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INTRODUCTION ..

TR S P

LT L . ‘
Increase in Vehicles and Road.Networksi:. . pt "%

The last few decades have w1tnesseé 2 tremendous
._1.‘__ iy [ ‘:"!
1ncrease 1n the numbﬁr of motor vehlcles alI _over the

3 RS

world. Slmultaneously, the 1mprovements 1n the methods of

4 )

road constructlon and malntenance have rbsultwd

expanslon of hard surfaced road: networks. Thé"twb togéther

have plac&d at the dlSpoqal of mdnklnd greatly 1ncreased

abilities to move at hlgher and hlgher speeds and over

: ; RE ---l_",‘_-. o ’

wider geograph1Ca1 areas. ‘;fgu@xn”
‘ ¢

Paklstan is no‘ex;ept;oﬁ-to the above.;Durlng the
“last 1/3rd of  & century,-theflength of- hard sutrfhce roads
has 1ncreased from 8 OOQ Km in. 1947 to 33 000 Xm in 1980 -
4 more than 4 tamcs 1ncrease, The number of Moetor Vehlcles

on road have 1ncreased fron 30 000 1n 1947 to moré’ thaw

630,000 in 1980 ~ an increase-of more’ than 20 tlmeb. Thl&

I .....—w—-
s et -

has trememdously increased geographlcal coverage and 9peed
of mowpmen;;of vehicular trafficlin,the'coﬁhtry. The

impq;ggggg§@f;vehicuiar-;raffic has‘tﬁeféfbré'inCreaéed

considerafly .for: policy hnd*ﬁléﬁniné-pﬁfééées.

LSO
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Importance of Speed | _ ,
- e R . e T B
PR A AT - i . G e R

. .2 The epeed of movement 16 central to:many" plob]ems:

of fran3port. For: example, the hlghway operatlng speedsg

among, other things, effect the follow1ng Loy toend
e d : e | P D I
(a) Vehicle operating-costs’ kA through them e
“investrent in conurructlon and improvément
of highways, . :
(b) Wear and tear of roads and thereby cost of
malotenance.. R , -:.‘ :LF§i v
A -
o (c) The design.and stréngth of road and brldge e
] Hbi;;,structurea. o N R
) ng‘Fldw-aodfcapaoityfof the roade. ot
fe)Travel times and opgratlng eschedulesiof ‘
' publlc servlce .vehig¢lés, ° o
I ; .. oo ¢
(f) Inter Modaliﬁlstrlbut1on o'f trafflc. o o
T v ’1 ,s;‘ [ IR
(g) The size of road-markings,’ trafflc 51gn5
and slgnals.' ‘ o Ce g
(h);?faﬁﬁféfﬁeoageﬁeﬁf andreafety‘meeeuresﬁe R
. ’ - ‘,_. e . 7;: Lo ._‘-:’. . i . o ‘r ;..,f‘_ L e
The above 1ist 1s only 1nd1cat1ve. There are- numerous )
¢ - g :,=?-' : HE )
other aspects where spceﬁ is of domlnant 1mportance.
Regquirements of Various Agencies . S Lo : S

'The'users;'operatorgland publia agencieééresooﬁsfble'
for planning, deveIOpment;wregwlatioo and ‘control of “transport
services are-all interested .in vehicle operating speeds, The
interest of public "authorities! is in fact as old as ‘the
motor vehicle itself, Originally such .an interest might
have been due to their concern for safety of other users.
However, with the-iocreasing use of motor vehicles, other
operational and economic considerations have assumed greater

importance,




- The igfnrmatiqn,is‘now?nééded by various

A

‘agenc1cs for a:yar{emy pffﬁﬁrposééj‘For ?xample the

M [ ] !._ i
i W £

agencxes;concerch w1th plannlng and ﬁevelopmont of

nfrastructure and: traﬁSport services naed‘the infor-
- .

P °,

matlon for appralsal of hlghway 1nvcstment projects,

= . i L .‘= : \

1nter modal d1str1butlon pqllclcs etc, The agen01es

concerned w1th canstructlon and ma1ntenance of
AU s

hlghways need the 1nfnrmat10n for de81gn of ' road and

5 Sk
T

II‘I
" E

erdgé structures;‘malntenance poltc1es, dcxermlnlng
. T A A\ : g i
capacxtles °nd speéd flow rPlatlonshlpu, 6681gn and

gize of road marklngs. The Agenc1es concerned w1;hﬁwfn

AN \. ..___,a

operatloq of transport servfces, need the 1nformat10n

o e

for estimghlng opcrating costs and-ﬁchedules, etc.

Besides, ewfdtcement agencies need the%lnfhrmaxion

for control of speed 11m1ts ior road safety. In

T

addition to above, the® lnformatlon alsarproV1des‘

an 1mportant 1nput for: the transport models of

,“

various types Larid 1s of general intercst to students

of trafflc engtneer1ng and tranSport economlcs..fkv
Speed Cost Relationships R

s . e

P L
) P

Among otheé\tginﬁé;‘the reigtionship cetween
speed and costs isadfqurticular'importance andlneeds
to be-further'elabcratqd. Various cost coﬁponencs
behave differently with change in speed, For example,
the fuel consumptioc;is high both at very low and

high speeds and is lowest at medium speeds,




Other physical cost components like,; 0il consumption,

wear and tear of tyres,; brakes, parts etc, increase

with spced On the other" hand time based costsviikew”

N '

A

1nterest, deprec1at10n, wages, as well as the: valup of

¢

time" for drivers and passengers decrease w1th inéréase

i

in- speed The end resuwlt would deoend upon relatlve

[

welghts of phy31ca1 aundi time based cogptd%mpdneﬁfs:'

K iy
- Thev plaee of value of time 4 operat

_;é

-

costs is ofy 51gn&flrant 1mportance. I ‘the" developed

T Coe b

countrlgsiuBO to JOA costs are, ;n,tefms bf value of

o

NEA R e

'

time. Thig-isy howéver, much JLess .in® developlng coun=

A 'a ot 2

tries ywhere per cap1ta 1ncome is low,.Tn these cmnwrleg.

physlcgl‘gqst cOmponents are mo:e:impoftanf;”

X [T .

'ﬁbﬁever,rbothﬁphy%ical'ahd time based.cost

s 4

components ﬁaty with speed,-theré%dre, thq opgrating““ﬁ

Lot

speeds prov1de an 1mporL mt-input in the vehlcle=

I - T

H

EEH

operat1ng costs whlch form Dbasis for cast benef:t o

ana1y51s for the appralsal of nghway projects.

Investment Apprdisals

LI

Most of the investments in transport-da%e

aimed at increasing speeds of movement and reducing:

P IR Co
g

time and cost of rrav‘%”in génefdlﬁ ?articularlyﬂrtherf

. . X
SRR .~~s-

investment on hlghways ares: JUSthled on the b331s af
s ; I" ‘ ‘ T
av1ngs in vehlcle operatlng egsts whlch vary w1th

1 {‘

speed, Infqrmatlon en operating costs at varying, ;o0

AR - * -]

speeds is available from tgqhniéélifiteratureugﬁ Ly e

oo
[

sy L

,,,,,,,



vehicles and through various other studies. Therefore,

RN

L‘! cam ";‘,,‘:'.—-" \
estimates of operaflng costs for various roads can be made

if Lnformatlon on. sveed """" {s available, In the absence of

reiiable information, variousg agencies“concefﬁéawwith
planning and development o{ hlghways, while preparing
tranSport pro;ecte, adsume any speed levels for the<aust1ng

'”and proposed faeilltles and calculate operatlng costs

u

’and savlngs u51ng studxes made 1n oLhcr coUntrlee. Such

"hppra1sals rema1n un- rea110t1c and squect to errors of

P . e
Vo Y

‘uit~known extent, . - RN S
T K .

Speed Informaé{oﬁ | - S L LI

4 o ' T R . . w ‘. 1‘ ) A
Costs ap@ Benefits of transport projects are based on
‘operat1ng speeds. The‘informatios on existing Speeds can be
o o
_obtalncd e3511y by actualimeasurements. Howavery what is not

[

known 1is the Speed that will result after . 1mprovementbwfhere

...w

is therefore need for general 1nformatlon “on speed for

different types of roads whlch could be used to determlne
£ y ot

beneflts of 1mprovements etc. a general survey of hlgnway
'*operatlng speeﬂs was called for,'lf SRR - ::;&=

o

Lok

Need ﬁor.tbelsurvez_ . . ;‘yﬂrﬂ‘?”‘ e

Teow o
. 7‘

N £ order to prov1de-re11able estlmates rof vehzcles

R B

operatlng Speede on hlghways in’ Paklstan for the. appra1sal of

R _.z "J—'

transport ;ro;ects 1n general and hlghway prOJeCtS in nart1cular

and to serve the needs.}Varlous agenc1es concerned w1th

plannlng, development of infrastructure and operatiop of trans-

port servxces, a general survey of vehicle ooeratlng speeds‘l'
e

has been carr1ed out by the Nat10na1 Transport Research Centre.

The results oF ‘the Survey are: presented in thlB report,-*""
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“SCOPE AND COVERAGE - &

[N :

Data Collected ..

- AR . L .
Cy i ‘ RS ‘ AP

The survey collected 1nformst10n on’ spoL uPEEdS at

v

L ‘-;: v
" J

selected p01nts and’ volume of traffge both clss31f1ed accor-
- { R )
dlng to type of veh1e1e w1th hourly 1nterva1s. Eesides,

}
w1dth of .the road sectlons was also measured at the observation

Sty e - 2 . S

p01nts whlch were selected to represent the ent1re length of

glven road sectlons, as fsr as posslble. o i

The specimen of forma used fosﬁsecording speed
observations and volume ceuntsyare”gives st‘lhe end(Annei-
yIIIl. The scope and eoverage of ‘the survey ere‘explalned

cin thlS Chapter. The‘method used: aré exp1a1ned 1n_ tbe y

next.chapter ' T _ ' o

. Sélection ovaoads,“ o et T P

R ' o R T

The survey covered 56 road sectlons in ‘the Prov1nce
of PunJab A 1ISt of such roads 1nd1cat1ng location of the
survey p01nt, pavement width 'at rhe survey pOlnt, date and

} n‘
- o

time of observation is given ‘at Annex=-1, The roads have

been arranged in order te wxdth and Where the w1dth 1s:l

Eﬁﬁhﬁame’ dccord;eé fo dste of obserVatlon. The;rosdsihesenw“

Peepviﬂentlfled by the esmes.qf plaeeS”afweléher‘:end of
,kE%%&%eCtidﬁf?fhé éia;elflrstnamedﬁbeiﬂg.neefer.eopsu%veye

p'o'int'.‘ Lot N | N L B Pl

N S . £ . . ' i
Lo : . I '

Cwie The conflnement o f: the\surVLy to the Province of

i,
;

the Pungab and psrtlculapl proximaty of Islamsbad is !
.malnly due fo sdm1nlstrat1ve convenlence and case of .

superv131on, The 13ter .oo',g‘-.-oonwco.o.co-o‘oocao--ucno




- 7 -

rspect was more important for efficiency and accuracy of data,

Administrative boundaries would hardly make any dlffa,@nce in

operating speeds. The type of romdaiSFmore lmportant here.

Tbe data oertalnlng to one’ type B f roud is more 1mportant

- -

here. The data . pertainings ‘to- one Lype of road w111 be

1

appllcable to ginilar - roads’ at othier piaces as well It would

Pt
s ¢

therefore;pgp,mage‘any dlfferance i f thc data is collectcd

o Dt
' MRS
g S

in one Province ,or .the other, v

PR
Lt

Location of Survey. Pointsi:

¢ Cue SR i . }

N gpiepératfug‘éﬁéedu“éré cffected by a large number of
factors. ineluding typ' of vehicle, conditign,qf,road,;volume

- [ R

of traffuc;'comPOSLtlon of trafflc, e.g proportion&pﬁ,slpw

‘moving traffic ehd*moSt important of all, tralnxng, experience
' - P NI e ’

and behaviour’df}fhé”ér{uer; etuw waevér; tha mqét-impqrtant

.economic and engineering factors effectlng the speed of

. L
e 4

vehicles are the type of road and veluﬂe of” Traft1c. In

order ot xsolaLe the effecta of these.two factors it was:
e Vg : el
neceseary to e]lmlnat _the 1nf1uence*of other factor such

g ; T N AR
as rlse, fall curvatures etc,. Accordlngly, the survey

13 R

pOLntS were 1ocated out51de the bu11t up areas wh re the

road was level, taugent.“Iﬂtéi~sectlons, turns, bridges,

: ;;_ ,i. e

culverts, """ or any other. structures llkely to détract the

! R
— l ___,__,‘- B i)

attentian of drlvers ware av01ded 1n order to flnd free

F

mOVLng speeds Ga;g was al 5 taken that thc survey po1nts

T e et S

R ' . \

are typlcal of the road sectlon and thele 16 no, aUCh thing

a

‘1, =
as mo cause accellcratlon or slow1ng down in speed,

‘,—’ : . (IS




N - 8 -
P ' .
SurVEY-Timings ' e L
o ‘ R R E T
. : . B B ' R v

Do The bulk of. 1nf0rmat10n was collected dur1ng the b

i f EPRE

month of Aprll and May,1978 The obaervatlons ‘were made"

in cqear day;11ght 'commenCLng usually between 0800 and '
"'-’:-\’

0900 hoprs and concludlng between 1800 and 1900 hours. At

gome statlons, the survey commenced or ended earller.

R S
e . - ,f

- £

Extreme weather can also- effect ‘the . speed of .

veh1cles partlcularly storms and relnfalls. Durlng the

LA P

survey per1od there Wag no such abnermal factar. In thek“u Ty

B .

early part of the . survey, the sdmmer was mlld in tHe

“;Dlstrlct of ﬁawalplndl and Jhelum. However, the'“‘
. . . Ty

”P;part the weather wasg qu1te ‘warm inp the DlStIlCt ot

Sahlwal Jhang 3nd Sargodha.m"51'5 R : | ‘IT‘fﬁfT;,w&
T : ; ,.2:‘ », RN :

Class:flcatlon of Roads. e R

o n b
T “.‘ RS . v vy .
Ty i . " . i,

e BEEN The roads covered 1H ﬂm survey varled 1n w1dth
ﬂfrom 30 ft to 8 ft. For. analyuls of data the roads Were

cIassxflcd 1nto four categorles accordlng to w1dth of

! : : R A
5 o S
surface as follows*- S , S S S .

B
RS

Table Il (1) B

b Class;flcatlon of Roads”e‘

LI

o o, s o f‘}h4‘:\ 2x : Y A
~xq;,§aﬁeﬁ2£x“ 'Deserlprion/Spec1fagetlons No,of Road Sections

RS

‘l...,: . , oo v . R

: L1 (5

K R I ¢ i
3._‘_“.“]_/ . 4 Lane, DlVlded LT ) 7 roaﬂ SeCthHS
R 30 ft or ‘abowu wrdth e Ch way o
. . e . y,};’&ncluded only

o : . toa ;.WA_ R ) " Islamédbad Highway
II ' s 22530 ft. wi&é'Undiviged C ' ?Ti“mead Sections

ITT Two lane 18 -22° ft. wide B 2§“read Sections

Iv - Slngle Lane Bwl2 less than" 14 road  Sections
18 ft. Wlde. e el L

Total. 56 road Sections




:d af LS T &

R N '
uch”fdads-more than one observatians were made,*ﬂnd theiname

Categery III was first divided into tWO-grOUps,

one cons1st1ng of 17 road sectloos 2022 ft. w1de roadq “and

the other covering 12 aoad sectlons of 18 12 ft. wlde. As :

o

the difference between the LWd categorles wag qulte‘%mall i ;i;_

these were combined togethét;'
vl B
v The w1dth of road can vary over shott distances. Ay
ST 7
road may:be twp Lo four lane uide near the clty and get
A Sn T : N i L' ! . l.":- ot

narrow as the dlqtance from the cqty 1ncreases.~£h£*w1dth

recofded 1n the qurng 18 that found atthe dbﬁ&%ﬁbtioﬁ
point ‘At certaln plaCes, the- pavaments ere 86 broktn that
it was. clff;cult to flnd the: precise w1dth1 Thete: could be

a differenge of one tc £WO feet uependlng upon whethar the

:1.

measurement is made at the' broken edges or not. However, at
oL ‘. Ay

such places two to threc measurements were taken and.aye:age

width was noted,

. ‘.“.—fA

if'wédld”he‘aeen from Anﬂexure-l‘tbat:scﬁe road

sectionsappear mqré than once w1th alttrnabxng the namos

SN AL _ " ; P
of places aﬁnpbg>two ends. Tﬁ is; Quu to the fact that SR

P

T L
- e. .....

of the place. nearer to cach obserVat1on po1nt was’ piven_flrﬁt.

}’t

For exauple, on Shelkhupura/famsalabad road one. observation.

0 MRS made near Shelkhupura dnd ther other. near Falsalabad. In

S

N

the flrst cas e, the mame. of xoad section has been described

.;_. N ’.

as, bh01khupura-Fa1sa1abad Road and 1n the second case as

iy L A o .
¢

‘ﬂ;[alsalabad—shelkhUpurarQoad Incertaln casges more than oné

J .- - i
A . = Ty L
B 3 . .y
iy £

observatxons Wete' maﬁc at ‘the 7oame end of the road In;such
B o )

Sy Coege -
cases, the same rame ; apnears morc than oan. Lach survey

[

point has been treated as.a soParate road sectlon.
*'- N 7, '; L

R
S e

i _J; ' e, ,'_ Lo




Classificatioﬁxdf*@ﬁhﬁelés

PPN

The ciassiﬁicatﬁﬁh- vehicles used for recordihg

,‘1-, b

R AR ; : v LG

voldme Counts as well ase for speed1med§uremenpq, i's
ot : - S XA A o
Wk ' L ‘ 5-.51; A P oo

briefiy descrlﬁ ‘quow{ﬁ? PRSP SN

(i) AnimaIEDrewn‘VehiEﬁeeT ‘In this category there are two

[
L A

main types of vehlcles V1Z'7Bulldck Carts and 1ongas‘

The buliock cart has two large wooden wheels and is

,j(i-'it i ) I

pulled usually by twu an1mals. Some de81gns have place'

v

for one an1ma1 only. They move at 3 to 4 m11es per hour

speed. The Ton&as are horse drawn vehlcles w1th two

Qlarge waoden Spoked wheels w1th rubber band. It has

K

a capac1ty for 4 to 6. pasoengers and moves, at B 10
mlles per hour speed _ _ e

.
FAR

(ii) Peﬂalﬂgyele:MVUSEEi.Cycles meneaLly opefatéa:

SRS v

£y

(iii) Motor Cyelegs This categéry‘indfﬂded Motor‘Cye1ES,

Scooters, mdpeds and rlckehaws (Three wheeled vehlchﬁ

‘ . - - 1 L
The last mentloned vohlqie would be found on’ 1nterc1ty'
S : L IR

roads very rarely. Therefore, separete calss ﬁ atxon

was nodt prOV1ded for these types of vehlcbes.'

. . . . . . o P vt
S S A ! U TE £ LAY 'e"'l' E

(iv) Cars: This carogory 1nciuded all motor cars whether“

Ay el

A

LR o 1 : {."\'
for prlvate use or for hlre J.e. tax1s. Most of the
i A LT e o
carg 1n thls country are small s1ae rang1ng between _
. ; '_, STl “ - T .
1200- 1600 c.c. Larger carg more than ?000 c, c.‘are
i AL
5- i
far and few. 1h13 is due “ton hlgher 1mport dutles,
i s REEC e A
on 1arger cars in Peklstan. N " '
. "i"’f‘ ' -4
PR . Coyy e : o e . :J;l“)‘ t!{"}ﬁ‘»‘
. copan
= i . syt s
. ' %o i
_ Ty
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gl 2

[ Azt RA

(v) Wagonsi Mini buges Pick ups,‘nght commer01al

,vehicles. wlhether carrylng passengern o; goods,

ngemef, thie ! greater proportlon of vehlcles in this '

st oo . Lowe s

R

category is ‘of wagons whlch are mostly ﬁprg Transity

e

[ .
S . 3 , . . ' Laoon
vi) Buses: BUSes on 1ngerciqyuroads=are th very few

‘exceptlons, Bedford 81x Cylender Digse'l, ;H%ﬁority

[
[

e these buses are on 1pgg chassges.' However,isome
o proportion is of relat;ve;yﬂsmaller~5139‘on ‘short

chasses, The registered cepacity‘oﬁlthe former. is

oy i

. Ha passengers and of the 1atter 42 passengere

;o X i i

. . . L 1‘ b ‘:f ) E T . ) . PO s

vii) Trucks: Trucks are. alse mostly B dford 8ix
e

ot

6y11nﬂer Dleugﬁq They Bavé ‘raximom 1oad1ng capa¢1ty

LI - .‘
R K T e

s

of 10 tons. Hewever,roverloadlng 1S‘COmmon‘ Tankers
ER : o cemr D

are also 1nc1uded An. th1s cat r”‘r'y. Multl exle trucks

a AR B . ,.;gwuwrﬂl'
are very rare. q. ... Q.0 . . L

i - f ) N o RTIE

[

iii) OtheEs i THis cat gory ‘covers -all other .wehicles not
Qrherst vers abb obnels

ﬁ_,included‘iﬁ the ebove cieesification. MOat of the

..A,_.-..»- b

vehlcles in thlS category are tra tors w1th or without
i ) ) . o | .
‘trailers; }
e ‘ ‘.‘4 : . N g
.7 . ThHe 'above. élasgificetion cor:e9ppn§ed elaeely

x - ;

to.the’ vehicle fleet found on intercity roads. Volume
counts covered all categor1e5 1nc1ue1ng An1me1 Drawn
Vehicles and Padal Cycles while speed observations

covered vehicles at (iii) to (viii) only.




e NETHODOLOGY. i REERE
- I, ¢ ! r
Wethods of Speed Measurements‘
:,t.if" N .,-; Ji‘:.e_:f.‘ﬂ.f' Co Lo ’ ST e i
. Various meth?QS égg“avéiﬁgblp fo; the megsqfemggt
O A o A R B e ’ ‘
of vehicle speeds .and traffic flowsy The use of one method o
or the other wduld depend upon the purpo e in hand tyﬁélofKIQ)
1nformati@ﬁﬁﬁqédedﬂdﬁdﬁthé Ef?é_ofgéquiﬁmeﬁﬁiﬁééduéébné“the
: | _ o
various sﬁﬁhisﬁiééféd‘méﬁ%hinesaé§ﬁiiébié: For éxaﬁ;le,the
regulation“ﬁﬁﬁ'éhfd?éeménf.qfﬁSﬁéed 11m1ts would réqulre z
apét speedﬁﬂ.ﬁﬁTth'b%héf HHHﬂ:ff5r:défé¥miﬁgng ié€é1‘of:‘
service or ef{ébfﬂafﬁﬁbngﬁﬁtﬁﬁhﬁ'%ﬁéfggg égéédfﬁa”éﬁ£gaa:
section would be y?;dgﬁﬂ;_hiﬂ;;l N }n‘vﬂﬂ o o v
T,ﬁost of. tbe speed,measureménts cun bed ﬂlVlded
into two. pa;ggorles viz lbng base. or: Bhort base.-Theflbhgff
base measprements areumadewwherewinfotmatibnféh”ﬁburnéy
time or journey speed and traffic delays is needéd, "On”the”
other hand, short base mcas?fements gre“mdde where uﬁovmt}ml o
is needed on- sésg‘sbeé&;;“c;uising‘speédsl f?ée mov1ﬁg“;%%és
or instant SDEEdaj The mefhods fdr the two types oflmemnme-
ments ;relg;;eflfudescrlbed below sd that the scopei §qdf'y
methodology‘useg for the. survey areghetter appreci;ted.
Long Base Measuremehts‘* . | 1
The Eéthods mésghé;mmaglg:used for‘long base_j i
measurements éf; thélﬁeglétggflén Nmeer.and Msvlng .;
Observer Method;:féﬁé;éupfe brlefly!éesc;;bed‘belbw.:" .

LR




.

.

Registration Number Method!

.Two‘obeervars‘equipped w1th

!

waLches are statlonediat no;nts beLw

synchfonlsed

een whlch Journey

times are to ‘be measured “They w111 note down Reglstref

tion numbers of vehlcles dnd the1r t

img at whlch they

pass | edCh DOlﬂt. Subsequent comﬁarlson of records made

y the two obse rvers enables the ‘ast

1mat1on ‘of Journey

LA

time‘and sp leecd over the road sectloq.” SRS

[ .
' ¢

T

One method of sampllng is to record

'tion.numbers whlch end with a,spe ifi

‘_A‘

Moﬁ%ng_obsefver—MEthodf”?

4 etbod is sultqble where ‘the dlatanc

<
1 H

ore than half a mlle.j'

or
L ' ““ : - [

As observer 1n a cart,: ean £ty

"y
I

traffic Stream on the g1ven road sec
F

glve average jcurney tlme and sgeed

Trafflc can be sampled lf the,vulume 131high.

only those revlstra-

@d dig'tnfmhis

EPa

e is large at least -

avel along the
tan. Th1s w111

‘for tbe seCtiep.

This pfactice is followed'on congested road int o

urgan areas.
The observing car can also
vehicles on a road section and recor

practlce hes been used for speed mea

/
3 i

.

follow different
d there speeds. This

gurements on rural

roads end moLor ways. Several other variations of the

nethod have been usie d '

f , ‘4:;1.‘1.
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Short Base Measurements: R ,f‘,ggf;, SRR IRy

The methods and equ1pment ueed for short base
meaguremeots include speedometer sznﬁle/double obeLrVer
method, eooscope, pressure,'sE}ios, radat electrouic
equipmenﬁ; areal photography etc.hThese are brlefly

desc rlbed below,‘the\method used 1n our survey belng

expla1ned‘1n more.detall -

Speedometer: STl NI : -

‘f‘—'_::.“ .

LW .
-

The meter of th vehlcle 1nd1cates speed-at any
: YL ;

time‘endiplece. It prov1de3 the closesbfapprox1mat10n to

>

spot speeds; A 11m1tatlon of thlS method is that onﬂy the

drlver of a vehlcle can see the Speeoometer{ It is not

: ) .
acce531b1e to out. 51ders. However, an’ observer 1n a test

e ‘

vehlcle can follow other Vahicles: and: note -their speeds..&f

It may be added that a8’ a ‘vehicle moves,. the -needle of the

Speedometer moves atouhd ﬁenend1ng upon- changes in accellc—
ration, When such movements are large, it may_be;deffloplt
to determlne the exact speed, Therefoeeb this method is not
su1tab1e when average speeds over éwiﬁééh£5uté“ﬁre‘n§€aed

3 5o

However, a test vehlcle may follow vehlcles found ot theroad

for a, whlle ~and pote the. epeed However, when the road

s

section 1s,eme11U1t may be dlfflcult to follow other vﬂneles

l

and to turn the test veh1c1e back and foth In such cabes{

other methods may be more suitable,
S S '

o g R




'”Qihglé'Sbserver~Methos:;.

)

.Tbejsimpleat mé'thod for@the-measnrement,of
spéed of road vehicles on'a-small seection is .to mark
é givén distancé.on‘thé”rdadﬂand.record the time taken
be vghicleéjto traverse this distaﬁte;by meang‘qf a stop
:wéiéh;wTﬁe'oBServéf cat be,pbsitioned at an elevated
plécé Béfw;én'Eheifwonﬁbih%s'éo that the markings on
kﬂe'fbad‘é}e cléh%lylvfsiute to him,..The observer can

r

start the stop-wdtch as a vehicle enters the marked

’ ;'régiéﬁ'ﬁnd;gtébﬁéﬁé”Wgtch when the vehicle:leaves that
Hééég{Onﬂéﬁd”ﬁdté thd timé, "This has many¢adv§ntages;
The ogéefﬁéfidﬁéhcén*ﬁé made“étvanY.PlaCeaﬁd,the type
&;fEﬁéhiclé‘is }ééogniééd which-is difficult with
automatic.machines. It costs less for gg:yeys_and studies
.. of short duration. N et

.t prie ‘of the limitations of this method are that

PUiE give spee&fover_auve:yw@méll_po:;iqn,qf the road

]
; .

“which may or.may not be representative of the road.

'éecfiéﬁg}FQf‘averagepspgeds,oggr,lpqger.sections other

B

mehtods:imay have to;be;uﬁgdghw

S
" This mehtod of “obéervation is:however subject
t;.é}fbf%'bfhﬁﬁfailnkfahd*frﬁctional;misjudggment
particularly when working on shoxt distances where a
differente of even one second can make a large error

in speed,




Two Observers:

To reduce such errors of:parai{éi;,£h§ ﬂisfancéj
between the two points can be"iﬁp;eﬁaeé‘by_plécing'twg _
observers at ¢ach end, One QbServer‘céhfgive si§ﬁa1Vtors
the other by waving his hand or a flag or llghtlng a
torch as a vehicle passes near him end . the. second
observer can start stop w;tch-whiég ﬁe<wi}1 étdﬁyuhgu‘ , "wwy\-
the vehiqlg-reachQS'him, TﬁisugillTincrgasé:ﬁﬁeutiﬁé 1 R
and reduce the errors of ﬁisiudgeﬁéﬁty ﬁéé;;érgythi;”.
method is also inefficiéﬁt; The fréctippéi misjuggemeﬁf
can increase due to rea;tion time bf.twq ggéerygps;
Besides, this method wilf'be‘gpiiéble oﬁiy where ;ﬁé?“
traffic volume is 16W.;S otherﬁiéﬁ'it'wouid be difficult
for the second observer to rééégnlst thé veh1c1e for wh1d1

31gna1 was given by ‘the. flrst observer. In such a

case a 31gna1 obs erver . wlll remaln moere su1tab1e. :
Enoscope: R

To reduce the Error of parallax,'a very 51mple
and small 1nutrumpnt i,e 'Enoscop ' is usedr Ihls is
a simple mirrof box which when blaced on the rbad'éide;

i

bends the'line of sight of the, 1nvestlgator to rlght

ty

angleg to the path of movemenr of the vehlcle as it

enters or 1eaves fhe zone of mbasuremént As a'vehicle
| e : r
passes, it castg a shadOW‘bn-the miifor,'and'the=stop

watch 1is startéd'dr-stopped.‘lf the investigétar‘ : T



ENOSCOPE, AND METHOD OF USE
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stations himself opposite ome end of the zone, only

one mirror box is mneeded. 1f two are used, the investi-
gatbr may be anywhere between them, Thé design and

use of the Enoscope are shown in the accompany of

graph.

The Enoscope is not satisfactory in heavy,
multi lane traffic because of difficulty in associa-
ting the observed shadow flash with a particular
vehicle, Also it 1is sometimes difficult to conceal
the mirror box and investigator from passing traffic.
It is also liable to error due to reaction time for
stafting and stoppiﬁg the watch, The difference of
even one second can make considerable difference if

the distance is small,

Automatic Equipment?

In order to avcid errors due to visual
obsérfation (Parallax) and manual operation cof stop
watch, equipment with Pressure—-Contact Stripes, either
pneumatic or electric, may be used, The passage of a
vehicle actuates the gtop watch, However, on muitilane
roads with high volume of traffic, such devices will

give confusing results.
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R

=
2

ar:

I

receiver units which

equipment i1s however very expansive and not readily

available in Pakistan, . S N '
. R EEE [ Lt
B L P IR o
i s iy . 1-«""-"”'"
Photography:s- v 0 o 0 et g co RS
L ooy S0 . L TR ‘ .
Time serles of photo raphs gimilar to those R G
employed in notlon plcturea have been uaed in sneclal ;\ IR R
T 4 Lotk “L' h o
cases concerned w1th dctalle Eana$y51e of the t1me speceifwgﬁz “
‘ o TR o

latlonships “n trafflc. By DIOJ ecting’ the fllm on . oano o E
etk v R *

x'-.:-
i-.

B L ) ‘ TR
especially prepared rld screens, the'dlstance values .3 TR
e T . C el * -' 7 .
are read, These ére‘dividedwby.the?coﬁefahﬁ time Co e aae T
toh PR TR T v
PR SRR * . A AT
. T S ety b ‘ o .o =
differential between exposures. to«fifd 'spot speeds, . ..l
)] ‘. o . ‘}.! Lo . .
Recommended Sp301ngs' R o +
The visual‘eba rvatlons whe ther w1thu¢he‘help .
. . 7 e £ 1 - N -’ H
of Enoscope or otherwisehﬁnﬂ hanual watch gpen&tibﬁEZ ' ,
o . - (o a4l F Y . o an I
are liable to fpﬁeﬁional“ rror in recording .time, “Such
' ‘ T ' : R T S IR L

4m error can %EyrﬁdﬂCéd‘td within 3% to 5% by .adopting

the appropriate distance depending upon the speed of

vehicles, The recommended spacings are as below, e

I

op e b
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Table III (i) .

Recommended Spacing for
different speed levels

| -S-.REE‘JE PR IR i i D nCe Y ‘
25 mph . .. citsEEE _<
“46 mph s ATEL TR v ‘
60 mptc Y 352 Ft .t e

. DT R AR
The above distances are a multiple of 1.468

and can be varied accordingly, One of the advantageg -

of above recommended distances is that they provide.sd

constant number which when divided by the . time :takeniby. -

. A, I , N .
a vehicle *td “triaverse the distance glves speed pern -hour.
For examﬁle;'théfdbhsfhnt number for a di&tanpe of. oo

.

88 ft is 60.°If a Vehlcle takes 8 seconds to. cross|thes:f
distance, the ' speed w111 be 60/3 = 20 mph, Similarlyw
with 352 ft d1stance the”constant number is 240 which i

I

when divided by the' tlme taken bv the vehlcle w111 g1ve e

speed in miles per hour, If the time is 6 secon s,

the speed w111 be 40 mph .and .s0,° ‘Howdver, w1th the

avallab1llty oi small .computers avid caiculatlng mach1nes,

.

any dlstance and tlme can be. cunverted 1nto soeed w1thout

any problem of calculatlon. b 3
SR - i Ly
S e aan T A vt o
Method Used: -~ 2.0 000 C , , N
: : : : . I RIS

The spedd measurements for the survey
were made manually by a Single Observer Yethods.

This method was more suitable for the purpose in
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hand as the observers could be -placed at any place, The

method was also Ieest_expeneive ae.the‘obsexva;ions did

Do e e e oA

5o

not call for much experlence and expertlsea Brief
{

=r‘

(l’ - F H -
instructions were suff1c1ent. Be31d s, eny of the i

S | 'Yj »‘xr A

fruboab
equipment for speed meaeurements whether us1ng pressuger

strips or radar type were not available and budgetary

. . -1 Lo
R PP o EFCI I B ..(' B i ! ’ ' N Tk
constraiwts: did not allow expenditure on such equipment,
) . Ty e g ) U R E AR S

The procedure followed for Sneed meagureme engs

gy T o 5,.

was as follows. Two whlte palnt 11nes were drawn L APTOSS.

T
.

w‘ EE R B

the road sectlon at .a dlstance of 3 2 ft apart. Ans e

. [ w
fne 4 at Tt v i

observer was po 1t10ned at an elevated place between,. .-

- L i
L| b ‘i g

the two marklngs w1th a stop watch‘ He would watch ‘ L

‘

the on coming vehicle, start the‘watch'as soon as the

front wheels enter the marké&‘-“”

decimal point in the- “fotmat Annex f

The distance of 352 fry is recom@eded for -,

Wy .
-

speeds over 40 mph for max1mum accuracy. A 1arger

- *

distance would be leéss cl 2arly v151ble whlle the
Lo o e b B b i
shorter disgande~wouldxresuﬁt'fn‘larger error 1in

RR

recording time. ‘The range of' érror due to measurement

is further examineﬁwbelbw.

Level of Accuraéyi

. - . S B T s
IRy P HEEe .

SR S

As the speed measurements have been .made . -

4 ot e

manually the 1ndlv1dua1 oh ervatlons are not likely to. .-

T T

ot

be as accurate as one can have w1th glectronic or

2
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mechanlcally operated deV1ces. Most of the stop watches

have a d1v1510n of .2 seconds, The differenca in
fecording time(is-ﬁhe;efdre likély to be oﬁe decimal
point, o ‘ |

A simple éaldulation wiiiIShow théé a:ﬁeﬁicie
running at a speed of 25 mgh will traverse a distance
of 88 ft in 2.4 seconds andb; différggce'of .f second
in recdrdiﬁg'timé”ﬁili result in anféf¥of*ofi4;bz
in speeéﬁfn'ﬂﬁﬁj*Tﬂgﬁeffo§’éfﬁthGOEHéf”sﬁé@dé“of
40 mph and 60 mph ‘dnd with varjlng dlstancea 6f 88 ft

176 ft and 352 ft w111 be as follows.'?“ff-z T el

L Y
iy wo; Rable Iiz(ii)
.Percent Error 1n dlstance due go
dlfferénce bf 31 be cpq.d B bimE,. v ey
O T B e S een - . . : .
Speed 88 fr i'%'e‘fr,' Tasape
B R L e T | 1.6 .
60 T0T N islge 2,5
It w111 be seen that for dlstance ot 88 ft,

the llkely error due to a dlfferunce of .l second

L o ' ¥

. R B P

in time w111 be 4 1/ for vehlcles at 25 mph 6.6%

for vehlcles at 40 mph and 10 1/ for vehlcles at

60 miles per hogr._@hen the dlstance is 1ncreased
T D B R R e Co iy . .
to 176 ft, the likely error 19 reduced to 2 G/

3.3% and 5,0% for speeds of 25, 40 and 60 mlles per

PR ‘ e LT
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hour respectively, For a distance of 352 ft, the 11kelyhﬂ‘

[N -

error will be further reduced to 1,0%, 1.6%Z and 2,5%

pauron omu oy

ot
at 25 mph, 40" mph ohd B0 mph respectlvely.

g it oa P IR PR N LR TR o orarrydoeer 0 Tondnn

It would bg‘f§en th t higher speed levels are . . .
RSP IED S T SR G S SR M N e TR TR T T Ty T re

more sensiti
£

e

¢ to errors in time ;eqprﬁing A differenge.
L N B IR “ ‘\,‘f.' R e 1,-‘!; i 1 RN Yoo e

PRRA

of one dec %ﬂ 1 point of socond will resplt, ip a differepce
=3 SR TR T IR [ S AL I A IS,

of 1% in speed per hour when the speed is. 25 miles per. _;

fiour. The error would be of 1.6% at 40 miles per hour

e idnue eomgns
‘ A . i

and 2,.%Z at 60 miles per hour,

T el wk P

"A} M L )
ion of wvehicles

B
‘.u, £ 5g 11‘1:‘ s

H REE |
However,'as a 1arg9 proport

P L 11 I'i',-?’.\i”:\“ TR
falls 'in 36 50 mlles per hour ‘speed rénge, the rikely

ELN S I : rgvp ot ot B . TR LU 4 SR iy * ‘ ! ISR S 3 17
error would'be in the rahge 1,5% to 27,
v b paeon DA o R R R T Po aern

The random varia tio ng in recording time wopld . ..,
HER sw 1 el [ I T I

= R LI X

cancel, each other, Moregver, whep the datas is classified

LI g Wy

into groupg, differences withip the groups are absorhed. .
i HES I T EERSERN R SR S v B AFal [P N I tAJ‘.‘_.‘ i P X

into class 1nterva1p excep? those overlaplng thc class .

{n)"

11m1ts..Th?se too would a%§0¢gange
LMY LT anTisla s wed

1. gach other, Even., ..y

FrErCe T O

otherwige their effect would be very small, The resylts,,,

+ L/
would th?reforc beAaccurate wlth,lgasbthan - 2.0%,, .
N SRR T T ] RN SRR R

variation,

Volume Counts: .o—idnsisvoscda a o Fadeiny et mioond i boe

In addition to spegd.meagyurem _nts,vinﬁqrmapion
was also collggtqd}%gqqtigh@hqqluma;gﬁvgragﬁiqﬂggwplaqes”J

v l

where speed observati

Q

ns g:gjmaq§qA?hqqme§hgdhqf T

making volume cqounts and‘the,one#used_fqr_ghe_suryey are
N TV S A R S A L N A

briefly explained below,
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Methods:: . T ' R .
m———“—q n . oL N . !7 )

1 leﬁﬁé”bouﬁté'can be made manualiy; by 51mple

automatic machines and by more r‘ophistlcaf:ed electronic
equipment, The usé of one type' of macHiné dr‘the_othe;

will be determined largely by the purpose. The‘;

K

su1tab111ty of different ‘methods for varlous purposes

A,l

is brxefly explained below'" - E . ] ;

Manual Countinmg: ., wiv o 07 e

T

1.
,,}

., Thi's {s the 51mplest method\of measuring

traffic floWS¢i It 1nv01ves cdqnting:all Vehicleg

BT T Tt . B
that pass*a“f1Xed point on a rbad';sz requires no

special skil&&“:no setting up of machines,rcountlng . .
can be shifted from 1ocat10n to Iocation at w111 ‘ |
Vehicles can be cla351fiedaccoidihg“;o type,-accobdﬁg
iﬁg to time, ete, This is the cheapest method. for

short surveys, For surveys of longer duratlon, Caa et

like the permanent ‘counting: stations the manual cou—:;**
o l'

nting becomes ardous .and -mdre’ expen51vp. In such
‘!4 ) . S L -

'

cases automatic counting machines are more suitable,, & u'-
.. I E e
These can be supplemented by manbal counts on, - PR
o 1' L . [ L ! . .

sampling basis for vehicles classification,

"The other dfaw”bécks'dfwManual.Couﬁtihg
are its monotony, possibilities of missing the
vehicles and miss-classification, = Various agencies”

have, however, devised different types of forms to




overtome the monotony. In order to reduce the possibiwl
lities of miss-classification, description of vehicles
is supplemented by sketches and photographs for easy

recognition, A similar form was used in our survey!

Uolng thls type of Form with upto 10 classes

of vehlcloa, g normal-?numerator can dea] w1th upto 800

o ¥ R

N

veh1cles per houyr’ and? an 1nte111gent enumeraror can,

for shorter perlods, count upto ?000 veblcles per.hour..-

:

o e

However, it is best not to exceed ! 600. vehlclés “per

hours In our survey, except for the, Iglamabad nghway,

A

hourly trafflc volume dld not approach this levell
ot cararind i‘:

. '."iJ(: - . .

po o _ o T,”-

Hand Talliqahij e

Pe settable hand held counters, usuﬁlly called

hand‘tallles,'are a useful ald to @anual countd’ Where

o3
‘s\

a 1imitéd'humber of veh1ce1 cloos;ﬁto@tlonors-suff1dl-

¢

ent.“ThéééJhéhd tallies consistioﬁdaﬁjpurﬁfigmfo‘

counter unit actuated by the movement of a pusp button.

“J,‘ws,:ww‘
Tho coontero}Can‘be used 51ng1y or seve;al llnked e

ot N
PRI ik‘ vty

togethenbaﬂTha é1ng1e hand tally is most ftequentlywn?i

A |'."4 “‘,‘.'\ K

uqed Jor a sbralght férward count of total flow on a

road as fonnCﬁrrying'out g COmpdratlvc check count at an
. ot : '

,~.« ’_‘:'i..l

REEED

automatlc counter, sités ~Thé' multlple hand tally is .

oy
BK R

commonly used for. taklng ‘a cla551fled count of total

- re ERR

.
flow whllc other data are belng collected e.2% vhelcle;

" J 0 o !
R B S

speeds.\ It can also be usod in count1ng and class1fy1ngy

i
T

the opposiogwtr§f§1oustreams»7iﬁ7,Journey time surveys

PP T S N
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L

by the moving=~observer -method, Vehicleéuove%taking

or being over-taken by the testvehicle can also be

counted in the same way,. . o
. St NP PRt * , .
P o R SR URS) ‘»‘, o “\.a_'_s oS
Automatic Machines o' | . o S
> e . _ e

éﬁhﬁtomatlc‘tounters can be used contlnously

' N DAY \.‘l‘l \\\ P
over 1ong perlodp and wiltl count ﬁme number of axles
L \.._\'

p3951ngﬂa glven 901nt.. The: automatic counters éan

g 3 . 5 . .
Ce c1a851fy the\mumbers accordlng to d@ﬂe and t;meﬁ
However, it ds not yet.ooéslble to class1fy tr@fflc'v
A1 '4-" Lt o )
accordlng to type of veh1cle. Therefbre, upple—‘
A Wt ‘ . ]

mentary manual counts are made when 1nformat10n oE

this: néture is requlrediqn*
‘\ T .- ‘! )

. ? R ) s Y

. coy ’ - AT b

the most advant@geous use of traffic tounters
caq*ﬁé”made in the neasurement of long term tnends 1n X v

>

flows at "permanent" counting 51teswlike bridgesretcs R

The essentials of an automatic traffic' R

S (AT

counter axe a means of detecting the passage. of a R
T [ . ' “..."' . L [ A N . . ’ Y

- ot y o .

vehicle anq.ﬂVdevice for\countlngqf'The detegtors oy
LR \‘ L - : -.-. ) R it

o : colng

are of sevenalﬁfypes_eﬁp P031t1ve contact, pne Umat1c, AR
i b ' ;’-" :
hydraullc, magnetlc, photo electr1c, W1re, capac1tor, _

rodar, ultrasomlc or 1nfraed ' A11 Jhe deLector o e

. O B .
: i Ve

type counting machlnes mqrely record ‘the number of’ ath.‘“
0 - g

v [l‘ R . - |
A .

The main draw backs of detector type countlng B

0 [ '-‘ 5 T

machlnes are- thdt vehlcles cannot be cla531f1ed“1n

any way and vehicles w1ﬁh mWore. than two axles cannot . - N

be compensated such as arblculated trallers.‘ R
\..‘\ o .. ." ot ) ‘
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+

qugtlngt;dn W ais ndtwmade inTthe d

27 -

i ! . R

Begides, Vehicles running pide byfgide cannot be

fdistinguished so that there ig under pst

multilane highways.

3

Lk ¥ e
= |- : _
When veblgles need to be c13531f1ed the machine

counts are, supplemented by manual count1ng on sample basis,

; -t
Vi

AN

manuélly,l

k i
An obsefbbr othep than th% oﬂe recondlpg spedd 'was posted

near ‘the pla¢e whcge speed measurements were made.

o Fal Srea b

Vehxclea were

-

clase;flqd 1ntp qiéht categorles viz,

i
Cy

l .J‘,A‘u_l .

Aanal drawn Vemxwl‘s) padal cycles,wmotor cyclezq

n gt . I [ERa

carsg,
{[, IS
wagons, bu&em, trucks and other vehxcles. The form

‘i i (r’(

used contalned separate columns forfeach ca;egory of

‘R vehlcle. Everm,column;hédxpre prlﬁbcd numbers wh1ch were

i

Lt R et T

crossed by th observer 33 a vahlcle passed before him,
ui' :

ifﬁction of trafﬁica

i h

d'scrlbtlon of veh1c1e types was T¢f'

supplemewted by photo sketches. The Spec1men of
form used is gmw%m‘at (Annexuxe IX) ‘.
R EH
L4 LY N I Y . i
e oo
H . . . o
i ! J nh g -"l‘ H I.w ‘
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_Chaptér~wulvﬁ:

‘ < “DEFINLTTONS -AND GONCERTS ... .
~Definition of Speed .

The copcept of ppeed involves movement of an
' P A SR ‘ AT

#:. object over some distance and pﬁ@s will require some

time. The speed is thus the ratio of distgncélﬁfavelled

to ‘time of travel. Fddly,.. 1t is defined as
W s e vateeew o (1))

L]
ir
) rr"»lzm

Where 'v'’ tands for ve10c1ty and represents sgeed

"“of travel,u~' e T

(R ' SEUTIVIFR By j; a e .
'st Stands for spece “and represents distance
! .{'.L [ i Ly :
' of travel and I g
. . :'l I ! 1. i _
. . TR b ] 7 i.‘ [} . Beopin} ¢ SErey
~ Ft?.is,tlme of t:avel,
! SN S RS e ce T A e £ .
i gl e L Lo & .
o Lrgivén any two of the variables, the third
., can ber found by solving the above equation,- o VBRI e
¥ . - .f‘l = - . - . [T
R i Tert ! . "‘"F“-l*‘..-"-

Speed can be expressed xn any bize of Hn1¢s V1z,,=;

F' : ";'-"""\lil"- L4

miles or kllomeﬁers per hour, fcet or meters per ueCOﬂd

etce, etc. opeed can also be expressed elther in terms of

dlstance p;r unlt of tlmES as miles per hou% or’ feetiééfnh |
. eea L oo e

second, or in terms of tlme per unlt of distance as so

many minutes to travel a distance of éé-mgpyrmrles,lﬁﬂm}fuh

meters etc,. )

In the case of motor vehibles;fépegd ie most

commonly expressed in terms of miles or kil@me;ers per

hour, Vehicle speedometers also indicate speed peyr hgur.
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The other expression of speed viz,, time per unit of
distance'is used: for ground measbremenfexof'speed. A
”givee dietance ie ueuafly fixed and time taken to
traverse this distance is recorded., This is then

converted into miles Rm/hour or ftf/sec. etc,

There are different concepts of highway operating

spcede, One are: based on the 1ength of dlsrance uged for
i b ey v S

speed measuremente. These can be1d1v1ded 1nto two main

s N .
S oE s 3- Crets N . BRI P S 3 S [

groups, - Onc ‘are short base measurements and the other
‘ 7 . '7'1-_:«: i v R TR E

are long bese measurements. Which have already been
described in the bréﬁee3rﬁg“cﬁé§teri The 'difference between
the twe  grotpsis made by the length of distante used for

measuring speed, There is however no clearest'line of

demarcation to - 1ndlcate wvhere one group beglne and the

is the spot speed

H

other ends, Od fhe‘dnefegtféﬁé;*éﬁeré

ol aba T P Lt [, )."_, ey gl Gl . ) T S .
whith 'the-speedométer of“thefvéhxclé 1nélc§tes at-any

?pOLdt id- trme”ana syace; of" Ehd ther extréme ‘are the

e 1ol T . ORI LA WP L Yoy
trmeewrecarded by observers - at tWO cnds “of a road
@ Tarmh o gre e T P R I PR AT P
The other concepts are based Qn whether
e Y AT AN ST

distance or-time-are used a8 a base.‘ Iﬁ the formerjcaSe

‘
s L e 1 :

the dlstance is flxed and t1me taken by the obJects varles

R S T I - .

.88 was. the case in thls‘ourvey. Alternatlvely, tlme can be

‘_| y b

f1xed and dlﬂtance traversed can vary as 1s expreesed fpr
- o 4

o e oy

speed 1n m11es or krlometers per hour ot ft per second

an Ce
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There are still other eonbeata'baeeﬁ on the

i

methods of computation used, One methbﬂvprbﬁides%apaée

h . ) . ':A'z - l';.;n"'i' N . L
mean speed and the other time mean. gpeed, ‘
<. ey Lime mean. . |
B P S i - T oo o FEE N Lot
il I o ' :_‘ S :
L 8omé of the frequently used concepts are
Y - .- T

br1ef1y ekpla1ned 1n the. fdllew1ng paragraphs.

R O R R f ‘
. - y . D
: S PO t Spee d = . P T :
" - I
o v e ‘ .‘ . o 0 R :
Sprdeocaasx o cumfe e ok Tap sty S e T e pded D

The apeedghas been 6efihed“aa;thq%faffo-df“u

. distance td time. There should be some distance which

Y Ty S‘
AN

ﬂwiﬁirbe‘travelledlovef éomé‘time.howeverWsmail it may

-Eé: It is most probable that speed over a glven distance

w111 elther be 1ncreasxng; decreas1no ot constant.
'Hnwever, by d1v1d1ng the dlstance by tlme,'we get an
aVerage speed. The d1stance used for measumlng th sneed

ay be qulte Small ot 1arge£ However, Jhen“the dlsfance

.\gets smaller and anproaches zero, the r@auiting ‘speed
K i g

48 called‘the snot speed The spor mxmﬁ is thus speed

i
k]

at “a DOlnt in space and=moment in tlme. It may also be
¢ ' oA
.

callednthealnatant apeed The closeat approx1mat10n to

i

_@pot speed is prov1dedlby the speedometer of the vehlcle

which 1ndlcates speei at any mement of tlme and pornt in

space. Measurements made by radar:and eloctronlc equipment
also pr0v1de dpot sFeeds.‘For manual measurements m1n1mum

PR
IR

‘w;dlstancea far spot speeds exteqd;upﬁd hundreds of feet

i . ) N
s0 as to‘herM1e1hie ‘to an Obﬁﬁrﬁﬂfk‘J

Lo t e o vl
- ' B A . o

LRI . b
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- Time angd Space: Meani Speeds:’

‘Journey Speedt

‘This is the average speed maintained by a

vehicle over a given distance between the two journey

oA

.points. - oo

Sl et '

‘. .l ='rr : . . - . N
o The d1stance may con91st of\a;roéd seétion which

' may Ee of sm&ll 1ength in an urban areca but of . géveral

miles in rural areas, The time . Spent at stopa on the way

do aooemir e e

The dlfference between spot: speed and Journey
e

‘speed 10 of degree only rather than of natore,’ In ‘both

[l !
H

A

'daées, the 5peed is an average of .distance, “£o'T- a unlt

3

:b%'tfme. There are noc hard and fast‘rules taldpterm1ne

4 Lob

Cppe Timit of d1stance for ;ourney and s ot speeds.'The

ﬁinimum 1ength of d1stance w1ll depand upon: tHé capability

,,_—t .‘;-.' .g' H
. : g

of"measurlng.1nstruments.__ ‘,11,,,“.5*T

R I v

PO I R ! b

. £y
P ]
T oy !

Speed measurements are often made in tlme“units
T 1 '?_

i s
e

with distance being fixed, as so much t1me to cover a

glvgn dlotance. When MOr @ ‘than cne observat1ons are
1nv01ved and an average is, requ1red there w111 be two
3 [ : .

ethods.of ¢alcu1at1ng this,K averhge." One is to average

the 1nd1v1uual tlmes and then convert thla average 1nto

speed as miles per hour, The seconﬂ method 15 to first

convert. the individual t1meq 1nto speed as mlles per hour

s

and then calculate. their average; The former will be the




vl

i
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Time Mean Speed and the latter Distance Mean Speed, The
average speed calculated by the two methods would be
slightly different as the arithmatic and Hazménic teAns

are, -

The'éigﬁffféaﬂdé of ‘the “two concepts s tHat
”highway.operatingAspeeds are usually measured in-tine "7
per un1t of dlstance but .are most commonly expressed in

terms of dlstance per unlt of tlme. A certaln dlstance

i .
s I i

8 fLrst markeﬁ and tlme takcn bo traverse that dlstanc

LR T

8 measured, This is then converted into spoed 1nm11es per

r o K 3

hour, etc, If the times taken by vehicles are flrst averaged

"and then converted'1hto dlstance, result1ng average speed

‘would Bd diffdrént “frou - ‘the dheed if it is calculateu by

CTivet conVertlng the tlme inté- &1sfance amd thﬁﬁ averdging

the sdme s An ‘exapTe ™y ii' 1 ridke “the “poidt elear, s

ST e R R N F St Coe BN Lo ".: L
Example
JxT?TgT* B R IR A T T

If three vehicles take 4”5 and 6 sccouﬁs to Crosg

a distance of 352 f¢t respectlvely, the time and space mean

EE . s : Do e
- R A oAl v

speeds will be as follows,

SR R seE i h R A )
Tlme_Mean Speed:
ve g : S e T A S R L I
4 + 5 + 6 = 15,% 3 = 5 seconds :
RN P Mgl b P e i i ‘. N S Lo

5 sec, for 35? ft = 48 miles per hour,

R IR S I KRS I PR e T I T Y R TR

g : P I I |

. ; N
! J 10 . B i ! i
I 1 3 i £ '
> ;
. ¢
, PR R i
. ST ;
¥ '
H + ]
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EJ_P ace Mean . q D ae d: _.. -. e .,;,

ggconég; MPBM‘N;Wwfﬁ@fmw

LTt = L 5 ) : . . : 48 -

A T P S R A : . S e e . RN

6 o . L o .r_.-’-llOV__’_‘

: .y : E : . ,jTOt_all 11}8 -
B i T v . . EE PRI A

S T o -}”AVéfhg@H.49J3
Thc pame, reqult w11] be obtalned by haviﬁg

\

Harmonlc Mean of tlme valueq and then conv rtlng 1t

into Sﬁued in mlleb per hour as below

. R
..1_! ERE. Tyt L

¥
e ‘-_‘.‘. ' HarmOﬂi-C Mean = L0 N ERN o AR A TS
‘z“‘“f“‘ 1 -t %, 86 ‘seconds
k5, a6 T D :

co S 27493 mph

1t would be seen from the above e%&ﬁéif that

ghen: the time wmean speed was 48 MPH. the. qutance mean
gpeed wdrked.odt tb“be‘49,31mph.'Theidistance-mean*~w
speed, 18 always.more thap the time meqﬁ_ﬁpeeﬂ-asnthe'
harmonic means ie larper ‘than the afithmatic mgan.:For
a,mathématicﬂ1~pr00f,, ference may: L he made to- o T
Appendix . 2, Chapter 3. of-Reéearch On,R@ad;Traffic by

TRRLf1965J; I R T R

; ' o T S
.__!A( Y a o E co R

In the case of motor Vehlcles, the distance

cepet

mean speed 15 mort felcvant as 1t is most commonly

understood.< !
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Chapter - v

Choice of Variableg:. -

The informa;ien“co;lected included tyq main
variables vi,; vghicie~3véeds and traffic volume, The

volume affepts-spe@ds. It 'is algo one of the significant

tions Were a sample, The iﬁfor@ation“on vﬁiﬁﬁé b%r
traffic wase thgrefore‘COIIQEEééTéigfgwith speed obgppa
vatioﬁg;:ﬂééides, toad widths at Survey pointsg vere
alsgo fleasured foy inVQSEigaf{ﬁglréf&tionships between -
Speed, volume ang width, The maiq;fgaﬁures Gfﬁihéiéaga

collectaq arq,hnieflyfdéséribed in‘ﬁhis:chapﬁérf

Iypes of Roads: }; v

'

except for ghg E&;amabéd:Highway which wag, a ‘tyo lane

divided highwayi_Inuthis éaée, each gide of the” toad
was considere@;asgafsépafété.section. With, the
8€g8regation of traffic,iﬁ'two‘directions the vehic}ea

¢. Their .

do not have to fegotiate the on comiﬁg'traffi
.

speed and Capacity of rhe ;oad,_thérefbré, increaseg, v

The speeds on divided highwayg a#e thérefore~relatively

higher thap on un~dividegd roads, The average speedg on

S



?w&s3ﬁheﬁeﬁqredgqt‘pbtalned;

;qﬂowcver,Jthe datg 15 not suff1c1ent to genera11se the

:"f-’
effectnof‘diyidgﬂwbighways on operating speedSe

o

Gradients:

LRSI The~road sections covered in the survey are

m@stly level, 1n the plaln areas. Mlnor grades found

oot

Vigwe not of. mugh 1mportancc. Informat1on oh ‘Frades

Ry R S S )
o

Lo .
Lo R P
B R

It ma§75é‘édded;that the.QIQPQJoﬁﬂFﬁe road
influences speeds which will be relatively less in the
rising direction than on the falling direction, Various
other studies give rates of change in speed with respect
to changes in grades., Therefore, on the basis of basic
data of speecd on a paved level tangent roady it_;ybuld

be possible to find variatioms in speed according to

grade by using ratics obtained in other studies, It would

however be useful to obtain such data for Pakistan at

a later stage,

Traffic Composition:

The volume and spee&?observations relate to
survey hours which commenced between & to 9 a.m and
concluded between 6 to 7 p,m, The volume and its compo-
sition would tﬁerefofe be quite ¢ifferent from avefage

daily traffic which covers 24 hours,




] )

The day time traffic is different from night

trafficwyTh@‘extent of difference has however not beeq

Py
HE

examlned,“The reasons for ruch g dlffprence are thatlocal

i .
UERE Sy Ty

and short . dlstance passenger frafflc ihy buseu and prlvate

B B
§

cars is found at day tlmo, mosLly d@xlngibg81ngss houra,'

only, Absence of this traffic at night increase the R
proportion of goods traffic. R
Out Linélﬁf‘batéw' o

e, P b sy

A brief dit 1ine cof the survey data and:itsf“
important featurea are briefly glven bolow. | : ' Cyn
’ i i vy

'3 K
Traffic.Volume:

0 f S ST

ot Pt
i,

REETAY The, detalled data on voluﬁe|of trafflc and

¥
.l‘.

i

o

number of ‘speed, obﬂervat1ons acoordlﬁg“to type of vehlcle

.
i -

for each survey,statlon are conta:ned xnrAnnexure II A

summary of data 1ndlcat1ng volume of traffic for maln
S B N
ST

road’ categor;es is glven below.
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Table V(i)

Volume of Trafflc During Survey Hours

VA;:NdQ'of Vehlcles

Road 7 T ' ' Percentage
Cat, Cat,I Cat,II Cat,IIT Cat 1V All Cat, of -Total

No,of ] o - e
Rd,Seci 2 Lot A1 Faiobe ggela g e gl o
MfCy. 1749 921 . 44558 0 . 502 nen [ BRA26-0 T s (1150)

PR

Car 4,634 5 76 3,287 731 13,826 (29,6)
wagon 1,919 TU,sd0 7 98 274"' -, 1;23 T L)
Bus H=5550”f‘4§034'*J156,33U £ r-1,1_32 e 'IZ,SAG SRR (26,8)
Track | 80 A,668. 4247 o0 . 752 o o 97T ¢ ¢ 1o(2048)
Others 3 2200 664 193 1,077 (2.3)
Total 8,926 17,047 ° 17,186 3,589 46,748 (100)

% 19.1 36,4 36,8 o 7.7 100,

R MR N S SR IR E RN Y

V "'1‘;’,‘5 ¢ SR A iy P
AR ARG I IS A E RN o - [

‘B, Average Hourly Volume

Mo, of ' ' ; R
Rd,Sec, 2 it 2 14 - 1
W/Cy. 97 10 L TS 1

car 257 55T 12 s 28
Wagon s 1070 -« 16~ toace g Lowie iy budennig
Bus . 3L . A8 . - 23 0 00 aateea2Ba L il
TruCRr 4 . 50 16 6 -9 Ll

I TRt BN TH B A

Othérs,;‘”4 IR R T ) 2
Total <496 . 85 . cedcide Tgp b v

It Qould be seen from the above that onm all the
56 road-sections,.the“toral’ ‘volithe of traffit dutlng survey
hougg.wgg%46,7481ygh;p10§..Thls yworks out: to.93" vehicles

per hour on the average;




In terms of Hourly Volume wh1ch are relevant

for travel Sptedo, there were 496 vehlcles per hour on

category I roads, 185 veh1cles ber hour on category II
- 1

roads {(more than 22 ftwwxde) 163 mehtclos 9er hour on
et Y I
category III (18 to 22 ft w1deb.and 30 vehlcfes peru

el 3
...... rer

~hh catcgor IV roads (sxnyle lane)
SERM

""-w-a»_.._,

of cahg;ﬁﬁ@.é%) which vere Iollowed by buses (26, 8/)

I

tfucﬂenfﬁoi87), motor cycles (11, G/), Wagona (9 5%)
e Y

and other vehicles (2 3%y o
,‘ N . . Sy e o R ‘.7-_ BN ".i_._

. ‘}‘,\

Accordlng to road categorles, ategory I whlch

Fo
i "\
P

lncLuded only Isiamabdd H;ghway, ccounted for 19 1/ of

n

traffic covered durlng surVey hours. uate ory IT ¥oads

! i .
which covered main roads,'mostly sectlons of T Road
and the like, covered 36.4/ ve hlcles. Category III roads

“‘—-L-«..-.

which included 29 road sectlons of 19 . *ft to 22 fr w1de.
covered 36.8% vehicles, Category IV foads, 14 in number

less than 18 ft wide, covered the remaining:7.7% traffic, .

1
f A

It mdy be restated here Lhat the volumo of
traffic 1ndlcatpd above relates to day tlme trafﬁ1o
during survey hours, Ehe proportlon of dlfferent o
categorlcs of veh1c1eb ankthe ebove volume would be :
:wdlfferent from - the proportlon 15 the ADT whlch coversjww
w24 houevvolume as’ the coﬁpo'ltlon of traffic, at night

£ IR BN

time is d1fferen* from ‘day tlme.,_ ‘ RO
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The numbef of speed observdtionﬁ.gqc@rdfng to
T AR i :

bes of vehicle conta1ned 1n Table (11) for-each road’ "’
o y N R

section fre summar1sed beiow;- ORI SN LR

R ol

N R AN 'f:.3 "-"T'&b"lé"":"v('iiy.‘Oi"":ﬁ - N

N ‘1'-.--

. . ‘ I T <1 s
. R iy 2 o 14
cr Number of Speed Observations
: ‘ . R T e

R 3 o ~y;n O
Road Ca ek O N B S ;n””“f by Percent-

- L N . : ‘ B . ,
Cat, =~ Catil Cat,IL Cat, 11T (‘at IV ¢ All Cata« Pagey
= . -y N P ST -

Lk K AR Pt T
PR pobe maEe T : ) . o

: e REUPEE SRS LR
Nowof .2 oo dLooesaiio@ 1A 56
rdigec, o R

ulcy, 372 467 1213 356 w18 . (9.3)

Wagon . 708 . - 654 n AR T e ) S G

Bus 309 . 2652 4895 1006 8862 S (34,1)

Truck 27 2110 30474i} 6£§ﬁ,“fﬁ 5800}4;£3£.(22,3§vﬁ14
other’ T = s ":Azo o136 ., 68l v (2,6)% 7"
ALL 2565 7976 12539 2903, . 25980 %, (100)

percent= (9,9) o 7) (48, 3) (11.1) . (100)
. age&. e . [ . . .

P
- r‘ . -

It would be seen that 1n all 725,980 sPeed

observatlons wete made on 56 road sectaons. of these,

'about 10/ were made on the Is 1amabad Haghway, (Category I)

'
+

about 31% on category II roads, more than 48/ on roads of
categqry III'and 11% observatlon on: roads of category IV
whicﬁ‘consisted single'lane;roadsy



riceilther, Only one observer was placed on a road Sectlon.

e

“Road o . e 5
JCat. Cat,I Cat,II "cat.III*f“Cat.IVv_ 411 :Cat,

Wagon 36,9 . 42,7 7.8 B TS KRR

“ 40 -

Adcording ko typs-of vehicle,ithe speed:
observatlons 1nc1udsd 9.37% motor cycles, 23 6 ars,
8. O/ wagons 34 1/ buses 22, 3/ trucks and 2 6% other

J‘MH - et
v -

vehlcles.

Speed Observatlons as Proportlon of Tr#fftc* leéﬁmmﬁ;";ﬁ

O T o %
E e Voir N ’p BT ‘ LR N .

LYoy o A )
i S PR e

bre Ag 1nd1ca;ed before, speed observatlnns did not

cover 100% traffic volume. ThlS wasg.- not necessary

n'- . I
13

1 )

He could observe and recor;papeed of only one vehlcle at

“'\--l R
a time, During thls;groqessjseveral_vehlcles would pass
e ; ....'_..‘ ‘, . R Il

[

by the observer, Thus onlv a porportion of vehlcles was

e b _:“ .

“ir

covered 1n speed observatlons. The variations in the

s SRFELAN /
-7~ .4_.‘,_, it {

~ - .

-f,"

v Loy

‘wicy C2ly3t TS0,7 e, 70,2 47,1

‘ . R
car a7 s ez gaet gy

Bus . 56,2 58,5 77.3 88.8 7
Truek'; 33,7 ‘"‘45i§*#P*37ﬂ*7r mjiﬁéhuQ;gf " 59,5

R

Others - '.:%h 56 8" 63 ZV*P-3£JD.ﬁu'¢ﬁ;pﬁQmQ

RSV it

Total 28,7 't4é;sw’""7s;b--qu-so;s-:*g 55,6

oo s e o




ST DR - ﬁbuﬁﬂﬂbe'$éehfE%a&?vﬁkihkiohs between

; road categorleﬁﬁure!hulte algnhflmantaIOn the Islamabad

ln-‘11‘111.3‘11wzuay (Categbiy T on'ly: 284 7%1veh1cles were’ “tovered,

.The«préﬁorti@ﬁ was'in@%@amedrtbrﬁﬁxﬁﬁg:73q0$rand 80,9% on

.%ﬁteg@rwillﬂﬁllluaﬁﬁ IV‘rb%ﬂ%?&egp@cbifEly. Théitfend for

+

:ihdiﬁidﬁal”typé%“bf’wéhic1Eﬁ‘iéthe'sahéf={&'zwf

e . - - ' .\
eortig i ol
:

T T B B ot T SR LT T l‘l‘l.!,' TSR :-':.
The number of speed o%servatlons are 1nversly

_Proportlonal to. 1um9!of traff1c, When the volume is

thgh, the speed observat:ons are proport1onate1y
. legs and vicerversa. For examp 1,.%., ,on, Islamabad Highway

‘ﬁﬁyhgrelghpiyg}ume_oﬁ_t;aﬁﬁip}wga%426fyehép}es.pg; hour,

Uﬁpgeﬂfqpae;ygﬁiopa;ggpgwgn}y;2§,72,of volume,. On the

,Ip;het_gggrpmelhthqaﬁpeeq_ohaeryagiqna_gre 81% of volume

for category IV roads where the volume is 30 vehicles

e n R P

‘wpef houf; Thls 15 entirely due to the mcthod used for

maki ing speed o%servatlons. B

i P .. . [T P
WAL i A . .‘-l";:'-‘l:"

[N SN LV PRI

.

At places where the volume of traffic was

very lOW,.lt was nob po&s:ble to cover all the

3 :

trafflc. Th@“marﬂ“reason-qs thﬂt ﬁehﬂcles come 1in

could Ve observedi.and noted. Thus,'dﬁly=d{proportion

of traff1c could be covered It is not necessary to

A -

cover 100/ of the trafflc iﬁhér. A faéﬁpnavié-sample

is enodgh”to\sefvé{the~purpo§e.-

S S { L

ORI S Loy wDd
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It would also be noted that Speed observatlons

.:I[;

as a proportlon of; volume 3190 varyfacaordlng to type

‘of vehlcle, The proportion of vehlglés ancluded in the‘F”” eban

!

”épeed obvervatlons 1s highest for Buses Whlch are

__70 6% of volume, Trucks aré abeut 60 ,lwagons 4733/

motor cycles 47. 1/, cars 4413/ and; other vehlcles 637

The trend for all road categofies esrthe same.' ﬂ*J’“ oy

_a‘-:-‘-.‘;-...»z:‘.‘--: En) P X

Normallﬁ, ‘the, proPortlon of Vehzcles covered

,;..-_,___

under speed observations should be the same. for all ‘ T,

types of vehlcles except for random var1at10ns, However,

it appears from the above that certa:n type of vehlcle e
e.gs buses have been covered relatlvely ‘more, than othef"m‘”*
types. ThlS aupPCt has been further examlned below..
The follow1ng table shows the pe£$e££53e-
dxstrlbute of vehlcles accord;ng toxfypeiunder_t:affie
volume and speed obseryat;ops. a
Table V{iv) |
Percentage Dlstrlbutlon of VGthlQS ' Q“*f' 7
e Treff1C" Speed 5‘€;:;:' _ IR
Typefoquehiclee. " Volume ' . . pbg, e o
M/Cyeles . g K0 9,3 RS S
Cars 29 6 2306 i .
Wagoni “ 9 5 E f"éAO'fq IR o
Buses . o 26,(8_,:* C 3401 L
Trucks . 70,8 22,3
Other Veh, o m2=3 2.6
T ot al; 160 100

e - --.—-n-—
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‘ 1f :the’ sample ﬁere truely rePresentatlve, “the
dxstrlbutlon of speed ebservatlons would be;the same.

' A E

as for. graffic: velume.‘There are however dlffegeqcee

between che two dLStrLbutloﬂS.

P

IR
3 b G

v S
. I

. The 1argest dlfference is between buses which

are 26. 8/ in traff;c yolume’ andiBh.lA sneed obrervat1ons.

Thus thelr proportlon,has 1ncreased by.. 7a3%- peints.”o

s e e g
Y

the other hand the”ﬁ?ﬁportlon of - cars has dec11qed by 6%
polnts from. 29.6% in “traffic volume £0 23 6% in 5peed

observations. The differences in other categories of

P ol h
G AR

vehicles are small.. o
) ST o

I Sh : ‘ ey

el .Buues seem tqweeﬁelighﬁly over represented
1n speea obﬂorvatlons and this seems‘at the cost of
cars. The possible reason coﬁid;be that buses are of’
larger size than other traffic and more conspicuous -
hence they attracted the attention of the observer more
than other vehicles. Another possible reason could'be“
that when vehicles are in bunches, the speed of only
one vehicle can be recorded, The buses operat1ng on
schedule would be more evenly gpread from each other
snd would be less in bunches, Hence more of them .arc
covered, The opposite would be true for cars. Trucks
are also over represented by 1,5% and wmotor cycles under
reprevented by 1.7%. The deerease.in the prOportion of

cars and motor cycles ia also the result of increase in

the proportion of buses and trucks.
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’ Whethey such differences are Statistically*
significant or Not was examined by ﬁééns of a Chi éduare
t‘?:'s-tT

ih;gjinQicated;that:difﬁ@fenées~bétween the two

prOportions Werd no statlstlcally 51gn1f1cant

TI)
I'IA .
Balied “Thé d1fference in. “the proportlon of vehlcles
: L BRI BUE o . i“b' = -;
covered qhould not make any,dlfference-ln the reSultgng
;;, . - TR . -
spee

€ds ‘as the number of- observatlons 1h each category are
suﬁf1c1ent1y large and- prGV1dP a reasonable séﬁﬁié.

H

* The methodolbgy used prov1des,;w1th1n broad

llmlts, a’ varlable sampllng porportlon i, e,
'I., N ‘ . s J_“

popul@tlon i

o
where the

8 large;the‘sample s8ize is small- and : where
“the pépuﬁéﬁibniié”ﬁmalf the sémple 31ze 13 large. h
: ER R ' . AL '

(T

o 2 2
(1) ¥ o & _(0-p)?
X%Calc) = 3.81 is lessg than X =

91gn1f1cant
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THE RESULTS

gives averagéﬂ%peéag.bT diffetfént typetiof vehi¢les T

F

for each roadisectioniicovered®in thelsurveyJ .t
y

I e Led o wgEy
An average &an consist of widely different

o T RS T
values, To have an idea of the spread of individual

l'at, ‘ H

AR f R LR, REALIEEY
speed values' around Ehe average, standard deviations

v !

have also been calcuiated and are shown w1th1n'

brécketé below the average, ThlS WJLI enable fgg hﬁ%vjwyﬁ

analysis of data which the usets may like to make,

cdt yabeotr Yo nafToyadwo gnoerstdib de waddnod

i

L

qn%[parcentagegdlstrlbutlon.of. . C

LARTER ERRTI A N G R R B W

vehmcla& acqordlng to, speed with five m;le cka

vhus e by

I

imﬁ%rygls.xanging;ﬁram,zﬂatp.ﬁqwmilesLnﬁq‘hpwrﬂﬁqt;
r i s S e R B A R N A A L L R S s T

individual vehiclg tyhes and for xged categaries axe

S e

also glven 1n Annexure IV Thlé“dafa,is_alsq éhown.
TR

Rt E RV B St S SN E C A
graphlaally Ln frequenCy di ;qybgti%qﬂ%ugggﬁﬁ TT.qwnﬂu?ﬂﬁ

Fl

RTINS ] | :.,'i i ‘:-,: U LU R I ‘,_Z“'il} [ ._5' rensh e even e : i 177, 1 . "
The data 'is mostlyiself eXplanatory, Saliedt

SO Y ey THT wxoaasmte s onn Reecoon e ce oayp AT il
features are however briefly described below,

weanoowo j g Tood s an P L UF andtane Tint {abiw 7

Méan " Speeda . ‘ .
AT The wwn ocbadwowrenet U yoceiun omn bire wuedd
The average sgeeds for d;fferent tﬁpeq ofq_ e
vehic1@5“pn4vﬁristrpatﬁgorng_gf_ggad{ygfemaa ol te b

IR . LA NS ¢t AT e A ST s HiF j.-_l'_, FLERCN N ST
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Category  CateI  CatiIT  CatyITT Cat.IV - ALl Cat, . . .

Al

o7 (5 ke | iy ‘cﬁﬁ*ﬂ&@%ee)f‘ciia’*‘azz‘f*'-) Lty Blane1sYy
M/CY Ao b w3807 5, 33480 3,2 12908, FILn 3247 i%‘ 15 v 3 RS

Car 2y PGBy 346 69: w1 B2.% o 376 s JFSQ;» S At TR R

Wagon AT T o ABaS s 38 v v 33 by A28 e e

Bue . ‘ 4§;7¢3 A2 394 32 B
Ipgeogating wich oo Ol nEranan HMS ,ou%mvm [

Truck . L= : 33 8 32:0 28:9 32:4

Fouh :r Tk SUhasan wdt Yo wnnr st swang ool . morp e
Dther . 44,9 16,0 15:6 14 6 15,5 .
EASLdT RSl hrrlipedn oinraun Y hnpoye mendew By

A1l Veh, 4742 . 40
i, it

(3 B LA ]

%6 7 _J1.8 38,3

radeiualens ooad neln oy

i C s gm e s v g L . S, T . PR
AT L unmave 0d3 walnd puasoneeed

Variatlon %etWeen Rosd Tgﬁ“

e ol GdEL vew arsan ot o lebe wdeh to chaviene
Looking at different categories of roads, the

TR

highest sﬁééégh%%¥gwféﬁﬁﬁ on'fﬁﬁvﬁﬁﬂaﬁﬁﬁéH?ﬁTgHJEY Dual

of vehlcfés'CGMbrﬁéd'st‘47:2‘m1i€s‘p6f Hddﬁf”fhé*y§€€d§?

HUE B '?f: saton hrogow oo ( G b magar T b el 'LJ ERP L PARVIE S ST

on thi's road for each type of 'vehicle ‘ard Higher thad '
[t

any othggﬁféagﬁégtééofff}Tﬁe avérage ‘gped'don ‘roads Mg

.....

to 4045 .miles per hour, a decrease of 6.7 miles per
R VI 20 R S SN e e S I P ‘-.:"'f,:":‘:- 2ol LR

hour ;. The average speed on category III road (18 to 22

RIS ST
ft-wide) falls by another 3.8 mlles te 36,7 mlles per
hour and on catégory IV roads which are all sfﬁ§ré fﬁggiL
less than [89FE didey 4118 by “Faviher 419 miles )

31,8 miles pér “Hodr S VTR Sthésd doras, ‘wé A Saythat”

improvement of a road from 12 ft to 18 ft width Wil ! i

inecrease the speed by 15;4% from 31,8 to 36,7 miles




=47 4 T

per'hour:aﬁa’éﬁe*iaafiahéfafﬁfhéafmigkwafFa§1ﬁﬁ W
furthir ‘Thejease the speed By 16,574, The preciee "
Felhtionships between ‘thld spedd ard rodd width
Nave bedd Further examindd in 'the ‘wext chaprers
seidon ey L dd PLnE bae HLEE RREPERT.

‘The change in Speed of all vehicle types

s r;:‘_lx A B T R R T

is the 1argest between category I and II. 0bv1ou31y,;

‘EHe Seﬁéﬁﬁfiﬁﬁwgf'épﬁééiﬂg'fTEffib'fldws“bauses the

f;n

3

1argest nerease in speed. P ‘$ddodd - Targest ™

difference is between category III “and TV where ”giﬁ”

the difference ffnof”ﬁig mides per hour-onlyi

Variations Between Vehicies Types:

D e S o o e D P
w! RS 1 RS RN A IR A NG SR R T S T A

tw seiljookingieat iﬁdimfd&aLiwdhi&ldutygee,uhigmeet
‘;sﬁeed ig~shown by eare;LQSamiLeSgpenphour.gghﬁagig”da
nfollowed by wagong with &2 miles per Houts thuses:

Havé: an average-speea of mearly %0 miles per Hodr, <o

Trucks haVe ‘however . a mueh lower speed of 32,4 niles

per hour and 'so are moter_c?cles wlth 32,7 mlles per

hour, The_’other vehlcles' whlch mostly 1nc1ude

T !

K

o e A R e b AL AR Pttt ek P e i

S . oL i 13 L 'r,._‘,'.\-<

The speed of each veh1c1e type - varies Wlth Q

i :
N .

road categofv.lThe Spced ‘of cars rvaries between “_,:f
Y
50,0 mph on Category T roads and 37 2 mlles per hour

. .»,1—; Yy 17"j“‘ i

on single’ 1ane roads. Slmllarly, the spee& of wagons”

IR Nt

varles between 47 7 and 33 7 mph betw en category -

Vo ; [

Ew'n‘:r-, it
and IV roads. Slmller 14 the case for Busesd Thelra

-l b - PR ;J
. . ML : N Py




- 48 -

speed is 45,7 mph on Category I and 32,2 mph on
Category IV, Trucks are not gllowed on the Islamabad

Highway (Category I), The variations in their speed

Plav woedg s &ﬂvﬁv,! sl oy gt LupoagH gaf

are not much between category IT to IV and ‘range "

:,{;p-}.,’-r,. e v; . "1.;'.-:':{ }J ) :_H»‘-,,-’.,i‘chl "( 1! }H'*
between 33,8 and 28 9 m1les per hour only,

SRR E A S R

Standard Deviations:
'A‘measq:e-qf the spread of iqgividqgl values

around the meaﬁ'is provided by thefsﬁéndar@¢Deviation
i r ’ ) ’

OV vl ﬂﬁ AP
which 15 deflned ag:” ﬁf U”fsv;y

s . . B ':;"*'":"}'%']r>'. .
(A I .,,‘_ P o - - ERSUNELSH -):_':_r'_-r..1 Yo
ol ‘"Pﬁ i : '
. PR LR AT L dy

L o T J\ . e i i 4y F

£ L

Th1s glves averagc dev1atu0ns«frpm Fhe mean. The

oof PR

Standard Dev1dtion:d1vaded by %ts mean -provides the
: "i - “ .1‘ 11 .

,l-;"_
Coefﬁ1c1éﬁg. f{Var1at;qn. A summary of gtandard Dev1at10ns
* RN R ST

’lJtt] 0
and Coeff1c1en%s of vaplatipns}for vehicle . types “And:s ﬁéad

“'r:"";‘:'." 'zlr Y
ity

catngrxes ar@fggvﬁm:b@;pw. B . B

shan

“‘.'r_',!'. fiog ‘ T I A i T
[ ! . e . ) b oy v '-'.l".‘j._f

. ”'_rA - aie vE, Lad),

ééandérd Dewlat1ons

S ‘Mean ' ‘ Coefflclent ”}ﬁi”‘v*i
Type of Vehicle Speed, . of Variation %

Dad gy, R
M/Cyclas L 32,6 R L
Cars CoeTe S A5 LD _ 20,8 ”
Wagons, , 42 h 'Luf_:lﬁ 4,;\hf

7
j
Coe 7.8
Buses "7 "TUS o0 30,9 g9 17,3
5.8
3.4

Trucks, = 82,30 VBB ceues 1840, T
Other Vehlcbeh”‘ 15 4 . 22 0 o 3*Wfa
i , : P ‘ RRET ' I N

Road Categor1es°*f?- iy

;".‘7_‘ RIS, .
Cas e
.:\1;.._ : v '2‘2]‘, 5 ; ' . 5-: R A e

Ny a_!:.e,go-r,y" T AN : b, 47‘,2 6
1
7 23.7
2
6

Category 11 ‘ 40,5
Category III :{“36;7dﬂ}
Category IV 31,8778
A11‘Veh:'&iﬁaédfcauhisr%}ﬁT )

2508 L
25,1 0 Tl




Standard Dev1at10ns are between 17 3Q
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It is evldent from the above that

and 25, 84 of

Means., The values for vehicle types are lpwer than

for roadTEaEeébrieef‘

Frequency DiStributions:

frequency dlstrlbutlons.

Wthh glves d19tr1but10n of vehlcles aCCOrd1ng, ‘to

speed for

road with a class 1nterva1 of 5 mph A summary of .
the same 15,
class 1ntervals have been 1ncreased to: 10 mph to sfm i

simplify— the analx 18§

YRR

{22

each type of vehlcle under each category of_‘

,\.7(_.
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Tabfe“VI (rxx).

e R
i e,

These are shown 1n Anmamrelv

e

contalned in the f0110w1ng Table 'mmere

Class
Interval

Upto 20 mph

20-29.9 mph

30-39,9 mph
50-49,9 mph

50-59,9 mph

60+over5mph e

Total?

Dlstrlbutxon of Vehlcies Accordlng Dq Speed

’ ’ TR -
— | U T R ER IR |
"Mlcy;f"Carsﬁrgﬁegqnsﬁgrﬁus ~ Truck ALl ””ELS”E'

s 8

1108 1488
341.:.2316 N

58 1579

862 275"

1 a"t, Pored o
7 P

7 608

118

932
406

2

!

BUOL

4065

03

ci 30,

65k,

e

w15,

T T

" 627

L1899,

3158

f17

787 11,0

R ET RO

161 ' 0-6

3800 150

v e
* jj“’ T

:' 9?62 38,6
L T e

8301 32:8

*

48 2 anlad

2418 | 66128

2091

" 862

58007

25299 3 100 ...
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CL Road Gategory. - R R

B b 3

S SN ¢ TR - s SREETE L ALET ALy e gt
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R A R R AN I SR LA SRR | Py i

Upto 20 mph 1 19 55 86 161

A 1' '

- Voowiy s vl
g :

0
v j F
20-29,9 mph 30 786 . 2064 920 3800 15.0

fdek
oty

30-39.9 mph 463 2682 5338 1279 9763 \'386. LIRS
40-49.9 mph 986 3118 3776 423 8304 32,8
20-59.9 mph ... 01054 791 59 2887 .0

6Ovover mph 199 194 95 . .~ . 488 .19 N

All 2,562 ;. 7976, 12,119, ar25§7=~:255399:=j'hqo

Ty

B S T I TR S . o e L
W 5 Pape V000D gmgede b meps aiivinniva’ hayahpp s

It would be seen that the 1ower class 11m1t of
R L N A T E R RPN A IR clev st annan

20 mph 1nc1udes 0.6% of vehicles, These include 47/ trucks,
. PEonedua hopie o

27% motor cycles, 19/ buses and the remaining 7/ cars and

wagons, Other‘vehlcles are not included in:th@wgpeeﬂilfajﬂ? o pg

- [
dlstrlbutlons. Average speed of these vehlcles is
Foodnitwonony o0 g Unly bolfaral gee o
15 mph and 95/ of them are below 20 mph speed .
L v ye o Tl } R R O S S SO A o bp ey

)

v ¢ﬁ@ﬂ§@éeairﬁhgéazoma9omi&és.pe@jBOuffmtw+wggg,uurmw

included 15% offveﬁlcles af:wﬁ1ch*50? are trucks, _fbs;J5€M w

23% motbdy cycles, 17%« buses, 7% cars‘and 3/ Wagong s
The speed réngé 30=39 covers 38 ¥4 vehléles. Of thesér; aﬁiﬁ
35% are trucksd 32/ busee' 15?“Ear35 11/ motor cycleSI “;"J.
and 67 waan&f The Dext’ speed tange - 40+49.miles per‘ﬂf"aﬁiﬁx

hour contalns 33% of vehicles of which. 4% buses,»u‘ljf?f*vf
The

and
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'fhoyuppoihopéoéfiimit'ofﬁSOzmph and over
¢l udes 1% of wehifles..and, 92% of them dye cars

5% w%gdhg?ahd ) hdsagrand[moton cyﬁles. None of the

SRR S

trucks 1%-$h”th1m> peadmn%naen PR T . TP
! Eoncohny o NP DS

+ g
;'TIJ i , . o A
Jur\..r, I Ot niap o ;
Looklng at 1nd1v1dual vehlcle types M ysataer
A srs i ﬂ‘bf -‘ ‘.1 Paooaa s

be seen that 2, 6/ of motor cycles exoeed“SO‘mpH'épeod”
'fl( "'41\.‘ £y g

o it
16.7% exceed 40 mph and 46/ exceed 30 mph. ‘The othef

3

547 are below 30 mph speed Among cars, 7 37 ér%‘at
speeds exceedlng 60 mph 3}/ exceed 50 . mph 71/
excood 40 mph and the remalnxng 29A are bl&g;néohggﬁ;'
B O s BT PV S AR :
Among the-wagono 1/ are abovopobhﬁoh, 2OA above_
R R TS Pl NI IR TP s .

50 me 65/ above &O mph 94% above 30 ﬁiies per .

3.

hour, The remaining 69 are below 30 mph speed ﬁﬁ&ﬁg
buses, 0,72 are above 50 mph SAA above 56° “fiph, 92% 7

above 30 mph, The’ ramalnipngAlare below 30 mph. Ag

SUNIC I et
-.a

fegérd85 trucks, onl: Oﬂﬁ/ are above 50 mph 11.4%

30 mphun_n_w?;

Looking at individual road oatégorieé, it

would be seen that on cateroff:fxroédofqﬁfhth of the

FERY

vehicles oporate in theﬂspeed taogoboE{40f6O mph:
ofi"tategory IT and T1T.roads. similar proportiom &f
veﬂihléﬁ-oberéfésiatCSOFSOnmph‘and oﬁféétegory iv

roads dbout SOA of Neh1c1es operate at Speeds
i ] I

Fotbae

HEEWﬁéh520h403ﬁb169pperghou:m

cenr e R




coomvgg Lo

Y TR
The propdrtlﬁh“of vehicies exceedlng 60 mph

sFeed 1s 7}8( on, category xI. _}ads;‘zaé/ category II

roads, 0;8/ on category III .and. ﬁggefgnfcgcggogyjlvﬂa

Bl
¢ :

toads wh;¢h are 311,51hg1em1an¢ﬁ_ Ipe proportlon

MEERS B i . »

of veh1cles exceedlng 50 mlles .pey_hour is-427 Qp.

i .-.'a :

Category I- 16/ on. Category II; 8/ on Category

‘111 and 2/ on Gategory IV roads.,gj “*waJﬁ“i” '

o :
L L A Voo Ty e To g Pt . Yl
Speed Limitsy '
iy I K & [y = ( 1 -:“ o T ")' s v - Lt ) e
The d1str1but;on of veh1c1es accordlmg to
el '. HE 0y

[ S

épged may be‘compared.w;th spegdllimits,whiqh_aﬁehﬁ“3
O (i‘.“"\i‘ LR RY ,H”’ _<"""' . [N T A
prescribed according ta‘typejoﬁrroad,and type of . .
RS S A IR AN AL LI R . SN . f

. + i i

vehicie under trgff;clrules,as,foliowsirur_ﬁ NET
B . I . R S SR e ; [ S

catad ST papte ¥ (4v)

Speed Limits(MPH)

P v st iMaint o - Secondary
‘Type of Vehlcle Roads Roads

oo

A I TR

Car | H' o GQ,, 90

.Buses & Trucks 50, .. Ao

 Mfeyeles 45 35 i

‘TﬁéqéléésifiééfioﬁﬁﬁfLrbéds“into Main ahd-'

. o R T N T ;
Secondary is not quite cléar.f 1t 18 therefore not
posaible to determine as”toiwhiph of_ﬁhe _ roads

covered in the survey are main and which are secon-

dary roads),




. Category

‘Category

K

.A:-!

catEgorles of roads’ exceedlng
Maln and Socondaty toads are shown,. For

cnmpafln? spced llmits Categ

treated as main roads ahd cothers as secondary roads,

Tofrrew b

- 53 -

b

Table VI Lv)

I

speed'iiﬁits'forfbpth
purpoées of

ory I and 11 roads may be

"ﬁé?&féfé;‘tﬁeeﬁrdpdrtion:of“vehicles on all

t Tercenhaﬁe of Vehlules ExceedbngiSpaed L1m1ts

S FRE : ‘ .’ TR TR ¢ S bz
Ma{n Rdodds
M-ﬂum -

AY .
f-:;l' fr,‘L(Ii

Speed L1m1t MPH

e tadetr T

Propottioh'df Vehicles
( Exceeding; Limits ...,

nhtgatégory T b

IT1 ;

Category S N I 5 B

Category 111

Ij””

R R R A SR R e
Proportion of vehicles

Exceeding pimit:,f %o

e
Category
-Category

Gategory

[

s AT

e

SRR |
Cars

.Wégohs?

foﬁbks

KRR SN I SR
6 50
e Pl

T [

S R PR
Buses

RN TR B

R
50
L
mEle “

o oMLY

%Perpentage_o£1Vehicle§h;Q_;>"v

RTE O B EF

A6, 5.6

Yoow o T i
- O 6

TRV SRl Ty e Y A, v

o . ’ . ‘ i s ¢
,;Segondary Roads, - f

Speed;Limit MPH ; . . 50, 40

CUU3Qh
12,60, .

e
et

41 O

16435
) 5-0 8 R

P

ff;

[
sl

1.7
9235, 4

.87.0
73.5

Cey ey R
ER R O Bt

40
ey

"t
1 .
- -

M/Cy.

43

6.8
2.4

R P

69,9

41.3

27.0
20,7




6B§isds1§ Cafegefy‘l roadS’WoﬁId be the main
roadsf. On this Cate gory, 15% cars, 309 Buses, 417
Wagons and 18% Motor chles exceed the speed limits
fofamaln roads, On Fategofy irT. roads,‘9/ cars,'iéf
Buses, 167 Wagons andf0;9£ trucks excee&“speed 1imits

for main roads, The. proportlon of vehicles

exceedlng 11m1ts for Secondary roads on thlo category

,l. ,f'l

of roads is 39/ cars,'70/ Buses;'744'WagOns, 17% trucks

‘-éﬁdfﬁi%fmﬁtofﬁcycleavthn Categgpyw;l;}ﬁﬁ is the
%Eﬁﬁewe%‘e&%ebﬁfnguspeedﬁlimits‘ﬁgp,ma@ncrpﬁds“sge

-GQG%VEéEsg 546%.buses,-518%fwegoqﬁ,eqd_gﬁﬁzdﬂ

[

otor

'[Cyélesﬂ”ﬂﬂo’trucks_qmnthes@ rodds jexceed speed . limits

'”fdf”mefﬁ“ﬁdads.~JHOWeWGn “the cvehiclas, exceeding“i

speed l1m1ts for secondary roads are 22,8% cars,
:'»/)' “. !r e .
50 7/ buses, 41.7% Wagons an& 8 8% trucks; On
E:T;i P I
T Categor*“fv roade verv«iew uehlﬂléﬁue§CEEd speed

'Lilﬁ Liikire fet“mggn roeds. They 1nclude only 036/ of
Bmses 1.4%, Wagons and 1,1% motor Cycles‘

vehlcles exceed1ng speed limits for secondary Roads

are 8, J/rcar

X 16, 2/ Buses, 23 4A_Wagons,\5,3{ trucks

L . ;L‘ K

and 20, 7/ motof%Eycles.

1o

e e . : ; i st - L i ) 5 .
b 85th Percentile Spadd: = | R .
e - The 85th .percentile speed is . of spec1a1

interest from the Traffic Engineering point'bf view,

e et
This is alsgo regarded as the optimim e d T the

des1gn speed and is used for regulation purposés as well,

¢ 4, R [ ={=f-1!,* : R B AR TR
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The 85th perqent lg"speeds accordlng to type of vehlcle

|\f1,

o 151 ”‘r« B - ¥ Y v

;;Fﬁana caﬁe?bfy of road are as followsk

A T - g A

:‘-:1".5-:\7\-“ A o ' m . e Wb ‘
| et VV'Rable VI(vE) L.t
‘{”ﬁkiqcﬁ o ‘_' e ; :: -*;‘.‘~

) 85th.Percentile Specds (MPH)

Categori of Road

Type of Vehicle _I  1f 11l iV All
M/Cycles 52 42 39’ 37 41

Car 60 56 53 46 55
Wagon 59 50 45 - 43 52

Bus 53 50 46 41 48
Truck - 46 38 35 39
Other - 20 20 1Y 20

All 36 50 46 41 49

It would be seern that 85£h Petcetnitile Speed for
all road categories and vehicie types combined is 49 mph,
This consists of motor cycles 41 mph, cars 55 mph, wagons

. 52 mph, Buses 48 mph, tfucks-éé.mph, and other vehicles about

20 mph, Accofdihg to types of road, the 85th Percentile
speeds are 56 mph for Category I, 50 mph for Category IT,
46 mph for Category.III, 41 mph for Categoxy IV, 1If other
veﬂicles which are slow moving are excluded, the above
speeds remain the same as the proportion ofASUCh vehicles

is quite small and their inclusion or exclusion does not

effect the percentile speed,




. .-The distribution '6f “vehicles according to speed
is alsg ishown in the accoﬁbaﬁ&ing grophs. ‘Gfaph I shows

§

percentagﬁzﬁistributioniof individual vehicle types for

all road categories combined. . Graph 11 shows similar

distribution for indiyidgaluroad‘categpries with
) o e | |

indiyi&ual vehicle typéﬁ céﬁﬁlned;:théﬁﬁ“Ilgaﬁd_fV]Show

i. same‘'distributions cumulatively, These distributions
appear quite normal. Curves are bell shaped particul-~-

arly for vehicle types, -
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. CHAPTER VII

REGRESSION ANALYSIS

Thelprppedgmg*chapter examlned 1nter alla,

‘ : : ’rgnlj .
variations in operatlngjapeads on dlffefent categorles .

1

offfﬁ d, “wﬁiéh rere c1a991f1ed accordﬁng’hiwldth It

was found that speed iqéfﬁﬁses-with increase in width of

coad forjall‘Eypes'of vehicles, The'increaék in certain

PSR Tl

cases was fhbre "than others. uYﬁ;ioﬁs.factoravwould be
regpgnsible”fof‘fﬁis.' The_fap;ors wﬁich, a ﬁiiori, appear
.toi@e;e;minéfthéﬁoperatihg speeds inelude width of road,
vokqmg.and-éémpdsition of ggﬁfﬁécf g&g; The:ﬁrecise
effects of‘tﬁesé‘factors have been examined iﬁcthis
chapter in® mathematlﬁallfefms hy means of Corelatlon

Povee o

and;Ragressmoﬂ Analy51s. e

Variables Considered: PRl )

. [
A3 LR
v, Py

Considered in thls Analv51s, are 13 varih%les,

O . :
. S e AR

7 dependent relatlng to“aVerage "ged of each type of

vehlcle and 6 1ndependenk 1n¢1ud1ng width of road,
: w ‘{\" ) '
volume of traffic, 1nc1ud1ng and excludlng non- mechanised

it

vehiclgs, ratip jof Volume\tb W1dth“and pronort1on of
b _' e i,
slow moving traffic,’ The 1ist of.varlables giving
.r;;.c_;,
notations used and range of: vafde COntalned is given

Y,
Ty

helow: : e

T,
RESTEIS I “




G 3
sk

R

"7 List. of Variables

| Table VPN

- kb

B T I S

Notation Description
Dependent

Average Speed
Variables '

(MPH)

TR
KA N

Range of Values

.Yl = Mo tﬁf‘ 'G’.}}é 1 e‘s - -~ 47,2 MPH
?2 ‘ = ‘Cars e - 50,6 .0
Yy o = Wagons 47,2 0
Yl’, = ' Bl'.lls e v MEURL} [V LIRS )2'7 .'-".5 . ._ !{‘ 6 s 8 !
YS ‘ T g ’Tru'cfk s e gy ,2,&-18"; :‘:; 36 L8 rr.
K g,.;_)r s ] S vev gl
Y, =" 'dther -Vebidhas.,., 11,4 - 23.5 "
- TN N L ‘ ce e R .
Y =" VA1 Véhicles..,,.,, 27.5 ~ 47.8 "
RN A?_ Tu% g SN w0 "ﬂj;-fj ; .

oL combined
AR B B SO IS

‘Independent Variables:

j{l E - ! =‘ Nid’th 1o F _';',“1,?‘;6:5.1‘(‘1E e
X, - = ‘2‘V51ﬁﬁeddfﬁfraffig: .

Volume of Traffis
‘sincluding non-

[ + .- & o
X = Ratis’ of 'Volume -

(Mechanised) ¢o
Width X2/X1

Ratio of Volume
including non-
_ Mechanised to
a0 idth (X
SR VW1§Eh;F”3(%;)

[P | N
e .

Yae e gachaniged7Vehicles

Mechanised Véhicles” 7. Tty e

'.!-'.-:".‘;‘)‘.‘l'ol!‘-‘."-

iy o

vee g8t - 30 fe

Az

490

teiriy ;57Qdﬁ

LN ] Xse i_;' T 50 = ‘Propqr.tion Of non- ' .
Méchanised Traffic 28 7200
e 1k ip total volume e if Ay
' IR L
7 }'3 2/X3 : it
R Ve o | , '

.

RN

ek
RO I




' 1 - N '»_‘ o " ; . . N
- 56-'"1 ooy L
' : 3.
' dy oot ! LI
: I e JnJ‘¢§,
The dlstlnctlon of variables as dependent and M, S
. . -«.\I ST :
Lol
1ndependent is for Pegressxon Analys1s and not S -
for Correlatioh“hhalﬂﬁis as will’he'e%plainﬁdw , -
in subsequent patrakxaphs. LN TN R
LR . . ' feo - T e
ST T RPN .

A . H“. Doy ;;‘l.{- A ) t -:..'..’-’;:
Zhe data of éﬁoVe;ya;iableé‘wéﬁvaomgi%qﬂ

L TR
v e
LA

from Table.Il and IT1. " 'The .average speeds;, wvariables ' 7-:
bl T ‘ RN o

: LA ' g g

Y1 to Y7 are contalneh 1ﬁL$abLe IIT, Véfiab;eghx , S TP
. RREE i o N

X. and X atre the result of 51mole calculatlons on Vot

data in Table iIIa Thé'f@sg}gs Qf the'AnaIysia_are"w
o - ‘f f‘, |,,_‘ ) . - - ey : ..-‘ e .
briefly described below. Ly, — ; BRI
: S W : A : “!'”W‘
CORRELATION ANALYSI8: ' -
‘. ;;‘. A ._.‘..,' T ,f';:;;\{ . -7 P
The Cbrtelatlon Anal?q1s glves relat1onsh1ps
of varlables Wlth each other. The degree of Correlatlon
R Y5 i - o “'1 - teo
is measured byfthe Coeff1c1ent o'f Correlatlon Lr)e, }ﬁg
o 3 B T

valug can vaty between 0 and + 1., If the values ‘of (r)
g ce i ‘ T

I , fro
is negative’ the relatlonshlp ie inverse, i.e\ as qqe
IR \,,, BRI

ER A
Do . T
FRIY

P

Variable incféésés,rthe other decreases, When thie'

value of (r) 1s posutxve, both the var1ab1es move’ {n,,ht

thie same dlrectlon.‘When the value of Coefflclent of
' k .’., "
Correlatlon (r) 18, nearer to 1, it means the varlables

T

are clbsely Cdrwelaggd. When ‘the' value 1s nearer to

el

zero; the variations betweeﬁ theé’ twp factors are’mqp‘

inter related, AT e,




o

R e R

ey . N Ve . ‘ ;
|[]"“ .- e i

MAIN RELATIONSHIPS ' L

b

. ;nfﬁﬂ‘w“The Zero Order Cdrrelatlon Matr1x=wh1ch glves

4 i

grreiatlon of each of the! 13 varlables i ﬁh_e*ﬁ”}7bther

L ;'\-"‘
1§5glveﬁ 1n Annexure v attached The main relat10nsh1ps

are briefly deécribed below.

Speed of different types ofiv’eh.ig_:]“e-‘s“:‘”'-?"E c w;
L e T . “

oot . . .
VO 5 T . ;i'l . L N
1, nd Yo

m;ﬁpe : Motor Veﬁlcles 0f‘d1fferent categorles move
‘ ..11.--.

Jak, similar speeds to each other' if the'spggdxﬂﬁ'céfen

NECERE T s

is mofe ‘than buses on ope. road, it will be the’dame

;. oL For S - : ‘
onhthanther roads as.we1113It{is therefore, expecgted”
T A

o

thatﬂall V?thIEa of 51m113r speed capab111ty WouLd mGVe

"
‘i it :‘i
at s1m11ar speed ' The Correlat1ons between the speeds-
3 o [ oY
of var10us vehlcles should therefore be expected EL I
o =:'.‘ . :_’..( . . -
p051t1ve andaqu1te high, I R S
) S E ot et i
PP By . E i S
b ET ' t
However there appears to be cpn91derab1e .
R g 3

variatidh 1nv¥he Coeff1c1ents of Correlations.bétween
average'epeeé; ef different categories of thicles. For
example, the Coefficient of Correlation ( r ) between
averageispeede of MotorVCycles and Cars is ,38, wegons
.36, Beees .85, Trueke‘.Sa, other vehicles .26 and all
vehicles cbmbined :58f Similariv, the Coeff1c1ent of
Correlatlon between tﬁe average speed of cars and wagons
is .65, Buses .27 and_Trucks .68, The-speed of Motor
Cycles is more closely related to Buses than‘Cars.eﬁd
Wagons. The speed:ef‘ééré ieimere.correlated‘to Trucks

and Wagons that to motor cycles and buses.
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L . Lo ; S o .
T S B T SRR I . '.,{\

S huw',_It appears- that speeds of d1fferent categorles

doon HE R i N TSR R R 'i;'!‘ R GorE U

of Vehlcles follow thelr own- pattern whlch are not Very
. PRI : R -|"- PR T

. i _-N,‘.Ai.l..x;v. H:“»«

E ‘

,}Lt;hﬁ;sam1lar to each other as the Coeff1c1ents of Correlatlons

by
. \..

” :;’ JECIN BT e ’ Py
,ajéﬂbetween the speeds of d1fferent categorles of vehlcles are
RTINS I B U S PP T : :

FET

nelther unlform nor very strong.
Pty L Y S
S R AR

Afaday Tuﬁi;gIE&WOQléjbgwsq%n qpatﬁphg}QQefﬁicient of
“*3“’3Cdfre1éﬁigﬁ*hetWeeujthe;ﬂQtper Vehicles'" and all other
Co M ey ey
%ypes are,hegatlve,,althoughﬁtbe value_!ere qulte small,

o fredt

SRR ”? The! category o f- @ther vehlcles 1ncludes mostly Fractors

oo

WMich:have;quitewauluw.apeed ,Thelr ex1stance in the

‘!t \ . i -
} o [

o y*"%rﬁfflﬂ shaeam: wou Ld: nedqee the, speed of a11 other
LR ARR A R BRI e ]

vehicle categorlesh;Iheﬁnegat}vehc%preletion means that
R A S O ST L AT Y :

when the speed of all vehicles is high the speed of

: * . . - f!'i"r‘._ H
"Other Vehicles" is slow and vice-versa, . .. .

o F e et )
T IR L SR B P AR
o ﬁThe'Coefficient of Correlations between average
EEARLIEE! PP e s al . S ) N
< o -l Tl
g Lo speeds and other var1ab1es llke w1dth and volume are
S BARRUE L R R R
i .n.emOre 41 portant These are examlned in turn,
L 3] AL K e <k 5 o !"', . oy :_’ Lo . N N )
: ot - : T e T

o2

Speed aha’ Wldth: s R TS S SR

FIEES BRI B

-»i.-) - :‘:".’{! :

. v 1 '; o

f W1dth }s one of the most 1mportant Yar¥iables
ST S pwmr oy H i . :

. affectlng speed It is appfo¥§‘for the q@al1t§ ‘of road

Tomme it by oot - A
y as Well - In tﬁe precee&fng.ehapter 1t was”oveerVEd that
| %pééé; Qf d;féeeeegreategor1es of vehlcieq”iﬁé”é’ ex with
it 1 | i I} s PR R iy S

‘w1dth. However 1t Would be observed tfoﬁ'fhe correl&tlon

- . ' 3 _zf:.-,k-:.—.; L

: iy .
matrix that the relatlonshlns between average speed
and road width are not uniform for all types of vehicles.

In certain cases the correlations are higher than other,
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The higheét Eoeffigiept of CorrolatiOn is between width and

average s?éed.of‘a11=vehicloycatégories combined ( r = ,81)

Cars have a Coefficient. of. .78, Trucka‘Qz,_Wagons'.62‘bumﬁ

‘ o T I
.29 and motor cycles .37, The, overall speed of all vehlcles

combined is explained better than ;ndiv1dual'veh101¢caﬁgoru&

by the wvariable width.

.o : - . oo 5"1 - .
The Coeff1c1ent of Correlation for "Other Vehicles”

catego@yjlw;oegatlve-ﬁnﬂ quut? smallnlnﬁlc@g1ng that‘memiof
thesb vehrcles 1s,anverslwineLapedfmoiyLdthw_'Thezobwums )
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the speed of all other VPthlEE.
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" The obvious” reason‘for"thewwrong}sxgnnhegweenﬁepeeﬁ

A e [ ; ’ .

. and volume-eppears To be=rhe fact,ﬁhat w1dth of‘;oad cand
'volume of trafflc are themselves Cv 1'eiated haV1ng r = ,69.
Ehe 1ncrease in speed due to 1norease 1n w1dth may be more

than decrease ﬂue to 1ncreaee in volume.

[

PR

,_Secondly, the effect of volume on speed is;}elt after
the volume 1ncreasee beyond a certaln 11m1t. The volome'on

our roads A8 not yet 80 large as to reduce operating speeds.
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The w1dth ofrroad aog volome of traffxc are the two '
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‘most eigp@ficant,ﬁectore affecplng|5peeds of veh1c1es,hW%werﬂ
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In arden no flnd the comblned effe&é oF wvdob aqd
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ed as FE ratio qf
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the volume was exprese

'w1dth Varlable

'éhend X 1nd1cate such rat1os Whlch baVe .
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been arrived atlaswo; ' SR R RS
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’~-X2 B Volume(mechanlée&)quv T

Ay T Xi‘ ::ﬁT width(ft) ' I o

. 3 T i .

I , Volume(All Vehlcles) .
, xl W:Ldth(ft.) _—

The above ratzoe 1ﬂd1catenvolume per et offroeo width "and
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thus 1nconporate bothlthepleume and w1dth "
o \ O
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There was o 1morovement ln the Coeffxclent qf'Coﬁrev
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1atlons between speed and r&tiqehof volume to w1dth 1nd16ﬁted

L -
above. bontrary STy theoreLical,expectatlons, the Coeffléients
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) and average soeed are neyﬂive

and Buses
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For all vehfcles comblned the Woeff1c1ent 1s ( )5 38 ,This is
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1n llne with theoretléal expectatlons .that the slow moving ¢

VEh1C1es reduce the SPeed of other Vehlcles el
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The dlfferen @ betwéén Forrefﬁtloﬁ;and
that the former g1ves the relat1onsh1p between the'two varl—“
-2 LA R

ables as of X on Y;and offY on X On the other hand Regnnmlon

;egfe551on is

glves effect of one varlable on the Other as'of X on Y“J,”

8 4 2 %

' is dependent varlablelaﬁd X 1s independent varlable. We are

more 1nterestedhtep§@pd the effect of varlous fectors o1 speeds,

1s meve approprlate.

et

Acgordingly, s1mpfe Regres glon- Analysis has been carried
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o' dependent vavlableségne by one Th model used 1s of
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' Cany laano it : " .
Y = a + b¥ R A N A .
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wvhere 'Y! =“dependent varlable %épreseﬁt}ng average o R
P .. T gpeed- of; Vehlcles,‘and RN S R
Ty ! S R
Py e
'X'i‘:=-&ndependent varlable. Such factors as W1dth vt -
Volume and propertlon o f s low moNing vehlclee,-
etcl ware ~uged in’ d1fferent forms.‘ A
'a: z.j[nter;cept | and ’ R ' : TR ';.‘“ ‘-..I,i-“.
Tht Coeff1c1ent e TR B ;. o |
. ;.‘ ~.:»7:“.‘7._ f' e l;": . : - - y
'b? are determlned emplrlcally.
Then by puttlng in dlfferent values of 'X"1n the equatlon, the1, :
effectnof 'X"dn-'Yﬁ-ie'eetlmated."'*ﬁ N ,
o o - ‘ : : et e g
Types of re}‘ati‘prShipS: ' \ . " i : - ‘,‘ - . !.-- 5 _ . A:. :.-l; .: :.‘ f-‘ .-.;.:
Theﬁreﬁaﬁidﬁships,peﬁween peed and other factors can be R
of sereral féfﬁs"vim;’linemr .exponentlal quadratlc, 1oglst1c
and sp on, However, Wmele regress;ons were carrled out 1n 11near -
'e' was used, T TR <

and log form. Log'to the base

In llnear iorm, the Coeff101ent 'b! glves awmultlole by

which the’ speed Wilb cﬁange ‘als’ a result of change 1n fXT. 'Ia - 1og

form, 'B' dlrectT& g1ves %last1c1%y and 1nd1cates the proport1onf

;
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change with resp@Ct‘tb”a'81milar change i ’T’W

The degree of explamation provided by the equation is
gives in the .Coefficient of Determination (Rz) wh1ch is the ratlo

of variance explained to total variance.

Solution of the equation: . = -

};L The equatlon (i) above was solved 1@ lmnear and log
'form by method of 1east squares. Velues of a' Ponstant and 'b'

T p .’:1“2“'—. B e

"ﬂCoeffiC1ent were obta1ned for each tVPé °£ veh1ches Wlth 311 the
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8ix dependent variables as described before, The ?eaulté are
contalned in. Annex ure Vii”The saliént features are discusséd‘

belowé

Data Used

One set covereq 56 road secélons ag 1ndiV1dual observatlonsi

T et :
BRI . iy ' . ! ¢
In the second data set, the or;glﬂal‘Sﬁ bﬁéervatlons were
f ¥ = 7 1 | RESER l - :
) s J[% lLi“ T 1‘1P'r 'i“ fns '
reduced to le y gtoublng’F gether.sections hav1ng s1mllar
) _{) : : I '\i} \{l AN ; . r ] sf (.“_ q 5_1 l' 7 ,,'; -;:‘
'Wldth. The necess1ty of the second d3éa set was felp ‘due to
;uurwl“’”’ '
the fact that variations in w1dth between 1nd1v1dual road
. Lo 'f.."z-'
'sect1ons were small, For exampbe,”theré are 1t road sect}ons
e ‘ [ERAl . .' g ;g Y
1;..1 e a1 o 1; By ‘_1 A T

i‘{hav1ng a widthi of 20 ft,, 5,road‘seét10ns haV1ng a w1dth oﬁ 19

A g b Gl X SRR LS

‘T”ft A aueh cases, the Tﬁgrqss&dnﬂéﬁalysis dpes,not*worklwelhy

“For eXam?le;~dll the-rdads having 20'.w1dth,were!comb1ned

together and the average value was taken aq qne observatlons._

10 ob;ervqtloqu,lsa@1Ved é”

‘The dqqa in.

e Cane
; (- £y b
Anneggqg-Vl . et o
o i T .‘ . g ‘D "-“4.? 7 ] ty
; . RTRTEI ‘ aop ot

v?hé%%‘were thus four sets of Regr9931on Analys1s, one

each in log and.11near formzwlth 56 Obsgrvagﬁﬂp&'and<l10 j..;
-DbﬁFrVﬂtloﬂS‘Peﬂpect1ve1y'vfaéﬂ éet conta}ned:regre551on b i
éﬁ?ndependent variables onféﬁ;h ;£~é??,7 1nd pemdentwfarlablélég.‘I
There were thiys - in’ all 1687éqﬁ;;;$$s contalqed 1n Annexure VI;“J
o 50 , ’

&

Only the 31gn1f1cant results are de scr1bod here'
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Road Width.and:fpeeds e e
I NG ' R ..[',1 o §opea I
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, The Fxr$b=set of equatlons examlnes thaﬂeffdQMpr’ﬁ&ﬂth
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e A - Y .
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R A | L geped e
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in linear and log forms, The requits“wifﬁ %ach data set

are briefly as £bllows.
56 Observation - Linear Form,

]

- It would be seen that the Coefficients vary betve=n
,09 and ,61, The Coeff1c1ent for 1nd1v1dual vehlcle types are

.22 for motor cygles,.ﬁl for cars, .51 for wagons,_ 34 for
Lo i lf(‘af[wv,[’,!l ‘;'

t . LI ST i
buses, .41 for‘trucks, 09 for othor vehicles and .59 ToE aTT ==

RN BYere Lo ; .‘
S i

vehicles comblned This means tﬁat a li‘ ”“inér@ase din the.

B A A R e L ) FBIEE f,t -
R S S R
w1dth of a road would increase average speed by“aboutﬁﬁ»mmhwvﬁvﬂwl
o) 3| 2 ,f.] rr_ cTevepil e ten- f ’

bl i
SR e .

-:{m@%ﬁﬁg_ hlch ?1ves the degree of explanat1on provideéd -

Voo b

hoertsa e aw fiews
by the equatlo ig highest for the average poed for "atl el i€ le
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Combiﬂ%dgﬁi7}@3(§?,fiwﬁﬁ) Th1q is. followed by cars ( 61) R
: E H .l:o'f . 5 ﬁr,;*; j n[}! -\' . "fl-*,'"%

trucks< L .A4),., wagons‘( 38) The RZ for motor cycles i quzte Tat

low ( J3)Jﬁﬁd still lpwer than for other vehlcles ( 01) :
d s R R ST ST -
oy can e : . s e - Coare im0
e wigrdio solare, siignificant at. SA 1eve1 except for
LEa T Y vy ey F v l-:-: .
AR o - . - . ) {_ B R £
Buses ‘and othér vehiclesv: .o . :
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On the whole, it 15'éV1denﬂ that ithe equat1on explalnq
. S RS e Lt . i
the variations 1in the spééd"f all‘vehiolasrcomblned togerher

better .than the speéﬂs‘of indivioual categories,
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It would also bé evident that a large proportlon df"

rre,
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3

varlatlon in speed is prov1ded by ‘tHe term coﬁstant, s the
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value of ta' is qulte hlgh“as compared ‘to Coeffmcrent "' and,
’ et RS ¥ ! e - i 1 ; ' ‘ . P
Xs, For example, for 20 ft; wideﬂfdgd,ixlﬁ'20 raversge soeed
AR AR R rqi

?1ven by the regre351on comes to 37 § miies per hour of.whlch?¢¢
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ents fn other case§ are .24 ﬁor ca

Tn:: loge %grm, the balues
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these are tHe two extreme ﬁlgure
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lﬂ both cgse ‘are very small Y com

‘
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for buses,..ZO for ;rucks and .26

The Rs 1n the 1ast caqc 1s‘ 61 .d'g

of’ Coeff1c1ents range

for other vehzcles. However
2

and abnormal ones as Rs
B Nt i
pared to oghere. Coeffici-

'

rs, 22 for wagons, .17

for all vehlcles combined,

comPared to $65.in 11
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foqm.- There i% no 1mprovement 1n‘st for all ve icie categ~—
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'orlee except for bu ses whére the, p?
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: "\ e
.81 with ]G oheerbatlons. ‘The"t'
R R .
other vehicles bowever remain insi

With:fhe number of abserv
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loge formu! In both eases,

tﬁe'Rz 1s very 1ow.ﬁ Besldes, 't{;réffos for .motor cycles,
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e

iggificantA$n‘ioge form.,
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s Cq D
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ave, on the other hand
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ycle ‘to .31 fotr trucks.
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Veh1e1e types o L
.47 for motor cyeiee ando-
; “‘average speed of all

6; with 5 observations
ratios for buseg and

gnificant,
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10 Observations -'Log;,Fome
As in 1ineé¥ foim, the value of the term constant is high

and the Coefficient i‘b'l is lower than in the cage Gf 56 obsetvationsy

The values of"Goéfficients range b=twgen -17 Qnd ‘QO for cafs,

[ I 3 . .
ot oD

2
wagons, buses, trucks and all vehiéles combined with R's betweun

N R A T

.69 and :85. 't' ratios are also significant. The Coeff1c1ent

4 [

. - . \ 2 . ‘ :
for motor cycle is qutite small ¢07. R is also low and 't! téﬁimq;;i;* i

insignificantwaThﬁxCoéffjci@p;iﬁpgﬁgpb%gjxehip}gshigﬂ3526. The

s s . z ; : .
sign is corredti The R..is. ngt gquite Igwﬁ}ﬂpwgyg;% the 't' ratio
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is imsignificantiholosa ot i mow ap Rl d e .
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As ﬁgféd;earliéf,’Ehé”ddéfficiéntnEbLLinuLOg.ﬁormug%qu_;,ﬁﬁ;
elasticity diré&ti&f“ThéjCSéffidienfs‘iﬂ Logéufofm for most of * |
the vehicle types are §imildr for 56°d4nd: 10 ,obaervatigns.: If.the .

values are averéﬁéd:Qﬁd"fdﬁndéaféffgﬂthe»Céefficiananpg cars, .. .

wagonm; buses ahd trucks comes tQ':2;“Tﬁ85mb@fficiegfff9r all oo e
vehicles combined, withalﬂvobﬁﬂrkati0ﬂ$ is alsp 0620 with Rz = ,85;
Accordlngly,.the roljowing, equatlQn may. be use d for(est1mat1ng
AR T SR IR N R .
PurpAOS es, e e AT s P Y Dt e o . cad ; : ‘-‘
e oo i A Tieem foy i oy

'Average Speed 'Tog?'Y E3 O 453,200 1bg Ey (Midth ft.D ‘m«gﬂﬂﬁﬁhl,m_

By purrlng in dlfferent values of;¥. -in: the. oquatlpn + .

(ii) above, ﬁh@'?ééultfngfﬁp@éﬂ‘of’wehicleS§on;a¢xbﬁﬂwpanﬂbqtg,_uﬁ
estimated. For axém?lé; For .20 fty wide -road ithe average speed . .

would be 3 + ,2@ log . Zghﬁ‘36‘ mPh;;q.,_. o ‘

The : equatlon (ii) above 1mp11es tbat a 100? change in
the width of road say from sxnglp lanb to double 1&ne ox from 2.,

: e
[ M Doty R Ce e oo

lane to 4 lane, would result in 20% increase in speed of vehlcle;
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varlatlons of, each; one

i
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was'aléo carried out v1th vae other
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1ndependent varlables 1nc1ud1n? volhme rdtlo of volume:to w1dth,

r" ) i 1
1nd1u31hg and the o%her exelyd ing
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mechanlzed vehlple s and ‘proportion of glow mov1ny veh1c1es.
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11 case% ‘the results are hot aatlaFactory. In the case. of
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Volume and ratlo of volume th w1dth the Foeff1c1ents are
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.posltlve Tcoutrary to theoretlcal expectatlons.'Thls was due
Foren R i : TEN e
A to the probfem of multlcollneavlty between wldfh and, volume.

In the' case of proport1on of. elow mOV1ng VGhlclee,_the
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gl

o . .
signs of COEfflClQntS are correct however R _arEfmumge,small.
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ratios in most of the cases arie mot sxgnifi'
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low mov1ng vehicles may

g.‘ Further e eearch ig"

' nt.fTherefore,
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Ratio of volume to w1dfh and ratlo

therefore be 1gnored'for the time
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calleﬂ"fon det rmlnlng the effect
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of volume and, proportlon of " slow, mov1ng vehlcles on*%aeed

l.‘.r ZL

R
i

eanwhile other cquatlons partlcularlv those,concern1ng

i
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e

gh_and speed nay be used for® estlmatlng spceds ‘for appraisal

*

hway 1nvestment pro1ects “and. ogher purposes.
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Need for.Comparison: c
o It is esseéntialato- compare res ults of any BUrVeEy with—lliE ¢

[P

similar other s;udiQS'to support, or contradict the fesdltsg-to -

more similarities aﬁahdﬁﬁfaqeqoer betwaen dlfferent sourcegfand e

1A o -

A

to validate the data, It may also be added here that surveys“ vl

are intended to esleate populat:on character1st1cs on smmﬂlng .
R e
basis, The results of one. sqmple can vqry c0ns1ﬁerab1ygfrom thc_h

other sources brings Qut the range of varlatlon'due to @ampllng

A e L AR
and for other reasons, A knowledge-of such 6afiatlomsfresu1ts in
. : Teoos

better understanding of the problem, With these objectives, a’
i)

comparison with other SOULCEs,, has been madc.
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that their scop@?mﬁbvéﬁageiandéﬁgthodologies are similar., It is,
however, dlfflcult to ﬁ1ﬁd 1dentlcal data from different sources,
‘l 5y P ,

Variations axe'likely"tdiarise_due to dlfferences 'in scdpe and

VoW
methods as, for~d¢£ifrenceu between the time and distance mean

T .
' e e
speeds, leferences can also arlse'due’to otHer fﬂeﬁaxﬁ .guch as
g . R L . St

vehicle composition, road and trafflc condltlons, regulations,

etc, Such differences should also be Lept.f;
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1t would not be out of place to add here that very

vew general -speed surveySAhave been'darriedrout in the

country and abroad. -Such; surveys w%lg; Le Earﬁied out for

«««««

b

?i/-,

’.,_
form:~and accordlngly compdrleon has been made with natlonal
"".J!A{ ' 23y,
and 1nternat10na1 data avallablg from various sentce@.
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“The . most recent” 1nformat10n ‘for, road and trafflc

T ¥

’-""‘.,‘ S w4

;cquit ons’ comparable té dur .survey i &vallable 1h’the
; . ot

h rd nghway PrOJect Reports whlch areJavallable in un-,

i ; . RN
i s . b

doro

.publlshed form.

gy ' . T
P

On the . ba31s of speed Lestq carrled out by their

-'l,'."

contractors, the average spaeds 1ald dbwn . by the Pro;ect‘.

(bnéultants for preparlng fe531b111ty studles are glven ;-

A Py
T . : v
LRSI . S o fro,

be10w”~‘ Ty T I
to, ' n Cor : ! e ‘

foo Table VTIT (1) ' i,

I

“?Thlrd nghwag Proje ot & HTRE _Survey
Averége ﬁpeed MPH
B J‘ P i ! : .-:.'.F
Cars ' Buses Trucks

-;r‘ . S o ) ‘ - T

{ut.mhlrd Highway Pro;éct ’3u37'8. Ti3l.6 26,3,

NTFC Survey L 45,0 39,9 32,3,
F Bourcer Louls Berger Intermatlonal Ine, 3rd IBRD
Highway Project, Economlt,ﬁuide Lines
for Consultants: (NO.-I(13)/THE/7?"315,
August, 19717, -

S
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empar et B swould ba delen from-the above that: Th:rﬁ'ﬂigﬁway-

oy

Project flgur 8 ;a1 G@QSlStEHtly below the flgures ‘efven
by our survey. The dlfference 19 ofgmout ‘16 to 20%, This '

is due to differences in sco

gigqg mahtqu._ The Third
\r_,--.r_fj,.. i i

L

b ek i e S ‘—--.J...- e

moving veh1cles ‘on stralght level roads., The.ayerqge,speed

i

over a road sectiOﬂ is exPected to be less than spot speed

N a0 I e

due to sLopp1n? and strarL:ng tlmo siow1ng down on the way,
B ! *,""‘ “J‘

curves, rise,. fall and other ob tructiong; on.- the road,

On the other hand, the NTRC Sufvey;ﬁ@gggggiére an
average of fogr categories of roads ingludipgtthe.dual carriageway

of the Islamabad nghway, portions of G.T. Poad“WitE more than

24 ft, width, other main roads 22 ft.—~18 ft.w1de '9gd single
lane roads‘lésé than 12 ft. wide, The speed, survey thus

e e Arrir e g e R WU - P
[REUIPRE A% prew e e g T

represbnts Ta saﬁple of ex1st1n& roads.ﬁ As compared tp this,

the Th1rd nghway Pro;ecL 1nc1uded ruad sectlons need1ng
impnovements.lrOby}ously, these would be\tbc roads whlch are .
not in QQEd’copgiéién.l Thé s?egd on‘suph‘r9§§q.yog}d be less.
than on othexr roads,

ERE il L S P
o

ey

_“Reeping in view tpegaboye;factorsy“highﬁr speeds

given by our survey appear in; order.,

Transport and Road Research, Laboratory,U T (TﬁﬁL):

. 4 e ot . o
+ " The Tranaport and Poad eSLarch Laboratory of U K.
_ N T I T
Feport bn- RLSG&TCh on’ “oad Trafflc glves resu1t5 of a numher

of speed studies. ThL d1str1but10n of speeds on dlfferent

types of roads indica ted in this Report and by our survey are
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given below;w-The UL K, flyures relate to cars only wh1ch .

-

constitute a major proportion of trafflc thera. qucommnuson

. °\.<"l"1f Ty

i g SRS Gy

has therefore been mad betwéen the speedh Qf cars onl
REOE Ty LR _ K

Tab]e VIII (11) S e UL

vy ooy g

U.K, Roads ind HTRE Strvey ' v b
PV “{GCars only) I

SR Apeen o0 Mean Speed qtandard R -f?an
Type of Road "% L0 gy MPH L, De yla§1on

R R R y oo ..
A R S R & R Rt TR

; + '-“7"'.;-‘1" . ' 7_-,‘.7__ H L o .
TRRL (U.K.) B o R

HEE

Outer Sub- -urban roads (1958) 35,2 l-_6.0. R s“f#?uu
Rural Roads (1958) s R PL ICTCEN S
Motor Ways’ C1960) S ‘?;59”%rh‘.13.2

I" N BT, : o B S

- N-L‘RC Survey Poroe SR A -‘.-,':- b -I:!‘g‘[-\. P

Dual Qaf;;égewaf RN ?f“‘SOQErn +-. 858 ;,}55. ‘
%Two Lane'= ey IR _é4:;i|? ;?.9 \ o
“yw?yginglaahanegRoads.hyhnﬁ 1_ |:32.1 ' 7. 1 } el
~Ave erage all roads ; - ZB:O“: uﬁng e
‘ . Bt e

_Source:TRRL;”Résegfcﬁwbﬁ”Edéd.Tfafficﬁ,19ﬁﬁjghﬂ3i_

In the abové data,.fﬂehgu;éI?Road;’ofrﬁ;ﬁﬁ‘are B
comparable to our intercity roads, The subhu?Eah roads,: ..
both inne¥ é;&“oﬁtéf,:dgznbt:hévé‘an-equivalanqe;in our
survey; Similafly, 51ngle Tane " réads in our . éurvey would

R

have no equzvalanCe 19 th . Kﬂ.gatatf ihese two cate?ories

rvmma i

Moy 1 T

TN R e,
M T S S,
g LT s,

i.e, sub= “utrban roads of U K. _and Slngle Lane roads o
. AR . . = .

Pakisthan may; thkrefore;_bﬁ 1gnoredﬂl The comparlson may
be bptween!ﬁhe remaznlng categorles v1z netw;en motorway PRVES
i ot . '
l
and dual carrlageway of . Islamabad nghway and Pural Ro&db’

i ’” ::’ e "!
of U,X, and Two Lane roads in our survey, :




T

Rural Roads: _
- e

e E FEE Lo . T
aw-\it would be seen that the .meand speed and standard ' . .
I Lk
deviﬁiioﬁ@“ﬁn“H.K; rural roads and two lane roads in our survey
R i)"l '=

LA A
cr e Ll
R

e

are quite close to each other, L

It may however be added that the U. K, data relates

RE

to 1958 while our flgures relate to 1978 | Thus there dg a

- [

dlfference of 20 years .. Spaeds have been found to be incﬁ%ming

historica11y4 Posalbie reasdns are 1mpfoVements {n vehiéie

Rl e
e e .

design, bettet dr1v1ng Sklll ‘gccumul& rOn cf experlenCe, etc,

Matson and others indlcate an iﬁcrease of one mlle per hout per

- $TféfTransp0rt aﬂd Road Beseatth Lab

.........

veat from 1910 tor 123}

of U-K 'have also‘fgund simliar Lrends between the perlod 1947

and 1955 However, as 1nd1catbd by Matsan and others,.ﬁhe

growth w111 1evu1 off drder normal condltxons and any iarge

\

increase wiil be found on wider roads of hxgher qpeeg[d891gn_

In the case of abOVe c0mparlson, it=seém§”th389peeds

on our roads are the same as WLre 20- years before on the U K.

ety

roads, Speed on UiK, roads shbuld now be hlgher than on Pakistan

''''''

i
s g et

st ' '|

roads as the Qqu -ogdd are of wuch bdttelr standards‘ BeSLdes,

IR

the vehicle composition on U.K, fdads 1ncludes ‘a‘large promntlon\ o

of cars which operaté'a%€higﬁer speeds thBQ-chEf-VthCleS!;

In the- above‘table, motorwav speed of )9 2 MPH 1stugher Y

[y

than the Dual Carrlagaway of Islamabad Highway ()O 5 MPH) As

Lyt

will be shown in thg next paragrqph Jthe: motorway speed is

also higher, S

FERTIL ’ VU

#Matson, Swmith and Hurd,"Traffic Englneerlng
Hew York, 1955 Chapter %, .

*TRRL, "Research on Road Trafflc Chapter 3, Table 3.2
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=
than speeds on other European Motorways; , Therefore, a comparison

of speeds on Dual Carriageway with othet European Motorways has

been made., frciiy, .,
) . s .- ’ : i
S T IO . k - : R T ER :
) R oy . - B SRS i
Motorway Speeds: ol e . ' ‘

e :“JL_;.- )
[ ff--.

The f0110w1ng table comparea spee@s on European Mounways

with the Dual Carriagaway of Islamabad nghway

¥ o

Table‘V;II (1ii)

European Motorways ‘& Islamabad Nighway

.L‘ ('}4

Class of Vehiclgi-7i.
Light Hedium ° Heavy
broiasMeaw Spéed. (MiRIH, )t 1CarsasCommy ' JGomm.!  Comm,

UKo v oo v, oh 283 1ane: {19600 how o850 4 v ALY o o asni3F 0w o
2x2 lane (1959) 53‘ 46 37 388

: .- R e € S TR T SRV NI
Germany 2x2 . lane (1957) 54 46 40 38
SR BN SN R SO L B RS RN PR S TredndE eyl _
Netherland ?x2 1ane (1957) -’53 45 4] 40
T T ERTETN. T I PR N P S ; T O L e

Belglum ' 2%2 1ane (1957 52 40 38 35
Frawéd " =02 ol e (1esy) R Tyt 43 0 iagn Y T T ge
Pak.  dnidne c2x2ilanc. (LO78)) oo 050 cuc 470 05,1 ian ~ iy

R R LR TR T 53 periiny it st vl radaed [ anty ! i
Sourcc .chgparcF on, Road Trafflc“ 196;, p.llO Table. ;3 1 N |
I would Bé Tseen that speed on the U %, otorway of :
2x3 lanes i's’ hlgher than on the other European Motorﬁé}é'of e
2x2 lane.'l The' ' Isiamahad Flghwaylls ?xé 1ane 'Speeds here R
ar; qu1te close to "9x7! lane Furovean Votorways where spéeds‘
: e et b

of cars vary hetveen 52 54 NPP'AS compared to 50 MPF ov the
Islamabad Mlghwaygummﬁe.exedmiywﬁﬁuSSMPH;%Intthe case of
light cowmewcﬂal vehlcles, the average:: spaed onﬂthe Furmman

Motorways rare betwe6n~&O—A6%ﬁPH:av alﬁst 47 MPH ron BT v ni A

1 . ' bt
s p b dug . s e : o
. B
i . . , .
Yo i HO| S i
; E
2 i {H) s 1 vt . . ¢




_Islamabad nghway. Probhbly,’thé“mdto&waya~inc1ud£_sevqpal
 ty£eé“b£ ﬁéhlé&es in "this category ‘wheérems: ourt . surveyglnclqug
only wagons @hiéh are capable of operatlng at relatively. hlgherg
Speods;. In‘the Med1um Commer01al ‘Vehicles Class, the”Eurogggn
data includes goods vehlcles as well, whereas our survey‘cpngaiyg
buses‘gnﬁy théfsbééd“bf which is;higher_than gpp§s'vehjc1es. The
heavy hoﬁméftidl‘%éﬂibieswwhichtémEuroggan‘ﬁpgopwayé inplude
mostly multi=axle trucks, ‘are not found on our roads énd on the
Isi&@éﬂad‘ﬁfgﬁway'trucks are. nqt aL1QwQ%, Thus Fomparaﬁlgivéhiéies
in thi¢ ‘cldss are not availahle. .. . e -

'It“may be réstatedrhgre_;ha;wtbgrgﬂig:a diffegéﬂéé-éf
20 years bétween the European motorways figures and éurrdaté.‘
The historical™increase dver“fime may have maﬁe_up tha d1fference
dué“zb;qﬁyiity of rowds ianakiggén,‘ | -

E .

Kcnya StLdy.

| The Kenya Study carried out by the Tranmsport and Road
Resecarch Laéérétérj'of U{ﬁ; in collaboration with tbe‘quidlBank,
also included, among othér’ th1ngs,‘speéﬂ‘measuremenps.t$he§e were
taken over_95fte§t¢§§ction§ oflpné-kiiometer length, at interva}é
of one montﬁ.ﬁor ugpav9d.and;of‘?wo mo£th3“f6eraved surfaces, for
a period of .two years. During this tgmé 130;00b individual =~
measurements were, tékegi) “Asg compared to.thls,”our‘survey

coveraed. about 25,980 measurements of spot speeds over 56 road

sections,
AT

(i) H, Hlde,"An 1mproved Data Base for Estiwating Vehicle
operating costs in developing countries' Transport
and Road Reséarch Laboratory Supplementary Beport
223 UK, Growthane 1976,
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P
Wt

Elon used 1n thé- Kenya Study

B

The road classif &h

RS

1nc1ude%Asbha1t Concrete~9urfaéé Roads,iﬂew Surface Dreesed Roads

T
v

.J\., A

'.’-‘f‘h- H '|.,

and‘Gpaved“Rdadmf In our survey, Patagory r was asPhalt conerete

o

surfaq:‘whrfe other categories are. surface dresaed of d1fferent

o v P

4 :
W1dtha. Our survey does not include any gravel road -ThErefore,

-5

3 . 1\!’ L

compar;son ‘hasg been made between the three categorles of roads

TR

in Fenya Stuﬁy and average spaed in our survey for all CathOT16a

L
of roads.,:wi“*j BRI RN S Fi
cEhaary . A ' S e
2 e ‘ AT ’ e b . ‘.‘_,‘-'i- o . .
e The vehlcle c1a€51f1c t1ons ‘used i the two studies
l IR B A i

difﬁ&r“iﬁ'ﬁominclature and p0581b1y ig’ compos;tlon as well.: The

vehicles classified -as "%edlum goods ‘;ndthé?Kenya Stu@ykaref

RE]

t i
[ AR . r .

descgribed 'as wagons in our“survey. In both:.&dsges, the Vehlﬁles
K Lot . SR ) ¢ v M i - e

Lo

.

R : . . [ o A ' . PR : !
inclyde mini~buses and light commercial vehiéles, However, in -
b 2. ant -1 8 SR

v

“y

. E .
i : VoL -

yEit

our_&u;Vey the number of wagédn 'ig dominent, In compaflson to

Med1um and Heavy Goods Vehicles in the Kenya Study our Survey

1nc1udes Trucks dnly Whth sare: mostly of 10 tonncapac1tv.,1t

t
.

is thus pcssable that somp Medxum goods vehlcles dref 1nc1uded

L ‘

5

in Lhe catﬂ?ory af MLd1um and . Heavy ?oods Vehlcles in’ the

Kenya Stu@xrand“are c1a$s1f;@@ha§*Wagons in ourqﬁur@éy.

Ly ’ i B PELR
1 - 0 *

k)

How ver, any:s Ch Vﬁrlapplﬁg 1 Ilkely Lo be' small, THe
s

c13951f1cat10ns are broadly cpmparable_”'_ RN e o
?lhe f0110w1ng table prOV1d & a. Cémpdr1son of e

average speedu and st&ndard d@vzatlons (within brdck s)“‘

between thi K nya Study and our uurvey,,For”Yhe'thrae1  ”3,;;_v

Y

S o - ‘

P kit

categor:as of roads in. bhw“ henya utudy,'an un«we1ghtqd

.—--"'

e

e

e

average- speed haﬁ also bven calculatﬂd for eaee Qf comparison

with

Coe

average speed of our survey,

'
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Table VITI'(iv)

Average Speed (MPH)iagthtandafﬂ Deviations

3

ol

(within brackets) e
' Medium /
% :  Light = & Heavy .
Kenya Study ) Cars Goods - Goods ‘Bdses
1y g } Ty ‘
1. Asphalt concrete qurfacn o'’ crushed . 55,1 46,4 36,3 36.4 0
stone base, o ‘ (8.6 - (9.0)  (8,8) (11.1)
: ; vy ! (816) T L
2. New surface dressed road with Cement - 50,0 44,8 36,2 35,0
Stabalised base, 7.9 () (8,1) (9.9)
3, 01d surface dressed Foad with Cement 52,5 45,177 34,8 30,0
Stabalized base. =~ = _ (9,4) © (8.3)  (8.8) ~ (11.1)
4, Average for I—quboﬁe, o 52,50 45,4 35.7 35,8
- T . W T ’
NTRC Survey! '
1, Asphalt Concrete pre-mix(Category I) 50.0 47,15, - 456
. - R (8, 8) (6.3) - o (5.0)
2, Surface Trea;gd 2Ji5ﬁé S 44,7 41,27 32.7 40,5 -
(Category IT, III.and IV) (8.9) (6.8) (6.5 - (6.3)
*Source: "Thp Kenya Road Transport Cost” Study: Research o Vehitle -
Opérating Losts TRRL Report, 672 Table II. R
‘ S, oy

As will be ttre above, the speed of cars

'

seen from

is higher in Kenya Study than our survey for all road categories,

the average difference being 6.6 miles per hour:“ln the case jof
light goods vehicles, the speed on ouf'Category 1 Roads ie ' .
higher than Category I of.Kenya Study."Hdweyer, the‘speed‘

on Category
treated two

In the case

2.and 3 of Kenya

L

lane roads, - The average difference

BN

of Mediumiahdvypavy Goodé‘vePiqles,

Study is hi-haf‘than our surface
y g N EER

béihgwﬁﬁmgﬁ,
-

the sPeeds'

for Kenya Study are Hlpher than the speed ,of trucks on our,

roads,,:The

\ Y
3 i

speed indicated by“ouf_survey is higher than all

of Kenya,

the difference being of 4,7 MPH

dlfference 1s of 3 MFH

S

In theg case of Buges the

todad categories

on th'é average.
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It,WQuld‘aiso be evident;from the,abovemthatathe. o
largest d1fference.1s be tween tha.Speeds of carsi This‘may bg 3Tﬂ@ Q;#:‘ff
due to digéé;ent c;mpoq1t10n of car fleet- in the tﬁolcdggff%eg;}t, -
In Paletékf_small ﬂars;domlnatel.ln kenyé;ﬂﬁaféeﬁay ‘be’ of ; I
relatlvely larger size capable éflrunnlng at higher speeds. Tﬁé“:;:i;; v

differénce;in the speed of other vehicles may. also be(due to?f
N : ’ .‘"‘ R
comp091p10n of Vehlcle fleets, dlfferences in quality of road

VY

T
dr1v1ng hablts and 1oca1 repulat1ons, etc._HT_waﬂjgg.

LT

- T 3 Peny ;
R Sty : ! i
T . ¢ +

of values

et -:fl‘,. i g - T
cars are more-or 1ess similar in both the’K nya Study and our
. y i

survéy. ﬁﬁ%e&ér, in the case of cthat road categorles, values
.. r'; - . r i H
in the Keénya Study are 1arge than'oﬂrasurvey. Thls 1mp11®s ‘that

crde
e

speedS‘of:vehicies,ar more COﬂS]Stent and have less sp:ead P
around. theé.-meéan on our xpads as chpQred_to Kenya; Oné of the

L S T PR
reasons may be that Buses, Trucks and Wagons in Pakistan are '

ey
Do

mostly-of-thePsame make and'tyﬁe and ;their speed'capébilitieshlﬁﬁ

R N Ci . N ' 3 '«‘l
are not much”drfﬁereng. Hence loler standard deviatiomsi' -.:
. LT e o ey o
_ It may ‘also be indicated here that the Kenya
. . . i N ) o o
L Vo ) oy ‘ . o
observations weére ‘made over a length of' one km, while our . 7 .
AT I CoNd RN LA Tk o : ‘ .

‘observations ﬁéréfmede;fo; 352 ft distance. Obviously), : !
the speed over larger distance is likely to be 1ess than oVer:r

short distance, The difference in. speeds between the henya'

Study and out survey would have been larger 1if the 1ength

of distance used for measurements were similar.

~The obvious conclusion to be drawn is that average

speeds in Kenya Study are somewhat higher than our survey,
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[P A f. s -

Ceop N M E . L
. . PR IR .
,,11'.‘ ' ! ,,f‘...;-‘ .
)
. Loyt

The pattern of results s however the same. . AT

e . RN TR : :
N i . R [N 4 « LT o e
R N BRI A

ey L
AR 4

T A comparlson w1th somewhap dlfferent road and trafflc

g
'E' F I\ v

conditiqns’ wéuld also be 1nterest1ng.‘uuch 4 comparlson would

,..[‘*"i'rb' T
v PR ’v‘."_'.:ll"

be prov1ded by U, S roads. However, the datal for USA is

.‘.:

avaalable in® thé’ form of text book references whiéh' ‘are qu1te

.‘-\ 7_|

okd Nevertheiess, these prov1de some usefql comparlson.
e The f0110w1ng table ShOWb averaoﬁkspot 9pee&s 1nd1ca;ed
by the Connect1CUt H1ghway Speed 5tudy,r1953 aldngw1th speed
o ama T
lndlcabed by our survey A _ :“ﬁuh{ﬁ“?,avﬂﬂ BEEE
B . Tabler VIIT! (W) o
. Connect1cut (USA) Study and NlRC Survey n ‘
Sgotws eed Mﬁﬂ : ?
e NTRC Survey
_ o USA (1953) (1978) .
;?V_tPassenger Cars 48 1 44,7 Car
e R ' -‘nght Truck - SN0, SRS B B Wagon"
T T Heavy Truck 44 0 32,3 Truck'
-‘:,ua; i E v ‘ ) BuS . ! 50’.0 s 40‘5 BuS
- Source Matson, Smlth and 1urdg'Traff1c Englneerlng:l
L e e ¥érK, 1955, Table 4 {WPage S8y
ngl‘l!‘ 1k K eV T 1 . ‘ .:- “‘-‘ ! . ‘
1 ¥

Ir would el appropr1ate to 1nd1cate here that rohd
ot '_3 '_.‘..—

R s
E— P

cond1t1ons and vehlcle composltlon 1n the Unlted States atre

T AR

qumte dlfferent from those 1n hurope and superlor than this

§
Sep "‘

part of the uorld Motor vehlcles in the states are of
larger size and capable of runnlng aa hlgher SpLedS. Roads
are also of.better,quality, The speeds in the. United Stateg

are therefore expected to be higher than elsedhereh
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It will be seen from the ahove table: that inspite

RN [

of the fact that time interval betwaen .the two sets of data ant
\,_1+* ' ; Caenr
is- of more than 25 years»durlng Wthh Vehicle de51gn, quallty

L - T -‘ | - R Tt I

of roads and dr1v1ng sk;lls have 1mprovady speeds 1n USA are’ e

n'; -
RETIR:

z i - . S ey

hlgher than'ln Pak t an. forx® aIl categor1em‘of VethlLS. Thb~

difference is largcst for heaVy Lrucks fqr which Lhe qpeeds_ﬁﬁ

in USA are'&4 MPH as compared to 3? MPH 1n oqr survey, a .

\Ii'

diffeféﬁbé“of 12 MPP Thls 1s fellowed by buses where the .

différénce‘is of 107 MPH In thé»ﬁaée of paSséngér cars and

y

AnE
11ght goods vehiicles, the différence is of 3 3 and 3, 4 MPH mﬂy.'

R LA
3 —
d ' - ..wh: T

The above differences afé’“as 1nd1catﬂd~ﬁefore due to

better road condltlons, vehicle ,£ieete capablc of runnlng at

R

5 - e

higher sp eds and better overall enV1ronment. The differences

e, Wb

in speed may not have 1ncrgased much now. due to preﬂent restriem

R B
_r\- . L\'I'

cflons ‘on - max1mum sPec&‘11m1ts for energy sav1ngs, ‘which on

- o

i - - e
e

Inter“State'llghways 13«55 MPH.-{@>‘ _M#aj”wfi“w‘

s - . " ] ) ] arren

e T B

The foreg01ug analy51s haa 1ndlqated that results of bur .

survey are con51stent and comparable w1th othek natlonal cand
wﬂv“ .

1nternat1ona1 sources. Small- varlat1ons are due to dlffer nceé

in scope, methodology . and ~the” env1ronment . The reasons fgrptherl“

)

dlfferences, where -ever ex1sting have bgqn‘pfo§idgd in the 3 "~

text., What was needed is that tHe data should be broadly cpmﬁgffr
able .and the above comparisonashaVé indica;gd that it 18 80

undoubtedly, The results of ony suiﬁey are thus strengthened

and validated,
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