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Introduction 

To provide the highest degree of 
safety on the highway system, there 
is a need to continually monitor the 
accident experience and to make 
improvements where justifiable. 
Since 1968, the Kentucky Depart­
ment of Transportation has had a 
program to facilitate safety im­
provements at high-accident loca­
tions. An evaluation of this pro­
gram showed that improvements 

Procedure 

Accident Analyses 
Much of the informarion re­

quired for each accident is available 
from a computer file. However, 
since additional details concerning 
the type of accident were: needed, 
copies orrhe repori:s of all acci­
dents occurring on rorr ro-aaSaurmg­
a three-year period ( 1976-1978) 
were obtained. Information given 
on the accident report enabled each 
accident to be classified into one of 

have reduced accidents, and the im­
provements were cost-effective. 1 . 

In a previous report, an accident I 
analysis and field inventory was 

__ used to prepare a priority ranking 
of improvements for the interstate 
system.' The objective of the study 
reported here was to prepare a list . 
of recommended improvements for 1 

Kentucky's toll roads. The toll road 1 

system consists primarily of four-

lane highways with full-access con­
trol However, most of one toll 
road and part of another are two­
lane, and there are some at-grade in­
tersections. The· previous report 
contained a users' guide for prepa­
ration of a safety improvement pro­
gram. The methodology contained 
in thar guide was used in this study 
of to 11 roads. 

Table 2. Bridge-Related Accident 
Categories. 

three categories: 
--- ,-----. - -- 51 - Not stated 

• Interchange- and mtersect10n- 52 H' 'd . 
related (Table 1 ); - tt brt ge ratl or curb 

53 - Hit bridge abutment 
• Bridge-related (Table 2); or 
• Mainline-related (Table 3). 

These categories are divisions of a 
revised directional analysis and 
were subsequently approved by the 
Kentucky State Police and included 
in the computer accident file. 3 

Other information coded from the 
accident report included such vari-

54- Rear end accident 
55- Ran off road after losing control 

on bridge 
56- Head-on 
57- Opposite-direction sideswipe 
58- Same direction sideswipe 
59 - Through or over bridge rail 
60 - Gap between bridges 
61 - Hit approach guardrail 
62- Other bridge related accident 

Table 1. Interchange. and Intersection-Related Accident Categories. 

Interchange 

Entrance Ramp 
71 - Not stated 
72- Rear-end accident on ramp 
73- Angle accident between ramp vehicle and mainline vehicle 

74- Sideswipe accident on ramp 
75- Rear-end accident on mainline at ramp 
76- Ramp vehicle hit fixed object 
77- Ramp vehicle ran off road 
78- Sideswipe accident between mainline vehicles 

79 - Other accident related to entrance ramp 

Exit Ramp 
81 - Not stated 
82- Sideswipe accident related to ramp 
83- Vehicle hit fixed object in gore 
84- Ramp vehicle hit fixed object not in gore 
85 - Rear·end accident before ramp 
86- Ramp vehicle ran off road 
87 - Other accident related to exit ramp 

Intersection 

00 - Not stated 
01 - Angle accident- both straight 
02 - Angle accident -one turning left 
03- Angle accident -one turning right 

04 - Angle accident - other 

05 - Rear end - b~t!!__st_r'!i9!!____ 

06 - Rear end - one turning left 
07 - Rear end - one turning right 
08 - Rear end - accident on exit ramp 
09 - Rear end - other 
10- Opposite direction- one left turn. one straight 

11 - Opposite direction - both going straight 
12- Opposite direction -other 
13- Fixed object 
14 - Single vehicle 
15 - Pedestrian 
16- Vehicle backing 
17- Merging from ramp 
18- Merging onto ramp 
19- Other 



Table 3. Mainline Accident Categories. 

Roadway Sections and Mid-Block 

26 - Not stated 
27- Rear end accident in traffic lane 

28- Hit fixed object 
29 - Ran off roadway 
30- Head-on collision 
31 - Sideswipe accident (same direction) 

32 - Sideswipe accident (opposite 

direction) 
33- Pedestrian 
34- One car entering driveway or alley 

35- One car leaving driveway or alley 

36- Entering or leaving parked 

position 
37- Median cut accident 
38- Wrong-way vehicle accident 

39- Vehicle backing 
40 - Rear end accident on shoulder 

41- Other shoulder-related accident 

42 - Anima~related accident 
43- Other 

Miscellaneous 
91 - Not stated 
92 - Parking lot 
93- Train 
94- Toll booth 
95- Other train-crossing-related 

96- Other 

abies as lighting and roadway sur­
face conditions. Accident location 
information (route and milepost) 
was also coded. The coded informa­
tion was punched onto computer 
CJXds (one card per accident), for a 
detailed analysis. A list of the acci­
dent characteristics summarized 
from the coded data is given in 
Table 4. 

Lists of high-accident, mainline 
sections were obtained using vari­
ous section lengths: 0.3 mile (0.48 
km), 1 mile (1.6 km), 2 miles (3.2 
km), 5 miles (8.0 km), and 10 miles 
(16 km). Also, lists of high-accident 
interchanges and bridges were ob­
tained. Each accident classified as 
bridge- or interchange-related was 
assigned to a specific bridge or in­
terchange. The number of accidents 
occurnng at each interchange and 

2 

bridge was found and compared to 
a critical number. The critical num- · 
ber of accidents for an interchange, 
bridge, or specific length of road 
was calculated using the following 
formula:• 

Nc = Na + K(SQRT(Na)) + 0.5, 
(1) 

in which N c is the critical number 
of accidents; N a is the average num­
ber of accidents; K is the constant 
related to levels of statistical signifi­
cance (P) selected (for P =0.95, K 
= 1.645; for P = 0.995, K = 2.576); 
and SQRT is the square root. 

Average and critical accident 
rates were calculated using traffic 
volumes. A level of significance of 
0.995 was used. Volumes within a 
given milepost range for mainline 
section were obtained from a com­
puter file. The number of vehicle­
miles (vehicle-kilometers) traveled 
on a particular section of road was 
calculated directly from the volume 
and section length. The lengths of 
bridges along with the volumes also 
gave vehicle-miles (vehicle-kilom­
eters). The total interchange vol­
ume was estimated using the main­
line volume and the number of 
ramps. The critical rate for a high­
way section is given by' 

Ac = Aa + K(SQRT(Aalm)2 
+ l/(2m), 

(2) 

in which Ac is the critical accident 
rate, in accidents per million vehi­
cle-miles (1.6 million vehicle-kilom­
eters); Aa is the average accident 
rate, in accidents per million vehi­
cle-miles (1.6 million vehicle-kilom­
eters); and m is the annual million 
vehicle-miles (vehicle-kilometers). 

For spots and within inter­
changes, the annual volume was 
used rather than the number of 
vehicle-miles. Thus, the values of 
Ac and Aa were expressed in terms 

Table 4. Accident Characteristics 

Summarized from Coded Data. 

1. Summary by parkway 

2 Summary by year 

3. Summary by month 

4. Summary by hour of day 

5. Summary by roadway surface 
condition 

6. Summary by light conditions 

7. Summary by roadway character 

8. Summary by type of accident 

9. Summary by contributing factors -

environmental 
10. Summary by contributing factors-

vehicular 
11. Summary by contributing factors -

human 
12 Summary by accident severity 

13. Summary by directional analysis 

14. Summary by weather conditions 

15. Summary by traffic control 

16. Summary by county by route 

17. Summary by directional analysis 

by severity 

18. Summary by severity by route 

19. Summary by directional analysis 

by route 
. 20. Summary by severity by light 

oonditions 
21. Summary by severity by roadway 

surface conditions 
22 Summary by severity by type of 

accident 
23. Summary by type of accident by 

parkway 

. of accidents per million vehicles. 
Comparing these calculated criti­

cal rates with actual rates resulted 
in lists of high-accident locations. 
Dividing the accident rate for a par­
ticular interchange, bridge, or road­
way section by the critical accident 
rate for the location resulted in a 
critical rate factor. A critical rate 
factor of 1. 0 or above meant that 
the location had a critically high ac­
cident rate. A computer listing by 
critical rate factor (in descending 
order) was then obtained for each 
accident category. These lists iden­
tified the high-accident locations. 



The severity of each accilient was 
determined and used to Eompare 
several of the accident characteris­
tics shown in Table 4. The severity 
index used to make these com pari­
sons is given bt___ 

Severity Index (SI) = EPDO/N, 

(3) 

in which N is the total number of 
accidents; EPDO is 9. 5 (K + A) + 
3.5 (B + C) + PDO; K is the number 
of fatal accidents; A is the number 
of A-type injury accidents (acci­
dents in which an A-type (incapaci­
tating) injury was the most severe 
injury sustained); B is the number 
of B-type (nonincapadtating) in­
jury accidents; C is the number of 
C-type (possible) injury accidents; 
and PDQ is the number of prop­
erty-damage-only accidents. 

A separate analysis '\Vas used to 
determine locations which had a 
critical number of a particular type 
of accident. The average number of 

performed. Also, interchanges were 
divided into several types, and acci­
dent rates were calculated for each 
type. 

An information source utilized 
to identify substandard and hazard­
ous bridges was the adc;quacy rating 
of each bridge. This rating involves 
the subjective and objective ratings 
of condition, safety, and service ele­
ments. Adequacy ratings were use­
ful in selecting various types of 
recommended bridge improve­
ments. Bridges with deficient safety 
features were included in the list of 
recommended improvements. The 
improvements included 

• Upgrading approach guardrail, 
• Upgrading bridge rail, 
• Attaching approach guardrail 

to bridge structure, and 
• Installation of acceptable end­

treatment on approach guard­
rail. 

accidents of a specific type was de- Field Inventory 
termined for a given length of road- ' It was necessary to survey all toll 
way. Using Equation 1, the critical roads (approximately 650 miles 
number of accidents was calculated. (1046 km)) for the purpose of in­
The specific accident types investi- specting high-accident locations and 
gated included wet-pavement acci- conducting an inventory of selected 
dents, snow and ice accidents, fatal roadway features. Some toll roads 
or injury accidents, accidents due had features which are now in need 
to unsafe speed, accidents during of upgrading. To obtain an estimate 
darkness, animal-related accidents, of the total cost for such improve­
and accidents involving guardrail. ments, it was necessary to count 

A special investigation of fatal the number of each offending fea­
accidents was performed. Copies of ture. For example, the present stan­
the reports of all accidents involv- dard for guardrail ends is the break­
ing a fatality were obtained for a away cable terminal; however, 
to-year period (197Q-1979). Infor- almost all guardrail ends on toll 
mation from these reports was roads are either buried or blunt. It 
coded and summarized. Each acci- was .l)ecessary to conduct an inven­
dent was placed into one of several tory of the number of each type of 
descriptive categories. Sections of guardrail end to estimate the costs 
toll road where several fatal acci- of updating all guardrail ends to 
dents had occurred were identified. current standards. 

A comparison of accident data A listing of the general roadway 
on bridges with and without full- features included in the field inven­
width shoulders was made. A com- tory is given in Table 5. The num­
parison of accident rates on bridges bers of buried, breakaway, blunt, 
with various sufficiency ratings was and flared guardrail ends were de-

Table 5. Roadway Featuras Included in 
the Field Inventory 

1. Type of guardrail end 
2 Bridge pier protection 
3. Bridge shoulder width 
4. Bridge safety features 
5. Curb on bridge 
6. Protection of gap between bridges 
7. Bridge deck condition 
8. Sidewalk on bridge 
9. Interchange lighting 

10. Gore area features 
11. Toll booth protection 
12. Unnecessary guardrail 
13. Additional guardrail 
14. Signs 
15. Hazardous culvert headwall 
16. Nonbreakaway lighting standards 
17. Unprotected overhead sign support 
18. Hazardous rock outcropping or 

rock cut 
20. '!.edian crossovers 
21. Roadway delineation 

termined for guardrail used on fills, 
at bridge piers, at bridge rails, and 
in gaps between bridges. The type 
of protector used for bridge piers in 
medians was noted - guardrail, 
earth mounds, and shrubs have 
been used; several had no protector. 
For bridges, the shoulder width, the 
e.xistence of a curb or sidewalk, the 
type of protector at the median 
gap, and the traffic safety features 
were inventoried. Safety features 
consisted of the bridge-rail/guard­
rail transition, and guardrail end­
treatment. Safety features had pre­
viously been rated as good or poor, 
and these ratings were verified. 
Bridge deck conditions had also 
been rated previously. 

The number of signs (classified as 
breakaway, rigid, or protected) and 
non breakaway lighting standards 
were determined. The number of 
lighted interchanges was counted. 
Gore areas were classified as clear · 
or the features in the gore were 
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noted. The features included exit 
signs (if not breakaway), lightposts, 
guardrail, or a combination of sev­
erar"features. Toll-booth protection 
was summarized. The lengths of all 
rock ruts and rock outcroppings 
closer than 30 feet (9.1 m) to the 
roadway were tabulated. Hazardous 
culvert headwalls were summarized. 
Median crossovers were counted. 
Crossovers were divided into those 
which were designed and those 
which had been created by frequent 
use. All features inventoried, with 
the exception of bridges, were:_ ~!11_:. 
marized by mile. Photographs of 
various roadway features were taken 
and are presented in APPENDIX A. 

Other Improvement 
Recommendations 

Memos were sent to district engi· 
neers and division directors asking 
their recommendations for needed 
improvements on the toll roads. 
Recommendations for improve­
ments at specific locations, as well 
as general improvements to certain 
roadway features, were received. 
All of these recommendations were 
considered for inclusion into the 
safety improvements for toll roads. 

Results 

Accident Analyses 
A search of the 1976-1978 acci­

dent reports disclosed a total of 
2,044 accidents on the toll roads. 
The accidents were summarized by 
type for each toll road, as shown in 
Table 6. A large majority of the 
accidents (86 percent) was classi- i 
fied as mainline occurrences. The ' 
percentage of interchange-related 
accidents was much smaller (10 per· 
cent), while bridge-related accidents 
made up the smallest percentage ( 5 
percent). The Pennyrile and West­
ern Kentucky Parkways had the 
largest number of accidents, w bile 
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Determination of Benefits 
and Costs 

To obtain a priority ranking of 
~he recommended safetv improve­
ments, benefits and costs had to be 
assigned. The annual benefits were 
calculated based on the number of 
fatal, injuty, and property-damage­
only accidents which would be 
affected by the improvement, and 
the estimated percentage reduction 
for each of the types of accidents. 
Monetary benefits from the reduc­
tion in accidents were based on the 
following National Safety Council 
costS ( 1978) for various degrees of 
accident severity: 

Fatality 
Injury 
Property·Damage-Dnly 

$150,000 
$ 5,800 
$ 850 

The percentage reductions were 
based on previous research findings 
for the type of improvements con· 
sidered, as well as subjective opin­
ions based on results of past safety 
improvement programs. The costs 
were the actual installation or con· 
struction costs of the improvement, 
plus the annual maintenance costs. 
The improvement cost was based 

on past unit price bids for the type 
of improvement, other research re­
ports, and information from manu· 
facturers of various safety devices. 

The present worth of the bene­
fits was calculated from a given in­
terest rate, an exponential growth 
rate factor for traffic volume, and a 
service life for each improvement. 
Benefit-cost ratios were then deter­
mined for each improvement type. 

Dynamic Programming 
Multistage dynamic programming 

was used as the means of priority 
ranking the improvements. Using 
the present worth of the benefits 
and costs of the improvements, 
along with a specific program 
budget, the combination of im­
provements which would yield the 
greatest benefits was determined. 
Several theoretical budgets were in­
put into the program, and the im­
provement types which would yield 
optimum results were output for 
each budget. Dynamic program­
ming procedures used for priority 
ranking in this study were similar to 
those applied to Kentucky's High­
Accident, Spot Improvement Pro­
gram.• 

Table 6. Accident Summary by Type of Accident for Each Toll Road (1976·19781. 

Number of Accidents by Type 
Interchange Bridge 

Parkway Mainline Related Related Total 

Mountain (Mtnl 316 16 18 350 
Western Kentucky (WKyl 387 31 19 437 
Bluegrass (BGI 210 11 19 240 
Purcllase (Purl 70 14 3 87 
Pennyrile (Penl 385 38 23 446 
Audubon (Audl 39 10 4 53 
Daniel Boone (DBI 128 41 1 170 
Green River (GRI 159 19 9 187 
Cumberland (Cuml 54 17 3 74 

All 1748 197 99 2044 



the Audubon, Cumberland, and 
Purchase Parkways had the fewest 
accidents. 

A detailed analysis of accident 
rates is given in Table 7. The overall 
accident rate for all toll roads was 
80 accidents per 100 million vehi-

Table 7. Accident Rate by Toll Reed. 

de-miles (MVM) ( 160 million vehi­
cle-kilometers (MVK)). This low 
rate is similar to the rate for rural 
interstates. Almost all of the toll 
roads are in rural areas, and only 
parts of some pass near the edges of 
cities. Therefore, the system was 

not divided into rural and urban 
sections. The highest accident rates 
in terms of accidents per 100 MVM 
(160 MVK) were for the Daniel 
Boone and Mountain Parkways. 
These are the only toil roads with 
rwo-lane sections, and the higher 

Accidents per 
100 Million 

Accidents Average Vehicle Milos Accidents 
Length per Year Vehicle Miles 

Parkway Milas km (1976-1978} ( 100 million) 

Mtn 76.8 121.8 117 
WKy 133.1 214.2 146 
BG 71.1 114.4 80 
Pur 52.3 84.2 29 
Pen 71.4 114.9 149 
Aud 23.5 37.8 18 
DB 59.1 95.1 57 
GR 70.2 113.0 62 
Cum 88.5 142.4 25 

All 644.8 1037.5 681 

Tabla 8. Summary of Mainline Accidents 

Number of 
Directional Analysis Accidents 

Not Stated 4 
Rear· End accident in traffic lane 152 
Hit fixed object 390 
Ran off roadway 453 
Heed·on collision 17 
Sideswipe accident 

(same direction} 95 
Sideswipe accident 

(opposite direction} 25 
Pedestrian 1 
One car entering driveway 

or alley 2 
Entering or leaving parked 

position 3 
Median cut accident 22 
Wrong-way vehicle accident 8 
Vehicle becki ng 7 
Rear·end accident on shoulder 24 
Other shoulder related accident 19 
Ani mal rei ated accident 182 
Other 218 
Parking lot 8 
Toll Booth 118 

1.284 
1.866 
1.015 
0.339 
1.740 
0.268. 
0.598 
0.779 
0.649 

8.438 

Percent of 
Total 

0.2 
8.7 

22.3 
25.9 

1.0 

5.4 

1.4 
0.1 

0.1 

0.2 
1.3 
0.5 
0.4 
1.3 
1.1 

10.4 
12.4 
0.5 
6.8 

Severity 
Index 

3.83 
2.84 
3.06 
2.89 
5.59 

1.75 

2.82 
3.60 

2.25 

4.67 
3.34 
4.06 
2.21 
4.21 
2.55 
1.36 
1.73 
1.00 
1.67 

AADT (160 million per Mile 
(1977) Vehicle kms) (1.8 km) 

4660 91 1.5 
3840 78 1.1 
3910 79 1.1 
1770 86 0.6 
6680 86 2.1 
3130 67 0.8 
2770 95 1.0 
3040 80 0.9 
1700 46 0.3 

3600 80 1.1 

rates are probably related to the 
geometries of the road. The Daniel 
Boone Parkway is two-lane with 
truck-climbing or passing lanes. The 
lowest rate was on the Cumberland 
Parkway, which also had the lowest 
volume of traffic. The overall aver­
age volume for the toll roads was 
only 3,600 vehicles per day. The 
Pennyrile Parkway had the highest 
volume and also the highest number 
of accidents per mile. The Cumber­
land Parkway had the lowest num­
ber of accidents per mile. 

Each accident was categorized 
into one of the three major divi­
sions (mainline-related, inter­
change-related, and bridge-related). 
Summaries of the accidents in each 
category are given in Tables 8, 9, 
and 10. 

Mainline accidents primarily in­
volved vehicles running off the 
roadway or hitting a fixed object 
(Table 8). These are single-vehicle 
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accidents and were the predomi­
nant accident type on toll roads. 
Head-on collisions were the most 
severe, occurring primarily on the 
two-lane sections of road. Also, 
wrong-way-vehicle accidents involv­
ing a head-on collision on four-lane 
roads were very severe. Accidents 
involving a vehicle parked on the 
shoulder were also severe. There 

was a relatively large percentage (10 road (Table 9). More accidents oc-
percent) of animal-related acci- curred on the exit ramp than the 
dents, primarily involving deer. enrrance ramp, but the largest num-
There was also a large number of ber occurred at the intersection of 
accidents related to toll booths (7 the ramp and the crossroad. Acci-
percent). dents there had to be directly rela-

lnterchange-related accidents ted to the ramp to be included in 
were divided into those occurring this category. On entrance ramps, 
on the exit ramp, entrance ramp, or rear-end accidents occurred most 
intersection· of the ramp and cross- often, followed by angle accidents 

~ between a vehicle leaving the ramp 

Table 9. Summary of Interchange-Related Accidents. 
and a vehicle on the mainline. This 
indicates that merging created the 
largest number of accidents on en­
trance ramps. On exit ramps, most 
accidents were single-vehicle acci­
dents on the ramp- the vehicle hit 
a fixed object in most cases. There 
were also several rear-end accidents 
on the exit ramp. In most cases, 
these were caused by drivers failing 
to properly decelerate when exit­
ing. Most intersection accidents 
were angle accidents involving a 
vehicle turning onto or from a 
ramp. 

Directional Analysis 

Entrance Ramp 
Not Stated 
Rear-end accident on ramp 
Angle accident between ramp vehicle 

and mainline vehicle 
Sideswipe accident on ramp 
Rear-end accident on mainline at ramp 
Ramp vehicle hit fixed object 
Ramp vehicle ran off road 
Sideswipe accident between 

mainline vehicles 
Other accidents related to entrance ramp 

Exit Ramp 
Sideswipe accident related to ramp 

Vehicle hit fixed object in gore 
Ramp vehicle hit fixed object not 

in gore 
Rear-end accident before ramp 
Ramp vehicle ran off road 
Other accidents related to exit ramp 

Intersection 
Angle accident - both straight 
Angle accident - one turning left 
Angle accident- one turning right 

Angle accident - other 
Rear-end accident - both straight 
Rear-end accident -one turning right 

Rear-end accident - on ramp 
Other rear end 
Opposite direction -one turning 

left, one straight 
Opposite direction -both 

going straight 
Fixed Object 
Single vehicle 
Vehicle backing 
Merging from ramp 
Merging onto ramp 

Other 
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Number of 
Accidents 

10 

8 
3 
2 
6 
6 

1 
9 

3 
7 

21 
3 

13 
17 

23 
14 
9 
2 
4 
1 

12 
1 

2 

4 
3 
2 
1 
5 
2 
2 

Percent of 
Total 

0.5 
5.1 

4.1 
1.5 
1.0 
3.0 
3.0 

0.5 
4.6 

1.5 
3.6 

10.7 
1.5 
6.6 
8.6 

11.7 
7.1 
4.6 
1.0 
2.0 
0.5 
6.1 
0.5 

1.0 

2.0 
1.5 
1.0 
0.5 
2.5 
1.0 
1.0 

Severity 
Index 

3.50 
1.50 

1.00 
1.00 
1.00 
1.00 
2.67 

1.00 
3.17 

1.00 
1.71 

1.12 
1.83 
3.92 
1.44 

2.35 
2.93 
1.28 
2.25 
1.62 
3.50 
1.21 
1.00 

1.00 

3.12 
2.67 
1.00 
1.00 
2.00 
2.25 
2.25 

The most common type of 
bridge-rdated accident involved a 
vehicle <JUt of control and hitting 
the bridge rail or curb or running 
off the road past the bridge (Table 
10). In many instances, these were 
related to adverse road surface con­
ditions (ice). The next most com­
mon type involved hitting a bridge 
wingwalL These accidents were the 
result of the large number of older 
bridges that were constructed with· 
out full-width shoulders. 

A separate analysis of rates was 
done for mainline-related, inter­
change-related, and bridge-related. 
accidents. A summary of the main­
line accident rate analysis is given in 
Table 11. Accident rates were ca~ 
culated in terms of accidents per 
1-mile ( 1. 6-km) sections and 
0.3-mile (0.5-km) spots. Also, spot 
and section rates were calculated 
using traffic volumes. The average 
mainline rate was lower than the 
overall rate for toll roads. Next. 
using Equation 1, the critical num-



Tablo 10. Summary of Bridge-Related Accidents. 

Dirnctional Analysis 

Hit bridge rail or curb 
Hit bridge abutment 
Rear-end accident 
Ran off road after losing 

control on bridge 
Head-on 
Sideswipes -

Opposite-direction 
Same direction 

Through or over bridge rail 
Hit approach guardrail 
Other bridge related accidents 

Table 11. Mainline Acciden·t Rate. • 

Mainline Accidents 
P.,r >Year (1976-1978) 583 
Total Miles 635.9 
Accidents per Mile 0.9 
Average AADT 3595 
Accidents per 
0.3 Mile (0.5 km) Spot .27 
Million Vehicles Per 
Year per Spot 1.312 
Average Spot Accident 
Rate (Accidents per 
Million Vehicies) 0.21 
Vehicle Miles Driven 
( 100 Million) 8.343 
Section Accident Rate 
(Accidents per 100 mvm)** 70 
•Mainline excludes bridgagrelated and 

intan:hanga-related accidents. Also. miles of 
bridges and whicle-miles driven on bridges 
wen exciuded. 

••A section is greater than 0.3 mile (0.5 km~ in 
length. 

Number of Percent of Severity 
Accidents Totel Index 

30 30.3 2.15 
13 13.1 2.61 

7 7.1 1.71 

19 19.2 2.05 
2 2.0 6.50 

1 1.0 1.00 
5 5.1 3.20 
3 3.0 6.67 
9 9.1 2.89 

10 10.1 1.50 

ber of mainline-related accidents 
for the 3-year study period was cal· 
culated for 0.3-mile (0.5-km) spots 
and section lengths of 1 mile 
(1.6 km), 2 miles (3.2 km), 5 miles 
(8.0 km), and 10 miles (16 km) 
(Table 12). A computer program 
identified spots and sections having 
a critical number of accidents; these 
were analyzed further using Equa­
tion 2. Computer listings of these 
locations were made in order by cri­
tical rate factor. These listings, 
shown in Tables 13-17, give the 
high-accident spots_and sections qn 
the mainline. The most dangerous 
locations have the highest critical 
rate factors. More detailed accident 
analyses were done at those loc:t­
tions to determine the types of 
safety improvements that would al· 
leviate the accident problems. 

Table 12. Critical Number of Mainline Accidents (1976-1978). 

Critical Number of 
Mainline Accidents 

length Number of Spots Accidents per Spot in a 3-Year Period 
Miles km or Sections or Section ( 1976-1978) 

0.3 o,s 2120 0.8 4 

1 1.6 636 2.7 8 
2 3.2 318 5.5 12 
5 8.0 127 13.7 24 

10 16 63.7 27.4 42 

A summary of interchange acci­
dent rates is given in Table 18. The 
rate, critical rate, and critical rate 
factor were calculated for each 
interchange, and Table 19 provides 
a listing by critical rate factor. This 
table gives the location, interchange 
volume, total number of ramps, 
number of entrance ramps, number 
of exit ramps, number of accidents 
per ramp, and other rate informa­
tion. 

A summary of accident rates for 
bridges is given in Table 20. These 

, rates, in terms of vehicle-miles, 
' were very high. Table 21 lists the 

bridges by critical rate factor and 
gives the bridge location, its length, 
traffic volume, sufficiency rating, 
number of accidents, ·rate, critical 
rate, and critical rate factor. Only a 
few bridges had accumulated sev­
eral accidents during the three-year 
study period. Three or more acci­
dents had occurred on only eight 
bridges. No bridge had a critical 
rate factor of one or higher. 

In addition to searching for spe­
cific high-accident locations, the 
analysis also included an investiga­
tion of roadway elements which 
contributed to either the occur­
rence of accidents or accident sever­
ity. To identify hazardous roadway 
elements, general summaries of 
accident information, as shown in 
Table 4, were prepared. One useful 
summary was a printout by type of 
collision, as shown in Table 22. The 
data there show that the most com­
mon types of fixed-object accidents 
involved either a guardrail, a rock 
cut, or an earth embankment. The 
data would enable calculation of 
the average number of a specific ac­
e ident type in a given section 
length. The critical number of acci· 
dents for that section could then be 
calculated and a list of locations ex­
ceeding the critical number could 
be obtained. Similar types of anal­
yses could be made using other 
summaries of data given in Table 4. 
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Table 13. Listing of 0.3-Milo (0.5-km) Spots in Order by Critical Rate Factor (CRF). 

8 

County 

43 
99 

119 
3 

114 

77 
89 
79 
63 

117 

89 
51 
54 
99 
54 

54 
43 
92 

120 
26 

66 
66 

119 
16 
99 

99 
26 
54 
90 
90 

43 
47 
54 
54 
90 

115 
54 
89 
43 
43. 

43 
43 
92 
24 
63 

119 
119 

Route 

9001 
9000 
9000 
9002 
9007 

9000 
9001 
9003 
9006 
9004 

9001 
9005 
9004 
9000 
9001 

9001 
9001 
9001 
9002 
9006 

9006 
9006 
9000 
9007 
9000 

9000 
9006 
9004 
9002 
9002 

9001 
9002 
9004 
9004 
9002 

9002 
9004 
9001 
9001 
9001 

9001 
9001 
9001 
9004 
9006 

9000 
9000 

Beginning 
Milepost 

106.900 
32.800 
38.000 
58.700 
7.400 

72.200 
57.900 
42.600 

7.000 
62.500 

63.900 
10.100 
37.000 
21.000 
24.300 

32.900 
91.800 
75.000 
63.000 
33.800 

42.000 
43.900 
53.900 
28.700 
14.600 

15.000 
14.800 
28.900 

9.500 
11.500 

18.800 
3.000 

38.900 
39.700 
36.900 

41.700 
54.900 
45.900 
99.000 

112.800 

115.000 
118.300 
75.500 

7.000 
2.300 

36.800 
38.300 

Ending 
Milepost 

107.100 
33.000 
38.200 
58.900 

7.600 

72.400 
58.100 
42.800 

7.200 
62.700 

64.100 
10.300 
37.200 
21.200 
24.500 

33.100 
92.000 
75.200 
63.200 
34.000 

42.200 
44.100 
54.100 
28.900 
14.800 

15.200 
15.000 
29.100 

9.700 
11.700 

19.000 
3.200 

39.100 
39.900 
37.100 

41.900 
55.100 
46.100 
99.200 

113.000 

115.200 
118.500 
75.700 

7.200 
2.500 

37.000 
38.500 

Number 
of 

Accidents 

14 
12 
12 
10 

7 

6 
7 
5 
7 
7 

6 
5 
9 
7 
5 

5 
5 
5 
6 
4 

4 
4 
4 
4 
6 

6 
4 
5 
4 
4 

4 
4 
7 
7 
4 

4 
5 
4 
4 
4 

4 
4 
4 
5 
4 

5 
5 

Number 
of 

Lanes 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 

Class 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 

Average 
Daily 

Traffic 

3640 
5540 
6030 
5480 
2960 

2400 
3590 
1610 
3750 
4770 

3590 
3140 

10710 
6710 
3480 

3550 
3640 
3650 
5360 
2400 

2340 
2340 
2440 
2780 
6710 

6710 
3140 
5400 
3360 
3360 

3480 
3390 

10710 
10710 
3390 

3430 
5730 
3590 
3640 
3640 

3640 
3640 
3650 
6040 
3750 

6030 
6030 

Accident 
Rate 

3.51 
1.98 
1.82 
1.67 
2.16 

2.28 
1.78 
2.84 
1.70 
1.34 

1.53 
1.45 
0.77 
0.95 
1.31 

1.29 
1.25 
1.25 
1.02 
1.52 

1.56 
1.56 
1.50 
1.31 
0.82 

0.82 
1.16 
0.85 
1.09 
1.09 

1.05 
1.08 
0.60 
0.60 
1.08 

1.07 
0.80 
1.02 . 
1.00 
1.00 

1.00 
1.00 
1.00 
0.76 
0.97 

0.76 
0.76 

Critical 
Rate 

1.61 
1.29 
1.23 
1.29 
1.81 

2.04 
1.62 
2.60 
1.58 
1.39 

1.62 
1.75 
0.93 
1.17 
1.65 

1.63 
1.61 
1.61 
1.31 
2.04 

2.07 
2.07 
2.02 
1.87 
1.17 

1.17 
1.75 
1.30 
1.68 
1.68 

1.65 
1.68 
0.93 
0.93 
1.68 

1.66 
1.27 
1.62 
1.61 
1.61 

1.61 
1.61 
1.61 
1.23 
1.58 

1.23 
1.23 

CRF 

2.18 
1.54 
1.47 
1.29 
1.19 

1.12 
1.10 
1.09 
1.08 
0.96 

0.94 
0.83 
0.82 
0.82 
0.79 

0.79 
0.78 
0.78 
0.78 
0.75 

0.75 
0.75 
0.74 
0.70 
0.70 

0.70 
0.67 
0.65 
0.65 
0.65 

0.64 
0.64 
0.64 
0.64 
0.64 

0.64 
0.63 
0.63 
0.62 
0.62 

0.62 
0.62 
0.62 
0.61 
0.61 

0.61 
0.61 

EPDO 

27.5 
14.5 
33.0 
12.5 
12.0 

19.5 
9.5 

13.5 
9.5 

18.0 

8.5 
18.5 
16.5 
12.0 
7.5 

10.0 
10.0 
7.5 

14.5 
4.0 

17.5 
9.0 

15.0 
4.0 

14.5 

8.5 
23.5 
10.0 
6.5 
9.0 

12.5 
6.5 

12.0 
29.0 
23.5 

15.0 
16.0 

4.0 
4.0 
9.0 

6.5 
11.5 
12.5 
10.0 

9.0 

13.5 
27.0 



Table 13. Listing of 0.3-Mile (0.5-km) Spots in Order by Critical Rate Factor (CRF). (Continued). 

Number Number Average 
Beginning Ending of of Daily Accident Critical 

Count'( Route Milepost Milepost Accidents Lanes Class Traffic Rate Rate CRF EPDO 

25 9000 4.900 5.100 5 4 6 6470 0.71 1.19 0.59 21.0 

25 9000 7.300 7.500 5 4 6 6470 0.71 1.19 0.59 18.5 

25 9000 10.200 10.400 5 4 6 6470 0.71 1.19 0.59 16.0 

24 9004 )4.000 14.200 4 4 6 4240 0.86 1.48 0.58 12.5 
99 9000 19.900 20.100 5 4 6 6710 0.68 1.17 0.58 5.0 
99 9000 26.900 27.100 5 4 6 6710 0.68 1.17 0.58 16.0 
51 9004 77.200 77.400 5 4 6 6900 0.66 1.15 0.57 5.0 

63 9006 0.700 0.900 4 4 6 4665 0.78 1.41 0.56 6.5 

24 9004 20.200 20.400 4 4 6 4690 0.78 1.40 0.55 9.0 
24 9004 26.900 27.100 4 4 6 4690 0.78 1.40 0.55 9.0 

54 9004 32.700 32.900 6 4 6 10710 0.51 0.93 0.55 19.5 

54 9004 40.200 40.400 6 4 6 10710 0.51 0.93 0.55 14.5 

54 9004 41.800 42.000 6 4 6 10710 0.51 0.93 0.55 17.0 

117 9004 59.600 59.800 4 4 6 4770 0.77 1.39 0.55 21.0 

117 9004 64.21)0 64.400 4 4 6 4770 0.77 1.39 0.55 11.5 

51 9004 73.900 74.100 4 4 6 5450 0.67 1.30 0.52 23.5 

54 9004 29.500 29.700 4 4 6 5400 0.68 1.30 0.52 6.5 

3 9002 59.01)0 59.200 4 4 6 5480 0.67 1.29 0.51 4.0 

99 9000 35.200 39.400 4 4 6 5540 0.66 1.29 0.51 4.0 

99 9000 35.81JO 36.000 4 4 6 5540 0.66 1.29 0.51 17.5 

47 9001 120.300 120.500 4 4 6 5900 0.62 1.25 0.50 6.5 

47 9001 134.300 134.500 4 4 6 5900 0.62 1.25 0.50 6.5 

25 9000 1.000 1.200 4 4 6 6470 0.56 1.19 0.47 17.5 

25 9000 11.800 12.000 4 4 6 6590 0.55 1.18 0.47 9.0 

54 9004 50.600 50.800 4 4 6 6630 0.55 1.18 0.47 6.5 

54 9004 35.700 35.900 5 4 6 10710 0.43 0.93 0.46 7.5 

54 9004 36.400 36.600 5 4 6 10710 0.43 0.93 0.46 7.5 

54 9004 36.700 36.900 5 4 6 10710 0.43 0.93 0.46 16.0 

54 9004 38.200 38.400 5 4 6 10710 0.43 0.93 0.46 10.0 

54 9004 40.900 41.100 5 4 6 10710 0.43 0.93 0.46 16.0 

54 9004 42.100 42.300 5 4 6 10710 0.43 0.93 0.46 7.5 

54 9004 42.400 42.600 5 4 6 15150 0.30 0.80 0.38 7.5 

54 9004 30.900 31.100 4 4 6 10710 0.34 0.93 0.36 20.0 

54 9004 37.300 37.500 4 4 6 10710 0.34 0.93 0.36 6.5 

54 9004 37.800 37.800 4 4 6 10710 0.34 0.93 0.36 15.0 

54 9004 42.900 43.100 4 4 6 15150 0.24 0.80 0.30 12.5 

54 9004 43.400 43.600 4 4 6 15150 0.24 0.80 0.30 12.5 
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Table 14. Listing of 1-Mile (1.6-km) Sections in Order by Critical Rate Factor (CRF). 

Number Number Average 
Beginning Ending of of Daily Accident Critical 

County Route Milepost Milepost Accidents Lanes Class Traffic Rate Rate CRF EPDO 

43 9001 106.900 107.800 16 4 6 3640 401. 295. 1.36 32.0 

119 9000 37.400 38.300 19 4 6 6030 288. 238. 1.21 62.0 

3 9002 58.700 59.600 16 4 6 6480 267. 247. 1.08 18.5 

66 9006 43.400 44.300 9 4 6 2340 351. 362. 0.97 19.0 

99 9000 32.100 33.000 14 4 6 5640 231. 246. 0.94 19.0 

89 9001 57.200 58.100 9 4 6 3590 229. 296. 0.77 11.5 

64 9004 37.100 38.000 17 4 6 10710 145. 192. 0.76 44.0 

64 9004 28.900 29.800 11 4 6 5400 186. 249. 0.75 21.0 

63 9006 7.000 7.900 9 4 6 3750 219. 291. 0.75 11.5 

114 9007 6.800 7.700 9 4 6 4040 203. 281. 0.72 16.5 

64 9004 41.500 42.400 16 4 6 10710 136. 192. 0.71 29.5 

92 9001 75.100 76.000 a 4 6 3650 200. 294. 0.68 16.5 

64 9004 36.100 37.000 15 4 6 10710 128. 192. 0.67 39.5 

117 9004 61.800 62.700 9 4 6 4770 172. 262. 0.66 25.0 

64 9004 38.200 39.100 14 4 6 10710 119. 192. 0.62 26.5 

24 9004 27.900 28.800 9 4 6 6400 152. 249. 0.61 22.5 

25 9000 9.500 10.400 10 4 6 6470 141. 231. 0.61 37.0 

120 9002 63.000 63.900 9 4 6 5360 153. 250. 0.61 20.0 

64 9004 39.300 40.200 13 4 6 10710 111. 192. 0.58 43.5 

117 9004 59.600 60.500 B 4 6 4770 153. 262. 0.58 30.0 

119 9000 36.400 37.300 9 4 6 5030 136. 238. 0.57 20.0 

25 9000 1.000 1.900 9 4 6 6470 127. 23.1. 0.55 30.0 

64 9004 49.900 50.800 9 4 6 6630 124. 229. 0.64 14.0 

99 9000 15.000 15.900 9 4 6 6710 122. 228. 0.64 22.5 

99 9000 20.500 21.400 9 4 6 6710 122. 228. 0.64 22.5 

99 9000 35.200 36.100 8 4 6 5640 132. 246. 0.54 21.5 

24 9004 9.100 10.000 8 4 6 6040 121. 238. 0.51 13.0 

119 9000 42.000 42.900 8 4 6 6030 121. 238. 0.51 13.0 

25 9000 0.0 0.900 B 4 6 6470 113. 231. 0.49 35.0 

25 9000 8.300 9.200 8 4 6 6470 113. 231. 0.49 23.0 

64 9004 40.400 41.300 10 4 6 10710 85. 192. 0.44 26.0 

64 9004 34.000 34.900 9 4 6 10710 77. 192. 0.40 14.0 

64 9004 35.100 36.000 9 4 6 10710 77. 192. 0.40 14.0 

64 9004 32.000 32.900 8 4 6 10710 68. 192. 0.36 21.5 

54 9004 33.000 33.900 8 4 6 10710 68. 192. 0.36 21.5 

54 9004 42.500 43.400 8 4 6 15150 48. 171. 0.28 27.5 
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Tabla 15. Listing of 2·Mile (3.2·km) Sections in Order by Critical Rate Factor (CRF). 

Number Average 
Beginning Ending of Daily Accident Critical 

County Route Milepost Milepost Accidenu Lanes Class Traffic Rate Rate CRF EPDO 

43 9001 106.900 108.800 21 4 6 3640 263. 221. 1.19 53.0 
119 9000 36.400 38.300 28 4 6 6030 212. 164. 1.15 82.0 

54 9004 35.800 37.700 29 4 6 10710 124. 153. 0.81 61.0 
24 9004 27.600 29.500 18 4 6 5400 152. 191. 0.80 47.5 
97 9006 56.000 57.900 12 4 6 2790 196. 246. 0.80 62.0 

99 9000 32.100 34.000 18 4 6 5540 148. 190. 0.78 34.0 
114 9007 7.400 9.300 12 4 6 2960 186. 240. o.n 25.5 

3 9002 58.700 60.600 17 4 6 5480 142. 190. 0.74 22.0 
92 9001 75.000 76.900 13 4 6 3650 163. 221. 0.74 32.5 
90 9002 10.800 12.700 12 4 6 3360 163. 228. 0.72 28.0 

25 9000 9.000 10.900 18 4 6 6470 127. 180. 0.71 68.5 
25 9000 0.0 1.900 17 4 6 6470 120. 180. 0.67 65.0 
54 9004 37.800 39.700 24 4 6 10710 102. 153. 0.67 56.0 
43 9001 19.000 20.900 13 4 6 4770 124. 200. 0.62 23.0 
99 9000 14.000 15.900 16 4 6 6710 109. 178. 0.61 38.0 

99 9000 34.:!00 36.100 14 4 6 5540 115. 190. 0.61 38.5 
24 9004 25.!j()() 27.500 12 4 6 4690 117. 201. 0.58 36.5 
54 9004 41.!100 43.700 24 4 6 12930 85. 145. 0.58 57.0 
54 9004 49J.l00 51.800 15 4 6 6630 103. 178. 0.58 31.0 

117 9004 59.::lOO 61.200 12 4 6 4770 115. 200. 0.57 36.5 

54 9004 39.800 41.700 19 4 6 10710 81. 153. 0.53 65.5 
120 9002 63.000 64.900 12 4 6 5360 102. 192 .. 0.53 28.0 
54 9004 33.800 35.700 17 4 6 10710 72. 153. 0.47 29.5 
51 9004 76.800 78.7.00 12 4 6 6900 79. 176. 0.45 31.5 
54 9004 31.800 33.700 16 4 6 10710 68. 153. 0.44 40.5 

54 9004 43.900 45.800 14 4 6 11920 54. 149. 0.36 35.0 
54 9004 29.600 31.500 12 4 6 10710 51. 153. 0.33 38.0 

Table 16. Listing of S-Mile (8.0-km) Sections in Order by Critical Rate Factor (CR F). 

Number Number Averave 
Beginning Ending of of Daily Accident Critical 

County Route MiiOIIOSt Milepost Accidents Lanes Class Traffic Rate Rate CRF EPDO 

99 9000 32.100 37.000 40 4 6 5540 132. 143. 0.92 89.0 
54 9004 33.300 38.200 58 4 6 10710 99. 121. 0.82 135.5 
54 9004 38.300 43.200 56 4 6 10710 96. 121. 0.79 137.0 
43 9001 106.900 111.800 24 4 6 3640 120. 161. 0.75 56.0 

119 9000 37.200 42.100 32 4 6 6030 97. 140. 0.69 102.0 
24 9004 23.300 28.200 25 4 6 4690 97. 150. 0.65 77.5 

117 9004 58.000 62.900 25 4 6 4770 96. 149. 0.64 65.5 
25 9000 10.100 15.000 31 4 6 6590 86. 136. 0.63 85.0 

3 9002 57.100 62.000 25 4 6 5480 83. 143. 0.58 37.5 
25 9000 0.0 4.900 27 4 6 6470 76. 137. 0.56 102.0 
54 9004 28.300 33.200 37 4 6 10710 63. 121. 0.52 86.5 
25 9000 5.000 9.900 24 4 6 6470 68. 137. 0.49 71.0 
54 9004 43.400 48.300 26 4 6 9275 51. 125. 0.41 69.0 
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Table 17. Listing of 111-Mile (16-km) Sections in Order by Critical Raw Factor (CRF). 

Beginning Ending 
County Route Mile!)Ost Milepost 

99 9000 30.600 40.500 
43 9001 106.900 116.800 
24 9004 27.200 37.100 

117 9004 57.300 67.200 
54 9004 37.300 47.200 
25 9000 0.0 9.900 
25 9000 10.100 20.000 
51 9004 67.400 77.300 

Tabla 19. Analysis of Interchange Data. 

Number """~ ol ...... 
CountY Ro .... M- A<cidonto ADT 

63 9008 3.0 13 3750 

100 9008 87.9 10 3600 
63 9006 0.0 12 5580 
79 9003 52.3 6 1610 
30 9005 23.5 7 3517 

47 9001 136.6 11 9834 
24 9004 7.0 a 6584 
25 9000 0.0 7 6858 
97 9006 59.1 4 2790 

114 9007 3.6 5 4525 

30 9007 70.2 6 6451 

42 9003 24.7 3 2025 

47 9001 136.8 6 8780 
64 9004 44.3 9 16968 

26 9005 20.5 3 2688 

12 

Number Number Average 
of of Daily 

Accidents lanes Class Traffic 

71 4 6 5785 
43 4 6 3640 
88 4 6 10710 
46 4 6 4770 
92 4 6 12930 
51 4 6 6470 
51 4 6 6710 
42 4 6 5450 

Table 1 B. lnUtrcliange Accident Rate. • 

Interchange-Related accidents 
per year (1976-1978) 65.7 

Total number of interchanges 96 

Accidents per interchange 0.68 

Critical number of accidents 
per interchange (P=99.5) 4 

Interchanges per mile 0.15 

Average interchange volume 4850 

Accidents per million vehicles 0.38 

• Includes at..grade intersections on some 
paricwllys; does not indude interchanges 
under construction or recantly compietad 
wh8N accident data would not exist. 

N..-r 
of -·· Critleol 

Tyn~~ R"""' Rato R010 CRF 

5 0 3.17 2.13 1.49 
5 0 2.54 2.17 1.17 
5 0 1.96 1.76 1.11 
5 0 3.40 3.34 1.02 
1 4 1.B:! 2.20 0.63 

4 4 1.02 1.38 0.74 
10 3 1.11 1.64 0.68 
9 2 0.93 1.61 0.58 
5 0 1.31 2.48 0.53 
3 4 1.01 1.94 0.52 

1 4 0.85 1.65 0.51 
6 2 1.35 2.94 0.46 
5 0 0.62 1.44 0.43 
3 4 0.48 1.12 0.43. 
3 4 1.02 2.52 0.40 

Accident Critical 
Rate Rate CRF EPDO 

112. 119. 0.94 185.0 
108. 133. 0.81 96.0 
75. 106. 0.71 212.5 
68. 125. 0.71 115.0 
65. 102. 0.63 238.0 
72. 116. 0.62 173.0 
69. 116. 0.60 123.5 
70. 121. 0.58 124.0 

-... 
Romp en....,.. Exit Crall Ror~d 

0.00 0.00 0.00 KV472 

0.00 0.00 0.00 Ringo Road 

0.00 0.00 0.00 US25 

0.00 0.00 0.00 us 62 
1.75 1.50 2.00 US 60 Bypass 

2.75 2.00 3.50 1·65 
2.67 5.00 1.50 US41A 
3.50 1.00 6.00 1-84 
0.00 0.00 0.00 KY 15 
1.25 0.50 2.00 US 31W 

1.50 0.50 2.50 US 60 Bypass 
1.50 2.00 1.00 US45 

0.00 0.00 0.00 US31W 
2.25 1.00 3.50 KY281 
0.75 1.00 0.50 US421 



Table 19. Analysis of Interchange Data. (Continued). 

Countv 

51 
47 
54 
63 
42 

92 
114 

BB 
5 
5 

24 
92 
90 
51 
63 

63 
100 
89 
43 
47 

3 
3 

119 
104 

99 

42 
26 
97 
16 
72 

17 
38 
54 
54 

114 

89 
92 
90 
90 
38 

114 

99 
51 
99 
99 

24 
51 
54 

119 

119 

119 
119 

77 
77 
77 

54 
43 
90 

115 
120 

Route 

9005 
9002 
9004 
9006 
9003 

9001 
9007 
9000 
9008 
9006 

9004 
9007 
9002 
9004 
9006 

9006 
9006 
9001 
9001 
9001 

9002 
9002 
9000 
9006 
9000 

9003 
9006 
9006 
9007 
9001 

9001 
9003 
9004 
9004 
9007 

9001 
9001 
9002 
9002 
9003 

9007 
9000 
9004 
9000 
9000 

9000 
9000 
9000 
9000 
9000 

9001 
9001 
9002 
9002 
9002 

Number 
of 

MHepon A.::cidenu 

0.0 3 
0.0 3 

42.4 7 
2.3 3 

22.2 2 

78.8 3 
0.0 3 

59.2 2 
0.0 2 

11.4 2 

7.9 3 
41.3 2 
24.5 2 
77.2 3 
0.8 2 

1.2 2 
88.5 2 
57.9 2 

107.0 2 
135.8 3 

47.8 2 
58.8 2 
43.1 2 
52.4 1 
22.3 2 

23.7 
34.3 
56.4 
26.4 

3.7 

11.7 
0.5 

37.1 
45.2 
7.4 

38.3 
74.6 
9.5 

20.5 
1.4 

5.0 
32.8 
68.4 
16.4 
18.5 

9.4 
78.4 
34.3 
40.5 
46.2 

53.3 
57.2 
71.7 
74.7 
75.6 

24.4 
94.2 
33.3 
41.4 

68.2 

1 
2 
2 

1 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Inter· 
change 
ADT 

3517 
3797 

16968 
3750 
1770 

4528 
5188 
2491 
2632 
2845 

5755 
3348 
3593 
7728 
3750 

3750 
3500 
4021 
4077 
9307 

4278 
6136 
6392 
1624 
7515 

2139 
2400 
3125 
3114 
3598 

3436 
3551 

11995 
12635. 
3315 

4402 
4088 
3763 
3763 
3752 

4525 

6205 
5777 
7515 
7113 

6765 
7314 

13280 
6754 
2440 

2733 
2733 
2688 
2668 
2460 

3898 
4077 
3797 
3842 
5682 

Typo 

1 
3 
5 
3 

11 
1 
6 
1 
3 

3 
11 

6 

5 

5 
5 
4 
4 
6 

3 
4 
9 
4 
3 

3 
5 
3 
3 
3 

3 
6 
a 
6 
4 

11 
3 
6 
3 
3 

3 
4 

6 
3 
6 

3 
3 

11 
3 
5 

3 
3 
1 
8 
5 

4 

3 
4 
3 
6 

Number 

of 
Ramos 

4 
4 

4 

0 
4 

8 
4 
2 
4 
4 

4 

a 
2 
4 
0 

0 
0 
4 

' 2 

4 
4 
2 
4 

4 

4 

0 
4 

4 
4 

4 
2 
4 
2 
4 

g 

4 

4 
4 

4 

4 
4 
2 
4 
2 

4 

2 
B 
4 
0 

4 
4 
4 

4 
0 

4 
4 
4 
4 
2 

Accident 

R<1e 

0.78 
0.72 
0.36 
0.73 
1.03 

0.61 
0.53 
0.73 
0.69 
0.64 

0.40 
0.55 
0.51 
0.35 
0.49 

0.49 
0.51 
0.45 
0.45 
0.29 

0.43 

0.30 
0.29 
0.56 
0.24 

0.43 
0.36 
0.29 
0.29 
0.25 

0.27 
0.28 
0.15 
0.14 
0.28 

0.21 
0.22 
0.24 
0.24 
0.24 

0.20 
0.15 
0.16 
0.12 
0.13 

0.13 
0.12 
0.07 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Critical 
Rue 

2.20 
2.12 
1.12 
2.13 
3.17 

1.94 
1.82 
2.63 
2.55 
2.45 

1.82 
2.25 
2.18 
1.53 
2.13 

2.13 
2.17 
2.06 
2.04 
1.41 

2.00 
1,69 

1.66 
3.32 
1.54 

2.85 
2.66 
2.33 
2.34 
2.15 

2.22 
2.-19 
1.27 
1.25 
2.27 

1.97 
2.04 
2.13 
2.13 
2.13 

1.94 
1.68 
L73 
1.54 
1.68 

1.82 
1.58 
1.22 
1.62 
2.66 

2.50 
2.50 
2.52 
2.52 
2.64 

2.09 
2.04 
2.12 
2.11 
1.75 

CRF 

0.35 
0.34 
0.34 
0.34 
0.33 

0.31 
0.29 
0.28 
0.27 
0.26 

0.25 
0.24 
0.23 
0.23 
0.23 

0.23 
0.23 
0.22 
0.22 
0.21 

0.21 
0.18 
0.17 
0,17 
0.16 

0.15 
0.14 
0.13. 
0.13 
0.12 

0.12 
0.12 
0.12 
0.12 
0.12 

0.11 
0.11 
0.11 
0.11 
0.11 

0.10 
0.09 
0.09 
0.06 
0.08 

0.08 
0.08 
0.06 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
a.oo 

Accidents 

"'" Ramp 

0.75 
0.75 
1.75 
0.00 
0.50 

0.36 
0.75 
1.00 
0.50 
0.50 

0.75 
0.25 
1.00 
0.75 
0.00 

0.00 
0.00 
0.50 
0.50 
LSO 

0.50 
0.50 
1.00 
0.25 
0.50 

0.25 
0.00 
0.25 
0.25 
0.25 

0.25 
0.50 
0.50 
1.00 
0.25 

0.13 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.50 
0.25 
0.50 

0.25 
0.50 
0.13 
0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Entrance 

0.00 
1.00 
2.00 
0.00 
1.00 

0.25 
1.00 
1.00 
0.00 
0.50 

0.00 
0.00 
1.00 
0.50 
0.00 

0.00 
0.00 
0.50 
0.50 
LOO 

0.00 
1.50 
1.00 
0.50 
0.50 

0.00 
0.00 
0.00 
0.50 
0.00 

0.00 
0.00 
0.00 
1.00 
0.50 

0.00 
0.50 
0.00 
0.00 
0.50 

0.00 
0.50 
0.00 
0.00 
1.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Exit 

1.50 
0.50 
1.50 
0.00 
0.00 

0.50 
0.50 
1.00 
1.00 
0.50 

Cross Road 

Pennvrile Pkwy 
l-66 
KY 70 
KY 536 
KY 80 

Graen Ahm 
1-65 
KY 134 
1-65 
U531E 

US41 
WKPkwv 
us 150 

1.50 
0.50 
1.00 
1.00 
0.00 

Audubon Pkwy 
Moren Ad (KY 17691 

0.00 
0.00 
0.50 
0.50 
2.00 

1.00 
0.50 
1.00 
0.00 
0.50 

KY754 
KY80Bypm 
US431 
KY 259 

US 31 Bypass 

KY53 
us 127 
KY 15 
US 127 Bypass 
KY 213 

0.50 KY 121 
0.00 KY 66 
0.00 KY 451 
0.00 us 231 
0.50 us 62 

0.50 KY91 
1.00 KY 166 
1.00 KY813 
1.00 US41 
0.00 us 231 

0.25 Pennvriie Pkwy 
0.00 us 231 
0.50 KY 52 
0.50 US 31E 
0.00 us 51 

0.50 us 68 
0.00 KY 11 
1.00 KY416To11Ramp 
0.50 KY 15 
0.00 KY 1057 

0.50 us 68 
1 .00 US 41 End SB Lanes 

0.25 WK PkwV 
0.00 KY 15 
0.00 KY 191 

0.00 KY 1010 
0.00 KY 205 
0.00 KY :lO 
0.00 KY 7 
0.00 KY 114 

0.00 KY 109 
0.00 KY 79 
0.00 KY 55 
0.00 KY 555 
0.00 KY 33 
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Table 19. Analysis of Interchange Data. (Continued). 

Number Inter· Number Aecidantl 
of - of Accident CritU:al ... 

Coun<v Route MilellOtt Accidents ADT Type Ramps R•te Rate CRF Ramp Entrance Exit Cross Road 

120 9002 71.1 0 6003 1 4 0.00 1.70 0.00 0.00 0.00 0.00 US60 
38 6003 2.5 0 2699 3 4 0.00 2.52 0.00 0.00 0.00 0.00 KY 307 
42 9003 13.6 0 mo 4 4 0.00 3.17 0.00 0.00 0.00 0.00 KY339 
42 9003 21.3 0 1no 1 4 0.00 3.17 0.00 0.00 0.00 0.00 US 45 Bypass 
79 .9003 42.6 0 1803 4 4 0.00 3.13 0.00 0.00 0.00 0.00 KY348 

79 9003 47.0 0 1707 6 2 0.00 3.23 0.00 0.00 0.00 0.00 US66 
24 9004 11.7 0 4749 4 4 0.00 1.90 0.00 0.00 0.00 0.00 XV 1662 
24 9004 22.7 0 5283 3 4 0.00 1.81 0.00 0.00 0.00 0.00 KY800 
54 9004 29.6 0 5724 • 2 0.00 1.74 0.00 0.00 0.00 0.00 US41 
54 9004 32.9 0 11995 3 4 0.00 1.27 o.oo 0.00 0.00 0.00 US82 

54 9004 49.0 0 7026 8 2 0.00 1.59 0.00 0.00 0.00 0.00 KY260 
54 9004 54.1 0 7493 3 4 0.00 1.66 0.00 0.00 0.00 0.00 KY 138 Tall Ramps 

117 9004 82.8 0 8342 4 4 0.00 1.80 0.00 0.00 0.00 0.00 KY56 
651 9005 10.2 0 3517 4 4 0.00 2.20 0.00 0.00 0.00 0.00 KY 418 
66 9008 44.2 0 2200 5 0 0.00 2.81 0.00 0.00 0.00 0.00 KY 118 

18 9007 33.8 0 3024 4 4 0.00 2.37 0.00 0.00 0.00 0.00 US231 
92 9007 47.8 0 3214 4 4 0.00 2.30 0.00 0.00 0.00 0.00 KY69 

6 9008 14.0 0 2845 3 4 0.00 2.45 0.00 0.00 0.00 0.00 KY90 
B5 9008 27.4 0 1690 4 4 0.00 3.38 0.00 0.00 0.00 0.00 US66 

1 9008 48.9 0 1813 3 4 0.00 3.34 0.00 0.00 0.00 0.00 KY 55 
100 9008 57.5 0 3800 5 0 0.00 2.17 0.00 0.00 0.00 0.00 To KY 80 

Avenge ADT for 96 records was 4847. 

Table 20. Accident Rata on Bridges 

Bridge-related accidents 
per year (1976-1978) 32 

Total number of bridges 197 

Accidents per bridge 0.16 

Critical number of 
accidents per bridge 
(P=99.5) 2 

Average AADT 3810 

Accidents per bridge 
per mill ion vehicles 0.12 

Average length 
per bridge (feet) 240 

Total length of 
bridge (miles) 9.0 

Vehicle miles driven 
on bridge (100 million) 0.125 

Accidents per 100 
million vehicle miles 256 

14 



Tabla 21. Analysis of Bridge Data. 

County 

Ohio 
An de non 
Hopkins 
Nelson 
Butler 

Wolfe 
Hopkins 
Anderson 
Hopkins 
Hopkins 

Warren 
Hopkins 

a .. • 
Hopkins 
Henderson 

Metcalfe 
Grave"S 
Nelson 
Webner 

Graves 

aark. 
Magotfin 
Magoftin 
Magoffin 

Morgan 

Magoffin 

Muhlenberg 

Ohio 
Grayson 
Butler 

Barren 
Graws 
Magoftin 

aav 
Butler 

Muhlenberg 

Hopk1ns 

Henderson 
Magotfin 

Muhlenberg 

Hopk1ns 

Webster 
Anderson 
Hopkins 
Hardin 

Powell 
Hopkins 
Oaviess 
Clark 
Hardin 

Woodford 
Webster 

Powell 
Nelson 

Clark 

Hopkins 
Hopkins 

Po ......ell 
Pulaski 

Clark 

RouiO 

9001 
9002 
9004 
9002 
9007 

9000 
9004 
9002 
9001 

9004 

9007 
9001 
9000 
9004 
9005 

9008 
9003 
9002 
9004 
9003 

9000 
9000 
9000 
9000 
9000 

9000 
9001 
9001 
9001 
9007 

9008 
9003 
9000 
9006 
9007 

9001 

9004 
9005 
9000 
9001 

9004 
9004 
9002 
9001 
9001 

9000 
9004 
9007 

9000 
9001 

9002 
9004 
9000 

9002 
9000 

9001 
9004 
9000 
9008 
9000 

Mile.,ast 

76.8 
61.8 
32.3 
39.2 
32.6 

56.8 
43.4 
51.8 
43.4 
29.4 

13.5 
3!1.3 

9.8 
32.6 
15.8 

24.1 
34.3 
21.5 
5£1.3 
17.8 

0.1 
ae:.s 
74.8 
75.3 
63.0 

84.5 
59.2 
85.7 
99.1 
27.4 

9.0 
9.1 

66.1 
20.7 
26.1 

56.0 
39.8 

0.1 
70.2 
65.4 

37.0 
56.5 
58.0 
28.3 

132.6 

32.1 
49.0 
70.2 

2.5 
132.5 

71.1 
63.9 
11.9 
17.6 

3.6 

36.9 
42.4 
18.2 
843 

5.3 

Volume 

3650 
5480 

10710 
3390 
2700 

2440 
15150 

3820 
3550 
4754 

2960 
3550 
5470 

10710 
3140 

1420 
1680 
3360 
4770 
1580 

8470 
2400 
2400 
2480 
2350 

2400 
3590 
3650 
3840 
2780 

2350 
1580 
2400 
2400 
2780 

3590 
10710 
3140 
2400 
3590 

10710 
4770 

5480 
3550 
5900 

5540 
6630 
5780 
8470 
5900 

5360 
4770 

6710 
3360 
6470 

3550 
10710 
6710 
3130 
5470 

Bridge 
Length 

249 
1088 
156 
330 
780 

159 
159 
126 
206 
167 

260 
226 
159 
275 
942 

128 
132 
474 

368 
211 

336 
159 
161 
159 
180 

172 
120 
116 
119 
160 

174 

310 
212 
224 
180 

161 
265 
191 
281 

1813 

318 
163 
162 
278 
173 

208 
161 
189 
195 
210 

236 
260 
204 
465 
253 

448 
192 
341 

1746 

199 

Sufficiency 
Rating 

71.9 
62.6 
67.1 
60.7 
69.2 

77.5 
67.3 
7a5 
65.1 
91.7 

67.2 
66.7 
84.8 
63.0 
61.9 

77.1 
78.1 
54.0 
59.7 

78.1 

67.0 
75.7 
75.2 
78.7 
74.7 

77.0 
84.9 
79.1 
76.5 
86.7 

54.3 

87.2 
74.7 

67.9 
67.7 

60.4 

69.1 
77.0 
75.0 
77.7 

77.1 
74.1 
71.7 
57.1 
63.5 

53.8 
75.7 
61.1 
63.8 
59.7 

57.1 
59.7 
49.3 
57.3 
59.8 

80.4 
78.0 
49.4 
69.3 
64.8 

Number 
af 

Accidentl 

4 

9 
4 

3 
4 

2 
4 

2 
2 
2 

2 
2 
2 
3 
3 

1 

2 
2 

2 

1 
2 

1 

3 

2 

0 

Accident .... 
21.22 

7.28 
11.54 
12.93 

9.16 

24.86 
8.01 

20.04 
13.25 
12.92 

12.53 
12.02 
9.37 
4.91 
4.89 

26.53 
21.14 

6.06 
5.49 

14.46 

4.44 
12.64 
12.48 
12.33 
t 1.40 

11.68 
11.19 
11.39 
11.13 
10.84 

11.79 
9.84 
9.48 
8.97 
9.54 

8.34 
3.40 
8.04 
7.15 
2.22 

2.83 
6.20 
5.43 
4.89 
4.72 

4.18 
4.52 
4.43 
3.82 
3.89 

3.81 
3.89 
3.52 
3.09 
2.95 

3.03 
2.34 
2.11 
0.88 
0.00 

Critical 
Accident 

Ram 

27.09 
10.26 
19.12 
23.96 
16.89 

46.55 
15.75 
40.34 
31.01 

30.53 

29.96 
29.21 
25.17 
14.23 
14.20 

79.37 
58.69 
19.63 
18.61 
51.59 

16.61 
47.07 
46.67 
46.29 
43.93 

44.65 
43.40 
43.90 
43.25 
42.49 

44.94 
39.89 
38.91 
37.55 
39.33 

35.84 
14.50 
35.01 
32.52 

9.88 

13.26 
29.77 
27.47 
25.79 
25.28 

23.56 
24.63 
24.35 
22.36 
22.59 

22.33 
22.58 
21.35 
19.83 
19.33 

19.64 
17.10 
16.17 
10.66 

22.10 

CRF 

0.78 
0.71 
0.60 
0.54 
0.64 

0.53 
0.51 
0.50 
0.43 

0.43 

0.42 
0.41 
0.37 
0.35 
0.34 

0.33 
0.32 
0.31 
0.30 
0.28 

0.27 
0.27 
0.27 
0.27 
0.26 

0.26 
0.26 
0.26. 
0.26 
0.26 

0.26 
0.25 
0.24 
0.24 
0.24 

0.23 
0.23 
0.23 
0.22 
0.22 

0.21 
0.21 
0.20 
0.19 
0.19 

0.18 
0.18 
0.18 
0.17 
0.17 

0.17 
0.17 
0.16 
0.16 
0.15 

0.15 
0.14 

0.13 
0.08 
0.00 

Undm'pass 

Green River Pkwy 
KentuCky River 
White Plains Road 
Ch.aP'in River 
Green River 

Red River 
L & N Railroad 
Cheeutick Pond 
Pond River 
Drakes Creek 

Gasper River 
Pennyrile Parkway 
Upper Howards Creek 
ICRR, Pleasant Run 
Green River 

KY 840 
KY 564 
Beech Fork 
Deer Creek 
Opossum Creek 

184 
Johnson Fork 
KY 7 
Burning Fork 
Johnson Fork 

Johnson Fork, KY 604 
Mine Haul 
Arnold-Butler Road 
Millwood-Pleasant View Road 

KY 70 

KY 1297 
Bayou de Chien 
Johnson Fork, KY 134 
Harte Creek 
US231 

us 62 
CRR. McCraw Lane 
Pennyrile Parkway 
Middle Fork Creek 
Green River 

KY 813 
KY 147 
Southern Railroad 
KY 112 
L & N Railroad 

KY 11 & KY 15 

KY 260 
Owensboro Seltline 

Marris Road 
Valley Creek 

us 50 
Graves Creek 
Lulbeqrud Creek 
Beech Fork River 
C & 0 Railroad 

US41·A 
KY 70, KY 85 

Red A iver 
Fishing Creel$ 
Stoner-Ephesus Road 
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Table 21. Analysis of Bridge Data. (Continued). 

County 

Powell 
Powell 
Powell 
Powell 
Powell 

Powell 
Powell 
Powell 
-Powell 
Wolfe 

Wolfe 

Wolfe 

Wolfe 
Wolfe 
Wolfe 

Wolfe 

Morgan 
Morgan 

Magoffin 
Magoffin 

Maqotfin 

Magoffin 
Magoffin 
Maqoffin 
Magoffin 

Lvon 
Caldwell 
Caldwell 
Hopkins 

Hopkins 

Hopkins 

Hopkins 
Hopkins 

MuhM-nberg 
Muhlenberg 

Muhlenberg 

Muhlenberg 

Muhlenberg 

Ohio 

Ohio 

Ohio 

Grav110n 
Hardin 
Hardin 

Hardin 

Hardin 

""""" NeKon ....... 
Nelson 

Nelson 

Nelson 
Washington 
Mercer 
Fulton 

Fulton 
Fulton 
Graves 
Graves 
Graves 

16 

...... 
9000 
9000 
9000 
9000 
9000 

9000 
9000 
9000 
9000 
9000 

9000 
9000 
9000 
9000 
9000 

9000 
9000 
9000 
9000 
9000 

9000 
9000 
9000 
9000 
9000 

9001 
9001 
9001 
9001 
9001 

9001 
9001 
9001 
9001 
9001 

9001 
9001 
9001 
9001 
9001 

9001 
9001 
9001 
9001 
9001 

9002 
9002 
9002 
9002 
9002 

9002 
9002 
9002 
9002 
9003 

9003 
9003 
9003 
9003 
9003 

Milei)Qst 

22.3 
24.8 
26.1 
27.4 
27.9 

31.2 
32.0 
32.7 
32.8 
40.5 

43.8 
46.2 
48.6 
49.7 
55.4 

57.2 
60.4 
62.1 
65.2 
65.9 

66.2 
67.5 
67.6 
71.7 
74.5 

3.7 
11.4 

21.7 
22.0 
24.9 

33.9 
40.3 
42.8 
43.6 
48.0 

52.5 
55.5 
57.6 
69.7 

72.4 

74.6 
103.9 
130.9 
136.5 
136.5 

0.0 

9.5 
10.2 
11.9 

23.4 
27.3 
42.1 
56.3 

0.0 

0.9 
1.8 

12.8 
16.7 
21.3 

Vt:Mume 

6710 
6710 
6710 
6710 
6710 

5540 
5030 
5540 
5540 
2440 

2440 
2440 
2440 
2440 
2440 

2440 
2350 
2350 
2400 
2400 

2400 
2400 
2400 
2400 
2400 

3300 
3070 
3480 
3480 
3480 

3550 
3550 
3550 
3590 
3580 

3590 
3590 
3590 
3650 
3650 

3650 
3640 
5900 
8780 
8780 

3390 
3380 
3380 
3360 
3360 

3360 
3390 
3430 
4500 
3360 

3350 
3350 
1560 
1580 
1580 

Bridge 
Length 

159 
460 
114 
114 
225 

158 
207 
158 
159 
159 

275 
203 
172 
188 
159 

120 
159 
186 
192 
159 

192 
159 
114 
159 
417 

226 
189 
207 
215 
131 

260 
415 
165 
165 
235 

179 

263 
169 
120 
186 

128 
156 
130 
206 
206 

226 
300 
106 
166 
313 

109 
159 
489 

200 
153 

146 
539 
127 
208 
208 

Sufficiency 
Rating 

61.4 
49.5 
82.0 
81.5 

56.8 

63.9 
49.5 
64.9 
58.2 
69.2 

57.8 
67.0 
75.1 
66.7 
73.3 

80.4 
82.6 
68.6 
74.7 
78.3 

75.7 
75.7 
87.5 
75.9 
64.5 

73.3 
64.5 
47.8 
63.6 
75.Y 

47.3 
67.1 
69.1 
60.4 
56.1 

52.5 
60.4 
49.7 
63.1 
55.3 

77.9 
52.1 
78.5 

67.0 
59.7 

55.2 
62.4 
76.8 
62.4 
61.4 

75.1 

67.0 
63.7 
68.0 
69.1 

69.1 
70.1 
93.0 
78.1 
53.8 

Number 

of 
Accidents 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
a 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

Accident .... 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
n.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Critical 

Acciclant .... 
24.63 
13.91 
30.07 
30.07 
20.21 

27.60 
24.99 
27.60 
27.60 
46.55 

32.62 
39.60 
44.16 
41.64 
48.55 

56.43 
47.74 
42.99 
41.51 
47.07 

41.51 

47.07 
59.17 
47.07 
25.68 

30.55 
35.76 
31.21 
30.49 
41.81 

26.64 
20.49 
35.54 
35.29 
28.33 

33.51 
26.48 
34.75 

42.93 
32.38 

41.14 
38.25 
30.02 
18.31 

18.31 

30.04 
25.47 
49,32 
36.67 
24.84 

48.39 
37.49 
19.08 
27.25 
38.73 

39.92 
18.33 
73.83 
52.10 
52.10 

CRF 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
.0.00 
0._00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Unde"'ass 

KY 213 
Red River 

Cane Creek 
KY 613 
Nonh Fork Red River 

KY77 
Middle Fork Red River 
Middle Fork Red River 
KY 11- Toll Plaza 
KV 15 

Swift Creek camp Road 
KY 191 
Baptist Creek Road 

KY 1812 
Gilmore Road 

KY205 
KY 134 
KY 134 
Johnson Fork, KY 3047 

Johmon Fork Creek 

Johnson Fork, KY 134 

Johmon Creek 

Cow Creek 
KY 30 

Licking River 

US62 
ICRR 
Tradewater RiVf!r 

Tradewater River 
ICRR 

Oak Hills Road, ICRR 
Drakes Creek 
Pond R-iVf!r Relief 

Pond River Relief 

KY 175; ICRA 

KY 181 

ICR A 
L & N Railroad 

Lewis Creek 
KV 369 

US231 
KY 187 
Rhodes Creek 
165 
165 

165 
Rolling Fork River 

KY 52 
L & N Railroad 
Beech Fork River 

Bardstown-Loretto Ad. 

L & N Railroad 

Salt River 
KY 116 

KY 166 
ICRR 
Brush Creek 
Obion Creek 
Mayfield Bvpas5 



Table 21. Analysis of Bridge Data. (Continued). 

Countv 

Graves 

Graves 
Graves 
Graves 
Graves 

Graves 

Graves 
Graves 

Graves 
Graves 

Marshall 
Marshall 
Marshall 
Marshall 

Christ tan 

Christian 
Christian 
Christian 
Chnsttan 
Hopk1ns 

Hopkins 
Hopkms 
Hopkms 
Webster 
Henderson 

Henderwn 
Hendel'$0n 
Oaviess 
Oaviess 
Laurel 

Laure! 

Laurel 
Laurel 

Laurel 
Laure! 

Clav 
aov 
Clay 
aov 
aov 

a•v 
Clay 
a .. 
Clay 

C:av 

Leslie 

Pe"Y 
Perrv 
Warren 
Warren 

Warren 

Warren 
Butler 
Ohio 
Ohio 

Ohio 
Ohio 
Ohio 
Daviess 
Davieu 

Rou"' 

9003 
9003 
9003 
9003 
9003 

9003 
9003 
9003 
9003 
9003 

9003 
9003 
9003 
9003 
9004 

9004 
9004 
9004 
9004 
9004 

9004 
9004 
9004 
9004 
9004 

9004 
9005 
9005 
9005 
9006 

9006 
9006 
9006 
9006 
9006 

9006 
9006 
9006 
9006 
9006 

9006 
9006 
9006 
9006 
9006 

9006 
9006 
9006 
9007 
9007 

9007 
9007 
9007 
9007 
9007 

9007 
9007 
9007 
9007 
9007 

Mile putt 

24.7 
25.1 
25.4 
25.6 
25.8 

31.4 
31.6 
33.5 
33.7 
34.0 

42.7 
43.3 
43.6 
43.9 

6.8 

7.5 
7.9 
a.•j 
9 ., 

30.:1 

3l.:J 
48.0 
54.\ 
60.!1 
65.'1 

75.4-
6.3 

22.7 
23.4 

0.8 

3.4 
4.2 
6.4 
7.6 
8.6 

10.8 
13.9 
16.1 
20.8 
21.5 

21.7 
22.0 
26.3 
33.6 
34.2 

48.1 
56.0 
57.2 
0.0 
3.6 

3.6 
4.9 

22.6 
43.8 
44.1 

44.5 
49.3 
58.2 
62.4 
62.7 

Vo6urm 

1910 
1910 
1680 
1680 
1680 

1680 
1660 
1660 

1660 

1660 

1610 
1610 
1610 
1610 
6040 

6040 
6040 
6040 
6040 

10710 

10710 
6630 
6690 
4770 
5450 

5450 
3140 
3140 
3140 
3750 

3750 
3750 
3750 
3750 
3140 

3140 
3140 
3140 
2400 
2400 

2400 
2400 
2400 
2400 
2400 

2090 
2790 
2790 
4630 
4040 

4040 
4040 
2960 
2870 
2870 

2670 
2870 
2870 
2880 
2880 

Bridge 
l•ngth 

283 
172 
208 

97 
97 

189 
97 
97 

206 
108 

158 
291 
591 
387 
247 

155 
203 
151 
64 

165 

99 
144 
174 
166 
163 

141 
70 

140 
189 
217 

85 
166 
126 
126 
130 

190 
147 
150 
229 
213 

485 
203 
219 
618 
221 

836 
586 
646 
210 
206 

194 
277 
228 
237 
135 

227 
245 
166 
170 
155 

Sufflciancy 
Rating 

77.0 
78,1 
78,1 
78.1 

78.1 

78.1 
78.1 
78,1 
78.1 
78.1 

73.1 
73.7 
73.5 
66.5 
78.9 

94.5 
95.0 
94.6 
79.4 
78.3 

84.1 
76.7 
77.2 

648 
90.8 

76.8 
76.5 
73.5 
55.8 
79.7 

84.7 
79.9 
81.9 
81.5 
81.5 

77.9 

60.4 
77.9 
79.8 
82.5 

70.3 
74.7 
63.7 
69.9 
61.7 

74.7 
75.0 
76.1 
58.2 
62.2 

72.2 
71.0 
66.3 
69.4 
79.9 

69.5 
66.1 
73.9 

73.4 
67.2 

Number 
af 

Accidents 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Accident 
Rm 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

Critical 
Accident 

Rote 

37.42 
52.12 
49.96 
86.03 
86.03 

53.35 
86.03 
86.03 
49.96 
79.47 

62.29 
41.06 
28.50 
34.17 
20.35 

26.61 
22.73 
27.03 
46.66 
18.54 

24.72 
26.30 
23.42 
29.44 
25.63 

29.99 
69.13 
42.82 
35.25 
28.96 

53.21 
34.19 
40.84 
40.84 
44.99 

35.13 
41.47 

40.92 
37.02 
38.79 

23.14 

40.03 
38.10 
20.41 
37.88 

18.66 
19.35 
18.35 
26.02 
28.56 

29.63 
23.96 
32.50 
32.34 
46.59 

33.23 
31.68 
40.30 
39.90 
42.39 

CRF 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
Q.OO 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

U$45 
ICRR 

Underpass 

Mayfield Creek 
Mayfield Creek Overflow 
Mayfield Creek Overflow 

Panther Creek 
Pamher Creek Overflow 
Clarks River Overflow 
West Fork Clarks River 
Clarks River Overflow 

LC & STL Railroad 
Clarks RiW!r Relief 
East Fork Clarks River 
barks River Rehef 
US 41A 

L & N Railroad 
us 41 
South Fork Little River 
Fir1t Street 
Crab Orchard Creek 

PleHant Hill Road 
Otter Creek 
KY 138 
KY 370 

Access Road 

Elam Ditch 
Lick Creek 
Worthington Road 
Owensboro Seltline 
L & N Railroad 

Little Laurel River 
Sallys Branch Road 
KY 1305 
Lidc. Creek Road 

KY 488 

Li nle Goose Creek Road 
Minton Read 
Hooker Road 
Coal Dock Road, L & N 
KY eo. us 421 

Ham Brook Road; G00$8 Creek 
Paces Creek Road 
KY 149 
Red Bird River 
KY 66 

KY 257; I<Y 1021; KY River 
KY 80, Big Creek 

KY 80; L & N; KY River 

165 
US 31-W 

L & N Railroad 
us sa 
Little Muddy Creek 
ICRA 
Muddy Creek 

us 62 
Rough River 
KY 764 
South Fork Panther Creek 
South Fork Panther Creek 
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Table 21. Analysis of Bridge Data. (Continued). 

Number Critical 
Bridge Sufficiency oi Accident Accident 

Countv Route Milepost Votume Length Rating Accidents "'"' Rate CRF Undefl)ass 

Daviess 9007 62.9 2880 155 67.2 0 0.00 42.39 0.00 South Fork Panther Creek 

Oaviess 9007 67.2 2880 155 63.5 0 0.00 42.39 0.00 North Fork Panther Creek 

Oaviess 9007 67.4 2880 180 72.0 0 0.00 38.44 0.00 North Fork Panther Creek 

Oaviess 9007 67.7 2880 155 67.2 0 0.00 42.39 0.00 North Fork Panther Creek 

Barren 9008 0.0 2350 276 58.2 0 0.00 33.32 0.00 165 

Barren 9008 8.1 2350 285 66.5 0 0.00 32.66 0.00 Beaver Creek 

Barren 9008 11.4 24:30 211 66.6 0 0.00 38.72 0.00 US 31-E 
Barren 9008 11.4 2430 165 822 0 0.00 45.53 0.00 South Fork Beaver Creek 
Barren 9008 11.5 2430 134 82.2 0 0.00 52.43 0.00 Beaver Creek 
Barren 9008 11.5 2430 194 66.4 0 0.00 40.90 0.00 South Fork Creek 

Barren 9008 18.2 1420 216 65.6 0 0.00 54.64 0.00 Mount Pi$92h Road 

Metcalfe 9008 2S.O 1420 298 66.4 0 0.00 43.92 0.00 South Fork Little Barren 

Metcalfe 9008 34.2 1420 210 69.5 0 0.00 55.72 0.00 East Fork Linle Barren 

Adair 9008 48.1 1440 209 81.6 0 0.00 55.36 0.00 Petty's FOfk 

Adair 9008 50.0 1440 291 72.1 Q 0.00 44.21 0.00 Russell Creek 

Adair 9008 56.2 1440 265 67.5 0 0.00 47.07 0.00 Russell Creek 

Table 22. Summary of Accidents by Type of Collision. • 

Percent of Total 
Inter-

Type of Collision Mainline Bridge change All 

Other Motor Vehicle 21.8 14.0 52.0 24.1 

Pedestrian 0.5 0.0 1.3 0.5 

Animal 7.9 0.0 0.0 6.8 

Fixed Object 
Light support/utility pole 0.9 0.0 2.2 1.0 
Guardrail 13.4 21.5 9.4 13.4 
Crash cushion 1.1 0.0 0.0 1.0 
Sign post 2.1 0.0 4.0 2.2 
Tree 0.4 0.0 0.0 0.4 
Building/wall 0.5 0.8 0.0 0.4 
Curbing 0.4 0.0 2.7 0.6 
Fence 1.1 0.8 0.9 1.1 
Bridge structure 1.1 43.0 0.9 3.1 
Culvert/head wall 1.0 0.0 0.9 1.0 
Medianibarrier 8.2 7.4 1.8 7.6 
Snow embankment 1.1 0.0 0.4 1.0 
Earth embankment/rock cut/ 
ditch 15.5 3.3 8.1 14.3 
Fire Hydrant 0.0 0.0 0.0 0.0 
Other fixed object 1.7 0.0 1.8 1.6 

Noncollision 
Overturned 11.6 3.3 10.8 11.1 
Fire/explosion 3.5 O.B 0.0 3.1 
Submersion 0.0 0.8 0.0 0.0 
Ran off roadway (only) 3.3 3.3 1.3 3.1 
Other 2.8 0.8 1.3 2.6 

•one accident could involve more than one collision. 
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Table 23 contains a listing of 
locations with three or more ani­
mal-related (primarily deer) acci­
dents in a 2-milc:: ( 3.2-km) length of 
road. Dividing this total by the 
number of 2-mile (3.2-km) sections 
gave the average number of acci­
dents in 2 miles (3 .2 km). Using 
Equation 1, a critical number of 
three accidents in 2 miles ( 3.2 km) 
was determined. The analysis was 
used to locate other hazardous loca­
tions. S umrnary tables of the results 
are shown in APPENDIX B. Critical 
numbers of accidents in a given sec­
tion length were also determined 
for speed-related accidents, injury 
and fatal accidents, acddents dur­
ing darkness, accidents on snow or 
ice, accidents involving a guardrail, 
and accidents on a we1: pavement. 

Summary tables of accident char· 
acteristics shown in Table 4 are 
given in APPENDIX C. Most tables 
were summarized by the three cate­
gories of accidents previously used 
(mainline, interchange-related, and 
bridge-related) and for all toll-road 
accidents. 

A separate fatal-accident analysis 
was made spanning a ten-year 
( 1970-1979) period. The largest 
number of fatal accidents involved 
collisions with fixed objects (Table 
24). The most common involved 
guardrail. The second most com­
mon fixed-object-type involved a 
bridge pier. Each fatal accident was 
also classified into a category 
shown in Table 25. Data from these 
tables indicated the general type of 
improvements that would reduce 

Table 23. Locations with Three or More Animal-Related (Primarily Deer) 
Accidents in Tw<> Miles (3.2-km). 

Beginning Ending Numborof 
Parkway Milepost Milepost Accidents 

Mtn 31.0 33.0 4 

WKy 25.9 27.4 3 
31.2 33.0 5 
44.4 46.0 5 
51.5 53.2 3 
93.0 94.6 3 

113.0 115.0 4 

Pen 24.0 25.5 3 
26.2 28.1 4 
37.1 38.4 5 
48.9 50.2 3 
51.2 52.9 3 
57.3 58.4 3 
64.3 65.5 5 

GR 11.0 12.9 3 
19.3 20.6 5 
23.0 24.4 4 
26.4 27.8 4 
28.7 30.7 4 
31.5 33.2 4 
34.6 36.0 4 
41.0 42.6 3 
51.1 51.3 3 
53.8 55.6 3 
56.0 57.1 4 

fatal accidents. For example, re­
placing blunt and buried guardrail 
ends would eliminate fatalities re­
sulting from a blunt guardrail end 
penetrating a vehicle or a vehicle 
j urn ping a buried end and overtUrn­
ing. Also, there were several fatal 
accidents involving exposed bridge 
piers or nonbreakaway sign sup­
potts. Such accidents illustrated the 
need for safety improvements in 
these are;ts~. __ _ __ _ 

A list of locations which had the 
highest number of fatal accidents 
was prepared. A critical number of 
four fatal accidents in 5.0 miles 
(8.0 km) or two accidents in 0.3 
mile (0.5 km) was determined. 
Those lists are given in APPENDIX 
D. The highest number of fatal acci­
dents at any given milepost in the 
to-year period was three, and these 
occurred on the Green River Park· 
way exit ramp (westbound exit) to 
the US 60 bypass in Owensboro. 
Several other summary tables are 
given in APPENDIX D. A summary 
by route indicated that the highest 
number of fatal accidents occurred 
on the Mountain and Western Ken· 
tucky Parkways. The peak number 
of fatal accidents occurred in 1973. 
The peak accident months were 

Table 24. General Description of Fatal 
Accidents. 

Percent 
of 

Description Numbor Total 

Other Motor Vehicle 3B 32 
Pedestrian 5 4 
Ran-Off-Road or 
Overturned 
(No Collision) 18 15 
Fixed Object (all) 59 49 

Guardrail 23 19 
Bridge pier 13 11 

Bridge 8 7 
Sign 5 4 
Culvert 3 3 
Rock cut 2 2 
Other 5 4 
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August, July, and November. A 
high percentage of fatal accidents 
occurred during darkness ( 46 per­
cent). The major human contribu­
ting factor was speeding; this was 
followed by alcohol involvement 
and falling asleep. Vehicular factors 
were not listed very often, but the 
most common factor was tire fail­
ure. The major environmental fac­
tor was a slippery pavement. Sum­
maries by hom, road surface condi­
tion, vehicle type, type of location, 
and type of fixed object are also 
given. In addition, an investigation 
of seatbelt usage was made. In the . 
121 fatal accidents, there were 137 
fatalities. Only one of the persons 
killed was coded as wearing a seat­
belt. This fatality resulted when the 
driver fell asleep and hit an exposed 
bridge pier. Of the instances in 
which ejection from the vehicle was 
coded on the accident reports, 36 
percent of the fatalities involved 
ejection. Increased seatbelt usage 
would have decreased drastically 
the percentage of people ejected 
and probably would have prevented 
many of the fatalities. 

Accident rates were calculated 
for segments of the roads in each 
county (Table 26). The highest 
accident rates were for the Daniel 
Boone Parkway in Laurel County, 
the Mountain Parkway in Morgan 
and dark Counties, the Purchase 
Parkway in Marshall Counry, and 
the Bluegrass Parkway in Hardin 
County. 

A comparison of accidents on 
bridges with and without full-width 
shoulders was made (Table 27). It 
was found that bridges with full­
width shoulders had a 35-percent 
lower accident rate and 64 percent 
fewer accidents per bridge com­
pared to bridges without full-width 
shoulders. 

At-grade intersections had much 
higher accident rates than any of 
the interchange types (Table 28). 
The lowest rates were at cloverleafs, 
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and the highest rates were at "T" or 
trumpet interchanges. 

A comparison was also made to 
determine if there was a relation­
ship between the adequacy rating 

assigned to a bridge and accident 
rate (Table 29). The adequacy 
rating includes condition elements 
(substructure, superstructure, floor 
condition, and safe loading), safety 

Table 25. Detailed Description of Fatal Accidents. 

Percent of 

Description Number Total 

Pedestrian 
Nat occupant of ather motor vehicle 3 3 
Disabled vehicle 1 1 

Previous accident 1 1 

Total 5 4 

Guardrail-Related 
General 7 6 
Blunt end punctured vehicle 5 4 

Through guardrail 1 1 

Overturned 7 6 

Jumped over buried end 3 3 

Total 23 19 

Rear End 
General 4 3 
Slow moving truck 3 3 
Vehicle on emergency strip 5 4 

Exit ramp (vehicle backing) 2 2 

Total 14 12 

Bridge Related 
Hit bridge abutment 3 3 

Gap between parallel bridges 2 2 

Bridge railing 3 3 

Total 8 7 

Wrong Way Head-On 4 3 

Run-Off-Road (No Collision) 18 15 

Median Crossover Related 1 

Hit Bridge Pier 13 11 

Hit Culvert 3 3 

Hit Sign 5 4 

Hit Rock Cut 2 2 

Head-On (Two-Lane Road) 13 11 

Opposite Direction Sideswipe (Two-Lane Road) 1 1 

Lost Control on Exit Ramp 3 3 

At-Grade Intersection on Parkway 3 3 

Passenger Fell from Vehicle 3 3 

Hit Deer 



elements (clear roadway width, 
approach alignment, and traffic 
safety features), and service ele-

ments (clear roadway height, water­
way, and remaining life). A maxi­
mum of 100 points may be as-

Tabll! 26. Accident Rate by Toll Road and County. 

Clark 
Maqof:fin 
Marqan 
Powell 
Wolf10 

Butler 
Caldwell 
Grayson 
Hardin 
Hopkins 
Lyon 
Muhlenberg 
Ohio 

Anderson 
Haniin 
Mercer 
Nelson 
Washington 
Woodford 

Fulton 
a....,.,. 
Hickman 
Marshall 

Olristian 
Henderson 
Hopkins 
Webster 

Daviess 
Henderson 

Clay 

Laurel 
Leslie 
Perry 

Butler 
Daviess 
Ohio 
Warren 

Adair 
Barren 
Metcalfe 
Pulaski 
Russell 

Mtn WKy 

108 
70 

115 
70 
94 

50 
59 
87 
75 
78 
73 
76 
66 

Accident Rate (Accidentsi100 mvml 

BG 

89 
1 10 

15 
90 
53 
57 

Parkway 
Pur Pen Aud 

43 
84 
35 

115 

80 
78 
91 
74 

59 
78 

DB 

82 
128 

81 
84 

GR 

93 
57 
74 
89 

Cum 

44 

40 
37 
64 
26 

signed, and a high point total indi­
cates the bridge is in good condi­
tion. It was shown that bridges with 
the highest adequacy rating had the· 
lowest accident rates. 

Field Inventory 
The field inventory involved a 

survey of all toll roads. The road­
way features included in the inven­
tory are listed in Table 5. Photo­
graphs of many of the roadway fea­
tures inventoried were taken and 
are pres~C_!!!~d_iJ1AP_PENDIX A. The 
photographs show both desirable 
and undesirable roadway features. 

A summary of the number of dif­
ferent guardrail end treatments is 
given in Table 30. The majority of 
guardrail enas were --bu.ned (70 per­
cent), but a significant percentage 
were blunt (29 percent). Almost all 
guardrail ends on the Western Ken· 
tucky Parkway were blunt. Very 
few guardrail ends ~had been up· 
graded by installing the breakaway 
cable terminal or flared end. 

The number of underpasses on 
the toll roads was 238. A summary 
of underpasses is presented in Table 
31. A summary of the types of pro· 
tecrors at median and shoulder 
piers is given in Table 32. The two 
most common types of protecrive 
devices for shielding or cushioning 
the impacr of a collision with a 
median bridge pier are guardrail ( 42 
percent) and earth mound (22 per­
cent). A significant number had no 
protecror (19 percent); 17 percent 
were shielded only with shrubs. The 
Mountain Parkway had the highest 
per cen rage of e.xposed median 
bridge piers; shrubs were the only 
protectors at median piers on the 
Western Kenrucky Parkway. For 
the shoulder pier, guardrail was the 
only protective device used. In a 
few cases, the design was such that 
there was no shoulder p1er. The 
shoulder pier was ex posed 40 per­
cent of the time. The Western Ken· 
tucky and Mountain Parkways had 
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Table 'Z7. Comparison of Accident Data on Bridges With and Without Full-Width Shoulders 

Percent Percent 

Decrease Accidents Decrease 

Number Number of Accident for per for 

of Accidents Exposure Rate Full-Width Bridge Full-Width 

Bridges per Year (mvml (ACC/mvml Shoulder per Year Shoulder 

Not Full 
Width 128 28 9.4389 2.97 

Full 
Width 65 5 2.5760 1.94 

Table 28. Accidents Associated with Types of Interchanges. • 

Total Average Daily Accident Rate 
Accidents Volume per (Accidents per 

Type Number (1976-1978) ln1Brchenge million vehicles~ 

Diamond 32 48 5280 0.26 
Toll booth 18 25 3930 0.32 
Partial diamond 13 21 5630 0.26 
Tor Trumpet 12 36 4710. 0.58 

At-grade intersection 14 57 3660 1.02 

Cloverleaf 4 7 6390 0.25 

Partial cloverleaf 3 3 6150 0.15 

•oid not inctuda a few driveways which existed on Daniel Boone Parkway. 

Tabla 29. Relationship Between Adequacy 

Rating and Accident Rates for 

Bridges. 

Accident Rata 

Sufficiency Accidents/ Accidents/ 

Rating Bridge mvm 

ao:;1QO 0.17 4.4 
71).80 0.40 7.8 

Below70 0.63 7.9 

the largest number of exposed 
shoulder piers. In 48 percent of the 
cases, the guardrail was not at· 
tached to the pier. 

The summary of bridge inven­
tory data is given in Table 3 3. 
There are 196 bridges, and only one 
in three (34 percent) have full­
width shoulders. Protection at the 
gap between twin bridges has been 
shown to be an accident problem. 7 

Tabla 30. Summary of Numbers of Different Guardrail End Treatments. 

Parkway 
Guardrail 

0.22 
35 64 

0.08 

In most cases, there is an opening 
between bridges which must not be 
left exposed; in some instances, a 
wall connects the bridges. Some 
type of barrier existed in all in­
stances. The most common barrier 
involved a guardrail alone or in con­
junction with shrubs or an earth 
mound. The guardrail varied, with 
some of the older installations of­
fering very little capacity for arrest· 
ing vehicles. Shrubs alone were pro· 
vided at almost all bridges on the 
Western Kentucky Parkway. 
Almost all bridges had a curb rather 
than the New-J ersey·type bridge 
rail and breakaway-cable end treat­
ment. Fifty percent of the guardrail 
transitions to the bridge were rated 
as being equivalent to -present stan­
dards; 69 percent of the approach 
guardrails were rated as good. The 
bridge inventory file rated the con· 
dition of the bridge decks and listed 

End· Treatment Mtn WKy BG Pur Pen Aud DB GR Cum Total 

Blunt 327 706 12 27 89 8 9 7 5 1190 

Buried 345 67 433 235 263 88 498 409 520 2858 

Breakaway Cable Terminal 3 3 0 5 0 0 0 13 

Flared 4 0 0 0 0 0 0 3 8 
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Table 31. Number of Undorpaues on 
Toll Roads. 

Parkway Number of Undarpaues 

Mtn 23 
WKy 45 
BG 28 
Pur 32 
Pen 33 
Aud 9 
DB 6 
GR 25 
Cum 37 

All 238 

23 bridge decks in need of major 
repair. 

A·-,-sum--m-ary--o"f~interchangc: invc:n· 
tory data is given in Table 34. Al­
most one-half of the interchanges 
were lighted. Some were lighted 
only in the gore areas. -silghtly over 
one-third of the gores were classi· 
fled as clear. Major features in the 
gore areas which should be removed 

. or replaced were signs, guardrail, 
and curbs. Many exit signs in the 
gore areas were supported by back· 
to-back channel posts which are not 
breakaway. 

Table 32. Summary of Median and Shoulder Pier Protection. 

Parkway 
Type of Protection Mtn WKy BG Pur Pen Aud 

Median Pier 
Guardrail 1 2 26 0 10 0 
Earth mound 0 0 0 28 13 8 
Crash cushion 0 0 0 0 0 0 
Shrubs 0 38 0 1 0 0 
None 18 5 2 3 10 1 

Shoulder Pier 
Guardrail 11 4 52 1 17 0 
Unprotected 31 86 4 3 2 0 
Guardrail-Unattached 11 2 9 3 11 0 

Table 33. Summary of Bridge Inventory Data. 

Of 281 crossovers, 210 were 
marked and 60 were paved (Table 
35). Crossovers are warranted at 
county Gries and on either side of 
interchanges or toll booths. Using 
this criterion, 13 9 crossovers would 
remain. All remaining crossovers 
should be paved and signed. There­
fore, signing was recommended at 
3 1 crossovers, and paving was 
recommended at 101 crossovers . 
Scale drawings showing the loca­
tions of all median crossovers are 
given in APPENDIX E. The draw· 
ings also give the location of all 
interchanges and county lines. 

DB GR Cum Total 

NA 21 35 95 
NA 0 0 49 
NA 0 0 0 
NA 0 0 38 
NA 3 2 44 

12 40 65 202 
0 4 4 134 
6 20 35 97 

Parkway 

Data Item Mtn WKy BG Pur Pen Aud DB GR Cum Total 

Number of bridges 41 32 16 23 23 5 20 21 15 196 

Shoulder 
Full width 4 a 3 16 14 2 16 1 65 
Not full width 37 22 13 7 9 3 4 20 14 129 

Gap between bridges protection 
Guardrail 16 1 14 13 8 4 NA 20 12 88 
Shrubs 0 25 0 0 0 0 NA 0 0 25 
Guardrail and shrubs 0 2 0 0 0 0 NA 0 0 2 

Guardrail and earth mound 0 0 0 10 14 0 NA 0 0 24 
None 0 0 0 0 0 0 NA 0 0 0 

Curb 
Yes 40 25 14 23 21 5 20 21 15 184 

No 1 4 2 0 0 0 0 0 8 
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Table 33. Summary of Bridge Inventory Data. (Continued). 

Parkway 

Data Item Mtn WKy BG Pur .Pen Aud DB GR Cum Total 

Percent of given safety feature 

rated as good (up to standard) 

Bridge rail 0 0 0 0 0 0 0 0 0 0 

Transition 58 0 100 83 0 60 85 67 33 50 

Approach guardrail 68 44 100 83 86 60 85 67 33 69 

End treatment 0 0 0 0 0 0 0 0 0 0 

Number of decks in need of 

major repair 7 5 6 0 0 3 0 23 

Tabla 34. Summary of Interchange Inventory Data. 

Parkway 

Inventory Item Mtn WKy BG Pur** Pen Aud DB GR Cum Total 

Number of interchanges* 14 12 10 13 18 3 10 9 10 99 

Number lighted 2 5 5 4 8 2 7 7 8 4B 

Number of gore areas 20 23 16 24 31 4 4 18 13 153 

Number with given gore area feature 

Clear 3 7 1 12 9 2 0 11 10 55 

Exit sign*** 0 0 0 27 

Other breakaway signs 2 8 11 4 5 0 0 0 0 30 

Light poles 2 2 2 0 0 0 2 0 0 8 

Curb 5 0 0 14 13 0 0 0 0 32 

Guardrail 4 11 2 6 6 2 2 7 3 43 

*Includes at..grade intersections. 
••tncludel new interchanges where no acctdent data ware available. 

•••Baek~to-Oack channel posts. 

Table 35. Summary of Median Crossovers. 

Parkway* 

Information Mtn WKy BG Pur Pen Aud GR Cum Total 

Number of crossovers 
Marked 13 60 23 14 56 8 20 16 210 

Unmarked 13 1 11 6 4 3 7 26 71 

Total 26 61 34 20 60 11 27 42 281 

Number paved 3 3 19 0 2 0 11 22 60 

Number related to 
county line 2 6 6 3 3 3 4 28 

Number related to interchange 

or to II booth 12 18 16 10 28 4 12 14 114 
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Table 35. Summary of Median Crossovers (Continued). 

Parkway• 
Information Mtn WKy BG Pur Pen 

Number recommended 
removing 12 36 14 8 30 

Number remaining 14 25 20 12 30 

Number signing recommended 6 1 4 4 1 

Number paving recommended 10 26 7 12 30 

•ooes not include Daniel Boone Parkwav since it is a tv..ocHana highway. 

Table 36. Summary of Various Roadway Features Inventoried. 

Inventory Item Mtn 

Number of signs 
Breakaway 0 
Protected 46 
Nonbreakaway and 
unprotected 27 

Number of breakaway 
lighting standards 30 

Total length of rock 
outcroppings I miles) 2.0 

Total length of rock 
cuts \miles) 3.9 

Number of small culvert 
headwalls to replace 4 

A· total of 724 signs were 
counted (Table 3 6), and it was de­
termined that 110 needed to be re­
placed with breakaway posts. A less 
desirable alternative would be to 
divert the vehicle away with guard­
rails. Almost half of the signs in 
need of rep lac em en t were on the 
Western Kentucky Parkway. A total 
of 110 nonbreakaway lighting stan-· 
dards were counted. 

Parkway 
WKy BG Pur Pen Aud 

23 24 9 18 6 
55 69 54 76 18 

50 4 4 22 3 

80 0 0 0 0 

1.6 0.8 0 0.3 0 

14.4 10.8 0 5.5 0 

96 3 18 15 7 

On some toll roads, the Western 
Kentucky Parkway in particular, it 
was common practice to install 
small sections of guardrail to shield 
culvert headwalls. Exposed head­
walls should be replaced with 
sloped headwalls, and the area 
around the new headwall should be 
contour graded. In addition, short 
sections of guardrail should be re­
moved. A total of 205 such culverts 

Aud GR Cum Total 

6 13 23 142 

5 14 19" 139 

0 3 12 3'1 

5 6 6 101 

DB GR Cum Total 

1 36 47 164 
33 55 44 450 

0 0 0 110 

0 0 0 110 

0.2 0.1 0.9 5.9 

15.0 5.6 17.9 73.1 

15 38 9 205 

were counted. 
The lengths of rock outcroppings 

and rock cuts were also sum­
marized. Reducing the accident po­
tential associated with rock out­
croppings and rock cuts is very ex­
pensive, and solutions are not readi­
ly available. Alternatives range from 
eliminating the rock cuts to instal­
ling guardrail or barrier walls to 

shield vehicles from the rock cuts. 
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Recommended Improvements 

Recommended improvements for 
the toll roads can be divided into 
two categories: specific, high-acci­
dent locations and systemwide 
safety features. The first category 
was for improvement of specific 
high-accident locations. Lists of 
high-accident spots, sections, inter­
changes or intersections, and 
bridges were obtained. These loca­
tions were investigated and in­
spected, and appropriate improve­
ments are recommended. A list of 
recommended safety improvements 
at high-accident, 0.3-mile (0.5-km) 
spots, which were ordered by criti­
cal rate factor, is given in Table 37. 
Another list for 1.0-mile (1.6-km) 
sections is given in Table 38. Many 
locations appeared on both lists, in­
cluding many toll-booth locations. 
Also, a section of the Pennyrile 
Parkway between mileposts 30 and 
45 accounted for a significant por· 
rion of the lists. Paving the shoulder 
on this section of parkway was 
recommended. Toll-booth improve­
ments and paving the shoulder on 
the section of the Pennyrile Park­
way were the two major improve­
ments recommended at the high­
accident spots and 1. 0-mile 
(1.6-km) sections. Other recom­
mended improvements involved 

signing and deslicking. Improve­
ments are also recommended at 
high-accident interchanges and 
intersections (Table 39) and bridges 
(Table 40). Interchanges with six or 
more accidents and bridges with 
three or more accidents are listed. 
0 nly four intersections and no 
bridges had critical rate factors of 
one or more. Recommendations at 
high-accident interchanges and 
intersections vary from construc­
t ion of a grade-separated inter­
change to pavement markings and 
signing. Recommendations at 
bridges are either an "ice on 
bridge" warning system or addition­
al delineation. The "ice on bridge" 
warning system would consist of a 
sensor in each bridge deck to detect 
ice and a sign on each approach. 

The second improvement cate­
gory is systemwide upgrading of a 
safety feature. As a guide, a list of 
types of highway safety improve­
ments included in the interstate 
cost estimate was used (Table 41). 

A list of 42 specific improvement 
alternatives is recommended in 
Table 42. The number of each type 
of improvement recommended is 
given for the "general upgrading." 
The specific locations are listed for 
the other improvements. The num-

Table 37. Recommended Safety Improvements at High Accident Locations-

0.3-Milo (0.5-kml Spots (In Order by Critical Rate Factor!. 

Beginning Ending Number of 

County Parkway Milepost Milepost Accidents CRF 

43 WKy 106.9 107.1 14 2.18 

99 Mtn 32.8 33.0 15 1.54 

119 Mtn 38.0 38.2 12 1.47 

3 BG 58.7 58.9 10 1.29 

114 GR 7.4 7.6 7 1.19 
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bers of accidents which would be 
affected by the improvements were 
determinedby variousmethodS~ A 
description of the accidents inclu­
ded when determining percentage 
reduction is given for each improve­
ment in APPENDIX F. The esti· 
mated percentage reduction was 
determined using past studies and 
accident analyses. In some cases, es­
timates were made based on engi­
neering judgment. The percentage 
reductions in accidents were given 
separately for fatal, injury, and 
property-damage-only accidents. 
This was done because some im­
provements will reduce accident 
severity but not affect the number 
of accidents. In such cases, total 
accidents may remain unchanged, 
but injury and fatal accidents will 
be reduced. Thus, the number of 
property-damage-only accidents 
will show a negative percent reduc­
tion because some injury and fatal 
accidents would become property­
damage-only accidents after im­
provements are made. 

Improvement costs were taken 
primarily from average unit bid 
prices for past projects awarded by 
the Kentucky Department of Trans­
portation. A tabulation of the unit 
costs used for the recommended 

Recommended I mprovemonts 

Replace nonbreakaway posts; transverse 
stripes (toll booth) 

Rumble strips; breakaway posts; 
crash~cushions; transverse stripes; 
escape ramp 

Deslicking; curve warning signs 

Transverse stripes (toll booth) 

Transverse stripes (toll booth) 



Table 37. Recommended Safety lmprovemants at High Accident Locations-
0.3-Mile (0.5-km) Spoto (In Order by Critical Rate Factor) (Continued). 

Beginning Ending Number cf 
Countv Parkway Milepost Milepost Accidents CRF Recommended Improvements 

77 Mtn 72.2 72.4 6 1.12 Curve warning sign 

89 WKy 57.9 58.1 7 1.10 Rumble strips; transverse stripes 
(toll booth) 

79 Pur 42.6 42.8 5 1.09 Crash cushion; transverse stripes 
(toll booth) 

63 DB 7.0 7.2 7 1.08 Transverse stripes (toll booth) 

117 Pen 62.5 62.7 7 0.96 Transverse stripes (toll booth) 

89 WKy 63.9 64.1 6 0.94 N.I.R.* 

51 Aud 10.1 10.3 5 0.83 Transverse stripes (toll booth) 

54 Pen 37.0 37.2 9 0.82 Pave Shoulder 

99 Mtn 21.0 21.2 6 0.62 N.I.R. 

54 WKy 24.3 24.5 5 0.79 Replace nonbreakaway posts; 
transverse stripes (toll booth) 

54 WKy 32.9 33.1 5 0.79 Deer signs; deer fence 

43 WKy 91.8 92.0 5 0.78 N.I.R. 

92 WKy 75.0 75.2 5 0.78 N.I.R. 

120 BG 63.0 63.2 6 0.78 N.I.R. 

26 DB 33.8 34.0 4 0.75 Transverse stripes (toll booth) 

66 DB 42.0 42.2 4 0.75 Deslicking 

66 DB 43.9 44.1 4 0.75 Rumble strips; transverse stripes 
(toll booth) 

119 Mtn 53.9 54.1 4 0.74 Deslicking 

16 GR 2a1 2B.9 4 0.70 Deer fence; deer signs 

99 Mtn 14.6 14.8 4 0.70 Transverse stripes (toll booth) 

99 Mtn 15.0 15.2 6 0.70 Transverse stripes (toll booth) 

26 DB 14.8 15.0 4 0.67 Curve warning sign 

54 Pen 28.9 29.1 5 0.65 N.I.R. 

90 BG 9.5 9.7 4 0.65 Transverse stripes (toll plaza) 

90 BG 11.5 11.7 4 0.65 Improve snow and ice removal 

43 WKy 18.8 19.0 4 0.64 N.l.R. 

47 BG 3.0 3.2 4 0.64 Improve snow and ice removal 

54 Pen 38.9 39.1 7 0.64 Pave shoulder 

54 Pen 39.7 39.9 7 0.64 Pave shoulder 

90 BG 36.9 37.1 4 0.64 N.I.R. 

115 BG 41.7 41.9 4 0.64 N.I.R. 

54 Pen 54.9 55.1 5 0.63 Remove one crossover (MP 55.1) 

89 WKy 45.9 46.1 4 0.63 N.I.R. 

43 WKy 99.0 99.2 4 0.62 N.I.R. 

43 WKy 112.8 113.0 4 0.62 N.I.R. 

43 WKy 115.0 115.2 4 0.62 Deer fence; deer signs 
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Table 37. Recommended Safety Improvements at High Accident Locations-

0.3-Mile 10.5-kml Spots (in Order by Critical Rate FactOr) (Continued). 

Beginning Ending Numbar of 

County Parkway Milepost Milepost Accidents CRF Recommended Improvements 

43 WKy 118.3 118.5 4 0.62 Improve snow and ice removal 

43 WKy 75.5 75.7 4 0.62 Directional left-exit sign 

24 Pen 7.3 7.2 5 0.61 Concrete barrier with delineation 

24 Mtn 36.8 37.0 5 0.61 Deslicking 

119 Mtn 38.3 38.5 5 0.61 Deslicking 

25 Mtn 4.9 5.1 5 0.59 N.I.R. 

25 Mtn 7.3 7.5 5 0.59 N.I.R. 

25 Mtn 10.2 10.4 5 0.59 Deslicking 

24 Pen 14.0 14.2 4 0.58 N.I.R. 

99 Mtn 19.9 20.1 5 0.58 N.I.R. 

99 Mtn 26.9 27.1 5 0.58 N.I.R. 

51 Pen 77.2 77.4 5 0.57 N .I.A. 

24 Pen 20.2 20.4 4 0.55 N.I.R. 

54 Pen 32.7 32.9 6 0.55 Pave shoulder 

54 Pen. 40.2 40.4 6 0.55 Pave shoulder 

54 Pen 41.8 42.0 6 0.55 Pave shoulder 

117 Pen 59.6 59.8 4 6.55 Replace median drainage inlets . 

117 Pen 64.2 64.4 4 0.55 N.I.R. 

51 Pen 64.2 64.4 4 0.55 N.I.R. 

54 Pen 29.5 29.7 4 0.52 Pave shoulder 

3 8G 59.0 59.2 4 0.51 Transverse stripes (toll booth) 

99 Mtn 35.2 35.4 4 0.51 Deslicking 

99 Mtn 35.8 36.0 4 0.51 Deslicking 

47 WKy 120.3 120.5 4 0.50 Improve snow and ice removal 

47 WKy 134.3 134.5 4 0.50 N.I.R. 

25 Mtn 11.8 12.0 4· 0.47 N.I.R. 

54 Pen 50.6 50.8 4 0.55 N.I.R. 

54 Pen 35.7 35.9 5 0.46 Pave shoulder 

54 Pen 36.4 36.6 5 0.46 Pave shoulder; replace nonbreakaway sign' 

54 Pen 36.7 36.9 5 0.46 Pave shoulder 

54 Pen 3a2 38.4 5 0.46 Pave shoulder 

54 Pen 40.9 41.1 5 0.46 Pave shoulder 

54 Pen 42.1 42.3 5 0.46 Pave shoulder 

54 Pen 42.4 42.6 5 0.38 Pave shoulder 

54 Pen 30.9 31.1 4 0.36 Pave shoulder 

54 Pen 37.3 37.5 4 0.36 Pave shoulder 

54 Pen 37.6 37.8 4 0.34 Pave shoulder 

54 Pen 42.9 43.1 4 0.30 Pave shoulder 

54 Pen 43.4 43.6 4 0.30 Pave shoulder 

•No improvement Ncam~. 
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improvements is gJVen m APPEN­
DIX G. Service lives and annual 
maintenance costs were selected for 

· each project based on information 
obtained from other sources. The 
average annual benefits were deter· 
mined using National Safety Coun­
cil accident costs. Accident savings 
were the only benefits considered. 

Given the service life for each rm· 
provement, an interest rate of 10 
percent, and an exponential 
growth-rate factor for traffic of six 
percent, the present worth of the 
benefits was detennined and a 
benefit-cost ratio was calculated. 

A separate listing by toll road 
was made of the systemwide type 

Table 38. Recommended Safety Improvements at High Accident Locations-
1.D-Milo (1.6-kml Sections (In Order by Critical Rate Factcrl. 

Beginning Ending Number of 

County Route Milepost Milepost Accidents CRF 

43 WKy 106.9 107.8 16 1.36 

119 Mtn 37.4 38.3 19 1.21 

3 BG 58.7 59.6 16 1.08 

66 DB 43.4 44.3 9 0.97 

99 Mtn 32.1 33.0 14 0.94 

89 WKy 57.2 58.1 9 0.77 

54 Pen 37.1 38.0 17 0.76 

54 Pen 28.9 29.8 11 0.75 

63 DB 7.0 7.9 9 0.75 

114 GR 6.8 7.7 9 0.72 

54 Pen 41.5 42.4 16 0.71 

92 WKy 75.1 76.0 8 0.68 

54 Pen 36.1 37.0 15 0.67 

117 Pen 61.8 62.7 9 0.66 

54 Pen 38.2 39.1 14 0.62 

24 Pen 27.9 28.8 9 0.61 

25 Mtn 9.5 10.4 10 0.61 

120 BG 63.0 63.9 9 0.61 

54 Pen 39.3 40.2 13 0.53 

117 Pen 59.8 60.5 8 0.58 

119 Mtn 36.4 37.3 9 0.57 

25 Mtn 1.0 1.9 9 0.55 

54 Pen 49.9 50.8 9 0.54 

of improv=ents (Table 43). The 
number of each improvement 
needed is summarized for each toll 
road. This table shows which toll 
roads are in the greater need of 
safety upgrading. 

A summary of the improvement 
costs in various benefit-cost ratio 
ranges is given in Table 44. The 

-- ·--·- --
Recommended I mprovemen.ts 

Replace nonbreakaway posts; 
Transverse stripes (toll booth) 

Oeslicking; curve warning signs 

Transverse stripes (toll booth) 

Rumble strips; transverse stripes 
(toll booth) 

Rumble strips; crash cushions; 
breakaway poles; transver.;e stripes; 
escape ramp 

Rumble strips; transverse stripes 
(toll booth) 

Pave shoulder; deer fence 

Pave shoulder 

Transverse stripes (toll booth) 

Transverse stripes (toll booth) 

Pave shoulder; remove crossover 

Directional left-<!xit sign 

Pave shoulder 

Transverse stripes (toll booth) 

Pave shoulder 

Improve snow and ice removal 

Deslicking 

N.I.R.* 

Pave shoulder 

Remove crossovers 

Deslicking 

N.I.R. 

Remove crossover 
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Table 38. Recommended Safety Improvements at High Accident Locati.,...~-
1.0.Mile (1.6-km) Sections (In Order by Critical Rate Fac10r) Continuect;, 

Beginning Ending Number of 
County Route Milepost Milepost Accidents CRF Recommended Improvements 

99 Mtn 15.0 15.9 9 0.54 Transverse stripes (toll booth) 

99 Mtn 20.5 21.4 9 0.54 N.I.R. 

99 Mtn 35.2 36.1 8 0.54 Deslicking 

24 Pen 9.1 10.0 8 0.51 Screen on bridge over parkway 

119 Mtn 42.0 42.9 8 0.51 Remove crossover 

25 Mtn 0.0 0.9 8 0.49 N.I.R. 

25 Mtn 8.3 9.2 8 0.49 N.I.R. 

54 Pen 40.4 41.3 10 0.44 Pave shoulder 

54 Pen 34.0. 34.9 9 0.40 Pave shoulder 

54 Pen 35.1 36.0 9 0.36 Pave shoulder 

54 Pen 33.0 33.9 8 0.36 Pave shoulder 

54 _Pen 42.5 43.4 8 0.28 Pave shoulder 

•No irnprovel'flan1: recommended. 

Table 39. Recommended Safety Improvements at High Accident Interchanges and Intersections.• 
-

Number of 
County Parkway Milepost Cross Road Accidants CRF Recommended Improvement 

Laurel DB 3.0 KY 472 13 1.49 GradeoSeparated interchange or 
vehicle-actuated waming device 

Pulaski Cum 87.5 Ringo Road 10 1.40 GradeoSeparated interchange or 
vehicle-actuated waming device 

Laurel DB 0.0 US25 12 1.11 Transverse stripes 

Marshall Pur 52.3 US62 5 1.02 Vehicle-actutJted warning device 

Daviess Aud 23.5 US 60 Bypass 7 0.83 Additional directional signing; 
transverse stripes 

Hardin WKy 136.6 1·65 11 0.74 Gore improvements 

Christian Pen 7.0 US41A 8 0.68 N.I.R. 

Clark Mtn 0.0 1·64 7 0.58 Lighting; additional delineators; 
transverse stripes 

Daviess GR 70.2 US 60 Bypass 6 0.51 Transverse stripes 

Hardin WKy 136.8 US31W 6 0.43 Additional directional signing 

Hopkins Pen 44.3 KY 281 9 0.43 Transverse stripas (exit ramps); 
gore improvements 

Hopkins Pen 42.4 KY70 8 0.39 Transverse stripes (exit ramps); 
gore improvements 

*Six or mont accidentlt. 
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Table 40. Recommended Safety lmprovomenu at High-Accident Bridges.• 

Number of 

County Parkway Milepost Bridge Over Accidenu CRF Recommendations 

Ohio WKy 76.8 Green River Pkwy 4 0.78 lee on bridge warning system 

Anderson BG 62.6 Kentucky River 9 0.71 Delineation; ice on bridge warning system 

Hopkins Pen 43.4 L and N Railroad 4 0.64 Delineation; ice on bridge warning system 

Hopkins Pen 32.3 White Plains Road 4 0.60 Delineation 

Nelson BG 39.2 Chaplin River 3 0.54 Delineation; ice on bridge warning system 

Butler GR 32.6 Green River 4 0.54 Delineation: ice on bridge warning system 

Hopkins Pen 32.6 ICRR, Pleasant Run 3 0.35 Delineation 

Henderson Aud 15.8 Green River 3 0.34 Delineation 

•Thnao Of' mare accidents. 

Table 41. Types of Highway Safety Improvement Work Included in Interstate Cost Estimate. 

1. Eliminate unnecessary Si!Jns. 

2. Place signs on otherwise .required structures such as bridges, lighting poles, and other sign supports. 

3. Relocate signs laterally 30 feet or more from the pavement edge. 

4. Relocate signs longitudinally to where they cannot be hit, such as behind otherwise required guardrail. 

5. Convert supports to breakaway design. 

6. Convert existing overhead supports to gnound·mount breakaway design when feasible. 

7. Provide protective guardnlil around overhead sign supports. 

8. Relocate lighting supports from highly vulnerable locations, such as gores. 

e. Convert lighting supporn: to breakaway design. 

10. Eliminate unnecessary median u-turn openings. 

11. Eliminate small rock outcrpps and boulders in an otherwise clear area along the roadside. 

12. Round ditches. 
13. Flatten ditch dikes and median u-turn openings. 

14. Flatten and regrade slopes in gores and around adjusted drainage structures. 

15. Regrade slopes in median or on side to permit the elimination of short sections of guardrail. 

16. Remove gore curb. 
17. Relocate minor drainage headwalls to. the edge of clear roadside area. 

18. Convert catch basins and headwalls to a design that allows vehicles to safely pass over. 

19. Provide guardrail along large drainage structures. 

20. Eliminate unwarranted guardrail. 

21. Add additional guardrail or median barrier posts and blackouts or otherwise upgrade the existing rail to one of acceptable standard. 

22. Replace a guardrail that deflects a lateral distance greater than the space available. 

23. Anchor guardrail terminals and adjust them to reduce chance of impalement. 

24. Strengthen guardrail in advance of and rigidly attach it to bridge parapets and walls. 

25. Upgrade hazardously substandard bridge rail. 

26. Install guardrail and median barrier along bridge piers, at overhead sign supports, or in narrow medians. 

27. Place energy absorption barriers in gores where large fixed objects cannot be relocated. 

28. Provide skid resistant overlays and pavement grooving. 

29. Implement other less frequent types of safety work: add glare screens; add rail screens on pedestrian bridges; update signing and 

lighting at interchanges; revise striping at ramp terminals; lengthen speed change lanes; correct lane drops by signing and/or otli· 

er minor work. 
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Table 42. Recommended Improvement Alternatives. 

No. 

1. Curw warning sign 
· caP-P..1P 14.~ 

2. Curve warning 1ign 
MiP riP 38..1 .. 

3. CI.Jfw Y~Wning sign 

MTPMP72~3 

4. Fasttit •atDelt signs at entrance 
ramps and intiii'MCtions 

5. OHf crosslng sigm 

8. Additional directionallivning 
JJAP-US60 
WKP-US31W 
WKP-Bea'IGf Dam Res1 Ate;; 

7. Additional signing for exit ramp 

from GAP-NB to WKP-WB 

8. Reptece rigid ligtnpotn 

9. Vehid...auated werning Clellices 
OBP-KY 472 
CP-Ringo Rd. 

JPP-US62 

10. Replace rigid signs 

t 1. Median crossover improvements: 

Removing 
Signing 
Paving 

12. Actuated warning sign 
. MT-P_Mjt-3~9-:_ 

13. Transverse mipes 
____ OBP-US 25 JJAP-US 60 

MTP-1 64 GAP-US 60 
PP-KY 281 PP-KY 70 

14. Additional delinuton 
JJAP-US 60 MTP-1 64 

15. Guardrail transition to 
bridge end 198 bridgnl 

16. Upgrade gap bt-tween bndges: 
install prdlrail and shrubs 

17. Concnttebanierwall (500ft.J 
PPMP7.1 

18. Flashing beaoon& 
OBP-KY 638 
DBP-KY 754 
MTP-KV 191 
CP-KY 80 

OBP-KV 1769 
OBP-KV 118 
MTP-KY114 

19. Screen on bridge over Pen Pkwy 
MP 9.3 and M P 9.5 

20 Dtlineation fDf Wf0"9-WIV 

accident"£ 

21. Repfact 1nd upgrade 
dejineator pons: 

No. 

184 

24 

3 

110 

3 

110 

142 
31 

101 

6 

25 

8 

88 

163 

Reptaco post and lent 3400 
Raplace lena 6800 
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Accident Sewri1V 
13>-Yaar Pwiodl 

Fatal lnj~ry 

2131. 

0 61101 

0 3151 

39 67411011) 

3(4) 

0 2(4) 

0 1111 

6(9) 

9115) 

2 8(121 

4 7111) 

0 213) 

8(10) 

0 0 

7111) 

2131 

0 2141 

0 519) 

0 0 

2(3) 

12211831 

PDQ 

2 

6 

2 

1330 

48 

5 

19 

10 

11 

5 

17 

5 

3 

2 

2 

3 

236 

Fwcent: Roctuction 

''"' Injury POO 

20 20 20 

20 20 20 

20 20 20 

2 0 0 

5 5 5 

50 50 50 

20 20 20 

75 75 ·500 

20 20 20 

75 75 .7Q 

50 50 50 

20 20 20 

15 15 15 

15 15 

75 50 ·110 

90 60 -100 

50 50 

10 10 10 

100 100 100 

"' 20 20 

2 2 

1 ............ 

"""' ,., 

500 

500 

500 

311.800 

5,000 

7,500 

1,000 

220.000 

45.000 

610,000 

5,000 

24,000 

1,000 

392.000 

400.000 

19,000 

7,000 

4,000 

23,000 

71.400 

MaintsftiJftCD 

"""' lSI 

0 

0 

0 

0 

0 

0 

0 

0 

500 

0 

0 

100 

0 

0 

0 

5,000 

0 

700 

200 

0 

5,000 

11,000 

4,200 

2,000 

3li,OOO 

3,600 

4,600 

400 

49,000 

17,000 

90.000 

112.000 

1,400 

19.000 

200 

47,000 

48,000 

3.000 

1,900 

BOO 

11.000 

15,000 

Benefit 

""" Ratio 

185.95 

tltt02 

33.58 

8.69 

5.S5 

5.00 

3.84 

3.10 

3.01 

2.B5 

2.55 

Life 
lvnl 

10 

10 

10 

10 

10 

10 

10 

20 

10 

20 

20 

2.25 TO 

2.16 3 

1.74 10 

1.65 20 

1.55 20 

1.55 10 

1.46 10 

1.44 10 

1.36 3 

1.26 10 



Table 42. Rerommended Improvement Alternatives (Continued). 

lmpro<nment No. 

22. lee on brid9e sensor and sign 8 
'M<P-MP 76.8 SGP-MP 62.6 
PP-MP 43.4 BGP-MP 39.2 
GRP-MP 32.6 WKP-MP 65.4 
CP-MP 84.3 JJAP-MP 15.8 

23. Delineation ior shoulders 
~pproachiniJ twictga witnout 
full-width shoulders 

24, ToU booth improVflmenU 
eram c:uznMms m 
Rumble nnps 1111 
Transverse nripes 1251 

25. Paving shoutQif": Pen Pt.:wy 
(MP 30.0-45.01 

258 

25 

26. CUnge guardnlil 
end•treatrnenu to B.C. T. 

4048 

Z7. Median aod snouhier 
pier PJQte<:llon: 

Shoulder on!f' unpmmcted 134 
Median mer uoprotmed 83 
Guardrail ill shoulder pier 97 ,.,.,..,.. 

2a Oear gore area: 
Remove nqd signs 30 
Movalight standard 8 
Reptact Qual channel pose 27 
Aemoft guardrail 43 
Remove wrtl 32 

29. Deer fence 137.4 mihn of fence I 
WKP 31.2-33.0, 44.4-46.0 

113.0-115.0 
GAP 19.3-20.6. 26.4-27.8 

28.7-30.7, 31.5-33.2 
34.6-JS.O, 56.0-57.1 
Z6.2-28.1, 37.1-38.4 
64.3-65.5 

30. Deslicking: ! 17 ·2 lane mi.) 
MTP 9.5-10.4. 35.2-JB.J. 53.9-54.1 
DBP 42.0-42.2 

31. CulvertiHeadW_.I improwmenu: 205 
AepiKit hell:lwall 
Remove guardf'a11 

1100 ft. avg.lengthl 
lmprow slope contour 

(1,000 cu. vel. avg.) 
Replace subsundard median 

drainage •nlets 17501 

32. Upgrade gap oetween gridges: 
Plant ll'lrubs behind gulfdrall 

33. Shield rock cuts (73.1 miles! 

112 

34. Aemow roclo: outcroppings (5.9 miles) 
moving back 10 feet at an average 
10 feet high 

35. Retrofit safety curbs with 
New Jer•v bamer 

36. Paving moulder; 
OBP IMP o-59.11 

37. Grad~leQirltld interchange; 
OBP-KY 472 

JB. SridQI!I dKk repair 

184 

23 

Accident Severity 
(3-Year Period) 

Fatal Injury 

0 3(7) 

15(231 

0 

0 14(201 

4 34(511 

4 9(141 

0 6(91 

3(4) 

10(151 

161241 

213) 

2 !7{261 

0 2(3) 

16(241 

25(371 

51101 

26{39) 

PCO '"" 
17 50 

29 10 

,. 30 

' 90 

" 90 

10 90 

15 75 

48 100 

14 50 

a 90 

2 75 

19 90 

2 100 

31 75 

29 20 

100 

49 10 

Percent Reduction 
lnjUJV PDQ 

50 50 

10 5 

30 20 

90 90 

60 ·1$0 

60 

50 25 

100 100 

50 50 

60 0 

60 ·100 

60 

100 50 

75 50 

20 20 

75 75 

10 !0 

Improvement 

"""' lSI 

96,000 

38,700 

105,000 

330.000 

3.038.000 

2,641,000 

134,000 

987,000 

206,000 

1,283,000 

784,000 

4,000,000 

346,000 

5,190.000 

1,300.000 

5.000.000 

1.725,000 

1.000 

0 ' 

0 

0 

0 

0 

0 

2.000 

0 

0 

20.000 

0 

0 

0 

0 

0 

0 

. ...... 
""""" ........ 

lSI 

9,200 

10,000 

25,000 

36.000 

229.000 

193,000 

10,000 

71,000 

41,000 

73,000 

40.000 

117,000 

6,100 

77,000 

26,000 

66,000 

14,000 

124 

1.14 

1.05 

1.05 

1.05 

1.02 

1.01 

0.98 

0.90 

0.79 

0.49 

0.41 

02' 

0.20 

0.19 

0.18 

0.11 

Lffe 
(ynl 

20 

s 

5 

12 

20 

20 

20 

20 

5 

20 

20 

20 

20 

12 

20 

20 
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Table 42. Recommended Improvement Alternatives (Continued). 

AWirap 
Accidcn1 Severity lmproorement Meintanlllnco ·~· 

S.nolflt 
13-Yea Pffiod) Pei"CCInt Reduction Cam ""'" e.ncfiu C.rt Life 

No. lmiJH)'II$fn8nt No. Fatal Injury POO Fatal Injury PCO lSI lSI lSI Ratio lvnl 

39. lnterchaoge lighting: 0 0 4 50 50 50 100,000 500 sao 0.04 20 
MTP-164 

40. Truck eseaDG ramp: 2(3) 75 75 75 750,000 1,000 5.400 0.04 20 
MTP MP 32.9 

- - -- --- -- --------
41. &'idgG widening: 231 I 15123) 39 50 50 50 3,100,000 0 51.000 0.03 20 

For bridges without 
full-width shoulders 

42. Gr~rated intvn::hange 0 213! 8 100 75 75 5,000,000 0 4,600 0.01 20 
CP-Aingo Rd. 

•Two Wtjury accidtnts resulting in dtmt injuri.s. 

Table 43. Numbers and Types of Improvements by Route for System Improvements. 

Parkways 
Safety Improvement Mtn WKy BG Pur Pen Aud DB GR Cum Total 

Clear gore area 
Remove rigid signs 2 8 11 4 5 0 0 0 0 30 
Move light standard 2 2 2 0 0 0 2 0 0 8 
Replace dual channel post 14 7 1 2 3 0 0 0 0 27 
Remove guardrail 4 11 2 6 6 2 2 7 3 43 
Remove curb 5 0 0 14 13 0 0 0 0 32 

Replace rigid signs 27 50 4 4 22 3 0 0 0 110 

Replace rigid lightpoles 30 80 0 0 0 0 0 0 0 110 

Remove rock outcroppings (Miles) 2.0 1.6 0.8 0 0.3 0 0.2 0.1 0.9 5.9 

Shield Rock Cuts (Miles) 3.9 14.4 10.8 0 5.5 0 15.0 5.6 17.9 73.1 

Culvert Headwall Improvements 4 96 3 18 15 7 15 38 9 205 

Replace Substandard Median 
Drainage Inlets 150 0 220 160 220 0 0 0 0 750 

Toll Booth Improvements 
Crash Cushion 0 2 0 0 3 0 0 7 
Rumble Strips 4 1 

-- ~-,-~ (j 0 0 3 1 1 11 
Transverse Strips 4 4 3 2 2 3 3 3 25 

Bridge Widening 51 44 26 14 18 6 4 40 28 231 

Change Guardrail End Treatment 
to BCT 672 773 445 262 352 96 507 416 525 4048 

Median Crossover Improvements 
Remove 12 38 14 8 29 6 DNA 13 24 144 
Sign 4 1 4 4 0 DNA 3 12 29 
Pave 9 24 7 12 31 5 DNA 6 6 100 

Guardrail transition to bridge end 68 128 0 16 92 8 12 28 40 392 

Median and shoulder pier protection 
Add shoulder pier protection 31 86 4 3 2 0 0 4 4 134 
Protect median pier 18 43 2 4 10 DNA 3 2 83 
Attach guardrail to shoulder pier 11 2 9 3 11 0 6 20 35 97 
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Table 43. Numbers and Types of Improvements by Route for System Improvements (Continued). 

Safety Improvement 

Bridge Deck Repair 

Upgrade Gap Between Bridges 
Install guardrail and shrubs 
Plant shrubs behind guardrail 

Install Fasten Seatbelt Signs 

Delineation for Shoulders 
Approaching Bridges Without 
Full-Width Shoulders 

Delineation for Wrong Way 
Accidents 

Replace and Upgrade Delineator Posts 
Replace post and lens 
Replace lens 

Retrofit Safety Curbs with 
New Jersey Barrier 

Tabla 44. Summary of Cost by 
Benefit-Cost Ratio (BCRl. 

Number of Total 
BCR Projects Cost 

.01-.25 9 $42,51 1 ,000. 

.26-.50 2 4,784,000 

.51-.75 0 0 

.76-.99 3 2.476,000 
1.0().1.25 7 6,380,700 
1.26-1.50 4 105.400 
1.50-2.00 4 812,000 
2.00·2.99 4 1,079,000 
3.00-4.99 3 266,000 
5.00-9.99 3 49,300 
10 or more 3 1,500 

All 42 $58,464,900 

Parkways 
Mtn WKy BG Pur Pen 

7 5 6 0 

0 25 0 0 0 
16 1 14 23 22 

24 27 18 19 32 

74 44 26 14 18 

20 25 18 17 33 

400 700 375 275 375 
800 1400 750 550 750 

40 25 14 23 21 

total cost for all projects was $58. 5 
million. Of that total, $8.7 million 
were for projects having a benefit­
cost ratio of 1.0 or above. There 
was a wide range in benefit-cost 
ratios from 0.01 for a grade-sepa­
rated interchange to 185 for a curve 
warning sign. A significant portion 
of the cost for projects with very 
low ratios was for bridge widening, 
which would cost $23.1 million and 
would have a benefit-cost ratio of 
0.03. Alternate improvements are 
recommended when one type of 
improvement was shown not to be 
economically feasible. For example, 
delineation of shoulders approach­
ing bridges without full-width 
shoulders was proposed as an alter­
native to bridge widening. 7 It had a 

Aud DB GR Cum Total 

0 3 0 23 

0 DNA 0 0 25 
4 DNA 20 12 112 

6 20 20 18 184 

6 a 40 28 258 

6 2 20 12 153 

125 310 370 470 3400 
250 620 740 940 6800 

5 20 21 15 184 

benefit-cost ratio of 1.14 and 
would provide some relief to the 
problem. Two projects for grade 
separation, with a cost of $10 mil­
lion, also had very low benefit-cost 
ratios. Vehicle-actuated warning de­
vices are recommended at these lo­
cations as a less expensive alterna­
tive. The less expensive alternative 
would address the problem; how­
ever, the potential for improvement 
would be r~duced. The Q!".9i~ctS 
with very high benefit-cost ratios 
tended to be low-cost improve­
ments at high-accident locations. 
Three other projects with a total 
cost of about $2.5 million had 
benefit-cost ratios close to 1.0 
(0.79 to 0.98). 
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Priority Ranking 

To priority rank improvement 
projects, construction costs and 
monetary benefits resulting from 
accident reductions must be 
known. Also, such information as 
interest rate, expected traffic vol­
ume growth rate, and annual main· 
tenance costs is needed to perform 
an economic analysis; and priority 
ranking may be accomplished ac­
cording to benefit-cost ratios. Given 

a budget, projects can be selected 
by dynamic programming. The 
dynamic programming model, as 
applied to Kentucky's High-Acci­
dent Spot Improvement Program, 
has been used to set priorities for 
improvement projects for various 
budgets. 6 Some changes in these 
computer programs were made for 
the Interstate Safety Improvement 
Program.' 'These revised programs 

were used in this study. 
Input into the program included 

numbers of injuries, fatalities, and 
property-damage-only (PDO) acci­
dents for each project location du!" 
ing the study period (three years). 

_ _I'_er centage reductions for these 
accidents were also input along 
with improvement costs, all.nual 
maintenance costs, and assumed 
service life of each project. An 
interest rate of 10 percent and a 
volume growth rate of six percent 
per year were used. An example of 
output from the program is shown 
in Figure 1. The improvement in· 
valves replacing rigid sign supports 
over the entire toll-road system. 
The numbers of related fatalities 
(2), injuries (12), and property­
damage-only accidents (10) are 
given first. Then a listing of costS 
($440,000), service life (20 yeats), 
and annual maintenance costs (0) is 
given. The expected percentage re­
ductions are given for various acci­
dent severities (7 5 percent reduc-

REF. HO. 
10 REPLACE RIGID SIGHS 

ACCIDENT HISTORY 3.00YEAR$. MONTH 2.Ytla 80. 3 CAUSE. 

ROADWAY 
CAUSE , 

' 3 
TOTALS 

HO. 
KILLED 

z' 
0' 
0. 

'' 

HO. 
IM,J'URED 

0' 
12. 
0' 

12. 

NO. 
PDO 

0 ' 
0. 

10. 
10. 

ALTERHATIVt COST LIFE MAIM COST EFfECT OH ... 
1 l.llfOOO. 20. O. 

TOTAL BENEFITS AKD COSTS 

ALTEII.HA.TIVE , I'IAIK'l'EHAHCE 
0' 

COST ACC !EHEFIT 
lfqoooo. 1808333. 

, ' ' 0.75 0.75 -0.70 

BENEFIT/COST ANALYSIS. M~IHTEHAHCE INCLUDED •••PP.ESEHT WORTH METHOD*** 

AL't'Eli.HATIVE , M.\IM'l'EHAHCE 
0. 

COST ACC BENEFIT 
lflfOOOO. 1253799. 

BEKEFITI'COST 
z.as 

Figure 1. Example output from dynamic programming with information about 

a safety improvement. 

LOC~TIOMS, ALTERNATIVES, COSTS AND IEHETITS•ORDERED BY BENEF!T~COST RATIO 

·-LOCATIOH---LOC~TION KAME----------------------------ALT•KUM-------•COST-----RETURH-----!/C RATIO·----ACCUM COST--ACCUM RETURN 
1 CUP.VE WARHING SIGH CBP t":P 1!f.9 1 SOO. ~Z,.76. 184.95 500. 
Z CURVE ~UlKING SIGH MTN PKWY MP 38.1 1 SOC. 311508. 63.02: 1000. 
3 CURVE Ul"!UU:NG SIG/1 MTK FRU1 t1P 72:.3 1 SO'l. 16739. 33.58 1500. 
4 SEAUELT SIGliS n EHT lUMPS AND INTERS 1 315800. ~1992:0. 8.59 38300. 
5 CEER. CROSSIHG SlGKS 1 5~00. Z'l'.ZS8. 5.85 ~1300. 

6 ADD. DIUCTIO/UL SIGKIKG 3 tOClTIOHS 1 7500. 37529. S.CIO 50800. 
7 lCD. SIGHiliG FOR tY.IT lUMP "GRP TO WY.P 1 1000. 3637. ],154 51800. 
8 RtPLACE" RIGID LIGHl'POLtS 1 2:10000. 6813Z8. 3.10 Z71SOO. 
9 VEKICLE~ACTUATE"C IJA.ItHIHG DEVICES 3 LOC 1 115000. 135.H8. 3.01 316800. 

10 REPLACE RIGID SIGHS 1 li~OOOO. 1Z537\l9. 2.85 756800. 
11 M:EDU.H CROSSOV.ER. IMPI!:OV"EnEHTS 3 Tl"P!:S 1 610000. 1555751. Z.5~ 13&6800. 
12 ACTUATED ~U.RHIHG SI3H MTN I'KW'r MP 32.9 1 50~0. 1\Z.ZS. .Z.Z5 1371&00. 
13 TRAKSVEP.SE STRIPES SI:C LOCAUOKS 1 2~000. 51902. 2:.16 1395800. 
14 ADD. DELIHEATORS JJAP-US60 MTP-I6~ 1 1000. 17~3. 1.74 1396800. 
IS GUARDRAIL 1'RT,HSITIOM TO BRIDGE t"~!D 1 392000. 61171123, 1.65 1i88800. 
16 lJPGR..lDE GAP BE":. Bii.IDG!:S G•R.AI!./SHl!:UBS 1 400000. 621842. 1.55 2186300. 
17 COHCRE:TE: URR.ItR WALL PP MP i.T SOO FT 1 19000. Z9l94. 1.55 1:21)7800. 
18 FUSHING BEACONS SEV!:H LOC1tiOHS 1 iOOO. IOZCIS. 1.46 2z.14800. 
19 SCR.!:EH OK BRIDGE OVEJ. PPKWY Z LOC. 1 ~O.JO. 5741J, 1.\IIJ Z2.18800. 
ZO DELINEATION FOR WR.OHG-UAY AC:CIDEKTS 1 Z3COO. 31::51. 1.36 2:2111800. 
Z I REPLACE AND UPGRADE O!:LIHEAIOR. !'CStS l 71400. ?Cl:ZZ9. 1. Z6 2:313200, 
22 ICE OH S!:HSOJ!: AND UIDGE SIG~ 8 LOC. 1 !.16000. 118715. 1.2!.1 2'-109200. 
23 OELINElTIO!I f'Olt. SHOULDERS APPR. !!RIDGES I H"100. uq 164. 1, 14 h47900. 

~~ 2~i~a~ogij~.E~Hri~~~i~ri¥~~~-rr.i~D~c:-r l 1J~iggg; 1tHJi~: 1:8~ HUU8: 
Z6 PAVIHG SHOULDER. P PKW:t MP 30.0Dli5.0 1 330000. 3,.51183. 1.05 5918900. 
27 MEDI:AN lHD SHOULCEJI. PIER PROTECTION 3 1 2641000. Z6819SZ. l.OZ 8559900. 
ZS CLEAR GORE AREA LIST OF FI'IE 1 134000. 135376. 1.01 8693900. 
Z9 DEER FENCE L1RP lLOC. PP 3LOC. GRP 6LOC 1 98700~. 972145. 0.38 96809C:l. 
30 DESLICi:IHG MTH PI:IJ¥ 3LOC DB PKW¥ 1tOC 1 205000. 185857. 0.90 9886900. 
31 CULVE"P.l'/HEAD:.IHL InP~O'.'EMEtiTS l 1Z83000. 1010C65. 0.79 11109\lOO. 
3Z UPGRADE GAP 8ET:J"!:!H 3i'.IDGES-SHI.lTBS I 784000. 382094, 0.119 11953900. 
33 SHIELD ROCK CUTS C73.1 MILES) 1 1,1000000. IU11156. 0.111 15!.153900. 
]II REMOVE ROCK OU'rCROPPIHGS• 1 346000. 84157. 0.2:4 16199900. 
35 P.EIP.OFIT SAFETY CUU1S WITH NJ BARRIE! 1 5190000. 106147fl. O.ZO Z\1189900. 
36 PAVING SHOULDER. CB !'I:!Jt tMP 0-59.1) 1 1300000. 2:~6773. 0.19 22:789900. 
37 GRADE-StPARA1'tD IHTEP.CHAKGE DBP·KY47Z 1 5000000. 917909. 0.13 27i89900. 
38 BR.IDGt DEC!~ REPUR 1 17Z5000. 19311.13. 0.1\ 295111900. 
39 'l'R.UCK tS:APE RAMP MtH PJ:WY MP 3.2;.9 1 7SOOOO. 3:?:48i. 0,04 302611900. 
40 !IITEit.CHAHGE LIGHTING 11P Ir:ll I tOCCOO. 3601. 0.04 30364900. 
41 BRIDGE t.:IDE~I:iG (loS/CUT f'ULL~t.:IDTM SF!OUl 1 Zl1000:.l:J. 7119:)0. 0.03 531<611900. 
112 GRADE-SEPARATED IMTEP.CHANGt CP-R.!NGORD 1 500:1000. 63iS8. 0.01 5811$4900. 

Figure 2. Example output from dynamic programming snowing a listing of projects in order by benefit-cost ratio. 
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9ZIIH. 
1%698,.. 
143771. 
'<63693. 
IJ9Z951. 
530~80. 
5 311117. 

12 151J41i. 
135011%. 
Zi504611. 
11160362. 
4171583. 
42:23~90. 
42252ll. 
4872.656. 
511944,7. 
55Z389Z. 
5534096. 
5539840. 
5571102.. 
5061331. 
57800116. 
5U42:IO. 
5934336. 
9116375. 
91161857. 

12:111380!.1. 
12279185, 
13251330, 
13437187. 
14447251. 
111829346, 
16'<5080Z. 
16535159. 
17598635. 
1781151108. 
18i6B97. 
18956540. 
1898902:7. 
18992628. 
19704578. 
19768366. 



tion for fatalities ana mJuries and 
70 percent increase in property­
damage-only accidents). Also, total 
benefits and costs are given along 
with present-worth values. A bene­
fit-cost ratio of 2. 85 could be 
realized from this improvement. 

The program ourput includes a 
listing of all projects in order of 
benefit-cost ratio (Figure 2). The 
highest benefit-cost ratios were for 

.low-budget improvements involving 
only signing. A total of 28 of the 
42 projects had a benefit-cost ratio 
of 1. 0 or higher. This listing pro­
vides a column of cumulative bene­
fit-cost ratio. 

The dynamic programming out­
put was obtained for several 
assumed budgets ranging; from one 

million to 30 million dollars in 
one-million-dollar increments. Lists 
of the recommended improvements 
for various budgets are given in AP­
PENDIX H. An example of the 
type of ourput for each is shown in 
Figure 3. For this budget ($5mil­
lion), 16 projects were selected 
with a combined benefit-cost ratio 
of 1.64. The total costs and bene­
fits of the selected projects are 
given. A summary of the costs and 
benefits for various budgets is given 
in Table 45. The combined benefit­
cost ratio was over 1. 0 up to a 
budget of $18 million, even though 
only $8.7 million of the individual 
projects had benefit-cost ratios over 
1.0. 

LISTING Of SELECTED PROJECTS B~ !/C RlTZO 
0 BUDGET s 5000000. 

l.OCUIOM !.OCJ.TIOM Hl.ME .I.LT-HUM 
• StUBEt.T SIGHS AT EKT TU.MPS • •• IKTEl'tS 1 
5 Dt!:R. C:'!OSSIKG SIGHS 1 
7 ADD. S.tGHIKG fOR EXIT RAMP GRP TO WJCP 1 

• REPLAC:t RIGID LIGHTPOtES 1 

' VEHICL~-ACTUl.TED WARNING DEVICES 3 toe 1 
10 REPLJ.CE RIGID SIGHS 1 
11 MEDIJ.H CROSSOVER I:-IPROVEMEHTS 3 TYPES 1 

" ACTUATED \.fARJliHG WIGH MTN PK\.fY MP 3 2' 9 1 
13 TRANSVERSE STRIPES SIX LOCli.TIOKS 1 

" l.DD. DELINEATORS ,J,JAP-US60 M!'P-!64 1 
15 GUARDRAIL 't'R.\KSITIOH ro BRLDGE EMD 1 
16 UPGJI.~O!: GAP BET. BR:rDIJ&S G-P..\!LI'SH!l:J!S 1 
17 CONCRETE !AiRIER WALL pp MP 7. 1 500 Fr 1 

" SCREtH OM 3RIDGE OV'Elt PPio!'UY ' LOC. 1 
20 DELIHUTIOH FOR WROHG-WH ACCIDtHTS 1 

" :ret OM SEMSOII. 'MD BUDGE SIGN 8 LOC. 1 

" DELIHUTIOH FOR SHOULDERS ~ PPR:. BRIDGE'S 1 
Z7 !1EDI.\H AMO SHOULDER PUR P!I.OTE'CTI0!-1 3 1 

o••••••••••••••••••••••••••••• TOTALS •••s•••••••~z••••••••••• 

10 ** (! X (1 LOG UR) + C) 
A LOG10 (tSUBl 

COST RETURH 
30800. 3191120. 
5000. Z9258. 
1000. 3U7. 

uoooo. 681328. 
45000. 135368. 

440000, 1253799. 
610000. 1555751. 

5000. 11225. 
2t1000, 51902. 

l 0 0 0. 1743. 
392:000. 641tl23. 
401)000. 6218~2-

\9000. 293')4. 
~000. 5711~. 

.uooo. 31261. 
<;16000. 118715. 
31:1700. ll4164. 

ZS41000. Z6S1952. 
3001500. SZZ44Z7. 

Table 45. Costs and Benefits for 

Various Budgets. 

Budget Con Benefit 
(million) (million) {million) 

s 3 s 3.001 s 6.223 
6 5.998 9.361 
9 9.000 12.350 

12 11.954 14.829 
15 15.001 15.712 
17 16.400 16.539 
18 17.700 16.786 
21 20.995 17.331 
24 23.640 17.881 
27 26.590 18.520 
30 29.615 18.960 

lCCUM RI!:TUIUi 3/C lCCUM B/C 
31992.0. 8.69 8.69 
3149178. 5.35 8.35 
3SU1S. L64 8. Zlf 

10H11t2. l. 10 3.94 
1169511. 3. 0 I 3. !10 
2lf2.3310. :L 85 3.24 
3979061. 2.55 2.93 
3990286. 2..25 2.93 
40f.I218S, z. 16 2. 91 
401139!1. I. 7tl 2.91 
469135tl. 1.65 2.611 
5313196. 1. 55 z. 4£1 
5342590. 1. 55 2.43 
5348334. 1. 44 2.43 
5379595. 1. 3 6 2.~2 
5498311. 1. Z4 2.37 
5542475. 1. 14 2.35 
8224427. I. oz 1. &4 
82211427. 1. &4 

BCR 

2.07 
1.56 
1.37 
1.24 
1.05 
1.01 
0.95 
0.83 
0.76 
0.70 
0.64 

Figure 3. Example output from dynamic programming showing tile recommended list of improvements given a 

$5,000,000 budget. 

Summary 

This report presents proposed 
safety improvements for Ken­
tucky's toll roads. The method­
ology used was based on a users' 
guide for preparation of a safety 
improvement program developed in 
an earlier report. 2 The primary 
methods of identifying needed im­
provements were an accident anal­
ysis and afield inventory. The acci-

dent analysis identified specific 
high-accident spots and sections. 
Also, accident rates were calculated 
for each toll road, and the types of 
accidents which had occurred in the 
three-year period were summarized. 
A separate 10-year analysis of fatal 
accidents was done. The field inven­
tory was used to identify roadway 
features which are now substandard 

and in need of upgrading. Also, 
high-aceident spots and . sections 
were investigated in the field. The 
benefits and costs for each improve­
ment were estimated and used as in­
put into a dynamic programming 
model which was used as a means 
of priority ranking the improve­
ments. 
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APPENDIX A 

Photographs of Various Roadway Features 
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Figure A·1. Types of protectors at median-pier. 
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Figure A-2. Types of protectors at shoulder-pier. 
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Figure A~3. Types of protections at gap between bridges. 
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Figure AA. Various typ~s of median crossovers. 
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Figure A~5. Rock cut and rock outcropping. 
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Figure A-6. Types of guardrail end treatments. 
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Figure A-7. Types of median drainage inlets. 

Figure A-8. Protected and unprotected toll booths. 
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Figure A-9. Various obstructions in the gore. 
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Figure A-10. Short section of guardrail at hazardous culvert headwall. 

Figure A-11. Rigid sign supports. 
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Figure A~12. Breakaway sign supports. Figure A~13. Guardrail not attached to bridge. 

Figure A·14. Typical bridge rail and curb. 
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Figure A-15. Short gap between two sections of guardrail. 

Figure A-16. Direct access permitted on Daniel Boone Parkway. 
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Figure A-17. High-accident location: intersection of Daniel Boone Parkway and KY 472. 

Figure AM18. High~accident location: intersection of Cumberland Parkway and Ringo Road. 

52 



Figure A-19. High-fatality location: ramp from Green River Parkway to US 60 Bypass, westbound. 
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APPENDIX B 

Summaries of Locations· With High Numbers 

of Various Accident Types 
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Table B-1. Locations With Four or More Accidents Per Mile Table B-2. Locations With Throe or More Guardrail Ac:cidonu 

( 1.6 km) During Darkness. In One Mile (1.6 kml. 

BEGINNING ENDrNG HUMBER OF BEGJ:HHIHG EliDING HUMBER OF 
PARKWAY MILEPOST MILEPOST ACCIDENTS PARKWAY MILEPOST MILEPOST ACCIDENTS 

110UNTAI.H 0.0 0.7 ~ MOUNTAIH 38.2 38.2 ~ 

9. 7 10. ~ 6 42.4 43.4 3 
20.0 21.0 5 72.3 73.0 3 
26.9 27.6 5 
30.0 31.0 5 WESTERN KENTUCKY 22.0 23. 1 4 
32.8 33.~ 4 24.5 25.0 3 
35.8 36.8 5 37.0 37.8 3 
37.2 38.2 5 118.3 118.5 3 

i9.9 
120.3 121.2 3 

WESTERN KENTUCKY 18.9 ~ 
44.4 45.3 ~ BLUEGRASS 9.5 9.8 3. 
63.9 64.9 6 11 . 1 11.8 4 
71.6 72.6 5 34.2 35.4 4 
80.6 81.6 4 36.0 37.0 3 
93.0 94.0 4 

107.0 108.0 4 PENNY RILE 25.9 26.9 4 
11 ~. 4 115. 0 ~ 37.0 37. 1 3 
118. 0 118. 5 5 44.3 45.3 7 
1ZO. 3 120.8 4 7~.5 75.3 3 
130.3 131.0 4 

AUDUBON 15.7 16.4 3 
BLUEGRASS 3.3 ~.3 4 

3~·. 2 35.2 4 DAIIIEL BOONE 2.3 3.0 3 
60.9 61.3 4 14.8 15.8 5 

Z9. 7 30.6 3 
PURCHASE •o.s "1.5 " 43.4 44. 1 3 

56.3 56.9 3 
PEIINYRJ:LE 9.3 10. 1 5 57. 3 57.9 3 

20.2 20.8 4 
23.3 2•.2 5 GREEN UVER 1.7 2.7 3 
26.2 27.0 " 27.9 28.5 " 29.0 29.7 7 
30.6 31.4 " 32.0 32.9 ~ 
33. 1 33.7 " 3~.z 3~.8 6 
35.3 36.Z 7 
36.4 37.4 16 Table B-3. Locations With Three or More Wet Pavement· Ac:ci-
37.7 38.3 5 
38.8 39.8 8 denu During Darkness In One Mile (1.6 km). 
41.1 42. 1 4 
.. 3.'1 44.0 5 
50.2 51.2 5 
51.5 52.2 6 BEGIHHIMG ENDING HUMBER OF 

64.3 65.3 6 PARJ:WA 'l MILEPOST MILEPOST ACCIDENTS 
66.8 67.6 5 
73.7 H.S 5 3 r10UNTAIH 0. 0 0.2 

GRE!:N RIVER 23.0 23.6 .. 10.2 10.6 4 
27.8 28.8 4 20.0 21.0 3 
31.5 32.3 5 26.9 27.5 3 
55.6 56.6 4 32. 8 33.!1 5 

33.9 34.5 4 
36." 37.0 6 
38.0 38. 6 10 
51.5 52. 1 " 53.9 54. 1 3 
69.8 70.'1 3 

WESTZP.H K~HTUCK'l 94. 1 95.0 3 
107.0 108.0 3 

BLUEGRASS ... 6 5.5 3 

PEHNYR.ILE 34.0 3'1.7 3 
35.3 36.2 4 
36.5 37. 5 4 
4 1 • t 41. 8 .. 
.. 2.2 43. 1 4 
55.0 55.0 3 
59.0 59.9 4 
60.2 60.6 5 
62.6 62.6 4 
64.2 64.9 3 
67.4 67.9 3 
71.4 71.9 3 
75.8 76.8 3 

DANIEL BOONE 2.3 2. 3 4 
7. 0 7. 9 3 

2'1.5 24.8 3 
42. 0 42. 1 .. 
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Table ll-4. Locations With Five or Mom Wet Pavement Acci· Table B-6. Locations With Four or More Fatal or Injury Acci· 
dents. In Two Miles (3.2 km). dents In One Mile (1.6 km). 

BEG:tKNI!IG ENDING HUMBER OF BEGJ:NHING EMDJ:NG HUMBER Of 
PARKWAY MI:LEPOST ttiLEPOST ACCJ:DENTS PARKWAY MILEPOST rtii.EPOST ACCIDENTS 

I'tOUHTAIN 1 0 . , 10.9 7 MOUNTAIN 0.0 1 . 0 8 
32.8 H.5 6 1.2 1. 8 4 
35.2 36.0 5 4. 9 5.9 4 
36.6 38.5 15 7.0 7.5 4 
,52. 0 54.0 5 8.3 9. 1 6 

14.7 15.7 4 
WESTERN KENTUCKY 80.0 81.4 5 20.4 21.0 4 

83.2 85.2 6 35.8 36.8 4 
94.0 95.7 5 37.2 38.2 7 

118.0 , 9. 8 8 38.3 39. 1 5 
120.3 121. z 6 48.9 49.9 4 
134.3 135.9 6 71.4 72.4 5 

BLUEGltASS 3.0 4.4 7 WESTERK KENTUCKY 15.3 1 6 . 1 5 
9.5 11.5 8 32. 1 3 3. 1 4 

22. 1 24. 1 5 71.8 72.6 5 
87.9 88.7 4 

PENHYRILE 12. s 1 4 . 1 5 9 1. , 92. 1 4 
28.3 29.5 8 107.0 108.0 6 
35.7 37.5 5 118.0 119. 0 5 
60.6 6Z.6 5 

BLUEGRASS 3. 6 4.6 4 
DAH:IEL BOONE 42.0 '13.9 5 11.5 , z. 3 4 

29.2 29. 9 4 

PEHHYRI:LE 7.0 8. 0 4 
26.4 27.Z 4 
Z7.6 28.5 4 
Z9.0 3 0. 0 6 
3 0. 1 3 9 . 0 5 
3Z.7 3 3. 7 5 

Table B-5. Locations With Three or More Snow and Ice Acci- 36. 1 37. 1 8 

dents In One Milo (1.&km). 
37.5 38.4 6 
39.0 39.8 6 
40.2 41. 2 4 
41.3 42.2 4 

BEGINNING EHDING HUMBER OF 4 3. 1 144.0 4 
PARKWAY MILEPOST MILEPOST ACCI:DEHTS 51.2 52.2 5 

DAK'IEL BOONE 14.8 15.8 5 
42.0 42.7 4 

!IOUNTAJ:N 1 0 . , 10. 9 7 43.4 44.2 4 
34.4 35.2 3 56.0 57.0 5 
36.0 36.9 3 
38.2 38.5 3 GREEH RIVER 1.9 2.3 ~ 
40.7 41.3 3 31.6 32.6 ~ 
63.6 64.4 3 
72.3 72.4 3 

WESTERN KENTUCKY 32.2 33.2 3 
63.9 64.0 3 
68.2 69.2 3 
71.8 72. 1 3 
80.0 80.6 3 
83.2 84.0 3 
87.0 87.9 3 

, 8. 3 1 1 9 . 3 5 Table B-7. Locations Wi1h Eight Ol' More Accidents In Five Miles 
119. 8 120.7 7 
127.0 127.8 3 (8.5 km) Duo to Unsafo Speeds. 
135.9 136.5 3 

BLUEGRASS 3.0 3.6 5 BEGI:KKJ:XG !:HDIXG NUMBER or 
10. 6 u.s 5 PARKWAY MILEPOST MILEPOST ACCIDENTS 
23.2 24. , 4 
26.5 27.2 3 
39.0 39.6 3 MOUNTAIN 4.9 9.5 8 
59.0 59.3 3 10. 1 12.0 10 
, 0. 0 , 0 . 1 3 29.8 34.5 8 

PENNY RUE 35.2 38.5 17 
28.3 29.2 8 
45.2 46. 1 3 WESTERK KEKTUCKY 113. 8 118. 8 10 
50. 1 50.8 4 119. 0 1Z3.5 1 z 
77. z 77.7 4 

12.8 13.0 3 PENNYRILE 7.0 12.0 8 
DANXEL BOOK£ 25.9 30.9 8 26.9 27.4 3 32.7 37. 5 11 

43.9 44.2 3 37. 8 42.0 12 
56.0 56.6 3 4 3. 1 ~7.3 8 

GREEK RIVER 28.7 28.9 3 67. 1 ?1.4 8 

42. 1 43.0 3 DAKrEL BOONE 39.9 44.Z 8 
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Tabla C-1. Number af Accidents by Year. 

PARKWAY 

MOUHl'AJ:N 
WESTERN KENTUCKY 
BLUEGRASS 
PURCH.~SE 
P:ENNYRJ:LE 
AUDUBON 
DANIEL BOOME 
GREEK RIVER 
CUMBERLAl!D 

ALL 

1976 

108 
117 

77 
29 

113 
13 
35 
52 
111 

558 

YEA!\ 

1977 

124 
15 1 

97 
31 

153 
20 
611 
72 
31 

7113 

Table C-2. Summary of Accidents by Month. 

PERCENT OF TOTAL 

TYPE or ACCIDENT 
l'IAIMLIHE IN"!'EltCHAHGE BRIDGE 

MOHTH RELATED RELATED 

JANUARY 1 3. 7 9.3 11.6 
FEBRUARY •• 3 8.8 '. 1 MAP..CH s. 1 7. 2 5.3 
APRIL 6. :s 8. 2 2.1 
MAY 6 .. s 8. 2 1.1 
JUHE 7. ,s 7. 2 6. 3 
JULl 8. :& 6. 7 7.4 
AUGUST 9. :J ••• 7. 4 
SEPTEMBER 6.5 7.2 4. 2 
OCTOBER 9. 2 12.9 6. 3 
NOVEMBER 11.7 11.9 Z7.lf 
DECEMBER 6. 8 6. 2 18.9 

1978 

1 15 
170 

67 
26 

180 
20 
71 
63 
29 

H1 

ALL 

13. z 
8. 1 
6. s 
5. s 
6. 4 
7.5 
•. 0 
8. 9 
6.4 
9 •• 

12. q 
7.3 

Table C-3. Summary of Accidents by. Time of At;cident. 

PEP.CEHT OF TOTAL 

TYPE or ACCIDENT 

IXTERCHAHGE BRIDGES 
riME MAINLINE P.ELATED RELATED ALL 

MIDKIGHT-3AM 9 . 1 7. 6 9. 5 9.0 
3AM-6A.M 8.3 14.0 . 12.6 • . 1 
6AM-9AM 11.7 9. 6 21.1 12.0 
9AM-HOOH 12.3 18.2 8.4 12.7 
HOOH-3PM 16.0 20.7 13.7 16.3 
3PM-6PM 15.7 23.2 114.7 16 .lf 
6PM-9PM 15. 1 10.6 12.6 I 14.5 
9PM-MIDHIGHT 11.8 6. 1 7 .• 11. 1 

Table C-4. Summary of Accidents by Road Surf..,., Condition. 

ROAD SURFACE 
COHDITIOH 

... DRY 
\JET 

SHCW OR ICE 

MAIHLIXE 

6 3. 9 
17. q 
18.7 

PERCENT OF TOTAL 

TYPE OF ACCIDENT 

INTERCHANGE 
RELATED 

7 2. It 
114.8 
1 z. 8 

BRIDGE 
RELATED 

·- 36 .. , 
13.14 
50.5 

ALL 

63.4 
1 6. 9 
1 9. 6 

Table C-5. Summary of Accidents by light Conditions. 

LIGHT 
C~HrDITIOMS 

'" DAUM OR OUSK 
DA~CNESS (LIGHTED) 
!>11.!\I!NtSS (HOT LIG!I'!tD) 
DARV..!iESS (ALL) 

MAIKLIKE 

54.2 
4 .• 

'-' 33. "' 
4 1 . 3 

PERCENT OT TOT~L 

TYPE OF ACCIDEHT 

INTEP:CHAHGE 
RELATED 

73.3 
z. I) 
9.2 

14.'] 
z 4. 1 

BP.!DGI: 
REL!\TED 

53.5 
5. z 
1.0 

ttO.Z 
41.2 

ALL 

56.0 
4.4 ... 

36.% 
3 9 . 6 

Tabla C-6. Severity of Accidents by Toll Road. 

PERCENT PERCENT 
SEVERITY INJURY FATAL 

PARKWAY I MD EX .llCCJ:DEHTS ACCIDENTS 

MOUNTAIN 2.H 37.4 2.6 
WESTERH KENTUCKY 2.35 31.8 1.8 
BLUEGRASS 2. 2 1 30.0 0.4 
PURCHASE: 2.47 32.6 1. 2 
PtNWiRl:LE 2. 45 33.0 1.3 
A.UDUBOH 3. 02 47.2 1.9 
DANIEL BOOM!: 2.80 34.7 4.7 
GREEN RIVER z . llf 27.4 1.1 
CUMBERLAND 3.78 SZ.3 4.5 

ALL 2. 49 33.S 1.9 

Table C-7. Summary of Accidents by Most Severe Injury. 

PEllCEKT OF TOTAL 

TYPE OF ACCIDENT 

MOST SEVERt IHT!:RCHAHGE SlUDGE 
INJURY MAIMLIHE: RELA !tD RELATED 

n.ULITY z.o o.s Z.1 
IHCAPACITATIHG 8.6 •• 0 7 .• 
HOH-IHCAPACITATIKG 
IHI111R1 13.9 13.6 Z3.7 
POSSIBLE IMJURY 10.8 10.6 o.z 
HONE 64.6 71.2 60.& 

Table C·S. Summary of Accidents by Type. 

TYl't 

COLLISIOM :.liTH 
OT~ER MOTOR VEHICLE 

COLLISIOH '.JITH 
fi:ttD OBJEC:' 

OTHER SINGLE VEHICLE 

M.\I~LI.Mt 

z 1 . 7 

~8.6 

z 1 • 1 

PERC&UT or TOTJI.L 

TYPE or ACCIDENT 

IHTE::tCHAI(G£ eRIDGE 
RE!.AitD R!:LAT!:D 

51.6 14.0 

32.9 76.9 

13. 3 '. 1 

ALL 

1.9 
•. 1 

114.3 
10.6 
65. 1 

ALL 

2~. ! 

48.5 

19. 8 
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Table C-9. Summary of Accidents by Roadway Character. 

PERCENT or TOTAL 

TYPE or ACCIDENT 

IHTE!CHAHGE BRIDGE ROADWAY 
CHARACTER MAINLINE RELATED RELATED ALL 

STRAIGHT & LEVEL 
STRAIGHT & GRADE 
STRAIGHT & HILLCREST 
CURVE l: LEVEL 
CURVE t GRADE 
CURVE & HILLCREST 

514.14 
17.14 
2. 5 

"·' 10.0 
1.0 

140.9 
.22. 2 
a.o 
6 • 1 

%7.3 
1.5 

lt9.S 
32. 0 

3. 1 
Z.1 

12. II 
I.O 

52.9 
2.7. 1 
2.5 
•. 7 

11.8 
1.0 

Table C-10. Summary of Accidents with Given Human, Vehicular, or Environmental Factors. 

PERCENT or TOTAL 

TYPE or ACCIDENT 
TYPE OF Il!TERCHIINGE-

FACTOR SPECIFIC FACTOR MAINLINE RELATED 

HUMAN UNSAFE SPEED 18. 0 15.2 
FAILURE TO YIELD 
RIGHT OF WAY 3.0 15.6 
FOLLOWING TOO CLOSE 1 . 7 2.6 
IMPROPER PASSING 0.8 0.3 
DISREGARD TRAFFIC CONTROLS 0.4 1.3 
TURNING IMPROPERLY 1.1 3.6 
ALCOHOL INVOLVEMENT 6.3 4.0 
SICK 0.2 0.0 
FELL ASLEEP 7. 8 1.3 
LOST CONSCIOUSNESS 0.2 1.0 
DRIVER IIIATTEIITION 10.7 11. 6 
DISTRACTION 1. 4 0.3 
PHYSICAL DISABILITY 0.3 0.0 
OTHER 4.6 4. 0 

VEHICULAR BRAKES DEFECTIVE 2.2 3.0 
HEADLIGHTS DEFECTIVE 0 . 1 0.0 
OTHER LIGHTING DEFECTS 0.3 1.5 
STEERING FAILURE 1 . 2 0.5 
TIRE FAILURE/INADEQUATE 5.4 3.0 
'!'OW HITCH DEFECTIVE 1. 0 1 . 0 
OVER OR IMPROPER LOAD 0.6 0.5 
OVERSIZE LO.~D 011 VEHICLE 0.7 0.5 
OTHER 5. 6 1.5 

ENVIRONMENTAL ANIMAL'S ACTIO II 9.8 1 . 0 
GLARE 0 . 1 1 . ~ 
VIE!~ OBSTRUCTED/LIMITED 0.9 1 . 9 
DEBRIS Ill ROADWAY 1 . 2 0.5 
IMPROPER/11011-WORKING 
TRAFFIC CO!!T P.OLS 0 . 1 0.5 
SHOULDERS DEFECTIVE 0.6 0.0 
HOLES/DEEP RUTS/BUMPS 0. 3 0.0 
ROAD UNDER COII!lTRUCTION 1.2 0.0 
IMPROPERLY PAR!( ED VEHICLES 0.5 0.0 
FIXED OBJECT 0.~ 0.5 
SLIPPERY SURFACE 21.8 12 . 1 
WATER POOLING 1 . ~ 0.0 
OTHER 2.5 1.0 
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BRIDGE-
RELATED JILL 

20.9 17. 8 

0.9 4.9 
2.7 1.9 
0.9 0.5 
2.7 0.6 
0.0 1.4 
5.5 6.0 
o.o 0.2 
4.5 6.9 
0.9 0. 4 

15.5 11. o· 
2.7 1.3 
0.0 0.3 
9. 1 4.7 

3. 1 1 . 9 
0.0 0. 1 
0. 0 0.4 
0. 0 1 . 1 
5. 1 5. 1 
z.o 1 . 1 
1 . 0 0.6 
1 . 0 0.7 
1 . 0 s.o 
2.0 8.6 
0. 0 0.2 
0.0 1.0 
0.0 1. 2 

2.0 0.2 
1 . 0 0.5 
0.0 0. 2 
6 . 1 1 . 3 
0.0 0.4 
0.0 0.4 

~8.0 22. 1 
1.0 1.2 
2.0 2.3 
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Table 0·1. Locations Wilh Critical Number of Fatal Accidents. 

!'lUMBER or 
CRIT!:l'!.IA PAJtKI.U:t MILEPO:ns rATA!. ACC!lH:W:'S 

fOUR ACCI:ltMTS MOUHTAIH 56 ... -61 ' ' !H FIVE MILE:i " .ll-74. 9 ' fS.O KM J 
\.iESTEJUI KEHTUCJ<l' " .0-45.3 ' so .Z-55.& 5 

BLUEGRASS Z2.9-Z7. ' 65. 1-39. ' ' 115.2-50. 0 5 

PtHHl'lULC 56.6-58.6 

T•o ACCIDl:HTS MOUKUIM .. ' 
I:i 0. 3 MlLt li.Z-31.3 

( ll. 5 '"' 72.0-72..1 

WESTUH I<!HTUCY.Y so.:-so.s 
76.2-76,1j 

liLUtGJU.SS Z7 .IJ-27. 5 

P!!iHYP.:U.E 511. 0 

HlDUBOH z 3. 6 

DArtiEL BOOHE l.ll-3. 1 

GREEK RIVER O.CI-0.2 ' 70.3 l 

Table 0·2. Summary of Fatal Accidents by Route. 

MUMBER Of PERCENTAGE 
PARKWAY FATAL ACCZDENTS OF TOTAL 

MOUNTAIN 28 Z3 

WESTERH KENTUCKY 27 22 

BLUEGRASS 1 9 16 

PURCHASE 2 2 

?ENNYRILE 16 13 

AUDUBON 2 2 

DANIEL BOONE 1 ~ 12 

GREEH RIVER 9 7 

CUMBERL:\HD ~ 3 

Table [)..3. Summary of Fatal Accidents by Year. 

'f~AR HUMBER OF n.u.t ACCIO£NTS PERCENTAGE or 'tOTAL 

1970 t 3 t1 

1971 7 ' 
197Z t3 t1 

1973 ,. ,. 
1971+ • • 
1975 It • 
1976 10 

1977 IZ 10 

1978 IZ 10 

1q7? 13 It 

Tabla D-4. Summarv of Fatal Accidents by Month. 

MONTH .'WMI!IE:R or FATAL ACCIDI!::US PER.<;!;!'£'l"AGt or TOT.\L 

JAH:UAR'i " ' 
F!:BRUAR:t 

MARCH 

.\PP.IL 7 ' 
MAY 5 

JUifE " 10 

JULY " '" .\UGUST 18 >S 

SE'PTEMBER ' ' 
OCTOBEJt 7 ' 
MO!J'EHBER 17 " 
PECEM8ER ' 

Tabla [)..5. Summary of Fatal Accidents by Hour. 

HO!lll .'lUM8!:R or !T!'AL '-CC!Dt'!'(TS P!:RC!:)'(T0\0!: or !OTAL 

MIDHIGHT~HM " " un-un 7 

6"-M-9l.M " 
\1~11-1(00}'( " t6 

H.OOIC~lPM( 15 l 17 " 
lP11-6P11( 18 l " 17 

5PM-91"M(Zll " tS 

9?11-Mt!HUOHT " 

Table 0-6. Summary of Fatal Accidents by Light Conditions. 

!.IGHT COHDITJ:OH 

DAY 

DAWN-DUSK 

DARKNESS-HOT LIGHTED 

DARKNESS-LIGHTED 

NUMBER OF PERCENTAGE 
ACCIDENTS OF TOTAL 

59 ~9 

6 5 

55 45 

Table 0· 7. Summary of Fatal Accidents by Road Surface 
Condition. 

ROAD 
. SURFJIC:!: HUMBER OF P:!:RC!:liTJIGC: 

COIIDITIOH ACCIDENTS OF TOTAL 

DRY 9 1 77 

WET 22 1 s 
SHOI.UIC:!: 5 ~ 

SLUSH 
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Table 0-8. Summary of Fatal Accidents by Contributing Factor. 

NUMBER OF PERCENTAGE 
TYPE FACTOR ACCIDENTS OF TOTAL 

HUMAN UNSAFE SPEED 32 19 
FAILED TO YIELD 10 6 
RIGHT-OF-WAY. 
DISREGARD TRAFFIC CONTROLS 1 1 
TURNING IMPROPERLY 1 1 
ALCOHOL INVOLVEMENT 21 13 
FELL ASLEEP 22 1 3 
DRIVER INATTENTION 15 9 
DISTRACTION 2 1 
OTHER HUMAN FACTOR 1 0 6 

VEHICULAR BRAKES DEFECTIVE 1 1 
HEADLIGHTS DEFECTIVE 1 1 
OTHER LIGHTING DEFECTS 1 1 
TIRE FAILURE/INADEQUATE lj 2 
OVER OR IMPROPER LOAD 1 1 
OTHER VEHICULAR FACTOR 15 9 

ENVIRONMENTAL ANIMAL ACTION 1 1 
DEBRIS IN ROADWAY 1 1 
HOLES/DEEP RUTS/BUMPS 1 1 
CONSTRUCTION/MAINTENANCE 3 2 
SLIPPERY SURFACE 17 1 
WATER POOLING 1 1 
OTHER ENVIRONMENTAL FACTORS 6 lj 

Table 0-9. Summary of Fatal Accidents by Vehicle Type. 
Table 0-11. Types of Fixed Objects Most Frequently Involved 

In Fatal Accidents. 

KUHBER OF PERCEKTAGE 
VEHICLE TYPE ACCIDEHTS OF TOTAL 

AUTOS OR PICKUP TRUCKS 94 79 

SIKGLE UKIT TRUCY.S 5 4 

COHBIIIATIOK TRUCKS 13 1 1 

l!OTORCYCLES 4 3 

PEDESTUAKS 3 3 

Table 0-10. Summary of Fatal Accidents by Type of Location. 

LOCATION NUMBER Of ACCIDENTS PERCEKTAGE OF TOTAL 

BRIDGE 14 12 

!NT£RS!:CTIOH 12 10 

MAtrttiNE 95 78 
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TYPE Of FYXED OBJECT 

GUARDRAIL 

BRIDGE PIER 

BRIDGE 

SIGH 

CULVERT 

ROCK CUT 

OTHER 

PERCENT OF ALL FIXED OBJECT 
HTAL ~CCIDEHTS 

39 

22 

'" • 
5 

' • 
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COUNTY 

LINES INTERCHANGES 

KY. 15 S. MTN. PKWY EXT.----43.1 -

KY. 15 -------------l 
40-

WOLFE 
POWELL LINE--------------·-

KY. 11--------------t 
30-

KY.213-----------------------~ 

20-
KY. 105 7-------------1 
KY. 15---------------l 

POWELL TOLL BOOTH-----------; 

CLARK LINE------------ --,0-

:r-64------------ o.o -

CROSSOVERS 

1- RETAIN 
f- RETAIN 

~ RETAIN 

------------- REMOVE 
=~~!AJ~------REMOVE 
- RETAIN . 
- RETAIN 
-----------REMOVE 
-----------REMOVE 
:::.:.:.::.:::.:,,-REMOVE 
-RETAIN •-REMOVE 

=-~~!~~-----REMOVE 
1- RETAIN 
r- RE'TAIN 
r- RETAIN 
1- RETAIN 
- RE'TAIN 
-, ___ --------REMOVE' 
------------REMOVE 

:::::.:::-.:::..:.:.:.:-REM 0 VE 
'-REMOVE 

1- RETAIN 

Figure E·1. Locations of median crossovers, interchanges, and county lines on the Mountain Parkway. 
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COUNTY 
LINES 

us 31 w 
I- 65 
us 31 w 

INTER­
CHANGES 

136 A -

130 -

HARDIN 
LI"JE---­

GRAYSON 

--- ______ 120_= 

ItO -

KY. 25 9 

100 -

KY 79 
GRAYSON 

----~ 90 BUTLER LINE-------­

BUTLER LINE-----­
. ===-

OHIO 

OHIO 

MUHLENBURG 

MUHLENBURG 

GREEN 

us 23 I 

LINE------

us 43 I 

----~ 

80 -

RIVER PKWY 

70 -

------ --
60 -

50 -

LINE-----­
HOPKINS 

----------
us 41 

KY. 10 
HOPKINS 

LINE----­
CALDWELL 

CALDWELL 

TOLL 

KY. 91 

40-

30 -

9 

--
20 -

BOOTH 

10 -

LINE---------------
LYON us 6 2 3.7 -

. 

CROSSOVERS 

f- RETAIN 

-----------REMOVE f-· 

-----------REMOVE 

-----------REMOVE ~· RETAIN 
----------REMOVE 

------------REMOVE 
-----------REMOVE f-· 
-----------REMOVE ~· 

1- ------------REMOVE 
1- ------------REMOVE 

~ 

~-
1--
1--
r--

RETAIN 

~gJ~~--------REMOVE 
------------REMOVE 
-----------REMOVE 

-----------REMOVE 

!-

f-
RETAIN 
RETAIN 
RE. TAIN ,_.:· 

f-· 
~= 1--f--

,-- ·-------REMOVE 
_ _. ... ---------·REMOVE 
'' -----------REMOVE 
~./..----------REMOVE 

_::::.--------REMOVE :... 
!- RETAIN 

i- RETAIN 
I"" RETAIN 
---------- --R E. MOVE 

~- ----------REMOVE 

1-

:..-

= 
-
-

:--

RETAIN 

------------REMOVE 
RETAIN 
RETAIN 

-------------REMOVE 

-------------REMOVE 

-------------REMOVE 

~ -------------REMOVE 

!-
--

RE" TA I~ 
---- -------REM.OVE 
RETAIN 

: RETAIN 
-------------REMOVE 
- -------------REMOVE 

-- ------~-----REMOVE 
----------- ---REMOVE 

= RETAIN 
RETAIN 

- RETAIN 

------------REMOVE --
-~ -------------REMOVE 

----------,_REMOVE --RETAIN 
RETAIN ::;.: 

----
J'i]~t~-- -----REMOVE 
~!';!~~~--------REMOVE 
RETAIN 

Figure E·2. Locations of median crossovers, interchanges and county .lines on the Western Kentucky Parkway. 
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COUNTY 

LINES 

WOODFORD LINE __ 
ANDERSON 

INTER­

CHANGES 

us 6 0 

KY. 33 

7 

-
us 12 

ANDERSON LINE--- __ 
MERCER -
MERCER 

ANDERSONLINE---- -
I<Y 53 

ANDERSON E-
WASHINGTON LIN - -----

5 I<Y 55 
WASHINGTON LINE---- __ 

NELSON 

I<Y 55 
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Figure E·3. Locations of median crossovers, interchanges, and county lines on the Bluegrass Parkway. 
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Figure E-4. Locations of median crossovers, interchanges, and. county lines on the Purchase Parkway. 
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Figure E·5. Locations of median crossovers, interchanges and county lines on the Pennyrile Parkway. 
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Figure E·6. Locations of median crossovers, interchanges and county lines on the Audubon Parkway. 
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Figure E-7. Locations of median crossovers, interchanges and county lines on the Green River Parkway. 
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Figure E·8. Locations of median crossovers, interchanges and county lines on the Cumberland Parkway. 
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APPENDIX F 

Accidents Included When 
Determining Percentage Reductions 
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IHPROVEMENT REFERENCE NUMBER 

1. Curve Warn~ng Sign 

2. Curve Warning Sign 

3. Curve Warn~ng Sign 

4. "Fasten Seatbel. t" Signs 

5. Deer Fence or Deer Cross~ng 
S~gn 

6. Directional. Signs 

7. Additional. Signing for 
Exit Ramp 

S. Repl.ace Rigid Light Supports 

9. Vehicl.e Actuated Warning 
Device at Intersection 

10. Repl.ace Rigid Signs 

11. Median Crossover 
Improvements 

12. Actuated Warn~ng Sign 

13. Transverse Stripes 

14. Additional. Del.ineation 

15. Guardrail. Connection to 
Br~dge End 

16. Bridge Gap Improvements 

17. Concrete median barrier 
replacing barrels 

18. Fl.ashing Beacon 

19. Screen on Bridge 
over Parkway 

20. Delineation on ramps £or 
wrong-way accidents 

21. Replace and Upgrade 
Del.ineator Posts 

22. "Ice on Bridge" 
Wa:z:ning System 

23. Del.ineator £or Shoulders 
Approaching Narrow Bridge 
(Mot Full.-Width Shoulder) 

24. Tol.l. Booth Improvements 

25. Change Gua:z:drail end to 
Breakaway Cable Terminal. 
CBCT) 

26. Paving Shoulder 

ACCIDENTS INCLUDED 

All. related accidents at location. 

All. related accidents at l.ocation. 

Al.l related accidents at l.ocation. 

All parkuay acc~dents. 

Al.l. accidents at locations 
invol.ving dee:z:. 

All. related accidents at location. 

All. accidents on :z:amp involved. 

Al.l accidents involving l.ight 
supports. 

Al.l related accidents at location. 

Accidents invol.ving sign. 

All accidents involving 
median crossover. 

Accidents invol.ving brake £ailu:z:e. 

All related accidents at locat~on. 

All related accidents at location. 

B:z:id~e accidents involving 
coll~sion with brid~e abutment 
or app:z:oach·guard:z:a~l; 

Accidents involv~ng gap betueen 
bridges, includ~ng 10 yea:z: fatal 
accident h~story. 

Accidents involving collision 
with barrels. 

All rel.ated accidents at locat~on. 

All accidents at bridge involving 
veh~cle hit by th:z:oun object. 

All wrong-way veh~cl.e acc~dents. 

Al.l nighttime accidents. 

All ice on bridge accidents at 
subject locations. 

Bridge accidents involving bridge 
abutment or approach gua:z:drail. 

All toll booth related accidents. 

All. guardrail accidents multiplied 
by percent of all guardrail 
accidents involving guardrail 
end (a l . 

Pennyrile Parkway - Accidents 
involving so£t shoulders as a 
contributing £actor. 
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!~PROVEMENT REFERENCE NUMBEa 

27. Median and Shoulde~ Pie~ 
Protection 

28. Clea~ Gore Area 

29. Deer Fence or Deer 
Crossing Sign 

30. Deslicking 

31. Improve Culvert 

32. Bridge Gap Improvements 

33. Shield Rock Cut 

31J. Remove Rock Outcropping 

35. Retrofit Safety Curb 
New Jersey Ba~rier 

36. Paving Shoulder 

37. Grade Separation of 
At-Grade Intersection 

38. Bridge Deck Repair 

39. Lighting 

40. Truck Escape Ramp 

41. Widen B~idges 

IJ2. Grade Sepa~ation of 
At-Grade Intersection 

80 

with 

All accidents involving collision 
with bridge pier. Included 10 year 
fatal accident history. 

All exit ramp interchange accidents 
involving hitting fixed object 
in gore. 

All accidents at locations 
involving deer. 

Wet pavement accidents at locations. 

All accidents involving culvert 
including 10 year fatal accident 
history. 

Accidents involving gap between 
bridges, including 10 year fatal 
accident history. 

All accidents involving 
rock cut. 

All accidents involving rock 
outcropping. 

All accidents hitting, going 
through, or going over a br~dge 
rail. 

Daniel Boone Parkway - All fixed 
object and ran-oft-roadway 
accidents. 

All related accidents at location. 

All bridge accidents occurring 
after start of bridge. 

All related accidents at location. 

Accidents involving brake failure. 

Bridge accidents involving hitting 
bridge abutment or approach 
guardrail. 

All related accidents at location. 



APPENDIX G 

Unit Costs for Recommended Improvements 
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IMPROVEMENT REFERENCE HUMBER COST CDOLLJ.RSl UNIT 

1. Curve Warning Sign 

2. Curve Warning Sign 

3. Curve Warning Sign 

~- "Fasten Seatbelt" Signs 

5. Deer Cr'ossing Sign 

6. Directional Signs 

7. Additional Signing £or Exit Ramp 

8. Replace Rigid Light Supports 

9. Vehicle Actuated Warning Device 
at Intersection 

10. Replace Rigid Signs 

11. Median Crossover Improvements 
Signing 
Paving 
Removing 

12. Actuated Warning Sign 

13. Transverse Stripes 

1~. Additional Delineation 

15. Guardrail Connection to Bridge End 
Remove Guardrail 

16. Bridge Gap Improvements -
Install Guardrail 
Plant Shrubs behind 
Guardrail 

17. Concrete 
(Replace 

Median Barrier 
Barriers) 

-End Treatment 

18. Flashing Beacon 

19. Screen on Bridge over Park~ay 
(5 foot height) 

20. Delineation on ramps £or 
wrong-way accidents (two arrows) 

21. Replace Shoulder Delineator Posts 
-Lens 

22. "Ice on Bridge"Warning System 
(2 signs and 2 sensors) 

23. Delineation £or Shoulders 
Approaching Narrow Bridge 
C$100-ra~sed pavement markers) 
($50-tape) 

2 4. 

25. 

Toll Eooth Improvements 
crash Cushion 
Transverse Stripes 
Rumble Strips 

Change Guardrail End to Breakaway 
Cable Terminal (BCTl 

250 

250 

250 

200 

200 

2,500 

1,000 

2.000 

15,000 

~.ooo 

400 
1 ' 0 0 0 
3.500 

5,000 

4,000 

16 

1.000 
1 

9,000 
7,000 

32 
3,000 

1,000 

2,000 

150 

1 6 
2 

12,000 

150 

3,000 
2,500 
2,000 

Each 

Each 

Each 

Each 

Each 

Each 

Ramp 

Each 

Inta::section 

Each 

Each 
Each 
Each 

Each 

Location 

per Delineator 

Each 
Linear Foot 

pa:!: Bridge 
per Bridge 

Linear Foot 
Each 

r.ocat:Lon 

B::idge 

pa:r R.ainp 

Each 
Each 

Eridge 

per .~pp:z:oach 

Location 
Locatio:1 
Location 

750 Each 
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IMPROVEMENT REFERENCE NUM3ER 

2 6. Paving Shouldez 
(10 foot shoulde:-2 inches thick) 

27. Median and Shouldez Pzotection­
Shoulder Piez Unp:otected 
Shoulder Pier Guardrail 
Unattached 
Median Pier Protection 
(GREAT crash cushion) 

28. Clear Go:e Azea -
Remove Rigid Signs 
Move Light standa:d 
Replace Dual Channel Post 
Rernove Guaxd:ail 
Remove Cu:b 
Contoux G:ading 

29. Deer Fence (8 foot height) 

30. Deslicking 

31. Impzove Culvext­
Replace Headwall 
Remove Guazdrail 
Improve Grading 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

4 1 • 

42. 

84 

Replace Median Drain Inlet 

Bridge Gap Improvements -
Plant Shrubs behind Gua:drail 

Shield Rock Cuts - GM Bar:iex 
Guard: ail 

Remove Rock Outc:oppings 

Ret:ofit Safety Cu:b with 
Hew Je:sey Bar:ie: 

Paving Shoulde: 
(10 foot shoulde:-2 inches thickl 

Grade Sepa:ation of At-Grade 
Inte:section 

B:idge Deck Repai: 

Lighting 

T:uck Escape Ramp 

Widen B:idges 

Grade se~aration of At-Grade 
Intersection 

11,000 Mile 

3,500 Each 
1. 000 Each 

25,000 per Pier 

1,000 Each 
2,000 Each 

500 Each 
1,000 pe: Gore 
1,000 pe::: Goz:e 

35,000 pe:t Go:e 

5 Foot 

12,000 Lane Mile 

1,000 Each 
100 Location 
1 . 5 Cubic Yard 

1,000 Each 

7,000 per Bridge 

30 Linear Foot 
1 0 Linear Foot 

3 Cubic Yard 

30 Linear Foot 

11,000 Mila 

5,000,000 Location 

75,000 Location 

2,000 Standaz:d 

750,000 Each 

100,000 Single Bridge 

5.000,000 Location 



APPENDIX H 

Listing of Recommended Improvements 

for Various Budgets 
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LISTING OY SELECTED PROJECTS BY 3/C RATIO 
BUDGET = 3000000. 

LOCATION LOCATION NAME 
;\LT­
NU!I 

4 
5 
7 
8 
9 

10 
11 
1 z 
13 
14 
15 
16 
17 
19 
20 
2 1 
22 
23 
24 
26 
28 

SEAT3EtT SIGNS AT ENT KAMPS lND INTERS 1 
DEER CROSSING SIGNS 1 
~DD. SIGHING FOR EXIT RAMP GRP TO WKP 1 
aEPLACE RIGID LIGHTPOLES 1 
VEHICLE-ACTUATED UARNIKG DEVICES 3 LOC 1 
REPLACE RIGID SIGNS 1 
M!:DIAM CROSSOVER !t1PROVEMEHTS 3 TYPES 1 
ACTUATED W"-RMING SIGH MTK PKHY MP 32.9 1 
TRANSVERSE STRIPES SIX LOCATIONS 1 
ADD. DZLINEATORS JJAP-US60 MTP-I6~ 1 
GUARDRAIL TRANSITION TO BRIDGE END 1 
UPGRADE GAP BET. BRIDGES G-RAIL/SHRUBS 1 
CONCRETE BARRIER WALL PP MP 7.1 500FT 1 
SCREEN OM BRIDGE OVER PPKWY 2 LOC. 1 
DELINEATION FOR WRONG-WAY ACCIDENTS 1 
REPLACE AND UPGRADE DELINE~TOR POSTS 1 
ICE OM S~NSOR AND BRIDGE SIGH 8 LOC. 1 
DELIN~ATION FOR SHOULDERS APPR.SRIDGES 1 
TOLL BOOTH IMPROVEl1ENTS THREE KINDS 1 
PAVING SHOULDER P PK!~Y MP 30.0-45.0 1 
CLEAR GORE AREA LIST Of FIVE 1 
*~******** TOTALS ***s******************** 

COST 

36800. 
5000. 
1000. 

220000. 
45000. 

lf40000. 
610000. 

5000. 
24000. 

1000. 
392000. 
400000. 

19000. 
4000. 

23000. 
71l100. 
96000. 
38700 .. 

105000. 
330000. 
13'1000. 

3000900. 

Figure H-1. List of recommended improvements given a $3,000,000 budget. 

LISTING OF SELECTED PROJECTS BY 8/C RATIO 
BUDGET = 6000000. 

LOC~TION LOCATION NAME 
ALT­
NU11 

4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
20 
21 
22 
24 
25 
26 
28 

SEATDELT SIGNS AT ENT RAMPS ~HD INTERS 
D:C:E!t CROS:SING SIGNS 
lDD. SIG~:J(G FOR EXIT RAMP GRP TO WKP 
REPLACE RIGID LIGHTPOLES 
YEHICLE-ACTUAT:C:D ~ARNIMG DEVICES 3 LOC 
REPLACE R!GID SIGHS 
MEDIAN CRl'lSSOVER IMPROVEMENTS 3 TYPE'S 
ACTUATED WARNING SIGn MTN PK~Y MP 32.9 
TRANSVERSE STRIPES SI:< LOCATIONS 
lDD. DELINEATORS JJAP-US60 MTP-I64 
GUARDRAIL TRANSITION TO BRIDGE END 
UPGRADE GAP BET.· BRIDGES G-RAIL/SHRUBS 
COMCRET~ BARRIER U~LL PP MP 7.1 500FT 
SCREE~ ON BRIDG~ OVER PPKWY 2 LOC. 
DELINEATION FOR WROKG-t!AY ACCIDENTS 
REPLACE AND UPGR~DE DELINEATOR POSTS 
!CE OM SENSOR AND BRIDGE SIGH 8 LOC. 
TOLL BOOTH IMPROVEMENTS THREE grN~S 
CHANGE GU~RDRAIL END-TRE~TMEJ!T TO SCT 
PAVING SHOULDER P PKUY MP 30.0-45.0 
CLEAR GORE lREl LIS: or FIVE 1 
~~~*****~* TOTALS •~~*****X**X**X********* 

COST 

36800. 
5000. 
1000. 

zzoooo. 
45000. 

4~0000. 
610000. 

5000. 
2~000. 

1000. 
392000. 
400000. 

1 ~000. 
4000. 

23000. 
711400. 
96000. 

105000. 
3036000. 

330000. 
134000. 

5998200. 

Figure H-2. List of recommended improvements given a $6,000,000 budget. 

LISTING OF SELECTED PROJECTS BY B/C RATIO 
BUDGET : 9000000. 

LOC~TION LOCATION HAkE 
ALT­
NU!I 

4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
zo 
21 
23 
25 
27 
29 

SZATBELT SIGHS AT EHT RAMPS AND INTERS 
OEER CROSSING SIGHS 
ADD. SIGHING FOR EXIT RAMP GRP TO WKP 
REPLACE RIGID LIGHTPOLES 
VEHICLE-ACTUAT:C:D WARNING DEVICES 3 LOC 
REPLACE RIGID SIGHS 
~~DIIH CROSSOVER IMPROVEMENTS 3 TYPES 
ACTUATED ~lRNIHG SIGN MTM FRWY MP 32.9 
TRANSVERSE STRIPES SIX LOCATIONS 
ADD. DELIN!lTORS JJ~P-US60 MTP-I6~ 
GUIRD~AIL TRANSITION TO BRIDGE END 
UPGRADE GAP BET. BRIDGES G-RAIL/SHRUBS 
CONCRETE B.:l.RRIER tJALL PP MP 7. 1 500 FT 
SCR~tM ON BRI~GE OVER PPK!JY 2 LOC. 
DELINEATION FOR WROnG-!!lY ACCIDENTS 
REPLACE AJ~D UPGRADE DELINEATOR ?OSTS 
DELINEATION FO?. SHOULD:RS ~PP~.3R!DGES 
C~~NGE GUARDRAIL !KD-TRE~TMEKT TO BCT 
~~tDI:H AND SHOULt:R F!ER PROTECTION 3 
DEER F!:NCE !.:;:p 3LOC. P? 3tOC, G1? 6LOC 
~********* TOTALS ~*~****~*~*~*~********** 

COST 

36300. 
5000. 
1000. 

220000. 
45000. 

440000. 
610000. 

5000. 
214000. 

1000. 
392:000. 
400000. 

1 ~ 0 0 0. 
4000. 

23000. 
7Jt~OO. 
38700. 

3036000. 
26~1.000. 

1?87000. 
3999900. 

Figure H·3. List of recommended improvements given a $9,000,000 budget. 

RETURN 

319920. 
29253. 

3637. 
681328. 
135368. 

1253799. 
1555751. 

11225. 
51902. 
17~3. 

647423. 
6218142. 

29394. 
5744. 

31261. 
90229. 

114715. 
4~164. 

110125. 
345483. 
135376. 

6223687. 

!tETURH 

319920. 
29258. 

3637. 
68132!. 
135368. 

1253799. 
1555751. 

11225. 
51902. 

1743. 
6~7~23. 
621842. 

29394. 
5744. 

31261. 
90229. 

118715. 
110125. 

3182039. 
345483. 
135376. 

9361562. 

RETURN 

319920. 
349178. 
352815. 
103~142. 
116 9511. 
ZlfZ3310. 
397906 I. 
3990236. 
4042188 .. 
Ll-043931. 
4691354. 
53131?6. 
5342590. 
5348334-. 
5379595. 
5469824. 
5513?1)9. 
86?6028. 

11377980. 
12350124. 
1Z350124. 

ACCUl'f 
RETURN 

319920. 
3~9173. 
352.815. 

10341lJZ. 
1169511. 
2423310. 
3979061. 
3990286. 
40lf2:1S8. 
4043931. 
•6913-54. 
5313196. 
5342590. 
5348334. 
5379595. 
54698Z4. 
5588540. 
5G3270~. 
5742329. 
6088312. 
6223687. 
6223687. 

ACCUM 
R!TU~N 

319920. 
3~9178. 
352815. 
103~142. 
1169511. 
2423310. 
3979061. 
3990286. 
40~2188. 
40~3931. 
lf691354. 
5313196. 
5342590. 
53~833~. 
5379595. 
546982lf. 
5588540. 
569&065. 
8880704. 
?2261$6. 
9361562.. 
9361562. 

ACCUrt 
R!'l"U~N 

319920. 
29258. 

3637. 
681328. 
135368. 

1253799. 
1555751. 

11225. 
51902. 

17143. 
647423. 
621842. 
2939~. 
57tP~. 

31261. 
902:9. 
44164. 

3182039. 
2681952. 

?7Z145. 
1235012~. 

B/C 

8.69 
5.85 
3. 64 
3. 10 
3. 01 
2.85 
2. 55 
2.25 
2. 16 
1. 7EJ 
1. 65 
1.55 
1. 55 
1. EJq 
1. 36 
1. 26 
1.20 
1. 1 ~ 
1. OS 
1. OS 
1. 01 

B/C 

8.69 
5.85 
3.64 
3. 10 
3. 01 
2.85 
2.55 
'2. 25 
2. 16 
1. 74 
1. 65 
1.55 
1. 55 
1. ~~ 
1. 36 
1. 26 
1.%14 
1. OS 
1. OS 
1. OS 
1 . 0 t 

8.69 
5.85 
3.6'1 
3. 10 
3. 01 
2.85 
2.55 
2. 25 
2. 16 
1. 7~ 
1.65 
1. 55 
1. 55 
1. tj:!.j 
1. 36 
1. 26 
1. 14 
1.05 
1. 02 
a. 98 

ACCUI'I 
8/C 

8.69 
8.35 
8.24 
3.94 
3.80 
3.Z~ 
2. 93 
2.93 
2. 9 1 
2. 91 
2.64 
2.44 
2.43 
2.43 
2.42 
Z.38 
2.34 
2.3Z 
2. Z6 
2.1Z 
2. 07 
Z.07 

8.69 
8.35 
8.2~ 
3.9. 
3.80 
3.24 
2.93 
2.93 
2. 91 
2. 91 
Z.64 
2.~~ 
2.43 
2.43 
2.42 
2.38 
2. 34 
2.2.8 
1. 60 
1. 57 
1. 56 
1. 56 

ACCU!1 
8/C 

8.69 
8.35 
8. 24 
3. 94 
3. 80 
3.2~ 
2.93 
2. 93 
2. 91 
z. 91 
2. 64 
2..&14 
2.1f3 
2.43 
2.142 
2. 38 
2.36 
1. 6 z 
1.1f2. 
1. 37 
1. 37 

87 



LISTING OF SELECTED PROJECTS BY B'C RATIO 
BUDGET = 12000000. 

LOC~TION LOC~TION K~ME 

ItT­
NUN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
1 z 
1 3 
14 
15 
1 6 
17 
18 
1 9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

CURVE WA?.NIHa SIGH D~P MP 14.9 1 
CU!V~ WARNING SIGN H!H P~WY M? 33.1 1 
CURVE WlRNI::G SIGN ~TN FRW¥ ~p 72.3 1 
S~~!S~tr SIGNS A: ENT RAfiFS lND !!tiCRS 1 
t!ZR C!OSSI~[G SIG!{S 1 
ADD. DIR~CTIONAL SIGHING 3 LOCATIONS 1 
l~D. SIGHING !OR EXIT RAMP GRP !0 t:~:p 1 
R!Pt~CE RIGID L!GitTPCL!S 1 
VE!IICLE-lCTU~TED W~RHIJ:G DEVICES 3 LOC 1 
?.!:P!.AC:E: ::Z.IGID SIGNS 1 
l1£DIAH C~OSSOVE! IUPROV'!:MEHTS 3 TYPES 1 
ACTUATED WlRHING. SIGH HTH F~:!Y M? 32.9 1 
TRAHSV~RSE STRIPES SI~ LOC~TIOKS 1 
ADD. DELIHE.\TORS JJ'J',P-USDO HTP-!64 t 
GUJ!.!DP.1'.I!. TR.tHSITIOK TO BRIDGE !:HD 1 
UPG?.IDE GAP BE:. BRIDGES G-R~IL,SHRUBS 1 
COHCR~TE BARRIER WALL FP MP 7.1 500 FT t 
FL~SHING B~lCO~S S~VEH LOClTIONS 1 
SCREEN 0~ BRIDG~ OVER PF~t:y 2 LOC. 1 
DELINEATION FOR UROHG-UAY ACCID!KTS 1 
R~PLACE AND UFGRADE DELINEATOR FOSTS 1 
IC~ OJ{ S!NSOR A!tD ~RIDGE SIGH S LOC. 1 
D~LIHEATION FOR SHOULDECS APPR.ERIDGES 1 
TOLL BOO'!'~ I:lPROVEttEHTS THR!:E hU\DS 1 
CHANGE GUARDRAIL END-TRE~T"EHT TO ~CT 1 
~~VING SHOULDER P pgwy MP 30.0-45.0 1 
HEDIAH AND SHOULDER PIER PROTECTION 3 1 
CLElR GO~E ~RE~ LIST OF FIVE 1 
DEER FENCE WJ:P 3LOC. PP 3LOC. GRP 6LOC 1 
DESLICgiKG MTK F~!IY 3LOC D3 PCUY 1LOC 1 
CULVERT/HEADWALL IMPROVEMENTS 1 
U?GR~DS G~P BEr:!!ZK BRIDGES-SHRUBS 1 
~~~~i=~*•* TOTALS ~*~**~~~~·~~*•*~******** 

COST 

50 0. 
500. 
500. 

36$00. 
5000. 
7!:00. 
1000. 

22:0000. 
45000. 

440000. 
&10000. 

5000. 
2'1000. 

1000. 
3~2:000. 
400000. 

19000. 
7000. 
4000. 

23000. 
71400. 
96000. 
33700. 

105000. 
3036000. 

330000. 
2641000. 

134000. 
937000. 
206000. 

1283000. 
784('00. 

11953900. 

Figu111 H-4. List of 111commended improvements given a $12,000,000 budget. 

LZS'l'J:MG or SELECTED PROJECTS BY B'c RATIO 
BUDGET • 15000000 . 

~LT-

!.OCATZOM LOCATION: M.•,Mt HUM COST 

4 SE:J!.TBELT SIGNS >.T EHT RAMPS AND INTERS 36800. 
5 ntt?. CROSS!HG SIGNS 5000. 
7 ADD. SIGH!~G FO!". EXIT RJ\t1P GRP TO ~KP 1 0 0 0. 
3 REP!. ACt P.!:J!D I.IGH1'POLE5 2:20000. 
9 VEM!CLE-\C1'UAtED t-1.\!l!!I~W DE'/ICtS 3 LOC 45000. 

10 R:Pt:..ct !'.!GID SIGNS 440000. 
11 f1E:O!~H C?.OSSOVEP. IrTPROV!:ME~TS 3 TYPES 610000. 
12 . ~C'I'UP.!ED U:'.~'{!~:G SIGH t:T}{ r~::!Y MP 32.9 5000. 
13 !?..i'.NSVEP.SE S:R!FES SIX LOC.~7IOHS Z4000. 
14 .~DD. DELI:lE:'..'I'ORS JJAF'-US60 ~T?-!64 1000. 
15 GUJ'HtDR:AIL :r!1.AHSI'!'ION TO EP.IDG!' EXD 392000. 
1; UPGR.ADE: GJ'.P EZ!. :!RIDGES G-F.;.!L/SH!'.UBS 400000. 
19 SC~EEH 0!{ BRIDGE OVER Pn::!y Z L"C. l!OOO. 
20 DELINEATION FOP. WP.ONG-~l::.Y :tccro:Hrs 23000. 
21 ?.E?LJ',Ct AND UPGP.J',DE DELIMEJ\'!'OP. POSTS 7 I 400. 
22 I"• 0~{ SE}!SO?. ;.:-to BRitGE SIG!\ ~ LOC. 96000. 
23 ~ELIHEATIOH FOP. SHOULDERS :I.PPP.. B!UOGES 3~700. 

2' TOLL S007H n~PP.ovtm::nrs THR:.:! !-:!X!:'S 105000. 
25 CH;.NGE t:UARO?.AIL EHD-TP.EA'I'!1EHT TO BC't 3036000. 
26 P:'.'.'IHG SHOU!.~!:R p Pt-:t-.:Y ~1? 30.0-45.0 330000. 
27 H!DI;m ,UID SHOULD Ell. PIER PROTECT! OM 3 264100:1. 
~9 DE!.R FE7't:C:E: w:P 3Lo:. FP 3LOC. GP.P 6LOC 987000. 
30 DESLICt~I~IG M1'N n:t.:Y 3LOC DB PKUY' 1LOC 205000. 
31 CULVE~T,HEAO:l~LL Il1PROV!l":E:1'!'S 1283000. 
33 SHIZ!.D ROC~! curs (73. 1 MILES) 1 4000000. 

:~;*~'«:t::I:S*:1::: TOT:.LS ******l:*****~*******•*** 15000900. 

Figure H·5. List of 111commended improvements given a $15,000,000 budget. 

88 

~ETURH 

92476. 
3450$. 
16789. 

319920. 
29258. 
37529. 

3537. 
681328. 
135368. 

125379'9. 
1555751. 

11225. 
51902. 

1743. 
647423. 
621842. 

29394. 
10205. 
5744. 

31261. 
902.29. 

11 S715. 
44164. 

110125. 
3182039. 

345483. 
2681952. 

135376. 
972!45. 
1~5857. 

1010065. 
382094. 

14329346. 

RETURN 

319920. 
292:5S. 

35 37. 
631323. 
135363. 

1253799. 
1555751. 

t 1225 . 
51902. 

171.! 3. 
647423. 
62181.!2. 

5744. 
3 I 261. 
90~::!9. 

1 18715. 
~4164. 

110125. 
3182039. 

3454$3. 
2631~52. 

972145. 
1358.57. 

1010065. 

,~~~i~~t 

ACCUM 
R!T'U!!N 

92476. 
126934. 
143773. 
463693. 
4?295 1. 
530480. 
534117. 

1215444. 
1350812. 
2:6046 1 1. 
4160362. 
4171588. 
4223490. 
4225233. 
4872656. 
5494497. 
SSZ3S92. 
5534096. 
55398t;O, 
5571102. 
5661331. 
5780046. 
5824210. 
5934336. 
9116375. 
9461857. 

12143809. 
12279185. 
13251330. 
13437187. 
14447251. 
1482'9346. 
14829346. 

ACCO:f1 
R!TU~N 

319920. 
349178. 
354:815. 

1034142. 
1 16 9 51 1 . 
2423310. 
3979061. 
3990286. 
40421138. 
401.!3931. 
46~1354. 
5313196. 
5318939. 
5350Z01. 
5440430. 
5559145. 
500330~. 
5713435. 
8895t;i4. 
924095&. 

11922908. 
12395053. 
130S0910. 
14090975. 
15712431. 
15712431. 

B/C 

184.95 
6 9. 0 2 
33.53 

8.&9 
5.85 
5. 00 
3. 64 
3. 10 
3. 0 1 
2. 85 
2.55 
2.25 
2. 16 
1 . 74 
1.65 
1. 55 
1. 55 
1. 413 
1. 44 
1. 36 
1. 26 
1. 24 
1. 14 
1. OS 
1. OS 
1. 05 
1. 02 
1. 01 
0.98 
0. 90 
0.79 
o.•9 

B/C 

8.69 
5.85 
3. 64 
3. TO 
3. 01 
2. 35 
2. ss 
2.25 
2:.16 
1. 71.! 
1. 65 
1. 55 
1. 44 
1. 36 
1. 26 
1. 24 
1. 14 
1. OS 
1.05 
1. 05 
1. 02 
0.~8 
0. 90 
0.79 
0. 4 1 

ACCUM 

B'C 

184.95 
12&.98 
95.85 
1.2. 11 
1 1. 38 
10.44 
10. 31 

L!.47 
4. 26 
3.L!4 
3.04 
3.04 
3.03 
3. 02 
2. 72 
2. 51 
2.50 
2.50 
2. 50 
2.49 
2.'15 
2.40 
2.38 
2. 32 
1. 63 
1. 60 
1. 42 
1. 41 
1. 37 
1. 36 
1 . 2 9 
1.24 
1. 24 

ACCUM 
B/C 

8.69 
8.35 
8.24 
3. 94 
3.80 
3.24 
2. '? 3 
2.93 
2. 9 1 
2.91 
2.&4 
2.44 
2.44 
2. 4 2 
2. 39 
:::.34 
2. 3 2 
2.27 
1. 60 
1. 57 
t. 1;0 
1. 36 
1 . 3 5 
1.23 
1. OS 
1. OS 



LISTING OF SELECTED PROJECTS BY B/C RATIO 
3U!JGE'I' = 17000000. 

LOClTION LOCATION H~ME 
ALT­
HUI1 

1 
2 
3 
4 
5 
6 
7 
a 
9 

1 a 
11 
1 2 
13 
14 
15 
16 
17 
18 
1 9 
20 
21 
22 
23 
24 
25 
25 
27 
28 
29 
30 
3 1 
32 
33 
34 
39 

CURVE WARNING SIGH DaP ~p 14.9 1 
CURVE NARMIHG SIGN HTH PKWY HP 38.1 1 · 
CURVE ~~2NING SIGN MTH PKWY HP 72.3 1 
S!!TSEL! SIGNS AT EHT RAMPS lMD INTERS 1 
DEZR CROSSING SIGNS 1 
ADD. DIRECTIONAL SIGHING 3 LOC~TIOKS 1 
ADD. SIGNING FOR EXIT R~MP GR.P TO tJKP 1 
REPLACE ~IG!D LIGHTPOLES 1 
VEHICLE-ACTUATED WARNING DEVICES 3 LOC 1 
REPLACE RIGID S!G!{S 1 
MEDIAN CROSSOVER IMPROVEMENTS 3 TYPES t 
ACTUATED t.lARHIHG SIGN MTM PKWY MP 32.9 1 
TRANSVERSE STRI.P!S SIX LOCATIONS 1 
ADD. DELI~ElTORS JJAP-US60 MTP-I6q 1 
GUARDRAIL TRANSITION TO BRIDGE EHD 1 
UPGRADE GAP BET. BRIDGZS G-RAIL/SHRUBS 1 
CONCRETE BlRRI!R WALL PP HP 7.1 500FT 1 
F!.ASHING BEACONS SEVEN LOCJ\.TIOHS 1 
SCREEN ON BRIDGE OVER PPRW! 2 LOC. 1 
DELINtATION FOR WRONG-HAY ACCID!:NTS 1 
REPLACE AND UPGRADE DELINE,.TOR POSTS 1 
ICE ON SENSOR AND !RIDGE SIGH 8 LOC. 1 
DELIHE~TIOH FOR SHOULDERS APPR.BRIDGES 1 
TOLL BOOTH IMPROVENENTS THREE ~IHDS 1 
CHANGE GUARDRAIL END-TREAT~EXT TO BCT 1 
P~VING SHOULDER P P~WY MP 30.0-~5.0 1 
MEDIAN lND SHOULDER PIER PROTtCTIOM 3 1 
CLEAR GORE AREA LIST OF FIVE 1 
!lEER FEl:CE Ui..:P 3LOC. PP 3LOC. GRP 6LOC 1 
D~SLIC~ING MTH PRWY 3LOC DB PY.WY 1LOC 1 
CU!.VE'RT/HEllDWALL IMPROVEMENTS 1 
UPGRADE GlP BET!JEEH BRIDGES-SHRUBS 1 
SHIELD ROCK CUTS (73. t MILES) 1 
REMOVE ROCJ: OUTCROPPIHGS 1 
IMl'ERCHAXGl: LIGHTING MP !6 ~ 1 
********~* TOTALS ~******~*•************** 

COST 

500. 
500. 
500. 

36800. 
5000. 
7500. 
1000. 

220000. 
45000. 

440000. 
610000. 

5000. 
2~000. 

1000. 
392000. 
400000. 

19000. 
7000. 
4000. 

23000. 
11qoo. 
96000. 
38700. 

105000. 
3036000. 

330000. 
26q1000. 

134000. 
987000. 
206000. 

12S.3000. 
7n!fOOO. 

4000000. 
346000. 
!00000. 

16399900. 

Figure H·6. List of recommended improvements given a $17,000,000 budget. 

LISTING or SELECTED P~OJECTS BY B/C RATIO 
BUDGET = 18000000. 

LOCaTION LOCATION NAME 
'-LT­
HUtl 

1 
2 
3 
4 
5 
6 
7 
8 

' 1 0 
11 
1 2 
13 
14 
15 
16 
17 
1 a 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
36 
39 

CURVE WARMING SIGN DBP MP 14.9 
CURVE WARNING SIGH MTH PKWY MP 38.1 
CURVE !!A!!.NI~CG SIGX MT!t P~t.:Y ru:' 72.3 
SEATBELT SIGJ£5 AT E~T RJMP~ AKD IHl'ERS 
D~ER C~OSSIHG SIGHS 
ADD. OIR~CTIONAL SIGNING 3 LOCATIONS 
~DD. SIGNING FOR EXIT RAMP GR? TO U~P 
~EPLACE RIGID li~HTPOttS 
VEHICLE-lCTUlTED ~ARNI::G DEVICES 3 LOC •

1
1 

R~?L~CE RIGID S!G~S 
MEDIAN CROSSOVER IMPROVEMENTS 3 TYPES l 
~CTUlTE~ ~!~KNIKG SIGH tlTH PKHY MP 32.9 1 
TRANSVERSE STRIPES SIX LOCATIONS 1 
~DD. D~LINEATORS JJAP-US60 t!TF-I64 1 
GUARDRAIL TRANSITION TO SRIDGE EJ!D 1 
UPGRADE GAP BET. BRIDGES G-R~IL/SHRUBS 1 
COI{CR~'!E 3JI.RRI:E:!t !!AL!. PP MP 7. 1 500 FT I 
FLASHING BEACONS SEVEN LOCATIONS 1 
SCREEN OX BRIDG! OVER PP~NY 2 LOC. 1 
DELINEATION FOR UROHG-W~! ACCIDENTS 1 
REPLACE ~HD UPGRADE DELINEATOR POSTS 1 
:cE ON SE~SOR AKD BRIDGE SIGH 8 LOC. 1 
DELINEATION ron SHOULDSRS APPR.BRIDGES 1 
tOLL BOOTH IMPROVEMENTS THREE KIXDS 1 
CHANGE GU.U.DRAIL EKD-TRE;t.TllEHT !0 BCT 1 
PAVING SHOULDER P ?~WY MP 30.0-~5.0 1 
MEDIAN AJ£D SHOULDER PIER PROTECTION 3 1 
C~EXR GO?.~ ~RE~ LIST OF FIVE 1 
DEER FENCE UJ:p 3LOC. PP 3LOC. GRP 6LOC 1 
DESLIC~I!LG MTN Pt:WY 3LOC DB PKUY 1LOC 1 
CULVERT/ffEADWALL IltPROVEM!HTS 1 
UP~RADE GAP BE7~EE~ B~IDGES-SHRUBS 1 
SHI~LD ROCK CUTS (73. 1 MILES) 1 
REMOVE ROCC OUTCROPPIHGS 1 
?;WIHG S!IOULDER DB FfWY (MP 0-59.1) 1 
I~;TERCH~NGE LI~H!ING MP !64 1 
xt~~***~•* TOTALS ~s******************** 2 * 

COST 

sao. 
500. 
500. 

36800. 
5000. 
7500. 
1000. 

220000. 
45000. 

440000. 
610000. 

5000. 
24000. 

1000. 
392.000. 
400000. 

19000. 
7000. 
4000. 

230.00. 
71400. 
!i16000. 
38700. 

105000. 
3036000. 

330000. 
26q)Q00. 

134000. 
987000. 
zosooo. 

1283000. 
jatJOOO. 

4000000. 
346000. 

1300000. 
100000. 

17699900. 

Figure H·7. List of recommended improvements given a $18,000,000 budget. 

RETURN 

92476. 
34508. 
16739. 

319920. 
2~258. 
37529. 

3637. 
681328. 
135363. 

1253799. 
1555751. 

11225. 
51902. 

17tl3. 
6~7423. 
621842. 

29394. 
10205. 
5744. 

31261. 
90229. 

1 18715. 
4q 161.J. 

110125. 
3182039. 

34S!fS3. 
268195Z. 

135376. 
972145. 
185857. 

1010065. 
382094. 

1621456. 
84357. 

3601. 
16538760. 

RETURN 

92476. 
34508. 
16789. 

319920. 
Z9258. 
37529. 

3637. 
681328. 
135368. 

1253799. 
1555751. 

1 , 225. 
51902. 

174 3. 
61.17423. 
621442. 

29394. 
10205. 
s7q4. 

31261. 
90229. 

118715. 
1.14164. 

110125: 
3182039. 

345483. 
2681952. 

135376. 
972145. 
135857. 

1010065. 
382094. 

1521456. 
$4357. 

246773. 
3601. 

16785533. 

ACCUM 
RETU!-tH 

921.J76. 
12698~. 
143773. 
463693. 
492951. 
530480. 
534117. 

1215444. 
1350812. 
2604611. 
4160362. 
I.J171588. 
4223490. 
4225233. 
qs72656. 
5494497. 
552389'2. 
5531.J096. 
5539840. 
557110Z. 
5661331. 
5780046. 
5824210. 
5934336. 
9116375. 
9461857. 

1211.t3S09. 
12279185. 
13251330. 
13q37187. 
144472.51. 
14829346. 
161.J50802. 
16535159. 
16538760. 
16538760. 

ACCUM 
RETURN 

92476. 
1Z698q. 
143773. 
463693. 
492951. 
530480. 
53q 117. 

1215444. 
1350812. 
2604611. 
lJ16036Z. 
4171588. 
q22349o. 
4225233. 
4872656. 
5494q97. 
5523892. 
5534095. 
5539840. 
5571102. 
5661331. 
5780046. 
5824210. 
593q336. 
9116375. 
9461857. 

12143809. 
12279185. 
13251330. 
13q37187. 
14~47251. 
14829346. 
16450802. 
16535159. 
16781932. 
16785533. 
16785533. 

184.95 
69.02 
33.58 

8.69 
5.as 
5.00 
3.6q 
3. 10 
3. 01 
2.85 
2.55 
2.25 
2. 16 
1. 74 
1. 65 
1. 55 
1. 55 
1. 46 
1. Cf4 
1. 36 
1. 26 
1. 24 
1. 1 tJ 
1. 05 
1. OS 
1. OS 
1. 02 
1 • 0 ' 
0.98 
0.90 
0. 79 
0.49 
0. 41 
0.24 
0.04 

8/C 

184. 95 
69.02 
33.58 
8.69 
5.85 
5.00 
3. 64 
3. 10 
3. 0 1 
2. 85 
2.55 
2. 25 
2. 16 
1. 7tt. 
1.65 
1. 55 
1. 55 
1.46 
1. qq 
1. 35 
1. 26 
1. zq. 
1. 1 q 
1. OS 
1. 05 
1. 05 
1. 02 
1. 01 
0. 98 
0.90 
0.79 
0.49 
0. q 1 
0.24 
0. 19 
0. 04 

ACCUrt 

8/C 

184.95 
126. 98 
95.85 
1 2 . 11 
11.38 
10.44 
, 0. 31 
4.47 
4.26 
3.44 
3. 0~ 
3.04 
3.03 
3.02 z. 72 
2.51 
2.50 
2.50 
2.50 
2.49 
2.45 
2.40 
2.38 
2.32 
1. 63 
1. 60 
1. 42 
1 . 41 
1. 37 
1. 36 
1. 2.9 
1. 24 
1. 03 
1. 01 
1 . 01 
1. 0 1 

184.95 
12 6. 98 
95.85 
12. 11 
11.38 
to.qq 
10.31 
4.47 
4. 26 
3.4q 
3.oq 
3.04 
3.03 
3.02 
2. 72 
2. s 1 
2. so 
2.50 
2.50 
2. 49 z. 45 
2.40 
2.38 
2. 32 
1. 63 
t. 60 
1. 42 
1. q 1 
1. 37 
1. 36 
1. 29 
1. 2q 
1. 03 
t. 0 1 
0.95 
0. 9 5 
0.95 

89 



LISTING OF SELECTED PROJECTS BY B/C RATIO 
BUDGET ; 21000000. 

LOCATION LOCATION tV.ME 

ALT­
HUM 

1 
2 
3 

" 5 
7 
a 
9 

10 
11 
12 
13 ,. 
15 
16 
17 
19 
20 
21 
22 
23 
2" 
25 
26 
27 
29 
30 
31 
32 
33 
35 

CURVE WARNING SIGN DBP MP 1~.9 
CURVE WARNING SIGH MT~ PKUY MP 38.1 
CURVE UlRNIKG SIGN MTN PI:WY MP 72.3 
SEATBELT SIG:ts AT ENT RAMPS AltO INTERS 
DEER CP.OSSIHG SIGNS 
ADD. SI3NIHG FOR EXIT RA~P GRP TO UKP 
REPLACE RIGID LIGHTPOLES 
VEHICLE-ACTUATED UlRNIHG DEVICES 3 LOC 
R~PLACE RIGID SIGNS 
HEDIAN CROSSOVER IMPROVEMENTS 3 TYPES 
ACTUATED WARlCIKG SIGH MTl[ Pf.:tJY MP 32:.9 
TRANSVERSE STRIPES SIX LOCATIONS 
ADD. DELINEATORS JJAP-US60 NTP-I6~ 
GUARDRAIL TRANSITION TO BRIDGE END 
UPGRADE GAP BET. 3RIDGES G-RAIL/SHRUBS 
CONCRETE BARRIER UALL PP liP 7.t 500FT 
SC?.EEH OM BRIDGE OVER PPKUY 2 LOC. 
DELINEATION FOR WROH5-WAY ACCIDENTS 
REPLACE l~D UPGRADE DELIME~TOR POSTS 
ICE ON SENSOR A~D BRIDG~ SIGH 8 LOC. 
D~LIHEATIOM FOR SHOULDERS APPR.SRIDGES 
TOLL BOOTH !M'PRO'/EttE~lTS THREE KINDS 
CHANGE GUARDRAIL EtlD-TREATttENT TO BCT 
PAVING SHOULDER P PKUY ftP 30.0-45.0 
MEDIAN AXD SHOULDER PIER PROTECTION 3 
DEER FENCE WKP 3tOC. PP 3LOC. GRP 6LOC 
DESLICKIHG MTH P~UY 3LOC DB PKUY 1LOC 
CULVtRT/HEADUALL IMPP.O\'~M!MTS 
UPGR~DE GAP BETUE!H BRIDGES-SHRUBS 
SHIELD ROCK CUTS C i 3. 1 t!ILES) 1 
RETROFIT SAFETY CURBS WITH KJ BARRIER 1 
~**~*~*~** TO~ALS *****~****~****~~***=**~ 

COST 

500. 
500. 
500. 

"36800. 
5000. 
1000. 

220000. 
45000. 

440000. 
610000. 

5000. 
24000. 

1000. 
392000. 
~ooooo. 

19000. 
4000. 

23000. 
71400. 
96000. 
3S700. 

105000. 
3036000. 

330000. 
2641000. 

987000. 
206000. 

1283000. 
784000. 

4000000. 
5190000. 

20995QOO. 

Figure H-8. List of recommended improvements given a $21,000,000 budget. 

L.IST:tNG or SELECTED PROJECTS BY BIC RATIO 
BUDGET = 211000000. 

ALT-

LOCATION LOCATION KllME HUM COST 

1 CURVE WARNING SIGH DBP tiP 14.9 1 500. 
2 CURVE t.I"RNIHG SIGH MTJ< PKtJY M? 38. 1 1 500. 
3 CURVE t.!:.RNIHG SIGN MTJ< P!:UY MP 72.3 1 500. 

" StATBEL'l' SIGNS a EXT RAMPS AND INTERS 1 36300. 
5 DEER CROSSING SIGNS 1 5000. 
6 ADD. DIP.~CTIOH:.L SIGNING 3 LOCATIONS 1 7500. 
7 ADD. SIGHING FOR !:\!T R.'U1P GRP TO tJl< p 1 1000. 
a ?..EPLACE RIG!D LIGHTPOLES 1 220000. 
9 VEHICLE-ACTUATED U:'.RHIHG DEVICES 3 LOC 1 45000. 

10 REPLACE RIGID SIGH3 1 440000. 
11 MEDIAN CROSSOVZR IMPROVEMENTS 3 TYPES 1 610000. 
12 ACTUATED tJ.'\RHING SIGN MTH PKU'l MP 32.9 1 5000. 
13 T!UHSVERSE ST~I?ES SIX LOCATIONS 1 24000. ,. lOD. DELIH.EATORS JJAP-UZ60 MTP-!64 1 1000. 
15 GUARDRAIL TRANSITION TO BRIDGE END 1 392000. 
16 UPGRADE GAP BET. BRIDGES G-RAIL/SHRUBS 1 400000. 
17 CONCRETE BARRIER WALL'PP MP 7.1 500 FT 1 19000. 
18 FLASHIHG BE:;.COHS SE\'EH tOCATIOJ'fS 1 7000. 
19 SCREEN OM BRIDGE OV!:R PPht!Y z toe. 1 4000. 
20 DZLIHE.\TIOH FOR WRONG-tHY ACCIDENTS 1 23000. 
2 1 R!:PL:.CE AHD UPGRADE DE!.IUE:'.TOR POSTS 1 71~00. 

22 ICE o•· SENSOR AN:D BRIDGE SIGH a LOC. 1 96000. .. 
23 DELINEATIO:C FOR SHOULDERS APPR.BRIDGES 1 38700. 
2" TOLL BOOTH IMPROVEtfEN'I'S THR!t KI:cns 1 105000. 
Z5 CHAHGE GUARDRAIL END-TRE:'. 'l'ttENT TO BCT 1 3036000. 
26 P7.VIKG SHOULDER p FKWY MP 30.0-45.0 1 330000. 
27 MEDIU! ~HD SHOULDER PIER PROTECTION 3 1 2641000. 
2a CLE.\R GOR£ AP.:E:;!. LIST or FIVE 1 134000. 
29 DEEP. FESCE tH!P 3LOC. PP 3LOC. GRP 6I.OC 1 937000. 
30 DESLICI;':ING l'fTN Ft<WY 3LOC D9 PK!.J'f 1LOC 1 206000. 
31 CULVERT/HEADWALL Il1FROVEM:::KTS 1 1283000. 
32 UPGF.J\DE G:I.P BET~EEN BRIDGES-SHRUBS 1 784000. 
33 SHIELD ROCK Ct!TS (73. 1 MILES) 1 4000000. 
3" REr!OVE: ROCK OU'l'CROPPINGS 1 3~6000. 

35 RETROFIT SJU'!7Y CUR!SS UITH J<J BARRIER 1 5190000. 
36 P~VInG SHOULDER DB PfWY !MP 0-59. 1) 1 130-QOOO. 
•o !RtJCK ESC:. FE :tlMP MTll Pl:tJt MP 32.9 1 750000. 
39 IN'IERCHAHGZ LIGHTING MP I6. 1 t 00000. 

:O:*:C******;e; TOTALS :e::c3:C******************** 23639900. 

Figure H-9. List of recommended improvements given a $24,000,000 budget. 

90 

RETURN 

92476. 
34508. 
16789. 

3 t 992:0. 
2925a. 

3637. 
681328. 
135368. 

1253799. 
1555751. 

11225. 
51902. 

1743. 
647423. 
621842. 

2939 •. 
574 •. 

31261. 
90229. 

118715. 
~416~. 

110125. 
3182039. 

3"5483. 
2681952. 

9721.5. 
185a57. 

1010065. 
382094. 
1621~56. 
1063475. 

1733t16S. 

?.~TURN 

92lf76. 
3450S. 
16789. 

3t9920. 
29258. 
37529. 

36 37. 
681323. 
135308. 

1253799. 
1555751. 

11225. 
St902. 

1743. 
647~23. 
6218.2. 

2$1394. 
10205. 
5744. 

31261. 
90229. 

1 13715. 
~~164. 

110125. 
31a2039. 

3.5.a3c 
2:681952. 

135376. 
9721~5. 
185857. 

1010065. 
382094. 

1621456. 
84357. 

1063!J75. 
246773. 

32437. 
3 6 0 1 . 

17881Q96. 

ACCUM 
RETURN 

92476. 
126984. 
143773.' 
463693. 
492951. 
496587. 

1177915. 
13132a3. 
2567082. 
"122833. 
413'1059. 
"185961. 
"187704. 
4835127. 
5456968. 
5436363. 
5"92106. 
552336a. 
5613597. 
E732312. 
5776477. 
5886602. 
9068641. 
94114123. 

12096075. 
13068220. 
13254077. 
1~26'41~2. 
146~6236. 
16267692. 
17331168. 
17331168. 

ACCUM 
R!:TURX 

92476. 
126984. 
1tl3773. 
463693. 
492951. 
530480. 
534117. 

t215444. 
t350Sl2. 
2504-611. 
4160362. 
417t588. 
4223~90. 
4225233. 
4872656. 
5494497. 
5523a92. 
5534096. 
55398~0. 
5571102. 
5661331. 
57800tf6. 
5a24210. 
5930336. 
9116375. 
9461a57. 

121tJ3S09. 
12279135. 
13%51330. 
13437187. 
14447251. 
14829346. 
16450802. 
16535159. 
175£18635. 
17845~08. 
17877895. 
t7S81496. 
17881496. 

B/C 

184.95 
6 9. 0 2 
33.5a 
8.69 
5.85 

3. '" 3. 10 
3. 01 
2.as 
2.55 
2.25 
2. 16 
1. 74 
1. 65 
1. 55 
1. 55 
l. 4~ 
1. 36 
1. 26 
1. z• 
1. 1" 
1. 05 
1. 05 
1. 05 
1. 02 
0.98 
0.90 
0.79 
0.49 
0.~1 
0.20 

B/C 

18 •. 95 
69.02 
33.58 
8.69 
5.85 
5.00 
3.6. 
3. 10 
3. 01 
2.85 
2.55 
2.25 
2. t 6 
t. 74 
1. 65 
1. 55 
1. 55 
1. 46 
1 . 44 
1. 36 
1.26 
1. 24 
1.14 
1. 05 
1. OS 
1. OS 
1. 02 
t. 01 
0.98 
0. 9 0 
0.79 
0.49 
0. 41 
0. 24 
0. 2:0 
0 . 1 9 
0. 04 
0. 04 

1 a•. 95 
126.98 
95.85 
1 z. 1 1 
11.38 
, l. 2:1 
4. 46 
". 25 3 .• 3 
3. 0 3 
3. 03 
3.02 
3. 01 
2. 71 
2.50 
2 .• 9 
2.49 
2.•s 
2.4ll 
2. 39 
2.37 
2.32 
1. 63 
1. 59 
1. "2 
1. 37 
1. 36 
1. 29 
1. 2" 
1. 03 
0.83-
0.83 

ACCUM 
BIC 

18lf.95 
126.9a 
95.35 
12. 11 
11. 3a 
10.44 
10. 3 1 
4.47 
4. 26 
3.44 
3.04 
3.04 
3. 03 
3. 0 2 
2. 72 
2. 51 
2.50 
2.50 
2.50 
2.49 
z. •s 
2.40 
2.38 
2.32 
1. 63 
1. 60 
1. 42 
1. 4 1 
1. 37 
1. 36 
1. 29 
1. 24 
t. 03 
t. 01 
0. S2 
0.78 
0.76 
0.76 
a. 76 



LISTING OF SELECTED P!tOJ'ECTS BY B/C R.ATJ:O 
BUDGET • ZiOOOOOO. 

ALT- ACCUM ACCUI1 

LOCATION LOCATION HJ',ME NOr! COST RETURN RETURN 8/C 8/C 

1 CURVE WARMING SIGH DBP 11P 14.9 500. 92476. 92!476. 18!4.95 184.95 z CURVE UlR.NING SIGN MTN Pf~WY riP 38. 1 500. 3~508. 126984. .69.02 126.98 
3 CURVE w:.r.ni:{G SIGN MTN PJ.:::JY MP 72.3 500. 16739. 1!.43773. . 3 3. 58 95.85 
4 SEATBELT SIGNS >T EHT a:.r:Ps ;um INTEitS 36800. 319920. 463691. 8.69 1 2. 11 
5 DE:;R CROSSING SIGNS 5000. 29258. 492951. 5.85 11.30 
6 :.nn. DIRECTIONAL SIGNING 3 LOCATIONS 7500. 37529. 530480. 5.00 10.44 
7 ADD. SIGN!HG FOR EXIT !\.AMP Gitl' TO t.:~!P 1 ooo. 3637. 534117. 3.64 10.31 
8 REPL.lCE :rt.IGID LIGHTPOLES 220000. 681328. 1215444. 3. 10 4.47 
9 VEHICLE-ACTUATED U~RNING DEVICES 3 LOC 45000. 135368. 1350812. 3. 01 4.26 

10 REPLACE RIGID SIGNS 440000. 1253799. 2604611. 2.85 3.44 
11 M:EDI.AN' CROSSOVER HtP~OVEMEUTS 3 TYPES 610000. 15557 51 . 4160362. 2.55 3.04 
12 ~CTUATED WARNIHG SIGN HTN PKUY MP 32.9 5000. 11225. 4171588. 2.25 3.04 
13 TRAKSVE!tSE STRIPES SIX LOCATIONS 24000. 51902. 4223490. 2. 16 3.03 
14 ADD. DtLINEATORS JJAP-useo MTP-I64 1000. 1743. 4225233. 1. 7lJ 3.02 
15 GUARDRAIL TRANSITION TO BRIDGE END 392000. 647423. 4872656. 1. 65 2.72 
1 6 UPGRADE GAP BET. BRIDG£5 G-RAIL/SURUBS 400000. 621842. 5494497. 1. 55 2.51 
17 CONCRETE BARRIER t:ALL PP ttP 7. 1 500 FT 19000. 29394. 5523892. 1. 55 2.50 
18 F"L:\SHING BEACOUS SEVEN LOCATIONS 7000. 10205. 5534096. 1. 46 z.so 
19 SCREEH OK BRIDGE OVER PFfmY Z LOC. 4000. 5744. 5539840. 1. 44 2.50 
20 DELI.NEATION FOR W!l.Q}(G-WA ~ ACCIDENTS 23000. 31261. 5571102. 1. 36 2.49 
2 1 !tEPLACE AHD UPGRADE DELIUEATOR POSTS 71400. 90229. 5661331. 1. 26 2.45 
2Z ICE OH SENSOR AND BRIDGE SIGN 8 I.OC. 96000. 118715. S7800ll6. 1. 24 2. 40 
23 DEI.IHEllTIOM FOR SHOULDERS APPR.BRIDGES 38700. 4416lf. 5324210. 1. 14 2.38 
24 TOLL BOOTH IM'PROVErtEMTS THREE !<:IHDS 105000. 110125. 593U36. 1. OS z.n 
25 CHANGE GUARDRAIL END-T&'/.EA'l'MEHT TO BCT 3036000. 3182039. 9116375. 1. OS 1.63 
26 PAVING SHOULDER p PRUY MP 30.0-45.0 330000. 34548 3. 9461857. 1. OS 1. 60 
27 MEDIAN AND SHOULDER PIER PP.OTECTION 3 2641000. 2631952. 12143809. 1. 02 1. 42 
28 CLEAR GORE AREA LIST or FIVE 134000. 135376. 1Z2,.91SS. 1. 01 1. 41 
29 DEER FEMCE wt:P 3LOC. pp 3LOC. GRP 6LOC 987000. 972145. 132.51330. 0.98 1. 37 
30 DESLIC~I}l~ M!N PI<:HY 3LOC DB PKtJY n.oc 206000. 135857. 13437187. 0.90 1. 36 
3 1 CULVERT/HtADUALL IrtPROVEMENTS 1.283000. 1010065. 1444725 t. 0.79 1. 29 
32 UPGRADE a.- BETtJEEN BRIDGES-SH!tUBS i84000. 3S2094. 14829346. 0.49 1. 24 
33 SIIIELD ROCK CUTS C 7 3. I MILES} 4000000. 16211156. 16450802. 0. 4 1 1. 03 
34 RE~IOVE ROI:l: OUTCP.OPPIUGS 346000. 84357. 16535159. 0.24 1. 01 
35 RE'l'ROFI'r s:. FETY CURBS WITH HJ B:.RRIER 5190000. 1063476. 1i598635. 0.20 0.82 
37 GRADE-SEP1R).!ED INTERCHANGE DBP-KY472 5000000. 91798L 18516624. 0. 18 0.70 
39 !NTERCH:.NGE LIGHTING MP I6'1 1 100000. 3601. 13520225. o.oq 0.70 

:C'Ji\':C:C'k"«**='*-k TOTALS :c•:c~~:C:C:CS:C"«:C~:C:C:C:C*:C:C:C:C:C:C 26589900. 18520225. 18520225. 0.70 

Figure H·10. List of rec:Or11mended Improvements given a $27,000,000 budget. 

LISTING OF SELECTED PROJECTS BY B/C RATIO 
BUDGE"!' . 30000000 • 

ALT- ACCUM ACCUM 
LOC.\TION LOCATION JV.ME NUt! COST R!:TURM R!:TU~M B/C B/C 

1 CURVE WARNING SIGN DBP MP 1 ~. 9 1 500. 92476. 92476. 184.95 184.95 
2 CURVE t.:;!.RNING SIGN M':'N p~:t..TY MP 33. 1 1 500. 34508. 126984. 69.02 126.93 
3 CURVE ~ARMING SIGN riTH P!;U'l :1? 72.3 1 500. 16739. Jl.13773. 33.58 95.85 
4 SE'ATDELT SIGUS >7 EHT RJI.:-tPS :.!tD INTERS 1 36800. 319920. 463693. 8.69 12. 11 
5 DEER C~OSSIHG SIGNS 1 5000. 29258. 492951. 5.85 11.33 
6 1..DD. DI:iU:C7IOlUL SIGNING 3 LOCATIONS 1 iSOO. 37529. 530480. 5.00 10.44 
7 ADD. SIGNING FO!I. E:UT :t;\MP GRP TO WKP 1 1000. 3637. 53~117. 3.64 10 0 31 
8 REPLACE RIGID LIGii'I'POLZS 1 220000. 6813~8. 1215444. 3. 10 4.47 
g VEHICLE- .\CTU .\TEO WAP.HIHG DEVICES 3 LOC 1 45000. 135358. 1350812. 3. 0 1 4.26 

10 RE:PLACZ RIGID SIGNS 1 440000. 1253799. 2604611. 2. 85 3.44 
11 MEDIAN CROSSOVER IMPROVEMENTS 3 TY!'ES 1 610000. 1555751. 4160362. 2.55 3.04 
12 ACTUATED tJ).ZNING SIG:t MTN P~~WY MP 32.9 1 5000. 11225. 4 171588. 2.25 3.04 
13 TRANSVERSE STRIPES SIX toe:\ TIONS 1 24000. 51902. 4223490. 2. 16 3.03 
14 ADD. DELIKEJ'.TORS JJAP-US60 rtTP-I64 1 1000. 171.1.3. 4225233. 1. 74 3.02 
15 GOARD RAIL T!tANSITIO!l TO BRIDGE EHD 1 392000. 647lJ23. 4872656. 1. 65 2.72 
16 UPGR:.rn: GAP BET. ORIDGES G-R!.IL/SHRUBS 1 400000. 621842. 549l&lJ97. 1. 55 2.51 
17 CONCRETE B).RRIER t.li.Lt FP riP 7. 1 !iOO FT 1 19000. 29394. 5523892. 1. 55 z.so 
18 FLASHING BE.\CONS SZVEH LOC:O.TIONS 1 7000. 10205. 5534090. 1. 46 2.50 
19 SCREEN ON B!!.IDGE OVER PP!:t-JY 2 toe. 1 '1000. 57411-. 5539340. 1.44 2.50 
20 DELINEATION FOR WRONG-!.U X' ACCIDtnTS 1 23000. 31261. 5571102. 1. 36 2.49 
21 REPLACE :.:xo UPGR;!.DE DtLI!:tATOR PJS'!'S 1 71400. 902.29. 5661331. 1. 26 2.45 
22 ICE OH s::nsoR ~NO BRIDGE SIGH 8 LOC. 1 96000. 118715. 5780046. 1. 24 2.40 
23 DELINE.\TIO}l roa SHOULDI:RS APP!t.BRIDGES 1 33700. 44 164. 582lJ210. 1. 14 2.38 
24 TOLL BOO':'H IMPROVEMENTS THREE KIHDS 1 105000. 110125. 593lf336. 1. OS 2. 32 
25 CH:..NGE GUARDRAIL END-TP.E.\TMENT TO BCT 1 3036000. 31S2039. 9116375. 1. OS 1. 63 
26 P.lVIHG SHOULDER p Pl·:tJY MP 30.0-45.0 1 330000. 345~-'3. 9461857. 1. 05 1. 60 
27 ttEDI.\ll AHD SHOULDER PitR PROTECTIO}{ 3 1 2641000. 2681952. 121t;3S09. 1.02 1. 42 
28 Ctt:.R GO~E AREA LIST or FIVE' 1 134000. 135376. 1Z279135. 1. 01 1. 41 
29 DE:I:P. FEHCE U~P 3LOC. pp 3LOC. GRP 6LOC 1 987000. 972145. 13251330. 0.98 1. 37 
30 DESLIChi::G MTH PKt.:Y 3LOC DB PI!UY 1LOC 1 Z06000. 135857. 13437187. 0.90 1. 36 
31 CULVERT/HEAD~~LL IMPROV£:M!:XTS 1 12B3000. 1010065. 1441.17251. 0.79 1. 29 
32 UPGRJU)E G:.P BET!!EElf BRIDGZS-SHRUBS 1 784000. 332094. 14829346. 0.49 1. 24 
33 SHIELD ROC I-! CUTS ( 7 3. 1 ~liLtS) 1 4000000. 1621456. 16450802. 0. 41 1. 03 
30 RErlO\'E RO:l! OUTCROPPIXGS 1 346000. 84357. 16535159. 0.24 1. 0 1 
35 RETROFIT SrlFETY CURES !.l'ITH NJ iURRIE:rt. 1 5190000. 10G3476. 1759D635. 0.20 0.82 
36 P.lVING SHOULDER DB Pl:l~Y (MP 0-59. 1) 1 1300000. 246773. 17345403. 0. t 9 0.78 
37 GiL"'.DE-S:SP .;R;. 'I' ED I!!TERCH.lNGE DBP-Ki'472 1 5000000. 91i939. 18763397. 0. 1S 0.68 
38 BRIDGE DECK .ii.:.trAI!t 1 1725000. 1931~3. 1C95654-0. 0 . 11 0.61& 
39 INTERCHANGE LIGHTING MP IG4 1 100000. 3601. 13960141. O.OI.J 0.64 

~·***:.O.J::t::J::a: TOTALS :&'~:t:Z:t::t:X*~******W******** 29614900. 18960141. 18960141. 0.64 

Figum H-11. List of recommended improvements given a $30,000,000 budget. 
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