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EXECUTIVE SUMMARY

Over loading by commercial trucks in Pakistan is a serious
problem. The heavily over loaded trucks stress the road structure beyond
safe bearing capacity. As a result of which the roads break up. The
gévernment.hés to spent billions of rupees every year to repair the roads.
The local truck body makers are producing wider and elevated truck bodies
which enables the truck owners to over load to reduce haulage cost. On our
highways, it is common practice for the conventional 2-axle and recently
introduced multi-axle trucks to over load. Their tyres are also over inflated
far in excess of their normal pressuré resulting reduction of their contact
areas with road surface. The excessive wheel loads with reduced tyre contact
areas exert pressures far in excess of safe bearing capacity of the road
pavement structure. When over loaded trucks run on flexible road pavement
having unbound bases, signs of distress (rutting) soon apbear after the
facility is opened to traffic. This results in an early pavement failure and
investments in road construction worth billions of rupees are wasted every

year,

Unfortunately, there is no legal axle load limit iegislation for
trucks plying on the roads in the country. The practice of plying trucks
without any axle load restrictions has damaged the country ] roads and the
snuatmn demands immediate imposition of axle load restrictions by the
concerned authorities. Some studies have been done in the past to estimate the
degree of over-loading by trucks. The first such study was carried oﬁ.t by the
National Transport Research Centre (NTRC) in 1682. The study covered
coun‘lcry-wider axle load measurements at 35 stations for the 3rd Highway

Project. The traffic composition at that time mainly consisted of - 2-Axle

()




Bedford trucks which accounted for 96.5% of the trucks. Other configurations
such as three axles and more were quite insignificant in numbers. The
damaging factor of the two axle trucks was found as 3.2 as éompared to the
18,000 pounds standard axle. NTRC also carried out a survey of Multi-Axle
Vehicle in 1982, Although, the sﬁfvey dld not cover any axle load
.measurement but the study provicied detailed composition of multi-axle
vehicles. Various other studies were carried out by different consultants but
their overage was either limited toa single road or the number of observations
made was small. No comprehensive axle load study')'was done sui}sequent tothe

‘1982 NTRC Axle Load Study.

The Na.tional Highway Authority (NHA) approached NTRC for
undertaking the present st_udy. It covers axle load measurements at 30
stations on the national highway network. The study emphases on
measurements of axle loads of all kinds of trucks, measurements of .t.raffic
volume, tyre inflation pressure, type and make of commercial vehicles and

commodity carried by the trucks.

The o‘bjective of the study is to assess the present degree of
over-loading by goods Vehicles. Since 1982, there has been significant
increase in the vehicle axle loads. There is an urgent need for re- -evaluation
- of axle load 51tuat1on and fresh computatlon of Equlvalent Standard Axles
(ESAs) that could be used for the d931gn of new road pavements and
overlaying the existing pavements. The study explains variation in ESAs with
res'pect to vehicle typé, commodity carried, tyre pressurés etc. and also to

pinpoint stations of high over loading.

(ii)




The survey was carried out in two rounds spread over a period

of six months between March 30, 1994 tb September 4, 1994. Observations at

each station were made for at least 24 hours in each direction and in case of

dual carriageway and heavily trafficked roads, measurements were made for

48 hours. A total of 4,768 goods vehicles were weighed out of which 4599 were

loéded and 169 were in empty condition. All the categories of loaded trucks

have been covered in the study. The observations were cross checked with

vehicle load measurements by road side weigh bridges installed by private

parties and the difference in figures checked within acceptable limits.

i)

ii)

iii)

Some important results obtained from the survey are as follows:

Traffic Volume

Traffic volume for 24 hours on all stations was served.

Considerable variations of volume were observed at different
stations. The traffic volume ranged from a minimum value of 688
vpd on Quetta-Nowshki section of N-40 to a maximum value of
20,750 vpd on Rawalpindi-Chablat section of N-5.

Commercial Vehicles in Traffic Mix

The proportion of commercial vehicles was observed to vary from
a minimum value of 6.43% at D.G.Khan-Taunsa section to a
maximum value of 76.2% at Hyderabad-Larkana section. On the
ax}erage, the proportion of commercial vehicles on 30 stations as

a percentage of total traffic volume has been observed as 35%.
Composition of Commercial Vehlcles
The composition of various axle conflguratlons of commermal

vehicles was found as tabulated below:

COMMER CIAL VEHICLES AS A % OF TOTAL VOLUME

Configu- ' © |3-Axle |4~Axle |5 & 6 | Total
ration 2-Axle |3-Axle | Trailer Axle

tage [68.9 |21.50 | 1.20 | 6.5 [1.90[ 100 |

(iii)




iv)

vi)

Proportion of Discrete Axle Configufations

While comparing it with 1982 study, significant variations in
proportion of various axle configurations has taken place. In the
1982 study, the two axle commercial vehicle constituted more than
96% of the total commercial vehicles which has found to he
reduced to 68.9% showing an upward trend in use of multi-axle
vehicles. 3-Axle rear tandem commercial trucks on roads have
increased from 1% in 1982 to 23% in 1994.

Distribution of Commercial Vehicles by Make

As regards the vehicles make, a total of 14 makes were observed
plying on the roads during the survey. The Bedford trucks still
dominate the scene and accounts for about 53% of total trucks
population followed by Hino which are 23%. Among the multi-

axle vehicles Japanese make vehicles are significant. However,

Bedford trucks (96.5%in 1982}, are grédually depleting from the

truck fleet on our roads. The population of Hino, Nissan, Isuzu
trucks vehicles were negligible in 1982 which now constitute
about 44% truck fleet.

e

MAKE-WISE DISTRIBUTION

“S.NO Make No. $Age
1, Bedford .| 2518 53
2. Hino 1116 23
3. Nissan 756 16
4. lsuzu | 229 | 5
“ 5. Others 149 3
6. Total ' | 4768 100

Distribution of Loaded and Empty Vehicles
The distribution of loaded and empty vehicles according to axle

configuration is given at next page:

(iv)
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vii)

viii)

DIS’I‘RIBUTIONr OF LOADED & EMPTY VEHICLES

Description . | Code Loaded | Empty | Total
2-Axle Single 1.2, 3153 - {116 3269
3-Axle Single 1.2-2 130 8 138
3-Axle Tandem 1.22 985 28 1013
4-Axle Single J1.2+2.2 38 5 43
4-Rxle M,Tandem* |[1.22-2 4 - 4
4-Axle R.Tandem [1.2-22 234 8 242
S-Axle Tandem** |1.22-22 s | 1. ( 10
6-RAxle T.Tridem |1.22+222 37 3 40
Others - 4 - (Q
¥39Y 16G

Only 4 vehicles of this category were encountered
during survey, therefore are not included in

further analysis.

Only 9 vehicles of this category were sampled.
Damaging effect of this type is based on this
limited sample.

Distribution of Commercial Vehicles According to Commodity

The distribution of vehicle according to commodity carried show
that mainly manufactured products, food and agriculture fuel
and lubmcants, mimng and quarry materials are carried by the

trucks. No Sngﬁcant difference was observed in the type of

commodities carried out by various types of trucks as compared
with 1982 study. But visible trend in specific commodities carried
according to axle config'uratlon was noticed e.g.; the vehicles
with more than 3-Axles mainly carried manufactured products &

food-items. _

_Average Axle Loads
Average axle loads for loaded and empty vehicles for Varlous axle
config'urations are given at next page:

(v)




AVERAGE AXLE LOADS (TONNES)

pescription |Code Front| Rearl|Rear2|Rear3 Rear4 | Rear5|Groas

2-hxle i.2. 4.93|11.13 16.06
Isingle ' . ' . '

3-pxle 1.2-2| 6.74]12.59}12.17 . 31.51

Single : .

3-axle 1.22 | 6.74|12.37|12.51] ' 31,61

Tandem o .

4-Axle Rear |1.2- 5.39{11.50]|10.90}10.75 A 38.83

Tandem 122 :

5-aAxle 1.22-] 5.55] 9.28] 9.28 10.27|10.95§ - 45.33

Tandem - 122 : . o :

6-hxle 1.22+| 6.43}10.37{10.67 10.49]10.99310.5 |59.45

Tandem 222

Tridem -

ix) Distribution of Load Over Front and Rear Axles
The distribution of 1load over front and rear axles for various

axle configurations are as under:

DISTRIBUTION OF LOAD OVER FRONT & REAR AXLES

Descri-

ption Code Front | Rearl | Rear2 Rear3 | Rear4 | Rear5
2-Axle 1.2 31 69

Single _

3i-Axle 1.2-2 21 40 39

single '

3-Axle | 1.22 21 39 40

Tandem o

4-nxle | 1.2- 14 30 28 ‘28

Rear 22 s

Tandem '

5-Axle | 1.22- 12 | 20 20 - 24 24
Tandem 22 : ‘

6-Axle. | 1.22+ { 11 17 18 18 18 | 18
Tandem 222 - v :

Tridem : K

x) Eqmvalent Standard Axles Per Vehlcle
" a) AS PER RN31: The average value of Equlvalent Standar(i o
Axles (ESAS) for various axle confl—guratlons of commercxal vehicles

Were.c_a_lculated in accordance w1th Road Note 31 & are as below.

(vi)



AVERAGE ESAs PER VEHICLE

Description Code |ESAs

2-Axle Single 1.2 6.49
3-Axle Single - 1.2-2 16.82
3-Axle Tandem 1.22 18.48
4-Axle Single 1.242.2 }19.00
4~Axle Rear Tandem 1.2-22 17,30
5-Axle Truck 1.22-22 | 19.59
6-Axle Tandem Tridem | 1.22+222 | 27.96

Tractor Trollies ' - 1.19

There is however considerable variation in the values of ESAs at

_ dlfferent stations. For example, for 2 axle trucks, the hlghest |
value of 23.59 was found at Karachi-Gaddani section, ‘while a
minimum value of 3.32 was found at Okara-Lahore section.
Similarly, for 3-axle trucks (Rear Tandem) the maximum value of
ESAs was found to be 46.54 on Karachi-Gaddani section and
minimum of 6.94 on Quetta-Chamman section. The highest ESAs
for 2 & 3 axle trucks at Karachi-(}addam section is prlmamly due
to carriage of heavy iron scrap, a product of Ship Breaking
~ Industry at Gaddani. '

b) AS PER AASHTO Design Guide 86: The average value of
Equivalent Standard Axles {ESAs) fof various axle configur-
ations of commercial \';ehicles were also calculated in accordance
with AASHTO Design Guide 86 & were found as under:

_AVERAGE ESAs PER VEHICLE (AS PER AASHTO)

Description . Code ESAs
2-Axle Single 1.2 4.67
3-Axle Single ‘ 1.2-2 11.65
3-Axle Tandem 1.22 8.84
4-Axle Single - 1.242.2 12.99
4-Axle Rear Tandem 1.2-22 10.35
8-Axle Tandem Tridem 1,22+222 10.90

(vif) |




xi)

xii)

.5 however conside: w2 rariatioll in tho value: ol
ESAs at different stations. For example for 2 akle trucks,
the highest value of 13,09 was found at Karachi- -Gaddani. :
section, while a minimum value of 2.85 was found at Okara-

Lahore section. Similarly, for 3-axle trucks (Rear
‘ Tandem) the maximum value of ESAs was found to be 20. 27

on Karachl-Gaddanl section and minimum of -3.99 on
Quetta-Chamman section. The highest ESAs for 2 & 3 axle
trucks at Karachi-Gaddani,[séctiori is primarily due to
carriago of heavy iron scrap, & 'product of Ship Breaking

Y

Industry at Gaddani.

Rear Axle Load Distribution
The distribution of vehicles according to rear axle load is as

follows:

REAR AXLE LOADS DISTRIBUTION

Range Cum. $Age Above
(Tonnes) $Age $Age Range Value

0.00-8.15 |11.82 | 11.82 | 88.18
8.16- 9.99 |14.57 | 26.39 73.61
10.00-10.99 [12.92 | 39.31 - | 60.69
T oo-11.99 |17.36 |s6.67 | 43.33
12.00-12.99 |15.68 | 72.35 27.65
13.00-13.99 |12.16 | 84.51 - | 15.49

14.00-14.99 | 6.51 | 91.02 8.98
15 00-19.99 | 8.56 | 99.58 - | 0.42
75 00-atove | 0.4z |100.00 | 0.00 |

The above table reveals thot about 73.61% of the rear axle __lbads
exceed 10 tons while 43. 33% exceed 12 tons value and 27.65%
exceed 13 tons rear axle load. In other Words, ifa legal limit of
12 tons for rear axle is applied in the country then 43.3% of rear

axles has to be brought under control.

- Comparison of Present Study with 1982 Study

The results of the present study are compared with 1982 AxIe
Load study as followmg ‘ :

( viii)



a)

b)

d)

The proportion of 2-axle trucks in 1982 was 96.5% whereas
at present,it has reduced to 69%

The proportion of multi-axle trucks in 1982 was about 4%
which has now increased to 31% in 1994,

The 1982 study covered only 2- axle trucks while the
present study covers all axle configurations ranging from
2-axle trucks to 6-axle truck trailers having tandem and
tridem configurations.

The damaging effect factor for 2-axle truck in 1982 was
found to be 3.37 while it has now increased to 6.49 based
on RN31 approach while its value is 4.67 as per AASHTO
procedures for the same. category.

As regards multi-axle vehicles, the 1982 study was limited
~only to NLC fleet and that too very limited vehicles were
covered whereas the present study takes in to account
multi-axle vehicles owned by private sector as well. The
private sector long vehicles were not on roads in 1982, As
such, the comparison of damaging effect of multi-axle
vehicles with the 1982 study is not possible.

xiii} Comparison of EASs with Previous Studies
Comparison of Equivalent Standard Axles for different axle

config‘ufation worked out earlier by different consultant with the

present study is as follows:

COMPARISON OF ESAs WITH OTHER STUDIES

NTRC| ACE R.R&MINESPAK|Present|NTRC
Description Code 1982 1988 1989 [1989 (RN31) |{AASHT(
2-Axle Single 1.2 3.37|4.96 |6.33 | 7.4 6.49 4.67
3-Axle R.Tandem |1.22 - |7.63 {24.82|26.72 18.48 | 8.84
- [[4-Rxle Single 1.2+2.2] - }9.77 |9.68 - 19.00 | 12.99
4-Axle R.Tandem |1.2~22 11.4|18.07|24.46{25.05 17;3b_ 10.35
5-Axle Tandem 1.22-22 g.g— 6.95 (12.64]28.30 19.59 -
6-Axle T.Tridem [1.24222}. - }9.04 - |22.56 { 27.96 | 10.90

(1x)




xiv) Situation in Other Developing Countries
Excessive truck axle loads is a general problem of the developmg
countries. Some countries have taken the initiative and have

restricted their axle load as given below:

Legal Axle

Load Limit
Country Name (Tonnes)
Ethiopia - | 8.0
Nigeria : 10.0 .
Turkey 8.2
Kenya - - 8.0
Jordan 12.0
Abu Dhabi No Limit
QRatar No Limit
West Malaysia 8.0
U.K. 10.0

xv) Axle Load Legal Limit for Pakistan
Baged upon the results of this axle load survey, axle load legal
limit i.n Pakistan may be decided jointly by the transporters,
concerned government authorities, consultants and National

Transport Research Center {NTRC)}.

(x)



1 INTRODUCTION

1.1 Problem

Like most other developing countries, trucks in Pakistan carry loads
mﬁch in excess of their rated capacity. T.he local truck body makers are
producmg‘ w1der and elevated truck bodies whxch enables the truck owners to
. over load to reduce haulage costs. The tyres are also over mflated far in'
'excess of thelr normal pressure resulting in reduction of their contact areas
with road surface » The excessive wheel loads with reduced tyre contact areas
exert pressures far in excess of safe bearing capacity of the road pavement
structure_.. When over loaded trucks run on flexible road pavements having
unbound bases, signs of distress (rutting) soon appear after the facility is

opened to traffic.

Traffic volume on roads is incfeasing each year with ma_rked increase
in Axle Loads énd total loads carried by commercial vehicles. Therefore the
frequency and magnitude of the axle loads being applied on the roads is
ihcreasing and the'hféhwéy' aiuthorifiés are facing the serious problems of
maintenance, rehabilitation and reconstruction of existing roads together with

designing-future roads to meet the criteria for much higher traffic loadings.

Axle load survey is now a pfe-requisite for highway planning,
designing énd maintenance. Inspite of the vital impoftance of the dafa, its
coIlection and use has not been made in ény systematic manner prior to 1982
study. Instead, rules of tﬁﬁ_mb have been followed and in some cases ratios
and approximations deiréIOped in bther countries sucﬁ as Road Note 29 of UK

which are not relevant to our conditions have been used.




_ Ttxe result of the axle load surveys help to determine the correetl
thickness of various; pavement layers to withstand the anticipated axle loads.
The'present practice tn all most all the co'untri"es is to'convert vehicles axle -
loads into standard axle load of 8165 kg (18000 lbs) and to determme
equlvalent standard axles (ESA'S) for the de51gn life of the pavement say 10

or 20 years.

The tendency of overloading ig progressively getting worse due to the
introduction of newer and more power{ul trucks with heavier and wider bodies
and transfer of goods traffic from rail to road. This has been the major

reason for carrying out a country-wide axle load study.

1.2 Objectives of the Study

The main objective of this study is updatioﬂ of 1982 'study and to
assess the degree of preeent over-loading by goods vehicles plying on the
roads. The study cotrers country-wide axle load measurements on the main
national highways to fmd out var1at10ns ‘with respect to type of vehicle,
commodity, volume, tyre pressure and to calculate damag’mg effeet of

different axle conf'igurations'. )

1.3 Axle Load Studies Done in the Past
Following studies were carried out by different government

organisations and consultants in the past:

S 1.3.1 NTRC Axle Load Study 1982 ,

NTRC carried out a country ‘wide axle load survey at 35
stations as a reqmrement for the 3rd hlghway project financed by
IDA/World Bank. ThlS was the first study carried out in the country
for the measurement of axle loads. Prior to this study, rules of thumb

were followed & in some cases ratios and approximations developed in
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other countries were used,

However, results of this study wefe widely used by
consultants and authorities concerned with National and Provincial
Highways for designing new pévements and improvement of existing
road pavements. According to the traffic composition at that time 2
axle Bedford trucks \n:'ere dominant & accounted for about 96.5% of the
vehicles, followed by Nissan and Hino. According to their damaging
effect, a loaded vehicle was found equal to 3.2 standard axle and an
empty vehicle equal to 0.12 standard axles.

The surirey also covered a limited number of NLC multi-axle
vehicles. Eighty seven numbers of such category were measured. In
terms of damaging effect, equivalent standard axles of 8165 kg (18000
Ibs) for various types of loaded vehicles were as follows: -

Make 18 Kip Equivalent
Standard Axles

5-Axle Tankers

9.2
5-Axle Trucks 5.5
4-Axle Mercedes Truck Trailer 11.4
4-Axle Mercedes Traction Unit 8.8
Fiat 8.2
Hino 9.7

1.3.2 Multi Axle Vehicle Survey 1982

' NTRC also carried out a multi-axle vehicle survey in 1982 to
B determine ‘the proportion of multi axle vehicles in the traffic stream.
- Althoug'h this survey did not cover any axle load measurement, but it

provided detailed composition of various types of multi axle vehicles.

1.3.3 ACE Study 1988

Associated Consultmg Engineers (ACE) prepared an Axle Load
: report of Indus nghway (N- 55) The study mainly takes into account
the traffic conditions on N-55. A total of 2640 vehicles on 17 statlons
were surveyed, Accordmg to this survey, the damaging factor for
loaded vehicles ranged between 0.814 for tractor troiley to 18 066 for

4
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1.3.4 Road Research and Material Testing Institute Study 1989

The Road Research ad Material Testing Institute of Punjab
Highway Department conducted an axle load survey in 1989 covering
~a total of 302 vehicles including 52 tractor trollies. Only loaded

vehicles were surveyed. .The survey was carrled out around Lahore -

and Faisalabad.

1.3. 5 NESPAK Study 1993

-~ National Eng'xneermg Services, Pak1stan Limited (NESPAK)
" carried out an axle load survey of Shelkhupura—Multan-D G.Khan
Motorway in 1993. A total of 658 vehicles were surveyed which
comprised 2 axles and multi- -axle vehicles. Being the latest study as
' compared to ACE and NTRC 1982 study; the equ1valent standard

axles/vehicles was found much higher. - It was found 7.4 for 2 axle

trucks as compared to 3.2 by NTRC 1982 study. The equivalent
standard axle/vehicle was found equal to 98.3 for 5-axle truck trailer

as compared to 9.2 for the same category of vehicles in 1982.

Comparison of ESA's for different axle configurations worked

out by consultants with the present study is given at as under:

- COMPARISON OF ESAs WITH OTHER STUDIES

NTRC- |[A.C.E {R.R & |NESPAK Present tNTRC
Description |[Code{1982 {1988 [MTI 1989 1989 RN31 ASHO
2-Axle 1.2 3.371 4.96 6.33 7.4 6.49 4.67
Single o
3-Axle - 1.22| - 7.63 24.82| 26.72 : 1.8.48 8.84
R.Tandem '
4-Axle 1.2 - 9.77 9.68 - 19.00 }i2.99
Single +2.2 o ' :
4-Axle 1.2-|11.40 | 18.07 26.46 25,05 17.30  |10..35
R.Tandem 22 . : :
5-Axle 1.22]| 5.5- | 6.95| 12.64 28,3 | 19.58 | -
Tandem ~22 9.2 T ‘ :
6-Axle 1.2¢/ - | 9.04] - 22.56 | 27.96 [10.90.
T.Tridem 222 .




1.4 Structure of the Report

Technical_ information en various aSpeets of axle load such as load
distribution, 7 effect of wvarious factors on eavement stresses, axle
config‘uratibn, average axle loads, the AASHO Road Test and equi\}alent
standard axles are discussed in Chapter 2, while the different equipments
used for axle load measurements are described in Chapter 3. Chapter 4 deals
with methodology adopted for the study and Chapter 5 provides informat__ion
on traffic volumes, proportien of trucks in traffic stream and statistical data
related to traffic compositioﬁ. Analysis of data containing average axle loads
of different axle configurations at different sections of national highwsys are
presented in Chapter 6, while the damaging factors of different type of trucks
in terms of equivalent stanc}ard axles are presented in Chapter 7 of fhe

report,

Results are presented in the form of .tables and diagrams and discussed
in the text where necessary. Tables containing additional information which
ere not presented in the text are referred in the paragraphs and appended at

the end of the report.







2 TECHNICAL BACKGROUND .
2.1 General | |

Axle Ioads are one of the two farin.cipal factors for determination of the
paverﬁent thicknesses, the other factor being the load bearing capacity soil.
It'is therefore very important te know the exact distribution of axle loads at
a particu.lar section for which the flexible pavement is to be designed Prior
to NTRC 1982 study for determination of the damaging effect of the axle loads,
| rules of thumb have been followed & In some cases, ratios and apprommatmns
developed in other countries whleh were not relevant to our conditions were
used. However, NTRC 1982 study revealed a high degree of overloading
prevailing in the country which necessitated using factors for pavement

design which are at par with the vehicle loads in the country,

2.2 - Load Distribution

The load of a vehicle is transmitted' to the road surface through the
tyre contact area and distributed threugh suceessjve layere of the structure
to the sub -seil on which the road structure rests. If the sub-soil deftects, the
over-laying erxibIe pavement will deform to a similar shape and the structure
will fail, The primary function of pavement design is to protect the sub-soil
by dlstrlbutmg the applied vehicle load in sueh a way that maximum pressure
apphed to ‘the sub-soil is within limits of its load bearlng capacity. A system
| of laye_rs of dlfferent spec1f1cat10ns such as sub-base, base and surface course
ete., make such a load distribution in a complex way. The design of flexible
_ pavement is affected by several factors N 1mportant ones bemg load of the
traffic, load bearing capamty of the soil, quality of available materials and
env1ronmental factors ete. Onan 1n1t1al simplifying assumptmn the wheel load
distribution of a pneumatlc tyre on umform granular matemal is in the form of

a cone supported by surroundmg materials having a slope of approximately 45




degrees. The area over which load is siaread increases with the depth and
intensity of pressure decreases proportionately as shown in Fig. 2..1.
Intensity of pressure is reduced with depth. Thus, if an alloweble unit.
pressure g for a particular sub-grede soil is given, the required thickness of
cover can be readily determined for the maximum truck Wheel load that is.

likely to be experienced using the following equation:

- q (a+d).

P =
d = P
o} - a
where
q = . Average pressure on the sub-grade caused by a wheel load p
acting through blase and sub-base material.
= Circumference of the Circle 22/7 = 3.1416
a = Radius of Ctrcular Contact area
d = depth of pavement structure

2.3 Preqeure Bulb Theory

A bulb of pressure is a surface obtamed by connecting points of equal-
stress on the various horizontal planes at various depths. The pressure Bulh
Theory explains the dlstmbutlon of load when apphed to the soil through a |
cwcutar ob]ect The pressure at any one pomt on the surface of a bulb is the
same  as at any other pomt Because the contact area betwaen a tyre and the
_ground appm\umates a c1rcle the theory can be apphed to pressure in the 5011 ‘
under tyres w1th shght modlflcatxon Flg 2.2 111ustrates the pressure bulb.
2.4 R O ffect of Varluus Factors on Pavement Stresses

Pavement ‘stresses are affected by many factors such as:
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2.4.1 Tyre Size A

Tyre size determines the area of contact with the road surface
which in turn determines the area of load distribution and unit load.
The smaller size tyres will make a shérp curve with the road surface
and the area of contac{ would be small and unit load more. The stress

or pressure would thus vary directly with size of the tyre.

2.4.2 Tyre Pressure _
For a given size of tyre, the area of contact with road surface

will inversely vary with tyre pressure. The higher pressure would
resul’@ in smaller contact afea and vice versa. The unit load will
therefore directly vary with tyre pressure. However, given the tyre
pressure, increase in load would not increase the stress as much as the
increase in load. As the area of contact would also increase with
incréase in load, the unit pressure would not increase as much as the
increase in load. The relationship between tyre pressure, area of
contact, pressure lon the road surface and stress on soil are given in
Fig. 2.3 Fig. 2.3 (a) indicates how the contact areé decreases as the
inflation pressure increases. Fig. 2.3 (b) indicates the manner in

which the actual pressure is transmitted to the surface in a non-linear

" fashion as the inflation pressure increases. At any given time, the

applied Surface-p'fessure is always considerably greater than vertical
preséure on the pavemént surface. Fig. 2.3(c) also indife'ctly reflects
the role of the tyre pressure inducing stresses in the pavement. The
effects of high infiation pre.ésuresarer most pronounced in the upper
layers of pavement and have relatively little differential effects at

greater depths.

'2,4.3 Wheel Load

It would be seen from the above that as the wheel load is '
increased, the tyre deflects and the contact area is increased. As a
result, the peak unit pressure applied to the carriageway shows only
é very small increase. The a&ditional wheel load has howéver, -the
affect of causing the vertical stress at the pavement subgrade
interface to be increased in direct proportion to the extra load. Thus

it is clear that as the wheel load is increased the depth of pavement

must alsc be increased so that the allowable subgrade stress is not

exceeded.
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2.4.4 Dual Wheels _

Almost 'all buses and trucks in Pakistan have dual rear wheels
which can influence the stress distribution and deflections within and
below the highway pavement. The most definitive investigations into

" the effect of various wheel arrangements have been carried out on
airport pavements where they are of significant importance because of
the greater wheel loads. Theoretically, it can be shown that the single
wheel load required to repfoduce the same maximum stresses in a

homogeneous material as are given by a dual tyred assembly is

P = pt ~eeommemmmmme——
e (2+ 2)5/2
zZ 5
Where
P = equivalent single wheel load
P )
p = load on each dual-tyre
z = depth to the plane bheing stressed and

s = distance between the centers of individual tyi'es.

The relationship clearly illustrates the two most important features

of the dual-tyred assembly. Firstly the calculated stresses at the

: pavemenf surface (when z = o) are only due to the individual wheels of the

assembly and there are no interacting effects. Secondly, the distance
betweén the tyre centers plays an imporfant part in the stress distribution
beneath the surface. At'greater'depths, however, where the s-value is
small ih“co_mparison vﬁth depth s the stress due to the dual-tyres becomes

near additive.  Fig.2.4 illustrates the same.

- .2.4.5 Axle Configurations.

Axle configurations have a pronounced effect on stress distribution

“and deflections. In the AASHO Road Test, Liddle separated axle

configurations into single and tandem axle sets and deduced that the

' damag’iné; power of the tandem axle sets was less than that of the two

single axles fogethe_r carrying the same load.
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. 2.5

2.4.6 Static Versus Moving Load
Tests have indicated that stresses tend to decrease as the

'vehicle speed increases from creep spéed to about 24 km/h. Above 24

km/h the values tend to be constant. The vehicle speed effect is most |
noticeable on particular sections of roadWay. For instance, fora given
volume of traffic, greater thicknesses and or quality of paving
materials may be required for pavemen_ts in urban areas than for those
in rural éreas because of the lower average speeds in urban areas.
Similarly pavement requirement for uphill gradients may be more
demanding than for downhill gradients.

2.4.7 Repetition of Loads

Although the effect of niaterial,fatigue on highway pavement
behaviour is little understood at this time, there is no doubt that it
plays a critical role in pavement failure. The cracking of the surface

- may be the result of fatigue characteristics of the bituminous material

itself or it may reflect the effect of repeated loading on the road base,

sub-base and/or subgrade materials.

Standard Axle Load

There are large variations in axle loads of different categories of

vehicles and different vehicles of the same category due to differences in the

type and anfio_unt of cargo carried. Accordingly, to bring all axle loads to a

“uniform scale, different axle loads can be converted to standard equivalent

axles on the basis of damaging effect to the road structure.

2.6

Demaging Effect of Axle Load

The damage caused to the road structure is related to its axle loads,

hence it is essential to know the relationshili between the pavement damage

and the axle load in order to carry out proper and adequate structural design

fiolx'-mthe roads. However, the relatiénship between the axle load and the damage

it causes to the road structure can only be obtained from full-scale

experiment.
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9.7 ~ AASHO Road Test

The most widely used relationship between xfehicle loading and
pavement performarice was derlved from the AASHO Road Test (Highway
Research Board (1962)) and W J Liddle (1962). This test mvolved runmng

vehicles cf different loading charactemstlcs fora perlod of up to two years R

over test tracks containing lengths of flex1b1e and concrete pavement of '

different formulations and observing and measurmg the condltlon of the

pavements as they deteriorated under the traffic loading. ‘ The test was

carried out over the period 1958-60 at Ottawa, ‘1llincis, where the subgrade
soil is a wind-blown loess and where weather conditions are typical of the

‘ Northern USA i.e. a continental climate with hot summers and cold winters.

The data were subjected to a complex statistical analysis and amongst the

results whlch emerged was a generalized conclusion that the relative damage
to both flexible and rigid pavements varied apprommately as the fourth power
of the applied wheel load It is this relationship that provides the basis for
assessing the effects of vehicle loadlng in most current methods of pavement
design. The relationship was ccd1f1ed by converting the estimated spectra of
axle loadings into an equivalent number of repetitions of a standard axle load

of 18,000 1b (8165 kg).

2.8 Equivalence Factors

The equivalence factor of an’axle load is defined as the number of

passages of an axle load carrying a standard axle load of 8,185 kg (18,000 1bs)

: whmh would do the same damage to a road as one passage of standard axle. -
Other researchers have also analysed the Road Test Data to derlve

relatlonshlp between equivalence factor and axle loads The results of the _

AASHTO road test have md1cated that the stresses 1nduced and the damaging

fo effect caused to the road pavement by an axle load hlgher than the standard 2
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axle load increases not in dlrect propornon to the load but by a power of
.'standard load The most oommonly value used for the power is 4.5. ‘Two
approaches are commonly used by various highway agencies in the world these
days for determination of equivalency factors. The first one is the AASHTO
" Guide 19868 and the second is the RNSI, UK approach. The AASHTO, 86
provides equivalency factors for various axle loads of single, tandem and
tridem axles. The equivalency factors are further based on the type of
pavement,} structural ‘nomber (SN) of the pavement and Tei-minol
Sérviceabih’ty Indes (Pt} of the pavement. Since most of the recent major
highway designs have indicated structural number of '5', it was considered
appropriate to assume a value of ".5 " as SN. A terminal serviceability index
value of " 2.5 " was adopted. Iload equivalency factors adopted in this study
as per AASHTO are placéd at Annexure 2-A. In the second approach i.e.
RN31, UK, all axles are assumed as single axles. The tandem axles are treated
as tﬁo single axles and tridem axles are treated as the three single axles. The
equlvalency factor of each single axle in this approach are worked out as
follows

Equ1valency Factor = ( Axle Load in Tonnes ) 4.5
8.18

Thus, according to RN31 approach, the damaging effect of a vehicle
having a payload of 10 tons is 2,75 ESA, While it increase to a ﬁalue of 46.4
ESA when its payload - increases to 22 tonnes (Fig.2.5). Similarly if
Equivo.lence factor given in AASHTO 86 are used the effect of a vehicle
having a payload of 10 tonnes is 2.54 ESA, which increases toa value of 27 11

'ESA when its payload increases to 22 tonnes

2.9 Analysis Methodology Used for the Study
During survéy, each commercial vehicle was weighed by weighing each

axle of the vehicle separa"cely_... Various options were considered for analyzing
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the colleoted data for getting the equivalent standard axle value for the'_
vehicle. There has been no assessment of the validity of the AASHO results
to eoads in developing oountries where the climate, environment, soll types,.

' pavement stlffness and other factors are very different to those where, the
road test was carried out. ‘Literature in this regard was also stud1ed Liddle,
in his analysis of the AASHO road test data had separated axle configurations
in single and tandem axle setis. He deduced that the damagxng power of '
tandem axle sets was Iess than that of two single axles together carrying the

same load.

Although Liddle s analyms is widely accepted, other authors such as’
Shook and Finn analyzing the same data concluded that when tandem axle
assemblies carry axle loads greater than 8, 165 kg (18,000 1b) they cause more

pavement damage than two single axles carrying the same total load.

There is some uncertainty about the vahdlty of the equivalence factors
derived from the AASHO test for assessing the damagmng effect of traffic on
highways in tropical environments, In view of the different interpretations
mado of the same data it is felt appropriate for this study to analyze the
survey data usmg both the approaches i.e. taking all axles as single axle and
using equivalence factor derlved from the 4.5 power law and also the. faetors
were derived by using the AASHTO Design Guide 1986 as the alterrtate

approach.

2.10 Axle Load Spectra in Different Countmes
Most of the commerc1a1 vehloles m Pakistan are drlven by the owner
themselves and due to economic reasons, there has always been tendenoy of

over_loadmg. Slmllarly in most of the other developmg countrles it is not
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uncommon to find two axle trucks with much heavier axle loads. Axle loads as
high as 20 tonnes are also observed. The tyre pressures are also in excess-
of normal values " The effect of the heavy axle toads and the high tyre
pressures is to increase many fold the damage caused by the tyres to the
pavement Thus, it is not surprising that newly constructed flexible
pavements , particularly those with unbound bases frequently show signs of -
d1stress shortly after they are opened to traffic. Rolt (1981) has exammed
| the 1mp11oatlons of vehicle overloadmg on overall transport costs and it is
evident that vehicle overloading is seriously handlcappmg the improvement
of the road networks in many developing countries. An indlcation of the

extent of this overloading can be seen from the data in Table below:

EXAMPLES OF AXLE LOAD SPECTRA MEASURED ON MAIN ROADS

Percentage of axle loads above

Country |8 (tonnes) /10 (tonnes} |12 {tonnes) j14 (tonnes) 16 (tonnes).i.
Ethiopia 45%* 34 24 15 -
Jordan 77 58 45%* 28 14
Kenya 67 % 52 30 3 =
Nigeria - 30%* 104 - 4
Qatar 43 36 27 14 13
[Turkey 8% 17 7 [ =
Malaysia 12+ 4 2. - -
U. K 7.5 L% 3. 2 -

¥ Legal limit of axle load (tonnes).

# Pércentage at 13 (tonnes).

All industrialized countries have vehicle construction and use
regulations prescribing limits on the size and weight of commercial vchiclcs'
and enf orcement is qmte strict. In Western Europe these regulations are bemg. g
Vumt"led under the auspices of the European Commumty There is now a w1de
" ‘range of multi-axle vehicles avai_lable and, with the advent of container-
traffic, more of these are coming into greatcr us.e on the roads in déveloping

countries. The proposed E.C. loading limits for them are at next page:
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PROPOSED E.C. LIMITS ON SIZE & WEIGHT OF 2 & 3-AXLE VEHICLES

Vehicle Length  Width Gross Weight Axle Load

(m) {m) (tonnes) (tonnes)
2-Axle rigid 12.0 2.5 18 11.5
3-Axle rigid ~ 12.0 2.5 25 11.5
3-Axle 16.5 2.5 (1) (1)
articulated

(1_) No specified limit. At the discretion of member states.

In the USA the regulations concerning the size and axle loading of
commercial vehicles vary considerably from State to State. Although limits on
groés’v_ehicle weights are generaliy higher than in Euroge, maximum axle
‘loa.(iings are'generally lower. This perhaps reflects the vigor with which

State Highway Departments have striven to protect their road paveinents.

In bo.thl EuPOpe and North America the reg'ulation on vehicle dimensions
and loading are guite strictly enfoxl'ced. Some developing countries have
similar reg‘ulétions but, with very few exceptions, it has proved quite
impﬁséible to enforce them. The spectra of axle loading in mo'st countries are
far heavier tha:h on roads in Europe and North America. It seems unﬁkely that
fhe level of enforcement will improve Qery qu.ickly‘and r(_)‘ad pavements must
be deéignéd so that they can cafry veh‘icle loads that are much heavier than

those operating in industrialized countries.

1
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3 AXLE T.OAD MEASURING

EQUIPMENTS

3.1 General

In many deirelcping countm‘es.road traffic is growing rapidlly both in
Vol_ume and in the size and weight of the vehicles using the roads. As a
conseriuence highway engineers con'cerned with designing new roads or
strengtheniné; of existicg roads in develccing countries reqcire reliable

information about the distribution of the axle loads of existing traffic, and

- where possible information on national or regional axle load trends.

To provxde adequate 1nformatmn on axle load dlstrlbutmn road side
axle loads surveys are required. Such surveys can conveniently be carmed
out by using the following wheel-welghmg devices namely, Static Weighing
Bridges, W_eigﬁ in Motion ‘Equipmen_ts and TRL portable wheel weighiﬁg unit

with digital indicator.

- 3.2 Static of High Speed Weigh-In-Motion

Welgmng trucks using static welgh bridges is time consuming and

expenswe In developed countries the high speed welgh-ln-motlon weigh

) br1dges are commonly used because they have made regulations about ‘the

welght helght and length of the vehicles. The high speed we1gh-1n-mot1on

‘system automatlcally selects vehicles whxch don't conform to welght height

and length reqmrements at high Speed A brief descmptmn about high speed

- weigh in motion system developed and used in Australia is glven below,

The ngh Speed Electromc Mass Unit (HSEMU) automatxcally checks

waight height and Iength and classmes each vehxcle as it drives overaxle

21




sensors and weigh plates' - It instantly decides whether the vehicle conforms
to regulation. If vehicle confirms, the system guides it back on to the hlghway
with no delay incurred. If the vehicle is non-conforming, the computer gives
a set of traffic lights to direct the vehicle to specific enforcement weight
brid.ge. Operations in a control room are alerted if a vehicle is over weight,
uver length and/or over height in two ways. 'Firstly, if a non-regulation
vehlole pass over .the weigh plates, an alarm sounds in the. control room
secondly, trafflc 11ghts controlled by the HSEMU System are w1th1n view w of the
control room. Because the system automatically screens out vehicles that
conform, the stat_ion can operate with minimal etaff and its eft‘icienoy is a key
benefit of the HSEMU system. Cost-recovery can be expected in the short

term. A typical HSEMU layout may be seen at Annex 3-A.

3.3 1I=‘"-"ylzxnent Used for This Study
The portable weigh bridge developed by the Overseas Unit of the
Transport and Road Research Laboratory (TRL) was used for this study.

TRL has used this portable weighing unit in many parts of the world for axle

load surveys.

3.4 . Specifications of the Weighing Unit

| The portable -weighing unit have the following specifications. The
welght of the unit should not exceed 50 kg as it is con31dered that 50 kg can
be handled by one person 1f necessary and can be carrled in an average
_ prlvate motor car. The size of the we1gh1ng platform should be as large as
possxble to facxhtate the posmonmg and we1gh1ng of 1arge dual-wheel
assembhes The thlckness of the welghmg platform should be as small as
possible to m1mmlse the difference in level between the wheel bemg welghed

‘ and the other wheels of the vehicle when the unit is being used on level
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ground and the accuracy should be within + 2 percent. (Although + 5 percent
would be adequete t‘or pavement design purposes the higher accoracy would
enable the unit to be used for the enforcement of legal axle- ~load 11m1ts and for
checking the wezght of test trucks used for making deflection measurements
on existing roads) |
3.5 - Su.r.vey Equiplmen-t.and Insiallation

The equipment consists of an aluminum alloy weighiog platform (weigh
bridge) shown in Plate-1 _(Annexure_ 3-B), a readout unit,. shown in Plate 2
(Anh“efcure 3-C),- and a 12-volt car battery. The dimensions of the
weighbridge ar‘el700 X 500 x 90 mm and it is 44 kg in weight. Ordinary the
system has a measuring range of 0-10,000 kg, however, it is capable of
measuring accurately up to 20,000 ‘ll{g with minor adjustments. Under field
conditions of use, has an overall accuracy of +2% of full scale. The equipment

is not adversely affected by high temperatures or humidities.

The weigh bridge platform should be mstalled on smooth dry and
horlzontal surface. The we:gh bridge should be installed 1n a pit w1th its top
face level with the surrounding road surface. The design of a typlcal pit is
shown in Annexure 3-D. If the prlatform is not evenly supported over its base
area, then, when loaded distortion of the frame may be sufflclent to cause
errors in readmg or may permanently damage the platform Therefore before
using the welghmg umt the surface should be cleared of any debris, area

with und_ulatlons or ‘small pot holes shouid be avoided.

If the surface is unavoidably uneven or has high spots, their effect
can be minimized by using sheet of load spreadihg material such as plywood

or rubbér about 8mm thick underneath the platforms.
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3.6  Survey Sitee

The'survey site was so selected to make it possible to cart'y cut survey
of the tr-affic easily and safely. Each gurvey point was eelected on a clear
' stretch of road w1th good visibility, to g1ve ample time to driver to slow down
and stop The sites were so positioned to avoid ]unctmn or other turmng A
typical layout for survey site is shown in Annexure 3-E. Advanced workmg
signs were also used to give indication to dmver about the survey.
3.7 Survey Teams

The teams comprising of 4 members undertook survey work in slufts

of eighlt hours. One person was deputed to control the traffic on the road and

to direct vehicle into the weighing areas. The second person was deputed to
direct the vehxcle within the we1gh1ng area to drive slowly on the ;weigh bridge
and pos1t10n its wheels centrally on the platform. The third person was used

to record the wheel loads & the fourth person was deputed to carry out a

classified traffic count.

3.8 Reliability of the Equipment
According to manufacturers, this weighing unit and date recording
equlpment have been used for survey of traffic entering end Ieaving in
Abu Dhab1 Island in the Trucial States. The welghmg unit and dial indicator
have been used for the measurement of wheel loads at Quarry Bayadat in the
: Emlrate of Abu Dhabl and in Qatar The axle loads in excess of 19 000 kg were
recorded The welghmg time and the associated equ1pment perforrned
satisfactorily in both these surveys The accuracy of results was good and
error due to temperature drift were con51dered neghglble over the duration
(less than half mmute) of weighing unlt of a weighing operation. During the ‘

present survey the axle loads upto 24 65 tons were encountered.
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3.9 Preliminary Testing

The calibration of the equipmeht was done in the following manner.
First .of all complete all ‘the conne'ctions Switch-on the 12 volt D.C, supply
sw1tch on the front panel of the portable welghlng indicator unit. Press the
CHECK VOLTS button. The display will indicate the voltage level of the
battery supply. This level should not be less than 11 volts. If it is less,
recharge the internal battery, or powér the unit from an external 12 volts
D.C. Sources'. Allow the unit to warm up for 5 to 10 minutes. Adjust the SET
ZERO to obtain a reading of 0.00 on the display. Press the CHECK CAL
" button. T_‘he display should now read 5.55. If necessary, adjust the SET CAL
éoﬁt’i*bl to obtai_n- a reading of 5.55 whilst holding the CHECK CAL button.

' N

Release the button. The reading should now return to 0.00. Repeat if

necessary.

The ‘system may be checked in a simple way be applying a load to the
platform. The display will then indicate the value of the load. For example if
a person stands on the selected platform, the display might indicate 7
divisions. Each small division is 10 kg or 22 pounds and the displa_y woﬁld

therefore be indicating a weight of 70 kg or 154 pounds.

3.10 Caﬁbmﬁon of the Weighbridge
The wéighbridge equipment, as supplied by the manufacturer, is
calibrated against a proving ring and any further re—calibrations by the user
are_ﬁséfﬁl but not essential, A periodic éheck of the sensitivity may be made
: usmg a known load. When a reliable and accurate loading device is available,

the cahbratlon can be carrled out in the followmg manner.
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‘ f‘irst of all éomplete all the connec'tions. Place the platform of tﬁe.
weighbridge on the plywood sheet. Apply load through a 25 cm x 38 cm plate
. or block of wdod (i.e. the area equlvalent to a tyre contact area at 10 tonnes
: wheel’load) in incremen‘-cs- of 1000 kg, to the full value and note the
corresponding readings on the welghbmdge indicator. The calibration hne is
th_’en obtained by plotting the load measured by the 1nd1cator agamst the

corresponding value of the load applied by the machine.
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4 METHODOLOGSY

4-.1_._ L ' Selectioﬁ of Survey Points '

A couniry wide Axle load Suryey was carried out by NTRC in 1982,
The survey pomts were selected jointly by NTRC and NHA and were mostly
Iocated near the district boundames the present study was aimed to update
the previous study. Therefore, the survey points were selected on National
H1ghways near the previous statlons of 1982 study A map showing survey

pomts is g'xven at Annexure 4-A.

The number of survey points covered on. different National
HighWays are as below:

Sl. Road No. of Survey

No. Section Points
1. N-5 18
2. N-25 2
3. N-35 3
4, N-40 1
5. N-55 5
8. N-65 1
7. N=70 2
" Total 30

The stations were selected in such a way as to obtain the

representative values of axle loads for that particular road section.

4.2 Survéy Timing and Duration

The survey was conducted for 24 hours startmg from 10, 00 a.m.

' Out of the 30 statlons 11 statlons were on relanvely low volume roads where

' the axle load measurements were made for 24 hours. While at 19 stations where

traffic volume was h.igh 8 24 hours in bound and 24 hours out bound i.e. 48

hours traffic volunie moasi_.\féments were carried out. The first round of
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survey was started from southern regionlof the country on 30-03-1994 from
Karachi-Gaddani section ('1 st station) and was ended on '16—05-1,994 at Lahore-
Gujranwala section (15th station). The second .round of the survey was
started on 26-07-1994 from Wazxrabad Gujrat sectmn (16th station) ‘and was
ended on Quetta*Nowshki seotlon (30th statmn), the last gtation in the
southwestern region of the- country A complete schedule of survey was
approved by the NHA and was sent to I.G. Police of four provinces to get the

police a551stance and may be seen at Annexure 8- B

The_second round schedule was revised due to some unavoidable

circumstances and the field 'work, whlch had to be completed on 31-07- 1994,

was actually completed on 04-09-1994.

4,3 Selection of Vehicles

NTRC had installed 20 Permanent Traffic Stations on National
Highways. The results show that on most roads the axle load distribution of
the traffic moving in one direction is about the same as that traffic movmg in
opposite d1rect10n S1gn1f1cant difference's between the two streams occur,
only, on roads serving quarmes, cement factomes , te:ttile industries etc.
Slrmlarly, on some routes, 5pe01a1 vehmles are in regular use, for example in
timber extractlon areas and mining areas The 1oad1ng is quite different in

both directions as compared to other sectlons. _

Damage caused to road pavements structure by passengef cat-s and
light véhicies is neghglble as compared with that caused by loaded commercml |
Vehicles. Therefore, in this survey only commercial goods vehlcles with 2=
E A)tfe, SfA_xle, 4-Axle and more than 4-Axles were measured A total number

of 4 ,7'68 trucks were surveyed over 30 gtations as shown in Table 4.3.
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4.4 Measurement of Axle Loads

After the installation of weighing machine, the few vehicles coming
from one side were stopped for weighing and one or two vehicles moving in the
same dlrectlon were kept waiting. Others were allowed to pass. Once a queue
in one direction was cleared R vehlcles coming from the other side were stopped
for weighing. ThlS procedure was adopted where traffic volume was low and
where 24 hours axle load measurementsﬁere made for both directions. But
where the traffic volume in each d.irec_tion was high, 24 hour axle weighing was
done in each direction. Plate showing weighing of truck at site may be seen at

Annexure 4-B.

4.5 Palice Assistance
I.Gs of four protrinces were requested to provide polioe assistance
for this study because police assistance was neoessary for stopping and
managing the traffic at survey points. Almost at everjr station, two policemen
were provided by the local police station of the rank of Constable/ Heed
C.Jot;-etabie. In the presence of poﬁcemen, the drivers obeyed the instructions
of survey staff It also ensured safety of survey staff during night time
measurements and in remote areas. It was also noticed that in the absence of
pohcemen some drivers d1d not stop. Itis therefore recommended that survey
may be conducted in the presenoe of police to deal with any traffic problem.
Police was requested thet during the axie load survey, they would
not check the dritrer's license or .documehts of vehicle and would not challan

the vehicle. Particularly, overloaded vehicles were not allowed to be

questmned by the pohce in any case.
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4.6 Questionnaire

| In the previous axle load study of NTRC, a que'stionnaire was
preiﬁared by N’I‘RC to collect information about véhicle, goods'transpo'rted,
and for origin and destination of the vehlcle The same with modifications was

adopted for th1s study. The sample of the questlonna;re is placed at Annexure

4-C.
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5 TRAFFIC VOLUME " AND

PROPORTION OF TRUCKS

5.1 Traffic Volume

Traffic volume studies are conducted to furnish the engineer with the
factual information he needs, both to identify the magnitude of traffic problem

and to provide him with the data required for a quantitative approach to the

solution of the problem. The studies must beso designed and carried out that

data provided are adequately accurate and unbiased and the cost of data

" collection & procéséing is within the lilnits of available manpower,funds & time.

A volume of flow study is the measure of thé, time rate of vehicles
passing a specific point on a roadway. It is one of the fundamental
measurements‘of the importa.nce of a road. Traffic volume estimation can be
‘subd1v1ded into two basic categories; annual average daily traffic (AADT)
: and annual vehmle miles of travel (AVMT) The average annual dally traffic
is the number of vehicles that pass a particular point on a road way during a

| period of 365 days. While AVMT is basically a system measure of traffic, AADT

is a pomt-speclfzc measure. The count may be stratified by time of day, '

dlrectlon of travel, and type of vehicle,

Traffic s.;.tudies_ for a higﬁway provides quantitative information aa;Bont
| "_the Various .types of vehicleé using the highway. Traffic Qbiume data will
1ndlcate the approprlate levels of serv1ce for which new highways should be
de51gned and directly affect geometric features, such as carriageway widths,
. number of lanes, homzontal and Vertlcal alignments and maximum permissible

grades.
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It is qui{e intereeting to note t'haf in 1982, the pr'oportion of 2 axle
commercial vehicles was about 95% while the proportion of 3 and more axle
trucks was only. 1% of the truck fleet Hence, during the last decade s there
has been tremendous increase in the growth of multl-axle Vehlcle trucks. The ,
three and more axle trucks are being preferred and are gradually replacing
2 axles trucks. On average, the proportion of various axle truck
configurations as observed on thirty.stations was found as at next page:

No. of Axle Trucks . Proportion

2-axle ‘ ' 68.9%
- 3 axle _ $22.7%
4 axle - 6.5%
- 5 axle and more 1.9%

The major 1ncrease is in case of 3 axle trucks the trucks having a rear

tandem axle, It is also ev1dent that two and three axles together form 92% of

the truck population.

5.5 Distribution of Trucks by Make |

Make of the com'merc_ial vehicles was also recorded alongwith other
details. Fourteen different types of vehicle makee v‘vere identified. Out of
.these Bedford coﬂsﬁtuted the major proportion i. e. 52.7%. This was followed
by Hino which constituted 23 4%, Nissan 15.8% and Issuzu 4. 80%. The make
wise distribution of truck fleet may be seen in the followmg Table

MAKE WISE DISTRIBUTION OF TRUCKS

5.No -Make No. %Ag_e__
1. Bedford | 2518 | 53
2. Hino 1116 | 23
3, | Nissan | 756 | 18
4. | lsuzu | 229 | 5
o 5. |Others | 149 | 3
. |8 |7otal |ares | 100
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Although, the Bedford Trucks still constitute the major proportion of
the truck fleet; however, while _compar_ing_ it with the proporfion of Bedford
trucks in 1982 (96.5%), one finds that the Bedford Trucks are gradually
depleting from the fruck fleet on our roads. The Japanese makes are gradually
replacing the Bedford trucks. The proportion of Hino and Nissan Trucks
which was negligible in 1982, now constitute more than 40% of truck fleet. If
this trend continues, which seem to be most likely, the Bedford trucks may

be mostly replaced by the Japanese makes very soon.

5.6 Distribution of All Trucks According to Axle Configuration

The distribution of all trucks weighed during survey according to axle

configuration was as under:

Description Code Trucks $Age
‘ Weighed

2-Axle 1.2 3269 69
3-Axle (Single) 1.22 138 3
3-Axle (Tandem) 1.2+2.2 1013 21
4-Axle (Single) 1.2-2.2 43 9
4-Axle (M.Tandem) = - ' 4 -
4-Axle (R-Tandem) 1.2-22 242 -
5-Axle (Tandem) 1.22-22 10 -
6-Axle 1.22+2.22 40 8
(Tandem Tridem)

Others - 9 -

Total .~ 47868 100

.5.7 Growth Rate of Trucks

The most interesting and important aspect is that within the truck
fleet, the different axle configuration show different growth I;ates. The
gfowth fate for truck fleét in the cduntrjf during the lgst decade is around 9%.
’fo o'btain‘ the growth rates of multi axle vehicles during the period. 1982 to
1994, it_’was not pqssible to compare 1982 report data with the 1994 data as in -

1982, the.m'ulti axle vehicles (> 2 axles) constituied only 1% of our trucks
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fleet, whlch has now increas

ed to 31%. As such 1986 traffic count data was

uséd with 1994 truck volume data to obtam the general trend of growth of

different axles configurations of trucks. A compamson on 10 stations have

been shown in Table below. The graphical presenta

tion of the data is shown

in Fig 5.7, which indicates general trend of grbwth rates of 2 axles, 3 axles

and more than 3 axle trucks

trucks on these stations ranges from almost negligible to 8%

station where it was 17.48%.

As can be seen, the growth rates of 2-Axle

except on one

TRUCK GROWTH RATES DURING 1986 TO 1994 PERIOD

Number of Axles

St.No. [Station 2-Axles|3-Axles > 3-Axles
2 - Karachi- Hyderabad 2.63 25.37 |10.42
7 Jaccobbabad-Sibbi | 0.46 16.79 0*

13 Multan-Sahiwal - 7.92 22.84 |13.43

14 Okara-Lahore .98 18.2 12.88

15 iLahore-Gujranwala |2.13 25.07 |[10.62

16 Wazirabad-Gujrat _ [17.48 27.02 147.88

17 Gujrat-Jhelum 0.05 15.42 6.97

23 Chablat-Nowshera i.21 4.08. 2.86

24 Nowshera-Peshawar | 0.79 0.85 2.08

-||125 Peshawar-Tourkham| 2.98 4.18 -3.82

* Not encountered

Fig. 5.7
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However, the growth rates of multi-axles have a range of a-bout 1% to
27%. The growth rates of multi-axle vehicle are about 2-4 times the growth
rate"s’"d'f the 2-Axle trucks at respective stations. Moreover, it is also <evident
théf growth rates of multi-axle vehicle on most of the stations is much. higher
than the general' growth rate (9%) of truck flec_at in the country. Also ©n somé
s_tatibns , the growth rates are much ﬂigher as compared to others or p xevious
data. As oﬁ Karachi-Hydérébad section, the growth rate of 3;Axle tr-ucks is‘
10 times of 2-Axle trucks. The growth of 2~Axle trucks on most sta-tions is
more or less stagnant and on.the averége much less than the average growth -

rate of the truck fleet in the country.
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6 AXLE LOADS

In research work correct interpretation of data is as Iimportant as
collection of data and unless right conclusions are drawn the acquisition of
numerical results has little value, or no value at all. It is worthwhile to note
that although the prime objective of the survey was to determine the axle loads
of goods vehicles of different axle config'uration‘s and to determine their
' damaginkg effect’ m terms of equivalent standard éxies, however,
comprehensive informatioh was collected, ranging from make, type of veh-icle,
commodities carried, originand destination of trucks alongwith tyre pressures
etc. which are cardinal indicators of socio-econbmic activity of the region as

well | as the country.

A comprehensive statistical methodology was designed to extract the
right information from the data and later to draw inferences. Retrospectively
data was matched and compared with other contemporary studies as well as

with NTRC-1982 study.

Statistical analysis and interpreted results spread over tables, bar
- charts, and graphs and explanations wherever felt necessary have been |,

. provided.

| : 61 | - Scope and Coverage of Survey
| ‘In fotal, 4768 trﬁcks of various axle configurations were weighed at
36 survey stations, comprisiné both loaded énd empty vehicles. Table at
'Anlnexure 6-A provides‘_th'e number of trucks weighed at each station,
’ alqhg'With survey station -and highway slection. Also the schedule of survey

alongwith duration can be seen at Annexure 6-B.
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.8.2. ~ Axle Configuration -

Each axle is represented by a digit usually a 1 or 2 dependmg on .

how many wheels are on the end of the Axle. Tandem axles are indicated by
recording the digits directly efter each ether. A dec1ma1 point is placed.
between the cede for a vehicle's _front & back wheels. The cede for trailers is
recorded in the same way as for trucks but is separated from the truck code

by a "+" sign. Semi Trailers or articulated trailers are separa{ed by a"-"

sign.

For example code 1.2 meane that the vehicle has a front axle with a
single wheel and a rear axle having a pair of wheels on either side. This is the
most common configuration observed during this study. Code 1.22 means
singie' wheel on front axle and there is a tandem axle in the rear having dual
wheels. Code1.2-2 2 type of vehicle consists of a truck mounted trailer having
a tandem axle in the rear, the front axle of the truck and the common axle in
the middle are single axles and so on. A complete axle eonfiguration and codes
of trucks is presented in Figure 6.2.. | |
6.3 - Survey Timings and Duration

CAll statlons where truck traffic volume was low, 24 hours survey was
carried out whlle where truck traffic was h1gh 48 hours split survey was

carried out, with 24 hour in each direction.

6.4 Compomtmn of Trucks by Axle in Truck Volume
All the vehicles surveyed were classified according to dlscrete axle
conf1guratlon Also equally 1mportant is that the market share of multi axles

has increased from a non-existent in 1982 to more than 30 % in 1994. The table

~ shows the respective percentages by axle configuration. It is evident that 2

ant_i 3 axles together form 92% of the truck population.

39




6.5 Distribution of Loaded and Empty Trucks
 Table 6.5 provides distribution of loaded and empty vehicles among

discrete axle configurations for the truck surveyed.

TABLE 6.5

DISTRIBUTION OF LOADED & EMPTY TRUCKS

gé:. Descriptidn . . Code Loaded Empty Total
1 2~AXLE Cj 1.2 3153 116 3269
"2 3-aXLE (Single) 1‘.2—2 ‘ 130 8 138
3 3-AXLE (R. Tandem) [ 1.22 985 28 1013
4 4-AXEL (Single) | 1.2+2.2 8 | s 43
5 4-AXLE (M. Tandem) [ 1.22-2 04 - 4
6 4-AXLE (R. Tandem) | 1.2-22 234 8 242
7 5-AXLE (Tandem) 1.22-22 9 1 10
8 6-AXLE (T. Tridem) 1.22+222 37 3 40
9 OTHERS - 9 - 9

Total 4599 169 4768

2-«-Axln
607
]ll |
il
if
Hh & G-Axln
2%
4-Axlg
iy .

Trucks
Survayoed

Fxg 6.5 COMPOSITION OF TRUCKS BY AXLE
SURVEYED
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6.6 ~ Distribution Of Trucks According To Gross Leeds 2-Axle Trucks.
This type of truck was observed on all the'30 stations, out of which .

13 stetlona have the avaryga grosu load ef‘iﬂ to 14 tenines while at 10 atatione,

the average gross load was observed between 18 to 17 tonnes. At other 17

stations » average gross load was greater than 17 tonnes.

3-Axle Single Trucks. This type of truck was observed at 15 stations
only. At 7 stations, the average gross load of this type lies between 25
to 30 tonnes, while at the other 8 stations the average gross load was

observed between 30 to 40 tonnes.

3-Axle Tandem Trucks. This type of truck was observed at 28 stations.
At 10 stations, the average gross load was between 25 to 30 tonnes, while -
on 17 stations, it was between 30 to 40 tonnes and only at one station, the

average gross load was greater than 40 tonnes.

4-Axle Single Trucks. This type of truck was observed on 8 stations. At
5 stations, the average gross load lies between 35 to 40 tonnes, while at
the remaining 3 stations, the average gross load lies between 40 to 50

tonnes.

- 4-Axle Mid Tandém Trucks. The average gross load of this type of truck
was found to be 35 tonnes.

4-Axle Rear Tandem Trucks. This type of trucks were observed on 19
stations. At 9 stations, _the average gross load was observed between 30

to 40 tonnes while at the 10 stations, it was above 40 tonnes.

5-Axle Tandem Tmcks The average gross load of this type of truck was

!

found" about 45 tonnes.

6-Axle Tandem Tridem Trucks., This category was observed on iO
stations only. It constitutes 1% of t'i‘uck population but carrie's'\'rery large
gross load. Loads upto 80 tonnes have been recorded. But usually they .

earry loads: between 60 to 70 tonnes.,
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6.7  Distribution Of Front And Rear Axle Loads

The distribution of front and rear axle loads for different types of

axle co'nfigurafions in terms of ratios is shown in Table 6.7.

. TABLE 6.7

DISTRIBUTION OF FRONT & REAR AXLE LOADS

Descri-
ption Code | Front Rearl | Rear2 | Rear3 | Rear4 | Rear5
2-Axle 1.2 31 69 - - - -
3-Axle 1.2-2 | 21 40 | 39 - - -
Single '
3-Axle 1.22 21 39 40 - - -
Tandem '
4-Axle 1.2- 14 30 28 28 - -
Rear 22 ' '
Tandem _
5-Axle 1.22- 12 20 20 24 24 -
Tandem 22
6-Axle 1.2+ | 11 17 | 18 18 18 18
T.Tridem 222

6.8 Average Axle Loads Of All Trucks For All Stations

Average axle loads at 30 stations were calculated in accordance with

the described axie configu'ratidns .I Tables 6.8.1 to 6.8.9 placed at statistical

‘appendix provide the average axle loads for each axle éonfiguration incIuding‘

maximum and minimum, standard deviation and variance values among the 30

stations.

6.8.1

Average Axle Loads Of 2-Axle Trucks
2-_Ax1é trucks dominate the truck composition making 2/3rd of

_the total tru'ék population. A total of 3269 trucks_includin'g 116 empty

' were weighed in this category. Table 6.8.1. at the statistical appendix

lists average"zaxle load for all the 30 stations combined with standard
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deviation, minimum and maximum values and variance. In this class of
truck, average loads are highest at 'Ka're'chi-Gaddani section with gross
average axle load of 19,31 tonnes, which is 22% higher then the average
gross load for all stations combmed mainly due to the fact that mostly,
‘steel scrap from ship breaking mdustry of Gaddani is transported '
through this section of highway, while Lahore-Okara section has minimum

average gross load of 14.27 tonnes and is 13% lower than the average

gross load for'all stati'on's'combined for 2¥axle 'trucks.

6 8.1.1 Dlstmbutlon of Load Over Front & Rear Axles for 2-=-Axle
Trucks Loaded.

 The average' gress ipad for loaded trucks was 16 .08 tdnnes

for all Etations combinéd while that on front axle was 4. 93 tonnes

and -on rear axle was 11.13 tonnes, resulting in an average load
distribution between front and rear axles in ratio term as 31: 69
when compared with NTRC 1982 study, the results are nearly similar
which also shows a ratio of 31:69 between front and rear axle.

Empty. The average gross load of the empty 2-axle truck, was 6.57
tonnes, while that on the front axle, it was 2.97 tonnes and on the
rear axle, it was 3.60 tonnes. For empty 2-axle truck, the ratio

- between front and rear axle was found to be 45:55.

6.8.1.2 Average Axle Load According to Make for 2-Axle Trucks
In all, 4 major makes were identified out of 18 listed at_
Annexure 6-C. The number of observations for each make shows
that Bedford dominate the scene with lion's share of 76% while Hino,
Isuzu and Nissan constitute 17%, 4% & 2% respecti'vely While other
makes like Ford, Ma'zda'etc are 1%. Statlstlcal details of 2-axle

- trucks by dlfferent makes is gwen in the table given at next page:

BEDFORD 2-AXLE TRUCK

Front Rear Total

- |(tonnes) |(tonnes) (tonnes)

Average 4.74 10.70 15.44
Standard Deviation] 0.95 2.5b 3.258
Varicean = 0.90 | 8.52 " 110.54
Maximum Value 8.50 22.00 28.13
|Minimum Value 1 2.10 2.45 4.80
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'HINO 2-AXLE TRUCK

Front Rear Total
‘ (tonnes) |(tonnes) |(tonnes)
Average 5.74 12.78 18.52
Standard Deviation{ 1.08 2.86 3.81
Variance o 1.12 8.15 13.00
- Maximum Value 10.18 24,65 31.03
 [Minimum Value 2.95 4.30 7.91

ISUZU 2-AXLE TRUCK

Front Rear Total
' (tonnes) [(tonnes) [(tonnes)
Average 5.45 12.95 18.40
_lStandard Deviation| 1.26 3.81 4.53
Variance 1.58 14.53 20.48
Maximum 9.25 24.60 31.30
Minimum Value 2.93 " 3.44 6.37

NISSAN 2-AXLE TRUCK

Front Rear Total

(tonnes) [(tonnes) |(tonnes) |
Average 6.07 13.38 19.45
Standard Deviation{ 1.19 2.81 3.74
Variance 1.42 7.87 . |13.97
Maximum Value 8.45 22.54 29.85
[Minimum Value 3.30 4.70 - | 8.00

i

From above tables, it is observed that fhe Nissan has _the'
.a'vérage gros_slload of 1_9.._4-5 itonne.s, the highest one, while the
Bedford has an average gross load load of 15.45 fonnes which is the
Jowest. Tﬁ:e table gwen belbw provides"the compﬁrison for 2-éxle

loaded truck by different makes for average gross load.
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COMPARISON OF 2-AXLE TRUCKS BY MAKE

8l. Average Gross

No. Make Load (tonnes) Ratio

1. | Bedford | 15.45 1.00

2. | Hino 18.53 1.20

3. | Isuazu 18.40 1 1.19

4. | Nissan | 19.45 | 1.26

5. Mazda 7.7 . | - 0.48 "

6.8.1.3 Average Axle Loads Accordmg to Commod]ty Carned for
-Axle Trucks.

Major commodmes transported by 2-axle trucks are mining -
and quarrying items having an average gross load of 18.04 tonnes
follows by fuel and lubricant items hairing an average gross load of
16.85 tonnes. Details of statistical analyses for different commodities

carried by this type of truck is given in Table 6.8.1.3 at statistical

_appendix.

6.8.2  Average Axle Loads of 3-Axle Single Trucks.

This type of truck constitute a meager\.proportion of the total
truck populatlon It is note worthy that trucks in th1s category werel
found in smeable amount only on five sectlons among the 30 stations -
surveyed. Four sections are between Wamrabad-Chablat on N-5 and one
between Peshawar- Kohat on N-5. Prlmarlly, this type of truck are owned.
by NLC whlle the prwate ownershlp is very small In all 138 trucks of
this type were surveyed with 130 loaded while 8 were empty Average
‘ axle loads with standard devmtlon for both loaded and empty vehlcles are '

: llsted in Table 6.8. 2 at statlstlcal appendlx
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6.8.2.1 Distribution of Load Over Front & Rear for 3-Axle Single
Trucks. ‘ .

Loaded. The average gross’ldad of lbaded trucks for this type was

found to be 31.5 tonnes with 6.74 tonnes on the front axle and 12.59

tonnes and 12,17 tonnes on rearl and rear? axles respectively. The

ratio of the, loads among the axles is in the order of 21:40:39,

Empty. The average gross load of the empty trucks of thls type is
found to be 12.17 tonnes with 3.85 tonnes on the front axles and
4,38 tonnes and 3.94 tonnes on the respective rear axles. The

dilstribution is found to be as 32:36:32.

6.8.3  Average Axle Load of 3-Axle Trucks (Rear Tandem).

This type of truck occupy the second largést chunk of the total
““truck populatjio\n, and their percentage among trucks composition has
risen sharply over. the last decade. In all 1013 trucks of this
configuration were weighed including 985 loaded and 28 empty. Table
6.8.3 at statistical appendlx provxdes average axle loads for front, rearl
and rear2 axles and gross load, with maximum and minimum value
alongwith standard deviation. As explamed earlier average axle load for
this type of truck at Karachl Gaddani section is the highest. While the
Quetta-Chaman section is the lowest, closely foliowed by Okara-Lahore

section.

6.8.3.1 Distribﬁ_tioh of Load Over Front and Rear Tandem
i Loaded. The averagé gi'oss_load for this type of loaded vehicle was
found to be 31 61 tonnes with 6.74 tonnes at front, 12. 37 tonnes at
“rearl and 12. 51 tonnes at rear? axle. The dlstmbuuon in terms of
ratlo is found to be 21: 39: 40 or snnply the ratio on front and rear
-.tandem is 20 80 '

Emp_ty. The average grosé load of thé em_i:;ty vehicle in this category
was .fdund to be 10.84 tonnes with a distribution of 3.55 tonnes, 3.85
tonnes and 3.45 tonnes on’ the front axle & _rear axles. The
dlstmbutlon of Ioad in terms of ratio is found to be as 32:36:32 for

: the front, rearl & rear2 axles respectlvely
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Tandem.

6.8.3.2 Average Axle Load According to Make for 3-Axle Rear

In all six major makes of this type of truck were observed.

are given in following tables.

Details of different makes for this type of truck accord'ing to makes

BEDFORD 3-AXLE REAR TANDEM TRUCK

Front |Rearl . |[Rear2 [Total

(tonnes)!(tonnes)|{(tonnes)i(tonnes)
Average 15.91 12.13 11.74 128.78
Standard Deviation [0.79 | 2.26  |1.82 [4.21
Variance 0.62 5,11 3.32° |17.73
Maximum Value _ [7.55 _ [17.00 l14.66 "~ [36.21
Minimum Value o8 s.72 |e.70  l19.70 |

HINO 3-AXLE REAR TANDEM TRUCK'

Front Rearl Rear2 |Total

(tonnes)|(tonnes)|(tonnes)|(tonnes)
Average 6.59  |12.01 [12.09 [30.68
Standard Deviation | 1.37 2.63 2.76 6.11
Variance “l1.87 le.o1  [7.81  [37.35
Maximum Value 10.35 |20.18 [19.79  l48.0T
Minimum Value 2.99 - la.38  |o0.00° [11.89

_ ISUZU-_3-AXLE REAR TANDEM TRUCK
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[Front - [Rearl  [Rear2 [Total -
{tonnes)|{tonnes)|{tonnes) |(tonnes)
Average le.27  lo.48. fr1.17 - er.e2
Istandard Deviation |1.05 2.54 |2.91 [5.92
Variance - [.10  |we.4a ls.49 [35.07
IMaximum Valwe ~ [8.61  17.95 [21.00  |47.45
IMinimum value - la.10 [5.40  |5.00  [17.00




MERCEDES 3-AXLE REAR TANDEM TRUCK

Rear?2

Front Rearl ‘ Total

{tonnes)|(tonnes) [(tonnes)|[(tonnes)
Average 8.44. [12.92  13.64 [35.01
Standard Deviation | 1.58 2.30 2.03 4.55
Variance 2.50 5.30° l4.14 20.66
Maximum Value  [12.09  [19.10  [19.35 |50.54
Minimum Value 5.40 §.33 10.90 28.08

NISSAN TRUCK 3-AXLE REAR TANDEM TRUCK

Front Rearl” {Rear2 |[Total
(tonnes)|{tonnes)|{tonnes)|(tonnes)

Average 6.48 12.32  |12.35 * |31.15

Standard Deviation | 1.53 2.68 2.67 G.14

Variance 2.33 7.20 7.12  137.76

“{iMaximum Value 10.79 18.85 20.60 47.97

Minimum Value 3.44 4.05 3.80 12.03

From the above tables, it is cleared that the Mercedes make

35.01 tonnes follows by Nissan which carries the average gross load

of 31.15 tonnes.

Lo inTthigteategory of trucks has theshighest-average gross load-of

-COMPARISON OF 3-AXLE REAR TANDEM TR_.'UCK

S1. _ Gross Loads :

No. Make (tonnes) _ Ratio
1. Bedford  |29.78 1.00
2. |'Hino 30.69 1.03
3 Isuzu 27.92 0.94
4, Mercedes 35.01 1.18
5. Nissan 31,15 1.08
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6.8.3.3 Average Axle Load Accordmg to Commod_lhes Carried by
3-Axle Rear Tandem Trucks.

Major commodities transported by' S-axie rear tandem truck
are mining and quarrying items having an aﬁerage gross load of
34.28 tonnes following by bulk manufacture items with a value of
33.62 tonnes. Details of statistical analyses for dlfferent commodities
carried by this type of truok is given in table 6.8.3.3 at statistical

appendix.

6.8.4 Average-Axle Loads of 4-Axle Single Trucks.
This axle configuration constitutes a small percentage of truck

population, like 3- -Axle Single trucks. Table 6. 8.4 at statistical appendix

provides average axle load for 8 stations, where this type of trucks were -

observed, alongw1th the standard deviation, minimum & maximum values.

6.8.4.1 Distribution of Load Over Front & Rear Axle.

Loaded. Average gross load of the trucks in this category was found
to be 39.71 tonnes, with 5.92 tonnes, 11.66 tonnes, 11.23 tonnes
and 10.89 tonnes on front, rearl, rear2 and rear3 axles
respectively. Similarly, load distribution in ratiolamong' the axles is
as 14:30:28:28. ' |

Empty. Average gross load of the empty trucks in this category was
found to be 17.19 tonnes, with 4.43 tonnes, 4.42 tonnes, 4.23
{onnes and 4.11 tonnes on front, rearl rear2 and rear3d axles
respectively. The distribution of load among the axles in ratio form
is as 29:29:21:21.

6.8.4.2 'Average Axle Load Accordmg to Make for 4-Axle Smgle
- Trucks. ‘

In all 3 ma]or"makes were identified on the road out of that

18 listed in Annexure 6-C, A number of observatlons for each make

shows that Nissan dominate the scene followed by Mercedes and

~ Isuzu. The average gross load ‘of 40.92 tonnes was observed on
Nissan while 37,95 tonno_s, 35.19 tonnes on Mercedes and Isuzu

" respectively.
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Comparison A comparison of average gross load carried by three
dlfferent makes in this category of trucks is shown in table below.

COMPARISON OF MAKES OF 4-AXLE SINGLE TRUCKS

Sl. Gross Loads

No. Make {tonnes) Ratio
1. Isuzu 35.19 1.00
2. | Mercedes 37.95 | 1.08
3. Nissan 40,92 1.18

6.8.4.3 Average Axle Load According to Commodity for 1- Axle

Single Trucks.

Ma]'or commodities carried by this type of truck are the
fuel and lubricants items with an average gross load value of 34.67
tonnes follows by bulk manufactured items with an average grosé
load value of 42.22 tonnes. Details of statistical analyses for
different commodities carried by 4-axle single type trucks is given
in Table 6.8.4.3 at the statistical appendix.

' 6.8.5  Average Axle Loads of 4-Axle Mid Tandem Trucks.

On all the 30 stations, only 4 trucks of this type were
observed, it is, thérefore, supposed that they do not contribute to truck
- ¢omposition. However, the average gross load of this type is 35.14 tonnes
with 5.69 tonnes, 10.42 tonnes, 9.64 tonnes, 9.40 tonnes on front,

rearl, rear2 and rear3 axles respectively.

6.8.6  4-Axle Rear Tandem Trucks.

- This category of truck ranks third on percentage basis for total
truck population, constituting 5% of the totai truck composition. Their
numbers have been rising sxgmflcantly over the last few years. Inall 242
_ trucks of this type of trucks were weighed on 19 stations. Loaded trucks -
numbered 234 while empty were 8. Table 6.8.6 at statistical appendlx-l
prov1ded an average axle loads with minimum and maximum alongwith
ﬂtandnrd deviatinn for the loaded and empty tricks,
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' 6.8.6.1 Distribution of Load over Front & Rear Axles for 4-Axle
Rear Tandem Trucks.
Loaded. The gross average load of this type of truck is 37.89
tonnes with 4,81 tonnes on front axle., 12.28 tonnes on rearl, 10.35
tonnes on rear? and 10.41 tonnes on rear3 axle, Similarly load
distribution in terms of ratio for loaded trucks of this type is
16:30:27:27.

Empty. The average gross load of this type of truck in empty state
is 19.56 tonnes with 4.07 on front, 5.11 tonnes on rearl, 5.32

tonnes on rear? and 5.06 tonnes on rear3d.

6.8.6.2 Average Axle Loads According to Make for 4-Axle Rear
Tandem Trucks. :
In all 4 major makes were identified for this 'type of truck;s‘ :

out of that 18 listed in Annexure 6-C. A number of observations for

cach make shows that Hino has beared the highest gross load wit-h'

the value of 40,19 tonnes. | |
HINO 4-AXLE REAR TANDEM TRUCK

Front {Rearl = [Rear2 Rear3 Total

(tonnes)|(tonnes}|(tonnes) (tonnes) |{(tonnes)
Average 4.89 |13.01 10.56 {11.73  l40.19. -
Standard Deviation | 0,91 3.73 3.08 3.46 - [10.55--
Variance 0.83 [13.93 9.49 [12.00  [111.27
Maximum Value 7.15 l21.10 | 16.35 [17.70  l60.35
Minimum Value. - |3.56 | 5.63 6.20 |6.08 |22.7

MERCEDES 4-AXLE REAR TANDEM TRUCK '

Front |Rearl |Rear2 - |Rear3 Total
(tonnes)|(tonnes)i(tonnes) (tonnes) |(tonnes)

Average 5.48  |12.47 10.57 [10.31 - [38.81

|lstandard Deviation |1.04  |2.20 | 1,92 [1.45  14.73

Varisenc 107 |a.03 | 3.87 |2.10  |p2.41

IMaximum Value 7.00 |14.a7 | 13.55 l12.82 4.7

Minimum Value 4.40 |7.45 7.50 |7.84  [30.96
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'[SUZU 4-AXLE REAR TANDEM TRUCK

Front = [Rearl Rear2 - |[Rear3 Total

(tonnes)|{(tonnes)!(tonnes) (tonnes) {tonnes) |
Average ~ ls.01 11,58 10.77 | 9.84- _ [37.19
Standard Deviation | 0.62 | 2.78 2.89 l2.24  |7.20
Variance | 0.38 | 7.74 8.37 |5.02- Is1.78
Maximum Value - |6.11  [5.73 | 15.36 |14.56  l4s.61
Minimum Value 3.72 7.10 8.70 6.50 24.84

FIAT 4-AXLE REAR TANDEM TRUCK

Front |[Rearl |[Rear2 Reard ~ [Total

(tonnes)|(tonnes)|(tonnes) [(tonnes) [{tonnes)|
Average' 6.58 11.81" 9.42 7.89 35.31
Standard Deviation | 1.26 1.19 1.33 1.81 1.45
Variance 1.58 1.41 1.76  {3.27 2.10
IMaximum Value  {7.75  l13.48 | 10.94 [10.43  |a7.81
Minimum Value 4.66. 9.79 7.61 5.31 33.34

6. 8.6.3 Average Axle Loads of 4-Axle Rear Tandem according to

' Commodltles Carmed
_ Ma]or commodities transported by 4-Axle Rear Tandem type
“ trucks are food items with a value of average gross load of 42.25
tonnes follows by bulk manufacture items having a value of average
gross load of 41.82 tonnes Statlstmal analyses of different -
,.commodltles carmed by this type of trucks is mentloned in Table

6. 8 6.3 in the statlstloal appendix.

" 6.8.7  Average Axle Loads of 5-Axle Tandem Trucks.

.Ouf." of the 30 stations surveyed only 10' truoks of this type
were observed Therefore it is supposed that thls type of trucks does
not oontmbuted any slgmflcant part in the spectrum of trucks, The

average gross_ rload of this type of trucks was observed as 47.17 tonnes
for loaded ones, while for the empty this value is 23,44 tonnes,
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6.8.8 Average Axle Loads of 6-Axle Tandem Tridem Trucks
6-Axle Tandem Tridem trucks contributed only 2% of the total

population of trucks.. But they carry very high gross load upto 80
tonnes. Table 6.8.8 at statistical appendix provides the statistical

- analysis where this type of truck were observed.

6.8.8.1 Distribution of Load Over Front & Rear Axles

Loaded. Average gross load of the trucks in this category was

found to be 58.68 tonnes w1th 6.11° tonnes, 10.34 tonnes, 10. 56
tonnes, 10.56 tonnes, 10. 77 tonnes and 10. 38 tones on front, rearl,

rearZ2, rear3, reard and rear5 axles respectively. It is clearly seen
‘that the average load on the rear axles of this type of trucks is

nearly equally dlstrlbuted

Empty. The average gross load of the empty 6-axles tandem tridem
trucks was 23.35 tonnes, with 5.29 tonnes, 3.17 tonnes, 3.49
ton'nes, 3.11 tonnes, 4.03 tonnes, on front, rearl, rear2, reard,

reard and rear$ respectively.

6.8.8.2 Average Axle Load Accordlng to Make for B-Axle Tandem
‘ Tridem Trucks. - '

In all, 4 major makes were identified in th_is type of trucks.
' Mercedes bears the highest gross load with a value of 65.96 tonnes
in this class of trucks. Average gross loads of other makes in this

class of trucks is mentloned in the followmg tables.

AVERAGE AXLE LOB.DS OF '6-AXLE TANDEM TRIDEM TRUCKS BY HBKE -

Malk> Front Rearl Rearz_ Rear3 [Reard Rear5 |[Total
IMerc des 16,37 11.88{11.61(11.81[12.96/11.33]65.96

Mit:-ishi [7.03 [10.50]11.03[10.59[10.50| 9.70{59.33
Reve:: 1t 6.42 | 2.47] 9.93] 8.10; 9.13| 9.42(52.47

Vol . 5.88 | B.45| 9.06 '_9.93 10.33|10.59(54.24

6.8.8.3 Average ‘Axle Loads of 6- -Axle Tandem deem Trucks by
' Commodltles Carrled

Ma]or commod1t1es transported by 6-axle tandem trldem
trucks are agmculture items, bulk manufacture items and food The
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average gross load of this type of truck was found highest in the
case of agriculture commodities with a value of 66.57 tonnes. Details
of statistical analysis for different commodities carried by this type
of truck is given in Table 6.8.8.3 at statistical'appendix. |

6.8.9  Average Axle Loads of Tractor Troilies

| During the survey, nine tractor trollies were weighed. The
average gross load of tractor trolly was found to be 9,38 tonnes. On the
front axle, average axle load was 0.55 tonnes, while on the rearl and

rear2 axle, the average axle load was 2.19 tonnes and 6.63 tonnes

respectively.

6.9 . Load Spectrum .

The high x;ate 6f ‘deterioration of pavement due to high axle léad is
a matter of g‘réve concern for highway agencies as well as for designers, '
planners and maintenance agencies. As huge amount of finances are required
to construct highways and to maintain them, therefore for a developing
country like Pakistan, lit is an enormous burden on the slcai'es national

resources.

: Keeping in mind the utmost importance of the over loading problem,
it is tried in this survey to depict the true picture of distribution of axle loads

among the all axles weighed.

6. 9..1 Rear Axle Load Spectra
| " The damaglng effect of front axle loads on the road pavement
Ist‘ruéture is not significant. Therefore, rear axles of all the trucks
according to discrete axle configuration were analysed and results are
' prov1ded in table 6.9.1 at statistical append1x Following table shows the

spectrum of rear axle loads by taking all axles together,




REAR AXLE LOADS SPECTRA FOR ALL
AXLE CONFIGURATION

Ranga - | | J % Above
(tonnes) | Freq.| Percent Cum%Range Value
0- 8.16 |623 |11.82  |11.82] 88.18
8.16 - 9.99 | 936 [14.57 26.39 | 73.61
10.00 - 10.99|830 |12.92  [39.32| 60.69
11.00 - 119911115 |17.36 _ |56.68| 43.33
12.00 - 12.99/1007 |15.68 _ [72.36| 27.65 |
13.00 - 13.99| 781 l12.16  |84.52]| 15.49 il
14.00 - 14.99|418 | 86.51 91,03]| 8.98
15.00 - 19.99|550 |8.56 . [99.60| 0.42
20.00 & above| 26 |0.40 100 | 0.00

1t is evident from the above table that 73. 31% of rear axle loads
exceed 10 tonnes and 43.33% exceed 12 tonnes while only 27.33% exceed

the 13 tonnes value.

’I‘able 6.9.1 depicts cumulatwe percentages for 2- -Axle
confxguratlon for each station, alongwnh average values standard
deviation and maximum and minimum values. Karachi-Thatta section has A
the maximum percentages of 83.33 and 54.17 rear axles exceedlng 12
tonnes and 13 tonnes axle load respectwely Harlpur—Abbottabad section
has percentages of only 14. 29 and 2. 75 exceedlng 12 tonnes and 13 tonnes
axle load respectwely While on Okara-Lahore sect1on, 15% exceed 12
-, ‘tonnes va]ue wh1le 5.6% exceed 13 tonnes axle load It can be deduced'
from the table 6 9 1 that on the average 40% of rear axles exceed 12

. tonnes wh11e 23% exceed 13 tonnes axle load value. ' | -

In the 3-Axle (Smgle) conflguratmn 64% of rear axles exceed 12

- tonne's and 41% exceed 13 tonnes axle load Whlle for 3- Axle rear tandem :
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which constitute 20% of truck population,it can be seen from table 6.8.6
that these tfucks are heavily laden, consequently 58% of rear axles exceed
12 tonnnes axle load while 41% exceed 13 tonnes axle load. It can be
* observed from table 6.9.3 that at Karachi-Gaddani section only 17% rear

axles are below 13 tonnes axle load, but their numbers are relatively very
small as compéred to 2-Axle trucks on that section. In.case of 4-Axle
(ret;n* tandem) trucks around 5‘2% reale axles exceed 12 tonﬁes while 32%
.of rear?2 and rear3 exceed 13 tonnes axle load value. Similarly for 6-Axle
trucks which form a very small percentage of trucks » 30% of rear!, rear2
and rear3 axles eﬁceed 12 ‘tonnes axle load, while the percentage for
reard and reard axles e}meedi_ng 12 tonnes value was found as 38 and 32
respectively. For 13 tonnes axle load the concurrent rear axies
.. percentages were determined as 14 , 14, 22, 37 and 32 respectively for the
6-Axle trucl.(s.'

It was found that rear axles of trucks carrying basic
manufacture, bulk manufacture and food items exceed 12 tonnes and 13

tonnes values by a wide margin.

6.10 Tyre Pressure Measurements
For economic reasohs, the trucks are mostly overloaded. To offset
" the effect of overloading, tyres are over-inflated far in excess of their normal’

pressure capacity.

_ The measurements of tyre pressure was not iﬁcluded in the scope of
the study. Keeping in view the importance, of this factor, tyre pressures
'.wére measured during ‘second round of the survey from station No.16
(Wazirabad-dujrat) and on_waﬂi. Following fcabie shows average values of ihe
tyre pressﬁré on front and rear axles-of tile different axle config‘uratiohs,
while Tables 6.10.1 to 6.10.7 placed at statistical appendix provide the

average tyre prssures station wise » alongwith maximum and minimizm vialuei,
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Average Tyre Pressure

" IDescription Code Front |Rearl |Rear2 |Rear3 |Rear4 |Reax$
2-Axle. 1.2 109.08 [127.67 o
3-Axle 1.2-2 |115.40(138.90 |138.97
{Single) ] '
3-Axle 1.22  |124.66(137.77 |137.91
(R.Tandem) .
4-Axle “11.242.2 [117.50 |146.25 (146.75 |145.94
(single) : s :
4-Axle 1.2-22 [118.06 |137.36 [137.36]137.36
(R.Tandem) . : ' :
6-Axle 1.22+ ° {129.17 132,33 |133.06 (132,91 |133.33 132.92[
{T.Tridem) ‘{222 t . -

- However, it was noticed from the measurements th'at almost 100% of
the tyres are inflated in excess of their rated capacities. Tyre pressures as

high as 160 psi was recorded during this survey.
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7 EQUIVALENT STANDARD AXLES

7.1 General Description

Traf_f_i_c is considered in terms of equivalent standard axle load fepetitions
in tﬁe ;iesign of paveinent. When an axle paeses over a point on the pavement,
the lay'ei*s underneath that point are stressed and strained. Most of the strain
is reeevered over a short period, bet some strain remains unrecovered. This
residual strain accumulates over time resulting in deterioration of the
pavement structure. Many design techniques'limit the critica! strains ‘belm.N
allowable levels bu_f excessive deformation occurs when the pavement layers

are continuously overstressed due to heavy load passes.

7.2 Average Equivalexit Standard Ax‘IesA (Equivalence Factors)

The standard Axle is the damage caused to a pavement by the passage of
an axle loaded to 8185 kg. The damage caused to the pavement by different
axles is cohverted into equivalent standard loads and are summed up for lthe
design life of the pavement. For this study, two approaches have been
adopted to convert axle loads into equivelent standard axles. These are
described in para 2.8 of the Chapter-2. ’I‘he first approach wh1ch we may cail
RN31 (U.K.) approach is based on the 4.5th power law. The second is based
on the equlvalence factors given in the AASHTO Design Guide, 86. A
strﬁctural v.alue (SN) of 5.0 and a terminal serviceability ind_ex (Pt) 2.5 was

assumed for determining equivalence factors from AASHTO Guide.

7.2.1 As Per RN31, UK.
Average equlvalent standard axle factors at all the 30 stations were
_calcu]ated in accordance with the discrete axle configurations. The table
| glven below provides average ESA values for each axle configurationamong
the 30 stations as per RN31, UK approach. ' o
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AVERAGE ESA's FOR THE DISCRETE AXLE CONFIGURATIONS
FOR ALL STATIONS (AS PER RN31, UK)

Ec ] Code |Code |[Code . [Code Code [code
o |Station 1.2 j1.2-2}i.z22 1.2+2.2]1,2-22[1.22+222
i [Karachi-Gaddani 23.59(23.37]46.54 9,13 6.15 ’
7 |Karachi-Hyderabad 6.94[26.13]22.05 16.49 | 25.53] |
3 |Karachi-Thatta- 6.15 22,29 S.61 | 14.74| B8.27
4 |Hyderabad-Larkana 5.80[10.49§11.18 12.83 | 15.55] 4.55
§ [sakrand-Kandiaro 5.49]36.08(24.79 76.79 | 20.97] 28.42
5 |Khairpur-Rohri B.66 25,10 28,90} -11.68
7 |Jaccobbabad-Sibbi 7.58 9,05 7.43
B8 |R.Y.Khan—-Sadigabad 5.81 13.13 18.13 | 11.48] 19.84
9 [Chanigot—Bahawalpur 7.31[14.45[15.08 25.38] 14.3%
10 [Multan-D.G.Khan - ]10.86 1 8.03 20.24] 9.49
11 |[Kashmore—D.G.Khan 5.11 ©15.42 14.44
12 (Taunsa-D.G.Xhan 4.33 10,13 .25.81
13 |sahiwal-Multan : 5.73 20.13 11.87 | 29.58] 36.46
14 [Okara~Lahore 3.32 10.55 10.24
15 [Lahore—Guijranwala 5.04 21.54 25.59] 39.63
16 [Wazirabad—-Gujrat 5.00[17.91427.10 69.84
17 [Gujrat—Jhelum 6.12{12.7817.41
18 [Jhelum-Rawalpindi 6.27026.14[34.37 .| 44.22 76.68
19 |Rawalpindi-Chablat 4.89[ 9.59{11.91 31.52 6.10
70 |Hasanabdal-Haripur 4.47] 5.19]15.55
31 |[Haripur—Abbottabad 3.98[16.23|19.31
22 |Abbottabad-Manshera 4,92 )
33 [chablat-Nowshera 5.06111.86121.49 9,13
24 INowshera—~Peshawar 5.82 14.66
25 [Peshawar-Tourkham 6.51[13.05]23.76 15.18
26 |Pegshawar—Xohat 4.73110.88113.90 9.14)
27 |Bannu-D.I.Khan 7.33[15.22[16.26 8.28
58 |Fortminro—Q.Saifullab 5.79 :
29 louetta—-Chamman 4,20 6.94
30 [Quetta-Nowshki 6.94 19,65 11.5%0
Average - 6.49(16.62[18.48 19.00 | 17.30] 27.96
Standard Deviation 3.50] 7.80] 8.32 11.42 7.67] 22.81
variance {7.36/60.86169.16 (130.41 | 58.85 520.51
Maximum Value 23.50136.08(46.54 44.22 | 29.58] 76.68
Minimum Value 3.32] 5§,19] 6.94 7.43 6.10] 4.55

It is clear from the above table that the value of average ESA/truck
for different a‘xle conflguratmns of truck ranges from 6.49 for 2-Axle truck
to 27.96 for 6-Axle tandem tridem truck. The highest value of average ESA
for 2-Axle truck Wa'e 23.59 at Karachi- -Gaddani section, while the lowest

vaIu_e of alverage ESA for 2-Axle truck was 3.32 at Okara-Lahore section.

For 3- Axle(Smgle) truck the h1ghest value of 'a\}erege ESA was
found as 36.08 at Sakrand Kandiaro section, while the lowest value of .
average ESA for 3- axle(smgle) truck was 5.19 at Hassanabdal—H'afip'ur

sectlon The h1ghest value of average ESA for 3~ Axle rear tandem truck is
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equal to 46.54 and was calculated for Karachi-Gaddani section. While the
lowest value of averaée ESA for the same type of truck Was 6.94 at Quetta-— '
Chamman section. The highest value of average ESA for 4-Axle Single truck
eq_uals to 44 22 and was found at Jhelum-Rawalpmdl sectlon, while the
lowest ~value of average ESA for 4-Axle smgle truck was 7.43 at
Jaccobabad-Sibbi section Smularly the highest value of ESA for 4- -Axle
rear tandem truck was determmed as 29.58 for Sah1wal—Multan sectlon,
while the lowest value of average ESA was 6.10 at. Rawalpmdl Chablat,
sectlon For the B-Axle tandem trldem truck the h1ghest average ESA value
is equal to 76.68 and was found at Gu]rat Waz1rabad section, while the
lowest valué of average ESA was 4.55 at Hyderabad-Larkana section. Tables
7.2-A to 7.2-H, placed at statmtmal appendix. prov1de the average

'equlvalent standard axle values for discrete axle conflg'uratzons

7.2.2 Directional Distribution of ESA's as per RN31, UK.
‘Equilvalent Standard Axle values for discrete axle cohfiguratidn
_were also calculated by direction wise for all 30 stations. Tables 7.2-a to
7.2-h placed at Statistical Appendix provide the direction-wise values of
these factors. It is observed from these tables that the value of ESA's for
2-Axle truck at Karachi-Gaddani section is 11.49 while its value is 32.77 at
Gaddani-Karachi section. Similarly, a big difference between the values is
observed for this particular type of trucks, at Multan-D.G.K.han ESA's
valueis 2.95 as ooﬁlpared to 16 '04 for D.G.Khan-Multan section. For 3-Axle
Rear Tandem Truck, ‘the value of ESA's for Karachi-Hyderabad Sectxon was
35.58 as compared to 9.16 for Hyderabad-Karachi Sectlon Sitmlarly,
difference of ESA's values in each direction was observed at Karachi-
Gaddani Karachi-Thatta, Khairpur-Rohri and Noshki-Quetta Section. For
4~ Axle Rear Tandem truck, the ma]or difference of ESA's value was
_observed at Khalrpur Rohri, Karachl Hyderabad Lahore Gu]ranwala and

Multan- Sah1wal sections.

‘ “7 2 3 As Per AASHTO Des1gn Gmde 86

' Average equwalent standard axle at all the 30 stations were
calculated in accordance with the dlscrete axle conflguratlons based on
AASHTO Des1gn Guide 86. The table given beIow provides average ESA
Values for each axle conflguratlon among 30 stations. .
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AVERAGE ESA'S FOR THE DISCRETE AXLE CONFIGURATIONS
FOR ALL STATIONS (AS PER AASHTO) ‘

St Code dee Code Code . [Code [Code -
iNo istation 1.2 j1.2-2Q1.22 1.2+42.201.2-2211.22+222
1 [Karachi-Gaddani 13.09(16.40(20.27 7.87 4.50 :
2 iKarachi-Hyderabad 4,94[11.22] 9.98 12.32 | 13.70
3 [Karachi-Thatta 4.40 10.55 7.76 8.84] 6.57
4 |Hyderabad-Larkana 4.60{ 8.49| 5.66 5.09 9,28] 3.25
5 ISakrand-Kandiaro 4,17)23.91111.37 19.53 | 10.96) 11.84 |}
. |6 -[Khairpur-Rohri 5.90 11.44 15.69| 6.81
7 lJaccobbabad-Sibbi 4,25 4.85 8.57
. ‘E R.Y.Khan-Sadigabad 4,37 6.31 10.45 7.24] 10.37
3 Ichanigot-Bahawalpur 5,22[11.18} 7.34 14.531 6.75
10 [Multan-D.G.Khan 7.37 4,55 12,01} 5.10
11 [Kashmore-D.G.Khan 3.84 7.58 9.49
12 {Taunsa-D.G.Khan 3.33 5.26 - 14.593
13 [sahiwal-Multan 4.26 9.55 9,30 | 16.21] 17.99
14 [Okara-Lahore 2.65 5.42 6.75
15 {Lahore-Gujranwala 3.86 10.24 13.86] 16.13
16 [Wazirabad-Gujrat 3.87[12.24122.41 : : 16.61
17 {Gujrat—Jhelum 4.72110.1371 8.79
18 [Thelum—~Rawalpindi 4.58[16,.53(14.98 23,09 22.45
19 [Rawalpindi-Chablat 3.72| 7.28]| 6.24 21.94 5,20
20 [Hasanabdal-Haripur 3.581] 4.64) 7.90
21 [Haripur-Abbottabad 3.21[13.01] 9.60
722 [Abbottabad-Manshera 3.82
23 Ichablat—-Nowshera 4.45| 8.88110.33 8,74
24 [Nowshera-Peshawar 4.42 7.35
25 lPeshawar~Tourkham 4.94| 9.83[11.30 6.21
26 |Peshawar—-Kohat 3.66] 7.40§ 6.96 11.50
27 |Bannu-D.I.Khan 4.57[11.24] 8.28 5,60
{za8 [Fortminro-Q.saifullah| 4.32
29 |puetta—-Chamman 3.27 3.99
30 jpuetta-Nowshki 4.97 +9.16 7.66
Average 4.67|11.49] 8.84 12,99 | 10.35]| 10.84
standard Deviation 1.81| 4.54) 3.42 5.98 3.62 5.86
Variance 0.02[20.54{11.66 33.36 | 13.10| 34.31
. Maximum Value 13.0923.91|22.41 23.09 | 16.21] 22.45
[Minimum value 2.65| 4.64| 3.99 7.76 | 4.50] 3.25

Itis clear from the above table that the value of average ESAI truck
for dlfferent axle configurations of truck ranges from 4.67 for two axle |
truck to 10.84 for six axle tandem tmdem truck The highest value of
average ESA for 2-Axle truck was 13.09 at Karachl Gaddam section, while
the lowest value of average ESA for 2- Axie truck was 2 65 at Okara-Lahore

sectlon .

L

For 3- -Axle Smgle truck, the hlghest value of avefage ESA was

found as 23.91 at Sakrand Kandiaro section,while lowest value of average
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ESA for 3-axle(single) truck was 4.64 at Hassanabdal-Haripur section. The
h1ghest value of average ESA for 3+ Axle rear tandem truck is equal to 20,27
and was calculated for Karachi-Gaddani section. While the lowest value of
average ESA for the same type of truck was 3.99 at Quetta-Chammap
section. The highest value of average ESA for 4-Axle(Single) truck equals
to 23.09 and was found at Jﬁeiﬁm-Rawalpindi section, while the lowest value
of average ESA for 4-Axle (single) truck was 7. 76 at Jaccobabad-Sibbi
section.Similarly the highest value of ESA for 4-Axle rear tandem truck was
. determined as 16.21 for Sal'uwal Multan section, while the lowest value of
average ESA was 4.50 at Karachi-Gaddani section. For the 6-Axle tandem
‘tridem truck the highest average ESA value is equal to 22.45 and was found
at Gujrat-Wazirabad section, while the lowest value of average ESA was 3.25
at Hyderabad-Larkana section. Tables 7.3-A to 7.3-H, placed at statistical
appendix provide the average equivalent standard axle values for discrete
axle configurations mentioning the minimum and maximum, standard
deviation and variance values for the 30 stations, along with the

distribution of average equivalent axle values for front and rear axles.

7.2.4 Directional Distribution of ESA's as per AASHTO
Equivalent Standard Axle values for all discrete axle configurations
were caléulated based on directional split as per AASHTO Design Guide,
1986 and are placed at Tables 7.3-a to 7.3-h of Statistical Appendix. It is
observed from the table that 2-Axle Sing‘le truck has a ESA's value of 7.58
for'Karaéhi-Gaddam' as compared to 17.36 for Gaddani-Karachi section,
Similarly, the ESA's value is 2.47 for’Multa'_n-D. G.Khan section as compared
to 10.80 for D.G.Khan-Multan section. In 3-Axle Rear Tandem type truck,
the. major difference of ESA's value was observed at Karachi-Gaddani
Aseét'ion, Karachi-Hyderabad section, Sakrand-Kandiaro section and Noshki-

Quetta section.

7.3 Average ESA per Truck in terms of Make
Average {ralue_s of ESA's per truck in terms of make were calculated by

adopting both approaches i.e. RN31, UK & AASHTO, 86 for all the 30 stations.
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7.3.1 As per RN31, UK. , .
Average Equivalent Standard Axle values for discrete axle
configuration of trucks according to make based on RN31, UK is described

in the following table.

AVERAGE ESAs FOR EACH AXLE CONFIGURATIONS BY MAKE
* (AS PER RN31 UK.)

:i Description Conf.CodelBedford Hino N:Lssa‘n Tauzu Mefcedese Other

1 |2-axle 1.2 4.96 [11.10[12.96 [14.57] - 0.39

2 |3-axle Single [1.2-2 - |s.02(14.78 {10.34 | 16.29 -

3 |3-Axle Tandem |1.22 14.00 |16.55018.13 [11.74] 23.83 -

4 |4-Axle single [1.242.2 | - - |24.00 |13.55| 12.28 -

5 |4-Axle Mid 1.22-2 - - - - - -
Tandem . ' '

6 |4-Axle Rear [1,2-22 - 28.72| - 16.10 ] 15.69 9.50
Tandem . .

7 |5-Axle Tandem |1.22-22 - | - - - - -

8 |6-Axle T. 1.22+ - - - - 43.96 22,42
Tridem 222 :

9 |others - - - - - - -

It can be seen from the abbvej table that Bedford make was mainly
observed in 2-Axle & 3-Axle configurdtions, with average equivalent
standard axles values of 4.96 and 14.00. The Hino make was chiefly

~ observed in 2-Axle, 3-Axle single, 3- Axle tandem and 4-Axle rear tandem
axle configurations with average equwalent standard values ‘of 11.10,

.18. 02, 16.55 and 28.72 resPectlvely The make Nissan was mainly observed |
in 2-Axles, 3-Axle single, 3-Axle tandem, 4-Axle smgle conflguratlonsmth
the average equivalent standard axle values of 12. 96 14. 78 18.13 and
24.00 respectively. Slmllarly the make Isuzu was observed 1n 2= Axle 3- '
Axle smgle, 3-Axle tandem, 4- Axle single & 4-Axle rear tandem axle
conflg"uratlons, with the averaga equwalent standard axles values of 14.57,
10.34, '11.74, 3.55 and 16.10 respe‘c‘t.iveiy‘.. |

'7 3.2 As per AASHTO Design Guide 86 _
Average Eqmvalent Standard Axle values for dzscrete axle
conflgur-atmn of trucks accordmg to make and based on AASHTO g’ulde is

‘described in the following table. S
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AVERAGE ESAs FOR EACH AXLE CONFIGURATIONS BY MAKE
B (AS PER AASHTO DESIGN GUIDE 86)

S1 . Conf.

No |Description Code Bedford |Hino [Nissan|Isuzu [Mercedes Other
1 |2-Axle 1.2 3.12 {5.49 7.36 | 5.58 - 0.39
2 |3-Axle Single 1.2-2 - 6.12[9.84 | 8.54| 11.15 -

3 |3-Axle Tandem 1.22 | 5.99 | 6.83]| 6,83 4.83]  9.40 -

4 la-axle single 1.242.2 | - 9.12[12.36 | 8.77] 19.07 | -

5 [4-Axle Mid Tandem {1.22-2 - - - - - -
6 l4-Axle Rear Tandem [1.2-22 - |10.34 ~ [ 7.83] 9.13 | s.15
7 |5-Axle Tandem 1,22-22 - - = - - -

8 |6-Axle T.Tridem 1,22+222] - - - - 13.44  l10.90
9 [Others - - - - - - -

It can be seen from the above table that Bedford make was mainly

~ Observed in 2-Axle & 3-Axle config‘urations, with average equivalent

standard axle values of 3.12 and 5.99. The Hino make was chiefly observed
in 2-Axle, 3~Axle (single), 3-Axle (tandem) and 4-Axle (rear tandem) axle

configurations with average equivalent standard values of 5 .49, 6.12, 6.83, -

9.12 and 10.34 respectively. The make Nissan was mainly observed in 2-

- Axles, 3-Axle {single), 3-Axle (tandem), 4-Axle (single) configurations

with the average equivalent standard axle values of 7.36, 9.84, 6.83 and
12.38 respectively. Similarly the make Isuzu was observed in 2-Axle, 3-
Axle (sihgle) » 3~Axle (tandem), 4-Axle (single) and 4-Axle (rear tandem)

axle configurations, with the average equivalent standard axles values of -

5.58, 8.54,4.53, 8.77and 7.83 respectively. The other commonly observed
make is the Mercedes which was observed in the 3-Axle (single) , 3-Axle
(tandem), 4-Axle (single), 4-Axle (rear :tandem) and 6-Axle (tandem
triandem) axle configuratidns, with the average equivalentf standard axle
values of 11.15, 9.40, 19.07, 9.13 and 13.44 respectively.

7.4 Average Equivalent Standard Axle Based On Commodities

~ Average Equivalent Standard Axle values for all discrete axle

‘configurations, by applying both the a'pproac’hes, based on commodities were

é’élcﬁlated .
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7.4.1 As per RN31, UK

' Average equivalent standard axle values for discrete axle
config-uratlons of trucks is described on the ‘basis of commodities carried by
~the vehicle and is shown in the following table. The commodities are
mentioned by their code numbers. The code list is prov1de_d at annex-6.D.

AVERAGE ESA FOR EACH AXLE CONFIGURATION BASED
ON COMMODITIES (AS PER RN31, UK)

Sl |Descri— Code Code Ccode |Code [Code codae |code |[Code Code

Nolption cbde 100 {200 300 (400 500 600 |700 800 900

1 12-Axle. |1.2 5.02] 2.04 2.04 | 5.64] 9.97 i.87] 2.21 | 2.07

2 |3-axle 1.2-2|16.19]14.61 - - 19.38]15.15]10.96 20.46 [13.32
Single )

3 [3~-Axle 1.22 | 3.95] 3.62 3.61 ) 4.12] 4.09 3.3501 4.20 | 3.56
Tandem : 2.39 v ‘ - :

4 |4~-Axle 1.22-112.91 -~ - - 22.30]16.93[15.70 - 25,42
Single 2 C ‘

6 |4-Axle 1.22-116.39{25.02 - ]25.73 23.33115.42[20.95} - 17.64
Rear 22

) Tandem | : -

8 |6-Axle 1.22+42.12)11.03 - - 24.45 - - - 8.71

T.Tridem |222 ‘ '

The above table clearl chows that the agriculture items are (code
100) transported by all discrete axle ccnflguraticns of trucks. The average
equivalent axie values or trucks transportmg agriculture items range from

3. 95 for 3-Axle (smgle) to 42.12 for 6-Axle (tandem tridem) trucks.

_ The fcod items (code 200} are nearly transported by all axle
configurations of trucks with average equivalent standard values of 2.04

for 2-Axle truck and 95.02 for 4- -Axle rear tandem.

_ The other commcnly observed commodxty transported by all types
of trucks is the bulk manufacture jtem wh1ch covers the item like cement,
'fertlhzer, _ hemmals etc. The average equlvalent standard axle values for
the truck carrying commodities of bulk manufacture is 4 12 for 3-Axle
tandem truck and 94,45 for 6-Axle tandem tmdem trucks.

Fuel and tubricants (code 900) 1tem covers the commodities like
petrol, kerosine oil, - furnace oil, bltumen etc. Trucks carrying these
commodities were observed in nearly all discrete axle conflguratlons The
average equ1va1ent standard values for the trucks carrylng fuel and '

lubricant item is .07 for 2-Axle trucks and 95.42 for 4-Axle single.
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7.4.2 As per AASHTO Design Guide 86

Average equivalent standard axle values for discrete axle
configurations of trucks is des’cribcd on the basis of commodities carried by
thc vehicle and is shown in the followinhg table. The commodities are
mentioned by their code numbers . The code list is provided at annex-6.D.

AVERAGE ESA FOR EACH AXLE CONFIGURATION BASED
ON COMMODITIES (AS PER AASHTO DESIGN GUIDE 86)

Sl | o Code |Code |[Code |[Code |[Code [Code|Code [Cade [Code

No Description [Code 100 {200 300 |400 500 600 |700 [BOCO 900

1 [2~-Axle 1.2 5.02{ 4.28 ]| 0.66| 4.18| 3.1213.12 . 5.58 | 4.28

2 [3-axle 1l.2-2 - - - - - - - - -
Single , . .

3 |3-Axle 1.22 8.02] 5,99 0.95 5.99( 9.02 . - 0,22 |8,.22
[Tandem’ : ) i 9,02

4 |d-axle 1.2+2.2] 7.7% - - - 13.95] . ' - 18.28
Single - : ‘ 9.18]7.48 :

|5 4-Axle Rear |1.2-22 { 8.35[11.02 - (13.80{12.00|6.60{7.20 - 9.70
[Tandem' )
6—-Axle 1.22 14.19] 5.82 - - 10,10 - - - -
T.Tridem +222 -

The above table clearly shows that the agriculture items are (code

100) transported by all discrete axle configurations of trucks. The average

-equivalent axle values for trucks transporting agriculture items range from

2.10 for 4-Axle single to 14.19 for 6-Axle tandem tridem trucks.

The food items (code 200) are nearly transported by all axle
configurations of trucks with average equivalent standard values of 4.28
for 2-Axle truck and 11.02 for 4-Axle rear tandem.

The other commonly observed commodity tranSpcrted by all types
of trucks is the bulk manufacture item which covers the 1tem like cement
fert:hzer s chemlcals etc. The average equivalent standard axle values for
the truck carrying commodities of bulk manufacture is 3 12 for 2-Axle truck
& 12 00 for 4-Axle tandem.

Fuel and lubricants_ (code 900) item covers the commodities like

petrol, I{erosine oil, furnace oil, bitumen etc. Trucks carrying these

commodities were observed in nearly all discrete axle configurations. The
average equlvalent standard values for the trucks carrying fuel and
lubricant item is 4.28 for 2-Axle trucks and 9.70 for 4-Axle rear tendam
trucks
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s CONCLUSIONS

Pakistan iike most other developing ccnntries is facing vrith the dilemma

of vehicle overloading. The vehicle loads plyin,  on the roads are much heavier

thu:l Lne strength of road infrastructure of the conntry. Most of theexistiv g

road infrastructure was built 30-40 years ago, when (1ere was no anticipatiun
of the heavier loads of today as the e-nrmomic activity was [ow & transportation
by trucks was small as cougared to rajlways. But today, 1o situation has

entirely changed and goods transportatibn by railway - has beei m.stly shifted

to road, resulting in rail : road modal split for freight traffic to 14 : 86.

.. The reason for the heavier axle loads on our roads is not only that fleet
of new and more. capacious trucks have been introduced which has radically
altered the axle load distribution in the country, but also mainly attributed
to the overloading tendency of the trucks. In order to compete and keep
themselves iﬁ the market by Keeping the haulage cost at minimum, thé truck

owners have the tendency of vehicle loading to the extent much beyond their

" rated capacity. To carry the extra payloads, the truck owners strengthen the

body of the trucks by adding extra springs, making the body strong and’
increasing the height of the truck body. J. L. Hine of TRL in his study on
"Pakistan Road Freight Industry" has concluded that truck industry in

Pakistan is more efficient as compared to many other developing countries.

_ Thdugh the haulage cost is reduced by 'o'verloading,- which results in

the écpnorhic benefit to the country, but it causes the premature failure of the

road pavements. This results in loss of billion of rupees invested in road

infrastructure,
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Annexure-6~A

" NO. OF VEHICLES SURVEYED
AT EACH SURVEY POINT

Survey Point

No.of Veh

"S.No Road Section
i. |Karachi-Gaddani. |Gaddani More 148
" 2. |Karachi-Hyderabad [Near Toll Plaza 208
- 3. |Karachi-Thatta Dhabegi Post 200
- 14, |Hyderabad-Larkana [Sehwan Sharif 210
" 5. [Sakrand-Kandiaro Nowshero Feroze | 207
" 8. |[Khairpur-Rohri Near Khairpur 199
7. Waccobabad-Sibbi Near Jaccobabad 175
8. IR.Y.Khan-Sadigabad [Near Sadigabad 173
” 9. |Chunigot-BahawalpurNear Bahawalpur | 171
10. [Multan-D.G.Khan Near Noor Kubra | 172
.j11. |Kashmore-D.G.Khan |Near Basti Malana| 123
12. |Taunsa-D.G.Khan Kot Sadaruddin 60
13, (Sahiwal~Multan Near Kacha Khu 172
14. |Okara-Lahore Near Pattoki 200
15. [Lahore-Gujranwala Near Kamoki 198
18. [Wazirabad-Gujrat Gujrat By-pass 147
17. |[Gujrat-Jhelum Sarai Alamgir 148
18. [|Jhelum-Rawalpindi - |[Near Schawa 147
19. |Rawalpindi-Chablat [Hasanabdal 195
20. |Hasanabdal-Haripur |Laban 99
“121. |Haripur-Abbottabad |[Buldhair 191
.122. [Abbottabad-Manshera|Manshera 172
23. |Chablat-Nowshera Attock Khurd 175
24. |[Nowshera-Peshawar [Chamkani 194
25. |Peshawar-Tourkham |Landikotal 125
26.  |Peshawar-Kohat = = |[Near Kohat 142
27. [Bannu-D.I.Xhan Near D.I.Khan 177
- 128, [Fortminro-@.Saifullah{Near Lorali 90
129. |Quetta=Chamman Yaro More 100
30. |Quetta-Nowshki Near Nowshki 52
- ' : Total 4768
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Annexure 6-B

“ Ist ROUND
R H.Way _|Durn.of - H
S.No[Road Section Sect. |Location Surv. Date. Il
1. . RN I T ~ [30-03-94
Karachi-Gaddani N-25 |[Gaddani More 24 31-03-94 “
' I B o o . 102-04-94
2. |Karachi-Hyderabad |N-5 |Near Toll Plaza 48  [04-04-94 “
s B R — |06-04-94
3. |Karachi-Thatta ° N-5 |Dhabegi Post 48 08-04-94 “
L - : —_ 09-04-94“
4. |Hyderabad-Larkana |N-55 [Sehwan Sharif 24 10-04-94
- _ \ , SR - J12-04-94 ||
5. |Sakrand-Kandiaro N-5 |Nowshero Feroze | 48 14-04-94
_ o 16-04-94
6. |Khairpur-Rohri N-5 |[Near Khairpur 48 18-04-94
_ : . ‘ - [19-04-54
7. |Jaccobabad-Sibbi N-85 [Near Jaccobabad | 24 20-04-94
R L . . T |22-04-94
8. |[R.Y.Khan-Sadigabad | N-5 |Near Sadigabad 48  {24-04-94
‘|Chunigot-Bahawalpur - _ : , : 25-04-94
9. ' " IN-5 |[Near Bahawalpur| 48 27-04-94
: - - - [29-04-94
10. Multan-D.G.Khan N-70 |Near Noor Kubra ‘48 01-05-94
. : o : : 02-05-94
11. |Kashmore-D.G.Khan | N-55 |Near Bast1 Malana: 24 03-05-94
BT ' : 04=-05-94 |
12.  [Taunsa-D.G.Khan N=55 (Kot Sadaruddm 24 05-05-94
: o - S 07-05-94 1
13. |Sahiwal-Multan N-5 Near Kacha Khu 48 |09-05-94 “
- Lo ' - - |10-05-94 “
14. |Okara-Lahore N-5 Near Pattokl 48 - - {12-05-94
' _ C NE 14-05-94
15. ' [Lahore-Gujranwala. |{N-5 . Near Kamolk | 48 . [i6- 05-94 “
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Annexure 6-B

- (30.

(Contd..)
2nd ROUND
H.Way Durn.of

S.No|Road Section Sect. {Loction Surv. |Date
, : 26-07-~94
16. [Wazirabad-Gujrat N-5 [Gujrat By-pass| 48 28-07-94
. 30-07-94
17. |Guirat-Jhelum N-5 |[Sarai Alamgir 48 01-08~-94
) o 02-08-54
18. |Jhelum-Rawalpindi N-5 |Near Sohawa - 48 04-08-94
' ' 06-08-94
19. [Rawalpindi-Chablat |N-5 [Hasanabdal 48 08-08-94
. ‘ 09-08-94
20. [Hasanabdal-Haripur |N-35 |Laban 24 10-08-94
- ' 11-08-94
21. [Haripur-Abbottabad |N-35 |Buldhair 24 12-08-94
» 13-08-94
22. [Abbottabad-Manshera| N-35 |Manshera 24 - [14-08-94
. i o 15-08-94
23. [Chablat-Nowshera N-5 |Attock Khurd 48 17-08-94
: : T 18~08-94
24, [Nowshera-Peshawar |N-5 |Chamkani 48 20-08-94
: ‘ 21-08-94
25. [Peshawar-Tourkham |N-5 |Landikotal 24 22-08-94
' ‘ o 23-08-94
26, [Peshawar-Kohat N-55 |Near Kohat 24 24-08-94
_ " |25-08~94
27. [Bannu-D.I.Khan N-55 |[Near D.I.Khan | 24 26-08-94
: ' 28-08-94
28. |Fortminro-@.Saifullah| N-70  [Near Lorali 24 29-08-94
R : 31-08-94
29. |Quetta-Chamman ° N-25 |Yaro More 24 01-09-94
. o 103-09-94
Quetta-Nowshki N-40 [Near Nowshki 24 104-09-94

* Where Traffic. Volume was High,
24 Hours Survey was Carried in each Direction.
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Annexure 6-C

TRUCK CODE
Code No [|Make
1. Bedford
2 B.M.C.
3 Dodge
4 Ford
5. Fiat
6 Hino
7 Isuzu
8 International
9 Ley Land | I
10. Mercedes Benz
11. Man
12, Mazda
13. Mitsubishi
14. Nissan |
15. Renault "
16. Toyota .
17, Volvo ||
18. Others
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AVERAGE AXLE LOADS (TONNES)
3-AXLE SINGLE TRUCK (lOADED)

Table 6.8.2

94

St.No | Station Name Front | Rearl | Rear2 | Total
1 ' | Karachi-Gaddani '6.95 |13.50 | 13.95 | 34.40
2 | karachi-Hyderabad | 6.68 | 13.93 | 13.61 | 34.22
4 Hyderabad-Larkana |7.15 |[10.96]11.55 |29.67
5 Sakrand-Kandiaro | 8.80 | 15.55 | 15.60 | 39.95
9 Chanigoth-Bhawlpur | 4.83 | 11.59 | 13.46 | 29.88
16 wazirabad-Gujrat | 7.24 |12.30|13.22|32.77
17 Gujrat-Jehlum 7.84 |11.98 |12.10 | 31.92
18 Jehlum-Rawalpindi | 6.72 | 14.49 [13.14 | 34.35
19 Rawalpindi-Chablat |'6.16 | 10.72 | 10.64 | 27.52
20 Hésanabdal—Haripur 5.60 10.47 {1 9.33 25.39
21 Haripur-Abbottabad | 7.13 | 13.35 | 12.38 | 32.86
23 Chablat-Nowshera 6.59 | 12.27 | 10.95 | 29.81
25 Peshawar-Tourkham 6.68 12.83 10.57 30.08
26 | Peshawar-Kohat 5.49 | 11.62 | 10.64 | 27.75
27 Bannu-D.I.Khan 7.25 |13.22 | 11.44 | 32.02
| Average 6.74 | 12.59 | 12.17 | 31.51
St. Deviation . 0.94 | 1.39| 1.60 | 3.44
variance 0.88 | 1.94 | 2.57 | 11.82
Maximum . | 8.80 |15.55|15.60 | 39.95
Mimimum [4.83 |10.47 | 9.33|25.39



Table 6.8.2

(Contd. .)

STANDARD DEVIATION OF 3-AXLE SINGLE TRUCK (1O0ADED)

St.No Station Front | Rearl | Rear2 | Total
1. Karachi-Gaddani 1.28 |1.45 |1.89 | 3.60
2, Karachi-Hyderabad |1.76 |3.11 |2.46 [7.11
4. Hyderabad-Larkana | 1.34 |2.75 |1.82 | 4.62
5. Sakrand-Kandiaro 1.34 |2.75 [1.82 |[4.62
16. Wazirabad-Gujrat 0.78 |2.30 |1.26 |3.24
17.. Gujrat-Jhelum 1.05 0.64 0.89 1.95
18. Jhelum-Rawalpindi | 1.60 |[2.19 | 1.97 | 4.47
19. Rawalpindi-Chablat | 1.20 2.37 2.68 5.49
| 23. Chablat-Nowshera |0.83 [2.18 |1.14 [3.72
25, Peshawar-Tourkham | 1.27 |[1.57 |2.20 |4.41
26. Peshawar-Kohat 0.96 |2.51 [2.04 |5.24
27. Bannu-D.I.Khan 0.95 1.27 1.25 1.25
Average 1.18 [2.03 |1.78 |4.10

St. Deviation 0.30 0.69 0.55 } 1.56
Variance 0.09. | 0.47 0.30 2.42
Max imum 1.76 [3.11 |2.68 |7.11
Minimum 0.78 [0.64 |0.89 |1.25

Table 6.8.2-A
AVERAGE AXLE. LOADS (TONNES ) ”
* 3-AXLE SINGLE TRUCK (EMPTY)

Front | Rearl | Rear2 | Total

Average 3.85 |4.38 [3.94 |12.17

St,. Deviation 0.45 |1.48 |0.76 1.02
Variance’ 0.21 [2.18 |0.57 1.04
‘Maximum 4.36 |7.76 |[5.05 9.10

Minimum 3.13 {3.52 |3.16 | 6.35

Al
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y : o Table 6.8.3

AVERAGE AXLE LLOADS (TONNES)
3-AXLE REAR TANDEM TRUCKS (LOADED)

S.No | Station'S Name Front | Rearl | Rear2 | Total
1. Karachi~Gaddani 8.82 15.38 | 18.33 | 40.53
2. Karachi-Hyderabad 6.27 12,70 | 12.22 | 31.19
3. Karachi-Thatta 7.09 13.45 | 13.08 | 33.61
4. Hyderabad-Larkana 5.95 | 11.06 | 10.85 | 27.96
5. Sakrand-Kandiaro 7.04 13.42 1 13.36 | 33.82
6. Khairpur-Rohri 6.87 13.12 | 13.52 | 33.52
7. Jaccobabad-Sibbi 6.11 10.51 | 10.89 } 27.51
8. R.Y.Khan-Sadigabad | 6.69 11.58 | 11.51 | 29.78

g. Chunigot-Bahawalpur | 6.24 11.09 | 12.19 | 29.52
10. Multan-D.G.Khan | 5.72 | 10.68 !10.79 .| 27.20
11, Kashmore-D.G.Khan 6.54 11.46 | 12.51 | 30.51
12. Taunsa-D.G.Khan 5.47 11.48 | 11.50 | 29.44
13. Sahiwal-Multan 7.18 12.60 | 12.76 | 32.54
14. Okara-Lahore 5.86 10.82 | 10.99 | 27.67
15, Lahore-Gujralwala 7.19 13.24 | 12.63 | 33.08
6. Wazirabad-Gujrat 7.34 13.53 { 14.63 | 35.50
17. Gujrat-Jhelum 7.24 12.31 | 12.66 | 32.21
18, Jhelum-Rawalpindi - | 7.19 14,68 | 14.80 | 36.68
19, Rawalpindi-Chablat _ 5.93- | 11.78 | 11.28 28.99
20. Hassanabdal-Haripur | 6.47 12.44 | 12.43 { 31.53
21. Haripur-Abbottabad 7.44 13.15 | 13.08 | 33.66
23, Chablat-Nowshera’ 7.12 13.52 | 13.63 34.27
24. Nowshera-Peshawer 6.79 12.22 | 11.26 30.27
25. Peshawar-Tourkham 8.56 13.23 | 13.74 35.53
U6, Peshawar-Kohat 5.99 | 11.89 | 12,08 29.94
27. | Bannu-D.I.Khan 1 6.74 12.72 | 12.65 32.11
29. Quetta-Chamman 5,90 9,98 | 10.52 26.41
30. Quetta-Nowshki 5.96 12,21 | 12.17 30.35
Average : 6.74 12.37 | 12.51 31.61
Standard Deviation 0.75 1.24 1.33 3.18
“Variance ‘ 0.56 1.53 1.77 10.08
Maximum Value 8.82. | 15.38 | 16,33 | 40.53
Minimum Value ' 5.72 g.98 10,52 26.41
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Table 6.8.3

(Contd..)
STANDARD DEVIATION OF 3-AXLE
- REAR TANDEM TRUCKS (LOADED)

S.No | Station'S Name Front | Rearl | Rear?2 | Total
1. Karachi-Gaddani 1.38 | 2.58 2,31 5.00
2. Karachi-Hydérabad. 1.22 3.48 3.35 7.88
3, ‘Karachi-Thatta 2.02 1.59 2.33 4,69
4. Hyderabad-Larkana 1.21- ] 2.70 2.37 |5.41
5. Sakrand-Kandiaro 1.53 2.80 2.96 6.45
6. Khairpur-Rohri 1.55 2.64 3.19 6.87
7. Jaccobabad-Sibbi 1.19 2.04 | 2.03 4.52
8. R.Y.Khan-Sadigabad | 1.53 " | 1.68 1.91 4.41

_ 9, Chunigot-Bahawalpur | 0.45 2.94 3.21 " {-6.86

10. Multan-D.G.Khan 1.20 1.47 1.26 3.26

11. Kashmore=-D,G.Khan 1.36 2.37 3.00 6.06

12. Taunsa=~D.G.Khan 0.37 0.85 2,40 1 1.18

13. Sahiwal-Multan 1.48 2,52 | 2.71. | 5.88

14, Okara~-Lahore 1.16 2.33 2.26 5,24

15, Lahore-Gujralwala (.33 2.72 2.53 5.91

16. Wazirabad-Gujrat - 0.76 2,07 1.58 3.89

17. Gujrat-Jhelum 1.05 2.48 2.68 5.88

18. Jhelum-Rawalpindi 1.21 2.65 2.19 | 5.25

19. Rawalpindi~Chablat 1.16 [ 2.21 1.82 [ 4.78

20. Hassanabdal-Haripur | 1.22 2.18 1.83 }4.03

21. Haripur-Abbottabad 0.97 1.09 2.19 [ 5.00

23. Chablat~Nowshera . 1.43 1.27 1.27 2.65

24 . Nowshera-Peshawer 1.72 3.14 2.75 6.67

25, Peshawar-Tourkham 1.72 2.14 1.92 3.60

26. 'Peshawar-Kohat 1.00 2.26 1.88 4.23

27. Bannu-D.I.Khan 1.20 1.26 1.34 3.05

29. Quetta-Chamman 1.23 1.70 1.58 | 3.51

30. Quetta-Nowshki 1.22 3.36 3.80 {7.73

Average 1.30 2,22 2.31 |4.99
Standard Deviation 0.35 0.66 0.64 1.52
Variance - : 0.12 0.43 0.41 2.32
Maximum Value 2,28 3.48 1 3.80 7.73
Minimum Value 0.37 0.85 1.26 1.18

- Table 6.8.3-A

- AVERAGE AXLE LOADS (TONNES)
3~AXLE REAR TANDEM TRUCKS (EMPTY)

: Front | Rearl | Rear2 | Total
Average 3.55 3.85 3.45 10.84
St.Deviation 0,58 0.61 0.49 1.13
Variance 0.34 0.38 0.24 1.28
Maximum Value | 4.80 5.06 1-4.35 13.11
Minimum Value | 2.38 | 2.753 | 2.50 | 9.90
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AGRICUMTURE ITEMS
(Load in Tonnes)

Table 6.8.3.3

98

Front | Rearl | Rear2 Total
Average 1 6.99 12.52 | 12.72] 32.23
Standard Devmuon 1.38 2.32 2,96 | 5.16 .
Variance - 1.91 5.39 5.09 | 26.85
Maximum Value 10.45. | 18.85 | 18.30 44.70
Mlmmum Value 6.61 5.79 5.75 ] 15.29
ANIMALS AND ANIMALS PRODUCTS s
Front | Rearl | Rear2 | Total i
Average 4.96 7.17 7.39 | 19.53 ||
Standard Deviation | 2.35 3.70- | 3.88 10.33“
Variance 1.72 | 6.29 7.49 38.83
Maximum Value 7.93 | 12.30 | 13.68 | 33.73 |
Minimum Value 3,42 4,30 4.00 | 13.26 |
BASIC MANUFACTURE
Front | Rearl | Rear2 Total
Average 5.93 |13.09 |13.35 | 33.38
Standard Deviation 1.69 3.40 3.37 7.84
Variance 2.84 11.56 | 12,03 | 61.39
Maximum Value 12.09 | 20,18 | 19.79 | 50.54
Minimum Value 3.44 5.65 4.80 | 16.70
BULK MANUFACTURE : ’
Front | Rearl | Rear2 | Total
Average 7.93 | 13.09 | 13.30 | 33.62
Standard Deviation 1.50 2.30 2.42 5.48
Variance 2.26 5.28 | 5.86 30.03
Maximum Value 10.46 | 18.03 | 18.03 | 44.18
Minimum Value 2.99 6.920 5,32 15.93
"FOOD ITEMS
: Front | Rearl | Rear2 | Total
Average : 6.28 | 11.62 | 11.63 [ 29.53
" Standard Devxatmn - 1.26 2.15 2.11 | 4.75
Variance - - -1 1.60 .| 4.62 4.44 22.52
Maximum Value 10.30 | 17.86 17.31 | 42,73
Minimum Value 4.10 5.08 3.75 13.11
FUEL AND LUBRICANTS - .

: Front | Rearl.| Rear2 | Total
Average 6.07 | 11.46 | 11.51 | 29.04
Standard Dev1at10n - 1.02 2.09 1.59 4.13
Variance - - "1.04 4.38 -3.79 17.08
Maximum Value 9.72 | 17.03 .} 15.65 | 37.53
Minimum Value 3.97 4.32 | 2.70 |13.35



Table 6.8.3.3
(Contd..)

- MISCELLANEOUS GOODS

Front | Rearl | Rear2 | Total

Average _ 5.55 |10.43 |} 10.12 | 29.09

Standard Deviation | 1.23 3.00 3.35 7.00
‘Variance ~171.52 8,99 | 11.24 | 49.07
Maximum Value ' 8.38 | 15.89 | 16.76. | 40.05.
Minimum Value =~ | 3.65 4.05 - 11.69

: ' MINNING AND QUERRYING

Front | Rearl | Rear2 | Total

Average 7.33 | 13.49 | 13.46 | 34.28
Standard Deviation- | 1.42 2.12 2.28 4,98
Variance 2.00 4.49 5.18 24.78
Maximum Value 10.47 | 19.27 1 21.00 | 47.97
Minimum Value 3.85 8.33 8.40 20.81

' RAW MATERIALS

Front | Rearl Rea:rz Total

Average 6.17 | 11.41 | 11.84 | 29.42
Standard Deviation 1.07 2.27 2.20 4.60
Variance 1.13 5.15 4.85 21.13
Maximum Value 9.30 |17.28 | 17.02 | 41.68
‘Minimum Value 3.95 4.80 6.04 17.04
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AVERAGE AXLE LOADS (TONNES)
4-AXLE SINGLE TRUCK (LOADED)

Table 6.8.4

St.No [Station's Name Front [Rearl |Rear2 Rea:B'Total
1. Karachi-Gaddani 7.45 |11.46 | 8.87 110,41 135.19
2. Karachi-Hyderabad  |4.64. |10.64 11.88 110.65 |37.81
3. |Karachi-Thatta . 5.45 |10.80 ] 9.54 | 9.35 |35.14"
T ljaccobbabad-sibbi  [8.43 |11.20 | 9.64 | 8.98 38.25
8. R.Y.Khan-Sadiqgabad [4.90 [10.57 ]11.96 12.83 |40.26

12. D.G.Khan-Taunsa 7.82 |12.85 ] 9.41| 8.53 |38.61

18, [|[Jhelum-Rawalpindi [6.64 [13.26 |16.25{13.80 49.535

19, Rawalpindi-Chablat [5.07 [12.51 12.32 [12.59 |42.49

Average - 5.92 [11.66 {11.23|10.89 [39.71
Standard Deviation [1.42 0.99} 2.28| 1.84 | 4.49
Variance. 2.03 0.99]5.20} 3.37 j20.15
Maximum Value 8.43 |13.26 [16.25]13.80 j49.95
Minimum Value 4.45 [10.57 8.87] 8.53 §35.14
Table 6.8.4-A
AVERAGE AXLE LOADS (’I‘ONNES)
4-AXLE SINGLE TRUCK (EMPTY)
Front |Rearl |[Rear2 [Rear3 [Total |
Average .43 [4.42 [4.23 [4.11 |17.19
Standard Deviation [0.66 [0.15 [0.54 ]0.88 1.08
Variance - 0.44 [0.02 [0.29 [0.78 1.17
Maximum 5.32 |4.65 [4.79 |5.060 [17.84
Minimum 3.60 [4.25 |3.45 [2.75. [15.32
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" AGRICULATURE ITEMS

Table 6.8.4

(Load in ’i‘onnes) '

Front | Rearl | Rear? | Rear3 | Total ||

Average 6.78 11.08 | 10.31 [ 10.29 [ 38.45 |

Standard Deviation | 1.59 1.29 2.14 1 2.20 6.00 |f

Variance 2.51 1.86 4.59 | 4.84 | 356.02 “
Maximum Value 8.55 13.04 | 14.55 | 13.78 | 49.52
Minimum Value 4.94 8.70 7.38 7.06 28.91

BASIC MANUFACTURE
Front | Rearl | Rear2 | Rear3 | Total
Average 4.56 |[-10.62 | 10.82 ] 10.91 | 36.71
Standard Deviation | 0.54 1.61 3.59 3.15 7.52
Variance 0,29 [ 2.60 12.90 9.90 56.56
Maximum Value 5.73 | 13.65 | 16.80 | 15.98 | 50.52
Minimum Value 3.60 8.30 5.95 5.50 26.50
BULK MANUFACTURE
Front | Rearl | Rear? | Rear3 | Total
Average 6.09 13.09 | 11.52 | 11.51 | 42.22
Standard Deviation 1.27 2.00 2.11 2.11 4.38
Variance 1.62 3.98 4.44 4.44 19.18
Maximum Value 8.00 | 16.00 | 14.85 | 14.11 | 47.60
Minimum Value 4.40 9,54 7.84 7.78 34.45
FUEL AND LUBRICANTS
Front { Rearl | Rear2 | Rear3 | Total
Average - 5.40 {13.21 | 11.84 | 13.22 }| 43.67
Standard Deviation | 0.30 1.72 1.77 0.97 3.15
Variance 0.09 2.97 3.12 0.75 | 9.93
Maximum Value 5,77 15.58 { 13.52 | 13.85 | 47.98
Minimum Value 5.03 11.54 9.40 12.00 | 40.53
MISCELLENOUS MANUFACTURE

Front | Rearl | Rear2 | Rear3 | Total |
[[ Average 4.73 | 10.36 [ 10.98 | 9.59 | 35.65
[ Standard Deviation | 0.49 2.95 3.42 2.85 6.15
|| Variance . 0.24 | 3.69 | 11.72 { 8.13 | 37.85
" Maximum Value 5.45 13.48 | 17.95 { 13.82 | 50.38
Minimum Value 3.80 4.74 5.680 b, 64 30.41]
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AVERAGE AXLE LOADS (TONNES)

Tab1§_6.8.5

4-AXLE MID-TANDEM TRUCK (LOADED)

Front

"Rearl

Rear2

Rear3

Total

Average

5.69

10.42

9.64

9,40

35.14
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Table 6.8.6

AVERAGE AXLE LOADS (TONNES)
4-AXLE REAR-TANDEM TRUCK (LOADED) -

[Et.No [Station ~ [Front|Rearl|Rear2|Rear3[Total
1. arachi-Gaddani | 4.28 {11.09[ 8.13| 8.60(32.02
2. arachi-Hyderabad (.67 |12.05[11.88]11.56}40.16
3. arachi-Thatta . 4.84 [11.30} 9.73110.81136.67

§. [Hyderabad-Larkana [5.32 |11.57{10.68] 9.36(36.94
5. - [Sakrand-Kandiaro 4.95 |12.01[12.10[11.86[40.91
lrﬁ. - [Khairpur-Rohri nh.31 [13.53i10.80(11.16(40.80
8. R.Y.Khan-Sadigabad [4.89 [11.53] 9.28] 9.64|35.35
9. Chanigot-Bahawalpur|[5.01 [13.01]11.33[12.40[41.75

10, Multan-D.G.Khan 5.39 |12.72(11.13]|11.43]40.68
11. D.G.Ehan-Kashmore |[3.65 |12.68] 9.58(11.10/38.00
12, D.G.Khan-Taunsa 4755 [13,94(12.07(12.3742.93
13. Sahiwal-Multan 5.58 [13.83(12.49]10.76[42.66
14. Okara-Lahore = 5.13 [10.75) 9.36] 9.76]|34.99

JLER ahore-Gujranwala [5.07 [12.40[11.43[12.26(40.17
19, Rawalpindi-Chablat [4.28 [11.07| 7.27[ 8.2630.86
23. Chablat-Nowshera 5.24 [12.17] 7.80] 8.30§33.50

26. Peshawar~Kohat 4,70 [13.44[11.69(10.88]40.69
27 . Bannu-D.1.Khan 4.37 |11.28[10.25| 8.401(34.30
30. Quetta-Nowshki - 5.10 [12.87] 9.61] 8.96{36.54
Average ~ 14,91 [12.28]10.35(10.41{37.89
Standard Deviation |[0.37 0.97| 1.49] 1.41] 3.57
variance 0.14 0.93] 2.23] 1.99]12.72
Maximum Value 5.58 [13.94(12.49{12.40(42.93
Minimum = 4,28 [10.75] 7.27) B.26]30.86
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STANDARD DEVIATION OF 4-AXLE
REAR-TANDEM TRUCKS (LOADED)

St.No [Station -

Front

Rearl [Rear? [Rear3 Total

Table 6.8.6

3. - |[Karachi-Hyderabad - {0.56 | 0.66 3.21] 3.45{10.56
3. Karachi-Thatta 0.79 3.311 2.99| 4.01[43.53
4, %yderabad—Larkana 1.22 2.78| 2.55] 3.04} 5.96
5. Saxrand—-Kandiaro 0.43 | 2.12] 1.95] 2.27| 5.84
6.  [Khalrpur-Rohri. —10.89 | 0.89] 3.53| 2.45| 3.79
8. R.¥.Khan-Sadiqabad [0.49 | 2.18] 2.13] 1.94 4.85 |
9. Chanigot-Bahawalpur (0.47 2.33| 3.93| 2.52] 7.81
10. Multan-D.G.Khan 16.88 | 2.58| 2.03[ 2.43] 6.72
12. |D.G.Khan-Taunsa 0.66 | 1.51] 1.95] 1.94] 4.95 |
13. Sahiwal-Multan 1.30 | 2.20]| 3.25( 2.92] 7.83
14. Okara-Lahore - 1.00 2.35( 2.01] 2.02] 6.03
15. Lahore-Gujranwala 0.75 3.37] 3.58| 3.81[10.82
Average 0.79 2.19f 2.76] 2.73} 9.88
Standard Deviation [0.27 0.80} 0.71] G.69}10.32
variance 0.08 0.64| 0.50] 0.47] 6.59 .}
Maximum value 1.30 | 3.37| 3.93] 4.01[43.43
Minimum - 0.43 | 0.66] 1.95]| 1.94(30.79

Table 6.8.6-A

. AVERAGE AXLE LOADS (TONNES)
4-AXLE REAR-TANDEM TRUCK (EMPTY)

JFront |Rearl |[Rear2 |Rear3 |[Total

|Average. - o 4.07 5.11 5.32 5.06 19.56
Standard Deviation [0.57 [0.92 1.01 1[0.48 1.79

Variance 0.33 0.85. 11.01 0.23 3.19

Maximum Value 5.30 6.77 6.43 5.70 [22.43

Minimum 3.35 3.90 3.60 4,14 16.77
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Table 6.8.6.3

FOOD ITEMS
‘ Front|Rear i|Rear2|Rear3|Total
HAverage 5.24 [13.04]12.21]11.75]42.25
Standard Deviation j0.58 [ 3.13] 1.59] 1.31] 4.96
variance 0.34 { 9.81] 2.54] 1.72[24.56
Maximum Value 6.06 [16.82]{15.73]14.50{52.32
Minimum Value 4.47 8.64]10.75/10.13(35.74
BULK MANUFACTURE ITEMS

FiontRearlRearzRear3Total

Average 5.25 |13.46]11.59}11.53j41.82
Standard Deviation [0.79 1.85] 2.14} 2.19]| 4.84
Variance: 0.62 | 3.41]1 4.57} 4.79|23.40
Maximum Value 7.75 [16.90|16.54]15.54|52.09
Minimum Value 3.56 | 7.45] 6.67] 7.33|31.47

FUEL AND LUBRICANTS

Front|Rear l|Rear2]|Rear 3|Total

Average 5.18 [12.66(10.60111.01}39.46
Standard Deviation [0.60 1.65} 1.96] 2.28} 5.39
Variance 0.36 | 2.72} 3.83] 5.18[29.06
Maximum Value 7.29 [15.80{14.75{16.04152.21
Minimum Value 14.30 9.30] 6.90{ 5.05[26.75

RAW MATERIALS

FrontjRear1lJRear2[Rear3[Total |
Average 4,66 [14.08]11.84[10.47{41.05
Standard Dev1at10n 0.27 11.27] 2.73] 3.01) 6.00
Variance 0.07 1.61] 7.45] 9.05}36.03
Maximum Value 5.10 [15.70]16.60]15.40/52.20
Minimum Value 4.35 [12.01] 8.25] 6.40/34.05

AGRICULTURE ITEMS

[Front|Rear l|[Rear2|Rear 3[Total
Average 4.94 112.22[10.89[10.86[|38.90
Standard Deviation [0.48 | 1.82] 1.94f 1,85] 3.89
variance [0.23 | 3.31] 3.75 3.42[15.11
Maximum Value 5.93 [14.70]14.03[14.22[46.14
Minimum value 5,46 | 8.59| 7.50] 8.,50[34.85 |

—
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BASIC MANUFACTURE

Table 6.8.6.3

Totai'

. _ Front[Rearl|Rear2|Rear3
Average 4,94 [11.05]10.32]10.33{36.63
Standard Deviation |0.81 | 2.41] 2.51{ 2.78} 7.21
Variance = —10.65 | 5.82| 6.29] 7.73|51.92
Maximum Value - 7.71 |21.90{17.32[18.00j62.90
Minimum value 3.72 | 4.43] 5.70 4.3025.5{j

 MISCELLANEOUS MANUFACTURE

R [Front|Rear l|Rear2|Rear3[fotal |
Average 5.16 |11.54{10.18] 9.83] 36.71
Standard Deviation |[1.14 | 3.69] 3.46] 3.68] 10.61
variance 1.31 [13.59|11.98|13.55[112.56
Maximum value 9.35 |21.10/19.65|18.91| 64.35 |
Minimum vValue . 3.57 | 5.63| 2.50] 2.50/ 16.09.
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" Table 6.8.7

AVERAGE AXLE LOADS (TONNES)
5-AXLE TRUCK TANDEM (LOADED)

T [Front|Rear 1|Rear2[Rear3[Rear4d [Total
Average 5.74 | 9.77 9.52{10.56(11.59 | 47.17
Standard Deviation [1.00 | 1.40] 3.91} 3.41( 2.25 | 10.40
Variance 1.00 ] 1.95/15.28]|11.62] 5.06 |108.14
Maximum Value 8.15 [11.93[13.50(14.50}{16.51 | 60.74
@inimum Value - 4.82 | 8.09] 3.29] 5.18f 8.99 | 32.92

Table 6.8.7—A“

AVERAGE AXLE LOADS (TONNES)
5-AXLE TRUCK TANDEM (EMPTY)

frontRearlRearfRear3RearfTotaI"

Average [6.32 [3.29 [4.56 [4.58 [4.69 [23.44 ||
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Table 6.8.8

AVERAGE AXLE LOADS (TONNES)
- 6-AXLE TRUCK TANDEM TRIANDEM (LOADED)

St.|[Station
o.|Name Front|Rearl|Rear2|Rear3jRear4|Rear5 [Total
- |[Karachi-
3.iThatta 6.32 | 8.91| 9.25} 7.97] 9.01| 9.77 [51.23
iHyderabad- ‘ -
4.|Larkana. 6§.35 | 7.47 8.36| B8.44]| 7.38} 7.40 45.39
Sakrand- : . : N :
5. Kandiaro [6.10 |11.18]10.90(12.76|11.45|13.05 65.44
Khairpur- | ' .
6.||Rohri 5.94 | 8.81| 9.13] 9.98/10.04|10.68 {54.57
R.Y.Khan- | - _ ‘ , ‘
8.|sadigabad |5.85 10.52{10.43|12.17{10.50/10.93 [60. 38
Chanigoth- S

-9.{Bhawalpur |5.65 8.85(10.50(10.03|12.16] 8.33 |55.22
Multan- _ . -

10.[p.¢.Khan |6.38 | 9.68/10.05| 8.55| 8.27} 7.77 |50.70

= Sahiwal-

13.|Multan’ 5.69 {13.05(12.32{11.29]14.01}12.11 |68.46
Wazirabad- ' B

16.jGujrat 6.48 (14.52[12.88{13.27|15.52}16.11 {78.78
Peshawar- I .

25 .[Tourkham {6.34 |10.44[11.77{11.14] 9.35] 7.61|56.65
Average 6.11 [10.34[10.56{10.56{10.77{10.38 |58.68
Standard
Deviation (0.29 2.02] 1.38| 1.77] 2.43| 2.67| 9.37
variance |0.08 | 4.08] 1.89} 3.15/ 5.89{ 7.13[87.70

T [Maximum T _ 1 .
value 6.48 {14.52[12.88{13.27]15.52|16.11 |78.78
Minimum - ‘

Value 5.65 [ 7.47} 8.36| 7.97] 7.38] 7.40 45.39

Table 6.8.8-A

AVERAGE AXLE LOADS (TONNES)
6-AXLE TRUCK TANDEM TRIANDEM (EMPTY)

: Front |[Rear) [RearZ |Rear3 |[Rear4d Réar5 fTotal
Average [5.29 (3.71 (3.49 [3.72. [3.11 [4.03 23,35
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Table 6.8.8.3

AGRIGULTURE ITEMS

(Load in Tonnes)

Front[Rearl

Rear2lRear3[ReardRears[Total

Average: 6.36|11.89|11.44[11.76[12.76[12.36] 66.57
St. Deviation| 0.71) 2.65] 1.96] 2.45} 3.19] 3.53| 12.77
Variance 0.60] 7.03f 3.86] 5.98{10.18]{12.45/163.12
Maximum vValue | 7.45[16.10|13.90]14.88(17.56(18.96] 87.17
Minimum value | 5.50| 5.70| 6.55| 6.95] 7.05] 7.60{ 40.30
BULK MANUFACTURES
[Front|RearllRear2|Rear 3|Rear4jRear5[Total -
Average 6.542[10.40110.99]11.33]11.35[10.62[(61.23
St. Deviation | 1.07f 2.01| 1.74] 1.88] 2.04| 2.36/8.43
Vvarlance T.15} 4.04] 3.01] 3.521 4.15| 5.59/70.98
Maximum value | 8.02/14.30[13.83[13.92{14.,74{15.14{75.15
Minimum value | 4.24} 7.47] 7.35] 7.75] 7.10| 6.8544.10
FOOD ITEMS
Front|Rearli|Rear?|Rear3[RearijRears|Total
Average 6.95 9.87i10.20f 7.45] 9.28] 9.86]53.62
ST. Deviation| 0.51] 0.68] 0.90] 0.52] 0.42| 1.34] 3.63
ariance 0.26] 0.47| 0.81} 0.27| 0.18] 1.79[13.21 ||
aximum value | 7.56/10.82[11.47] 9.70] 9.70/11.28[58.68
inimum value | 6.32} 9.24| 9.55| 8.70} 8.70[ 8.07/50.32
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TYRE PRESSURE (psi) FOR 2-AXLE SINGLE (1.2)

St. Axle . Minimum { Maximum
NO. |Station Name | Config. Average* | Value Value
Wazirabad Front Axle | 108.79 97.50 | 145
16. |Guijrat Rear Axle | 126.51 110 156.25
Gujrat Front Axle | 108.24 65 122.50
17. | Jhelum Rear Axle |124.80 | 65 145
Jhelum Front Axle | 107.43 97.50 [ 145
18. |Rawalpindi Rear Axle |124.74 105 145
Rawalpindi | Front Axle | 109.50 60 140
19. |chablat Rear Axle |127.71 72.50 150
Hasanabdal Front Axle | 108.76 - | 90 140
20. | Haripur Rear Axle |128.59 |110 .  |150.
| Haripur Front Axle | 107.07 | 100 140
21. | Abbottabad | Rear Axle |127.35 [110 145 |
Abbottabad Front Axle | 107.19 80 145
22. |Manshera Rear Axle | 124.31 80 145
Chablat Front Axle | 109.51 100 145
23. | Nowshera Rear Axle |127.38 |100 145 -
| Nowshera Front Axle | 109.16 | 100 145
24. | Peshawar Rear Axle |[127.78 100 145
Peshawar Front Axle | 108.28 97.50 125
25. | Tourkham Rear Axle |128.54 |110 145
Peshawar Front Axle | 109.37 100 125
26. | Kohat Rear Axle 128.92 100 150
| Bannu Front Axle | 113.86 | 105 145
27. |D.I.Khan Rear Axle |134.33 120 150
| Fortminro Front Axle | 112.72 100 145
28. |Q.saifullah |Rear Axle [130.28 ~|100. 150
Quetta Front Axle |107.07 65 145
29. | Chamman Rear Axle |[127.26 80 160
Quetta Front Axle | 109.31 85 140
30. | Nowshki Rear Axle |126.41 95 145

In case pf_front axlea; the Eigures represent‘average of two front wheels & for rear axles,
the figures represent average of all tyre pressure in that particular axle.
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Table 6.10.2

TYRE PRESSURE (psi) FOR 3-AXLE SINGLE (1.2-2)

st. : : Axle ' Minimum | Maximum
No. |Station Name | Config. Average¥* Value Value
- Front Axle 115.89 105 140
_ Wazirabad . Rear Axle 1| 134.39 125 147.50
16. |Gujrat Rear Axle 2. [133.18 125 150
Front Axle |111.88 110 120 -
Gujrat Rear Axle 1 ]136.25 125 150
17. | Jhelum Rear Axle 2 | 136.67 125 150
Front Axle |111.00 105 125
Jhelum Rear Axle 1 |136.33 125 145
18. | Rawalpindi Rear Axle 2 | 138.17 125 145
Front Axle 118.50 110 150
Rawalpindi - Rear Axle 1 138.25 120 150
19, | Chablat Rear Axle 2 |138.73 120 150
: Front Axle |107.50 105 “110
Hasanabdal |Rear Axle 1 [135.00 130 140
20. | Haripur . | Rear axle 2 |135.00 130 140
Front Axle |110.00 110 110
Chablat Rear Axle 1 |140.00 135 145
23. Nowshera Rear Axle 2 | 140.00 135 145
Front Axle | 120.45 100 135
i Peshawar Rear Axle 1|145.00 | 135 150
25. | Tourkham Rear Axle 2 | 145.00 135 150
I Front Axle 121.32 115 132.50
Peshawar Rear Axle 1 |140.88 120 150
26. | Kohat Rear Axle 2 | 140.88 120 150
_ Front. Axle |122.50 120 130
Bannu . Rear Axle 1 |143.96 135 150
27. | D.I.Khan Rear Axle 2 | 143.96 135 150
* In case of !ront. axles, the figures represent average of.'tu;o £zont. whesls and tor roar axles,

the figures represent a‘\{erage of all tyre pressure in that particular axle.
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Table 6.19.6

TYRE PRESSURE (psi) FOR 5-AXLE TANDEM (1.22-22)

st . .. , Axle L Minimum | Maximum
No | Station Name | Config. Average* Value " Value
Front Axle 128.33 110 150
Rear Axle 1 |146.08 | 140 150
Rear Axle 2 |145.17 |140 148.50
|wazirabad ~ |Rear Axle 3 |140.42 . }131.25 |153.75
16 | Gujrat Rear Axle 4 [140.92 |135 146.25
* fn case of front axles, the figures represent average c; two front wheels and for rear axles,
the figures represent average of all tyre pressurs in that particular axla.
| Table 6.10.7
TYRE PRESSURE (psi) FOR 6-AXLE TANDEM (1.2-222)
St : . Axle Minimum | Maximhum
No [ Station Name | Config. Average* Value " Value
Front Axle |[125 110 140
Rear Axle 1| 138 136 140
Rear Axle 2 |139.88 139.75 140
Rear Axle 3 | 140 140 140
‘Wazirabad Rear Axle 4 | 140 140 140
16 |Gujrat =~ |Rear Axle 5 | 138.75 137.50 | 140
Front Axle 133.33 125 150
Rear Axle 1 |126.67 125 130
Rear Axle 2 |126.25 123.75 130
N Rear Axle 3 | 125.83 122.50 130
Jhelum | Rear Axle 4 |126.67 125 130
17 Rawalpindi Rear Axle 5 |127.08 125 130

In case of front axles, the 'figures represent avérage of two front wheels and

the figures represent average of all tyre pressure in that particular axle.
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EQUIVALENT STANDARD AXLES FOR 2-AXLE TRUCKS

(LOADED I}N BOTH DIRECTIONS)

Table 7.2-A

S.No {Station Name Front Total
1 Karachi-Gaddani 0.25 [23.34 [23.59
2 Karachi-Hyderabad 0.14 6.80 | 6.94
3 Karachi-Thatta 0.15 6.00 | 6.15
4 Hyderabad-Larkana 0.12 5.68 {5.80
5 Sakrand-Kandiaro - 0.13 5.37 15.49
5 Khairpur-Rohri 0.13 8.53 | 8.66
7 Jacobabad~Sibi 0.16 7.42 | 7.58
8 R.Y.Khan-Sadigabad 0.14 5.67 | 5.81
g Chunikot-Bahawalpur 0.13 - |7.19 {7.31
10 [Multan-D.G. Khan - 0.25 [10.61 [10.86
11 D.G. Khan-Kashmore 0.11 5.00 [5.11
12 D.G.Khan-Taunsa 0.11 * 14.22 |14.33
13 Sahiwal-Multan 0.16 5.56 [5.73
114 Okara-Lahore 0.12 3.20 |13.32
15 Lahore-Gujranwala 0.11 4,93 |5.04
18 Wazirabad-Gujrat 0.21 4.80 |15.00
17 Gujrat-Jhelum - 0.26 5.87 |6.12
18 Jhelum-Rawalpindi 0.15 6.12 16.27
19- |Rawalpindi-Chablat 0.15 4.74 [[4.89)
20 Hasanabdal-Haripur 0.12 4.35 14,47
21 Haripur-Abbotabad 0.12 3.86 |3.98
22 Abbotabad-Manshera 0.13 4.79 14,92
23 Chablat-Nowshera 0.13 5,92 16.06
24 Nowshera-Peshawar 0.14 5.68 {5.82
25 Peshawar-Tourkhum 0.12 6.39 | 8.51
26 Peshawar-Kohat 0.11 |1 4.862 {4.73
27 Bannu-D.I.Khan 0.21 7.12 |1 7.33.
28 Fortminro-Q. Saifullah 0.15 5.64 }15.79
29  [Quetta-Chamman 0.11 4.09 14.20.
30 Quetta-Noshki 0.13 6.81-186,94
__jAverage - 0.15 [6.34 |6.49
Standard Deviation 0.04 3.48 | 3.50
Variance 0.00 12.09 |12.26
Maximum Value 0.26 23.34 {23.59
Minimum Value 0.11 3.32
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Table 7.2-B

EQUIVALENT STANDARD AXLES FOR 3-AXLE SINGLE TRUCKS
. (LOADED IN BOTH DIRECTIONS)

S.No {Station Name Front |Rearl (Rear2 {Total
1 Karachi-Gaddani 0.57 10.32 [10.39 }23.37
2 Karachi-Hyderabad 0.57 13.84 [11.72 |26.13
4 Hyderabad-Larkana (.62 4.66 }5.21 }10.49
5 . |Sakrand-Kandiaro - 1.40 8.20 [18.47 [36.08
9 |Chunikot-Bahwawalpur  10.09 4.85 |9.51 ]14.45
16 Wazirabad-Gujrat 0.63 7.99 |9.29 |17.91
17 Gujrat-Jhelum - - 0.92 5.74 16.12 {12.78
18 Jhelum-Rawalpindi - 0.60 [15.50 (10.04 [28.14
19 Rawalpindi-Chablat 0.34 4.57 |4.68 |9.59
20 Hasanabdal-Haripur 0.18 3,10 |[1.90 |5.19
21 Haripur-Abbotabad 0.54 9.16 |6.53 116.23
23  |[Chablat-Nowshera 0.42 7.44 |4.00 [11.88
25 Peshawar~Tourkham 0.50 8.40 |4.14 113.05
26 Peshawar-Kohat 0.20 6.59 [4.09 [10.88
27 Bannu-D.I.Khan 0.65 9.61 |4.96 [15.22
Average - 0.55 8.66 |7.54 [16.62
Standard Deviation 10,31 4.18 {4.20 | T7.80
Variance 0.09 17.43 |17.65 [60.88
Maximum Value 1.40 15.20 (18.47 |36.08
Minimum Value 0.09 3.10 |3.10 [5.19
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Table 7.2-C

EQIVALENT STANDARD AXLES LOADS FOR 3-AXLE
REAR-TANDEM TRUCKS (LOADED IN BOTH DIRECTIONS)

S.No |Station Name Front {Rearl [Rear2 |Total
1 Karachi-Gaddani 1.61 [20.04 {24.89 }46.54
2 Karachi-Hyderabad [0.40 111.72 19.94 ]22.05
3 |JKarachi-Thatta 0.87 [10.49 [10.93 [22.29
4 Hyderabad-Larkana [0.33 }5.85 |5.00 11,18 |f
5 Sakrand-Kandiaro 0.69 1{11.80 |12.30 [24.79
8 Khairpur-Rohri 0.65 [10.93 {13.52 i25.10
7 Jacobabad-Sibi 0.36 [4.01 [4.67 19.05
8 RY Khan-Sadigabad [0.58 [5.52 |11.78 [13.13
9 Chunikot-Bhawalpur ]0.44 |5.80 |8.83 }15.08
10 Multan-D.G. Khan [0.27 |3.89 [3.87 |8.03
11 DG Khan-Kashmore [0.48 |5.82 |9.12 ]15.42
12 D.G.Khan-Taunsa -]0.35 |4.69 |5.09 [10.13
13 Sahiwal-Multan 0.75 {9.32 |10.05 |20.13
14 Okara-Lahore 0.30 [5.08 |5.17 |10.55
15 Lahore-Gujranwala’ [0.72 |11.57 {9.25 |21.54
16 Wazirabad-Gujrat  [0.67 [11.34 [15.01 |27.10
17 Gujrat-Jhelum 0.66 |7.83 |8.93 [17.41
18 Jhelum-Rawalpindi [0.67 [17.17 [16.53 |34.37
19 Rawalpindi-Chablat |0.30 |6.52 [5.09 11.91
20 |Hasanabdal-Haripur [0.42 |7.71 [7.42 |15.55
21 Haripur-Abbotabad [1.00 |8.85 |9.46 |19.31
23 Chablat-Nowshera 0.60 [10.29 |10.60 {21.49
24 Nowshera-Peshawar [0.59 |8.47 |5.60 {14.66
25 Peshawar-Tourkhum {1.53 {10.35 {11.88 §23.76
26 Peshawar-Kohat 0.30 {6.82 {6.78 ]13.90
27 Bannu-D.I.Khan 0.54 [7.93 | 7.80 [16.26
29 Quetta-Chamman 0.31 |2.98 [3.64 (6.94
30 Quetta~Noshki 0.32 |9.33 |10.00 |19.65
Average 0.60 |8.65 |9.40 |18.48
Standard Deviation }0.33 |3.78 |4.45 |8.32
Variance ' - 10.11 {14.32 |19.79 {69.18
Maximum Value 1.61 [20.04 |24.89 [46.54
Minimum Value 0.27 |[2.98 [3.64 |6.94
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Table 7.2-D

EQIVALENT STANDARD AXLES FOR 4-AXLE SINGLE TRUCKS
(LOADED IN BOTH DIRECTIONS)

S.No |Station Name' Front [Rearl [Rear2 |Rear3 |Total
1 Karachi-Gaddani 0.07 |(4.60 ]1.46 | 3.00 9.13
2 Karachi-Hyderabad [0.08 [4.35 |7.03 |5.03 |{16.49
3 Karachi-Thatta - 0.23 |3.72 |2.16 |3.51 | .9.81
4 Hyderabad-Larkana [0.13 [5.36 |3.34 ' 14.14 |12.83
il Sakrand-Kandiaro 0.13 [14.2917.86 |{6.51 |28.79
7 Jaccobbabad-Sibbi 1.16 |4.16 12.12 |1.56 | 7.43
9 R.Y.Khan-Sadigabad [0.10 |3.44 |6.32 |8.27 |18.13
13 Sahiwal-Multan 0.83 {7.8411.91 |1.30 |11.87
18 ° Whelum-Rawalpindi 0.56 | 8.91 24.11 |10.64 {44.22
19 Rawalpindi-Chablat |0.13 |6.93 |13.31 ]11.15 {31.52
Average 0.34 |6.36 |6.96 [5.51 |19.00}
Standard Deviation [0.36 13.17 16.72 {3.35 |11.42
Variance 0.13 (10.04 145,10 |11.25 {130.41
Maximum Value 1.16 14.29 |24.11 J11.15 }|44.72
]Minimum Value 0.07 13.44 11.46 |1.30 7.43

Table 7.2-E

' EQUIVALENT STANDARD AXLES FOR 4-AXLE

_ MID-TANDEM TRUCK (LOADED IN BOTH DIRECTIONS)

Front{Rearl

Rear?2

Reard

Total || |

5.69-

Average 0,38

3.67

11-8 ¥ . .

4.50

14.20 ||
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Table 7.2-F

: EQUIVALENT STANDARD AXLE FOR 4-AXLE

REAR-TANDEM TRUCKS LOADED IN BOTH DIRECTIONS)
S.No {Station Name Front |[Rearl [Rear2 |Rear3d [Total
1 Karachi-Gaddani 0.05 |3.85 10.98 {1.27 |6.15
2  |Karachi-Hyderabad 0.09 |9.66 [8.11 |7.68 [25.53
3 Karachi-Thatta 0.11 15.97 |3.01 |15.65 |14.74
4 Hyderabad-Larkana 0.22 |6.76 {5.03 }3.55 {15.55
|5 Sakrand-Kandiaro 0.11 |[7.02 |7.01 |6.83 [20.97
6 Khairpur-Rohri. 0.18 115.78 [5.00 | 7.94 |28.90
8 R.Y.Khan-Sadigabad 0.11 |5.93 j2.61 [2.83 |11.48
9 Chanigot-Bahawalpur 0.12 |9.85 [7.35 [8.06 [25.38
10 Multan-D.G.Khan 0.19 |9.41 |4.89 |5.75 |20.24
11 D.G.Khan-Kashmore 0.08 |7.67 12.44 }4.25 |14.44
12 D.G.Khan-Taunsa 0.08 [11.84 [6.54 | 7.35 |25.81
13 Sahiwal-Multan 0.28 [12.55 |10.55 | 6.20 |29.58
14 Okara-Lahore 0.17 (4.74 12.47 | 2.87 [10.24
15 Lahore-Gujranwala 0.14 [9.82 [7.82 | 7.81 |25.59
19  [Rawalpindi-Chablat 0.05 13.95 j0.81 {1.28 [6.10
23 Chablat-Nowshera 0.15 (7.06 10.83 {1.09 |9.13
26  |Peshawar-Kohat 0.08 |9.50 [5.66 [3.90 |19.14
27 Bannu-D.I.Khan 0.06 14.29 |2.79 {1.14 18.28
30 Quetta~-Nowshki 0.12 |7.77 {2.09 |1.52 |11.50

lAverage 0.13 ‘18.07 |4.53 |4.58 |17.30 |
Standard Deviation 0.06 [3.07 {2.75 [2.56 |7.67
Variance ' 0.00 |9.45 |7.56 16.53 |58.85
aximum Value 0.28 [15.78 [10.55 | 8.06 |29.56
Minimum Value 0.03 |3.85 [0.81 |1.09 §6.09

Table 7.2-G

EQUIVALENT STANDARD AXLE FOR 5-AXLE TANDEM
TRUCK (LOADED IN BOTH DIRECTIONS)

FrontRearl |Rear2 |Rear3 Reard |Total
Average . 0.27 12.62 4.45 15.66 {6.58 |19.59
St. Deviation [0.28 |1.68 3.97 |4.89 |6.83 |15.64
Variance - |0.08 [2.77_ 115.80 23.94 [46.66 [244.52
Maximum Value[0.99 15.52 9.64 [13.29 |23.84 | 50.96
Minimum Value [0.09 |0.96 |0.02 [0.13 1.55 3.80
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Table 7.2-H

EQUIVALENT STANDARD AXLE LOADS FOR 6-AXLE
TANDEM TRIDEM TRUCKS (LOADED IN BOTH DIRECTIONS)

120

S.No Station Nénié ' Frdnt!Réarl Rear?[Rear3|Reard Rears otall
3 Karachi-Thatta 0.32 | 1.49) 1.76/0.90 [1.56 |2.25 j8.27
4 Hyderabad-Larkana 10.32 | 0.67| 1.12]1.16 0.64 [0.64 l4.55
5 sakrand-Kandiaro 0.27 | 4.12 3.68}7.48 |4.59 |8.27 |28.42
6 Khairpur~Rohri 0.24 | 1.41] 1.66[2.47 |2.54 |3.36 |1.68
8 . [R.Y.RKhan-Sadigabad [0.22 | 3.02} 6.04[3.11 [3.73 [3.73 |i9.84
9 Chanigot-Bahawalpur{o.19 | 1.44| 3.11}2.53 [6.02 | 1.10 J14. 39
10 ultan-D.G.Khan 0.33 | 2.16| 2.16{2.55 [1.23 | 1.06 [9.49
13 |sahiwal-Multan 0.20 | 8.27] 6.38[4.31 [11.39] 5.91 [36.46
16  |Wazirabad-Gujrat [0.35 [13.37| 7.80|8.92 [18.05]21.35 [69.84
25 |lpeshawar-Tourkham [0.32 | 3.03] 5.2004.06 |1.85 0.73 [15.18
Average 0.57 {3.90] 3.89[3.75 |5.16 | 4.84 [21.81
Standard Deviation [0.86 | 3.77[ 2.212.47 |5.24 | 5.99 h18.45
Variance 0.74 [14.20| 4.87/6.08 |27.46[35.83 {340.3
Maximum Value 3.14 [13.37] 7.80/8.92 |18.05[21.35 |69.84
Minimum Value 0.19 | 0.67]| 1.12/0.90 j0.64 | 0.64 | 4.55
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. Table
ST.AXLES, 2-AXLE TRUCK (LOADED IN EACH DIRECTION)

S.No [Station Name Front |Rear jTotal
1 Karachi-Gaddani 0.33 [11.16 |11.49
Gaddani-Karachi 0.18 132.60 |32.77
|z Karachi-Hyderabad 0.11 | 6.23 | 6.34
Hyderabad-Karachi 0.16 7.36 | 7.52
3 Karachi-Thatta 0.06 3.28{ 3.34
Thatta—-Karachi- 0.22 8.16 | 8.38
4 Hyderabad-Larkana 0.15 6.78 | 6.93
Larkana-Hyderabad 0.03 2.92 | 2.94
5 Kandiaro—-Sakrand 0.09 3.95 | 4.03
Sakrand-Kandiaro 0.16 6.64 | 6.80
6 Khairpur-~Rohri 0.14 |11.04 J11.19
: Rohri-Khairpur 0.12 4.33] 4.45
7 Jacobabad-Sibbi 0.18 6.21 ] 6.38
- Sibki-Jaccobabad 0.12 4,981 5.10
8 R.Y.Khan-Sadigabad 0.15 5.89 | 6.04
: Sadigabad-R.Y.Khan 0.13 5.41 | 5.54
9 Chunigot-Bahawalpur 0.12 6.90 | 7.02
Bahawalpur—Chunigot 0.13 7.451 4.59
10 Multan-D.G.Khan .. 0.08 2,88 ] 2.95
D.G.Khan-Multan 0.36 {15.68 |16.04
11 D.G.Khan-Kashmore 0.10 4.72 | 4.82
Kashmore-D.G.Khan 0.13 5.19 | 5.32
12 [p.G.Khan—-Taunsa 0.14 5.92 | 6.06
Taunsa-D.G.Khan 0.08 2.51] 2.59
13 Sahiwal~Multan 0.19 6.10 | 6.29
Multan—Sahiwal 0.13 4,89 | 5.02
14 Okara-Lahore 0.09 3.18 | 3.17
Lahore—Okara 0.14 3.21 1] 3.35
15 |[Lahore-Gujranwala 0.15 $.38 | 5.53
Gujranwala-Lahore 0.08 4.52 | 4.60
16° {(Wazirabad-Gujrat 0.18 4.731 4.91
Gujrat—-Wazirabad 0.23 4.85} 5.08
17 Gujrat—-Jhelum. N.A. | N.A, | N.A.
Jhelum—Gujrat- 0.26 5.87 ] 6.13
18 Jhelum—-Rawalpindi - 0,12 5.35 | 5.47
‘ Rawalpindi-Jhelum 0.19 7.59]7.78
‘119 Rawalpindi-Chablat 0.08 2.56 | 2.64
Chablat—-Rawalpindi 0.19 ‘5,831 6.02
20 Haripur~Hasanabdal 0.14 3.97 ] 4.11
Hasanabdal-Haripur 0.11 4.67 | 4.78
21 - [Haripur-aAbbottabad 0.12 3.72 | 3.84
: Abbottabad-Haripur 0.14 4.23 ] 4.37
22 . [abbottabad-Manshera 0.15 5.03 | 5.18
s : Manshera-Abbottabad 0.06 3.82 1| 3.89
123 Chablat—-Nowshera .13 6.16 { 6.29
iNowshera—-Chablat 0.13 5.74 | 5.87
24 |Nowshera-Peshawar 0.15 6.71 | 6.86
- |Peshawar~Nowshera 0.13 4.72.| 4.85
25 Peshawar-Tourkham 0.13 5.27 ] 5.39
: Tourkham-Peshawar 0.12 6.82 | 6.95
26 Peshawar-Kcohat - 0,11 4.10] 4.21
Kohat—-Peshawar 0.11 | 4.98 | 5.10
27 Bannu-D.I.Khan Q.17 7.27 1 7.44
D.I.Khan-Bannu 0.23 7.001 7.23
28. |Fortminreo-Q.Saifullah j0.13 4.78 | 4.91
0.Saifullah-Fortminro {0.18 6.66 | 6.83
29 Quetta-Chamman 0.11 4.201 4.31

Chamman-Quetta 5.11 1 4.01 | 4,12
30 Ouetta-Noghki 0.12 3.69 | 3.81
- [Neshki-Quetta 0.13 9,40 | 9.53
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Table 7.2-b

EQIVALENT STANDARD AXLES FOR 3-AXLE SINGLE TRUCKS
. "(LOADED IN EACH DIRECTION)

Station Name

Total

122

S.No Front Rear2

1 Karachi-Gaddani 0.94 [15.43 |12.68 [29.06"
' Gaddani-Karachi 1.83 -]22.54 |28.56 |52.93
2 Karachi-Hyderabad 0.85 [20.94 [16.06 |37.04

4. Hyderabad-Karachi 0.186 4,35 {5.18 |9.89
4 Hyderabad-Larkana 0.62 4.66 {5.20 |[10.48
Larkana-Hyderabad . N.A. |[N.A. IN.A. |[N.A.

5 Sakrand-Kandiaro 1.40 [18.20 [18.47 |38.08
Kandiaro-Sakrand N.A. IN.A. IN.A. |N.A.

g Chunikot-Bahawalpur 0.09 4.85 19.51 14.45
' Bahawalpur-Chunigot N.A. |N.A. | N.A. | N.A,
18 Wazirabad-Gujrat 0.63 4,02 [18.79 [13.43
Guirat-Wazirabad 0.63 13.26 }(9.94 [23.84

17 Jhelum-Gujrat 0.92 5.74 [6.12 |12.78
Gujrat-Jhelum N.A. |N.A. IN.A, | N.A.

18 Jhelum-Rawalpindi 0.72 16.48 [6.52 |23.72
Rawalpindi-Jhelum 0.50  |14.61 [13.10 |28.21

19 Rawalpindi-Chablat 0.29 1.59 [2.05 [3.92
Chablat-Rawalpindi 0.40 8§.28 |7.96 |16.64

20 Hasanabdal-Haripur 0.18 3.10 |1.90 5.18
' Haripur-Hasanabdal N.A. IN.A. [N.A. {N.A.
21 Abbottabad-Haripur 0.54 9.16 [6.53 [16.23
Haripur-Abbottabad N.A. {N.A. | N.A. |N.A.

23 |Chablat-Nowshera 10,47 8.42 |4.19 [13.08

' Nowshera-Chablat 0.28 4,95 |[3.51 [8.74
1125 Peshawar-Tourkham 0.67 8.75 |4.80 |14.22
Tourkham-Peshawar 0.39 8.16. | 3.69 [12.24°

26 Kohat~Peshawar 0.20 6.58 |4.08 [10.87
‘ Peshawar-Kohat N.A. [N.A, [ N.A. [N.A,
27 Bannu-D.I.Khan 0.66. [9.20 5.54 [15.40
D.I.Khan-Bannu 0.65 9.74 |4.75 (15.14




e e e e e —— e

Table

EQUIVALENT STANDARD AXLE LOADS ¢+ 3—-AXLE R—TANDEM TRUCK
{LORDED IN EACH DIRECTION)

S5.No[Station Name Front [Rearl|Rear2 [Total
1 Karachi-Gaddani 0.49 7.42] 6.35(14.26
Gaddani-Karachi .21 [15.0121.31137.53
2 Karachi-Hyderabad 0.52 [19.45]15,60]35.58
Hyderabad-Karachi 0.27 4.34] 4.354] 9.16
3 Karachi-Thatta 1.54 11.88|15.47[28.49
Thatta-Karachi 0.20 9.09] 6.37{15.6%
4 Hyderabad-Larkana 0.36 6.54) 5.4712.37
Larkana-Hyderabad 0.30 5.16] 4.54{10.00
5 Sakrand-Kandiaro 0.74 |12.87[|14.12127.73
Kandiaro-Sakrand 0.52 7.98} 5.88(14.37
6 Khairpur—-Rohri 0.74 (12.80]16.67]30.20
Rohri-Khairpur 0.40 5.39] 4.23]10.02
7 Jaccobabad-sibbi 0.43 3.88] 4.18/1{ 8.49
Sibbi-Jaccobabad C.32 7.38] 5.05]12.76
8 R.Y.Khan-—Sadiqabad Q.34 4.86( 4,34 9,54
Sadigabad-R.Y.Khan {0.72 5.911 6.49 (13,12
9 Chunigot-Bahawalpur [0.47 6.08[10.94 [17.47
Bahawalpur~Chunigot [0, 42 5.53| 6.8412.80
10 Multan-D.G.Khan 0.20 2.88] 3.43] 6.51
D.G.Khan-Multan 0.41 6.04{ 4,77 ]11.23
11 D.G.Khan-Kashmore 0.32 3.65] 5.92] 9.88
Kashmore-D.G,Khan 0.57 7.07[10.96 (18,59
12 D.G.Khan-Taunsa 0.35 4.68| 5.08(10.12
Taunsa-p.G.Khan N.A. | N.A.| N.A. | N.A.
13 Sahiwal-Multan 0.73 {10.47{ 9.62]20.83
Multan-Sahiwal 0.77 7.88110.56[19.21
14 |Okara-Lahore . G.30 6.41] 6.20[12,92
Lahore~Qkara 0,29 2.46] 3.15{ 5,90
15 Gujranwala-Lahore 0.59 5.811 5.07]11.47
Lahore-Gujranwala 0.86 (18.13[14.00(33.00
16 |Wazirabad-Gujrat 0.56 8.49]11.48(20.53
Gujrat-Wazirabagd 0.74 J13.30(17.61]31.65
17 |[Shelum-Gujrat 0.66 | 7.83( 8.93117.41
Gujrat-Jhelum N.A. | N.A.|{ N.A. | N.A.
18 Jhelum-Rawalpindi 0.72 115.94]15,12131.78
Rawalpindi-Jhelum 0.44 [22.56]|22.80[45.80
19 Rawalpindi-Chablat )0.16 1.64] 1.96f 3,75
Chablat-Rawalpindi |0.35 8.03] 6.06 (14,44
20 [Hasanabdal-Haripur [0.28 7.78| 7.25]15,30
Haripur-Hasanabdal [0.&9 7.54] 7.751(15,98
21 Haripur-Abbottabad |1.17 9.33|11.1621.66
Abbottabad-Haripur [0.33 6.91] 2.61] 9.84
23 Chablat-Nowshera 0.60 |10.2810.6221.50
Nowshera—-Chablat 0.58 110.25]10.44 [21.27
24 Nowshera-Peghawar 0.39 7.30] 4,90{12,59
Peghawar-Nowshera 0.86 (10,01} 6.52]17.39
25 Peshawar-Tourkham 1.53 [10.34(11.87 23,74
Tourkham-Peshawar N.A. { N.A.| N.A. | N.A.
26 Peshawar-Kohat 0.16 2.9771 4.93[ 8,07
Kohat-Peshawar 0.31 7.05| 6.89(14.25
27 Bannu-D.I.Khan 0.73 7.66{ 9,65 [18.04
D.I.Khan-Bannu 0,45 8.03] 6.95]15, 14
29 Quetta-Chamman 0.46 4.71| 5.37]10.54
Chamman—-Quetta 0.26 2.40| 3.06] 5.73
30 Noshki-Quetta 0.40 (11.23[12.94|24.57
Quetta-Noshki 0.12 4.21) 2,10} 6.43
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EQUIVALENT S

" Table 7.2-d

TANDARD AXLES FOR 4-AXLE SINGLE TRUCKS
(LOADED IN EACH DIRECTION) S

S.NO |Station Name Front |Rearl |[Rear2 |Rear3 Total
1 Karachi-Gaddani 0.09 4.09 (1.51 |2.18 |7.87
Gaddani-Karachi N.A. IN.A. [N.A, IN.A, N.A.

2 Karachi-Hyderabad 0.07 5.01 [10.38 |8.80 [26.69
Hyderabad-Karachi 0.07 4.40 |9.51 {8.62 [22.60

3 Karachi-Thatta 0.28 2.00 12.71 [2.41 19.18
Thatta-Karachi 0.15 3.24 1.34 |5.55 (10.28

4 Hyderabad-Larkana 0.15 7.15 |5.11 |5.86 118.27
Larkana-Hyderabad 0.10 2.34 ]0.38 [1.26 [4.07

5 Sakrand-Kandiaro 0.10 13.46 15.06 {5.,48 [24.10
Kandiaro-Sakrand 0.18 15.49 112.04 | 8.05 [35.76

7 Sibbi-Jaccobabad 1.16 4.16 |2.11 |[1.56 |8.98
' Jaccobabad-Sibbi N.A. |[N.A N.A. |[N.A. IN.A.

8 R.Y.Khan-Sadiqabad 0.11 4.86 [2.98 14.77 |12.71
Sadigabad-R.Y.Khan 0.10 2.02 g.66 [11.74 [33.51

13 Sahiwal-Multan 0.83 |7.83 |1.91 |1.30 11.86
Multan-Sahiwal N.A. |N.A. [N.A. [N.A. N.A.

18 Jhelum-Rawalpindi 0.56 8.90 [24.09 [10.63 [44.17
Rawalpindi-Jhelum N.A. |N.A. [N.A. [N.A. N.A.

19 Rawalpindi-Chablat 0.13 6.93 [13.31 |11.15 [31.52
Chablat-Rawalpindi N.A. |N.A. |N.A. |N.A. N.A.
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" Table 7.2-f

EQUIVALENT STANDARD AXLES FOR 4-AXLE REAR-TANDEM TRUCK
(LOADED IN EACH DIRECTION) .

S.No [Station Name Front |Rearl [Rear2 |Rear3 [Total
1 - Karachi-Gaddani 0.05 3.85 0.98 |1.27 6.16
Gaddani-Karachi N.A. N.A. |N.A. |N.A. | N.A.
2 Karachi-Hyderabad ¢.10 [12.31 [9.81 [9.07 [31.08
Hyderabad-Karachi 0.06 4.05 4,92 [4.70 [13.74
3 Karachi-Thatta 0.11 8.77 2.90 [6.39 116.18
Thatta-Karachi . IN.A. IN.A. |[N.A. IN.A. |N.A.
4 Hyderabad-Larkana 0,37 .55 (4.27 (2.64 ]13.83
Larkana-Hyderabad 0.08 6.94 |5.72 |4.38 |[17.11
5 Sakrand=-Kandiaro 0.09 6.32 |6.62 |7.02 [20.05
Kandiaro-Sakrand 0.13 7.88 7.49 |6.59 |22.10
] Khairpur-Rohri 0.26 22.29 |7.57 [13.52 }43.63
Rohri-Khairpur 0.09 8.05 1.96 11.33 J11.42
] R.Y.Khan-Sadigabad 0.08 5.26 11.79 |1.96 [9.10
Sadigabad-R.Y.Khan +10.13 6.58 13.43 ]3.69 |13.83
9 Chunigot-Bahawalpur 0.14 7.69 |4.15 {9.69 |21.67
Bahawalpur-Chunigot 0.10 [11.45 {9.74 {6.83 |28.11
10 Multan-D.G.Khan 0.10 6.43 | 3.00 12.37 }11.90
D.G.Khan-Multan 0.21 10.32 |5.46 16.78 |22.77
11 D.G.Khan-Kashmore 0.08 7.66 2.44 |4.24 [14.42
Kashmore-D.G.Khan IN.A. |N.A. [N.A:. [N.A., | N.A.
12 D.G.Khan-Taunsa 0.08 11.83 |6.53 | 7.35 |25.78
Taunsa-D.G.Khan N.A. [N.A. |[N.A. [N.A. | N.A.
13 Multan-Sahiwal 0.32 13.76 [12.29 |7.07 |33.44
Sahiwal-Multan 0.08 6.42 1.79 |1.81 }i0.10
14 - |Okara-Lahore 0.10 7.87 3.20 |3.88 |]15.05
Lahore-Okara 0.22 2.09 |1.84 [2.01 |[s.18
15 Lahore-Gujranwala 0.16 13.02 [10.88 [10.85 [35.01
‘ Gujranwala-LohreE 0.07 2.59 [0.92 10.73 [4.31
19 Rawalpindi-Chablat N.A. N.A., [N.A. {N.A. |N.A.
Chablat-Rawalpindi 0.05 3.95 0.81 {1.20 ]6.09
23 Chablat-Nowshera 0.15 7.06 10.82 {1.09 |9.12
Nowshera-Chablat N.A. [N.A. |N.A. {N.A. | N.A,
26 Peshawar-Kohat . 0.08 9.50 |5.66 {3.90 {19.14
Kohat~Peshawar N.A. IN.A., [N.A. {N.A. {N.A,
27 Bannu-D.I.Khan 0.08 4.29 [2.79 [1.14 {8.27
. D.I.Khan-Bannu N.A. |N.A. [N.A. [N.A. | N.A,
30 Quetta-Nowshki 0.12 7.77 [2.09 }1.52 |11.50
Nowshki-Quettia N.A. {N.A. [N.A. [N.A. |N.A.
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Table 7.2-h

EQUIVALENT STANDARD AXLES FOR 6- AXLE TANDEM TRIDEM
(LOADED IN EACH DIRECTION)

S.NoStation Name Front |Rear]l |Rear2Rear3|Rear4|{Rear5 [Total
Karachi=-Thatta 0.31 2.76 }2.5213.29 |3.50 14.22 [16.61
Thatta-Karachi - 10.40 1.77 12.35]0,47 |1.46 { 2.98 [9.43
Hyderabad-Larkana [0.34 1.75 12.69{2.42 11.33 10,50 }9.03
Larkana-Hyderabad [0.30 0.20 |0.3710.49 |0.26 {0.82 |2.43
Kandiaro-Sakrand 0.27 4.12 §3.687.47 |4.59 { 8.268 |28.39
Sakrand-Kandiaro N.A. |N.A.N.A. [N.A.[N.A.{N.A.|N.A
Khairpur-Rohri 0.24° 0.77 11.4213.44 13.99 {16.12 (25,87
Rohri-Khairpur 0.25 2,20 12.20(2.42 (2.18 }11.78 [11.03
R.Y.Khan-Sadigabad [ N.A. [|N.A.[N.A.[N.A.|N.A.{N.A.|N.A
Sadigabad-R.Y.Khan |0.36 3.33 13.16(6.60 |3.26 {6.51 |23.22
[Chunigot-Bahawalpur|0.19 1.44 |3.11({2.53 |6.01 | 1.10 (14.37
Bahawalpur-Chunigot[N.A. [N.A.[N.A. [N.A.|N.A.|N.A.IN.A.
Multan-D.G.Khan 0.40 2,27 (2.6811.3711.16 | 0,84 {8.73
D.G.KXhan-Multan N.A. |[N.A.[N.A. {N.A.[N.A.{N.A.[N.A.
Multan-Sahiwal - 0.78 7.07 19.83[10.3717.95 {5.60 41.81
Sahiwal-Multan N.A. |[N.A.[N.A. |[N.A.|N.A.{N.A.[N.A.
Lahore-Gujranwala 10.18 7.29 16.90|5.97 [17.45} 8.08 [46.86
Gujranwala-Lahore  [0.24 10.49 15.41]2.10 |4.59 }12.22 [25.05
Wazirabad-Gujrat 0.77 4.51 |6.45[11.48 |11.00]4.45 |38.88
- |Gujrat-Wazirabad N.A. |N.A.IN.A.|[N.A.|N.A.JN.A. | N.A.
Jhelum-Rawalpindi 0.38 14,06 |7.99(9.52 [18.36 §25.30 |76.60
Rawalpindi-Jhelum N.A. [N.A.[N.A,|N.A.|N.A.IN.A.|[N.A,
Peshawar-Tourkham {0.32 3.03 15.19(4.05 |1.84 | 0.73 |15.17
Tourkham-Peshawar |[N.A. [N.A.[N.A.|N.A.{N.A.|N.A.|N.A.
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Table 7.3-A

EQUIVALENT STANDARD AXLES FOR 2-AXLE

"TRUCKS (LOADED IN BOTH DIRECTIONS)

S.No |Station Name Front |[Rear |Total
1 Karachi-Gaddani 0.26 12.83 [13.09
2 Karachi-Hyderabad 0.16 4.78 [4.94
3 ' - - |[Karachi-Thatta 0.17 4.23 14.40
4 Hyderabad-Larkana 0.14 4.46 | 4.80
5 Sakrand~Kandiaro 0.14 4,03 14.17
8 Khairpur-Rohri 0.16 5.94 15.90
7 Jaccobabad-Sibbi , 0.18 4,07 |4.25
8 R.Y.Khan-Sadigabad 0.17 4,21 14.37
g9 Chunigot-Bahawalpur 0.15 5.07 |5.22
10 Multan-D.G.Khan 0.28 7.09 |7.37
11 D.G.Khan-Kashmore 0.13 3.70 {3.84
12 D.G.Khan-Taunsa 0.14 3.20 | 3.33
13 Sahiwal-Mulian 0.18 4.08 [4.28
14  |Okara-Lahore 0.13 2.52 12.65
15 Lahore-Gujranwala 10.14 3.72 | 3.86
18 Wazirabad-Gujrat . |0.24 3.83 | 3.87
17 Gujrat-Jhelum 0.28 4.44 14.72
18  {Jhelum-Rawalpindi 0.17 4.40 | 4.58
19 |Rawalpindi-Chablat 0.17 3.55 {3.72
20 Hasanabdal-Haripur 0.14 3.37 | 3.51
21- |[Haripur-Abbottabad 0.15 3.07 }3.21
22 Abbottabad-Manshera 0.15 3.66 | 3.82
23 Chablat-Nowshera 0.18 4.30 |4.45
24 Nowshera-Peshawar 0.17 4.25 14.42
25 Peshawar-Tourkham 0.14 4.80 14.94
26 Peshawar-Kohat 0.14 3.52 {3.68
27 ° [Bannu=-D.I.Khan 0.23 5.24 }5.47
28  |Fortminro-@.Saifullah 0.18 4.14 14.32
29 Quetta-Chamman 10,13 3.14 }3.27
30 Quetta-Noshki 0.15 4.80 [4.97

Average 0.17 4.50 | 4.67

Standard Deviation 0.04 1.79 }1.8]

Variance 0.00 0.02 10.02

Maximum Value 0.28 12.83 113.09

Minimum Value 0.13 2.52 | 2.85
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Table 7.3-B

EQUIVALENT STANDARD AXLES FOR 3-AXLE
SINGLE TRUCKS (LOADED IN BOTH DIRECTIONS)

S.NoStation Name

Rear?Total

Front (Rearl
i Karachi-Gaddani 0.62 17.36 |8.46]16.4
2 i{Karachi-Hyderabad [0.57 {8.71 |1.93|11.22
4 Hyderabad-Larkana [0.57 {3.85 |4.07]8.49
115 Sakrand-Kandiaro 1.51 {11.20(11.02(23.91
9 - |Chunigot-Bahawalpur{0.09 |4.09 |7.00]11.18
16 [Wazirabad-Gujrat 0.66 |4.82 |6.76]12.24
17 }Gujrat-Jhelum 0.92 14.46 ]4.75110.13
18 |Jhelum-Rawalpindi _ |0.46 [10.00 | 6.07 |16.53]
19 |[Rawalpindi-Chabiat (0.35 [3.56 13.37)7.28
20 ‘[Hasanabdal-Haripur [0.19 |2.61 }1.85]4.64
21 |Haripur-Abbottabad [0.62 |7.00 }5.39]13.01
23 |Chablat-Nowshera  [0.39 |5.44 13.06] 8.88
25 [Peshawar-Tourkham [0.52 |6.06 !13.25]9.83
26 |Peshawar-Kohat 0.24 [4.05 13.11]7.40
27 |Bannu-D.I.Khan 0.66 |6.68 [3.90]11.24
- |[Average 0.56 |5.96 }4.90]11.44
Standard Deviation [0.33 [2.43 [2.48]4.53
Variance 0.11 }5.91 [6.15]20.54
Maximum Value 1.51 11,20 [11.02§23.91
Minimum Value 0.09 |2.61 [1.85]4.61
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Table 7.3-C

EQUIVALENT STANDARD AXLES FOR 3-AXLE REAR
TANDEM TRUCKS (LOADED IN BOTH DIRECTIONS)
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S.No |Station Name Front {Tandem |Total
1 Karachi-Gaddani 1.70 {18.57 20.27
2 Karachi-Hyderabad [0.41 ]9.56 9.98
3 Karachi-Thatta 0.85 ]9.70 10.55
4 Hyderabad-Larkana [0.35 ]5.30 5.66
5 Sakrand-Kandiaro 0.68 [10.69 |11.37
6 Khairpur-Rohri 0.68 [10.76 11.44
7 ' [Jaccobabad-Sibbi 0.42 14.42 4.85
3 R.Y.Khan-Sadigabad [0.57 [5.74 6.31
9 Chunigot-Bahawalpur|0.48 |6.86 7.34
- 110 Multan-D.G.Khan 0.29 14.25 4.55
11 D.G.Khan-Kashmore |0.49 | 7.08 7.58
12 D.G.Khan-Taunsa 0.36 14.90 5.26
13 Sahiwal-Multan 0.73 |8.82 9.55
14 Okara-Lahore 0.22 }5.19 5.42
15 Lahore-Gujranwala 0.75 ]9.49 [10.24
16 Wazirabad-Gujrat 0.71 §11.70 12.41
17 Gujrat-Jhelum 0.71 |8.08 8.79
18 Jhelum-Rawalpindi 0.66 [14.32 14.98
19 Rawalpindi~-Chablat = [0.35 }5.89 6.24
20 Hasanabdal-Haripur [0.50 [7.41 7.90
21 Haripur-Abbottabad [1.05 [8.55 9.60
23 Chablat-Nowshera 0.62 [9.72 10.33
24 Nowshera-Peshawar {0.85 |6.70 7.35
25 Peshawar-Tourkham [1.27 [10.03 11.30
26 Peshawar-Kohat 0.34 {6.63 6.96
27 Bannu-D.I.Khan 0.56 |7.72 8.28
29 Quetta-Chamman 0.32 |3.687 3.99
30 Quetta~-Noshki 0.37 18.79 9.16
Average o 0.61 [8.23 8.84
Standard Deviation [0.31 |3.17 3.42
Variance 0.10 [10.04 11.66
Maximum Value 1.70 [18.57 20.27
[Minimum Value 0.22 {3.67 3.99




EQUIVALENT STANDARD AXLES FOR 4-AXLE |

Table 7.3-D

SINGLE TRUCKS (LOADED IN BOTH DIRECTIONS)

S.No [Station Name Front |Rearl [Rear2 {Rear3 [Total
1 Karachi-Gaddani 0.09 [4.09 |1.51 12,18 }7.87
2. Karachi-Hyderabad [0.12 [3.36 15.10 |3. 75 |12.32
3 Karachi-Thatta 0.22 l3.19 |1.81 |2.54 |7.76
4 Hyderabad-Larkana [0.16 [3.78 |2 .63 |2.52 |(9.09
5 Sakrand-Kandiaro 0.18 19.34 |5.60 |4.41 {19.53
7 Jaccobabad-Sibbi 1.00 [3.03 |3.03 {1.51 18.57
9 R.Y.Khan-Sadiqabad [0.09 [4.09 [2.18 4.09 |10.45
13 Sahiwal-Multan 0.81 |5.39 |1.85 |1.26 }9.30
18 Jhelum-Rawalpindi 0.19 |[7.00 {8.90 |7.00 23.09
19 Rawalpindi-Chablat [0.14 -[4.74 9.36 [7.71 |21.94
Average 0.13. 14.80 {4.20 |3.70 [|12.99
Standard Deviation 0.31 [1.89 |2.79 {2.08 |5.98
Variance 0.09 |3.57 |7.79 14.34 [33.36
Maximum Value 1.00 [9.34 19.38 |7.71 |23.09
Minimum Value 0.09 {3.03 [1.51 |[1.26 |7.76
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Table 7.3-F

EQUIVALENT STANDARD AXLES FOR 4;AXLE REAR-
TANDEM TRUCKS (LOADED IN BOTH DIRECTIONS)

S.No |Station Name Front [Rear] |[Tandem|Total
1 Karachi-Gaddani 0.09-13.03 [1.38 4,50
2 Karachi-Hyderabad [0.11 [6.34 |7.25 13.70
3 Karachi-Thatta 0.10 4.39 |4.35 8.84
4 Hyderabad=-Larkand |0.24 K4.90 |4.13 9.28
5 Sakrand-Kandiaro: 0.14 4.64 |6,18 10.96
6 Khairpur-Rohri 0.21 19.51 [5.97 15.69
8 R.Y.Khan-Sadigabad |0.14 4.17 |2.94 7.24
9 [Chunigot-Bahawalpur[0.12 [7.37 [7.04 14.53
10  [Multan-D.G.Khan 0.21 [6.38 [5.41 [12.01
11 D.G.Khan-Kashmore [0,09 [5.55 |3.86 9.49
12 D.G.Khan-Taunsa 0.10 8.12 16.72 14.93
13 Sahiwal-Multan 0.27 [8.85 |7.39 16,211
14  |Okara-Lahore 0.20 [3.55 [3.00 8.75
15 Lahore-Gujranwala = 0.16 [6.44 |7.26 13.86
19 Rawalpindi-Chablat 0,09 [3.03 [2.08 5.20
23 Chablat-Nowshera = [0.36 [7.00 |1,38 8§.74
26 Peshawar-Kohat 0.09 8.20 {5.20 11.50
27 Bannu~D.I.Khan 0.09 [3.03 |2.51 5.60
1180 {Quetta-Nowshki 0.19 [5.39 }2.08 7.66
' Average 0.16 [5.66 [4.53 10.35
Standard Deviation J0.07 |1.87 [2.87 3.62
Variance 0.01 33.50 [4.298 13.10
[Maximum Value 0.36 {9.51 |7.39 16.21
IMinimum 0.09 [3.03 [1.38 4.50
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Table 7.3-H

EQUIVALENT STANDARD AXLES FOR 6-AXLE TANDEM
TRIDEM (LOADED IN BOTH DIRECTIONS)

S.No |Station Name Front {Tandem |{Tridem [Total
3 Karachi-Thatta' 0.38 }12.73 3.46 | 8.57
4 Hyderabad-Larkana {0.36 | 1.50 1.39 3.25
5 Sakrand-Kandiaro  {0.14 14.97 4.73 |11.84
8 Khairpur-Rohri 0.27 12.20 4.34 6.81
8 R.Y.Khan-Sadiqabad 0,36 | 3.69 6.33 |10.37
9 Chunigot-Bahawalpur]0.19 |2.51 4.05 8.75
10 Multan~-D.G.Khan 0.44 | 2.93 1.72 5.10
13 Sahiwal-Multan 0.81 |7.83 9.35 |17.99
15 Lahore-Gujranwala 0.25 | 7.40 8.48 {16.13
i6 Wazirabad-Gujrat 0.81 {6.05 .75 J16.81
18  |[Jhelum-Rawalpindi [0.45 [10.40 [11.60 [22.45
25 Peshawar-Tourkham [0.36 |3.00 2.85 6.21

Average 0.40 |4.60 . |5.84 (10.84

Standard Deviation [0.20 | 2.64 3.24 5.86

Variance 0.04 |6.97 10.47 134.31

Maximum Value 0.81 |10.40 {11.80 [22.45

Minimum Value 0.14 |1.50 1.39 3.25
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Table 7.3-a

EQ.ST.AXLES, 2-AXLE TRUCK (LOADED IN EACH DIRECTION)

S.No [Station Name Front |[Rear |[Total
1 Karachi-Gaddani 0.35 7.22 | 7.58
iGaddani—Karachi ¢.20 {17.16 |17.36

2 jKarachi-Hyderabad 0.14 4.44 | 4.58
[Hyderabad-Karachi 0.18 | 5.10] 5.29

3 [karachi-Thatta 0.08 2.61 | 2.69
Thatta-Karachi 0.06 3.268{ 3.34

4 Hyderabad-Larakana 0.13 4.32 1 4.46
Larkana-Hyderabad 0.04 2.68 1 2.72

5 [Kandiaro-Sakrand 0.10 3.08 | 3.19
|sakrand-Kandiaro 0.18 | 4.89 [ 5.07

6 Khairpur-Rohri 0.17 7.22 | 7.39
Rohri-Xhairpur 0.14 3.28 | 3.42

7 Jaccobabad-Sibbi 0.21 4.36 | 4.57
Sibbi—Jaccobabad 0.14 3.59 | 3,73

8 R.Y.Khan-Sadigabad 0.18 4,27 4.45
. Sadigabad-R.Y.Khan 0.15 4,14 | 4.29
E] Chunigot-Bahawalpur [0.14 5.00 | 5.14
_ |Bahawalpur—Chunigot {0.16 5,15 | 5.30

10 Multan-D.G.Khan 0.09 | 2.38B | 2.47
D.G.Khan—-Multan 0.40 [10.20 [10.60

11 D.G, Khan-Kashmore 0.12 3.60 | 3.72
Kashmore-D.G.Khan 0.14 3.78 | 3.92

12 D.G.Khan—-Taunsa 0.17 4.30 | 4.47
- |raunsa-n.G.Khan 0.10 '2.09 ] 2,20
13 Sahiwal~Multan 0.21 4.43 1 4.63
Multan—Sahiwal 0.15 3.66 | 3.82

14 lOkara—-Lahore 0.11 2.56 1| 2.66
Lahore-Okara 0.16 2.49 1 2.65

15 Lahore-Gujranwala 0.10 3.13{ 3.63
lGujranwala-Lahore 0.18 3.94 ] 4.12

16 [Wazirabad-Gujrat 0.22 3.62 | 3.83
Gujrat—Wazirabad 0.26 3.65{ 3.91

17 Guijrat-Jhelum N.A. | N.A. | N.R,.
. Uhelum-Gujrat 0.28 4.44 1 4.72
18 Jhelum—-Rawalpindi 0.15 3.94 | 4.09
. Rawalpindi-Jhelum 0.22 5.29 [ 5.51
19 |Rawalpindi-Chablat 0.10 2.12 | 2,22
chablat-Rawalpindi 0.21 4.27 | 4.48

20 Haripur-Hasanabdal 0,17 3.07 1] 3.24
Hasanabdal-Haripur 0.13 3.63 ] 3.75

21 Haripur-hAbbottabad 0.14 2,97 ] 3.11
Abbottabad-Haripur 0.17 3.34 | 3.51

22 Abbottabad-~Manshera |[0.17 3.81 ] 3.98
Manshera—Abbottabad (0.08 3.07 | 3.17

23 |Chablat~Nowshera 0.16 | 4.47 | 4.64
|Nowshera—Chablat 0.15 [.4.17] 4.32

24 |Nowshera-Peshawar 0.18 | 4.91] 5.09
Peshawar—-Nowshera 0.16 3.66 ] 3.82

25 Peshawar—Tourkham 0.13 4,08 | 4.22
Tourkham—-Peshawar 0.14 5.08 ; 5.23

26 . |Peshawar—Kohat 0.14 3,25 | 3.38
. |Kohat—-Peshawar 0.14 3,72 | 3.86
27 Bannu-D.I.Khan 0.18 5.36 | 5.55
D.I.Khan—-Bannu ~10.27 5.16 | 5.43

28 Fortminro—Q.Sajifullahl0.16 3.56 ] 3.72
lp.saifullah-Fortminroj0.21 4,83 ] 5.04

29 iQuetta—-Chamman 0.13 3.20 | 3.33
Chamman-Quatta 0.13 3.11] 3.24

30 [Quetta-Noshki 0.13 2.89 ] 3.02
Noshki—Quetta 0.16 6.39 ] 6.55
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Table 7.3-b .

EQUIVALENT STANDARD AXLES FOR 3-AXLE
SINGLE TRUCKS (LOADED IN EACH DIRECTION)

- {Front

D.I.Khan-Bannu

S5.No [|Station Name Rearl [Rear2 {Total

1 ' |Karachi-Gaddani 1.00 [i1,2018.90 [21.10

'|Gaddani-Karachi 0.56 |6.81 |8.40 {15.77

2 Karachi-Hyderabad [0.83 [12.43[0.41 1}13.67

- |Hyderabad-Karachi - [0.19 |3.14 |4.21 }7.53

4 - |Hyderabad-Larkana [0.57 [3.85 [4.07 18.49

Larkana-Hyderabad | N.A.|N.A.|N.A. [N.A.

5 Sakrand-Kandiaro 1.40 |18.20§18.41 |38.08

Kandiaro-Sakrand N.A.|N.A.IN.A. |N.A.

119 Chunigot~-Bahawalpur|0.09 |4.85 |9.51 {14.45

Bahawalpur-Chunigotj N.A. [N.A.IN.A. [N.A.

16 - [Wazirabad-Gujrat 0.70 13.19 |6.41 {10.30

Gujrat-Wazirabad 0.62 [7.0017.21 [i14.82

17 Jhelum-Gujrat 0.92 [4.46 |4.75 {10.13

Gujrat-Jhelum N.A.[N.A.IN.A. [N.A,

18 [Jhelum-Rawsalpindi {0.67 [10.51]5.14 116.32

- |Rawalpindi-Jhelum 0.50 [9.42 | 8.76 {18.68

19 Rawalpindi-Chablat {0.28 [1.54 |1.69 {3.52

Chablat-Rawalpindi }0.45 |6.08 |5.47 {11.9%

20 Hasanabdal-Haripur (0.19 [2.61 |1.85 |4.64

Haripur-Hasanabdal | [N.A.IN.A.|N.A. [N.A.

21 Abbottabad~Haripur |0.54 |9.16 | 6.53 |16.23

Haripur-Abbottabad [N.A.|N.A.[N.A. |[N.A.

23 Chablat-Nowshera = [0.43 [6.23 {3.24 }9.90

' |Nowshera-Chablat 0.27 {3.45 {2.61 }6.33

25 Peshawar-Tourkham [0.65 |6.27 {3.85 [10,81

Tourkham-Peshawar [0.44 |5.93 {2.82 }9.18

26 - |Kohat-Peshawar 0.24 |4.05 {3.11 [7.40

i Peshawar~EKohat N.A.|N.A.{N.A. [N.A,
27 Bannu-D.I.Khan 0.59 [6.686 |4.16 [11.41}

0.69 |6.89 13.81 (11.18
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Takle 7.3-c¢c

EQUIVALENT STANDARD AXLES FOR 3-AXLE REAR
TANDEM TRUCKS (LOADED IN EACH DIRECTION)

S.No |Station Rame Front |[Tandem [Total
1 Karachi-Gaddani 0.62 7.40 8.02
Gaddani-Karachi 1.9%1 [20.80 Jz22.71

2 . |Karachi-Hyderabad 0.52 ]i14.92 [15.44
Hyderabad-Karachi 0.31 4.47 4.78
3 Karachi-Thatta 2.94 (15,12 [17.86
) ‘ Thatta—-Karachi 1.45 [11.76 [13.21
- 4 Hyderabad-Larkana [0.37 5.82 6.19
Larkana-Hyderabad 0.34 4.80 5.14
5 Sakrand—-Kandiaro 0.73 11.90 [12.63
Kandiaro-Sakrand 0,52 6.43 6.95
6 Khairpur-Rohri 0.76 |12.82 (13.58
Rohri-Khairpur 0.45 4.71 5.16
7 Jaccobabad-Sibbi c.47 4.27 4.74
. |8ibbi~Jaccobabad 0,34 4.68 5.02
8 R.Y.Khan-Sadiqabad |0.34 4.90 5,24
Sadigabad-R.Y.Khan [0.72 6.25 6.96
9 Chunigot-Bahawalpur [C.49 7.96 8.45
Bahawalpur-Chunigot [0.47 5.83 6.30
10 |Multan-D.G.Khan 0.23 3.60 3.83
. {D.G.Khan-Multan 0.43 5.64 6.07
11 D.G.Khan-Kashmore 0.31 4.72 ‘5.03
Kashmore-D.G.Khan 0.60 8.45 9.05

12 D.G.Khan-Taunsa 0.36 4.90 5.26
Taunsa-D.G.Xhan N.A. N.A. N.A.
13 Sahiwal-Multan 0.76 8.49 9.25
Multan-Sahiwal 0.71 9.08 9.79
14 Okara-Lahore .. - [0.23 6,31 6.54
Lahore—~Okara 0.21 3.03 3.24

. 15 [Gujranwala-Lahore [0.62 5.46 6.08
Lahore-Gujranwala 0.88 |13.78 |[i14.66
16 |wazirabad-Gujrat 0.59 9.16 9.75
Gujrat-Wazirabad 0.80 ]13.48 |[14.28
17  |ohelum-Gujrat 0.71 [ 8.08 | 8.79 |
Gujrat—Jhelum N.A. | N.A. N.A.
18 Jhelum—Rawalpindi 0.71 [13.37 [l4.08
Rawalpindi-Jhelum 0.41 ]18.63 [19.03
19 Rawalpindi-Chablat [0.17 2,30 2.47
Chablat-Rawalpindi [0.40 7.02 7.42
20 |Haripur-Hasababdal [0.81 6.90 7.71
Hasanabdal-Haripur (0.34 7.66 8.00
21 . [HBaripur-abbottabad [1,23 2.47 110.69
Abbottabad-haripur |[0.36 4.86 5.22
23 Chablat-Nowshera 0.61 9.74 110.35
Nowshera-Chablat 0.62 9.60 [10,22
24 [Nowshera-Peshawar 0.42 6.08 6.50
- |Peshawar-Nowshera 0.95 7.52 8.47
25 Peshawar~Tourkham 1.27 {10.03 |11.30

) Tourkham-Peshawar ' | N.A. | N.A. N.A.
26 Peshawar—-Kohat 0.22 4.17 4.39
: Kohat-Peghawar - 10.34 6.78 7.12
‘ 27 |Bannu-D.I.Khan 0.71 8.42 9,12
D.I.Khan-Bannu . 0.49 7.41 7.90
29 Quetta-Chamman 0.43 5.30 5.74
Chamman—Quetta 0.29 3.13 3.41
‘ 30 Noghki-Quetta 0.46 10,84 11,30

Quetta-Noshki 0.12 3.33 3,45
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Table 7.3-d

EQUIVALENT STANDARD AXLES FOR 4-AXLE SINGLE
TRUCKS (LOADED IN EACH DIRECTION)

S.No |Station ‘ Front |[Rearl |Rear2 |Rear3 [Total
Karachi-Gaddani 0.09 |4.09 |1.51 |2.18 |7.87
Gaddani-Karachi N.A.|N.A.[N.A. IN.A. [N.A.
Karachi~Hyderabad [0.13 |3.30 4,03 }1.90 |5.36
Hyderabad-Karachi [0.11 13.43 6.43 |6.068 |16.03
Karachi-Thatta 0.21 [2.93 {1.76 |1.88 |7.87
Thatta-Karachi 0.14 |2.80 [1.26 |3.68 |7.87
Hyderabad-Larkana [0.19 [4.87 3.94 13.77 112.77
Larkana-Hyderabad [0.10 |1.96 |O. 45 10.45 |[2.96
Sakrand-Kandiaro  0.16 [8.87 14.03 }3.78 16.81
Kandiaro-Sakrand 0.22 [10.05{7.95 |5.39 |23.61
Sibbi-Jaccobabad 1.00 [3.03 [1.85 |0.70 |6.64
Jaccobabad~Sibbi N.A.|N.A.|N.A. IN.A. IN.A.
R.Y.Khan-Sadigabad [0.09 |4.09 }2.18 |4.09 10.45
Sadigabad-R.Y.Khan |0.09 }2.18 7.00 [8.90 [18.17
Multan-Sahiwal 0.81 [5.39 {1.85 |1.26 |9.30
Sahiwal-Multan N.A.|N.A.[N.A. |[N.A. [N.A.
Jhelum-Rawalpindi 0.19 [7.00 }8.90 }7.00 [23.09
Rawalpindi-Jhelum N.A.|N.A.[N.A. [N.A. IN.A.
Rawalpindi-Chablat {0.13 [6.93 13.31 [11.15 |31.52
Chablat-Rawalpindi N.A.|N.A;{N.A. {N.A. IN.A.
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Table 7.3-f

EQUIVALENT STANDARD AXLES FOR 4-AXLE REAR-
TANDEM TRUCK (LOADED IN EACH DIRECTION)

137

S.No |Station Name Front [Rearl |[Tandem{Total
I Karachi-Gaddani 0.09 |3.03]1.38 4.50
Gaddani-Karachi N.A.[N.A.IN.A., |N.A.
2 Karachi-Hyderabad [0.13 7.83 |18.35 16.30
Hyderabad-Karachi [0.08 }3.22 14.93 8.23
3 Karachi-Thatta - [0.10 ]4.39 |4.35 |8.84
Thatta-Karachi N.A.IN.A.|N.A. [N.A.
4 ‘[Hyderabad-Larkana [0.39 [4.93 13.36 8.689
Larkana-Hyderabad [0.10 {4.88 | 4.85 9.83
5 Sakrand-Kandiaro 0.17 5.35 |6.79 |i2.31
Kandiaro-Sakrand 0.12 [4.66 |6.69 |11.46
8 Khairpur-Rohri 0.30 [12.86]9.38 [22.54
Rohri-Khairpur 0.10 |5.56 | 1,94 7.60
8 R.Y.Khan-Sadigabad {0.10 {3.72 | 2.16 5.99
Sadigabad-R.Y.Khan {0.17 (4.61 13.71 8.49
9 Chunigot-Bahawalpur|0.12 ]6.13 16.40 112.65
Bahawalpur-Chunigot|0.11- 18.31 | 7.52 }15.94
10 ultan-D.G.Khan 0.09 {4.85 |2.95 7.89
D.G.Khan-Multan 0.25 |6.86 |6.17 [13.28
11 D.G.Khan-Kashmore [0.09 ]15.55 | 3.86 9.49
Kashmore-D.G.Khan |N.A.|N.A.IN.A, [N.A.
12 D.G.Khan-Taunsa 0.10 {8.12 {6.72 '{14.93
Taunsa-D.G.Khan N.A.IN.A.|N.A. [N.A.
13 Sahiwal=-Multan 0.09 (5,02 12.11 7.21
Multan-Sahiwal 0,30 |9.26 |8.44 [18.01

14 - jOkara-Lahore 0.12 [5.58 | 3.79 9.49 .

Lahore-Okara 0.27 11.84 ]2.34 4.45 ||

15 Gujranwala-Lahore [0.09 |2.09 |1.10 3.20
' Lahore-Gujranwala [0.19 |8.37 |10.00 }18.57
19 Rawalpindi-Chablat [0.09 {3.03 [2.08 ]5.20
: Chablat-Rawalpindi [0.09 {3.03 |1.28 4.41
23 Chablat-Nowshera 0,22 14.59 |13.90 [18.74
Nowshera-Chablat N.A.IN.A.|N.A. |N.A.
28 Peshawar-Kohat 0.0 [6.20({5.20 [11.50
Kohat-Peshawar N.A.|N.A.{N.A. [N.A.
27 D.I.Khan-Bannu - 0.09 |[3.031]2.51 5.60
‘ Bannu-D.I.Khan N.A.|N.A.[N.A. |N.A.
30 Quetta-Nowshki 0.19 |5.39]2.08 |7.66
Nowshki-Quetta N.A.|N.A.|N.A. |N.A.




EQUIV'ALENT STANDARD AXLES FOR 6-AXLE

Table 7.3-h

- TANDEM TRIDEM (LOADED IN EACH DIRECTION)

S.No [Station Name Front [Tandem |[Tridem [Total
3 Karachi-Thatta 0.33 }2.85 4.66 7.85
' Thatta-Karachi 0.43 | 2.52 2.03 5,03
4 Hyderabad-Larkana {0.368 |2.51 1.81 4.78
Larkana-Hyderabad [0.36 .| 0.50 0.87 1.72
5 Kandiaro-Sakrand 0.36 |4.17 8.20 12.72
Sakrand-Kandiaro N.A.|N.A. N.A. [N.A.
6 Khairpur-Rohri 0.36 |1.38 8.20 9.94
Rohri-Khairpur 0.25 | 2.47 3.05 3.75
8 R.Y.Khan-Sadigabad | N.A.| N.A. N.A. N.A.
Sadiqabad-R.Y.Khan |0.36 | 3.69 6.33 10.37
5 [Chunigot-Bahawalpur[0.10 [2.51 _|4.05 _|6.75 ]
Bahawalpur-Chunigot| N.A. [ N.A. N.A.  [N.A.
10 Multan-D.G.Khan 0.44 }2.93 1.72 5.10
|D.G.Khan-Multan . | N.A.|N.A. N.A. N.A.
13 Multan-Sahiwal 0.81 |7.83 }9.35 17.99
- |Sahiwal-Multan N.A.|N.A. N.A. N.A.
15 Lahore-Gujranwala _ |0.19 ]7.40 10.40 18.29
Gujranwala-Lahore 0.36 |7.40 4.05 11.814
16 |Wazirabad-Gujrat  ]0.81 |6.05 9,75 16.61
~ |Gujrat-Wazirabad N.A.|N.A. N.A.. |N.A.
18 - |Jhelum-Rawalpindi 0.45 [10.40 11.60 22.45
: Rawalpindi-Jhelum - | N.A.IN.A. N.A. N.A.
25 Peshawar-Tourkham (0.36 |2.18 15.39 7.93
Tourkham-Peshawar | N.A.|N.A. N.A. N.A.
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