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EXECUTIVE SUMMARY 

INTRODUCTION AND BACKGROUND 

Traffic signals at intersections are often installed to alleviate 

traffic operational problems. However, such installations are often asso­

ciated with changes in accirlent characteristics. 

Past studies at newly signaliz<=d intersections have concluded that: 

a) Accident frequency increases, as well as decreases, have been re-

ported after traffic signal installation. 

b) Accident severity is generally reduced. 

c) "Right-angle" accident frequency rlecreases. 

d) "Rear-end" accidents generally increase. 

e) "Head-on left-turn" accidents generally increase. 

These generalized conclusions have been used by Engineers in predicting 

the impact on accident characteristics due to the installation of traffic 

signals. 

In October of 1986, the Michigan Department of Transportation spon­

sored a study of 155 traffic signals which were installed during the 

period of 1978 to 1983. The objective of this study was to evaluate the 

change in accident characteristics at these newly signalized locations. 

Wayne State University's neoartment of Civil Engineering was awarded 

the contract for this research. The project included collection of all 

available data regarding the candidate traffic signal locations from MOOT 

files, olans and diagrams. The data consisted of: 

e Intersection names, locations, milepoints, etc. 

e Intersection geometry. 

e T r aff i c vo l umes . 

e Signal equipment. 

e Signal timing and phasing. 

o Traffic accidents. 
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ANALYSIS 

Data analysis consisted of testing the significance of changes in ac­

cident measures of effectiveness (MOE) between the "before" and the "af­

ter" conditions for all sites and various categories of the intorsections. 

The following analyses were performed: 

11 A "before" and "after" study of all sites and various geometric 

categories, such as: 

- Intersections (Appendix 2) 

- Crossovers (Appendix 3) 

- Ramps (Appendix 4) 

e Test of means of various accident MOE's, such as, "total", "right­

angle", "injury", "rear-end", "head-on left-turn", and "other 

type" accidents of all sites, as well as geometric groupings. 

COMPARISON FOR ALL INTERSECTIONS 

Tests of differences in mean accident rates were performed using 

paired "t" tests at a significance level (a) of 0.05. The comparison of 

mean accident rates for all intersections (102) indicated that for various 

MOE's (e.g. "total", "injury", "rear-end", "head-on left-turn", "right­

angle" and "other type" accidents) there were significant differences 

between "before" and "after" signal installations. The significant 

findings are summarized as follows: 

e Mean "total" accident rate in the "after" situation was 19.2 per­

cent lower than the "before" signal installation. 

I! Mean "injury" accident rate in the "after" situation was 17 per­

cent lower than the ''before" condition. 

@ Mean "rear-end" accident rate was 53 percent higher in the "after" 

·condition as compared to the "before" condition. 
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® Mean "right-angle" accident rate in the "after" situation was 57 

percent lower than the "before" ~ondition. 

e Mean "head-on left-turn" accident rate in the "after" situation 

was 50 percent higher than the "before" condition. 

e Mean "other type" accident rate in the "after" situation was 33.8 

percent lower than the "before" condition. 

INTERSECTIONS WITH NO GEOMETRIC CHANGES 

There were 67 1 ocations out of 102 that did not have any geometric 

improvement "during" or "after" signal installation. A comparison of the 

"before" and "after" mean accident rates of these 67 locations yielded the 

following: 

o The mean "injury" accident rate decreased 7 percent but did not 

exhibit significant differences between the "before" and the "af­

ter" conditions. 

The significant changes in the mean accident rates in the "after" condi­

tion as compared to the "before" are similar to the comparison for all 

intersections and are summarized as follows: 

@ The "total" accident rate decreased 15.5 percent. 

e The "right-angle" accident rate decreased 52.5 percent. 

• The ·"rear-end" accident rate increased 64.5 percent. 

e The "head-on left-turn" accident rate increased 75 percent. 

e The "other type" accident rate decreased 31.8 percent. 

"HEAD-ON LEFT-TURN" ACCIDENTS 

A study of "head-on left-turn" accident rates at intersections with 

and without left-turn lane and, also, locations where a left-turn lane was 

installed coincident to signal installation resulted in the following ob­

s erv at ions: 
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® Intersect ions with and without left-turn lane in the "before" 

period: 

- The mean "head-on left-turn" accident rate was significantly 

different only for intersect ions with left-turn 1 anes in the 

"before" period. 

- The mean "head-on left-turn" accident rate at intersect ions 

with left-turn lanes increased 80 percent as compared to 58.3 

percent for locations without left-turn lanes. 

e Intersections where left-turn lane was added coincident to signal 

installation: 

- The "head-on left-turn" accident rate increased by 7 percent. 

-A 31.7 percent significant reduction in "total" accident rate. 

- "Right-angle" and "injury" accident rates were significantly 

reduced 63.5 percent and 44.2 percent, respectively. 

- "Rear-end" accident rate was not significantly increased as it 

was for intersections with and without left-turn lanes in the 

''before" period. 

- "Other type" accident rate was reduced significantly (by 33.1 

percent) as it was for locations with and without left-turn 

1 ane. 

CROSSOVERS 

A "before" and "after" mean accident rate study at 27 crossover loca­

tions rendered the following: 

e The "total" accident rate showed an increase of only 3. 6 percent. 

This change was not statistically significant. 

e The "rear-end" accident rate increased 36.1 percent, however, this 

was not statistically significant. 

@ The "injury" accident rate increased 27.3 percent, however, this 

change was not statistically significant. 
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RAMPS 

® The "right-angle" accident rate decreased 10.4 percent and it was 

not statistically significant. -

11 The "other type" accident rate was significantly reduced by 21.6 

percent. 

Traffic volumes were not available in the "after" period for the ramp 

locations in this study. 

A "before" and "after" average accident frequency at 26 ramp loca­

tions yielded the following: 

e The "total" average accident frequency decreased 26.2 percert and 

the change was statistically significant. 

e The "right-angle" average accident frequency decreased by 37.8 

percent, but was not statistically significant. 

e The "rear-end" average accident frequency increased by 12.7 per­

cent and this change was not statistically significant. 

e The "injury" average accident frequency reduced by 12.7 percent 

and this change was not statistically significant. 

11 The "other type" average accident frequency reduced by 34.3 per­

cent and was statistically significant. 

FINDINGS 

The findings presented here are based on the results of statistical 

tests conducted in this study and the authors' interpretations of the 

results. Others mentioned, herein, refer to some data gathering and 

record keeping items which will certainly facilitate future studies and 

evaluations. The specific findings are as follows: 

A. Safety Related 

1. Properly installed traffic signals reduces "total", "injury" 

and "other type" accident rates. 
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2. "Right-angle" accidents can be expected to be reduced after 

installation of traffic signal. 

3. "Rear-end" accidents can be expected to increase after in­

stallation of traffic signal. 

4. The installation of traffic signals will result in an in­

crease of "head-on left-turn" accident rate. 

5. Similar to intersections, installation of traffic signals at 

major ramp locations can be expected to reduce "total" acci­

dent frequency. 

B. Record-Keeping Related 

For future signal installations the following data should be kept 

in intersection record files: 

~ "Before" ADT. 

g "After" ADT. 

e "Before" and "after" left-turn counts. 

i Three years "before" accidents in summary form. 

e Three years "after" accidents in summary form. 

® Record of any geometric changes with dates. 
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I. INTRODUCTION 

The installation of traffic signals along with various phasing and 

timing options has been found to influence accident patterns at intersec­

tions. In some instances, the overall accident rate and severity of acci­

dents has also been affected. However, many geometric, operational and 

environmental factors combined with traffic signal options are also known 

to influence accidents. 

Several previous research studies have been conducted using Michigan 

data, as well as data from other States, to study the effects of traffic 

signals and signal improvements on accidents. A 1959 study by Solomon was 

conducted on 29 Michigan intersections in urban and rural areas which have 

been signalized.[1] Overall, total accidents increased 23 percent, injur­

ies decreased 20 percent and fatalities dropped by 50 percent. In terms 

of accident types, increases were found in "rear-end" accidents (200 per­

cent), "head-on left-turn" (157 percent) and "sideswipes" (74 percent), 

while decreases in "angle" accidents (51 percent) and "other type" acci­

'dents (39 percent). It was also observed that signals were mcst effective 

at multi-leg and divided intersections. However, at T-intersections and 

cross-undivided intersections, signals accelerated the frequency of acci­

dent s ( see Tab 1 e 1 ) . [ 1] 

A 1964 Michigan study by Clyde analyzed 52 urban and suburban sig­

nalized intersections.[2] Although "right-angle" accidents decreased by 

45 percent, increases were observed in ''rear-end'' accidents (98 percent), 

"left-turn" accidents (66 percent), and "nther type" accidents (46 per­

cent). Overall, accidents increased by 33 percent .[2] 
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Table 1. Chanqe in accident rate after installation of traffic signals. 

Per Million 
Vehicles 

Entering at 
Change in Intersect ion 

Intersection ADT Number of Net Change 
Type Average Accidents Before After in Rate 

T 11' 800 +78% 1.7 3.0 +73% 

Cross Undivided 20,000 +51% 1.3 2.0 +53:~ 

Cross Divided 27,200 +4% 1.3 1.3 -16% 

Multi-leg 16,900 -47% 4.1 1.3 -69% 

Overall 20,200 +23% 1.5 1.8 +19% 

[Source: Reference 1] 

Another Michigan study, relative to the effects of signal moderniza-

tion, was conducted in 1967 by Malo for 20 intersections in Detroit.[3] 

These signals had been improved by installing two overhead signals on 

major roadways, as well as one or more signals facing each minor street 

aooroach. The averaqe number of accidents was reduced from 20 per year 

(per site) to 10 per year. "Right-angle" accidents were reduced from 169 

to 43, a 75 percent reduction.[3] 

A study by Kinq and Goldblatt in 1975, involving a statistical analy­

sis of a nationwide data base, resulted in the following conclusions.[4] 

1. Signalization leads to a reduction in "right-angle" accidents and 

an increase in "rear-end" accidents. 
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2. Signalized intersections have higher accident rates, but this is 

usually offset by less severity per accident, which leads to no 

significant change in "total" accident-related economic losses. 

3. There appears to be no clear-cut evidence that the installation 

of signals will reduce the adverse effects of accidents. This 

appears to hold true especially in those cases where signals 

would not be warranted. 

4. As far 2.s accident patterns are concerned, there is no clear-cut 

justification for lowering numerical warrant minimums for rural 

conditions. In fact, the effect of unwarranted signals is more 

adverse for rural conditions. 

5. The number of "right-angle" accidents appears to be an insensi­

tive indication of any expected improvement in accident patterns 

as the result of signalization. The ''right-angle" ratio seems to 

be better suited to that purpose. 

Similar findings were found in a 1976 Virginia study of 2,301 inter­

section acddents.[5] In that study, "rear-end" and "total" accidents in­

creased as a result of traffic signals, as shown in Table 2.[5] A compar­

ison study of accident rates by type of intersection (i.e., Cross, T, and 

Y), as shown in Table 3, further concluded that there were no difference 

in accident rates between signalized intersections which meet MUTCD signal 

warrants, compared to those which do not meet the warrants.[5] 

A 1975 study was conducted of urban intersection control in Philadel­

phia for various accident types, as shown in Table 4.[6] The percent of 

"rear-end" accidents was the greatest at traffic signal controlled inter-

9 



Table 2. Variation in accident type and rates with type of control -­
rural municipalities. 

-

Accident Type - Percent of Total 

Type of Control Rear-End Angle Sideswipe Other Accident Rate~ 

Traffic Signal 43 37 12 8 1.26 

Yield or Stop 
Sign 29 49 10 12 1.08 

[Source: Reference 5] 

Table 3. Variation of accident type and rate with intersection geometry 
and traffic control -- rural municipalities. 

Accident Type - Percent of Total 

Type of Contra l Rear-End Angle Sideswipe Other Accident Rate* 

Cross 

Signals 40 40 11 9 1.47 
Stop Sign 22 59 10 9 1. 27 

T 
. 

-
Signals 58 25 11 6 0.82 
Stop Sign 28 43 12 17 0.79 

y 
-

Signals 42 29 25 4 1.40 
Stop Sign 66 23 4 7 1.04 

Offset 

Stop Sign 34 30 13 23 0.76 

[Source: Reference 5] 

*Accidents per million entering vehicles 
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Table 4. Variation in accident type- and rate with traffic control type -­
urban municipalities. 

Accident Type - Percent of Total 

t- 1 :.cu ~edes- Accident 
Type of Contra l Rear-End Angle Sideswipe Object tri an Rate* 

Two-Hay Stop 11 51 5 21 12 1.5 

Four-Way Stop 17 20 9 42 12 0.8 

Traffic Signals 23 30 8 27 12 1.2 

* Accidents per million entering vehicles. 

[Source: Reference 6] 

sections (23 percent), compared to two-way stop (11 percent) or four-way 

stop (17 percent). Percentages of "angle" accidents were the greatest for 

two-way stop locations (51 percent), compared to intersections with traf-

fie sign~s (30 percent) _or four-way stop control (20 percent). Over~l, 

accident rates v1ere the greatest for two-way stop locations (1.5 accs/mv), 

compared to traffic signals (1.2 accs/mv) and four-way stops (0.8 aces/ 

mv).[6] 

In terms of siqnal phasing, studies conducted in San Francisco and 

Kentucky both found reduced accident severity for multiohase signals, com­

pared to two-phase siqnals.[7,8] In the Kentucky study use of multiphase 

signals resulted in up to 13 percent reduction in severe accidents, along 

with an 85 percent reduction in "left-turn" accidents, and a 33 percent 

increase in "rear-end" accidents. [8] 
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In summary, previous studies in· Michigan and other States strongly 

indicated that adding new traffic sig!Jals resulted in reduced "right­

angle" accidents, but increase in "rear-end" and "left-turn" accident 

types. Accident rates have both increased and decreased as a result of 

adding traffic signals, and multiphase signals usually are associated with 

lower accident rates than two-phase signals (i.e., often due to the pro­

tected left-turn and other movements). 

The Department of Civil Engineering at Wayne State University was 

selected by ~1DOT to perform an evaluation of accident characteristics at 

155 newly installed signalized intersections in Michigan. The purpose of 

this study was to examine the effects of new traffic signal installations 

on accident patterns and severity at various intersections, crossovers and 

ramp locations. The following major tasks were conducted as a part of the 

study: 

e Obtaining the site data from existing files, plans and other 

sources for newly installed traffic signals on the State trunkline 

system between 1978 and 1983. 

e Determining the characteristics which have significant impact on 

accident occurrence at newly inst~led siqn~ locations. 

a nocumenting the findings of the study. 

This report presents a description of the activities performed in the 

research, along with the findinqs and conclusions. 
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II. DATA COLLECTION 

1. Selection of Candidate Traffic Signal Location for the·study 

A list of 235 candidate locations, where traffic signals were in­

stalled during the years 197~ ~hrough 1983, was selected as a part of this 

study. The reason for selecting this time period was to allow for two to 

three years of accident data to be available for both the "before" and the 

"after" conditions of the proposed study sites. 

During the course of the study a number of locations had to be el im­

inated from the candidate site list either because they were of temporary 

nature due to construction or because they were not judged to be of in­

terest (suc;h as, traffic signals at shopping center entrance, etc.). Also, 

several sites were eliminated from the study due to lack of traffic volume 

information. A total of 155 locations were studied and the breakdown is 

as follows: 

Intersections 102 

Crossovers 27 

Ramps 26 

Total 155 

2. Data Collection and Coding 

In this context, an attempt was made to collect as much information 

as possible that is pertinent to the study and that adequately describes 

each study location. Such information includes: 

e Traffic signal equipment and operations. 

e ''Before" and ''after" accident data. 

El "Before" and "after" geometric and traffic characteristics. 

The following is a list of the different data variables collected: 
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Site # 

District # 

Location 

Control Section# 

Mil epoi nt 

Date of Installation 

Type of Control (signal) 

No. of Phases 

Cycle Length 

Other Ope rat ions 

"Before" Inst~lation Control 

"Before" ADT 

"After" ADT 

Intersection Configuration 

No. of Lanes on Each Leg 

One Way 

Comments 

Appendix 1 provides a comprehensive listing of all data collected. 

The information regarding all candidate sites was obtained by going 

thoroughly through each signalized intersection's records and files. 

Copies of signal timing permits were used to obtain the traffic signal 

equipment and operations data. The geometric information was obtained 

by examining copies of "before" and "after" installation intersection 

diagrams, where available. Average daily traffic estimates on the State 

trunkline for all locations were provided by the MOOT Planning Division. 

Accident history of all locations during the period 1976 to 1985 was 

obtained from MOOT. Average daily traffic volume information, when not 

avail able, was estimated by using a calculated growth factor. 
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III. DATA ANALYSIS 

Data Analysis 

The "before" and "after" accident rates were studied to evaluate the 

impact of signal installation. In this analysis, the accident rate is 

defined as the number of accidents per million entering vehicles. 

The effect of signal installations was determined on the following 

accident types: 

Accident Types 

"Total" Accidents 
''Right-Angle'' Accidents 
"Rear-End" Accidents 
''Injury'' Accidents 
''Head-On Left-Turn" Accidents 
"Other Type" Accidents 

Accident Rate Calculation Procedures 

MOE (Measures of Effectiveness) 

"Total" Accidents/MV 
''Right-Angle" Accidents /MV 
"Rear-End" Acci dents/MV 
''Injury" Accidents/MV 
"Head-On Left-Turn" Acci dents/MV 
"Other Type" /\cci dents/MV 

This procedure consisted of three distinct efforts, namely: 

1 Determination of "before"/"after" accident frequency. 

• Determination of "before"/"after" average daily traffic. 

e Determination of accident rate. 

''Before''/''After" Accident Frequency 

The total number of accidents for a three- year period "before" 

installation of the signal and the three-year oeriod "after" instal­

lation was identified. For signals installed after 1982 or before 

1979, a two or one-year study period was selected depending on the 

date of signal installation and availability of data. 

''Before''/"After'' Average Daily Traffic 

The average (total ADT of all approaches) traffic volume for a 

three-year period "before" and "after" the installation of the traf-

fie signal at each location was calculated. 
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Total ADT of all approaches = Approach ADT on Trunkline +Approach 
ADT on minor streets 

In the case only "after" or only "before" minor street ADT was 

available, the missing information was calculated using a growth fac-

tor (G.F.). 

Average ADT on Trunkline "after" signal Growth Factor = ~~~~~~~~~~~~~~~~~ 
Average ADT on Trunkline "before" signal 

Minor ("before") street ADT =Minor ("after") street ADT/G.F. 

Ace i dent Rate 

The accident rate for each location "before" and "after" signal 

installation was calculated using the following formula: 

Ace. Rate = A(l06)/365(T)V 

Where, 

A = Accident frequency (total for the study period) (output of 

Phase I) 

T = Time period of the study 

V =Average Daily Traffic (output of Phase II) 

The "before" and "after" accident frequencies of "total" and various acci-

dent types is presented in Figure 1. It shows a reduction in "total", 

"PDO", and "right-angle" accidents, and an increase in the frequency of 

"rear-end" and "left-turn" accidents. The magnitude of "injury" accidents 

remained approximately the same. 

Figure 2 represents the accident rates of 102 intersections under in­

vestigation. It shows a reduction in "total", "injury'', "PDO'' and "right­

angle" accident rates. "Rear-end" and "left-turn" accident rates increas­

ed in the ''after" period. 
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Statewide Accident History 

Statewide accident data during the period 1976 to 1986 was obtained 

from MOOT to investigate if any adjustments to the accident history of the 

study sites were necessary. Figure 3 represents the statewide accident 

history for 1976 to 1986. Figures 4 and 5 represent the acc1dent history 

for the same. time period for Michigan Trunkline and Michigan Trunkline 

signalized intersection, respectively. The statewide accident frequencies 

show some fluctuations year-by-year, however, these fluctuations are mean-

i ngless, unless accurate exposure data is used to determine year-by-year 

accident rates. 

Vehicle registration and statewide vehicle miles of travel data were 

obtained from the "Accident Facts" booklet, published by the State Police. 

These data and rates determined from them are presented in Table 5. Linear 

regression analysis was performed on the statewide rate data with extreme-

ly low correlation. Thus, it can be concluded that there exists no trend 

for the statewide accidents. 

The trunk line signalized intersections' accident history (Figure 5) 

is most pertinent to this study. The time period for the study ranged 

between 1978 and 1983. During the same time period (1978 to 1983) the 

following was observed for the Statewide Trunkline signalized intersection 

accident history (total yearly accidents for 2,100 signalized intersec­

tions), review of Figure 5: 

m Total accidents by year: 

1978 - 29,033 

1979 - 27,416 

1980 - 24,742 

198i - 24,939 

1982 - 24,360 

1983 - 24,989 
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Michigan Statewide Accidents 
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·Michigan Statewide Traffic Acci.deot Trends, .-1976-J:hrough 1986 

Year Accidents 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

========= ====== ====== ====== ====== ====== ====== ====== ====== ====== ====== 
1976 365,600 2.5 6. 5. 0.2 -14.0 -17.2 -19.3 -17.7 -8.3 5.9 9.6 

1977 374,571 3.9 -2.2 -16.0 -19.2 -21.3 -19.7 -10.5 3.3 7.0 

1978 389,193 -5.8 -19.2 -22.2 -24.2 -22.7 -13.9 -0.5 3.0 

1979 366,435 -14.1 -17.4 -19.5 -17.9 -8.5 5.6 9.4 

1980 314,594 -3.7 -6.2 -4.4 6.5 23.0 27.4 

1981 302,831 -2.6 -0.7 10.7 27.8 32.4 

1982 294,971 2.0 13.6 31.2 35.9 

1983 300,797 11.4 28.7 33.3 

1984 335,193 15.5 19.6 

1985 387,069 3.6 

1986 400,825 

How to read table: The value in each cell is the total percent change in 
accident counts between the year shown at the front of 
the row and ~he year shown at the top of the column~ 

EXAMPLE: The change from 1976 to 1978 was +6.5 percent, and 

the change from 1976 to 1979 was +0.2 percent. 

Figure 3. Michigan statewide accidents (1976 through 1985). 
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Perc~ntag~ Chanae in Michigan TrtJnklin~ Accidents? 1976 through 1986 

Year Accidents 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
===== ========= ====== ====== ====== ====== ====== ====== ====== ====== 
1976 128,445 1.2 6.2 -1.4 -17.3 -19.2 -19.5 -18.1 -5.4 9.0 12.4 
1977 130,014 4.9 -2.6 -18.3 -20.1 -20.5 -19.1 -6.5 7.6 11.1 
1978 136,427 -7.2 -22.2 -23.9 -24.2- -22.9 -10.9 2.6 5.8 
1979 126,657 -16.2 -18.0 -18.4 -16.9 -4.0 10.5 14.0 
1980 106,184 -2.2 -2.6 -0.9 14.5 31.8 36.0 
1981 103,817 -0.4 1.4 17.1 34.8 39.1 
1982 103,391 1.8 17.6 35.4 39.7 
1983 105,246 15.5 33.0 37.2 
1984 121,556 15.1 18.8 
1985 139,947 3.2 
1986 144,407 

How to read table: The value in each cell is the total percent change in 
accident counts between the year shown at the front of 
the row and the year shown at the top of the column~ 
EXAMPLE: The change from 1976 to 1978 was +6.2 percent, and 

the change from 1976 to 1979 was -L 4 percent. 

Figure 4. Michigan trunkline accidents (1976 through 1985). 
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1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Michigan Trunkline SIGNALIZED Accidents 
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~.---------------------~----------------------. 
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19'76 1'117 19'78 19'79 1980 1981 1982 1983 19114. 1985 1985 

11icoigan Trunkline SIG:lALIZED INTERSECTION Traffic Accident Trends, 1976 through 1986 

Accidents 1977 1978 
========= ====== =====::: 

23,898 ? 15.9 21.5 
27,701 4.8 
29,033 
27,416 
24,742 
24,939 
24,360 
24,989 
28,072 
32,457 
33,732 

How to read table: 

1979 1980 1981 1982 1983 1984 1985 1986 
====== ==:::::::1:::: ====== ====<== ====== ====== 
14.7 3,5 4,4 1.9 4.6 17.5 35.8 41.1 
-1.0 -10.7 -10.0 -12.1 -9.8 1.3 17.2 21.8 
-5.6 -14.8 -14.1 -16.1 -13.9 -3.3 11,8 16.2 

-9.8 -9.0 -11.1 -8.9 2.4 18.4 23.0 
0,8 -1.5 1.0 13.5 31.2 36.3 

-2.3 0.2 12.6 30.1 35.3 
2.6 15.2 33.2 38.5 

12.3 29.9 35.0 
15.6 20.2 

3.9 

The va1ue in each ce 11 is the total percent change in signalized 
accident counts b!!tween the year shown at the front of 
the row and the year shown at the top of the co1 umn. 
EXAMPLE: The change from 1976 to 1980 was +3.5 percent, and 

the change from 1978 to 1980 was -14.8 percent. 

Figure 5. Michigan trunkline signalized accidents (1976 through 1985). 
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Table 5. Statewide Accident Trend (Source: Accident Facts) 

,--

1977 1978 1979 1980 1981 1982 1983 1984 

-- --· -- - _r 

Accidents in 
Thousands 374.7 389.2 366.4 314.6 302.8 295.0 300.8 335.2 

------
VMT in 
Billions 64.85 67.38 64_88 61.19 62.00 61.32 63.56 65.73 

c 

----~ --
Vehicle Regi stra-
tion in Millions 6.13 6.45 6.54 6.57 6.14 6.40 6.44 6.51 

-- __ .____ 

Accidents/100 Millions 
Vehicle Miles of Travel 0.578 0.578 0.565 0.514 0.488 0.481 0.473 0.510 

- ' 
Accidents/Million 
Registered Vehicles 61.13 60.34 56.02 47.88 49.321 46.091 46.~.491 

1985 1986 
> 

386.9 400.7 

68.41 70.62 

6.86 6.95 

0.566 0.567 

56.40 I 57:_j 



o There were 81,191 accidents in the first three years (1978-1980) 

and 74,288 accidents between 19Q1 and 1983. 

e The accident frequency was reduced by 8.5 percent during the last 

three years in comparison to the first three years. In absence of 

rate data this cannot be used for any correction. 

@ The statewide frequency has been declining during the "after" 

period of our study. Thus, it can be assumed that, if any of our 

study sites had signals installed in 1980 or 1981, and we use 

1978, 1979 and 1980 data as the "before" period, and 1981, 1982 

and 1983 as the "after" period, then we would have expected a pos­

sible natural drop in accident frequency of 8.5 percent provided 

the traffic volumes remained constant over the entire period 

(1976-1986). 

The avail able data for statewide accident history was not considered 

for making any adjustments due to the following reasons: 

~ The ten-year trend lines for the "total" accident frequencies or 

rates show extremely low correlation, as such, use or any trend 

correct ion will be inappropriate. 

e Having just overall "total" accident frequency/rate does not allow 

for making any adjustments without the possibility of making an 

erroneous correction to various types of accidents. 

~ Many sites' "before" accident data did not include 1978, which had 

a very high frequency compared to 1982 or 1983 data. Thus, any 

correct ion may not have been appropriate. 

e Some sites' "before" accident data did not include 1978 and 1979. 

Thus, trend correction was not necessary for these sites, because 

the overall accident picture was almost flat during 1980, 1981, 

1982 and 1983. 
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® The drop in accident frequency could have been due to other safety 

programs and, as such, cannot be attributed to the trend above. 

11 Year-by-year increase or decrease in accident frequency or rate 

may be true only for "total" accidents at signalized intersec­

tions. It cannot be applied for other MOE's like "rear-end", 

"right-angle", "injury", "head-on left-turn" accidents, etc., 

s i nee we don't have the hi story of all types of accidents. As 

such, any corrections mad1~ using statewide total accident history 

wi 11 be inappropriate. 

a Analysis of the statewide historical data did not indicate any 

di scernable trend. However, it is conceivable that the intersec­

tions signalized at various years within the study period (sign~s 

installed between 1978 to 1983) may indicate different accident 

ch aracteri st ics. 

In order to further test the statewide background effect of signal 

installation during specific years within the study period of 1978 to 

1983, a study was performed isolating the locations where signals were in­

stalled in the following time periods: 

Group 1 ~Signals installed 1979 and 1980, with a declining statewide 

accident frequency during the "after" period of study. 

Group 2 - Signals installed 1982 and 1983, with an increasing state­

wide accident frequency during the "after" period of study. 

The following were the number of sites in each of the groups: 

Group 1 - 45 locations. 

Group 2 - 27 locations. 

Table 6 shows the results of the "t" tests of both groups (Group 1 and 2) 

along with the total intersection samples (102 sites) to allow comparison. 
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Table 6. Results of paired t-tests for Group 1 and 2. 

Signals Installed in 

1978-1983 Group 1 - 1979-1980 hroun ?. - 1982-19/lJ 

Mean Ace. Rate Percent "t" Sample Meatl Ace. Rate Percent "t" Sarnp le Mean Ace. Rate Percent "t" S amp 1 e 
+ increi'lse Stilt is- Size & + Increase Stilti.:;- Size ~ + Tl::terease Statis- Size ~ 

Accident Tyne Before After - necreiiSP. tics (tcrl F!efore After - necrease tics ( tcr l Ref ore After - Decrease tics (tcrl 
-

Total 1.82 1.47 -19.1% +3.47* l. 90 1.21 -36.3% +4.12* 1.86 1. 79 - 3.8X +0.35 

Right-Anqle 0.56 0.24 -57.1% +5. 77* 0.58 0.20 -6 5. 5% +11.37* 0.59 0.31 -47.5% +2 .79* 

Injury 0.58 0.48 -17.?4% +2.41* 102 O.Sil 0.37 -31.5% +2.64* ( 45) O.fi9 0.60 -13.1% +l.l4 2! 

Rear-End 0.32 0.49 +S3.m~ -4.Fl4* (2.00) 0.34 0.40 +15.0% -1.74 (2.015) 0.31 0.68 +119.4% -4 .271'" (2.056) 

Head-On 0.14 0.21 +SO.Ot -2.56* 0.14 0.12 -14.3% +0.49 0.15 0.25 +66.7% -1.70 
Left-Turn 

Other 0.80 0.53 -33.8% +5.67* 0.84 0.49 -41.7% +4 . .11* 0.81 0.56 -30.1% +].47* 

*Means significantly different. 



For Group No. 1 (Signals inst~led in 1979 and 1980) 

m "Total" accident rate reduced 36 percent after signal instal­

l at ion and was statistically significant. 

o "Right-angle" accident rate reduced 65 percent and was sta­

tistically significant. 

11 "Rear-end" accident rate increased 15 percent, but it was not 

statistically significant. 

e "Injury" accident rate reduced 32 percent and was statisti­

cally significant. 

@ "Head-on left-turn" accident rate decreased 14.3 percent, but 

it was not statistically significant. 

e "Other type" accident rate reduced 42 percent and was signif­

icant. 

For Group No. 2 (Signals installed in 1982 and 1983) 

11 No significant change in "total" accident rate (3.8 percent 

reduction), "injury" accident rate (13 percent decrease), or 

"head-on left-turn" accident rate (67 percent increase). 

a "Right-angle" accident rate reduced 47 percent and was sta­

tistically significant. 

e "Rear-end" accident rate increased 119 percent and was sta­

tistically significant. 

e "Other type" accident rate reduced 30 percent and was sta­

tistically significant. 

The results of this group analysis when compared to the 102 site sample is 

presented in Table 6 for comparative purposes. Examination of Table 6 re­

veals the following: 

27 



e Mean "total", "right-angle", "injury", "rear-end" and "other type" 

accident rate of all 102 study sites, Group 1 sites and Group 2 

sites followed similar rate trends. 

e Mean "left-turn head-on" accident rate of 102 sites increased sig­

nificantly after signal installation. A similar tre>~d was also 

noticed for Group 2 sites, however, 14.3 percent reduction in 

"left-turn head-on" accident rate was observed in the case of 

Group 1 sites. The rate change was not statistically significant 

for Group 1 or Group 2 sites. 

e While the three groups exhibited similar rate trends, the reported 

safety benefits defined by the percent change in mean accident 

rate for each accident type category were 1 arger for Group 1 than 

Group 2 sites. The safety benefits were thought to be overstated 

for Group 1 since there was a natural drop in accidents statewide 

during the "after" period. The benefits reported for Group 2 may 

in turn be understated since they experienced accident reductions 

despite the statewide trend of increasing accidents in the "after" 

period. While no statistical relationship could be established, 

it would appear that year-to-year fluctuations in the statewide 

accident experience were ~n influence in this study. 

® Although this study could not address the influence of statewide 

accident experience, the accident experience reported for the 102 

sites which includes the Group 1 and Group 2 sites, is a valid 

statistical estimate of the safety benefits attributed to the new 

signal installations at these sites. 



TEST OF SIGNIFICANCE 

In order to determine the effect of signal installation on accident 

experience, the paired t-tests were conducted. Accident rates both ''be-

fore" and "after" signal installation for all locations were compared to 

determine if there was a statistically sign', ,cant difference between the 

"before" and "after" periods.· The ·formula used in calculating the "t" 

statistic are shown below: 

where: Xg = "Ref ore" Sample Mean 

XA = "After" Sample Mean 
N 2 s 2 + s 2 1 

SD = - 2 [N-1 ?:: (XBi - XB)(XAi- XA)J B A 1=1 

SR = "Before" Sample Standard Deviation 

SA = "After" Sample Standard Deviation 

N = Sample Size 

If t > tc (t critical from standard statistical tables) the difference 

in means is statistically significant for assumed level of significance 

"a" 1-1here degrees of freedom is equal to the number of locations minus L 

Therefore, the null hypothesis is rejected. The null hypothesis is that 

there is no significant difference between the means of the ''before'' and 

"after" distribution rates. A significance level (a) of 0.05 was used. 

There are two types of paired t-tests that can be conducted; one-tail 

or two-tail. The one-tail test is used to test whether one mean is sig­

nificantly greater than another. The two-tailed test is used to test 

whether the means are significantly different. The one-tail test involves 

making some initial assumptions about whether the "after" accident rate is 

higher or lower than the "before" accident rate. In this study only two-

tailed tests were conducted. 
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INTERSECTION ANALYSIS 

The results of "before"/"after" mean accident rate analysis of 102 

signalized intersection are presented in Table 7. Examination of Table 7 

reveals the following: 

e In all cases, mean accident rc·~s are significantly different be­

fore and after signal installations for all locations (102 inter­

sections) combined. 

e The "total" accident rate after signal installation was 19 percent 

lower than before signal installation. This result compares 

favorably to past research in other states. 

® The "injury" accident rate was 17.24 percent lower after signal 

installation. This result compares favorably with past research. 

e The "rear-end" accident rate was 53 percent higher after signal 

installation when compared to "before" condition. This result 

compares favorably with past research. 

o The "right-angle" accident rate was reduced by 57 percent after 

signal installation when compared to "before" accident rate. This 

result compares favorably with all past research. 

e The "head-on left-turn" accident rate was 50 percent higher after 

signal installation. This result compares favorably with all past 

research .. 

o The "other type" accident rate was reduced by 33 percent after 

installation when compared to "before" accident rate. This result 

compared favorably with past research. 

The results based on all locations do not take into consideration the dif­

ferent geometries of the intersections. The details of the intersection 

data, mainstreet traffic volumes, "before" and "after" accident frequen­

cies and rates are included in Appendix 2. 
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Table 7. Results of paired t-tests for all locations combined. 

~ercent t 
Mean Accident Increase statis- Two Tail 

Accident Rate ( +) tics -
Type nefore After Decrease 01 = 0.05 

XR X A. (-) t tr 

Total 1.82 1.47 -19.2% 3.47* 2 

Injury 0.58 0.48 -17.24 2.41* 2 

Rear-End 0.32 0.49 +53 .0% -4.84* 2 

Right-Angle 0.56 0.24 -57.1% 5. 77* 2 

He ad-On 
Left-Turn 0.14 0.21 +50.0% -2.56* 2 

Other 0.80 0.53 -33.8% 5.67* 2 

* Means significantly different. 
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Comparison of "Before" and "After" Accidents at Intersections 
With No Geometric Changes 

A review of the data base indicated that there were only 67 intersec­

tion sites, out of 102 sites, where no geometric change (refer to Appendix 

5) has bee:1 made either during or after signal installations. A paired "t" 

test of mean "before" and "after" acc'ident rates was performed at a= 0.5 

to evaluate whether or not there was any change attributable to the in­

stallation of traffic signal. The results of this analysis are oresented 

in Table 8 and Figure 6. 

Table 8. Results of paired t-tests for locations with 
no geometric changes. . 

Percent t" 
Mean Accident Increase stat is- Two Tail 

Accident Rate ( +) tics -
Type Before After Decrease tc 

XR Xn ( - ) t 

Total 1.87 1.58 -15.5% 2.09* 2.00 

Right-Angle 0.59 0. 28 -52.5% 4. 31 * 2.00 

Injury 0.57 0.53 -7.0% 0.86 2.00 
He ad-On 

Left-Turn 0.12 0.21 +75.0% -2. 78* 2.00 

Rear-End 0.31 0.51 +64.5% -4.07* 2.00 

Other 0.85 0.58 -31.8% +4.59* 2.00 

*Means significantly different. 

A review of Table 8 demonstrates the following: 

e The "total" accident rate was reduced by 15.1 percent and the dif­

ference between "before" and "after" was statistically siqnifi-

cant. 

e The "right-angle" accident rate was reduced 52.5 nercent and the 

change was statistically significant. 
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e The "injury" accident rate was reduced 7.0 percent, however, the 

change was not statistically significant. 

• The "head-on left-turn" accident rate was increased significantly 

(75.0 percent). 

a The "rear-end" accident rate increased 64.5 percent and this was 

statistically significant. 

11 The "other type" accident rate was reduced by 31.8 percent and the 

change was statistically significant. 

Evaluation of "Head-On Left-Turn" Accident Rates 

The "head-on left-turn" type accidents at intersect ions are of great 

concern to Traffic Engineers. Past studies have qenerally concluded that 

this type of accident increases with the installation of traffic signals. 

Intersections where left-turn lanes existed both "before" and "after" 

signal installation; and locations where left-turn did not exist "before" 

and "after" period were analyzed by comparing mean accident rates. Also, 

locations where a left-turn lane was installed coincident to signal in­

stallation were analyzed as part of this effort. The results of this mean 

accident rate analysis are presented in Table 9 and Figure 7. 

The statistical test of mean rate of "head-on left-turn" accidents 

showed significant differences at locations with left-turn lanes. In 

fact, the accident rate went up from 0.15 to 0.27. However, at locations 

without left-turn lane and locations where left-turn lane installed coin­

cident to signal installation the changes were not statistically signifi­

cant. Please refer to Appendices 6 and 7 for the "before" and "after" 

accident rate data. 
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Table 9. Results of paired t-tests for "head-on left-turn" 
accident rate. 

Percent 
Inter- No. Mean Accident Increase lit II Two Tail 

section of Rate ( +) stat is- tc 
Type Sites Before After Decrease tics a = .05 

XR . XA . (-) 

Locations 
With Left- 29 0.15 0.27 +80.0% -2.25* 2.048 
Turn Lane 

Locations 
Without 

Left-Turn 35 0.12 0.19 +58.3% -1.58 2.030 
Lane 

Locations 
Where Left-
Turn Lane Was 
Installed 14 0.27 0.29 +7.4% -0.22 2.160 
Coincident 
to Signal 
Installation 

*Means significantly different. 
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Analysis of Intersections Witn and Without Left-Turn Lane 

As a part of this analysis, compadsons of the "before" and "after" 

mean accident rates by "total", "rear-end", right-angle", "injury", "head­

on left-turn" and "other type" were performed and the results are pre­

sented in Tables 10, 11 and 12,_ and Figures 8, 9 and 10. 

Table 10 shows the results of the paired "t" tests for locations with 

left-turn lanes. For this group of 29 intersections the following is ob­

served: 

• The "total" accident rate was reduced 10.1 percent, but the dif­

ference between "before" and "after" was not statistically signif­

icant. 

o The "right-angle" accident rate was reduced 60.0 percent and the 

change was statistically significant. 

e The "injury" accident rate was reduced 18.2 percent, however, the 

change was not statistically significant. 

• The "rear-end" accident rate increased 78.1 percent and this was 

statistically significant. 

• The "head-on left-turn" accident rate increased 80.0 percent and 

this change was statistically significant. 

e The "other type" acci de~t rate was reduced by 23 percent and the 

change was statistically significant. 
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Table 10. Results of paired t-tests for locations with left-turn lane. 

~ercent 

Me an Acci rlent Increase Two Tail 
Accident Rate ( +) lit II tc @ 

Type ~e.! ore Arter Decrease Statistics a = 0.05 
Xs XA (-) d. f. 28 

Total 1. 98 1. 78 -10.1% 0.87 2.048 

Right-Angle 0.60 0.24 -50.0% 4.06* 2.048 

Injury 0.66 0.54 -18.2% 1.34 2.048 

Rear-End 0.32 0.57 +78.1~/, -2.46* 2.048 

Heaa-un 
Left-Turn 0.15 0.27 +80.0% -2.25* 2.048 

Other 0.91 0. 70 -23.1% +2.08* 2.048 

*Means significantly different. 

Table 11. Results of paired t-tests for locations without left-turn lane. 

Percent 
Mean Accident Increase Two Tail 

Accident Rate . (+) II til tc @ 
Type Ref ore 1\I_ter Decrease Statistics a = 0. 05 

Xs XA (-) d. f. 34 

Total 1. 74 1. 33 -23.6% 2.35* 2.03 

Right-Angle 0. 58 0.28 -51.7% 2 .53* 2.03 

I nj ur y 0.51 0.45 -11.8% 0. 78 2.03 

Rear-End 0.31 0.46 +48.3% -3. 09* 2.03 

He aa-un 
Left-Turn 0.12 0.19 +58.3% -1.58 2. 03 

Other 0.74 0.41 -44.6% +4. 58* 2. 03 

*t~eans significantly different. 
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Table 12. Results of paired t-tests_ for locations where left-turn 
lane was added coincident to signalized installation. 

n _rcent 
Mean Accident Increase Two Tail 

Accident Rate (+) lit II tc @ 
Type Before After Decrease Statistics a = 0.05 

Ys YA (-) 

Total 2.08 1.42 -31.7% 3.98* 2.16 

Right-Angle 0.74 0.27 -63.5% 3.23* 2.16 

Injury 0.77 0.43 -44.2% 4.07* 2.16 

Rear-End 0.31 0.39 +25 0 8% -1.59 2.16 

Head-On 
Left-Turn 0.27 0.29 +7 .4% -0.22 2.16 

Other 0.76 0.47 -38.2% 3.31* 2.16 

*Means significantly different. 
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Table 11 shows the results of the paired "t" tests for locations 

without left-turn lanes. For this group of 35 intersections the following 

is observed: 

a The "total" accident rate was reduced 23.6 percent and this change 

was statistically significant. 

e The "right-angle" accident rate was reduced 51.7. percent and was 

statistically significant. 

e The ':injury" accident rate was reduced only 11.8 percent and it 

was not statistically significant. 

• The "rear-end" accident rate was reduced 48.3 percent and this 

change was statistically significant. 

• The "head-on left-turn" accident rate increased 58.3 percent, how-

ever, this change was not ~tatistically significant. 

e The "other type" accident rate was reduced by 44.6 percent and 

this change was statistically significant. 

Table 12 shows the results of the paired "t" tests for 14 locations 

where left-turn lane was constructed just before installing the traffic 

signals. The following are observed from the analysis of this grouo of - . 
1 ocations: 

e The "total" accident rate was reduced 31.7 percent and was statis­

tically significant. 

s The "right-angle" and "injury" accident rates were reduced 63.5 

percent and 44.2 percent, respectively. Both of these changes 

were statistically significant. 

• The "rear-end" and "head-on left-turn" accident rates were in-

creased 25.8 percent and 7.4 percent, respectively. 

neither of these changes were statistically significant. 

However, 

e The "other type" accident rate was reduced by 38.2 percent and was 

statistically significant. 
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IV. TRAFFIC SIGNALS AT CROSSOVERS 

There were 42 crossover locations in the initial candidate list. How­

ever, accident and/or traffic volume data were not available for 15 loca­

tions. Thus, the analysis was performed with 27 sites. The details of 

traffic volumes, "before" and "after" accident frequencies and rates, etc. 

is presented in Appendix 3. 

A paired "t" test was performed to investigate the mean accident 

rate changes in "total", "angle", "rear-end", "injury" and "other type" 

accidents. The results of this analysis are presented in Table 13 and 

Figure 11. 

Table 13. Results of paired t-tests for locations at crossovers. 

Percent Utll 

Mean Accident Increase Stat is- Two Tail 
Accident Rate ( +) tics -

Type Before After Oecrease a = 0.05 
XR Xn (-) t tr 

Total 0.78 0.81 +~.6% -1.58 2.056 

Ri ght~Angle. 0.10 0.09 -10.4% +0. 72 2.056 

Rear-End 0.32 0.43 +36 .1% -1.44 2.056 

Injury 0.22 0.28 +27.3% -1.39 2.056 

Other 0.37 0.29 -21.6% +2.41* 2.056 

*Means significantly different. 

The above data shows that "t" statistics were never greater than the 

"tc", except for other types of accident rate. Thus, it can be con-

eluded that the accidents at crossover locations did not show any signifi-

cant change at a= 0.05 level. However, the "after" "other type" accident 

rate was significantly reduced from the "before" rate. 
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V. TRAFFIC SIGNALS AT RAMPS 

The study of safety impacts at newly installed traffic signals in­

cluded 26 ramp locations. The details of the "before" and "after" acci­

dents is included in Appendix 4. 

The accident data for two or three years was available at only 19 

ramp locations. The remaining seven locations had one year's accident 

data only. The "before" traffic volumes were available for 16 sites, 

whereas, "after" traffic volume was available for only three sites. There­

fore, the average accident frequency per year was used as measures of ef­

fectiveness instead of accident rates. The results of this analysis are 

presented in Table 14 and Figure 12. A review of Table 14 shows that the 

"total" and "other type" accident frequency per year were reduced signifi-

cantly after signal installation, as compared to the "before" condition. 

Whereas, "right-angle", "rear-end" and "injury" accidents did not show any 

significant change. 

Table 14. Results of paired t-tests for ramps. 

Avg. Accident Percent "t" 
Frequency/ Increase stat is- Two Tail 

Accident Year (+) tics -
Type Before After Decrease tc 

YR Yn (-) t 

Total 12.76 9.42 -26.2% +2.13* 2.06 

Right-Angle 0.98 0.61 -37.8% +1.53 2.06 

Rear-End 2.28 2.57 +12.7% -0.54 2.06 

Injury 3.53 3.11 -11.9% +0.84 2.06 

Other 9.50 6.24 -34.3% +2 .40* 2.06 

*Means significantly different. 
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VI. FINDINGS 

This study investigated a number- of signalized locations, namely: 

intersections, crossovers and ramps, to determine the effectiveness of 

signalization on accident frequency, rate and severity. The following are 

the findings of the study: 

A. Intersections 

o The mean "total" accident rate of all intersect ions ( 102 l oca­

tions) combined decreased 19.2 percent in the "after" period and 

was statistically significant. 

1 Accident "injury" rates were reduced ("after" 17 percent less than 

"before" period) significantly after the installation of signal. 

e Installation of traffic signals were very effective in cutting 

down the "right-angle" accident rates significantly. This reduc­

tion was 57 percent. 

01 The "rear-end" and "head-on left-turn" accident rates were in­

creased as a result of traffic signal installation. "Rear-end" 

and "head-on left-turn" rates increased 53 percent and 50 percent, 

respectively. 

e The "other type" accident rate was reduced significantly as a re­

sult of traffic signal installation. This is true for all inter­

section groups studied. 

e Intersections with and without left-turn lane in the "before" 

period: 

- The mean "head-on left-turn" accident rate was significantly 

different only for intersections with left-turn lanes in the 

"before'' period. 
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- The mean "head-on left-turn" accident rate at intersect ions 

with left-turn lanes increased 80 percent as compared to 58.3 

percent for locations without left-turn lanes: 

e Intersections where left-turn lane was added coincident to signal 

installatL .. : 

- The "head-on left-turn" accident rate increased by 7 percent. 

-A 31.7 percent significant reduction in "total" accident rate. 

- "Right-angle" and "injury" accident rates were significantly 

reduced 63.5 percent and 44.2 percent, respectively. 

- "Rear-end" accident rate was not significantly increased as it 

was for intersections with and without left-turn lanes in the 

''before" period. 

- "Other type" accident rate was reduced significantly (by 33.1 

percent) as it was for locations with and without left-turn 

1 ane. 

i Intersections without any geometric changes: 

-A 15.5 percent decrease in "total" accident rates. 

- "Right-angle" accident rates decreased 52.5 percent. 

- "Injury" accident rates were reduced 7 percent. 

- "Head-on left-turn'' accident rates increased 75 percent. 

- "Rear-end" accident rates increased 64 percent. 

- "Other type" accident rates decreased 31.8 percent. 

B. Crossovers 

e There was no significant difference between "before" and "after" 

accident rates, except for the "other type" accident. 

® The "total", "injury" and "rear-end" accident rates were increased 

3.6 percent, 27 percent and 36 percent, respectively. 

® The "right-angle" accident rate was reduced 10 percent. 

o The "other type" accident rate was reduced by 21.6 percent. 
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C. Ramps 

• The "total" and "other type" a-cerage accident frequency were re­

duced significantly after the installation of traffic signals at 

ramps. 

e "Right-angle", "rear-end" and "injury" accident frequency did not 

show any significiant change due to installation of signals at 

ramps. 
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APPENDIX 2 - "BEFORE" AND "AFTER" ACCIDENT DATA AT 
102 SIGNALIZED INTERSECTIONS 

NOTE: Study period is the number of years of ''before'' or ''after" accident 
data considered in the analysis. For example, study period 2 years 
means, 2 years of "before" accident data and 2 years of "after" 
accident data were considered. 
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Tnhle 2-1. Intersection Locations - "Totill" Accidents 

Intersections-Individual Locations ''Refore 11
/

1'After 11 

Ace. Ace. 
Ace. Ace. S turly Volume Rate Rate 

Before .1\fter Peri orl Ref ore After Growth Before After 
Site No. S i qn a 1 S i qn a 1 (Yrs) Volume Volume Rate Siqnal S i qn a 1 

03051-0003 14 25 2 11,5 50 14,000 1.212 1. 6 fiO :>.446 
09011-0101 12 15 1 21,600 20,829 0.%4 1.522 1.973 
09011-01003 16 25 3 22,500 27,20f) 1.209 O.fi49 0.839 
09012-0005 24 6 2 7,050 7,633 1.083 4.663 1.077 
09033-0006 28 23 2 11,050 12,900 l.Hi7 3.471 2.442 
09042-0019 25 28 3 24,000 16,200 0.675 0.951 1.578 
09042-0126 25 17 3 20,000 15,000 0. 750 1.14.2 1.035 
11052-0017 8 19 3 18,046 22, 106 1.220 0.405 0.785 
11101-0001 41 21 3 11,313 P,121 1.071 3.310 1.582 

"' 
13031-0008 15 7 3 9,063 8,460 0. 933 1.522 0.75fi 

>-' 13061-0046 39 20 3 2;>,714 11,770 O.S18 l. 5 fiB 1.552 
13121-0007 48 54 2 11,449 12,600 0.000 5. 743 5.871 
14011-0112 53 24 3 7,200 7,500 1.042 fi.722 2.922 
14032-0001 33 16 3 8,450 7,733 0.915 3.567 1.890 
18032-0006 18 23 3 3,633 2,733 0.752 4. 525 7.1i81i 
19021-0006 37 11 3 12,950 11,200 0.81i5 2.609 0.897 
19031-0002 30 17 3 17,510 19,2fi7 1.100 1.565 O.ROfi 
22011-0008 21 26 3 10,000 12,000 1.200 1.918 1.979 
23012-0003 56 30 3 33,113 37,000 1.117 1.544 0.740 
23012-0007 39 35 3 20,771 22,032 1.061 1. 715 1.451 
24011-0009 ('i lR 2 18,972 17,fiR5 0. 93~ 1.805 1.394 
26011-0002 17 16 3 12,143 13,1fi4 1.084 1. 279 l.lln 
28013-0006 70 4.l 3 17,600 2~,320 1. 2fi 8 1.63? 1. 7 59 
28013-0119 19 21 2 19,200 21,750 1.133 1.356 1.323 
28013-0021 ?0 ?1 3 26,733 21,860 0.890 o. 683 0.804 
28013-0024 8 11 2 16,800 16,317 0.970 O.fi52 0. 923 



Tahle 2-1. Intersection Locations - ''Total'' Accirlents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Ref ore After Period Ref ore After Growth Ref ore After 
Site No. S i qn a 1 S i qn a 1 (Yrs) Volume Volume Rate S i qn a 1 Siqnal 

28013-0026 34 16 2 22,124 21,241 0.%0 2.105 1.032 
33043-0115 51 43 3 21,073 38,965 1.849 2.210 1.008 
34081-0001 10 5 3 5,855 6,200 1.058 1.560 0.736 
39011-0012 6 24 2 18,184 22,317 1.227 0.452 1.473 
39081-0015 13 43 2 23,500 25,650 0. 758 2.29fi 
39082-0016 15 7 2 16,169 19,422 1.200 1.271 0.494 
39121-0002 11 10 2 fi,60R 13,301 2.013 2.280 1.030 
41063-0019 33 55 2 29,000 33,750 1.164 1.559 2. 232 
41081-0012 36 34 3 1fi,975 22,135 1.300 1. 917 1.403 
41081-0015 35 29 2 16,860 18,000 1.068 2.844 2.207 
41101-0005 31 20 2 15,027 14,fiR4 0. 977 2.826 1.866 

"' 44011-0007 18 28 2 19,833 35,377 1. 784 1.243 1.084 
N 

460fil-0018 2fi 21 3 14,528 11,075 0. '100 1.634 1.467 
46082-0010 23 22 3 18,400 15,855 0.862 1.142 1. 267 
47082-0013 lfi 14 2 13,121 11, fi92 0.891 1. fi 70 1.fi40 
47121-0003 23 23 3 6,700 5,100 0.760 3.135 4.119 
50011-0055 5 15 1 60,431 54,700 o. 905 o. 227 0. 751 
50031-0028 51 100 3 3fi,400 34,600 0.951 1.280 2. 639 
50031-0033 35 45 3 37,637 3'1, 118 l.flJ9 O.R49 1.051 
50072-0010 0 31 3 22 ,593 19,837 0.878 0.000 1.427 
52042-0014 42 45 3 2l, 634 21,1170 o.qo8 1.fi23 1.914 
52044-0010 33 19 3 18,988 15,752 0. 830 1.587 1.102 
52044-0011 52 l'i 3 17,495 18,303 1.046 2. 714 0. 74R 
520fi1-0001 28 36 3 16,899 19,508 1.150 1.513 1.685 
53021-0()0<) 13 40 l 20,653 19,816 0.959 1.459 1.843 
54022-0002 12 12 2 13,151 14,994 1.140 1. 250 1. 091i 
51)023-0027 11 19 l 10,166 11,600 1.141 2.7R5 1.496 
580112-0011 18 28 3 12,582 15,541 1.230 1.306 1.645 



Table 2-1. Intersection Locations - "Total'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. S i qn a l S i qn a l (Yrs) Volume Volume Rate S i qn a l Siqnal 

58052-0005 89 37 3 29,030 36,341 1.252 2.800 0. 930 
58053-01002 54 15 3 13,043 10,412 0.798 3. 781 1.316 
59043-0001 7 1 1 9,254 8, 767 0.947 2.072 0.313 
61023-0002 30 25 3 14,833 13,192 0.889 1.847 1. 731 
61151-0008 2n 44 2 19,440 22,64fi 1.165 1.832 2.6fi2 
62011-0005 20 38 2 9,200 16,250 2.978 3. 203 
63041-0113 40 34 2 22,3fi9 25 '539 1.142 ::>.450 1.824 
63041-0021 47 72 3 28,650 ?5,200 0.880 1. 498 2.609 
63052-0022 56 66 3 40,118 51' 141 1.275 1. 27.5 1.179 
63053-0011 15 13 3 36,611 36,385 0. 990 0.374 0.32fi 
63054-0003 fiB 34 3 19,~08 18,391 0. 957 3.233 1.6R8 

"' 
63082-0009 53 24 3 40,992 42,868 1.046 1.181 0. 511 

w 63112-0013 43 39 3 28,518 33,843 1.187 1.377 1.052 
63112-0125 16 30 3 30,301 30,329 1.001 0.482 0. 903 
63131-01028 2? 2R 3 3fi,4fi3 41,135 1.12R 0.551 0.622 
63132-0009 63 61 3 31,629 37,432 1.183 1.819 1. 488 
70012-0014 31 25 3 21,308 1fi,280 0.7fi4 1.329 1.402 
70012-0121 59 29 3 18,664 16,682 0.894 2.887 1.588 
70013-0001 45 25 3 23,075 23,208 1.006 1. 7Rl 0.9Ril 
70023-0012 57 27 3 20, 277 21,937 1.300 2.567 1.124 
70023-0120 46 32 3 16' 841 19,100 1.134 2.494 1.530 
70031-0001 12 11 2 11, 945 12,121 1.015 1. 376 1.243 
70041-0005 28 25 2 10,350 11,100 1.070 3.70fi 3.085 
73032-0002 16 20 3 20,245 25,657 1. 267 0. 722 0. 712 
73033-0009 Hi 30 3 29,o:n .15,819 1.2:14 0.503 0.7fi5 
73062-0023 18 13 3 23' 170 21' 905 0. 945 0.709 0.542 
76041-0014 11 14 3 17,214 17,214 1.000 0.584 0. 743 
76062-01011 7R 68 3 27,474 26,356 0.959 2.593 2.356 
77012-0002 34 19 3 9, fi 93 8,443 0.870 3.203 2.055 



·Table 2-1. Intersection Locations - ''Total'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Ref ore After Period Before After Growth Ref ore After 
Site No. S i qn a l S i qn a l (Yrs) Volume Volume Rate S i qn al S i qn a l 

77031-0010 lf) 6 2 B, filS 14,47'i 1.063 1. fi09 0. 5 fiR 
77052-0109 23 12 2 11,874 12,909 1.087 2.653 1. 273 
77132-0001 20 l'i 3 16,915 17,140 1.025 l.ORO 0. 790 
78042-0008 15 16 3 10,025 20,000 1.995 1.366 0.731 
80041-0004 28 q ~ 9,797 8,~56 0.853 ;;>,fi10 o. 994 
81031-0005 18 27 2 17,177 18,574 1.081 1.43'i 1.991 
81031-0006 19 25 3 20,455 18,480 0. 903 0.848 1.235 
81031-0011 33 31 3 22,260 25,378 1.140 1.354 1.116 
81032-0010 52 27 3 21,022 lfi,815 O.flrlO 2.259 1. 4F;fi 
81072-0012 16 16 3 17,567 17,200 0.979 0. 832 0.850 
81072-0015 17 17 3 32,097 23,fi32 0.736 0.484 O.fi57 

<J\ 82051-0004 55 14 3 15,644 14,872 0. 950 3.211 0.860 
"" 82051-0007 23 17 3 21,860 2!',594 1.034 0. '161 0. 687 

82061-0046 45 46 3 42,331 34,188 0.808 0.971 1.229 
820fi1-0047 39 30 3 29,800 34,333 1.152 1.195 0. 798 
82131-00fifi 11 14 2 25,500 20,350 0.591 0. 942 
82141-0011 20 19 3 44,925 4fi,866 1. 04::1 0.407 0.370 
83031-0004 37 39 3 21,981 22,724 1.034 1.537 1.567 
83032-0113 lfi 25 3 15 '770 17 '310 1.098 0,927 1.319 



Table 2-2. Intersection Loc~tions - ''Riqht-Anqle'' Accidents 

Ace. Ace. 
Ace. Ace. Study Vo 1 ume Rate Rate 

Before AftP.r PP.riod Ref ore After Growth Ref ore After 
Site No. Siqnal S i qn a 1 (Vrs) Volume Volume Rate Siqnal Siqnal 

03051-0003 4 4 2 ll,'i'iO 14,000 1.212 0.474 0.391 
09011-0101 2 2 1 21,600 20,829 0.964 0.254 0. 263 
09011-01003 0 0 3 22,500 27,200 1.209 o.ooo 0.000 
09012-0005 10 1 2 7,050 7,633 1.083 1. 943 0.179 
09033-0006 0 fi 2 11' 050 12,900 1.167 0.000 n. fi 17 
09042-0019 16 20 3 24,000 16,200 0.675 0.609 1.127 
09042-012fi 7 1 3 20,000 15, non 0.750 0.320 O.Ofi1 
11052-0017 1 10 3 18,04fi 22,106 1.220 0.05.1 0.413 
11101-0001 29 12 3 11,313 1?,121 1.071 2.341 0.904 
13031-0008 12 3 3 9,0fi3 8,460 0. 933 1.209 0.324 
13061-0046 21 7 3 22,714 11,770 0.518 0.844 0.543 

m 13121-0007 21 15 2 11,449 12,600 0.000 2. 512 1.631 IJ' 

14011-0112 28 7 3 7,200 7,500 1.042 3.551 0.852 
14032-0001 5 2 3 8,450 7,733 0.915 0.540 0.236 
180 32 -OOOfi fi 2 3 3,fi13 2, 733 0.7'12 1.508 n.6fi8 
19021-0006 3 0 3 12,950 11,200 0.865 0.212 o.ooo 
19031-0002 11 5 3 17,510 19,?fi7 1.100 0.574 0. 237 
22011-0008 5 4 3 10,000 12,00() 1.200 0.457 0.304 
23012-0003 3R l'i 3 13,113 37 ,ooo 1 .ll7 1.048 0.370 
23012-0007 19 8 3 20,771 22,032 1.061 0. 835 0.332 
24011-0009 12 fi 2 18,972 17,fi85 0.93~ O.Rfifi 0.4fi5 
26011-0002 4 1 3 12,143 13, 164 1.084 0.301 0.069 
28013-0006 3 ~ 3 17,fi00 2~, 3 20 1. 2fi8 0.15 I) 0.08~ 

28013-0119 1 1 2 19,200 21,750 1.133 0.071 0. Ofi 3 
28013-0021 1 fi 3 26,733 23,860 0.890 0.034 0.230 
28013-0024 0 1 2 1fi,800 16,317 0.970 o.ooo 0.084 



Table 2-2. Intersection LocAtions - "Riqht-Anole" Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Peri orl Ref ore After Growth Ref ore After 
Site No. 5 i qn a l 5 i qn a l (Yrs) Volume Vo l111ne Rate 5 i gn a l S i qn a l 

28013-002fi 4 0 2 22,124 21,241 0.960 0. 248 n.ooo 
33043-0115 38 15 3 21,073 38,965 1.849 1.647 0.352 
34081-0001 2 1 3 5 ,85') 6,200 1. OSB 0.312 0.147 
39011-0012 1 2 2 18,184 22,317 1.227 0.075 0.123 
39081-0015 0 9 (' 23,500 25,fi50 0.000 0.481 
39082-0016 2 0 2 1fi,169 19,422 1.200 0.169 0.000 
39121-0002 q 2 ;J 6,f>08 U,301 2.013 1. 8f>fi 0.20fi 
41063-()019 10 10 2 29,000 33,750 1.164 0.472 0.40fi 
41081-0012 7 4 3 16,975 2?,135 1.300 0.377 O.lfi5 
41081-0015 3 1 2 16,860 18,000 1.068 0.244 0.076 
41101-0005 p 4 2 1'i, 027 14,fi84 0.977 1.094 0.373 

"' 44011-0007 3 1 2 19' 833 35,377 1.784 0.207 0.039 
"' 46061-0018 fi 7 3 14,5('8 U,07'i 0.900 0.377 0.489 

46082-0010 7 3 3 18,400 15,855 0.862 0.347 0.173 
4 7082-0013 5 3 2 13,121 11,692 0.891 o. 52? 0.351 
47121-0003 7 0 3 6,700 5,100 0.760 0. 954 o.ooo 
50011-0055 o o 1 60,433 54,700 o. 905 o.ono 0.000 
50031-0028 5 6 3 36,400 34,600 0.951 0.125 0.158 
50031-0033 0 1 3 37 ,fi37 39,118 1.039 0.000 0.023 
50072-0010 0 1 2 2,593 19,837 0.878 0.000 0.046 
52042-0014 4 0 3 23,fi34 21,470 0.908 o.15'> o.ooo 
52044-0010 4 2 3 18,988 15,752 0.830 0.192 O.llfi 
52044-0011 8 1 3 17,49'i 18,303 1. 04fi 0.418 0.050 
52061-0001 8 6 3 16,899 19,508 1.150 0.432 0.281 
53021-0009 1 3 3 20,653 19,8Hi 0.959 0.044 0. LlR 
')4022-0002 0 1 2 13,151 14,994 1.140 0.000 0.091 
56023-0027 13 2 3 10,1fi6 11,600 1.1lll 1.168 0.157 
58042-0011 fi 9 3 12 ,582 15,541 1.230 0.435 0.529 



Table 2-2. Intersection Locations - "Riqht-Anqlf>" Accidents (CrJntinuerl) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Peri orl Ref ore After Growth Ref ore After 
Site No. S i qn a 1 S i qn a 1 (Yrs) Volume Vol11me Rate Siqnill S i qn a 1 

58052-0005 19 5 3 29,030 3fi,341 1.252 0.598 0 .12fi 
58053-01002 14 3 3 13,043 10,412 0. 7 98 0.980 0. 263 
59043-0001 5 o 1 9,254 R,7fi7 0.947 1.480 0.000 
61023-0002 11 1 3 14,833 13,192 0.889 0.677 O.Ofi9 
61151-0008 4 12 2 19,440 22,fi4fi l.lfi5 0.282 0. 726 
62011-0005 4 8 2 9,200 1fi,250 0.596 0.674 
63041-0113 2 4 ? 22,369 25,539 1.142 0.122 o. 215 
63041-0021 3 4 3 28,650 25,200 0.880 0.096 0.145 
63052-0022 21 11 3 40,118 51,141 1.275 0.478 0.19fi 
63053-0011 0 1 3 36,611 36,385 0.990 0.000 0.025 

J> 630'14-0003 20 10 3 19,208 18,391 0.957 0.951 0,497 _, 63082-0009 39 13 3 40,992 42,868 1.046 0.869 0. 277 
63112-0013 14 7 3 28,518 33,843 1.187 0.448 0.189 
63112-0125 1 3 3 30,301 30,329 1.001 0.030 0.090 
63131-01028 o 0 3 3fi,463 41,135 1.128 0.000 o.ooo 
63132-0009 8 10 3 31 ,629 37,43?. 1.183 0.231 0.244 
70012-0014 4 1 3 21,308 16, ?.RO 0.71i4 0.171 0.16R 
70012-0121 41 9 3 18,664 16,682 0.894 2.006 0.493 
70013-0001 21 4 1 23,075 23,208 1.006 0.831 0,157 
70023-0012 ?2 6 3 20,277 21,937 1.300 0.991 0.250 
70023-0120 34 7 3 1fi,843 1.9,100 1.134 1.844 0.31S 
70031-0001 2 1 2 11,945 12,121 1.015 0.229 0.113 
70041-0005 10 2 2 10,350 11,100 1.070 1.324 0. 247 
73032-0002 2 4 3 20,245 25,657 1. 267 0.090 0.142 
73013-0009 fi 1 3 29,031 35,819 1. 234 0.189 0.025 
73062-0023 0 0 3 23,170 21,90'i 0. 945 0.000 0.000 
76041-0014 1 1 3 17,214 17,214 1.000 0.053 0.051 
76062-01011 9 13 3 27,474 26,356 0.959 0.229 0.450 
77012-0002 fi 3 3 9, fi 93 8,441 0.870 O.Sfi5 O.V4 



Table 2-2. Intersection Locations - ''Riqht-Anqle'' Accirlents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Ref ore After Period Before After Growth Ref ore After 
Site No. S i qn a 1 Siqnal (Yrs) Volume Volume Rate Siqnal Signal 

77031-0010 11 1 2 13,618 14,47.5 1. 063 1.107 0.09S 
77052-0109 13 3 2 11,874 12,909 1.087 1.500 0.318 
77132-0001 " n 3 1fi,91S 17,340 1.025 0.;>70 o.oon 
78042-0008 3 2 3 10,025 20,000 1.995 0.273 0.091 
80041-0004 20 4 3 9,797 8,356 0.851 1. 8fi4 0.437 
81031-0005 9 7 2 17,177 18,574 1.081 0. 718 0. 516 
81031-0006 2 4 3 20,45'i 18,480 0.901 0.089 0.198 
81031-0011 fi 1 3 22,260 25, 378 1.140 0.246 0.0% 
81032-0010 g 0 3 21,0?2 lfi,81S 0.800 0.391 0.000 
81072-0012 0 0 3 17,567 17,200 0.979 0.000 0.000 

"' 81072 -OOl'i o 1 3 32,097 23,fi32 0.736 n.ono 0.039 
CP 82051-0004 5 0 3 15,644 14,872 0. 950 0.292 0.000 

82051-0007 0 0 3 21,860 22' 594 1.034 0.000 0.0'10 
82061-0046 18 21 3 42,331 34, 188 0.808 0. 388 0.5111 
82061-0047 19 11 3 29,800 34,333 1.152 0.582 n.?93 
82131-0066 0 1 2 25,500 20,350 0.000 0.067 
82141-0011 fi 1 3 44,925 46,866 1.043 0.122 0.019 
83031-0004 1 1 3 21 '981 22,724 1.034 0.042 0.040 
83032-0113 2 4 3 15,770 17,310 1.098 0.116 0.?11 



Tahle 2-3. Intersection Locations - ''R~ar-Enrl'' Accidents 

Ace. Ace. 
Ace. Ace. Stud_v Volume Rate Rate 

Before After Period Ref ore A ftf'>r Growth Ref ore After 
Site No. Siqnal Siqnal (Yrs) Vol11me Volume Rate Sign a l S ion a 1 

03051-0003 ? 13 2 11,5'10 14,001) 1. 212 0. ~ 37 1. 272 
09011-0101 2 7 1 21,600 20,829 0.964 0.254 0. 921 
09011-01003 3 14 3 22,500 27,200 1.209 0.122 0.470 
09012-0005 7 1 2 7,050 7,631 1.083 1.360 0.17Q 
09033-0006 5 7 2 11,050 P,900 1.1n7 0.6?0 0. 743 
09042-0019 3 6 3 24,000 16,200 0.675 0.114 0.338 
09042-0126 2 h 3 20,000 15,000 0. 750 0.091 0.3fi5 
11052-0017 0 4 3 18,046 22,106 1.220 0.000 0.165 
11101-0001 ? 4 3 11,313 12,121 1.071 0.161 0.301 
13031-0008 2 2 3 9,063 8,460 0. 933 0.202 0.216 

m 1:1061-0046 10 8 3 22,714 11,770 0.518 0.40? 0.6?1 

"" 13121-0007 3 9 2 11,449 12,600 0.000 0.359 0. 978 
14011-0112 12 9 3 7,200 7,500 1.042 1.522 1. 096 
14032-0001 2 5 3 8,450 7, 733 0.915 0.216 0.5'10 
18032-0006 1 7 3 3,fi33 2,733 0.752 0.251 ?.339 
19021-0006 4 3 3 12,950 11,200 0.865 0. 282 0.245 
19031-0002 3 4 3 17,510 19,2fi7 1.100 0.15fi 0.190 
22011-0008 7 5 3 10,000 12,000 1.200 0.639 0.381 
23012-0003 fi R 3 33,113 37,000 1.117 0.1fi5 0.197 
23012-0007 5 14 3 20,771 22,032 1.061 0.220 0.580 
24011-0009 4 5 2 18,972 17,6R5 0.93?. 0.289 0.387 
26011-0002 0 7 3 12,143 13, 164 1.084 0.000 0. 486 
28013-0006 20 20 1 17,fi00 22,320 1.2~8 1.038 0.81R 
28013-0119 7 11 2 19,200 21,750 1.133 0.499 0.693 
28013-0021 7 5 3 2fi,731 23,8fi0 0.890 0.21Q 0.191 
28013-0024 5 7 2 16,800 16,317 0.970 0.408 0.588 



Table 2-3. Intersection Locations - "Rear-End'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume R Rte Rate 

Before After Period Before After Growth R<>f ore After 
Site No. Sign a 1 S i qn a l (Yrs) Volume Volume Rate S i qn a 1 Siqnal 

28013-0026 9 11 2 2?, 124 21,?41 0.960 0.5S7 0. 709 
33043-0115 5 15 3 21,073 38,965 1. 849 0.217 0.352 
34081-0001 2 2 3 5,855 6,200 1.058 0.312 0.29~ 

39011-0012 1 6 2 18,184 ?.2,317 1.227 0.075 0. 368 
39081-0015 5 14 2 23,500 25,650 1.091 0.291 0.748 
39082-0016 6 4 2 16,169 19,422 1.200 o.so8 0.282 
39121-0002 0 5 ? 11,608 13,301 2.013 o.ooo 0.515 
41063-0019 4 15 2 29,000 33,750 1.164 0.189 0.1109 
41081-0012 6 9 3 111,975 ~2, l3S 1.300 0.323 0.371 
41081-0015 . 3 9 2 16,860 18,000 1.068 0.244 0.685 

__, 41101-0005 8 8 ? 15,027 14,684 0. 977 0. 729 0. 746 
0 44011-0007 2 10 2 19,833 35,377 1.784 0.138 0. 387 

46061-0018. 3 4 3 14,528 13,075 (). 900 0.189 0.279 
46082-0010 4 5 3 18,400 15,855 0.862 0.199 0. 288 
47082-0013 3 4 2 13,121 11,692 0.891 0.31l 0.469 
47121-0()03 4 3 3 6,700 5,100 0.760 0.545 0.537 
50011-0055 o 11 1 fi0,433 S4, 700 0. 905 (),()0() 0. 5 51 
50031-0028 21 54 3 36,400 34,600 0.951 0.527 1.425 
50031-0033 13 20 3 37,637 39,118 1.039 0.315 0.41i7 
50072-0010 0 12 22,593 19,837 0.878 0.000 0.552 
52042-0014 5 2 3 23,634 21,470 0.908 0.193 0.085 
52044-0010 6 9 3 18,988 15,7~2 0. 830 0.289 0.522 
52044-0011 q s 1 17,495 18,303 1.046 0.470 0.249 
52061-0001 2 10 3 16,899 19,~08 1.150 0.108 0.468 
53021-0009 9 11 3 20,1)~3 l9,8lfi 0.959 o.39R 0. 5 07 
54022-0002 2 1 2 13,151 14,994 1.140 0.208 0.091 
s6on-oo27 2 8 3 10,1fi6. 11,600 1.141 () .180 n.fi10 
58042-0011 2 6 3 12,582 15,541 1.230 0.145 0.353 



Table 2-3. Intersection locations - "Rear-End" Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. Signal Signa 1 (Vrs) Volume Volume Rate Siqnal Siqnal 

58052-0005 10 7 3 29,030 36,341 1.252 0.315 0.176 
58053-01002 13 2 3 13,043 10,412 0.798 0.910 0.175 
59043-0001 0 1 1 9,254 8,767 0.947 
61023-0002 4 4 3 14,833 13,192 0.889 0.246 0.277 
61151-0008 10 24 2 19,440 22,646 1.165 0.705 1.452 
62011-0005 3 10 2 9,200 16,250 0.447 0.843 
63041-0113 15 22 2 22,369 25,539 1.142 0.919 1.180 
63041-0021 14 24 3 28,650 25,200 0.880 0.446 0.870 
63052-00?.2 10 n 3 40,118 51,141 1.275 0.228 0.196 
63053-0011 2 4 3 36,611 36,385 0.990 0.050 . 0.100 
63054-0003 12 11 3 19,208 18,391 0.957 0.571 0.546 

-1 63082-0009 6 ll 3 40,992 42,868 1.046 0.134 0.170 
1-' 63112-0013 8 22 3 21l,518 33,843 1.187 0.251i 0.594 

63112-0125 3 18 3 . 30,301 30,329 1.001 0.090 0.542 
63131-010?8 12 18 3 36,41i3 41,135 1.128 0.301 0.400 
63132-0009 19 21 3 31,629 37,432 l.11l3 0.549 0.512 
70012-0014 7 10 3 21,]01l lli,21l0 o. 71i4 0.300 0.561 
70012-0121 5 6 3 18,664 16,682 0.894 0.245 0.328 
70013-0001 7 11 3 23,075 23,20/l 1.006 0.277 0.431 
70023-0012 11 7 3 20,277 21,937 1.300 0.495 0.291 
70023-0120 4 13 3 16,1l43 19,100 1.134 0.217 0.622 
70031-0001 2 2 2 11,945 12,121 1.015 0.229 0.226 
70041-0005• ., 4 2 10,350 11,100 1.070 0.265 0.494 L 

73032-0002 1 9 3 20,245 25,657 1. 267. 0.045 0.320 
73033-000(} 5 14 3 29,031 35.819 1.234 0.157 0.357 
73062-0023 11 6 3 23,170 21,905 o. 945 0.434 0.250 
76041-0014 1 7 3 17.214 17,214 1.000 O.l'i9 0.371 
76062-01011 17 10 3 27,474 26,356 0.959 0.565 0.347 
77012-0002 3 6 3 9,ii93 R,441 0.870 0.21B 0.649 



Table 2-l. Intersection Locations - ''Rear-End'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Studv Volume Rate Rate 

Before After Period Ref ore .After Growth Ref ore After 
Site No. S i qn a l Siqnal (Yrs) Volume Volume Rate Siqnal Signal 

77031-0010 3 0 2 13,618 14,475 1. Ofi3 0.30;> 0.000 
77052-0109 3 4 2 11,87 4 12,909 1.087 0.346 0.424 
77112-0001 ~ R 3 1fi,q15 17,340 l.O?S 0.108 0.421 
78042-0008 2 4 3 10,025 20,000 1.995 0.182 0.183 
80041-0004 3 2 3 q,797 8,35fi 0.8S3 0.280 0.219 
81031-0005 . 3 12 2 17,177 18,574 1.081 0. 239 0.885 
81031-0006 4 fi 3 20,455 18,4RO 0.903 0.179 0.297 
81031-0011 5 20 3 22,260 25,378 1.140 0.205 0. 720 
81032-0010 fi 10 3 21,022 11i, 815 0.800 0.261 0.543 
81072-0012. 10 11 3 17,567 17,200 0.979 0.520 0.584 

_, 81072-0015 7 q 3 32,097 n, li.12 0. 73fi 0.199 0.34R 
N 82051-0004 16 9 3 15,644 14,872 0. 950 0.934 0.553 

82051-0007. 4 8 3 21,860 22,594 1.034 O.lfi7 0.3?3 
82061-0046 9 16 3 42,331 34' 188 0.808 0.194 0.427 
82Dfi1-0047 4 11 3 29,800 34,l33 1.1 'i 2 0.1?3 0.2'l3 
82131-00fi6 2 2 2 25,500 20,350 0.107 0.135 
82141-0011 9 11 3 44,925 46,8fifi 1.043 0.1R3 0.214 
83031-0004 7 22 3 21 '981 22,724 1.034 0.291 0.884 
83032-0113 2 (i 3 15,770 17 '310 1.098 0.116 o. 317 



Table 2-4. Intersection Locations - ''Injury" Accidents 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. S i qn a l S i qn a l (Yrs) Volume Volume Rate S i qn a 1 Siqnal 

03051-0003 11 13 2 11,550 14,000 1. ?12 0. 712 1. 272 
09011-0101 5 7 1 21,600 20,829 0.964 0.1134 o.g21 
09011-l l003 8 7 3 22,500 27,200 1.209 0.325 0,235 
09012-CYJ'i 7 2 3 7,050 7,633 1.083 0.907 0.239 
09033-0006 9 10 2 11,050 12,900 1.1117 1.116 1.06? 
09042-0019 5 8 3 24,000 16,200 0.675 0.190 0.451 
090il2-012n 6 3 3 20,000 15,000 o. 750 0.274 0.183 
11052-0017 2 9 3 18,046 22,106 1.220 0.101 0. 372 
11101-0001 18 11 3 11,313 12,121 1.071 1.453 0.829 
13031-0008· 10 4 3 9,063 8,460 0. 931 1.008 0.432 
130fi1-0046 q 7 3 22,714 11,770. 0.518 0.362 0.543 

-J 13121-0007 11 23 2 11,449 12,600 0.000 1.316 2.501 w 
14011-0112 15 1 3 7,200 7,500 1.042 1.903 0.122 
14032-0001 3 3 3 8,450 7,733 0.915 0.324 0.354 
18032-0006 10 n 3 3,633 2,733 0. 75? 2.514 2.005 
19021-0006 14 2 3 12,950 11,200 0.865 0.987 0.163 
19031-0002 13 10 3 17,510 19,2fi7 1.100 O.li78 0.474 
22011-0008 5 2 3 10,000 12,000 1.200 0.457 0.152 
23012-0003 2(' 1l 3 33,111 37 , 000 1.117 o. fi07 0.272 
23012-0007 15 14 3 20,771 22,032 1.061 0.660 0.580 
24011-0009 fi 5 3 18,972 17 , 6 R5 0. 932 0.433 0.387 
26011-0002 2 5 3 12,143 13,164 1.084 0.150 0.347 
28013-000fi 1R 13 3 17,600 ?2, 3 20 1.21i8 n.934 0.532 
28013-0119 5 fi 2 19,200 21,750 1.133 0.357 0. 37R 
28013-0021 7 7 3 26,73 3 2i,Fl6(] 0.8q0 o. 239 0.268 
28013-0024 1 5 2 16,800 16,317 0.970 0.082 0.420 



Table 2-4. Intersection Locations - ''Injury'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. S i qn a 1 S i qn a 1 (Yrs) Volume Volume Rate S i qn a 1 Siqnal 

28013-002fi 13 6 ~ 2~,124 21,241 0.960 0.805 0.387 
33043-P 15 23 16 3 21,073 38,965 1.849 0.997 0. 375 
34081-0001 3 1 3 ~.855 fi,200 1.058 0.41i8 0.147 
39011-0012 2 8 2 18,184 n,317 1.227 0.151 0. 491 
39081-0015 2 13 2 23,500 25,650 l.O'l1 0.117 0.694 
39082-0016 5 2 2 16,169 19,422 1.200 0.424 0.141 
39121-0002 6 3 2 6,1'08 13,301 2.013 1.244 0.309 
41063-0019 13 22 2 29,000 33,750 1.164 0. 614 0.893 
41081-0012 13 5 3 16,975 2?,135 1.300 O.fi99 0.206 
41081-0015. 13 6 2 16,860 18,000 1.068 1.056 0.457 
41101-0005 12 7 ? 15,027 14,fi84 0.977 1.094 0.653 _, 
44011-0007 6 12 2 19,833 35 '377 1.784 0.414 0.465 .,. 
46061-0018 5 6 3 14,528 13,075 0.900 o.:n4 0.419 
46082-0010 . 5 11 3 18,400 15,855 0.862 0.248 0.634 
47082-0013 4 fi 2 11,121 11,1'92 O.R91 0.418 0. 703 
47121-0003 9 3 3 6, 700 5,100 0.760 1.227 0.537 
50011-0055 3 20 3 fi0,433 54,700 0.905 0.045 0.334 
50031-0028 20 44 3 31i,400 34,600 0.951 0.502 1.161 
50031-0033 11i 19 3 37, fi37 :N,l18 1.039 0.388 0.444 
50072-0010 1 0 3 22 '593 19,837 0.878 0.040 0.000 
52042-0014 12 14 3 23,fi34 21,470 0.908 0.4fi4 0.596 
52044-0010 7 3 3 18,988 15,752 0. 830 0.337 0.174 
52044-0011 9 ? 3 17,495 18,103 1. 04fi 0.470 0.100 
52061-0001 4 17 3 16,899 19,508 1.150 0.216 0. 796 
53021-0009 q 14 3 20,1153 19,81fi 0.9S9 o. :198 O.fi45 
54022-0002 4 2 2 13' 151 14,994 1.140 0.417 0.183 
56023-0027 2 5 3 10,lfifi 11 '600 1.141 0.180 0.394 
58042-0011 8 15 3 12,582 15,541 1.230 0.581 0.881 



Tahle 2-4. Intersection l..ocations - "Inj11ry" Accidents (Continuerl) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. S i qn a 1 S i qn a 1 (Yrs) Volume Volume Rate S i qn a 1 Siqnal 

58052-0005 32 q 3 29,030 36,341 1.252 1.007 (). 2 26 
58053-01002 21 5 3 13,043 10,412 0.798 1.470 0.439 
59043-0001 5 1 3 9,254 8, 767 0.947 0.493 0.104 
61023-0002 12 5 3 14,833 13,192 0.889 0. 739 0.346 
61151-0008 9 1S 2 19,440 22,646 1.165 0.634 0.907 
62011-0005 6 15 2 9,200 16,250 1.766 0.893 1.264 
63041-0113 14 15 2 22,369 25, S39 1.142 0.857 0.805 
63041-0021 20 30 3 28,650 25,200 0.880 0.638 1.087 
63052-0022 9 (5 3 40,118 51,141 1.?75 0. 205 0.446 
63053-0011 . 3 7 3 36,611 36,385 0. 990 0.075 0.176 
63054-0003 30 18 1 19,208 18,391 0.957 1.426 0.894 

--1 
lJ' 63082-0009 26 9 3 40 '992 42,868 1.046 0.579 0.192 

63112-0013 1'i 19 3 28,518 33,843 1.187 0.480 0.513 
63112-0125 4 15 3 30,301 30,329 1.001 0.121 0.452 
63131-01028 8 14 3 36,4fi3 41,115 1.128 0.200 0.311 
63132-C'l09 10 5 3 31,629 37,432 1.183 0. 289 0.122 
70012-C ll4 10 8 :1 21,308 16,280 0.764 0.429 0.449 
70012-0121 22 4 3 18,664 16,682 0.894 1.076 0.219 
70013-0001 lfi 10 3 23,075 21,208. l.OOfi O.li33 0.394 
70023-0012 11 10 3 20,277 21,937 1.300 0.495 0.416 
70023-0120 ?0 10 3 16,843 1 q, 100 1.114 1.084 0.478 
70031-0001 4 2 2 11,945 12,121 1.015 0.459 0.226 
70041-0005 9 7 2 10,350 11,100 1.070 1.191 0.864 
73032-0002 2 4 3 20,245 25,657 1. 2fi7 0.090 0.14? 
7 3033-ooog 3 q 3 29,031 15,819 1.214 0.094 0. 2 29 
73062-0023 9 4 3 23,170 21, 905 0. 945 0.355 0. lli 7 
76041-0014 4 7 3 17,214 17,214 1.000 0.?12 0. 371 
76062-01011 19 24 3 27,474 26,356 0.959 0.632 0. 832 
77012-000? 5 ? 3 q,fiq3 8,443 O.R70 0.471 0.21fi 



Table 2-4. Intersection Locations - ''Injury'' Accidents (ContintJed) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period llefore After Growth llefore After 
Site No. S i qna l S i qna l (Yrs) Volume Volume Rate S i qn a l Siqnal 

77031-0010 6 2 2 13,618 14,475 1.063 o.fifl4 0.18q 
77052-0109 10 2 2 11,874 12,909 1.087 1.154 0.212 
77132-0001 4 6 3 1fi,ql5 17,340 l.M5 0. 21fi 0. 316 
78042-0008 6 1 3 10,025 20,000 1.995 0.547 0.046 
80041-0004 9 h 3 9, 797 R,351i 0.853 0.839 0.651) 
81031-0005 11 8 2 17,177 18,574 1.081 0.877 0.590 
81031-0006 6 7 3 20,455 18,480 0. 903 0. 268 0.341i 
81031-0011 10 11 3 22,260 25,378 1.140 0.410 0.3% 
81032-0010 19 6 3 21,022 16,815 0.800 0.825 0.32fi 
81072-0012. 6 6 3 17,567 17,200 0.979 0.312 0.319 
81072-0015 5 10 3 32,097 23,1i32 0. 736 0.142 0.38fi 

._, 82051-0004 11 9 3 15,644 14,872 0.950 0.642 0.553 
CJ\ 82051-0007. 7 g 3 21,860 22,594 1.034 0.292 0. 304 

82061-0046 17 15 3 42,331 34,188 0.808 0.367 0.401 
82061-C047 13 9 3 29,800 34,333 1.152 0.398 o. 239 
82131-0)66 2 5 2 25 ,500 20,350 0.107 0.337 
82141-0011 7 10 3 44,925 4fi,8fifi 1.043 0.142 0.195 
83031-0004 8 9 3 21,981 22,724 1.034 0.332 0.3fi2 
83032-0113 5 11 3 15,770 17,310 1.098 0.290 0.580 



Table 2-5. Intersection Locations - "Left-Turn Head-On" Accidents 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Before After Growth Ref ore After 
Site No. S i qn a l S i qn a 1 (Yrs) Volume Volume Rate Siqnal S i qna l 

03051-0003 2 3 2 11,550 14,000 1.212 0.;>37 0.294 
09011-0101 0 0 1 21,600 20,829 0.964 0.000 0.000 
09011-01003 1 0 3 22,500 27,200 1.209 0.041 o.onn 
09012-0005 1 1 2 7,050 7,633 1.083 0.194 0.179 
09033-0006 9 3 2 11,050 12,900 1.167 1.116 0.319 
09042-0019 4 1 3 24,000 16,200 0.675 0.152 0.056 
09042-0126 0 n 3 20,000 15, non n. 750 o.nno o.ono 
11052-0017 1 0 3 18,046 22, 106 1.220 0.051 0.000 
11101-0001 1 2 3 11,313 12,121 1.071 0.081 0.151 
13031-0008 1 2 3 9,063 8,460 0. 933 0.101 0.216 
13061-0046 n () 3 22,714 11,770 0.518 o.ooo o.ono 

-..1 13121-0007 1 6 2 11,449 12,600 0.000 0.120 0.652 -..1 

14011-0112 1 1 3 7,200 7,500 1. 042 0.127 0.122 
14032-0001 2 0 3 8,450 7, 733 0.915 0.216 0.000 
18032-0006 1 4 3 3,o33 2,733 0. 752 0.2'11 1.337 
19021-0006 1 2 3 12,950 11,200 0.8o5 0.071 0.163 
19031-0002 2 1 3 17,510 19,?67 1.100 0.104 0.047 
22011-0008 1 5 3 10,000 12,000 1.200 0.091 0. 381 
23012-0003 1 0 3 33,113 37, ooo 1.117 0.028 0.000 
23012-0007 5 7 3 20,771 22,032 1.061 0.220 0. 290 
24011-0009 0 3 2 18,972 17,o85 0.93? 0.000 0.232 
26011-0002 0 3 3 12,143 13,164 1.084 0.000 0.208 
28013-0006 5 5 3 17,fi00 22,320 1. 2ii8 0.2'19 0.205 
28013-0119 0 2 2 19,200 21,750 1.133 0.000 0.126 
28013-0021 1 2 3 26,733 23,860 0.890 0.034 0.077 
28013-0024 0 1 2 16,800 16,317 0.970 0.000 0.084 



Table 2-5. Intersection Locations - ''Left-Turn Head-On'' Accidents (Continued) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Period Ref ore After Growth Ref ore After 
Site No. S i qn a 1 S i qn a l (Yrs) Volume Volume Rate S i qn a l Siqnal 

28013-0026 1 2 ~ 22,124 21,241 0.960 0.062 0.129 
33043-0115 1 5 3 21,073 38,965 1.849 0.043 0.117 
34081-0001 o o 3 5,855 6,200 1.058 0.000 0.000 
39011-0012 2 11 2 18,184 22,317 1.227 0.151 0.675 
39081-0015 1 10 2 23,500 25,650 0.058 0.534 
39082-0016 0 0 2 16,169 19,422 1.200 0.000 0.000 
39121-0002 0 ? 2 fi,fi08 13,301 2.013 o.ono 0.206 
41063-0019 7 16 2 29,000 33,750 1.164 0.331 0.649 
41081-0012 10 5 3 16,975 2?' 135 1.300 0.538 0. 20fi 
41081-0015 13 8 2 16,860 18,000 1.068 1.056 0.609 
41101-0005 0 3 2 15,027 14,684 0. 977 0.000 0.280 __, 
44011-0007 3 10 2 19,833 35 '377 1.784 0.207 0. 387 00 
46061-0018 1 2 3 14,528 13,075 0.900 o.Ofi3 o .1110 
46082-0010 0 4 3 18,400 15,855 0.862 0.000 0.230 
47082-0013 1 4 2 11,121 11,692 0,891 0.104 0.469 
47121-0003 1 3 3 6,700 5,100 0.760 0.136 0.537 
50011-0055 2 2 1 60,433 54,700 0.905 0.091 0.100 
50031-0028 5 19 3 36,400 34,600 0.951 0.125 0.501 
50031-0033 2 13 3 37,637 39,118 1.039 0.049 o. 303 
50072-0010 22 '593 19,837 0.878 
52042-0014 2 1 3 23,634 21,470 0.908 0.077 0,04~ 

52044-0010 5 2 3 18,988 15,752 0.830 0.240 0.116 
52044-0011 1 0 3 17,495 18,303 1.046 0.052 0.000 
52061-0001 1 5 3 16,899 19,508 1.150 0.054 0.234 
53021-nooq 1 4 3 20,653 19,81fi 0.959 0.044 0.184 
54022-0002 2 1 2 13,151 14 '994 1.140 0.208 0.091 
56023-0C27 0 0 3 10,1fifi 11,600 1.141 0.000 n.nno 
58042-0C1 0 6 3 12,582 15,541 1.230 0.000 0.353 



Table 2-5. Intersection Locations - "Left-Turn Head-On" AccirlAnts (Continuerll 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Peri orl Ref ore After Growth Ref ore After 
Site No. Sign a l S i qn a l (Yrs) Volume Volume Rate S i qn a l SiCJnal 

58052-0005 ~5 4 3 29,030 3fi,341 1.252 0. 78fi 0.101 
58053-01002 7 3 3 13,043 10,412 0. 798 0.490 0. 263 
59043-0001 () 0 1 9, 254 . 8, 767 o. 947 0.000 0. 000 
61023-0002 4 5 3 14,833 13,192 0.889 0.246 0.34fi 
61151-0008 0 1 2 19,440 22,646 1.165 0.000 O.OfiO 
62011-0005 2 12 2 9,200 16,250 0.298 1.012 
63041-0113 3 7 2 22,369 ~5, 539 1.142 0.184 0.375 
63041-0021 9 26 3 28,650 ~5,200 0.880 0. 287 0. 942 
63052-0022 1 5 1 4rl, 118 51,141 1. 27 5 o. o;n 0.089 
63053-0011 0 1 3 36,611 36,385 0. 990 0.000 0.025 
63054-0003 21 7 3 19,208 18,391 0.957 o. 998 0.348 

--.1 63082-0009 0 0 3 40,992 42,868 1.046 0.000 0.000 
"' 63112-0013 3 4 3 28,518 33,843 1.187 0.0% 0 .lOR 

63112-0125 0 2 3 30,301 30,329 1.001 0.000 0.060 
63131-010?8 1 4 3 %, 4fi3 41,135 1.128 O.MS 0.089 
63132-0009 5 4 3 31,629 37,432 1.183 0.114 0.098 
70012-0014 2 5 3 21,308 1fi,2RO 0. 7 fi4 O.ORfi 0.280 
70012-0121 0 0 3 18,664 16,682 0.894 0.000 0.000 
70013-0001 3 3 3 21,075 n,zos 1. 006 0.119 0.11.8 
70023-0012 1 4 3 20,277 21,937 1.300 0.045 0.167 
70023-0120 3 q 3 16,841 19,100 1.134 0.1fi3 0.4'0 
70031-0001 3 6 2 11' 945 12 '121 1.015 0.344 0.678 
70041-0005 3 7 2 10,350 11,100 1.070 0.397 0.864 
73032-0002 1 5 3 20,245 25,657 1. 267 0.045 0.178 
7 3033-0009 1 3 3 29,031 35,819 1.234 0.031 0.07fi 
73062-0023 4 3 3 23,170 21,905 0. 945 0.158 0.125 
76041-0014 0 0 3 17,214 17,214 1.000 n.ooo 0.000 
76062-01011 27 30 3 27,474 26,356 0.959 0.897 1.040 
77012-0002 2 0 3 9,fi93 8,443 0.870 0.1R8 0.000 



Table 2-5. Intersection Locations - "Left-Turn Head-On" Accidents (Conti nuerl) 

Ace. Ace. 
Ace. Ace. Study Volume Rate Rate 

Before After Peri orl Ref ore After Growth Before After 
Site No. Signal S i qn a 1 (Yrs) Volume Volume Rate Signal S i qn a 1 

77031-0010 0 1 2 13,618 14,475 1. Ofi3 0.000 0.095 
77052-0109 2 0 2 11,874 12,909 1.087 0.231 0.00() 
77132-0001 ? 0 3 16,915 17,340 1.0?5 0.108 o.onn 
78042-0008 5 1 3 10,025 20,000 1.995 0.445 0.046 
80041-0004 0 3 1 9,797 8,35ii 0.853 o.ono 0.3?8 
81031-0005 1 2 2 17, 177 18,574 1.081 0.080 0.148 
81031-0006 3 0 3 20,455 18,480 0.903 n.U4 o.ooo 
81031-0011 0 2 3 22,260 25,378 1.140 0.000 0.072 
81032-0010 2 1 3 21,022 16,815 0.800 0.087 0.054 
81072-0012 0 0 3 17,567 17,200 0.979 o.noo 0.000 
81072-0015 0 () 3 3?,097 23,632 n.n6 o.ono 0.000 
82051-0004 1 0 3 15,644 14,872 0.950 0.058 0.000 

00 
82051-0007 1 3 3 21,81i0 :>2,594 1.034 0.04? 0.1?1 0 

82061-0046 0 1 3 42,331 34, 188 0.808 0.000 0.027 
82061-0047 (l 0 3 29,800 34,331 1.152 o.ooo 0.000 
82131-0066 0 0 2 25,500 20,350 0.000 0.000 
82141-0011 0 0 3 44,925 4n,866 1.041 o.ooo 0.000 
83031-0004 1 1 3 21,981 22,724 1.034 0.042 0.040 
83032-0113 1 2 3 15,770 17,310 1.0'18 o. o 'i8 0.106 



APPENDIX 3 - "BEFORE" AND "AFTER" ACCIDENT DATA AT 
27 CROSSOVER LOCATIONs;· 

NOTE: Study period is the number of years of "before" or "after" accident 
data considered in the analysis. For example, study period 2 years 
means, 2 years of "before" accident data and 2 years of "after" 
accident data were considered. 
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Table 3-1. Crossover Locations - ''Total'' Accidents 

Rates 
Ace. Ace. Study Ace. Ace. 

Before After Period Before After Before After 
Site No. Signal Signal (Yrs) Volume Volume Sign a l S i qn a l 

50051-0107 48 47 3 51,733 57,800 0.847 0.743 
50051-0123 54 47 3 42,600 41,733 1.158 1.028 
50051-0146 27 13 3 37,400 41,200 0.659 0.288 
50051-0204 25 46 2 47,150 46,600 0.726 1.352 
50051-0223 29 42 3 42,600 41,733 0.622 0.919 
50051-0246 18 22 3 37,400 41,200 0.440 0.488 
63031-0104 153 143 2 49,400 64,400 4.240 3.040 
63051-0134 3 12 2 44,470 43,600 0.092 0.377 
63051-0234 16 25 2 44,470 43,600 0.493 0. 785 
63082-0016 16 12 2 38,900 44,300 0.563 0. 371 
63082-0212 18 13 3 . 52,524 65,696 0. 313 0.181 
63111-0101 15 41 3 33,550 3 2,467 0.408 1.153 
63112-0112 35 42 3 38,568 34,678 0.829 1.106 
82052-0031 46 70 2 55,400 56,425 1.137 1.699 
82052-0040 44 54 3 58,500 48,867 0.687 1.009 
82052-0102 17 11 3 43,550 51,600 0.356 0.195 
82052-0111 48 57 3 61,500 51,600 0. 713 1.009 
82052-0211 43 27 3 60,900 51,600 0.645 0.478 
82061-0213 96 57 3 47,422 36,487 1.849 1.427 
82062-0101 23 54 3 61,213 64,970 0.343 0.759 
82062-0201 31 55 3 61,213 65,826 0.462 0. 777 
82141-0015 12 17 2 34,400 50,850 0.478 0.458 
82143-0105 65 48 3 3g,ooo 78,400 0.667 0.559 
82192-0225 25 50 3 61,633 57,400 0.370 0.796 
82211-0121 18 2 1 42,169 41,805 1.169 . 0.131 
82211-0146 10 s 3 43,566 37,024 0.210 0.222 
82211-0221 34 25 3 49. 3 27 43,643 0.629 0.523 
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Table 3-2. Crossover Locations - ''Right-Angle'' Accidents 

Rates 
Ace. Ace. Study Ace. Ace. 

Before After Period Before After Before After Site No. Signal S i qn a l (Yrs) Volume Volume Signal Signal 

50051-0107 4 5 3 51,733 57,800 0.071 0.079 
50051-0123 16 15 3 42,600 41,733 0.343 0. 394 
50051-0146 3 8 3 37,400 41,200 0.073 0.177 
50051-0204 1 7 2 4 7,150 46,600 0.029 0.206 
50051-0223 0 1 3 42,600 41,733 0.000 0.0::>2 
50051-0246 1 0 3 37,400 41,200 0.024 0.000 
63031-0104 26 31 2 49,400 64,400 0.720 0.660 
63051-0134 0 0 2 44,470 43,600 0.000 0.000 
63051-0234 1 0 2 44,470 43,600 0.031 0.000 
63082-0016 0 1 2 38,900 44,300 0.000 0.031 
63082-0212 0 0 l 52,524 65,696 0.000 0.000 
63111-0101 0 1 3 33,550 32,467 0.000 0.028 
63112-0112 2 5 3 38,568 34,678 0.047 0.132 
82052-0031 9 4 2 55,400 56,425 0.223 0.097 
82052-0040 3 1 3 58,500 48,867 0.047 0.019 
82052-0102 0 0 3 43,550 51,600 0.000 0.000 
82052-0111 4 3 3 61,500 51,600 0.059 0.053 
82052-0211 7 0 3 60,900 51,600 0.105 0.000 
82061-0213 20 11 3 47 '422 36,487 0.385 0.275 
82062-0101 1 0 3 61,213 64,970 0.015 0.000 
82062-0201 1 1 3 61,213 65,826 0.015 0.014 
82141-0015 1 0 2 34,400 50,850 0.040 0.000 
82143-0105 13 8 3 89,000 78,400 0.133 0.093 
82192-0225 0 2 3 61,633 57,400 0.000 0.032 
82211-0121 2 I) 1 42, 1fi9 41,305 0.130 0.000 
82211-0146 0 0 3 43,566 37,024 0.000 0.000 
82211-0221 6 0 3 49,327 43,643 0.111 0.000 
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Table 3-3. Crossover Locations - "Rear-End" Accidents 

Rates 
Ace. Ace. Study Ace. Ace. 

Before After Period Before After Before After 
Site No. Signal S i qna 1 (Yrs) Volume Volume Sign a 1 Signal 

50051-0107 15 :n 3 51,733 57,800 0.265 0.490 
50051-0123 14 14 3 42,600 41,733 0.300 0.306 
50051-0146 8 2 3 37,400 41,200 0.195 O.Q.44 
50051-0204 6 22 2 47, 150 46,600 0.174 0.647 
50051-0223 12 24 3 42,600 41,733 0. 257 0.525 
50051-0246 9 12 3 37,400 41 ,200 0.220 0. 266 
63031-0104 78 70 2 49,400 64,400 2.160 1.480 
63051-0134 2 6 2 44,470 43,600 0.062 0.189 
63051-0234 4 12 2 44,470 43,600 0.123 0.377 
63082-0016 4 3 2 38,900 44,300 0.141 0.093 
63082-0212 7 4 3 52,524 65,696 0.122 0.056 
63111-0101 7 27 3 33,550 32,467 0.191 0.759 
63112-0112 13 20 3 38,568 34,678 0.308 0. 527 
82052-0031 18 47 2 55,400 56,425 0.445 1.141 
82052-0040 10 42 3 58,500 48,867 0.156 0. 785 
82052-0102 5 9 3 43,550 51,600 0.105 0.159 
82052-0111 18 33 3 61 '500 51,600 0.267 0.584 
82052-0211 19 18 3 60,900 51,600 0.285 0.319 
82061-0213 43 15 3 47,422 36,487 0.828 0.375 
82062-0101 10 36 3 61,213 64,970 0.149 0.506 
82062-0201 7 30 3 61,213 65,826 0.104 0.416 
82141-0015 6 10 2 34,400 50,850 0.239 0. 269 
82143-0105 20 13 3 89,000 78,400 0.205 0.151 
82192-0225 7 25 3 61,633 57,400 0.104 0. 398 
82211-0121 13 2 1 42,169 41,805 0.845 0.131 
82211-0146 4 7 3 43,566 17,024 0.084 0.173 
82211-0221 11 21 3 49,327 n3,643 0.204 . 0.439 
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Table 3-4. Crossover Locations - 'Injury'' Accidents 

Rates 
Ace. Ace. Study Ace. Ace. 

Before After Period Before After Before After 
Site No. Sign a l S i qn a 1 (Yrs) Volume Volume Signal Signal 

50051-0107 13 18 3 51,733 57,800 0.229 0.284 
50051-0123 9 14 3 42,600 41,733 0.193 0.306 
50051-0146 7 5 3 37,400 41,200 0.171 0.111 
50051-0204 5 18 2 47,150 46,600 0.145 0.529 
50051-0223 5 12 3 42,600 41,733 0.107 0.263 
50051-0246 5 5 3 37,400 41,200 0.122 0.111 
63031-0104 52 46 2 49,400 64,400 1.440 0.978 
63051-0134 . 1 5 2 44,470 43,600 0.031 0.157 
63051-0234 3 8 2 44,470 43,600 0.092 0.251 
63082-0016 4 4 2 38,900 44,300 0.141 0.124 
63082-0212 4 4 3 52,524 65,696 0.070 0.056 
63111-0101 5 15 3 33,550 32,467 0.136 0.422 
63112-0112 10 8 3 38,51)8 34,678 0.237 0.211 
82052-0031 6 19 2 55,400 56,425 0.148 0.461 
82052-0040 14 21 3 58,500 48 '867 0.219 0.392 
82052-0102 6 2 3 43,550 51,600 0.126 0.035 
82052-0111 9 23 3 61 '500 51,600 0.134 0.407 
82052-0211 13 9 3 60' 900 51,600 0.195 0.159 
82061-0213 23 18 3 47,422 36,487 0.440 0.451 
82062-0101 8 19 3 61,213 64,970 0.119 0. 267 
82062-0201 8 19 3 61,213 6!i,826 0.119 0.264 
82141-0015 6 4 2 34,400 50,850 0.239 0.108 
82143-0105 29 18 3 89,000 78,400 0.298 0.210 
82192-0225 9 19 3 61,633 57,400 0.133 0. 3()2 
82211-0121 li 1 1 ll2,169 41,805 0.390 O.Ofili 
82211-0146 7 5 3 43,566 37,024 0.147 0.123 
82 211-0221 6 10 3 49, ~27 43,643 0.111 0. 209 
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Table 3-5. Crossover Locations.- "Left-Turn Head-On" Accidents 

Rates 
Ace. Ace. Study Ace. Ace. 

Before After Period Before After Before After 
Site No. Sign a l Sign a l (Yrs) Volume Volume Sign a l Sign a l 

50051-0107 1 0 3 51,733 57,800 0.018 0.000 
50051-0123 0 2 3 42,600 41,733 0.000 0.044 
50051-0146 0 0 3 37,400 41,200 0.000 0.000 
50051-0204 0 3 2 47,150 46,600 0.000 0.088 
50051-0223 0 1 3 42,600 41,733 0.000 0.022 
50051-0246 0 0 3 37,400 41,200 0.000 0.000 
63031-0104 3 6 2 49,400 64,400 0.083 0.127 
63051-0134 0 1 2 44,470 43,600 0.000 0.031 
63051-0234 0 0 2 44,470 43,600 0.000 0.000 
63082-0016 0 1 2 38,900 44,300 0.000 0.031 
63082-0212 1 2 3 52,524 65,696 0.017 0.028 
63111-0101 1 2 3 33,550 32,467 0.027 0.056 
63112-0112 0 2 3 38,568 34,678 0.000 0.053 
82052-0031 0 0 2 55,400 56,425 0.000 0.000 
82052-0040 4 0 3 58,500 48,867 0. 062 0.000 
82052-0102 0 0 3 43,550 51,600 0.000 0.000 
82052-0111 0 1 3 61,500 51,600 0.000 0.018 
82052-0211 1 0 3 60,900 51,600 0.015 0.000 
82061-0213 0 2 3 47,422 36,487 0.000 0.050 
82062-0101 0 1 3 61,213 64,970 0.000 0.014 
82062-0201 0 5 3 61,213 65,826 0.000 0.069 
82141-0015 0 1 2 34,400 50,850 0.000 0.027 
82143-0105 2 5 3 89,000 78,400 0.021 0.058 
82192-0225 0 1 3 61,633 57,400 0.000 0.016 
82211-0121 0 0 1 42,169 41,805 0.000 0.000 
82211-0146 0 0 3 43,566 37,024 0.000 0.000 
82211-0221 0 0 3 49,327 43,643 0.000 o.ono · 

87 



APPENDIX 4 - "BEFORE" AND "AFTER" ACCIDENT DATA AT 
26 RAMP LOCATIONS 

NOTE: Study period is the number of years of "before" or "after" accident 
data considered in the analysis. For example, study period 2 years 
means, 2 years of "before" accident data and 2 years of "after" 
accident data were considered. 
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Table 4-1. Ramo Locations - "Total" Accidents 

Ace. Ace. Study Average Ace. 
Before After Period Freq./Year 

Site No. Sign a l Signal (Yrs) Before After 

23081-0002 18 16 3 6.00 S.33 
25031-0005 14 8 1 14.00 8.00 
25032-0006 25 29 2 12.50 14.50 
25084-0004 6 9 2 3.00 4.50 
38101-0008 6 25 2 3.00 12.50 
39022-0004 50 20 3 16.67 6.67 
39024-0003 2 2 1 . 2.00 2.00 
41027-0006 73 25 3 24.33 8.30 
41027-0007 8 18 2 4.00 9.00 
41051-0011 29 24 3 9.67 8.00 
44011-0003 7 8 1 7.00 8.00 
50061-0018 4 9 1 4.00 9.00 
58152-0005 9 14 2 4.SO 7.00 
61072-0109 32 1£ 2 16.00 8.00 
63022-0001 31 6 1 31.()1) 6.00 
63022-0006 62 72 3 20.67 24.00 
63022-0101 23 4 1 23.00 4.00 
63081-0202 5 7 2 2.50 3.50 
6 317 4-0001 48 19 2 24.00 9.50 
63174-0003 100 95 2 50.00 47.50 
81074-0002 22 12 2 11.00 6.00 
82025-0011 28 24 3 9.33 8.00 
82125-0001 17 12 3 5. 70 4.00 
82125-0003 5 4 1 5.00 4.00 
82194-0003 32 21 2 16.00 10.50 
82292-0103 14 14 . 2 7.00 7.00 
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. Table 4-2. Ramp Locations - "Right-Angle" Accidents 

Ace. Ace. Study Average Ace. 
Before After Period Freq./Year Site No. Signal S i qn a 1 (Yrs) Before After 

23081-0002 0 1 3 0.00 0.33 25031-0005 0 0 1 0.00 0.00 
25032-0006 2 4 2 1.00 2.00 
25084-0004 2 1 2 1.00 0.50 
38101-0008 0 3 2 0.00 1.50 
39022-0004 5 2 3 1.67 0.67 
39024-0003 0 0 1 0.00 0.00 
41027-0006 3 1 3 1.00 0.33 
41027-0007. 1 3 2 0.50 1. 50 
41051-0011 1 1 3 0.33 0.33 
44011-0003 0 0 1 0.00 0.00 
50061-0018 0 0 1 0.00 0.00 
58152-0005 1 0 2 0.50 o.no 
61072-0109 2 0 2 1.00 0.00 
63022-0001 0 0 1 0.00 0.00 
63022-0006 17 4 3 5.67 1.33 
63022-0101 0 0 1 0.00 0.00 
63081-0202 0 0 2 0.00 0.00 
63174-0001 2 0 2 1.00 n.oo 
63174-0003 3 2 2 1.50 1.00 
81074-0002 0 2 2 0.00 1.00 
82025-0011 16 9 2 8.00 4.50 
82125-0001 1 1 3 0.33 0.33 
82125-0003 0 0 1 0.00 0.00 
82194-0003 2 1 2 1.00 0.50 
82292-0103 2 0 2 1.00 0.00 
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Table 4-3. Ramp Locations-- "Rear-End" Accidents 

Ace. Ace. Study Aver age Ace. 
Before After Period Freq. /Year 

Site No. S i qn a l Signal (Yrs) Before After 

23081-0002 4 6 3 1. 33 2.00 
25031-0005 0 0 1 0.00 0.00 
25032-0006 6 11 2 3.00 5.50 
25084-0004 0 2 2 0.00 1.00 
38101-0008 1 8 2 0.50 4.00 
39022-0004 8 9 3 2.67 3.00 
39024-0003 0 0 1 0.00 0.00 
41027-0006 33 5 3 11.00 1.67 
41027-0007 3 6 2 1.50 3.00 
41051-0011 7 9 3 2.33 3.00 
44011-0003 0 0 1 0.00 0.00 
50061-0018 0 0 1 0.00 0.00 
58152-0005 2 7 2 1.00 3. 50 
61072-0109 6 4 2 3.00 2.00 
63022-0001 0 -0 1 0.00 0.00 
63022-0006 17 41 3 5.67 13.67 
63022-0101 0 0 1 0.00 0.00 
63081-0202 1 1 2 0.50 0.50 
63174-0001 4 3 2 2.00 1.50 
63174-0003 33 31 2 16.50 15.50 
81074-0002 4 1 2 2.00 0. 50 
82025-0011 5 82 missing 3 1.67 0.00 
82125-0001 2 6 3 0.57 ~.00 
82125-0003 0 0 1 0.00 0.00 
82194-0003 3 2 2 1.50 1.00 
82292-0103 5 7 2 2.50 3.50 
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Table 4-4. Ramp Locations - "Injury" Accidents 

Ace. Ace. Study Average Ace. 
Before After Period Freq./Year Site No. Sign a l Sign a l (Yrs) Before After 

2 3081-0002 1 2 3 0.33 0.67 25031-0005 6 5 1 6.00 5.00 25032-0006 9 9 2 4.50 4.50 25084-0004 3 3 2 1.50 1.50 38101-0008 1 9 2 0.50 4. 50 39022-0004 11 3 3 3.67 1.00 39024-0003 0 1 1 0.00 1.00 ( 1 41027-0006 15 6 3 5.00 2.00 41027-0007 1 4 2 0.50 2.00 41051-0011 7 8 3 2.33 2.67 44011-0003 2 2 1 2.00 2.00 50061-0018 2 4 1 2.00 4.00 58152-0005 2 3 2 1.00 1.50 61072-0109 8 5 2 4.00 2.50 63022-0001 9 2- 1 9.00 2.00 63022-0006 19 26 3 6.33 8.67 63022-0101 8 2 1 8.00 2.00 63081-0202 0 1 2 0.00 0.50 63174-0001 10 6 2 5.00 3.00 63174-0003 23 33 2 11.50 16.50 
81074-0002 7 4 2 3.50 2.00 82025-0011 18 16 3 6.00 5.33 82125-0001 5 3 3 1.67 1.00 82125-0003 3 1 1 3.00 1.00 82194-0003 5 5 2 2.50 2.50 82292-0103 4 3 2 2.00 1.50 
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APPENDIX 5 - ACCIDENT DATA OF INTERSECTIONS WITH 
NO GEOMETRIC CHANGES 
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Table 5-1. Intersection Locations With No Geometric Changes -
"Total" Accidents · 

Intersections-Individual Locations "Before"/"After" 

Site No. 

03051-0003 
09011-0101 
09012-0005 
09033-0006 
09042-0019 
09042-0126 
11052-0017 
13061-0046 
13121-0007 
14011-0112 
14032-0001 
18032-0006 
19031-0002 
23012-0003 
23012-0007 
26011-0002 
33043-0115 
34081-0001 
39011-0012 
39081-0015 
39082-0016 
39121-0002 
41063-0019 
41101-0005 
44011-0007 
46082-0010 
47082-0013 
47121-0003 
50031-0028 
52044-0010 
52044-0011 
5 2061-0001 
54022-0002 
56023-0027 
58042-0011 
58053-01002 
59043-0001 
61023-0002 
61151-0008 
62011-0005 

Ace. 
Rate 

Before 
Siqnal 

1.660 
1. 522 
4.663 
3.471 
0.951 
1.142 
0.405 
1.568 
5.743 
6. 722 
3.567 
4.525 
1.565 
1.544 
1. 715 
1.279 
2.210 
1.560 
0.452 
0.758 
1.271 
2.280 
1.559 
2.826 
1.243 
1.142 
1.670 
3.135 
1.280 
1.587 
2.714 
1.513 
1.250 
2.785 
1.306 
3. 781 
2.072 
1.847 
1.832 
2.978 
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Ace. 
Rate 

After 
Siqnal 

2.446 
1. 973 
1.077 
2.442 
1.578 
1. 0 35 
0.785 
1.552 
5.871 . 
2.922 
1.890 
7.686 
0.806 
0. 740 
1.451 
1.110 
1.008 
0.736 
1.473 
2.296 
0. 494 
0.824 
2.232 
1.866 
1.084 
1.267 
1.640 
4.119 
2.639 
1.102 
0. 748 
1.685 
1.096 
1.496 
1.645 
1.316 
0.313 
1. 731 
2.662 
3.203 



Table 5-l. 

Site No. 

63041-0021 
63052-0022 
63053-0011 
63082-0009 
63112-0013 
63112-0125 
63132-0009 
70012-0014 
70012-0121 
70023-0012 
73032-0002 
73033-0009 
76041-0014 
76062-01011 
77012-0002 
78042-0008 
81031-0005 
81031-0006 
81031-0011 
81032-0010 
81072-0015 
82051-0004 
82051-0007 
,82061-0046 
82061-0047 
82131-0066 
83032-0113 

Intersection Locations With No Geometric Changes -
"Tot a P Ace i dents (Continued) 

Ace. Ace. 
Rate Rate 

Before After 
Signal Sign a l 

1.498 2.609 
1. 275 1.179 
0.374 0.326 
1.181 0. 511 
1.377 1.052 
0.482 0. 903 
1.819 1.488 
1.329 1.402 
2.887 1.588 
2.567 1.124 
0. 722 0. 712 
0.503 0.765 
0.584 0. 743 
2. 593 2.356 
3.203 2.055 
1.366 0. 731 
1.435 1.991 
0.848 1.235 
1.354 1.116 
2.259 1.466 
0.484 0.657 
3.211 0.860 
0.961 0.687 
0.971 1.229 
1.195 0. 798 
0.591 0. 942 
0.927 1.319 
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Table 5-2. Intersection Locations With No Geometric Changes -
''Right-Angle" Accidents 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a l Signal 

03051-0003 0.474 0.391 
09011-0101 0.254 0. 263 
09012-0005 1.943 0.179 
09033-0006 0.000 0.637 
09042-0019 0.609 1.127 
09042-0126 0.320 0.061 
11052-0017 0.051 0.413 
13061-0046 0.844 0.543 
13121-0007 2.512 1.631 
14011-0112 3.551 0.852 
14032-0001 0.540 0.236 
18032.-0006 . 1.508 0.668 
19031-0002 0.574 0. 237 
23012-0003 1.048 0.370 
23012-0007 0.835 0.332 
26011-0002 0.301 0.069 
33043-0115 1.647 0.352 
34081-0001 0.312 0.147 
39011-0012 0.075 0.123 
39081-0015 0.000 0.481 
39082-0016 0.169 0.000 
39121-0002 1.866 0.206 
41063-0019 0.472 0.406 
41101-0005 1.094 0. 373 
44011-0007 0.207 0.039 
46082-0010 0.347 0.17 3 
47082-0013 0.522 0.351 
47121-0003 0.954 0.000 
50031-0028 0.125 0.158 
52044-0010 0.192 0.116 
52044-0011 0.418 0.050 
52061-0001 0.432 0. 281 
54022-0002 0.000 0.091 
56023-0027 1 .. 168 0.157 
58042-0011 0.435 0.529 
58053-01002 0.980 0. 263 
59043-0001 1.480 0.000 
61023-0002 0.677 0.069 
61151-0008 0.282 0.726 
62011-0005 0'.596 0.674 
63041-0021 0.096 0.145 
63052-0022 0.478 0.196 
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Table 5-2. 

Site No. 

63053-0011 
63082-0009 
63112-0013 
63112-0125 
63132-0009 
70012-0014 
70012-0121 
70023-0012 
73032-0002 
73033-0009 
76041-0014 
76062-01011 
77012-0002 
78042-0008 
81031-0005 
81031-0006 
81031-0011 
81032-0010 
81072-0015 
82051-0004 
82051-0007 
82061-0046 
82061-0047 
82131-0066 
83032-0113 

Intersection Locations With No Geometric Changes -
''Right-Angle'' Accidents (Continued) 

Ace. Ace. 
Rate Rate 

Before After 
Signal Sign a l 

0.000 0.025 
0.869 0. 277 
0.448 0.189 
0.030 0.090 
0.231 0.244 
0.171 0.168 
2.006 0.493 
0.991 0.250 
0.090 0.142 
0.189 0.025 
0.053 0.053 
0.229 0.450 
0.565 0.324 
0.273 0.091 
0. 718 0.516 
0.089 0.198 
0.246 0.036 
0.391 0.000 
0.000 0.039 
0.292 0.000 
0.000 0.000 
0. 388 0.561 
0. 582 0.293 
0.000 0.067 
0.116 0. 211 
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Table 5-3. Intersection Locations \~ith No Geometric Changes -
"Rear-End'' Accidents 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Signal Siqnal 

03051-0003 0.237 1.272 
09011-0101 0.254 0. 921 
09012-0005 1.360 0.179 09033-0006 0.620 0. 743 
09042-0019 0.114 0.338 
09042-0126 0. 091 0.365 
11052-0017 0.000 0.165 
13061-0046 0.402 0. 621 
13121-0007 0.359 0.978 
14011-0112 1.522 1.096 
14032-0001 0.216 0.590 
18032-0006 0.251 2.339 
19031-0002 0.156 0.190 
23012-0003 0.165 0.197 
23012-0007 0.220 0. 580 
26011-0002 0.000 0.486 
33043-0115 0. 217 0.352 
34081-0001 0.312 0. 295 
39011-0012 0.075 0. 368 
39081-0015 0.291 0.748 
39082-0016 0. 508 0.282 
39121-0002 0.000 0. 515 
41063-0019 () .18 9 0.609 
41101-0005 0. 729 0. 746 
44011-0007 0.138 0.387 
46082-0010 0.199 0. 288 
47082-0013 0.313 0.469 
4 7121-0003 0.545 0.537 
50031-0028 0.527 1.425 
52044-0010 0. 289 0. 522 
5 2044-0011 0.470 0.249 
52061-0001 0.108 0.468 
54022-0002 0. 208 0.091 
56023-0027 0.180 0.630 
58042-0011 0.145 0.3S3 58053-01002 0.910 0.175 
59043-0001 
61023-0002 0.246 0.277 61151-0008 0.705 1.452 
62011-0005 0.447 0.843 
63041-0021 0.446 0.870 
63052-0022 0.228 0.196 
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Table 5-3. 

Site No. 

63053-0011 
63082-0009 
63112-0013 
63112-0125 
63132-0009 
70012-0014 
70012-0121 
70023-0012 
73032-0002 
73033-0009 
76041-0014 
76062-01011 
77012-0002 
78042-0008 
81031-0005 
81031-0006 
81031-0011 
81032-0010 
81072-0015 
82051-0004 
82051-0007 
82061-0046 
82061-0047 
82131-0066 
83032-0113 

Intersection Locations ~ith No Geometric Changes -
''Rear-End" Accidents (Continued) 

Ace. Ace. 
Rate Rate 

Before After 
Signal Signal 

0.050 0.100 
0.134 0.170 
0.256 0.594 
0.090 0.542 
0.549 0.512 
0.300 0.561 
0.245 0.328 
0.495 0.291 
0.045 0.320 
0.157 0.357 
0.159 0. 371 
0.565 0.347 
0.283 0. 649 
0.182 0.183 
0.239 0.885 
0.179 0.297 
0.205 0. 720 
0.261 0.543 
0.199 0.348 
0. 934 0.553 
0.167 0.323 
0.194 0.427 
0.123 0.293 
0.107 0.135 
0.116 0.317 
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Table 5-4.· Intersection Locations With No Geometric Chanqes -
"Injury'' Accidents -

Ace. Ace. 
Rate Rate 

Before After 
Site No. Signal S i qn a l 

03051-0003 0. 712 1.272 
09011-0101 0.634 0. 921 
09012-0005 0.907 0.239 
09033-0006 1.116 1.062 
09042-0019 0.190 0.451 
09042-0126 0.274 0.183 
11052-0017 0.101 0.372 
13061-0046 0.362 0.543 
13121-0007 1.316 2. 501 
14011-0112 1. 903 0.122 
14032-0001 0.324 0.354 
18032-0006 2.514 2.005 
19031-0002 0.678 0.474 
23012-0003 0.607 0. 272 
23012-0007 0.660 0.580 
26011-0002 0.150 0.347 
33043-0115 0.997 0.375 
34081-0001 0.468 0.147 
39011-0012 0.151 0.491 
39081-0015 0.117 0.694 
39082-0016 0.424 0.141 
39121-0002 1.244 0.309 
41063-0019 0.614 0.893 
41101-0005 '1. 094 0.653 
44011-0007 0.414 0.465 
46082-0010 0.248 0.634 
47082-0013 0.418 0. 703 
47121-0003 1.227 0.537 
50031-0028 0.502 1.161 
52044-0010 0.337 0.174 
52044-0011 rJ.470 0.100 
52061-0001 0.216 0. 796 
54022-0002 0.417 0.183 
56023-0027 0.180 0. 394 
58042-0011 0.581 0.881 
58053-01002 1.470 0.439 
5 9043-00()1 0.493 0.104 
61023-0002 0. 739 0.346 
61151-0008 0.634 0.907 
62011-0005 0.893 1. 264 
63041-0021 0.857 0.805 
63052-0022 0.638 1.087 
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Table 5-4. Intersection Locations With No Geometric Chanqes -
"Injury" Accidents (Continued) 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Signal S i qn a l 

63053-0011 0.075 0.176 
63082-0009 0.579 0.192 
63112-0013 0.480 0. 513 
63112-0125 0.121 0.452 
63132-0009 0.289 0.122 
70012-0014 0.429 0.449 
70012-0121 1.076 0. 219 
70023-0012 0.495 0.416 
73032-0002 0.090 0.142 
73033-0009 0.094 0.229 
76041-0014 0.212 0.371 
76062-01011 0.632 0.832 
77012-0002 0.471 0.216 
78042-0008 0.547 0.046 
81031-0005 0.877 0.590 
81031-0006 0.268 0.346 
81031-0011 0.410 0.396 
81032-0010 0.825 0.326 
81072-0015 0.142 0.386 
82051-0004 0.642 0.553 
82051-0007 0.292 0.364 
82061-0046 0.367 0.401 
82061-0047 0.398 0.239 
82131-0066 0.107· 0.337 
83032-0113 0.290 0.5<30 
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Table 5-5. Intersection Locations ~lith No Geometric Changes -
''Head-On Left-Turn'' Accidents 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Signal 

03051-0003 0.237 0.294 
09011-0101 0.000 0.000 
09012-0005 0.194 0.179 
09033-0006 1.116 0.319 
09042-0019 0.152 0.056 
09042-0126 0.000 0.000 
11052-0017 0.051 0.000 
13061-0046 0.000 0.000 
13121-0007 0.120 0.652 
14011-0ll2 0.127 0.122 
14032-0001 0.216 0.000 
18032-0006 0.251 1.337 
19031-0002 0 .1()4 0.047 
23012-0103 0.028 0.000 
23012-0007 0.220 0.290 
26011-0002 0.000 0.208 
33043-0115 0.043 0.117 
34081-0001 0.000 0.000 
39011-0012 0.151 0.675 
39081-0015 0.058 0.534 
39082-0016 0.000 0.000 
39121-0002 0.000 0.206 
41063-0019 0.331 0. fi49 
41101-0005 0.000 0. 280 
44011-0007 0.207 0.387 
46082-0010 0.000 0.230 
47082-0013 0.104 0.469 
47121-0003 0.136 0.537 
50031-0028 0.125 0. 501 
52044-0010 0.240 0.116 
52044-0011 0.052 0.000 
52061-0001 0.054 0.234 
54022-0002 0.208 0.091 
56023-0027 0.000 0.000 
58042-0011 0.000 0.353 
58053-01002 0.490 0. 263 
59043-0001 0.000 0.000 
61023-0002 0.246 0.346 
61151-0008 0.000 0.060 
62011-0005 0. 298 1.012 
63041-0021 0.287 0. 942 
63052-0022 0.023 0.089 
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Table 5-5. Intersection Locations vJith No Geometric Chanqes -
"Head-On Left-Turn" Accidents (Continued) 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Signal S i qn a l 

63053-0011 0.000 0.025 
63082-0009 0.000 0.000 
63112-0013 0.096 0.108 
63112-0125 0.000 0.060 
63132-0009 0.114 0.098 
70012-0014 0.086 0. 280 
70012-0121 0.000 0.000 
70023-0012 0.045 0.167 
73032-0002 0.045 0.178 
73033-0009 0.031 0.076 
76041-0014 0.000 0.000 
76062-01011 0.897 1.040 
77012-0002 0.188 0.000 
78042-0008 0.445 0.046 
81031-0005 0.080 0.148 
81031-0006 0.134 0.000 
81031-0011 0.000 0.072 
81032-0010 0. 087 0.054 
81072-0015 0.000 0.000 
82051-0004 0.058 0.000 
82051-0007 0,0112 0.121 
82061-0046 0.000 0.027 
82051-0047 0.000 0.000 
82131-0066 0.000 0.000 
83032-0113 0.058 0.106 
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APPENDIX 6 - "BEFORE" AND "AFTER" ACCIDENT RATES FOR SITES WHERE 
LEFT-TURN LANE ADDED COINCIDENT TO SIGNAL INSTALLATION 
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Table 6-1. Intersection Locations With Left-Turn Lane Added Coincident to 
Signal Installation - "Total" Accidents 

Before After 
Site No. Rate Rate 

11101-0001 3.310 1.582 
13031-0008 1.522 0.756 
22011-0008 1.918 1. 979 
28013-0021 0.683 0.804 
28013-0026 2.105 1.032 
41081-0012 1. 937 1.403 
41081-0015 2.844 2.207 
46061-0018 1.634 1.467 
47082-0013 1.670 1.640 
58052-0005 2.800 0. 930 
70013-0001 1. 781 0. 984 
70023-0120 2.494 1.530 
70041-0005 3. 706 3.085 
73062-0023 0.709 0.542 

109 



Table 6-2. Intersection Locations IAith Left-Turn Lane Added Coincident to 
Signal Installation- "Right-Angle'' Accidents 

Before After 
Site No. Rate Rate 

11101-0001 2.341 0. 904 
13031-0008 1.209 0.324 
22011-0008 0.457 0.304 
28013-0021 0.034 0.230 
28013-0026 0.248 0.000 
41081-0012 0.377 0.165 
41081-0015 0.244 0.076 
46061-0018 0.377 0.489 
47082-0013 0.522 0.351 
58052-0005 0.598 0.126 
70013-0001 0.831 0.157 
70023-0120 1.844 0.335 
70041-0005 1.324 0.247 
73062-0023 0.000 0.000 
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Table 6-3. Intersection Locations With Left-Turn Lane Added Coincident to 
Signal Installation - "Rear-End" Accidents 

Before After 
Site No. Rate Rate 

11101-0001 0.161 0.301 
13031-0008 0.202 0.216 
22011-0008 0.639 0.381 
28013-0021 0.239 0.191 
28013-0026 0.557 0.709 
41081-0012 0.323 0. 371 
41081-0015 0.244 0.685 
46061-0018 0.189 0. 279 
47082-0013 0.313 0.469 
58052-0005 0.315 0.176 
70013-0001 0.277 0.433 
70023-0120 0.217 0. 622 
70041-0005 0.265 0.494 
73062-0023 0.434 0.250 
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Table 6-4. Intersection Locations With Left-Turn Lane Added Coincident to 
Signal Installation- "Injury" Accidents 

Before After 
Site No. Rate Rate 

11101-0001 1.453 0.829 
13031-0008 1.008 0.432 
22011-0008 0.457 0.152 
28013-0021 0.239 0. 268 
28013-0026 0.805 0.387 
41081-0012 0.699 0.206 
41081-0015 1.056 0.457 
46061-0018 0.314 0.419 
47082-0013 0.418 0. 703 
58052-0005 1.007 0.226 
70013-0001 0.633 0.394 
70023-0120 1.084 0.478 
70041-0005 1.191 0.864 
73062-0023 0.355 0.167 
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Table 6-5. Intersection Locations With Left-Turn Lane Added Coincident to 
Signal Installation- "Head-On Left-Turn" Accidents 

Before After 
Site No. Rate Rate 

11101-0001 0.081 0.151 
13031-0008 0.101 0.216 
22011-0008 0.091 0.381 
28013-0021 0.034 0.077 
28013-0026 0.062 0.129 
41081-0012 0.538 0.206 
41081-0015 1.05() 0.609 
46061-0018 0.063 0.140 
47082-0013 0.104 0.469 
58052-0005 0.786 0.101 
70013-0001 0.119 0.118 
70023-0120 0.163 0.430 
70041-0005 0.3g7 0.864 
73062-0023 0.158 0.125 
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APPENDIX 7 - ACCIDENT DATA FOR SITES WITH AND 
WITHOUT LEFT-TURN LANE 
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Table 7-1. Intersection Locations- "Total" Accidents 
With Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Signal 

03051-0003 1.660 2.446 
09011-0101 1.522 1.973 
09012-0005 4.663 1.077 
11052-0017 0.405 0.785 
14032-0001 3.567 1.890 
18032-0006 4.525 7.686 
19031-0002 1.565 0.806 
23012-0003 1.544 0.740 
33043-0115 2.210 1.008 
34081-0001 1.560 0. 736 
410 63-0019 1.559 2.232 
44011-0007 1.243 1.084 
46082-0010 1.142 1.267 
47082-0013 1.670 1.640 
47121-0003 3.135 4.119 
50031-0028 1.280 2.639 
52044-0010 1.587 1.102 
52061-0001 1. 513 1.685 
58053-01002 3. 781 1.316 
61023-0002 1.847 1. 731 
63041-0021 1.498 2.609 
63132-0009 1.819 1.488 
70031-0001 1.376 1.243 
73032-001)2 0.722 0. 712 
7 3033-0009 0.503 0.71i5 
77012-0002 3.203 2.055 
77052-0109 2. 6 53 1.273 
81031-0005 1.435 1.991 
81032-0010 2.259 1.466 
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Table 7-2. Intersection LOcations - "Total'' Accidents 
Without Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. S i qn a l S i qn a l 

09033-0006 3.471 2.442 
09042-0019 0. 951 1.578 
09042-0126 1.142 1.035 
13061-0046 1.568 1.552 
14011-0112 6.722 2. 922 
23012-0007 1. 715 1.451 
26011-0002 1.279 1.110 
39011-0012 0.452 1.473 
39081-0015 0. 758 2.296 
39082-0016 1.271 0. 494 
39121-0002 2.280 1.030 
41101-0005 2.826 1.866 
52044-0011 2. 714 0.748 
54022-0002 1.250 1.096 
56023-0027 2.785 1.496 
58042-0011 1.306 1.645 
59043-0001 2.072 0.313 
61151-0008 1.832 2.662 
62011-0005 2.978 3. 203 
63052-0022 1. 275 1.179 
,)3053-0011 0.374 0.326 
63082-0009 1.181 0. 511 
63112-0125 0.482 f). 90 3 
70012-0014 1.329 1. 402 
76041-0014 0.584 0.743 
76062-01011 2. 593 2.356 
77031-0010 1.609 0.568 
78042-0008 1.366 0. 731 
80041-0004 2.610 I). 994 
81031-0006 0. 848 1.235 
81031-0011 1.354 1.116 
82051-0004 3.211 0.860 
82051-0007 0.961 0.687 
82061-0046 0.971 1.229 
83032-0113 0.927 1. 319 
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Table 7-3. Intersection Locations - "Rfght-Anqle'' Accidents 
With Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. S i qna l Siqnal 

03051-0003 0.474 0.391 
09011-0101 0.254 0.263 
09012-0005 1.943 0.179 
11052-0017 0.051 0.413 
14032-0001 0.540 0.236 
18032-0006 1.508 0.668 
19031-0002 0.574 0. 217 
23012-0003 1.048 0.370 
33043-0115 1.647 0.352 
34081-0001 0.312 0.147 
41063-0019 0.472 0.406 
44011-0007 0.207 0.039 
46082-0010 0.347 0.173 
47082-0013 0.522 0.351 
4 7121-0003 0.9'i4 0.000 
50031-0028 0.125 0.158 
52044-0010 0.192 0.116 
52061-0001 0.432 0.281 
58053-01002 0.980 0.263 
61023-0002 0.677 0.069 
63041-0021 0.096 0.145 
63132-0009 0.231 0.244 
70031-0001 0.229 0.113 
73032-0002 0.090 0.142 
7 3033-0009 0.189 0.025 
77012-0002 0.565 0.324 
77052-0109 1.500 0.318 
81031-0005 0. 718 0. 515 
81032-0010 0.391 0.000 
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Table 7-4. Intersection Locations - "Right-Angle" Accidents 
Without Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a l Signal 

09033-0006 0.000 O.fi37 
09042-0019 0.609 1.127 
09042-0126 0.320 0.061 
13061-0046 0.844 0.543 
14011-0112 3. 551 0.852 
23012-0007 0.835 0.332 
26011-0002 0.301 0.069 
39011-0012 0.075 0.123 
39081-0015 0.000 0.481 
39082-0016 0.169 0.000 
39121-0002 l.86fi 0.206 
41101-0005 1.094 0. 373 
52044-0011 0.418 0.050 
54022-0002 0.000 0.091 
56023-0027 l.1fi8 0.157 
58042-0011 0.435 0.529 
59043-0001 1.480 0.000 
61151-0008 0.282 0.726 
62011-0005 0.596 0.674 
63052-0022 0.478 0.196 
63053-0011 0.000 0.025 
63082-0009 0.869 0. 277 
63112-0125 0.030 0.090 
70012-0014 0.171 0.168 
76041-0014 0.053 0.053 
76062-01011 0.229 0.450 
77031-0010 1.107 0.095 
78042-0008 0.273 0.091 
80041-0004 1.864 (). 4 37 
81031-0006 0.089 0.198 
81031-0011 0.246 0.036 
82051-0004 0.292 0.000 
82051-0007 0.000 () 0 000 
82061-0046 0 . .388 0.561 
83032-0113 0.116 0.211 
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Table 7-5. Intersection Locations- "Rear-End" Accidents 
With Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Signal 

03051-0003 0. 2 37 1. 272 
09011-0101 0.254 0. 921 
09012-0005 1.360 0.17 9 
11052-0017 0.000 0.165 
14032-0001 0.216 0.590 
18032-0006 0. 251 2.339 
19031-0002 0.156 0.190 
23012-0003 0.165 0.197 
33043-0115 0.217 0.352 
34081-0001 0.312 0. 295 
41063-0019 0.189 0. ti09 
44011-0007 0.138 0. 387 
46082-0010 0.199 0. 288 
47082-0013 0.313 0.469 
47121-0003 0.545 0.537 
50031-0028 0.527 1.425 
52044-0010 0.289 0.522 
52061-0001 0.108 0.468 
58053-01002 0.910 0.17 5 
61023-0002 0.246 0. 277 
63041-0021 0.446 0.870 
63132-0009 0.549 0. 512 
70031-0001 0.229 0.?. 26 
73032-0002 0.045 0.320 
7 3033-0009 0.157 0.357 
77012-0002 0.283 0.649 
77052-0109 0.346 0.4?.4 
81031-0005 0.239 0.885 
81032-0010 0.261 0.543 
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Table 7-6. Intersection Locations - "Rear-End" Accidents 
Without Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Signal 

09033-0006 0.620 0. 743 
09042-0019 0.114 0.338 
09042-0126 0.091 0.365 
13061-0046 0.402 0.621 
14011-0112 1.522 1.096 
23012-0007 0.220 0.580 
26011-0002 0.000 0.486 
39011-0012 0.075 0.368 
39081-0015 0.291 0.748 
39082-0016 0.508 0.282 
39121-0002 0.000 0. 515 
41101-0005 0. 729 0. 746 
52044-0011 0.470 0.249 
54022-0002 0.208 0.091 
56023-0027 0.180 0.630 
58042-0011 0.145 0.353 
59043-0001 0.000 0.000 
61151-0008 0.705 1.452 
62011-0005 0.447 0.843 
63052-0022 0.228 0.196 
63053-0011 0.050 0.100 
63082-0009 0.134 0.170 
63112-0125 0.090 0.542 
70012-0014 0.300 0.561 
76041-0014 0.159 0.371 
76062-01011 0.565 0. 34 7 
77031-0010 0.302 0.000 
78042-0008 0.182 0.183 
80041-0004 0.280 0.219 
81031-0006 0.179 0. 297 
81031-0011 0.205 0.720 
82051-0004 0. 934 0.553 
82051-0007 0.167 0.427 
82061-0046 0 . .194 0.427 
83032-0113 0.116 0.317 
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Table 7-7. Intersection Lotations - ''Injury'' Accidents 
With Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Siqnal 

03051-0003 0. 712 1. 272 
09011-0101 0.634 0. 921 
09012-0005 0.907 0.239 
11052-0017 0.101 0. 372 
14032-0001 0.324 0.354 
18032-0006 2. 514 2.005 
19031-0002 0.678 0.474 
23012-0003 0.607 0.272 
33043-0115 0.997 0.37 s 
34081-0001 0.468 0.147 
41063-0019 0.614 0.893 
44011-0007 0.414 0.4115 
46082-0010 0.248 0.634 
47082-0013 0.418 0. 703 
47121-0003 1.227 0.537 
50031-0028 0.502 1.161 
5 2044-0010 0.337 0.174 
52061-0001 0.216 0.796 
58053-01002 1.470 I). 4 39 
61023-0002 0. 739 0.346 
63041-0021 0.638 1.087 
63132-0009 0.289 0.122 
70031-0001 0.459 0.2?6 
73032-0002 0.090 0.142 
73033-0009 0.094 0.229 
77012-0002 0.471 0.215 
77052-0109 1.154 0.212 
81031-0005 0.877 0.590 
81032-0010 0.825 0.326 
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Table 7-8. Intersection Locations - "Injury• Accidents 
Without Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 S i qn a 1 

090 33-0006 1.116 1.062 
09042-0019 0.190 0.451 
09042-0126 0.274 0.183 
13061-0046 0.362 0.543 
14011-0112 1. 903 0.122 
23012-0007 0.660 0.580 
26011-0002 0.150 0.347 
39011-0012 0.151 0.491 
39081-0015 0.117 0.694 
39082-0016 0.424 0.141 
39121-0002 1.244 0.309 
41101-0005 1.094 0.653 
52044-0011 0.470 0.100 
54022-0002 0.417 0.183 
56023-0027 0.180 0.394 
58042-0011 0.581 0.881 
59043-0001 0.493 0.104 
61151-0008 0.634 0. 907 
62011-0005 0.893 1. 2fi 4 
63052-0022 0.205 0.446 
63053-0011 0.07 5 0.17 6 
63082-0009 0.579 0.192 
63112-0125 0.121 0.452 
70012~0014 0.429 0.449 
76041-0014 0.212 0.371 
76062-01011 0.632 0.832 
77031-0010 0.604 0.189 
7 8042-0008 0.547 0.046 
80041-0004 0.839 0.656 
81031-0006 0.268 0.346 
81031-0011 0.410 0.396 
82051-0004 0.642 0.553 
82051-0007 0.292 0.364 
82061-0046 0 . .367 0.401 
83032-0113 0.290 0.580 
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Table 7-9. Intersection Locations- "Head-On Left-Turn" Accidents 
With Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a 1 Signal 

03051-0003 0.237 0.294 
09011-0101 0.000 0.000 
09012-0005 0.194 0.179 
11052-0017 0.051 0.000 
14032-0001 0.216 0.000 
18032-0006 0. 251 1.337 
19031-0002 0.104 0.047 
23012-0003 0.028 0.000 
33043-0115 0.043 0.117 
34081-0001 0.000 0.000 
41063-0019 0.331 0.649 
44011-0007 0.207 0. 387 
46082-0010 0.000 (]. 2 30 
47082-0013 0.104 0.469 
47121-0003 0.136 0.537 
50031-00 28 0.125 0.501 
52044-0010 0.240 0.116 
52061-0001 0.054 0.234 
58053-01002 0.490 0.263 
61023-0002 0.246 0.346 
63041-0021 0.287 0. 942 
63132-0009 0.114 0.098 
70031-0001 0.344 0.678 
73032-0002 0.045 0.178 
7 3033-0009 0.031 0.076 
77012-0002 0.188 0.000 
77052-0109 0.231 0.000 
81031-0005 0.080 0.148 
81032-0010 0.087 0.054 

125 



Table 7-10. Intersection Locations - "Head-On Left-Turn" Accidents 
Without Left-Turn Lane 

Ace. Ace. 
Rate Rate 

Before After 
Site No. Sign a l Siqnal 

09033-0006 1.116 0.319 
09042-0019 0.152 0.056 
09042-0126 0.000 0.000 
13061-0046 0.000 0.000 
14011-0112 0.127 0.122 
23012-0007 0.220 0. 290 
26011-0002 0.000 0.208 
39011-0012 0.151 0.675 
39081-0015 0.058 0.534 
39082-0016 0.000 0.000 
39121-0002 0.000 0. 206 
41101-0005 0.000 0. 280 
52044-0011 0.052 0.000 
54022-0002 0.208 0.091 
56023-0027 0.000 0.000 
58042-0011 0.000 0.353 
59043-0001 0.000 0.000 
61151-0008 0.000 0.060 
62011-0005 0.298 1.012 
63052-0022 0.023 0.089 
63053-0011 0.000 0.025 
63082-0009 0.000 0.000 
63112-0125 0.000 0.060 
70012-0014 0.086 0. 280 
76041-0014 0.000 0.000 
76062-01011 0.897 1.040 
77031-0010 0.000 0.095 
78042-0008 0.445 0.046 
80041-0004 0. 000 0.328 
81031-0006 0.134 0.000 
81031-0011 0.000 I). 072 
82051-0004 0.058 0.000 
82051-0007 0.042 0.121 
82061-0046 0.000 0.027 
83032-0113 0.058 0.106 
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