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PREFACE

Thig survey was carried out for the National Highways
Board, Ministry of Commu unications as a requirement for the
Third Highway Project financed by the 1.D.A/Horld Bank., T
fitls up the gap 1 in essential data requar ed for highway

planning, design and maintenance.

~ The resuits will be uScful noT onty for the Mafional
'H1qhways Board but also for Prov:nc:ai Htghway DeparTmen+s
aqcncles concerned WtTh plannnng, developmenT and. regu|a+ion
of ?ransporT serV|ces in the country, professtonals and

sTudenTs of franspor? pianntng in qeneral

. The scbpe.of work was detérmined ‘by the Nafiona!
H;ohways Board ‘and the selecfion'of survey p01n+s,_de519n of
-Quesfionnalre, eTc “Were’ also done with fheir approvai o
However., v;cws expressed in This’ repor* are not the offlcnai.”:

views of.fhe{Naflona! nghways Board “or t+he National TransporT
“Researéﬁ :ﬁl#re but are ‘of the author alone ‘who also accepfs

responéibfiify for any %apses and deflcienC|es in the r@porf

The sources of maferlal used have been acknow!edge
as far as possible. These are.not the only work on +he
subJecT but were the anes. readlly ava:Lab!e at a placs of
scarcity for such materials. Thé succéésfui and timely '
completion of the project would no? have ‘been p055|bl¢ without
the able guidance and supporT of Mr. ‘M. Sadlq Swatl, Chief,
National TransporT Research- uenfra and. dedicaflon and
hardwoh% of .officers and field s*aff The, latter were
constantly exposed to hazards of Pakistan’ s unruly traffic.

Their contribution is grateful by a;know|gggQ¢

National Transport Rescarch Centre, \ Abdul Majeed
. Islamabad ' s -

October, 1982.
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Scope and
Covarags

Averaqarﬂxle
Loads '

Variations
between Survey
Points

tound- as follows:

fvily

S U MMARY

The survey was carried out for one ycar from May 1381
“to April 1982 at 35 points on main roads across the
country. Otservations af cach place were made for.

24 hours, three to four times during the year, =~ ..
covering in-all 31,746 goodsivehicle_of_which-30,ﬂj2: g
were loadad and 1,634 emp+y..=Tha'yéhicias surveyed
constitutsd, on the average, -108% of “the average
daily tratfic. Thus, statistically all traffic at
solacted road sites was covered. ‘The resulfs. were . ...~
cross chacked by independent {nformation on vehicie

-weights at Quetta Coal Mines and Karachi Octroi Posts

and diffarences were found within acceptable limits
of sampling variations. Besides; a separate survey
of NLC vehicles was also ;arried.ouf9forxmu1+i
axle vehicles., ‘ e : o

“Axle -Loads ‘of loaded and empty yéhitlesﬂhéﬁéﬁbééh-

_ . Averagé‘ioad:(kQ). ’ ,;:SfandafdlbeviaTion 5
Load Front Rear Gross Front Rear.  Gross
Condition Axle Axle Load ?Axle: _Axle Load, =
Loaded 4,343 10,020 14,377 051,031 2,43
‘Empty 7,868, 3,308 6,177 T.475 992 1,219

‘In general, loadsAin.Tﬁe northern hilly aPeés weré .
lower and on the main Trunk roads naariKarachi”ﬁ}gher-
The variations ranged beTween‘12,764-kg-on Rawalpindi--

Murree Road and 15,312 kg on Rohri—Dadu Road in gross

- vehicle welght,

Distribution”of
Toad over front
and rear Axles

Types of Commo-
dities carried

The load -of an empty vehicle is nearly evenly
‘ﬁisfrjbgfedéover front and rear axles: Each
additional unit of ‘load is distrituted over front
and rear axles in.the ratio of .1 To 4 . and’

the initial ratio of 48:52 changes to 30:70 for
“fully loaded trucks. ‘ :

The disfribution of vehicles according to types

" of commodities carried was as follows:

Commodity Group I :'7 | % of Vehicle

. Agriculture, Food & Animal 35,6
Mining and Quarrying . 2446
Raw Materials and Bulk-Manqiéb?urestf 14T

Fuel and Lubricqnfs;l‘L‘;: ”2_”j:,::;' 6.3
Basic Manufactures and General 18.8

Marchandize
‘ ‘ 106.0




Variations acc-

ording to Sea-. -

son - and Time

’ Variations bef-

(viii)

Heavily loaded commodities included in order
of magnitude, Rice, fheat, Onions, arnle Scrag,
Coal, Cement, etc,. The gross weight of vah|c|e~
carrying These commodities exceedead 15 Tons

There was . i;the Nvariation in Tyobs of commodrfnbs
carried during difforent seasons, . -The.average load

at night was slightly higher ?han during day. The
dlfference ‘was however 1.6% only. :

Sowe dlffcrencus wore observcd befween rounds due

cen Rouynds °

. .
1

“fo- Tr:cklnc of. we:ghing machines.  The results of
' o first ‘round were Bﬂ less and. of: second round 5%
’;more than average Howeverg the dlfferencea

.cancel oyt each ofh 3r and fhe overa!i averjgc

Vehicle Makes

’remalns The same

T R
o

ERNE N 17 makes were |den+|f:ed during the survey,
. However; Bedford dominates The scene ‘and accounts. -

for 96, Sp 'of the vehicles.  This 'is followed by

fdﬂlssan ‘and Hino which are "about 1% of Fotal., At
iﬂoTher Mdkes are” iess Thgn ,lﬁ‘k =

Overloading .

'”Maxiéuh Axre“laéd limid is 18000 Lbe or - 8165.kg. . i
“More than 83% of loaded vehicle -exceed this 1Imlf.jh‘ 

_Even if vehicles. up*o 9 tons rear‘axle load are '

‘Axle load .
Distribution’

DamagihQ'Effed+

ufa%naf classcfled ‘@s: ‘overtoaded; there will still &
- 75%° vehlctes overioaded by Thls crifer4a :

~

The d!sfrlbu+1on of veh:c!es accordlng to. rear axie ;.J
'Ioad is as foiiows ) . :

£

e Upto 6.9 tons ﬂj;ﬂ%u_‘llijjw9wfons 20.89

7-7.9. % . 6.0 ' 12+412.9 “-; 10.0.7 Lt
Y8-8.9 M 9.4t q3e 13:9 ;'T 2.4 9
T9%9.9 T 4703 % 4 giover... 1.0 0 -

10-10.9 #3700 b

100‘0'

25% of fhe veh:cies noT overloaded (1nc|udrng vehicies
upto 9-tons-which. are-slightly.overloaded but not
considered as such) .cause only. 6% - damage; 42%-vehicles"
with rear axle Ioads upto 10 +ons cause 16% damage.
On the other extréms, 3. 4% vehitles: With rear axte,].i
16ads exceeding 13 ?on cause 11,.5% damage 13d L
vehicles in ‘toad class 12 fon and over cause 32%

of damage. ST nEEID i N :
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Equivalent

Standard Axles

]

Previous
Surveys

Survey cf NLC
Vehicles

'

(ix)

‘according to their damaging effect in ferms of
18000 Lbs (8155 kg) =guivaient standard axles,

2 londid vehicle is equal to 3.3 standard
axles and an empty vehicle =qual to .12 standard
axlas. Thers is howaver, considerable variation

‘batween survey points., For example, at

2awalpindi-Murree Road, & loadéd vehicle is equdal

+o 1.79% standard axles as compared .to 4.4 at
Juetta-Naushki Road.

Axle Load Surveys carried. out carlisr in Punjab
and Sind do not appear to be reliable due To.
small number of observations and errors of
measurement.

The survey covered 253 vehicles of which 1066
(614) were multi axie vehicles and 87(29%)

‘conventional 2 axle vehicles. The -loads of rear

axles exceeded maximum limit of 8,165 kg by =
wide margin, The maximum loads on any of fhe
rear axles are as follows:

Type of Vahicle Maxinum Load

5 axle Tanker . 13.2 tons
o Truck t1.3 tons

4 Axle Mercedes 13,2 tons

H Fiat 11.4 tons

Hino 11.6 tons

tn terms of damaging effecf, equivalent
standard axles of 18000 Lbs(8165 Kg) for varlous
types of loaded vehicles weee as follows:

18 kip Equivalent

Make ' Standard Axles
5 Axle Tankers 9.2
i "Trucks 5.5
A

4 Axle Mercedes Truck Trailer 1.
i ! " Traction Unit 8.8
"Fiat - 8.2
7

Hino

-~







Chapter-1

INTRODUCT | ON

ixle Load dats is now a pre-requisite for highway
piannlngj desian and maintenance. lInspite of its viTa! fﬂporTenca,
+he collection and use of data has not been madec n1any:”s+eMﬂnc
manner in The pasT Instead, rufes of Thumb have been followed
and in some cases raflos and epproxumaflons developed in other®
oounTrres which are not relevant ?o our ConlelonS; have been
used, For’ examp!c, the Manual for:Rural Qoads suggesfs that in
the absence cf load data, an.equivalent factor of 0.45 may be
assumed. for converTang commercial vehicles info equivalent

- standard axlosﬁj)

. Similarly, the NWFP Des;gn Manual, ‘infer- .
alia recommends, ratios of 1.03 and 0. 74 for conver+|ng c0nmerc:el
vehicles into standard axies for roads Carry:no over 100 and
between 250 .To 1000. commercial veh|cles- respecTively which

are based on Brlfish da+a which is qu|+e different from

cond;TJons |n our coun?ry (23

A small number of axle load measuremenfs taken recently

(3) for feasibitity

by f*e Third Highway Pro;ecT ConsuITanTs
”sf dies of various road sections on the main network ‘indicated
: _Xcessive ovelbloading and pointed towards the need for a
Wﬂcomprehensave survey -to assess the overall situation. The

\

presen+ survey serves this purpose

The objectives of fhe survey are to asses the degree of
_overtoadlng by goods vehicles in Pakistan which produce axie
~loads in excess of tegal limits and limits to which hxohways
‘ _have been deS|gned to find out variations with respecf to
reglon season, type of vehicle, type of commodlfy and to

pin ponnT the areas where remedial action W|ll be required.

The survey enTalted measurino of actual axle loads on
+he road s&de by means of por?abte axé weighing hachines and
|nTerview|ng of Dravers fo obTa:n information on type of
oommodlftes carrzed origtn,idesfinaflon and related factors.
35 po?nfs were selecTed on the main roads across the country

:tn consuifa+1on W|fh +he Na+|ona1 Highways Board..The survey
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at each point was carried out for 24 hours round the c!ock and

repeated 3 +o 4 Times durlng the yuar

Lateron, the scope of work was enlarged +o includa 3 raview
of vshicle weighing methods, 2quipment and inventory of such
squipment available in the coun%ry with geographscal dtsfr:buTlon
and suitaditity of such equipment for checking and regulation of

loads, This assignment was completed in rovember, 1981.(Q)

“Subsequently, a Special Round of survey of Axle LOJdS of
Multi Axie Vahicles operated by NLC was also. carrled out ‘and
results provided to National ngnways Board. Ihese are alsoc

included the présent report.

In addition, a survey of fruck welgnfs af Coal Mlnes in
Ruetta and Karachi Octroi Posts was carried ouf *o cross check the
suruey data. The resuiTs of above referred surveys are. presenTed

in Th:s reporT

- The organ:zafion of Thb rest- of The 3répor+ s as- foilows
The basic concepfs of Axle Load and pavement desaqn are given in
Chapter~il which provides necessary Theoref;cal bac.ground for.
the Iay man lnd!caffng necd and uses. of". the data in ;-veménf

desngn Those who' are famitiar with concL.DTs of pavement de .nomay skip

“over this secflon Chap+er-l|l glves an cutiine of the sury> v
iﬁéludfng coverage and procedures used whlch will place The rosulTs
“in proper parspective and” Will bn useful for future surveys of ﬁQ?
kind. The results of fhe main survey. are lelded 1nTo three - N
Ch?p?crs V, VI and VI, which deal W|Th sampllng proporfions

‘Ioad d|s+r:bu+|ons and damaglng effecTs respecfively. Ver|f|ca+|on
of data and comparason with other: sources are contained |nﬁ'
Chap?er V111 and results of the survey of ‘NLC vehicles are given

.in ChapTer~tX Chapfer X, confalns summary and conclusrons

_ AT Tables are given in sfaTisthai Appendrx whlch is
self- explanafory “Other re!afed informaTiqn is given in Annexure
at the end of #he Report. - ' P '




(23

(3)

(4)
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_C-hagﬂ”er-;l }
AXLE LOADS AND PAVEMENT DESIGN'CONCEPTS

Load DisfribuTEon

The load of a VchiCl is. Trangm:TT 2d to the road surfuce
fhrough the fyre COHTSCT areu and diq+r|bufed +hrouch successive

layers of The tTrucTure to +he sub~s OLi on Wthh The road structure

rests.” I'f the sub-soil daflects,. the over!eyrnc fle exible pevemenT
will deform to a s:mtfar shapc and extent and the s+rucfure'w1ll
fail. The prlmary fuﬂcfton of pEVQmPnT design is To profch the

sub-oi by d|s+r|bu+|nc fhe applied veh«cle Ioad |n such a way

ﬂzThaT maX|mum prcesure appi:ed to the sub-soiji is within limits @

of its load bear|ng capaC|fy, A sysTem of Iayers of d{fferenfl

SpeCEfICaTIOHS such ‘as , sub base,. base and surface course etc.,make

such a load distribution |n a comp!ex way .

The design of flexible pavemenT s affecfed‘by.several
factors, important ones being load of the *faffic,-ldad'bearing |
capecifyjof'fhe soll, quality of available materials and environ—-.'
‘mental facTors, efc. Most design procedures attempt to evatuafe
the s?abiIiTy'of the sub-grade in the given environment on . the
one hand and load of traffic on the other. Equating the two
provides basis for determining the overlayieg'maTerial peeéed to
safely distribute the applied wheel load so as To keep the same
within timits of load bearing. capacity of the soil .given the
quality and fType of construction ma+eriat available etc., Our
‘concern in this report is mainly for traffic load and the way it

affects the pavement design and tife of.The“road'sfrucfure}

On en inttial simplyfing assumption, the wheel-load
distribution of a pneumafic.fyre on uniform granular material is
in the form of a cone supporfed by SUrrounding'maTerIals having a
slope of apbroximafely 45 degrees. The area over which load Is
spnead‘increaees-WiTh the depth and intensity of pressure
- decreases proporfionafeiy. The tfollowing descriptions are mostly"

based on recferences (1) & (2).




In fThe figure-L below J'az is tho area where pressure P
is initially applied and ’?rz ic the area whare the pressure Is
distributed. lnTen5|Ty of pressure is reduced from p/;*a2 at
the area of inifial load 3%pi|CaT|On fo p/i.r2 at the bottom of
the lavyer, 'And'if X, = L5 degrees, then r = dta. Equating the
foad P to the load bearing CapeciTy of the soil at the bofiom
of *the layer, neglecting the weight of fhe cover material, the

,foilowing equations resulT.

P = qff tatd)® ' )
¢ = 1/;,Cp/q)2 a. (i)
Where

q = Average pressure on the sub- orade caused by a
wheel load p acTang through base and sub-base
material.

"t = Circumference of the circle-22/7 = 3,1416
a =‘%.radius of tyre contact area

d = depth of pevemen? sfructure-

Thus, if an al!owable unit pressure. P for a particular sub- grade
soil is given, +he required thickness of cover can be readily
defermlned for the maximum truck wheel load that is likely to be

experienced,

_ E The above formula clearly shows.The inter dependence
of pavement. thickness and load bearing capaclity of the soil.
In case of poor soils larger thickness Qf'pavemenf-will be

needed and vice .versa.

Pressure Belb-Theery(B)

The pressure‘Bulb'Theory sxplains the distribufion of
4ioad when applled to the sOll through a circular ‘object. A
Bulb of pressure is a surface obtained by connecflng points of -
equal stress on fhe_various horizonal planes at various depfhs
The pressure at any one point on the surface of a bulb is The'
same as.aT~any other “point. Because the contact area befween

a tyre and the ground approximates a circle, the theory can ‘be
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FIG.1 : LOAD DISTRIBUTION = THRQUGH
' GRANULAR MATERIAL

(b)
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applied to pressure in ths soil undar tyres with siight modifica??on.

Fig. 2 below illustrates the same. The above illustraticn shows

raties of unit pressures to ground contact pressure at varying

depths below the surface of the ground for uniform granular raterizl.

At a distance of § D from the arsa of the contact, the pressure is
60% of applied load. At distance equal to 1 D, pressure is
reduced to 30% of applied load and at distance of 2 D the pressufe
is left only 9% of the foad applied at the surface. The unit load
decreases with increase in depth. On the line at D 1 pressure at
points, x, y and z is 9, 15 and 30 percent of applied load

respectively.

Pavement Layers

The iayers arrangement of the pavement absorbs gfeaTer-:

‘amount of pressure and much less load is transmitted to the supfbaSQ.

(4)

This has been illustrated by Flaherty and others as In Figure 3

below which compares distribution of load over.a uniform layer and -

two layer system.

The above iliustration bringé out the main function of a ‘
pavement which is *to reduce to an acceptable ievei'fhe'pressures '
abplied_foifhe sub-grade. As can be seen, the stresses in the '

sug-grade at a depth h. are céhsiderably influenced by the insertion

of sfronger paveménf m;Teria]. With the pavemant inserted, the
vertical sThess.a% the interface and directly below the centre of.
the applied load 1s estimated fo'be approximately 30 per cent of P{
whereas without the bavément the stress at a depth h1 is ' R
approximately 70 per cent of +he applied unit load. Thus ths systen
- of pévemen+ Jayefs considerably . reduces the unit Ioad'applied '

to the sub-base,

Effect of various'FacTors

The stress on.fhe.road by a giQen joad is affected by a

number of factors such'as size and type of tyres, tyre pressure etc. -

A brief description of relevant’ factors Is glven in the following

péragraphs.

-, -
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KESSURE  WITH  DEPTH

FIG. 2 : VARIATION IN _

[ﬁankﬂer of circle.

[T

Unit pressure under
area. '

J/ZD

%o

20







FIG.3: STRESS DISTRIBUTION IN A UNiFORM
MATERIAL IN ONE & TWO LAYER SYSTEM

Uniforrﬁ intensity
of loading = P
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Tyre Size

Tyre sizg determines the area of contact wiThr+he road
surface which in turn determinss the area of load distributicn
and ueif toad. The smaller size tyres will make a sharp curve with
the road surface and the areéa of contact would be small and unit
{oad more. The stress or prassure would Thus vary dirzsctly with

size of tha tyre.

1+ would be interssting to note that the Motor Vehicle Act
of 1939 prescribed maximum permissible axle weights according Vo
the diameter of the tyre and rim and'seperaTely for low @nd high

pressures.

Tyre PressUre

‘ for a given size of +yre the area of contact with road
surface will inversly vary with ftyre pressure., The higher pressure
would result in smaller contact arsa and vice versa. The unit !oad

"will therefore directly vary with tyre pressure.

Howaver, gliven the tyre pressure, increase In ioad would not’
increase the stress as much as t+he increase in load. As the area
of contact would also increase with increasse in toad, the unit
pressure would not increase as much as the fncreasc iIn load. The
relafiohships patween tyre pressure, area of contact, pressure
on the road surface and stress on soil are shown by O'Fiaherty

as in figure 4 beslow.

Fioure 4{a)l indicafes-how,‘for a given wheel ioad, the
contact area decreases as "the inflation pressure is increased The
extent of +he decrease in-.any given situation will of ocourse

depend on the |n|T|al wheel load and The quality of the Tyre |Tself

Figurs 4(b) indicates The manner in whlch the actual
pressure tTransmitted 40 the surface increases in an apparently
near-l|near fashion as the inflation pressure is Increased. AT
any given time The appiied surface pressure is always considerably .
greater than ‘vertical prassure on the pavement surface appears to

average about 200 per cent of the |nf1a+|on pressure.
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The data in Figure £{c) indicates the changs in the
vertical prossure measured at tha pavement sub-grade interface
t.e, the formation lavel, as_a.résui+ of changing the ftyre pressure.
Thas measured stress at the formation is only incrzased significent
for very substantial increases in the inflation pressure., Theorctical
studies would seem fo indicate that fhe stress at the formation. is
proportional to a x 1,9 'a! is the equiQalen? radius of the

tyre contact areas.

Figuhe 4(c) also_indirec?fy refiects the role of the tyre
pressure in inducing stresses in fhé pavement. The effects of hiagh
inflation prassuresrafe,mosf pronounced in the upper layers of a .
pavament and have relatively tittle differential effects at | '
greater depths. In other words, for a given wheel load the tyre-
inflation pressure has little effact on the denth of pavement a
" required above the éubgradé, but i+ is this pressure.which controls

the quality of the materials used in the .upper layers.

Wheel Load

i+ would be sesn from the above that as the wheel'loaé_IsL
increased, the tyre deflects and the contact area is increased. As
a result, the peak unit pressure applied to the carriageway shows
only a very small increase. The additional wheel load hés however,
The-affec+ of causing the vertical stress at the pavement subgrade
interface fTo be increased in direct proportion fo the extrz load.
Thus it is clear that as the wheel load is increased the dep+h,df__
pavemen+ must also be increased so that the allowable subgrade

stress is nof excezdod.

The effect of chanéing applisd wﬁeel load on pressure on
foad éurface and vercha! stress on soil are shown‘by O'FlaherTy(?)-.
as in figure 5 which sﬁows how the stress at the top and bottom
of a pavement were cﬁangéd when the tyre inflation pressure was
kebT ¢ons+an* at 414 kN/mZ while the load applied to the émoofh

treated tyre was progressively increased from 4,45 to 22.24 kNN.







213 -

THE

OF CHANGING

EFFECT

F1G.5:

WHEEL LOAD

APPLIED

1
0

1.0 7

;
w
o

LU/ NN 'D2JD }903U0D
2JA) JO- 243423 JO 235¥INS PDOJ
g0 2inssaid JO S3NIDA  PAINSDAN

|D21}J2A JO SaN)DA PANSDAW

AU/ NIW ;_om_c,o_ ssalls

0.02¢

Whe'el.

kn

toad

!







Dual YWheels

Almost all buses and trucks in Pakistan have dual rear-
wheels which can influsnce the stress distribution and deflections
within and balow the hidhway pavemenf? The most definitive
1nve3?|ga+|ons into the effect of various wheeilarréngenenfs

hava been carried out on alrport pthanfS WOGTG They ara of

significant importance because of the greater wheel loads.
An iltustration of the effect of dual tyre assemdly on
' (8)

{2)

savement is provided by Hay and O'Fiaher%y The dascrip+ion$

below follow the latter.

Theoretically, it can be shown that the single'whée! load
rsquired to reproduce the same maximum siresses in a homégeneous E

material as arec given by a dual tyred asscembly Is

PZ.

5 .
F) = 4+ ———_——
@ (2% + 5%) 5/2

Where

Pe = equivalenT singie'ﬂhee! load

p.oo= load on each dual-tyre:

z = depth to the plane bc;no s?resoed and

s = distancs betwsen the cbnfres of

individual tyres.

This - reidflonshlp clearty illustrates the. Two mos+ important

features of the dual-tyred assembly.; Firstly the caiculafcd
stresses at the pavement.surface (when z = 0) are due only to the
‘|ndEV|dual whecls of the assembly and there are no interacting

' Uffec+s Secondly, Thv distance between the tyrs centres. playq

.an important parT in the stress distribution benbafh +he surface
At greater depfhs,_hOvabr, where +hc S-value is small in
comparison.with depth, The stress due to the dual-tyres becomes

near additive. Figure 6 iWiusTrafes the same.







FIG-6 7 VERTICAL STRESS UNDER . DUAL
TYRE  ASSEMBLY
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F1G.7: DEFLECTION UN.DER SINGLE AND DUAL
TYRED WHEEL ASEMBLIES

_';. Dual tyres\ \S'sng{:; wheel




’
,
» . .
'
kN .




Axlc Configurations

Axlte configurations havs a pronounced offocct on stress
distribution and defloctions., A comparison b:fwsen singlo axle
|nads and zsquivalent tanden axls loads based on fthe rasults of

CWMASHO Road Tes+s(8) is glven below,

fquivalent single and tandem axle loads

-
Surfacing¥® ‘ iSingle-axle lEcquivalent tandem-axle load ki
"load kN i Based on - i Based on
! i deflection ! distress
5 mm Ashphalt . 80.1 155.7 125.9
99.6 : 195.7 161.9
10 mm Ashphaldt _ 80.1 135.7 125.9
‘ 99.6 ' 181.9 149.,5

¥ Surfacs p!us_roadbase thickness is 152.5 mm,

I+ is ovident from the above that relative effecfs'cannof be dea}#

wi+h.by simple summation. In no case'%he results obTained.wi%h an

equivalent tandem-axie ¢qual.do twice That.of 3 single axle. It is
~also eVidenT from the above table that irrespective of the- surfacing

material or the mcasurement criterion, the load that a pavement

can safely carry may be considerably incfeased'if the vehicles have

tTandam axles,

STéTic Versus Moving toads

Tests have indicatad that stresses and derlictions tend
to decreass as the vehicle speed increases from creep speed to
about 24 Km/h. Above 24 Km/h the values tend to be constant.

The retationship is kshown in Figure 8'beiow€9)

- In the study from which these data were abstracted it was
found that theo speed effect was much greater when the road base
consisted of bituminous-bound instead of cement-bound materials.
These differences wers considered to be due to the moduli of

deforma?ion:changing when the rate of loading was changed.
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FIG.8 : VARIATION OF VERTICAL STRESS AT THE

SUBGRADE  PAVEMENT INTERFACE  WITH
VEHICLE SPEED '
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[ n pracfice +he vehicle spoed effocet is most noticeabdble
on particular sections of roadway. For instance, for 2 giQen
volume of traffic, greater thicknesses and or guality of paving
ma?eriafs may be required for pavements in urban areas than for
those in rura! areas because of -the lower average specds In
urban areas. Similarly pavement requirement for uphitl
gradients may be more demanding than for downhill gradients,
there is tittle doubt that the increased distress shown by uphill
traffic lanes can at least be partly atifributed to the vehicie
spead effact. ' )

Rapetition of Loads

_ Although the effect of material fatigue on highway pavement -
behaviour ts Iittle undersToqd at this time, fhere is no doubt
that it plays a critical role .in pavement failure, The cracking
of Thu surface may be the rgsu1f of fatigure characferlaftcs of The
bituminous material itself or it may reflect the effecT of
frepéafed-loading-on'The andbasc, sub-base and/or subgrade
materials. In This latter respect roadbase aggregate ma?ﬁriéls
may be broken down under the action of rbpeafgd foads, JUST as
soll materials in ths sub-base or subarude may he: caused to work

Thplr way upwards under the kneadtnc action of Trafflc.

ROPLTITEVE Load Applsca+|ons

) Under fThe condt+|0n5 of zlastic suppbrT, the 5+ruc+uré
and {fa,supporf witl deflact slightly under load but return io.
thelr initial positions whéﬁ Tﬁa load is removed. Each element
In the foédway s?rué?ure is sﬁbjecT-To a repctitively applied
deflecting and bending load aé wheels of automotive thicles pass.
Theée‘Eepe+i+ivé-|oadings are likely fo initiate fatiguc¢ failures
and plastic deformations. The supports will not return fo their
Piinitial positions when the load is'removed. | ‘ R

. The tife of ‘the pavements.is Thus determined in ferms of
number of load repetitions. Given the:volume of traffic and
growth rate it would not be difficult fo find out the life of a
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pavement of given specifications or the period when an overlay
would be reguired or the specifications required for a2 certain

life of the PaV(:‘}m’:in'i-.

. ) N
Resulbts obtained during the AASHO Read Tests (10)

suggest that for a given axI\ load, thse pawmwn? thickness
required to provndu 2 aven Turmlndl level of servicé is
proportionzl to the o grt+hm of the number of répéfifions of
Jrhe axle -Jload. Whe British test da ?a also ihdica+es that

' ‘paveménfideformaf}on is a function of time 5nd hence the number
of load applitaf%bns‘ The re|a?|onsh|p between welqhed |

' appiicé?ionS'and thickness is shoun in ?hc,ngure‘Q.

SfandamdizédrAxle.Lo5ds

. Thero arg large varijiations ln axle Ioadq of d|{ferenT
' ,cafegorres of VbthibS and dlfferbnf vehicles of the samc‘ﬁr
| category due to d|{ferchb5 in the type and amount of cargo.
carried, Accord:pgly, to br:ng all axle loads To 2 unlform:w
.scale, aiffereanéer !oads can be conver%pd to sfandard _
equivalen+'axiaskon the ba5|s of damaglng effect to the road

structure.

" As a gsneral ﬁuléy fhe5damaging effocts of axle loads _
increase by 4.5+hlpower 6f the load. |f the foec? cf718006-Lbs'
axle load-is Takén as 1, +he effoct of 30 OOO ‘Lbs wou!d bc abou?
10 times the effoct of 18,000 Lbs axle as. -

§30,000§4'§f:-= 9,96
78,000 .
in this casé one 30,000 Lbs axle load passago-ﬁfil be equal

to 30 passages of 18,000 Lbs axles. Such eqU|vaten+ facforsr
can be dﬁvciopcd for Lany other standard. Cbrfaln mefhods
reguire 5000 Lbs BQUIValenT axles. However,‘mc;f_of the

methods use 18000 Lbs equivalent axle loads.
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The AASHTO intzrm Gude for Sesian of Pavement Structurs §10)

provides squivatence factors for a wide range of single and fTandem
axlz loads, terminal service factors (pt) and Structural

Numbers (SN)Y. Tablss for Single and Tandem Axles for Flexible
Pavement with Pt = 2.0 and varying structurat numbsrs are givan

in Appendix Table 22.

CApparently, fhs damaginé sffoct of an overioaded vehicle
is far orcater Thzn the increase in load. For example, 2 vehlcls
with 10 ton axle load has 2.5 times Tho offect of a standard |
axle,'dﬁd a vehicle with 13 fon load (as for somc of the

NLC Vehicles), has mere Than 8 times the effect of a standard axle,

The effect of tandem axlie is far smaller Than single
axle. A tanden axis load of 34000 Lbs will be Qequai 18000 Lbs
single axla. The difference is much larger at higher loads. |
A 40,000 Lbs single and tandem axle foad will bg équaJ to 34. 34

and 2.15 s?andard axles respecTively a difference of:abouf 16 Times.

Thb foreoosng analysis provides necesscry Th@orefical
backaround for proper appreciation gnd undcrsfandlng of Thb
survey results. "I+ has also cluarly shown the nesed and use of
axle; load daTa for pavbmanf dbssgn and ma:nfenﬂncc of network,
QOwever, |nspt+e of. its importance, the measurement and use of

ax | e Ioafl daTJ has nof bccn made to any S|gn|f|cgn+ extent.

A+Tenfion -had not baqn_paid to excessive
overloadling of gcods vehjcies and rosulting deterioration
of the network either. To fill up the gap, an extensive

study “of the axle lcads was long over due.
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Chapter 111

THE SURVEY

Outline

The survey was carried ouf for one year from May {981
to April 1982 at 35 points on main roads across the country.
Observations at sach point were made- for ftwenty four hours
round the clock andrfepea+ed thres to four times during the

year.

To cross check The survey data, vehicis'wéighfs at -
Quetta Coal M{nes and Karachi Octroi Posts were also obTained
for four days sach from 21.4.82 to 24.4.82 and 26. 4.82_ to
29.4.82 respectively. o

In addition, a special round of surv y of NLC vehlcleb '
wWwas carrled out for two days each at six s+ag|ng sTaT:ons |
-from 11 ?o 28 February, 1982 et

Sampling MeThods

\

The survey Jﬁvolved selection of survey poihfsj
timings of the survey and selection bffvéhiclés“a+‘each point
on smapling basis.. Therefore, sampling methods can have an
important bearing on results. A bias in sclection of roads
and .vehicles can arise in several ways.énd'ﬁééd Tb'résuiTs
wh:ch are djfferent. from acfual For pxamﬁlé, a heavily '
overloaded vehlclcs can attract the aTTnb*son of observers' :
and can . be plcked up by them more frequon+ly "This would B
resulf in over rcpresen+a+ﬂ+|on of heavily Ioaded veh1cle$*
lelng relatively higher average load. A brief elaboration
~of procedures fo!iowed in selecflon of raod Sechons, survey
timings, selection of vehicles, e+c is provided here

to be kept in view while examining the results.




Salection of Roads

The selection =»f roads was made intutively Keeping in
view Tﬁe'objeCTives st the study and requirements of the
spohsorihg.agency. The séleccted road sections cover differcont
types of areas ~ hilly, rolting, sparsely and densely -
populated; differant ?ypés of roads -~ na+iona{,highwéys, provincial
and sccondary roads, single lane, twe lane, more than two lane;
and roads of vary?ngrfraffic'dehsTy. :

A list of,road.Secfiohs whers survey points are located
with dates of survey at sach plzace is given at Annuxurc—l The_:

accompanying map shows tha location of survey points as well,

“!T will be seen that one ‘third of the éurveyprinfs are
on the main Trunk route PashawaruLahorenKarach§:andifhe'eraining

two ThiFds on othar main roads._

Locaflon of Survcy Ponnfs

The survey poun?s ware locafcd mostly. at or near d:5+r|c+
boundarias. The underiylng Feason ‘is that most of fhe SOCIO economlc
data is availzble for diSTFICTS Thcrbfore,iln order to relate
traffic ddTa To such SDCIO cconomtc varlables, it is imperéTLvef

'ThaT tratfic data alsc conforms To das+r|c+s

Set¢c+|qn of.Vehzcles

- A more delicate smaollng is {nvolved in selecfidn ot
vehicles, One survey: parTy could welqh only one vahlcis ‘at a'
~time. it took about Threu m1nu+bs for |nTerv1eW|ng and wetghlng
' one vghlcle. Thus a ch:mum of 500 vbhlcles could be welghed in
24 hours aT one placo. The traffic at mosT of fhe roads was '
much higher than: Thls. Besrdus, traffic foliows The p01sson‘
disfribuflon and of?en moves, bn bunches and oniy one or_a few
vehicles in a group can bs checkod to avoid hoid ups. Thus it is
difficult to ingh all vehlclcs even. when +he volume is Iesé than
the capacity of the survey team. The procedure used. for the-

‘selection of vehicles is explainad below.




Af+or the installatation of weighing machings, fho fir
vehicle coming from any side wzs steopped for weighing znd one
or two vehicles moving in the same directicon weee kap¥ waiting.
Others were allowed to pass. Qace =z gueus in onc direction was
cleared, vehicles coming from Tha other side wars sfopﬁcd.
the volums of treaffic was  so nigh that queuo in any dirsction
will not bz cleared, ftraffic in each direction was covered

for one hour zalternatly.

Ths proporticn of vyhiéfps survcyed'varimd inVﬁrSely
with Thc voiume of traffic al%hough absoluts number of
obsarva1;ons increased with volume, Th15 |s in accord nce with
+He standard smaplyiﬁg techniques. The larger popula%ions “

equire proporTuona?ﬂly smaller samptcs and smaller populations
require proporf;onafdly larger smaple . The method ussd allowed
the 1argcsT number of vehicles To bc surveyod with The minimum

of cogf.

Types .of Vehicles Covered

"The . survey covered only goods vehtcles |nclud|nq
nfrucks, tankers, truck trailers, fractors nfc. AgrtculTﬂraI
tractors with trailers were not covered. However, the data
of bhly'+wo axle trucks inc!uding fankers,has.been_progessgd
-on compuTer. All other vehicles were excluded from compufer
DFOCbSS]nG. The number of such observations was quite.small,
less than 250 as compared to more fthan 31746 conventional Two
axle wvshicles. Scparafg compsla?non of results of multi

axle vshicles was @ also not mads as due 1aroe variations
in indivTﬁuaI obsarvations, results were not consistent.
Partily for ?hls reason, séparafersurvey of mu{ffgaxle vehicles

Uap carrlcd ou+

Survey Tumanq5'

As regdrds T|m|ngs of The survcy, these are of |n+eres+
for dally, Wuekly and -seasonal varlaTuons. Twenfy four hour

counfs aT each place COV“F ed daily variations.

“vhan

5t




e
w
f

F~r scascnal variaTions the survey was repeated Thres o four

ch place after intfarval of threo fo four months.

-

times at o

Besides the centinuation of +he SuUrvay aver a period
cf cne ycar is likely to fake into account scasonal varjiaticns
particularly the Type of commodlflgs carried by road vahicles,
The proportion of - vrhnclo” found wifh different +9pes of
commodities for all rounds ~f the survey can be regarded as the

averags for The year.,

information Colle cfed

8€5|d05 axle !oads which were measured on ths read sice
by means of porfab! weighing machines, 1nformﬂTaon necessary for
iden+ifica+ion 1|ke vehicls number, date, iime, gtc, and laTed_'
variables such as Type of commod|+|es carried, orlgle . o
‘des?tnafaon was also obTained from Drivers. The Quesflonnalrc
.used for recordinc fhe lnformaflon and coding. pian used. for:'
.prOCuSSEHO of date on compufer are given at hnnexure-lll and IV
,_respec?ivc!y These W|1l be usefu! tor Those whu mioh+ Ilke

to anaiyse The dafa furfher on compufer

Police ‘Assistance .

Police assistance was necessary and was obTalned for.
s+opplng and managing the traffic at the survey site. Normally
“two pOlle men of the rank of Constable /Head Constable were
prov1ded by The Provincial Folice Authorities. from the nearesf
- toeal Police . Station for 24 hours at each place. This was a’
.rong duTy pertod sNeverfhelcss‘The arrangemenT.worked_weil_as

tat’ every p0|n+ new "Police 'staff becams avallable.

_ The presence of Police Constable ensured fhe complaance
of 1ns+rucflons of survey staff by drivers. I+ also ensured
safety of survey staff at distant placgs.m'The:eiﬁe?feﬁee“has
lndlcafed that in The absence of Potlce, ‘some drlvers would
flouf 1ns+ruc+aons of the survey sfaff AT :5 Therefore,_”
rccommended that Traffic surveys requiring sTopplng of vehicles
may be carr|ed out W|+h the help. of police who should be present

a+ The s!fe fo deal w[?h any traffic problem or untoward incident,




in arder +2 ensura normal fraffic conditions, police
authoritius were advised net fto carry cut checking z2nd challan:
~f vehicles. Particuizrly the svarinading of vahicles was not

t5 be questionsd by the Police in any case.

Yeiahing Method

Weiohing was carriad out by meens of portable axle
wsighing machines. Two machines were used at a time. Toights
of individual wheels ware recorded and compiled separately,

Howsver, the results are presented fcor axle loads only.

Unzven level of vehicle wheels due To machines .or
road ourface or both combinsd coutd result in Tilting of

(2). has gxamlnod eTfoCTS

vehicies and fh1ff|ng of 1oad. Potoki
of such Tll#lng on d|s+r|buT|on of loads ‘and found The
difference upto 10% in most of the cases,. ‘The effect of TilTing
would vary directly with the height of machine and |nversaly
with distfance between The Two points. Considering the helgh?

0f machine of 3.5 inches and distance of more than 15 feet
batween the whesis, the tilt would be of less fhan 1 degree

and i+5‘e$facf on load shifting insignificanT.

Wulthnq Machincs

Weighing machines of !arge capacnfy are far and fow,
Mostty fixed fype weigh bridgss are 1ns+ailed by Munuctpai
lAdmlnlsTrafsons_Qf large cities, bJ5|ans houses, and industrial
units. A survey of weighing methods and, equipment has been
made separately and may be réfﬁrred to for further defails.(l)
. Suffice it fo say herc Tha? there is not much choice and
~varniety in porfabic vch|cie wulghlng machines. The need for
such machlnes has arisen only. recbnfly as for fhe presunT

axle load survey

The oxpyrtonce with the use of machines can serve
as @ gUIdc for qlmilar o+her surveys and has Tharefore

Seen narrated in some de+a1|
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The machines used for the survay were porteble wheel-lcad
woighers of 4D 400 and M0 5060 saries manufactured by General
Electrodynamics Corporation of USA. Their specifications are

iven bafow.

[fe]

Specifications «f Weighing “achines

MD 400 MO 560

Overall length ) o 20. 5% 20,57

Width Main Body _
Excluding handle | - 1on - 13.,3"
tnctuding 43750 17.75%

Width of weighing surface - 109 1303w
'Lehgfh of welighing surface - o (R | 1in
Normal Height o - OC - P

Units of MeasurémgnTa o © Kg : - -Kg/Lbé

Thé National . HighWﬁys Board had four such machines, two
of MD 400 series:and- two of. MO 500 series for use by’ consul?anfc
the Third nghway PrOJcc+ Sfudles. These machines were provided
by. the BOQFd for the Survey I'n addi?ioh Two new machinés of -
M3 500 series w1+h measurlng scale in Kgs. were ﬂlso purchased

whon,uhe old machlnes had gone out of order.

These machines have a numbe rief points for and against.
The points in favour ara %héf these nachlnbs-are small, handy,
noT_héevy,‘can be carrlco from placc to place; can be used on"
any surfacb, require no dlgglng and pits, naad no. ramps,
‘vehicles can climb easlly ‘Neverthele ess, the pﬁrformanpe of
the machines for Thg_ax{e load survey<of ThG.size_!eaves much
to be desired. Forréxahplé, +he'weigﬁing pla*fqrms;ofﬂThe
machines are smaller +han fequired for douple +yrés of trucks.
‘The weighino pEanorm of Mﬂ 400 model f€*6n+§¥10minéhé5“wide
"and width of pla+form of Mode! MD 500 is 13- inches only. As

fﬁr

against this, dual Tyres of trucks are 21 inches WIde and cannot



- .3 -

rest property on pié?eform of ecithzr model particularly on rozads
of the fType in Pakistan which arc nct smeooth. Secéndly, tho
scale rezd ouv window of the achines is vaery small znd

attached to the bedy of the machine. For reading the scale The:
observer has To‘b@dd_deﬁn ctese to the whael which is very
unzafs. Ths wheels of'Trucks being winder then the weighing
“platform would oftan cover the scale wjhdow making i1 still mors
'dfff}cui?_+d réad.fhe weiéh? measurement. Thirdly, the minimum
divisiﬁn of scale Is in‘huhdreds of Lbs and Kg and large roundings
“have 1o be made. Fourthiy, the maximum limit of the machines

is exceeded by sevaral trucks. This may cause damage to the
machine, Finaily, Thére were frequent break downs. Out of =
total number of six. machines five went out of order one by onc.
The survey ended with only ene machine in working otder. the
pessibility of errors dus to defective warking of the machine
cannot be ruled out., Some variations in results are in fact
Tfaceabfe_fo defective working of machinss. A record of break

down of Machines is given at Annexure 1V,
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Chaptar |V

TRAFFIC VOLUME & PROPORTION OF VEHICLES GOVERNED

Traffic Volume

Infermation on volume of traffic is needcd for determining-
the propertion of different types of vehicles in the +raffic Stream
and the proportion wiaich the vehiclhes sdrveyed formed to the total
traffic. With +hi5 cnd in viow, information on traffic volume
was collacted concurrently with first round of the survey and‘is
given in Appendix Table 1. For subsequent rounds,-traffid voluma
was not obtainad and is assumed to be the same as for the fir%f

round.

There is. considerable variaTaon in The voiume of Trafflc
at different survey pOinTs “The h:ghes1 +rcffrc-was 6633 Vehicles
on Lahore Gu]ranvwata road (survey point 12) and lowest traffic was

363 ‘vehicles at Dadu- Larkana road (SUFbe point No. 30).

The numbcr of +ruck5 as:é'propor?ipn of total traffic.
(col 12 Table 1) varled from‘{S% at Abbottabad Mansehra road
(survey po:nT 2) to 80% ﬁ+ D.G. Khan Fort ﬂunro Road (shFVey
point 22), However, when the data is grouped with class infervals
of 1000 vuhicles, +he propor?lon of Trucks varied be+ween 38¢

and 45% of vclume, Thﬂ average betne 42% as follows

Tratfic Volume and ?roporT;on of Trucks

St. Traftic Volume Trucks as No. of survey
to, vehicles per day’ % of total points
[ Upto 100C 44 10
2. 1001-2000 ° ‘ 41 11
3. 20601-3000 45 7
4. 3001-4000 .. 38 4
5. 4001 and over 43 3
T “_ﬂ_ ,:.«ﬂ,‘.“._/42l.M I 2

Source: Compiled for Table 1.




ProporTion of Trucks‘SurVéyéd.

In all 31,746 trucks ware surveyed excluding observations
rejected due to in-accuracy or inconsistency: ‘As compared to this; '

the 24 hour volume of trucks Qh all the 35'roadlsecfiené is 20,487,

" Thus the number of vehicles surveyed dufiﬂgAfour rounds arc 108%

of 24 hour volume. This means that sfa+is+lca¥|y all fraffic at

‘selaected read sites has been covarad.

- There were four survpy'rounds at first 17 points and
three rounds at the other 18'poin+s.,The humber of +rucks surVeyed
““at the first 17 points amounted to 1299 volume and at the fater
+ 18 stations 90% of voidheg Detalls for individual survey poih+5 |
‘are given‘in Appendix Table 2. -

Rela?lon hip bbrueen volumo and prqpor?:on ‘covered:

A , Thb proporTuon of Trucks surveyed varled inversefy with

o vofume P.e. wheére The volume was low the coverdg was’ high and vice.
versa., 'Hoﬁever, fhe absoluTe number of trucks surveyed tnitially
‘increased with 1ncrsase in volume-but affor the capaC|+y of the
sqr#eyITeam was reached, the nunber remnined constant. This is -

_ amply'shdwn.ln T ble below:

Volume of traffic and proporTnon of trucks surveyed

Average dallv : _Average ERRISRe Percent : No. of

vo'l ume of ftrucks . surveyea surveyed points
Upto 500 B B - SR -
501-1000 . 224 35
1001-1500 , 455 o 32 5
"1501-2000 ‘ 428 25 4
-2001 and over T =485, 18 2
Total: ~  Totee272 o 320 35

Source : Compiled from Table I'V~1and 2.
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it witl be se¢en ffom‘fhe above tabte that at places
with tess than 500 trucks daily, 141 frucks were surveyed.
The number increased ¥fo 224 when the volume of frucks
‘ncreased to 500-1000. With further increase in traffic
ts 1000~1500 frucks, the numbers surveyed reached Yo 455, Yith
further increase in volume cof ftrucks, The coﬁerége did not
increase. Thus the preporticn of trucks surveyed declined from

534 +o 18% with increase in volume from 9500 +o 2000 and over,

Nistribution according Yo survey round and load condition

The numbor of fTrucks survey during each round were as

follows:

Mo. of trucks survevyed according 1o rdund and load condition
O N B g Fa-

1
Survey! ! Nos. surveyed
Round ! Per iod i Total ; Loaded TEmpty
lSTV 2.5,81 -~ 14.7.1981I 8876 7965. 3 911
2nd 8.8.81 = 1.11.1981 8883 8765 118
3rd 12,11.81 = 27.12.1981 9912 9893 19
4th 14,3.82. =« 9.4.1982 : 4075 - 3489 586
Total . . 31746 30112 1634
Source : Compiled from Appendlx Table 8.

Thé increase in number of frucks surveyed during the
Thnrd round was, broadly the result of experlence gained by
the siaff durang carlser rounds. The less number of observations
-'durlnn the fourth round is due to the fact that only 17 survey
A.posn+s were covered dur;ng Thls rouind as agalnst 35 points |

covered in ?he first fthree rounds.

Loaded and Empty Vehicles

_ Out of 31,746 vehicles surveyed, 30,112 (95%) wero
loaded and 1,634 (5%) empty. Most of tThe émpfy vehicles were
surveyed during fﬁﬁsf and fourth rounds. As little variation
was expected in the wéfghfs of éempty thicles; the number of

observations of such vehicles made during first round werec




)
(%2
h

'

censidcred to be sufficient fo give reliable results. As such,
weighing of.¢mp+y vehicles was not emphaéised during Second\
and third rounds, During these rounds, empty vehicles wars
surveyed far and few only at placas and at times when loadcd
vehiclas were not available, Howaver, variations in averags
fead betwaen the first fwo rounds lead fo the need for
additional data., Accofdinaly, The wpithng of empty vehicles
was . again increased durrng the fourth round to verify. the
esults of The first round. Hence THO 0rop;r+:on of 1mpfy
vehicles in the fourfh round is aoouT 16, 7¢ which - 15 the

h|gheq+ of all.

_ The proporT:on of empry vehicles lndlcafcd above is

in ho way rbprdSBHTaTlve of comp051+10n of ioaded and ampTy
:goods vehictes whlch smould be determined |ndepandenTEyt OTher.
sUrveys carrled ou+ by Thls Cvnfre indicated that on Thé”" |

average 30% of,Trucks.are-empsy.




hvsrage Loads
The main results of fthe survey provide average axle loads ..

with standard deviations for each survey point and Foﬂnd, Taking"

all survey points fogethsr the averags axle oads of loaded and

empty vehicles have been found as follows:

Averéqe‘hxle Loads (Kg)"'

(with standard deviations}

Load ' Front Rear.!; __
Condition Axle - Axle  Total
Loaded - 4343 10,020 14,377
(705} (1931) . (2438)
Empty 2868 2308 6177 .

(475) (952) (1219)

‘The average Rear Axle Load of 10,020 Kg is about 23%
above the maximum limit of 8,165 Kg = 18000 Lbs.

The detai!ls of average loads for aach sufvey point are
given in Appendix Table 3. Variations according to survey points,

rounds, etc. are sxamined In subsaquent paragraph.

variations between survey points

Average vehicle loads varied between survey points both

for loaded and empty vehicles. The distribution is shown below:-
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Distribution of.Survey Points
accerding to vehicle leads

Loaded Vohicles ' _ Einpty Vehicles
Averags Leoad No, of survey - Average load Ho., of survey

1000 Kg P0|ﬂ+5 ' ' 1000 Kg- points

12.00 - 12.99 3 5,50 - 5,99 9
13,00 - 13,99 7 6.00 - 6,49 11 o

14,00~ 14,99 17 6.50 = 6.99 6

15.00 - 15.99 . g 7.00. - 7.49 6

o 7.00 - 7.99 3

Total: . 35 e Total: 35

Ln‘+he case.of'?gaded-frucks, 17 of the 35 5urvey'poinfsf
have average .focad of 14.00 - 14.99 tons another 15 survey points .~
are within + TITon._ Three survey points have !Qs$~+han 13 ton
weight., These were-éawaipindeMurree, Abboffabad -Havelian and
Peshawar-Torkham - al| hlily areas Jn the north. The highest
load was 15.423 tons af Que++a Nushl ~road This was followed by
Larkana-Dadu (15,312 tons), Rohr;-Khéirpur (15,254 +ons) Other

places were in beTween the fwo ex?remes

In +he,case of empty vehicies; 11 of the 35 survey
points have average load of 6 00-6.49 tons and anoTher 15
points are w;fhin + 0.5 tons. Thére are 6 survey p0|n+s with
7-7.5 ton average load anc 3 poin?s wu?h 7.5 to 8 tons,
Extreme values exceedJnQ 7.5 tons may be due to heavy
weight VchIC]G or due to errors of coding and data
processing. The number.of observations in this category are

“only 18.

As a general observation, loads in the northern hiily

careas are fower and on main trunk roads near Karachl higher.
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Cistribution of load over Front and Ruar Axles

The distributicon of load over front and rear axlos
veriusd according to gross vshicle load. The dats shows +hat
tor & gross load of upto 6 tons, that is, when The vehicle

is empty, The load is nezrly evenly distributed over and

front and rcar exles in ths ratic of 45:57. The addition
of loac on the vehicle increases the Inad over both front
and rear axlos, but the increase on the front axle is one
fourth.of the increase on the rear axle. The ratio of

48:52 for tha empty vehicles is changed to 30:70 for leaded
vehicle. The relationship is shown in Appendix Table 4,

The regression of toad on front and rear axles as & functior
of gross load in linear and log form using *the data in

Appendix table 4 oprovides ths following results:

Results of Regression Analysis

‘ 2
Form of Equation a b I
i) Y, = a+ b X 1.47 0.21 .92
f g ‘

Pi) Yr = a+ b ><g (=) 0.34 Q.72 .95
.oy _ b . - ga
iii) Yf = ax ) 3.01 0.56 .84

vy Y= ax” (-)  0.64 .02 .85

Yf = Loadion Froent Axle
. lLoad on Rear Axle
Xg = Gross Load
= Constant
= Coefficient
r2 = Coefficient of Determination
The following graph iliusfrafés the dLSTribufion of

load over front and roear axles.:
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Oistritution of Vehictes accordinag 1o
rear axle lcad - coverloading

The pircentage distribution of vehicles according to

rear ax!e lcads has been found as follows:

Percentage distribution of vehicles according
to  Rear Axle Loads (loaded Vehicles)

k@aé flass % of Vehicle Load Class 7 of Véhiqlg
0~4.9 1.6 10-10.9 23,7
5-5.9 2.3 11-11.9 20.8
6-6.9 3.5 12-12.9 10.0
7-7.9 6.0 13-13.9 - 2.4
8-9.,9 11,4 14-14.,9 0.7
9-.9,9 17.3 15 % over 0.4

More than 8,2 = 83.74%

Average axle 1oad of 10,020 kg and standard deviation af
1930 mean that 83% of the vehicles will be overloaded.* This
is exactly the ratio given by actua! distribution, Details

for each survey point are shown in Appendix Table 5.

Assuming normal distribution

* M- 8165-10020 _ _ ~
Z = = TS50 = .96 = .168571 = 83.15%
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As will be evident from Table S, 13% of the loaded

vehicles have less The 8000:kg axle load, slightly lower

“than

less Than 8 200 kg (Maxlmum Himit rounded'To nearst 100 kc' ff;

The'maximum Limit of 8165.kg)'17% of the vehicles are

however, a 10% plus varlaflon is allowed in maximum limit,

say,

8.99

will

for @rrors of measurements etc. and vehicles in 8 7o

ton. load class are not considered as overioaded, fthere

stitl be 75% vehicles which will be overloaded by this

criteria. Above that ifmif 58% are more than 10 tons, 35%

more than 11 tons, 14% more than 12 tons and 4% more than

13 tons: The significance of vehicles in each toad class

for road damage will be considered in a subsequent section,

Distribution of survey points according to Percentage

of vaehicles ovgrjoaded

The distribution of survey pbinfc accordlng To

percent of vehicles overloaded Is ‘as follows

. DlsTrlbu+|on of survey po;nfs accordlnq
T to % of Vehicles Over!oaded :

.Lgh, B
L ot
]

% of Vehlcie ' , No.3of Survey';

. over!oaded _ . points
60-69
70-79 ey
.80-89 e A b
90 and over - = ' —1]“
S 35

Var|a+1ons bstween survey poinfs are no+ much

Evidently, “there 1s no. survey point with less Than 60%

vehiclies overlecadad, There are_Q.p0|nTs W|+h.50“69%

- vehicles overioaded, 9 points with 72-79% and 11 points

each wlth 80-89% and 90% and more vehicles overloaded.

Vehicle‘accordinq to commodities

to TYﬁeé of.éommodifieé carried &re shown in Appendix Tabie 6.

Average axje loads and'éTandard deviéTionS'according

For classification of commodities, Pakistan Standard Trade

Classification upto three digit level has been followed.

i
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Commodities which were found fo te most heavily lcaded
are aiven below:

Heavily .Loaded Commodities

S.No. _Commodity _ Gross Load (Kg)
1. Rice 15,962
2. . uneat 15,715
3, Onions . 15,564
4. Marble 15,602
5. Scrap - 15,688
6. Animal . 15,485
L 7i. cicoal 115,186
8, Cement i5113f-‘
9. Gur .. 15,087

‘Distribufion: of Vehlbles according_io Type of Commod1t1 Carrted

The grouptng of- vehlcles into broad commodtTy categories

"shows that 33% of vehicles carr(ed Agr1cuITure andrFood products, i

25% carried Mining, Qarryihg,'16% Manufactured goods, 10%

Miscel |l aneous (General Merchandize), 6.3% P.O.L and the remaining =

10%?éll other commodities. Details are shown below.

Distribution of Vehicles according
to main commodity groups

) S No. of , % of
- Code Commodify Group ‘ “ Vehicla - Total
100 -AorlcuITuraI Products 4,720 15,7
200 Food preparations 5,118 2 17.0. .
300 Animals &.animal products =~ . 871 2.9 .
400 Raw Materials : 2,050 6.8 °
500 Bulk Manufactures . .. 2,370 7.9
600 Basic Manufactures ' 2,300 7.6
.700 Miscellaneous 3,183 10.5
800 Mining and Qarrying 7,409 24.6
900 .. Fuel and Lubricants ’® - -~ 1,906 = ) S 6.3
‘ v 0.7

AOO - M{scellancous: - S Taes TR

Total: 30,112 100,00



~ Sgasonal Variations-

Four rounds of the survey over a period of onc year

corresponded To seasons of the year, I+ was expected that
differences ia averages loads “Tween rounds would reflect
szasonal- variations. However, average loads appsar to have

becn affected by so may other factors that it seems difficul?
to ‘isolate the cffect of ssasonal variations directly from

average axle loads. during four rounds.

Scasonal variztions can. arise largly du ta
differences in types of commod:flbs carried at dlfferonf

times of the year w1+h varying igad factors,

. Besides, soms differences In average loads for
+he same commodity can arise.due +o the fact that when a.
Tcommodity is.availéb[e.in large quantijties in season,
vehicles-will be fu|ly,!oadédﬂ 0ff the season, thers
might be sundary !oads.of such a commodity and average
loads can be !owor than in The-season; Hﬁwever; such

ditferences will be nominal.

Mostly, agricultural commodifieslgﬁﬁjeéf to
scasonal variations - wnea+ rice, cotton, sugércaﬁe;:eTc.
will be found in bulk" durlng %heﬁr'harvesf seasons: Some
industrial inputs like fertilizers have éisé'seasohal o
character. The average loads will be lower in tho season
when relaflva!y more cotton is carried and ‘higher . in the
other season whan more 'wheaf is carrled The proporfaon of
veh|c}es carrylng dtfferenf types of commodities WI‘l
+hercfore de+erh|np the exTenT of variations in vehlclo
loads. Thercfore, in order to find seasonal var:a*lons in
axle Ioa&s, di fferences in types of commodl+1es carried

during four’ rounds may be examined.

Differences in Commodities carried betwesn survey rounds

The percentage distribution of vehicles according
to main commodity groups and survey rounds is shown In
Appendix Table 7. e




i+ would appear therefrom that tharc is littie variation betwenn
rounds. For axample, propertion of trucks carrying agricultur=l
commodiTies varisd from 31.,2% in 2o0und | to 36.55 in Round ||
with avaerage of 34,1%. Simitarly maﬁufacfured;ggods varicd from
26.9% in Round 111 to 31.8% in Round. ! ﬁTTE eQLragc of 28.8% for
all rounds. However, the propor?son of vehicles against mining
ard aarrying is higher and against erL,and lubricants lower in
Round IV than the other three rounde. This maQ be duc to the
reesonlfhaT‘Round IV Was incomplefe The places with mln:ng
quarrying Traffic were surveyed and’ Those with nore P.,.L, +raff|c-
-néah'karachi were-not. As such fthe proporfion ofrone is-higher
Land ofﬂfﬁeJoTher.jowef. R |
_1,9: - Iffis eyﬁdeh%}thaf ‘seasonal variafjons} aerresu|? of
".differehees in types of commodifies’cafried 'ére;nof significant.
.Variaflons on ThES ﬁccounf Ef any, are over shadowed by other
factors such as errors o measurcmenT and dnfferences in loads

cgrr:ed dy lndiv:duel veh:cles.

/ rsaT:ons ba eenﬂéurvey Rounds

I . e Co s _ .
“Variations in average lozd at a glven survey point-

at differeﬁ+i?imee of THe‘year czn arise due to differences

in types of commod|+|es carried whlch in*Turn may be the

resuIT of seasonal variations in demand or supply of dtffereaf
commodlfles. HOWuVDF, djfferences in individial commodities.

will canceiieach other resulting in a reiafiveTy smaller
variation within groups of c0mmodi%1esl_'Forfexamp(e more'wheaf
may be carried durlno sumnur and more rice dur|ng W|nTer. Lo
Loadabi Lity. of- +he fwo commoleles s similar. Therefore, Taking”‘
agriculture as. a who!e, There may ba I[Tfledseasonal variation,
Differences bestween groups wFiE be smal!ed than between:

individua! commodlfles.

In addlflon, gt fhe commodiflus subJeCT +o seasonal
_variation are snalier propor+|on of overall volume, chenqes

in their comp05|flgn,W|ll_have Vittle effec+ on overatl average.
S A S RS



For example, mining 2and quarfying account for 15% of loaded
vehicles. A 107 variation in the weight of vehicles carrying
such commodities will result in only‘W.B% variation fn overall
average weight. This may be quite small particulariy when

scveral other -factors.zre also affecfing the average lo=2¢.

|+ has been shown in ths precedinag section that
differences in types of commodlfles carrlud durlng different
survey rounds are not s#a+jsTJCally,5|gn1f¢can+. As such,
differences in average lcads due fTo changes‘iﬁ types of
commodiTies carriéd befween sufvey:rouﬁds should also not -

be significanT.

From ia defalled ex*mlna+|on of var:af:ons accord|nc
to survey rounds in Appendix Table 8, The foI!OW|ng poanfs

emerge

ARE Averagp ipads for FtrsT Round of*the SurVey

' are lower than average for-all rounds. The
‘difference increasas: with weight and ls more
for loaded  vehicles "than for empty vehicles,
and for Rear Axles Than for Front: Axtes

i) .The averago vahicie ands ‘tor first rounds are
8% less than average ‘for.all -rounds. The
di fference “in resar axle load is 9% and ‘in front
axle 6%, ' .

i1i) ,The load of empty vehicle Is only 2% fess than
' average with reat axle being 1%2. less and front
axla 3% léss than average.

iv) The average loads of |1 round are higher than
' average tor.al! rounds. The difference is of
,.5% . in-vehicle Ioad, 49 in rear axle load and’

f6% in front axle load. - ‘ :

V) ‘The difference between The.EirsT and,Segoqd
Rounds is of the order of 134, The averdge’
loads of first and second round combined are
however close 1o overall average.

Further examination of foads for individual
commodities indicated that average loads of round | are
tower than overall average for commodities which
are subject to seasonal variation and others equally The
percentage d|ffercnces in the loads of a few setecTed

commodities in four rounds are shown below for illustration.
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Percentage differences in loads of
solected commodifiaes during diff. rounds

Commod ity RO R.ELRUILL RLLY Total
Wheat 83 104 102 105 100
Rice © 91 toa tor ¢ 97 100
Cement 92 103 101 101 100
Fertitizer 96 104 101 100 100
Coal ~: . 93 =106 100 101 - 100

_Diesel 96 . 104 - - 100 08 100

The results are the same ad indfc&fed,befbre, that 1s,
average loads for | Round are less Than average for all rounds
4 difference being 4% to 12% for different commodities. The
average load for 11 Round is higher by 3% to 6%, The average

for JII and IV Rounds is similar fo average'for all rounds.

:Somefof the differences in loads were -found to
coincide with changes in wesohlno machlnes The firs+ machine
broke down at survey poin? No- 24 durtnq - Round and a spare
machine was Inducted. The average we;gh* increased by 2% points
on succeeding survey peinfs The second machine broke down at
+he end of the first round. Therefore, in the second round
both the previous machlnes were DGT and other machines were in use
The average weight was higher The Third machine broke down
‘near the end of Second Qound +he other was withdrawn 2s reserve
and two new machlnes were Durchased and used- in the Thlrd
"round The average ioads became normal. - An. accounT of break

: down and usage of differen+ machlncs is gsven at Annexure i,

) The fact that d|fferences iniaverage ioads ars more
'_for Ioaded vehicles 1han empfy vehiclies and for rear ax|es
" than for fron+ axies is explatned by The +ype cf distorticns
caused by cer?atn types of defec+s in machlnes Two types of

(1)

dlsforflonsrcan occur in such machlnes These are shown

in ?he'dieéfam on +he.nexi page.
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In case | the meascred weight is lower than the a2ctuzl by a
constant amcount. In case |, tha difference increasces with
Weighf. The second type of error seems to have occured betwoen
Round t and |1, |

In view of the differences indicated above, it was
considored whether any correction should be applied to I and’

{1 Round data or one or the other round should be excluded
from tabulations, Howesver, i+ appeared that errors of

measurement of the two &Rounds cance! out cach other and average .

&)

rasults are the same as fcr all the four Rounds.. |t was
therefore not coqsidered‘necessary to intreduce any correction
which may infroduce its own distortions, Besides, there arc
advantzages in retaining Iarger-dafa for various other statistics
such as .type of commodities carried, origin, destination, Make,

retained in its coriginal form.

In view ef the differances in results of Rounds
I and {1 0%t becamé necessary to check the reliabiiity and
accuracy of data., For thls purpose, a special survey of truck
weights at Quetta anl Mines and Karachi Octroi Post was '

carried out. The results are described in a subsequent section.

Variations according to Time of the day

The present survey was carried out for 24 hours.
continuously at cach place, The cost of such surveys can be
reduced considerably if opsrations are confined to day time
only ¢r part of the day provided differences in loads according
to time of the day, if any, are known. Accordingly, in order
to find cut If there are differences in loads by time of the
day end the extent of such differences, the data was compiled
according to time of the dey with four hour Intervals., The
results are given Appendix Table 9. The data is also shown

on the graph that follows,
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Although the highest lcads are at mid night fraom Oﬂ‘Oﬂ

hours and lowest in the morning from 0&-12 haours, the differencs

betwoen the two extremes is only 8.8%, The difference between
day and night time loads is only of 3,2%. HNight time loads ar.
1.6% above 24 hour average and day tims loads 1.6F bslow 24 hour

averaac. The cay time lcads can Thus be inflatsd by 1.6% Tﬁ
arrive at 24 hour average. Howaver,. b\,forn ‘us.i-ng such r=t|o
mora statistical analysis would" be n@c ssary which ts‘beyond

the scope of présen+ report.

I+ may also be noted here that Standard Deviations for
the night tTime Ioads are smalter than for day time loads. This

Imp|IJS that Varlaiions in tcad are Iess durlng night hours,

There are two possible reasons- for lcads at night being
higher'fhén during the day. i Firsf ocverlosded frucks find it
converient to fravel at night when traffic is re!hfivéiyisparse.
Second, the local retail Cﬂrgos whlch are picked up and
delivered durlna business hours are not found nf night. Their
exclusion increases the average load at nlgh? ~This vﬂsbeCT

needs further an35y515 before ﬂrr1V|na at any firm conclusions.

DisTribuTion of Vehicles according fo Make

Although Bedford is the make which dominates The scene,
there is a variety of other Makes as well., Partficularly, some
Japansse makes are coming up fast in ?he'ma(keT:A.By virtus
of their design certain makes have igrberHCﬁp Ci+§es, heavier
axle loads, and more damﬁg|ng gffect than others. In order to
identify such makes and precise amounts of their axle loads,
information on Make of the vehicle was also 2dded in the
questionnaire. However, recerding of the information was

missed for 4315 cases which remain-un-spccified.

In al!l 17 Makes ware |den+1f:ed The number of
vehicles observed for each Make are given in Appendix Table 10.
Evidently Bedford dominates the scene and accounts for 96.5% of the
vehicles. This is followaed by Nissan and Hino which are about
19 each. Other Makes are less than .1%. The vehicle fleet is thus

well sfahdardized.




Axle Loads according to Maka

Average Axle Loads for .main Makeé with more than

50 vehicles in lcaded and empty frch are gfvaq In Appendix
Tabie 1. I+ would be scen That Mercedés and Missan are the
heaviest vehiclcs W|.h-unladcn wo 1gh+ of 8,475 Kg =nd 8,794 Kg
A.énd groés lcad cf 19,497 Ka and 18,957 KG rosmec?|Vbly As
camparad to this, unladen weighj:and gross load of Bedford is
5,371 kg and 14,619 Kg respecfivély. The rear axle load of
Mercedes and Nissan are 12,885 kg and 13,071 kg raspectively as
compared to 10,206° kg for Bedford 'ther vehicle Types_afé
imlfar To Bedford excepf Hino ané lsuzu which are stightly

hesavier Thcn Bsdtord.

Distribution of Badford Vehicles according to
yvear of Manufacturse - ‘ :

Infurma+|f' on Model {Year of MénufachrQ).Qés also
Vco||ec+ud zlongwith Mzke. The results ére meaﬁindfﬁl for
Bchord vehicles only as the number of observaflons were Iarge
enpugh;fo enable compllafaon. In_other cases, the number of
ébéerva%ibns are quite small zand ?hefejore cpmpliafion is not -
maaningfuj. Some of'The old vehic(esAlike AusTfn, Dodge atc.
are Ief?-oVeks‘of"bfd ﬂakes. ~b+hers:are'9f recent years.

The QLSTribufion of Bedford-vehiclgs accerding to vyear

of manufacture is given below:

Percentaage Distribution of Bedford Vehicles
according to. year of Manufacture

Year (Model) Parcent of Vehiclei

1960-65 o 6.0 -
1966-70 17.3
1971-75 ©30.4
1976-81 . 46.3
Total : ~ 100.0

i
- .

“Further details are given ip Abpendix Tabie 12,



It would be evident frem the abcwve that A6% vehicles
are  1-67years oid, 304, 7212 years o14 and 25% are more than
12 yerrs cld, The entry of new vehicles in the . flact has
not been smosth in the past. RRather, there have been wide
Fluctuations., | f the entry of naw vehicﬁes Qés.smobfh avar
the yezrs, the number of_véhiCleé of any year would have been

larger than pracecding vyear.. This is not. howaver thg case.
REFERENCE

(1) 6General Electrodynamics Corporation, “Operation, Service
“and Malnfenanceé Manuzal of Portable Whee!l Lcad Weigher?, USA.
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Chapter V|

EOUIVALENT‘STANDAQD AXLES N TERMS OF DAMAGING EFFECT

Relation of Load to Damaging Effect

The Jamaging effect of an axle jfoad increases nct in

A

prépcffion to weight, but by 4.5th power of the weight. Rescazrch

has indicated that for identical roads carrying ldentical number
of commercial vehicles, the useful tife may, in extremc casés,
vary by =a factor of ten duse +qmdiffefences in distribution of
axle Ioads. Therefara, for“bdﬁigges-of pavement design, varying
axle iocads are expressed by a ccommon denominator in terms of
']8000 Lbs .standard éxles_according to their damaging effect.
RaTing.The'sTéhdard 18000 Lbs axle as unity, and using the

4,5th powér relationship, a 10,000 Lbs (4540 kg) axle would be
equai to 0.07 standard axles and 1/.07 or 14 passes of this

"axle would have the same damaging effect as the one standard
axle., At the ofher extrems an axle load of 40,000 Lbs (18140 Kg)_'

will have 36 times the damaging effect of a standard axie.

The whole axlie load data is geared to the concept of
damage caused by a standard 18000 Lbs (8165 Kg) axle and the
numbear of passes'of'ofher axle lcads required to cause the same
damage. Accordingliy, 18000 Lbs (8165 kg) equivalent sTandard axles
for have been calculated for loaded vehicles for each road section

in Appendix Table 13,

I+ will be noTed-ThéT anraVerage loadad vehicle is
equal to 3.22 standard axles on the whole. However, there
is cbnsiderabie variaticns between survey polints. For examp[e;
at Rawalpindi-Murree Road an average loaded vehicte is eqdaf,:

to 1,75 standard axlies as compared to 4.4 at Quetta-Naushkli Rqad;; 

The distribution of survey poin+§ according to equivalent -

standard axles is given below,
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DlsTrlbu?ion of survey ponn#s according 1o
PQUIVﬁlonT standard axles par loadod vehlicle

Equivalent Standard No. of Survey
Axltes " Points
1.50 - 1.99 1
2.00 - 2,49 o 5
2.50 - 2.99° |
3.00 - 3.49 . 12
. 3.50 - 3.99 ' o 1
4,00 - 4049 1
Total : = .~ 35

There are 23 sfar!ons with equ1va|en+ facfors of 3.fo 4
10 sTaflons with" eqUtvalenT facfor from 2 To 3 and one STa+|on

each with equlva!enT factor less ?han 2 and mare Than 4

respec?lvely.

PFODOFTIODETE Damaqe by Vahlcles i dlfferen+ and c!assesr

_ As has been: ;ndscafeg before; the- damaglng effecT of
an axle toad increases at a much higher rate Than the, lncreose
in load. The overlocaded JEh!C!GS Thus cause dlscroaorTlona+ely
Iarge_damage to the roadVSTrucfures. Thé percen?age of damage
caused by vehicles in different load clasdes’'is shown in the

Appendix Table 14.

The conclusions'are'obviousl'ZS% of the véhicle not
overloaded, including vehicles in load class 8-8.9 tons which
are slightly overiozded but not considered as such, cause only
69 damage, 42% vehicles upto load class 9.9 tons cause 16%
damage. On the other extrems, 3.4% vehicles in load class 13
tons and over cause 11.5% daﬁage, 13% vehicles in load class

12 tons and over cause 32% of damage.
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Damaqfnd'E$fec+ of Loaded and Empty Vahiclas

The major proportion of damage is caused by rear
axles of loaded vehicles. The front axtes of loaded vehicles

and empty vehicles have far smaller damaging effect.

The disTribuTIOn of loaded and empTy vehicles according
to loads -of front and rear axles and damaging effect of each '
axle based on 4,5%th power of the ratio of load in each class to

the standard axle are shown in Appendix Table 15,

it will be seen-therefrom that a-loéded vehicle is
equal’fo 3.37 standard axles of which 3.3 arc due To rear axle
“and .07 due to front axle. ‘Any empty vehicles is ‘equal 9.124
standard axles of which .080 are due. Yo rear axle and 041 1
dueifo fronffaxle;'The essenTIaI point to prove here is that
major proportion of damage (98%) is due to rear axle foa;s_qf,

‘loaded vehicles._ Accordingly, it would be sufficuen? to .

consider. on}y Fear axles .of IoGﬂed vehlcies for slmplyfing

+ho survey and COPPUTBTIOHQ.

L.

DamaQtng,Effecf of Averaqe Load VS, averaqe Damaclng
Effect of indIV|duaI Loads.

It may be addéd hef§ that damaging effect of éverage
load and average damaging effect of given axle loads are
guite differenf. In the former case, fhe loads are first
averaged .and then the damaging effect of thls value is
calculated. Tn the IaTTer Case, damaging effec+ of individual
loads: Is5 ca}dﬂla+ed and Then averaged .An exampje will make -

‘the point cleaf.
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Damaging Effect of average load and
average effect of indivjdual_loads

Axle Load Equivalent
S.No, Tons Factcrs
i, 4 .04
2. 6 ' ‘ .25
3. 5 . .91
4. 1o . 2.49
5. 12 C 5.65
Totals - __ 40 . 9.34
Average . 8 | ~1.868 -
Equivalent o o
Standard ' - = 0.9l o , 1.868 -

Axles o ' S

tn the above exampfe,'+he average Ioad,bf_8iTonsjs
equal fo 0.91 sfandard axles whereas average of standard -

axles of individual loads Is 1.868 standard axles..

7 The average éxteq]oadqupnd dur}ng fhé'sgrvey is
10,020 Kg. , The damaging effect of this figure will be 2.46
5+andard.axies.' waever; the average of démaging effecT of

individual loads is 3.3 standard axles, a difference of i34%,

in certain design Hanuals equivalent standard
axles are claculated on the basis of.averagé vehicle load
which Ts'an'The correct method. Hdwevar; with the
:availabilify of present axle load data, it would be possible
to calculate équivaienf‘axle'ioads on the basis of load

disfribqfions.
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Cha E er V1|

VERIFICATION OF DATA & COMPARISON WITH OTHER SOURCES

Cross Checks -

An order te cross check the surveay dafa, information
was collected frem alternative sources independahT!y and weights
of trucks carried out at Quetta Coal dines and Karachi Octroi
Posts on fixed Type,weighing bridges wére obtained through a
special survey. AT Quetta the weighing of trucks is done ‘for
sale of coal and is therefore supposed to be more accura%e,fhan
for other purposes. The trucks are first weigﬁed in empty form
and then afTer‘[oaded‘of cecal. The difference between the. gross
and unladen weight prévidés the net weight of the commodi Ty for‘_'
trade. At Karachi +the wefqhing of incomling +rucks is ddne for.
collecting Octroi. The resulfs of weights at fwo places ars

given in Appendix Tables 16 and- 17 raspecfavely and evaluated beiow.

Weights at Quetta Coal Mines

The averégef*oadr6f;14:55éjkg-af Quetta fs,4%_{ess
than average ioad of al coél Trucké in Axle Load Survey for all
rounds comblned (15 184 Kg)l. However fhe"overéfi average for
Queffa lncludes 57 veh|cles hav&ng desflnafuons within Queffa'
region and 66 ‘vehicles with des?lnafions in. other Provinces.
Tha avcrage load of the former’ Cafegory lower - (14 123 Kg)
than the fatier (14,940 Kg)._:The latter category of vehicles
are.the ones most commonly fqaﬁd'dufiﬂg Axie Loads Survey and

comparable to i7,

The dlfferences between Axle Load Survey and tricks with.
dostinations cut side Quetta Regiod is only 1.6% or 244 Kg. - '
This may be due fo the fact that during axle load survey trucks
were weighed with labour and their belongings on the vehicle
while.at Quetta only truck with one driver is weighed. The
difference of 244 kg can be accounted for by 3 to 4 extra

persons on the vehicle.
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I'n the case of empty trucks the difference is of 6%.
This may be parfly dus to The reason given above and partly due
t+o tha fact that cmpty trucks contain scme left over commodities
which are removed before ra{oadingrfhé vehicle. Some difference

'may be dus to tfype of weighing machines and weighing methods.

Hejahts at Karachi Dctroi PosT;

~ The average loads at Karachl OéfroT Posts are some-what
 h|ger than axle load survey. The- difference between Octroi Post
waights and axl's load survey. for aii!VChtC1&S is 4%. The reason
is obvious., Axle toad Survey includes 35 plapes_wufh varying

- average. ioads The survey points near Kéfacﬁirwoﬁld;be more
'.releVdnT To compare The difference between Octroi Post and
CoAxle. Load we1qh+s aT Karachl Hyderabad Super-Highway is 1. 6¢.

* The :Octroi. Post and axie Toad " welghfs at Hational Highway are
very close to each ofher. Thus fhe loads at Karachi.Octroi

Posts are- also comparable to Aerquad Survey.

: The abov@ evudence futly proves the accuracy and
retlablllfy of axle Ioad survey ‘results. In-fact cne of the
advantages of a iarger survey Is that'differences due to
several factors cancel’ each other and a stable and chsESTenT

average:is obtained.

;s Comparison with other sOurces

Prior fo ths prcsenT survey, preliminary axle laoad
_surveys were carried out in PunJab and Sind by the Third
Highway PrOJecT Consultants in-1977 -and 1978. The results of
these survays are given in Appendix Table 18 with correspondlng

figures of the present survey for comparison.

In the first instance it may be indicated that the
number of observations in previous surveys in Punjab and
Sind are far smaller than the present country.wide survey.
The observations for Punjab are less than the average
observations made at any place in 24 hours in the present
survey. The observations for Sind are also about the maximum

made at several places during the present survey.
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N The number of observations for empty vehicles are still
smaller only 6 in Punjat and 14 in Sind. This number is not
sufficien*lfo'give reiiable estimates, 'Perhaps this might have

been the reason for carrying out a country wide survey.

As for tha results, it would be seen that in Punjab

average weight of a loaded vehlicle is highér and of empty truck.

‘lower than in Sind,

. - ! T . L .

The average loads of loaded.trucks are within fthe range

of variations observed durihg the survey. The differences.can
be due to differences in commoditics carried by vehicle at

different places as appears to be the case FGr Punjab and Sind.

’ As regards empty trucks; the average Ioad-IUISinﬂ'is
also closs to the survey fesults., However, the average Qiegh?‘
in Pqnjab (5.5 tons) appears rather low. The lowest average
load of empfy vehicles observed‘duhing axle lQad $ﬁryey at

~any. of the 35 survey poin?é was 5;633-ton51;

- The lower value of empty vehicles in Punjab seems
to be the error of measurement due to trickling of machine..
The same element appears to be present To some exteént in

loaded vahicles in 5ing.

~ In view of the above, pfevious surveys do not appear
to be adequa?é‘+o provide reliable results due to their |imited

scope and coverage.
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Chapter VIl

SURVEY OF ®,L.C. VEH!CLES

Background

Guring normal survey operations, coverage of mulfi

axle vehicles ia geéneral and of M,L.C. vehicies in parficular

was inadecuate for several reasons. First, the proportion of
such VLhICibS in tho traffic stroam s very small and chances
of Th5|r scicction for survey still smaller. Secondly, the

weighing of such vehicles raquired mors time and longgr space
which was somc-times not available at survey polints along

road slde, ThIS discouraged the sc|ccf|on of tong véhirlgs
Thirdly, the N.L.C vehicles move in conveys and woutd not stop
individually. This further reduced represenTaTson cof such
vehicles in the sample. Besides, a small number of vazhicles |
checked at different survey points varied greatly providing
means with large standard deviations. Such resulfs are not

much reliable.

~

The NLC vshicles have rece nTIy enterad the road freight

market w1fh Truck trailers and tractor trailers of confalner

"type, carrying buik commodities over long dasfancbs Con5|dorable

interest has evinced in the opsration of such vehicles. t+ was
gengrally felf that loads carried by these vehicles exceed the
design timits by a wide mergin causing proportionataly greater

damage to roads.

In addition to above, information on NLC'heavy duty
trucks and ftractor frailers was also required for the bridge
‘design Manual to be prepared by the National Highways Board

who desieced a specific survey for the purpose.

1 hay be mentioned that NLC operéfions are highly
organized, Their vehicles move in groups with an Officer
Incharge and report aft different staging stations. It is
possible To check Thesg vehicles with the cooperation of
NLC authorities.
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Thorefore, in order to obfaln information on axle loads
of multi axle vehicles in ggnurai and MLC vehicles in particular,

a survey of MLC vehiclos was carrled out at their staging stations.

.Th“‘dafa was compi led Wanuélfy and main Tabulafions were
supptlfd o the National Highways Board soon after the survaey for
thelr imnadiatc use. “The results arc ziso prpsgnfgd ‘in this

Tebbrf.

Time¢, Place and Mumber of Obsurvafions

Thu SUrvcy was CaFFI“d out for +'o days each at six

s+ag:ng Jfaflona covbrlng in d|| 253 vuhncles as follows:

:8.No.. Placs - Suryéy Date . "Mo. of Obs,

1, -Gﬁjrénwa!ar'- 1j;12 Feb. 82 . "9
2. HMultan | 13-14 Feb. 82 47
3, Bahawalpur _ 16-17 Fob. 82 82
4. Knairpur  20-21 Feb. 82 .65
5. Hyderabad 23224 Feb. 82 55
6.

Karach i  27-28 Feb. 82 s

Total:  253-

-

The number of Trucks for diffarent destinations on any
one da?c can vary LOﬂSldbrably “There wgrs very few frucks at
GUJranwala and Karachi .on.-the survey dates. Hencs the small

number of observaticons at these placas.

. Vehicles according 1o numbsr of Ax|es

Of the 253 vehicles surveyed 8 (3%) were of 5 axles
158 (62%) werc of 4 axles and 87 (30%) of 2 akles. According
to load condition 216 vehicles weré loaded and 37 empty. The

Cdetails arc given in Appendix Table i9.




Average Axle Leads with S%andard D\V|a+|ons for
different catesocrias of VUhICIOS are given in Appendix Tablb 290
and @ briaf analysis of these is given in the following

paragraphs.,

~Gross and P t- Loads

The aross load varied‘agcoréing to sizc of the vehicle.
In the casu.of'5'axle-vehic|¢s,‘The'ﬁighesf load was 47.25 tons
for Hino tanker. The load of corrssponding smpty Tankar‘wés
about 20 tons resulting ‘in a-net load of 27 fons, This is about
Cthres timecs the load carried by an Qrdiﬁary 2 ax!a:fruck,'The '
gross lead of 5 axle truck fTrailer wéé 43,45 tons, Any'émp?y

vehicle in this catagory was-not ayailabie.

In the case -of 4 axle vehicles, the averags weight of
toaded and cmpty vehicles wés 37.14 and 14.84 tons }espec*ive!y
'frasui+tnn in a net weight #22.3 tons. In this category, there
%arr 3 makes’ of two typos- viz; Mercedes truck ftrailers, Fiaf
and Hino Tractor Trailer Sami Trailers. There ars considerab}é
differences botwoen these makes. The wyighf of’ Ioédud and
empty vehicles and resulting net load of commod|1lcs carried
. was raspsctively 37,61, 14.68,8& 22,93 fons for # srcedss Truck
Traulcrs 35.71, -13.25% and 22.5 tons for Fiat Truck Trailer and
38.31, 17.15 &nd 21.16 tfons for Hino Trucks Trailers. Thus
Tﬁc Hino Truck Trailer is hzaviest iﬁ unladan wejgh+, carries
_ ralafivéty fess commodities and still has higher;gfosé-load.
The gross load of 4 axles FiaT'Tanker was 31.65. Theg
Corresbondihg lcad:of empty ?anke?'was not ayailabia;

In the case of 2 axic vehicles, the wQ%hh+s“of foadad
thches, empty vehicle and neT load carrled are 20.0, 9.0 and
1].9 tons for: MberdoS, 15. 2 6.4 and 8.8 tons for tho and
13.6, 5.4 and 8.2 tons for desem respdcfsvely dcrcadus
trucks in fhis category are the tractor units of Truck trailer

combination.




AXie Load Distribution

-

In the casc of loaded vehicles, oxcopt for the Front
- ARles, weights of all axlos oxcoedad the maximum |imit of

8,165 Kg or 13000 tbs., with one or two exceptions only,’

In most of The cescs, lcads of roar exlus are highcr

han averags rear axlae leads of 2 axle civilian vehicles which
already exceced the maximum |imit.: The excess was particularly
high for 5 axle Tankers and 4 axle Mercedes truck trailers,

In the cass of S_SXJG vghicles, heaviesf'load'was on
4th and Sth Axles, 13.2 and 12.6 tons for fankir and 10,87+ _
and 11.36 fonslfqr‘Trucks fh Thn case of 4 axle “vghicﬂes“héaVLes*u
fcad on second axle was 13, 196 +ons for MLerddSlf1.4 fons for-
CFiat and 17, 6 Tons for H:no' Thu dis+rtbuT10n 6t load over

different axles ls:mork lvgn for H:no fhan FlaT or Mcrcedas

The axle Ioads of 2 axle VehICI“S are smaller than
of civilian vehlcius ‘sxcept for: Mefckdes Trucks which have a
gross load of about 20 tons’ and~Rear Axle Load of 13.075 tons.-

This iS_The fracfion'uhi+“6?~+railef combination.

Equivalent Standard Axfes ' -

The‘seVeTi*yﬁofnexcessive‘axle.ioadsrcah.be'measured.:
by means of equiVa!enf standard axles which haVb been _7. c |
claculated "in Appendix Table 21, .I't may be noTod +ha+ 5 axie,
Hino vshicles have two tandem axles, 4 axtes Hino and Fiat =
vehicles have one tandem axle each, 4 axle Mercedes truck

trailers and 2 axla vehicles have all single axles,

For a given weight, cquivalent standard axles for
tandem axles are much less than for single axles. Therefore,
Mercedes truck trailers have highar values of equivalent

standard axles +han FlaT and Hlno which have one tandem axle each.

As would be scen from Tabls 21 Mercedes truck ?rai!ers
are equal to 11.4 standard axles and 2 axles trucks equal to
.8.8 standard axles. As cbmpared_fo this, 4 axle Fiat and Hino -

trucks are equal to 8.2 and 9.7 standard axlcs, 5 axles tmucks



|
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and tankers are cqual to 5.5 and 9.2 standard axles respsctively,

$tandard Axle Loads considersd in fcrms of per ton of
net load carried are also highest for Mercedes truck fraiiers
and traction units without trailers, .5 and .8 standard axies
per Ton respectively. As compared Yo this, the values for
5 Axle Hino with 2 ftandems and 4 axle Fiaf and Hino wiTH onw

tandem axle are .34, .32 and .4 respsctively.

|+ would appear from the foregoing Tha+ Mercedes Truck
Trajlers have the highest damaging effect, equal to 11 standard
axles. This is foilowed by Hino Truck Trailer which Is egual to
8.7 standard axles. The existing vehicles are with NLC only.
Their damaging effects can be reduced by lcading less cammodities.
Future import and registration of such vehicles shou]d also ba

restricted,







STATISTICAL APPENDI X
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Table 2

Number of Truck Surveved

1

No.of Truck Surveyed

i ' . )
"Averaqe per round

29" 487

i 1
5104 - : . INo.of i
Ho.! Name of Road Sectior jRounds (No.of [24 hour] Survey as! Nos, % of volume
: ' T “truck jvolume | % volume | P :
i 3 1 H i : i i :
A 2 A3 14 i 5 56 V1. i 8
1. Rawalpindi-Murree 4 618 335 184 156 46
2. ‘Abbottabad-#Mansehra 4 - 594 288 - 206 148 52
3; Abbottabad-Havelian 4 1917 310 129 294 - 32
4, Rawalpindi-Peshawar 4 1655 1291 128 414 32
- 5, Mardan-Dargai 4 694 343 - 202 174 50
© 6, Peshawar-Tourkham G 689 g1t 85 172 21
7. Pashawar-Kohat - ; 4 - 1036 L7686 135 259 . 33
8. Bannu-D.!.Khan " 4 626 -311 201 156 50
9. Talagang-Pindighedb 4 1019 514 198 255 -49
10, Mandra-Chakwal . 4 509 263 194 127 48
11. Rawalpindi-Jhelum - 4 © 17583 © 1789 - - 98 440 25
12. Lahore-Gujranwala 4 1378 1731 . 79 344 - 20
13. Sheikhupura-Faisalabad 4 1116 884 126 279 .32
14, Faisalabad=-Chiniot 4 1767 1585 111 © 442 28
- 15. Jhang-Bhakkar . 4 347 166 -+ 209 87 52
"16. Sargodha-Jhang .. . 4 . 776 325 239, 194 59
17. Khushab-Mianwd!i - 4 458 211 217 114 54
i8. Lahore-Okara - ) 3 839 1254 67 280 22
19, Multan-Sahiwal 3 208 996 . 91 303 30 .
20. Jhang-Multan 3 1121 1118 100 374 33
21. D.G.Khan-Kot Adu 3 - 892 582 159 297 28
7272, D.G.Khan-Port Munro 3 621 378 164 207 .35
23, Multan-Bhawalpur 30,1462 1818 80 - 487 27
24, Muzaffargarh-Uch 3 . 1363 1053, 135 © 454 43
25, Kashmore-Ubaro -3 573 356 161 - .1 .54
26. Rohri-Khairpur 3 1611 2097 77 537 26
27. Jaccchabad-Sibi 3 1105 756 146 %68 49
26. Quetta-Chaman 3 360 754 48 120 16
2, Quetta-Naushki 3 197 175 C113 66 38
30, lLarkana-Dadu 3 340 126 270 113 90
31. Kotri-Dadu 3 690 174 396 230 .32
32. Hyderabad-Mirpur 3 697 627 112 232 57
33. Karachi~Thatta 3 - 738 817 121 246 .40
34, Karachi-Gadani 3 713 817 87 238 . 29
35. Karachi-Hyderabad 3 1299 3266 40 433 213
. Total: 31,746 108 260 . 328
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Table 3

Avaerage Axle Loads with Standard Deviations
’ ~accarding fo survey point

Avarage Weight(Kg) Standard Deviation

[ i i 7
3 1 3 i
St. | _ .1 No.of | Front {Rear " Front ! Rear }
Mo, i Mame of Road Ssctions | Obs, . Axle (Axte | Total ! Axle ! Axle ! Total
LOADED VEHICLES
01 Rawalpindi-Murres 487% 4065 8687 12753 625 1817 22186
02 Abbottabad-Manschra ~ 513 4190 8917 13107 717 - 2228 2725
03% Abbottabad-Havelian 1024 - 3892 ‘9040 12933 664 2051 2537
04 Rawalpindi-Peshawar 1499 4122 9358 13481~ 760 2280 2838
05 Mardan-Dargai 604 4154 9448 - 13602 . 752 2128 2670
06 Poshawar-Torkham 540 3947 9013. 12955 936 2119 - 2821
07 Poshawar-Kohat 910 4067 - 94491 1355G - - 667 1833 2291
08 Bannu-D.t.Khan 558 4118 3919 14038 694 1902 2415
09 Talagang-Pindighcb 933 4147 9693 13511 714 1930 2477
10 - ¥andra-Chakwal - 450 A059- - 9512 13572 684 1743 2220°
11 Rawalpindi-Jhelum 1704 - 4223 .9788- 14011 74 - 2180 2774, -
12 Lahore-Gujranwala 1336 . 4205 ° 9825 14030 768 . 2130 2619 |
13 fFaisalabad-Sheikhupura 1085 4213 2837 14050 657 2154 , 2631 °
14 Faisalabad-Chiniof 1704 4376. 10440 14816 661. 1690 2196
15 Jhang-Bhakkar 308 4165 9103 | 13768 735 2236 2816
16 Sargedha-Jhang _ 741 4311 10074 14386 601 1810 2266
17 Khushab-Mianwati 439 4241 9925 14167 612 . 1986 . 2454
18 Lahoreo~Okara ' 817 4462 - 10410 . 14872 823 V(1878'.f2392
19 Multan-Sahiwal 876 4356 ..10181 14537 ...-593° 1971 2403
2¢  Jhang-Multan 11i6 4340 10360 - 14701 547 - 1465 1844
21 D.G.Khan-Kot Adu 267 4413 - 10173--- 14586 553 1560 - 1954
22 D.G.Knhan-Fort Munro .. .594 = 4506 10358 14864 526 1402 1779
23 ultan-Bahawalpur =~ 1445 4491 10587 15079 ° - 594 1508 1944
24 Muzaffargarh-Uch 1349 4481 10432 14913 . 522 1574 1948
25 Kashmore-Ubaro 561 4530 10577 15107 463 1375 1641
26 Rohri-Khairpur 1578 4615 . 10639 15254 611 1670 2078
27 Jaccobabad=5ibi 094 4701 10523 15224 807 1630 2187
28 Quetta-iaushki 356 4556 9770 14327 675 . 1861 2381
29 Quetta-Chaman 188 4912 10510 15423 826 2301 2966
30  Larkana-Badu ' 337 4683 10599 15283 573 1741 2150
31 Kotri-Dadu . 687 4602 10710 15312 561 1598 1953
32 Hyderabad-Mirpurkhas 691 a7l9 10278 15057 808 - 1661 2022
33 Thatta-Karachi 730 4505 10406 14911 696 1811 2179
34 Karachi-Gadanl 707 4305 9791 14096 555 1957 2331
%5  Karachi-Hyderabad 1290 4502 10190 14693 614 1827 2289
Total: 30112 4343 10020 14364 705 1931 2438

EMPTY VEHICLES
Total: 1634 2868 3308 6177 475 952 1219
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Table &

Front and Rcar axles(Kg)

Gross -
orose.

A e

Percent on

Front ™ Rear
L Axts

Front

Rcar
Axie

Is

A L
. [ :’ ‘ A |
L. N f

14 &;

.15 ;f

16 -

1555

19 -

14

15

=16;?
Ve
18"
19 -
20;“

10
e
12
1z 7;7L3

.13 T

e
776
725,

347
B 5-70

842

1149
1847
3014
fﬁ3959
. 5315
";5712 )
Laa11
5197if
585

418,

T 4700
'_?5323
Selifg [ AR
7512

8539
';954§

| 10576 .
11569
- 12581
13545
.14544
. 15535.

16497
17455

L8339-

20634

'\;‘3069
3526

3897
24123
436.]

4599
4811

w2253”
2690
2979
3;0.85A
3256

3581 

2%&6"

2932;uM

5282
6175
7049'.

7838
8664
9422

10183

10990

_5925‘

5336

j1683

12429

13103 -

6347

14286

31

31
30
29

31

29

“ 48
28

90

camec

&8
:35327%-: a6
1t¢427,1ﬁ.

52 .

52

54

59

'ﬂ?gzﬂmpmi;.i

67 -
67

69

69 .. .

T,
69 S "’ T
71

2120
0N,
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02
03
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07
08
09
10
11
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13
14
15
16
17
18
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Table - 5

Percentade distribution of Rear Axles
' ~ according to Weight(Tons)

10-10.9 12-12.9

‘More than

No.of 0-4.9 6-6.3 8-8.9 14-14.9
Obs 5-5,9 7-7.9 9-9.9 1-11.9 13-13.9 15 & over 8.2
484 5,37 5.79 23.55 . 17.77 1.45 0,00 66.12
3,10 11.98 21.95 9.0 0.00 0.000
513 6.82 E. 46 12,09 . 25,73 4,29 0.00 70,37
8.19 5.46 18.7% 12.67 0.58 0.00
1021 3.87 6.27 13.32 . 20.37 3,00 0.20 69.44
6,46 9.40 21.8% 13,81 0.49 0,10
1499 4,89 7.00 12.3% 21,01 6.20  0.73 70.58
: 5.07 8.41 t4.41 17.68 2.07 0,28
604 . 3,15 - 3,97 .14.24%. .25.00 2,98 0.00 76,16
' 4.80.  6.79 20.53 16.06  0.99°  1.49° ,
540 4,07 - 6,11 23.70 14.26 ° 2.41 1.01 68,52
o 3.33  10.19. 23.70 . 8.70  1.30 1.02
g10.- 1.98 © 3,08 .18.2¢ 18.68 5.82 0.00 78,46
: 2,75 9.23 23.52  15.71 0.77 0.22 :
558 2.33 . 2.15 :9.14 28.14 . 6.81 _ 0.72  84.59
3.58 - 5.02 19.00 . 20.97 1.97-  0.18 R
933 1,71, . 4.93-12.22 21.11  9.65 0.64  78.14. .
1.93  10.08 :18.97-  17.15 1.6t 0.00 '
450, 2.00 - 4.89 12.67  27.33 . 5.11 0.00 B81.33
2.44 . 7.56 . 24.44 13,11 0.45 0,00 e
1704 2.41. ¢ 675 9.39 21.01 9.92 0.59  75.94
- 417 9.04 14.32  19.54 2.58 . 0.48 o
1336 - 2.84 4.72- 9.96 19,99  10.18 0.82 78.74
. 3,37 7.78. 15.45  22.60 2.02 0.23
1085 2.67 415 12.44 18.99  10.51  0.83  79.17
' 3.50 7.47 15.85  21.11. 2,03 0.45
1704 0.47 1.82 8.57 26,47  11.21 0.94 91.02
117 3,81 17.12  23.88 3.99 0.48
508 4.22° 9,42 10.06 15758 = 6.82 - 0.00. -64.61
C 6017 11,04 14,94 21,10 0.55. 0,00
741 0.94  3.24 11.34  23.62 9,45  0.54  85.02
1.21 6.75 °18.76 21.19° * 2,56 --0.:00
439 2.51 5.47 7,52  25.51 7.74 0.00 81.55 .
2.96 5.92 12.98  28.25 1.14 0.00
817 1.35 2.82  9.67 21.79  16.77 i.22 88.74
1.35 4.65 14,69  22.28 3.06 0.35 _
876 0.80 3,42 11.30  21.35  13.36 0.46  83.45
2.40 8.22 13,93  21.69 2.51 0.55
1116 0.45 1.70 9.41 29,12 9.05  0.09 - 92.65
0.63 2 0.72 0.18

.96 19.80 25.90

contd...p/74




Stn.to.of 0-4.9 6-6.9 8-8.9, . 10-10,9 _12-12.9 14-14.9 More than
No, Obs. 25,9 T-7,977979,9 0 11-11.9 13-13.9 15 & over 8.2
21 867 0.35 - -, 1.85 14,07 . 25.81 7.84 0.23 88.47
.58 ..5.65.18.45 23,18 2,19 -+ 0.00..
22 594 .17 1,35  B.59  34.34 6.23 0.17 92.76
. 0.57 2.53 20.88 '.28.23 , 1.52  0.34 -
2% 1945 0,07 1,59 8.51  28.80 . 9.90 . 0.62  93.15
' 0.42 2.77- 16,96 27.13  3.18  0.55
24 1349 0.22 1.19° 13,42 24.54 14,08 0.14 91.18
~ . 0.44 4.%7 17.35 21.28°  2.97  0.00
25 561 o.18° 1.07 5.17. 37.08  9.63 - 0.53 : 93.94
- : 0.71 2,85 14.26 © 27.09° 1.43  0.00
26 158 0.00° 1.65 9.57 23.32  16.54 1.84. 91,63
~ 0.83  3.93-.15.34 22.88°  3.80  0.24 |
27 094 6.91  1.55 8.41  24.41  10.69 0.91  92.78
S 0.55 2.38 15.36 32.18° 1.92 0,73
28 356 0.84 3.37 17,42 27.63 7.30 . 1.12 80.06
, 2.53 7.58 - 19,38 15,17 3.372  0.29
26 188 0.00 4.26 11.70 . 15.43  11.17 3,72 80.85
. 1,60 6.91 - 12.23 - 22,87 5.85 4.26
30 337 0.89 2.97 _5.64 24.33 11.87-  0.89  90.50
e 0.89 - 3.86 11.87 32,34  4.15° 0.30
31 687 0.44 - 1.46 5,24 29,11 16.30 ~ 1.31.  93.60
e {.16 . 1.31 -14.85 -23.44 5,09 . 0.29
32 691 0.72 2.46 10.27 .31.40 ~ 10.27. . 0.58 .. 90.16
| - 1.01 3,62 -17.80 -19.54 " 2.17  0.16
33 730 0.96  2.60  8.36 23,97 .19.45  0.55 . 88.36
SR © 2.05° 13,15 15.62 -21.5t. . 1.78 ~ 0.00
34 707 1.84 £.10 14,00  24.47, 9.34  0.42 78.78
. o 1.56  7.78 19.80 12.16.°7 4.24  0.29
35 1290 © 0.39 2,95 15.97 26.16, 12.79 1.40 B6.05
: 0.54° ¢ 5,66 18.22° 17.29.° 4,11 . 0.54
30112 1,63, 3.48 11.39  23.73.  9.96 0.67 83.67
2.26 ° 6.00 17.34 20.81.. 2.37° - 0.36
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Tabl@ﬁ@;;QJ;AVoraq° Axlb Loads with Standard- Deviations. .
. o '"”'wccvrdtnq to. ?Y@e of. Commod1T1

- — 7
Cdmmodifies _‘3N0.Qﬁ_:f Average Load {(Kg) §S+andard Dev;afaons
Code | Description 1 obs. | front | Rear' | " Front | .Rear |
! ; y Axle 1 Axle -: Total ! axle 3 Axle | Total
i i i i 1 I ]
100 AGRICULTURE . . K o o
110 Wheat . - 1347 ¢ 4681 11034 15715 693 1612 2075
120 Rice © . 7951 4676. . 11286 15962 a7¢ 1289 1573
130 Maize . - 86 © . 4543 -, 10364 . 14907 675 1577 . 3031
140 Ofher it 3407 ¢ 4567 . 10796 15323 53271503 .- 1624
150 Sugar-cané 331 - 4130 10255. 14386 489 -, 1328 . 1580
160 ‘Cotton - S 5720 4160 o 9219 13379 578 -.:¥657-.:0 2108
170 Jute o 20°. - 4261~ 9877. 14138 571 11661 - 1255
180 . Tobacco * | 1330 3684, 7516 11201 . 457 1437 1751
185 01! Seeds 402 - 4483. 10341 14824 581  1437: 1848
190 Fooder 605 3744 8311 12055 870 2247 .- 2754
195 Agri.Product 89 2478 10159 14637 925 . 2201 ., 2835
200 FQOD | : o S S SRTTENE
210 -Flour - ' 680, 44287 10223 14651 663 1582 2058
1220 Vegetable . 407 4157 9303 13460 744 1865 2276
230 .Onfon o 796 | 4635 10929 15564 608 4533 - 1936
240° Fruit - 1919 4440 10176 14616 655. 16672103 -
. 250 Industrial Raw, t - 4BOO 1035¢ 15150 - e e
260° Gheo : - 7070 4225 9711 13935 588 . 1341 . 1741 -
270 Sugar— 271 4576 10342 14918 693 1815 2336
780°: Gur. . _ 272 4438 10649 15087 452 1461 1777
190 " Others. 65 3972 9276 13249 506 . 1784 2258
300° ANIMALS & ANIMAL PRODUCTS . o
310~ Animal a 777 3585 6394 9997 544 . 1528 1894
320 HMeats 22 3647 6689 10336 662 2696 3272
330 Hides. 29 3575 8691 12666 555 1904 2271
.340 Wool | 31 $721. 7686 11407 T 437 14927 1818
390 Others ¢ ¢ 12 4050 9342 13392 573 11341 1540
400 RAW MATERIALS I .
510 Timber | , 435 4108 10085 14194 777 1741 2262
420 “Pulp 1 194 4267 10106 14372 616 2137 2628
430 Scrap - 831 4585 11103 15688 634 1719 2133
490 Others T Loe2. 4695  Bl142 12837 839 658~ 1355
500 BULK MANUFACTURES = " g a
510 Cement 859 45%2 10599 15131 501 4271 1632
520° Fertilizer 551 4532 10361 14893 566 - 1280 1601
550, Medicine . 55 14205 . 9117 - 13322 837 2444 3110
540 Chemicals .. 176 4351 010127 14477 606 1653 2067

550 Tea 773 4063 0 8889 --12952. . 494 1676 1940




7 1
Commodities ! No.of! Averags Load{Xg) ! Standard Deviations
Codei Tescription i Obs. § Front ! Rear | .1 Front } Rear
: ; 1 ofxle ! Axle 1 Total I'Axie ! Axle .} Total

560 HReverage 178 4066 8807 12873 591 1523 1921
570 Animel Food - 449 4542 10943 15485 509 1510 1840
580 Oried MITK . 27 4270 - 9258 13528 485 1736 1964
590 Other Bulk: 2 4607 11438 . 16045 338 Q69 1347
600 3ASIC MANUFACTURES
610 Tex Fibr:. . 234 4014 8819 12933 544 i514 1924
620 Tex Manuféé?urer 227 4172 9273 13445 723 2214 2771
630 Jute Manufacture - 112 4109 8990 13099 6524 2173 2607
640 Leather. - ’ 92 4219 8987 13206 . 651 - 2057 2520
650  Wood Manufacture 129 - 3819 7321 i1146. 0 - 704 2595 3146 -
660 . Rubber Manuf. 58 4139 .. 8227 . 12366 1889 - ..29589 2882
670 Iron Pipe - 459 ©4374 10608 14987 700 1956 2368
680 Metal Product 188 ‘ 4280 .. 10105 14396 . .- 783 . - 2635 3214
685 Cement Manuf. - 34 AC4Y T 9248 13288 - 756 - 2036 2505
690 Bricks - ' 757 4091 9657 13748 654 - 1480 1935
695 Others B -0 4285 10230 14515 &7 1280 1628
700 MISCELLANEOQUS MANUFACTURES - _ ' '
710 Machinery .. . 83 4017 8253 12270 883 2703 3395 i
720 Machine El.. 42 3800 7814 11614 750 2512 2979 -
730 Domestic . - 29 4251 8867 13118 854 2583 3267

- 735 Paper : - 215 40860 9224 13310 790 2100 2585
740 Cycles 3 3673 6574 10247 429 1881 2309
750 Cars Vehicles 55 ‘3886 7176 11062 1141 . 2609 3528
755 Spare Parfs. . 7 3861 8214 12076 693 1422 .2033955'
760 Cigerettes ‘ 104  ~ 3660 7087 10747 - 550 1691 2074

~ 77¢  General Goods 2392 LAZ23 10273 14695 755 . 2001 2517
775 Soop Set ‘ 71 4249 29612 - -13861 717 2029 - 2490
777 Sp. Goods 3 4089  .9897 13986 562 616 1136
780, Pottery o T4 4133 8875 13008 - - 731 2403 2961,
785 lece . 16 3929 7365 11294 743 2090 2564
790 ° Cans.. Drums 59 3977 1319 11295 895 2724 3458 -
795 Others ' 10 : 1 Q 13 . 41 1308 . 516
800. MINIMG-AND QUARRY ING . ' o _ o
810 Gravel Stone 2795 4441 10529 14970 606 1467 - 1894
820 Sand - . 1336 4322 10191 14512 701 1628 2144
830-. Lime Stone -~ 75 . 4327 © 10208 - 14535 750 2177 2696
840 Marble o 168 - 4640 10963 15602 762 1535 . 2111
850 Gypsm B i 3 4891 7888, - 12780 295 4876 . 4583 -
860 Salt Rok - 97 . 4430 10519 14949 p20 1387 . 1820

870 C, Clay . 13 4539 10838 15377 635 1498 .. 2039
880 E: Clay 127 4393 10403 147496 578 1625...+. -2025

895 Others - 5 4740 10688 15427 1060 1430 1807
1900  FUEL LUBRICANTS | '

-'910. Coal - 2790 45% 10648 15184 . 618 - 1194 1608
920 Bitumn . .20 4341 9723 14064 611 1922 2416
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Standard Deviations

T - ] 1
Commodities ' No.of ! Average Load{Kg) !
Code} Description ; Obs. | Front ! Rear } ' Front | Rear |}
H : P Axle ! Axle | Total [ Axle | Axle ; Total
930 Petrol 539 4042 8990 13032 636 1322 1820
940 Diesel _ 903 4044 Q213 13256 680 1401 1891
a50 Koresine 181 - 3927 8794 12722 675 1397 1908
960 Furneal 52 4252 9561 13813 602 1283 1776
970 Lubricant 34 6546 12320 14867 650 1615 2120
98¢ G. Product 113 3995 8336 12331 656 1723 2190
990 F. Wood 588 4308 G375 14183 598 1713 2120
995 Miscel laneous 3 4324 10780 15105 17 537 597
A 10 Mzails Postal T 4082 5806 9888 - - -
A 20 House Hold o184 3632 6139 9771 616 1878 2288
A 99 Unspecified Goods 40 ¢ 4002 8228 12249 796 2326 2898
000 EMPTY 1634.. .. 2868 3309 6177 475 952 1219
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Table 7

Percentage distribution to vehicles according

1o commodity group and survey Round

j D Survey Round

\ wveved G . .
Lomu@dny Srous ! } — } !IL,,S VT Total

o

anil Food (1) . 31,7, 34.0 .36,
| e

mAL T TRTEAL
Manufacturing'?) 31,8 28.3 26,9 ' .20.6 288

CQuareying(3) . 135 142 25.8 i

. o+
S

v
Y

i FuéTJand if : _
i LubFicant ) 18,3 19.

e

18.9 774 15

s Othert?) 5.2 . A 2,80 70 4.3

Total : 106.0 - 100.

o

100.0 , t0o.0 - 100.0

(1} Commodity groups 100, 200, and 410.

(2} Commodity groups 500, 600, 700 and 430.
(%) Commodity group 8 or

(4 Commodity group ¢

(5) All other including group 300,
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Table 8.

Average Loads according:to

' ”SUfVéY'ROUndS"f

- ] 7 - N L T
Survey) No.,of, Average Load(Kg) ! Standard Deviations
Round !. ‘Obs. 1 Frent }-Rear | “Ffront | Rear | . -
i ! Axle 1 Axle {Tota! V Axle ' Axle | Total
! 1 1 NG 1 ? _ t -
LOADED VEHICLES
| 7965 4075 9121 13196 - 825 1909 © 2421
11 8765 45834 10467 15052 672 1866 23472
L -+ 9893 43549 0322 14671 - 562, 1708 2147
Y 3489 4336 10092 14429 627 2057 2547
Average: 30112 £3473 © 10020 14364 705 1921 2438
EMPTY VEHICLES
| 911 2771 3264 6035 532 1031 . 1291
[ 118 3178 3782 6360 460 1594 ° 1914
11 19 3315 4334 7650 656 2057 2666
IV 586 29472 _"3248 _ 6191 - 294 C <374 599 :
Average: »1634 2868 - 3308 6177 _475 Q52 _'ﬂ219
* PERCENTAGES
e e Loaded
| 94 91 92
i 106 104 105
Pt 100 103 102
v 100 _ 101 100
' Total: 100 100 100
Empty
o 97 99 98
B 111 1%4 113
[l 116 131 124
v 103 98 100
Total: 100 100 100




Vehicle loads according f6 
Time of the day’

A Mo.of Average Véhicfe
Time. of day obs, Load

5]
]

08 -~ o4 501 14,963 (2284)
04 =08 531 14,611 (2379)
08 - 1z - . 412 13,754 (2772

'ﬁé“;'16g; | f:' : ﬁifiﬂss L _f;:;14;267-ﬂ_ ) (2586)
16~ 20 o raze r%:;gé.uii "jx: ”Eé505)“f“
2§;~“24 ER 710 14,494 «um,,Al£24ggg’

CAverage

Dasy -._é.A,Q.‘To é-Pr@. 17421::i “ ;14;é§5 .iluf"' f§§53

Night 8 A.b. to 8 Pud. 1722 14,664  _ - 2410

24 hours L sdEE - 14,437 (Z5ad)




- HNo.of ‘
S.No, Make Vehicles ) b
1. Austin 6 AR
2. Bedford 26,485 96,5
3, BMC 81 0.3
4. Dodge 7 -
5, Espéi 3 _ -
5. Fiat 9 -
7.  Ford 22 0.1
‘8. Hino 244 0.9
3, International 94 0.3
10. Issuzu 102 0.4
11, . Leyland 1.
12, MAN -
13. Mercedes 50 0.2
14, Merry 2
15. Mazda 3 -
i6. HNissan 294 _ 1.1
17. TJoyota 6
18, Others 10 :
Totat: 27,431 _99.8_
Unspecified 4,315

= 81 -
Table 10

No. of vehfc]es accordinq to Make

CTOTAL @ 31,746
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. Tabie. .

Loads  according - to

11

4490

Axle Make and Land Condition
R P ! T “Axle Load
51.1 I Load oot b= - :
TN 1 B ; . i Front {  Rear
Nohj take ;.COndKTIOﬂ : Ohs . Axle ! Axle "Total
1, Bedford Lozded 75568 441% 10206 14619
Empty €17 2987 © 5384 6371
2. BMC Loaded 80 4383 9994 14378
Empty R 2600 3000 5600
3. Hinc’ Loaded 238 4%29 10616 15145
‘ Empty . 6 3158 3342 6500
4. Interna- Loaded 86 4261 10081 - 14342
tional Eapty 8 3519 3850 7369
5. Mercedes Loaded 44 6611 12885 190497
: CEmpty 6 4117 4358 8475
6. Nissan Loaded 282 5881 13071 18952
_Emgfy 12 4304

8794
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Table 12

DisTrEbh?ion of Bedford Vehicles
according to year of Manufacture.

Lo A Mo, of
Year _ Vehicles

2N

—

Upto 1960
1961
1962

1963 o
foqgsq. ;(..14‘592;7; B --,'..“5 2.8
Cerees - asgltoo T
CUHgee e GEgELT T e T3
CTA9BT L w582 -
Slieds MU s2s s s
Shegy T 9esr B A
5?3}970 _i:n . 6}6?( 3 Coaet 3.2
BT I LT 2
. 5.3
9,9
8.5

w o~ W,

-~ N
s s a3 2 2 ok i s
—_

N

<Trers S 1096

i974 0 2084
1975 - 1802. A g 8.5 .
1976 . 17N 3 N R R T
1977 1070 o BRI P
1978 1373 - . 6.6 s
1979 - 2667 o 12w
1980 | 2105 | 10.0 o
1981 -~ ‘934 s T

Total: 20,996 j o 100&0.¥.?2f,.
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Table 173

Eguiva{gﬂt_§533§Eg§_§51§§mquordéngﬁtd Survev Points

1 L
‘1. Equivalent Stan- !3tandard

! i o
SEn. | : Ho,of Vehicle o dard Axles ~ ' 1Axl
No. ! Name of Road Section ! L .y dard Axles Axles per
1 o e ,__Loaded; TEmpty ! Loaded | Empty |Loaded Veh,
1 : B
0l  Rawalpindi-Murree 484 134 B4R b 1.75
02 - Abbottabad-Mansehra 513 : R1 ‘ 1109 4.6 2.16
03 Abbottabad-Havelian 1021 . 158 1222¢ 5.8 2.18
04 Rawalpindi-Peshawar 1499 156 _ £015 - 5.1 2,647
05 Mardan-Dargai ’ AQL a0 1641 2.4 2.71
06  Peshawar-Tourkham 540 149 1268 5.0 2,35
07  Peshawar-Kohat 810 126 2298 4.2 2.52
08  Bannu-D.I.¥han . 558 63 1691 4.7° 3.03
09  Talagang-Pindigheb 633 86 2628 2.4 2.82
10 Mandra-Chakwal 450 59 1112 1.8 2,407
11 Rawalpindi-Jhelum 1704 - 54 .. 5314 2.R 3.12
12 Lahore-Gujranwala 133¢ ) © 4134 11.2 .3.n0
13 . Sheikhupura-Faisalabad' 1785 “ 31 3409 2.2 3. 14
14- . Faisalabad-Chiniot =~ 1704 63 6169 1.7 2,42
15 Jhang-Bh -kar . 308 R 730 1.4~ 2.37
16 Sargodha-Jhang . 741 35 £ 2340 2,9 . 3.21
17 Khushab-Mianwali® 439 12 1345 0.5 - 3,06
18  Lahore-Okara S 817 22 30F1 1.8 -7 3.75
19  Multan-Sahiwal ‘ 876 32 3042 LR C3.47
20 Jhang~-Multan - - 1116 05 ©3737 r.3 3.35
21 D.G.¥han-¥Xot Adu . LY EAS 2757 0.2 3.1¢
22 D.G.Khap-Fort Munro 594 77 S % I 0.7 3.33
23 Multan-Bhawalpur 1445 17. 5414 n,e 3.75
24 Muzaffargarh-Uch 1349 14 4771 5.0 3.54
25 Kashmore-Utaro - S 5A1 12 2018 1.4 3.60
26 _ Rohri-Khairpur : 1578 32 Klon. 1.3 3.03
27  Jacobabad-Sibi - _ 1194 11 _ 4nag 1.5 . 3.75
' 25 Quetta-Chaman 355 N4 1030 nLh 2,92
29 Nuetta-" aushki 189 .09 819 n,s Al
30 Larkana-Dadu ‘ B 337 03 1397 0,1 3.88
3 ‘Kotri-Dadu : an7 01 27721 0.5 3.95
32 Hyderabad-Mirpur 691 06 7343 0.2 3,42
33 Karachi-Thatta - = % 730 03 2665 1.0 3.65
34  Karachi-Gaddani . 797 06 7101 £.9 2.97
j.n 3.43

35 Karachi-Hyderabad =~ =~ = 1290 .. no L5772

|




85

Proporticnate damaging effect by vehicles

in diffarent load classes

1 o oes | favivatont|
T e 1
i i H P oAxles: ' Class | lative
] i i ? i i S ——
ool 4.5 L0685 1.63 1.63 12 03 .03
§-5.9 5.5 L1690 2.26 3.89 .382 A2 5
6-6.9 6.5 3584 3.48 7.37 1.247 .38 .53
7-7.9 7.5  .6823 6.00 13.37 4.004 L 1.26 1,77
8-8.9 8.5  1.1983 11.390 2476 13.649 4.13 . 5.90
6-0.5 9.5 - 1.9768 - 17.34- 42,107 34.277 10.38  16.28
10-10.0  10.5  3.1013 = 23:73.. - 65:83 ... 73,595.. 22.28 38.56
11-11.9  11.5  4.6702 20,81 a66s T 9T.i87  29.42 67.98 0
12-12.9 12,5 67966 9.96 Geu60  67.694  20.49  88.47°
(3139 1350 906095 2.37  98.97  22.774 6.89  95.36
14149 14.5 132542 . 0.67 - 9964 8.880  2.69 98.05.
15-15.9  15.5 " 17,8933 0.3  100:00°  6.441

1.95./100.00.
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Table 15

Percentace Distribution of Axles According to
Load and standard squivalent axles

LOADED VEHICLES

_ _ S  f,”.;ﬁ?“;r.1-“,‘ EquiuaienTVSTandard
Load Class Mid Equivalent ‘Percent of -Axles - . .~ Axles
(Ka}  Value Factor . _Fronf Rear Front ©_Rear
119 15 0005 0.2 T - T .
2-2.9. N .48 2.88 L “o,0t4 -
3-3.9 5.5 0221 . 22.80 - 0.504 -
4-4.9 4.5 0685 59.48 t63 4014 .1z
. 5-5.,9 5.5 1690 13.68  .2.26 2,312 382
6-6.9° - 6.5 3584 1,04 . .3.48 0.373  1.247
7-7.9 7.5 6825 . - 6.00 . - - 4.094
8-8.9 8.5  1.1983 = 1.39 . - 13,649
99,9  7.9.5  1.9768 . - IR I ¥ 34,277
10-10:9 - 10.5° 30013 - 2393 o - 73,595
H1-1109 1.5 - 46702 .- 20081 . - 97.187 -
12-12.9 12,5 6.7966 . 9.96 Se o 67.694
13413.9 135  9.6095 -~ 2.37 - 22,774
14-14 14,5 13.2542 - 0,67 - ' 8.880
15-15.9  © 15,5 17,8933 - 0.36 . - . .6.441
Total:  100.00 160.00 7.277  -330.337

Front + Rear = 337.614
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EMPTY VERICLES

Load Class - iiid Cauivalent Percent of Axles S.T.aﬁgﬁrg__ﬁﬁQi_\za_!_gnfr Axdes

(k) . vValue  facfer . _front =~ Rear - _Fromt . _Rear. .

1-1.99 1.5 L0005 : - -

22,99 2.5 0048 3,30 0.98 0.016 0.005

3+3.99 3.5 L0221 . 62.70 36,47 1.386 .872

bed, 3% 1.5 0685 7 31.3 19.02 2,144 3.358

5-5.99 5.5 1690 2.3 6.43 0.389 . 1.087.

66 99 6.5 1:.398% <. 0.2 Co2.44 0.072 0.767

7 & Over 7.5 (6823 0.2 o 0.136 10.587
Total: . .100.00 100.00  4.143 8.013 .

F.ronf + Rear = 12.526
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Table 16

Vehicle lLoads at Quetta Coal. Mines
and Axle load Survey

lLoad ' NoLof Average Standard
Condition Destination Obs, Load - Deviation
Loadad Quefta Region - 57 14123 Q52
Other Provinces 66 14940 931
Total: 123 14562 1029
Empty - _ 123 C 5731 294

Axle Load Survey

A1l Goal Trucks 2790 15184 1608

Empty - - 1643 6177 1219
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Table

17

Vehicle Loads at Karachi Octroi

Posts and Axle Load Survey

No.of
Description ‘ Obs.
Karachi _QOctroi Posts
Loaded ' 621
Unladen Weight 621
Axle load Survey
Loaded
ALl Vehicles 30,112
Karachi Hyderabad _
Super Highway 1,290
Mational Highway 730

Empty | 1,634

Average

— e i

14,364

5,515

14,364
14,693
14,911

6,177

Sfandard

2,508

589

2,438
2,289
2,179

1,219




Survey

Jescription

Punjab'

Sind

- Axle Load

Survey

- 90 -

Tabla

18

Previous Survey Results

“NoLof

1634

6.2

Load . Ayerage“”_ Sf¥andard
Condition Obs., Load{tons) Deviation
Loaded 252 1405
Empty 6 - 5.5
Loaded 493 13.5
Empty 14 6.0
Loaded 30112 14.4 2.438
Empty 1.219




Table 19

" No, of NLC Vehicles surveyed
accordina to Type and load

WHumber Of Vehicles

S.No, Number of Axles Loaded Empty Total
1. &5 Axle &6 2 8
2. - A Axle 132 . 26 158

3. 2 Axle . ... 18 .9 . 87

Total := 218 37 253
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Table 20

Averaga Axle Loads of NLC Vehicles

i 1 3 — _-i R i
Type of Vehicle | Load ! No.of | Axle Loads 1
: i Condition] ‘Make jobs. | Front! Second|Third fourthirifth Gross
i ; T P Aaxle Axle iAxte Ifixie lAxle }load
—— i 1 : i i R 1 i i i
5 Axle Tractor
CTraiter  Loadad Hino 2 A500 8300 8475 10875 11300 43450
Tanker Hino 4 5175 8462 7813 13200 12600 47250
r  Empty Hino 2 4275 3900 3550 4225 4000 19900
4 Axle Truck : . ; )
Trailers Loaded Morcedes 69 7019 13196 9318 8080 - 37612
" Fiat 30 4593 11432 10103 9585 - 35713
i Hino 9 5033 - 11578 10917 10778 - 38666
Total: 108 6179 12571 9669 8723 - 37142
, Empty Morcedes 18 - 4241 4725 2817 2900 -7 14688
. Fiat .~ 4 3912 3825 2663 2850 - 13250
i ‘Hino 4 - 4100-- 4475 4225 4350 7 = 17150
Total: 26 4169 4548 3010 _3116 ~ - 14842
4 Axle Tanker  Loaded Fiat 24 4579 9263 9040 8970 - 31852
"2 MleTruck - Loaded  Hino 21 5212 10009 - - - 45221 -
Mercedes 6 6842 13075 - - - 19917
v Saviem 33 4283 9289 - - - 13572
" Ford 17 4315 9459 - - - 13774
X Budford 1 4300 10900 - - - 15200
-Total: 78 A737 _ 9832 - - - _14569
2 fxle Truck  Empty Hine 3 3567 2833 - - - 6400
& ~ Saviem 2540 2820 - - - 5360
Dodge 1 2350 2400 - - - 4750
Total 9 2861 2778 - - -

5630




EquivaEenf.STandard Axles of
Multi Axle Vehicles of NLC

tquivalent

Standard Axles
per ton

Type of Venicle Standard Axles N2t Load

5 4xle Hino Truck . 5.5

Tanker A 9.2 - 27,0

4 ixle Mercedes 11.9 23,0

Fiat: SRR D R - 22.5

Hino 87 - 21.5

2 fxle Mercedes 8.8 11,0
CHinet 2.6 8.8 .

Savien 2.0 - 8.2

.34

.52
32

40
i;80
© 30

.24




T

AASHTO Traftic Bquivalsnce

I

N
i

8 22

Factors for Flaxible Favements

Single

Axtas, p, = 2.0
]

Axle Load

Structural Number, Sil

- 10

4.12

Ripsi Ky § 1 2 3 & 5 &
2 8.9 $.0002 0,0002  0.0002 00,0002 0.0002  0.0002
4 17.8 0.002  0.003 0.002 0.002 0.002 0.002

6 26.7 0.01 3.01 0.0 0.01 9.0t 0.01
B 35.6 0.03 0.04  0.04 0.03 3.03 0,03
10 46,5 0.08 0.08 0.09 ¢.08 0.08 0.08
12 53,4 0,16 0.18 0.12 0.18 0.17 0.17
14 62.3 0.32 0.34 0.35 0.35 0.34 0.33
16 71.2.  0.52 0.60  0.61 0,61 0.60 0.60
18 .80.1 1.00 1,00 1.00 - 1.00 1,00 1,00
20 89.1 1.61 1.59 1.56 1.55 - 1.57 1.60
22 . 97.9 2.49 2.48 2.35 2.31 2.35 2.41
24 106.8 3,71 3.62 3.43 3.35% 3,00 3.51
26 115.7 5.36 5,21 4,88 " 4.58 4,77 4.96
28 124.6 7.54 7.31° 6,78 6.42 6.52 6.83
30 133.4  10.3 10,03 9.24 8.65 8.73 9.17

32 142,30 14,00 13.51 12,37 11,46 11.48 12.07

4 151,2  18.55 17.87 16,30 14,97 14.87  15.63
36 160.1  24.20 23,30 21.16 19.28 - 19.02 19,93
38 169.0 31,14 29.95 27.12 24,55 . ° 24,03 . 25,10
490 177.9  39.57 38.02 34,34 30.92 30.04 31,25

Tandem Axlas, p, = 2.0
. 44,5 0.01 . 0.01 0.01 0.01 0.01 8.01

1tz 53.4 6.01 0.02 0.02 0.01 0,01 0.01
14 62.3 0.02  0.03 0.03 . 0.03 0.02 0.02
16 71.2 0.04  0.05 0.05 0.05 0.04 0.04
18 80.1 0.07 0.08 0.08 0.08 - 6.07 0.07
20 89.0 0,16~ 0.12 0,12 0.12 0.1 0.10
22 97.9 0.16 0.17 0.18 0.17 0.16 . 0.16
24 . 106.8 0.23 0.2 0.26 0.25 0.24 0.23
26 115.7 0.32- 0.34 0.36 0.35 0.34 0.33
28 124.6  0.45  0.46 0.49 0.48 0.47 0,46
30 133,4  0.61 0.62 0.65 0,64 0.63 0.62
32 142.3 0.81 0.82 0.84 0.84 G.83 0.82
34 151.2 1.06 1.07 1.08 1.08 1.08 1.07
36 160.1 . 1.38 1.38 1.38 1.38 o 1.38 1.38
38 169.90 1.76 1.75 1.73 1.72 1.73 1,74
40 177.9 2.22 2.19. 2,15 2.13 2.16 2.18
42 186.8.  2.77 2,73 2,64 2.62 2,66 2,70

44 195,7 3.42 3.36 3.23 3.18 3.24 3.31

46 204.6 4,20 4,11 3.92 3.83 3.91 4.02
48 213.5 5.10 4,98 4,58  4.68 4.83:

Source: AASHTO Interim Guide for Design of Pavement Structures, 1972.
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Axle Lead Survey - List of R
Sections and dates of Survey

P ) - - [P S —— _

[l ?

SI.E U Ist Round §2nd Round  33rd Round - §4Th Round
No.! Name of Read Sections ; commencancnt | Cormancement  Cormencemant jCommence -
z E date }da%e Edafe ;men% datz
1. Rawaipindi ~ Murree 2.5.81 | 3.8.,81 12.11.81 5.3.82
Z. Abbotiabad-Mansehra 4.5.81 10.8.81 14.11.8° 2.3.82
3. Abbottabad-Havelian 5,5.81 11.8.81 15.11.81 . 10.3.82
4. Rawalpindi-Peshawar 6.5.81 13.8.81 - 17.11.81  13.3.82
5. Mardan - Dargai " 8.5.81 14.6.81 19.11,81  14.3.82
6. Poshawar-Tourkham 10.5.81 16.8.81 20.11.81  16.3.,82
7. Peshawar-Kohat | ' 11.5.81 18.8,81 22.11.81  17.3.82
8, Sannu - D.!.Khan 12.5.81 20.8.81 - 24.11.81  20.3.82
9, Talagang-Pindigheb 14.5.81 22.8.81 26.11.81  22.3.82
10. Mandra~Chakwal 16.5.81 73.8.81 27.11.81  24.%.82
11. Rawalpindi-Jhelum 7 17.5.81 25.8.81 29.11.81  25.,3.82
12. Lahore-Gujranwala ’ 19,5, 81 27.8.81 01.12.81  27.3.82
13. Sheikhupura~Faisalabad 21.5.81 29.8.81 93.12.81  28.3.87
14. Faisalabad-Chiniot 23.5.81 30.8.81 05.12.81. 30.3.82
15. Jhang-Bhakar | 24.5.81 14.9.81 07.12.81  31.3.82
16. Sargodha-Jhang | 26.5.81 12.9.81 09.12.81  03.4.82
17. Khushab~Mianwalai . 28.5.81 11.5.81 11.12.8t1  04.4.82
18. Lahore-Okara _ 13.6.81 17.9.81 26.12.81
19, Multan-Sahiwal 15.6.81 13.9.81 28.12.81
20. Jhang-Multan ' 16.6.81 20.9.8t . 29,12.81
21. D.G.Khan -.Kot Adu . 17.6.81 21.9,81 31.12.81
22. D.G.Khan - Fort Munro 20.6.81 23.9.81 .02.01,82
23, Multan-Bahawalpur 21.6,81 25.9.81 04.01.82
6.81 27.9.81 05.01.82

24, Muzaffargarh-Uch 23,
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7 7 T ‘ i i i

51,1 i1st Round 12nd 2ound '3rd Round 14th Round

No. ! Mame of Road Sections 5CommencemenT3Commencamen+;Commencemen+f€ommence—
! tdats tdate jdate Iment date.

_ i - i 1 i H

2%, Kashmore-Udaro 25.6.91 209,31 7.1.82
75, Rohiri-Khalrpur - 27.6.81 14,10.81 9.1.87
27, Jaccobabad - Sibi " 28,6.81 27.10.81 24.1.82
28, Quotta-Chaman 30.6.81 29.10.81 76.1.82
25, Quetta-Naushki 1.7.81 31.10.81 27.1.82
3. Larkana~Dadu 4.7.81 25.10.81 22.1.82
31, Kotri-Dadu 6.7.81 23.10.81 20.1.82
32, yderabad-hirpur 7.7.81 10.10.81  11.1.82
33. Karachi-Thatta . 11.7.81 18,10.81 13.1.82
34, Karachi~-Gaddani 12.7.81 19.10.81  16.1.82

5. Karachi-Hyderabad 13.7.81 21.10.81 18.1.82
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ANNEXURE - 111

Break downs of YWeiching Maching

flachine Type of Date of Zreak Round/Survey

S.MHo, Machine down _ Station No.

| st dMachine MO 500 23.6.,81 | /24

Znd Machina MD 400 13.7.81 /35"

3rd Machine MO 500 18.10.81 t1/28

Ath Mzchine MO 400 28.12.81 fHE/19

5th Machine MD 500 25.3%.82 FV/11

Usaqe of Weighing Machines

Station : ‘ Measuremen+

Round Nos. Nos., Type of Machine Scale

& -

[ 1-24 2 MD-500 Machine Lbs
25-30 1 MD~500 Machine Lbs
3135 2 MD-400 ' Kg

[ 1-28 1 MO-500 and Lbs

1 MD-400 #achine Kg

29-35 1 MD-400 Machine Kg

i1l 1=2 1 MD-400 MMachine Kg
3-35 2 MD-500 Machine Hew’ Kg

Y =11 2 MD-5G0 Machineg Hew Ka
12-17 1 MD-500 “achine Hew Kg







AXLE LOAD

1<

GOVERMNMENT  OF  PAKISTAN

‘1. Form Mo,

ANNEXURE-1V

14. Enumerator Nﬂmea

1.5
PLANNIMG AND DEVELOPMENT  DIVISION
HATIOMNAL TRANSPORT RESEARCH CEMIRE 2. Round ! StrHa, o — . . _ —
. 5.3
AXLE LOAD SURVEY 3 Oate -198 .
) : 912
UNITS 55
L., Time
___________________ ¥
13-t WHEEL WEIGHTS s {1} Xe
. i -
5. Rgn Moo e G : LEFT ! RIGHT
: '
1
& Make . e T T Fronl ot
. ! 59-63" 54-68
1 ]
7. Model | Year) _19__ __________ 2ng ! L
6-27 : 913! 74-78
1 ' o
8. Vehicle Type 9. Load Cond. d |
. . ! 6-10 | 115
) . v
- wi= ol .9 t
PR R R I =3 Eé‘“z ity ) :
3 £ 20 g gj £ =] g ¢ 5l E f $5_2{)’ 21-2%
CiSlE S| EE O L ale Z2jan . :
- 1
T ]
Rear, '
t 1213 415 1 2 13 . 1
- ) 25-30, 2t.55
- 78 29 j
0. Commedity . ____ e e e
’ 30-41 [
. Uni ty. e . e e
[ Unit / Gty _ o )
12, Origin L e —————
55-52
13.  Destioation . . s
£3158







(210)

211,
212.
213,
214,

(230)

231,
232,
233,
234,
235,

(250)

251
252,
253,

S (310)

31t.
312.
313.
314.

315,

316.
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AXLE LOAD SURVEY

Districts

Col: 50-52 and 54

1. N, LM FL P
Pegshawar Division (120)
Mardan District- 121.
Peshawar Digtrict 122,
Kohat District 123,
D.1. Khan Division (140)
O,1. Khan District 141,
Bannu District 142,
: : 143,
7 144,

o 2. PUNJAB

Réwalpindi Division (220)
Attock District _ 221,
Rawalpindi Bistrict 222.
~Jhelum Distriet- 223,
Gujraf District .. 224,
Lahors Division (240)
Lahore District 241,
Gujranwala Bistrict 242,
Sheikhupura District L2483,
- Sialkot District 244,
Kasur District 245,

Bahawalpur Division

._Bahawéipur District

Bahawalnagar District
Rahimyar Khan District

Codes

Chitral

ANNEXURE -

v

(i)

Hazara DIV!SIOH

Abtbottabad Dlsfr|c+
Mansehra District
Kohisfdn'ﬂjsfrici

Walakand DIVISEOH

Dir )ISTFICf .
District
Swat District .
Malakand District

Sargodha.vajsion

Sérgodhé D}QTricT
Mianwali District

Faisalabad District. . =~

Jhang DrsTrlcT

wUtTan Dlv:5|on
D.G.

Khan District o

DisTrch
District ¢

SahlwaJ
Vehari

3. SIND
Khairpur Division (320) Hyderabad Division -
Jacobabad District 321, Hyderabad District
Sukkur District 322, Dadu District
Larkana District 323, Tharparkar Bistrict
Nawabshah Disvrict 324. Sanghar District
Khairpur Qistrict 325. Thatta District '
Shikarpur District 326, Badin District

' ' (330) Karachi Division
331. Karachi.

District

Muzaffargarh Drsfrtc?
Multan Distridt '




C410)

411
412,
L
414,
415,

(430)

431
432.
433,
434,
435,

(500)
501.
5072,
503

(700)

712.
713.
731,
732,

744

(38560)
- 801.

802.
803,

Sibi

Quetta Division

. Quetta District

Pishin District
Loralai District
Zhob District
Chagai District

Onvrsuon

Masverabad Dlsfr1c+
Sibi District
Kachhl Distfrict
Koholu Agency
Khuzdar District

Northern Areas:

Gilgit District
Skardu’ District
Diamer: Dlsfricf
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BALUCHISTAN

(HZO)
a2

522.

423,

(440)

4
) —

S N
o

(600)

601.
602.
6053,
604,

ANNE XURE

Vi)

Kalat 8ivision
“Katat District
‘Kharan District
Lasbela Distiict

Mekhan-DLV?Sibq'

PanJgQF District
Turbat District
Gowadar District .

Azad Kashmlr

Muzaffarabad D:sfr;c?

Mirpur District
Rawalakot District
Kotli. D:s?rlcf

cherdlly Admtnisfered Tribal Areas/AgﬁnCIes

Khyber: Aqency
Khurruam Agency
South

Waziristan Agency

North Waziristan Agency
Bagaur Agency and Mohmand Agency

Other Pounfrles

tﬂfgh?sfaqf.'

India
| ran



CODE

110
130
150
170
185

195

510
530
550

570
500
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ANMEXURE - V(ii)

AXLE LOAD SURVEY

- COMMODITY CODES COL. 42-44

DESCRIPTION

CODE_ __DESCRIPTION

100 ASRICULTURE

Wheat
Maizé
Suger Cane
Jute ‘
Oil- Szeds.

Other ‘Agricultural

"Products

200

120 Paddy and Rice
t40 ~ Other Grains and Pulses

160 Cotton

FOOD

Flour and its
preparations

Potatoes and onion-'

Sugar rafinsd.

Others:

180 Tdbacco

190 Grass, Fodder, Bhoosa,
#oon]j, DOry Spores, Straw -

220 .Vegefabies_excludihg
potatoes and onion

249 Fruit

Industrial raw:food (oils) 260 Vegetable Ghee and refined

‘edible oils(procédssed)

280 Jaggery qur,Shakar,Desikhénd)

300 AMIMAL AND ANIMAL PRODUCTS

Animals

‘Hides and Skins

. Other animal product

320 Meats, eggs and dairy
-+ products, fish

340  Vhool raw

400  RAYW MATERIAL

“Timber, Eogs,‘Bamboos

Other ores except metallic

500

BULK

420 Pulp,waste paper.and
- molasses waste coifon

490 Other raw maferfal

MANUFACTURES

Cement

Medlicline, ana Drugs
Tea, Cofae, eatc. |
Animal food oilcake -
Ofher Bulk goodé

520 Fertilizer

540 . Chemicals

560 Beverage{filled or unfilled)

580 Dried Milk




610
630

Cf"
\n
fu]

Ry

695

710
730

740

755

770
777

785

310
830
850

870

890

ANNEXURE= V(i)

MANUFACTURES

Textilte Fibr=

Jute Manufactures:
bags, carpets

Wood manufactures, fixturs

peints and others

| ron andé Steel.~ . ..
Billaets,pipes, :Tubings,
Girders, Figiro

Cemont manufac?ures,
Concrete, Stabs, Slteepers,
Pipes,

Others

)}
ra
[

Textile Manufactures

Leather and lLeather

-proddcts

Rubber manufactures

Iron and Steel finishad
products and other metal
products

Bricks

700 MISCELLAMEQUS MAMUFACTURES

Machinery:‘qthefz?hén
electrical

Domestic electrical:
appliance, Ratio, T.Vs etc.

Cycles and Autooycles

Spare-Pah+s‘
Genaral Merchandize
Sports goods '

lce

Others

720
735

750

760

775
780

725

Machinery electrical
{non-domestic)

Paper, Gatta Books and
other paper products

Tractor,Cars, Auto-

rickshaw pickup, wagons
and other vahicles,(Jeep,
Trolly and other =~
vehiclas)

Cigarettes
Soap, detergent

Pottery and Mouldings,fire
bricks(plastic,earthen,china
clay,glass were products)

Cans, Barrels, drums, tins,
jery canes etfc. :

800 MINING AND_QUARRY NG

.BallasT; Gravel,réfbhé

Lime Stone and- Powder

Gyspsum
China Clay '

Other Metallic Ores

820
840

- 860

380

895

Sand and Sand Silica
Marble and its Granuals
Salt: Rock -

Earthen C'ay.z . .
Other Mining and Quarrying
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AMNEXURE - V(ii)

900  FUEL, LUBRICANTS (MINERALS)

910 Coal, Coke, Briguettee- 920 8ifumen, Pitchtar,Asphalt,
‘ ) ~ Charcoal :

930 Petrol 950 Diesel

950 " Herosins 0l 560 Furnance 0| ,

970  Lubricants | . 980 Gas, ?faduéfs, Cylinders

8¢ Fire Wood : 995 Miscellanequs .

ADC MISCELLAHEOUS G0ODS NOT CLASSIFIED

AjO .Mails,POSTél backage,e?c AZQ (Household effects)
A30 Official stores A4D Mar firearm, Ammupifion
CAS0  Dead Body - " A60  ilitary supply

A9 Unépecified goods '

OTHER CODES

- . Make ~ Col., 24-25"

Bedford J01
Fiat : 02
Ford _ 03
Hino 7 . 04
isuzu 05
International 06
Ley tand ' 07
Mercedes Benz 08
Nissan 09
~Toyota . 10 .
MAM 11
aMC ; : 12
Dodae - 13
Mazda . ' 14
" Cheyer or lLate 15
Others 29

Hon-Specified 00
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AMNEXURE- Y (iv)

Weight Unit of Commodity (Cobt., 45}

Lbs - 1
gs ‘ 2
#ds 3
Tons 4
Cub,.Ft 5
Gub. Metre 6
Litre 7
‘Gallon 8
Numbers. 9

wathnq Machfne Scale Unlts
Lbs 1
Kg 2
Lteft whee! Kg & right wheel Lbs 3
4

Left wheel Lbs & right wheel Kg




