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" INTRODUCTION

A research program 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 cfover?eaf
designs, two traffic c%rcies,‘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 furni;h»designers with tools with

which to plan more efficient intersectionbdesighs.

This purpose can be accomp]ished either‘graphica11y 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
timés can then be coﬁbined for each movement within each design
group as well as relating the designfgrOUps.‘ This can also be

done with accidents.

SCOPE OF REPORT

The crossing of traffic streams is generally accomplished
by:
a. At-grade intersections
1. Channelized,
2. Signalized, or in
3. Combination
b. Grade-separated intersections
. Cloverleaf,
. Diamond,

. Trumpet, or
. Directional -

DN =
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Theoretically, there is an economic benefit to the user when
impedences are reduced. Time savings, accident_experience, onera-
ting costs and comfort and conveniences are the principal measures
of benefit for comparison of eff1c1ency

The obJect of this study is to provide a method of anaiys1s

.of various type intersections. The principal items for comparison

are travel‘time and accident data. Each of the intersections
preSEnted.are accompanied by commentsfcovering.fts overall effi-
ciency. : o - 4

The extent of influence of a road on another road's traffic
stream is not easily determined. Backups from one may extend

several hundred or thousand feet,upstream. Ramp terminals of

w:grade—separated crOSsings mey be 500 feet from”theqproiectedﬂc.,,_”

crossing of the connected roads For these reasons, all data has~
been col]ected at po1nts 1000 feet in advance of, and 1000 feet
beyond the 1ntersect1on po1nt produced by proaect1ng the center .

lines of the two: roads.

Travel time and accident experience are the most accurate

determinations of design efficiency; followed closely by operat-

ing costs.

To comp]eteTy eva]uate the efficiency of each type design,
several traffic and design parameters are presented here1n
design elements cons1st of horizontal and vertical a11gnment
pavement type lane mark1ngs, 51gn1ng, lighting and roadside
Teatures; traff1c e]ements 1nc1ude travel time and acc1dent

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

PHOTO 1
U.S. Route 1 & Milltown Road

Cloverleaf

Photographed 6/1/67 - 1735 hours
700' Altitude, Looking West
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TABLE 1

TRAVEL TIMES

Jndependent'Varfables o _ . ~ o , g ~ Major - 50 Mph

‘X]
X2

X
%6
X7

: For L .
Approach Volume (By Lane) v , : " Minor - 40 Mph
% Trucks (By Lane)/100 AR ~ U.'S. Route 1 and Milltown Road ' S o

% Left Turns {(By Lane)/100 , v

% Right Turns (By Lane)/100 Cloverleaf ;

Right Hand Lane Volume from Left App.

Right Hand Lane Volume from Opposed App. Year of Construction: 1960

Right Hand Lane Volume from Right App.

X3
X5

§peed Limits |

-| Range of Independent Variables T ’ | Mean » —
From . 1.5 x Std. Deviation . To [Move- Multiple Regression Equat1on .. [Travel| ~R”. | Std.
, X1 ] X2 | X3| X4 [ X5 | X6 | X7 |((Land iment |~ for Travel. Time Time | | Error

Heal

No.

(Time
-Obs.

No. |

Apps

L C AN

Major Leg (25| 0| 0] 0| 5| 45| 25 'Shp, Lt. |Y = 58.85 - 180.54 X4 + 1.23 x5 + 33 x7 75;34';§f30"}?8,58'

2 lanes to| to| to| to | to!| to| to Ctr.

Com. | 95/.35 .15 .30 | 30 [110 | 85 | Und./St. |Y = 39.66 + 8.43 Xp + 33.32 X3 + 32 x5 35.49] 0.32 | 5.06

v ) , 15 Xg S SRS
Res,.|Rt. |Y = 29 81 + ]9 X] - 44 53 Xg +. 28 X6 '55;88: 0.23"‘]7.26

60|
o
77

Minor Leg | 20| 0 .05 0 | 40 | 555 | Com|Lt. |Y=49.38+ 11 X1 - 35 77 X + 27 x5 -,71 24 0.11 | 14.17]
1 lane | to| to: to| to| to | to| to | - T R e o - B T
Res. |85 .15 .3535 | 90°| 30 | 95 | Shp./St.” |Y =37, 85+ 58, 13 xz = 18 76 x3 <rvr;x°%35 44;~o;26f;&«5 40060 T

SCtr.l L -19.01 X
 ;+ ]3 X5

“Und.|Rt. |Y =48.17 -»3] 16 xz : 46 36 x3 L ;45 3si 02201;j15 70} 55 |

59 |

Major Leg | 40| 0| 0| 0| 25| 40| 5 | Res.|Lt. |Y =50.28 + .56 x] < 63 42 xz- 26,X5j‘: '7§§33”70;3641115?T7_2

2 lanes | to| to| to| to| to | to| to [ | . +]15Xg

Und. |95 .30 .20 |.35 | 85 | 95| 30 | Com.[St. |Y=10.66+.17X + ‘19 X e 34.69] 0.41 | 6.28
bbb L sheRre. |Y = 60,27 - 36,26 xz - &, 7 ng]l.fi,_ﬂ"44;97}ap.14f”¢16,45n

lctes) 1 - 21,74 X

RITAE
8

 [Minor Leg | 5| 0| 0| 055 25| 40 | Und.|Lt. |Y - 46. 30 +.10 x5 + 18 x7 T |e6.20] .18 8. 38
12 lanes | to| to| to| to| to| to| to | - e RS A R T R

Shp. Ctr. | 45|.35|.60| .20 {100 | 85 | 95 | Res.|St. |Y

12. 82 + 8.59 x3 + 23 x5 '11=7 :7f i"148f§3/§“327fjg12 03

| Com.|Rt. |Y=

4.68 - 57'11 X+ 51 x5 + .21 x7 | s6.78| 10| 36.67|

5|




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' Altitude, Looking Northeast
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\N\

ACCIDENT SUMMARY (1962-1964) FATAL [INJURY

TYPE OF ACCIDENT | DAY | NIGHT || TOTAL || —» | —Po©
—»¥  RIGHT ANGLE 2 2 2 2
—»—» REAR END 72 29 101 51 101
‘—» X .FIXED OBJECT 7 7 14 4 14
—»4— HEAD-ON ] 3 4 3 4.
—»_ PEDESTRIAN 1 0 1 1 |
274> SIDESWIPE - 25 32 8 24 32
— OTHER 8 15 23 1 5 17 23
TOTAL | 116 61 177 1 77 99 177

NOTES: @= NUMBER OF ACCIDENTS AT EACH LOCATION

T 7R TACCIDENTS AT INDETERMINATE LOCATIONS  ( : F s ﬂ:(: —>x

- - — N
O
©|3
w| 3 18250
5% 1830
2z
w .
z
1860 5900 U. S. ROUTE |
190 860 5900 50
1860 o450 92
A 190 jos 590
19070 11700 11700 "
1900 160 10450 1160
5000 10450 7450
500 050 770
5000 , 7650
S0 556 229 770
50 230
TURISON TUNISON
RD
25390
2550
1963 AADT

1963 30TH PEAK HOUR

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 ‘

e — FEBRUARY, 1967

SCALE IN FEET




‘Independent Variables

TABLE 2

TRAVEL TIMES

Speed Limits

X = Approach Volume (By. Lane) - -~ Major Legs - 50 Mph & 45 Mph
X2 = % Trucks (By Lane)/100 For : -
X3 = % Left Turns (By Lane}/100 , . '
‘X4 = % Right Turns (By Lane)/100 . U.S. Route 1 & New Jersey Route 18
X5 = Right Hand Lane Volume from Left App. R : v
X6 = Right Hand Lane Volume from Opposed App. Clioverieaf
X7 = Right Hand Lane Volume from Right App. o . -
; 7 Year of Construction: 1954 ’
_ Range of Independent Variables To o ‘ Mean | 2 | No. | No.
From 1.5 x Std. Deviation 1 {Land !Move-! Multiple Regression Equation _Travel R Std. [Time | of
' X1 X2 | X3 Xa X5 X¢ X7 | Use) ment for Travel Time Time |~ jError | Obs. Apps.
Major Leg| 25 | 0[.05 ~0 20 20 30 | Res, |Lt. |Y = 60,92 + 24.86 X3 + 18.02 Xg 80.97 |0.14 1 11.87 | 69 | 1
(50 Mph) to {to| to to to to to + 0.14 X7 ~ ‘ o T .
2 lanes 75 ..35.30 .65 90 50 %0 Com. St. Y= 24,54 + 14.25 X3 + 0.08 X7 33.67 |0.29 | 5.84 116 | 1 -
Und. ‘ ‘ v - : : , R AR B N FE
S Res. {Rt. 1Y =11.94 + 0.36 X3+ 0.22 X5 - ~43.01 C.45 (10,06 65 | 1
‘Major Leg| 15 | 0|.06 0 25 15 15 | Und. [Lt. |Y = 72.37 - 0.08 X + 20.43 X2 65.20 |0.35 | 6.18 124 | 1
(45 Mph) | to [to| to . to to to | o -0.10Xs . S R e e
2 Tanes | 100 .25 | .50 85 8 55 | Res. |St. |Y =38.09 + 19.62 X3 + 0.12 X5 41,17 10.31 | 5.36123 | 1.
Res. , TN - = 0.26 X7 ' , : : - 10 AR T
© 18- 0 0 20- 10- 10- | Com. Rt. |Y = 25.79 + 33.02 X2 + 0.08 X5 33.10 [ 0.11 | 5.83| 66 | 1
.| % 1w 1.00 8 8 50 & . | g e e B T e T T e s
Major Leg| 20-| O- 0- 0- 30- 35- 25- Res. |[Lt. |Y =125.44+0.11 X +0.48% |  62.16 [0.25 | 15.28 N7 | 1
(50 Mph) | 115 .30 | .70 .50 90 8 90 R R 4 fo L e g e IR A
2 lanes |20-85 | . [0-.350-.35 ' - Und. {St. Y = 37.7? +15.25 X2 + 21.82,X4 '33.03 :0.40 | 5.611133. 1
Com. | N , 1 , S = 017 Xo o e T e T e
| 20-115  .00-.70 05-.60 Res. (Rt. |Y=9.58+0%3 X +0.25%X |  36.67 |0.37 | 7.33 66 | 1
Major Leg| 20 | 0].05 0 20 30 35 | Com. .Lt. |Y =57.27 +0.12 x]'+‘2o.55 X3 | 69.44 10.19 | 8.93128 s
(45 Mph) | to |to| to to tc to to S S SRR TR A FESA BT R SR N
3 lanes. |. 80 20| .55 .45 50 90 80 Res. :St. Y =-2,59 + 0,47 Xy + 0.47 Xy |~ - 47,67 10.39 | 16.99 168 | 1
Res. - : : S R L e e T L PR (e P
o ‘Und. [Rt. |Y =127.83+0.17 X3 +0.31 X% | 39.71 |0.15 | 8.23 93| 1

12



ﬁ‘ e e e .
| " | ~ New Jersey Routes 4 & 17

. Cloverleaf

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

Photographed 6/1/67 - 1635 hours
800" Altitude, Looking West
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GARDEN STATE PARKWAY
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: ACCIDENT SUMMARY (1962-1964) FATAL |INJURY | PROPERTY
TYPE OF ACCIDENT DAY | NIGHT || TOTAL || —%+ | —»° | DAMAGE
gg; >V RIGHT ANGLE 17 7 24 0 13 n
5 —>—>  REAR.END 1522 182 || 704 0 344 360
= —» X FIXED OBJECT 16 10 26 "0 10 16
—»<— HEAD-ON 2 2 4 1 1 2
—»_~ -PEDESTRIAN 4 P 1 5 0
Z~a" SIDESWIPE 10 7 0 3 14
— OTHER 9 -9 18 - 0 7 11
' TOTAL |580 | 219 || 799 2 - |.383 414
0= NUMBER OF ACCIDENTS AT EACH LOCATION
ACCIDENTS AT INDETERMINATE. LOCATIONS @°—>
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)

_ Independent Variables

X7. = Approach Volume (By Lane)

TABLE 3

. ' - Speed Limits
. TRAVEL TIMES

~ Both Major Legs - 50 Mph

7

X2 = % Trucks (By Lane)/100 For
‘X3 = % Left Turns (By Lane)/100 ‘ R
X4 = % Right Turns (By Lane}/100 New Jersey Routes 4 and 17
- X = Right Hand Lane Volume from Left App. E _
Xg = Right Hand Lane Volume from Opposed App. Cloverieaf
X7 = Right Hand Lane Vo]ume from Rﬁght App. ~ - .
o : Year of Construetion; 1933
R Range of Independent Variables: To | k | Mean | o | No. | Ne.-
“From 1.5 x Std. Deviation : Land |Move- Multiple Regressxon Equation : Travelg'~ R™ Std; Time | of |
’ Xy Xo X3 Xz X5 Xg Xy |Use} |ment for Travel Time Time | Error| Obs.|Apps. | =
Major Leg |40 | 0| o | 0| 20| 75| 40 | smp.|Lt. |VY =37.69 - 0.91 X5+ 1.16 X7 "H:8364of‘-0;52i 1835/ 75 | 1
2 lanes- | to jto | to [ to} to | to] to | Ctr. v C | A B2 LR ST R
_Shp. Ctr. (110 .25 |.35 {.30 | 45 |135 | 85 | Shp.|St. ¥ = 21.96 + 0 48 X} -0 93 x5 +1. 03 X7 | 50.68 | 0.76 {14.72) 80 | 1
e R R RS ' . Ctr.p | : DU R P ERN DR
Com.[Rt. |Y =_92 59 + 0.65 Xy # 0 89 X7 1'58.43| 0.71114.36) 39 | 1
Major Leg |40 | O O | O] 60 [ 156 75 Shp.jLt. Y = ,4!»9,,58'-#--31 82 x3 + 0.33 xsi—.O Sgrxs 64.42 | 0.30 {12.08 ‘83' _ \3 :
3 lanes " to-jto|to {to]| to | to | te | Ctr, : o . T T T A
Com. 90 .15 [.25 |.80 | 110 | 45 |135 Shp.|St, Y ='19.27 + 40 67 xz + 7. .76 X4 +0.13 X5 1 34.55 | 0.25 | 7. 18 s |y 1.
Shp.|Rt. Y = 32.65 - 71 54 Xz + 0. 15 x5 1 40.98 | 0,16v 9 66 76 .1
: Ctr. -} : ) [T SOr: N O & I SRR IR
| Majorleg |30 | 0 /.10 | 0| 45 | 65| 20 | Com.|Lt. |Y = 47.53 + 11.78 x3 + 0. 18 Xg + 0. 19 x6, 79;73Jf7o 16 11 73 ;70«i: 1
2 lanes to to | to to} to [ to| to | . IR SR B 1o
Shp. Ctr. {140 .20 |.60 .40 | 90 {113 | 40 | Shp.St. |Y = 16.74 - 52 12 X2 + 16 13 X3 40.28 0. 26 9 93J;Z7£',;3,4
o oo ‘ R N % 4 O E #.32,09.%X4 +0.23 X5 B IR (et 4 SRR R
Shp.iRt. |V =i21 13 - 0 09 X] + 23 35 X4 + 0. 38 X5 43.45:f;0.36 9 l3,~51 B B
| Hajor Leg |15 | 0| 0| 0| 7540 | 60 | shp.|Lt Y =47.78 + 23.00 X4 +0.26 X7 73.19 | 0.22 13'97'113;t't§1?ﬂ
anes to {to | to [ to] to | to | to | Ctr.j. o N L
(Sepagated),ss; .15 1,65 |.65 [ 135 | 85 {110 Qom St. |Y = 26. 97 + 10,45 X3 + 17, 07 X4+ 0, 09 x7 39.09 | 0.25 8 26;15715 .
. Shp. Ctr. | - . A TR I B SEE R EReE
, g 20-, 0-| 0-[.30~ 75-| 40-| 60- | Shp.|Rt. |Y = 40, 87 - 0. 12 x1 + 21 27 xz - 12 50 X3 32.47.1 0.5 | 4 77140 1
40.1.15 1,15-1.90. | 135 ‘85.»110 Ctr . - 0.05 X5 ; . I T BN I




PHOTO 4
U.S. Routes 1 & 9 and New Jersey Route 35

Cloverleaf

Photographed 5/18/67 - 1655 hours
600' Altitude, Looking West
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QA’?‘O Resid*—’“'i“' ~
/\) Cemetery
ACCIDENT SUMMARY (1962-1964) - FATAL [INJURY | PROPERTY
TYPE OF ACCIDENT DAY | NIGHT || TOTAL [| —»e | —»o | DAMAGE
—¥  RIGHT ANGLE 0 3 3 0 1
—»— REAR END 40 19 59 28 30
—» X FIXED OBJECT 0 2 - 2
—»<— HEAD.ON 0 1 1
—>_ PEDESTRIAN 0 0 0
%> SIDESWIPE 12 18
—  OTHER 4 12
TOTAL | 56 39 || 95
- NUMBER OF ACCIDENTS AT EACH LOCATION .
ACCIDENTS AT INDETERMINATE LOCATIONS
o
>
BlE ez
ol|z 870
I
-
z~ .
3700 800 U. S. ROUTE 1
370 80 o ,
« 30 400 %W NEWARK . ' FIG 4c
23300 18500 420 18500 20600 )
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,,,,,,

t~Independent Var%ables  '

><><'
-—

. TABLE 4 ,MSsi_e

TRAVEL TIMES
Approach Volume (By Lane) SRR _ RIS
% Trucks (By Lane)/100 . For
% Left Turns (By Lane);loo - A '
% Right Turns (By Lane)100 u. s. Routes 149 and New Jersey Route 35
Right Hand Lane Volume from Left App.
Right Hand Lane Volume from Opposed App. : C}over}eaf
nght Hand Lane Volume from Right App.

/ Speed L1m1ts
Major Leg - 50 Mph

- Mjnor Leg -;40 Mph;

 Year of Constrﬂction: 1938

o - | Range of.Ihdependent Variables ”To I « AN SIS
From | - 1.5 x Std. Deviation : (Land | Move- Multiple Regression Equation
Xy X2 X3 X4 X5 X6 X7 | Use) |ment for Travel Time

 Mean 4§
:Travel ’

Time

*;fStd;*
: Error

Time
-Obs.

No;
~of:
Apps

Major Leg7 45 : 0110 0ol45]| 10| 15 Com.|Lt. |Y = 6112-+’17.27’X2 +11.79 X3‘,
2 lanes to | to | to | to | to] to{ to | -Res.

| Gom. " 110 |.30 |.35 |.25 | 90| 35| 40 | Com.\St. |Y = 26.53+ .08 Xy +7.75 X3

Ind.|Rt. |Y =30.94 + 6.57 x3 +0.31 xs

65.58

o 33.83 
»1:39;471

0.09

0.15;
006

8.30
5,15
9.05

114

hao |
83 |

*Mihor Leg (15| 0| 0| O 70| 45| 10 | comlLt. |Y = 82.72 + 31.75 X2 + 26.17 X3

2 lanes | to | to|to|to|to! to| to -0.22 Xg + 0.79 Xy

| Ind. & res| 40 .20 |.30 |.40 100 | 90 | 35 | Com.St. |Y =29.25 +11.08 X3+ 19.74 x4 ST

Res.| |+ 0.15X7
~ Com.|Rt. - {Y = 29 69 - 26 69 X2 + 13 20 X4

70.93
- 31.79
a2.84 |

0.2
0.07

0.16

16.71

6.22

102

120

I MajorLeg | 05| 0| 0| 0| 15| 70| 40 | 1nd.Lt. |Y =71.40 + 28.60 X3 28 xs - .18 X6
. 1’3 lanes [:b0.| to [ to | to|.to| to| to | Res. | - +.12 Xy :
| Cm |80 1.60 |.25 |.15 | 40 1100 | 90 | Com.|St. |Y=41.13 - .25 X1 + 14.70 X2

“Res.|Rt. Ty

1 30.12 +'.29kx1_+ 38.73 x3,;,¢aiﬂ

~.174;43;
- 46.53 |

‘{0;98:;
o)
0.0

14;51

13.16
10.9

06 |
180
3

| Minor Leg |45 | 0| 0.|.30 | 10| 15| 70 |- com.|Lt. |V
| 27anes | to | to | to| to| to| to| to- | +1.20 X5- .72 X6
| Com. &'res{ 90 .20 |.10 |.55 | 35 | 40 [100 | Res./St. |¥

84.86 + .43 X; ~99.90 Xq

) s
44, 23 + 08 x, +.25- x5- 16 X7
< Indo o ‘

Com.| Rt. -

=<
"

= 31 45-2848 X3+ .56 x5

| 78.9
1 aer
| a2.92 |

e'o 29‘{22 67
'fo 241

0.2

4 6]1

f6‘83

s0 |
60 |
60




PHOTO 5
U.S. Routes 1 & 9 and Green Street -

f _ | ' Circle

- Photographed 6/29/67 - 1655 hours Photographed 6/29/67 - 1655 hours
. 500' Altitude, Looking South _ 700' Atlitude, Looking West
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T TYLER AVE.
P

o ACCIDENT SUMMARY - (1962-1964) FATAL [INJURY | PROPERTY
L TYPE. OF ACCIDENT DAY | NIGHT || TOTAL || —%+ | —#o | DAMAGE
) —»¥  RIGHT ANGLE 9 44 13 0. 1 12
. —>—  REAR END 70 | 334102 |- 6 59 43
oo —» X FIXED OBJECT o 2 o | 2
et —»<4— HEAD-ON. = ~ 2 L | [ 2 1 -
' —»_" PEDESTRIAN 1 1 2 v 1 0
T 2> SIDESWIPE 35 | 18 || 53 ) 4. |- 39
o [ —» orHer ' 2 1 R P 6
TOTAL | 119! 69 | 188" 2 83 103

T © " Nomes
NUMBER OF ACCIDENTS AT EACH LOCATION
ACCIDENTS AT INDETERMINATE LOCATIONS WARK .
NE

) . Vacant U. S. ROUTE 1 Commercial
TRENTON.

Commiercial

=
o
’ ‘U. S. ROUTE 1
(f‘{ o o 1000 1880 s NEWARK
— 14420 — 00 23%_800 20 ‘ ' 9
14420 g 11050 n0so 13320
1500 1150 2370 2980 a00 1150 1450 4 FI€ 5¢
T L 250 300 5 ' E‘JJ o NEW JERSEY DEPARTMENT OF TRANSPORTATION °
L =70 ' 390 O DIVISION OF RESEARCH AND EVALUATION
% ‘ BUREAU OF SAFETY AND TRAFFIC
—
.} 2 5740 4 ROUTE 9 COLLISION DIAGRAM (1962-1964)
I 00 ¥ SOuTH AADT - 30th PEAK HOUR 1963
B 1963 AADT | U.S. ROUTE No. 1 and GREEN ST. TRAFFIC CIRCLE
| % ) 1963 30TH PEAK HOUR . : h ) WO ODBRIDGE, MIDDLESEX CO., N. J.
b o ‘ 0 100 200
- , 1 : , T R MARCH, 1967
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. Ihdependent Variables

TABLE 5

27

Speed Limits

— TRAVEL TIMES |
Xy = Approach Volume (By Lane) Major Leg - 50 Mph
X2 = % Trucks (By Lane)/100 For
X3 = % Left Turns (By Lane}/100 . ‘ : Minor Leg - 25 Mph
Xg = % Right Turns (By Lane)/lOO U. S. Route T & 9 & Green Street .
X5 = Right Hand Lane Volume from Left App. o - ‘
Xg = Right Hand Lane Volume from Opposed App. Circle
X7 = Right Hand Lane Volume from Right App. ,
o o : 3 Year of.Constructipn: 1929
% Range of’Ihdependént Variables . To o , Mean 2 No. | No.
. From. ’ 1.5 x Std. Deviation (Land | Move- Multiple Regression Equation Travel R Std. [Time | of
: | Xy X2 | X3 [Xg (%5 | Xg | X7 | Use)| ment -for Travel Time Time - |Error | Obs. Apps.
' Majorleg {35 | 0 | O | O (25 | 60725 | Com.| Lt. |Y =115.35+ 1.24 X; - 1.20 Xg 86.29 [0.48 | 19.34 | 44 | 1
i 2 lanes to {to |to |[to !toc | to | to Res. : o ' g » -
‘f Vac. 70 .10 .20 |.10 50 |100 | 60 Com. | St. = 27.07 + 16.10 X2 +0.14 X6 40.67 |10.23 | - 5.20 | 96 | 1
| 0-.50 | 0-.50 | Vac.|Re. | Y =26.69 +0.19 X; - 8.51 x2 2o | 7072 | 1
Minor Leg | 30 | 0 40 | O |40 | 25 |60 | Vac.|Lt. | Y = 59.77 + 0.08 X; + 70. 23 X, 7158 [0.24 | 7.72 |48 | 1 |
-1 lane = | to [to |[to |to |to | to | to L , ‘ : _ Y REEREORY R AR
Vac. 60 .20 .75 |.10 |65 | 50 | 95 Com. | St. = 87.28 - 44.60 X3 + 0.27 X7. 82.71 [0.29 | 12.40 | 47 T
I Major Leg e | ;,0;,;1:0{. 0130 |40 |25 | Vac.| St. | »,=,.63 23 - 44.65 x3 -0 28 x6 e 39.13{0.29-| 4.58 .
{2 lanes | to |to [to |[to [to ['to | to | - = 0. 23 x7 , S IR R SR
Com. |9 |35 .05 .30 |60 |65 50 | | | C ‘ Serndesb bl s e
| 35_105 SR NI S Com. | Rt. | ¥ =70.79 - 18.94 %, - 0. 12 xs 46,00 [0.20 | 5.93 |54 | 1 | -
L ) | Res. | =017 % - 0. 15 , CEl e e e
| Minor Leg  25 | 0 .10 .05 |60 | 25 |45 | Com.|Lt. | Y =13.77 + 0.63 Xj + 58.25 Xp ,f °77.70.10.35 | 9.85 | 45 | 1
1 1 lane to | to [to |to |[to | to | to v +-0.28 X5 + 0.35 Xg . I SRR D S A
1 Coms 45 .15 .45 .40 (100 | 60 | 65 Vac.| St. | = - 32.46 - 399, 82 Xo + 2, n X5 100.80 |0.55 | 34.54 | 47 | 1
1 Res. IR SR & S TR 1o RO P Rt I SR IR
Sk | Vac.|Rt. | Y =05491+0.53 X -050X; | 47.46 [0.19 | 10.60 | 44 | 1 |




- PHOTO 6

" New Jersey Routes 1 & 9 and Bayway Avenue

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

Ciré]é

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

TRAVEL TIMES
For
U.S. Routes 1 & 9 and Bayway Avenue
Circle

Year:of Constructidn: 1629
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PHOTO 7
New Jersey Routes 35 & 440

Circle

Photographed 5/18/67 - 1700 hours
700' Altitude, Looking Southwest
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TYPE OF ACCIDENT DAY | NIGHT || TOTAL || —%+ | —o | DAMAGE
—»¥  RIGHT ANGLE 12 7 19 12 7.
“»— REAR END 16 8 || 24 13 n
—» X FIXED OBJECT 0 9 9 4 5
—»<4— HEAD-ON 3 3 ) ) 3
—»,~" PEDESTRIAN 2 1 3 1 2
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Indepéndent~Variab1es

TABLE 7

TRAVEL TIMES

Speed Limits

X1 = Approach Volume (By Lane) For _ Majcr'Leg - 45 Mph
X2 = % Trucks (By Lane)/100 , , S
X3 = % Left Turns (By Lane)/100 New Jersey Routes 35 and 440 Minor Leg - 35 Mph
" X4 = % Right Turns (By Lane)/100 T S : :
Xg = Right Hand Lane Volume from Left App. traffic Circie
Xg = Right Hand Lawe Voiume from Opposed App. -
X7 = Right Hand iLane Volume from Right App. Vear of Construction: 1940
Range of Independent Variables To v - "Mean v No. | No.
From 1.5 % Std. Deviation (Land | Move- Multiple Regression Eauation Travel ,Rz Std. (Time | of
X 1 X X X X X Use) | ment for- Travel Time = 1 Time Error | Obs. Apps.
1 2 31 4 5 ) 7 i . ;
Major Leg |10 0 ] 0 {3 |10 | 3 Res.|Lt. |¥=23.11 + 0.78 X3 + 0.31 X7 - 60.69 | 0.25| 16.44| 96 1
2 lanes to, to| to| to | to | to | to Vac, , - S
Com. & res. |40 | .20 | .45 .45 | 80 | 25 | 8% | éhpc St. |Y = 36,23,+ .23 Xy + 28.64 Xz * 0 08 X7 | 48.49 1 0.12 | 9.00,119 1
: : : tr.| - o - '
Res.|Rt. Y = 25.56 + 32. 46 Xq - 19.92 X4 + Q 33 ¥5-43.27 | 0.15 | 13.52 83 1
'Mfﬂor Leg 30 0 .15 0 |15 30 |10 Com./Lt. Y =53.20 + 0.18 Xy + 35.30 X, -] 66.57 | 0.15 8.87 60 1
|1 lane to| to| to| te | to | to | to Res. . } 3 B R :
i Res. 85 .15 | .40 | .25 | 40 | 80 | 25 Res.|St. |Y =46.77 + 0.17 Xl + 0. 21 X7 60.40 | 0.20 | 7.05| 60 | 1
‘ : . Vac, _ ' - R A o
Shp.|Rt. |Y = 105,24 - 125.97 X3 = 73 94 xz 66.54 | 0.13]129.96|53 | 1
Ctr. 071 X - 1 06-X : I
i : ‘ _ 5 7 ’ : , o ,
iMajor Leg |10 0 0l 0 [30 15135 Res.|Lt. Y 27.44.+ 0.77 Xy + 48.32’X4 + 0.29 Xg | 68.16 | 0.21 |'20.34| 61 1
2 lanes to| to| to] to | to  to | to- : : ‘ T E N R
Shp. Ctr. |35 .25 |.25 .30 |90 | 40 | 75 Com.|St. Y =11.19 + 28.89 X, + 0.38 X5 + 0.30 X; | 53.66 | 0.44 1 11.61/120 | 1~
1 : | Res, : R R o A
- Res.|Rt. |Y = 19.59 - 44.92 X3 + 0.31 X5 +0.37 X7 | 54.77 1| 0.17 | 25.27 | 94 | 1
Vac. - _ o B I :
Minor Leg |30 0 01.10 5130 |15 Shp.|Lt. Y 26. 50 + 47.29 Xq + 23.90 X4 67.86 | 0.15 117.25| 53 ,:1
1 lane to, to| to| to | to | to | to | Ctr. - 0.26 Xg + 0.50 X 7 . B R -
Res. & vac.|80 | .20 | .20 | .55 | 25 | 85 | 40 | -Res.|St. |Y = 40.98 - ? 29 Xg + 6 62 X6 , , 61.51 | 0.59 | 14.30| 60 1
| Com:|Rt. |Y = 23.38 + 0.38 X - 82.29 X3 + 0.25 Xg | 50.52 | 0.49 |11.40[60 | 1

37



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

~ PHOTO 8
U.S. Route 1 and Ryders Lane

Signalized Jughandle

Photographed 6/1/67 - 1732 hours
700' Altitude, Looking West
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NEW JERSEY STATE HIGHWAY DEPARTMENT
DIVISION OF RESEARCH AND EVALUATION
_ BUREAU OF SAFETY AND TRAFFIC
107-127 SECONDS VARIABLE CYCLE
SEMI- ACTUATED | PHYSICAL FEATURES |
GREEN | AMBER | ALL RED | RED | TOTAL RED U.S. ROUTE No. 1 & RYDERS LANE
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SCALE IN FEET )
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Rutgers University
G Rutgers University
TRENTON
_______ = ’ [ — e —— — —
e e (T — ~—~Smp— ) i ap— ) trny ) compn asaas SLeeeet eepe—————— S ————————————
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. « . P— —— « B « « - « . .
-T- U.S. ROUTE 1 -1- NEWARK
—_—
Rutgers University
w
é (1962-1964) ACCIDENT SUMMARY
Q TYPE OF ACCIDENT DAY | NIGHT || TOTAL || SEVERITY | NO. ACCIDENTS
w T
o v
2 — RIGHT ANGLE ‘ 19 3 22 .. ,
— - i05 T - - """5’5‘“" TUSS.ROUTE T 77 77 T -=P»= - REAR END-- - —~~|~63 - |--29- - 92~ -1 —ppe |7 :
20 = —_—> —» X FIXED OBJECT 1 0 1 INJURY
25 NEWARK 84
B4 —p<— HEAD-ON 1 4 5 —
18605 17700 18995 —>,,/" PEDESTRIAN PROPERTY
1030 |——® 17700 4
1920 1765 w0 B0 0 78 > SIDESWIPE B 1. || PAMAGE 4
L} 135 50 95 —>  OTHER 4 5 3
800 1140 TOTAL | 89 | 41 | 130 TOTAL 130
135 195
NOTE: FIG 8c
(= NUMBER OF ACCIDENTS
3250 AT EACH LOCATION. i
580 ) NEW JERSEY STATE HIGHWAY DEPARTMENT
Q"-\Q DIVISION OF RESEARCH AND EVALUATION

1963 AADT BUREAU OF SAFETY AND TRAFFIC

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

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

(o] 100 200 300
e — e ——
SCALE IN FEET

DECEMBER, 1966




Independent Variables - . R ,.ff SER e T e N Sgeed Limits

Xy = Approach Volume (By Lane) o L TRAVEL TIMES  Major Leg - - 50 Mph
X2 = % Trucks (By Lane)/100 ’ T R :

X3 = % Left Turns (%y Lane) /100 o : BRI o R M1nor Leg - 35 Mph
Xg = % Right Turns (By Lane)/100 . ‘ . . . - Lo

X5 = Right Hand Lane Volume from Left AppA - U. S. Route'l and Ryders Lane

Xg = Right Hand Lane Volume from Opposed App.  es o Y b e

X? = Right 'Hand Lane Volume from Right App. Signalized Jughandle

Year of Construction: 1941
"~ dJughandles Added: 1960

Range of Independent Variables . To : . ’ Mean “ No. No. |

From 1.5 x Std. Deviation ~[Land |Move- Multiple Regression Equation Travel RZ. 'Std.’ Time | of

Xy | X2 | X3| Xg | X5 | Xg | X7 |Use} [ment for Travel Time - |Time | |Error | Obs.|Apps.

Major Lég 25 0y 0] 0 5| 50 5 Und.|Lt. |¥ = 132.76 + 435.09 X3 ~ 0.86 Xg . [100.28 b;42( 27.45 21v 1

2 lanes | to| to| to| to | to | to | to , , : . :

Und. 90 .35 .15 | .20 | 20 | 95 | 50 Und. | St. |Y = 30.78 + 0.11 Xy + 0.6% X5 + 0.14 X7 48.64 | 0.43) 7.35 120 | 1
| ' Und.|Rt, |Y = 20.87 + 0.40 X; - 57.86 X2 - 35.96 X4 39.97 | 0.52| 8.92| 53 | 1

i + 0.33 Xy » ) : . v

Minor Leg 5 0|.10|.10 | 40 | 5 | 50 Und.|Lt. Y =56.32 - 0.74 Xy + 116.73 Xp -~ 190,09 | 0.26| 19.00] 60 | 1

Tlanew/ | to| to| to| to | to. to | to - 280.60 Xq + 6 82 X7 o ‘ -

added lane| 50 | .10 | .55 | .55 | 70 ; 20 | 90 Und.|St. |Y = 93,83 + 199.44 Xo - 52.94 y4 T 183.59 | 0.22] 19.07| 80 1

Und. _ ; : R T o

Major Leg - 40 | 10 0 0 5140 | 5 Und.|Lt. |Y =130.29 - 0. 31‘Xj - 101.23 Xa "” 103.861 0.0923.35| 62 1

2 lanes to| to| to| to | to | to| to e : + 0.54 X5 - 0.26 Xg ' b o : 1

Und. 100 | .40 | ,25 | .15 | 80 | 70 | 20 Und.|St. |Y = 22 32 +0.22 X7 +27.86 X2 + 0. 24 X5 | 48.58 | 0.63] 6.04| 120 1

Und.|Rt. |Y = 36.91 + 0.27 X| + 35.44 Xp - 0.40 X | 42.98 | 0.19| 13.73| 43| 1

Minor Leg | 5| O| 0| O [45| 5| 35 | Und.|Lt. |Y = 170. 70 - 51.49 X3 - 0.45 Xg - 1.03 } X7 89.51 0.14|31.54| 38 | 1
' to| to| to| to | to| to| to . e T R
Und. 25 .20 | .40 | 40 | 95 | 50 | 80 | Und.|St. |Y = 80. 42 + 36.92 X3 + 86. 5% - |95.64 | 0.25| 21.98| 60 | 1

i

Und.[Rt. |V = 66.55 + 1.81 X1 - 102.06 X3 + 0.36 Xg 88.73 | 0.20] 3.41| 36| 1
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PHOTO 9

New Jeksey Route 27 and Plainfield Avehue

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

Signalized Intersection

Photographed 6/1/67 - 1725 hours
700' Altitude, Looking Northwest
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ACCIDENT SUMMARY (1962-1964) FATAL [INJURY | PROPERTY

TYPE OF ACCIDENT DAY | NIGHT || TOTAL || —%* | —»o | DAMAGE
—»V . RIGHT ANGLE 65 47 || 113 1 46 | 66°
—>—» REAR END 70 33 103 0 56 47
—» X FIXED OBJECT 1 0 1 0 2 0
—p<4— HEAD-ON 3 0 3 0 1 2
—»c/ PEDESTRIAN é 2 8 0 8 0
&> SIDESWIPE 0 0 0 0 0 0
— OTHER 5 4 9 0 5 4
s TOTAL | 150 | 86 || 237 1 118 19
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Independent Var1ab1es PR
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Approach Volume (By Lane)
“% Trucks (By Lane)/100

% Left Turns (By Lane) /7100
% Right Turns (By Lane{

Right Hand Lane Volume .from Left App.
Right Hand Lane Volume from Opposed App.
R1ght Hand Lane Volume from Right App. :

/100 .

TABLE 9

TRAVEL TIMES

Ferf»

New Jersey Route 27 and Plalnfield Avenue e

Signallzed Inuersect1on

~Year of Constructuon

1955

* Major Leg - 40 Mph

SgeedbLimits

vMinor Leg 6'35-ﬁph: v‘“

i , 7 From

Xy sz’1X3

1.5 x Std. Deviation

' Range ef Independent Var1ab1es

To
(Land

Xg | X5 | Xg

,X7‘

Use)

Move-

ment

v Mu1t1p1e Regress1on Equat1on :

for Trave] T1me

- | Mean
| Travel
: Time"'

Std.
Error

No.

Time.

Obs

-'-Noﬂ,:.
of
X Apps

“vMajor'Leg
2 lanes
- | Com.

145 1.20| .50 .35 75

50| 0| o2 |15
‘tc [ to] to | to | to | fo
45

25

to

75

- Com.

Res.

“Res.

Lt

st.Vz

Rt.

= 55.54 + 0;5 -xi

Y = 61.46 + o 59 X7 -
d3xp

‘34 X5-+V

52.44 + 0. 30 X] - 14, 94 X3

S+ 0. 68 Xs -.0.16 X7

- .35 X5+ 1.02 Xg

0~39fX631]

83.30 |

7372

65.98 | 0.

g4;62
| 18,91

23.00

|

240 | -

‘{Jssxff* g

i | Minor Leg
) o -1 lane w/ -

|'section . °
1Res. -

(25| o o

. ladded lane:
R - lat inter- |

, .05 { 15| ‘5
to | to] to | to-| to | to
75.1.201..25.:1..50 |- 50 __gof;

T
to |
45
o] Res.

; Cem

Com.

Lt.

ARt

50.71 + 106. 65 X2 - a0, 07 x3 .

|+ 63.53 Xg +0.50 X

,éi;if”fﬂ”iao 40+ 25 x, + 19, % xz - 0 10 x6

178.42 1 0.
| 70.40

| 76.55 |

fOli]fjiS;BO;,fl*‘

21.77| 54

12,3 10

76,38 + 37 73 x4 - 0.35 x7
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PHOTO 10

—rﬁv'U-S;'Rbutes 1 &,9 TrOck'and‘Communipaw Avenue

Photographed 6/29/67 - 1610 hours
700" Altitude, Looking West

Signalized Intersection

Photographed 6/29/67 - 1610 hours

500" Altitude, Looking East
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APPENDIX A

TRAVEL TIME STUDY PROCEDURE



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

FIELD PROCEDURE

At each of the ten sites, white paint markings were placed
1000* from the point of antersect1on of each of the legs. Measure-
ments were taken with a measuring wheel. Schedules of field days were
drawn up and étations were assigned, A1l inbound staticns were given
odd numbers and outbound stat*ons even numbers, and each lane ztse1f

was nmeered For’ example:

~ Station 2-1 outbound lefthand lane  Station 1-1 inbound left-hand lane

Station 2-2 outbound right-hand lane Station 1-2 inbound riQh*-haﬁd lane

In add1t1on, f1e]d personne] were des1gnated as Timers.

These men, with the use of Kodak t1mers, furnished the men at numbefed

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

'was calibrated in the office prior to each field day.

%&fS\‘f‘“---____ft::>1ooo ft. paxnt mark

During the study hours each traffic co11ector recorded
the fwrst three numera1s or letters and the time to the nearest
second of each vehicle passxng over‘h1s stat1on. FA_“T“ for
truck was recorded prfor to the first three digitS’fof any |
vehicle with more tﬁén‘four tires. Panei trucks (p1ck-ups)
were ?ncluded with passenger Cars for vehzcle class1f1cat1on
Buses have been 1nc1uded with commerc1a1 veh1c1es. A]T misses
were recorded as "X" or, in the case of a truck m1ss, “T X "
This is necessary to classify the entering and exxtlng volumes.

To avoid constra1nsng the recorder w1th1n }1nes or

‘ ma.gxns pre- drawn data sheets were not used.

In addit%on ‘a sLate vehlc}e traversed the 1nzersect1on

and was recorded enter1ng~and ex1t1ng the’1ntersgct1on. ‘Travel

'“f'time**fﬁr“alr*moVemeﬁts*’wag*faken'by'the“ar{vé%*W1th"fﬁe”aid"'
~of a stop watch and later compared wwth f1e1d data ‘as a check
‘on the Kodak timers. ‘ E

- FIELD PERSONNEL |

| Co11ege students temporar11y emp oyed for the summer were

"uti]ized as both traffic collectors and timers. Superv1s1on was

furnished by one RésearCh Engineer II and one Assistant Engjneer.

.o
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FIELD EQUIPMENT - : . ' | ' ‘The study hours were from 7

-9 a.m

, , ‘ 11 - Noon
Kodak- timers - Clip boards - Legal size pads . 2-3pum
' : ' 4 -6 p.m

During the summer of 1967, tape recorders were used instead

N Co : With the exceptions of sites: #1 - 7;30 - 8:30 a.m
of field sheets. Each station (e.g. 1-1) was covered by a man - . _ 12.30 - 1:30 p.m
' ' e o ‘ 4:30-- 5:30 p.m
“equipped with a tape recorder and Kodak timer. Coding was done B
‘ ' . v v : o ' #8 - 8:00 - 5:00 a.m
in the field as well as the office in the same format as 1966. ' 12:00 - 2:00 p.m
S o . ' - - 4:00 - 6:00 p.m
FIELD SCHEDULE ‘ ‘ o
. ' : , ‘ #10 - 7:00 - 9:00 a.m.
1 U.S. 1.& 9 Truck & Communipaw ﬂve ~ Monday, August 7, 1967 e » - 11:00 - Noon
Jersey City, Hudson County - Weather: hot, humid : ' . ) ©o..2:00 - 3:00 p.m
: v : _ : 4:00 - 5:00 p.m
2 N.J. 35 & Rt. 440 : Thursday, June 30, 1% 6~ c
- Perth Amboy, Middlesex County . Weather: hot, hun1d _ OFFICE PROCEDURE -
3 U.5. 1 & Militown Rd. Tuesday, July 7, 1966 : ' ' The trave] t%mes for al% movements were formulated in

New Brunswick Twp., Middlesex Co. Heather: clear, warm -
regression equations, using seven wndependent variables.

4 U.S. 1 & Ryders Lane - Tuesday, July 12, 1966 : o
North Brunswick Township, Midd. Co. Weather: Hot, humid ' : Data sheets were coded and submitted to the computer
5U.5.1&9 &Rt. 35 ~ Thursday, July 14, 1966 | center to be punched and sorted. ,
woodbr1dge !hp » Middlesex Co ueather net overcast R o
e e s S ““Volumes and vehicle classification (% trucks) were
6 U S 1 & 9 & Bayway Clrcle Thursday, Ju]j 21 1966 : ' o S - ‘
Elizabeth, Union Co. o Weather: _clear, warm tabulated by six-minute intervals. After the license plates
7 Rt. 27 & Plainfield Ave. . - Tuesday, July 26, 1966 _ were matched by Program I (see explanation of Program I), data
Edison Twp., Middlesex Co. ' Weather: hot, humid , _ : S o
' : ' ‘ E ‘ : sheets for Program II (see explanation) were coded using the
8 U.S. 1 & Green Street Circle Thursday, July 28, 1966 e _ , j g s : _
Woodbridge, Middlesex County Weather: overcast, intermit- - dependent variable, travel time, obtained in Program I. The
' I ' _ - tent light rain : ' . oL ' :
9 U.S. 1 &Rt. 18 Tuesday, August 2, 1966 ‘ independent variables for Program II are approach volume per
- New Brunswick, Middlesex Co. Weather: overcast, intermit- - - T . R
) ' tent light rain in late v lane, % trucks per lane, % left turns, % right turns, and the
: _ “afternoon: _ - ‘ - T BT
10 Rts. 4 & 17 : Thursday, August 4, 1966 : ‘ right lane volumes from the three other approaches. Approach

Paramus Bordugh, Bergen County ©° - Weather: clear, warm
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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 printaout of Program I. - -
Program I - License Plate Matchfng

Purpose: This program prints out the average time it takes

for vehicles to pass between preset points in an intersection of

four Tegs. Travel times for each inbound 1ane are given for alil
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
betueen ﬁoints are similariy presented. v

Method: Travel times are determined by matching the license
plates which have been field-recorded at the inte?sectién. If

these characters are identical for an approach and exit point,

" and the difference in time between the two points is within the - the seven independent variables stated in the office procedure.

range from twenty seconds to five minutes, this event is recorded
as a match and the travel time is stored. This procedure
continues until all the data for a'given period (one or two hours)

has been computer-read.

99

Besides being classified aécording to vehicle type,
output is further brdken downifnto six-minﬂtetinterva1s. Thus,
for a one;hour:study, thefe,Qf11'be ten average travel times
for cars and forftruéks,'éne for each éix-minute ﬁeriod.

Input (Punéhed Cardé): Location points on the inter-.
section are punched in 0015,1172; ]ane'nUmber‘fn Col. 4,
vehicle type in Col. 6, license plate charactefé in.Cols, 11-13,
time passing the point in Cols. 18-23 (military time to nearest
second), and date in Cols. 28-31. : i | |
Program II - Step;wise Regreséion Aﬁéiysis _:  ,

Regression analysis 'is the study of correlations between
observed data and the formatfan of equations re?atfng one de-
péndent‘variable with several independent variables. In our

study, the dependent variable (Y = travel time) is related to

A program has been uti]izedvto perform a step-wise out-
put. Each step contains’ the following information:
1) Step number,

2) Number of variable entering the‘eQuation,'
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3)
"
5)
6)

Pure constant in the equaficn,

Standard error of estimate of "Y"

"F" value for entering variable,

Regression coefficients for each variable

-~ in the equation,

7y

8)

coefficient for the equation at this step.
Item #8 was selected as the criteria fgr acceptance of aﬁ

eqqatibn.‘ For QXample, if the increaSE’in.Rz from steps 3 to 4

Standard error of eéch'coefficient, and

szor square of multiple correlation

was less than 10%, step 3 was selected.

6
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APPENDIX B

- ACCIDENT ANALYSIS -
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ACCIDENT DATA COLLECTION‘& PRESENTATION FORMAT -

Traffic accident data was furnished-by the New Jersey

Motor Vehicle Division for the years 1962, 1963; and 1964 for

‘the ten intersections studied in 1966. This data is shown

both pictorially and in tabular form on the Collision Diagrams
for each ‘fntersection° |

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 fypé of éccidént is
shown. o

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

: EXPDSURE 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 (servicéﬁleumes) would be sum-

‘mated for an intersection and used for;the base of an accident

rate cohparison. 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

,similaf type movements. It is this difference in exposure

between similar movements that must be equated before a compari-
son of iwo or more intersections can be studied. An example

of the need for‘equating movements , rather_than Just 901umes

is as follows: | | |

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

Base: 1, Approach volume

Rate (A) = & acc,

w

- 3 acc./103 veh.

200 .
. PRate(B)= _6 = 37103
ate (B) = g~ = Y
2. Ramp exit volume
= b6acc. = 127103
Rate (A) o 2/
Rate (B) = '1%%? = 60/103
3. Exposure Index-
Rate (A) = 6 = 8/106
500 x 1500) |
Rate (B) = 6. = 31.6/106
00 x 1900



1. Signaltzed At-grade Intersections .

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

The rates calculated under bases 1 ahd 2 give no consideration
to the conflicts which exist. " If anything; they are meesures of
the approach roadway .and ramp desighe, respectfve]y. But even
in this capacity, they are inaccurate, since the accidents used

for the rate invo]ve both roadway volumes: The exposure index

base accounts for the potential conflicts of the d1verg1ng streams.

In this capac1ty, its use is JUSt191Ed For equal approach
vo]umes and acc1dents the rate varies as'the.inverse of the
product of: through and exiting traffic volumes. |

The derivation of the index for each type 1nterchange

studied under this project is developed in the foliowing sub-

sections. The three-year accident data was averaged to eliminate |

annual fluctuations.

The analysis of at-grade intersections accidents was
considered in two steps. The first step cqnsidered,the ap-
proach to the interseCtibn‘ ’Using the multiple regression
technique, fiVe independent variabies were used. These vari-

ables were:

Xy = number of combinations of any two vehicles
conflicting w1th1n the length of time of a cycie.

Using figure B1, we can graphlca11y inter-
pret the number of conflicts per cycle. Enter
the chart with known cycle length, come down °
to AADT, come across to combination curve and
read down to the number of conflicts.
Xo = Teft turn conflicts, which is the multiple of
the AADTs of left- turn and stra1ght through move-
ments/1000,
X3 = right turn conf]icts; |
X4,=,number‘of lanes on approach (not at the-iﬁtersection).
Xg = speed limit on the approach. | | |

The dependent var1ab]e Y = number of accidents per year,

The accidents considered were rear end, side-swipe ana"

fixed objects. Seven signai1zed 1ntersect1ons w1th twenty—

eight approaches were used to deve]op the equation (See table

B1). . The,resu]t1ng"regre551oneequat1on,1s.

Y = - 0.127 + .025 Xq + 0.235 X3

with - ‘
| Error of Est. = 3.42
R% = 0.802
F =5.62
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Intersection

Rt. 27 - Plainfield
Rt. 35 - Smith

_Rt. 35 - Main .

18
23

41
29
38
10

23
1

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

TABLE B1

Signafized Intersection Data Used to Develop

Independent Variables

N o= =t OO

HPWNO

NS

X2

.45

A2

.57
.05

.96

.20
.53
.62

ODOW

X3

.61
71
97
.81

N PWw

.68
.72

.66

.8.27

5.45
3.00

2.37

owed omat PN P\)

.95

X4

- ek N NI

ey Y

OMNOTW
(22]
~

N WD W
- . .
(3]
w

N W -
o
o

Dep.
Var.
Y

- 2.00

' Accident Equation for Approach Legs:

Intersection

Rt. 31 - Olden
Rt. 82 - Stuyvesant -
Rt. 1-9 - Wood

Rt. 1-9 - Stiles

'Indehendent Variables

oo X2 X3 X

17

24

- 35
- 24

100.

%1
164
167

516

- 557

15

20

585

571
26

6.75
13.75
3.20
2.56

17.63

20.62

1.48

3.60

4,07

4.97
1.33
3.67

.50
.00

O~

15.50

12,00
18,70
20.20

11.86

28.82
2.58

2,20

15.47
42.80

0.43

3.35

.60 -
.64 .

N RN N

REFETRYRY
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The second step in this procedure is to determine the right

anQTe and left turn accidehts within an intersection. Using the

same seven 1ntersect1ons as in step one, the conflict approach
developed by Grossman HRB proceed1ngs, 1954 and Surt1, Traffic

Engineering, 12/65, accidents are plotted vs.vpotent1a1 conf11cts.

The potentfai conflict is thevmultiple of the AADT of two crossing

streams d1v1ded by 106. 'Because‘98% of the intersection accidents

were right angle and ]eft turn accldents only they were considered.

F1gure B2 graph1cal]y shows the resu!ts of this analys1s,
It 1s apparen+ that the re]at1onsh1p between potent1al
conflicts and left turn acc1dents is affected by:
a) Number of lanes on the approach leg,
b) Add1t1on of a 1ane at the 1ntersect1on and '
~€) A lead green. " , ‘ |
VThe range of the confl1ct 1ndex is d1rect1y proport1onate
to the number of 1anes The samp]e size used to develop the
curve for a part1cu1ar number of lanes is:
3 lanes < 4 samples
2 lanes - 11 samples

| 1 lane -9 samples

61

The observat1ons for the 1-lane 1egs are further comp11cated
by the addition of another lane at the 1ntersect1on for 5 of
the 9 sampTes.: The lead green at one of‘the 2-lane 1egs re-
duces this samp]e'toilo W1thout a suff1c1ent samp1e size

and range of conf11ct 1ndex va]ues for these var1ous des1gns,_ p

on]y a hand fltted curve can. be shown for the 1eft turn acci-

dents w1th1n an 1ntersect1on

S1m11ar results are ev1dent when the r1ght angle acc1-

},dents are ana]yzed Because of the ba]anced AADT f]ow at ’ .
~.an intersection any one 51te wiil yle]d the same potent1a1
~jconf11ct for. a]] four posswble right ang]e acc1dents - The
’.seven s1tes used for thls study tend to show a h1gh po1nt 1n

V the accldent 1ndex curve at the 1ntermed1ate va]ues for the

: 1ndex However, only one s1te fa]ls in the 1ntermed1ate 1ndex

}range -- and 1nferences cannot be drawn at th1s t1me

The add1t10na1 data that can be obta1ned from other

v's1tes w111 be added to these seven to ver1fy a techn1que of

E pred1ct1ng accxdents at s1gna11zed at-grade 1ntersectlons. o
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2. Cloverleaf Design

The accident exposure index previously developed has
again been utilized to mathematize accidentAexperience at
vc]over]eafs. 'Aftef etiempting'several approaches to devise
a useful teehnique, the‘cloverleaf:was seperated inﬁo the

segmentsAdepicted inffigure B3. The accidents attributed

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

are included in the approp?iate shaded or-clear'areas.
The accident experience is'directly related to the

exposure index. The-exposure index'is the‘mu1tip1e of the

two d1verg1ng or merg1ng traff1c streams. - For this technique,

the fo]]ow1ng procedure was developed for determ1n1ng *he

exposure 1ndex»for a;movement. The example is for the move-

"ments from the south leg. <'ff“:f '?"Lﬂfl““m"”?*i7“f"

Left Turn Index V|_ [Vs + VEast (Lt ) + VWest (Lt )]
g R1ght,TurnyIndex R [VS +V )+ VWest (St ) + VNorth (Lt )]
Straight Thru Index = - Vs [V, + 2anst (Lt.) + Vwest (Rt.)]
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The nomenc]ature for these equations is:
‘VS - Vo]ume straight thru from South 1eg
VR -;Vg]ume turning right from South leg
| Vp - Voﬁume'furning left from South Teg s
VNorth (Lt ) --Vo]ume from North turning left
_vvwest (St. ) - Volume from West go1ng stra1ght

’ VEast (Lt.) - Volume from East turn1ng left
: ~ A11 Volumes divided by 1000 -
Using the four cloverleafs reported in th1s study

with a total’ of s1xteen legs, table BZ tabu]ates the results :
- of the 1east squares regress1on equat1on wh1ch 1s graphlcally

: shawn 1n f1gure B4
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"~ TABLE - B2
~ Cloverleaf Regression Equations

Land Number - . ’ '
Use ~of ‘ Constant Coefficient e i
Movement: Activity Samples Ay Ay ~ Syx ro

',k§§h£:, O Light v - V°;¢53 | ;,; JLEZN j»°‘72;7.7:~fé*451;2f;r
L "vaeaQy 6 B -5l ’}}.::‘>¥3§.68‘ - '.2:83»'f l'5Qé§fi  ?j
;5' -f?L{9ht7_.f”’3 v7101,: A ,-4 1}¢4 . ’,f»f;jié?Sésfi" | ‘6;551 . ;§;7? » . ;;;ifi;f f?¥§£ T"

A1 B -ae 379 089 091




- Intersection

U.S. Rt. 1 &N.J. 18
U.S. 189 &N.J. 35

U.S. 1 & Milltown Rd.

N.J. Rts. 4 & 17

. HWest
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From -

North

South
East
West

North

South

East
West

North
~ South

East

North

‘South

East
West

TABLE B3

Data Used to Develop Accident Equation for Cloverleaf

RIGHT
Accidents Exposture
1.167 - 186.6
5.333 158.3
3.333 252.7
- 0.667 61.5
2.000 22.2
1.667 30.5
1.333 32.0
6.667 91.1
1.000 61.5
1.333 23.2
0.333 26.2
1.333 - 24.5
14.000 246.9
9.333 168.0
26.000 404.5
15.000 .245.3

MOV EMENT
LEFT

333

~ Accidents Exposure
2.500 259.6
1.667 42.1
5.667 ©120.0
4,667 117.8
30000 29,1
2.000 82.7"
0.667 15.7
0.667 1.5
0.333 21.4
1.000 20.1
0.333 7.4
0.333 . 19.4
40.000  380.2
38.667 305.5
© 34.333 329.2
47 478.9

 STRAIGHT

Accidents Exposure
3.0000  89.6
7.667 236.4
4.333  153.4
4,333 1215.5
6.667 118.6
2,667 - 111.4
1.000 - 30.6

10.333 16.1
0.667 1 50.2

© 0.667 180.8
0.667 26.3

©0.333 26.6

4.000 602.6
5.333. - 482.1

©7.333 704.9
13.000 896.5

Exposure based on 1963 AADT.

-Note: Accidents are year]y average of 1962-1964 data
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APPENDIX €

LEGEND FOR PHYSICAL FEATURES PLANS
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~Grass Area

Mast Arm Signal Instaliation

Curbing

Edgé of Shoulder
Edge 6f Pavement

‘Light Pole ﬁ

Public Utility Pole . —O—

LEGEND FOR PHYSICAL FEATURES PLAN

>

Signal Installation on Pole t&

Public Utility Pole with Light B "

8 Ft. Presgure Vehitlé,Detectorvf | B

Catch Basin

';Land Use - Com

Gantry Sign CC——®

Edge of Woods f\~J;‘\,,y“\«'\..\45—7lfﬂf‘\,§ -

Transmission Tower q=m=fli-am-*

Fence X X

. Guardrailf —

Concrete Median ZZZZZ77777

 Median Barrier TESEITOIETS

“Und.

Undeveloped

~“Vac. - Vacant

- Res. ~ Residential :
“Shp. Ctr. - Shopping Center
Ind = Industr1a1

Commerc1a] Deve]opment R
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