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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:

e 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.

e 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.

e 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.




From the above works of literature, there were some gaps in the study of ATRANS
(2018) needed for further research, which included:
e lack of collision diagram, which is a piece of basic information to select
proper countermeasures
e 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.




CHAPTER 2 UTERATURE REVIEW

2.1 Road Safety Enginecering 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.

b
-
-7,
Austroads 0 = =

L A l
Austroads Road Safety Engineering Toolkit

Home

Search Crash type: Pedestrian crashes

Crash type Description Pictures

Safety deficiency This group of crashes includes collisions between pedestrians and vehicles in a number of likely situations, e .g

Treatment type . G . ]
Road users « walking out onto the path of a vehicle - 1
« playing or working on the road :
Road safety - walking with traffic
Safe System hierarchy - pedestrians struck on driveways 1 '
Case study submission » pedestrians struck by vehicles on footpaths —_>
Iy « while boarding/alighting public transport vehicles.
Contact ARRB o . . NEAR SIDE
More detailed information about pedestrians and pedestrian safety factors is contained in the Road users section under Pedestrians and School
children links. ¥ Image 1of 10
Road-related contributing factors are listed in the Related safety deficiencies section
Detailed analysis of the site and of the crash data is required to establish the specific reasons for the pedestrian crash pattern Reitedisareyjdenciencies)

Treatment types
Suitable engineering countermeasures include:

« Linemarking improvements $
- Parking bans $
- Pedestrian fencing $
- Sight distance improvements 4€* intersections $
- sight distance improvements 3€* road sections $
- Traffic signals operation review $
« Waming signs $
- Kerb extensions $$
- Pedestrian refuge island $S

- Raised pedestrian crossings $$

+ Remove vegetation 3

- skid resistance improvements $$

- Convert angle parking to parallel parking $$9

« Splitter islands ¥

- Streetlighting $$9

- Fully controlled right tum phase $$$S

- Grade separation $$9$9S
« Median retrofit IISPII
- Pedestrian improvements at slip lanes $$9$9S
+ Pedestrian signals $$$$S Relatad case studies
- Traffic signals $IIIY

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

Collision

Crash pattern Treatment types*
code P yP
» Cost < $5,000
+  All-red time extension
« Give Way/Stop signs
101 2 > +  Line marking improvements
+ Sight distance improvements — intersections
! 101 + Traffic signals operation review

*«  Warning signs

» Cost $5,001-$20,000
+ Red light cameras
102 2 '(‘ + Remove vegetation

1

+ Signal display visibility improvements
102 + Skid resistance improvements

» Cost $20,001- $50,000
*  Median break closure
+ Splitter islands

2 —_—
103 *] +  Street lighting
1

103 » Cost > $100,000
+ Grade separation
* Roundabouts
+ Slip lane angle modification

2 + Staggered intersection
104 ] l + Traffic signals

1 104

*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.




Office of Safety

B g WV 4 4 . i =
Highway Safety Guardrail Resources Roadway Departure
Improvement Program Safety

& ISPE

Roadway Safety Pedestrian & Bicycle Local and Rural Professional
Data & Analysis Safety Road Safety Capacity Building

§Safe Roads for a Safer Future
investment in roadway safety saves lives

Source: FHWA (https://safety.fhwa.dot.gov)
Figure 2 Main menu of FHWA online road safety-related tools

Intersection Safety
Strategies

a) Signalized Intersedion b) Unsignalized Intersection -
Source: FHWA (2015)

Figure 3 Intersection safety strategies brochure




CHAPTER 3 METHODOLOGY

3.1 Resecarch Framework

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

Literature
review

Application
" kimprovement
Data collection U

(Obj.1)

). Data analysis (Obj.2)

Safe road system
(Obj.3) recommendation

Conclusion
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:
e add/modify collision diagram in the crash data menu,
e summarize a factor matrix (includes crash causation and severity factors) in
the crash report menu, and
e 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.




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.




CHAPTER 1 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 10)Run-off-road on straight
2) Entering from adjacent directions 11)Run-off-road on curve
3) Opposing vehicles, turning 12)Vehicle — animal

4) Head-on 13)Vehicle — train

5) Lane change/sideswipe 14)While overtaking

6) Loss of control on turns 15)While U-turning

7) Parked/parking vehicles 16)Motorcyclist crashes

8) Entering from driveway 17)Cyclist crashes

9) Rear-end

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

Treatment types

« Cost rating: Under $5,000
— Line marking improvements
— Parking bans

000 005 — Pedestrian fencing
— Sight distance improvements — intersections
— Sight distance improvements — road sections

[=——————+— < — Traffic signals operation review
1
1

Curb extensions

1 — Warning signs

oo1 [ 006 S
_ \ 006 « Cost rating: $5,001 - $20,000
001 — Curb extensions
— Pedestrian refuge island
] —_— — Raised pedestrian crossings
1 1 — Remove vegetation
002 1 /: I ! ol % — Skid resistance improvements
—— L4 >
o) ] g ating: 0 = =
1
¥ souy
003 | oos . : -
—— T e | lCmrunesmon swoce o g
s y 9 P turn phase ‘

« Cost rating: Over $100,000

— Grade separation

— Median retrofit

— Pedestrian improvements at slip lanes
— Pedestrian signals

009 — Traffic signals

-

g
g
;v

(L)
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Table 3 Treatments for entering from adjacent directions

100

101

102

103

104

Treatment types

« Cost rating: Under $5,000
— All-red time extension

— Give Way/Stop signs
— Line marking improvements

— Sight distance improvements —
intersections

- Traffic signals operation review

— Warning signs

« Cost rating: $5,001 - $20,000

— Red light cameras
— Remove vegetation

- Signal display visibility improvements
— Skid resistance improvements

» Cost rating: $20,001 - $50,000

« Cost rating: Over $100,000
— Grade separation

«:)THERSM wos E
[ —
| | |
HE IL\
| | |
I l| 102 |1 | 107
] | |
| — 1 —

— Roundabouts
- Slip lane angle modification

— Staggered intersection
— Traffic signals

GIVE
WAY

=ne

Figure

Table 4 Treatments for opposing and turning vehicles

Treatment types

« Cost rating: Under $5,000
— All-red time extension

— Line marking improvements
— Restrict access points

— Sight distance improvements — intersections
— Speed limit change

— Traffic signals operation review

— Turn bans

« Cost rating: $5,001 - $20,000

— Red light cameras

— Signal display visibility improvements
— Skid resistance improvements

$20,001 - $50,000

« Cost rating: $50,001 - $100,000
— Fully controlled right turn phase

« Cost rating: Over $100,000
— Roundabouts
— Traffic signals

Give Way/Stop signs

Red light cameras

Roundabouts

¥
S

Skid resistance
improyéments

Fully controlled riﬁ
turn phase

el N

Traffic signals
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Table 5 Treatments for head-on collisions

Treatment types

« Cost rating: Under $5,000
— Chevron alignment markers (CAMs)
— Curve warning signs

201 e - Line marking improvements la:;i;ed reflective
— Raised reflective pavement markers (RRPMs) pavement markers
l | 201 - Reinstate shoulder (RRPMs)
— Separation lines -
- Sight distance improvements - road sections
— Speed limit change
—_—
501 2 — « Cost rating: $5,001 - $20,000 4 8
— Barrier lines 4
501 — Edge drop removal \
- Edge lines Safety barriers
— Guide posts

— Painted/flush median
— Profile line marking
— Safety barriers

« Cost rating: Over $100,000

— Additional lanes for overtaking

— Median retrofit

— Road realignment

— Shoulder widening and/or sealing

nal lanes for overtaking

Additiol

Table 6 Treatments for lane changes or sideswipe

Treatment types

« Cost rating: Under $5,000
— Advisory speed signs

— Chevron alignment markers (CAMs)
— Curve warning signs

— Line marking improvements

— Parking bans

- Sight distance improvements —
road sections

Advisory speed signs

y ‘

Safety barriers

i

Painted turn lane

» Cost rating: $5,001 - $20,000
— Barrier lines
- Bicycle facilities — on-road

L — Clear zone widening
; ’ - Direction signs (guide signs)
el i1 2 T — Safety barriers

st rating: $20,001 - $50,000
i turn

g

« Cost rating: Over $100,000
— Indented parking
1 R — Road realignment
N L - Slip lane angle modification
i = R. — Superelevation improvement
—

— Turn lanes

310

Turn lanes
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Table 7 Treatments for loss of control on turns

707

707

Treatment types

« Cost rating: Under $5,000
— Advisory speed signs

— Curve warning signs

— Line marking improvements
- Sight distance improvements - intersections
- Sight distance improvements - road sections
— Turn bans

« Cost rating: $5,001 - $20,000

- Clear zone widening

- Direction signs (guide signs)

— Safety barriers

— Signal display visibility improvements

— Skid resistance improvements

- Traffic signals coordination

» Cost rating: $20,001 - $50,000

iturnla

- Pavement dr. e improvements

- Splitt:

« Cost rating: $50,001 - $100,000
— Combine access points

- Fully controlled right turn phase
« Cost rating: Over $100,000

— Road realignment

— Roundabouts

- Slip lane angle modification

— Turn lanes

Clear zone widening \5:{:

G adgn or rnvatod wey \

NS
o—a'»q»dnr:w—dl N
T

sl BN

N

Treatment types
« Cost rating: Under $5,000

— Line marking improvements
— Parking bans

« Cost rating: $5,001 - $20,000

- Bicycle facilities — on-road
— Edge lines

— Curb extensions

— Raised pedestrian crossings
— Remove vegetation

« Cost rating: Over $100,000
- Indented parking

— Sight distance improvements — road sections

turn phase

Fully controlled righ ‘!

improvements

12

Sight distance =




Table 9 Treatments for entering from a driveway

Treatment types

 Cost rating: Under $5,000
— Parking bans

— Restrict access points

— Sight distance improvements —
intersections

— Warning signs

 Cost rating: $5,001 - $20,000
— Barrier lines

— Edge lines

— Remove vegetation

« Cost rating: $50,001 - $100,000
— Combine access points

« Cost rating: Over $100,000
— Shoulder widening and/or sealing

Table 10 Treatments for rear-end crashes

301

I

\ 4

v

(B

[ 3

A 4

Treatment types

» Cost rating: Under $5,000

— All-red time extension

— Traffic signals operation review
— Turn bans

— Warning signs

« Cost rating: $5,001 - $20,000

— Signal display visibility improvements
— Skid resistance improvements

— Traffic signals coordination

» Cost rating: $20,001 - $§50,000

Lo

rt ) to parallel parking

« Cost rating: Over $100,000
— Grade separation

— Roundabouts

— Turn lanes

Sight distance
improvements

Barrier lines

Shoulder widening
and/or sealing

Turn ba

13




Table 11 Treatments for run-off-road on straight

Treatment types

« Cost rating: Under $5,000

— Raised reflective pavement markers (RRPMs)
1 - Reinstate shoulder

— Separation lines W

O - Sight distance improvements — road sections |Raised reflective pavement
— Warning signs markers (RRPMs)

>

704
« Cost rating: $5,001 - $20,000
— Clear zone widening
1 — Edge drop removal
-Q.Qﬂ_ﬂ——» — Edge lines
————— — Guide posts
705 — Profile line marking

— Safety barriers Guide posts

— Skid resistance improvements

« Cost rating: Over $100,000

— Additional Llanes for overtaking

— Road realignment

— Shoulder widening and/or sealing

: —
Additional lanes for
overtaking

Treatment types

T 96 P

— Advisory speed signs

— Chevron alignment markers (CAMs) @ @ (
— Curve warning signs e e

— Line marking improvements

— Ralsed reflective pavement markers (RRPMs)
— Reinstate shoulder

— Separation lines

— Sight distance Improvements — road sections
— Turn bans

— warning signs

wiro e

Curve warning signs

« Cost rating: $5,001 - $20,000

— Clear zone widening

— Crash cushion/impact attenuator
— Edge drop removal

— Edge lines

— Guide posts

— Remove vegetation

— Safety barriers

— Skid resistance improvements

« Cost rating: Over $100,000

— Curve widening

— Road realignment

— Shoulder widening and/or sealing
— Superelevation improvement

— Turn lanes Curve widening

14




Table 13 Treatments for vehicle-animal crashes

o7

Treatment types

 Cost rating: Under $5,000
— Reinstate shoulder
— Warning signs

« Cost rating: $5,001 - $20,000
— Clear zone widening

— Edge drop removal

— Skid resistance improvements

 Cost rating: Over $100,000

— Shoulder widening and/or sealing

AL®

UK: Deer Sweden: Elk Australia: Kangaroo

S

Canada: Beaver New Zealand: Kiwi

Table 14 Treatments for vehicle—train crashes

Treatment types

« Cost rating: Under $5,000
- Line marking improvements

— Traffic signals operation review
— Warning signs

« Cost rating: $5,001 - $20,000
- Skid resistance improvements
902 - Traffic signals coordination

« Cost rating: Over $100,000
- Railway crossing upgrade

- Sight distance improvements — intersections

Warning signs

Shoulder widening and/or sealing

Warning signs

Traffic signals coordination

-

Railway crossing upgrade

15




Table 15 Treatments for overtaking crashes

Treatment types

« Cost rating: Under $5,000
2z 1 — Line marking improvements

s — Raised reflective pavement markers (RRPMs)
— Separation lines

— Sight distance improvements — road sections
507 — Speed limit change

.
Raised reflective
pavement markers

« Cost rating: $5,001 - $20,000
1 - Barrier lines
2 —\_'> ~ Clear zone widening
l - Painted/flush median A
- Remove vegetation
508 - Safety barriers

Painted/flush median

« Cost rating: $20,001 - $50,000
- Pavement drain

inage impr ements

« Cost rating: Over $100,000

— Additional lanes for overtaking

— Median retrofit

— Road realignment

— Shoulder widening and/or sealing

Treatment types

« Cost rating: Under $5,000
— Line marking improvements

- Sight distance improvements — intersections Fully controlled right
| | — Turn bans turn phase
2 . -
T . Cost‘rat!ng: $5,001 - $20,000
— Barrier lines
| | 207 — Signal display visibility improvements

« Cost rating: $20,001 - $50,000

osure
g g
- Traffic lane widening

Barrier lines

Roundabouts

« Cost rating: $50,001 - $100,000
- Fully controlled right turn phase

1 5
—- 2
4_—> « Cost rating: Over $100,000
— Median retrofit
304 — Roundabouts

Street lighting

16




Table 17 Treatment for motorcycle crashes

Treatment types

« Cost rating: Under $5,000
— Advisory speed signs

— Chevron alignment markers (CAMs)
— Curve warning signs

— Give Way/Stop signs

— Separations lines

— Sight distance improvements - intersections
— Sight distance improvements - road sections
— Warning signs

« Cost rating: $5,001 - $20,000
— Barrier lines

— Clear zone widening

— Edge drop removal

—Edgelines

— Safety barriers

— SKid resistance improvements

« Cost rating: $20,001 - $50,000

— Pavement dralnage Improvements

« Cost rating: $50,001 - $100,000
— Fully controlled right turn phase

« Cost rating: Over $100,000

— Road realignment

— Roundabouts

— Shoulder widening and/or sealing
— Superelevation improvement

Example

Safety barriers

Street lighting

B

[Ny

D

Fully controlled
right turn phase

Table 18 Treatment for cyclist crashes

Treatment types

« Cost rating: Under $5,000
— Gilve Way/Stop signs

— Linemarking improvements
— Parking bans

— Speed Limit change
— Warning signs

« Cost rating: $5,001 - $20,000
— Bicycle facllities on-road

— Edge drop removal
—Edgelines

« Cost rating: $20,001 - $50,000

- St varking to parallel parking

« Cost rating: $50,001 - $100,000
—Bicycle faclilities - of f-road

« Cost rating: Over $100,000

— Pedestrian signals

— Shoulder widening and/or sealing
— Traffic signals

— Sight distance improvements - intersections |fk

Pedestrian signals

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

Collision codes related to pedestrian crashes

Treatments

Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - - - - - R R R
A2 |All-red time extension - - - - - - - - - N R
A3 [Chevron alignment markers (CAMs) - - - - - - - - - R R
A4 |Curve warning signs - - - - - - - - - N B
A5 |Give Way/Stop signs - - - - - - - R R R R
A6 _|Line marking improvements v v v v v v v v v v v
A7 |Parking bans v v v v v v v v v v v
A8 _|Pedestrian fencing v v v v v v v v v v v
A9 |Raised reflective pavement markers (RRPMs) - - - - - - - - - - B
A10 |Reinstate shoulder - - - - - - - - R R R
All |Restrict access points - - - - - - - R R R R
Al12 |Separation lines - - - - - - - - - N B
A13 |Sight distance improvements — intersections v v v v v v v v v v v
Al4 |[Sight distance improvements — road sections v v v 4 4 v v v v v v
A15 |Speed limit change - - - - - - - R R R R
A16 |Traffic signals operation review v v v v v v v v v v v

001 002 | 003 004 | 005 | 006 @007 008 009

Al17 |Turn bans - - - - - - - - - N B
A18 |Warning signs v v v v v v v v v v v

Group B: Cost rating $5,001 - $20,000
B1 |Barrier lines - - - - - - - - - - R
B2 [Bicycle facilities — on-road - - - - - - - - - - B
B3 |Clear zone widening - - - - - - - - - R R
B4 |[Crash cushion/impact attenuator - - - - - - - - - - B
B5 |Direction signs (guide signs) - - - - - - - - - R R
B6 [Edge drop removal - - - - - - - - - - B
B7 |Edge lines - - - - - - - - - - B
B8 |Guideposts - - - - - - - - R R R
B9 |Curb extensions v v v v v v v v v v v

B10 |Painted/flush median - - - - - - - - - R R
B11 [Pedestrian refuge island v v v v v v v v v v v
B12 |Profile line marking - - - - - - - - R R R
B13 |Raised pedestrian crossings v v v v v v v v v v v
B14 [Red light cameras - - - - - - - - N N B
B15 [Remove vegetation v v v v v v v v v v v
B16 |Safety barriers - - - - - - - - N N B
B17 |Signal display visibility improvements - - - - - - - - - R R
B18 |Skid resistance improvements v v v v v v v v v v v
B19 |Traffic signals coordination - - - - - - - - - N -

Group C: Cost rating $20,001 - $50,000
C1 [Combine access points - - - - - - - - - R
C2 |[Convert angle parking to parallel parking v v v v v v v v v v v
C3 [Median break closure - - - - - - - - - R R
C4 |Painted turn lanes - - - - - - - - R R R
C5 |Pavement drainage improvements - - - - - - - - - R R
C6 |Splitter islands v v v v v v v v v v v
C7 _|[Street lighting v v v v v v v v v v v
C8 [Traffic lane widening - - - - - - - - - R R
C9 |Vehicle activated signs - - - - - - - - - R R

Group D: Cost rating $50,001 - $100,000
D1 |Combine access points - - - - - - - - R R
D2 |Fully controlled right turn phase v v v v v v v v v v v

Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - - - - - - - R R
E2 |Curve widening - - - - - - - - - - R
E3 |Grade separation v v v v v v v v v v v
E4 |Indented parking - - - - - - - - - - R
E5 |Median retrofit v v v v v v v v v v v
E6 |Pedestrian improvements at slip lanes v v v v 4 4 v v v v v
E7 |Pedestrian signals v v 4 4 4 v v v v v v

E8 |[Railway crossing upgrade - - - - - - - - - - R
E9 |Road realignment - - - - - - - - R R R

E10 |Roundabouts - - - - - - - - R R R

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

E12 |Slip lane angle modification - - - - - - - - - R R

E13 |Staggered intersection - - - - - - - - - R R

E14 |Superelevation improvement - - - - - - - - - R R

E15 |Traffic signals v v v 4 4 v v v v v v

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

Collision codes related to Entering from adjacent directions

Code Measures

Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - - - R R R
A2 |All-red time extension v v v v v v v v v
A3 |Chevron alignment markers (CAMs) - - - - - - - R R
A4 |Curve warning signs - - - - - - - N B
A5 |Give Way/Stop signs v v v v v v v v v
A6 |Line marking improvements v v v v v v v v v

A7 |Parking bans - - - - - - - N B
A8 |Pedestrian fencing - - - - - R R R R
A9 |Raised reflective pavement markers (RRPMs) - - - - - - - - B

A10 |Reinstate shoulder - - - - - - R R R

All |Restrict access points - - - - - - R R R

A12 |Separation lines - - - - - - - N _

A13 |Sight distance improvements — intersections v v v v v v v v v

Al14 |Sight distance improvements — road sections - - - - - - N _ -

A15 |Speed limit change - - - - - - R R R

A16 |Traffic signals operation review v v v v v v v v v

100 101 102 103 104 | 105 | 106 107 108

Al17 |Turn bans - - - - - - - N B
A18 |Warning signs v v v v v v v v v

Group B: Cost rating $5,001 - $20,000
B1 |Barrier lines - - - - - - - - R
B2 |Bicycle facilities — on-road - - - - - - - - B
B3 |Clear zone widening - - - - - - - R R
B4 |Crash cushion/impact attenuator - - - - - - - - B
B5 |Direction signs (guide signs) - - - - - - - R R
B6 |Edge drop removal - - - - - - - - B
B7 |Edge lines - - - - - - - - B
B8 |Guideposts - - - - - - - - B
B9 |Curb extensions - - - - - - - R R

B10 |Painted/flush median - - - - - - - R R
B11 |Pedestrian refuge island - - - - - - - R R
B12 |Profile line marking - - - - - - - R R
B13 |Raised pedestrian crossings - - - - - - - R R
B14 |Red light cameras v v v v v v v v v
B15 |Remove vegetation v v v v v v v v v

B16 |Safety barriers - - - - - - - N B

B17 |Signal display visibility improvements v v v v v v v v v

B18 |Skid resistance improvements v v v v v v v v v

B19 |Traffic signals coordination - - - - - - - N -

Group C: Cost rating $20,001 - $50,000
C1 |Combine access points - - - - - - - - R
C2 |[Convert angle parking to parallel parking - - - - - - - N -
C3 |Median break closure v v v v v v v v v
C4 |Painted turn lanes - - - - - - - R R
C5 |Pavement drainage improvements - - - - - - - R R
C6 |Splitter islands v v v v v v v v v
C7 _|Street lighting v v v v v v v v v
C8 |Traffic lane widening - - - - - - - R R
C9 |Vehicle activated signs - - - - - - - R R

Group D: Cost rating $50,001 - $100,000
D1 [Combine access points - - - - - - - R R
D2 |Fully controlled right turn phase - - - - - - - N _

Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - - - - - R R
E2 |Curve widening - - - - - - - - R
E3 |Grade separation v v v v v v v v v
E4 |Indented parking - - - - - - - - R
E5 |Median retrofit - - - - - - - R R
E6 |Pedestrian improvements at slip lanes - - - - - - - - R
E7 |Pedestrian signals - - - - - - - R R
E8 |Railway crossing upgrade - - - - - - - - R
E9 |Road realignment - - - - - - - R R

E10 |Roundabouts v v v v v v v v v

E11 |[Shoulder widening and/or sealing - - - - - - - R R
E12 |[Slip lane angle modification v v v v v v v v v
v v v v v v v v v

E13 |Staggered intersection

E14 |Superelevation improvement - - - - - - - R R
E15 |Traffic signals v v v v v v v v v
E16 |Turn lanes - - - - - - - R R
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Table 21 Summary of treatments for opposing and turning vehicles crashes and
head-on crashes
Measures

Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - R R R
A2 |All-red time extension v v v v v

Opposing and turning vehicles crashes Head-on crashes

203 204 205 | 206 201 501

A3 |Chevron alignment markers (CAMs) - - - - - v v
A4 |Curve warning signs - - - - - v v
A5 |Give Way/Stop signs - - - - R R R
A6 |Line marking improvements v v v v v v v
A7 _|Parking bans - - - - - N B
A8 |Pedestrian fencing - - - - R R R
A9 |Raised reflective pavement markers (RRPMs) - - - - - v v
Al10 [Reinstate shoulder - - - - - v v
All |Restrict access points v v v v v - -
Al2 |Separation lines - - - - - v v
A13 |Sight distance improvements — intersections v v v v v - -
Al14 |Sight distance improvements — road sections v v

v v

A15 |Speed limit change v v v v v
A16 |Traffic signals operation review v v v v v - -
Al17 |Turn bans v v v v v
A18 |Warning signs - - - - - R R
Group B: Cost rating $5,001 - $20,000
B1 |Barrier lines - - - - - v v
B2 |Bicycle facilities — on-road - - - - - - -
B3 |Clear zone widening - - - - - R R
B4 |Crash cushion/impact attenuator - - - - - - -
B5 |Direction signs (guide signs) - - - - - R R
B6 |Edge drop removal - - - - - v v
B7 |Edge lines - - - - - v v
B8 |Guideposts - - - - - v v
B9 |Curb extensions - - - - - R R
B10 |Painted/flush median - - - - - v v
B11 |Pedestrian refuge island - - - - - N -
B12 |Profile line marking - - - - - v v
B13 |Raised pedestrian crossings - - - - R
B14 |Red light cameras v v v v v N N
B15 |Remove vegetation - - - - - N -
B16 |Safety barriers - - - - - v v
B17 |Signal display visibility improvements v v v v v - -
B18 [Skid resistance improvements v v v v v
B19 |Traffic signals coordination - - - - - N N
Group C: Cost rating $20,001 - $50,000
C1 |Combine access points - - - - - - R
C2_|Convert angle parking to parallel parking - - - - -
C3 |Median break closure v v v v v R R
C4 |Painted turn lanes - - - - - R R
C5 |Pavement drainage improvements - - - - -
C6 |Splitter islands v v v v v
C7 |Street lighting v v v v v
C8 |Traffic lane widening - - - - R
C9 |Vehicle activated signs - - - - - R R
Group D: Cost rating $50,001 - $100,000
D1 [Combine access points - - - - - R R
D2 |Fully controlled right turn phase v v v v v - -
Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - - - v v
E2 |Curve widening - - - - - - R
E3 |Grade separation - - - - - R R
E4 |Indented parking - - - - - - R
E5 [Median retrofit - - - - - v v
E6 |Pedestrian improvements at slip lanes - - - - - - R
E7 |Pedestrian signals - - - - - R R
E8 |Railway crossing upgrade - - - - - - R
E9 |Road realignment - - - - - v v

E10 |Roundabouts v v v v v R R
E11 [Shoulder widening and/or sealing - - - - - v v

E12 |Slip lane angle madification - - - - - R R
E13 |Staggered intersection - - - - - R R
E14 [Superelevation improvement - - - - - R R
E15 |Traffic signals v v v v v R R
E16 |Turn lanes - - - - - R R
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Table 22 Summary of treatments for lane change/sideswipe and loss of control on
turns crashes

Lane change/sideswipe | Loss of control on turns
Measures
305 306 307 | 308 | 309 | 310 | 706 | 707 805 806
Group A: Cost rating under $5,000
Al |Advisory speed signs v v v v v v v v v v
A2 |All-red time extension - - - - - - - - N B
A3 [Chevron alignment markers (CAMs) v v v v v v - - - R
A4 |Curve warning signs v v v v v v v v v v

A5 |Give Way/Stop signs - - - - - -
A6 _|Line marking improvements v v v v v v v v v v
A7 _|Parking bans v v v v v v
A8 |Pedestrian fencing - - - - - - R R R R
A9 |Raised reflective pavement markers (RRPMs) - - - - - - - - R R
A10 |Reinstate shoulder - - - - - - R R R R
All |Restrict access points - - - - - - R R R R
Al12 [Separation lines - - - - - - - - N _
A13 [Sight distance improvements — intersections - - - - - - v v v v
Al4 |Sight distance improvements — road sections v v v v v v v v v v
A15 |Speed limit change - - - - - - R R R R
A16 |Traffic signals operation review - - - - - - - - N B
Al17 |Turn bans - - - - B R
A18 |Warning signs - - - - N R
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 - - - - - - - - - B
B5 |Direction signs (guide signs) v v v v v v v v v v
B6 |Edge drop removal - - - - - - - - - B
B7 |Edge lines - - - - - - - - - -
B8 |Guideposts - - - - - - - - N B
B9 |Curb extensions - - - - - - - - R R
B10 |Painted/flush median - - - - - - - - R R
B11 |Pedestrian refuge island - - - - - - - - R R
B12 |Profile line marking - - - - - - - - R R
B13 |Raised pedestrian crossings - - - - - - - - R R
B14 [Red light cameras - - - - - N -
B15 |Remove vegetation - - - - - R R
B16 [Safety barriers v v v v v v v
B17 [Signal display visibility improvements - - - - - - v
v
v

NAYAN
NAYAN
NAYAN
NANEN
NANEN
NEANEN

B18 |Skid resistance improvements - - - - - R
B19 |Traffic signals coordination - - - - N -
Group C: Cost rating $20,001 - $50,000
C1 [Combine access points - - - - - - R
C2 |Convert angle parking to parallel parking - - - - - -
C3 |Median break closure - - - - - R
C4 |Painted turn lanes v v v v v v
C5 [Pavement drainage improvements - - - - - -
C6 _|[Splitter islands - - - - N -
C7 |[Street lighting - - - - R R
C8 |Traffic lane widening v v v v v v
C9 |[Vehicle activated signs - - - - R R
Group D: Cost rating $50,001 - $100,000
D1 |Combine access points - - - - R R
D2 |Fully controlled right turn phase - - - - N -
Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - - - - - - - R
E2 [Curve widening - - - - - - - - - R
E3 |Grade separation - - - - - - - - R R
E4 |Indented parking v v v v v v - - - R
E5 [Median retrofit - - - - - - - - R R
E6 |Pedestrian improvements at slip lanes - - - - - - - - - R
E7 |Pedestrian signals - - - - - - - - R R
E8 |Railway crossing upgrade - - - - - - - - - R
E9 [Road realignment v v v v v v v v v v
E10 |Roundabouts - - - - - - v v v v
E11 |Shoulder widening and/or sealing

NRRRE

NSERRRRE
NSERRRRE
NSERRRRE
NERRRRE

NN
NN
NN
NN

<
<
<
<
<+
<
AN
AN
AN
<

E12 |Slip lane angle madification

E13 |Staggered intersection - - - - - - - - R R
E14 |Superelevation improvement v v v v v v - - - -
E15 |Traffic signals - - - - - - - - R R
E16 |Turn lanes v v v v v v v v v v
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Table 23 Summary of treatments for parking vehicles crashes and entering from
driveway crashes

Measures

Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - - - - - R R R
A2 |All-red time extension - - - - - - - R R R R
A3 |Chevron alignment markers (CAMs) - - - - - - - - - R R
A4 |Curve warning signs - - - - - - - - - N B
A5 |Give Way/Stop signs - - - - - - R R R
A6 |Line marking improvements v v v v v v v v v
A7 |Parking bans v v v v v v v v v
A8 |Pedestrian fencing - - - - - - R R R R R
A9 |Raised reflective pavement markers (RRPMs) - - - - - - - - - R R
A10 [Reinstate shoulder - - - - - - - - R R R
All |Restrict access points - - - - - - - - - v v
Al2 |Separation lines - - - - - - - - - N B
A13 |Sight distance improvements — intersections - - - - - - - - - v v
Al4 [Sight distance improvements — road sections v v v v v v v v v - -
A15 |Speed limit change - - - - - - - R R R R
A16 |Traffic signals operation review - - - - - - - - - N B
Al17 |Turn bans - - - - - - - - - N R
A18 |Warning signs - - - - - R R R R v v
Group B: Cost rating $5,001 - $20,000
B1 |Barrier lines - - - - - - - - - v v
B2 |Bicycle facilities — on-road v v v v v v v v v - -
B3 |Clear zone widening - - - - - - - - R R R
B4 |Crash cushion/impact attenuator - - - - - - - - - - B
B5 |Direction signs (guide signs) - - - - - - - - - R R
B6 |Edge drop removal - - - - - - - - -
B7 |Edge lines v v v v v v v v v v v
B8 |Guideposts
B9 |Curb extensions
B10 |Painted/flush median - - - - - - - - - R R
B11 |Pedestrian refuge island - - - - - - - - - R R
B12 |Profile line marking - - - - - - - R R
B13 |Raised pedestrian crossings v v v v v v v v v - -
B14 |Red light cameras - - - - - - - N -
B15 |Remove vegetation v v v v v v v v v v v
B16 |Safety barriers - - - - - - - - N N B
B17 |Signal display visibility improvements - - - - - - - - - R R
B18 |Skid resistance improvements - - - - - - - - - R R
B19 |Traffic signals coordination - - - - - - - - - - B
Group C: Cost rating $20,001 - $50,000
C1 |Combine access points - - - - - - - - - - R
C2 |Convert angle parking to parallel parking v v v 4 4 v v v v - -
C3 |Median break closure - - - - - - - - - R R
C4 |Painted turn lanes - - - - - - - - R R R
C5 |Pavement drainage improvements - - - - - - - - - R R
C6 _|Splitter islands - - - - - - - - N N -
C7_|[Street lighting - - - - - - - - R R R
C8 [Traffic lane widening v v v v v v v v v R R
C9 |Vehicle activated signs - - - - - - - - - R R
Group D: Cost rating $50,001 - $100,000
D1 [Combine access points - - - - - - - - R v v
D2 |Fully controlled right turn phase - - - - - - - - - N _
Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - - - - - - - R R
E2 |Curve widening - - - - - - - - - - R
E3 |Grade separation - - - - - - - - R R R
E4 |Indented parking v v 4 4 v v v v v B B
E5 |Median retrofit - - - - - - - - - R R
E6 |Pedestrian improvements at slip lanes - - - - - - - - - - R
E7 |Pedestrian signals - - - - - - - - - - R
E8 |Railway crossing upgrade - - - - - - - - - - R
E9 |Road realignment - - - - - - - - R R R
E10 |Roundabouts - - - - - - - - - R R
E11 [Shoulder widening and/or sealing - - - - - - - - - v v
E12 |Slip lane angle modification - - - - - - - - - R R
E13 |Staggered intersection - - - - - - - - - R R
E14 |[Superelevation improvement - - - - - - - - - R R
E15 |Traffic signals - - - - - - - - R R R
E16 |Turn lanes - - - - - - - - R R R

Parked/parking vehicles Entering...

404 405 | 601 | 602 603 606 @406 & 407

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

Rear-end Run-off-road on straight
303 700 | 701 | 702 | 703 704

Measures ‘

301 302

Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - - - R R R
A2 |All-red time extension v v v R R R R R R
A3 _|Chevron alignment markers (CAMs) - - - - - - - R R
A4 |Curve warning signs - - - - - - - N B
A5 |Give Way/Stop signs - - - - - - R R R
A6 _|Line marking improvements - - - - - - - N B
A7 _|Parking bans - - - - - - - N B
A8 |Pedestrian fencing - - - - - R R R R
A9 |Raised reflective pavement markers (RRPMs) - - - v v v v v v
A10 |Reinstate shoulder - - - v v v v v v

All |Restrict access points - - - - - - R R R

Al12 |Separation lines - - - v v v v v v

A13 |Sight distance improvements — intersections - - - - - - R R R
Al14 [Sight distance improvements — road sections - - - v v v v v v

Al15 |Speed limit change - - -

A16 |Traffic signals operation review v v v

Al17 |Turn bans v v v - - R N N B
v v v

A18 |Warning signs v v v v v v
Group B: Cost rating $5,001 - $20,000
B1 |Barrier lines - - - - - - - - R
B2 |Bicycle facilities — on-road - - - - - - - - B
B3 |Clear zone widening - - - v v v v v v
B4 [Crash cushion/impact attenuator - - - - - - - - B
B5 |Direction signs (guide signs) - - - - - - - R R
B6 [Edge drop removal - - - v v v v v v
B7 |Edge lines - - - v v v v v v
B8 [Guideposts - - - v v v v v v

B9 |Curb extensions - - - - - - - N R
B10 |Painted/flush median - - - - - - - N R
B11 |Pedestrian refuge island - - - - - - - N B
B12 |Profile line marking - - - v v v v v v
B13 |Raised pedestrian crossings - - - - - - - R R
B14 |Red light cameras - - - - - - - N B
B15 |[Remove vegetation - - -
B16 [Safety barriers - - -
B17 |[Signal display visibility improvements v v v - N N N - N
B18 |Skid resistance improvements v v v v v v v v v
B19 |Traffic signals coordination v v v
Group C: Cost rating $20,001 - $50,000
C1 |Combine access points - -
C2 |Convert angle parking to parallel parking v v
C3 |Median break closure v v
v v
v v

C4 |Painted turn lanes
C5 |Pavement drainage improvements
C6 |Splitter islands - - -
C7 |[Street lighting - - -
C8 [Traffic lane widening - - - - - - - R R
C9 |[Vehicle activated signs v v v R R R R R R
Group D: Cost rating $50,001 - $100,000
D1 |Combine access points - - - - - - - R R
D2 |Fully controlled right turn phase - - - - - - - N _
Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking - - - v v v v v v
E2 |Curve widening - - - - - - - - R
E3 |Grade separation v v v - R R R R R
E4 |Indented parking - - - - - - - - R
E5 [Median retrofit - - - - - - - R R
E6 |Pedestrian improvements at slip lanes - - - - - - - - R
E7 |Pedestrian signals - - - - - - - R R
E8 |Railway crossing upgrade - - - - - - - - R
E9 |Road realignment - - - v v v v v v
E10 |Roundabouts v v v - R R R R R
E11 |Shoulder widening and/or sealing - - - v v v v v v
E12 |Slip lane angle modification - - - - - - - R R
E13 |Staggered intersection - - - - - - - R R
E14 |Superelevation improvement - - - - - - - R R
E15 |Traffic signals - - - - - - - R R
E16 |Turn lanes v v v - - R R R R

<
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Final
Report

Table 25 Summary of treatments for run-off-road on curve, vehicle-animal and vehicle-

train crashes
| Vehicle-animal | Vehicle-train
800 801 | 802 | 803 804 | 607 \ 902

Run-off-road on curve

Measures

Group

A: Cost rating under $5,000

Al

Advisory speed signs

<

<

<

<

<

A2

All-red time extension

A3

Chevron alignment markers (CAMs)

Curve warning signs

NRE

NRE

NRE

NANE

NANE

Give Way/Stop signs

Line marking improvements

<

Parking bans

Pedestrian fencing

Raised reflective pavement markers (RRPMs)

Reinstate shoulder

NANE

NANE

NANE

NANE

NANE

Restrict access points

Separation lines

<

<

<

<

<

Sight distance improvements — intersections

Sight distance improvements — road sections

<

<

<

<

Speed limit change

Traffic signals operation review

Turn bans

Warning signs

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

Barrier lines

Bicycle facilities — on-road

Clear zone widening

Crash cushion/impact attenuator

Direction signs (guide signs)

Edge drop removal

Edge lines

Guideposts

Curb extensions

Painted/flush median

Pedestrian refuge island

Profile line marking

Raised pedestrian crossings

Red light cameras

Remove vegetation

Safety barriers

Signal display visibility improvements

B18

Skid resistance improvements

B19

Traffic signals coordination

Group

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

Combine access points

Cc2

Convert angle parking to parallel parking

C3

Median break closure

Painted turn lanes

C5

Pavement drainage improvements

C6

Splitter islands

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

El

Additional lanes for overtaking

E2

Curve widening

Grade separation

E4

Indented parking

ES5

Median retrofit

Pedestrian improvements at slip lanes

E7

Pedestrian signals

E8

Railway crossing upgrade

Road realignment

E10

Roundabouts

E1l

Shoulder widening and/or sealing

<

<

<

<

<

E12

Slip lane angle madification

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

VIEERUTGES While overtaking While u-turning
505 304
Group A: Cost rating under $5,000
Al |Advisory speed signs - - - - B B B
A2 |All-red time extension - - - - - B B
A3 _|Chevron alignment markers (CAMs) - - - - - - B
A4 |Curve warning signs - - - - - R R
A5 |Give Way/Stop signs - - - - B B B
A6 |Line marking improvements v v v v v v v
A7 |Parking bans - - - - - R R
A8 |Pedestrian fencing - - - - B
A9 |Raised reflective pavement markers (RRPMs) v v v v v - -
A10 |Reinstate shoulder - - B B
A1l |Restrict access points

<
<
<
<
<

Al12 [Separation lines

A13 [Sight distance improvements — intersections - - - - - v v
Al4 |Sight distance improvements — road sections v v v v v - -
A15 [Speed limit change v v v v v B B

A16 |Traffic signals operation review - - - - - R R
Al17 |Turn bans - - - B B v v
A18 |Warning signs - - - - - R R
Group B: Cost rating $5,001 - $20,000

B1 |Barrier lines v v v v v v v
B2 |Bicycle facilities — on-road - - - - R R R
B3 |Clear zone widening v v v v v B B

B4 |Crash cushion/impact attenuator - - - - - R R
B5 |Direction signs (guide signs) - - - - B B B
B6 |Edge drop removal - - - - R R R
B7 |Edge lines - - - - R R R
B8 |Guideposts - - - - B B B
B9 |Curb extensions - - - - B B B
B10 |Painted/flush median 4 v v v v - B
B11 |Pedestrian refuge island - - - - B B B
B12 |Profile line marking - - - - B B B
B13 |Raised pedestrian crossings - - - - B B B
B14 |Red light cameras - - - R R
B15 |Remove vegetation v v v v v B B
B16 |Safety barriers v v v v v
B17 |Signal display visibility improvements - - - - - v v
B18 |Skid resistance improvements - - - - - B B
B19 |Traffic signals coordination - - - - R R R
Group C: Cost rating $20,001 - $50,000
C1 [Combine access points - - - - - - B
C2 |[Convert angle parking to parallel parking - - - - - B B
C3 |Median break closure - - - - - v v
C4 |Painted turn lanes - - - - - B B
C5 |Pavement drainage improvements v v v 4 v - -
C6 |Splitter islands - - - - R R R
C7 |Street lighting - - - B B v v
C8 |Traffic lane widening - - - - - v v
C9 |Vehicle activated signs - - - - - R R
Group D: Cost rating $50,001 - $100,000
D1 |Combine access points - - - - - R R
D2 |Fully controlled right turn phase - - - - - v v
Group E: Cost rating over $100,000
E1 |Additional lanes for overtaking v v v v v - -
E2 |Curve widening - - - - - - B
E3 |Grade separation - - - - - - R
E4 |Indented parking - - - - B
E5 |Median retrofit v v v v v v v
E6 |Pedestrian improvements at slip lanes - - - - - - B
E7 |Pedestrian signals - - - - - - R
E8 |Railway crossing upgrade - - - - B
E9 |Road realignment v v v v v - R

E10 |Roundabouts - - - - - v v
E11 [Shoulder widening and/or sealing v v v v v - -

E12 |Slip lane angle modification - - - - - - R
E13 |Staggered intersection - - - - - - R
E14 [Superelevation improvement - - - - - B B
E15 |Traffic signals - - - - - - B
E16 |Turn lanes - - - - - B B
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1.2 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.

i

SUILWOMSBU (Collsion Diagrarm) —
o e Choose type of collisions

Collision diagram can be viewed easily |
UDVIRUEONNSBUUULWUNYEU=NSDNTIDYA < s >
e ‘ 101

@ Q ')
Collision diagram can be rotated freely ——— Rotate the diagram +
WausSuyuwonssulRaoandoviuyuauu -

Google oymeu 2015 Googe  Safwaolumsiion  SWWBGOWACCOMNI
® @

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

unuii  endiou

Elephant Jungle
Sanctuary Phuket Offices

O rla

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.
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Figure 8 Example screen of Potential Collision Function
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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.

Customized hazardous

location function

MWSIUMSSIEIUROSUOSIY
st snoeamrtuiian
Fonson dondntn
srdwsur daimmiyygy fosur dd/mmi gy
EClsd 200 Distance between nelghboring locations
Fwougaindifige 3 Ne. crash locations
[ o |

@ Level 5:More than 40 million baht

‘@ € Level 4:30 - 40 million baht
€ Level 3:20 - 30 million baht
| £ Level 2:10 - 20 million baht
& Level 1:0 - 10 million baht
alh] 3 Tiger King
O] o b
¥ \ A ¥ b
SN up, ' ONA

1'.10 UaR I

fi
Phuket Zoo

By the center of
a specific location

o ant Jungle
uary Phuket Offices

Q

uiwymasy

By the estimated loss

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.
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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.

asUzoaidedba avid 1 unsiAy 2562 - sufivdoauu
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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.
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Figure 13 Example screen of Road Safety Engineering Function
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1.3 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.

Prince of Songkla University Songkhla province

o 1st5%M April 2019 o 20% November 2019
o 19 traffic personals o 30 road safety staffs in Songkhla

o 2" 22th November 2019
o 16 traffic personals

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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Prince of Songkla University Chainat technical college
" ‘ ‘\ — “

S e <
B -

CHAINAT

TECHNICAL COLLEGE

13t November 2019
o 30 students

Suphanburi technical college

o 2-6 September 2019 o 14" November 2019
o =~ 1200 first-year bachelor students o 50 students

Figure 15 Application demonstration and workshops for students

4.4 Crash Data Collection and Analyysis

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.

Kathu-Patong Hwy.4029 km.0+400

Thalang-Rawal Hwy.4030 km.16+100
N

On the same highway

RS \
Same locations identifiedin
the last year research

New hazardous locations
found in this year research

Figure 16 Top five hazardous locations identified in Phuket

32




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 25%
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 85™ 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).

Collision No.casualties

code  Fatal Serious Stight  'oricle1 R

Date Time Lighting Surface
6808 3/2/2018 [19:00 | Sufficient Dry N/A 0 0 o Pickup 4wheeler bus
6843 Q922018 | 1210 N/A Dry N/A

1
2
3 m 19/2/2018 | 12:00 N/A Dry N/A
4
3

Motorcycle

755 6/3/2018 | 23:30 | Sufficlent Dry N/A

758 8/3/2018 | 3:39 | Sufficlent Dry N/A 4wheeler bus
m 9/372018 | 1M N/A Dry N/A
7 861 /472018 | 2:40 | Sufficlent Dry N/A
8 1048 | 4/6/2018 |18:30 N/A Dry N/A
9 1ns1 | 21/6/2018 | 955 N/A Dry N/A
10 1190 |28/6/2018 | 11:30 N/A Dry 800
n 1301 | 22/8/2018 | 13:00 N/A Molst N/A
12 1307 |28/8/2018 | 12:37 N/A Dry N/A
13 1308 |29/8/2018 | 610 | Sufficlent Dry N/A
14 1343 |13/9/2018 | 1230 N/A Wet N/A
15 1345 [14/9/2018 | 1030 N/A ! t 30
16 1377 | 23/9/2018 | 7:30 N/A wet 800
17 1549 | 171272018 | 130 | Sufficlent Dry 802

4wheeler bus

Saloon
Bigbike
4wheeler bus

van

Motorcycle

12 1560 | 8/12/2018 | 20:30 | Sufficlent Wet 301 Saloon Saloon
19 1629 | 13/1/2019 | 1445 N/A Dry 301
20 1705 | 6/3/2019 | 4:30 | Sufficlent Dry 308
21 1714 |14/3/2019 | 1010 N/A Dry
22 | 29789 |17/6/2019 | 7445 N/A Dry
23 | 29794 |24/8/2019 | 810 | Sufficlent Wet N/A
24 | 29796 | 2/7/2019 | 115 [ Sufficlent Dry 201

saloon Pickup

Saloon

Saloon

Pickup

Motorcycle

2 Saloon
o 26

nlo|lo|n|o|lo|lo|o|o|lo|o|e|o|o|o|o|o|o|e|o|o|o|el|e

Total
Collision types: 301:Rear end (30%) 305: Side swipe (30%)
800: Others of f pat! (20
802: Off carriageway (10%) 201: Head on (10%)

Figure 17 Study section and crash data
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500

Traffic volume:

2 \ o 3,756 vehicles/hour
S \/ \ /\_\ Traffic composition:

£ S o PC:MC:others

o 59:39:2

E w €T 6veicles/our ===~ % o MC safe facilities?

11.15-11.20 AM

1135-11.40 AM
11.50-11.55 AM

12.10-12.15 PM

Time 85t percentile speeds:
od Outbound Tieboord o PCs were over safe
e speed (30 kph to hit
MC PC MC PC MC)
85" Percentile 420 38.0 460 405 o MCs were over safe
Mode 415 365 435 370 speed (30 kph

h
50" Percentile 39.0 315 405 350 assumed to be the

same as pedestrian).

15t" Percentite 375 275 375 285

Data collection: 25t October 2019 (11:15 a.m. - 00:15 p.m.)

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

|
Install steel guardrail with MC barrier

Install flexible traffic pole
or concrete barrier (if necessary)

-, - - : -

k. %%  install painted marking

23" and flexible traffic pole (if

“% . need) to separate MC lane
R & (W

|- AL

Install Inclusive MC Lane

:

e

Wit ol I i 2 ¥ L - S W % . =
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 25%
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 85™ 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).

Collision No.casualties

Crl';li Date Time Lighting Surface e Fatal Serious Slight Vehicle 1 Vehicle 2
658 | 13/2/2018 | 23:00| Sufficlent Dry N/A 0 ] 5 Motorcycle Bus
754 5/3/2018 | 1316 N/A Dry N/A
757 8/3/2018 | 155 | Sufficlent Dry N/A
1049 | 5/6/2018 | 4:40 | Sufficlent Wet N/A

1

2

3

4

5 1089 [13/6/2018 | 5:30 | Sufficient Dry N/A
s 8
7

8

Pickup

1249 | 3/8/2018 | 1020 N/A Dry 802
1479 (26N0/2018| 7:00 N/A Dry N/A

1498 | 6/11/2018 | 16:40 N/A Dry 3
9 1508 [ 11/11/2018 | 0S0 | Sufficlent Dry 200
10 | 1509 [13/M11/2018 [ 10:07 | Sufficlent Dry N/A
n 1569 | 912/2018 | 20:30 | Sufficient Dry N/A
12 1582 (171272018 | 1210 N/A Dry 301
13 1638 [ 18/1/2019 | 15:30 N/A Dry 3
14 1652 | 23/1/2019 | 9:30 | Sufficlent Dry 2
15 1683 [10/2/2019 | 22:37 | Sufficlent Dry 201
16 1687 |[12/2/2019 | 100 N/A N/A 301
17 1693 (20/2/2019 | 9:00 N/A Dry 30
12 1710 | 8/3/2019 | &40 N/A Dry N/A
19 | 29780 ( 31/5/2019 | 8:00 N/A Moist 3
20 | 29835 | 29/8/2019 | 1710 | Sufficlent Dry 301

Total

Collision types: 301:Rear end (37%)
305: Side swipe (27%)
200: Others from opposite direction (18%)
802: Off carriageway (9%) 201: Head on (9%)

Motorcycle | 4wheeler bus

Pickup Trailer truck

6 wheeler truck

Motorcycle

Van Saloon

ole|lo|le|e|e|e|e|e|o|e|e]|e

Bus Pickup

Motorcycle Pickup

Motorcycle | Motorcycle

Pickup Pickup

Motorcycle

Motorcycle Pickup

o
1
1
1
0
1
1
o
0
1
0 Pickup Saloon
0
0
o
1
0
1
1
0

Pickup Saloon

o|lc|o|o|o|lo|e|e|e|o|le|o|e|e|e|e|o|e|e|e

Nlole|lo|lolo|™

14

Figure 20 Study section and crash data
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PC - 1446 vehihr TRl w0 _
N MC 1356 veh/hr / 1 Traffic volume:

Others - 6veh/hr KSR s \\ o 4,212 vehicles/hour
% *\//\\/ Traffic composition:
AR ; o PC:MC:others
7 o 20 o 55:44:1
/ 1nx & A 4,212 veh hou R R
:. ; £ ¥ o MC safe facllities?
Pt -

77
| pc-882veh/hr £+ 57 3
ol MC =480 veh/hr ~ g
3] -Others =42veh/hr | g

7/ J . :

10.35-10.40 AM
10.40-10.45 AM

Speed SO DLEINLESTLCE 851 percentile speeds:

(kph) LA TN o Speeds of PCs and
85t Percentile 320 280 310 27.0 MCs were slow due
Mode 290 270 295 255 to sharp curve.

50" Percentile 28.0 255 285 24.0
15t Percentile 255 23.0 255 225

Note:* speeds slow down due to sharp curve

Data collection: 25th October 2019 (10:00-11:00 a.m.)

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

>1.8 m.

Install inclusive MC Lane

4 - Install pafr:ted marking
Install flexible traffic pole and flexible traffic pole (if
or concrete barrier (if necessary) 1/ - need) to separate MC lane

il

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 24
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 85" 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).

o.casualties
de Fatal Serious Slight
964 | 24/5/2018 | 1543 N/A N/A N/A 0 0 Motorcycle
29907 | 23/7/2019 | 2330| Sufficient Dry 703 0 [ o Pickup
29908 |2912/2017 | 1300 | Sufficient Dry 400 0 0 1 Motorcycle
Total o 1 1

Saloon

Case e Time Lighting Surface u‘::‘;""" - Vehicle 1 Vehicle 2
1

2

3

Collislon types: 703: Off carrlage way and hit the fixed obJect
400: Other maneuvering crash

Cénnecting to
villages and
Phuket town

Figure 23 Study section and crash data

37




PC = 1,584 veh/hr

MC = 285 veh/hr 600
Others =111veh/hr Traffic volume:

o 4,635 vehicles/hour

3
= -
PC = 231veh/hr Z PC - 27 veh/hr = N \/ /\/\
MC = 54 veh/hr 7000 MC:z30veh/hr GISN o \/\/ Traffic composition:
Others =42veh/hr ZZWSSS Others=0veh/hr 18 _; o PC:MC:others
g’ o 78:17:5
© <4 ---- 4,6 hicles/h -——-=P
PC= F o0
MC = 426 veh/hr
Others = 78vehlhr N
85th percentile speeds:
outbound oEan g o PCs were over safe
(kph) uc rc THCHPE speed (50 kph for
- side collision).
t 50.0 X 45.0 7
///////////// ) 85 Percentile 820 740 o MCs were over safe
Mode 445 750 440 600 speed (30 kph,

50" Percentile 445 730 405 650 assumed to be the

15" Percentile 395 64.0 38.0 580 same as pedestrlan)

Data collection: 24th October 2019 (12:00-01:00 p.m.)

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

Install physical median with safe
opening and auxillary lanes
e~

Install flexible traffic pole
to separate u-turn vehicles
and through traffic

Figure 25 Prellmmary measures for nghway No. 4024 km. 2+300

38




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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Appendix A

Road safety measures included in ATRANS Safety Map
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Table A List of road safety measures (English and Thai)

Code Measures NATNS
Group A: Cost rating under $5,000 ngx n (ANass193kaENI1 150,000 119
Al |Advisory speed signs madadstheunsihanada
A2 |All-red time extension ﬂmﬁunmﬁryiymvlmm*qﬂﬁﬂmq (All -red)
A3 |Chevron alignment markers (CAMs) msdadathendanuamalés (Chevron)
A4 |Curve warning signs ndadsthedianmalds
A5 |Give Way/Stop signs mafndisthe lima/themee
A6 |Line marking improvements NILBULEUATAY
A7 |Parking bans MINNDATO
A8 |Pedestrian fencing .
A9 |Raised reflective pavement markers ma@&ﬂwm@agwﬁamlﬂa
(RRPMs)
A10 |Reinstate shoulder mseudrslnama
All [Restrict access points mssemsEendomamen
Al2 |Separation lines MIANFITUULUINTZUEATIAS
Al13 |Sight distance improvements — intersections  |nsifinlssrazaaafiviSnamauen
Al4 |Sight distance improvements — road sections |msisinlssrazsaafiviBnugisomm
Al15 |Speed limit change mMsudaiiannans
Al6 |[Traffic signals operation review manuvnumhauasdulnaTas
Al7 |Turn bans MaANIEEN
A18 |Warning signs msanesthendion
Group B: Cost rating $5,001 - $20,000 NN o (ANaF319 150,000-600,000 11)
B1 |Barrier lines MIAAEIEUATITULIN A O
B2 |Bicycle facilities — on-road mfesgUnTsianayaaasbumesmiUanaem
B3 [Clear zone widening mMIzenaalaaniy
B4 |Crash cushion/Impact attenuator maa@%qaqﬂmr&sﬁuu,mmm
B5 |Direction signs (guide signs) msGiasetheuanfienma (3hma)
B6 |Edge drop removal meaLgaLAnYNaTisTEeL
B7 |Edge lines MIAAFITUATINVE LMY
B8 |Guideposts mansethesiima
B9 |Curb extensions MITLNEVDUATY
B10 |Painted/flush median MIANGANENANULLYNE
B11 |Pedestrian refuge island MIAAFIMEANERUAUTINO L
B12 |Profile line marking nrdaeudkaTIRsILLdYY (Profile line)
B13 |Raised pedestrian crossings MIAAGIMITINLLLEN
B14 |Red-light cameras mafiadandashinuag
B15 |Remove vegetation e faudhemalsldlst
B16 |Safety barriers nARFITNALSUATE
B17 |Signal display visibility improvements mm%’mgqmmamﬁuimﬁmmmiwﬂms
B18 |Skid resistance improvements M BIRAYHYRIATIAS
B19 |Traffic signals coordination matssaudtyanolnasas
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Code

Measures

NN

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

ngX A (ANBAFI9 600,000-1,500,000 119))

C1 |Convert angle parking to parallel parking nediumssnessdsadusuaaums

C2 |Median break closure matladaerasnenas

C3 |Painted turn lanes MsdnthassRenuLYA

C4 |Pavement drainage improvements miﬁ%wa;qmmmaﬁwaqﬁqmq

C5 [Splitter islands MIGAGINIZULLNNTEUERTIAT (Splitter island)

C6 |Street lighting nmdadilnhdasaing

C7 [Traffic lane widening MSUENEANNNINTRIATIAT

C8 |Vehicle activated signs ﬂﬁ@@@%@ﬁwaLLai”aLﬁaummL%’Jme‘mfu (Activated sign)

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

g% 3 (ANaF39 1,500,000-3,000,000 11%)

D1 |Combine access points mmm;m%amiaumwﬁﬂ

D2 |Fully controlled right turn phase mata?w&qaﬁn;zym“l,wmwwséwm”mmLgmmw
Group E: Cost rating over $100,000 g% 4 (ANaa31981NNA 3,000,000 Y1)

E1 |Additional lanes for overtaking RPN AN N AN EF R R TG

E2 |Curve widening nYEnETelag

E3 |Grade separation MInaEeUNTZAL

E4 |Indented parking M3aefe AT MILLVALANIM O3S

E5 [Median retrofit msfinsanIEnaaa

E6 |Pedestrian improvements at slip lanes mm%m@qmm”q/mw”mu‘%l,mwmé‘m

E7 |Pedestrian signals mafessdiyalnaTRmsuautiNnun

E8 |Railway crossing upgrade ﬂﬁﬁuﬂ@amﬁmﬂw

E9 |Road realignment MIUSuFaumMany

E10 |Roundabouts msdasnatun

E11 |Shoulder widening and/or sealing msvene/fia bvama

E12 |Slip lane angle modification mﬂ%uﬁqu’%nmwmgm

E13 |Staggered intersection mMavhueniEai

E14 |Superelevation improvement matsulgsmsnlds

E15 |[Traffic signals mafasedtyolnaTas

E16 |Turn lanes nsrasasanasd AN
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Group A: Cost rating under $5,000

ns@adoUrguuztinndIusd msvgigaldIulWuaonniaAnio

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

A1o8uiy

AIsyenEAaEUIITWLaoNAANTY 1T uldunas
tpdouRvavsn lRuuntoneniasalduasans dvaa
AWEHSOINAISYUAIUTIVUAN1SBURILUS1ITUN 1D
wenla

Avsuiy

n1sGadolnguu:tauEd WoUvAuTRYIud
nswtasufuamuAusU1wa vl g taus:ansnawlu
N1s5an15A2IWIEIDDTUAINIAADS FoAISTESIVAY

UI0SNISSUGDY

$29a:N15a0avUdVUTNKA (Crash Reduction Factor) . .
$20a:N1520aVY2VUAIK( (Crash Reduction Factor)

- 40% . =
o « lUdwanisAnu
AWLSONaqav
c v soas =
+ 36 nlawascoddiuy dunuondado

duktoRdado + NINATEUNIUTWIS DS

« fADURNNIVIEN/FI0UU/NIOTAD

ais@iaavUrotdouniolav
A4: Curve warning signs

als@aavirodisunusniolao
A3: Chevron alignment markers (CAMs)

Aosuy
msGadoineidoun1olAv WaideulRgauansiusn

FI0KINGNIOTAY UFUAWAUEUWwaUNe asdud
G28A2WSETOSETD

Arosuy
n1saad@oldigid@autusniolA o WorikyIvg
UDVIRULUINVIAVI VKN IAsTUTAIUADWSEIASESD

Dl lame $29a:n1sa0avudvRUALK( (Crash Reduction Factor)

$29a:n15a0avUdVUEIHQ (Crash Reduction Factor) r ' . 25%
. 25%

5
A wiSsnacav
dukuoRGado + 36 Alawasdossiuo
dunuoRGado

+  0aaauudnIvlAv

+ noudionwlAv

22wt 1 contra e fo et e
‘o 1 111k Mg, Parls (e A1 aME Nafguat, ALK, SNy, 45 Sl Wiles
- Gakra i SOMNEUSON |VWAL 15, Sy NaOGEETE JGEAML Sl 3y SR

n'\SﬁOﬁOU‘IUan'\\)IU'\UHQO 120 U§UUS‘\)l5UDS'\DS
AS5: Give Way/Stop signs AG6: Line marking improvements

Aro8ue
n1SU§UU§0[§UDS105 urfauﬁu AdWFaUYDVIEU
95795 dodouadonisaouaupvuovGavd tasiTRydu

Aosuny

msGadoinelrno WoULALTREIUE TRNouR AU
U ta:saRuIWIWKINEUTURDU

Foulerga WU vAVGIUT KuasanoudoN oA
Y2100 I0KUN K32 IdUKYQ

FMouse sulunisaanwdawaiouoogauala

$29a:N15a0avUdVUEIKQ (Crash Reduction Factor) $29a:N15a0avudvRUELK( (Crash Reduction Factor)

. 25% - TWdwamisAnu

druKtoRGado drundoRdado

+ NOUYN/EIVUU/NIVIAD

+ USUNIVIYN

Menuatar

orm trarnic

Mighway Adminlstration.

a1sGaavsSonuauLlau
AB: Pedestrian fencing

AsKIUvYaasn
A7: Parking bans

A195ue Aosuy
Misfuvaasa v:dgaalanianissudiud nsa MSAQAVSIHAUALIGU WOA0RUAKASKI WAULAU
3unng nasyosaalonianisimag UdHOUavAULGU AUBIUWIKLE 1a:d01ESUTRAUIGUIIWAUUUS DR
ovonAuGUTsozMsuavifundamu (Tugnsanvaa vasaiiendn
vauv)
$2ga:n1saqavudvaUdLKe (Crash Reduction Factor) $29a:N15a0avUdVRUALK( (Crash Reduction Factor)
. 20% . 20%
duHtoRGado dhuniondado
+ USDIUNWIEN/EI0NUU/NITAD + USDNVIWATAUIGUUSUIULIN
r—— ndnoss




Group A: Cost rating under $5,000 (Continue)

ns@aaodu/Kyaaznauuay

A9: Raised reflective pavement markers (RRPMs)

Adsuy

msaadodu/kyaa:isutas Munisaadoiaidau
litRIudoanuango99s19s tasiRyuLDVlunISTUd
LanawAUKSLUANGIU

$29a:N15a0avUdVUAIKA (Crash Reduction Factor)
. 5%

dundondado
+ NVUYN/FI0nUU/NITAY

4 MBNYBLOF LIRS LI CONIDL

aisAuanwlkanio
A10: Reinstate shoulder

Aosuy

misAuaniwikanio Wunisusvaniwyavlkanio
THsousULUWIKUERIFEN1SAUALTRAIWISTHEOHSD
AUAUEUWIRUEIRNEUGovs19sIGag oUaa sty

$29a:N15a0avUdVUALK( (Crash Reduction Factor)
. 25%

dukuoRGado
+ ¥vnuu

D53 1930

+ Austroas w1 Rosd mainten: o1 5 SPOUITErs AP-12/9% AUt

5 570y, New South Wales

o~ ] .
ASYINANISLBDUAD
A11: Restrict access points

Avsuiy

msSiiansi@audo Wisaadusuadaugy aa
ToMaInaaUAIKAUEVEIUWIKUE Ia:a UG IKQUDVAULGU
9INNISYALIUWIKUERADONIINNVIEOUBU

$29a:N15a0avUdvUEIKQ (Crash Reduction Factor)
- WdwansAnu

duktondade
« ¥dovauuawkan

onasd

50
+ Austroars 2002 Lran road GRsKI gUise 1 the, th Wates
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Group A: Cost rating under $5,000 (Continue)
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A17: Turn bans
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Group B: Cost rating $5,001 - $20,000
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B1: Barrier Line marking B2: Bicycle facilities — on road
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Group B: Cost rating $5,001 - $20,000 (Continue)
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B9: Curb extensions
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B10: Painted/flush median
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B11: Pedestrian refuge island
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B12: Profile Line marking
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B15: Remove vegetation
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Group B: Cost rating $5,001 - $20,000 (Continue)
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B17: Signal display visibility improvements B18: Skid resistance improvements
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Group C: Cost rating $20,001 - $50,000
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C1: Convert angle parking to parallel parking
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C2: Median break closure
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C4: Pavement drainage improvements
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C5: Splitter islands
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C6: Street Lighting
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C7: Traffic lane widening
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Group D: Cost rating $50,001 - $100,000

ot .
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D1: Combine access points
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D2: Fully controlled right turn phase
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Group E: Cost rating over $100,000
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Group E: Cost rating over $100,000 (Continue)

AIsaadavinznatvIWwuLaY

E5: Median retrofit
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E6: Pedestrian improvements at slip lanes
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Group E: Cost rating over $100,000 (Continue)
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E14: Superelevation improvement

REE T

AsHendaviuduniasnisius:ansniw
KU=d IKSUAUUAIESDON DH ASVTWAULA=TUS LR
957195028 [ ol'SAUUAUUAIYSDVADVHYAHSDY:aD
AW laeldinnenIwKSaNISUSUILUDIEUNTY AU
(FEOWKSDINIONEN

$29a:N1sa0avUdvUAIKA (Crash Reduction Factor)

« 35% (1WUFU) NVNYNRTAUUAITSDOUSUITUIS 1S JELATRILEN]
+ 25% NOIYNATAUUEIESDVUSUIRUDSIOS 15-30% LRIEIERIT]
+ 35% NOUYNNTNUUEIISDOUSUIUDSIOS >30% L HOTeen

drundoAGado
-+ dunwagkan Adnuudogugoudo

Lenmedioss
pie

ot 5 vherw b, g 35 G1%0% A

Ao8ue

nIsUsuUsvnisgnlA vdovaIuiIsasavsu
Jomawa1auave Jud R W1AvAI8A2WIEIF0 (G819
Uaoane gk SNy S s
onlAvfigndovta:uanaiy

$29a:N1sa0avudvRUELK( (Crash Reduction Factor)
+ 10% dkSunisusuuso/unlunsonlAo

dhunuvidado
+ USDUNWIAY

wenmesrts
T airuoch 2002 (koo o ks (LR 1 U T f Yo st o AP-GABI02 Arov, Syche. et SRh Wolen
g an ermit oty X 2 v, 49500 Antrnch, b, s 481 Wil
1k, 1 P e A5, Bt P, WSO AL
B0 & Hab ik W AR £55 Parth WeEKom ALSIBIS, G 6 P10 21 LOIUNE LS.
o 5.5 51 31501 2 Haln ook W AR £56 S0 WEarn SIS

alsdaavasuaurcu(wosios
E15: Traffic signals

A1osuy
usounwieniyadaugonalonati g UaIKag
n1saad vauy WS 19sIW 9aaAdWT AU ouas

7 BT PO
AdUAUN IWUaDC

$20a:N15a0avUdVUEIKQ (Crash Reduction Factor)
- 30% - GOGVAUUTWDS S TKL
drundondado
+ USDEUNOUYN

NISNOASIVBDVVSIVSAIKSULADD
E16: Turn Lanes

Aasuw
A1Sa0AUIELYYEVNISEURIBUSIDUN1OLEN 1
1dl0gn15as10¢909519Sd IHSUSDIALINBAINE DO
n19asY 1A ol Ksni Govn1sia gaKgasala: (@ o1d
vanasie loslidowans:nudesan1oasoficuKay

$20a:n15a0avU293UGIKQ (Crash Reduction Factor)
+ 35% - ¥2095705dHEUIFLIUY @uagiuanIwidadon)
-+ 20% - 42095 WSAHSUIALEE

dhuntoAdado
= USDUNIDILNYDINUUEIUHAN/TIUSD0

wnmesrass
- AR 0% Cukl 1S S SSRGS FRCIES. BT B FISTGEIGRE SRS AR GHSS ALDSIE St e S wale
e of e o oo 2560 Pl stk el et cf i ek, ebir: o

P e B

oo . atorak. cerei
© i Prehs e Amiraia 007 M . 8 i G ure 41 7061 AR 1 W sk Wrsken AT, [
LN Rk o, TIHIE ge) Tupo, €At 0 RAT 4rm 51 2 s, Ve Fench, e 4

53




Appendix B

Benefit-Cost Analysis of safety improvement for the three hazardous locations
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1 Treatment Crash reduction®" (%) Cost (Baht)

Motorcycle lane 20-30 100,750
Guardrail and barrier 30-40 453,750
Combination 44.012 554,500

"ogden (1996), Taneerananon (2006)
2Crash reduction from the combination treatments = 1- (0.8x0.7) = 0.44 or 44.0%

D [ ooers | 4

Total no. Average no. Crash Benefit from crash
Type of Crash cost
casualt casualties casualties reduction (Baht) saving
y ({persons) (persons/years) rate (%) (Baht)
Fatal 2 0.67 44.0 7.370,000 3,242,800
Seriously injured - - 44.0 - -
Slightly injured 26 8.67 44.0 632,910 278,480
Total (Baht) 3,521,280
Given
Capital Recovery Factor =0.277410 (Interest rate =12% per year and life time =5 years)
Equivalent Uniform Annual Cost =554,500x 0277410 =153,824 Baht / year
Maintenance cost (approximately) =105,000 Baht/year
B/C 3521280 =136

® 153,824 +105,000

Note: This B/Cis approximately estimated. For implementation, a detailed analysis is needed.

Figure Al Benefit-Cost Analysis of road safety improvement for Hwy.4029 km.0+400

—K Treatment Crash reduction'” (%) Cost (Baht)
oS

Motorcycle lane 20-30 100,750
Guardrail and barrier 30-40 453,750
Combination 44.012 554,500

Mogden (1996), Taneerananon (2006)
@Crash reduction from the combination treatments = 1- (0.8x0.7) = 0.44 or 44.0%

b [ coere | 4

Total no. Average no. Crash Benefit from crash
Type of Crash cost
casualt casualties casualties reduction (Baht) saving
y (persons) (persons/years) rate (%) {Baht)
Fatal 2 Q.67 44.0 7,370,000 3,242,800
Seriously injured - - 440 - -
Slightly injured 14 8.67 44.0 340,910 150,000
Total (Baht) 3,392,800
Given
Capital Recovery Factor =0.277410 (Interest rate =12% per year and life time =5 years)
Equivalent Uniform Annual Cost =554,500x0277410 =153,824 Baht / year
Maintenance cost (approximately) =105,000 Baht/year
B/C 3392800 -13.1

: 153,824 +105,000

Note: This B/Cis approximately estimated. For implementation, a detailed analysis is needed.

Figure A2 Benefit-Cost Analysis of road safety improvement for Hwy.4029 km.1+500
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—K Treatment Crash reduction” (%) Cost (Baht)

U-turn improvement 20-30 150,000

Combination 20.02 150,000

Mogden (1996), Taneerananon (20086)
ZAssumed to use the low value as a minimum bound.

—( Total no. Average no. Crash Benefit from crash

Type of Crash cost

casualt casualties casualties reduction (Baht) saving
y ({persons) (persons/years) rate (%) (Baht)
Fatal - - - - -
Seriously injured 1 0.33 20.0 1,040,118 208,024
Slightly injured 1 0.33 200 22,672 4,535
Total (Baht) 212,559
Given
Capital Recovery Factor =0.277410 (Interest rate =12% per year and life time =5 years)
Equivalent Uniform Annual Cost =150,000x0.277410 =41,612 Baht / year
Maintenance cost (approximately) = 20,000 Baht/year
BIC 212,559 =345

" 41,612 120,000

Note: This B/Cis approximately estimated. For implementation, a detailed analysis is needed.

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