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 CHAPTER 1 INTRODUCTION   

 

 
 

1.1 Statement of Problems 
 

Road crash has been still a pressing problem causing fatalities and injuries to 
Thai citizens for many decades. According to the World Health Organization (WHO) 
Global Status Report in the year 2018, Thailand was ranked the first highest fatality rate 
in ASEAN. From the data integration, it was reported that Thailand has road traffic 
fatalities of 21,745 in 2016. However, the number of fatalities estimated by WHO was 
found at 22,491. This equals to a road traffic fatality rate of 32.7 persons per 100,000 
populations (World Health Organization (WHO), 2018) 
 Last year, ATRANS financially supported the research project title “In-depth 
Analysis of Black Spot Characteristics in Thailand from ATRANS Safety Map Applica” 
that analyzed the data of crash locations and risk locations stored in the application in 
more detail. Also, the hazardous (Black Spot) location ranking system was developed 
based on the accident costing technique. Applying the ranking system, the top three 
hazardous locations in Phuket (the study area) were identified. Road-related proactive 
measures were proposed to correct the unsafe problems found in a hazardous location 
(Asian Transportation Research Society (ATRANS), 2018). 
 Austroads (2015) explained three basic steps to diagnose the problems of crash 
locations, which include: 

• analyze the crash data (including crash rates and densities) for any 
clustering by common crash types or factors such as common approach 
legs, common weather or daylight, the common age of those involved, etc. 
Construct a factor matrix and draw a collision diagram.  

• inspect the site from the perspective of the involved road users, as well as 
undertaking a close-up examination of the site’s features and its users’ 
behavior. 

• make any other investigations, then draw conclusions about the likely 
causes of crashes for which there are common factors. There may be other 
types of contributing factors (e.g. speeding) but focus on what it is about 
the road or traffic environment which is leading to crashes. 

 Austroads (2015) noted that the selection of proper measures is to concentrate 
on the crash types which have been identified in the diagnosis steps. Moreover, the 
report provides several safe system treatments for various crash types (based on the 
data of collision diagram). Sorensen (2007) also recommended that hazardous locations 
should be identified by the use of model-based methods. The analysis should consist of 
general accident analysis and a collision diagram, which are compared with the normal 
accident pattern for similar locations. 
 Austroads and ARRB Group Ltd. (2015) developed a Road Safety Engineering 
Toolkit as a reference tool for road engineering practitioners to reduce the severity and 
frequency of crashes involving road environment factors. It outlines best-practice, low 
cost, high return road environment measures to achieve a reduction in road trauma. 
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  From the above works of literature, there were some gaps in the study of ATRANS 
(2018) needed for further research, which included: 

• lack of collision diagram, which is a piece of basic information to select 
proper countermeasures   

• the countermeasures proposed were based on an expert judgment which 
may be different from individuals. 

 

1.2 Research Objectives 
 

This research aims at enhancing the ATRAN Safety Map application by adding a 
user-friendly toolkit that allows users: 

1) to easily input a collision diagram for each accident case, 
2) to automatically retrieve a list of common crash causation and crash 

severity factors of a hazardous location, and 
3) to obtain a list of potential safe road and roadside improvement schemes 

based on the data of 1) and 2). This is for local authorities to get ideas to 
solve the problems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

3 

Final 
Report 

 CHAPTER 2 LITERATURE REVIEW  

 

 

2.1 Road Safety Engineering Toolkit 
 

Austroads and ARRB Group Ltd. (2015) developed the Road Safety Engineering 
Toolkit (www.engtoolkit.com.au) as a reference tool for road engineering practitioners in 
state and local governments. It outlines best-practice, low cost, high return road 
environment measures to achieve a reduction in road trauma. 

The Toolkit seeks to reduce the severity and frequency of crashes involving road 
environment factors. In Australia, the provision of safer roads and roadsides is a major 
area of gain under the National Road Safety Strategy 2003 – 2010. 

The Toolkit draws together existing road safety engineering knowledge as far as 
possible into one Toolkit for easy access by practitioners, as shown in Figure 1. The 
presented knowledge has been updated with recent experience from local and state 
government agencies, and with the results of comprehensive road safety research 
reviews. The Toolkit is a ‘living’ document including updates and revisions, so that more 
recent safety ‘wins’ are captured and disseminated. 

The information included in the Toolkit is based on extensive research into the 
effectiveness of crash countermeasures. Nonetheless, the Toolkit is not a replacement 
for sound engineering judgment or good design. An in-depth investigation is required at 
locations that have a crash history or high crash risk to identify causes or potential 
causes of crashes. If necessary, seek professional advice from practitioners specializing 
in road safety engineering. 
 

 
Source: www.engtoolkit.com.au 

Figure 1 Example of treatments for pedestrian crashes 
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 Table 1 shows good examples of black spot treatments categorized by four levels 
of improvement cost. These good examples were collected and reported in the 
Austroads Road Safety Engineering Toolkit. 
 

Table 1 Good examples of black spot treatment for the crash pattern of entering from 
adjacent directions 

 
*Source: Austroads and ARRB Group Ltd. (2015) 

 

2.2 Road Safety Engineering 
 
Federal Highway Administration (FHWA) has provided an online road safety-

related tools via https://safety.fhwa.dot.gov, as shown in Figure 2. The website covers 
several topics, which include highway safety improvement program, intersection safety, 
guardrail resources, roadway departure safety, roadway safety, and data analysis, 
pedestrian and bicycle safety, local and rural road safety, and professional capacity 
building. In each topic, several facts, design guidelines, and good practices are provided. 

For example, the intersection safety, FHWA (2015) published the Intersection 
Safety Strategies Brochure, as shown in Figure 3, that provides the guideline of several 
treatment types for signalized intersection and unsignalized intersection. 
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Source: FHWA (https://safety.fhwa.dot.gov) 

Figure 2 Main menu of FHWA online road safety-related tools 
 

 
a) Signalized Intersection              b) Unsignalized Intersection 

Source: FHWA (2015) 
Figure 3 Intersection safety strategies brochure
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 CHAPTER 3 METHODOLOGY   

 

 

3.1 Research Framework 
 

The research framework consists of 5 tasks as shown in Figure 4, which include: 
 

 
Figure 4 Research framework 

 
Task 1: A literature review 
 Some works of literature related to crash risk assessment, management, and 
treatment were reviewed. Good practices of collision diagram were reviewed (e.g. 
Department of Highways, DOH; Department of Rural Roads, DRR; Austroads).  
 Moreover, good practices of road safety enhancement from provincial traffic 
master plan published by the Office of Transport and Traffic Policy and Planning (OTP) 
were reviewed as a guideline for improvement of ATRANS Safety Map application. 

This is also to gather experiences of previous black spot treatments, to develop 
a database for the application to be able to suggest possible road safety engineering 
improvement schemes. 
 

Task 2: Application improvement 
 The application was improved by developing three user-friendly interfaces, which 
include: 

• add/modify collision diagram in the crash data menu, 

• summarize a factor matrix (includes crash causation and severity factors) in 
the crash report menu, and 

• recommend for safety improvement schemes in the hazardous location menu. 
After the improvement, the application was assessed its efficiency and 

compatibility by key users in Phuket and revised before applying it to final production.  
 

Task 3: Data collection 
 Using the improved application, crash data in the Phuket study area (and if any 
other areas) were collected by police officers. The collision diagram of each crash was 
also collected. Then, the crash data were verified by the research team. Also, traffic 
volume and speed data of hazardous locations were collected to be used to recommend 
road safety improvement measures. 
  



 

7 

Final 
Report 

 Task 4: Data analysis 
 The data obtained from Task 3 were analyzed to identify hazardous locations. 
Also, crash causation and severity factors of those locations were summarized. 
 

Task 5: Safe system recommendation 
 Safe system measures for the top three hazardous locations in Phuket (and if any 
other areas) were recommended based on the toolkit developed. Site visits were also 
needed for site investigation. Then, safety recommendations (e.g. shortlist, preliminary 
drawing) were given. 
 

Task 6: Conclusion 
 Some significant findings from the study were concluded and highlighted. 
Recommendations for safety improvement and future research were also mentioned. 
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 CHAPTER 4 RESEARCH ACTIVITIES AND RESULTS   

 

 

4.1 Development of Road Safety Engineering Toolkit 
 

Before developing the road safety engineering toolkit, common crash patterns 
were defined following the collision diagrams published by OTP and DOH as 
summarized in Figure 5. 

Following Austroads and ARRB Group Ltd. (2015), the common crash patterns 
were then classified into 17 crash types, which include: 
 

1) Pedestrian crashes 
2) Entering from adjacent directions 
3) Opposing vehicles, turning 
4) Head-on 
5) Lane change/sideswipe 
6) Loss of control on turns 
7) Parked/parking vehicles 
8) Entering from driveway 
9) Rear-end 

10) Run-off-road on straight 
11) Run-off-road on curve 
12) Vehicle – animal 
13) Vehicle – train 
14) While overtaking 
15) While U-turning 
16) Motorcyclist crashes 
17) Cyclist crashes 

 
Also, potential treatments to prevent each crash type were reviewed from 

Austroads and ARRB Group Ltd. (2015) and matched with the collision diagrams used 
in this research. The summaries are presented from Table 2 to Table 18, respectively. 

 
Table 2 Treatments for pedestrian crashes 
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Table 3 Treatments for entering from adjacent directions 

 
 
Table 4 Treatments for opposing and turning vehicles 
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Table 5 Treatments for head-on collisions  

 
 
Table 6 Treatments for lane changes or sideswipe 
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Table 7 Treatments for loss of control on turns 

 
 
 
Table 8 Treatments for parking vehicles 

 
  



 

13 

Final 
Report 

 
Table 9 Treatments for entering from a driveway 

 
 
Table 10 Treatments for rear-end crashes 
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Table 11 Treatments for run-off-road on straight 

 
 
Table 12 Treatments to prevent loss of control on turns 
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Table 13 Treatments for vehicle-animal crashes 

 
 
Table 14 Treatments for vehicle–train crashes 
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Table 15 Treatments for overtaking crashes 

 
 
Table 16 Treatment for u-turning crashes 
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Table 17 Treatment for motorcycle crashes 

 
 
Table 18 Treatment for cyclist crashes 

 
The treatments for different crash types shown in the tables above can be 

summarized from Table 19 to Table 26. 
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Table 19 Summary of treatments for pedestrian crashes  

Code Treatments 
Collision codes related to pedestrian crashes 

000 001 002 003 004 005 006 007 008 009 901 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - - - - - 

A2 All-red time extension - - - - - - - - - - - 

A3 Chevron alignment markers (CAMs) - - - - - - - - - - - 

A4 Curve warning signs - - - - - - - - - - - 

A5 Give Way/Stop signs - - - - - - - - - - - 

A6 Line marking improvements            

A7 Parking bans            

A8 Pedestrian fencing            

A9 Raised reflective pavement markers (RRPMs) - - - - - - - - - - - 

A10 Reinstate shoulder - - - - - - - - - - - 

A11 Restrict access points - - - - - - - - - - - 

A12 Separation lines - - - - - - - - - - - 

A13 Sight distance improvements – intersections            

A14 Sight distance improvements – road sections            

A15 Speed limit change - - - - - - - - - - - 

A16 Traffic signals operation review            

A17 Turn bans - - - - - - - - - - - 

A18 Warning signs            

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - - - - - - - - 

B2 Bicycle facilities – on-road - - - - - - - - - - - 

B3 Clear zone widening - - - - - - - - - - - 

B4 Crash cushion/impact attenuator - - - - - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - - - - - 

B6 Edge drop removal - - - - - - - - - - - 

B7 Edge lines - - - - - - - - - - - 

B8 Guideposts - - - - - - - - - - - 

B9 Curb extensions            

B10 Painted/flush median - - - - - - - - - - - 

B11 Pedestrian refuge island            

B12 Profile line marking - - - - - - - - - - - 

B13 Raised pedestrian crossings            

B14 Red light cameras - - - - - - - - - - - 

B15 Remove vegetation            

B16 Safety barriers - - - - - - - - - - - 

B17 Signal display visibility improvements - - - - - - - - - - - 

B18 Skid resistance improvements            

B19 Traffic signals coordination - - - - - - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - - - - - 

C2 Convert angle parking to parallel parking            

C3 Median break closure - - - - - - - - - - - 

C4 Painted turn lanes - - - - - - - - - - - 

C5 Pavement drainage improvements - - - - - - - - - - - 

C6 Splitter islands            

C7 Street lighting            

C8 Traffic lane widening - - - - - - - - - - - 

C9 Vehicle activated signs - - - - - - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - - - - - 

D2 Fully controlled right turn phase            

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - - - - - - - - 

E2 Curve widening - - - - - - - - - - - 

E3 Grade separation            

E4 Indented parking - - - - - - - - - - - 

E5 Median retrofit            

E6 Pedestrian improvements at slip lanes            

E7 Pedestrian signals            

E8 Railway crossing upgrade - - - - - - - - - - - 

E9 Road realignment - - - - - - - - - - - 

E10 Roundabouts - - - - - - - - - - - 

E11 Shoulder widening and/or sealing - - - - - - - - - - - 

E12 Slip lane angle modification - - - - - - - - - - - 

E13 Staggered intersection - - - - - - - - - - - 

E14 Superelevation improvement - - - - - - - - - - - 

E15 Traffic signals            

E16 Turn lanes - - - - - - - - - - - 
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Table 20 Summary of treatments for entering from adjacent directions crashes  

Code Measures 
Collision codes related to Entering from adjacent directions 

100 101 102 103 104 105 106 107 108 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - - - 

A2 All-red time extension          

A3 Chevron alignment markers (CAMs) - - - - - - - - - 

A4 Curve warning signs - - - - - - - - - 

A5 Give Way/Stop signs          

A6 Line marking improvements          

A7 Parking bans - - - - - - - - - 

A8 Pedestrian fencing - - - - - - - - - 

A9 Raised reflective pavement markers (RRPMs) - - - - - - - - - 

A10 Reinstate shoulder - - - - - - - - - 

A11 Restrict access points - - - - - - - - - 

A12 Separation lines - - - - - - - - - 

A13 Sight distance improvements – intersections          

A14 Sight distance improvements – road sections - - - - - - - - - 

A15 Speed limit change - - - - - - - - - 

A16 Traffic signals operation review          

A17 Turn bans - - - - - - - - - 

A18 Warning signs          

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - - - - - - 

B2 Bicycle facilities – on-road - - - - - - - - - 

B3 Clear zone widening - - - - - - - - - 

B4 Crash cushion/impact attenuator - - - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - - - 

B6 Edge drop removal - - - - - - - - - 

B7 Edge lines - - - - - - - - - 

B8 Guideposts - - - - - - - - - 

B9 Curb extensions - - - - - - - - - 

B10 Painted/flush median - - - - - - - - - 

B11 Pedestrian refuge island - - - - - - - - - 

B12 Profile line marking - - - - - - - - - 

B13 Raised pedestrian crossings - - - - - - - - - 

B14 Red light cameras          

B15 Remove vegetation          

B16 Safety barriers - - - - - - - - - 

B17 Signal display visibility improvements          

B18 Skid resistance improvements          

B19 Traffic signals coordination - - - - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - - - 

C2 Convert angle parking to parallel parking - - - - - - - - - 

C3 Median break closure          

C4 Painted turn lanes - - - - - - - - - 

C5 Pavement drainage improvements - - - - - - - - - 

C6 Splitter islands          

C7 Street lighting          

C8 Traffic lane widening - - - - - - - - - 

C9 Vehicle activated signs - - - - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - - - 

D2 Fully controlled right turn phase - - - - - - - - - 

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - - - - - - 

E2 Curve widening - - - - - - - - - 

E3 Grade separation          

E4 Indented parking - - - - - - - - - 

E5 Median retrofit - - - - - - - - - 

E6 Pedestrian improvements at slip lanes - - - - - - - - - 

E7 Pedestrian signals - - - - - - - - - 

E8 Railway crossing upgrade - - - - - - - - - 

E9 Road realignment - - - - - - - - - 

E10 Roundabouts          

E11 Shoulder widening and/or sealing - - - - - - - - - 

E12 Slip lane angle modification          

E13 Staggered intersection          

E14 Superelevation improvement - - - - - - - - - 

E15 Traffic signals          

E16 Turn lanes - - - - - - - - - 
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Table 21 Summary of treatments for opposing and turning vehicles crashes and 
head-on crashes 

Code Measures 
Opposing and turning vehicles crashes Head-on crashes 

202 203 204 205 206 201 501 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - 

A2 All-red time extension      - - 

A3 Chevron alignment markers (CAMs) - - - - -   

A4 Curve warning signs - - - - -   

A5 Give Way/Stop signs - - - - - - - 

A6 Line marking improvements        

A7 Parking bans - - - - - - - 

A8 Pedestrian fencing - - - - - - - 

A9 Raised reflective pavement markers (RRPMs) - - - - -   

A10 Reinstate shoulder - - - - -   

A11 Restrict access points      - - 

A12 Separation lines - - - - -   

A13 Sight distance improvements – intersections      - - 

A14 Sight distance improvements – road sections - - - - -   

A15 Speed limit change        

A16 Traffic signals operation review      - - 

A17 Turn bans      - - 

A18 Warning signs - - - - - - - 

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - -   

B2 Bicycle facilities – on-road - - - - - - - 

B3 Clear zone widening - - - - - - - 

B4 Crash cushion/impact attenuator - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - 

B6 Edge drop removal - - - - -   

B7 Edge lines - - - - -   

B8 Guideposts - - - - -   

B9 Curb extensions - - - - - - - 

B10 Painted/flush median - - - - -   

B11 Pedestrian refuge island - - - - - - - 

B12 Profile line marking - - - - -   

B13 Raised pedestrian crossings - - - - - - - 

B14 Red light cameras      - - 

B15 Remove vegetation - - - - - - - 

B16 Safety barriers - - - - -   

B17 Signal display visibility improvements      - - 

B18 Skid resistance improvements      - - 

B19 Traffic signals coordination - - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - 

C2 Convert angle parking to parallel parking - - - - - - - 

C3 Median break closure      - - 

C4 Painted turn lanes - - - - - - - 

C5 Pavement drainage improvements - - - - - - - 

C6 Splitter islands        

C7 Street lighting        

C8 Traffic lane widening - - - - -   

C9 Vehicle activated signs - - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - 

D2 Fully controlled right turn phase      - - 

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - -   

E2 Curve widening - - - - - - - 

E3 Grade separation - - - - - - - 

E4 Indented parking - - - - - - - 

E5 Median retrofit - - - - -   

E6 Pedestrian improvements at slip lanes - - - - - - - 

E7 Pedestrian signals - - - - - - - 

E8 Railway crossing upgrade - - - - - - - 

E9 Road realignment - - - - -   

E10 Roundabouts      - - 

E11 Shoulder widening and/or sealing - - - - -   

E12 Slip lane angle modification - - - - - - - 

E13 Staggered intersection - - - - - - - 

E14 Superelevation improvement - - - - - - - 

E15 Traffic signals      - - 

E16 Turn lanes - - - - - - - 
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Table 22 Summary of treatments for lane change/sideswipe and loss of control on 
turns crashes 

Code Measures 
Lane change/sideswipe Loss of control on turns 

305 306 307 308 309 310 706 707 805 806 

Group A: Cost rating under $5,000 

A1 Advisory speed signs           

A2 All-red time extension - - - - - - - - - - 

A3 Chevron alignment markers (CAMs)       - - - - 

A4 Curve warning signs           

A5 Give Way/Stop signs - - - - - - - - - - 

A6 Line marking improvements           

A7 Parking bans       - - - - 

A8 Pedestrian fencing - - - - - - - - - - 

A9 Raised reflective pavement markers (RRPMs) - - - - - - - - - - 

A10 Reinstate shoulder - - - - - - - - - - 

A11 Restrict access points - - - - - - - - - - 

A12 Separation lines - - - - - - - - - - 

A13 Sight distance improvements – intersections - - - - - -     

A14 Sight distance improvements – road sections           

A15 Speed limit change - - - - - - - - - - 

A16 Traffic signals operation review - - - - - - - - - - 

A17 Turn bans - - - - - -     

A18 Warning signs - - - - - -     

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines       - - - - 

B2 Bicycle facilities – on-road       - - - - 

B3 Clear zone widening           

B4 Crash cushion/impact attenuator - - - - - - - - - - 

B5 Direction signs (guide signs)           

B6 Edge drop removal - - - - - - - - - - 

B7 Edge lines - - - - - - - - - - 

B8 Guideposts - - - - - - - - - - 

B9 Curb extensions - - - - - - - - - - 

B10 Painted/flush median - - - - - - - - - - 

B11 Pedestrian refuge island - - - - - - - - - - 

B12 Profile line marking - - - - - - - - - - 

B13 Raised pedestrian crossings - - - - - - - - - - 

B14 Red light cameras - - - - - - - - - - 

B15 Remove vegetation - - - - - - - - - - 

B16 Safety barriers           

B17 Signal display visibility improvements - - - - - -     

B18 Skid resistance improvements - - - - - -     

B19 Traffic signals coordination - - - - - -     

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - - - - 

C2 Convert angle parking to parallel parking - - - - - - - - - - 

C3 Median break closure - - - - - - - - - - 

C4 Painted turn lanes           

C5 Pavement drainage improvements - - - - - -     

C6 Splitter islands - - - - - -     

C7 Street lighting - - - - - -     

C8 Traffic lane widening           

C9 Vehicle activated signs - - - - - -     

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - -     

D2 Fully controlled right turn phase - - - - - -     

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - - - - - - - 

E2 Curve widening - - - - - - - - - - 

E3 Grade separation - - - - - - - - - - 

E4 Indented parking       - - - - 

E5 Median retrofit - - - - - - - - - - 

E6 Pedestrian improvements at slip lanes - - - - - - - - - - 

E7 Pedestrian signals - - - - - - - - - - 

E8 Railway crossing upgrade - - - - - - - - - - 

E9 Road realignment           

E10 Roundabouts - - - - - -     

E11 Shoulder widening and/or sealing - - - - - - - - - - 

E12 Slip lane angle modification           

E13 Staggered intersection - - - - - - - - - - 

E14 Superelevation improvement       - - - - 

E15 Traffic signals - - - - - - - - - - 

E16 Turn lanes           
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 Table 23 Summary of treatments for parking vehicles crashes and entering from 
driveway crashes 

Code Measures 
Parked/parking vehicles Entering… 

401 402 403 404 405 601 602 603 606 406 407 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - - - - - 

A2 All-red time extension - - - - - - - - - - - 

A3 Chevron alignment markers (CAMs) - - - - - - - - - - - 

A4 Curve warning signs - - - - - - - - - - - 

A5 Give Way/Stop signs - - - - - - - - - - - 

A6 Line marking improvements          - - 

A7 Parking bans            

A8 Pedestrian fencing - - - - - - - - - - - 

A9 Raised reflective pavement markers (RRPMs) - - - - - - - - - - - 

A10 Reinstate shoulder - - - - - - - - - - - 

A11 Restrict access points - - - - - - - - -   

A12 Separation lines - - - - - - - - - - - 

A13 Sight distance improvements – intersections - - - - - - - - -   

A14 Sight distance improvements – road sections          - - 

A15 Speed limit change - - - - - - - - - - - 

A16 Traffic signals operation review - - - - - - - - - - - 

A17 Turn bans - - - - - - - - - - - 

A18 Warning signs - - - - - - - - -   

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - - - - - -   

B2 Bicycle facilities – on-road          - - 

B3 Clear zone widening - - - - - - - - - - - 

B4 Crash cushion/impact attenuator - - - - - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - - - - - 

B6 Edge drop removal - - - - - - - - - - - 

B7 Edge lines            

B8 Guideposts - - - - - - - - - - - 

B9 Curb extensions          - - 

B10 Painted/flush median - - - - - - - - - - - 

B11 Pedestrian refuge island - - - - - - - - - - - 

B12 Profile line marking - - - - - - - - - - - 

B13 Raised pedestrian crossings          - - 

B14 Red light cameras - - - - - - - - - - - 

B15 Remove vegetation            

B16 Safety barriers - - - - - - - - - - - 

B17 Signal display visibility improvements - - - - - - - - - - - 

B18 Skid resistance improvements - - - - - - - - - - - 

B19 Traffic signals coordination - - - - - - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - - - - - 

C2 Convert angle parking to parallel parking          - - 

C3 Median break closure - - - - - - - - - - - 

C4 Painted turn lanes - - - - - - - - - - - 

C5 Pavement drainage improvements - - - - - - - - - - - 

C6 Splitter islands - - - - - - - - - - - 

C7 Street lighting - - - - - - - - - - - 

C8 Traffic lane widening          - - 

C9 Vehicle activated signs - - - - - - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - - -   

D2 Fully controlled right turn phase - - - - - - - - - - - 

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - - - - - - - - 

E2 Curve widening - - - - - - - - - - - 

E3 Grade separation - - - - - - - - - - - 

E4 Indented parking          - - 

E5 Median retrofit - - - - - - - - - - - 

E6 Pedestrian improvements at slip lanes - - - - - - - - - - - 

E7 Pedestrian signals - - - - - - - - - - - 

E8 Railway crossing upgrade - - - - - - - - - - - 

E9 Road realignment - - - - - - - - - - - 

E10 Roundabouts - - - - - - - - - - - 

E11 Shoulder widening and/or sealing - - - - - - - - -   

E12 Slip lane angle modification - - - - - - - - - - - 

E13 Staggered intersection - - - - - - - - - - - 

E14 Superelevation improvement - - - - - - - - - - - 

E15 Traffic signals - - - - - - - - - - - 

E16 Turn lanes - - - - - - - - - - - 
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 Table 24 Summary of treatments for rear-end crashes and run-off-road on straight 
crashes 

Code Measures 
Rear-end Run-off-road on straight 

301 302 303 700 701 702 703 704 705 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - - - 

A2 All-red time extension    - - - - - - 

A3 Chevron alignment markers (CAMs) - - - - - - - - - 

A4 Curve warning signs - - - - - - - - - 

A5 Give Way/Stop signs - - - - - - - - - 

A6 Line marking improvements - - - - - - - - - 

A7 Parking bans - - - - - - - - - 

A8 Pedestrian fencing - - - - - - - - - 

A9 Raised reflective pavement markers (RRPMs) - - -       

A10 Reinstate shoulder - - -       

A11 Restrict access points - - - - - - - - - 

A12 Separation lines - - -       

A13 Sight distance improvements – intersections - - - - - - - - - 

A14 Sight distance improvements – road sections - - -       

A15 Speed limit change - - - - - - - - - 

A16 Traffic signals operation review    - - - - - - 

A17 Turn bans    - - - - - - 

A18 Warning signs          

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - - - - - - 

B2 Bicycle facilities – on-road - - - - - - - - - 

B3 Clear zone widening - - -       

B4 Crash cushion/impact attenuator - - - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - - - 

B6 Edge drop removal - - -       

B7 Edge lines - - -       

B8 Guideposts - - -       

B9 Curb extensions - - - - - - - - - 

B10 Painted/flush median - - - - - - - - - 

B11 Pedestrian refuge island - - - - - - - - - 

B12 Profile line marking - - -       

B13 Raised pedestrian crossings - - - - - - - - - 

B14 Red light cameras - - - - - - - - - 

B15 Remove vegetation - - - - - - - - - 

B16 Safety barriers - - -       

B17 Signal display visibility improvements    - - - - - - 

B18 Skid resistance improvements          

B19 Traffic signals coordination    - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - - - 

C2 Convert angle parking to parallel parking    - - - - - - 

C3 Median break closure    - - - - - - 

C4 Painted turn lanes    - - - - - - 

C5 Pavement drainage improvements          

C6 Splitter islands - - - - - - - - - 

C7 Street lighting - - -       

C8 Traffic lane widening - - - - - - - - - 

C9 Vehicle activated signs    - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - - - 

D2 Fully controlled right turn phase - - - - - - - - - 

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - -       

E2 Curve widening - - - - - - - - - 

E3 Grade separation    - - - - - - 

E4 Indented parking - - - - - - - - - 

E5 Median retrofit - - - - - - - - - 

E6 Pedestrian improvements at slip lanes - - - - - - - - - 

E7 Pedestrian signals - - - - - - - - - 

E8 Railway crossing upgrade - - - - - - - - - 

E9 Road realignment - - -       

E10 Roundabouts    - - - - - - 

E11 Shoulder widening and/or sealing - - -       

E12 Slip lane angle modification - - - - - - - - - 

E13 Staggered intersection - - - - - - - - - 

E14 Superelevation improvement - - - - - - - - - 

E15 Traffic signals - - - - - - - - - 

E16 Turn lanes    - - - - - - 
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 Table 25 Summary of treatments for run-off-road on curve, vehicle-animal and vehicle-
train crashes 

Code Measures 
Run-off-road on curve Vehicle-animal Vehicle-train 

800 801 802 803 804 607 902 

Group A: Cost rating under $5,000 

A1 Advisory speed signs      - - 

A2 All-red time extension - - - - - - - 

A3 Chevron alignment markers (CAMs)      - - 

A4 Curve warning signs      - - 

A5 Give Way/Stop signs - - - - - - - 

A6 Line marking improvements      -  

A7 Parking bans - - - - - - - 

A8 Pedestrian fencing - - - - - - - 

A9 Raised reflective pavement markers (RRPMs)      - - 

A10 Reinstate shoulder       - 

A11 Restrict access points - - - - - - - 

A12 Separation lines      - - 

A13 Sight distance improvements – intersections - - - - - -  

A14 Sight distance improvements – road sections      - - 

A15 Speed limit change - - - - - - - 

A16 Traffic signals operation review - - - - - -  

A17 Turn bans      - - 

A18 Warning signs        

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines - - - - - - - 

B2 Bicycle facilities – on-road - - - - - - - 

B3 Clear zone widening       - 

B4 Crash cushion/impact attenuator      - - 

B5 Direction signs (guide signs) - - - - - - - 

B6 Edge drop removal       - 

B7 Edge lines      - - 

B8 Guideposts      - - 

B9 Curb extensions - - - - - - - 

B10 Painted/flush median - - - - - - - 

B11 Pedestrian refuge island - - - - - - - 

B12 Profile line marking - - - - - - - 

B13 Raised pedestrian crossings - - - - - - - 

B14 Red light cameras - - - - - - - 

B15 Remove vegetation      - - 

B16 Safety barriers      - - 

B17 Signal display visibility improvements - - - - - - - 

B18 Skid resistance improvements        

B19 Traffic signals coordination - - - - - -  

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - 

C2 Convert angle parking to parallel parking - - - - - - - 

C3 Median break closure - - - - - - - 

C4 Painted turn lanes - - - - - - - 

C5 Pavement drainage improvements      - - 

C6 Splitter islands - - - - - - - 

C7 Street lighting - - - - - - - 

C8 Traffic lane widening      - - 

C9 Vehicle activated signs      -  

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - 

D2 Fully controlled right turn phase - - - - - - - 

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking - - - - - - - 

E2 Curve widening      - - 

E3 Grade separation - - - - - - - 

E4 Indented parking - - - - - - - 

E5 Median retrofit - - - - - - - 

E6 Pedestrian improvements at slip lanes - - - - - - - 

E7 Pedestrian signals - - - - - - - 

E8 Railway crossing upgrade - - - - - -  

E9 Road realignment      - - 

E10 Roundabouts - - - - - - - 

E11 Shoulder widening and/or sealing       - 

E12 Slip lane angle modification - - - - - - - 

E13 Staggered intersection - - - - - - - 

E14 Superelevation improvement      - - 

E15 Traffic signals - - - - - - - 

E16 Turn lanes      - - 
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 Table 26 Summary of treatments for overtaking and u-turning crashes 

Code Measures 
While overtaking While u-turning 

502 504 505 507 508 207 304 

Group A: Cost rating under $5,000 

A1 Advisory speed signs - - - - - - - 
A2 All-red time extension - - - - - - - 

A3 Chevron alignment markers (CAMs) - - - - - - - 

A4 Curve warning signs - - - - - - - 

A5 Give Way/Stop signs - - - - - - - 

A6 Line marking improvements        

A7 Parking bans - - - - - - - 

A8 Pedestrian fencing - - - - - - - 

A9 Raised reflective pavement markers (RRPMs)      - - 

A10 Reinstate shoulder - - - - - - - 

A11 Restrict access points - - - - - - - 

A12 Separation lines      - - 

A13 Sight distance improvements – intersections - - - - -   

A14 Sight distance improvements – road sections      - - 

A15 Speed limit change      - - 

A16 Traffic signals operation review - - - - - - - 

A17 Turn bans - - - - -   

A18 Warning signs - - - - - - - 

Group B: Cost rating $5,001 - $20,000 

B1 Barrier lines        

B2 Bicycle facilities – on-road - - - - - - - 

B3 Clear zone widening      - - 

B4 Crash cushion/impact attenuator - - - - - - - 

B5 Direction signs (guide signs) - - - - - - - 

B6 Edge drop removal - - - - - - - 

B7 Edge lines - - - - - - - 

B8 Guideposts - - - - - - - 

B9 Curb extensions - - - - - - - 

B10 Painted/flush median      - - 

B11 Pedestrian refuge island - - - - - - - 

B12 Profile line marking - - - - - - - 

B13 Raised pedestrian crossings - - - - - - - 

B14 Red light cameras - - - - - - - 

B15 Remove vegetation      - - 

B16 Safety barriers      - - 

B17 Signal display visibility improvements - - - - -   

B18 Skid resistance improvements - - - - - - - 

B19 Traffic signals coordination - - - - - - - 

Group C: Cost rating $20,001 - $50,000 

C1 Combine access points - - - - - - - 

C2 Convert angle parking to parallel parking - - - - - - - 

C3 Median break closure - - - - -   

C4 Painted turn lanes - - - - - - - 

C5 Pavement drainage improvements      - - 

C6 Splitter islands - - - - - - - 

C7 Street lighting - - - - -   

C8 Traffic lane widening - - - - -   

C9 Vehicle activated signs - - - - - - - 

Group D: Cost rating $50,001 - $100,000 

D1 Combine access points - - - - - - - 

D2 Fully controlled right turn phase - - - - -   

Group E: Cost rating over $100,000 

E1 Additional lanes for overtaking      - - 

E2 Curve widening - - - - - - - 

E3 Grade separation - - - - - - - 

E4 Indented parking - - - - - - - 

E5 Median retrofit        

E6 Pedestrian improvements at slip lanes - - - - - - - 

E7 Pedestrian signals - - - - - - - 

E8 Railway crossing upgrade - - - - - - - 

E9 Road realignment      - - 

E10 Roundabouts - - - - -   

E11 Shoulder widening and/or sealing      - - 

E12 Slip lane angle modification - - - - - - - 

E13 Staggered intersection - - - - - - - 

E14 Superelevation improvement - - - - - - - 

E15 Traffic signals - - - - - - - 

E16 Turn lanes - - - - - - - 
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 4.2 Application Improvement 
 

ATRANS SafetyMap application was further improved to embed the road safety 
engineering toolkit into the application. The following subsections present the 
improvement of the application. 
 
4.2.1 Collision Diagram Function 

The crash types and collision diagrams presented in the previous works were 
used to develop the collision diagram function that allows the user to add and rotate the 
collision diagram in crash data and risk data. An example of a collision diagram input in 
crash reporting function is illustrated in Figure 6 when the results of collision diagrams 
reported in the application can be shown in Figure 7. 
 

 
Figure 6 Example of collision diagram input in the crash reporting function 

 

 
Figure 7 Collision diagrams reported in the application 
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 4.2.2 Potential Collision Function 
The collision diagrams were also applied to the risk location function by 

developing a potential collision subfunction, as shown in Figure 8. The user can identify 
possible collision types of the risk location by selecting the collision diagrams in Figure 
8. Example results of the risk locations with potential collision diagrams are presented 
in Figure 9.  

 

 
Figure 8 Example screen of Potential Collision Function 

 

 
Figure 9 Example results of the risk locations with potential collision diagrams 
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 4.2.3 Customized Hazardous Location Function 
The hazardous location function developed in the previous year research was 

improved by customizing the factors related to the hazardous location identification. As 
shown in Figure 10, a user can manually identify hazardous locations by customizing 
the distance (i.e. radius) between neighboring crash locations, and the number of crash 
locations to be considered as a hazardous location. Note that this number was set to be 
3 in the previous project. But this project allows the users to manually change based on 
their desired definition of the hazardous location. The results of a hazardous location (or 
boundary) can be presented by the estimated loss or by the center of a specific location. 

 

 

     

 
Figure 10 Example results of Customized Hazardous Location Function   
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 4.2.4 Crash Factor Matrix Function 
Crash Factor Matrix Function was developed so that a user can retrieve factors 

related to the crashes within a specific area (location). An example is illustrated in Figure 
11. It shows that the first part of the screen is the search menu bars allowing a user to 
select the start and end period of the crash data. The radius of a searching boundary is 
also allowed to input manually. Then, the map with a specific searching location (center 
location) and surrounding crash locations is displayed. The next section shows a table 
presenting several factors related to the crash locations which include the date, time, 
lighting, road surface, collision code, and vehicles involved. The last part is a summary 
of collision codes related to the crashes. These data would be basic information for road 
safety practitioners to identify effective safety measures to suit the specific location.  

 

 

 

             
Figure 11 Example screen of Crash Factor Matrix Function 
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 4.2.5 Executive Summary Report Function 
 Executive Summary Report Function has been developed allowing head staff of 
road safety agencies or practitioners in each province (e.g. provincial governor, police 
commander) to comprehensively retrieve and daily monitor the number of fatalities this 
year compared to the last year. An example screen is shown in Figure 12. 
 

 
Figure 12 Example screen of Executive Summary Report Function 

 
4.2.6 Road Safety Engineering Function 
 This function was developed to show (or guide) a list of potential road safety 
engineering measures based on the collision diagrams found in a specific hazardous (or 
risk) location. The example screen of the function is presented in Figure 13. Other road 
safety measures included in the application are presented in Appendix A.  
 

 
Figure 13 Example screen of Road Safety Engineering Function 
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 4.3 Application Demonstration and Workshops 
 The developed application was demonstrated to the potential users for crash data 
reporting through several workshops, as shown in Figure 14. The main purposes of the 
workshops are to allow potential users in communities to understand the importance of 
crash data for road safety enhancement and reporting crash data in their responsible 
areas. 
 

 
 

Figure 14 Application demonstration and workshops for traffic and road safety-related 
agencies 

 
Also, the application was demonstrated to the students in PSU, Chainat technical 

college and Suphanburi technical college, Figure 15, in the hope that they would report 
risk (Hiyari) locations in their communities.  
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Figure 15 Application demonstration and workshops for students 

 

4.4 Crash Data Collection and Analysis 
The improved application was used to collect the primary crash data and collision 

diagram reported by police officers in the Phuket study area. Also, secondary crash data 
from other potential sources, e.g. Department of Highways (DOH) were collected and 
inputted in the application. 

From the crashes that occurred during October 2016 – September 2019 (3-year 
crash data), the top five hazardous locations in Phuket were analyzed using the 
application. The results show in Figure 16. The top two locations are those identified and 
reported in the previous year's research project. Therefore, in this research, the other 
three hazardous locations were investigated. Traffic volume and speed data were also 
collected. The details are as follows. 
 

 
Figure 16 Top five hazardous locations identified in Phuket 
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 4.4.1 Kathu-Patong Highway No. 4029 km. 0+400 
Kathu-Patong Highway No. 4029 km. 0+400 is the mountainous road section 

connecting between Kathu district and Patong beach, which is one of the most attractive 
tourist areas. The study section (km. 0+400) is the mountainous section with a reverse 
curve as shown in Figure 17. From the database of ATRANS Safety Map, there were 24 
crashes in the last three years. Considering the crash pattern, more than half were the 
rear end and sideswipe (30% each), followed by off-path on a curve (20%), off 
carriageway (10%), and head-on (10%), respectively. Regarding the vehicles involved, 
the motorcycle (57%) mainly involved in the crashes. Two of them (8% of all casualties) 
died.  

Figure 18 shows the results of traffic volume and speed studies conducted on 25th 
October 2019, from 11:15 a.m. to 12:15 p.m. The traffic volume during the study period 
was 3,756 vehicles per hour with the traffic composition: passenger car 59%, motorcycle 
39%, and the others 2%. Regarding the 85th percentile of vehicle speed from the speed 
study, it was found that the passenger car speeds (40.5 kph for inbound and 38 kph for 
outbound) were over a safe speed (assume 30 kph for the case that a passenger car 
probably hit a motorcycle). Also, the motorcycle speeds (46 kph for inbound and 42 kph 
for outbound) were over a safe speed (assume 30 kph for the case that a motorcycle 
was probably hit by another car. 

From the traffic volume, speed, and crash data and the site investigation, road 
safety measures to improve this hazardous location were studied and designed. The 
preliminary measures can be illustrated in Figure 19. The measures include improving 
traffic line marking and painted markings on the road surface, installing separated 
motorcycle lanes on both side shoulders with traffic poles and motorcycle barriers. Note 
that the installation of traffic poles or concrete barriers along the median could be 
considered where is appropriate and safe. The preliminary results of the benefit and cost 
analysis of the proposed road safety improvement are presented in Appendix B (Figure 
B1). 
 

 
Figure 17 Study section and crash data 
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Figure 18 Traffic volume and speed data collected at the study section 

 

 
Figure 19 Preliminary measures for Kathu-Patong Highway No. 4029 km. 0+400 
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 4.4.2 Kathu-Patong Highway No. 4029 km. 1+500 
Like the previous hazardous location, Kathu-Patong Highway No. 4029 km. 

1+500 is the mountainous road section which is further from the previous location. The 
study section (km. 1+500) is the mountainous section with a more bending curve as 
shown in Figure 20. From the database of ATRANS Safety Map, there were 20 crashes 
in the last three years. Considering the crash pattern, the top crash pattern was the rear 
end (37%), followed by sideswipe (27%), crash from the opposite direction (18%), off 
carriageway (9%) and head-on (9%), respectively. Regarding the vehicles involved, the 
motorcycles (41%) mainly involved in the crashes. Two of them (14% of all casualties) 
died.  

Figure 21 shows the results of traffic volume and speed studies conducted on 25th 
October 2019, from 10:00 a.m. to 11:00 a.m. The traffic volume during the study period 
was 4,212 vehicles per hour with the traffic composition: passenger car 55%, motorcycle 
44%, and the others 1%. Regarding the 85th percentile of vehicle speed from the speed 
study, it was found that the passenger car speeds (27 kph for inbound and 28 kph for 
outbound) and the motorcycle speeds (31 kph for inbound and 32 kph for outbound) 
were closely a safe speed (30 kph). The reasons were possible because the reverse 
curve of this section is sharper compared to the previous location. Also, the traffic volume 
is more congested. 

From the traffic volume, speed, and crash data and the site investigation, road 
safety measures to improve this hazardous location were studied and designed. The 
preliminary measures can be illustrated in Figure 22. The measures include improving 
traffic line marking and painted markings on the road surface, installing separated 
motorcycle lanes on both side shoulders with traffic poles and motorcycle barriers. Note 
that the installation of traffic poles or concrete barriers along the median could be 
considered where is appropriate and safe. The preliminary results of the benefit and cost 
analysis of the proposed road safety improvement are presented in Appendix B (Figure 
B2). 
 

 
Figure 20 Study section and crash data 
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Figure 21 Traffic volume and speed data collected at the study section 

 

 
Figure 22 Preliminary measures for Kathu-Patong Highway No. 4029 km. 1+500 
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 4.4.3 Bypass Highway No. 4024 km. 2+300 
For the last hazardous location, Highway No. 4029 km. 2+300 is the median 

opening on the bypass highway connecting the northern and southern areas of Phuket 
island. The study location as shown in Figure 23 is the median opening with the two-way 
connecting road and roadside parking in the east.  

From the database of ATRANS Safety Map, there were 3 crashes in the last three 
years. The crashes were off carriageway (i.e. bypass road) and hit the fixed object, and 
other maneuvering crash. 2 motorcycles (50%) involved in the crashes. One of them 
seriously injured, the other was slightly injured.  

Figure 24 shows the results of traffic volume and speed studies conducted on 24th 
October 2019, from 12:00 p.m. to 1:00 p.m. The traffic volume during the study period 
was 4,635 vehicles per hour with the traffic composition: passenger car 78%, motorcycle 
17%, and the others 5%. Regarding the 85th percentile of vehicle speed from the speed 
study, it was found that the passenger car speeds (74 kph for inbound and 82 kph for 
outbound) were over a safe speed (assume 50 kph for the case that two passenger car 
probably hit each other at the right angle). Similarly, the motorcycle speeds (45 kph for 
inbound and 50 kph for outbound) were over a safe speed (assume 30 kph for the case 
that a motorcycle was probably hit by another car. 

From the traffic volume, speed, and crash data and the site investigation, road 
safety measures to improve this hazardous location were studied and designed. The 
preliminary measures can be illustrated in Figure 25. The measures include installing 
physical median with safe opening and auxiliary lanes, installing flexible traffic polls to 
separate u-turn vehicles and through traffic, and managing safe access along the 
roadside. The preliminary results of the benefit and cost analysis of the proposed road 
safety improvement are presented in Appendix B (Figure B3). 
 

 
Figure 23 Study section and crash data 
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Figure 24 Traffic volume and speed data collected at the study section 

 

 
Figure 25 Preliminary measures for Highway No. 4024 km. 2+300 
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 CHAPTER 5 CONCLUSIONS   

 

 

5.1 Conclusions 
In this research, some features of the ATRANS Safety Map application were 

further improved to allow any road safety staff to identify the causation of crashes and 
retrieve potential treatments for hazardous locations. 

Several workshops were conducted to demonstrate the improved application to 
traffic and safety staff (potential users to report crash data) in local areas and students 
(potential users to report risk data) in four provinces (Suphanburi, Chainay, Saraburi, 
and Songkhla). 

Crash data in Phuket reported by the police and the DOH were collected and 
used to identify the top 5 hazardous locations in Phuket. From the crash data, it was 
found that most crashes related to the motorcycle. All deaths were motorcyclists. 
However, from the site inspection, it was found that few safe facilities were provided to 
the motorcyclist. Therefore, the road safety measures proposed to improve the 
hazardous location were mainly focused on the motorcyclist, which included for example 
motorcycle lane, motorcycle barrier. However, typical traffic marking and traffic pole 
installations, physical median installation, and roadside access management were also 
recommended in the road safety improvements. The potential measures for each 
hazardous location were proposed and analyzed the benefit to cost ratio that would be 
a preliminary guideline for local road safety agencies before their detail design stage.  
 

5.2 Recommendations 
For application improvement, a decision support system for the safety 

improvement program should be further developed.  
For data collection, road user behavior data (e.g. driving skill, experience) may 

be needed for further analysis. Complete common data of a crash are another challenge. 
For sustainability, implementation of the application to other potential areas is 

another challenge. 
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 Table A List of road safety measures (English and Thai) 

Code Measures มาตรการ 

Group A: Cost rating under $5,000 กลุ่ม ก (ค่าก่อสรา้งนอ้ยกว่า 150,000 บาท) 

A1 Advisory speed signs การติดตัง้ป้ายแนะน าความเร็ว 

A2 All-red time extension การเพิ่มเวลาสญัญาณไฟแดงทุกทิศทาง (All -red) 

A3 Chevron alignment markers (CAMs) การติดตัง้ป้ายเตือนแนวทางโคง้ (Chevron) 

A4 Curve warning signs การติดตัง้ป้ายเตือนทางโคง้ 

A5 Give Way/Stop signs การติดตัง้ป้ายใหท้าง/ป้ายหยุด 

A6 Line marking improvements การปรบัปรุงเสน้จราจร 

A7 Parking bans การหา้มจอดรถ 

A8 Pedestrian fencing การติดตัง้ร ัว้กนัคนเดนิ 

A9 Raised reflective pavement markers 
(RRPMs) 

การติดตัง้ปุ่ม/หมดุสะทอ้นแสง 

A10 Reinstate shoulder การคืนสิทธิไหล่ทาง 

A11 Restrict access points การจ ากดัการเชื่อมต่อทางหลกั 

A12 Separation lines การติดตัง้เสน้แบ่งแยกกระแสจราจร 

A13 Sight distance improvements – intersections การปรบัปรุงระยะมองเห็นบรเิวณทางแยก 

A14 Sight distance improvements – road sections การปรบัปรุงระยะมองเห็นบรเิวณชว่งถนน 

A15 Speed limit change การปรบัขดีจ ากดัความเร็ว 

A16 Traffic signals operation review การทบทวนการท างานของสญัญาณไฟจราจร 

A17 Turn bans การหา้มเลี้ยว 

A18 Warning signs การติดตัง้ป้ายเตือน 

Group B: Cost rating $5,001 - $20,000 กลุ่ม ข (ค่าก่อสรา้ง 150,000-600,000 บาท) 

B1 Barrier lines การติดตัง้เสน้จราจรแบ่งกลางถนน 

B2 Bicycle facilities – on-road การติดตัง้อุปกรณ์ความปลอดภยับนทางส าหรบัจกัรยาน 

B3 Clear zone widening การขยายเขตปลอดภยั 

B4 Crash cushion/Impact attenuator การติดตัง้อุปกรณ์ซบัแรงกระแทก 

B5 Direction signs (guide signs) การติดตัง้ป้ายบอกทิศทาง (น าทาง) 

B6 Edge drop removal การลบขอบผิวทางท่ีต่างระดบั 

B7 Edge lines การติดตัง้เสน้จราจรขอบทาง 

B8 Guideposts การติดตัง้ป้ายน าทาง 

B9 Curb extensions การขยายขอบคนัหิน 

B10 Painted/flush median การติดตัง้เกาะกลางแบบทาสี 

B11 Pedestrian refuge island การติดตัง้เกาะพกัส าหรบัคนขา้มถนน 

B12 Profile line marking การติดตัง้เสน้จราจรแบบสนันูน (Profile line) 

B13 Raised pedestrian crossings การติดตัง้ทางขา้มแบบยก 

B14 Red-light cameras การติดตัง้กลอ้งฝ่าไฟแดง 

B15 Remove vegetation การเคลื่อนยา้ยพุ่มไม/้ตน้ไม ้

B16 Safety barriers การติดตัง้ราวกนัอนัตราย 

B17 Signal display visibility improvements การปรบัปรุงการมองเห็นโคมสญัญาณไฟจราจร 

B18 Skid resistance improvements การเพิ่มความเสียดทานของผิวจราจร 

B19 Traffic signals coordination การประสานสญัญาณไฟจราจร 
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 Code Measures มาตรการ 

Group C: Cost rating $20,001 - $50,000 กลุ่ม ค (ค่าก่อสรา้ง 600,000-1,500,000 บาท) 

C1 Convert angle parking to parallel parking การปรบัการจอดมมุเฉียงเป็นขนานขอบทาง 

C2 Median break closure การปิดปลายของเกาะกลาง 

C3 Painted turn lanes การจดัท าช่องรอเลี้ยวแบบทาสี 

C4 Pavement drainage improvements การปรบัปรุงการระบายน า้ของผิวทาง 

C5 Splitter islands การติดตัง้เกาะแยกกระแสจราจร (Splitter island) 

C6 Street lighting การติดตัง้ไฟฟ้าส่องสว่าง 

C7 Traffic lane widening การขยายความกวา้งชอ่งจราจร 

C8 Vehicle activated signs การติดตัง้ป้ายแจง้เตือนความเร็วแบบกระตุน้ (Activated sign) 

Group D: Cost rating $50,001 - $100,000 กลุ่ม ง (ค่าก่อสรา้ง 1,500,000-3,000,000 บาท) 

D1 Combine access points การรวมจดุเชื่อมต่อบนทางหลกั 

D2 Fully controlled right turn phase การจดัชว่งสญัญาณไฟเฉพาะส าหรบัรถเลี้ยวขวา 

Group E: Cost rating over $100,000 กลุ่ม จ (ค่าก่อสรา้งมากกว่า 3,000,000 บาท) 

E1 Additional lanes for overtaking การก่อสรา้งช่องทางเสริมส าหรบัแซง 

E2 Curve widening การขยายช่วงทางโคง้ 

E3 Grade separation การก่อสรา้งทางยกระดบั 

E4 Indented parking การสรา้งท่ีจอดรถขา้งทางแบบหลบจากทางวิ่ง 

E5 Median retrofit การติดตัง้เกาะกลางเพิ่มเติม 

E6 Pedestrian improvements at slip lanes การปรบัปรุงทางเทา้/ทางขา้มบริเวณทางเลี้ยว 

E7 Pedestrian signals การติดตัง้สญัญาณไฟจราจรส าหรบัคนขา้มถนน 

E8 Railway crossing upgrade การปรบัปรุงทางตดัรถไฟ 

E9 Road realignment การปรบัปรุงแนวทางถนน 

E10 Roundabouts การติดตัง้วงเวยีน 

E11 Shoulder widening and/or sealing การขยาย/ปูผิวไหล่ทาง 

E12 Slip lane angle modification การปรบัปรุงมมุบริเวณทางเลี้ยว 

E13 Staggered intersection การท าแยกเยื้องกนั 

E14 Superelevation improvement การปรบัปรุงการยกโคง้ 

E15 Traffic signals การติดตัง้สญัญาณไฟจราจร 

E16 Turn lanes การก่อสรา้งช่องจราจรส าหรบัเลี้ยว 
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Group A: Cost rating under $5,000 
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Group A: Cost rating under $5,000 (Continue) 
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Group A: Cost rating under $5,000 (Continue) 
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Group B: Cost rating $5,001 - $20,000 
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Group B: Cost rating $5,001 - $20,000 (Continue) 
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Group B: Cost rating $5,001 - $20,000 (Continue) 
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Group C: Cost rating $20,001 - $50,000 
 

 

 

 

  



 

51 

Final 
Report 

 
Group D: Cost rating $50,001 - $100,000 
 

 
 
Group E: Cost rating over $100,000 
 

 

 
 
 
 
 
 
 
 
 
 
 



 

52 

Final 
Report 

 
Group E: Cost rating over $100,000 (Continue) 
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Group E: Cost rating over $100,000 (Continue) 
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Benefit-Cost Analysis of safety improvement for the three hazardous locations   
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Figure A1 Benefit-Cost Analysis of road safety improvement for Hwy.4029 km.0+400    

 
 

 
Figure A2 Benefit-Cost Analysis of road safety improvement for Hwy.4029 km.1+500    
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Figure A3 Benefit-Cost Analysis of road safety improvement for Hwy.4024 km.3+100  
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