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ABSTRACT 

INTERSECTION DESIGN 

Ten sites, representing four intersection design types are presented in -

this paper to provide better traffic engineering tools to the highway designer. -Physical 

features, signing and collision diagrams, coupled with AADT ijnd 30th peak hour volumes 

and travel time equations and accident experience, are presented.· 

I 1,J i} ' 
11 "~' · Future plans provide for an additional twenty sites to be studied for more 

![(-} comprehensive graphical travel time predictions as well as more exhaustive accident ; ,_ - --- ~--- ------- --------- ------ ---- . ----- ---- . ----- --------- - --~ -~- -------------------- --------- --

_J ~,-1 exposure relationships. 
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. INTRODUCTION 

A research prog1:'am to analyze the various types of inter-

section designs in the State of New Jersey has been undertaken by 

the Bureau of Safety.and Traffic, Division of Research and 

Evaluation, New Jersey Department of Transportation, with the 

cooperation of the Bureau of Public Roads. During the summer of 

1966, ten sites were selected for study -- three signalized at-

grade intersections, four cloverleaf designs and three traffic 

circles. 

An additional 20 sites were studied in 1967 -- nine 

signalized at-grade intersections, four two-quadrant cloverleaf 

designs, two traffic circles. one channelized traffic circle, 

two partial diamonds, and two at-grade intersections without 

signals. · It is planned to restudy the two at-grade intersec-

tions after signal installation. 

It is anticipated that other states will find value in the 

results of this study and will continue research in this area. 

The purpose of the report is to furnish designers with tools with 

which to plan more efficient intersection designs. 

This purpose can be accomplished either graphically or 

with the use of a computer program. 

The comparative.findings of the 30 sites from the summers 

of 1966 and 1967 will furnish several observations of the 

prevalent intersections within New Jersey. Comparative travel 

· times can then be combined for each movement within each design 

group as well as relating the design groups. This can also be 

done with accidents. 

SCOPE OF REPORT 

by: 

The crossing of traffic streams is generally accomplished 

a. At-grade intersections 

1. Channelized, 
2. Signalized, or in 
3. Combination 

b. (lrade-separated intersections 

l. Cloverleaf, 
2. Diamond, 
3. Trumpet, or 
4. Dtrectional 
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Theoretically, there is an economic benefit to the user when 

impedences are reduced. Jime savings, accident. experience, opera-

ting costs and comfort and conveniences are the principal measures 

of benefit for comparison of effi Ci ency. 

The_ object of this study is to provide a method of analysis 

,of various type inte_rsections. The principal items for comparison 

are travel time and accident data. Each of the intersections 

presented are accompanied by comments' covering its overall effi-

ciency .. 

The extent of. i n:fl uence of a road on another road I s traffi.c 

stream is _not easily determ}ned. Backups from one may extend 

several hundred or thousancffeet upstream. Ramp terminals of -

. . grade.-separat~d crossings lll~)'_b~ _50~_f_eE!r!~<>'!'J~e .. Pl"?j_ec_;~d-" 
----••7•-~-••--a~--•••• •.•-••----;--.---:--••--•-.••------~---•••--•-;•-- -•-' - - 7· .•.- .. -- • . r • • • . • • 

crossing of the. connected: roads.•- For these reasons, all data has-
- . . . -.. , ~-

· been coil ected . at points Jpoo fe~t in advance of,· and lOOO feet 

beyond the intersection ·point. produced by proJecting the center 

lines -of the two roads • · 

2 

Travel time and accident experience are the most accurate 

determinations of design efficiency, followed closely by operat-

ing costs. 

To completely evaluate the efficiency of each type design, 

several traffic and design parameters are presented herein: 

design elements.consist of horizontal and vertical alignment, 

pavement type; lane markings, stgning, lighting and roadside 

features; traffic elements include travel time and accident 

experi.ence. 
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Photographed 6/1/67 - 1735 hours 
500' Altitude, Looking West 

PHOTO l 

U.S. Route l & Milltown Road 

Cloverleaf 

Photographed 6/1/67 - 1735 hours 
700' Altitude, Looking West 
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TYi'~ OF ACCIDENT DAY NIGHT TOTAL SEVERITY NO. ACCIDENTS 

-++ RIGHT ANGLE 6 0 6 FATAL 0 -~ REAR END 14 5 19 --:--+• -.,..x FIXED OBJECT 1 2 INJURY 
I~ HEAD-ON 0 0 --:--+o 17 

0 

I~/ PEDESTRIAN 0 0 0 PROPERTY 
SIDESWIPE 3 4 DAMAGE 23 

--.+ OTHER 3 6 9 

TOTAL 27 13 40 TOTAL 40 
N-OTE: 

O=.NVM8ER OF ACCIDENTS AT EACH LOCATION 
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=========(1)---y .·. ___ . -----------
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JANUARY, 1967 
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,Independent. Variables 

Xl = Approach Volume (By Lane) 
X2 = % Trucks {By Lane) /100 ·. ·. . 
X3 = % Left Turns (By Lane}/100 
X4 = % Right Turns ( By Lane) /100 
X5 = Right Hand Lane Volume from Left App. 
X6 = Right Hand Lane Volume from Opposed App. 
X7 = Right Hand Lane Volume from Right App. 

Range of Independent Variables 

TABLE .1 

TRAVEL TIMES 

For 

U.S. Route land Milltown Road 

Cloverleaf 

Year of Construction: 1960 

From 1.5 x Std. Deviation · To Move- Multiple Regression Equation 
for Travel.Time . Xl . X2 \ X3 T-X4- X5 X6 X7 (Land ment 

Speed Limits 

Major - 50 Mph 

Minor - 40Mph 

Mean 
Travel 
Time 

2 R ·. Std. 
Error 

·25 0 i Major Leg i 
2 lanes to I 

0 5 45 
to to 

25 
to 

Shp. Lt. 
Ctr. 
Und. St. 

Y = 58.85 - 180.54 X4 + L23 X5 + .33 X7 75.34 
to to 

j Com. 95 .35 .15 

Minor Leg 20 O i .os 
1 1 ane to to i to Res~- - - ·· 8s-~:.1s 1 ·:35 

Minor.Leg 
2 lanes 
Shp. Ctr. 

'· 5 0 
to to 
45 .• 35 

30 no 85 

0 

Res, Rt. 

Lt. 

Y = 39.66 + 8.43 X2 + 33.32 X3 + .32 X5 • 
- .15 x6 · . . ·. • ... ·.. . 

Y = 29. 81 + .19 X1 - 44. 53 X2 + • 28 X6 

Y = 49.38+ • ll Xr - 35.77 X2 + .27 X5 

···· i-=i3].85C.,.:t--sa~J3ii2~-18;7fr x3-
y =····4a:i~1-xt1 .. 10 x2,-··.·46i.39 xi· .. 

+ 13 x6 .· . 
. ' -· . 
+ .15. x6 . . .. 

= 10.66 + .• 17 .19 

= 60.27 ... 36. 

. 
:t- .29 •. 

= 4.68 --

No. No. 
Time of 
Obs. Apps. 

I 

7 



Photographed 6/1/67 - 1730 hours 
600' Altitude, Looking West 

PHOTO 2 

U.S. Route 1 and New Jersey Route 18 

Cloverleaf 

Photographed 6/1/67 - 1730 hours 
800 1 Altitude, Looking Northeast 
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ACCIDENT SUMMARY (1962-1964) FATAL INJURY PROPERTY 

TYPE OF ACCIDENT 

-++ _...... 
--+ X .__.._ 
--+o-' 
7'7 
---+ 

RIGHT ANGLE 

REAR END 

FIXED OBJECT . 

HEAD-ON 

PEDESTRIAN 

SIDESWIPE 

OTHER 

TOTAL 

1860 
190 

19070 t=::.. 11700 
- 1900 1160 

510 5000 
500 50 

TUNISON 
RD 

TOTAL 
DAY NIGHT TOTAL __.. --0 DAMAGE 

2 2 2 2 

72 29 101 51 50 101 
7 7 14 7 7 14 

3 4 3 4 

0 0 
25 7 32 8 24 32 

8 15 23 5 17 23 

ll 6 61 177 77 99 177 

NOTES: CD' NUMBER OF ACCIDENTS AT EACH LOCATION 

oori 
- --4--;..-cc:1DENTs" AT- ,NoETERMIN~TE L6"~r16Ns ~-=~-x---

- z 
w ::::, 
>- "" 
::::, "' 

18250 
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z 2~m 
1860 10450 5900 
190 1050 590 
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590 NEWARK 
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5000 10450 7650 

~,j r f ~~fL '~g 
25390 
2550 

1963 AADT 

RD 

1963 30TH PEAK HOUR 

Commercial 

0 

FIG 2c 

NEW JERSEY DEPARTMENT OF TRANSPORTATION 
DIVISION OF RESEARCH AND EVALUATION , 
BUREAU OF SAFETY AND TRAFFIC 

COLLISION DIAGRAM (1962-1964) 
AADT - 30th PEAK HOUR 1963 

U.S. ROUTE No. 1 AND ROUTE No. 18. 
NEW BRUNSWICK, MIDDLESEX CO., N. J. 

100 200 300 
FEBRUARY, 1967 

SCALE IN FEET 
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Independent Variables 
X1 = Approach Volume (By Lane) 
X2 =%Trucks (By Lane)/100 
X3 =%Left Turns {By Lane)/100 
X4 = % Right Turns (By Lane)/100 
X5 = Right Hand Lane Volume from Left App. 
X6 = Right Hand Lane Volume from Opposed App. 
X7 = Right Hand Lane Volume from Right App. 

TABLE 2 

TRAVEL TIMES 

For 
U.S. Route 1 & New Jersey Route ·1s 

Cloverleaf 
Year of Construction: 1954 

Speed Limits 

MajQr Legs - 50 Mph & 45 Mph 

Mean l, Range of Independent Variables 1 To I 
X1 ; ~2 5 x x~td. x~evi ~~ion Xs-- -x,- --/ 'b!~1-J:~rii-=-~~HiP}~/~~~!!1i¥tin~q~~Jji>,-'-""-~~~~--'--+------'~~~~ 

+--~---+--------'--; __,_ - + 
From 

2 ~No.. l No. ! Travel R ' Std. ime i of i 
· Time 1Error Obs-:-~Apps • 

I· 

Major Leg 
(50 Mph) 
2 lanes 
Und. 

25 I o . 05 o 20 20 30 
to I to to · to to to to 
75 !.35 .30 .65 90 50 90 

15 0 .05 0 25 ! Major Leg 
(45 Mph) 

15 15 

2 lanes 
Res. 

to i to to to 
100 . 25 .50 85 

15- , 0- 0 20-
90 J-1? C -! .QQ __ 8-5 _ 

Major Leg 20- o-1 0- 0- 30-
(50 Mph) 115 · .30 i .70 .50 90 
2 lanes 20~85 -.35 o~.35 
Com. 

20-115 

Major Leg 20 0 .05 0 20 
(45 Mph) to to to to t: 
3 lanes 80 .20 .55 .45 50 
Res. 

to to 
85 55 

10- 10-
85 50 

35- 25-
85 90 

30 35 
to to 
90 80 

Res. Lt. 

Com. 1St. 
I 
! 

Res. !Rt. 

I 
Und. Lt. 

Res • St. 

Com. Rt. 

Res. Lt. 

Und. St. 
' Res. Rt. ! 
! 
i ,~---, 
i i 
1 Com. ilt. 

Res. [ St. 
! 

- I 
. Und. iRt. !· . 

f 
' .1 

Y = 60.92 + 24.86 X3 + 18.02 X4 
+ 0.i4 X7 

Y~ 24.54 + 14.25 X4 + 0.08 X7 

Y = 11.94 + 0.36 X1+ 0.22 X5 

Y = 72.37 - 0.08 Xl + 20.43 X2 
- 0.10 X5 ' 

Y = 38.09 + 19.62 X3 + O.l2 X5 
- 0.26 X7 

Y = 25.79 + 33.02 X2 + o .• 08 X6 

V = 57 .27 + 0.12 X1 + 20.55 X3. · 

Y = - 2.59 + 0.47 X1 + 0.47 X7 

Y ··;: 27.83 + 0.17 X1 + 0.31 X5 
~0.14 X7 · 

80.97 

33.67 

43.01 

65.20 
. 41.17 

, l 
0.14 i 11.87 69 1 

0.29 5.84 116 

'0.45 

12 
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Photographed 6/1/67 - 1635 hours 
600' Altitude, Looking Northwest 

PHOTO 3 
New Jersey Routes 4 & l7 

Cloverleaf. 

Photographed 6/1/67 - 1635 hours 
800' Altitude, Looking West 
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GARDEN STATE PARKWAY ROUTE 4 

C om'mercial 

10440 
-900 

ii i1\ 
4 260 . 16020 . 10720 
400 1400 1000 

8250 
800 NEW YORK 

',::'~~~ 
5560 
500 

NOTE: INBALANCE OF MOVEMENTS DUE TO 
CONFIGURATION OF LAND USE. 

10250 · 10710 3060 

'°'iI(' 
24020 

2200 

1963 AADT 

.19270 35100. 
1700 3200 

7580 
700 

1963 30TH PEAK HOUR 

ACCIDENT SUMMARY (1962-1964) FATAL INJURY PROPERTY 
-

TYPE OF ACCIDENT DAY NIGHT TOTAL --· --0 DAMAGE 

-+* RIGHT ANGLE 17 7 24 0 13 11 
-+:....,. REAR. END 522 182 704 0 344 360 
--.x FIXED OBJECT 16 10 26 0 10 16 

HEAD-ON 2 2 4 1 1 2 . __.o_, · PEDESTRIAN .·· 4 2 6 1 5 0 
SIDESWIPE 10 7 17 0 3 14 

---+ OTHER 9 9 18 0 7 11 

TOTAL 580 219 799 2 383 414 

O= NUMBER OF ACCIDENTS AT EACH LOCATION 

ACClDl!:NTS AT INDETERMINATE_- LOCATIONS ©2--, 

Commercial NEW YORK 

NEVV. JERSEY DEPARTMENT OF TRANSPORl"ATION 
OIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

COLLISION DIAGRAM (1962-1964) 
AADT - 30th PEAK HOUR. 1963 

N. J. ROUTE No. 4 and N.J. ROUTE .No. 17 CLOVERLEAF 
PARAMUS BORO, BERGEN COUNTY., N. J. 
0 100 200 300 

JUNE, 1967 
SCALE IN FEET 
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Independent Variables 

X1 = Approach Volume (By Lane) 
X2 = i Trucks {By Lane}/100 
X3 = % Left Turns (By Lane)/100 
X4 = % Right Turns (By Lane)/100 

· X5 = Right Hand Lane Volume from Left App. 
X6 = Right Hand Lane Volume from Opposed App. 
X7 = Right Hand Lane Volume from Right App. · 

Range of Independent Variables 
· From 1.5 x Std. -Deviation 

X1 X2 X3 X4 X5 x6 X7 
Major Leg. 40 0 0 0 20 75 40 
2 lanes to to to to to to to 
Shp. Ctr. 110 .25 .35 .30 45 135 85 

\ 

Major Leg 40 0 0 0 60 15 75 
3 lanes to to to to to to to 
Com. 90 .15 • 25 .80 110 45 135 

Major Leg 30 0 .10 0 45 65 20 
2 lanes to to to to to to to. 
Shp. Ctr. 140 .20 .60 .40 90 113 40 

Ma~or·Leg 15 0 0 0 75 40 60 
5 anes to to to to to to to 
(Separated) 85 .15 '.65 .55 135 85 no 
Shp. Ctr. 

20 .. , 0- 0- .30- 75- 40- 60-
40- ! • ls .15- .90 135 85 110 

To 
Land 
Use) 

Shp. 
Ctr. 
Shp. 
Ctr. 
Com. 

Shp. 
Ctr. 
Shp. 
Ctr. 
Shp. 
Ctr. 

Com. 

Shp. 
Ctr. 
Shp. 
Ctr. 

Shp. 
Ctr. 
Com. 

Shp. 
Ctr. 

TABLE 3 

.. TRAVEL TIMES 

For 

~ew Jersey Routes 4 and i7 

Cloverleaf 

Year of Construction: 1933 

Move- Multiple Regression Equation 
ment for Travel Time 

Lt. y = 37.69 - 0.91 X5 + l.16 X7 

St. y = 21.96 + 0.48 x1 - 0 .. 91 x5 + l.03X7 

Rt. '( _52.59 + 0.65 X1 + 0.89•X7 

Lt. y = 49.58 + 3l.82 X3 + 0.33 X5'·.;. 0.59 x6 

St • y = 19.27 + 40.67 X2 + 7.76 X4 + 0.13 X5 
Rt. y = 32.65 - 71.54 X2 + 0.15 X5 

---- --- - -

Lt. y :; 47.53 + 11.78 X3 + 0.18 x5 + 0.19 X6 
St. y = 16.74 - 52.12. X2 + 16.13 X3 · -

. ' 

+ 32.09 X4 + 0.23 X5 
Rt. y = 21.13 .. 0.09 X1 + 23.35 X4+0.38 X5 

Lt y = 47.78 + 23.00 X4 + 0.26 X7 
-

St. y = 26.97 + 10.45 X3 + 17.07 X4+ 0,09 X7 

Rt. y = 40.87 - 0.12 x, + 21.27 X2 .. 12.50 X - 0~05 .x5 · ,,. ' 

Speed Limits 

Both·Major Legs - 50 Mph· 

Mean R2 . No. 
Travel Std. nm 
· Time Error 
83.40 0.52· 18.35. 

50.68 0.76 14.72 

58.43 . . _9.71 

64.42 0.30 

34.55 0.25 
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PHOTO 4 

U.S. Routes l & 9 and New Jersey Route 35 

Cloverleaf 

Photographed 5/18/67 - 1655 hours 
600' Altitude, Looking West 
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ACCIDENT SUMMARY (1962-1964) 
TYPE OF ACCIDENT DAY NIGHT TOTAL ...... __..... 

----. X _._ 
----.o.• 
7"V -

23300 
2330 

RIGHT ANGLE 0 3 3 
REAR END 40 19 59 

. FIXED OBJECT 0 2 2 
HEAD-ON 0 1 1 
PEDESTRIAN 0 0 0 
SIDESWIPE 12 6 18 
OTHER 4 8 12 

TOTAL 56 39 c 95 

NUMBER OF ACCIDENTS AT EACH LOCATION 

ACCIDENTS AT INDETERMINATE LOCATIONS 

3700 
370 
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~1850 
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NEW JERSEY DEPARTMENT OF TRANSPORTATION 
DIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

COLLISION DIAGRAM (1962-1964) 
AADT - 30th PEAK HOUR 1963 

U.S. ROUTE No. 1 and N.J. ROUTE No. 35 CLOVERLEAF 
WOODBRIDGE, MIDDLESEX CO., N. J. 

0 100 200 300 MARCH, 1967 
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Independent Variables 

X1 = Approach Volume (By Lane) 
. X2 = % Trucks (By Lane)/100 · 

X3 = % Left Tu.rn.s (B,y La.ne)/100. . · 
X4 = % Right Turns (By Lane)lOO 
X5 = Right Hand lane Volume from· Left App .. 
X6 = Right Hand Lane Volume from Opposed App. 
X7 = Right Hand Lane Volume from Right App. 

Range of Independent Variables 
From 1.5 x Std. Deviation 

X Xz X3 X4 X5 X6 X7 
Major Leg 45 0 0 0 45 10 15 
2 lanes to to to to to to to 
Com. 110 .30 • 35 .25 90 35 40 

Minor Leg 15 0 70 45 10 
2 lanes to to t9 to to to to 
Ind. & res 40 .20 .30 • 40 100 . 90 35 

·Major Leg 
, 3 lanes I Com~ 
I 

Minor Leg 
21anes 
Com •. & res 

.30 
to 

.55 
10 15 70: 
to _to · to 
35 40 100 

TRAVEL, . TIMES 

For 

u. S. Routes 1 &9 and New Jersey Route 35 

Cloverleaf 
Yea~ of Construction: 1938 

To 
(land Move-
Use) merit 

Cont. Lt. 
Res. 
Com. St • 

Ind. Rt. 
Res. 

Com. 

Com. 

Res. St. 
•.· Ind. 

Com. -Rt~ 

. Multiple Regression E 
for Travel Time 

Y = 61.12+ 17.27 X2 + 11.79 X3 
Y = 26.53+ .08 X] + 7.75 X3 

Y = 30.94 + 6.57 X3 + 0.31 

= 82.72 + 31.75 X2 + 26 .• 
-0.22 X6 + 0.79 X7 . ·• 

= 29.25 + 11.08 X3+ 19. 
+ 0.15 X7. . . 

= 29. 69 - 26. 69 X 2 + l3. ·-+- o.51 x7---~-······- -

- 7L40 + 28.6Q X3 .• 2 
+ .12 x7 ... · .... · · • 

?' 4l.l3 .... 25 X1.t l 
= 30.12 .·.·. . .· · ..•. 

= 84.8 · ...... '. • 
.·.· -+ ·l .20 X5 = 44.23 +. 

Speed Limits 

Major Leg -.50 Mph 

f 
pps. 

22 
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Photographed 6/29/67 - 1655 hours 

500 1 Altitude, Looking South 

PHOTO 5 

U.S. Routes 1 & 9 and Green Street 

Circle 

Photographed 6/29/67 - 1655 hours 
700' Atlitude, Looking West 
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ACCIDENT SUMMARY (1962-1964) 
TYPE. O_F ACCIDENT DAY .... RIGHT ANGLE 9. ...... REAR END ·_70 

-+X ·FIXED OBJECT 0 
-..+-'- HEAD-ON 2 
-+, , 

. o' PEDESTRIAN l 
. SIDESWIPE. 35 

-+ OTHER 2 

TOTAL 119 

NOTES 

NUMBER OF ACCIDENTS AT EACH LOCATION 

ACCIDENTS AT INDETERMINATE LOCATIONS 
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Independent Variables 

X1 = Approach Volume (By Lane) 
X2 =%Trucks {By Lane)/100 
X3 =%Left Turns (By Lane)/100 
X4 = % Right Turns (By Lane)/100 
X5 = Right Hand Lane Volume from Left App. 
X5 = Right Hand Lane Volume from Opposed App. 
X7 = Right Hand Lane Volume from Right App. 

TABLE 5 

TRAVEL TIMES 

For 

U.S. Route 1 & 9 &Green Street 

Circle 

Year of Construction: 1929 

From 
Range of Independent Variables To 

~~-=-=-~~+==-c..=;."-'-,-~---1 (Land 1.5 X Std. Deviation x, j X2 X3 X4 X5 X5 X7 Use) 

! Move~ Multiple~egression Equation 
for Travel Time 

Major Leg 35 0 0 
2 lanes to to to 
Vac. 70 .10 .20 

0-.50 
e•~--~~._,.._•~·---•~·,•,~·••·z,-------~~ 

Minor leg 30 !O .40 
1 lane to tb to 
Vac. 60 .20 .75 

0 25 60 
to to to 

.10 50 100 

0-.50 

0 40 25 
to to to 

.10 65 50 

25 
to 
60 

60 
to 
95 

ment 

Com. Lt. Y = 115.35 + 1.24 x1 - 1.20 x~ 
Res. 
Com. St. Y = 27 .07 + 16.10 ~2 + 0.14 x6 
Vac. Rt.· Y = 26.69 + 0.19 X1 - 8.51 X2 

Vac. Lt. Y= 59.77 + 0.08 X1 + 70.23 X2 

Com. St. Y = 87.28 - 44.60 X3 + 0.27 X7 
Res. 

_ -f- Major Leg _ _ 10. - Q_ .o - Q_ 30 -
2 lanes to to to 
Com. 90 .35 .05·· 

35-105 

i Minor Leg 25 0 .10 
1 lane to to to 
Com. 45 • 15 .45 
Res. 

to to 
.30 60 

.05 60 25 
to to to 

.40 100 60 

Com. 
Res. 

45 Com. 
to 
65 Vac • 

Vac. 

Rt. 

Lt. 

St. 

Rt. 

Y = 13.77 + 0.63 X1 + 58.25 X2 
+ 0.28 X5 + 0.35 X5 -

Y = ... 32.46 .. 399.82 X2 + 2.11 . X5 

Y = 54.91 + 0~53. X1 - .0._50 X7 

Speed Limits 

Major Leg - 50.Mph 

Minor leg - 25 Mph 

Mean 
Travel 
Time 

R2 No. No. 
Std. Time of 

'Error Obs. Apps. 

86. 29 0 • 48 . 19 • 34 44 1 

40.67 96 · l 

35.21 72 

71.58 

82.71 

27 



Photographed 5/18/67, 1655 hours 
500' Altitude, Looking Southeast 

PHOTO 6 

New Jersey Routes l & 9 and Bayway Avenue 

Circle 

Photographed 5/18/67 - 1655 hours 
700' Altitude, Looking West 
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FIG 6a 

NEW JERSEY DEPARTMENT OF TRANSPORTATION 
DIVISION OF RESEARCH-AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

I PHYSICAL FEATURES I 
U.S. ROUTE No. 1 & 9 and BAYWAY (N. J. Rte: 439) CIRCLE 

CITY OF ELIZABETH, UNION CO., N. J. 
0 200 300 

MARCH, 1967 
SCALE IN FEET 
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TABLE 6 

TRAVEL TIMES 

For 

U.S. Routes 1 & 9 and Bayway Avenue 

Circle 
C 

Year,of Construction: 1929 
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Photographed 5/18/67 - 1700 hours 
500 1 Altitude, Looking North 

PHOTO 7 

New Jersey Routes 35 & 440 

Circle 

Photographed 5/18/67 - 1700 hours 
700' Altitude, Looking Southwest 
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NEW JERSEY DEPARTMENT OF TRANSPORTATION 
DIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

I PHYSICAL FEATURES I 
N. J. ROUTE No. 35 AND ROUTE No. 440 TRAFFIC CIRCLE 

CITY OF PERTH AMBOY, MIDDLESEX CO., N. J. 
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ACCIDENT SUMMARY (1962-1964) FATAL 11\lJURY PROPERTY 

TYPE OF ACCIDENT DAY NIGHT TOTAL --.. --.o DAMAGE 

-'-+-+-
-.x 
-+-+-
_.o_, 
7?' 
---+ 

RIGHT ANGLE 12 7 19 12 7 

REAR END 16 8 24 13 11 
FIXED OBJECT 0 9 9 4 5 
HEAD-ON 3 3 6 3 3 
PEDESTRIAN 2 1 3 1 2 
SIDESWIPE 3 3 6 3 3 
OTHER 7 17 24 1 10 13 

TOTAL 43 58 91 2 47 42 

Shopping Center 

Vacant 

J 

Residential 

FIG 7c 

NEW JERSEY DEPARTMENT OF TRANSPORTATION 
DIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

COLLISION DIAGRAM (1962-1964) 
AADT - 30th PEAK HOUR 1963 

N. J. ROUTE No. 35 AND ROUTE No. 440 TRAFFIC CIRCLE 
CITY OF PERTH AMBOY, MIDDLESEX CO., N. J. 

0 100 200 300 
JANUARY, 1967 

SCALE IN FEET 



fodependent-Variables 

X1 = Appro_ach Volume {By Lane) 
X2 =%Trucks {By Lane)/100 
X3 =%Left Turns (By Lane)/100 
X4 = % Right Turns (By lane) /100 
X5 = Right Hand· Lane Volume from left App .• 
X6 = Right Hand lane Volume from Opposed App. 
X7 = Rig~t Hand Lane Volume from Right App. 

Range of Independent Variables 
From 1.5 X Std. Deviation 

' Xl X 2 xa x4 x5 x6 x1 
Major Leg 10 0 0 0 30 10 30 

1 2 lanes · to to to to to to to 
Com. & res. 40 .20 .45 .45 80 25 85 

! Minor Leg 30 0 • 15 0 15 30 lO 
1-1 iane to to to to to to to 
1 Res. 85 . 15 .40 .25- 40 80 25 
t 
I 

' I -1---
l 

i 
i Major Leg. 10 0 0 ;Q 30 i 15 35 
l2 lanes to to to to to to to 
Shp. Ctr. 35 .25_ .25 .30 90 40 75 

Minor Leg 30 0 0 10 5 30 15 
1 lane to to to to to to to· 
Res. & vac. 80 :20 .20 .55 25 85 40 

To 
(land 
Use) 
Res. 
Vac. 
Shp. 
Ctr. 
Res. 

Com. 
Res. 
Res. 
Vac. 
Shp_. 
Ctr. 

Res. 
Com. 
Res. 
Res. 
Vac. 

Shp. 
Ctr. 

-Res. 

TABLE 7 

TRAVEL TIMES 

for 

New Jersey Routes -35 and 440 

Traffic Circle 

Year of Construction: 1940 · 

Move- Multiple Regression Eauation 
ment for-Travel Time ., 

Lt. y = 23.11 + 0.78 X l + 0.31 X7 

St. y 36.23+ 0.23 X1 + 28.64 X2 + 0.(!13 
. ... .. 

Rt. y = 25~56 + 32.46 x2 - 19.92 X4 + -0 •. 33 

Lt. y = 53.20 + 0.19 x, +.35.30 X4 

St. y = 46.77 + 0.17 X1 + 0.21 X7 

Rt. Y = 105.24 ~- 125.97 x3_ ... 73,94 x2 
+0.71 x5 - 1.06X7 

::: 
Lt. y = 27.44 + 0.17 X1 + 48.32 X4 + 0.29 

St. Y=ll.19 + 28.89 X4 + 0.38 X5 + 0.30 

Rt. y = 19.59 -44.92 x3 + 0.31 X5. + O.Ji 

Lt. y = 26.50 + 47.29 xa + 23.90 X· . 

4 - 0.26 xy + o.s xi-· _ .. 
St. y = 40.98 - · 29 _x5 + • 62 X5 ·.·• 

X7 
X-
' 

X5 

X7 

X7 

Com: Rt. y = 23~38 + o.38 x1 :,82.29 X3 t o.t5 x6 
Res. 

Mean 
Travel 

Speed Limits 

Major Leg - 45 Mph·_ 

Minor Leg - 35 Mph 

R2 
No. 

Std. Time 
No. I of i 

Time Error Obs._ Apps ·J 
60.69 0.25 16.44 96 l l 1 

48.49 ' 0.12 9.00 119 1 . . .. ... ... , 

-4-3. 27 .. 0~ 15 13.52 83 1 
. ··._ . 

. 

66.57 0.15 · 8.87· 60 1 

60,.40 0.20 7.05 60 l 
. __ ..;.:.-< •. _. 

.. 
66.54 0.]3 29.96 .53 .·. ·1.·· 

68.16 0.21 20.34 ._61 1 
.. , 

53~66' 0~44 1L6l 120 
.. 1·· 

54.77 · 0.17 25.27 94. - 1 
- . , . 

. . __ \'' 

67.86 0.15 l7 .25 .. 53 · l 
.. 

61.5] 0.59 14.30 60 1 
.. 

50.52 0.49· 11.40 60 l 

37 



Photographed 6/1/67 - 1732 hours 
500 1 Altitude, Looking Southwest 

PHOTO 8 

U.S. Route 1 and Ryders Lane 

Siqnalized Jughandle 

Photographed 6/1/67 - 1732 hours 
700 1 Altitude, Looking West 
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RYDERS LANE GREEN • 

107-127 SECONDS VARIABLE CYCLE 
SEMI- AqUATED 

GREEN AMBER ALL RED RED TOTAL RED 

U.S. ROUTE 1 80 5 2 20-40 22-42 

RYDER$ LANE 15-35 3 2 87 89 

..._<J 
~. 
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, __ ,· 
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FIG Sa 
NEW JERSEY STATE HIGHWAY DEPARTMENT 

DIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

PHYSICAL FEATURES 
U. S. ROUTE No. 1 & RYDERS LANE 

NORTH BRUNSWICK TWP. MIDDLESEX CO., N. J. 
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[8J STANDARD TRAFFIC CONTROL 
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¢" DETAIL University 

Rutgers University 

(1962-1964) ACCIDENT SUMMARY 

TYPE OF ACCIDENT DAY NIGHT 

-.* RIGHT ANGLE 19 3 
· ....._.. - -REAR END -63 - -2-9 

-+X FIXED OBJECT 0 

-++- HEAD-ON 4 

...... 0,, , PEDESTRIAN 

SIDESWIPE 1 
---+ OTHER 4 5 

TOTAL 89 41 

NOTE, 
Q = NUMBER OF ACCIDENTS 

AT EACH LOCATION. 

TOTAL 

22 

92-

5 

9 

130 

SEVERITY NO. ACCIDENTS 

FATAL 2 ---.. 
INJURY 84 ---+o 

PROPERTY 
DAMAGE 44 

TOTAL 130 

FIG Sc 

NEW JERSEY STATE HIGHWAY DEPARTMENT 
DIVISION OF RESEARCH AND EVALUATION 

BUREAU OF SAFETY AND TRAFFIC 

COLLISION DIAGRAM (1962-1964) 
AADT - 30th PEAK HOUR 1963 

U. S. ROUTE No. 1 & RYDERS LANE 
NORTH BRUNSWICK TWP. MIDDLESEX CO., N. J. 
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Independent Vctriables 

·xr = Approach Volume (By Lane) 
X2- = % Trucks ( By t.a.ne)/1O0 

-X3 = %· left Turns (By Lane)/100 _ _ _ 
X4 = % Right Turns (By lane) /100 . 
x5 = Right Hand L~ne Volume from left App. 
x6 = Right Hand ~ane Volume from Opposea App~ 
X7 = Right Hand lane Volume from Right App. 

Range of Independent Variables 
From 1.5 x Std. -Deviation 

X1 X2 X3 X4 X5 X5 X7 
Major Leg 25 0 0 0 5 50 5 
2 lanes to to to to to to to 
Und~ 90 .35 • 15 .20 20 95 50 

Minor leg 5 0 .10 .10 40 5 50 
to 1 lane w/ to to to to. to to 

added lane 50 .10 .55 '.55 70 20 90 
Vnd. 

-- --

Major Leg 40 .10 0 0 5 40 5 
2 lanes to to to to to to to 
Und. 100 .40 .25 .15 50 70 20 

.. 

Minor Leg_ 5 0 0 0 45 5 35 
to to to t6 to to to 

Und. 25 .20 .40 .40 95 50 80 
.·-~ 

To 
(Land 

TRAVEL TIMES 

For 

U. S. Route 1 and Ryders Lane 

SignaUzedJughandle -
.Year. of Construction: 1941 

Juohandles Added: 1960 

Move- .Multiple Regression Equation 
Use} ment for Travei Time -

Und. Lt. y = 132.76 + 435.09 X3- 0.86 x6 
Und. St. y ::: 30.78+ 0 .11 X1 + 0.69 X5 + 0.14 X7 

Und. Rt. y ... 20.87 + 0.40 X1 - 57.86 X2-- 35.96 
+ 0.33 X7 : 

Und. Lt. y = 56.32 - 0.74 Xi+ 116.73 X2 ·. 

.. -· - 2ao.60 x~ + .82 x .. 
Und. St. V 93.83 + 19§.44 X2..., 52.94X4 

' 
-

X4 

Speed Limits 

Major Leg - 50 Mph 

· Minor. Leg - 35 Mph 

Mean No. 
Travel R2. - Std. Time 
Time Error Obs. 

rno.2s. ·0~42 27.45 21 

48.64 0.43 -7 .35 120 

39.97 _ 0.'52 8~92 53 

-
·90~09 0.26 -19.00 60 

83.59 0.22 _ 19.0l 60 

--- ·-- -- ·-.--. ---- - -- ,. "·'"-· -- ·-· -

Und. --Lt. y = 130~29 - 0 •. 31 Xl .. 101.23 X4 •· 103.86 0.09 ·23.35 62 
: + 0.54 X5 - 0.26 X6 · -_ - - --

Und. St. y = 22.32 + 0.22 X1 +- 27 .86 :X2 + 0.2~ X5 48.58 0.63 6.04 120 
--Und. Rt. y 36.91 + 0.27. x1 + 35.44 X2 .. 0.40 X6 42.98 · 0 19 JJ.73" 43 -= ' , .... 
' ·--

Und. Lt. 38 

-·No. 
of 

Apps. 

1 

l 

·_ 1 

i 

l 

1 

.. .L -
-- l -· 

l 
Und. St. v = 80.42 + 36.92 X3 + 86.15 X4 - -• 95.64 ·o:2s 21.9a 60 1 

·-

Und. Rt. y = 66.55 + L81 Xl - 102.06 X3 + 0.36 Xf 88.73 0 •. 20 3:5.41 36 .· 1 

42 
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Photographed 6/1/67 - 1725 hours 
500' Altitude, Looking South 

PHOTO 9 

New Jersey Route 27 and Plainfield Avenue 

Signalized Intersection 

Photographed 6/1/67 - 1725 hours 
700' Altitude, Looking Northwest 
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TABLE 9 
Indeeendent Variables 
x1 = Approach Volume (By Lane) TRAVEL TIMES-
X2 =·' % Trucks (By Lane)/100 
X3 = % Left Turns (By Lane) /100 For 
X4 =%Right Turns (By Lane)/100 - · x5 = Right Hand Lane Volume from Left App. New Jersey Route 27 and Plainfield Avenue 
X6 = Right Hand lane Volume from Opposed App. x7 = Right Hand Lane Volume from Right App. Signalized Intersection 

From 

Year of Construction: 1955 
Range of Independent Variables To 

1---------r--1----'-._5.----'-x-'---_st--.d---'--._O_e...,...v_ia_t_io-,-n_-.--,-----1<Land Move-
-xl X2 _ X3 X4 X5 X6 X7 Use) ment 

Multiple Regression Equation 
_ for Travel Time · 

Speed Limits 

Major Leg - 40 Mph 

Minor leg - 35 Mph 

Mean 
Travel 

Time 

No. No. 
Std. Time of 

Error Obs. Apps. 

Major Leg 
2 lanes_ 
Com-~ 

15 0 0 0 25 
to 
75 

15 25 Res. Lt Y = 56.54 + 0.51 Xl - .35 X5 1.02 X6 83.30 0.10 24.62 171 2 

Minor Leg 
1 1ane w/ 
added lane 
at inter-
·section 
Res.-

tc to to to 
45 .20 .50 .35 

to to 
45, 75 

25 0 0 .05 15 -5 15 
to to to to to to to 
75 .... 20. ~,25 .• 50 _ 50 . 80 .. 145 

I 

Com. St. Y = -61.46 + 0.59 Xl - .34 X5 + 0.39 X6 65.98 
:. • l 3 X7 

0.13 14.91 240 

Res. Rt. Y = 52.44 + 0.30 Xl - 14.94 X3. 
+ 0.68 X6 - 0.16 X7 

Com. Lt. 

Res. St. 

Com~ Rt 

Y = 50. 71 + 106 .65 X2 - 40.QJ X3 
+ 63.53 X4 + 0.50 X7 

- --- - ---

y = 60.4o + .25 x1 + 19.90 x2 - o.10x6 

Y = 76.38 + 37.73 X4 - 0.35 X7 

73.72 0.09 23.00 139 

78.42 o.n 21.n 54 

70.40 0.12 

76.55 0.11 15~80 

2 

2 

1 

47 
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. PHOTO 10 

U.S. ~outes J & 9 Truck and Comrnunfpaw Avenue 

Signaliied Intersection -

Photographed 6/29/67 - 1610 hours 
700' Altitude, Looking W~st 

Photographed 6/29/67 - 1610 hours 
500' Altitude, Looking East 
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U.S. l & 9 Truck>and Communipaw.Avenue 
: . .· . . 

Signalized Intersection 

Year of Construction:· 1954 

l 
I 

! 



W.R. Bellis, F. Melton, E. F. Reilly 

A P P E N D I X A 
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FIELD PROCEDURE 

At each of the ten sites, white paint markings were placed 

1000' from the point of intersection of each of the legs. Measure-

ments were taken with a measuring wheel. Schedules of field days were 

drawn up an~ stations were assigned. All inbound stations were given 

odd numbers, and outbound stations even numbers, and each 1ane itself. 

was numbered. For example: 

Station 2-1 outbo!.!nd ]efthand lane Station 1-1 inbound left-hand lane 

Station 2-2 outbound right-hand lane Station 1-2 inbound right-hand lane 

I. 
2..:2 .l 2-1 

I 
• 1-1 i 1-2 

I 

'V I 
I "tf': 1' 

I 
I 

-------=~1000 .ft. paint mark 

In addition, field personnel were designated as Timers. 

These men, with the use of Kodak timers, furnished the men at numbered 

stations with the time to the nearest second. This timing equipment 

was calibrated in the office prior to each field day. 

During the study hours, each traffic co 11 ector recorded 

the first three numerals or letters and the time to the nearest 

second of each vehicle passing over his station. A 11Tllfor 

truck was recorded prior to the first three digits for any 

vehic 1 e with more than' four tires. Panel trucks (pick-ups) 

were included with passenger cars for vehicle classification. 

Buses have been included with commercial vehicles. All misses 

were recorded as IIX" or, in the case of a truckmfas, 11T-X .11 

This is necessary to classify th? entering and exiting voiumes. 

To avoid constraining the recorder within lines or 

margins , pre-drawn data sheets we.re not used. 

In addition, a state vehicle traversed the intersection 

and was recorded entering and exiting the intersection. · Trave 1 

time; for all movements, was taken by the driver with the aid ·· 

of a stop·.watch and later compared with field data· as a check 

on the Kodak timers. 

FIELD PERSONNEL 
College students temporarily employed for the summer were 

utilized as both traffic collectors and timers. Supervision was 

furnished by one Research Engineer II and one Assistant Engfoeer. 
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FIELD EQUIPMENT 

Kodak timers - Clip boards - Legal size pads 

During the summer of 1967, tape recorders were used instead 

of field sheets. Each station (e.g. 1-1) was covered by a man 

· equipped with a tape recorder and Kodak timer. Coding was done 

in the fie 1,d as well as the office in the same format as 1966. 

FIELD SCHEDULE 

] U.S. L & 9 Truck & Communipaw Ave. 
Jersey City, Hudson County 

2 N.J. 35 & Rt. 440 
Perth Amboy, Middlesex County 

3 U • S . 1 & Mi 11 town Rd • 
New Brunswick Twp., Mi dd1esex Co. 

4 U.S. 1 & Ryders Lane 
North Brunswick Township, Mi dd. Co. 

5 U.S. 1 & 9 & Rt. 35 
Woodbridge Twp., Middlesex Co. 

6 U.S. l & 9 & Bayway Circle 
Elizabeth, Union Co. 

7 Rt. 27 & Plainfield Ave. 
Edison Twp., Middlesex Co. 

8 U.S. l & Green Street Circle 
Woodbridge, Middlesex County 

9 U.S. l & Rt. 18 
New Brunswick, Middlesex Co. 

10 Rts. 4 & 17 
Paramus Borough, Bergen County · 

. . . 

Monday, August 7, 1967 
Weather: hot, humid 

Thursday, June 30, 1966 · 
Weather; hot, humid 

Tuesday. July 7, 1966 
Weather: clears warm 

Tuesday, July 12, 1966 
Weather: Hot, humid 

Thursday,- July 14, 1966 
Weather: hot, overcast 

Thursday, July 21, 1966 
Weather: . clear, warm 

Tuesday, July 26, 1966 
Weather: hot, humid 

Thursday, July 28, 1966 
Weather: overcast, intermit-
tent light rain 
Tuesday, August 2, 1966 
Weather: overcast, intennit-
tent light rain in late 
afternoon 
Thu rs day, August 4, 1966 
Weather: clear, wann 

The study hours were from 7 - 9 a.m. 
ll - Noon 
2 - 3 p.m. 
4 - 6 p.m. 

With the exceptions of sites: #1 - 7:30 - 8:30 a.m •. 
12.30 - l:30 p.m. 
4:30-- 5:30 p.m. 

OFFICE PROCEDURE · 

#8 - 8:00 - 9:00 a.m. 
12:00 - 2:00 p.m. 
4:00 - 6:00 p.m. 

#10 - 7:00 - 9:00 a.m. 
ll:00 - Noon 
2:00 - 3:00 p.m. 
4:00 - 5:00 p.m. 

The travel times for a H movements were formu1 ated in 

regression equations, using seven independent variables. 

Data sheets were coded and submitted to the computer 

center to be punched and sorted. 
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Volumes andvenicle c1assfficatfon ·(% trucks) were 

tabulated by six-minute interva.ls. After the license plates 

were matched by Program I (see explanation of Program I), data 

sheets for Program II (see explanation) were coded using the 

dependent variable, travel time, obtained in Program I. The 

independent variables for Program II are approach volume per 

lane, % trucks per lane, % left turns, % right turns, and the 

right. lane volumes from the three other approaches. Approach 
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· volume, % trucks and approach volumes from other directions are 

obtained from field data;% left and% right turns are obtained 

from the print-out of Program I. 

Program l - License Plate Matchi°ng 

Purpo.se: This program prints out the average time it takes 

for vehicles to pass between preset points in an intersection of 

four legs. Travel times for each inbound lane are given for· all 

possible movements through the intersection from each of its 

approaches. The average times are classified separately for 

cars and commercial vehicles, and the maximum and minimum times 

between po_ints are similarly presented. 

Method: Trave1 times are determined by matching the license 

plates which have been field-recorded at the intersection. If 

these characters are identical for an approach and exit point, 

· and the difference in time between the two points is within the · 

range from twenty seconds to five minutes, this event is recorded 

as a match and the travel time is stored. _. This procedure 

continue~ until· all the data for a given period (one or two hou.rs) -, -

hasbeen computer-read. 

Besides being classified according to vehicle type, 

output is further broken down into six-minute_ intervals. Thus, 

for a one-hour-study, there will.be ten average travel times 
. . . ' 

for cars and for trucks, one for each six-minute period. 
- ' 

Input (Punched Cards): Location points on· the int~r-. . . . .. . ' . 

section are punch·ed in Cols .• l-2~ lane. number in Col. 4,. 

vehicle type in Col. 6, license plate chara~ters in Cols. 11"".13, 

time·passing the point in Cols. 18-23 (military time to nearest 

s,econd), and date in Cols. 28-31. 

Program II - Step-wise Regression Analysis. 

Regression analysis is the study of correlations. between, 

observed data and the formation of equations. relating one de-
' - -

pendent variable with several independent variables. In our 

study, the dependent variable (y = travel time) Js relate.d to 

--- ----~- ---the -seven independe'r1t variables-~s-tated in -t~e"office-procedure-~ 

A program has been utilized to p~rform a step-~ise out-
put~ Each step contains· the following information: .. 

· 1) · Step number, 
.· . •. . . .· 

. . - ' 

2) Number of variable entering the equation, 
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3) Pure collS;tant_ in the equation, 

4l Standard error .of estimate of 11 Y11 

5). 11F" value for entering variable, 

6) Regresston coefficients for each variable 

in the equation, 

7) ,standard error of each coerficie.nt, and 

a) R2 or square of multiple correiation 

.. coefficient for the equation at this step. 

Item #8 was selected as the criteria for acceptance of an 

equation. -For exampl~, if the increase- in R2 from steps 3 to 4 
,. . . . 

was less than 10%~ .step 3°,was _selected. 

56 

I ' 



w. K. Bellis, F. Melton, E. F. Reilly 
I l 

A P P E N D I X B 

ACCIDENT ANALYSIS 



_J 
l~[ 

W.R. Bellis, F. Melton, E. F. Reilly 

ACCIDENT DATA COLLECTION & PRESENTATION FORMAT 
Traffic accident data was furnished- by the New Jersey 

Motor V~hicle Division for the years 1962, 1963, and 1964 for 

the ten intersections studied in 1966. This data is shown 

both pictoriaJly and in tabular form on the Collision Diagrams 

for each intersection. 

By utilizing the standardized drawing of each inter-

section, exact location of accidents, their type (rear end, 

side swipe, etc.) and the number of each type of accident is 

shown. 

The accident type is tabulated by severity and night or 
day. 

EXPOSURE INDICES FOR ACCIDENTS 

- --- - The-usual-procedure for comparing accident-experience at 

various sites is the use of a service volume and length base 

(given in vehicle-miles). Using this procedure in the present 

study, the approach volumes (service Volumes) would be sum~ 

mated for an intersection and used for,the base of an accident 

rate comparison. Length is superflous, since all intersecting 

roads are 2000 feet in length. The latter modification of the 

57 

rate is .not satisfactory~ however, for comparisons of several 

intersections. The traffic patterns differ from one inter-

section to another, emphasizing a difference in exposure for 

similar type movements. It is this difference in exposure 

between similar movements that must be .equated before a compari-' 

son of two ~r more intersections can be studied. An example 

of the need for equating movements, rather than just volumes 

is as follows: 

2000approach vehicles (A) 500 exit, w/6 aces.@ ramp. 
(B) 100 exit, w/6 aces.@ ramp. 

Base: 1. Approach volume 

Rate (A) - 6 acc. 
2000 = 3 ace Jl03 veh. 

Rate {B) = _-20g~ = 3/103 

2. Ramp exit volume 

Rate (A) = 6 acc. 
500 

Rate {B) = 6 
100 

= 60/103 

3. Exposure Index· 

Rate (A) = 6 : 8/106 
(500 X 1500) 

Rate (B} = 6_ = 31.6/lo6 
{100 X l900) 
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The rates calculated under bases 1 and 2 give no consideration 

to the conflicts which exist. · If anything, they are measures of 

the approach roadway.and ramp designs, respectively. But even 

in this capacity, th~y are inaccurate, sinc;e the accidents used 

for the rate involve both roadway volumes. The exposure index 

base accounts for the potential conflicts of the divergfog streams. 

In this capacity, its use is justified. For equal apr,roach 

volumes and accidents, the rate varies as ·the inverse of the 

product of through and.exiting traffic volumes. 

The derivation of the index for each type interchange 

studied under this project. is deve 1 e>ped in the fo 11 owing sub-

sections. The• three-year accident data~~s averaged to eliminate 

annua 1 fluctuations. 
\ 

....... l. Signaltze!':LAt-~ade~Int.etsectio.ns ........ . 

The analysis of at-grade intersections accidents was 

considered in two steps. The first step considered the ap-. 

proach to the intersection. Using the multiple regression · 

technique, five independent variables were used~ These vari-

ables were: 

x1 = number of combinations of any two vehicles 
conflicting within the length of time of a cycle~ 

·. Using figure Bl, we can graphically inter-
pret the number of ·conflicts per eye 1 e. Enter 
the chart with known cycle length, tome down 
to AADT, come across to combination curve and 
read.down.to the number-of conflicts. 

x2 = left turn conflicts, whkh is the multiple of .. 
. the AADTs of left-turn and straight through move".'. 

ments/1000. 

x3 = right turn confHcts. 
X4··.= number_ of.· lanes on ~pproach 

'·• . - . 

(not at the-intersection). 

x5 = speed_ l1rn1 t on the approach. 

The dependent variable v·=number ~f accidents per year. · 
The accidents considered were . rear· end, side-swipe and ··· 

fixed objects. Seven signa.1 ized intersections with twenty- · 

eight· approaches were used to develop the equation {See table ·. 

. .. Ill)!~ .. Ibe .resulting :r<:!gression.equati 011. is: . 

with 

Error of Est. = 3.42 
' 2 ' 

·. R = 0.$02 

F = 5.62 

5$ 
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Intersection X1 

Rt. 27 - Plai~field 18 
23 

6 
5 

Rt. 35 - Smith 41 
29 
38 
10 

Rt. 35 ... Main 23 
21 
11 
7 

TABLE Bl 

Signalized Intersection Data Used to Develop· 
· Accident Equation for Approach Legs 

Oep. 
Independent Variables Var. 

X2 X3 X4 X5 y Intersection 

6.45 3.61 2 40 3.67 Rt. 31 - Olden 
11.42 4. 71 2 40 5.67 
1.57 4.97 1 35 2.67 
2.05 2.81 1 35 , 0.67 

0.96 19.68 2 45 3.00 Rt. 82 - Stuyvesant 
7.20 6.72 2 35 4.33 
3.53 4.95 1 25 3.33 
4.62 0.66 1 25 2.67 

Rt. 1-9 - Wood 
4.35 8.27 - 2 35 1.33 
5.51 5.45 2 35 3.00 
4.50 3.00 1 25 2.67 
2.97 2.37 1 25 2.00 Rt. 1-9 - Stiles 

60 

Dep. 
Independent Variables Var. 

X1 X2 X3 X4 X5 y 

17 6.75 2.50 2 35 1.00 
24 13.75 2.00 2 35 2 .67 · 
35 3.20 7.60 2 40 2.00 

- 24 2.56 8.64 2 40 0.67 

100 - 15.50 l 25 1.00 
91 - 12.-00 i 25 1.67 

164 - 18.70 1 30 3.00 
167 - 20.20 2 30 ·. 4.67 

516 17.63 11.86 3 35 11.00 
557 20.62 28.82 3 35 18.67 

15 1.48 2.58 l 25 1.33 
20 3.60 2.20 1 25 1.00 

585 4.07 15.47 3 35 17.00 
571 4.97 42.80 3 35 35.00 

6 1.33 0.43 1 25 1.33 
26 3.67 3.35 l 25 1.67 
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The second step in this procedure is to detennine the right 

angle and left turn accidents within an intersection. Using the 

same seven intersections as in step one, the conflict approach 

developed by Grossman, HR~ proceedings, 1954, and Surti, Traffic 

Engineering, 12/65, accidents are plotted vs. potential conflicts. 

The potential conflict is the multiple of the AADT of two crossing 

streams divided by 106. Because 98% of the intersection accidents 

were right angle and left turn accidents, only they were considered. 

Figure 82 graphically shows the results of this analysis. 

It is apparent that the relationship between potential 
.~ 

conflicts and left turn accidents is ~ffected by: 

a) Number of lanes on the approach leg, 

b) Addition of a la~e at the intersection, and 

. -~_) _A 1 ea<i grE:!en. 
The range of the conflict index is directly proportionate 

to the .number of .1 anes. The samp 1 e size used to develop the 

curve for a particular number of lanes is: 

3 lanes.; 4 samples 

· . 2 lanes - ll samples 

1 lane .- 9 samples 

The observations for the 1-lane legs are further complicated 

by the addition of another lane at the intersection for 5 of 

the 9 samples. The lead green at one of the 2-lane legs re-

duces this sample to 10. Without a sufficient sample size 
; 

and range of conflict index values for these various designs, 

only a hand fitted curve can be shown for the left-turn acci-

dents . within an i ntersec.tion. 

Similar results are evident when the right angle acci-

dents are analyzed~ Because of the balanced AADT flow at 

an intersection, any one site will yield the same potential 

conflict for all four possible l"ight angle accidents. The 

seven sites used for· this study tend to show a high point in 

the accident index curve at the intennediate values for ·the· 
. . 

61 

.Jncl~x~ How~ver, _only one site~fal]s•Jrtthe int~n11ediate_index 

range -- and inferences cannot be drawn atthtstime. 
' , : . . ··; 

·. ·. .. . '' \" : . . 

The additional data that can be obtained .from other 

sites wil l be added to these seven to verify a technique of . 

predicting accidents at signali~ed at;.grad~ intersections. 
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2. Cloverleaf Design 

The accident exposure index previously developed has 

again been utilized to mathematize accident experience at 

cloverleafs. After attempting several approaches to devise 

a useful technique, the cloverleaf was separated into the 

segments depicted in. figure 83. The accidents attributed 

to each of the three movements (left, straight, and right) 

are included in the appropriate shaded or clear areas. 

The accident experience is directly related to the 

exposure index. The exposure index is the multiple of the 

two diverging or merging traffic streams. For this technique, 

the following procedure was developed for determining the 

exposure index for a movement. The example is for the move-

ments··.from the soutWleg. 

Left Turn Index =.Vt [Vs+ VEast (Lt.}+ Vwest (Lt.)] 

Right Turn Index = VR [Vs + Vt ) + Vwest (St.) + VNorth (Lt.)] 

Straight Thru Index= Vs [Vt+ 2VEast (Lt.}+ Vwest (Rt.)) 

The nomenclature for these equations is: 

Vs - Volume straight thru from South leg 

VR - Volume turning right from South leg 
~. 

Vt.- Volume turning left from South leg 

VNorth (Lt.) - Volume from North turning left 

Vwest (St.) - Volume from West going straight 

VEast (Lt.) - Volume from East turning left. 
All Volumes divided byJOOO 

Using the four cloverleafs reported in this study 

63 

with a total of sixteen legs, table B2. tabulates the results 

of the least squares regression equation, which is graphically 

shown tn figure B4. 
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TABLE 82 

:·- ---) Cloverleaf Regression Equations 
! ' 

', 

/ Land Number 
Use of Constant Coefficient 

Movement: Activity Samples Ao A1 Syx r 

Right Light 10 - 0.05_ 0.87 0.72 0.43 

Heavy 6 - 57.61 30.68 2.88 0.89 

Light 10 - 1.04 l.58 0.65 0.72 

Heavy 6 -139.96 _ JCL.Ofr _:2::._-s2 -0~97 _ 

', 

Strai~:~t I · All 13 - . 4.91 3.79 0.89 0.91 '-----
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TABLE B3 

Data Used to Develop Accident Eq~ation for Cloverleaf 

M 0 V E M E N T 

R I G H T L E FT S T R A I G HT 
Intersection From. Accidents Exposure Accidents Exposure Accidents Exposure 

U .S. Rt. 1 & N • J • 18 North 1.167 186.6 2.500 259.6 3.000 89.6 
South 5.333 158.3 1.667 42.1 7.667 236.4 
East 3.333 252.7 5.667 120.0 4.333 153.4 
West 0.667 6L5 4.667 117.8 4.333 215.5 

U.S. 1 & 9 & N.J. 35 North 2.000 ·22.2 3.000 29.1 6.667 ·118.6 
South 1.667 30.5 2.000 82.7 2.667 111.4 
East 1.333 32.0 0.667 15.7 1.000 . 30.6 
West 6.667 91 . l 0.667 n .5 0.333 16 .1 

U.S. 1 & Milltown Rd. North l.000 61.5 0.333 21.4 0.667 50.2 
South 1.333 23.2 l.000 20. 1 0.667 80.8 
East 0.333 26.2 0.333 7.4 0.667 26.3 
West 1.333 · 24.5 0.333 19.4 0.333 26.6 

N.J. Rts. 4 & 17 North 14.000 246.9 40.000 380.2 4.000 602.6 
·south 9.333 168.0 38.667 305.5 · 5.333 · 482 .1 
East 26.000 404.5 34.333 329.2 7.333 704.9 
West · 15.000 245.3 47.333 478.9 13.000 896.5 

I I 
' ' I i 
\__ J 

Note: Accidents are yearly average of 1962-1964 data. 
Exposure based on 1963 AADT. · 

LI 
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LEGEND FOR PHYSICAL FEATURES PLAN 

Mast Arm Signal Installation y 
Signal Installation on Pole l. 
Curbing 

Edge of Shoulder 

Edge of Pavement 

. Light Pole * 
·Public Utility Pole 0 

Public Utility Pole with Light ·-er 
8 Ft. Pres~ure Vehicle Detector I 
Catch Basin c.:::J 

i 

Gantry Sign u----<-> 

Edge of Woods 

Transmission Tower ~T-
Fence 

Guardrail OU660ffi&ib. 

Concrete Median 2 222 Zi 77 Zl 

Land Use - Com. - Commercial Development 
Und. ':" Undeveloped 
Vac. - Vacant 

· Res . .• i Residential 
Shp. Ctr .... Shopping Center 
Ind. - Industrial 
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