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1. INTRODUCTION

This study sets ocut to determine the volume and
composition of traffic on tertiary rural roads? Historical
trends in motorised and non-motorised traffic flows are
analysed, and the accuracy of annuel average daily traffie
(ADT) estimates from random counts of varying duration is

assegsed.

The study forms part of a wider research programme
which examines the relationship between traffic volume and
composition and the choice of design standards and surface
(2) It is the second in a series of studiecs in the

tynes.

Programme,

2. BACKGROUND

Almogt all types of highway planning require some
form of traffic survey. “he results from traffie 5UTrVeys
are an important input to the planning, design and appraisal
of naw road projects as well as the maintenance and upgrading
of existing roads. For example, in the determinetion of
sub-base thickness and design 1ife the cumulative pumber of
standard axles passing along the road is of central

(3)

concern,

¥ these roads have been variously deseribed as Teader,
farm-to-market, district and village roads(1)
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A variety of trc’fic data is rejquired to meet
different highway pPlanning objectives, However it ig
essential that the data collected is carefully chosen and
classified and the resulta obtained are as accurate as
Possible., Estimates of traffic, as well asg meny of the other
criteria considered in the design and malntenance of roads,.
are subject to degrees of error., TIf estimates arc
inaccurate, investment will be made at sub-optimal times

and either over-or under-investment will result,

If a small ~hange in the estimate of one darameter
will alter the decision wnder consideration, then the
deeision 1s said 4o he sensitive to changes in the estimates
of that parameter. Howe found that dccisions concerning
the annual finance spent cu maintaining each section of
road, the economic justification of rcad Improvements, ard
of particular relevence to +his study design standards
(and construction cests ), were all senaitive to the

egtimates of traffic,(4)

Different traffic parameters also demongtrate
varying degrees of regularity and magnitude: induccd traffiec
and traffic levels on minor, lightly trafficked ronds for
example, have been found to be open to greater degrees of

estimation error than, sey 'normal'! traffic and heavy

flowve on main roads.




In Pakistan, the provineial highway departments,
and in partiecular Punjab Highway Department, have collected
traffic deta for a number of years. The data are collected
on an annual census basis at fixed locations; on the more
important national primary roads, 10-18 24-hour counts
have been taken. At a few stations, permanent sites
have been maintained and year round counts obtained.(ﬁ)
However at the tertiary level, traffic counts on farm-to-
market type roads are ravely conducted, or are taken on
only a few days per year. Estimates of ADT based on this
duration of counting are subjecet to wide marging of

(6)

error.

The problem can be seen in perspective when it
is realised that the Government is embarking on a major
farm-to-market road construction programme.as part of its
rural development efforts. Under the Sixth Five Year Plan
1983-88, a total of some Rs. 4.1 billion is expected to
be allocated for tertiary rural roads including the
coﬁstruction/improvement of 10,000 km. of villege roadsqv)
An iﬁportant part of the pfogramme is the introduction
of stage construction techniques. Initially, earth or
shingle (water-bound macadam) roads are to be constructed.
The addition of a bituminous surfacing will only he carried

out when justified frem a traffic point of view.
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In addition to the cheice of surface typas,
estimates of traffic volume and composition also have an
important effect on the specification of design stendards.,
For exampie, formation widih {road surface plus choulders)
is primarily dependent on the volume of traffic expacted.
Gradients need to be cheosen to balance the cost of
construction againet the operating cost of heavy vehicles
ascending them. Right-of-way widths must be adequate to
allow for the driving of cettle or other livestock in some
areas,(g) as well as for pedestrians, cycle traffic and

glew-moving vehicles.

Given the significance of the farm-to-markei road
programme in the Government's rural daevelopment efforts ana
the important role that traffic estimates are aexpected to
plazy in the choice of design standards and surfaca types,
it is essential that accurate traffic data are available
on rhich %o base planned investments so that resourcas are

used efficiently.

From available evidence, little research work has
been carriaed out in PakXistan on the relationship between

traffic volume and composition and the selection of Jdesipn

[

standards and surface types. In general, only linited
information is available on tertiary rurdal roads, while a

rece=nt national study excluded them altogether.(g) More




specifically, few attempts have been mads to relate traffic

volume and composition observed on tertiary rural rcads to

the design standards (and surface types) chosen for their

construction.

In view of thesge shortceconings, this s

te provide some basic informetion on traffic

tudy sets out

volumes and

composition, as nart of a research Programme which

examines the relationships outlined above in more detall.

3. OBJECTIVES AND METHOD

The main cobjectives of this study are:

(a) 4o determine estimates of annual

average

daily traffic (ADT) on tertiary rural roads

(b) to identify the composition of thisz traffic

and

(d) to agsees the accuracy of the date used

to estimate ADT flows

The review of tertiary rural road design standsrds

has revesaled that a considerable amount of traffic data is

available in Pakistan, notably in Punjab Province. The

date include estimates of average traffic volumes, in

terms of mixed vehicles Per 24-hour day and traffic

compositior on a large variety of provincial and national

highways.




In view of this hackground, and in order to
achieve the objectives set out above, existing data sources
have been used ag the bhasis for this gtudy, Volumes are
grouped in-relation to traffic levels which broadly
correspond to different rosg classes and design standards.,

Traffic composition is Silmliarly grouped and ¢hanges in

composition compared with changes in volumes,

An assessment of the accuracy of ADT estimates
derived from these Sources has been obtained with
reference to extensive studies of traffic flow andg
vériation carried out on rural roads’ in Kenya by the

Transport and Road Resezarch Laboratory (UK),

4..  DEFINITIONS

4.1 Tertiary Rural Roads

Characteristically, tertiary rural roads are
taken to represent low velune roads in predominantly
. (10) . . .
agricultural arsac, ‘hey have been defined ag special
‘Purpose roads, penetration roads,; feeder roads and tertiary
roads of a non-interurban character, existing primarily
. 11
for land serv1ce.( ) They are also expected to he low

cost.




In Pakistan the terms village, form-to-market and
district have all been used to describe low volume tertiary-
level roads, with feeder besing the moct popular description.
They are planned to meet the neads of the rTural populafion
by connecting villages, farms, markets uard other éstablish-
ments with the primary and secondary Lighway systems.
Construction and maintenance responsibilities rest mainly
with provincial highwavy departments and distriet ccuncils.
Traffie can include both moterised and animel-drawn vehicles.
Typically they are from 5-15 km in length, though some meay

be as long as 100 km.(lg)

For the purposes of this study; tertiary ruoral
roads have been defined as foeder roade snd agricultural
gector roads under the respensgibllity of the provinpeisl
higtway department. It should be notel that districti roads
under district ecouncils also fall into the tertisry rural
road classification but lask of compativle data on desizgn/
construction standards and Ltraffic volumes has prevented

their inclusion here.

4.2 Design Standarde and Surface Tynes

There is no conzistent set of design siandards for

tertiary rural roads in Pakistan, with fadersl and provinecisal




highway agencies each developing their own-guideiines% The
aprroach adopted in this study is based on the Punjad Highway
Dapartment’s recommendations,(13) to ensure compatibility
with available traffic dota {seec 4.3) and consistency in the

subsequent analysis,

The approach identifies different design/
construction standards in relation to a functionel road
classification. Basically three catago=ies of road are
identified-primary, secondary and feede» and these are broadly
related to three sets of design svandard-Clags, 1I-II and
II1 respectively. Feeder roadsg feed into'priﬁary and

secondary systema,

Most of the feeder roads are designed/constructed
to class III (the minimum) standards, when the annual average
daily traffic lies between 101-500 vehicles. Class III
standards include a right-c¢f-way width of 33.5m, formation
width of 9.8m, and deeign speeds of 80 kwm/hr for flat
and 32 km/hr for mountainous topography. Pavement widih
designs are based on a standard of 3.7m {12'), while

shoulders are designed to 3.0m (10').

Agricultural secicr roads, construcied under the
Sixth Plan's farm-to-market road programme, are also

designed to minimum highway depariment standards, but have

- - e

see NTRC Report No. 78 for a review of these standards




O seducsd Yorsablon wiolh o FuDe8 Smoand waveosat wicth
of 3.0m(10'), They can bLe viewed as an intermediste clags
of construction bhetween cless TIT (feeder) roads and

district counecil roads,

District roads represent the lowest 1e§e1 in the
formal road hierarchy. They are develoned on the hasis of
gimple earth tracks, being Progressively maintained and
upgraded as traffic demang grows and funde become available.
District roads may be selected (in terms of alignment), for
improvement to provincial roads, eg. underp the farm~to-market
road programme, when class III standards would bc adopted for

design and construction.

~Teble 1 provides details of roads by length and
surface type in Punjab province., Disgtrict roads make up over
51% of total kilometres, while provincial roads, includinr
agricultural sector roads, comprise about 357, By comparison,
national and municipsl (urban) rosds in aggregate constitute

less than 147 of the total.

Feeder roads, which form part of the provincial road
category, are consiructed with 8 3~coat bituminous surface
treatment., This is brourht out in the data which indicate
thet 211 provineial roads (excluding agricultural sector
routes ) are black-topped. 4 similar standard of surface
treatment for agricultural sector roads is clearly envigsaged

by the provineial highwsy department.(lé) Althoueh some 189




of these roads have an earth or shingle surface, by far the
najority (82%) are black-topped. TIn contrast, over 757 of
district roads hsve a basic earth surface, with only 199%

having a black top.

4.3 Traffie Datg

The principal data source us=2d in the stucy is the
Punjab Highway Department's annual traffic date summary.(ls)
The Department, through its Planning end Design Directorate,
has been conducting a province-widerprogramme of manual
classified and some autematic machine counts sincs 1965,
Counts at over 350 stations on provincial roads were carried
out in 1983, Duration of counting varies from year-round
counts at permesnent stations eg., Ravi Bridge, Lehore on the

primary Grand Trunk (GT)} Soad, to single day 24-hour counts

at temporary stations on tertiary agricultural scctor roads.

Seven different categories of vehicles are counted

ags follows:

a) animal-drawn vehicles
b} motoreycles, scooters, rickshaws
c) motor cars

d) passenger buses

e) trucks

) tractors/trailers

g) trailer units, NLC* trucks, tankers

Prior to 1980, data on bicyecles were slso collected.

¥ HNLC: ©Netional Logistic Cell (a government {reipght
transport agency)




Animal-dravn vehicles include horse-drsvn tongas
bullock carts. Rickehaws are three-wheeled motcrised
vehicles, mainly carrying passengers in urban arcaz., The
gategory of cers incorporates taxls, plceck-ups and wegons
(mini-buses )., Trucks are nmainly diesel-powered, w#ith 2
i0-%on maximum loading capacity; in thig study they are
combined with category (g) which includes tankers =nd
trailer units. Tractor/trailer combinations and aunimal-
drawn vehicles aré used for both passenger and frelght

transport, particularly in rural areas.

A total of 69 feeder roeds have been identified in
. {16) . pes o s .

the Punjab, for whick 1983 traffic data are available.
In addition, data were also collected for the firgt time in
1983 on 18 agricultiural sector roads. For comparison of
istorical trends in volume and compocition on feedsr roads,
together with informatiocn on bicyele flows, 19074 and ]QVO
data have also bteen analysed,.

Annexures 1 and 2 provide detailsg of feeder and
agricultural sector roads regpeciively, 2long witin information

on number of traffic counts condected and resulting ADT

estimates,

¥ the earliesti yecar for which count station numhering and
location is compatible with 1983 data (64 stations)

#% she latest year for vhich bievele data are availeble
69 stations)
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5. RESULTS

[N

5. ADT Volumes

Traffic flow levels have heen groupad in aceordancs
with Punjab Highway Depariment’s road eclsssification e commen-

dations which relnte to three classes of degign/construction

5 IIT

o

standard. Feeder road designs aoproximate to cls

stendards with design fiow levels of 101-500 vehioles ar

e

day.

Table 2 provides details of flow lavels (motorisesd
anc non-motorised traffic)% on 69 feeder roads and 18
agriculturel scotor roancds, The data Indicate thet there were
no deslgnated feeder roads in the Punjab with a traffic
volume lower than 101 vehicles per day. Only 20% carried
traffic volumes appropriste to their design eclass., Cn the
other hand nearly 60% of feeder roads wern carrvingy volur 25
of between 501-1500 vehicles per day end & further 2049
carried volumes in excess of 1500 vehicles per day. whieh
are more appropriate to hiirher design standards. ADY on

feeder rcads in the 101-500 flow range wis 397 wvehicles

[

per day, and Tor the 50L-1500 range, 970 vehiclesz per day.

{fean flow on all all feeder roads was 1171 vehiclzs per day.

The datn in tabls Z also show what o majority of

£

agricultural sector roads (67%) carriced traffic vnlumes

¥ excluding bicycles




appropriate to feeder road desipgn standards, though cnly
one of these roads carried less than 101 vehicles cey day,
In contrast nearly 28% carried volumes in excess oif 500
vehicles per day, more appropriate to the higher design
standards. ADT on agricultural sector Toads in the 101-500
flow ranze was 260 vehicles per day, with a mean for all

roads of 339 vehicles per day,

5.2 Traffic Composition

Traffic compesition has been analysed according

to the flow levels identified in 5.1, Table 3 presents

w

results for fecdor road

On roads with flows of 101-500 vehicles ner day,
rnotorcycles and scooters were the largest group (22.2%),
closely Tollowed by cars (21.1%). Trucks and truck/trailer
units were the next highest (18.9%), while buses =2cccounted
for 16.3%. Animal-drawn vehicles and tractor-trailer
combinations made up 12.0% and 9,5% respectively, and

represented over a fifth of all vehicles in ageregate.

On feeder roade in the 501-1500 vehicles per day
group, a similar traffic mix can be seen. iotorcyveles and
scooters, followed by cars were the two main modal
cavegories making up 23.87 and 21.5%7 of total vehicles
respectively. Somewhat surprisingly, animal-drawn vehiclesg

waz the third largest group with 17.0%, followed by trucks




and truck/trailer units (14.7%) and buses {13.8%) In
aggregate animal-drawn vehicles and tractor 4railer
combinations accounted for nearly a gquariter cof total

traffic,

Where flows recach levels of more than 1500 vahicles
per day, motorcycle and car traffic increases at the expense
of other modes. The two largest catepories sccounted for over
57% of total traffic, while <trucks and buses in aggregate
comprised 25%, Animal-drawn vehicles and tractor-trailer
combinations were reduced to less than 209 in ageregate, though

the former group still accounted for more vehicles ihan buses,

Overall the proportion of motorcycles/scocters and
cars inecreased with incresses in total traffic, while that
of Tuses, truck/trailer units ang tractor/trailer combinations
dezc’ined. Animal-drawn vehiclie flows were inconszistont,
firrt‘increasing until volumes resched 501-1500 vehicles per
day,; before declining when Ligher volumes were attained.
On 32% of all feeder roadsz {22 rozds), animal-drawn vehicles

represented the first or second largest modal Froun,

A& somewhat different picuvure ermerfes when
agricultural sector roads are snalysed (table 4). On rne
road with a flow less then 101 vehiecles mer day, by far the
najority were ceors, followed by motorcyeles snd sconchers.

All other modes a2ccounted for less then 107, Tpaffic




! -+

AT

compogsition on roads witih flows in the foeder desipgn range
of 101-500 vehicles per day showed similar characte istics,
with nearly 58% of the %oital being made 1p of cars (31.4%)
and motoreyeles (256.5%), fEpimal-Arawn vehicies we e the next
largest group (18.4%), while trucks and buses made up less

than 104 each., To¢ ageg~sgate -nirel -Arawn vehicles end

)

tractor-trailer cembinatlions accounted for over a grarter of

tooal traffic,

AY the higher flow level, 1lhe two mest popular
groups were motorceycles aud scooters (22.99) and sninmal-
drawn vehicles (28.5%4). (ars and bus:s were next ‘n size,

making up 16.7% and 11.19 of the total regpechively. Trucks

accounted fo

=

only 5.4%, while tractor-t=ailer corbinations
comprised 8.4%. In aggrerate, animal-drawn vehicles anad

tractor~trailers made up well over a third of treaffic flows

at this level.

In contrast teo feeder roads, the proportion of
aninal-drawn vehicles, buscs and tractcr-trailer corbinations
on agricultural sector roade increased with increases in
volume, while that of ecnrg deelined. The properiion of
wctoreyeles/scooters shows a similar pattern to thet on
feeler roads in that it increased with increaseg.in total
tre"fic, while that of truclk/trailer units declined. Only
nea~ly 45% of agricultural sector roads {8 readsg ) animal-

dre/n vehicles represenied the highest ox second hiphest

mod I geoup.
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5.3 ADT Flow Trends QEMEﬁEEEF Roads

* %
Table 5 presents data on total flows on feeder

roads for the years 1974, 1979 and 1983, In comparison

with 1983 data, traffic flew levels in 1974 and 1979 were lawer

for all 3 design classes, In 1974, 36 of the designated
feeder roads (56%) carried traffic volumes appropriaste to
their design class, though this had decreased by about one
third to 23 roads (33%) by 1979. ADT flows in thic group
were 310 vehlcles per day in 1974 and 336 vehicles per day

in 1979, with an average growth rate over 1974-83 of 2.89,

Gorrespondingly, in the higher design clase where
flow levels reach 501-1500 vehicles per day, there were only
24 feeder roads in 1974 (3749 of the total), compared with
38 1n 1979 (55%) and 41 in 1983 (59%). ADT flows here
reached 763 vehicles per day in 1974 and 884 vehicles per
day in 1979. Annusal average growih over the period 1974-813

was 2.7%.

At the extreme flow levels, only 2 (1974) and 1
{1979) feeder roads carried traffic lower than 100 vehicles
Per day, when ADT was 79 and 72 vehicles Pespectivély. While
fewer feeder roads carrieqd traffic volumes in excess of 1500
vehicles per day, ADT was similar, reaching 21358 vehiecles

per day in 1974 and 2316 vehicles per day in 1979,

¥ No traffic date are available For agricultural seccior
roads prior to 1983.

*¥% exeluding bicyelen
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Tables & and 7 present frapfic composition data for the

years 1974 angd 1979 respectively, On roads with flows in

the 101-500 vehicles per day group, trucks were the largest
individual category, accounting for 28.7% in 1974 and 34.19
in 1979. Second in importance were buses with 28.3% and
23.7% in 1974 and 1979 respectiveliy. Animaludrawn-vehicles
madeup 20.5% in 1974 and 12.3% in 1979. Cars and notoreyeles
in aggregate comprised only 22.5% of the total in 1974 though

this had increased %o 29.9% by 1979.

At the higher flow level of 501-1500 vehicles per
day, trucks (27.87) were again the largest group in 1974,
while enimel-drawn vehicles (25.5%) were second. Motoreveles
and cars in aggregate eccounted for only 26.37 hut by 1979
the proportion had substantially increaged to 38.87. Although
in 1979 trucks and animal-drawn vehicles had marginally
declined to 23.3% anga R2.4% respectively, they stil1

represented the largest groups.

Interestingly, at the highest flow level of over
1500 vehicles per day, animal-drauwn vehicles (24.0%)
represented the largoest modal group in 1974, witih trucks
second (23.3%). By 1979 trucks were the largest group
(26.5%) with motoreycles second (24.0%), Carg rade up 19,69
of the total and animel-drawn vehicles 18.7%. On 27 feeder
roads (42% of the total) in 1974, andimal-drawn vehicles made

up tie largest or second largest modal group, By 1979, +this
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proportion was only slightly down at 367 (25 roadsay,

Trends in the composition of traffic by main modal
groupsf are shown in tables 8-10. The Proportion of animal-
drawn vehicles is seen to increase with increases in total
traffle until the highest flow levels are reached, though
over time the relative proportions have decreased (teble 8).
Data on tractors/trailers indicate a decrease in propvortions

as flows increase,

The proportions of both motoreycles and cars
incerease in relation to Increases in volume, (if 2 extreme
values are excluded)., In contrast to the animal-drawn
venlcle category however, the bProportions in the traffic

stream also increase over time {table 9),.

Trencds in the composition of buses and trucka are
shown in table 10. The preportion of buses declines with
inersases in traffic velune =nd decreases over time. If the
lowest flow level ( <101 vehicles per day) is excluded, the
proportion of trucks to total traffic also decresses with
inereases in flows. At 2 flow levels ( <101 vehicles and
»01~1500 vehicles per day ) the proportion of trucks Jdecreases
over time, while at the remaining 2 flow levels, the propertion
increases fronm 1974 to 1972, before declining in 1983, Mean

truck flows however have decreased over time.

— e s

* selected in terms of their effect on highway capracity
and design standards-see Annex 3.




.4 Bicyeles

Data on bilecycle: flows are available for 1974 snd
197% and are shown in table 11. Where bicycles ars included
in £DT estimates, flow levels are substantially incroased,
However at the lowest flow levels, bicyeles comprised only
18.1% of the total in 1994 and even less in 1979 when they

£ of

made up 4,3%,

Where traffic levels approximated to the feeder road
design c¢lass, the proportion of bicyelss to tetal traffic was
mucl: higher, aécounting for 48.4% in 1974 and 31,99 in 1970,
Surprisingly as total traffic incereased, the proportion of
bicyele flows also incresscd, to make up 4%.07 in 1974 and
42.37% in 1979, Even at the nighest flow level, orn roads
with ADT over 1500 vehiclieus ver day, bicycles still
represenﬁed & high proportion of the tctal, accouniting fTor

41.67 in 1974 and 41.0% in 1579.

nTyEA

While bicyele flows gencrally increased as ADY.
levels increased, their relstive proportion in the traffic

stream declined over time.




6. ACCURACY OF ADT ESTTMATES

6.1 Variabiliiy of Trafrfic Flows

Only where continuocus counts =re made under perfect

conditions can a true ADT or total year's flow be computed

with the expectation of it: being absolutely accuraste, I%
follows that any count of iless than one Jear's duration

must be regarded as a samrle and the estimate of ADT orp
total year's flow made from it will be aubjeet to error.
Generally speaking, the longer the period over which samples

are taken and the greater the frequenczy with whieh resurveys

are accomplished, +%o more accurate the data will be.

Characteristically, traffiec fiows vary over time eg,
from hour-to-hour, day~to-day, week-tc-woek, season-to-season
ete. Also at any instent in time, the nature of traffic
varies from place to place, urban or rarai, and on different
typeg of road av any Ziven place. An wnderstanding of the
variability of traffic is therelfore important as it permi+s
insight into the duration and fregquency of surveys necessary

to obtain e particular leve. of acecureey.

A considerable amount of researcn into the variability
of traffic flows in relatioca to both volume and time has been
carrvied out in Kenye by the UK. Transport and‘Rcaﬁ Heaearch
Labcratory., Automatic counters recorcecd rural traffic flows

LA

continuously for a 2-year pariod at 2?8 rural sites on

hitimen. gravel nnd sovth surfaced roads,

Y3

¥ T Zarded ®s not reall¥ T6NF Thourh 1o Tromeh Fiem soneTusions




For a given duration of counting, repesated eamples
vere drawn from actual flows recorded at each site in one
complete year. TFrom each estimated daily flow (iDTE), the
true value (ADTT) vas subtracted to give the arror of estimate.
The resulting errors were divided hy ADTT and multiplied by

100 to give the proportional error in percentapge termg, for

comparitive purposes.

Thus: . \

proportional error of estimate = 100 E T | percent.

Table 12 gives the errors in ADT estimates obtained
frow repeated random counts of varying durationa in the Kenya
stu“y. Figures in brackets shov errors for continucus counts
of ~quivalent duration. The data Indicate that repeanted counts
£avs more accurate estimates of ADT than continuocus counts of
the same duration, the advantage increasing with the number of

repetitions,

Generally, the errors in estimates fell as both the
durnrtion of counting and the ADT increased., There was a fall
in errors when the duration of counting was extended from four
weeldays to one full week, particularly at the high flow levels,
ie. on roads serving regional or district centres with distinet
reelend travel patterns. On the other hand, largc ervrors weras
assvciated with counts of only a few days duration on low

volume roads.
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6.2 lzcuracy of 2DT.Estimntes in Punjab Frovince

Table 13 provides details of the numher of 24~hour .
counts carried out on feeder and ggricultural sector roads in
Puhjab province In 1983. These are actual counts based on =a
count progremme summarised in table 14. The majority of
stations on feeder roads are designated-semi»permanent(type V),
with one 24-hour manual count In each quarter of the year
(total 4 .). All stations on aéribultural sector roads are
temporary (type VI), with only one manucl count heing taken
per year. On a few feeder roads, permanent (type IV) or semi-
vermanent (type III) stations are established, with manual
counts for one week in one month and one day in each of the_
remaining 11 months (total 18) being planned. Fxact dates of

counts were not available,

Evidently the 1983 programme was not completed as
schaduled, possibly due to experimentsl errors at individual
gites, lack of rssources and for other reasons.(17) However,
the availability of data on the number and duration of counts
together with the estimates of ADT, allows for a comparison
with the Kenwva data, bearing in mind the different road and

traffic conditions found in Pakistean.

On the one agricultural sector rosd in the FPunjab
with a flow level of less than 75 vahicles per dey, arrors
in the ADT estimate of over 60¢ may be expected. The vast

majority of agricultural secetor roads experience flows in the




75-600 deilv traffic range . crrors in ADT, estimates for sinpgle
24-hour counts on thesge ro~ds however, could stiil be of the

ordear of + 407,

At 567 of staticns on feeder roads, single daily
counts were repeated 4 4imes Per annum, Where flow levels
reached 201-600 vehicles per day, errors in ADT estimates of
about 207 could be possitle, vhile at the higher flow levels,
lower errovs of,around:: 147 could be expected. At the
highest flow levels and for counts repeated four times, the
errors in estimates woulc sbproach + 10%, On the other hand
where counts of only 2 or 2 davs (rather than the programmed
4 days) were conducted, larser errors would probabiy be

found;

On the 227 of feedesr roads vhere counts wére made for
more than 4 days per venar fie. 1x4+ repetitions ), effors in
ADT estimates could be expected to Be smaller then those
observed above, thoﬁgh precise details of count programming
are not available. For #xzmple 1t hes not been possible to
determine whether counts of 7 dayvs or longer included one
full week's count, 7 senarate ¢aily counts or some combination

of weekly angd daily countaz,

6.3 Desirable Accuracy gfhﬂsjiggiifmgﬁmTraffic_?low

In the USA, the wccepted standard isg that therve
should be only a 1 in 20 chanca (5 percent level of probability)

that the error of cetimate will exceesd * 10 per cent at any




gample count site carrying over 500 vehicles per dav. For
rcads with lower flows, errors of up to + 20 per cent are

acceptable.(lg)

It might be felt that developing countriecs canmeot
af'ford sﬁch high standards, since the more accurate estimates
should be, the greater will be the cost in obtainins then.
Conversély, Howe argues that accuracy standards shoulé tend
towards higher rather than lower limits, even for rosds with
low traffic flows., This view is particularly relevant in
relation to the Pakistani farm-to-market road pregranme snd

the adoption of stage construction techniques,

The farm-to-market programme involves %he vpgrading
of district-type roads and tracks to agricultural scetor
typa~roads. Initially earth or shingle roads aro nrovided,
deprnding on soil conditions and there after hituminous
surfacing is added when Justified from s traffic point of
view, A reagsonable standard of traffic estimation is
therefore required, even for roads with low traffic lows,
Lowering the confidence 1iﬁits at which estimates are judged
does not seen to be worthwhile, since the results raoidly

lose any significance.

If + 107 is taken as an acceptable limit ov
aceunracy for ADT estimates, it is likely that none of the
counts examined here would fall within desirable lavels,

pariicularly on roads with low volumes, The highest lovels




of aceuracy can be assumed where 12 daily counts were
conducted on one road with a flow rangz of 601-100C vehicles
per day and where 10 daily counts wers carried out on roads
with over 1000 vehicles per day, At {these stations, errors
in ADT egtimates of the orier of 12-13% cculd be expeéted.

- Howe points out tha® if made manualily, neither simple random
counts nor replicated iandom counts of any pracilcable

duration can provide estimates of ADT within accepiable limits,

S S S S S

6.4 Variation in Traf
Sl’"

Tic Characteristics for Roads
of the Same (lassiflecation

It is also desirable to know whether roads of the
gam:> classification nave similar 4raffic characteriatics, To
exanine this possibility, an enalysis of traffic wvolunes
app roximating to feeder road design standards (ADT <500
veh.cles per day) was carried out, Resuits are given in
tab.e 1i5.

A8 mey be expeched the variability of totel traffic
was relatively low, given the ADT limit e¢xamined., The largest
variation is observed in the number of trucke, followed by
animal-drawn vehicles., buses, moteorcveizs end tractors/
trailers., The lowesti variastion was found in the number of
cars., It may be concluded therefore that for the majority
of wehiele types on feeder roads with less than 500 ADT, there
ig vide variation in flows from one road ftc another and that

som:: rcads can experiecrce zutreme values,




7. SUMMARY AND CONCLUSIONS

The Government under the Sixth Plan proposaes to
implement a large programme of tertiary rural road construction
including farm-to-market roads. Important variables in the
selectioﬁ of design standards and surface types for these roads
include the velume and cowposition of +raffic. TIn order to

provide information on these variables, traffic flow and

composition characteristics of 69 feeder roads and 18
agricultural sector roads in Punjab province have hecen
examined.

The study revealed that a majority of feeder roads
carried traffic volumes which were more than double their ADT
desien flow of 101-500 venicles per day. The mesn flow of
1170 vehicles per day is more aporopriate to secondary road
design standards. On most agricultural sceetor reads, which
are designed to lower standsrds than feeder roads, volumes had
already reached levels where higher standards couléd bhe applied,.

On e third of these roads, ADT was over 500 vehicles per day.

When data on all forms of motorised and non-motoriced
transport were available, hicyeles were found to constitute the
largest group, making up 40¢ of traffic on feeder roads. Animal-
drawn vehicles, the other mein mode of nen-motorised travel,
were also found in large numbers on some roads., 1In 1983 they
accounted for nearly 15% of all traffic on feeder roads and

about 25% on agricultural secctors roads. Flows of non-motorised




- 2% .

vehicles tended to increase ag ADT increased up to 1500
vehicles per day, though since 1974 the proportinns of thega

vehicles relative tc other modesg have declined,

The most importent motorised modes on both feader
and agricultural gector rosds were cars and motorcyelas,
which in f2gfregate comprissd sbout a half of total traffie
in 1983, The Proportions of these vehlecles have steadily
increased with incresses in volume since 1974, though on
agricultural sector roads, the proportion of cars decresged

a8 total volumes increaseq,

The proportions of buseg and trucks in the traffie
stream have declinegd gince 1974, when in aggregate they made
up about 50% of the total on feeder roads., By 1987 the
bProporticn was 287 on feeder roads ang 16% on agricultural
sector roads. The Provortions of buses and trucks algo

voiumes '
decreased ag total/incrensed, though on agricultural sector
roads the pronortion of buses increased ag flows increasea up

to 1500 ADT.

In terms of the accuracy of ADT estinates, errors
of the order of * 10-20% can bve ¢xXpected from the majority
of ccunts- conductad on feeder roads, Ffop counts on arri-
culturel sector roads, errors in ADT estimates of ahout * 407
are probable., On all roadg with volumes of less than 500 LDT,

variation in ADT flows was about + 40%.  For individuni nodes

however, (trucks, animal-drawn vehicles and buses ), variation
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Teble 1. foads in Punjeb Province by Length and Surface Type 1083

Road Length by Surface Type  (¥m)
Aesnonsitility Black-tap Ariclk Paved/Shingle  Farth Total
Provinecial 11,476.,07 o - 21, 476,07
~Agricultural 2,174.83 58,42 412,31 2,645.56
Sector
District 3,855.65 956,64 15, 866.64 20;678.93<1)
Mationsl 1.046.2¢4 - - 1,046.24
Municinal 3,862.83 356,42 310.80 4;530.05(1)
Total 22,415,62 1,371.48 16,589.75  40,376.85
(1) data for 1981,

Source: Read Statisties, Punjab Hichway Department 1983,
Transport Bulletin ( Supplementary No. 1) NTRC Renort 74, 1981.




' {
Table 2, Average Daily Traffic‘l)Volumes on Feedar and

Agrieultural Sector Toads 1983~ T

B - e e e e e e e

Flow Level (2) Design Feeder Roads Agrieultural Sector Toads
(Vehicle/day ) Class No ADT No ADT

< 101 - - - 1 66
101L-500 IIT 14 3% 12 260
501-1500 IT Al g70 5 584

s 1500 I 14 2535 - -

13 20500 3)

Mean Flow _ 69 1171 L8 339
(1 exc. biecycles

Z4-hour counts

2
g pae g p—

exciudes one station with 8837 ADT

e
wn

Source: Summary of Traffic Data for Punjab Highways 1983,
Punjab Highway Department.
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Table 45, Averoge Daily Trgf?ie(l) Volumes c¢n
Peeder Bosds 1974-1983

‘Flow Level (2) 1974 1979 1583
(Venicles/day )~ No. ADT No., ADT Ho, ADT
< 101 2 79 1 72 - -

101500 16 310 23 334 14 397
501-1500 24 763 38 884 41 970
> 1500 2 2358 7 2316 14 2535
Yican Flow 64 537 69 835 69 1171

(1) axcludes bicyecles

(2) 24-hour counts

source: Summary of Traffic Zuta for Punjob Fighwavs
19074, 1979 and 1983, Punjab Highway Depertment.
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Table 8, Preportion of _Aninal-Drawn Vehicle
Irailers by "WT Low chel un “ﬁﬂd“r

Level

1cler/ddv)

Flow
{vern

2.7
a 20,5
25,

24.0

inimal-Travn
1974

o

of

23.6

uotal frazfsn

Vehielce Tractors/ "vailsrs
1979 198 1607
'l‘ -,4 -
12,3 12.0 9.5
22,4 17.0 Y.
13,77 11.9 5.7
20.0 14.4 o, 7

Source ; Summary of

1974, 1979

Praffic Data for Punjan
and 1993, Punjab Highway

Highvaye,

Departmant.




Table 9,

Proportions of Motorcvoles and Cars hv ADT

Flow Tevel on Fseder Toads 1974 - 83

Flow Leval

(vehicles/day)

< 101
101567
501-1500

> 1500

< oof

Jlotoreyoelas

1974, 197

3.2 26 .4

7.7 13.G

16.2 17.¢8

19.

1 24.0

total traffic
Cars
14873 1974 1979 1983
- 14.5 16,4

22.2
23.8

28.8

14.8
16,1

20,0

.6 18.9

25.9

16.2

Sourca:

Summary of
1974, 1979

Traffic Data for Punjab Highway:,

and 1983, Punjab Highwav Departrent,




Tablsz 10, f{ggg{&égggiof BuouqlﬁgghTrggks by QD?
Hov Level on Fevder Houads 1974 - 83
T oof total traffic (1)
Buses Trucks: ~

Flow Level _
(vehicles/day ) 1974, 1979 1983 1974 1979 1283

< 101 44..3 41,7 ~ 25.3 13,9 -

101500 28.3 23.7 16,3 28,7 34.1 18,9

2l

o
—
o™
Y

501-1500 20,4 15.5 13.8 27.8 . 23,

1
—
I~
-2

> 1500 13.5 11.2 10,73 23, 26,

o

ean 22,2 15.4 12.4 27,4 25,6 16.0

(1) ine. trailee wnits, HNLC trucks, tankers

Source: Summary of Traffic Dats {op Punjab Highways,
1874, 1979 angd 1583, Punjiab Highway Department.
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Table 11 : Bieyele Flows on Feeder Roads 1974 and 1979

Flow leve (1) 1974 Bieycles (1) 1¢79 Bicyeles
(Vehiclesl1)/  appl?t aor(2) % of ADT snpl2) % of
day) ap7(2) app(2)

[ R ———e e o [ P S U VA VU

< AN , & 26 18.1 72 75 5.

Nl

101-500 310 601 48,4 336 494 31.9

b

501-1500 763 1495 49.0 884 1533 42 .

]

> 1500 2358 4038 41,6 2316 3925 41,

—t ——, —— RN JE——— [ Aok c e e e

Ve an 5 3% 1028 47,8 895 1408 407

(1) exc. bieyecles

(2) ine., biecvelos

Sources Summary of Traffic Data for Punjab Highways
1974, 1979 Punjeb lighway Department.
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Tahle 12: Frrors in ADT Estimates from Repeated Random Counts
of Varyling Duration (par cent)

Piration of Counting

Flow Level

B P
I U3
| Humber of Weekdays L1 Weel
(vehicles/day) Repetitions i»ﬁ:r R 5 ) g neel
P . t — e I
< 5 1 67 52 47 Ly 36
2 L7 (52) 36 gil 29 24 (33)
3 3 (47) 28 26 24 18
4 o6 (46) 24 22 20 16 (31}
) 1 43 37 35 71 21
75..200 2 28 (37) 23 24 21 18 (24)
3 24 (35) 19 17 16 14
4 19 (32) 17 16 14 12 (20)
1 40 36 33 2 26
201-60) 2 73 (W) 28 25 22 18 (24)
3 23 (33} 22 18 17 14
4 22 {(33) 20 1% 15 12 {20)
1 A0 29 29 26 21
6011000 2 19 (29) 16 18 17 14 (183
3 1% (29) 16 16 14 11
4 14 (27) 11 12 12 10 {14)
1 31 29 29 25 16
> 1000 2 18 (29) 18 17 15 13 (14)
3 16 (29) 16 15 13 12
4 14 (29) 1t 12 11 7 (12)

Note; Figures in brackets are for continuous counts of an eoulvalent duration.

Goures: Howe JDGF, A Review of Rural Traffic -~ Counting Methods in Developing
Countries, 1972.
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Degeription of dounts

HMachine Counts

Manual Classifizd Counts

S5tation No. and
Type

(1) Permanent
(II) Permanent

(1I1) Seri-Permanent

(IV) Permanent
(V)  Seni-Permanent
(VI} Temoorary

Continuously for the year
(Beonolite Graphic Traffic
Counting Machins )

Continuously for the year
(Junior Digital Traffic
Counting “luchine)

Llternate guarters(Junior
Hgital Traffie Counting
HMachine)

One weaelk In erch gquarter
and one day in the remain-
ing eight months (Total=
% daily counts)

One week for one month and
one day in each of the
remaining 13 months
(Total=18 daily counts)

One week {or one month and
cne day in cach of the
remaining 311 months .
(Totel=18 daily counts)

One week for onz month and
one day in cach of the
reraining 11 months
(Total=18 daily counts)

One day in each guarter of
the year
{Total=/ deilv counts )

One day in the year
{Total=1 daily count)

Source:

I, S, Swati and M, K. Idris., Traffic Factors for Pakisteon 1982,




Table 15.

- 45 -

Variability of Traffic on Roads < 500 ATT

Punjab Province 1983

% of Arithmetic Stendard v

Vehicle Type Total Mean {(x) Deviation{c¢) iy
Animel-Drovm 14 47 39 0.8
Vehieleas
Motoreyeles, 24 74 55 0.7
Scooters
Cars 26 a3 26 G,/
Buses 13 43 32 A
Trucks 15 49 52 1.1
Tractors/
Trallers 9 28 19 .7
Totel: 319 1z 0.4
Moter no. of feeder roads = 14

no, of agricultural sector roads = 13

total roads <500 ADT
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innex 3, Highway Capacity

The term hishwoy capacity relates tco the ability
oif & road to accommodate traffic, It ig sometimes expressed
in terms of passenger car units (peu), which ﬁre identified
by expressing buseg, trucks, animal-drawvn vehicle: =2te. in
terms of the number of passenger cars they would disnlace under

the prevailing road end traffic conditicns,.

The following peu. eguivalents have been identified

by the Puajah provincial highway deparitment.

Type of Vehicle PG rating
1. Bieywcle 0.5
2. Motoraevele, Scoctey,Bickshaw, Unr 1
3. Passenger bus, 1r,uck 3
4. Tractor trailer, trailer uvunit, 5

NLC deuble truck, tanker

R

. Animal-drawn vehicle 7

partment, Summary of Traiiic Data

Sourcece: Punjab BHighway Deoonar
hvay Design “fanual 1971.

for 1980 and Hig




