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Reports 495 and 517 were prepared to document the safety improvement needs of the interstate
system. This report, which closely follows a users’ guide included in Report 517, is a compilation of recom-
mended improvements for the toll roads. Our studies are progressing from interstates to toll roads and then
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for the primary system. This task will be undertaken sometime after January 1, 1981, which is the date
when one year of accident data will be available using new codes for accident tapes.

Experience gained in preparation of the interstate reports aided in the preparation cf a safety
improvement program for toll roads. In addition, we were able to analyze longer periods of accident data
for the toll road system.

A total of 42 alternatives were inciuded in the list of potential improvements for the toll road system.
The estimated cost for all improvements was $58.5 million; however, those alternatives having benefit-cost

ratios greater than 1.0 totaled only $8.7 million.
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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

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

In a previous rcport an accident |
analysis and field inventory was

_used to prepare a priority ranking

of improvements for the mterstate
system.? The objective of the study
reported here was to prepare a list.
of recommended improvements for
Kentucky’s toll roads. The toll road
system consists primarily of four-

lane highways with full-access con-
trob. 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 toll roads.

Procedure

Accident Analyses

Much of the information re-
quired for each accident is available
from a computer file. However,
since additional details concerning
the type of accident were needed,
copies of the reports of all accr |
dents occurring on toll roads during-
a three-year period (1976-1978)
were obtained. Information given
on the accident report enabled each
accident to be classified into one of

three categories:

e Interchange- and intersection-

related (Table 1);

e Bridge-related (Table 2); or

e Mainline-reiated (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.?
Other information coded from the
accident report included such vari-

Table 2. Bridos-Related Accident
Categoriss.

— 81 - Not stated

52 - Hit bridge rail or curb

53 — Hit bridge abutment

84 — Rear end accident

55 — Ran off road after losing control
on bridge

656 — Head-on

57 — Opposite-direction sideswipe

58 — Same direction sideswipe

59 — Through or aver bridage rail

60 — Gap between bridges

61 — Hit approach guardrail

- 82 — Other bridge reiated accident

Table 1. |nterchange- and Jntersection-Related Accident Categories,
| nterchange | ntersection
Entrance Ramp 00 — Not stated

71 — Not stated
72 = Resr-end accident on ramp

73 - Angle accident between ramp vehicie and mainline vehicle

74 - Sideswipe accident on ramp
75 — Rear-end accident on mainline at ramp

01 — Angle accident — both straight
02 — Angls accident — one turning left

03 — Angle accident — one turning right

04 — Angle accident — other
05 — Rear gnd - both straight

76 -~ Ramp vehicle hit fixed object

77 — Ramp vehicle ran off road

78 — Sideswipe accident between mainline vehicles
78 - Other accident related to entrance ramp

Exit Ramp

81 — Not stated

82 — Sideswipse accident related to ramp

83 - Vehicle hit fixed object in gore

84 — Famp 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 rarnp

Rear end - accident on exit ramp

Opposite diraction — ona left turn, one straight
Oppaosite direction — both going straight

06 — Rear end — one turning left
07 — Rear end — one turning right
08 —

09 = Rear end = other

10 —

11 -

12 — Opposite direction — other
13 — Fixed object

14 — Single vehicle

15 = Pedestrian

16 — Vehicie backing

17 = Merging from ramp

18 — Merging onto ramp

19 ~

Other




Tabie 3, Mainline Accident Categories.

Roadway Sections and Mid-Biock

26 — Not staied

27 — Rear end accident in traffic lane

28 — Hit fixed object

29 — Ran off roadway

20 = Head-on collision

31 — Sideswipe accident (same direction)

32 - Sideswipe accident (opposite
direction)

33 — Pedestrian

34 — QOne car entering driveway or alley

48 — 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-reiated accident

42 — Animakrelated accident

43 — Qther

Miscellaneous

41 — Not stated

62 — Parking lot

93 — Train |

- 94 — Toll booth

95 — Other train-crossing-related
98 = Other

ables as lighting and roadway sur-
face conditions. Accident location
information (route and milepost)
was also coded. The coded informa-
tion was punched onto compurter
cards (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 mules (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
occurring 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(Naz)) + 0.5,
(1)

"in which Nc is the critical number

of accidents; Na 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
alculated 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 2 high-
way section is given by®

Ac= Az + K(SQRT(Aa/m))
+ 1/(Zm),

) L@y

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
Summatized from Coded Data.

Summary by parkway

Surnmary by year

Summary by month

Summary by hour of day

Summary by roadway surface

condition

Summary by light conditions

Summary by readway character

Summary by type of accident

Summary by contributing factors —

environmental

10. Summary by contributing factors --
vehicutlar

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

U S

©ENm

© 20, Summary by severity by light

conditions

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 accident was
determined and used to eompare
several of the accident characteris-
tics shown in Table 4. The severity
index used to make these compari-
sons is given by'

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 (nonincapacitating) in-
jury accidents; C is the number of
C-type (possible) injury accidents;
and PDO is the number of prop-
erty-damage-only acciderts.

A separate analysis was used to
determine locations which had a

critical number of a particular type |

of accident. The average number of
accidents of a specific type was de-
termined for a given length of road-
way. Using Equation 1, the critical
number of accidents was calculated.
The specific accident types investi-
gated included wet-pavement acci-
dents, snow and ice accidents, fatal
or injury accidents, accidents due
to unsafe speed, accidents during
darkness, animai-related accidents,
and accidents involving guardrail.

A special investigation of fatal
accidents was performed. Copies of
the reports of all accidents involv-
ing a fatality were obtained for 2
10-year period (1970-1979). Infor-
mation from these reports was
coded and summarized. Each acct
dent was placed into one of several
descriptive categories. Sections of
toll road where several fatal acci-
dents had occurred were identified,

A comparison of accident data
on bridges with and without full-
width shoulders was made. A com-
parison of accident rates on bridges
with various sufficiency ratings was

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 adequacy 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 raii,

e Attaching approach guardrail
to bridge structure, and

e Installation of acceptable end-

treatment on approach guard-
rail

" Field lnventory

t It was necessary to survey all toll

"roads (approximately 650 miles
(1046 km)) for the purpose of in-
specting high-accident locations and
conducting an inventory of selected
roadway features. Some toll roads
had features which are now in need
of upgrading. To obrain an estimate
of the total cost for such improve-
ments, it was necessary to count
the number of each offending fea-
ture. For example, the present stan-
dard for guardrail ends is the break-
away cable terminal; however,
almost all guardrail ends on toll
roads are either buried or blunt. It
was necessary to conduct an inven-
tory of the number of each type of
guardrail end to estimate the costs
of updating all guardrail ends to
current standards.

A listing of the general roadway
features included in the field inven-
tory is given in Table 5. The num-
bers of buried, breakaway, blunt,
and flared guardrail ends were de-

O@PNO G AN

Table 5. Rosdway Festures includesd in
tha Field Invemiory

Type of guardrail end

Bridge pier protection

Bridge shoulder width

Bridge safety feaiures

Curb on bridge

Protection of gap betweern bridges
Bridge deck condition

Sidewsik on bridge .

Interchange lighting

- 10. Ggore area features

11. Toll booth protection

12. Unnecessary guardrail

13. Additional guardrail

14. Signs

i5. Hazardous culvert headwall

i6. Nonbreakaway lighting standards

17.  Unyrotected overhead sign support

18, Hazardous rock outcropping of
rock cut

20. Median 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
existence of a curb or sidewalk, the
type of protector at the median
gap, and the wraffic 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 eor 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
nonbreakaway lighting standards
were determined. The number of
lighted interchanges was counted.
Gore areas were classified as clear
or the features in the gore were

3



noted. The features included exit
signs (if not breakaway), lightposts,
guardrail, or a combination of sev-
eral features. Toll-booth protection
was summarized. The lengths of all
rock cuts 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
usé. All features inventoried, with
the exception of bridges, were sum-
marized by mile. Photographs of
various roadway features were taken
and are presented in APPENDIX A.

QOther 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 recormmendations were
considered for inclusion into the
safety improvements for toll roads.

Injury

Determination of Benefits
and Costs

To obtain a priority ranking of
the recommended safety improve-
ments, benefits and costs had to be
assigned. The annual benefits were
calculated based on the number of
fatal, injury, 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 $150,000
$ 5,800
Property-Damage-Only $§ 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 safery
improvement programs. The costs
were the actual installation or con-
struction costs of the improvement,
plus the annual maintenance costs.

- The mmprovement 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 wraffic 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
budger, 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 resuits 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.®

Results

Accident Anaiyses

A scarch 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 2s 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, while
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Table 6. Accident Summary by Type of Accident for Each Toll Road (1978-1978).

Number of Accidents by Type
Interchange Bridge

Parkway Mainline Related Related Total
Mountain (Mtn) 316 16 18 350
Western Kentucky (WiKy) 387 3t 19 437
Biuearass (BG) 210 11 18 240
Purchase (Pur) 70 14 3 87
Pennyrile (Pen) 385 38 23 446
Audubon (Aud) 39 10 4 53
Daniel Boone {DB) 128 41 1 170
Green River (GR) 159 19 9 187
Cumberiand (Cum) 54 17 3 74
Alt 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 overali
accident rate for all toll roads was

80 accidents per 100 million vehi-

Table 7. Accident Rate by Toll Road.

cle-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 toll roads with
two-lane sections, and the higher

Accidents per
100 Millien
Accideniz Average Vehicle Miles Accidents
Length per Year Vehicla Miles AADT {160 million pee Mile
Parkway Miles ki (1876-1878) {100 million) {1977} Vehicle kms) {1.8 kml
Mtn 75.6 121.6 117 1.284 4680 o1 1.6
WKy 133.1 214.2 146 1.866 3840 78 .1 -
BG - 7iAa 114.4 20 1.015 3910 79 1.1
Pur 52,3 84.2 29 0.338 1770 86 0.8
Pen 71.4 114.9 149 1.740 €580 a6 2.1
Aud 2358 378 18 0.268 . 3130 67 0.8
DB 59.1 95.1 57 0.598 2770 85 1.0
GR 70.2 113.0 62 0.779 3040 80 c.g
Cum 88.85 142.4 25 0.549 1700 48 0.3
All 644.8 1037.56 681 8.438 3600 80 1.1
Table 8. Summary of Mainlina Accidents rates are prob ably related to the
Number of  Percent of  Severity geometries of the road. The Daniel
Directional Analysis Accidents Total Index Boone Parkway is two-lane with
Not Stated 4 0.2 2.83 truck-climbing or passing lanes. The
Rear-End accident in traffic lane 152 8.7 2.84 lowest rate was on the Cumberland
Hit fixed object 390 22.3 3.06 Parkway, which also had the lowest
Ran off roadway 483 5.9 2.89 ~ volume of waffic. The overall aver
Head-on collision 17 1.0 559 | age volume for the toll roads was
Sideswipe accident " only 3,600 vehicles per day. The
(same direction} a5 5.4 1.75 Pennyrile Parkway had the highest
Sideswipe accident volume and also the highest number
(opposite direction) 25 1.4 2.82 of accidents per mile. The Cumber-
Pedestrian ! 0.1 3.50 land Parkwav had the lowest num-
One car entering driveway ber of accide'nts per mile.
or alley 2 0.1 225 Each accident was categorized
Entering or leaving parked . a .g . .
position 3 0.2 4.67 into one of _ th_e three _ma;or.dxvr-
Median cut accident 22 1.3 3.34 sions (mainline-related, nter-
Wrong-way vehicle accident 8 0.5 4.06 change-related, and bridge-related).
Vehicie backing 7 0.4 291 Summaries of the accidents in each
Rear-end accident on shouider 24 1.3 4.21 category are given in Tables 8, 9,
Other shoulider reiated accident 19 1.1 2.55 and 10.
Animal related accident 182 10.4 1.36 Mainline accidents primarily in-
Other 218 12.4 1.73 volved vehicles running off the
Parking iot 8 0.5 1.00 roadway or hitting a fixed object
Toll Booth 118 6.8 1.67

(Table 8). These are single-vehicle
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accidents and were the predomr
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
percent) of animal-related acck
dents, primarily involving deer.
There was also a large number of
accidents related to roll booths (7
percent).

Interchange-related accidents

were divided into those occurring ~

on the exit ramp, entrance ramp, or
intersection of the ramp and cross-

Table 8, Summary of Interchance-R elated Acsidents.

Number of Percent of Severity
Directional Analysis Accidents Total Index

Entrancs Ramp
Not Stated 1 0.5 3.50
Rear-end accident on ramp 10 5.1 1.60
Angle actident between ramp vehicle

and mainiline vehicle 8 4.1 1.00
Sideswipe accident on ramp 3 1.6 i.00 j
Rear-end accident on mainiine at ramp 2 1.0 1.00 ‘t
Ramp vehicle hit fixed object 6 3.0 1.00
Ramp vehicle ran off road 8 3.0 2.67 i
Sideswipe accident between ;

mainiine vehigies 1 0.5 1.00
(Other accidents related to entrance ramp 9 4.8 3.7
Exit Ramp |
Sideswipe accident related to ramp 3 1.6 i.00
Vehicle hit fixed object in gore 7 3.6 1.71 |
Ramp vehicle hit fixed object not |

in gore 21 10.7 1.12 |
Rear-end accident before ramp 3 1.5 1.83 1
Ramp vehicte ran off road 13 6.6 3.92
Other accidents retated to exit ramp 17 8.6 1.44 ;
{ntersection |
Angle accident — both straight 23 11.7 2.35
Angle accident — one turning feft 14 7.1 2.93
Angle accident — one turning right g 4.6 i.28
Angle accident — other 2 1.0 2.25
Rear-end accident — both straight 4 2.0 1.62
Rear-end accident — one turning right 1 Q.5 3.50
Rear-end accident — on ramp 12 6.1 1.21
Other rear end 1 0.5 1.00
Opposite direction — one turning

left, one straight 2 1.0 1.00
Opposite direction — both

going straight 4 2.0 3.12
Fixed Object 3 1.8 2.67 }
Single vehicle 2 1.0 1.00 ’
Vehicle backing 1 0.5 1.00
Merging from ramp 5 2.5 2.00
Merging onto ramp 2 1.0 2.25
Cther 2 1.0 2.28

road (Table 9). More accidents oc-
curred on the exit ramp than the
entrance ramp, but the largest num-
ber occurred at the intersection of
the ramp and the crossroad. Accr
dents there had to be directly rela-
ted to the ramp to be inciuded in
this category. On entrance ramps,
rear-end accidents occurred most
often, followed by angle accidents
between a vehicle leaving the ramp
and 2 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 2
vehicle turning onto or from a
ramp.

The most common type of
bridge-related accident involved 2
vehicle out 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 fullwidth 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. Accdent rates were cak
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 waffic volumes. The average
mainline rate was lower than the
overall rate for roll roads. Next,
using Equation 1, the critical num-



Table 10. Surmmary of Bridge-Related Aceidents.

Number of Percent of Severity
Directional Analysis Accidents Yotal Index

Hit bridge rail or curb 30 30.3 2,15
it bridge abutment i3 13.1 2.61
Rear-end accident 7 . 7.1 1.71
Ran off road after losing

control on bridge 19 - 19.2 2.05
Head-on 2 2.0 8.50
Sideswipes —

Opposite-direction ] 1.0 1.00

Same direction 5 5.1 3.20
Through or over bricge rail 3 3.0 6.67
Hit approach guardrail 9 8.1 2.89
Cther bridge related accidents 10 10.1 1.50

Table 11. Mainline Accident Rate.®

Mainline Accidents

per Year (1976-1978) 583
Total Miles 636.9
Accidents per Mile 09
Average AADT 3588
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 Vehicles) 0.21
Vehicle Miles Driven

{100 Million) 8.343
Section Accident Rate

{Accidents per 100 mym) ™~ 70

*Mainiine excludes bridge-related and
intarchange-retsted accidests. Also, miles of
bridges snd wehicle-miles driven on bridges
ware axcluded.

*¢A section is greater than 0.3 mile (0.5 kmil in

length.

ber of mainlinerelated 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 cr-
tical rate factor. These listings,
shown in Tables 13-17, give the
high-accident spots and sections on
the mainline. The most dangerous
locations have the highest critical
rate facrors. More detailed accident

~ analyses were done at those locx

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
Mainling Accidents

Lenath Number of Spots  Accidents per Spot  in a 3-Year Period
Miles km or Sections or Section (1976-1978)
0.3 0.5 2120 0.8 4
1 1.6 636 2.7 8
2 3.2 T 318 55 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 aiso 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-
cident type in a given section
length. The critical number of acci-
dents for that section could then be
calculared 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-Mile (0.5-km)} Spots in Order by Critical Rate Facior (CRE).

Number  Number Average
Beginning Ending of of Daily Accident  Critical
County Route Milepost  Milepast  Accidents L.anes Class Traffic Rate Rate CRF EPBO
43 8001 106.900  107.100 14 4 6 3640 3.51 1.61 2.18 27.5
ag 90300 32.800 33.000 12 4 6 5540 1.98 1.28 1.54 145
119 2000 38.000 38.200 12 4 6 6030 1.82 1.23 1.47 33.0
3 9002 58.700 58.800 10 4 6 5480 1.67 1.28 1.29 128
114 8007 7.400 7.600 7 4 6 2960 2.16 1.81 1.19 120
77 8000 72.200 72.400 6 4 (<] 2400 2.28 2.04 1.12 8.5
89 2001 57.900 58.100 7 4 6 3580 1.78 1.62 1.10 9.5
79 9003 42.600 42.800 5 4 6 1610 2.84 2.60 1.09 135
63 9006 7.000 7.200 7 4 (4] 3750 1.70 1.58 1.08 85
117 9004 62.500 62.700 7 4 2] 4770 1.34 1.39 0.96 18.0
89 o200 63.900 64.100 6 4 (4] 35390 1.53 1.62 0.94 8.5
51 90056 10.100 10.300 8 4 [ 3140 1.45 1.75 0.83 18.5
54 2004 37.000 37.200 9 4 3] 10710 0.77 0.83 0.82 16.5
28 8000 21.000 21.200 7 4 6 6710 0.95 1.47 0.82 12.0
54 a0 24,300 24 500 5 4 6 3480 1.3 1.65 0.79 75
B4 201 J2.200 33.100 5 4 6 3550 1.28 1.63 0.79 10.0
43 2001 91.800 92.000 & 4 6 3640 1.25 1.61 0.78 10.0
92 a001 75.000 75.200 5 4 6 3650 1.25 1.61 0.78 7.5
120 2002 63.000 63.200 6 4 6 5360 1.02 1.31 0.78 14.5
26 9006 33.800 34.000 4 4 <} 2400 1.52 2.04 0.76 4.0
66 9006 - 42.000 42,200 4 4 2] 2340 1.66 2.07 0.75 17.6
66 20086 43.800 44.100 4 4 8 2340 1.56 2.07 0.75 9.0
119 9000 53.800 54.100 4 4 6 2440 1.50 2.02 0.74 15.0
16 9007 28.70C 28.900 4 4 8 2780 1.31 1.87 0.70 4.0
99 2000 14.600 14.800 2] 4 8 6710 0.82 117 0.70 14.5
a9 90G0 16.000 18.200 5] 4 6 6710 0.82 1.17 0.70 8.5
26 2006 14.800 15.000 4 4 6 3140 1.16 1.75 0.67 23,5
B4 2004 28.900 29.100 5 4 6 5400 0.85 1.30 Q.65 10.0
a0 2002 9.500 9,700 4 4 6 3380 1.08 1.68 0.65 6.5
90 002 11.600 11.700 4 4 6 3360 1.09 1.68 0.65 9.0
43 9001 18.800 19.000 4 4 6 3480 1.05 1.65 0.64 12.5
47 2002 3.000 3.200 4 4 6 3380 1.08 1.68 0.64 6.5
54 2004 38.900 39.100 7 4 6 10710 0.60 0.83 0.64 12.0
54 2004 39.700 39.900 7 4 <] 10710 0.60 0.93 0.64 29.0
a0 9002 36.500 37.100 4 4 6 3390 1.08 1.68 0.84 235
116 8002 41.700 41.900 4 4 5] 3430 1.07 1.66 0.64 16.0
54 2004 54.900 55.100 5 4 5] 5730 0.80 1.27 0.63 16.0
B9 8001 45.800 46,100 4 4 2] 3580 1.02 - 1.62 0.63 4.0
43 8001 98.000 99,200 4 4 6 3640 1.00 1.61 0.62 4.0
43 - 2001 112,800 113.000 4 4 6 3640 1.00 1.61 0.62 2.0
43 oo 118000 115.200 4 4 6 3640 1.00 1.681 0.62 6.5
43 a001 118.300 118.800 4 4 6 3640 1.00 1.61 0.62 1.5
92 8001 75.500 75.700 4 4 6 3650 1.00 1.61 0.62 12.5
24 8004 7.000 7.200 5 4 6 6040 0.76 1.23 0.61 10.0
63 9006 2.300 2.500 4 4 6 3750 0.97 1.58 0.61 9.0
119 2000 36.800 37.000 5 4 6 6030 0.76 1.23 0.61 138
119 2000 38.300 38.500 5 4 6 6030 0.76 1.23 0.61 27.0



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

Numbar Number Average

Beginning Ending of of Daily Accident  Critical
County Route  Milepost Milepost Accidents  Lanes Class Traffic Rata Hate CRE EPBOQ
25 9000 4.900 5.100 5 4 8 8470 . 071 1.19 0.89 21.0
25 9000 7.300 7.800 5 4 g €470 0.71 1.19 0.59 18.5
25 900C 10.200 10.400 5 4 6 8470 Q.71 1.19 0.59 16.0
24 9004 14.000 14.200 4 4 6 4240 0.86 148 0.58 12.8
99 3000 19.800 20.100 5 4 6 6710 Q.68 1.17 0.58 5.0
99 S000 26.900 27,100 B 4 8 6710 0.68 1.17 0.58 16.0
81 8004 77.200 77.400 5 4 8 69400 0.66 1.15 0.57 5.0
63 2006 0.700 0.900 4 4 6 4688 0.78 1.41 0.56 6.5
24 2004 20.200 20.400 4 4 6 4630 0.78 1.40 0.55 9.0
24 2004 26.900 27.100 4 4 8 4680 0.78 1.40 0.55 9.0
54 9004 32.700 32.900 ] 4 6 10710 0.51 0.83 0.55 19.8
54 9004 40.200 40,400 & 4 8 10710 0.51 0.93 0.55 14.5
54 9004 41,800 42.000 6 4 5 10710 0.51 0.93 0.55 17.0
17 9004 59.600 59,800 4 4 8 4770 077 1.39 0.55 210
117 9004 64.2000 64.400 4 4 8 4770 0.77 1.39 0.55 11.8
51 9004 73.900 74.100 4 4 6 8480 0.67 1.30 0.52 2338
54 2004 29.500 29.700 4 4 G 5400 0.68 1.30 0.52 6.5
3 3002 59.000 59,200 4 4 6 5480 Q.67 1.29 0.51 4.0
99 3000 38.200 39.400 4 4 8 5540 0.66 1.29 0.51 4.0
a9 9000 35.800 36.000 4 4 6 5540 0.86 1.29 0.51 175
47 001 120.300 120.500 4 4 6 5900 0.82 1.25 0.50 6.5
47 2001 134.300 134.500 4 4 8 5800 0.82 1.25 Q.50 6.5
285 2000 1.000 1.200 4 4 ) 6470 0.58 1.19 0.47 17.8
25 8000 11.800 12.000 4 4 -1 6530 0.58 1.18 0.47 9.0
54 2004 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 .43 0.93 0.46 7.5
54 2004 36.400 36.600 5 4 8 10710 0.43 0.93 0.46 7.5
B4 9004 36.700 36.800 5 4 6 10710 0.43 093 0.48 16.0
54 9004 38.200 38.400 5 4 6 10710 0.43 0.93 0.46 10.0
54 2004 40.800 41.100 5 4 6 10710 0.43 0.93 0.46 16.0
54 9004 42100 42.300 5 4 8 10710 0.43 0.93 0.45 7.5
54 g004 42,400 42.600 5 4 8 15150 0.20 0.80 0.38 7.5
54 9004 30.800 31,100 4 4 6 10710 0.34 0.93 0.36 200
54 9004 37.300 37.500 4 4 6 16710 0.34 (.93 0.36 8.5
54 9004 37.600 37.800 4 4 6 10710 0.34 0.93 0.38 15.0
54 9004 42,900 43.100 4 4 8 18150 0.24 0.80 0.30 12.5
54 9004 43.400 43.600 4 4 6 15150 .24 0.80 0.30 125




Table 14. Listing of 1-Mile {1.6-km) Sections in Order by Critical Rate Facior (CRF).

Nusiber  Number Average

Beginning  Ending of of Daily  Aceident  Critical
County Route Milepost Milepost Aceidents Lanes Class Traffic Rate Rate CRF EPDO
43 9001 106900 107.800 16 4 6 3640 401, 295, 1.36 32.0
118 2000 37.400 38.300 19 4 6 6030 288. 238. 1.21 62.0
3 8002 58.700 59,600 16 4 6 5480 267. 247. 1.08 18.5
66 2006 43,400 44,300 9 4 6 2340 351, 362. 0.97 19.0
99 2000 32.100 33.000 14 4 6 5540 231, 246, 0.94 19.0
Bg 8001 57.200 58.100 g 4 8 3890 229, 296. 0.77 11,5
b4 8004 37.100 38.000 17 4 3] 10710 148. 192. 0.76 440
54 2004 28.900 29,800 11 4 6 - 5400 186, 249. 0.78 21.0
63 9006 7.000 7.900 9 4 ) 3780 219, 201. 0.75 11.5
114 007 6.800 7.700 g 4 8 4040 203. 281. 0.72 16.5
54 2004 41.600 42,400 16 4 6 10710 136. 192. 0.71 298
92 9001 75.100 76.000 8 4 6 3650 200. 294. 0.68 16.5
54 8004 36.100 37.000 15 4 6 10710 128. 1 9z2. 0.87 395
117 9004 61.800 62.700 g 4 6 4770 172. 262. 0.66 25.0
B4 9004 38.200 39.100 14 4 <] 10710 118, 192. 0.62 26.5
24 9004 27.900 28800 2] 4 3] 8400 152, 249, 0.61 2.5
25 9000 9.500 10.400 10 4 6 6470 141, 231. 0.61 370
120 9002 63.000 63.900 9 4 6 8360 153. 250. 0.61 200
B4 9004 39.300 40.200 13 4 6 10710 111, 192. 0.58 43.5
117 8004 59.600 £0.500 8 4 6 4770 183, 262, 0.58 30.0
i19 8000 36.400 37.300 g 4 6 6030 136, 238. 0.57 20.0
25 80090 1.000 1.900 9 4 6 6470 127. 231. 0.55 30.0
54 9004 49,900 50.800 8 4 6 6630 124, 228, 0.54 14.0
g9 9000 15.000 15.900 9 4 6 6710 122. 228. 0.54 228
99 2000 20.500 21.400 g 4 5 6710 122. 228. 0.54 225
a9 9000 35.200 36.100 8 4 6 8540 132, 246. 0.54 215
24 9004 9.100 10.000 8 4 6 6040 121. 238, 0.51 13.0
119 2000 42.000 42.900 8 4 2] 8030 121. 238. Q.51 13.0
25 2000 0.0 0.900 8 4 5] 86470 113. 231. 0.49 35.0
25 a00o 8.300 9.200 8 4 6 6470 113, 231, 0.49 23.0
54 8004 40.400 41.300 10 4 6 10710 8s5. 192. 0.44 26.0
84 9004 34.000 34.800 9 4 :] 10710 77. 192. 0.40 14.0
84 9004 35.100 36.000 9 4 8 10710 77. 192, 0.40 14.0
54 9004 32.000 32.800 g 4 6 10710 68. 192, 0.36 215
B4 8004 33.000 33.900 8 4 6 10710 68. 192, 0.36 2185
54 9004 42,500 43.400 8 4 8 15180 43, 171, 0.28 275
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Table 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 Routa Milepast Milepost Accidents  Lanes Class Traffie Rate Rate CRF EPDO
43 9001 W06.900  108.800 2 4 & 3640 263. 221. 1.19 53.0
119 2000 36.400 38.300 28 4 8 6030 212, 184, 1.15 820
54 2004 35.800 37.700 29 4 6 10710 124, 163. a.81 61.0
24 9004 27.600 29.500 18 4 6 5400 162, 191, 0.80 47.56
a7 8006 56.000 57.900 12 4 6 - 2790 186. 248, 0.80 62.0
a0 9000 32.100 34.000 18 4 <] 5540 148, 190, 0.78 34.0
114 9007 7.400 8.300 12 4 <] 2960 186. 240, 0.77 25.8
3 8002 58.700 60.600 17 4 6 B480 142, 196. 0.74 22.0
8z 5001 75.000 76.900 13 4 8 3660 163. 221. 0.74 32.8
80 s002 10.300 12.700 12 4 8 3380 163. 228, 0.72 280
25 2000 9.000 10.900 18 4 6 8470 127. 180. 0.71 68.5
25 8000 Q0.0 1.800 17 4 6 6470 120. 180. 0.87 65.0
54 9004 37.800 39.700 24 4 6 10716 102. 163.. 0.67 56.0
43 9001 19.000 20.900 13 4 8 4770 124. 200, 0.62 23.0
29 9000 14.000 15.800 16 4 6 6710 109. 178. 0.61 3806
g9 8000 34.200 36.100 14 4 é 5540 115, 180. 0.61 38.8
24 8004 25.500 27.560 12 4 6 46580 117. 201. 0.58 36.8
54 9004 41.800 43.700 24 4 6 12930 as. 145, 0.58 57.0
54 2004 40.800 51.800 15 4 6 8830 103, 178. 0.58 NG
117 29004 §9.3 61.200 12 4 8 4770 1185, 200, 0.57 36.85
54 2004 39,800 41.700 i9 4 8 10710 81. 183. 0.53 65.5
120 9002 £3.000 64.800 12 4 6 5360 102. 192.. 0.53 28.0
54 Q004 33.800 35.700 17 4 6 10710 72. 163. 0.47 298
51 9004 76.800 78.700 12 4 6 8900 79, 176. 0.45 Nns
54 5004 31.800 33.700 18 4 6 10710 68. 153. 0.44 40.5
54 8004 43.900 45.800 14 4 6 11920 54. 149, 0.36 3.0
54 9004 29.600 31.500 12 4 =} 10710 51. 153. 0.33 as.0
Table 16. Listing of 5-Mile (8.0-km} Sections in Order by Critical Rate Factor (CRF).
Number  Number Aversge
Beginning Ending of of Oaily Accident  Critical
County Route Milepost  Milepost  Accidents {anes Class Traffie Rate Rate CRF EPDO
99 8000 32.100 37.000 40 4 6 5540 132 143. 0.92 89.0
54 2004 33.300 38.200 58 4 6 10710 g9, 121. 0.82 135.5
b4 9004 38.300 43.200 56 4 6 10710 g96. 121. 0.79 137.0
43 2001 106.900 111.800 24 4 6 3640 120. 161. 0.78 56.0
119 9000 37.200 42,100 32 4 6 8030 97. 140, 0.69 102.0
24 9004 23.300 28.200 25 4 6 4680 97. 150, 0.65 77.5
117 2004 58.000 62.800 25 4 6 4770 26, 149, 0.64 §5.5
25 3000 10.100 15.000 31 4 6 6520 86. 136. 0.63 85.0
3 5002 57.100 62.000 25 4 ] 5480 83. 143. 0.58 375
25 8000 0.0 4.900 27 4 ] 6470 76. 137, 0.56 102.0
54 9004 28.300 33.200 37 4 B 10710 63. 121. 0.52 86.5
25 000 5.000 9.900 24 4 6 68470 68, 137. 0.49 71.0
84 2004 43.400 48.300 26 4 8 9278 51, 125. 0.41 69.0
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Table 17, Listing of 10-Mile {16-km} Sections in Order by Critical Rate Factor (CRF).

12

Number Number Average
Beginning  Ending of of . Daily Accident  Critical
Cournty Route Milepost Milepost Accidents Lanes Giass Traffic Rate Rate CRF EPDO
89 - 8000 30.600 40,500 71 4 -] 5785 112, 118. 0.94 185.0
43 2001 106.900 116.800 43 4 6 3640 108. 133. 0.81 96.0
24 8004 27.200 37.100 88 4 6 10710 75. 108, 0.71 2125
117 8004 57.300 67.200 46 4 6 4770 88, 125. 0.71 115.0
54 2004 37.300 47.200 92 4 6 12830 68. 102. 0.63 238.0
25 9000 0.0 9.900 51 4 <) 6470 72. 118, 0.62 173.0
28 9000 10.100 20.000 51 4 6 6710 69. 116. 0.60 123.5
81 8004 67.400 77.300 42 4 6 5480 70. 121. 0.58 124.0
Table 18, Interchange Accident Rate.®
Interchange-Related accidents
per year (1976-1978) 65.7
Total number of interchanges 96
Aceidents per interchange 0.68
Critical number of accidents
per interchange (F=98.5) 4
interchanges per mile 0.16
Average interchange volume 4860
Accidents per mitlion vehicles 0.38
® Includas zi-grede intersection: on some
parkways; doss not include intarchanges
under construction of recantiy completad
wheme accident data would not exist.
Tabie 19. Analysis of Interchange Data.
Numbar Intar- Humber Ancidents
of change of Accident  Criteal par
Connty foum Milepost Actidents  ADT Type Remps Rate Reta CRF Remp Entrence Exit Cros Road
63 9008 3.0 13 3750 5 0 317 213 1.49 0.00 0.00 000 KY 472
100 2008 8.8 10 3600 8 i} 2.54 297 1.17 0.00 0.00 0.00 HRingo Road
83 BOO6 0.0 12 5560 [ ol 1.98 1.78 1.1 0.00 0.00 000 US25
79 8003 52.3 8 1610 5 i} 3.40 334 1.02 0.00 0.00 000 USE2
30 2005 235 7 3517 1 4 1.82 .20 0.83 1.78 1.50 200  USED Bypass
47 8001 136.8 i 8834 4 4 1.02 1.38 0.74 275 2.00 350 168
24 2004 7.0 8 6584 10 3 1.11 1.64 0.68 2.67 5.00 150 US41A
25 80060 0.0 7 6858 9 2 0.93 1.81 0.58 350 1.00 600 164
g7 9008 59.1 4 2780 5 o 1.3 2.48 0.53 0.00 000 000 KY18
114 8007 36 5 4825 3 4 1.0 1.94 5.52 1.25 0.50 200 US 3w
30 9007 70.2 ) 8451 1 4 085 1.65 0.51 1.50 0.50 250  US 60 Bypass
42 8003 4.7 3 025 ] 2 1.35 2.94 0.45 1.50 2.00 .08 US45
47 8001 136.8 6 B780 5 1] 0.62 1.44 0.43 0.00 0.00 000 USIIW
B4 8004 44.3 a 16968 3 4 0.48 1.12 0.43 2.25 1.00 380 Ky 281
26 2008 2.5 3 2688 3 4 1.02 252 0.40 0.75 1.00 050 US4



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

Numbar inter- Numbar Accidents
of change of Acrident Criticad par
County Routa Milepost  Accidents ADT Typa Ramos Rate Rate CARF Ramp Entrance Exit Cross Rosg
51 8008 0.0 3 3517 1 4 0.78 2.20 0.35 0.7% 0.00 1.50  Pennyrile Pwy
47 2002 6.0 3 3797 1 4 0.72 212 034 G.78 1.00 0.50 168
54 2004 42,4 7 16968 3 4 3.38 1.12 0.34 1.78 200 180 KY 70
83 5008 2.3 3 3750 5 o 0.73 213 2.24 G.00 .00 0ot KY 638
42 003 2.2 2 1770 3 4 1.03 317 033 0.50 1.00 000 Ky 80
- ] o 76.8 3 4526 it 8 0.61 1.84 .31 0.28 0.25 0.50  Green River
114 007 0.0 3 5188 1 4 0.83 1.82 0.29 0.7 1.00 0.50 166
88 8000 59,2 Fi 2481 8 2 0.73 2.63 028 100 1.00 i00 Ky 134
5 G008 2.0 2 2632 ! 4 0.68 2.56 0.27 0.50 .00 100 -85
& 9008 1.4 2 2846 3 [ 0.64 2.45 0.28 0.50 0.50 082 US3IE
24 3004 7.8 3 6766 3 4 0.40 1.82 0.25 0.76 a.00 150 US4
92 20014 41.3 ] 3348 n 8 0.58 2.25 0.24 0.25 .00 .50 WK Piowy
20 5002 24.5 2 3593 8 2 0.51 2.18 0.23 1.00 1.00 100 USIR
51 3004 7712 3 728 i 4 .38 1.83 023 0.78 0.50 100  Audubon Plwy
683 9008 0.8 2 3750 <] 0 0.48 2,13 0.23 0.00 0.00 0.00 Morsr Ad (KY 1769)
83 2006 1.2 2 3780 5 o 0.48 213 0.23 0.00 0.00 000 Ky 7e4
100 008 88.5 2 2600 5 a 0.51 2.17 0.23 0.00 0.00 0.00 XY B0 Bypan
ag o001 57.9 2 4021 4 4 0.45 208 0.22 0.50 0.50 030 US4l
43 5007 107.0 2 4077 4 4 0.45 2,04 2.22 0.EQ 3.EQ 250 KY 289
47 3001 135.8 3 4307 5 2 3.29 i.41 .21 i, 1. 2.00  US 31 Bypsss
3 9002 47.8 2 4278 3 4 0.43 .00 G217 0.50 0.00 100 KYB3
3 5002 £8.8 2 8138 4 4 0.30 .68 0.18 0.50 .50 050 US1E7
119 9000 43.1 2 6362 4 2 0.29 1.66 217 1.00 100 100 KY 15
104 2008 B2.4 1 1624 4 4 0.56 3.32 0,17 0.25 0.50 Q.00 US127 Bypass
99 9000 223 2 7515 3 4 0.24 1.54 0.18 0,50 .50 050 KY 213
42 2003 23.7 ki 2139 3 4 0.43 285 Q.15 025 0.00 08¢ Ky 121
28 5008 34.3 1 2400 5 0 0.38 2.68 0,14 0.00 1.00 J00 KYgs
97 9008 56.4 1 nL 3 4 0.28 2.33 3.13. Q.26 5.00 000 KY 451
18 9007 26.4 1 N4 3 4 0.29 234 3.13 Q.28 0.50 0.00 US231
72 3001 a7 1 3896 3 4 0.28 2.15 2,12 .25 0.03 050 uUse2
17 9001 1.7 1 438 3 4 0.27 222 .12 3.25 3.00 050 KY91
38 9003 0.8 1 3551 ] 2 0.28 2,19 012 0.50 0.00 100 KY 188
B4 9004 A 2 11995 3 4 0.15 1.27 0.12 0.50 0.00 100 Kygild
54 2004 452 2 12635, 8 2 a.14 1.28 Q.12 1.00 1.00 100 us41
114 5007 7.4 1 3315 4 4 4.28 .27 112 0.25 Q.50 000 USZN
st} 2001 383 1 44G2 1" 8 a1 1.97 a1 2.13 250 025 Pennyrite Plowy
92 9001 74.8 1 4088 3 4 1.22 2.04 [LRE 0.25 Q.50 000 US2:
%0 *x002 9.5 1 3783 8 4 0.24 2.13 &N G.25 19.00 0.50 KYB82
90 9002 205 1 3763 3 4 0.24 2.13 a1 G4.25 3.00 050 US3E
38 2003 1.4 i 3152 3 4 0.24 2,13 a1 0.25 2.50 000 UsHl
114 5007 5.0 1 4825 3 4 0.20 1.4 0.10 025 0.00 050 UsSées
93 5000 J2.8 1 6205 4 4 0.18 1.68 0.09 0.25 0.50 0o Ky n
51 5004 64.4 1 5777 [} 2 0.18 1.73 0.09 6.50 0.00 1.00 KY 418 Toll Ramp
a3 3000 16.4 1 7518 3 4 0.12 1.64 0.08 028 0400 058 KY15
95 3000 18.5 1 7113 [:} 2 0.13 1.58 .08 0.50 1,00 0.00 KY 1057
24 2004 9.4 1 5765 3 4 213 1.82 0.08 .25 3.00 050 Uses
51 5004 8.4 9 714 3 2 G2 1.58 .08 0.50 0.00 1.00 US 4% End 5B Lanes
54 9004 34.3 i 13280 1" 8 0.07 1.2 0.06 0.13 C.00 Q.25 WK Phay
118 . 5000 40.5 a 5754 3 4 0.00 1.82 0.00 0.00 .00 G0 KY 15
119 2000 46.2 1] 2440 5 2 0.00 2.66 0.00 0.00 o.00 000 Ky 1ef
119 000 53.3 a 2733 3 4 Q.00 2.50 0.co 0.00 .00 000 KY 1010
19 5000 57.2 a 2733 3 4 0.00 .80 0.00 0.00 3.00 000 Ky20s
77 9400 71.7 1] 2688 1 4 Q.00 2.52 0.00 0.00 0.00 0.00 XY20
77 000 74.7 g 2868 g 4 0.00 2,52 .00 0.00 .00 000 KY7
77 3000 75.8 [+ 2460 5 a 0.00 2. 0.00 0.00 0.0a 000 KY 114
&4 2001 4.4 0 3898 & 4 0.00 2.08 0.00 0.0a 0.00 000 KY 109
43 SO0 04,2 a 4077 3 4 2.00 2.04 .00 0.00 0.00 0.00 KY79
a0 3002 33 e} 3797 4 4 0.00 212 3.00 0.00 .00 000 KYS5
115 o002 41,8 3 2842 3 4 0.00 2.11 0.00 C.00 3.00 0.00 KYE5ES
120 9002 68.2 1 5682 ] 2 0.ca 1.75 3.00 G.00 .00 2.00 XY 33



Table 18. Analysis of Interchange Data, (Continved),

Numbar Intes- Numbar Accidsnts
of chengs of Aceident  Critical par
County Route Milepost  Aceidants ADT Type Ramps Rate Rate CRF Ramp Enwance Exit  Cross Road
120 5002 711 ] 5003 1 4 0.00 1.70 0.00 0.00 0.00 oob  USED
a8 2003 2.5 0 2698 3 4 0.00 2,52 0.00 0.00 0.00 000 KY 307
42 8003 136 0 1770 4 a 0,00 347 0.00 0.00 0.00 000 KY 338
43 £003 213 0 1770 1 4 0.00 317 0.00 0.00 0.00 0.00  US 45 Bypess
79 .5003 42.6 0 1803 4 4 a.00 313 0.00 0.00 0.00 000 KY 348
78 9003 47.0 0 1767 6 2 0.00 323 0.00 0.00 a.00 000 USEs
24 2004 11.7 ] 4740 5 4 6.00 1.80 0.00 0.00 0.00 000 KXY 1682
24 2004 22.7 0 5253 3 4 0.00 1.81 0.00 0.00 0.00 0.00 KY 80D
B4 S004 2.8 0 5724 8 2 0.00 1.74 0.0 0.00 0.00 0.00 US4
54 $004 329 0 11086 3 4 0.00 1.27 0.00 0.00 0.00 000 USBZ
B4 2004 40.0 0 7028 ) 2 6.00 1.59 0.00 000 0.00 0.00 KY 2680
84 8004 B4.1 0 7493 3 4 0.00 1.55 0.00 0.90 0.00 0.00  KY 138 Toll Remps
117 2004 628 0 5342 4 4 0.00 1.80 0.00 0.00 0.00 000 KYEB
651 2005 0.2 0 3517 4 4 0.00 2. 0.00 0.00 £.00 GO0 KY 418
&6 8008 44,2 ] 2200 5 0 0.00 2.81 0.00 0.00 0.00 000 KY1N8
18 2007 3.8 ] 3024 4 4 0.00 2.37 0.00 0.00 0.00 000 usEn
92 $007 47.8 ] 3214 4 4 0.00 2.30 0.00 8.00 0.00 000 KYE&%
6 0008 14.0 ] 2845 3 4 0.00 2.45 0.00 0.00 0.00 000  KY SO
85 9008 74 0 1580 4 4 0.00 3.36 0.06 .00 0.00 000 USES
1 2008 48.9 0 1813 3 4 0.00 334 0.00 0.00 0.00 0.00 KY 5§
100 2008 BL5 ] 3600 5 0 0.00 217 0.00 0.00 0.00 000 ToKYS80
Aversge ADT for 38 records wes 4847,
Table 20. Accident Rate on Bridgas
Bridge-related accidents
per year {1978-1978) 32
Total number of bridges 197
Accidents per bridge 0.16
Critical number of
accidents per bridge
{P=09.5) 2
Average AADT 3810
Accidents per bridge
per million vehicles 0.12
Average length
per bridge {feet) 240
Total length of
bridge (miles) 8.0
Vehicle miles driven
on bridge {100 million) 0.125
Accidents per 100
miliion vehicle miles 258
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Tabla 21. Analysis of Bridae Data.

Mumber Critieal
Sridge Sufficiensy ot Accidant Accident

County Route Milepost Vaolume Langth Rating Accidents Rats Rate CRF Undsrpass
Ohio 9001 76.8 3660 249 71.82 4 21.22 27.08 0.78 Green River Pkwy
Andersen 9002 61.8 5480 1088 62.6 2] 7.28 10.26 0.7t Kentucky River
Hopkins 3004 323 Healy 156 67.1 4 11.54 19.12 0.60 White Plains Road
Neisan 9002 39.2 3380 330 80.7 3 12.93 2386 0.54 Chaplin River
Butier 8607 32.8 2700 780 68.2 4 9.16 16.89 0.54 Green River
Wolfe 5000 56.8 2440 159 778 2 24.86 48.55 0.53 Red River -
Hopkins 2004 431.4 165150 159 87.3 4 8.0 15.75 0.51 L & N Railroad
Anderson 8002 51.8 3820 126 78.5 2 20.04 40.34 0.50 Chesaslick Pond
Hapking 9001 43.4 3850 205 65.1 2 13.25 31.01 0.43 Pond River
Hopkins 5004 23.4 4754 167 91.7 2 12.92 3053 043 Drakes Creek
Warren o007 13.5 2960 280 67.2 2 12.83 29.86 0.42 Gasper River
Hopkins 5001 0.3 3560 226 668.7 2 12.02 29.21 6.41 Pennyrile Parkwey
Clark 9000 938 6470 159 64.8 2 9.37 25.17 0.37 Upper Howards Creek
Hapkins 9004 3286 10710 275 63.0 3 4,91 14.23 0.35 ICRR, Plestant Run
Henderson 9005 15.8 3140 942 61.8 3 4,89 14,20 0.24 Green River
Metealfe 9008 28.1 1420 128 7.1 1 28.83 79.37 0.33 KY 840
Graves 9003 3.3 1680 132 78.1 1 21.74 6B.62 0.32 KY 564
Melson 9002 21.5 3360 474 64.0 2 £.06 19.63 0.2% Beech Fork
Webster 9004 5®.3 4770 368 §9.7 2 5.49 18.61 0.3 Deer Creek
Graves 2003 17.8 1580 n 78.1 1 14.48 51.59 0.28 Cnossum Creek
Clark 9000 [FR | 6470 338 7.0 2 4,44 16.61 0.27 1 64
Magottin 9000 5E.5 2400 159 75.7 1 12.84 47.07 0.37 Johnson Foric
Magottin 9000 74.8 2400 181 5.2 1 12.48 46.67 0.27 KY 7
Magoftin G000 75.3 2480 159 78.7 1 12.23 46.28 0.27 Buming Fork
Morgan 5000 63.0 2350 180 147 1 11.40 43.93 0.28 Johmson Fork
Magotiin 9000 54.5 2400 172 170 1 11.68 44.85 0.26 Johnson Fork, KY 604
Muhienberg 20Mm 59.2 3550 120 84.9 1 11.19 43.40 0.26 Mina Haul
Chio 2001 a5.7 3660 186 78.1 1 11.39 43.80 0.26.  Arngid-Butler Road
Grayson o001 99.1 3540 119 76.5 1 11.13 43.25 0.26 Millwood-Pleasant View Rosd
Butler 9007 27.4 2780 160 86.7 i 10.84 42.49 0.26 KY 70
Barren 5008 2.0 2350 174 864.3 1 11,79 44.94 0.26 Ky 1297
Graves 9003 9.1 1580 310 a87.2 1 9.84 39.89 025  Bayou ce Chien
Magoftin 5006 66.1 2400 2 74.7 1 9.48 8.9 0.24 Jahnsen Fork, KY 134
Clay 9006 0.7 2400 24 67.9 1 8.97 3755 0.24 Horse Creek
Butler 9007 26.1 2780 180 57.7 1 9.54 38.33 0.24 s 231
Muhienberg 9001 56.0 2580 161 50.4 1 8.24 35.84 0.23 us 62
Hogkins 4004 39.8 10710 285 89.1 2 3.40 14.50 .23 CRR, McCrew Lane
Henderson 9005 0.1 3140 191 77.0 1 8.04 35.01 0.23 Pennyrile Parkway
Magoffin 000 70.2 2400 281 750 1 7.18 32.52 0.22 Middle Fork Creek
Muhtersberg 9001 65.4 3580 1813 717 3 2.2 9.88 0.22 Gresn River
Hopkns 004 37.0 10710 318 771 2 283 13.26 0.1 KY 813
Wabster 9004 56.5 4770 163 74 1 6.20 2977 0.2t KY 147
Anderson 9002 58.0 5480 162 7.7 1 5.43 27 .47 0.20 Southerrt Railroad
Hopkins S0 28.3 3550 78 57.1 1 4.89 25.79 0.19 KY 112
Hardin 5001 132.6 5300 172 B3.5 1 4.72 25,28 .19 L & N Railrozd
Pawell 3000 321 5540 208 53.8 1 4,18 23.56 0.18 KY 11 & KY 15
Hopkins a004 48.0 6630 161 78.7 1 4.52 24.63 .18 Ky 260
Daviess 9007 70.2 5780 189 61.1 1 4,43 24,35 0.18 Oweensboro Beltline
Clark 000 2.5 8470 195 638 1 3.82 22.36 0.17 Marris Road
Hardin o001 1325 5900 210 59.7 1 389 22.59 Q.17 Vatiey Creek
Wooedford 9002 71 5380 236 57.1 1 M 22.33 017 Us 80
Webster 8004 §3.9 4770 260 38.7 1 3.82 22.58 0.17 Graves Creek
Powel 9000 11.8 6710 204 49.3 1 3.52 21,35 016  Luibegrud Creek
Nalson 002 17.6 3360 465 513 1 3.09 19.83 0.18 Beech Fork River
Clark 9000 38 6470 253 53.8 1 2.95 19.33 c.15%5 C & O Rasiroaa
Hopkins 8001 36.9 3550 448 60.4 1 3.03 19.64 .15 Usat-a
Hapkins 8004 42.4 10710 192 78.0 1 2.34 17.10 0.14 KY 70, KY 85
Poweil 8C00 18.2 6710 241 49.4 1 21 16.17 Q.13 Red River
Pulaski 2008 g4.3 3130 1746 59.3 1 0.8 10.66 0.08 Fishing Creel
Clark 9000 8.3 6470 169 54.8 s] 0.03 22.10 0.00 Stoner-Ephesus Road



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

Numbar Crivical
Bridge Sufficieney af Accident Accidant

County Routs Miilepost Volume Length Rating Acgitants Rswm Rate CRF Uinderpass
Powelil 8000 22.3 6710 159 61.4 0 0.00 24.63 0.00 KY 213
Poweil 9000 24.8 6710 460 495 0 0.00 13.81 0.00 Red River
Powell 9000 26.1 6710 114 820 0 0.0G 30.07 0.00 Cane Creek
Powell 8000 27.4 6710 114 81.6 0 0.00 30.07 0.00 KY 613
Powell S000 27.8 8710 225 56.8 0 0.00 0.1 0.00 North Fork Red River
Powwell 9000 n.2 5540 159 639 o 0.00 27.60 0.00 Ky 77
Powell 2000 2.0 5030 07 49.5 1] 0.00 24.99 0.00 Middle Fork Red River
Powell 8000 7 €540 159 B4.3 0 .00 27.80 0.00 Middle Fork Red River
Powell 9000 328 8540 - 168 58.2 ] 0oo 27.60 0.00 KY 1Y — Toll Plaza
Wolfe 8000 40.5 2440 153 68.2 0 0.00 46.55 0.00 KY¥Y 15
Wolife 8000 43.8 2440 275 57.8 ] 0.00 32.682 4.00 Swift Cresk Camp Road
Woife 9000 46.2 2440 203 &7.0 0 0.00 39.60 0.00 Ky 191
Woife 8000 48.6 2440 172 75.1 0 0.00 44,18 0.60 Baprist Creek Road
Wolfe 8000 49.7 2440 188 656.7 0 0.00 41.84 0.00 KY 1812
Woife 8000 56.4 2440 159 73.3 0 Q.00 48.55 0.00 Gitmore Road
Wolfe 8000 87.2 2440 120 80.4 1] 0.00 56.43 0.00 KY 205
Morgan 9000 60.4 2350 189 82.6 0 n.oo a7 74 0.00 KY 134
Morgan 9000 62.1 2350 186 68.6 G 0.00 42.99 0.00 KY 134
Magaffin o000 65.2 2400 192 74.7 Q 0.00 41.51 0.00 Johnson Fark, KY 3047
Magoffin 9000 65.8 2400 158 78.3 0 0.00 47.07 0.00 Johnson Fork Creek
Magoffin 9000 66.2 2400 182 75.7 0 0.00 41.51 0.00 Johnson Fork, KY 134
Magoffin 9000 67.8 2400 159 75.7 0 0.00 47.07 0.00 Johnson Creek
Magoffin 8000 67.6 2400 14 87.5 4] 0.00 §8.17 0.00 Cow Creek
Magoffin 9000 71.7 2400 159 759 0 0.00 47.07 0.00 KY 20
Magoffin 9000 74.5 2400 417 84.5 0 0.00 25.58 000  Licking River
Lyon a0 37 3300 226 733 0 0.00 30.85 0.00 us 62
Caldwell 9001 11.4 3070 1 84.5 1] 0.00 3576 0.00 ICRR
Caldwei! 8001t n.7 3480 207 47.8 [+] 0.00 N 0.00 Tradewster Aiver
Hopkins 9001 220 3480 215 63.6 o] 0.00 30.49 0.00 Tradewater River
Hopkins 9001 24.3 3480 131 75.% o 0.00 41.81 0.00 ICRR
Hopkins 9001 338 3550 260 47.3 0 0.00 26.84 0.00 Oak Hitls Road, ICRR
Hopkins 9001 40.3 3850 415 67.1 0 0.00 20.49 0.00 Drakes Creak
Hopkins o001 42.8 3550 165 69.1 [s] 0.00 36,54 0.00 Pond River Relief
Mubhisnbeng 3001 42.8 3590 165 60.4 0 0.00 35.29 Q.00 Pond River Relief
Muhlenberg 2001 48.0 3590 235 56.1 v} 0.00 28.33 0.00 KY 1 75; ICRR
Muhlenberg 9001 828 3580 179 52.5 Q 0.00 33.51 0.00 KY 181
Muhienberg acol 55.5 3580 283 60.4 Q .00 26.48 Q.00 ICRR
Muhlenberg 9001 57.6 3580 169 49.7 0 0.00 715 0,00 L & N Railroad
Ohio 9001 69.7 3650 120 83.1 ] 0.00 42,93 0.00 Lewis Creek
Ohio 2001 724 3680 186 55.3 0 0.00 32.38 0.00 KY 369
Ohio 9001 74.6 3850 128 77,9 8] Q.00 41.14 0.00 us 23
Grayson 90m 103.8 3640 156 52.1 0 0.00 38.256 0.00 KY 187
Hardin 9001 130.9 5900 120 78,5 0 0.00 30.02 Q.00 Rhodes Creek
Hardin 2001 136.5 8780 206 67.0 1] 0.00 18.1 0.00 | 65
Hardin 800 136.5 8780 206 59.7 Q 0.00 18.31 0.00 | 65
Hargin 8002 0.0 3330 226 §6.2 [¢] 0.00 3004 0.00 | 85
Neison 2002 3360 300 62.4 0 0.00 25.47 0.00 Rolting Fork River
Neison 9002 9.5 3360 106 768 0 0.00 49,32 0.00 KY 52
Neison 2002 10.2 3360 166 62.4 0 0.00 36.67 0.00 L. & N Raiiroad
Nelson 8002 1.8 3360 313 61.4 0 0.00 24.84 0.00 Beech Fork River
Nelson 8002 23.4 3360 109 761 a 0.00 48.39 Q.00 Bardstown-Loretto Rd.
Nelson 8002 27.3 3320 159 67.0 4} 0.00 37.48 0.00 L & N Railroed
Washington 9002 421 3430 489 63.7 0 0.00 19.08 0.00
Mercer 8002 56.3 4500 200 68.0 0 0.00 27.25 2,00 Sait River
Fulton a003 0.0 3380 183 69.1 Q 0.00 38.73 2.00 KY 116
Fulton 8003 0.9 3350 146 69.1 ¢} 0.00 39.92 0.00 KY 166
Fulton 9003 1.8 3350 539 701 Q 0.00 18.33 0.00 ICRR
Graves 8003 12.8 1580 127 83.0 0 Q.00 73.83 0.00 Brush Creek
Gravey 8003 18.7 1580 208 781 Q 0.00 £2.10 0.00 Obion Creek
Graves 8003 213 1580 208 53.8 4] .00 §2.10 0.00 Mayfield Bypass
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Table 21. Analysis of Bridoe Data. (Continued),

Number Critied
Bridge Suffieiency of Accidant Accident

County Routw Milepost Volume Lengih Rating Aczidants Rate Rate CRF Underpass
Graves 2003 24.7 1910 283 77.0 0 .00 37.42 0.00 Us 4s
Graves 3063 25.1 1910 172 8.1 o 4.00 52.12 .00 iCAR
Graves 9003 25.4 1680 208 78.1 c 0.00 49 9§ 0.00 Mayfield Creek
Graves 8003 25.6 1680 97 781 0 0.00 86.03 0.00 Mayfield Creek Overflow
Graves 3003 268 1680 97 781 ¢] 0.00 26.03 0.00 Mayfield Cresik Overflow
Graves 9003 31.4 1680 189 78.1 ] 0.00 53.35 0.00 Panzher Creek
Graves 9003 NE 1680 97 78.1 0 0.00 86.03 0.00 Pameher Creek Overflow
Graves 9003 35 1680 97 781 0 0.00 26.03 D.00 Clarks River Overfiow
Graves 9003 33.7 1680 208 8.1 0 0.00 49,96 0.00 West Fork Clarks River
Graves 2003 340 1680 108 78.1 ] 0.00 79.47 0.00 Clarks River Overflow
Marshali 9003 42.7 1610 158 731 0 0.0 B2.29 0.00 LC & STL Railroad
Marshali 9003 43,3 1610 29 73.7 0 0.00 41.06 0.00 Clarks River flelief
Marshali, 9003 43.8 1810 53 735 o 0.60 28.50 0.00 East Fork Clarks River
Marshali 9003 438 1610 387 58.5 [¥] 0,00 34.17 0.00 Ctarks River Relief
Christian 3004 6.8 6040 247 788 0 G.00 20.35 0.00 US 414
Christian 9004 7.5 6040 155 94.5 0 0.00 28.61 0.00 L & N Railroad
Christian 2004 79 6040 203 95.0 0 0.00 22.73 0,00 us 41
Christian 9004 8.5 [k 181 94.6 0 .00 27.03 0.00 Sauth Fork Little River
Christian 3004 8.7 G040 54 79.4 4] Q.00 46.66 0.00 First Street
Hopkins 5004 0.3 19710 165 78.3 a c.00 18.54 0.0 Grab Qrehard Creek
Hopkins 3004 . 19710 99 a4.1 a 0.00 24.72 0.00 Pleasynt Hill Road
Hopkins S004 48.04 6630 144 76.7 Q .00 26.20 0.0 Qtter Creek
Hopkins G004 54.1 6690 174 77.2 4] 0.00 23.42 0.00 KY 138
Webster - o004 80.5 4770 166 64.8 0 0.00 79.44 .00 Ky 3710
Henderson 3004 65.41 5460 183 50.8 4] .00 25.83 0.00 Access Road
Henderson 2004 75.4 5450 141 76.8 ja} 0.00 29.99 0.00 Elam Ditch
Hendersan 9005 6.3 3140 70 76.8 0 0.00 69.13 0.00 Lick Creek
Daviess 2005 22.7 3140 140 738 Q 0.00 42.82 .00 Worthington Roed
Daviess 9005 234 3140 189 55.8 a 0.00 35.25 0.00' Owensbaro Beltline
Laurel 5006 0.8 3750 7 79.7 Q 0.00 28.96 0.00 L & N Railroad
Laure! 2006 34 3750 a5 B4.7 Q 0.00 53.21 0.0 Littie {.aurel River
Laurel 2006 4.2 3750 168 79.9 0 0.0 34.18 0.c0 Sailys Branch Road
Laurei 4006 6.4 3750 126 B1.9 0 Q.00 40.84 0.co KY 1305
Laurel 3008 7.6 3750 126 815 Q .00 40.84 .00 Lick Creek Road
Lzured 5006 8.6 3140 130 81.5 o} 0.00 44 93 0.00 Ky 488
Clay 2008 0.8 3140 190 773 g 0.00 35.13 0.00 Little Goose Creek Road
Clay 3006 13.8 3140 147 80.4 o] 0.00 41.47 0.00 Minton Acad
Clay 9006 18.1 3140 150 77.8 [} 0.00 40.92 0.00 Hooker Road
Clay 2006 208 2400 229 79.8 0 0.00 37.02 0.00 Coal Dock Road, L& N
Clay 9006 216 2400 213 82,5 0 0.00 38.79 0.00 KY 80, US 421
Clay 9006 1.7 2400 495 70.3 "] 0.00 23,14 .00 Ham Brook Road; Gooss Creek
Clay 9008 220 2400 03 74,7 Q 0.00 40,03 0.0a Paces Creek Road
Clay 9006 26.3 2400 218 63.7 a 0.00 38.10 0.00 KY 149
Clay 9006 338 2400 618 €9.9 0 0.00 0.4 0.00 Red Bird River
Clay 9006 34.2 2400 rval 61.7 Q 0.00 37.88 0.00 KY 66
Leslie 9008 48.1 2090 836 74.7 0 0.00 18.66 0.00 KY 257; KY 1021, KY River
Perry 5006 56.0 2780 588 75.0 Q 0.00 19.35 0.00 KY 80, Big Creei
Perry 8008 57.2 2780 646 78.1 0 0.00 18.35 0.00 KY 8O: L. & N; KY River
Warren 9007 0.0 4630 210 58.2 0 0.00 26.02 0.00 {65
Warren 9007 36 4040 208 62.2 Q 0.00 28.58 0.00 us 31w
Warren 9007 38 4040 194 72.2 0 c.00 29.63 Q.00 L & N Railroad
Warren o007 49 4040 277 7.0 0 .00 23.96 0.00 UsS 68
Butler 9007 22,6 2960 228 §8.3 0 0.00 32.50 0.00 Littie Muddy Creek
Ohio 9047 43.8 2870 237 89.4 0 0.c0 3234 0.00 ICRR
Chig 9007 44.1 2870 135 79.8 ¢ 0.00 46,58 0.00 Muddy Creek
QOhio 3007 44,5 2870 227 69.5 o} 0.00 33.23 0.00 us 62
Ohig 3007 49.3 2870 245 56.1 o] 0.00 31.68 0.00 Rough River
Ohio 007 £8.2 2870 168 73.9 s} 0.00 40.30 0.09 KY 764
Daviess 9007 §2.4 2880 170 713.4 [+ 2.00 35.90 0.00 South Fork Panther Creek
Daviess 8007 2.7 2880 165 €7.2 la] 0.00 42.38 Q.00 South Fork Panther Creek
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Table 21. Analysis of Bridge Data. (Continued).

Numbsr Critical
) Bridge Sutficiency of Acgident Accident
County Route Milepost Velums Langihy Rating Accidents Rate Rate CRF tndarpass
Daviess 9007 629 2880 155 67.2 0 000 4239 000  South Ferk Panther Creek
Daviess 9007 61.2 2880 185 63.5 0 Q.00 42,39 0.00 Naorth Fork Pantner Creek
Daviess 8007 67.4 2880 180 720 0 0.00 38.44 0.00 North Fork Panther Creek
Daviess a007 67.7 2880 185 67.2 s} 0.00 42,39 0.00 Nerth Fork Panther Creek
Barren 9008 0.0 2350 276 58.2 0 0.00 3232 000 |65
Barren 8008 a1 2350 285 66.5 0 0.00 32.866 0.00 Beaver Creek
Barren 9008 1.4 2430 211 66.6 0 0.00 38.72 000 US3E
Barren 9008 1.4 2430 165 82.2 s] 0.00 48,53 0.00 South Fark Beaver Cresk
Barren 3008 115 2430 134 82.2 0 0.00 52.43 0.00 Beaver Creek
Barren 9008 1.5 2430 194 66.4 ] 0.00 40,90 000  South Fork Creek
Barren 8002 18.2 1420 218 6B.6 0 0.00 54.54 000  Mount Pisgah Road
Metcalfe 8008 28.0 1420 208 §6.4 0 0.00 42.92 000 South Fork Little Barran
Metcalte K008 34.2 1420 210 69.5 a 0.00 B5.72 0.00 East Fork Little Barren
Adair 9008 48.1 1440 200 81.6 0 0.00 56.35 0.00  Perty’s Foark
Adair 9008 £0.0 1440 291 72.1 Q 0.00 4821 000  Russell Creek
Adair 2008 56.2 1440 265 675 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 Al
Other Motor Vehicie 21.8 14.0 §2.0 241
Pedestrian 0.5 0.0 1.3 0.5
Animai 7.9 0.0 Q.0 6.8
Fixed Object
Light support/utility pole 0.9 0.0 2.2 1.0
Guardrail 13.4 21.6 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 Q.5 0.8 0.0 0.4
Curbing 0.4 0.0 2.7 0.6
Fenee 1.4 0.8 0.9 1.1
Bridge structure 1.1 43.0 0.8 3.1
Culvert/head wall 1.0 0.0 0.8 1.0
Median/barrier 8.2 7.4 1.8 7.6
Snow embankment 1.1 0.0 0.4 1.0
Earth embankment/rock cut/
ditch 16.8 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 1.8
Neoncollision
Overturned i11.6 33 10.8 111
Fire/explosion 35 0.8 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 26

*One sceident eould involve mora than one coliision.




Table 23 contains a listing of |

locations with three or more ani-
mal-related (primarily deer} acci-
dents in a 2-mile (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. Summary 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, accidents dur-
ing darkness, accidents on snow or
ice, accidents involving a guardrail,
and accidents on a wen 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 ail toll-road
accidents.

A separate fatal-accident analysis
was made spanning a ten-year
(1970-1979) period. The largest
number of faral 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. Loeations with Thres or More Animal-Related (Primarily Deer)

Accidents in Two Miles (2.2.-km).

Beginning Ending Number of
Parkway Milepost Milepost Acgidanis

Mtn 310 33.0 4
WKy 258 27.4 3
31.2 33.0 ]

44 .4 46.0 5

61.6 53.2 3

93.0 94.6 3

113.0 115.0 4

Pen 24.0 25,8 3
26.2 28.1 4

37.4 384 ]

48.9 50.2 3

51.2 52.9 3

57.3 58.4 3

64.3 65.5 5

GR i1.8 12.8 3
19.3 20.8 5

23.0 24.4 4

26.4 27.8 4

28.7 30.7 4

3156 33.2 4

34.6 36.0 4

41.0 42.6 3

51.1 51.3 3

53.8 55.6 3

86.0 B7.1 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
jumping a buried end and overturn-
ing. Also, there were several fatal
accidents involving exposed bridge.
piers or nonbreakaway sign sup-
ports. Such accidents illustrated the
need for safety improvements in
these areas.

A list of locarions 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
10-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 28. General Description of Fatal

Accidents.
Percent
of
Desgription Number Total
COther Motor Vehicle a8 - 32
Pedestrian 7] 4
Ran-Off-Road or
Overturned
{Ne Collision) 18 15
Fixed Object (all) 59 49
Guardrait 23 19
Bridoe pier 13 i1
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 faral accidents
occurred during darkness (46 per-
cent). The major human contribu-
ting factor was speeding; this was
followed by alcohol mvolvement
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 hour, 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 asieep 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 Clark Counties, the Purchase
Parkway in Marshall County, 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 fullwidth
shouiders.

Atgrade intersections had much
higher accident rates than any of
the interchange types (Table 28).
The lowest rates were at cloverleafs,

20

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 inciudes condition elements
(substructure, superstructure, floor
condition, and safe loading), safety

Table 25. Demiled Description of Fatal Accidents,

Percant of
Description Number Total
Pedestrian
Not occupant of other motor vehicle 3 3
Disabied vehicle 1 i
Previous scecident 1 1
Total 5 4
Guardrail-Related
Generai 7 6
Blunt end punctured vehicle 5 4
Through guardrail i 1
Overturned 7 6
Jumped over buried end 3 3
Total 23 19
Rear End
General 4 3
Siow moving truck 3 3
Vehicle on emergency sirip 5 4
Exit ramp (vehicie 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 i5
Median Crossover Related 1 ]
Hit Bridge Pier i3 11
Hit Culvert 3 3
Hit Sign 5 4
Hit Rock Cut 2 2
Head-On (Two-Lane Road) 13 1"
Oppasite 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

—h
b




clements (clear roadway width, ments (clear roadway height, warer-  signed, and a high poinr totai indi-
- approach alignment, and taffic way, and remaining life). A maxi-  cates the bridge is in good condi-
safety features), and service elee mum of 100 points may be as  tion. It was shown that bridges with

' the highest adequacy rating had the’

lowest accident rates,
Table Z6. Accident Rate by Toll Road and County. —

Field Inventory

Acsident Rate { Accidents/ 100 mvmi The field inventory involved a

Parkway s
Caunty Mtn WKy BG Pur Pen  Aud DB Ga  Cum survey of all .toll roads. The.road~
Clarke 108 way teatures mc_luded in the inven-
Magatfin 70 tory are listed in Table 5. Photo-
Margare 115 graphs of many of the roadway fea-
Pawell 70 tures inventoried were taken and
Wolfe 94 are presented in APPENDIX A. The
photographs show both desirable
Butier 50 and undesirable roadway features.
Caldwel > 7 A summary of the number of dif-
Grayson 87 ‘ - -
Hardin 75 ferent guardrail end treatments is
Hepkins 78 given in Table 30. The majority of
Lyan 73 guardrail ends were buried (70 per-
Mublenterg 76 cent), but a significant percentage
Ohio % were blunt (29 percent). Almost ail
Andersan ] 89 guardrail ends on the Western Ken-
Hardin 110 vtucky Parkway were blunt. Very
Mercer 15 few guardrail ends had been up-
Nelsars S0 A graded by insulling the breakaway
Washirgton 53 cable terminal or flared end.
Waadfard > ' The number of underpasses on
Euiton 43 the toll roads was 238. A summary
Graves 84 of underpasses is presented in Table
Hickman 35 31. A summary of the types of pro-
Marshail 115 tectors at median and shoulder
L piers is given in Table 32. The two
Christian 20 .
Henderson 78 most common types of protective
Hapkins a1 devices for shielding or cushiomng
Webster 74 the impact of a collision with 2
median bridge pier are guardrail (42
Daviess 59 percent) and earth mound (22 per-
Hendersan 8 cent). A significant number had no
Cla protector (19 percent); 17 percent
v . 82 e ) .
Laurel 128 were shielded only with shrubs. The
Lesiie 81 Mountain Parkway had the highest
Perry 84 percentage of exposed median
: bridge piers; shrubs were the only
Butler 93 protectors at median piers on the
g:‘::ss ?Z Western Kentucky Parkway. For
Warren 89 the shoulder pier, guardrail was the
only protective device used. In a
Adair 44 few cases, the design was such that
Barren ' 40 there was no shoulder pier. The
Metcalte 37 shoulder pier was exposed 40 per-
Pulaski 64 - .
Russelt g cent of the time. The Western Ken-

tuckv and Mountain Parkwavs had
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Table 27. Comparison of Accident Data on Bridges With and Without Full-Width Shoulders

Peresnt Pereent
Decrease Accidents Decrease
Nunrber Number of Accident for per for
of Accidents Exposure Rate Fuli-Width Bridge Full-Width
Bridges per Year {mvm) (ACC/mvm} - Shouider per Year Shoulider
Net Full
Width 128 28 9.4389 2.97 0.22
35 64
Fuil -
_Width 65 5 25760 1.94 0.08

Tabls 28. Accidents Associated with Types of Intarchanges.®

Accident Rate‘

Total Average Daily

Accidents Volume per {Accidents per

Type Mumber  (1976-1978})  Interchange  million vehicles)
Diamond ' 32 48 5280 0.26
Toll booth 18 25 : 3930 0.32
Partial diamond 13 21 5630 0.26
T or Trumpet 12 36 4710 - 0.58
At-grade intersection 14 57 - 3660 1.02
Cloverieaf 4 7 6390 0.25
- Partial cioverleaf 3 3 €150 0.16

*Pid not includs & few driveways which axistad on Daniel Boons Perkway.

Table 29. Relationship Between Adequacy
Rating and Accident Rates for

Bridges.
Accident Rate
Sufficiency  Accidents/ Accidents/
Rating Bridge mvm
80100 0.17 4.4
70-80 0.40 7.8
Below 70 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 33.
There are 196 bridges, and only one
in three (34 percent) have full-
width shoulders. Protection at the
gap berween twin bridges has been
shown to be an accident problem.’

Tabie 30, Summary of Numbers of Different Guardrail End Treatments.

In most cases, there is an opening
between bridges which must not be
left exposed; in some instances, 2
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 instailations 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-Jersey-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

Parkway
Guardrail
End-Treatment Mtn WKy BG Pur Pen Aud pe GR Cum  Total
Blunt 327 706 12 27 89 8 9 7 B 1180
Buried 345 67 433 235 263 88 498 409 520 2858
Breakaway Cable Terminal k! 3 0 5 1 0 0] 0 i 13
Flared 4 1 0 0 0 0 0 0 3 8




Table 31. Number of Undemassss on
Toli Roads.

Parkway Number of Undarpasses

ivitn 23
WKy 45
BG 28
Pur 32
Pen 33
Aud g
DB 6
GR 25
Cum 37
All 238

23 bridge decks in need of major
repair. o

"~ A summary of interchange inven-
tory data is given in Table 34. Al
most one-half of the interchanges
were lighted. Some were lighted
only in the gore areas. Slightly over
one-third of the gores were classi-
fied 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 $houlder Pier Proiection.

Of 281 crossovers, 210 were
marked and 60 were paved (Table
35). Crossovers are warranted at
county lines and on either side of
interchanges or tll booths. Using
this criterion, 139 crossovers would
remain. All remaining crossovers
should be paved and signed. There-
fore, signing was recommended at
31 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.

Parkway
Type of Protection Mitn WKy BG Pur Pen Aud bB ' GR Cum  Total
Median Pier
Guardrail i 2 26 0 10 0 NA 21 35 g5
Earth mound 0 0 0 28 13 8 NA 0 0 48
Crash cushion 0 0 0 0 ¢ 1] NA 0 Q 0
Shrubs ¢ 38 a 1 0 0 NA 0 0 39
None - 18 5 2 3 10 | NA 3 2 44
Shoulder Pier
Guardraii 11 4 B2 1 17 i2 40 85 202
Unprotected A 36 4 3 2 0 0 4 4 134
Guardrail—=Unattached 11 2 9 3 11 ¢ 3] 20 35 a7
Table 33, Summary of Bridge Inventory Data.
Parkway
Data Item Mtn WKy BG Pur Pen Aud DB GR Cum Total
Number of bridges 41 32 16 23 23 5 20 21 18 196
Shoulder
Full width 4 g 3 16 14 2 16 i i 65
Not full width 37 22 13 7 9 3 4 20 14 129
Gap between bridges protection
Guardrail 16 i 14 13 8 4 NA 20 12 g8
Shrubs 0 28 0 0 0 a NA 0 0 25
Guardrail and shrubs 0 2 0 0 0 0 NA 0 0 2
Guardrail and earth mound 0 1] 0 10 14 8] NA ¥} ¢] 24
MNone 0 0 0 0 0 1] NA 0 o 0
Curb
Yes 40 25 14 23 21 5 20 21 15 184
No 1 4 2 0 1 0 9] 0 0 8
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Table 33, Summary of Bridge Inventery Data.

{Continued}.

Data ltem

Mtn WKy

8G

Parkoway

" Pur Pen Aud

bB

GR

Cum

Total

Percent of given safety feature
rated as good {up to standard}
Bridge rail
Transition
Approach guardrail
End treatment

Number of decks in need of
major repair

[2)]
o
O:EOO

100
100

o8 8o

€0

67
67

33
33

50
€9

23

Table 34. Summary of Interchange inventory Data,

{nventory ltem Mtn

WKy BG

Pur®®

- Pérkway

Pen Aud DB

GR

Cum Total

Number of interchanges” 14
Number lighted 2
Number of gore areas 20

Nurmnber with given gore area feature
Clear 3
Exit sign***

Other breakaway signs
Light poles

Curb

Guardrail _

E-J BN ]

12 10

5

23 16

1

- DM

13

24

12

189 3 10

k3| 4

o
NGO OO

NMOMNO OO

18

bt I i o Y oo N o L]

1Q et

13 1583

55
27
30

32
43

WO ooOoo

*nciudes st-grade intersections.

e#|ncludes new imerchanges whare no sccident data were available.

“wefBapk.so-back channe! posts.

Table 35, Summary of Median Crossovers.

information Mtn WKy

BG

Pur

Parkway®
Pen Aud

GR

Cum

Total

" Number of crossovers
Marked
Unmarked

13

Total 26 61

Number paved

Number related to
county line

Number related to interchange
or toll booth

24

i2 18

23
11

19

16

14

20

10

28 4

20

27

1

12

16
26
42

22

14

210
71
281

60

28

114



Table 35. Summary of Median Crossovers (Continued).

Parkway ®
Information it WKy BG Pur Pen Aud GR Cum  Total
Number recommended
removing 12 36 14 8 30 B 13 23 142
Nurnber remaining 14 - 2B 20 12 30 5 14 19° 139
Number signing recommended 6 1 4 4 1 0 3 12 Ky
Nurber paving recommended 10 26 7 12 30 5 6 8 101 -
*Poes not include Daniel Boone Perkway sines it is 3 twa-lans highway.
Tabie 36. Summary of Various Roadway Features Inventoried.
Parkeway
inventory ltem Mitn WKy BG Pur Pen Aud DB GR Cum  Totzl
Number of signs
Breakaway 0 23 24 9 18 8 1 38 47 164
Protected 46 55 69 54 76 18 33 55 44 450
Nonbreakaway and ’ .
unprotected 27 50 4 4 22 3 0 0 0 110
Number of breakaway
lighting standards 20 =] 0 0 0 0 0 it o 110
Total length of rock
outeroppings {miles) 2.0 1.6 0.8 0 0.3 0 0.2 0.1 c.9 5.9
Total length of roek
cuts {miles} ) 3.8 14.4 10.8 #] B.5 0 15.0 5.6 17.9 73.1
Number of smail cuivert _
headwalls to replace 4 86 3 18 18 7 18 38 9 205

A total of 724 signs were
counted (Table 36), 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 replacement were on the
Western Kentucky Parkway. A total
of 110 nonbreakaway lighting stan~
dards were counted.

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

were counted.

The lengths of rock outcroppings
and rock curts 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. Alrernatives range from
eliminating the rock cuts to instal-
ling guardrail or barrier walls to
shield vehicies from the rock cuts.

25



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 mmprovement 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 eriti-
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-
tion 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-zccident interchanges and
intersections (Table 39) and bridges
(Table 40). Interchanges with six or
more accidents and bridges with
three or more accidents are listed.
Only four intersections and no
bridges had critical rate factors of
one or more. Recommendations at
high-accident interchanges and
intersections vary from construc
tion 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 1s 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-Mile (0.5-km) Spots {In Order by Critical Rate Factor).

bers of accidents which would be
affected by the improvements were
determined by various methods. A
description of the accidents inclu-
ded when determining percentage
reduction is given for each improve-
ment in APPENDIX F. The est-
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 mumber
of accidents. Insuch 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 a2re 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

Beginning Ending MNumber of )
County Paricway Milepost Milepost Aceidents CRF Recommended I mprovements

43 WKy 106.9 107.1 14 2.18 Replace nonbreakaway posts; transverse
stripes {toll booth)

o8 Mtn 32.8 33.0 i8 1.54 Rumble strips; breakaway posts;
erash-cushions; transverse stripes;
gscape ramp

118 Mtn 38.0 38.2 12 1.47 Deslicking; curve warning signs
3 BG 88.7 58.9 10 1.29 Transverse stripes (toll booth)
114 GR 7.4 7.8 7 1.18 Transverse stripes (toll booth)
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Table 37. Recommended Safety Improvements at High Aecident L.ocations —
0.2-Mite {0.5-km) Spots {In Order by Critical Rate Factor) (Continued).

Beginning Ending Number of
County Parkway Milapost Milepost Aceidents CRF Recommended Improvements
77 Mtri 72.2 72.4 6 1.12 Curve warning sign
89 WKy 7.9 58.1 7 1.10 Rumble strips; transverse stripes
{toli hooth)
79 Pur 426 42.8 5 - 1.08 Crash cushien; transverse stripes
{tolt booth)
83 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 6 084  N.IR.S
B1 Aud 10.1 10.3 5 0.82 Transverse stripes (toll booth)
B4 Pen 37.0 37.2 ) 0.82 Pave Shoulder
99 Mitn 21.0 21.2 8 082  NLR.
54 WKy 24.3 24.5 5 0.79  Replace nonbreakaway posts;
transverse stripes (toll booth)
54 WKy 32.8 33.1 5 0.79 Deer signs; deer fence
43 WKy 91.8 92.0 5 0.78 N.LR.
82 WKy 75.0 75.2 5 0.78 N.LR.
120 BG 63.0 63.2 6 0.78 N.L.R.
26 (3]} 338 4.0 4 0.756 Transverse stripes (toll booth)
66 DB 420 42.2 4 0.75 Desticking
66 9}:] 43.8 44.1 4 0.75 Rumbie strips; transverse stripes
{toli booth)
119 Mtn §53.9 84.1 4 0.74 Deslicking
16 GR 28.7 28.9 4 0.70 Deer fence; deer signs
a9 Mtn i4.8 14.8 4 0.70 Transverse stripes {toll booth)
09 Mtn 15.0 165.2 6 Q.70 Transverse stripes {toil booth)
26 DB 14.8 15.0 4 0.67 Curve warning sign
54 Pen 28.9 20.1 5 0.65 N.LR.
90 BG 95 9.7 4 0.66  Transverse stripes (toll plaza)
90 BG 11.5 1.7 4 0.85  Improve snow and ice removal
43 WKy 18.8 18.0 4 0.64 N.L.R.
47 BG 30 3.2 4 0.64 Improve snow and ice removai
54 Pen 38.8 38.1 7 0.64 Pave shoulder
B4 Pen 39.7 38.8 7 . 0.84 Pave shoulder
90 BG 36.9 371 4 0.64 N.L.R.
115 BG 41.7 419 4 0.64 N.LLR.
54 - Pen 54.9 85,1 5 0.63 Remove one crossover (MP 55.1)
89 WKy 45.9 48.1 4 0.63 N.LR.
43 WKy 89.0 89.2 4 0.62 N.LR.
43 WKy 112.8 113.0 4 0.62  N.LR.
43 WKy 115.0 115.2 4 a.62 Deer fence; deer signs



Table 37. Recommended Safety improvements at High Accident Locations —
C.3-hiile {(0.5-km) Spots (in Order by Critical Rate Factor) (Continued).

Beginning Ending -Numher of
County Parkway Milepost Milepost Accidents CRF Recomimended lmprovements
43 WKy 118.3 11858 4 0.62 Improve snow and ice removal
43 WKy 78.5 75.7 4 0.62 Directional left-exit sign
24 Pen 7.3 7.2 & ¢.61 Concrete barrier with delineation
24 MEn 36.8 37.0 5 0.61 Deslicking
119 idtn 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.LR.
25 Min 10.2 i0.4 5 - 0.59 Deslicking
24 Pen 14.0 - 142 4 0.58 N.L.R.
99 Mtn 19.8 20.1 5 0.58 MR,
g9 Mtn 26.9 271 5 0.58 N.I.R.
51 Pen 77.2 77.4 5 0.57 N.LR,
24 Pen 20.2 20.4 4 0.55 N.L.R.
B4 Pen 32.7 328 8 0.55 Pave shouider
54 Pen. 40,2 40.4 6 0.85 Pave shoulder
64 Pen 41.8 42,0 6 0.55 Pave shouider
17 Pen 59.6 59.8 4 .55  Replace median drainage inlets
117 Pen 64,2 64.4 4 0.55 N.LR.
51 Pen 64.2 64.4 4 0.55 N.LR.
54 Pen 29.5 29.7 4 0.52 Pave shouider
3 BG 69.0 59.2 4 0.51 Transverse stripes {toll booth)
29 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 1345 4 0.50 N.L.R.
25 Mtn 11.8 12.0 4. 0.47 N.L.R.
B4 Pen 50.6 50.8 4 0.55 NL.L.R.
54 Peni 35.7 35.8 5 0.46 Pave shoulder
54 Pen 36.4 36.6 5 0.46 Pave shoulder: reptace nonbreakaway signs
54 Pen 36.7 36.9 5 0.46 Pave shoulder
- B4 Pen 38.2 38.4 5 0.46 Pave shouider
54 Pen 40.8 41.1 ] 0.46  Pave shoulder
54 Pen 42.1 423 5 0.46  Pave shoulder
54 Pen 42.4 - 428 5 0.38  Pave shoulder
B4 Pen 30.9 314 4 0.38 Pave shouider
b4 Pen 37.3 37.8 4 0.36 Pave shouider
54 Pen 37.86 37.8 4 0.34 Pave shouider
54 Pen 4249 43.1 4 0.20 Pave shouider
84 Pen 43.4 43.6 4 0.30 Pave shoulder

2ho improwment recommendsd.
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improvements is given in 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 im-
provement, an interest rate of 10
percent, and an exponential
growth-rate factor for waffic of six
percent, the present worth of the
benefits was determined and a
benefit-cost ratio was calculated.

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

Tabie 38. Recommended Safety improvements at High Accident Locations —
1.0-Mile {1.6-lum) Sections (In Order by Critical Rate Factor).

ot improvements (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

Beginning Ending Number of i
County Houta Milepost Milepost Accidents CRF Recommended | mprovements

43 : mv 106.8 107.8 16 1.36 Replace nonbreakaway posts;

Transverse stripes {toll booth}
119 Mtn 374 38.3 19 1.21 Deslicking; curve warning signs
3 BG 58.7 53.6 16 1.08 Transverse stripes {toll booth)

686 DB 43.4 44.3 9 0.97 Rumbte strips; transverse stripes
{toll booth)

99 Mtn 321 33.0 14 0.94 Rumbite strips; crash cushions;
b_reakaway poles; transverse stripes;
escaps ramp _

89 WKy 57.2 58.1 g 0.77 Rurnble strips; transverse stripes
{toll booth)

54 Pen 374 38.0 17 0.76 Pave shoulder; deer fence

54 Pen 28.9 23.8 11 0.75 Pave shouider

83 [3]:] 7.0 7.9 9 0.75 Transverse stripes (toll booth)

114 GR 6.8 1.7 9 0.72 Transverse stripes {toll booth)

54 Pen 41.8 42.4 16 6.71 Pave shoulder; remove crossover

92 WKy 75.1 78.0 8 0.68 Directional left-exit sign

54 Pen . 36.1 37.0 15 Q.67 Pave shouider

117 Pen 61.8 62.7 9 0.66 Transverse stripes (toll booth)
54 Pen 382 39.1 14 0.62 Pave shoulder
24 Pen 27.9 28.8 9 0.61 Imprave snow and ice removal
25 Mtn 9.5 10.4 10 0.61 Desticking
120 BG 63.0 53.9 9 0.61 N.LR.*

54 Per 39.3 40.2 13 0.53 Pave shouider
117 Pen 52.6 60.5 8 0.58 Remove crossovers
119 Min 36.4 37.3 9 0.57 Deslicking

25 Mtn 1.0 18 3 0.55 N.LR.

54 Pen 49.9 50.8 3 0.54 Remove crossover
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Table 38. Recommended Safety Improvements at High Accident Loeaticwg —

1.0-Mile {7.6-ki) Sections (In Order by Critizal Rate Factor) mo’"””ued/.
Beginning Ending Nuember of :

County Routs Milepost Milepost Accidents CRF Recommqnded Improvements
99 Mtn 18.0 i5.8 9 0.54 Transverse stripes (toll booth)
ag Mtn 20.5 214 9 0.54 N.L.R.

99 Min 35.2 36.1 B 0.564 Deslicking

24 Pen 9.1 10.0 8 0.51 Sereen on bridge over parkway
118 fitn 42.0 42,9 B 0.51 Remove crossover

25 Mtn - 0.0 0.8 8 0.49 N.L.R,

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

&4 Fen 40.4 41.3 10 0.44 Pave shoulder

54 Pen 34.0° 349 9 0.40 Pave shoulder

54 Pen 35.1 36.0 9 0.36 Pave shouider

54 Pen 33.0 33.8 8 0.36 Pave shoulder

54 Pen 42.85 43.4 8 0.28 Pave shouider

*No imarovemsnt recommonded.

Table 39. Recommended Safety improvements at High Accident Interchanges and Intersections.*

\ Number of —_ e
County Parloway Milepost Cross Road Accidants CRF Recommendad |mprovement
Laurel (9]} 3.0 KY 472 13 1.49 Grade-separated interchange or
vehicle-actuated warning device
Pulaski Cum g87.5 Ringo Road 10 1.40 Grade-separated interchange or
vehicle-actuated warning device
Laurel DB 00  uszs 12 1.11 Transverse stripes
Marshal Pur 52.3 Us 62 5 1.02 Vehicle-actuated warning device
Daviess Aud 23.5 US 60 Bypass 7 0.83 Additional directional signing;
transverse stripes
Hardin WKy 136.6 -65 11 0.74 Gore improvements
Christian Pen 7.0 Us 41A 8 0.68 N.LR.
Clark Mtn 0.0 I-64 7 (.58 Lighting; additional delineators;
transverse stripes
Daviess GR 70.2 US 60 Bypass 6 0.51 Transverse stripes
Hardin WKy 138.8 Us 31w 8 0.43 Additional directional signing
Hopkins Pen 44,3 KY 281 g 0.43 Transverse stripes (exit ramps);
gore improvements
Hopkins Ben 42.4 KY 70 8 0.38 Transverse stripes (exit ramps);

gore improvements

£3i5 or mene ccidents.
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Table 40. Recommended Safety tmprovements at High-Accident Bridges.®

Number of
County Parkway Milepost Bridge Over Accidents CRF Recommendatiens

QOhio WKy 76.8 Green River Plkwy 4 0.78 lce on bridge warning system
Anderson BG §2.6 Kentucky River g 0.71 Delineation; ice on bridge warning system
Hopkins Pen 43.4 L and N Railroad 4 0.64 Delineation; ice on bridge waming system
Hopkins Pen 32.3 White Plains Road 4 0.60 Delineation
Neison BG 39.2 Chaplin River 3 0.54 Delineation; ice on bridge warning system
Butler GR 328 Green River 4 0.54 Delineation; ica on bridge warning system
Hopkins Pen 326 ICRR, Pleasant Run 3 0.35 Delineation

3 0.34 Delineation

Henderson Aud 15.8 Green River

©Thrwe OF Mo ccoidonts.

Table 41. Types of Highway $Safety Improvemesnt Work Included in Interstate Cost Estimate,

Eliminate unnecessary signs.

Place signs on otherwise required structures such as bridges, lighting poles, and other sign supports.
Relocate signs lateraliy 30 feet or more from the pavement edge.

Ralocate signs longitudinally to where they cannot be hit, such as behind otherwise required guardrail.
Convert supporis to breakaway design.

Convert existing overhead supports to ground-mount breakaway design when feasible.

Provide protective guardiail around overhead sign supports.

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

Convert lighting supports to breakaway design,

10. Eliminate unnecessary median u-turn openings.

11, Eliminate smail rock outcrops and boulders in an otherwise clear area along the roadside.

12. Round ditches.

13, Flatten ditch dikes and median u-turfi 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 desian that allows vehicles to safely pass over.

19, Provide guardraitl along large drainage structures.

20. Eliminate unwarranted guardrail.

21. Add additional guardrail or median barrier posts and blockouts or otherwise upgrade the existing rail to one of acceptable standard.
22. Repilace a guardrail that deflects a lateral distanca 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 wails.

25. Upgrade hazardously substandard bridge rail,

26. Instalt 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 reiocated.

78. Provide skid resistant overiays and pavement grooving.

29, Impiement 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 terminais; lengthen speed change lanes; correct lane drops by signing and/or oth-
er minor work.

©E NGO s @N
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Table 42. Hecommendsd improvement Alternatives.

Avevags
Accident Severity e Ansiue Banafit
(3Yoer Period) Pefoent Roduction Costs Coits Benefite Cast Life
No.  Impwavemant Ne.  Feul Injury PDO Fetal Injury PDO S i) (8 Ratio  fyms)
1. Curve warning sign 1 1 w2 w 2 2 500 0 1000 18895 10
DEF MP 14.8
2. Curvewerning sign } 1 0 810} [ 20 20 20 500 4] 4,200 69.02 10
_ MTP MP 38.1
3. Curve werning sign 1 o 35} 2 20 20 20 500 o 2,600 33.58 10
NTPMPT23
4,  Fasten seatbelt signs &t entrencs 184 38 §74410%11) 1330 2z 0 Q 38,800 0 30,000 8.68 10
rampd and intersections
5 Deer crossing tigna 2 ! 34 48 5 5 5 5,000 ] 2,600 585 10
@ Additionsl directions signing 3 o} 2(4) 5 50 50 50 7.500 0 4,600 5.00 10
HAP=-USE0
WKP-US31W -
WKP-—8ezver Dam Rest Area
7. Additional sighirg for exit ramp 1 a LIRL] 1 20 20 20 1,000 0 400 .64 10
from GRP=NB to WKP-WB
6, Replece rigid lightpoles 10 1 8iak 1 78 75 500 220,000 o 49,000 3.10 20
9.  Vehicie-sciuated werning devices 3 1 8018) 19 20 0 0 45,000 500 17.000 am 10
DAR-KY 472
CP~Ringa fid.
JRP=US 62
10. Replsce rigid signe 110 2 B2} 10 78 75 Bri} 440,000 o 90,000 2.85 20
11, Medi i 4 mn 11 50 50 50 810,000 Q 112,000 255 x
Remaving 142 '
Signing N
Paving 10
12 Actuated warning sign 1 0 23 5 0 20 0 5,000 100 1.400 22 10
U T MTeMPIZeT |
13, Transversa stripes & 2 8014} 17 16 % 15 24,000 0 19,000 2.18 3
DBP-US 25  JJAP-US 60 _
MTP—! 64 GRP-US 6D
PP—-KY 28t PP-KY 70
14. Additionsi deiingators 2 0 0 5 15 15 15 1,000 o 2060 1.74 1+
JJAP-US 60 MTP-| 84
15, Guardrail transition to 392 1 7011} 3 bl 80 170 392,000 0 47,000 166 20
bridge end {98 bridgss}
16. Upgrade gep betwesn bridges: 25 1 23 2 k) 100 400,000 5,000 48,000 1.55 20
ingtadl guerdrail and shrubs
17. Concrete barried walt {500 ft.} g Q 24 2 80 50 50 19,000 0 3,000 1.55 10
PPMP T
18. Flashing beacons eg 0 S8} 1 10 10 10 7.000 J00 1,800 148 10
DBF-KY 638 DBP-KY 1769
DBP=KY 764 DBP—KY 118
MTP-KY 151  MTP-KY 114
CP—KY EQ
19. Screen on bricge over Pen Phwy i 0 fal 3 100 00 1 800 1.44 10
PP 8.3 and i P 9.5 o 4.000 e
20 Dali ion for wrong-way 183 i 20 f 20 20 0 23,000 1] 11,090 1.36 3
gecigents
2%,  Replece and upgrade T 122(183) 236 2 2 1 71,400 5,000 15,000 1.26 10
delingator posts:
Reptacs pose and lens 3400
Replacs iens 6800
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Table 42. Recommended Improvement Alternatives (Continued).

No.

| Mprosement No.

Fatad

Acsidsat Severity
{3-Yeur Periad)
Injury

DO Fatst

Porcent Redustion

Injury

POO

Costs
(St

Cosa
(%)

22.

24,

28,

28,

)

8.

an.

3z

35,

lce on brigge sensor and sign -}
WKP-MP 76.B  BGP=MP 62.6
PP—MP 43.4 8GP-MP 38.2
GRP—MP 32.8 WKP—MP 654
CP—MP 84.3 JAP-MP 15.8

Delingation for shouiders 268 -

2pproaching bridges without
Tull-width shouldsrs

Taoll booth umprovements W
Crash cushions (7]
Rumbte stps {11)
Transverse stripss (25}

Paving shouioer: Pen Plwy
[MP 30.0-45.0)

Change guardreil 4048

end-trestonents to B.C.T.

Median and shoulder
pier grotecnoN:
Shoulder Dier unprotected 134
Median mer unprotected 23
Guardrail 8t shoulger gier a7
unatteched

{Fear gore ares:
Remowve riged 4igns
Move light standard
Repiace duat channel post
Remove quardrail
Remove curb

B8%8

Deer fence (37,4 miles of fencal

WKP 31.2-32.0. 44.4—46.0
113.0-115.0

GRP 19.3~20.6, 26.4-27.8
28.7~30.7, 31.5-33.2
34.6-36.0, 56.0—-57.1
26.2-28.1, 37.1-38.4
64,3655

Deslicking: {17-2 lane mi.}
MTP 9.5-10.4, 35.2-38.2. 53.9-64.1
CBP 42.0-42.2

Culvert/Hesowail improvements: 205
Replace haadwall
Remove quararait

(100 ft. avg, lengt)
Improve slopé contour
{1,000 cu. vd. avg.}

. i

drainsge snies {750}

Upgrace ga2p Detween gridees: 112
Piant snrubs behind gquerdrai

Shield rock cuts (73.1 milest

Remove eck outcroppings (5.9 miles)
maving tack FO feet ax an averzge
10 feet high

Retrofit safety curbs with 184
New Jersey barrier

Paving shoulder:
DBP (MP 0--39.1)

Grade-separatad interchange: H
CaP=KY 472

Hriclos deck repair 23

Q

3 17 50

18{23) 3 10

22{33) 28 30

14{20) & o0

3451} 19 [}

5(14) 10 20

Bk 135 7%

3i4) 48 100

10015} 4 S0

16(24) 8’ g0

243) 2 75

{1728 19 %0

213 2 100

16(24) <3 78

25437 29 20

5{10} 8 100

26139) 49 10

60

100

78

5

5

75

96,000

38,760

105,000

3.038,000

2,641,000

134,000

987,000

1,283,000

784,000

4,000,000

246,000

5,190,000

1,300.000

5,000,000

1,725,000

1,000

2,000

10,050

25,000

36,000

229,000

193,000

10,000

71,000

41,000

73,000

40,000

117,000

§,100

77,000

26,000

£6,000

14,000

114

Q.98

0.90

078

041

0.24

wm

20

20

22
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Table 42. Recommended |mprovement Alternatives (Continued).

Avaregs
Accident Severity i i Annui Banafit
{3-Yeer Period) Percent Reduetion Costs Costs Bansefits Cast Life
No.  Ilmpeovoment No.  Fetal  iniury POO  Faul vy PO 18) s) is) Ratia  tyrs)
39. interchange lighting: 1 ¢ o 4 50 80 50 - 100.000 500 600 0.04 20
MTP—| 64
40, Truck escapzs RAmp: 1 1 2{3) 5 75 78 75 750,000 1,500 5,400 0.04 20
MTP MP 32.8
41, Bridgewademng: 231 1 1623} 29 56 50 50 3400000 O 51,000 ooz
For biiogas without
full-width thoulders
42. Grada-separated interchange 1 Q 243) 8 100 75 75 5,000,000 g 4 600 0.01 20
¢P—Ringo Rd,
“Twa injury eccidenis s ong in threa injunes.
Tabie 43. Numbers and Types of Improvemenis by Route for System improvements.
Parkways
Safety lmprovement Wtn WKy BG Pur Pen Aud DB GR Cum  Total
Ciear gore area
Remove rigid signs 2 8 11 4 5 0 0 0 0 30
Move light standard 2 2 2 0 Q 0 2 0 0 8
Replace dual channel post i4 7 1 2 3 o 0 0 0 27
Remove guardrail 4 11 2 8 6 2 2 7 3 43
Remove curb b 0 0 14 13 4] g 0 ] 32
Repiace rigid signs 27 50 4 4 22 3 0 0 0 110
Repiace rigid lightpoles 30 80 8] 0 0 0 4] 0 0 110
Remove rock outcroppings {Miles) 2.0 1.6 0.8 0 0.3 0] 0.2 0.1 0.2 5.9
Shield Rock Cuts {Miles) 3.8 14.4 10.8 0 5.5 8] 15.0 5.6 17.8 73.1
Culvert Headwall improvemensts 4 215] 3 18 15 7 15 33 9 205
Replace Substandard Median
Drainage iniets 150 o 220 160 220 o] 0 0 0 750
Toll Booth improvements
Crash Cushion o 1 0 1 2 0 0 3 o] 0 7
Aumbie Strips 77T YT 0 0 3 1 i 11
Transverse Strips 4 4 3 2 2 1 3 3 3 25
Bridge Widening 81 44 26 14 18 8 4 40 28 23
Change Guardrail End Treatment
to BCT 6§72 773 445 262 352 /3] 507 416 525 4048
Median Crossover Improvements
Remove 12 38 14 8 29 6 DNA 13 24 144
Sign 4 1 4 4 1 o] DNA 3 12 29
Pave 2] 24 7 12 31 B DNA 6 6 100
Guardrail transition to bridge end 68 128 0] 16 92 8 12 2B 1y 392
Median and shoulder pier protection
Add shoulder pier protection 31 g8 4 3 2 o 0 4 4 134
Protect median pier 18 43 2 4 10 1 DNA 3 2 83
Attach guardrail to shoulder pier 11 2 9 3 i1 6] G 20 35 97
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Table 43. Numbers and Types of Imnrovemenﬁbv Route for System Improvements /Continued).

Parkways
Safety lmprovement Mtn WKy 8G Pur Pzn Aud DB GR Cum  Total
" Bridge Deck Repair 7 5 6 0 1 0 1 3 0 23
Upgrade Gap Between Bridges
{nstati guardrail and shrubs 0 25 0 ¢l G 0 DNA 0] 0 25
Plant shrubs behind guardraii 16 1 14 23 22 DNA 20 12 112
Install Fasten Seatbelt Signs 24 27 i8 19 32 5] 20 20 18 184
Delineation for Shoulders
Approaching Bridges Without
Full-Width Shoulders 74 44 26 14 18 B 3 40 28 258
Delineation for Wrong Way
Accidents 20 25 i8 17 33 7] 2 20 12 153
Replace and Upgrade Delineator Posts
Replace post and lens 400 700 375 275 375 125 310 370 470 3400
Repiace lens 800 1400 750 550 750 250 620 740 940 6800
- Retrofit Safety Curbs with
New Jersey Barrier 40 25 14 23 21 5 20 21 15 184

Table 44. Summary of Cost by

total cost for all projects was $58.5
million. Of that total, $8.7 miilion
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 muiilion 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.” It had a

benefit-cost ratio of 1.14 and
would provide some relief to the
problem. Two projects for grade
separation, with a cost of $10 mii-
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 potentrial for improvement
would be reduced. The projects
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).

Benefit-Cost Ratio (BCR).
Numbar of Total
BCR Projects Cost
.01-.25 g $42,511,000"
\26-.50 2 4,784 000
51..78 a 0
.76-.89 3 2.476,000
1.00-1,25 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 1,600
Al 42 388,464,900
TR
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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 budgetr, projects can be sclected
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.® Some changes in these
computer programs were made for
the Interstate Safety Improvement
Program.* These revised programs

440000, 1

BENEFLT/COST ANALYSIS., MAINTENANCE INCLUDED ®*Y¥PRESENT WORTH HETHODI®¥

REF. NO.
10 REPLACE RIGID SIGRS
ACCIBENT HISTORY 3.00YEARS.
ROADWAY MO . KO.
CAUSE RILLE) INJURED
z ‘ q. 15
3 0. 2.
TOTALS z. 12.
ALTERNATIVE coST LIFE HAIN COST
i 44060, 20, ¢.
TOTRL BENEFITS AND COSTS
RLTERNATIVE MAINTENANCE
ALTERNATIVE NAINTENANCE

k40000, 1253799,

MOKTH 2,YEAR §0, 3 CAUSE.
Ho.
PRO
Q.
0.
10.
Q. .
EFFECT ON... 1 2 3
0.75 0.7% «0.70

ACC BENEFIT
808333,

RCC BENETFIT BEHE?IT!gﬂgg

Figure 1. Example output from dynamic programming with information about

a safety improvement.

were used in this study.

Input into the program included
numbers of injuries, fatalities, and
property-damage-only (PDQO) acct
dents for each project location dur
ing the study period (three years).

Percentage reductions for these

accidents were also input along

with improvement costs, annual
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-
volves replacing rigid sign supports
over the entire toliroad system.
The numbers of related fatalities
(2), injuries (12), and property-
damageonly accidents (10) are
given first. Then a listing of costs
($440,000), service life (20 years),
and annual maintenance costs (0) is
given. The expected percentage re-
ductions are given for various accik-
dent severities (75 percent reduc-

LOCATIOMS, ALTERNATIVES, COSTS RAND BEMEFITS-ORDERED BY EENEFIT/COST RATIO
--LOClTIDN“--LDCATION HAME - m=== A LT ~HUM===———=" COST=mm== RETUR
URYE WARNIMG $IGH [BP MP 14.0 1 tag. s2474
Z CURVE WARMING SIGH HIN PKWY MP 38 1 1 34¢C. 34E0a,
3 CURVE WARNING SIGIH MTM FEUT MP .3 1 £40. 16749,
Y SEATBELT SIGHS AT ENT RAMPS Hn INIEES 1 36300, 119920.
5 BEER CROSSIHG SIGHS 5300. 29258,
b ADD. DIRECTIOMAL SIGNING 3 LOCRTIONS T200. 17529.
7 ADD. SIGHING FOR Z)’IT RAHP GRP TOQ WHP 100G. 15317,
L] REPLACE RIGID LIGHIPOLLS 220000, 681328,
9 VERIGLE~-ACTUATED HKEKING DEVICES 3 Lo 1 45007¢. 135368,
190 REPLACE RIGID SIGHS 1 450000, 1253799,
1 HEDIAK CROSSOVER IHPRUVEHINTS 3 TYPES 1 §100090. 1555751,
2 ACTUATED HARHING SIGM NTH HP 32.9% 5630. 11228,
3 TEANSVERSE STRIFES SI'C LOCATID 2u000. 51942,
4 $DD. DELINEATORS JJAF-USGQ HMIP-I&« 10G0. 1Tud.
5 GUARDRRIL PRAHSITION TO BRIDGE EMD 392000, BLTUZS,
5 UPGRADE GAP BEZ. BRIDGES G-RAIL-SHRUBS M 400009, 821842,
11 COMCRETE BARRIER WALL PP MP 7.T 500 FT i 19000, 29195,
18 FLASHING BEACONS SEVEN LOCRXIIONS Te00. 162085,
19 SCREEN OX BRIDGE QVE FKWY 2 LOC. WEdg. THG,
20 DELINE n:on FOR HRONG=-WAY RCCIDENTS 23000, 31281,
21 REPLACE UPGRAGE DELINEATQR PL5TS T1400. ¥0229.
H ICE OR DR AND BRIDGE oy 8 LoC, 95640, 118715,
3 LDELIHEATION FOR SHOULDEIRS PR. ERIDGES 327040, ua16s,
] TOLL BOOTH INPROVEMENIS T E RInhS 105000, 110325,
-} CHANGE BUARDRAIL END-TREA HT 1¢ BCT 3034000, 1182939,
[} PRVING SHOULDER P PHWY HP .P=u5.0 33ic000. jusuel.
? HMEDIAKH AND SHOULLCER PIER TECTION 3 Zo%1000. 2681982,
§ CLEAR GGRE RREA LIST OF F 124600, 135176.
9 BEER FEHCE HKP 3LoC. PP 1 . GRP 6LOC 9370073, §T2345.
30 DESLICKING MIN PXWY 3LOC PKUY 1L0C 2060040, © 1858E7.
1 CUOLVERT/HEADUYARLL INPROVEN 5 ' 1283000, 1310065,
F4 YPGRADE GAP BETUEEH BRILG SHRUBS t 784000, isanen,
3 SHIELD ROCH CUTS (73,1 HI ) 9000000, 1621L56.
i REMOVE _ROCK _QUTCROPPINGS. 346000, 84357,
5 PETROFIT SAFETY CURAS WIT J BARRIER 5190000, 1063476,
3 FAVING SHOULDER DB _PHNY -59.1) 1300009, 2467713,
7 GRADE-SEFARATED IMTERCHENGE DBP-RYUTZ 1 5ppgo00. 917989,
34 BRIDGE DECK REPAIR 1 1723000, 1931413,
39 TRUCK ESZAPE RAMP H'I'N PF’H’Y HF 3z.9 ! TELQOO., 12487,
49 INTERCHAHGE LIGHTI Is i 100650, 16401,
41 BRIDGE WIDENING E!J/BU'T FULL HIoTH SFOU) 1 23100093, 711850,
LF3 GRADE-SEPARATED INTERCHANGE CP-RINGOR 1 ZogJ000. 83788,

2/C RATID-—~~— ACEUN COST-—-ACCUR RETUERN
184,95 €30, FESER
63.02 1000 . . 126984 .
33,58 1500. 143773,
8.69 38300. 4536930
5.85 41308, ugz9sy.
5,00 50800. 30ua0,
3,64 51800. 38117,
310 271800. 1215044,
3001 316800. 1350812.
2.85 756800. 2604611,
2.53 1386830, 4160362,
2.25 1371880, 4171888
218 1395800 uzz3ueg.
1.74 1396800 4225233,
1.5 1728860, 4872658 .
1.5 2188500, 5houyay,
1.5 21078090. 3893
1.9 2214846. 2534096,
1.49% 2218800, £5198u40.
1.38 22651800, E571102.
1.%6 2313200, £661331.
1.24 249092900. odu6.
1.14 2447560, 8z6210.
1.9 2582900 539326,
1.0 5568900, 116375,
1.0 5918908, 4G |857 ]
1.2 3559900 121438090
N £533900. 12279185,
0.3 96609CD . 1325123
0.36 9886903 13437137,
0.7% V1148996, 14y4725].
0.49 11953926, 14829346,
9,61 15353940, 16u50802.
0,24 15238900, 1623515
.20 21489900, 175986358
6.2 22789900 1734540
g.1a 27789900, 18763297,
0 11 22514900 . 149563540
0,04 30264900, 18989027,
9.04 36344200, 18992628.
0.03 53660900 . 15704878.
9.01 Ezusy900. 19768366.

Figure 2. Example output from dynamic prograrmming showing a listing of projects in order by benefit-cost ratio.
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tion for fatalities and injuries 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

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 output for each is shown in

Table 45, Costs ana Benefits for
Various Budgets.

realized from this improvement. Figure 3. For this budget ($5mii- Budgat Cast Benwfit _
The program output includes a  lion), 16 projects were selected — [miltion)  (million} _ (miifion} BCR
listing of all projects in -order of with a combined benefit-cost ratio s3 $ 3.001 $ 6.223 2.07
benefit-cost ratio (Figure 2), The of 1.64. The total costs and bene g gs.gzg 13.323 115;;-
highest benefit-cost ratios were for  fits of the selected projects are 12 11.984 14.829 1.24
_low-budger improvements involving  given. A summary of the costs and :g 1:'23:, 112-7‘2 :'gf
. o . ! . . . 16. 539 .
only signing. A tomal of 28 of ﬂ?e E‘Jenefn:s for various bu@gci;_s_s is given 18 17,700 16.786 0.95
42 projects had a benefit-cost ratio in Table 45. The combined benefit- n 20.996 17.331 0.83
of 1.0 or higher. This listing pro- cost ratio was over 1.0 up to a g‘; 22-5‘0590 1;-:2; g;g
vides a colymn of cumuiative bene-  budget of $18 million, even though 20 29.615 18.960 0.64
fit-cost ratio. only $8.7 million of the individual
The dynamic programming out-  projects had benefit-cost ratios over
put was obtained for several 1.0,
assumed budgets ranging from one ]
LISTING OF SELECTED PROJECTS BY BrCc RATIO
¢ BUDGET 5060000,
LOGATION = LOCATION HAHE ALT=-HUN cOs¥ RETURN ACCUM RETYRM 3sC Acculd BsC
) SEATBELT SIGNS RT ENT RAHMFS RND INTERS 1 16800, 319920, 319929, 2.69 8.89
E] DEER CR0SSING SIGHE 1 S0C90. 29258, 349178, 5.85 3.35
7 ADD. SIGNIRG FOR EXIT RANP GRP TO WKP ! 1000Q. 3637. 352815, 3.04 8.24%
) REPLACE RIGID LIGHIPOLES 1 220000, 681328, 1034102, 3.1¢9 3.94
9 YERICLEZ-ACTUATED WARNING BEVICES 1 LaC 1 45000. 135368. 1169511, 3.0 3.80
19 REPLACE RIGID SIGNS 1 440000, 1253799, 2423310, .85 3.2%
1 MEDIAN CROSSOVER INPROVEMENTS 31 TYPES 1 610000, 1555751, 3979061, 2.58 2.93
tZ ACTUATED WARMING WIGHM NTH PXUWY HMP 32.9% 1 sgo0. 11225. 3990236, 2.25 2.93
i3 TRAMNSVERSE STRIPES SIX LOCATICKS 1 4000, 51%02. 4042148, 2.16 1.91%
14 RDD. DELIHEATCORS S&6G HTP-TEY4 1 1000. 1743, ugn3gii. 1.74 2.91%
15 GUARDRAIL TRAHSITIDN TU BRIDGE EMD | 392000, 547423, 4691350, 1.685 2.6
16 UPGRADE GAP BEY. BRIDGES G-RAILL/SHRUSES 1 4009090, 621842, 5313198, 1.35 Z.49%
17 COMCRETE BRRRIER WALL PP 7.1 508 FT 1 190440, 29394, 5342590, 1.85 2.43
19 SCREEM OM BRIDGE QVER PPHNY 2 LOC. 1 ugoe. 5744, S348133y, .04 Z.43
20 DELINEATICN FOR WROHG-WARY ACCIDENTS 1 23000. 31261, 5379595, 1.386 Z.42
22 ICEL ON SEMNSOR XIND ARIDGE SIGN 8 LOT. 1 263490, 118715, Su%8311. 1,24 2.37
23 DELINEATION FOR SH ERS APPR. BRIDGES i 38769, Y4164, 3542475, 1.14% 2.38
27 MEDIAN RHD SHOULDER EX PROTECTICM 3 1 2541049, 26845952, 8224427, 1.02 1.64
GNEREESRRXLENIUBCELTRFRRKITINIR TOTRLS EXENELTRLLBERINKELERARER 3001509, 8224427, 3224427 1.64
10 == (8§ X (& LOG UR} + £)
A LOG10 (ESUB)

Figure 3. Exampie output from dynamic programeming showing the recommended list of improvements given a

55,000,000 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 sa.fety
improvement program developed in
an erlier report.? The primary
methods of identifying needed im-
provements were an accident anal-
ysis and a field inventory. The acci-

dent analysis identified spccific'

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 A-4. Various types 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-8. Protected and unprotected toll booths.
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Figure A-8. Various obstructions in the gore.
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Figure A-10. Short section of guardrail at hazardous cuivert headwalt,

Figure A-11_ Rigid sign supports.

49



Figure A-12. Breakaway signh supports.

Figure A-14. Typical bridge rail and curb.

50

Figure A-13. Guardrail not attached to bridge.



Figure A-16. Direct access permtittect on Daniel Boone Parkway.
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Figure A-18. High-accident location: intersection of Cumberiand Parkway and Ringo Soad.
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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

33



Table B-2. Locations With Three or More Guardrail Accidents

Tabie B-1. Locations Wit Four or More Accidents Per Mile
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Table B-6. Locations With Four or More Fatal or Injury Acci-

Table B-4. Locations With Five or More Wet Pavemant Acci-

dents in One Mile (1.6 km).

dents. In Two Miles (3.2 km),
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Table B-7. Locations With Eight or More Accidents In Five Miles
{8.5 km) Dus to Unsafe Speeds.
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APPENDIX C

Analyses of Coded Accident Data
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Tabie C-1. Number of Aceidents by Year.

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

TEAR

PARRWAY 1976 1977 1978
MOUHTAIN 108 124 115
WESTERN KENTUCKY 117 151 i7¢
BLUEGRASS 77 97 67
PURCHASE 29 31 26
PENMNYRILE 113 153 180
AUDUBON 13 20 20
DAHIEL BOONE 38 64 71
GREEN RIVER 52 72 63
CUMBERLAND 14 31 29
ALL 588§ TH3 T4

PERCENT oF TO7TAL
TYPE OF ACCIDENMT

Table C-2. Summary of Aceidents by Month,

PERCENT OF TOTAL
TYPE OF ACCIDENT

MAINLINE INTERCHANGE BRIDGE  ALL
MOHTH RELATED RELATED
JAKUARY 13.7 9.3 1.6 13.3
FEBRUARY 8.2 g.8 z.1 2.}
MARGH 5.7 7.2 5.3 6.8
ASRIL 6.3 8.2 2.3 6.5
HAY 6.3 8.2 1.4 6.4
JUHE 7.8 7.2 5.3 7.5
JULY 8.1 5.7 7.4 g.0
AUGUST 9.3 5.2 7.4 8.9
SEPTEMBER 6.5 7.2 4.2 6.4
DETOBER 9.2 12.9 6.3 9.4
NOVEMEER 11.7 11.9 27.4 12.4
DECEMBER 6.8 6.2 18.9 7.3
Table C-3. Summary of Accidents by Time of Accident,
PERCENT OF TOTAL
TYPE OF ACCIDENT
IKTERCHANGE BRRIDGES
TIME MRINLINE RELATED RELATED ALL
MIDNIGHT=3AM 3.1 7.6 9.5 2.0
3AM-6AM 8.3 4.0. 12.86 §.%
§AM-9AH 11.7 9.6 z21.1 12.0
3AM-NOQON 12.3 18.2 8.4 12.7
HOON-3PHM 16.0 20.7 13.7 16.3
1P4-6PHM 15,7 23.2 14,7 16. 4
EPH-9PM 15,1 10.6 12.6 14.5
SPM=MIDNIGHT 11.8 6.1 7.4 11.1

Tahle C-4, Sumimnary of Accidents by Road Surfece Condition.‘

PERCENT OF TOTAL
TYPE OF RCCIDENT

20AD SURFACE INTERGHANGE BRIDGE
CONDITION MAINLINE RELATED RELARTED ALL
TpRY 7T 7 63.9 T7a.aT "36.1  63.4
WET 7.4 4.8 13.4 16.9

5MOW OR ICE 18.7 tz.8 50.5 19,6

LIGHT INTERCHANGE  BRIDGE
COMDITIONS MAIHLINE RELATED RELATED ALL
DAY SQ 73.3 %3.4% 56.0
DAKX OR DUSK 5 2.8 5.2 b, u
DASENESS {LICHTED) 2 3 8.2 1.0 3.4
DARKNEES {NOT LIGHTED) 3.9 !H o ug.2 6.2
DARKMESS {ALL) 41.3 24.1 41.2 37 .6
Table G-6. Severity of Aceidents by Toll Road.

] PERCENT  PERCENT

SEYERITY INJURY PATAL

PAREWAY INDEX ACCIDENTS ACCIDENTS
HOUNTREN 2.74 37.4 2.6
WESTERM KENTUCKY 2.135 31.8 1.8
BLUEGRASS 2.21 36.0 9.4
PURCHASE 2.47 32.6 1.2
PENNYRILE 2.45 3.0 1.2
LUDUBON 3.02 47.2 1.9
DANIEL BOONE 2.80 3.7 5 7
GREEN RIVER 2.14 27.4 1.1
CUMBERLAND 3.78 2.3 4.5
ALL 2.49 313.5 1.9

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

PERCENT OF TOTAL
TYPE OF ACCIDENT

QST SEVERE INTERCHANGE BRIDGE
INJURY MATIRLINE RELATED RELATED RALL
FATALITY 2.0 0.5 2.1 1.9
INCAPACITATING 3.6 5.0 7.2 8.1
HON-INCAPACITATING

INJURY 3.9 13.8 23.7 14.3
POSSIBLE INJURY 0.8 10.6 é.2 10.6
HONE 64,6 7.2 60.8 635.1

Tahle C-8. Summary of Accidents by Type.

PERCENT ©OF TOTAL

TYPE OF RCCIDENT

INTERCHANGE ERIDGE
TED

TYPE HAIMLINE RELATED RELA ALL
COLLISTION HITH
OTHER MOTOR VTHICLE 21.7 t.6 14.0 24,1
COLLISION WITH
FIXED OBJECT “8.6 32.9 76.9 48.5
QOTHER STHGLE VEHICLE 21,1 13.3 9.1 19.8
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Table C-9. Sumumary of Accidents by Roadway Character.

PERGENT OF TOTAL
TIPE OF ACCIDENT

ROADHAY INTERCHANGE EBRIDGE
CHARACTIER HAIHRLINE RELATED RELATED ALL
STRAIGHT & LEVEL S54.4 k9.9 49.5 52.9
STRAIGHT & GRADE 27.4 22.2 3z2.0  27.1
STRAIGHT £ HYILLCREST 2.5 z2.9 3.1 2.5
CURVE & LEVEL 5.7 6.1 2.1 k.7
CURVE L GRADE 10.0 27.3 12.4 11.8
CURVE & HILLCREST 1.0 1.5 1.0 1.0

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

TYPE OF
FACTCOR : SPECIFIC FACTOR

PERCENT OF TOTAL
TYPE OF ACCIDENT

MAINLIKE

INTERCHANGE~
RELATED

BRIDGE~
RELATED

ALL

HUMAN UNSAFE SPEED
FAILURE TO YIELD
RIGHT OF WAYXY
FOLLOWING TOO CLOSE
IMPROPER PASSING

DISREGARD TRAFFIC CONTROLS

TURMNING IMPROPERLY
ALCOHOL INVOLVEMENT
SICK :
FELL ASLEEP

LOST CONRSCIQUSNESS
DRIVER IHATTENTIOK
DISTRACTIOHN
PHYSICAL DISABILITY
OTHER

BRAKES DEFECTIVE
HEADLIGHTS DEFECTIVE
OTHER LIGHTING DEFECTS
STEERING FAILURE

TIRE FAILURE/INADEQUATE
TOW HITCH DEFECTIVE

GVER OR IMPROPER LOAD
QVERSIZE LOAD ON VEHICLE
CTHER

ENVIRONMENTAL RHigéL'S ACTION
GLAR
VIEW OBSTRUCTED/LIMITED
DEBRIS IN ROADUWAY
IMPROPER/HON~-UORKING
TRAFFIC COHNTROLS
SHOULDERS DEFECTIVE
HOLES/DEEP RUTS/BUNMPS
ROAD UNDER CONSTRUCTION

VEHICULAR

IMPROPERLY PARKED VEHICLES

FIXED OBJECT
SLIPPERY SURFACE
WATER POOLING
OTHER

18.

0
Pt 2 QO QOO

= QOO NOQwauOON FOmOQO O +0Q0 0
NYww OO LNWaty W EINEORNW— RO

MmEeERNWwh—

0

15.2

- ——
S OCQCARO A OW LFOCwm—mOLW=0MnWm
-]

P « s e e e s
COo—-MOOoCon NMVUEFOo UUILHoOOUNDNOS OOWROWOOTWWD

—
S NOOOOO0 O

v r 3 e

20.9
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Py

. s .

OOQO0O—mOO0 O0O0C0 U000 wOO0~m O JIHNONOWNO~JWO-Iw

£~
MaGoOOoOMCaN OOQN ——=asNUoOOW VONCFoOUNONOND

« % ok 5 ox a

=y

—ly
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« v s s e o e

.

WS = FLEWNGIN NONG ONTaaw oY SJWWCRORNOLENOS &

X%
N NOOD a0 —=wdO® OO0 NaOO= FOwaQRGDRA002f <l
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APPENDIX D

Fatal Accident Analysis
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Table D-1. Locations With Critical Number of Fatal Aceidents. Table D-4. Summary of Fatal Accidents by Month.

HUMBER
SRITERIRA PARRURY HILEPOSTS FATAL AC:IEEHTS MONTH HUNBER OF FATAL ACCIDENES PERTEMTAGE OF TOTAL
E SEENE : 3 9
f8-0 kM WESTERN KEHTUCKY  41.0-45.3 ¥ FEBRUARRY : : :
S0.2-55.8 5 HARCH 5 5
e : renry . :
$5,2=50.90 3 MAY 5 5
PENNYRILE 56.6-55.6 4
JUKE 12 10
THO ACCIDEMNTS NOUNTAIN 6.4 2
IN 0.3 MILE 21.2+31.13 4 JULY 17 14
o.5 K} 72.0-72.1 4
HESTERN KENTUCKY 50.2-50.5 3 AUGUST 18 . 15
76.2+76.4 2 SEPTEMBER 3 ?
BLUEGRASS 27.4-27.6 2 ACTOBER - 5
PENHYRILE 58.0 2 HOVEMBER 17 14
ALOUBOK B3.6 . 2 DECEMBER 9 7
DAKIEL EOQOONE 3.2-3.1 2
GREEN RIVER 4.6-0.2 z
7¢.3 3
Table D-5. Summary of Fatal Accidents by Houe.
HQUR HUMBER QF FATARL ACCIDENTS BPERCENTAGE CF TOTAL
. HIDHIGHT-3AN 17 14
Table D-2. Summary of Fatal Accidents by Route. SAR=GRRN 9 )
§AN-9AN 1o B
TAM=-HOON 13 i
NUMBER QF PERCENTAGE NOOK=3PMC15) 17 i
PARKWAY FATAL ACCIDENTS OF TOTAL TEH-8PHC18) 26 t7
MOUNTAIN 28 23 GPM-9PMCZ 1) 13 t5
WESTERN KENTUCKY 27 22 FPA-nIINIINT ! ’
BLUEGRASS 19 16
PURCHASE 2 2
PENNYRILE 16 13
AUDUBON 2 2 Table D-8. Summary of Fatal Accidents by Light Conditions.
DANIEL BOONE 14 12
NUMBER OF PERCENTAGE
GREEN RIVER 9 7 LIGHT CONDITION ACCIDENTS 0F TOTAL
SUMBERLAND 4 3 DAY 59 49
DAWN=DUSK 6 5
DARKHESS~NOT LIGHTED 55 45
DARKNESS=LIGHTED 1 H

Table D-3. Summary of Fatal Accidents by Year.

t¥AR  HUMBER OF FATAL ACCIDEMTS PERCENTAGE OF TOTAL Table D-7. Summary of Fatal Accidents by Road Surface

1970 T3 T Condition,

1971 7 8

1972 i3 11 ROAD

19713 23 18 .SURFACE HUMBER OF PERCENTAGE
R . CONDITION ACCIDENTS OF TOTRL

1974

1975 1 4 DRY a1 77

1978 19 8 WET 22 ig

1977 12 10 4

1978 is ‘o SHOW/ICE 5

197¢ 13 i SLUSH 1 ]
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Table D-8. Summary of Fatal Accidents by Contributing Factor.

RUMBER OF PERCENTAGE

TYPE _ ' FACTOR ACCILDENTS OF TOTAL
HUMAN UNSRFE SPEED 32 19
‘ FAILED TO YIELD 10 6

BIGHT~-O0F-=WARY

DISREGARD TRAFFIC CONTROLS
TURNING IMPROPERLY

ALCOHOL INVOLVEMENT

FELL ASLEEP

DRIVER INATTENTIOK
DISTRACTIION

OTHER HUMAN FARCTOR

VEHICULAR BRAKES DEFECTIVE

: ' HEABLIGHTS DEFECTIVE
OTHER LIGHTING DEFECTS
TIRE FAILURE/INADEQUATE
OVER OR IMPROPER LOQAD
OTHER VEHICULAR FACTOR

ENVIROHMENTAL ANIMAL ACTION
‘ DEBRIS IN ROKDUWARY
HOLES/DEEP RUTS/BUMPS
CONSTRUCTIOK/MAINTENANCE
SLIPPERY SURFACE
WATER POOLING
OTHER ENVIROKRHMENTAL FACTORS

- et B3R

-—
ChetwJipdmbans Mehdl ababad B b bt

-

Co - Table D-11. Types of Fixed Objects Most Erequently Involved
Tablg D-9. Surnmary of Fatal Accidents by Vehicle Type, In Fatal Accidents.

RECOCK CUT
OQTHER

VEHICLE TYPE ?gggggugg ng—‘cggg,-’:EE TYFE OF FIXED OBJECT P!nczx;lgiLniécig‘éﬁgsoadﬁtﬂ'
AUTOS OR PICKUP TRUCKS 94 79 GUARDRAZL 79
SINGLE UNIT TRUCKS 5 4 ERIDGE PIER 22
COMBIXATION TRUCKS 13 11 BRIDGE ™
MOTORCYCLES b 3 SIGX 8
PEDESTRIANS 3 3 CULVERT z
8

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

LOGCRTION HUMBER OF KCCIDENTS PERCENTAGE OF TOTAL
BRIDGE 14 12
INTERSECTION 12 ta
HAINLINE 98 78
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APPENDIX E

Locations of Median Crossovers,
Interchanges, and County Lines
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COUNTY

LINES INTERCHANGES CROSSOVERS
KY. 15 & MTN. PKWY EXT 434 9 W (- RETAIN
KY. 15 ﬁ . RETAIN
40U L reTAWN
WOLFE ||\ = _ _ _ - - I e AT REMOVE
POWE LLL KY. 1t 1 __"‘ﬁ'fE—TEi-N-_-—--- REMOVE
_ 30 & [~ RETAIN
mmmmmmmmmmm REMOVE
e--- == -~ REMOVE
T T I I IIIREMOVE
. L |- RETAIN \«REMOVE
KY. 213 |~ RETAIN
s ] F-REIAN ____ REMOVE
| Faera
K : l i s
roLL sooTH - RETAIN
o |
POWELL o 0 . _ ————— M = RETAIN
CLARK 10 fom o e e o e REMOVE
_____________ REMOVE
- —-oo-To---REMOVE
“REMOVE
T-ca 0.0 4 M - RETAIN

Figure B-1. Locations of median crossovers, interchanges, and county lines on the Mountain Parloway.
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COUNTY INTER —
LINES CHANGES
US 31 W i36.8
I- 6% ]
US 31w
130
HARDIN
D LINE - _ _ 120_=
GRAYSON
No —
KY. 259
100 =
,
GRAYSON YT
BUTLER | |NE - - - 90 -
BUTLER LINE - _— T
OHIO
80 —
GREEN RIVER PKWY
us 23
70 -
OHIO
LINE - - ——
MUHLENBURG
60 —
us 431
50 —
MUHLENBURG
NE - - - -
HOPKINS
40 —
us 4
30 -
.10
HOPKINS K. 109
LINE e - -
CALDWELL 20 =
TOLL BOOTH
KY. 9
o -
CALDWELL
LINE o —
LYON us 62 3.7 -

CROSSOQOVERS

W - RETAIN
____________ REMOVE
- = —=—— REMOVE
____________ REMOVE

W = RETAIN
e REMOVE
e e e i = e REMOV E
____________ REMOVE
e e e o e = REMOVE
------------- REMOVE
. REMOVE

H - RETAIN

A E-RETAIN o REMOVE
______________ REMOVE
_________ weweREMOVE
------------- RE MOVE

o = RETAIN

b pe RETAIN

~RE TAIN

L - eeee = e ——REMOVE
[ooy pmmmm REMOVE
e REMOVE
e REMOVE
e me™ "= == = ==REMOVE

W = RETAIN
- RETAIN

W}~ RETAIN
_____________ REMOVE
____________ REMOVE

i b= RETAIN
______________ REMOVE

W L RETAIN
 RETAIN _
_______________ REMOVE
Lo e m REMOVE
............... REMOVE
______________ REMOVE

W 1~ RETAIN
------------- REMOVE

L | RETAIN

ld k= RETAIN
L e — REMOVE
e = = 2o REMOVE
______________ REMOVE
o ————— REMOVE

W = RETAIN '

M~ RETAIN

= RETAIN
______________ BEMOVE
_____________ ;REM%E%
fon me wd A G OGN GO WGP D e . ™

J LL~RETAIN REM

b L--RETAIN
[_RETAIN __  ___. REMOVE
- RETAIN . — REMOVE
— RETAIN

Figure E-2. Locations of median crossovers, interchanges and county lines on the Western Kentucky Parkway.
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COUNTY INTER -
LINES CHANGES
Us 60 TLI
70+
KY. 53
WOODFORD
anpErson -INE = ~ So.
ANDERSON us fer— —
MERCER
MERCER - _ I
anDERSoN -INE 50
KY 53
ANDERSON _ _ - i
washINGTON HINE o ves
WASHINGTON | |ng A ~ a0 f
NELSON
Ky 88
30 =]
Us 180
Us 31E .
52 1O
NELSON KY ¢ — - 10
HARDIN
I~-658 Q.0 =

CROSSOVERS
bl L~ RETAIN
L~ RETAIN
Pl oooo>"REMOVE
d |- RETAIN
b o D e (IO R W I D S V
1 [T RETAIN REMOVE
- RETAIN
— RETAIN
L RETAIN
t = RETAIN
— RETAIN
L~ RETAIN
—~ RETAIN
- —— e 'RE’&OV%
{ L RETAIN ~ ~ ~T-REMOV
el |- RETAIN
- RETAIN
{ |- RETAIN
- RETAIN
e mm————— REMOVE
—-mu—tﬂ—ﬂﬂ----REMOVE
L~ RETAIN
:“.,BEI&'_'.‘_---:-;-REMOVE
:::ﬁi"-f-fli::::" REMOVE
____________ REMOVE
b - ———”——--REMOVE

]

Figure E£-3. Locations of median crossovers, interchanges, and county lines on the Bluegrass Parkway.
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COUNTY INTER— CROS3BOVERS

LINES CHANGES
us 62 52,5
I-24 5 () = u — RETAIN
us 68 e |~ RETAIN
o b= RETAIN
KY 348 bt L= RETAIN
A0 L e e REMOVE
MARSHALL Fe==== ===-—=== REMOVE
GRAVESUNE - = - - = RETAIN .
______________ REMOVE
R-Te 2 [N || [ T = REMOVE
KY 131 B - RETAIN
KY 12}
KY 80
Us 45 20+ [ C.RETAIN __ REMOVE
= T T T T T T T REMOVE
KY 239 M = RETAIN
10 =
GRAVES . e AU e e e
LINE . - - - S REMOVE
HICKMAN KY 307 ':1-: = RETAIN
HICKMAN - Ug 8l '~
FuLTON -INE KY 166 — - 0.0 b L. RETAIN

el

TENNESSEE STATE LINE

Figure E-4. Locations of median erossovers, interchanges, and. county lines on the Purchass Parkway.
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COUNTY INTER —
LINES CHANGES
Uus 4| TH 4 =
AUDUBON PKWY
T0O —
KY 416
HENDERSON
wessTer -!NE Ky 58 -
6 0 =
WEBSTER
Hopkins WINE ¥y 138 =
B0 -
KY 260
Us 4i
KY 281
KY 70 & 85 e
KY 813
WK PKWY
us 62
HOPKINS us 4l 20
cHRIsTIAN -'NE - - -
KY 800
20 =
KY |682
i o =
Us 41A 7.0~

id

T TR

CROSSOVERS

— RETAIN
— RETAIN
Frioozzo =z REMOVE
- RETAIN
— RETAIN
FozoszTsToos REMOVE
- RETAIN
. RETAIN
ESZIZ2=2227 REMOVE
E— === = ==3"REMOVE
. RETAIN REMOVE
RETAIN REMOVE
[ RETAIN  (CMOVE
= REMOVE
RETAIN
RETAIN
=CRETAIN  removeD
bt |~ RETAIN
= [ RETAIN
'+ RETAIN
| |- RETAIN
! I= RETAIN
m=s===s== === REMOVE
ESSZSToIooo or
= RETAIN____ cewove
F=TIIITEI STILREMOVE
FTITIZIIZZCSCI REMOVE
FIIIIIIIIIITIT REMOVE
= RETAIN  REMOVE
— RETAIN
C_RETAIN . remove
— RETAIN

Figure E-5. Locations of median crossovers, interchianges and county {ines on the Pennyrile Parkway.
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COUNTY

LINES

DAVIESS

LINE
HENDERSON

INTER ~

CHANGE S

US 60 BYPASS ———e—23.5—
20

KY 416 o=

PEN PKWY 0.0 -

CROSSOVERS

Figure E-6. Locations of median crossovers, interchanges and county lines on the Audubon Parkwaey.

- COUNTY

LINES

DAVIESS
OHIOLINE

OHIO
E
BUTLERUN

BUTLERLI
WARREN

NE

INTER —
CHANGES
US 60 BYPA 70, -
PASS 2 o
- - €0 -
50 -
Us 69
WKY PKWY
40 —
Us 231 —
30 -
us 23i
20
10 -
us 23t
Us 68
US 31w
I-65 0,0 -

W

—-RE TAIN
wwwwwwwwwww REMOVE
~=-=-s-TIosT REMOVE
F-=====Zzz=Z REMOVE
== RETAIN
- RETAIN
= RETAIN
——————————— REMOVE
= RETAIN
CROSSOVERS

L. RETAIN

__________ REMOVE

__________ REMOVE

L~ RETAIN

| o e e —————~ REMOVE

____________ REMOVE

L RETAIN :

— RETAIN . REMOVE

[ RETAIN

. RETAIN

______________ REMOVE

L~ RETAIN

C B2 AN Remove

= REMOVE

L~ RETAIN

L RETAIN

e e o e = REMOVE

L. RETAIN

__________ — REMOVE

____________ REMOVE

L RETAIN

-~ RETAIN

|- RETAIN

EEEm SE=Z=T2T REMOVE

Figure E-7. Locations of median crossavers, interchanges and county tines on the Green River Parkway.
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COUNTY

LINES

PULASKI
: LIKE
RUSSELL

RUSSELLLINE
ADAIR

ADAIR
METCALFELINE

METCALFE

LINE

BARREN

INTER -

CHANGES
us 27 88.5—
RINGO ROAD
KY 1225

80
KY 80

70—
us 127

60 ~

50
KY 55

40

30—
Us 68

20 -
KY 90
us 3! E

10—
TOLL BOOTH
T-65 0.0-

¥ 5

CROSSOVERS

— RETAIN
__________ REMOVE
—————————— REMOVE
-~ RETAIN
[ _RETAIN ___
Eooooo--s ooz REMOVE
~ _RETAIN ____
FTIIIZZTIC REMOVE
= RETAIN
—~ RETAIN
= = o m s = = = REMOVE
— RETAIN
—————————— REMOVE
= RETAIN
- RETAIN
——————————— REMOVE
EISSISTSIT REMOVE
= RETAIN
nnnnnnnnnnn REMOVE
=~ RETAIN
- RETAIN REMOVE
— RETAIN
o == o o o et o e REMOVE
___________ - REMOVE
~ RETAIN °
— RETAIN
e e REMOVE
;zg'E:IzAr!;r-q;":::: REMOVE
——————————— REMOVE
<RETA|N

RETAIN
™ RETAIN

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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IMPROVEMENT REFERENCE NUMBER

ig.
11.

12.
13.
14,
i5.

16.

17.

18.
19,

20.

21.

22.

23.

24.
25.

26.

Curve Warning Sign
Cuzve Warning Sign
Curve Warning Sign
"Fasten Seatbelt™ Signs

Deer Fence ox Deer Crossing
Sign

Dizectional Signs

Additienal Signing for
Exit Ramp

Replace Rigid Light Supports
Vehicle Actuated Warning
Device at Intexrsection
Replace Rigid Signs

Median Crossoverx
Improvements

Actuated Warning Sign
Transverse Stripes
Additional Delineation
Guardrail Connecetion to
Bridge End

Bridge Gap Inprovements

Concrete median barrier
replacing barrels

Flashing Beacon

Sexeen on Bridge
over Parkuay

Delineation on _ramps foxr
urong—way accidents

Replace and Upgrade
Delineator Posts

"Tee on Bridge™
Wazning System

Pelineator for Shouldezs
Lpproaching Narrow Bridge
(Hot Full-Kidth Shouldex)
Tell Beoth Improvements
Change Guardrail end to

Breakaway Cable Terminal
(BCT}

Paving Shoulderx

ACCIDENTS INCLUDED

All zelated acgidents at location.
All related accidents at location.
All related aceidants at location.
A1l parKRuway accidents.

All accidents at locations
involving deex.

All related accidents at location.

- Rll accidents on ramp invelvad.

All aceidents involving light
supports.

A1l related accidents at loeation.

Aceidents involving sign.

All aceidents invelving
median crossover.

Agcidents involving brake failure.
A1l related accidents at location.
All related acecidents at location.
Bridge accidents inveolving
collision with bridge abutment

oY approach- -guardrail.

Reecidents involving gap between
bridges, including 10 year fatal
acclident history.

Ac¢cidents involving collision
with barrels.

All related accidents at location.

All accidents at bridge involving
vehicle hit by throun ohject.

A1l uwrong-way vehicle accidents.
A1l nighittime accidents.

411 ice on bridgé accidents at
subhject locations.

Bridge accidents involving bridge
abutnent cr approach guardrail.

All %to0ll booeth zelated accidents.

A1l guardrail accidents nultiplied
hy percent of all guardrail
accidants inveolving guardrail

end (3). -

Fennyrile Parkway «~ Acecidents
involving soft shoulders as a
contributing factor.



IMPROVEMENT REFERENCEZ NUNMBER

27.

28.

29.

30.

31.

3z.

33.

L.

35.

36.

37.

38.

39.
k0.
41.

Bz.

80

Median and Shouldex Pier
Frotection

Clear Gore Ares

Deer Fence ¢z Deerx
Crossing Sign

Beslicking

Improve Culvert

Bridge Gap Improvements

Shield Rhoeck Cut
memove Rock Outcrepping

Retrofit Safety Curb uith
New Jersey Barriex

Paving Shouldex

Grade Separatien of
At—-Grade Intersection

Bridge Deck Repair

Lighting
Truck Es¢ape Ranp

Widen Bridges

Grade Sepazration of
At-Grade Intersection

b E
[ 41
2
4
[
i
i
-3
74
il
b
Q
[ 3l
<
[e
[0
i3

he

A1l aceidents invelving collisio
10 vear

with bridge piexr. Included
fatal accident history.

A1l exit ramp intexchange accidents
involving hitting £ixed object
in gore.

All accidents at locations
1nvqlv1ng deax.

et pavement sccidents at locations.

All accidents involving culvert
including 10 year £atal accident
histozy.

Acecidents involving gap hetuween
bridges, including 10 yeaz fatal
accident history.

211 aceidants invelving
rock cut.

A1l accidents involving rock
outcropping.

All accidents hitting., going
through, or going over a bridge
rail.

Daniel Boone ParXway - All fixed
object and ran—off-roadway
accidents.

All related accidents at location.
211 bridge accidents occcurring
after start of bridge.

All related acecidents at location.
Accidents involving brake failure.
Bridge accidents involving hitting
bridge abutment oz approach
guardrail.

A1l related aceidents at location.



APPENDIX G

Unit Costs for Recommended Improvements

81



IMPROVEMENT REFERENCE HNUMBER

.

~] & 0 F W N -

Ll

i0.
11.

i2.
13.
14,
15.

16.

17.

18.
19.

20.

21.

22.

z23.

24.

25.

Curve Warning Sign

Curve Warning Sign

Curve Warning Sign

"Fastan Seathelt™ Signs

Deer Crossing Sign

Directional Signs

Additienal Signing fox Exit Ranmp
Replace Rigid Light Supports

Yahicle Actuated Warning Device
at Intersection

Replace Rigid Signs
Median Crossover Improvements
Signing
Paving
Removing
Ketuated Warning Sign
Transverse Stripes

Additional Delineation

Guazrdrail €Connection to Bridge End

Remove Guardrail

Bridge Gzv Improvements -
Install Guardrail
Plant Shrubs behind

Guardxail

Concrete Median Barriex
(Raeplace Barriers)
-End Treatment

Fflashing Beacon

Screen on Bridge over Paxkuay
{5 foot heigh¥)

Delineation on xramps Loz
wrong=-way accidents (two arrows)

Replace Shouldexr Delineator Posts
~-Lens

"Tee on Bridge®Warning Systen
(2 signs and 2 sensors)

Delineation Zfor Shoulders
rroaching Nazrow Bridge
100-raised pavement markers)
50=-tape)
1

1l 3coth Iaprovements
Crash Cushicen
Transvexrse Stripes
Rumbla Stzips

Ap
(3
(s

o

T

Change Guaxdrail End to Brealkaway
Cable Tezminal (BCT)

CCST (DOLLARS)

250
250
2590
200
200
2,800
1,000
2.000
15,000

4,000

L)
o O noR
Qo O O0OQ
o 0 oo

oo -
-

1,000
i

16
12,000

150

Lo 03 (a2
- b oW
~1 OoOno

" ooo
o Qoo

Intazsection
Ezach

Zach

Zach

Zach

Zach

Location

per Delineator
Each

Lineaxr Foot

pex Bzidgs
paYr Bridge

Linsaxr Foot
Each

Location
3xidge
per Ramp
Fach
Each

Bridge

rer Lppreach

Location
Logation
Location

Each

a3



IMPROVEMENT REFEZREIKCE NUNM3ER

26.

27.

28.

zZ9.
30.
31.

3z.

33.

34.
35.

36.

37.

38.
39.
Lo.
41.
b2,

84

Paving Shouldexr
{10 £oo0ot shoulder—=2 inches thick)

Median and Shoulder Protection-—
Shouldexr Piexr Unprotected
Shouldexr Piezr Guardrail
Unattached ‘

Median Piexr Protection
(GREAT crash cushion)

Clear Goxe Area =~
Remove Rigid Signs
Move Light Standazd
Replace Dual Channel Post
Renove Guardrail
Remove Curb
Contour Grading

Daer Fence (8 feot heighil
Deslicking
Impreve Culvert =
Replace Headwall
Remove Guardxzail
Improve Grading _
Replace Madian Drain Inlet

Bridge Gap Improvemenis -
Plant Shrubs behind Guazdrail

Shield Rock Cuts — GM Barxier
: Guazdrail
Remove Rock Outeroppings

Ratzrofit Safety Curb with
New Jersey Baxxrier

Paving Shouldar

{10 foot shoulder-2 inches thick)

Grade Separation of At-Grade

Intersection
Bridge Deck Repaiz
Lighting
Truek Escape Ramp
Widen Bridges

Grade Separation of At-Grade

Intersection

COs7T

(DCLLARS)

11,000
5,600,000

75,000
2,000
750,000
i00,000
5,000,000

UNIT

Mile
Each
Tach

nexy Piex

Each

Lach

tach

rer Gore
rexr Gore
per Goze
Foot

Lane Mile
Each
Location
Cubic Yard
Tach

per Bridge

Linear Foot
Linaazr oot

Cubic Yazxd
Linear ¥Focot
Mile

Location

Location
Standaxzd

Each

5ingle Bridge

Location



APPENDIX H

Listing of Recommended Improvements
for Various Budgets
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BUDGET

LISTING OF SELECTED PROQY

ACCUH
87C

ACCUH

ALT-~

B/C

RETURN

COST RETURN

RUr

LOCATION HAME

LOCATION

T O NI MMM NON I
53298299996““““3332100
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8383332222222222222222
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53510352‘7655“3231000
“ k4 e A a b

853332222111111111111

..... L T T
DU Q= DO v F DO FUT DT O~
QST DN DM M N T O M D)
v O INM O N = O M) — U M) UM OO
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Figure H-1. List of recommended improvemennts given s $3,000,000 budget.

RATIO

BUDGET =

LISTING OF SELECTED PROJECTS

ACCUN

ACCUN

ALT=

BsC

RETURN RETURN B/C

CoS8T

NuUn

LOCATION NAME

LOCATION

NI FOTMMN==F 3NN F OO~ DO
63293399995““““3325555

83833322222222222»&1111

AL I O = UNND S EHIUY IGO0 o ) e
5351- 0352‘755543220000

353332222!11111111111

P R P
0852101681“60“5“05&622
T F e OO MUIT TN D0 0O
9131530219315358567155
SO M ONM MM DWW OWD -
= 2 OO o3 O T I O v OF S D 3O D CID WD
MO MO O OMETeHN IO MM)
= I M T NN I e O 0 O

PEPRP
O~ 60 DO — NI N T T — NN H 0 Do
LI M CHO VN AIO T 14 T 0 G = B0 [~ D
O A DM [~ IO T 3 I~ NN~ — O 2F M
O 0 M = U = v v o = O 1) = O €D U
—t3 BN TN T — QD
M o ain ww e

- " o

D I R T T SIS

P
[~affalalal-J-R-lelofalal QoloQ+l-Lolelrlal
OO0 CODDO0OCDLOOCOO0O
VOOCOCODLOOOLOO0DO0IIC0O0O0ON
DN OO =NOC TN~ OO
™ YR N O~ NCOMMMO

L3 - . ] ™ —om—
~r L]

v e e e e s .

P Yt 4 e e e e e 1 e 0 o e
#
]
W
%] 3] L] 17138 W
o A O 0 - ot [3) 3
[2 IS B I =] M- Vo #
= 2 By Mo ey - #
= ™ M IJAXo FHNOO W0 W
H O A OZNNDZOMZOS #
[ ] ENHRKYN Obin Hiel #
=] WM Zl [dedn Wi o
= N U HOMLEBH - Hel o.M
o M NIOIHHOSARNDO DM S oW
0 P PHPERAo Ol iden s #
v Bl EDet M At Ol MR
& oA M UesplE MEeaLH
= £ Exowvn Mo et ¥
o e R VRt W) i
o oE 2E DOWAMADAUNENOR
dH O MY | IO R
HOF0E AL OAMOOHT ) e
2 OHLA LRURSZMAWE LA
WMNHENEH S0k Oobimil Hy
ZRUIZHuBNSHMZOMO  Wkle.d
Iy v W, gy v
SHEHOHMSARH Ml &20d -
1031038 H 6 12 9 D € £ 1 ot i} 1 0 ot ot
1 e B SHAOZMMAOL BRI
Y AcAQXHBRMMHLDMEEARO
VXEUHDIHRM W SR mel OHQ
HHIZUEHDNR bHLeEmZny oD
VIO Sm GRGIEASOMN
NEmapie! UHAY ZHARLBDEON
HOWVW 1 DAcak MOH NOLNON
PINHIINIE Bt id e sl O [TY]
LUV ZEHS AN AOWS KD oD #
@a AUty AOEIZatO WXMH
B o dHHEY, ORI TSR
w6 DF O3 2 L Y e £ A9 5L S 0 T 0 Bl A el 2 B
WA RMKERKMUAADALO UK LIDO Nt
NOr RS> it DO AN D LO®

FUNC VOO NM NGO I UNOG
e e e B3 ) ] S OT 8 O

Figure H-2, List of recommendsd improvements given a $6,000,000 budget.
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Figure M-3. List of recommended improvements given a $9,000,000 budgst.
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Figure H-4. List of recommended improvements given a $12,000,000 budget.
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Figure H-5. List of recommended improvements given a $15,000,000 budget.

88



vi—

SELECTED PROJECT
SUDGET

LISTING GF

ACCUH
BsC

Accun

ALT-

RETURK RETURN 3/C

COosT

NUH

LOCRTION NXME

LOCATION

O =0 — 0T I I MNN"OOOMUIONNMON™ P D th T M=
99813“3“2“000075555“&.“3366““33220000

...... [ P
4652100“..“-‘333332222222222-l-l-l-l-...tl-.iuial.tlllnl
I —

W 6320 Eh AN O I+ O = WD I KN W 3 D O F T NN O hoh e o 5
MOV OVT OGN~ OIS I MNNTOIDOOMR I I ND
LI T T T % s 4 s B s s h e e e oas oo
T MO MM NN T e e e e e e O O OO0 0 O
0w m

R L I B
DI+ OMT N~ NS D (IO ON OO GO NO SN O O
O = DB MING O T OM I ™M~ U C WM DU T O U
FEOS X OOTINT WS GO MONMMO ) — ) M &
NOMMENOTNOFOEMUNINIM IO Ot Or=Mthe OO
TN T OO M= 1N OGS T N C - OV GH T O A S = O IF [~ 1) 3 MM
T N eIMND e I 0 00 T UG 0 O 7 3 v Q)N oF T o0 F NN
e 022X Y L O I NN UG O O S 83 00 8N 27 ST 0 D

e

....... S T T T T T T T T S
WO OO IN&NMMNT U O N NSNS OUIN T O ~0
O ONEIANM DO EING I 0T 0O T 0N O MNMOU T UHa DB O
SO G AU MM - N T OMG NN = O M N OO T MO
DB Oy Gt = AU v e P Th O ) o G 0 I O SN =0 N O o == o 1 00
OMN— &M QMIN—E] FMHONT— MO TR0 T OO0 N M
M W — e - - ey OMg n

- ™ ey - w

—

........ I N R T T R T T T S SR
SO0 Oo0DO0000000oPOO0O0OROLON000OONN00CDD
[zdodrlrielafalaf el rld]olfederlalalaelo]elelalolalelalela]otoRatol ]
NNEGONoODo0000OD00000oIQNOROOROOOOCOoOn

VU ONOoOQunF - NOO- M DO GO= I ~aMIaoodo

m QYT T - N ThO~ z793033u380&30qog

&3 2 [ OO NN O M

™ o — 0

-

1111111111 e e e
]

®

]

1] [4] o w4 2] (4] o

I noOo o owo- [T b =M oU 3#
[ =1 ¥ - Do O ]
—MmH N [ ] mo niADAvMa m ol #
s O ™ > FAMNC  HUOHO @10 - %
weaH  HO B DS DnOoamMZEorH e ¥
o®e- B N EMMHILN WOLIc. mpbgs v 3 D [
(=4 oM El waeXdan o M ol U oo ¥
Lz Do O HOMMH O B8 m o - H
R Qo W NAHPOHNDOSAMMOSM Attt ¥
ar P B HMHIAN W O UHULALIMOSO i1 L]
— h] ZOoel ) DueldetetHa T HOAZNI TN
2 om0 M DomoDO=E i ODHLLbkAObide] OE
B 20l 2 = L owm OMMHE Nt ™M W HHE
EALe Detith GBS MfeIbeHe B ol DODN ®
o ZmE D SOoho, aZHuHnoHMOoaOxH DK
-4 H »H O MiEHEG 2 iMOabBHEH Maoe-—20H
M ZHOE EZRA AARAOAR S ] MO MEm - #
QoY OHLAE GBUetZREISLIE HMOKGH W + By MG
BUHMYHANEH 08NS 0LMON2 alHUNMODE-OES
ZEZ ZUNTESNHNNSHORNOKO TRHNANAOZIHB—OM
[LILILY SRv] (LI L] P Te=tOWns [~ A bl ]
HHHAH I HOHMOALNH P gl O« W& o3IOy
NI VO AMNKNZEMNENHE DY H D SRR
M Ebe B SHAEOZMHOAOML OAAMOLLE LMD DHE
GLPVLZVO ALAORFRERMUDHLD LA HZIDOS0
Iz urHOHDHNA Rt aletnd o HAWNWLIIEO 2]
HEHMHNE SO DR ans «mo =&
EEXNHNOHHOHOIILY, ~<om OZNoNa0OWpib< DO
s phEoisepet IHAO ZHARLIHEBEDITZMORDOOOMS
eetetHOMY 1 OAmAH WMVOR NHOWWNAOHN dadety
BEMAMH DML PpRERRE s 2O WM ook )
HMUADEHRZERESAOMMHINOZRMMPYE WOKOoOQPIDR

B i Bl ey DMl ORSKEMZEROR VXSl HgImH
SEotan s MDD E SEUAMHE HAZHHSA AR LIO MK
SIE P APR A LA HAD LW Z A I A > QRN I H D
EEE = e R - - L e IR L S L S T e TR TR TR =T R 2
BDOUNOEM >Nl 0D D L OfHORUDLEDOOD DN AR

I I IO [ 60 0 O = S M 21 UNAD [ €0 T O = 63 M WD - 60 Gh O — 6300 3 O
e e R EI O S O M T T P M

Figure H-6. List of recornmended improvements given a $17,006,000 budget.
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Figure H-7. List of recommended imprevements given a $18,000,000 budget.
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Figure H-3. List of ecomimended improvements given a $21,000,000 budget.
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Figure H-9. List of recommended improvements given a $24,000,000 budget.
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Figure H-10. List of recornmended improvements given a $27,000,000 budget.
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Figure H-11. List of recommended improvements given a $30,000,000 budget.
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