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Introduction 

 

The purpose of this traffic study is to study the overall safety and traffic operation of the intersection of 

State Route (SR) 39 and County Road (CR) 114 in Walnut Creek Township, Holmes County, Ohio. 

 

SR 39 is the major east-west route through Holmes County. SR 39 provides access to Interstate 77 and 

United States Route 62 which are major routes that direct tourism and economic development into 

Holmes County. As one of the main arterials in Holmes County, SR 39 accommodates a variety of 

vehicles that mix local and non-local tourist passenger vehicles, tourist buses, local trucks, local and 

long-haul semi-tractor trailer trucks, motorcycles, bicycles, e-bicycles, Amish buggies, and farm 

equipment. With the increased use of vehicle GPS/mapping apps and the continued increase in traffic 

volumes on ODOT’s maintained roadways, the local county and township roadway system are 

increasingly being used as alternate routes to many of the business and tourist destinations in Holmes 

County. CR 114 is a county road that provides an alternate route to the community of Charm which is 

home to a variety of businesses and tourist destinations such as Keim Lumber/Home Center, Chalet in 

The Valley restaurant, Guggisberg Cheese and Charm Harness & Boot (see Figure 1). 

 
Figure 1. Study Location Map 

In 2017, this location became a safety concern of the district when two fatal crashes occurred within six 

months of one another. The severity of those crashes prompted the district to review this location. After 

Study Location 

Charm 
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a review of the fatal crash reports and of the existing traffic control elements of this intersection, the 

district decided to install LED stop signs, LED stop sign ahead warning signs, and stop bar pavement 

markings to help mitigate future crashes at this location. The signs and pavement markings were 

installed in October 2017. Since then, the intersection has not experienced any fatalities. The number of 

crashes has fluctuated over the last five years from six in 2017 and 2019, two in 2018 and 2020 to five in 

2021.  

 

Existing Conditions 

 

This section of SR 39 is a national truck route and scenic byway (Amish Country Byway). It is an east-west 

minor arterial with a posted speed limit of 50 mph and an annual average daily traffic (AADT) volume of 

9485 with approximately 12% truck volume. There is one 12-foot-wide lane in each direction, with 6-

foot-wide paved shoulder adjacent to the travel lanes. According to the department’s Transportation 

Information Mapping System (TIMS), the pavement condition rating (PCR) for SR 39 is 77. There are dual 

crossroad intersection warning signs with supplemental CR 114 name plaques both east & west bound 

on SR 39 prior to the intersection with CR 114 .  

 

CR 114 is a north-south minor collector with a legal speed limit of 55 mph and an AADT volume of 1838. 

The intersection of SR 39 and CR 114 is a stop-controlled intersection with the stop control on the CR 

114 approaches. There are stop bars, dual stop signs, and dual stop ahead warning signs on the CR 114 

approaches. The stop signs and the northbound stop ahead warning signs are enhanced with LED 

lighting. The intersection is not illuminated with highway lighting.  

 

Figure 2 below shows the intersection orientation view of CR 114 and SR 39.  

 
                  Figure 2. Intersection Geometrics of CR 114 & SR 39 
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No pedestrian facilities (sidewalk, curb ramps, and crosswalks) are within the study area. 

 

Plan and profiles sheets of SR 39 and CR 114 can be found in Appendix B. The existing sign locations can 

also be found in Appendix B.  

 

Crash Data 

Crash data from 2017 to 2021 was obtained from the department’s Transportation Information Mapping 

System (TIMS). A total of 21 crashes occurred at this intersection during the five-year period. 

 

The frequencies of crash types in the study area compared to the statewide average for rural roads on 

the state system are shown on Figure 3.  

 

 
Figure 3. Crash History Compared to Statewide Averages 

 

Additional crash statistics are summarized below. The most common crash types that occurred during 

the study period were angle, rear end, and left turning crashes. There were two fatal, six injury, and 

thirteen property damage only crashes. 
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Crash Type Crashes % 

Angle 8 38.10% 

Rear End 6 28.57% 

Left Turn 4 19.05% 

Fixed Object 2 9.52% 

Sideswipe - Passing 1 4.76% 

Grand Total 21 100.00% 
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Contributing Factor Crashes % 

Failure to Yield 12 57.14% 

Following Too Closely/ACDA 7 33.33% 

Unsafe Speed 2 9.52% 

Grand Total 21 100.00% 

 

Narrative of the Angle, Left Turn, and Rear End Type Crashes 

 

Angle Crashes 

 

A total of eight angle type crashes occurred during the study period of 2017 to 2021. Three in 2017, one 

in 2018, two in 2019, and on each in 2020 and 2021. Both fatal crashes occurred in 2017 and were angle 

type crashes. 

 

The first angle crash in 2017 was a fatal crash that occurred during daylight on January 17th that involved 

a passenger car and a horse drawn buggy. The passenger car driven by a 74-year-old was westbound on 

SR 39 and the horse drawn buggy driven by a 76-year-old was northbound on CR 114. The horse drawn 

buggy failed to yield from the stop sign when attempting to cross SR 39 and was struck by the 

westbound vehicle. The passenger car, after striking the buggy, traveled off the right side of the 

roadway into a ditch. The driver of the passenger car died of injuries sustained from the crash. The 

second fatal crash occurred during daylight on July 21st and involved an SUV and a recreational motor 

coach towing a small SUV. The SUV driven by a 79-year-old was northbound on CR 114 and the motor 

coach driven by a 63-year-old was westbound on SR 39. The SUV ran the stop sign when attempting to 

cross SR 39 and was struck by the westbound motor coach. The driver and a passenger in the motor 

coach both died of injuries sustained in the crash. The third angle crash in 2017 occurred at night on 

December 2nd involving a pickup truck and a horse drawn buggy. The pickup truck driven by a 52-year-

old was northbound on CR 114 and the horse drawn buggy driven by a 66-year-old was eastbound on SR 

39. The driver of the pickup truck the horse drawn buggy resulting in minor injuries to the driver of the 

buggy. 

 

Year  Crashes % 

2017 6 28.57% 

2018 2 9.52% 

2019 6 28.57% 

2020 2 9.52% 

2021 5 23.81% 

Grand Total 21 100.00% 

Crash Severity Crashes % 

(1) Fatal 2 9.52% 

(2) Serious Injury Suspected 2 9.52% 

(3) Minor Injury Suspected 4 19.05% 

(5) PDO/No Injury 13 61.90% 

Grand Total 21 100.00% 
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The angle crash in 2018 occurred during daylight on December 18th involving a passenger car and a 

bicyclist. The passenger car driven by a 64-year-old was exiting a private driveway and was struck by a 

16-year-old riding a bicycle. The crash resulted in property damage only. No injuries were reported. 

 

The first angle crash in 2019 occurred at night on August 3rd involving a passenger car driven by a 17-

year-old and another passenger car driven by a 66-year-old. The 17-year-old was southbound on CR 114 

and stopped at the stop sign. The 66-year-old was eastbound on SR 39 and was struck by the 17-year-old 

as he pulled out from the stop sign. Neither driver nor passengers sustained any injuries. The second 

angle crash occurred at night on October 17th involving a pickup truck driven by a 19-year-old heading 

northbound on CR 114 and a 16-year-old bicyclist heading eastbound on SR 39. The pickup driver failed 

to stop for the stop sign striking the bicyclist. The bicyclist sustained serious injuries. 

 

The angle crash in 2020 occurred during daylight on October 29th involving a passenger car driven by an 

18-year-old heading northbound on CR 114 and an SUV driven by a 57-year-old heading eastbound on 

SR 39. The CR 114 vehicle stopped at the stop sign then pulled out to cross SR 39 and was struck by the 

SUV on the driver side door. Both drivers and passengers sustained injuries. 

 

The angle crash in 2021 occurred during daylight on November 4th involving a school bus driven by a 63-

year-old heading southbound on CR 114 and a pickup truck driven by a 50-year-old heading eastbound 

on SR 39. The school bus stopped at the stop sign then pulled out to cross SR 39 and was struck by the 

pickup truck. Neither driver nor passengers sustained any injuries. 

 

Left turn Crashes 

 

A total of four left turn type crashes occurred during the study period of 2017 to 2021, two in 2019 and 

two in 2021. 

 

The first left turn crash in 2019 occurred during daylight on March 18th involving a pickup truck driven by 

a 72-year-old attempting to turn left from eastbound SR 39 to head northbound onto CR 114 and a 

westbound passenger car driven by a 52-year-old. The pickup truck struck the passenger car. Neither 

driver nor passengers sustained any injuries. The other left turn crash in 2019 occurred at dawn on 

December 18th involving a pickup truck driven by a 20-year-old attempting to turn left from northbound 

CR 114 to head westbound onto SR 39 and an eastbound pickup driven by a 69-year-old. Neither driver 

nor passengers sustained any injuries. 

 

The first left turn crash in 2021 occurred during daylight on June 2nd involving a passenger car driven by 

a 36-year-old attempting to turn left from southbound CR 114 to head eastbound onto SR 39 and a 

northbound motorized bicycle driven by a 67-year-old attempting to cross SR 39. The bicyclist sustained 

minor injuries. The second left turn crash in 2021 occurred during daylight on July 5th involving a pickup 

truck driven by a 45-year-old attempting to turn left from eastbound SR 39 to head northbound onto CR 

114 and a westbound pickup driven by a 57-year-old. Both drivers and passengers sustained injuries. 
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Rear End Crashes 

 

A total of six rear end crashes occurred during the study period of 2017 to 2021. Three in 2017, and one 

each in 2019, 2020, and 2021. 

 

The first rear end crash in 2017 occurred when a westbound SR 39 vehicle came upon a vehicle stopped 

to turn left into CR 114. The approaching vehicle was unable to stop and rear ended the vehicle waiting 

to turn left onto CR 114. The second rear end crash in 2017 occurred when an eastbound SR 39 vehicle 

rear ended a vehicle stopped waiting to turn left into CR 114. The third rear end crash in 2017 occurred 

when a westbound SR 39 vehicle was slowing to turn right onto CR 114 and was struck in the rear by 

another westbound vehicle.  

 

The rear end crash in 2019 occurred when an eastbound SR 39 vehicle was stopped for traffic and was 

struck in the rear by another eastbound vehicle. 

 

The rear end crash in 2020 occurred when a northbound vehicle on CR 114 was stopped for traffic and 

was struck in the rear by another northbound vehicle. 

 

The final rear end crash in the study period occurred in 2021. A westbound SR 39 vehicle came upon a 

vehicle stopped to turn left into CR 114. The vehicle was unable to stop, and rear ended the vehicle 

waiting to turn left onto CR 114. 

 

All the rear end crashes occurred during daylight hours. A full printout from the CAM Tool and collision 

diagram for the study area is included in Appendix A.  

 

Existing Conditions Capacity Analysis 

 

Existing Conditions 2022 Capacity Analysis Results 

 

The existing capacity analysis is presented in the table below. Outputs from HCS are included in 

Appendix E. 

 

Intersection Movement 2022 AM 2022 PM 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

SR 39/CR 

114 

Eastbound A 8.1 for the Lt. 

turning 

vehicles 

< 1 A 8.2 for the Lt. 

turning 

vehicles 

< 1 

Westbound A 8.0 for the Lt. 

turning 

vehicles 

< 1 A 9.0 for the Lt. 

turning 

vehicles 

< 1 

Northbound C 16.8 < 1 E 39.1 3 

Southbound B 13.6 < 1 E 35.1 2 
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As shown in the table above, SR 39 movements operate at a LOS A in the AM and PM peaks hours. There 

is some delay whenever a vehicle is attempting to turn left. On the CR 114 legs, the PM peak hour is at 

LOS E. However, the delay and queue length have been observed to be greater than what the HCS 

analysis indicates.  

 

No-Build Conditions 2025/2045 Capacity Analysis Results 

 

The no-build capacity analysis for Opening Year (2025) and Design Year (2045) are presented in the 

tables below. Outputs from HCS are included in Appendix E. 

 

Intersection Movement 2025 AM 2025 PM 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

SR 39/CR 

114 

Eastbound A 8.2 for the Lt. 

turning 

vehicles 

< 1 A 8.3 for the Lt. 

turning 

vehicles 

< 1 

Westbound A 7.9 for the Lt. 

turning 

vehicles 

< 1 A 8.9 for the Lt. 

turning 

vehicles 

< 1 

Northbound C 16.6 < 1 D 32.0 2 

Southbound C 17.1 < 1 D 28.4 1 

 

Intersection Movement 2045 AM 2045 PM 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

LOS Delay 

(seconds/veh.) 

Average 

Queue 

Length 

(veh.) 

SR 39/CR 

114 

Eastbound A 8.1 for the Lt. 

turning 

vehicles 

< 1 A 8.3 for the Lt. 

turning 

vehicles 

< 1 

Westbound A 8.0 for the Lt. 

turning 

vehicles 

< 1 A 8.9 for the Lt. 

turning 

vehicles 

< 1 

Northbound C 16.8 < 1 D 32.0 2 

Southbound B 15.0 < 1 D 28.4 1 

 

Turn Lane Warrants 

 

Turn lane warrants on free-flow approaches were checked according to Figures 401-5b and 401-6b in 

ODOT’s Location and Design Manual (see Appendix G). The table below identifies the lanes that warrant 

left or right turn lanes on SR 39. 
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Intersection Turn Lane Turn Lane Warrant 

SR 39 & CR 114 Eastbound Left Turn Yes 

Westbound Left Turn Yes 

Eastbound Right Turn Yes 

Westbound Right Turn No 

Northbound Left Turn No 

Southbound Left Turn No 

Northbound Right Turn No 

Southbound Right Turn No 

 

Traffic Signal Warrant Analysis 

 

A traffic signal warrant analysis was conducted using the Office of Traffic Operations signal Warrant 

spreadsheet following TEM section 402-3. The location did not meet the requirements for a traffic 

signal. However, the HCS analysis for a traffic signal will reduce the delay on the CR 114 from a LOS of E 

(2022 PM Peak traffic) for a two way stop controlled intersection (current condition) to a LOS B if the 

intersection was controlled by a traffic signal. SR 39 would have a LOS of A if the traffic signal were 

installed. See Appendix D for the traffic signal warrant analysis and Appendix E for the level of service 

analysis. 

 

Crash Probable Causes 

 

As indicated above, the angle, left turn, and rear end crashes account for most of the crashes that 

occurred in the study area between 2017 and 2021. Probable causes regarding these crash types are 

summarized below: 

 

• Angle & Lt. Turn Crashes – Failure to yield was the contributing factor cited in OH-1 reports. Five 

of the eight angle type crashes and three of the four left turn crashes involved a vehicle 

traveling in the eastbound direction. Vehicles traveling in this direction are traversing a 4% 

downward grade (see plan & profile sheets in Appendix B). This downward grade may 

contribute to drivers driving faster than they realize resulting in drivers on CR 114 misjudging 

the speed of the eastbound vehicles when they began to enter the intersection area.  

• Rear End Crashes – Five of the six rear end crashes occurred on SR 39. Assured clear distance or 

following too closely was the contributing factor in most of these crashes according to the OH-1 

reports, indicating that inattentive driving may be a common contributing factor. There is no 

pattern to the rear end crashes. Two occurred in the eastbound direction, three in the 

westbound direction and one in the northbound direction. Only one rear end crash had injuries. 

That crash occurred in November 2021 involving persons aged 69 and 77. 

 

Another contributing factor that may be causing crashes at this location are the long queues of traffic 

that the northbound leg of CR 114 experiences. The queuing occurs frequently during the summer and 

fall months of the year during tourist season. However, the queuing has been observed during the off-

peak tourist season. These long queues may make drivers impatient which may lead them to act more 

aggressively when accessing a gap in SR 39 traffic to complete their maneuver onto SR 39.  
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Figure 4: Google Imagine from 2018 showing the traffic queuing on NB CR 114 & the various types of vehicles 

 

Intersection Control Evaluation (ICE) 

 

The ICE process is new to the department. The purpose of ICE is to foster thoughtful consideration of 

alternative intersection types through quantitative and qualitative analysis, as appropriate.  

 

 Capacity Analysis for Planning of Junctions (CAP-X) Summary 

 

The Capacity Analysis for Planning of Junctions (CAP-X) Tool was developed to provide practitioners with 

a means of evaluating the anticipated operational performance of innovative intersection control 

strategies within a single tool. The CAP-X Tool uses a critical lane volume analysis to determine the 

volume to capacity ratio for a variety of intersection control strategies and also provides an assessment 

of the pedestrian and bicycle accommodations for the selected intersection types.1 

 

TYPE OF 
INTERSECTION 

Overall v/c 
Ratio  

V/C 
Ranking 

Pedestrian 
Accommodations 

Bicycle 
Accommodations  

 
 

Two-Way Stop Control 
E-W 

0.31 1 2.75 4.072676268 
 

 

Traffic Signal 0.47 2 3.73 4.41627355 
 

 

1 X 1 Roundabout 0.49 3 5.39 4.579921703 
 

 

50 ICD 0.66 4 5.39 4.579921703 
 

 

75 ICD 0.66 5 5.39 4.579921703 
 

 

All-Way Stop Control 0.98 6 3.87 4.41627355 

 

 
 

 1 Capacity Analysis of Planning of Junctions (CAP-X) Tool User Manual, FHWA, October 2018 
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 ECAT – ICE Safety Analysis Evaluation 

 

Control 
Strategy 

Opening Year Design Year Total 
Project  

Life 
Cycle 

EPDO 
Index 

Rank 

Total 
Fatal & 
Injury 

Total 
Fatal & 
Injury 

Minor Road 
Stop 

1.09 0.36 1.1088 0.3662 21.99 6.23 2 

All-Way 
Stop 

-- -- -- -- -- -- -- 

Traffic 
Signal 

1.76 0.53 1.7903 0.5391 35.50 7.78 3 

1-Lane 
Roundabout 

1.65 0.15 1.6784 0.1526 33.28 2.89 1 

 

 ICE Results 

 

The ICE process indicates a roundabout would perform better than a signalized intersection both  in 

operation and safety than the current two way stop condition. See Appendix F for ICE and CAP-X work 

sheets. 

 

Proposed Countermeasures 

 

Angle and rear end type crashes were most of the crashes that occurred at this intersection. The 

proposed countermeasures will focus on reducing these types of crashes. 

 

• Short Term – The goal of the short-term countermeasures is to improve the visibility of the 

intersection.  

o Provide flashing LED intersection-ahead warning signs on the SR 39 approaches. 

o Although over 80% of the crashes occurred during daylight hours, providing intersection 

highway lighting would help make the non-motorized vehicle traffic (especially the 

horse drawn vehicles) more visible to motorized traffic during low light conditions.  

• Long Term – The goal of the long-term countermeasures is to improve the operation (improve 

the level of service on CR 114 legs (i.e., reduce the queuing of the CR 114 legs)) and visibility of 

the intersection. 

o Convert the intersection to a modern single-lane roundabout. This option will reduce 

the delay on CR 114 and reduce the number of angle crashes that have occurred.  

o Install a traffic signal with left turn lanes on the SR 39 approaches. The intersection did 

not meet the requirements for a traffic signal, however, installation of a traffic signal at 

the intersection will help reduce the CR 114 delay and make it easier for the CR 114 

traffic to enter or cross SR 39. However, statistically, installation of traffic signal 

increases the frequency and severity of rear-end crashes which may negatively impact 

the safety of the intersection.  
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o Install left turn lanes on the SR 39 approaches. This will remove the left turning vehicles 

from the traffic stream on SR 39. Providing left turn lanes should reduce the number of 

rear end crashes on SR 39 approaches. But could increase angle crashes due to longer 

length a vehicle would need to traverse if going left onto SR 39. 

 

ECAT Analysis 

 

An ECAT analysis was performed for each countermeasure. ODOT’s ECAT was used to calculate 

predicted crash frequency (Npredicted) and expected crash frequency (Nexpected). Npredicted and Nexpected are 

from AASHTO’s Highway Safety Manual (HSM) and are used to determine how a corridor, or 

intersection, is performing to similar locations.2 They are also used to assess the safety benefits of 

proposed countermeasures. The difference between predicted and expected crash frequency is as 

follows: 

 

Npredicted is the anticipated (predicted) crash frequency, which describes how a location is expected to 

perform relative to similar sites. Nexpected is the estimated expected average crash frequency at a site for 

a given period. The calculation of Nexpected uses the Empirical Bayes method to combine actual crash 

frequency with Npredicted. The difference between Npredicted and Nexpected is the “expected excess crashes.” If 

Nexpected is greater than Npredicted, the location may benefit from a safety improvement. If Nexpected is less 

than Npredicted, the site is experiencing fewer crashes than similar sites. 

 

The existing conditions (traffic control, presence of a median, number of lanes, intersection control, 

lighting, presence of driveways) of the study area were input into ECAT. CMFs were used in ECAT to 

calculate the reduction in crashes that can be expected if a particular improvement is implemented. 

ODOT’s ECAT was also used to perform a benefit-cost analysis for the recommended improvements. 

 

Below are tables showing the ECAT and B/C ratios for each proposed countermeasure. 

 

ECAT Analysis Results – LED Warning Signs 

 

Crashes KA B C O Total 

Npredicted  (Existing 

Conditions) 

0.3366 0.8157 0.5435 2.9199 4.6157 

Nexpected (Existing 

Conditions) 

0.3311 0.8024 0.5343 2.7881 4.4559 

Npotential for improvement 

(Existing 

Conditions) 

-0.0055 -0.0133 -0.0092 -0.1318 -0.1598 

Nexpected – Proposed 

Condition 

0.3290 0.7926 0.5217 2.7355 4.3788 

 
2 AASHTO. 2010. Highway Safety Manual. First Edition 
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ECAT Analysis Results – Highway Lighting 

 

Crashes KA B C O Total 

Npredicted  (Existing 

Conditions) 

0.3366 0.8157 0.5435 2.9199 4.6157 

Nexpected (Existing 

Conditions) 

0.3311 0.8024 0.5343 2.7881 4.4559 

Npotential for improvement 

(Existing Conditions) 

-0.0055 -0.0133 -0.0092 -0.1318 -0.1598 

Nexpected – Proposed 

Condition 

0.3311 0.8024 0.5343 2.7881 4.4559 

 

ECAT Analysis Results – Roundabout 

 

Crashes KA B C O Total 

Npredicted  (Existing 

Conditions) 

0.3366 0.8157 0.5435 2.9199 4.6157 

Nexpected (Existing 

Conditions) 

0.3311 0.8024 0.5343 2.7881 4.4559 

Npotential for improvement 

(Existing Conditions) 

-0.0055 -0.0133 -0.0092 -0.1318 -0.1598 

Nexpected – Proposed 

Condition 

0.0438 0.1060 0.0707 0.8468 1.0673 

 

ECAT Analysis Results – Traffic Signal and Turn Lanes 

 

Crashes KA B C O Total 

Npredicted  (Existing 

Conditions) 

0.3366 0.8157 0.5435 2.9199 4.6157 

Nexpected (Existing 

Conditions) 

0.3311 0.8024 0.5343 2.7881 4.4559 

Npotential for improvement 

(Existing Conditions) 

-0.0055 -0.0133 -0.0092 -0.1318 -0.1598 

Nexpected – Proposed 

Condition 

0.1373 0.5842 0.7386 4.4130 5.8731 

 

Benefit/Cost Summary 

 

Countermeasure B/C Ratio 

LED Signing 3.73 

Highway Lighting 0.00 

Roundabout 0.64 

Traffic Signal & Turn Lanes 0.37 
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Conclusions and Recommendations 

 

The long-term recommendation is to convert the two-way stop condition to a modern single-lane 

roundabout. The roundabout option improves both the level of service and safety of the intersection. In 

the short term it is recommended to provide flashing LED intersection-ahead warning signs on the SR 39 

approaches. 

























































































































































































































































































































































































 

 

 

Appendix J 
Long Term Countermeasures Layout 

Turn Lanes 
Roundabout 
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