in a foreseeable period of time,
it will be sufficient if these structures are designed for Class B
loading of the Indian Roads Congress. Taking a load intensity
of 100 1b per sq. ft. and assuming that the width of roadway over
the bridge is 10 ft. the equivalent uniformly distributed load is
0.56 tons per running foot including an impact allowance of 25
per cent. For spans of 200 ft and above, this would be higher
than Class 30 loading®. Similarly, if we take a load intensity of
85 1b per sq. ft., it would be seen that this would correspond
exactly to Class 30 loading for the conditions mentioned above,

16—1

Fig 1.
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Further, the load intensity of 100 1b per sq. ft. with the swme road
width and impact allowance as assumed proviously would roughly
correspond to Class 24 loading for a span of 100 foet. It would,
therefore, be seen that for shorter spans the assumed live load
intensity for design purposes would have to he increased if a
particular class of loading is to be adhered to.

5.4.  Based on the above mentioned considerations, suggested
standards in respect of width and design loading for light suspen-

sion bridges for various classes of roads in the State are given in
Table 1.

TaBLe 1

Suggested Loading and Width Standards

Clear width in ft

Clasg of road ,‘Ybeﬁv?en ‘ Live Load
Wheel- Railing ‘
B guards atlings
(a) State Highway 10 12 L.R.C. Class A train of

loads or corresponding
equivalent  uniformly
distributed load.

(b) (1) Distriet Road, 10 12 L.R.C. Class A train of

Major, loads or corresponding
equivalent  uniformly
distributed load (except
in cases where perma-
nent structures would be
expensive).

(i1) District Road, 10 12 L.R.C. Class B train of

Minor, loads or corresponding
equivalent  uniformly
distributed load.

(¢) Jeepable tracks on 6 8 85 1b per sq. ft,
motor road align-

ments,

(d) Tracks providing &
access t0 a motorable
road or to pasture
grounds (A jeep may
occasionally be expec-
ted to pass over such
roads).

St

6.5 %5 1b per sq. ft.
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5.5. Indian Roads Congress Class A loading corresgonds. to
Class 40 loading for a span of 80 ft. The closest approximation
to Class 40 loading for spans of 200 ft and above for a_l.O ft
width of roadway would be 120 1b per sq. ft. Under conditions
prevailing at present and taking into account the foreseeable
future development it would not appear justifiable to design light
suspension bridges for a live load intensity greater than 120 1b
per sq. ft.

5.6. Suspension bridges in the hills have invariably to
be sited on a straight reach of the river at narrow and well
defined sections where there is least possibility of change occur-
ring in the course of the stream on account of local obstructions
and where hard rock on either bank is available for founfiatlon of
abutments or towers. In addition, reasonable proximity to a
direct alignment of the road, i.e., avoidance of long detours is &lgo
to be aimed at. Sometimes it happens that a rocky site is
situated on a bend in the course of the river and this l}appens for
the very reason that there is solid rock which the river cannot
pierce through. The suitability of such rocky sites has also to be
considered.

Most of the existing bridges are situated at suitable sites.
They were built just after a vertical fall in the course 9f the
stream so that the force of the water current was dls'mpayed in the
fall. In selecting suitable sites for new bridges this point has to
be carefully assessed. In some cases, protection to the banks is
necessary and in one instance protective works of cement concrete
blocks with embedded chain along either bank of the upstream
side of the river have eliminated the danger from scour to the
abutments.

5.7. A strict application either of the catchment area method
or the area-velocity method for the determination of maximum
discharge is not possible for hill streams on account of the rugged
nature of their courses and the surrounding _country. When
narrow rocky sections or gorges are selected for siting bridges, the
linear waterway for single-span bridges is automatically fixed and
what is required to be determined with accuracy is the highest
tlood level. 1In case of big rivers, the discharge can be deter-
mined with a fair amount of accuracy from the cross-gectlonal
area at the proposed site and the average slope of the river bgd.
As, however, some indeterminate factors like cloud bu!‘st;s——whlch
are not rare in the hilly areas—temporary obstructions of the
streams on account of landslides and uprooted .trees, or the
melting of the snows in the higher regions are involved, an
increase of the minimum vertical clearances between'the H.F.L.
and the lowest point of the deck structure, prescribed under
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Clause 105 of the Indian Roads Congress revised Bridge Code*, is
called forin order to prevent overtopping of the bridg(; duri'n‘
heavy floods. Instances of overtopping are not wantinglin thosﬁ
reglons_to justify the provision of an inereassed vertical clearance
depending upon the conditions at site. o ‘

' 5.8. A worked out example of the design of a Lig
sion brldg’e of two-hinged type with straig{-flt Olfm(tzlils&tgi:ulsxg?r;l'
Steinman’s method which will serve to illustrate the pninb%
n_mnhgned above is given in Appendix 2. Detailed drawin 8 s.r;*
given in Plates TIL and TV.  An abstract of quantities 'mg cost
is given in Appendix 3. o ’

6. SOME POINTS REGARDING CONSTRUGTIONAL FEATURES
6.1, Economic Proportions

The length of side spans of a suspensi idge d
the shore cqnditions at in)te. General]p;,mtll(l): rla)a,rtli((])g(?fdseilc)l(:*ulsdEl up(;n
main span is about 1/4th for straight backstays. As tixep;ns N
a,chps on hill roads are generally at right angleé fo the brid gp;‘l;’-
design must ensure that the cables from the top of the pie gt , he
anchorages allow sufficient headroom for the traffic plrs fo the

For light highway bridges, the sa i
‘ ’ ) , g-span ratio may b
:}? 1/10 to 1(12. The les.ser the dip the stiffer is the br);dg(:a mlt(:;:;
ca%l%x;eatt}e]r is the stressfm the cables. To allow for stretch in the
» the process of tightening being more difficul /
Zlai((z)ke?mg. the dip s.hould be adjusted originally to abcouu: 47?8{;2
/10 of the final requirement according to the local conditions

The depth of the stiffening girder de i
degree of rigidity. For ordin:%r.%f highwa.;)ekr)]rdi?iguegogh:hde rigu“ed
not bg less than 1/40 to 1/50th of the span. Generally, a e}I; “may
truss is preferred for appearance as well as for ec‘z)’;l iy 0';6!‘
distance between_ the stiffening trusses depends u 00!111%. hs
width to be provided but for sufficient lateral stiff Boe it s roal.
preferably not be less than 1/30th of the span s it shonld

6.2. Materials Used

The stiffening trusses are general i
With changes 1n temperabureé and }iimt;glii;;()ftir?lr)::maml Ellteel.
cr.acks.a.nd the joints become loose. Therefore use of ti mbor for
stiffening trusses defeat the very purpose which the0 &lmber fo::
to serve. Timber trusses may, however, serve theiry ull"e me?n
structures meant exclusively for mule and pedestrian Erafggse o

* Tixtract given on page 378,
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The cables aro made of galvanised steel wire ropes. The
approximate weight of the rope in pounds per linear foot is 1.68 x
(dinmeter)? and the ultimate strength of galvanised steel sus-
pension bridge ropes in pounds is given approximately by 80,000 X
(diameter)?, but values prescribed by the manufacturers should
preferably be adopted. To allow for changes in length of the cables
made of wire ropes, screw and nut arrangement should generally
be provided.

liyebars or flats are also used for cables. While wire cables
are self-supporting during erection, lighter in weight and have a
high reserve capacity for loads heavier than the design loads,
eyebars or flats give a more rigid structure.

The suspenders are either of galvanised steel ropes or
structural steel rods. In the latter case, bending stresses due to
lateral or longitudinal swaying of the bridge are avoided by
inserting pin connections or links.

The towers are built either of structural steel or stone masonry
or cement concrete.

All castings, such as saddles, eable bands, anchor shoes,
knuckles, etc., are made of caststeel. Suspender sockets are
made by drop-forging and machining.

6.3. Vertical and Lateral Stiffening

Vertical stiffening is sometimes secured. by introducing
diagonal stays between the tower and the roadway, although these
make the stress action uncertain and introduce unbalanced

stresses in the towers.

The wind bracing provided in the plane of the bottom chords
is often supplemented by land-ties or wind anchors, i.e., ropes
connecting points on the roadway to the piers or to points on
shore,

Cradling of the cables, i.e., building the cables and suspenders
in inclined planes, also secures lateral stiffness, though at some
sacrifice of uniform stress in the cables. 1f the cables are cradled,
the reactions at the saddles on the tower will be inclined and to
overcome this effect the backstays have to be made divergent.

6.4. Towers

"Towers are built either of masonry or steel. In the former
enge, they are built as two columns from a common base beneath
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the roadway and connected together at the top in the form of an
arch. The tower legs are designed as columns to take the vertical
reaction of the cables and also as cantilevers to resist the
unbalanced horizontal forces, if any.

Saddles provided on the towers to take the cable are either
bolted to the top of the tower or provided with rollers. In the
former case, any unbalanced horizontal force must be allowed for
in the design of the tower. Tn the latter case, the eccentricity of
the vertical reaction has also to be provided for,

6.5. Anchorages

These are very important parts of the structures as the safety
of the whole suspension bridge depends upon them. 1In places
wherg rock is not available for anchoring the cables direct into it,
luassive masonry construction is required to resist the cable pull.
Stablllty against sliding can be increased, if required, by sloping
or stepping the base, thereby increasing the sliding resistance.
In genera,l, the resultant of all the external forces must not cause
uplift at the heel of the anchorage block and the inclination of

th'e 'resultant from the normal must not exceed the angle of
friction,

The anchor chains pass through the masonry and are fastened

at their ends to anchor plates or girders distributing the pressure
on a sufficient mass of masonry.

The ar}ehorag.e devices should be safe and be available for
perlodlca! inspections. Alternatively, they can be embedded in
conerete in order to be free from the effects of air and moisture.

6.6, Erection

One of. 'the great advantages of light suspension bridges
under conditions prevailing in Himachal Pradesh is the facility for
erection. The normal order of erection is: towers and anchorages,
cables, suspenders, stiffening trusses, and floor system.

7. GONCLUSIONS

7.1. Taking into consideration various factors, such as
availablity of suitable sites, difficulty in transport of materials
and equipment, lack of skilled labour, ease and speed of erection,
cheapness in cost of construction, etc., conditions in the hilly
areas of the region comprising the State of Himachal Pradesh are
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favourable for the construction of light suspension bridges for
spans above 100 ft. Many existing suspension bridges which are
now over 50 years old have successfully stood the test of time and
proved very useful for mule and pedestrian trafic which they
were meant to carry.

The chief drawbacks of the existing structures are: (i) ca_uble
strength not sufficient for taking heavy loads, (ii) msui"ﬁc}lqnt
width of roadway for motor vehicles, and (iii) lack of rigidity
in the structure. An attempt has been made in this Paper to see
how these difficulties can be overcome by providing sufficient
cable strength to take the anticipated load, keeping ?he roadway
over the bridge not less than that required for a minimum traffic
jane width in the case of bridges meant for vehicular traffic, and
providing steel girders for stiffening purposes as timber 1s
unsuited for this purpose.

7.2. Light suspension bridges of the type envisaged in this
Paper cannot be classed as permanent structures, neither can
they be called temporary in the ordinary sense in wjhmh' timber
structures are classified. They will remain in service till cons-
truction of permanent bridges in steel or concrete becomes
feasible in the hilly regions difficult of access and whoso deve-
lopment may not justify provision of costly bridge structures
just at present.

7.3.  As traffic on the motor roads under construcﬁiqn in the
area increases and the region is developed and industrialised, the
light suspension bridges could be replaced by more permanent
structures by which time they will have amply justified their
existence.
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*

(a) For openings of high level bridges, which are
approximately rectangular, or with a very flat curve
of the soffit of superstructure, as for instance in the
case of beam, frame, or bow-string superstructures,
continuous girders or open spandrel arches with
suspended decking, the minimum clearance shall be
in accordance with the following table :

Discharge

Below 10 cusecs
10-100
100-1000 ,,
1000-10,000 cusecs
10,000-100,000 cusecs
over 1,00,000

3

bR

Vertical

clearance

6 in.

1 feet 6 in,
2 feet

3 feet

4 feet

5 feet

The minimum clearance shall be measured from the
lowest point of the deck structure inclusive of main
girders in the central half of the clear opening.

* *

*

L&

G.I. suspenders.
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Appendix 1
PARTICULARS OF LIGHT SUSPENSION BRIDGES IN HIMACHAL PRADESH
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1. Sitla suspen- —  Cables of M.S. flats, Wooden  44'-0” Both abut- One span 7' -0" 244’ 0" — — Safefor ~—  Protective works of
sion Bridge wooden decking, ancho- stiffening from  ments and 220’ -0" 5-t9n ‘{ﬁm?‘nt 9&“0‘1'“0
over the Ravi rages below ground  girders low towers are clear. lorries, b (:l(il Sd Wll1 1 ‘em-
at Chambaon level on both sides. serve as water of stone edded chaln on
Chamba- railings. level. masonry the upstream side
Bhaniket and rest on protect the abut-
Road, Photo 3. hard rock. ments from scour.
2. Victoria 1887 Sixcablesof G.I. wires2in: 33" x 33" x3” 28-0”  Both the Main span 9'-0” clear — —_ -_ 5-tons — -
Bridge dia. on each side, 1 in. angle iron atthe abutments 250'-0” one between specified
over the dia. G 1. wire suspenders, booms and  abut- and towers simply wheel-
Beas at wooden decking. Left 4”x3”flat ments. are of stone supported  guards
Mandi on anchorage:stonemasonry iron cross masonry shore span and 11 ft
Amritsar- block 50’ x 22" x 18” braces, 4’ and rest on 20'-0”length between
Pathankot- size; right anchorage high from hard rock. on Mandi railings.
Kulu Road, girders fixed direct into the decking. side.
Photo 5. hard rock. .

3. Bhojwani 1889 Four cables 11 in. dia. on Woodenrail- — The towers Main span - 9'-0" 330'-0" Rs Rs Lorries — This  bridge is
suspension each side, wooden floor- ings 3'-6" rest directly  280'-0"; 28,571 86.9  can go situated in the
Bridge over ing, masonry towers high serve on rock. simply sup- ovqrthe Bhakra.. Dam
the Sutlej at resting directly on rock, as stiffening, ported shore bridge. reservoir area.
Bilaspur on and masonry anchor- girders. span 50'-0"

Simla-Mandi ages for cables on both on Bilaspur
Road. sides. side. )

4. Wangtu 1897-98 4 steel wire cables 1} in. Wooden 40'-0” Left abut- One spsn 6’4" 141'-0" —_ — — — Th'e site of the bridge
Bridge over dia. on each side, stiffening above ment is rock 141'-0" is a good bon}t:
the Sutlej on stee] towers & wooden  girder. water and the right “f“h rock on bot,
Hindustan decking. Diagonal level. abutment is sides & good app-
Tibet Road. bracing and wind ties founded on roaches.

are provided, rock. . o
6. Dehar Bridge 1909 TwocablesofG.I. wire2in. Steel stiffen- 65°-0”  Both the 214'-0" yA L 230'<0” Rs 129 3-ton H.F.L. This bridge is
over the dia.oneach side,masonry ing girders from  abutments clear. between 20,716 lorries. 94 ft  situated on the
Sutlej on towers resting on hard of angleiron theriver of chiselled wheels above  limit of submer-
Simla-Mandi rock, wooden decking. posts and bed. stone guards bed gence of Bha.kr_a
Road at Anchorage : left fixed in piperailings masonry and 8/'-0" level.  Dam  reservoir
Dehar, hard rock; right stone 6 ft high. resting on between ares,
Photos 1 & 2. masonry block }-in. dia. hard rock, railings,




Appendix 2

DESIGN OF A LIGHT SUSPENSION BRIDGE
Worked out Example
(See Plates 11T & 1V)
Take the case of a suspension bridge of the following

particulars :

Fig. 1.

= main span, centre to centre of towers (also the span
of the stiffening truss).

= 200 ft

Side spans [{=1l,= i = 50.00 ft

_ o L _f_ 1
f=cable sag in main span:l—()_20 ft (n_ 1= -1—0)
Cable sag in side spans = O (straight backstays)

d = depth of stiffening truss = 6 ft . )

= 10 ft within wheel
guards and 12 ft
between railings.

(a) For decking: 10-ton truck;

Live load assumed Fig. 1, p. 37L.
for design (b) For cables and  trusses:

100 1b per sq. ft.

Width of roadway over the bridge

1. ROAD PLANKING

Dead Load
Planking 5 in. 1%x 36=15.0Ib

1 in. premixed carpet 11—2— x 150=12.51b

~'97.50r 30 1b.

) ‘Assumin’g' a 10 in. width of tyre, spacing of stringers as 3 ft
centre to centre and a safe working stress for Deodar plapking

16~113
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under outdoor conditions as 1230 Ib per sq. in. The thickness of
planking works out 4.73 in.

Adopt b in. thick planks.

2. LONGITUDINAL STRINGERS

Span = 5 ft
Assume a 5 in. x 4% in, x 201b R.S.J.
Dead Load
(a) Load of planking and carpet per ft run of the
stringer
= 30 x 3 = 90 1b.
(b) Weight of Joist = 20 1b per foot run.
Total : 110 1b per foot run.
Dead load bending moment = 110x§_§<‘5x l72=4125 in.—1b.

Live Load

30
Impa tf = —————
pact factor B~ 0.6

But maximum allowed = 0.55

Therefore, wheel load with impact = 4X1.65=6.2 tons.

Maximum live load bending moment = w1

[Fraotion of live load on one stringer may be taken as

g where § = average spacing of stringers in ft.]

o Max. L BM. = 3 &2X2240x5x12
4 - ;
156,240 in.-1b.

Total bending moment = 160,365 in -1b. -

B.M. =f>( 2
)= 160365
8 x 2240
Modulus of Section of 5”x 43" x 20 1b R.8.J.=10.01 in,?
Hence seotion assumed is safe. '

= 8,96 in.?

“
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~-SUSPENDERS
STIFFENING GIRDERS
/f
L‘~‘\2'-o"
T\ . —

)

I I . I I
ACTE " G # o8 1

[y 13 -
Ifig. 2.

3. CROSS BEAMS
The load points are shown in Fig. 2.

A&B.....oooovvnin where the cross beams are suspended by
means of suspenders.
C & D..vcevvvirvenn...where the stiffening girders rest.

E,F,G& H.........where the stringers rest.

Dead Load
Dead load at points E, F, G, H :
(i) Planking and carpst = 30 x 3 x 5 = 450 1b
(i) Stringer (R.S.J.) =20%x5 = 100 -
Total: 550 1b
Dead Load at points C & D:
Load per panel of stiffening girder is assumed as follows :

(i Top boom 2 Angles 6” X 6” x 3/8” @ 14.821b
=2 %X 8 %X 1482 = 148.21b

(ii) Bottom boom 2 Angles 6” x 6" X 1/2" @ 19.65 1b
=2 x B8 x 1955 = 195.51b

(iii) Diagonals 2 Angles 2}” X 24" X " @ 4.041b
=2x2x178x404=12601b

(iv) Verticals 2 Apgles 24" X 2} x }*@ 4.041b
: =2 X 6 x 404 = 4851b

(v) Wind bracing 2 Angles 2§" X 21" x ¥ @ 4.041b
= 2 x 13 x 404 = 105.01b

Total: .: 6232 1b
- Bay 6501b
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i [ E G
20 e 140"

I'ig, 3.
RA=RB == ]750”), Fig.3
Maximum B.M. = 1750 x 7—650 x 6-550 (4.5 } 1 &)
= 5050 ft-1b.

B.M. due to self weight of beam :
~assuming 107 X 5” R.S.J. at 30 Ib per foot run.

B.M. at centre = w_(;o
= 675 ft-1b,

Total B. M. 5725 ft-1b = 68,700 in.-1b.
Live Load, Fig. 4

Mazimum wheel load = 4 0 tons.

30
Impact factor = — (!
P 45 4+ 14 0.51
Load with impact =4 X 1.51 = 6.04 tons.
Wheel track for standard truck = 6 ft centres
6.04 TONS 6.04 TONS
e
~>‘ 20 e 140" —— '47
Fig. 4.

B. M. at centre = 6.04 (7—-3) x 2240 x 12 = 649,500 in.-1b.

Total dead and live load B. M. = 718,200 in.-1b.
Modulus of section re uired = M = in.3
4 §x 2agp =101 in.

Provide 10" x 67 R. §. J. (. 0 1b with z = 40.96 in.®
Actually 2 channels 107 3" = 43.80 have been used.
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4. CABLE SECTIONS

Mean chord sections of the stiffening girder assumed as
follows :

Top chord = 2 angles 6 in. x 6 in. x 3/8 in.

Aren =2 X 436 = 8.72 sq. in.
Bottom chord = 2 angles 6 in. x 6in. x 1/2 in.
Area =2 %X 5.75 = 11.5 sq. in.

I = Mean moment of inertia of the stiffening truss in
the main span

= 8.72 (3.41) 4 11.5 (2.59)*
= 178.5 in.® {t® (for one truss)

Area of Cables, assuming there are 4 cables of 2 in. dia. on
each side

. 27 : .
A (cable section) = 4 x < = 12.57 8q. in,

M 0 . 3 f t
Weight of galvanised steel wire rope per :nf%rs d"o?b

(Note: Actual values of cable area and weight prescribed by
the mauufacturers should be used).

4f 4 _
Tan « = slope of cable in side span = 1= dn =15 = 04

Sec « = 1.077
Dead Load (per foot run of bridge)

(i) Due to cables = 8 x 1.68 X 4 = b4
(i) Suspenders 1 in. dia. 15 ft } ~2x15%x267 _ .

average length (assumed) , 5 )
(ili) Carpet 1 in. thick = 1/12 x-10.x 160 .. . .= 125
(iv) Planking = 5/12 x 36 x 12 | = 120
(v) Wheel guards = 3/4 x Ix 36 x2 - = 8:

(vi) Stringers = 4 X 20 : =
(vii) Stiffening girders ete. at 700/per pm?el_ _2x700= 1400
i) =18 x 40 = 720 _ 4
(viii) brogs beams 18 x '2T2ﬁ/'5 - T m

P

Say 1000 b, -
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Live Load
100 1b per sq. ft. U. D. L.
= 100 x 10 = 1000 1b per ft. run.
Hence total load per foot run of bridge
1000 + 1000 = 2,000 1b.

i

w = dead lond per set of cables = 300 |b per
linear foot
P = Live load per set of cables = 500 1b per

linear foot

il

14

Byt

assumed temperature variation 8ay -+ 60°F,
30 x 10® x 6.5 x 10~ x 60
11,720 Ib per sq. in.

i

(i) H, the horizontal component of cable

tons:
ad load : ension for

w1
=gy = g X 800 x 200 = 125,000 It

(ii) For live loa

) d. N in the denominator of the formula for
rizontal

component of tension is given by the equation*

_8 31k 8 f? 6E11,
Ay AR AT,y 30
[According to Steinman B, _2 |

'E T3

Substituting the values, we have :

N=8, 3x1m15

3
5 T o X7 1+ 008 )+

6 3 1 1
% 2 ) 1w
1257 g X T8 X X e x L0770

1.6 4 0.172 4- 0.1 = 1.879

: Pl _ 500 x 200 x 10
Hmaa: -~ 5 Nn m = 107,000 lb

Il

¢ Equation 167 in ‘‘ Practical Treatiso on Sus

¥ ensi { Bri ” b
B. Steinman, John Wiloy & Sons, Inc. 1945, pension of Bridges " by
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(iii) Horizontal thrust due to temperature variation

3 ELIt*

He=-—ponr

L 8 l
T=0+gn") 4 2; Sec. «
L = total length of cable between anchorages

=14 0.026 4- 0.538 = 1.564

3 x 11720 x 178.6 x 1.564
20 x 20 x 1.872

Total value of H is, therefore, obtained by adding the
different values of H :

(i) Due to dead load
(ii) Due to live load

(iii) Due to temperature varia-
tion 13,100 ,,

Hy =+ = 4 13,100 Ib.

125,000 1b.
107,000 ,,

Total 245,100 |, = 110 tons.
H Sec &
110 x 1.077 = say 120 tomns.

Max. tension incable

According to Steinman, the ultimate strength of galvanised
steel suspension bridge ropes is given by 80,000 (dia) ? 1b.

Strength of one 2 in. dia. wire rope = 80,000 x 4 = 142 tons.

Taking a factor of safety of 4
Safe strength of one 2 in. dia. rope = 35 tons.
Safe strength of four 2 in. dia. ropes = 140 tons.

Hence the assumed oable section is quite safe. Adﬁuglly,
4 cables of 1} in. dia. on each side may be used. ~

PR - [N . et

5. STIFFENING GIRDER e
Live load = p = 500 Ib per linear foot per truss, N

' * Bquation 136 in- ‘‘ Practical Treatise on Suspension-of Bridges " by
D, B. Steinman. John Wiley & Sons, Inc. 1045+ « -7 oer

e S e v
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(i) Bending Moment: With the main span completely loaded
the bending moment, M, at any section X is given by~

- {;‘”(l — %) (0.145)

Total moment at the centre where x = :

H
= % X 0.145

500 x 200 x 200
_ g % 0.145
= 362,500 ft-1b.

At other points, the values of the moment are proportional to
the ordinates of a parabola:

Y = f—‘lf;(l - .c)
G

) They are obtained as follows :

Section % Parabolic cocfficient Total 3 ft-1b
0 _ ”_.4 x 0 x 1 0 0
0.1 4x .1 x.9 = .36 130,500
0.2 4 x.2 x.8 = .64 232,000

0.3 4x 3 x.T = 84 304,500
0.4 4x.4 x.6 = 96 348,000
0.45 4 x .45 x .65 = .99 3568 500
0.5 4x.5 x5 =100 362,500

D. B. Steinman, John Wiley & Sous, Inc, 1945,

* Equation No. 169 in ** Practival Treatise ohI Su‘sgé;'sibn Brxdges”by
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For maximum and minimum moments, the critical points
are found hy solving Equation*

Ok =N.n = 187127
y y

The values of the minimum moments are then given by*

Min, y = ~2pel=o) (k) = (Total M). D (k)

-4
5N 5N -8
= — 2.94 (Total M). D (k)

The graph, Plate V ** ig used in solving the values of ' (k)
for & and then finding the corresponding values of D (k). The
following tabulation shows the suceessive steps:

sy w0k E Dk Min. M
Loy ft-1b
() 0 - - - - —
1 .036 2.78 D20 415 38 — 146,000
2 064 3.12 084 465 .28 — 191,000
3 .084 3.57 .667 530 A7 — 152,000
4 .096 4.17 780 635 .0856 — 66,5600
45 .099 4.55 .850 .70 .03 - 31,600
8 100 5.00 935 .80 .01 4--01 -~ 21,300
For all sections between z = Z—Z = 0.468 [ and the symmmetri-

cal point # = 0.532 I, a correction is made in the above Table
for the second critical point (wherever the values are appreciable)

* Equations 142 and 170 in ** Practical Treatise on Suspension Bridges *
by D. B. Steinman, John Wiley & Sons, Inc. 1945.

** Roproduced from ‘‘A Practical Treetise on Suspension Bridges” —
D. B, Steinman, p. 39, with due acknowledgements,

V7—mt
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The maximum moments are obtained as

follows :

Max, M = Total M - Min. M

Rection ) Max. M
; i f6-1h

0 — -

0.1 + 276,500
0.2 + 423,000
0.3 + 456,500
0.4 4 414,500
0.45 + 390,100
0.5 -+ 383,800

The moments produced by temperature variation

M¢=—H,><y

Hy sce page 361 = + 13,100. Therefore

are given by

, at tho centre:

My= + 13100 X 20 = -1 262000 ft— b,

At other sections, the moments are
parabolic ordinates y :

proportional to the

Se;:tlon Parabolic
. coefficient

0 -

1 .36

2 .64

.3 .84

4 .96

5 1.00

(The plus sign pertains to rise in tem
sign to a fall of temperature.

M, ft-1b

+ 94,000
+ 168,000
+ 220,000
+ 253,000
+ 262,000

perature, the minus

Maximum moment is at z‘ = 0.3 = 456,500 ft —1b,

= 280,000 ft-lb.

Deducting area of say two rivet holes:

. Net area = b,76-0.81 = 4,94 8q. in.

Aren provided = 2 x 4.94 = 9.883sq.1in

Licnr SUSPENSION BRIDGES IN HIMACHAL PRADESH

b per sq. ft.
rerea . Total B.M.
Hence stress in chord = D—em
6,76,500
el m = say 50 tons
Tension Flange
50 .
Net area required = 3= 6.26 sq. in.
Provided 2 angles = 6 in. X 6 in. X } in,
Area of one angle = 5.756 sq. in.

391

'The resulting stresses are then combined with live load
stresses previously found.

Moment due to temperature variation = 220,000 ,, ,,
Total = 676,600 ft—1b.
Considering the lorry load only
Lorry load = 10.0 tons
Total load with 50 per cent impact = 15.0 tons
Load per truss = 1.5 tons
= 28,000 1b
Bending moment at centre = M; -~ HX y,
= I;-—H X Yo
TR ?2.:0 x 200 _ 95 000 x 20

For a concentrated load the maximum bending mqment will
be at quarter point and works out to 330,300 ft-1b in this case.

These values are less than that found with a U.D.L. of 100
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Area in excess can be used for taking wind stresses,
see para 0.

Compression Flange

To prevent bulking of the compression member :
l;‘ should not be greater than 125

where r = least radius of gyration.

Area of two angles 6 in. x 6 in. x 3/8 in. = 2 X 4.36

= 8,72 8q. in.
Least radius of gyration about X —axis =1.18
Therefore, safe length against bulking = 125 i(21'18
= 12.30 ft
Here L = 5 ft and is, therefore, safe.
Safe compressive stress = 16,000 —70 L
,
60
= '( - ‘ —
16,000 —-70 x 18
= 5.6 tons
Area required 0 8.9 8q. in
56 . in,

Area provided, 2 angles 6 in. X 6in. x 3/8 in.,
= 8.72 gq. in,
(ii) Shears in Stiffening Truss
(p = 500 Ib per linear ft; 1/2 pl = 50,000 1b)

With the main span fully loaded, the shears at the
various sections are given by

Total V = 4 p (1 - 27) (1 ~5%) =1 (1 _3;1)(0.145)

2x
~ 7250 (1 - Z_..)
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Section 2 Total V
l
|

{) 1 7250
.l .8 5860

5 " 4350
3 4 2900
4 2 1450

5 0 0

The maximum shears are given by *
e V=it (=) T3 G ) 4]
—in(1-%)"

The values of G ('f )a,re taken from the graph, Plate V

and the shears are obtained as follows:

i }
Section ol .
x 8,1 «x x Q Maxzimum V‘
© (=7 ) (g =109 ) above 1b
0 1 i 2.14 400 | .144 {7200+ 9980=17,180
181 1m 482 | .175 7100 + 4650 =11,750
2 .64 1.28 565 | .277 8860+ 930= 4,790
3 49 0.85 647 | .450 11000
4 .36 0.43 726 | .688 (12400
5 25 0 .800 Il.ooo 12500

* Equation 149 in ** Practical T'reatise on Suspension Brﬁlges” by D.B
Steininan, John Wiley & Sons, Ine. 1945. ‘
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N
For all seetions o < i (l - 4 ) =266 [, the loading for

maximum shear oxtends from the given scction X to a  eritical
point kl defined by:

iy = b 68
4 [ — Q¢ D
- {

I\ bs ((F) are - . ‘
Plate“%’e. values (/(k) are solved for & with the aid of graph,

2z

Section 1- ; C (k) K
0 1 468 .380
.1 8 585 465
2 6 .780 635

For these sections, a correction is tb be added t
) , ¢ ed to the val f
Max, V found above. This additional shear is given by*a hes

Additional V = } pl (1—k)* [ﬁ(—; - f )(; (k) - 1]

=4pl (1-k)2 Q!

Section | 8 /1
- k Y SERILA (R SPTITAN
l b=k (- ) Gk wbeve | AddL ¥ (1b)
I , |
0 380 384 2.14 710520 9,980
1 4656 286 1.71 775 .325 4,650
2635 133 1.98 890,140 930

The minimum shears are then given by :
Min. V = Total V — Max. V.

* léquation 151 in ** Practinl Treatise on Suspension Bridges' by D.1.
Steinman, Johu Wiley & Sons, Ine. 1945,
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, ; ,
Section | o
T | Total | Maximum V Minimum V
l ; ‘ [
— .
0 7250 17180 | - 9930
1 | 5800 11750 \ - 5930
2 4350 9790 — 5440
3 ‘J 2900 11000 \ ~ 8100
4 | 1450 12400 ~ 10950
5 0 12500 E ~ 12500
| |
The temperature shears are given by :
V, = — H,tan ¢ where ¢ is the inclination of the cable

at any section.

H, = + 13,100 1b
4f
At the ends, tan @ =—— = 4n = 0.40

l
and the slope (tan ¢#f) diminishes uniformly toward the crown.
Section }
x tan ¢ Ve
: |
4fx x

y="(1-7) 0 040 -+ 5,240
dy 4f 1 2 1 .32 * 4,180
oy = tand = _l( 7) 2 24+ 3,140
3 16+ 2,096
4 08+ 1,048

b 0 0

Combining the maximum temperature shear with the

maximum live load shear, we have:
Maximum Shear

Due to live load = 17,180 1b
Due to temperature = 5,240 ,,
22,420 ,,

= 10 tons
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Taking safe shear stress as § tons per sq. in,
. 0 .
Area required = | = 2 8q. in.
<)

Gross area of 2 angles 24 in. x 2§ in, X 1/4 in. = 2.38 8q. in
Hence sectinn provided is safe.

Arvea required for diagonal members.

. 7.8
=2 X 6 = 2.6 8q. in,

Hence provide 2 angles 2% in. x 2} in. x 5/16 in.

iross area = 2.92 5q. in.

Deflection of Stiffening Truss

For a uniform load p covering the fnll span, the resulti
deflection will be given by : path s

_ 5 8 \elt
4= 384(1 "ANJEI

5 500 % 2001
= 2 w0145 xo 2 X 2

384 30X TN % 178.5
= 0.982 ft

6. WIND STRESSES IN BOTTOM CHORDS

If the lateral bracing is in the plane of the bottom chords
these chords act as the chords of a wind truss, The applied wind
pressure p is partly counteracted by a force of restitution r due
to the horizontal displacement of the weight of the stiffening
truss w. The resulting reduction in the effective horizontal load
is given with sufficient accuracy by the formula.*

013 wit
ro vE1
013 wit

vkl

# For the derivation of this formula, refer Steinman’s *‘ Suspension
Bridges and Cantilevers ”’, D. Van Nostrand Co., 1913, page 76.
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where, w = total dead load (both trusses) = 1000 1b.

2

it

vertical height from cable chord to centre of
gravity of dead load = say 22 ft approx.

s

I = moment of inertia of wind truss

= § x 115 x 12% = 828 in.2? ft3.
E = 30 x 10¢
SNubstituting,
0.018 wi*  0.013 x 1000 x 200*
o T 22 x 30 x 10% x 828
= 0.038
r 0.038
]’) = ]’ag‘g = 3.66 per cent.
Area exposed to wind:
Top flange =1 x 200 = 100 sq. ft.
Bottom flange = } x 200 =100 ,,
Decking =4 x 200 = 100
.8
Diagonals = 20 X2 x% Xx2x78 _ 960
2 x 2
Verticals = 40 X 773;423" X 6 =100
Total : 660 ,,
Total wind pressure = 660 x 1% X 50 = 49,5600 Ib
#Vind load per foot run (p) = 247 1b
T = 0368
r

r = 247 x 0366 = 9.05

The force of restitution 7 (due to the obliquity of suspension
fter horizontal deflection) amounts, in this case, to 3.66 per cent

18—
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of the applied wind load (p) at the centre of the span. The force
r diminishes to zero at the ends of the span, and the equivalent
uniform value of » may be taken as 5/6 of the mid-span value.
The resultant horizontal load on the span is :

b

Pt 247 —  x 9.05 = 240 1b, per linenr ft
) (3
B.M. at the centre M,, = 24(8 * = 1200000 ft-1b.
. . 1200000 ~
Stress in chord due to wind load = {2x 2210 44.5 tons.
Total stress in bottom chord :
Due to live load and temperature offect = 50 tons.
Due to wind load = 44.5 ,,
94.5 tons.

Net area required increasing the allowable stress by 25 per cent
94.5

0 - 9.45 sq. in.

Area provided = 9.88 sq. in.

Wind Bracing

Maximum shear at the end

240 x 200
=y = 24000 1b
oo 13
Force in diagonal = 24000 x 5 = 26000 1b
. 26000 . )
Area required = 5 % 9940 =2.32 8q. in.

Provide 2 angles 2§ in. x 2% in. x 5/16 in.

Giross area = 2.92 sq. in.

) ) ‘ ‘_
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7. SUSPENDERS

Maximum load taken by one suspender :

Dead Load
b
I in. thick carpet = ll‘) X 1—)(-) x 3 x 150 = 3125
5 1 \ =
5 in. thick planking = {—Z X 22 x b x 3 = 4500
Wheel guard = i Xx1%x5 %3 = 1350
Stringers = 2% 20 x5 = 2000
Stiffening girder = 700.0
Cross beam 9 x 40 = 360.0
Total : 2167.5 1b
= orl ton.
Live Load
Weight of rear axle of truck = 10 x .8 = 8 tons.

With 50 per cent impact = 12 tons.
Weight of one wheel = 6 tons,

Weight on one suspender as per sketch above !

1.5 5.5 17
3 - - — = 7.3 tons,
6x 3 +exp=6xy

Total load on one suspender = 7.3 4 1.00 = 8.3 tons.

8.30 .
Area required per suspender = g = 1.04 sq. in.

Use 14 in. dia. rods, area = 1.227 8q. in,
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8. SIZE OF ANCHORAGES

Maximum tension in cable = 120 tons
e} |
15 ] S S e R Y W e
Horizontal component (H) = 110 tons 2 = § E ]R a 2 = & :‘L E‘.
. EF & & & & o | & w & g
- Vertical component = A/]120% — 110% < ao® ¥ f’ ‘\ 2"
= 4/230 x 10 = 48 tons :
Taking coefficient of friction (u) E
(rocky base) = 0.7 =
Vertical load required to H 110
counteract H Tu - 7 = 157 tons.
Total upward pull to be counteracted = 157148
= 205 tons
With a factor of safety of 2 weight of ”
concrete block or masonry required =2 x 205 =:410 tons 8
&}
. {
Volume of masonry required = H )7154%--240 = 6550 cu. ft. g
B
Provide 30 ft x 22 ft X 10 ft to give 6600 cu. ft. % x
I~ ]
or 20 ft x 30 ft x 12 ft giving 7200 cu. ft. ; :
o] [-]
< g
2

PR

‘Add 2 per cent petty work charged establishment on Rs 1,57,023

Abutment and towers complete, see page 402
Add 3 per cent contingencies on Rs 1,52,450

Approaches, see page 402
*3. Decking and superstructure, see page 403
5. Anchorage complete, see page 404

4. Miscellaneous, see page 404

S. No.
1
2.
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MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

Single and two.coat Asphalt—Hot
Process.

* The production of Pre.coated Chips.
* Sand drying; drying and warming
Chips for Surface Gritting.

* Re-heating old Asphalt for relaying
on maintenance contracts.

* The production of all types of Bitu-
minous Macadams and Cold Asphalts,

* The Unit is completely self contain.
ed with its own Diesel Driving Engine
and Oilfiring Equipment and easily
transportable.

MILLARS’ TIMBER & TRADING CO. LTD.

(ESTABLISHED 1902)
Victoria House, Victoria Road, BOMBAY-27.

8 8 J

CALCUTTA

STRUCTURAL STEEL, WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

i1i
Reprivted from HIGHWAYS AND BRIDGES AND ENGINEERING WORKS,
November 24th, 1954.

New VFeatures for the Merton Overloader

After two yours of suecoss in Britain
and in tho 22 countries to which it has
heon oxported the British inado Merton
Overloador now has soveral important
new foatures, As o result of this
success Merton Overlonders are now
being exportod to the United States of
Amorica, Canada and parts of South
America. The solo concossionaires in
the United Kingdom and in tho Amerieas
aro Mackay Industrial Equipment Ltd.,
of Faggs Road, Feltham, Middlesex,
who tell us that this is the only Bl'it_iSh
construction equipment now being
exportod to the U. 8. A.

Tho bucket of the new Merton
Ovorloador, Mark V, has a capacity of
feu, yd, and covers the full width of
the frong wheols of the teactor. This
eliminateg any tendeney for the front
wheels to ride up on the material being

loaded and gl reatly increases the 2 ! N
alﬁciencym o[fL Hobgi)omxiachine when  British construction plant being exported

oxeavating, to the U.S.4.

Tho digging depth of the hucket can_be adjusted, gimplby by the r;n;oval
and roplacomernt of two bolts, to any pOSitwtn tbOt;'(jiﬂ ibl(;]\;entl?:ehg:?z‘;?ltal :Vviel{
and 4 in, helow ground lovel. Tho adjustment to 2 in. DVO
simplify the oporfgztion of the machine when it is loading & stockplée on u}ilev}f(sin grourl;d
when it is important that water or forcign matter from the base should not be
mixed with tho material heing loaded. .

. - is ble. A small hand

The discharge height of the Merton Overloader is now veria ‘
winch, operated gi)y nn% man, raises and lowers the overhead s]{;x t;stsl:)riﬁ)étt};%;ngﬁlclll{r;:
by oxtonding and rotracting the telesl!Opfc rear upr!g}flt rﬁeyg 1?0 a maximum of 11 f¢
can he discharged at any height from a minimum of 6 {t. ;1 g hts takes only thro.
2 in, To change from minimum to maximum dlscharg]e felg bolts, The xb"eachre?
minutes and entajls the removal and replacement 0f1 on Yf ;’}‘]‘; buck.et when in tl?
tho buckot, that is the distanco from the inside e gtzho byres). is 35t 6 wher?
discharge position to tho rearmost par of the m-wtof ( exiymun; discharge positio
10 the minimum discharge position and 2 ft. when in the mas b 1 n.

From the minimum discharge position the overheadhiszguc;;llri ;:;;H eheiogz:rz(}
Still further to the travelling position giving the mac
8 ft. 5 in, .

An enclosed cab is now a standard fitinont onlthe,tfeiﬁnh(zzgﬁlogﬁz‘y Ii];aw ‘
wiistructed of heavy gaugo shoot steel and fittec lWI ision gThe turning ragd'ss |
windows, which givo tho operator excellont nllt}:';);l:)lg tl‘:é Mark IV—17 ft. 6 in fua
of the Mark v Meorton Overloader is the same as . ’

} ity i ilable as an optional extrg,

A ligl 5 ket of 1 cu. yd. capacity 18 ava .
Othep o;%ig’xl;r}u(t;gll:ﬁ{fngxés t(:rc o 6 ft. 9 in. bulldozer blade and a one ton capacity
Crane hgok attachment, ;

The Merton GOverloader of course, does not tu”& ?Jx'jlewil‘ﬁes};)%zt:a? Ezftk ;:a:g;
&nd forwards in 4 straight lino between stockpile an -

ordson Major diesel engine. ; i i
The (}())np]oto cyclo fﬁom ]Oll(“ng the bucket ~t0 ({ISCha;gléggtf;\;lelbgglc{k:?(;:gid;ng
takes 15.2¢ sec., and during this time_the machine C&l: it can load blasted rock x:n
9Twards o distance of twelve yards. It is claimed thaal:d from a stockpile at th
b Juarry face at the rate of one ton per minute or & ’
Bai0f 5 cu, vd, in i

The improved Merton Overloader —the only
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enormous and frankly incalculable.
Mexphalte
lasts and lasts and lasts and so does
Shelspra

The amount of traffic whick can pass
over a road made with Mexphalte or Shelspra is

BURMAH-SHELL FOR BETTER ROADS......




USE ALWAYS INDIAN ROAD TAR

FROM INDIAN COAL MINE

“ATHROUGH
INDIAN
CHEMICAL INDUSTRY
WITH INDIAN CAPITAL AND LABOUR

. _;.
< >

TO INDIAN ROAD &

2" TARCRETE WORK IN PROGRESS

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.

lhi

RlCH in the history of two vividly different eras, Old and New Delhi provide a
wonderful contrast between past and present. Moghul civilization is perpetuated
in the splendour of the Kutub Minar, Jama Masjid and the Red Fort; while the
Cenrral Secretariat, Parliament House and Rashtrapati Bhavan reflect the graceful

simplicity of modern architecture.

Proud of their magnificent heritage, Delhi motorists have a

lively respect for progress. That's why they appreciate the virtues of
Double-Powered MOBILGAS, and make it a point to look for the
Flying Red Horse - honouring a tradition among progressive motorists

throughout the world.

STANDARD-VACUUM OIL COMPANY

{The Liobitity of the Members of the Compony is Limired)

v




viil

C FOR
OVER 30 YEARS

BRAITHWAITE & CO.|

(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.

——

SHALIMAR TAR PRODUCTS (1935) LTD.

6, LYONS RANGE, CALCUTTA, £




Most Profitable Bituminous Plant
in the 35 T.P.H. Range...

the Barber-Grgene
model 840  «

15-35 TONS PER HOUR ... of
cold, intermediate or highest type
hot mixes.

Gradation Control

Model 863 Gradation Control Unit
separates up to four aggregate
sizes. Automatically feeds correct
proportion of each size.

Fast Job to
Job Transport

Allunits are mounted on pneumatic-
tired semi-trailers...reducing
travel time...adding extra pro-
ductive days to the working season.

Easy to Set Up

The 840 Plant is set up in only a
few hours. No cranes, excavations
or footings required. All units have
adjustable jacklegs. " i o

) TRACTOR & EQUIPMENT CORPORATION LIMITED
write for full information e P. 0. BOX 279, NEW DELH!
TRACTORS (INDIA) LIMITED LARSEN & TOUBRO LIMITED

P.Q.BOX 323, CALCUTTA P.O.BOX 278, BOMBAY
P.O.BOX 68, LUCKNOW p.0.BOX 5247, MADRAS

I/

.
BIG BEN... |

SOLVES YOUR HEAVY LOAD-CARRYING PROBLEMS

An addition to the heavy load-carrying
equipments...is "BIG BEN".  Operating
in many territories, including Australia,

-

.

the Middle Eést and India is Thornycroft’s % IMME

its h)::avy load carrying caF;aCit)'- % WHEN SEEN
.

Powered with the Thornycroft 11.3 litre IN OPERATION...

155 b.h. p. oil engine, “BIG BEN" is available

in a variety of body styles. YOU KNOW

Single machine capacity for a gross vehicle weight % ITS WORTH !
of 47,000 Ibs or as a tractor-trailer with a gross %

vehicle train weight up to 89,600 Ibs.

WILLCOX (BUCKWELL-INDIA) LIMITED
P.O.BOX 289, NEW DELHI

NEW CCLONY. JAIPUR roy

Barber-Greene Qverseas, Inc.

OISTRIBUTORS OF BARBER-GREENE PRODUCTS MANUFACTURED BY:
BARBER-GREENE COMPANY, AURORA, ILLINOIS, U.S.A.
BARBER-GREENE OLDING COMPANY, LTD., ENGLAND - BARBER-GREENE CANADA, LTD., CANADA
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Bombay is more beautiful now!
Use Elegant spun R.C.C.

Lamp Posts
ADVANTAGES OF OUR LAMP POSTS

No painting.  No maintenance cost.
Look attractive.

Make the place look elegant.
Permanent durability.

Erection simple and easy.

Economical in cost.

Supplied from nearest factoty in India.

Patronised by Government & Municipalities.

Scientific Process used.

Factories all over India & Ceylon.
other attractive designs and details write to :

THE INDIAN HUME PIPE CO., LIMITED.

Head Office :
CONSTRUCTION HOUSE, WITTET ROAD, BALLARD ESTATE, BOMBAY 1.
Telephone No, 262994 (3 Lincs)
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We request the pleasure of your visit to Walchand group Stall No, B-37 a¢ The Indian Industries Fair,
29th October 1955 to Ist January 1956,

Delbi,

Introducing—
Completely Revised and Enlarged New Third Edition of the

Best Selling Book on Indian Engineering
INDIAN PRACTICAL
CIVIL ENGINEERS’ HANDBOOK

The Standard Every-day Reference Book for P.W.D. Engineers of all Grades
The most complete work Ever Published on the Subject in India ¢

Edited by : P, N, KHANNA, Chartered Engineer.

This book is packed with a vast collection of most up-to-date valuable
prattical technical data covering the entire field of engineering prob]eﬂ}:
encountered by P.W.D. Officers in their daily routine works, not .fOUnd ls
any other single Indian publication. Thousands of copies of this famO]:lle
hook are in daily use of every grade of Engineer all over India an ';ul
adjoining countries who have reviewed it as an Immensely Use
and Extremely Informative Ready Reference Handbook.
Sections on: Civil, Structural, Sanitary, Highways, Bridges, Irl‘lgat“;;:
and Electrical Engineering, All condensed in about 1,400 pages
(fine printing) with over 300 illustrations and 2530 design tables.

Cloth bhound Rs. 18/- (plus postage Rs. 1[12).
ENGINEERS’ PUBLISHERS & ADVERTISERS
Civil Lines, PATIALA (PEPSU)

BAKRA BRIDGE—The total length of the Bridge is 273’ and over aglywidith ts 25’

'611 -

-6”) with box type end

having three spans (2-68'-6" 4+ 1—90’

abutments and wing walls at each end.

piers

Decking is of beams and slab type resting on R.C.C.

Constructed in the year 1950-51.

GAMMON INDIA LIMITED

over well foundations.
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BOMBAY-1

BALLARD ESTATE

HAMILTON HOUSE
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