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" INTRODUCT L0

Up to ths present tine, information on the sizes of
gaps between vehicles in a traific strean have not been used

in worrants for installing pretimed signals or stop eigns,

. However, research studies have suggested consicderation of gap

distributions.
The lanual of Uniform Traffic ControlfDevidesl states

that a comprohensive study should be made before installing a

trafiic signal, Such a study should be»suppiemented by date

perteining to the speed and:the accident reéOrdz for the
specific intersection, In the'section‘on warrahts for pre-
timed signals,3 it is stated that the studyhshoﬁla also con-
sider the pedestrian volume, minimm vehicular valuﬁes,_con- '
tinuoua traffic volume and vehicle-seconds‘of delay,‘

- Undouistedly, all these féctors should be considered

vhen a decision has to be made, until future research deter-

mines that one or more of them could be eliminated, having

no perticular effect, or that additional factors should be

included in the study,

Yureau of Public Rocds, "Mamuel of Uniform Traffic Control
Devices for Streets and Highvays," VWashington, D.C,,196L.

2Tbid., pp. 184
3 1v1d, ,, pp. 163



The traffic engineer, when faced with the installa-
tion of a treffic control device at an intersection, has to

be avare of all influencing factois. However, it seems that
- b

this is not always the case. For example, the warrants for

[
!

pretimed traffic giznals at an isolated location™ are bhased
on traffic volume, speed, acciceuts, pedestrian volwis and
progressive movement, but there 1s no nention of gaps, In
light of this statement, it seeris that the installation of a
pretimed traific signal partially depends oﬁ engineering
judgment, and further research should ve undertaken to pro-

vide more facts and a clesrer understanding of driver behav-

ior,

ATbic., pp. 184~185,



THE PRODLEM

The objective of this study is to eveluate the pogsible -
effect of size of gaps in line on acceptance of the lag at a
two~vay stop sign, |

Little consideration has been given to this factor,
vhich could be considered very important, as far as accept~
ance of short gaps is concerned, The driver must, within a
short time after he has stopped or reached his lowest speéd,
decide vhether or not he should broceed across the intersec~
tion or wait for a longér gdp.
Raffs developed a criterion in which'ﬁﬁé percentage
of slde-street cars delayed 1s to be used aS'a‘Stop~sign war—l

rant, le used a value "L" called "eritical lag" coupled with

the general term ”ga@"'commonly used in maﬁy other sﬁﬁdiea.

lle defines the lag as follous:
"A ;gg is the interval from the arrival of a side-
street car at the intersection to'the arrival of
‘the hext main-street cor."

He also definés the "gap" as being "the interval from the

errival of one main-street car at the intersection to the

. A v
“lHorton S. Rafr, "A Volume llarrant for Urban Stop Signs,"
Buregu of Highway Traffic, Yale University,

W



arrival of the next main-street Caf.
Following'these twro definitions, the gritical;lgg
AL ié defined as follous:
"The criﬁical lag is the slze 1dg, which has tae
property.that the number of accepted lags éhorter
thon "LV is the same ag the number of rejected
lags longef than "LU,"
The most important‘finding6 of his study wus that the
eritical lag size Varieé from one location to another, in

foct, he states {ive reasons’ vhich might affect the varie-

tion in the critvical lag:

(1) Traific volune

(2) Gpeeds of main-street cars

(3) Sight obstructions

(4) Directional traffid pdttern onbihe sidg]street

(5) tidth of the main street

Do any of the factors listed above play an inportant
role in the driver's decision to proceed across the intcisec-

tion or wait for a longer gap? Raff8 says, "That the value

ORart, pp. 20

'Ibsd,, pp. 36

©TIbid., pp. 61



~.

of the critical lag is different at different locations has
been proved heyond ainy déubt, but the cauvse of the variation
needs to be explored much wore carefully,"

The present study is not an ettempt to answer all
thesé guestions, but 1t is hoped that it uillvprovide-a better
understanding of ériver behavior at tines vhen a driver has
a choice of\adcepting a gap, .or waiting for a longer gap.

The hypothesis whiqh has been investigated in this:

WPhere is a greater probability of drivers rejecting a gap of

a size close to that of the ‘critical lag,' when the next gap
in line is larger." If a driver will accept a short gap only
when there is no gep in view uhich is longer, then this should

be taken into account in developing varrants for traffic con-

trol vhich utilize gap distributioniinfornétion..



SITE LOCATION

In consideration of ﬁhe limited manpover gvailable ifor
field observations, and in order to get a larger sample, it
va.s decided to choose only oune location for the study,

Two possible locations vere investigated. The sits
chosen has four lanes with two~vay traffic on the main street,
and two lanes uith two-wéy‘traffic on the minor street. ‘The
main street is Wiles Center Road andbthe minor street ioward
Street in Skokié, Illinois, |

Since 1t has been indicated that‘thé.main street vidth
(two lanes vs, four 1anaé) does not-have a particular eflect
on gap acceptance,o it was felt that thie location was a8 good

as any other, Since it ves necessary to choose. onlj ‘one of

- two intersections for this study, considering the linited

{ime available, this site vcs the more logical one because

the side—stfeet volume vas tulce as high as at the other loce-

'tion. This pefmitted obtaining a lurger semple in a mininum

of time .

’Carl M. Swerdloff, "A Study of Gap Acceptance at a Stop Sign
Location," Thesis submltteu for the degree of HMaster of
Science, Horthwestern University, Evanston, I1linois, 1962,
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. - A plan of the intersection is presented in Figure 1,
The main street, Niles Center Road, is 44 feet wide on the
northern approach and 52 feet on the southern approach, Only

tuo lanes of traffic vere permitted on each approach, ' The

~existing pavement condition was excellent as were the pavement

markings, No parking was permitted anywvhere on either sice
of lliles Center Road, The minor stréet had & 22 foot
travelled way, with 10~foot dirt shoulders on both app?oaches.
The siéht distance at .botf; epproaches to the intersection was
good in both directions, )
The traffic volumes during the study period vere as
follous:
Niles Center Road |
Peak (total in both directions): 6007650 veh pr hour
Houarg Streegh
Peek {totzl in both directions): 330-380 veh pr hour

Commercial vehicle traffic was about 5 percent, .



PROCEDURE

The method of gathering deata consisted of using a
time~lapse camera to coliect date at the intersection, The
camera vas installed about 150 feet from the intersection at
a height of approximately 12 feet.

The camera, a modified Keéystone 16 mr.motion picture
camera, vas-operated by e.smell 100 rpim-motor povered from a
110-volt converter which in turn was pouered by e 12-volt
battery. Pictufes were talien at a speed ofhloo frories pexr
ninute, |

The‘filming was done from June_26th‘to*3uly Oth e~
tween 4:15 -~ 5:30 p.m., for a total of {ive hours.' It might'
have been interesting to compare both peak and off-peak re-
sults, but due to the fact that the side-sireet tralfic vas
light dwring off-peak and the probability of getting a line
of vehicles on Hiles Center Road was very small also, thds
procedure vas eliminated,

A possible method of obtaining data ior ofi-peak hours
>wou1d be to use simulation as proposed by Kell.lo Hé states,

"\1nost any traffic situation is capable of simuletion and,

lOJames H, Kell, "inalyzing Vehicular Delcy at Intersections
Through Simletion," University of Celifornia, 1062,



as techniques improve, can be repidly programmed." e hcs

‘alveady programned a digital computer to measure vehiculer

delay at a stop Sign. The possibility of developing a program
to study the eifect of a line of vehicles on acceptance of the
first gap (lag) by the side~street vehicles is quite strong.

The time availablq not permitting such a considera-
tion here, it is hoped that further research in this direction
will be.undertaken in the futﬁre.

It was decicded at-the beginning to use the lag as de-
finecd by Raff because it is the auphor's velief that a lag is
different from a gap when several time-intervals are consicered,

Moreover, confusion may be avoided by using the two distinct

definitions,

Each time a vehicle came to a stop at the intersection
on the minor street, the Irame numbers were recorded for the
firgt four cars on the major street., The same procedure ves

folloved whether the car on the sicde-street proceeded 2cross

‘the intersecction or made .a 1éft turn., Vhen the vehicle on

the minor street came to a stop and yielded to an approaching
car on the major street, it was said to have rejected its lag
and the subsequent gap, if any. Otherwise, the cear was said
to have-accepted its 1ag;

Only minor street vehicles vhich turned leit or

crossed directly'through the intersectuion ﬁere considered,

10



Right=turning velhicles were discounted since it was almost
impossible to determine from the camera position whether a
main etreet car was moving in the medianvor the curb laue,
No distinction was mede for through vehicles and left~turn-
%ng vehicles in tabulating the data, both moﬁements being quite.
similar, | |

A lag for a left—furning vehicle entering from the
minor street was measured from an arbitrary iina traced in.
the middle of the intersection Qnd'parallel to the minor street,
For the cars proceeding through the intersection, thé-lag vas
measured from the same line for near-side dars and from another
arbitrary line denoting the'ex;c.exlsion of thev‘r’ninor street
travelﬁay-acroas the major atreet; forrfareéiAe cars, Tigure 2
shows how these lags were measured fof each particular move-
ment, | o

iess than 5 percent of the deta was rejected because
a non-confirming or congestion situatipn existed at the inter—

gection,

1l
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DATS PRESENTATION

Tables 1 -~ 5 present.therresults for the intersection
studied. Table 1 represents the whqle'picture of lags accépted
and rejected while Tables 2 - AIShOW the distribution of saps
in line for the most critical lag sises during peak hour,

Table 5 shows the cumulative number of accepted and rejected

'idgs to compute the critical lag et the intersgction, -

7 BIBLIOTHEQUE
ADMINISTRA%VE ;
\2 18

NHemenr oo "
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TABLE 1

NUMBER OF LAGS ACCEPTED OR REJECTED BY

MINOR~STREET TRAFFIC IN ENTERING A
FOUR~LANE FLOW PAST A STOP SIGN IN PEAK HOUR

Niles Center Road and Howard Street, Skokie

June, 1962
Lag Size Minor-Street Traffic-Through & Left Proportioﬂ
(Seconds) : : | of -
‘ Accepted | Rejected | Total (N) |Acceptance
0~ 1.2 1 121 122 0,008
1.3~ 2.4 4 149 153 0,026
2.5= 3.6 30 174 204 0,147
3.7 4dB 101 101 202 0,500
L9~ 6.0 | 45 186 | 0.759
6.1- 7.2 103 26 129 0.798
1 7.3~ S.4 72 4 76 0.947
8,5~ 9.6 52 1 53 0,981
19.7-10.8 55 0 55 1,00
10,9-12.0 55 0 55 1.00
12,1-13.2 37 0 37 1,00
13,3=14.4 28 0 28 1.00
. 14.5 117 0 ll7v 1,00
14




DISTRIBUTION OF GAPS IN LIUE

TABLE 2

FOR PEAK HOUR COWDITION

Lag size 3.7-4.8 seconds

Nunber of Number of‘Lags Rejected
Lags Reject a cr
Accepted Longer Yalt for Qther Gaps Total
lst Gap For 1lst Gap{For 2nd or o
‘ 3rd
3%
First gap
same or
smaller n - 2 7 148
than lag
First gap _
longer 30 5. 19 - 54
than Jug ‘
Total 101 5 2 | 202
t First 2
gaps same _ ,
or ‘smaller 4L 1 47 .89
than lag
One of first
2 gaps lon- 60 5 20 28 113
ger than lag
Total 101 5 21 75 202
First 3 gaps
same or '
smaller than 25 - lA =h 50
lag
One of first '
3 gaps lon- 76 5 - 20 51 152
ger than lag
Total 101 5 21 75 202

3* .
First gap is the gap immediately following the first main-gtreet vehicle

15




TABLE 3

DISTRIBUTION OF .GAPS IN LINE
FOR PEAK HOUR CONDITION

Log size 4.,9-6,0 seconds

S5

Number of . N“mbe?.9f ngs Rej?cFESL —
Legs | Reject a e , N
Accepted Longer [* lait for Other Gaps Total
lst Gap | For lst Gap{For 2nd or -
o 3rd
Mirst gap
same or
 fsmaller 109 - 3 33 145
than lag
First gap _
longer 32 3 6 - 1
than. lag ‘
Total A1 3 9 33 186
First 2 : _
lcaps same | : o
or smaller 7 0 1 A 108
" [than lag
One of 1lst .
gaps
longer 63 3 8 A . %
than lag ,
Total 141 3 9 33 186
&irst 3
gaps same _ ¢
or smaller 48 0 1 13 67
than lag -
One of 1st
3 gaps P
longer 73 3 © 15 119
than lag
Total 141 3 9 33 186

16




TABLE 4

DISTRIBUTION O GAP IN LIiE
FOR PEAX HOUR CONDITION

Lag size 6,1-7,2 seconds

Number of Lags Rejected

Number of ) ,
Lags Teject a .
- i__Uait for Other Gaps A
Accepted Longer For 1st Gap|Tor 2:d or Total
1lst Gap Ird
Tirst gap
some or
smaller 4 - 2 R2 98
than lag
First gap
longer 29 - 2 - 31
than leg ' .
Total 103 - 4 22 1 120
First 2 :
gaps same _ Cag” o
or smaller 62 1 l?' &2
than lag '
{One of lst
2 gaps _
longer 4l 3 3 ¥
_|than lag
Total 103 - 4 22 129
First 3-
gaps same _
or smaller 33 1 ' L 48
than lag
One of lst
3 gaps -
longer 70 3 3 81
than lag
Total 103 - 4 22 129
17




TADLE 5

v CUMULATIVE NUMBER OF ACCEPTED AND
REJECTED LAGS AT NILES CENTER ROAD AND HOWARD STREET

Lag Size Number Numbor Cumwlative | Cumulative
(Seconds) | Accepted | Rejected | Accepted | Rejected
0~ 1.2 1 . 121 1l 621

1.3~ 2.4 4 149 5 500
2.5 3.6 30 174 35 351,
3.7 4.8 101 101 136 177
49= 6,0 141 45 277 76
6,1- 7.2 103 26 380 31
703 84 72 4 452 5
8,9~ 9.6 52 1 504, 1
9.7-10.8 55 0 559 0

10,9-12,0 55 0 61 0

12,1-13.2 | 37 0 651 0

13.3=14.4 28 0 679 -0
14,5 117 0 796 0

18




RESULTS AND DISCUSSION

then tebulating the data for the major-street traffic

e decision had to be made whether to choose a single line of

vehicles from one direction only, or to consider cars I{rom

both directions, A check wos made to seek a possible dilfer-
ence in the trend, The conclusion was that omitting cars from
one'diiéction end taking the line from the qther dirsction
only would be unrealistic and would not give e true picture
of the situation, Accofdingly, cars coming from both direc-
tions were tabulated as though they were in one line at all
t.{mes. | : |
Swerdioffll states that the gap sizé.im@ediately

following a lag acceptance might be a factor on driver be-

havior. This does not seen to be the case Irom thevcurrent

stuly., The ccleulations presented in the fppendix reveal that

no difference in lag acceptence wes found even when the

' gap or gaps immediately following were smeller than the lag

accepted or rejected, Thus, ve must reject the hypothesis-
that the percent of lags of a certain size accepted, "pl“,

by the side-street driver will e greater than the percent

1lSwerdloff, pp. 56

19



of lags of tne scme size.accepted, "p2,” vien followednby a
gep or geps in line smaller than the same size, ‘Then
Py &'pz. The results of these galculations are displayed
in Table 6. | | |

These results are in accordance with Raff‘s,stdtementlz
when he says that the main-street volume does not have an
apéreciable effect on the critical lag. This'ié becouse the

critical lag for a particular intersection ‘seems to renoin

constant even if we consider the sizes of following gap or

. gops.

From Figure 3, the criticalvlag for Niles Center
Road and Howard Street was found to be 5.1 seconds, The
intersection "D¥ studiedbby Rafle seeris to have the same
charccteristics as Niles Center Road aid Howard Street. His
calculations yielded a criticel lag of 6.0 seconds, Con-
sidering the five factors previously listed, the one uhich
Yo

is primarily responsible for the variation in eriticel la
prii 3

might be the speed as a whole at the location, The Iive

factors mentioned were:

lzRaff, PP. 37

Ppas, pp. 21
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TABLE 6

RESULTS COMPARING THE EFFECT OF GAPS
FOLLOV LG AT NILLS CEKNTER ROAD

' PEAK HOUR DATA

Leg Size | lwmber of ..
(Ssconds) . 9aps | pl(%) Pz(%)
o&louing ,

3,748 1 .o | 556
0o 2 161 | 531
e 3 50.0 50,0

.4.9_-6.0 1 75.2 | 76,1
"o 2 72.2 | 618
o 3 71,7 78;8

6,1-7.2 1 7545 93.5
W 2 5.7 87,2
W 3 68.8 86.4

P, = Percent of lags of size‘"i“.seconds accepted

when followed by o gep or gaps in line
smaller than the lag within this size,

Percent of lags of size "i" seconds acccpted

vhen folloved by a gop or gaps in line
greater than the lag within this size.

o
-
i

2L
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(1) Traffic volune

(2) Speeds of mein-street cars

(3) Sight obstructions

(4) ‘Directional traific pattern on the side-stfeet

(5) tidth of the main street

The traffic volumg factor has clready been eliminated
in vieuv of the results obtained, Because the sight distauce
was exgellent in all directioﬁs\at the intersection, it is
doubtful that this could be the major factor responsible for
verdiation, |

Since the traffic on Hovard Street is two-way, it is
inconceivable that the difectional traffic ﬁattern has an
effect on critical lag, although the di?ectionai traffic \7as
60-40 almost all the time during peak-hour, Vhile Ralf
found thaﬁ‘the results of his data were confusing in that
there was no conslistent effect on the vdlues of ecritical
lag as main street width increaéed, Swerdloffl4 did~find

that not only was there no steady direction in the results

bul also no valid relationship existed between the o

factors (mein street width and critical lag).
These results suggest that the remaining factor
affecting the situation was the overall speed on the nzjor

lASwerdloffg Yoy 55

23



study is:

street énd the‘minor street. In fact, it was noted that more
than &0 percent of the traffic had as its origin or»distribuP
tion an expressvay located close by. It is possible that
drivers accustomed to driving at high speeds are more prone
to take chances, lMore research in this direction might pro-

duce some interesting results.,

Conclusions

" The conclusion indicated by the results of the present
For a giﬁen lag size, the probability of acceptance is
not greater vhen there‘is a line of vehicles on the

.maip street than wheu there is only one car visible -

to the side-street driver,

,Thc present study was an attémpt to discover
vhether there are difflerences in sizes of'lags-accepted
vhen the geps following are small., In considerationv
of the linited time avaiiable for iield observatioﬁs,
only one intersection was studied. Iﬁ term of the-
results obtained, it is hoped that further research
on an exponded scale migit follou a similar proced-
ure end correlate the results fér more than oue
intersection. An approach using simulation techni-

ques should not be disregarded.

R4,
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Calculations showing the percentage of'acceptanée of lags

when folloved b& a gep or a series of gaps.

Notation:
P, = Percent of lags of size "i" seconds accepted when
followed by a gap or gaps in 1ine smaller than the
lag within this size,

Percent of lags of size "i" seconds accepted when

3
14%)
It

followed by & gap or gaps in line greater than the

lag vwithin this size,

Lag size: 3.7 ~ 4.9 seconds

0,430

1 Gap following: p, = TL/LS = |
. p, =30/54 = 0,556
2 Gaps following: p, = [1/89 = 0.461
py = "60/113 = 0,531
"3 Gaps following: p, = 25/50 = 0,50
P, = 76/152 = 0,50

27



Lag slze: Le© = 6.0 seconds
1 Gap following: Py = 109/145 = 0,752
| Py =3R4 = 0.78)
R Gaps folloving: p = 78/108 = 0,722
| p, = 63/7 = 0.818
3 Géps following: Py = LB8/67 = 10,77
p, = 93/18 = 0.788
Lag size: 6,1 - 7.2 seconds
1 Gap following: p; = 4/98 = 0,755
| b, = 2931 = 0.935
2 Gaps following: P 62/32 = 0.757
- py = AL/AT = 0.872
BKGaps folloving: Py 33/48 = 0,688 o
py, = 70/81 = 0,864 '

Therefore, tpe,hypothesis'that P1>Po is rejected
since in no case ls this inequality verified, It is con-
cluded that the side-street dviver is noﬁ‘willing to accept
a shorter lag even when there is a line of vehicles on the

major street.
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