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ABSTRACT

To solve of traffic congestion and road accident problems at a large at-
grade intersection, one common method is to construct a flyover over the existing
intersection, which will increase traffic capacity in two directions on one of the main
highways. However, the flyover construction cost is relatively high (about 175 million
baht), and it cannot solve all traffic problems. This research investigated the performance
of the flyover in terms of its efficiency, benefits and improvement in road safety. The
study focused on two situations: 1) an at-grade signalized intersection improved by a
flyover and 2) existing flyovers.

The first case study compared the situation before and after to
determine the on-site data suchas vehicle delay, queue length, level of service, road
accidents and traffic signalization, and analyze the economic of this flyover construction
project. After constructed, it was found that about 37.8% of traffic diverted to it, the
time delay reduced by 34.5% over the same period, number of accidents and traffic
control found that the results like as the situation before. The economic evaluation
results show that the net present value equals 361.64 million baht, benefit cost ratio
1.34 and internal rate of return 37.58%. this project was worthy and efficient for
investment.

The second case, 5 study cases of 29 flyover - improved intersections in
Thailand (excluding in Bangkok and its vicinity) were chosen to illustrate its effects on
road safety and to highlight the issues that still exist at these locations, such as traffic
congestion at peak hours, risk and accident statistics and sub-optimol physical layouts.
The results of this case found that an average accident cost is 9.3 Million
baht/year/location, there are at least 4 zones that still risk to road accidents in the flyover
area.

In order to improve the performance of the flyover-improved
intersection, this study used the principles of Road Safety Inspection/Audit and a traffic

signal analysis software (the SIDRA program) to come up with effective recommendations.
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CHAPTER 1
INTRODUCTION

1.1 Background

Approximately 1.24 million people died every year on the world’s roads, more
than 3,000 people are killed by road traffic crashes every day or about 3 people per
minute, and another 20 to 50 million sustain non-fatal injuries as a result of road traffic
crashes. These injuries and deaths have an immeasurable impact on the families
affected and 91% of the world's fatalities on the roads occur in low-income and
middle-income countries, even though these countries have approximately half of the
world's vehicles. Without action, road traffic crashes are predicted to result in the
deaths of around 1.9 million people annually by 2020 (WHO, 2013).

Global status report on road safety in 2013 surveyed about road traffic deaths in
the world by type of road users (shown in figure 1.1), the significant differences
regarding at the risk depends on country income status; lower-income and middle-
income countries will have the pedestrians, cyclists and motorcyclists much higher

proportion than high-income countries, so the risk is also higher.

WORLD
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Figure 1.1 Road traffic deaths by type of road users in 2010
Source: World Health Organization (WHO), 2013




In the figure 1.2 shows the statistics of road traffic deaths per 100,000 populations
in 39 countries of the high-income and middle-income level in the world, and shows
the top 10 countries that are alarming in term of road traffic deaths in 2010 (WHO,
2013). The statistics is also reported that the middle-income countries are more risky
to road traffic deaths than high and low-income countries.

Usually middle-income countries are developing countries. There are growth,
demand and competition in that country, lead to variation especially change road user

behaviours.

39 countries in high & middle-income level
Sweden
United Kingdom top 10 countries of road traffic deaths
Netherlands Niue | 4 633
Switzerland Dominican Republic | 4 41.7

Norway e

ireland Thailand | d 38.1

Germany Venezuela 1 d 37.2
Denmark Iran d 34.1
Finland Nigeria d 33.7
Japan South Africa d 31.9
Spai_n Iraq d 315
Australia Guinea-Bissau d 31.2
France &
Austria Oman . ‘ T 304
Canada 0 10 20 30 40 50 60 70
Italy Source: World Health Organization (WHO), 2013
Czech Republic
Hungary
United States of America
Portugal
Poland
Turkey
Greece
Argentina
Republic of Korea
Mexico
Togo
India
China
Kenya
Uruguay
Kazakhstan
Ghana
Brazil
Mali
Iraq
South Africa
Nigeria
Iran

Country/area

0 10 20 30 40
Road traffic death per 100,00 population

Figure 1.2 Road traffic deaths per 100,000 populations in 2010
Source: World Health Organization (WHO), 2013



1.2 Southeast Asia’s Road Accidents

Southeast Asian countries have mostly middle-income level, such as Thailand,
Malaysia, Vietnam, Lao and Indonesia, these developing countries may have one
vehicle (at least is a motorcycle) per family. Almost 60% of road traffic deaths are
between 15-44 year olds or account for 59% of global road traffic deaths and about
77% occurs among men. In the table 1.1 shown the information of Southeast Asian
countries of road traffic deaths in 2010, grading on the road traffic deaths per 100,000

populations. Thailand is the top one of eleven countries in this zone.

Table 1.1 Estimated road traffic deaths per 100,000 proportions in Southeast Asia (2010)

Road traffic deaths
Country/ . -
area General Information Estimated number of| etate
. Reported road traffic deaths >tima e'
N (Countries road traffic
0. . ] GNI per Number of
In Population canita for | Income | point 95% death rate
Southeast |numbers for P X road traffic . Confidence| per 100,000
Asia) 2010 20101 | level deaths estimate Interval | population
US dollars
1 |Thailand 69,122,232 4,150 Middle 13,365 26,312 38.1
2 [Malaysia 28,401,017 7,760 Middle 6,872 7,085 25.0
3 [Vietnam. 87,848,460 1,160 Middle 11,859 21,651 24.7
4 |PDR of Lao 6,200,894 1,010 Middle 167 1,266 | 1,098-1,433 20.4
PDR of
5 |- © 1,124,355 2,730 Middle 99 219 193-244 19.5
Timor-Leste.
37,195-
6 |Indonesia 239,870,944 2,500 Middle 31,234 42,434 17.7
47,673
7 |Cambodia 14,138,255 750 Low 1,816 2,431 | 2,121-2,741 17.2
8 [Myanmar 47,963,010 - Low 2,464 7,177 |6,187-8,166 15.0
9 |Philippines. 93,260,800 2,060 Middle 6,739 8,499 9.1
5 -
102" 398920 | 31,800 | High 46 27 6.8
Darussalam.
11 |Singapore. 5,086,418 39,410 High 193 259 5.1

Source: World Health Organization (WHO), 2013

1.3 Thailand’s Road Accidents

Thailand was ranked the first of estimating road traffic death rates per 100,000
populations (38.1) in Southeast Asia in 2010. Thailand is middle income level country

over 20 years. Traffic accidents in Thailand as shown in figure 1.3 is recorded by the



Department of Highways (DOH) during 1987 to 2013. There are two peak points in 1994

and 2004, after 2004 the trend of accidents reduced to this present time but the

actuality of people’s deaths is more than 12,000 people per year.
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Figure 1.3 Road traffic accidents in Thailand since 1987 to 2013
Source: Bureau of Highways Safety, Department of Highways 2013
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Figure 1.4 Traffic accidents on highways by location, in Thailand (2006-2010)
Source: Bureau of Highways Safety, DOH, 2006-2010



Focus on the accident locations, in the figure 1.4 shown that about 65% of the
accidents occur on the straight road, 15% of curvy road and 12% on the junction road.
Although the accident at the junctions have a chance of accident about 12% of all
physical hishway locations, a chance of death is 2.75 times which is more dangerous

than other areas.

1.4 Problem statement

To solve the ftraffic problems at the at-grade intersection such as traffic
congestion, road accident and support more traffic volume. One of the methods that
was used to correct these issues is constructing a special bridge over the old junction.

Most of the flyovers in Thailand are constructed at the junctions on the bypass
highway roads near the big city. There are approx 52 flyovers in Thailand (excluding
capital region), (figure 1.5). Among various layouts, 29 flyovers are bridge cross-passes
the old at-grade intersection on the main road and under the bridge is controlled by
traffic signal - focus to study, Table 1.2 is total existing flyover intersection locations in

Thailand (recorded in 2012).

g X
1 &2
....................... 1 g
3 f a ) |
1
B X
5 6
5
] . Svmbol:
7 3
Flyover bridge
1 2 Main hightway route
B X Secondary road
? 10 2 Signalization control

g S Without controlling

Remark: The number of the flyover excluding capital region (https.//maps.g¢oogle.co.th)

Figure 1.5 Number of the flyover at junctions in Thailand (2012)



Table 1.2 Total existing flyover intersection locations in Thailand (recorded in 2012)

: Highway route number and station control Location

No Flypver Locjatlon e

(City, Province) | HW Station HW Station . ’

Latigtude
1 [Hat Yai, Songkhla 4 11,252+000-1,253+000| 43 |030+000 - 031+000 {6.9745° 100.4794°
2 |Mueang, Udon Thani | 22 |003+000 - 004+000 216 |023+000 - 024+000 |17.3870° 102.8260°
3 |Mueang, Pattalung 4 11,158+000-1,159+000| 41 |086+500 - 087+500 (7.6088° 100.0540°
4 |Mueang, Ratchaburi 4 1099+000 - 099+750 330 |[000+000 - 000+700 |13.5515° 99.8244°
5 |Bang Phae, Ratchaburi| 4 |079+500 - 080+500 325 |000+000 - 000+700 |13.7060° 99.8953°
6 |Ban Pong, Ratchaburi | 4 [067+500 - 068+500 | 3525 [068+000 - 069+000 |13.8174° 99.8914°
7 |Mueang, Suphan Buri | 340 [100+000 - 101+000 | 3195 |000+000 - 001+000 |14.5283° 100.1307°
8 [Mueang, Suphan Buri | 357 [032+000 - 033+000 | 3195 |004+000 - 005+000 |14.5375° 100.1642°
9 |Mueang, Suphan Buri | 329 |004+000 - 005+000 357 [037+000 - 038+000 |14.4619° 100.1706°

10 [Mueang, Suphan Buri | 322 [0024+500 - 0034500 | 357 |011+500 - 0124500 |14.4991° 100.0478°
11 [Mueang, Phitsanulok | 12 |224+000 - 225+000 | 126 |008+000 - 009+000 |16.8627° 100.2144°
12 |Mueang, Phitsanulok | 11 |003+000 - 004+000 | 126 |022+000 - 0234000 |16.8471° 100.3449°
13 |Mueang, Chiang Mai | 108 |005+000 - 006+000 | 1141 |001+000 - 002+000 |18.7689° 98.9773°
14 |Mueang, Rayong 36 0554000 - 0564000 | 3139 |000+750 - 0024750 |12.6839° 101.2994°
15 |Mueang, Rayong 36 |052+000 - 0534000 | 3138 |001+250 - 0024250 |12.6972° 101.2730°
16 |Mueang, Rayong 36 |043+000 - 0444000 | 3515 |003+000 - 0044000 |12.7081° 101.2373°
17 |Mueang, Rayong 36 |054+000 - 055+000 | 7001 |Bypass 36 road 12.6943° 101.2891°
18 |Mueang, Rayong 36 |048+750 - 049+250 | 4006 |Nikhom Rayong 3 [12.7047° 101.2413°
19 ;2‘5;?1? Phatthana, | 5 | 1384000 - 039+000 | 3191 |005+000 - 0064000 |12.7733° 101.1716°
20 szzg Lamung, Chon 1 5 11141000 - 1454000 | 7 [0004000 - 0014000 |12.9508° 100.9409°
21 |SiRacha, Chon Buri | 3 |128+000 - 1294000 | 7 |Maiklang road 13.0806° 100.9194°

22 |Ban Bueng, Chon Buri | 331 |066+000 - 067+000 344 1031+000 - 032+000 [13.2298° 101.2290°
23 |Ban Bueng, Chon Buri | 344 |016+000 - 017+000 | 3138 |000+000 - 001+000 |13.3036° 101.1225°
24 |Mueang, Chon Buri 3 1008+000 - 009+000 344 1001+000 - 002+000 [13.3531° 101.0048°

Mueang,
Chachoengsao

26 |Mueang, Nonthaburi | 306 {001+000 - 002+000 | 3344 |Nikhom Nonthaburi [13.8346° 100.4996°
27 |Mueang, Nonthaburi | 301 |005+000 - 006+000 306 [005+000 - 006+000 |13.8430° 100.5109°
28 |Mueang, Nonthaburi | 302 {005+000 - 006+000 306 |006+000 - 007+000 |13.8590° 100.5216°

Chok Chai, Nakhon
Ratchasima

25 304 {003+000 - 004+000 314 1000+000 - 001+000 |13.6611° 101.0944°

29 24 1052+500 - 053+500 224 1032+000 - 033+000 (14.7407° 102.1648°

The figure 1.6 show an at-grade intersection convested to the flyover
intersection by constructing the special bridge over an at-grade intersection in two
directions on one of the main road - to increase capacity of traffic flow and reduce
the traffic conjunction on these both directions and underneath of the bridge is still

used the existing traffic signalization as the situation before to control the traffic



volume. However, with an investment budget is relatively high and the original
intersection still have the same traffic problems, it only facilitates the traffic volume
in the directions of the bridge construction and the infrastructure cannot fully solve
the problems such as the traffic congestion, long delay, queue length and road
accidents covering of the flyover area, bring about to this research study which will
study to two important issues consists of an efficiency and road safety of improved

flyover intersection by comparing of both situations.

Flyover-bridge intersection

Figure 1.6 The layout of an at-grade intersection converted to a flyover intersection

In terms of efficiency; S. K. Goyal, Sangita Goel and S. M. Tamhane. (2009) “It was
found that about 35% of the total traffic is diverted to the flyover, which results in a
reduction of about 32% in the total emission generation. Travel on the flyover resulted
in as much as 60-70% saving in time, compared to the travel on the main road. The
loss of fuel for combustion and the associated cost resulting from waiting for the signal
to change are also estimated, and these are found to be significant.” Normally of
improved flyover has still been controlled by the traffic signalization under the bridge
— original at-grade intersection. In this study, the problems will have been assessed in
terms of traffic congestion, time saving, fuel saving, vehicle free flow and accident cost.

In terms of road safety; Austroads (2002) road safety audit is “a formal

examination of a future road or traffic project or an existing road, in which an



independent, qualified team reports on the project’s crash potential and safety
performance.” Road safety audits take the principles of the safe systems approach and
apply them proactively. The outcome of a road safety audit is a report that identifies
any road safety deficiencies. In this study will use the process of Road Safety Audit to
generate road safety reports at the case studies.

The case study that will study is selected and divided to two conditions. The
first is at-grade intersection converted to flyover intersection — flyover construction
project and the second is existing flyover intersections.

Then suggestions to improve to be better in both terms efficiency and road
safety such as creating a new cycle phase time of traffic signalization, follow to the
actual traffic volume, improving the physical condition to accommodate the increased

traffic and reducing the number of road accidents.

1.5 Objectives

1.5.1 To study the Road Safety aspects of a flyover
1.5.1.1 Number and severity of accidents,
1.5.1.2 Causes of accidents,
1.5.1.3 Hazardous zone,

1.5.2 To study the Efficiency of a flyover
1.5.2.1 Effects of a flyover in reducing delay to traffic flow,
1.5.2.2 Costs Benefits Analysis,

1.5.3 To assess possible improvements for existing flyovers
1.5.3.1 Identify the issues of road safety that still exist at the flyover

areas,

1.5.3.2 To recommend improvements to existing flyover intersections.

1.6 Scope of Study

The case studies - flyover intersections will be assessed during study as follows:

1.6.1 An at-grade intersection converted to a flyover intersection (flyover

construction project) - a case study is selected on highway route no.43



and highway route no. 4135 in Hat Yai District, Songkhla, Thailand (figure
1.7). This intersection will be evaluated and compared in terms of road
safety and efficiency in 3 time periods (situation before (at-grade

intersection), during construction and after (flyover intersection)).

ANUINTINYY

" «.(p\‘ |
3 @ A \

g
oA ) JEeET
) _Phoem Phun I o e
an) Thani Village / &
\’\’ Ramita [ \ '{ ) P
I )| ) s
/\5/ m‘f/\/nllage q\/' o Sl
& Thawi SAP
4 kn Lang \x ra C1 Village Village
& 2
n\n\l"““‘“‘ip,ﬁ &

Palm Spring

R e, . 1Vilage:
San,@ml{innai Intersection g R S 1 m}\
/\f/\ e @-om -

5 Phet Phailin |
. Than Thip p 4 Village '\;\,/b\
/ Villa Vilage s St

®‘
Figure 1.7 A schematic map of Hatyai city with study area marked

1.6.2 The excisting flyover intersections will be also evaluated in terms of Road
Safety and Efficiency by selecting about 20% of all flyover in Thailand,
because of time to study and budget to data collection is limited (29
flyovers - these are located in regional areas of Thailand), to study. The
figure 1.8 shows a map of Thailand with study areas marked.

1.6.3 Used the “SIDRA” processing software as an aid for designing and
evaluating, because this software can use for evaluating in of alternative
intersection designs in terms of capacity, level of service and a wide range
of performance measure, especially it can determine an appropriate time
period of phasing in traffic signal programs

1.6.4  Road Safety Audit (RSA) and Road Safety Inspection (RSI) manual are used
to audit in term of road safety in the flyover intersection areas, and

1.6.5 Used the accident statistics from 3 agencies which are Department of

Hichways, Police Station and Emergency Medical Services to analyze.
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Flyover Intersection locations

(highway route)

Highway route no.4 and route no.43 in Hat Yai
District, Songkhla, Thailand.

Highway route no.4 and route no.4l in
Mueang District, Phatthalung, Thailand
Highway route no.36 and route no.3139 in
Mueang District, Rayong, Thailand.

Highway route no.22 and route no.216 in
Mueang District, Udon Thani, Thailand.
Higshway route no.11 and route no.12 in

Mueang District, Phitsanulok, Thailand.

Figure 1.8 A map of Thailand with 5 study areas marked.

1.7 Outcomes of study

1.71
1.7.2
1.7.3
1.74

Evaluation method will be innovated for a flyover construction project,
Road safety audit results for flyover intersection,

The average accident cost of a flyover is assessed, and
Recommendation to choosing a strategy for management to improve

the flyover intersection.



CHAPTER 2
LITERATURE REVIEW

The literature review is considering in two important issues consist of road safety
and efficiency of the flyover intersection. The 2 case studies, the first case have to
study all of the process of flyover intersection construction and the second case -
there are 5 locations considers to the efficiency of the existing flyover intersections.

The related theory in this study is comprehensive data of both theoretical and
practical sections such as evaluation of flyover construction project, on-site data
collection, road safety audit, intersection types, traffic controller at intersection,

processing software and analysis data.

2.1 Intersection types

An intersection is the junction at grade (same level) of two or more roads either
meeting or crossing. An intersection may be three-way (a T junction or Y junction), four-
way (a crossroads), or have five or more arms. Busy intersections are often controlled
by traffic lichts, a roundabout and/or two - three levels. Example intersection types
shown in figure 2.1.

The selection criteria to control an intersection is depend on many factors such
as traffic volume, environment, physical area and road user behavior etc., which are
parallel variables. IHT (1997) and TRL (1994) guided that is method to choose a type
of junction based on the traffic volume, (shown in the graph-figure 2.2). But, there are
exceptions about this method is an intersection and roundabout should not use on
the motorways, and signalized intersection should not use on the rural roads except
in the special case. In other words, some intersection should be designed to the best

benefits.
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T-Intersection Y-Intersection

Cross lntersectlon (four legs) Five or more legs and not circular

Roundabout Other circular intersections (e.g.,
rotaries, neightborhood traffic circles)

Figure 2.1 Illustration of types of intersection/junction geometry

(Source: http://safety.fhwa.dot.gov/tools/data_tools/mirereport/126.cfm)
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Figure 2.2 Guideline to choose a type of junction, based on the traffic volume

(Source: (IHT. 1997), Transportation Research Laboratory (1994))
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2.1.1 At-grade Intersection
At-grade intersection is normally of the crossroad at which two or more
road directions cross at the same level (figure 2.3). Normally requires a traffic control

device such as a stop sign, traffic signs, traffic signal etc., to manage conflicting traffic.

Figure 2.3 At-grade intersection type (example)

2.1.2 Flyover Intersection
Flyover-bridge intersection is an intersection that has a special bridge
constructed over an at-grade intersection to allow for the free flow in two directions
on one of the main road - to increase capacity of traffic flow and reduce the traffic
conjunction in these both directions, and on the underneath of the bridge is still used

the existing traffic signalization to control as the situation before (figure 2.4).

Figure 2.4 Flyover intersection type
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2.1.3 Interchange

Interchange or Grade Separation is the method of aligning at the junction
to allow for the free flow in each direction of roads - to increase capacity of
traffic flow (figure 2.5). Normally don't need the traffic signal, requires a traffic
control device such as a give way, traffic signs, route signs etc., to guide to road

users.

Trumpet e

N

Paralf® -

Figure 2.5 General types of Interchange or Grade Separation junctions

(Source: https://en.wikipedia.org/wiki/Interchange (road))

2.2 Level of Service
Level of service (LOS) is a qualitative measure used to relate the quality of traffic
service. LOS is used to analyze highways by categorizing traffic flow and assigning

quality levels of traffic based on performance measure like speed, density,etc.

2.2.1 Road level of service

Highway Capacity Manual (HCM) and AASHTO Geometric Design of
Highways and Streets ("Green Book"), using letters A through F, with A being the
best and F being the worst of Level of Service (LOS) in North American highway.


https://en.wikipedia.org/wiki/Highway_Capacity_Manual
https://en.wikipedia.org/wiki/AASHTO
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A: free flow. Traffic flows at or above the posted speed limit and
motorists have complete mobility between lanes. The average spacing between
vehicles is about 550 ft(167 m) or 27 car lengths. Motorists have a high level of
physical and psychological comfort. The effects of incidents or point breakdowns
are easily absorbed. LOS A generally occurs late at night in urban areas and
frequently in rural areas.

B: reasonably free flow. LOS A speeds are maintained, maneuverability
within the traffic stream is slightly restricted. The lowest average vehicle spacing
is about 330 ft(100 m) or 16 car lengths. Motorists still have a high level of
physical and psychological comfort.

C: stable flow, at or near free flow. Ability to maneuver through lanes
is noticeably restricted and lane changes require more driver awareness.
Minimum vehicle spacing is about 220 ft(67 m) or 11 car lengths. Most
experienced drivers are comfortable, roads remain safely below but efficiently
close to capacity, and posted speed is maintained. Minor incidents may still have
no effect but localized service will have noticeable effects and traffic delays will
form behind the incident. This is the target LOS for some urban and most rural
highways.

D: approaching unstable flow. Speeds slightly decrease as traffic
volume slightly increase. Freedom to maneuver within the traffic stream is much
more limited and driver comfort levels decrease. Vehicles are spaced about
160 ft(50m) or 8 car lengths. Minor incidents are expected to create delays.
Examples are a busy shopping corridor in the middle of a weekday, or a
functional urban highway during commuting hours. It is a common goal for urban
streets during peak hours, as attaining LOS C would require prohibitive cost and
societal impact in bypass roads and lane additions.

E: unstable flow, operating at capacity. Flow becomes irregular and
speed varies rapidly because there are virtually no usable gaps to maneuver in
the traffic stream and speeds rarely reach the posted limit. Vehicle spacing is
about 6 car lengths, but speeds are still at or above 50 mi/h(80 km/h). Any

disruption to traffic flow, such as merging ramp traffic or lane changes, will create
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a shock wave affecting traffic upstream. Any incident will create serious delays.
Drivers' level of comfort become poor.[1] This is a common standard in larger
urban areas, where some roadway congestion is inevitable.

F: forced or breakdown flow. Every vehicle moves in lockstep with the
vehicle in front of it, with frequent slowing required. Travel time cannot be
predicted, with generally more demand than capacity. A road in a constant traffic
jam is at this LOS, because LOS is an average or typical service rather than a
constant state. For example, a highway might be at LOS D for the AM peak hour,
but have traffic consistent with LOS C some days, LOS E or F others, and come

to a halt once every few weeks. (https://en.wikipedia.org/wiki/Level of service)

2.2.2 Level of Service of various types

Standard Environmental Reference (SER) used of these style guides of
Level of Service (LOS) graphics for various highway facilities and are useful for
environmental documents when discussing the purpose and need for a project,

as shown in the figure 2.6. (http://www.dot.ca.gov/ser/forms.htm)
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Figure 2.6 Level of Service (LOS) of various types

(Source: http://www.dot.ca.gov/ser/forms.htm)


https://en.wikipedia.org/wiki/Level_of_service#cite_note-1
https://en.wikipedia.org/wiki/Traffic_congestion
https://en.wikipedia.org/wiki/Traffic_congestion
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Figure 2.6 Level of Service (LOS) of various types (continue)

(Source: http://www.dot.ca.gov/ser/forms.htm)
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2.3 Data collection

Traffic fundamentals are important information of an evaluation or analysis in
the study. Before making a study or project, these data must show a reality data. There
are many sources - data collections for a study such as on-site traffic data, accident
statistics and flyover construction cost.

At the intersection, there are 5 methods to checking which are intersection
turning movement count, delay count, queue length count, speed survey and traffic

signal survey (Vesper. A, (2011) and Roger P. et al., (2004)).

2.3.1 On-site data collection

One of the fundamental measures of traffic on a road system is the
volume of traffic using the road in a given interval of time. This is also called the
flow and is expressed in vehicle per hour or vehicles per day. When the traffic is
composed of a number of types of vehicles, it is a common practice to convert
the flow into the equivalent passenger car unit (PCUs), by certain equivalent
factors. The flow is then expressed as PCUs per hour or PCUs per day. This means
that the vehicle count needs to be called by considering their class & type.
Another aspect of the traffic flow is its variety. For example, the variation of traffic

flow within an hour is important for traffic signal design.

2.3.1.1 Intersection turning movement count (TMC)

All vehicle types that pass at an intersection in all directions is
collected by surveyor. Then the traffic data will be converted into the
equivalent passenger car unit (PCUs) by equivalent factors (show in Table
2.1). TMC is usually taken on the working day, during 7:00 a.m. to 7:00
p.m., and the traffic data in three time periods - peak times a day uses
to conduct the level of service (LOS). The vehicle is usually recorded as
vehicles per hour (vph), and an hour traffic is defined as the four

successive fifteen-minute period in traffic records (SIRDC., (2011)).



19

Table 2.1 Equivalent factor to passenger car unit (PCUs) (outside city factor)

picture | types |factors| picture | types |factors | picture | types |factors
) Bicycle 0.25 Mini bus 1.25 Medium truck | 2.00
@% Motorcycle 0.50 Medium bus | 2.00 Havey truck 3.00
|| PC<Tpeople | 1.00 Bus 3.00 T | > 10-wheel 3.00
e |PCTpeople | 1.25 Mini truck 1.50 | traiter truck 13 00
(Source: adapt from SIRDC., (2011))

2.3.1.2 Delay count (DL)

Delay at an intersection is conducted to evaluate the
performance of the system such as traffic control devices (signals). The
delay is normally measured in terms of minutes or seconds per vehicle.
A minute traffic is defined as the four successive fifteen-seconds period
in traffic records, usually of this recorded depending on the cycle length
of the traffic signal. The delay data is usually taken with intersection
turning movement count on the working day — during 7:00 a.m. to 7:00
p.m. by recording all passenger car units (identify) when stopped in the
red cycle phase of signal control in all lanes and directions of intersection,
and the delay data in three time periods — peak times a day uses to

conduct the level of service (LOS) (SIRDC., (2011)).

2.3.1.3  Queue length count (QL)

Queue length (QL) is conducted to evaluate the performance of
the system such as traffic control devices (signals) like the delay survey
method. The queue length data is usually taken with intersection turning
movement count on the working day — during 7:00 a.m. to 7:00 p.m. by
recording all passenger car units (identify) when stopped in the red cycle
phase of signal control on the most vehicle stopped lane in each

direction of intersection (SIRDC., (2011)).
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2.3.1.4 Traffic signal (cycle phase time)

On-site survey of cycle time of traffic signal control is very
important data used to evaluation. This data must survey covering one
day, because it related with turning traffic movements at intersection.

In Thailand, traffic signalization that controlled by the fixed-time
model is normally used to control the traffic volume because of very
easy to operate and affordable. Some critical intersection uses a loop
detector aiding to control.

All road directions are surveyed a green cycle time, yellow phase
time, red phase time and all red, furthermore has to record other
significant data such as signal programs, direction controls and time of

operation (SIRDC., (2011)).

2.3.1.5 Vehicle speed

Roger P. et al,, 2004 (p.204-221) concluded the method to
measure the vehicle speeds by using the radar gun to check, this method
is called the spot speed measure. Speed of vehicles are checked about
30 to 50 of each vehicle type (i.e., passenger car, heavy truck and
motorcycle) of each point, then calculate the “middle speed” and “85

percentages” to analyze (figure 2.7 is shown an example guideline).
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Figure 2.7 Example table and graph to find the speeds
Source: Roger P. Roess et al, (2004) traffic engineer 3th, p208-2011
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Department of Highways (DOH), Police recorded and Emergency Medical

Service (EMS) are the three sectors in Thailand that collected these road

accidents statistics.

DOH recorded the accident statistics on only highways, the data that

collected rather cover in the accident information, especially shown point of

accident and collision diagrams at accident location, for example from website :

http://haims.doh.go.th (figure 2.8).
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Figure 2.8 Example DOH accident statistics recorded

Source: Department of Highways (DOH), website : http://haims.doh.go.th
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Police recorded only the crash that informed to the police daily record
by writing as same as the report, show only the document words. If the accident

is nobody injury or inform, the data will not be recorded (example recorded as

shown in figure 2.9).

Figure 2.9 Example Police accident statistics recorded

Source: Hatyai Police station, Songkla, Thailand

Emergency Medical Services (EMS) recorded all of the real accidents that
people call to 1669 (Emergency Ambulance Hotline for Thailand is 1669). In
accident form shown important data which are time of accidents, location -
point of accidents and number of casualties. The data covers all of accidents
occurred (big and small accident cases), an example recorded as shown in figure

2.10.
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T pidnduingin Te0-2226-4444

Figure 2.10 Example EMS accident statistics recorded

Source: Hatyai EMS section, Songkla, Thailand

2.3.3 Flyover construction cost

Normally, each of the flyover project is evaluated or studied by and
constructed the Department of Highways. The construction cost, it depends on
the physical location. DOH set the mean price of the flyover construction project

is about 70,000 Baht (2168.4 USD) per square meter (DOH., (2009)).

2.4  Flyover construction project
DOH., (2007) studied flyover construction project at Wiang Sa intersection
(highway route no.41 and highway route no.4009), in the final report there are 10
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chapters, the important data consist of; 1) problem statement, 2) objectives, 3) physical
conditions, 4) Survey and analysis of fundamental data in term of engineering such as
survey and prediction of traffic volume, 5) choosing flyover style, 6) Detail design, 7)
Hydrology and drainage, 8) Flyover structure design, 9) Road surface design, 10)
Construction  costs calculation, 11) Management during construction, 12)

Environmental operations, 13) Public relations and participation.

DOH., (2012) constructed a flyover intersection construction at the Sanambin Nai
intersection (highway route no. 43 and highway route no. 4135) near Hat Yai city,
Songkhla, Thailand. The construction cost is 249.59 million baht (7.75 million USD.), in
the objectives to reduce traffic congestion at the intersection, develop the economy
in the southern region area and increase traffic capacity in this intersection. This project

did not make project evaluation befor construction.

2.5 Project evaluation

Pantida et al., (2011) studied the research in the topic “cost-benefit analysis of
Sanpatong-Hangdong (phase 1) bypass project, Chiangmai”. The objective of the study
were to analyze cost, benefit and economic value analysis of Sanpatong - Hangdong
(phase 1) bypass project, Chiangmai. Primary data were collected through traffic and
speed survey between Sanpatong - Hangdong (phase 1) bypass project and Highway
No.108, Secondary data were collected from related documents. Net Present Value
(NPV), Benefit-Cost Ratio (B/C ratio) and internal rate of Return (IRR) were used to
analyze cost, benefit and economic value of project. From the analysis, the present
value of vehicle operating cost saving was 52.59 million baht, the present value of
time saving was 234.0 million baht, the present value of benefit was 286.59 million
baht and the present value of cost was 132.65 million baht. The NPV was 153.94
million baht, B/C ratio was 2.16 and IRR was 25.2%. The conclusion is that the project
was worthy and efficient for investment.

Nicholas J. Garber, Lester A. Hoel,, 2001 (p.571-591) wrote this topic in the
textbook: The objective of an evaluation is to furnish the appropriate information
about the outcome of each alternative so that a selection can be made. An essential

input in the process is to know what information will be important in marking a project
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selection, evaluation can also be made after a project is completed to determine if
the outcome for the project are as had been anticipated.

The criteria selection is a basic element of the evaluation process because the
measure used become the basis on which each project is compared. Thus, it is
important that the criteria be related as closely as possible to the stated objective. A
transportation project is intended to accomplish one or more goals and objective,
which are made operational and criteria. The numerical or relative results for each
criteria are called measures of effectiveness. Some examples of criteria used in

transportation evaluation are listed in table 2.2.

Table 2.2 Criteria for evaluating transportation alternatives

e (Capital Costs
- Construction
- Left of way
- Vehicles
e Maintenance Costs
e Facility Operating Costs
- Total hours and cost of system travel
- Average door-to-door speed
- Distribution of door-to-door speed
e Vehicle Operating Costs
e Accident Costs

Source: Nicholas J. Garber, Lester A. Hoel., 2001 (p.574)

2.5.1 Economic analysis

An economic evaluation of a transportation project is completed using
one of the following methods: present value (PV), net present value (NPV), the
equivalent uniform annual cost (EUAC), benefit-cost ratio (BCR), or internal rate
of ratio (IRR). The reason for selecting one over the other is preference for how
the results will be presented. Since transportation projects are usually built to
serve traffic over the long period of time, it is necessary to consider the time-

dependent value of money over the life of a project.
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1) Present value (PV) is the most straightforward of the methods, since
it represents the current value of all the costs that will be incurred over the
lifetime of the project is shown at Eq 2.1 below.

Cn
1+

PV =YN_, (2.1)

Where
C,,= facility and user costs incurred in year n
N = service life of the facility (in years)
[ = rate of interest

2) Net Present Value (NPV) is the present value of a given cash flow
that has both receipts and disbursements. The use of an interest rate in an
economic evaluation is common practice because it represents the cost of
capital. Money spent on a transportation project is no longer available for other
investments, a minimal value of interest rate is the rate that would have been
earned if the money were invested elsewhere.

For example, if $1,000 were deposited in a bank at 8 percent interest, its
value in 5 years would be 1,000(1+0.08)=51469.33. Discount rates can be higher
or lower, depending on risk of investment and economic conditions.

It is helpful to use a cash flow diagram to depict the costs and revenues
that will occur over the lifetime of a project. Time is plotted as the horizontal
axis and money as the vertical axis, illustrated in figure 2.11. We can calculate
the NPV of the project, which is shown at Eq 2.2 below.

_©N Rp S ©N MptOn+Un
NPV_Zn=0(1+i)"+(1+i)" Xn=o a+Hn Co (2.2)

Where ;

C, = initial construction cost

a specific year
M,
0)

n

maintenance cost in year n

operation cost in year n

n

U, = user costs in year n
S = salvage value

R,= revenues inyearn

N = service life, years
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Figure 2.11 Typical cash flow diagram for a transportation alternative and
equivalence as net present worth of annual cost

Source: Nicholas J. Garber, Lester A. Hoel., 2001 (p.581)

3) Equivalent uniform annual value (EUAV) is a conversion of a given
cash flow to a series of equal annual amounts. If the amounts are considered to

occur at the end of the interest period, then the formula is shown at Eq 2.3

below.
i(+iN .
EUAV = NPV [ e 1] NPV(A/P —i — N) (2.3)
Similarly,
NPV = EUAV [(1:1‘) o | = Evav(p/a-1-N) (2.)
Where

EUAV = equivalent uniform annual value

NPV = net present value
[ = rate of interest, expressed as a decimal

N = number of years

Formula solutions for values of i and N that convert a monetary value
from a future to a present time period (P/F - i - N) and from a present time
period to equal end-of-period payments (A/P — i — N) are tabulated in textbooks
on engineering economics. Table 2.3 lists values of single-payment present worth
factors (P/F) and capital recovery factors (A/P) for a selected range of interest

rates and time periods.
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Table 2.3 Present value and capital recovery factors

i=3 i=5 =10 =15
N (PP/F) (A/r) (P/F) (A/P) (P/F) (A/P) (P/F) (A1)
1 0.9709 1.0300 0.9524 1.0500 09091 1.1000 0.8696 1.1500
2 0.9426 0.5226 0.9070 0.5378  0.82064 (1.5762 0.7561 0.6151
3 0.9151 0.3535 (.8638 03672 07513 (14021 0.6575 04380
4 0.8885 0.2690 0.8227 0.2820  0.6830 0.3155 0.5718 0.3503
5 0.8626 0.2184 0.7835 0.2310  0.6209 0.2638 0.4972 0.2983
10 07414 0.1172 0.6139 0.1295 03855 0.1627 0.2472 0.1993
15 (L6419 (.0838 0.4810 0.0963 0.2394 0.1315 0.1229 0.1710
20 0.5537 0.0672 0.3769 (L0502 0.1486 0.1175 0.0611 0.1598
25 0.4776 0.0574 (0.2953 0.0710  0.0923 O.1102 0.0304 0.1547
30 0.4120 0.0510 0.2314 0.0631 (L0573 0. 1061 0.0151 0.1523
35 0.3554 0.0465 0.1813 0.0611 0.0356 0.1037 0.0075 0.1511
H) 0.3066 0.0433 0.1420 0.0583  0.0221 0.1023 0.0037 0.1506
45 0.2644 0.0408 0.1113 0.0563 0.0137 01014 0.0019 0.1503
50 0.2281 0.0389 0.0872 0.0548  0.0085 0.1009 0.0004 0.1501

Source: Nicholas J. Garber, Lester A. Hoel., 2001 (p.583)

4) The benefit-cost ratio (BCR) is a ratio of the present value of net
project benefits and net project costs. This method is used in situations where it
is desired to show the extent to which an investment in a transportation project
will result in a benefit to the investor. To do that, it is necessary to make project
comparisons to determine how the added investment compares with the added

benefits. The formula for BCR is shown at Eq 2.5 below.

B
2/1 (2.5)

BCRz = Ca/1

Where

B, /1= reduction in user and operation costs between higher cost
alternative 2 and lower cost alternative 1, expressed as PV or
EUAV

C,/1= increase in facility costs, expressed as PV or EUAV

If the BCR is 1 or greater, then the higher cost alternative is economically

attractive. If the BCR is less than 1, this alternative is discarded.

5) The internal rate-of-ratio (IRR) method determines the interest at
which the PV of reduction in user and operation costs B,,; equals the PV of
increases in facility costs Cy 4. If the IRR exceeds the interest rate (referred to as

the minimum attractive rate of return), the higher cost project is retained. If the
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IRR is less than the interest rate, the higher priced project is eliminated. The

procedure for comparison is similar to that used in the BCR method.

2.5.2 Road user cost

The cost of a transportation facility improvement includes two
components: first cost and continuing costs. The first cost for a highway or
transport project may include engineering design, right of way, and construction,
continuing costs include maintenance, operation, and administration. Three
commonly used measures of user costs are included in a transportation project
evaluation: Costs for vehicle operation, travel time costs, and costs of accidents.
These costs are sometimes referred to as benefits, the implication being that the
improvements to a transportation facility will reduce the cost for the users-that
is, lower the perceived price, and result in a user benefit. The interactions
between road user costs and highway geometric and operational factors are

illustrated in figure 2.12.

1) Vehicle Operating Costs (VOC) : User costs for motor vehicle
operation are significant items in a highway project evaluation. For example, a
road improvement that eliminates grades, curves, and traffic signals as well as

shortening the route can result in major cost reductions to the motorist.

Road User Costs

Highway and Traffic l

factors 5] Motor vehicle Vehicle factors
Distance running cost Fuel
Vertical grades ' Engine oil
Horizontal curvature [ | Traffic accident Tires
Roadway surface cost Maintenance
Speed limit — I Depreciation
Traffic control Value of travel
Devices —> time Driver behavior

Figure 2.12 Road user cost factors

Source: Highway Engineering Economy, U.S. Department of Transportation,
Federal Highway Administration, April 1983, p.28.
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2) Vehicle Operating Costs (VOC) : User costs for motor vehicle
operation are significant items in a hishway project evaluation. For example, a
road improvement that eliminates grades, curves, and traffic signals as well as

shortening the route can result in major cost reductions to the motorist.

3) Value of Time (VOT) : One of the most important reasons for making
transportation improvements is to increase speed or to reduce travel delay. In
the world of trade and commerce, time is equivalent to money. The method of
handing travel time savings in an economic analysis has stirred considerable
debate, how should these be converted to dollar amounts, such as time savings
for a tracking firm can be translated directly into savings in labor cost by using
an hourly rate for labor and equipment. The value of time saved also depends
on the length of trip and family income.

For example, if a highway project that will carry an average daily
traffic (ADT) of 50,000 autos saves only 2 minutes per traveler, and the value of
time for the average motorist is estimated conservatively at $5.00/hour, the total
minimum annual savings is 50,000%(2/60)* 365*5=5$3,041,667. At 10 percent
interest, these savings could justify spending a total of almost $26 million for a
20-year project life.

4) Accident Costs : Loss if life, injury, and property damage incurred in
a transportation accident are a continuing national concern. Reflection the
economic cost of accidents requires both an estimate of the number and type
of accidents that are likely to occur over the life of the facility and an estimate
of the value of each occurrence. Property damage and injury-related accidents
can be valued using insurance data. There is no simple numerical answer to the
question, “What is the value of human life or the cost of an accident” although
everyone would agree that economic value does exist. Published data vary
widely, and the most prudent course, if an economic value is desired, is to select

a value that appears most appropriate for the given situation.

There is no simple numerical answer to the question; “What is the value
of human life or the cost of an accident”. Although everyone would agree that

economic value does exist, the cost of road accident is different data.
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DOH., 2012 created a new mean cost per accident for various severities
in Thailand (table 2.4) by dividing into three groups which are covered in
Thailand, In Bangkok province and other provinces group. These data (in the
table) shown the severities of each case per unit such as one accident in Bangkok
area is killed one person, so, that person is value by average about 10.561 -
12.413 million baht.

RIPCORD-ISEREST, (2005) used the equation (2.6) to find the annual
average accident cost ($/year). This equation is a relationship with the mean cost

per accident for various severities in table 2.4.

_ (A(F)xMCA(F)) +(A(DL)XMCA(DL))+(A(SDXMCA(SI)) +(A(SL)XMCA(SL)) + (A(PDO)xMCA(PDO)) 2.6)
; .

Where
A :number of accidents (acci),
MCA : the mean cost per accident ($/acci) as shown in table 2.4, and

t  :is the period of time under review (year).

Table 2.4 Mean cost per accident for various severities

Thailand Bangkok Other Provinces
Severity
(Million Baht) | (Million Baht) | (Million Baht)
Fatality (F) 5.062 - 5956 | 10.561-12.413 | 4.757 - 5599
Disability (DU) 5.114-6.910 | 11.611-13.934 | 5.608 - 6.729
Serious Injury (SI) 0.158 - 0.164 0.328 - 0.337 0.148 - 0.155
Slight Injury (SL) 0.0386 - 0.0389 | 0.1731 - 0.1733 | 0.0297 - 0.0298
Property Damage Only (PDO) 0.052 0.164 0.039

Source: Department of Highway, Thailand (2012)

2.6 Road Safety

2.6.1 Road Safety Audit

2.6.1.1 Definitions

A Road Safety Audit (RSA) is defined as “the formal safety

performance examination of an existing or future road or intersection by
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an independent, multidisciplinary team. It is qualitatively estimated and

reports on potential road safety issues and identifies opportunities for

improvements in safety for all road users” (Taneerananon P. et al., 2009,

FHWA., 2009), the definitions of the RSA shown in the table 2.5.

Table 2.5 Definitions of road safety audit/inspection

Sources/ Country

The definition of the Road Safety Audit/Inspection

FHWA Office of
Safety

RSA is a formal safety performance examination of an existing

or future road or intersection by an independent audit team.

IHT, (2002)

RSA is the method used to evaluate potential for accidents
and safety in the use of construction new road projects,

improve and maintain the existing road projects.

Andreas Vesper,
(2011)

“Road Safety Audit” means an independent detailed
systematic and technical safety check relating to the design
characteristics of a road infrastructure project. And covering all

stages from planning to early operation.

Belcher and
Proctor, (1900)

Road Safety Inspection means an ordinary periodical
verification of the characteristics and defects that require

maintenance work for reasons of safety.

Austroads, (2002)

Road Safety Audit is examining the formal aspects of road
traffic in the future or existing road by a qualified independent
auditor. Who will report the potential for accidents and safety

deficiency of a project or existing road.

26.1.2

Road Safety Principles

Before the traffic accident, this principle is used for protecting

the road users “Prevention is better than cure”, “Drive, Ride, Walk in

Safety”. Various stages of the project to make safety audits, The auditors

can manage road safety audit in any period of times under a project (table

2.6) as follows; 1) Strategic Stage, 2) Conceptual Design Stage, 3) Detailed

Design Stage, 4) During Construction Stage, 5) Pre-Opening to Traffic, and

6) Existing Roads.
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Table 2.6 The description of each type of road safety audit

. Type of
Project . L.
road safety Project stage description
phase .
audit
Conducted at the completion of the strategic design stage of
Strategic | the project life cycle. The strategic design stage is where
design broad options for a proposed project are determined. Also
know as the feasibility stage.
Conducted at the completion of the concept design stage of
Pre- Concept | the life cycle. The concept stage is where options are
construction design examined for a proposed project and a preferred option is
selected. Also known as the preliminary design stage.
Conducted at the completion of the detailed design stage of
Detailed the project life cycle. The detail design stage is where a
design design is completed in sufficient detail to commence
construction.
Conducted at the commencement of each stage of the
roadworks where changes affect traffic operations, traffic
travel path characteristics, or traffic roadside characteristics
Roadworks
during the construction stage of the project life cycle. This
may be a one-off. Also known as road work traffic scheme
Construction
stage.
Conducted immediately after the completion of
. construction of the entire project works or the construction
Pre-opening
of a roadworks stage and where possible prior to the road/
path being used by traffic.
Conducted on an existing road, path or road network some
time after the completion of the construction of road
infrastructure works. It is typically conducted once road user
- Finalization | patterns have settled following the works, or immediately
ost-
. prior to the change over of ownership or responsibility in
construction
regard to the assets of network operations following the
works. Also knows as post opening stage.
Existing Conducted on an existing road, path or road network where
road no recent construction works were undertaken.

Source: RTA/Pub No.11.291, website, http://www.rta.nsw.gov.au/roadsafety/

downloads/part 1 road safety audit.pdf
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2.6.1.3 The advantages of road safety audit;
- To ensure of new construction roads is safe,
- The existing road network have safety,
- Toreduce the risk and severity of accidents may be occurring,
- To use for reducing the cost of the construction project, and
- To promote for considering of safety of all stages of the
projects which are the planning, design, construction and

maintenance stages.

2.6.2 Black Spot
2.6.2.1 Definition
Black Spot (BS) is the hazardous road location; Areas where
accidents occur frequently. Sometimes called “Black spot”, the
definitions of Black Spot as shown in table 2.7.
Table 2.7 Definition of the Black Spot
Sources/
The definition of the hazard (Black Spot).
Country

OECD, (1976)

At high risk of an accident. It is a position that can be easily called the
Black (Black Spot), or a road called the Black Road (Black Sites) or the

area known as the black (Black Areas).

The 300 meter long road. There is more than five times the number of

Portugal
accidents.
Norway The length of 100 meters. Of the injury or death of more than 4 people.
Areas where accidents often occur repeatedly at the same location. It
Austroads, may be a direct route to the curve or bridge, etc. However, the area has
(1997) a high chance of an accident. (Without a history of frequent accidents)
may be considered a dangerous area.
Belgium Accidents where there are more than 3 times in 3 years.
The 300 meter long road. A similar incident occurred five times a year.
Germany
The accident occurred at the same place three times a year.
USA The 300 meter long road. A place where the accident happened in the

past three years more than 12 times.

Source: European Union Road (2002); OTP, (2004)
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Department of Highways Ministry of Transport Thailand., (2002)
was defined the black spot at the junction and road location as shown in

table 2.8.

Table 2.8 Identify of hazardous road location

Junction type No. of accidents to be Black Spot (BS)
3 legs > 5 times
Junction area 4 legs > 6 times
5 legs > 4 times
Other Junction > 5 times

Note : The area covers a distance of 100 meters downstream of the junction.

Location/Road Black Spot (BS)
Straight > 4 times
Area
U-Turn > 3 times
Bridge > 4 times

Note : Around curves, regardless of the distance from the bend and bend each side

50 meters. Each side of the bridge is 15 meters.

Source: DOH., (2002)

2.6.3 Identify road locations

To ensure that safety objectives are met, a distinction must be made
between: (1) locations which are hazardous as identified based on accident
experiences, and (2) locations and elements that are potentially hazardous due
to their geometrics or physical features. A location can be identified as hazardous
by the occurrence of an abnormal number, rate, or severity of accidents over a

given period of time.
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SIRDC,, (2011) : Why need to identify and prioritizing hazardous locations:
An important factor is the “budget” that can be applied to remediation projects
in any given year. Ranking systems are important, as they can help setting
priorities. Priorities are necessary whenever funding is insufficient to addressed
all locations identified as needs for investigation and remediation. The method
of identifying hazardous locations are 1) Accident Frequency Method, 2) Accident
Rate Method, 3) Rate Quality Control Method, 4) Accident Severity Method, and
5) Combination Method.

Three example methods for analyzing the hazardousness of locations

include the following :

2.6.3.1 Spot map method

The simplest method for identifying hazardous locations is to
examine an accident spot map. The map will show the spots or segments
having the greatest numbers of accidents. This is an effective way to get

a picture of the accident clusters in small areas.

2.6.3.2 Accident frequency method

The frequency method ranks locations by the number of
accidents. The location with the highest number of accidents is ranked
first, followed by the location with the second highest number of
accidents, and so on. This method does not take into account the
differing amounts of traffic at each location. Therefore, the frequency
method tends to rank high volume locations as highaccident locations,
even if those locations have a relatively low number of accidents for the
traffic volume. Many agencies use the frequency method to select a
group of high-accident locations, and then use some other method to

rank the locations in order of priority.

2.6.3.3 Accident rate method
The accident rate method compares the number of accidents at

a location with the number of vehicles or vehicle miles of travel at a
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location. This comparison results in an accident rate. The rate is stated in
terms of “accidents per million vehicles” for intersections (and other
spots), and “accidents per million vehicle-miles of travel” for segments.

The locations are then ranked in descending order by accident rate.

1) Spot Accident Rate
The equation for computing accident rate for a spot location

is as shown at Eq 2.7 follows:

Rsp = (A) (1,000,000)/ADT (365)(Yrs) (2.7)

Where:
Rsp = Accident rate at a spot in accidents per million vehicles,
A = Number of accidents for the study period,
Yrs = Period of study (years or fraction of years),
ADT = Average Annual Daily Traffic (AADT) during the study
period. For intersections, the sum of the entering

volumes on all approach legs.

A spot location is generally defined as a location about 0.3 miles
or less in length. For driveways, the spot length should be equal to the
stopping sight distance upstream and downstream of the location. A
driveway with a low entering volume and low accident experience can

achieve a relatively high accident rate.

2) Section Accident Rate
For roadway sections, length becomes a consideration.

Equation 2.8 is used to calculation:
Rse = (A) (1,000,000) / ADT (365) (MI) (Yrs) (2.8)

Where:
R = Accident rate of the section in accidents per million

vehicle miles of travel,



38

Yrs = Period of study (years or fraction of years),

MI = Length of the section (in miles). Roadway segments of
less than 0.3 miles should not be considered as
sections.

ADT = Average Annual Daily Traffic (AADT) during the study
period.

Since this method takes the location’s traffic “exposure” into
account, it is less likely to unfairly favor high-volume locations than the
accident frequency method. On the other hand, it tends to unjustly favor
low-volume locations with relatively few accidents.

An accident rate of between 2 to 3 accidents per million vehicle
miles (MVM) is considered by some states to be an average rate on rural
two-lane roads (excluding intersections). However, a 1-mile section with
a traffic volume of only 300 vehicles per day, and only one accident per
year would have an accident rate of 9.1 accidents per million vehicle
miles (MVM), which would be more than three times higher than an
average rate, even though only one accident has occurred. Thus, the
simple accident rate method can give misleading results for low-volume

locations.

2.6.4 Conflict points

Conflicts points are commonly used to explain the accident potential of
a roadway. Access management strategies are typically designed to reduce the
number and density of conflict points.

A conflict point is the point at which a highway user crossing, merging
with, or diverging from a road or driveway conflicts with another highway user
using the same road or driveway. It is any point where the paths of two through
or turning vehicles diverge, merge, or cross (figure 2.13).

Conflict points are associated with increased levels of roadway accidents.

A motorist can safely negotiate only so many conflict points within a given area.
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Studies have shown that when driveway access to arterial roadways is granted
to too many property owners without considering future traffic volumes and
roadway classifications, the extra driveways increase the rate of accidents and
decrease the efficiency of the roadway. Although this does not appear to be a
simple, direct relationship, reducing conflict points has been shown to
significantly reduce the accident rate at case study locations (T. J. Simodynes,
The Effects of Reducing Conflict Points On Reducing Accident Rates, October
(1998)).

Other safety-related factors include the type of conflict points that are
reduced—different types of conflict points have different propensities for
accidents. Studies of hundreds of crashes at more than 1,300 driveways in three
different communities in Ilinois found that left-turning vehicles (exiting and
entering) are involved in the majority of drivewayrelated crashes (Paul Box and

Associates, (1998)).

J Crmssing
. Turning

Intersection Conflicts:
Full vs. Partial Access

',:—_'“ Merge / Diverge

L 4

- - ) .‘// K_i__q_ —

¥ A ¥ A ¥
Full Access T Full Access+ 3/4 Access T

f 4

. Typical
// \ Number of Conflicts Crash Rate
Merge/

[ Crossing &Turning “:Diverge Toil

/ FullAccess T | () 3 8 9 11-36]
FullAccess | 4 12 16 32 1

+ + 34 Access + 0 2 8 10 4@

Right In/Out=<{ Rightin/out 4| 0 0 | 4 | 4 | )@

Figure 2.13 Conflict points of each at-grade junction type
Source : SIRDC,, (2011), OTP., (2011)
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2.6.5 Collision diagrams

Collision diagrams are used to display and identify similar accident
patterns. They provide information on the type and number of accidents;
including conditions such as time of day, day of week, climatic conditions,
pavement conditions, and other information critical to determining the causes
of safety problems.

Accident reports should be organized by year of occurrence and accident
type for the analysis period. Accidents that occurred after significant changes in
higshway or local land use should not be included.

Symbols representing the nature of operation, vehicle or object involved
and severity of the accident are adopted. Symbols to represent types of
collisions diagrams are also standardized. These are shown in the example
collision diagram in figure 2.14, which are shown the picture (road user

movements, coads and descrition of accidents (DOH., (2013))

Hit pedestrian from near side Bear and fin dhe e lane

Rear end during left turn
|| woi| approach

01
Through hits through traffic from adjacent é-___'_}
02

Right turn hits through traffic from adjacent ——
'—'

' r‘ Side swipe in parallel lane
' w2 | approach w0

Through hits right turn through traffic from

* 0 b Other maneuvering accidents
t adjacent approach
v 1o (6]
) |
Through hits left turn through traffic from
’-——/1 ‘Lﬂ = Hit with vehicle leaving the parking
E e | adjacent approach — and
Right turn hits left turn through traffic from ~—
'—-—-f’ Out of control during overtaking
s .| adjacent approach . .
) 1 Hit by overtaking vehicle during going
g Through hits U-turn traffic ~ straight
207 W

Figure 2.14 Example of collision diagrams and descriptions

Source : Adapted from DOH., (2013)
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2.7 Intersection Traffic control
National Transportation Operations Coalition (NTOC) studied and gave the

descriptions about traffic signal.

1) Purpose of traffic signals
Traffic signals manage the right of way at signalized intersections to provide
for the safe and efficient movement of vehicles and pedestrians. Traffic engineers and
technicians develop and implement signal timing at each intersection to distribute
green time amongst the competing traffic flows to provide for efficient operations

(figure 2.15).

2) Signal timing
Traffic signals are timed with two goals in mind: 1) to make the traffic system
as safe as possible for all users; and 2) to improve traffic flow. Each traffic signal
controller is programmed with different timing settings, depending on time of day
(morning or afternoon rush hour) or according to what is happening at the intersection

at that moment.

There are three basic types of signal timing:
- Fixed time
- Actuated

- Coordinated

Fixed time: Fixed-time signal control uses preset time intervals that are the
same every time the signal cycles, regardless of changes in traffic volumes. They give
the most green time to the heaviest traffic movement based on historical information.
Some fixed-time systems use different preset time intervals for morning rush hour,

evening rush hour, and other busy times.

Actuated: An actuated signal controller is able to change the amount of green
time for each cycle, based on information from the detectors. Actuated signals are
best where traffic volumes fluctuate considerably during the day, when interruptions
to major-street traffic flow must be minimized, or when there is very light side-street

traffic.
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Coordinated: In addition to timing an individual traffic signal, some signals are
timed as a coordinated network. The goal of signal coordination is to help traffic flow
through a series of signals at a predetermined speed to minimize or avoid stops. In
other words, the signal at an intersection turns green just as you arrive. This isn’t always
possible because of the need to provide smooth flow in two or more directions. This
is why traffic engineers use computer programs to determine the best compromise

among all the competing directions of traffic.

Display

Controller

Detector

Figure 2.15 Traffic signal control provided for efficient operations

Source : http://library.ite.org/pub/e2654cc1-2354-d714-511b-4cad3fe7c68a

2.8 Processing Software
2.8.1 Signalized (and unsignalized) Intersection Design and Research Aid
(SIDRA)

SIDRA was developed by Rahmi Akcelik during 1975-1979 for designing an
intersection. Sidra Intersection is a micro-analytical traffic evaluation tool that
employs lane-by-lane and vehicle drive cycle models. It can be used to compare
alternative treatments of individual intersections and networks of intersections
involving  signalised  intersections  (fixed-time/pretimed and actuated),
roundabouts (unsignalised), roundabouts with metering signals, fully signalised
roundabouts, two-way stop and give-way (yield) sign control, all-way (4-way and

3-way) stop sign control, merging, single-point urban interchanges, traditional
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diamond and diverging diamond interchanges, basic freeway segments, signalised

and unsignalised midblock crossings for pedestrians, and merging analysis.

In 2012, the latest versions of the software were in use by over 1350
organizations with more than 8300 licences in 70 countries such as USA, Australia,
South Africa, Canada, New Zealand, Malaysia, Singapore, Arabian Peninsula, as

well as over 140 organizations in Europe.

It is a program designed for detailed modelling of delay and travel time
components as well as operating cost, fuel consumption and emission
estimation. It uses advanced models and methods, including lane-by-lane
analysis (rather than analysis by lane groups in the HCM), modelling of shortlanes,

detailed modelling of average and percentile queue lengths.

The program was improverd more than 30 years or 15 versions. This
research studied during 2011 — 2014, this analysis used SIDRA INTERSECERTION
5.1 to data processing. The operation of the SIDRA INTERSECTION is shown in

figure 2.16 and figure 2.17 is an example picture of the software.

SIDRA INTERSECTION
Main Functions

; —>| Layout picture
Models * File and run management
+ Projects (New, Open, Save,

Save As) Data Summary
Standard . Site.s (New, Template, Import) o Volume Summary
Models + Options —>»| « MovementIDs
(LH, RH, + User Guide and Help * Input Report
NZ, NSW, + Licence Management
UM, US)

¥ Project Database
| |Customised Input Output

Model P Y P

: : Detailed Qutput; Intersection
Prepare input data in i !
P P Movement, Lane and Phasing

Ly el Summary reports; Flow Displays;

Movement Displays; Graphs

Processing Printing W

Picture, text and graph
printing (direct or copy to
other applications)

+ Process Site
+ Compute and generate output

Figure 2.16 Operation of the SIDRA INTERSECTION system
Source : SIDRA INTERSECTION user guide, Akcelik & Associates Pty Ltd (November 2012)
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SIDRA INTERSECTION Button User Guide
access Tabbed displays of text

and graphical output

Ribbon

lmn
T T — ; i oy g

O Tibes [ rput Gude.

=g [ Curput Guide
Tevplues  Bintng | Cigbowd  UerGide  Help

movoary -User Guide Bmrvple L I, Movement Timing - Use: Guice Exampie L

) [ | gomtn
tone Convet ) Deicie

Help

Proiect Name.

st MOVEMENTTIMNG preTe———

e eets 01

P+l Double click the node in the
2 jubwesist" B Project tree to open the input o = E=]
dialog or output displays .

Project |‘ Display / N
Pane Pane "
Licence status

Figure 2.17 An example picture of the SIDRA INTERSECTION user interface
Source : SIDRA INTERSECTION user guide, Akcelik & Associates Pty Ltd (November 2012)

2.8.2 Efficacy of other traffic micro-simulation program

FDOT (2014) studied and made a manual for analyzing traffic conditions
by traffic micro-simulation program consist of HCM/ HCS, SIDRA, Synchro/
SimTraffic, CORSIM and VISSIM, as shown in table 2.9.

FDOT (2014) created a chart in the selection of tools to analyze traffic
conditions. In order to understand and use easily, and are more appropriate, as

shown in figure 2.18.



Table 2.9 Comparing the efficiency of traffic simulation programs
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Traffic micro-simulation program

- ¢ N &
Efficiency T o % s
> £ t ¢ 2 2
2 8 & 8 ¢
1) Traffic Operations and Control Characteristics
- Speed v v v v v
- Speed Limit v v v v v
- Parking v Vv Vv - v
- Signs - v - v v
- Signals v - Vv v v
- Detectors v v v v v
- Intersection control v v v v v
- Right/left turn treatment v v v v v
2) Traffic Characteristics
- Demand v v v v v
- Queue - v v v v
- Capacity/Saturation Flow - - v v v
- Pedestrian Counts v v v - v
- Bicycle counts v v - - v
- Bus & Transit v - v - v
3) Roadway Characteristics
- Road Classification v v v v v
- Cross Section v v v v v
- Geometry v v v v v
- Roadside v - - v v
- Access Control Vv - - v v
- Access Density v - - v v

Source: FDOT (2014)
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Increasing Degree of Detail an

Generalized Conceptual Preliminary Engineering, Design and
Planning Planning Operational

Deterministic/Analytical Tools Microscopic Simulation Tools

Increasing Level of Analysis Effort and *

Figure 2.18 Traffic analysis tools
Source: FDOT (2014)

One part of this research focused to study the intersection control in term
of optimum performance to traffic flow determining by the program, cycle phase
time, delay (DL), queue length (QL) and level of service (LOS), so, the SIDRA
processing software is suitable and sufficient tool to evaluate of these

requirements.



CHAPTER 3
METHODOLOGY

To achieve the objectives of this study, researcher has concluded the stage of
the research divided into 7 main steps as follow;

1) Literature reviews,

2) Case study selection,

3) Data collection,

4) Data assessment,

5) Analysis/Evaluation,

6) Conclusions, and

7) Recommendations.

In the objectives, there are 2 main of studies consist of efficiency and road safety
evaluations of the flyover intersection. The case studies were selected to study in two
important cases which are a flyover construction case (at-grade intersection
converted to flyover intersection, the study is assessed in three situations : before,
during and after flyover construction) and an existing flyover intersection case (about

20% of all existing flyover intersections in Thailand was selected to study).

Figure 3.1 has shown the research framework in all of the steps. The first step is
literature reviews: focusing to 3 keywords which are road safety on the flyover
intersection area, efficiency of the flyover intersection and processing software (SIDRA).
The second is selecting case study: In-depth case and typical case of the flyover
intersection. Third is data collection: such as on-site traffic data collection, accident
statistic, and road safety etc. Fourth is data assessment: before to solving the issues,
these fundamental data must convert to be the basis data in the same unit, for
example all vehicle types convert to be PUC-basis. Fifth is analysis and evaluation
step: both terms efficiency and road safety of the flyover intersections were assessed.
Then is conclusion step: on-site effect of flyover to traffic, project evaluation, road

safety, optimizing by SIDRA. And the last step is recommendation: project construction
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on highways, flyover limitations, advantage/disadvantage,

hazard zones, traffic control would be explained.

improved intersection,

- Road Safety,

- Intersection Design,

- Flyover Construction Projects,
- Traffic Accident Costing,

- Project Evaluation,

- SIDRA Software,

(1) Literature reviews ——

- Data Collection,

- Grade Seperation,

- Traffic Signal Control,
- Data Assessment,

- Accident Statistics,

- Traffic Clamming, etc.

%)

Case study Case no.1: In-Depth Case

h b

Case no.2: Typical Flyover Case

selection

v

v

At-grade intersection
converted to
Flyover intersection

Existing flyover intersections
(selected about 20% of all flyover
intersection in Thailand)

v

\Z

(3) Data collection Situation of before, during and after

- On-site traffic data,
- Accident statistics,
- Road safety audit and Project data.

- Accident statistics,

- On-site traffic data in 3 peak times,
- Traffic signalization controlled,

- Physical layout, and

- Road safety audit.

\4

- Vehicles converted to PCU, - 85% of

- Phase time of traffic signal,

(4) Data assessment

- Accidents data

vehicle speeds, - Traffic data per hour

- Layout of flyovers

Vv

Efficiency
- On-site traffic control/control,

(5) Analysis/Evaluation |—>

+ Traffic signal, Queue length
- Delay, Level of service
- Project evaluation,
- Effect of flyover to traffic flow,
- Resulted by SIDRA software,

Road Safety

Number and severity of accidents,
Causes of accidents,

Hazardous zones,

Cost of accidents,

Road Safety Audit.

(7) Recommendations - Improved intersection (Hazard zones.

Vv
(6) Conclusions and Conclusions - Optimizing by SIDRA,
- On-site effect of flyover to traffic, - Existing flyover traffic control,
- Project evaluation, - Road safety of existing flyover,
- Road safety, - Road Safety Audit.
Recommendations
\% - Project construction on Highways,

- Flyover limitations (Advantage/ Disadvantage)

traffic control)

Figure 3.1 Research framework
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3.1 Literature reviews

Researcher has reviewed many sources by focusing to 3 keywords as said before:
road safety, efficiency and processing software.

The Llist of literature reviews are Road Safety, Intersection Design, Flyover
Construction Projects, Traffic Accident Costing, Project Evaluation, SIDRA Software, Data
Collection, Grade Seperation, Traffic Signal Control, Data Assessment, Accident

Statistics, Traffic Clamming and implicated papers.

3.2 Case study selection

Researcher selected 2 cases to achieve the objectives of this study consist of;

In-depth case : a flyover intersection construction project that is selected to
study is an intersection of highway route number 43 and highway route number 4135
near Hat Yai city, Songkhla, Thailand. This project is constructed during 2009 to 2012
by the Department of Highways, because it is constructed during researcher study,
there are enough fundamental data to study and restrictions in terms of the budget
to data collection. This case aims to study the in-depth terms covering to the efficiency
and road safety data. So, this project is studied in three time periods which are in
situations of at-grade intersection (before construction), during construction, and after
flyover constructed (after construction).

Typical flyover case : an existing flyover is selected about 20 percent of all this
flyover intersection types cover all regions of Thailand. There are 29 flyover
intersections in Thailand, selected 5 examples-locations to study which are in the
Songkhla, Udon Thani, Rayong, Phatthalung and Phitsanulok provinces. To study the
existing problems at the locations, these five case studies are audited as follow as a
Road Safety Audit guideline and measured the existing problems such as existing signal

timing plan, vehicle delay and road accidents statistics on these locations etc.

3.3 Data Collection
3.3.1 On-site traffic data
The on-site data collection is the important fundamental data using to
analyze which are the traffic movement, time delay, queue length, traffic signal

control, vehicle speed, flyover layout, conflict points and road safety audit.
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3.3.1.1 Intersection traffic movement count (TMC)

For at-grade intersection: the traffic movements are counted in
four directions, at the location marked as 1, 2, 3 and 4 (figure 3.2).

For the flyover: the traffic movements are counted in four
directions also, at the locations marked as A, 1, B, C, 2 and D on the main
road, and on the secondary road at the locations marked as 3 and 4

(figure 3.3).

1v.

Figure 3.2 Turning movement count location marked of the at-grade intersection

Traffic count locations:

A : Vehicles playing on the main road from |. to Intersection and II.

B : Vehicles playing on the Intersection and from A to main road Il.
C : Vehicles playing on the main road from Il to Intersection and I.
D : Vehicles playing on the Intersection and from C to main road I.

1, 2, 3, 4 : Vehicles playing on the secondary road approach to the intersection (under bridge) and to I, II., Ill.

Figure 3.3 Turning movement count location marked of the flyover intersection

The vehicles categorized in 12 groups as follow with the Table
2.1: Bicycle, Motorcycle, PC<7people, PC>7people, Mini bus, Medium
bus, Bus, Mini truck, Medium truck, Havey truck, and > 10-wheel trailer
truck. (SIRDC., (2011)). In the form, one page for one traffic movement-
direction is divided into four parts (15 minutes per part) in one hour, cover

all in survey time during 7:00 a.m. to 7:00 p.m. (12 hr.), and the form of
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intersection turning movement count (TMC) is shown the example form

in the appendix I-1.

3.3.1.2 Delay count (DL)

To verify about the time of vehicle delay that stopped for
waiting a green cycle phase at the intersection, one method that can be
checked is recorded in the field. This checking can assess the optimum
the cycle phase time of the traffic signals in each period per cycle by
checking with the loss of time.

The form of delay count is divided to sixty lows (60 minutes), in
one row (1 minute) divided into 4 parts (15 seconds per part). When the
vehicles stopped at the intersection in each time on each block column
of the form, a recorder will mark the number of vehicles that stopped as
identify as PCU-basis and if the vehicles stopped for waiting a long time
(more than 15 seconds) a recorder will record it again in the next block
column (next 15 seconds-column), the delay count should count with
the day of TMC's survey, the example of the delay form as shown at the
appendix I-2.

3.3.1.3 Queue length count (QL)

The objective of this method needs to verify about the queue
vehicle length in each direction of an intersection. The queue length
count is recorded like the delay count method, but the difference of this
method is recording only on a lane that have the most vehicles stopped
in each direction of the intersection per one cycle of traffic signal
program. The example form of the queue length count form is shown at

the appendix I-3.

3.3.1.4 Traffic signal control
The cycle time of the traffic signalization reflects the traffic jam
or vehicle delay. Normally, at the flyover intersection is controlled by the

fixed-time control plan, not depend on the traffic volume that varies



52

through a day. To check the length of each cycle must be checked every
hour on the running time of the programs in a day (24 hours). The traffic

signal form as shown in the appendix I-4.

3.3.1.5 Vehicle speeds

Vehicle speed is checked by spot speed method, using the radar-
gun tool for checking the vehicle’s speed in three categories (PC, Trucks,
other). The speed of vehicles is measured when the vehicles freely flow
at an intersection, recorded at 7 points as marked in the figure 3.4, then
calculate the 50 percentile (mean speed) and compute 85 percentile of
the vehicle speeds as follow the example method in the chapter 2 (page

no.20) to analyze. The speed check-point form shown at appendix I-5.

Speed (km./hr.)

M Trucks - Mean Spee(jj
L.

FEC - [0)
™ Other 85% speed

s
700 650 600 550 500 450 400 350 300 250 200 150 100 50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Distance from center (m.)

Figure 3.4 The points marked to find the vehicle speed data

3.3.2 Accident Statistics

The accident statistics is collected and recorded in the Thailand by the
Department of Highways (DOH), Police Station sector and Emergency Medical
Services System (EMS). These agencies recorded this data in different items by
depending on their agencies, moreover, may not cover in accident occurred.
However, researcher must look into all agencies that recorded it. Due to the
different items in the record form (wrote and shown in the chapter 2 (page no.21 -
23), researcher therefore created a new items as shown in example table 3.1 below

and appendix I-6, and used it to collect these accident records from 3 agencies.
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Normally of accident statistics that be used to evaluate is 2 to 3 years
recorded, for in-depth case collected this data in three time periods which are
about 2 years before construction, during constrction and about 2 years after
construction. The accident statistics is the important data used to measure about

the cost and cause of accidents on the flyover intersection area.

Table 3.1 Example record-form that used to collect the accident statistics

Hw/Sta (km.) Time Number of Casualties
D/M/Y Vehicle types Collision DOH
No Zone Point of ) PDO Cause
of accident . of accident Diagram | Day | Night | Rain | Injury | Serious | Death | damage
accident
1 2 21-Jan-10 Motorcycle 702 3:.47 1 Drunkenness
Truck + Violation of traffic
5 1 8-May-10 101 19:48 2
Motorcycle signals

3.3.3 Road Safety Audit (RSA)

Researcher used the Road Safety Audit guideline (Taneerananon, P. et al.
2009) to inspect at on-site of case studies.

In-depth case audits in three time periods (status of at-grade intersection,
during construction, and flyover intersection), covering in the processes of
opening road (at-grade intersection and flyover intersection situations) and during

construction stage (in the in-depth case). Two stages show the items as follows;

+** Road Safety Audit (Opening Road)
Audit items to be checked as;
- General Grading, Alignment, and Cross-Section,
- General characteristics of the junction,
- Drainage,
- Traffic signs,
- Traffic lights (signal),
- Road Marking,
- Roadside,
- Road surface,
- Road lamp,
- Pedestrians, cyclists, pedestrians crossing,
- Link roads,




54

>

- Parking and Bus stop,
- other.

Road Safety Audit (During Construction Stage)

Audit items to be checked as;

1) Traffic Management,

- Traffic control,

- Management and control speed,
- Access to construction zone,

2) Signs and road markings,

- Traffic Signs,

- Terms of installing traffic signs in the daytime and at night,
- Traffic control,

- Road markers and Reflective object,
- Road markings,

3) Traffic Lights,

- Temporary traffic lights,

- The placement of traffic lights,

- Visible of traffic lights,

- Movement of traffic,

4) Pedestrians and cyclists,

- Common Problems,

- Disability people,

- Cyclists,

5) Road surface,

- Damage to the road surface,

- Skid resistance,

- Floods,

6) Other,

- Road alignment,

- Turning radius and flare width (Tapers),
- Safety and visibility of the traffic,
- Security at night,

- Repairs and maintenance,

- Road link,

- Bumper equipment,
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3.3.4 Other important information
3.3.4.1 Investment cost
The investment cost is also important data, normally owner
(Department of Highways) estimated the construction cost of this model
is about 75,000 (2,318.9 USD) Baht/square meter, average of the flyover
intersection construction cost is about 175,000,000 Baht per flyover

(5,410,912.5 USD).

3.3.4.2 Physical data

The Layout of the flyover intersection that was designed,
Department of Highways is an owner. Researchers asked for this data from
them and checking this the real layout again in the field. For in-depth
case, the layout of two situations ‘before and after’ is used to compare
in terms of hazardous area and conflict points zones. Although the flyover
is more designed for supporting the traffic volume on the main road, the
flyover is designed by depending on the location. The difference of both
layouts are length of the flyover, U-turn under the bridge, and position

and direction of the bridge and vehicle conflicts on the road.

3.3.4.3 Supportive data
This supportive data is also significant information such as the
picture, VOD, DOH surveyed data, Traffic signal plan and related study

etc.

3.4 Data assessment

Before to solving the issues, these fundamental data must convert to be the
basis data in the same unit, for example all vehicle types converted to be PUC-basis,
created the data (traffic movement by lane-direction, delay, queue length, level of
service, and traffic signal plan) in every hour covering in periods of survey (because
these data can show the easy understand and have to put in the processing software
(SIDRA program)), calculating the 50 percentile (mean speed) and 85 percentile of the

vehicle speeds.
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3.5 Analysis and Evaluation
3.5.1 In term of Efficiency

In the scope, there are four terms in this study;

3.5.1.1 On-site traffic data/control

Using the comparing method of on-site traffic data/control
between situation of ‘before and after flyover construction’ to illustrate
the results which are traffic volume, traffic movement, traffic signal,

queue length, delay and level of service.

3.5.1.2 Project evaluation

Considering only the In-depth case, to evaluate the benefits
after invested for constructing the flyover intersection with the cost about
249 Million Baht, using the economic analysis method to analyze data.

The traffic movement (average daily traffic), that was counted
and recorded in two periods of time (at-grade intersection and flyover
intersection periods) is computed by equation (3.1) by DOH., (2006) and
(Luophongsok et al.,, 2011) to predict the growth rate of traffic volume

per year in future traffic volume.

T= [(1 + 1;;0) (1 + %)e] x100 — 100 (3.1)

Where,
T = escalation rate of traffic volume per year
P = escalation rate of population in the area (7.02)
G = escalation rate of GPP per capita (0.75)
e = elasticities value of escalation rate of traffic volume per

income (e : 1.738)

** Road User Costs
The road user cost consists of value of time, vehicle operating

cost, and accident cost.

> Value of time (VOT)
Value of time is the cost (equivalent to money) that lost in the

travel, but, when the intersection is improved more efficiency, road


http://www.deldot.gov/information/pubs_forms/manuals/traffic_counts/2005/pdf/27-terminology.pdf
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users can use this time to do another activity to have an economic
value increase, by calculating the value of time in the area (province)
on the case study, consists of the gross province product (GPP),

number of employed and average hours of work (Table 3.2).

Table 3.2 Value of time (VOT) in Songkhla province

GPP Avg of hours work | Value of time: VOT
Year Employed
(Million THB) (year) (THB/hour)

2007 159,008 744,042 2,950 72.44
2008 160,683 766,674 2,985 70.21
2009 151,755 790,553 2,930 65.52
2010 186,457 815,618 2,870 79.65
2011 214,799 837,093 3,060 83.86

Source: Adapted from the National Statistical Office (2013)

According to the value of time in Songkhla province is 83.86
Baht/PCU/hour in 2011, to adjust by the growth rate in 2007 to 2011
(0.31), so the value of time in 2012 is 84.38 Baht/ PCU/hour.

> Vehicle operating cost (VOC)

The vehicle operating cost consists of the fuel cost, lubricant
cost, idling of engine and operation cost, these correlated with
number, type, vehicle speed and traffic volume (V.Watcharin,
1994), when the vehicles are waiting for a green phase at the
intersection stop line and turn on the engine (idling of engine), that
resulted in the undue combustion of precious fuel and the fuel
consumption during idling shall also vary with different types of
vehicles (Goyal et al., 2009). This study used an average the fuel
cost of passenger car unit (PCU) to analyze (1,000 cc. = 37.18 Baht
(Blue Gasohol 91, (6/8/2012), (http://www.pttplc.com/th/pages
/home.aspx)), and used the average passenger car unit (PCU) that
stopped and idling of engine 1 minute = 20 cc. (http://www. Saha
vicha.com/? name =knowledge&file=readknowledge&id=1623), or

loss of the money is 0.75 Baht per minute.
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» Accidents cost

The cost of accident depends on the accidents statistics on the
location and mean cost per accident for various severities (in other
provinces column in the table 2.4).

To calculate the average unit cost of crash severities of three
periods of time (before, during, and after construction), the
average unit cost is calculated by 5 equations below (Egs (3.2),

(3.3), (3.4), (3.5) and (3.6)).

AVg ACUC(FaU = [No.of Fal * (ACCS(Fal)-I- ACCS(D|)+ ACCS(S\)-F ACCS(SL)‘l' ACCS(PDO))] (3.2)

Avg AcUCp) = [No.of DI * (AcCSy+ AcCSi)+ AcCSiy+ ACCSppo)] (3.3)
Avg AcUCs = [No.of SI * (AcCSsy+ AcCSis i+ ACCSpnoy)] (3.4)
Avg AcUCgy = [No.of SL * (AcCSiy+ AcCSppoy] (3.5)
Avg AcUCppe) = [(No.of PDO * (AcCSppey) + On-site damage cost] (3.6)

ACa

Then, to calculate the accident cost of each situation, the
equation (3.7) is used to find this data, it depends on the number

of severities and time under review (year).

_ (A(F)*M(F))+(A(DD)*M(D1)+(A(SD)*M(SI))+(A(SL)*M(SL))+(A(PD0)*M(PDO))
t

(3.7)

Where,
ACa = average of accident cost ($/year),
A = number of accidents (accident),
M = the mean cost per accident ($/accident) (Table 2.4), and

t = the period of time under review (year).

** Economic Analysis
Economic analysis is an appropriate analysis to provide a basis
for making an investment decision on the project, used the method of
cost-benefit analysis which are the net present value (NPV), benefit cost

ratio (B/C), and internal rate of return (IRR), (Garber, N. J., & Hoel, L. A.
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(2009)),. And from the project cost and benefits of the project data
distributed them to the maturity of the scheme (20 years) to find this
benefit.

» Net Present Value (NPV)

The difference between the present value of the benefits and
costs of the project in each year. This method is defined as the
sum of the present values of the individual cash flows of the same

entity (Eq 3.8).

(B, —C,)
NPV = (3.8)
e
Where,

n = number of years considering
B: = benefit in year t
G

cost emerged in year t

interest rate per year (% per year)

if NPV > 0 means this project is appropriate for the investment.

» Benefit cost ratio (B/Q):
A ratio attempting to identify the relationship between the cost
and benefits of a proposed project (Eq 3.9).

_Bt

B/C = Lzz)t (3.9

n
t=0(14mt

if B/C > 1 means this project is appropriate for the investment.

» Internal Rate of Return (IRR):

Discount rate that makes the present value of benefits equals
the present value of the cost. If IRR is greater than the cost of
investments, show that the project is appropriate for the

investment.



3.5.1.3 Analysis results from SIDRA software
% Input data
The first step in preparing input data for SIDRA is to summarise
all relevant data in the input data preparation form - the required
information is summarised in the figure 3.5 (examples for the left-hand

versions of SIDRA). Steps of input data is shown in the figure 3.6.

Prepared by : Rahmi Akcelik Computer File Name : @1
Date : February 1999 Reference No. . RE9 0021

Intersection Title : User Guide Example 1

Run Description : _Four-way signalised intersection

INTERSECTION LAYQUT (Description: Existing ) VOLUMES (per_60 minutes)
N Heavy vehicle counting method: S
T P = Percentage S = Separate T = included in Total
[410(80) |4JIL>| 430 (25)]
—’ 1060 (100}
e, =[50 20)]
Parking Mo Standing _ ; HY
W 12 | 35€IE']| [ 100 ]
GhUp 32 W™ I
i
- 32 Level | | =
_____ - = 150 Peds | 150
= (3], Peis | (0]
No Standing Parking R
Gy
o1 e
[ HS(ED”WI(" 70(5) | 200 (20

Include lane disciplines, short lane lengths, grades, etc
Enter a description such as existing or proposed.

SIGNAL PHASING

S A A
8 8 10 b
= T+ e = * iw ° 6
- 53 - |t ls7 53] - | =+ 57 T v 5“_
v , v Jv , 44',— 12 ‘-_5.1_' f
(R e i
OTHER FEATURES

T = 60 min, Tr= 30 min, PFF = 90%, Intergreen = 6 s all, Basic sat. flow = 1900 tew/h all
Approach and exit speeds for N, S: 80 km/h, E, W: 60 km/h

App. distance = 500 m all, Downstream shoit lane for Novth approach = 120 in
Coordination: North-South, Arvival tvpes: AT=4for 5 Land S T, AT=35for N.T

N_L undetected movement, Green split priority to coordinated movements

All distances in metves.

Figure 3.5 Example input data in the preparation form
Source: Akcelik & Associates Pty Ltd. (2011)
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Intersection Intersection Configuration

Approach and Lane Configuration,

A 4

Geometry

Movement Definitions

HCM 2010 and FHWA 2000

A A

Roundabout Models

A 4

Roundabout Metering

v

Freeway

Vehicle Movements HV option (external)

Volumes *

A 4

A 4

Path Data

vy

Movement Data

L 4

Priorities Opposed movements

F

4

Gap-Acceptance

Pedestrian Data

Pedestrian movement definitions

*| Pedestrians

Traffic Signal Data

A\ 4

Phasing & Timing

Various Model Settings

Roundabout Model options

Model Settings

Figure 3.6 Steps to input data
Source: Akcelik & Associates Pty Ltd. (2011)

**  Output data

The last step in the process of SIDRA is summary all relevant
data (figure 3.7) which are;

- Detailed output data,

- Intersection summary,

- Movement summary,

- Lane summary,
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- LOS summary,

- Phasing summary,

- Movement timing,

- Flow displays,

- Movement displays,
+ Delay, LOS and Capacity,
+ Queue and Stops,
+ Speed and Travel time,

- Cost, Fule and Emissions.

‘In-Dapth Cage HOY 01 9oive 1 - STDRA INTERSECTION 5.1 - = X
Total Vahickes & HV (%)~ o) & [ InrosstEng
[ Tabes: - 4 [ o ude ) B
L= Pt it Haln
=] Roundsbout Layous Preview g Ovtpus Gude
] Options Templates Printing Clipboard User Guds Helo
£ Intersection Summary - New Site - 1 [ Detailed Output - NewSite - 1 B8 105 Summary - New Ste -1 B8 Layout - New Ste - 1 -x
HO¥ D1 (I Degth Case) -
Signals - Actusied  Cycle Time = 168 seconds
n Performance - Houly Values
cmarnce Maasur
Damand Fiows [Tetsh) 4158 wanm E=r 004 puren
Saem Heavy venoes [ER
Degres of Swiuration 2831 00
Srictcal Spara Casaoty LT
Eftegove Iniezesion Canoety 5 wenn
‘Gommoi Desay (Totar 447,88 vennm D peann 527,80 oewnn
Gorirol Detay {ivarsge) 31 0 a0 sae 1
‘Gomimoi Duiay (IWees: Lane) 14855 00 =
Garel Deiay {Waes: Movement) 1485 e 841 220 W5 o
Goomea Dalay (Auarage) F sa0
Smp-Line Gelzy (Average) © aen
eraaciian Level of Serece (L0S) LosF LoeF
#5 Doo of Gums - Vehickes (Werst Lane) 3208 wen
9% Sook of Quous - Diswnes (Werst Larg) MUTm
Tots Efiecere Stons 5214 venn 18 peain #267 oersn
| Shwcs 1.28 por wwh 007 g ped 128 e pers
- i I Tuesed 1 er 71
(-4 Fiow Disslays {vehvh & ped ) Progarcon Cueued P i 03
{1 Tomal Flow, Hvss & Pad Flows
N . AL T 672 3 s A
A i ey verices & e Fows e, CEa CE gz
i Traves T Tonal) g 07 pesan #6748 sk
| Wi Acorosch B Bt Fows Trova Tor rvacnl prippest 1258 1o ey ey
-y Movemant Displays Traves Spaad 5.3 kmih 1T bmh B3 i
i1y Delay, LOS and Capacty st (T} 120801 3h 1480 s 13810.00 $
- Fusl Cs mptcn (Toml) 10237 Lk
-y Queue and Stops Carbin, D fTota) 25583 g
#i-, Speed and Travel Time Syarccarnors [ 5138 g
i y Cacbor Manazide (Tatw 112,54 g
-y Cost, Fuel and Emissions e Tota) ! 3403 ngm
P Youraed o Erocess s S (F6) for hra vansoie o be covguied a
LEVEL OF SERVICE SUMMARY site:New site -1 | |PHASING SUMMARY Site: New Site -1 | 4
1O 01 an Depm Case) 1Y 01 (n-Depm Case)
| Ackaied Cyce Teme = 168 seconts Signats - Actuaied _Cycle Time = 168 sconds =
N Y ot 4135 10 v cy Phasetines determined by the program
Sequence: it Phasing
f i U

Output Sequence: A (W.E), & (EW). € (45). (S.N)
Phase Timing Results
Phass

AWE) BEW [ COS) DN
Green T sec] % o w0 %
Yollow Time (sec] S S
A5 Red Tave sec) 2
Phase Time (sc) 3| a8 | 46 &
o Spit W% | %% | W% %%
Phase A WE) Phase B (Ew) Phase c (h)

it

Ir]

— i e gt

PhaseD (M)

: i
= =t
e ) [t}
i T z
[ per— [ p——
DI —— — Lo Norarert - Opposd Sk e
I — e e E Covios Moremert
prsre 98 = T ned — ot Horamnt
oo o sags oty s ®  Prace s e

nd Gaceeatnc Dotay ot koo

Figure 3.7 Page of the SIDRA intersection 5.1 program and example output data
Source: SIDRA intersection 5.1 (2011)
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3.5.1.4 Effect of flyover intersection to traffic flow

This point presents the effect of flyover intersection to traffic
flow by comparing of all relevant data. Not only on-site of both at-grade
intersection and flyover intersection situations data, but also the data

that determined by SIDRA intersection 5.1 program.

Road Safety
3.5.2.1 Summarry accident statistics data by 3 agencies

According to the accident statistics of each case that collected
from 3 agencies in Thailand can conclude to in the new table form (as
shown the example form in the table 3.1). The statistics of accident data
can summarise;

1) Number and severity of accidents,

2) Cause of accidents,

3) Collision diagrams (reference codes as shown at appendix

I-7), and

4) Hazardous zones.

3.5.2.4 Cost of accidents

To calculate the accident cost, This point has concluded in the
page no.58 in this research by using the equation (3.7) to find out this
data. It depends on the number of severities and time under review

(year).

3.5.2.5 Road safety audit
Researcher used the Road Safety Audit handbook to be the

guideline to auditing at on-site of case studies in three parts which are;

1) Opening road (at-grade intersection),
2) During construction stage, and

3) Processes of opening a road (flyover intersection).

And the second case - existing flyover intersections is used the

only opening road stage in the auditing.
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Conflict points are also audited, because these points are
commonly used to explain the accident potential of a roadway. The

conflict points can indicate to the hazardous zone.

3.6 Conclusion

In-depth case: This case presents result of data analysis that studied in three
time periods (before construction (at-grade intersection), during flyover construction
and after construction (flyover intersection)) in both on-site data and the data from
evaluation/analysis in two terms which are road safety and efficiency, the conclude

items as follow;

1) On-site effect of flyover to traffic,
2) Project evaluation,

3) Road safety,

4) Optimizing by SIDRA,

3.7 Recommendation
To improve the intersection after concluded these data, the author
recommended the advantage/disadvantage, improving location, physical layout,

flyover limitation, improving control, and cycle phase time.

1)  Project construction on hhighways,
2) Flyover limitations and Advantage/ Disadvantage,

3) Improved intersection (Hazard zones, traffic control)



CHAPTER 4
RESULTS OF STUDY

The result of study is divided to two case studies which are In-depth case and

Typical flyover case. The results of both cases are as follow to these items;

1) In-depth case 2) Typical flyover case
- Location of case study - Location of case studies
- Collected data - Collected data
- Project evaluation - Data analysis
- Results from SIDRA - Road Safety Inspection
- Road safety analysis - Cost of Accidents

- Analysis Results from SIDRA

4.1 In-depth case
This case is evaluated in three situations which are “before construction (at-grade

intersection)”, “during construction” and “after construction (flyover intersection)”.

4.1.1. Location of case study

The flyover construction project was constructed during 2009 - 2012 by
Department of highways (DOH). The location is on the highway route number 43
and highway route number 4135 in Hat Yai City, Songkhla, Thailand, the schematic
map of the Hat Yai City with study area marked as shown in figure 4.1 and figure
4.2. This at-grade intersection was constructed to be a flyover on a highway route
number 43 (main road) at station 24+489.400 km., 742 meters of the bridge length.
This intersection is situated at 6°59°13.00” N latitude and 100°25’42.93” E
longitude, and 20 meters above the sea level.

Highway route number 43: the road is long 104.268 km., linked road from
Phatthalung province along the road to Pattani province, there are about 36,200
vehicles per day in 2012, a road is divided 2 directions by the traffic island, 3
lanes per direction, 3.5 meters per lane, outer and inner of the shoulders are 1.0

& 0.5 meter, respectively.
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Highway route number 4135: the road is long 9.965 km., linked road from
the Sanambin Nok intersection along the road to Hat Yai International Airport,
there are 23,000 vehicles per day in 2012, the yellow lines (1.5 meters width)

divided the road in two directions, 2 lanes per direction, 3.5 meters per lane,

outer and inner of the shoulders are 1.0 & 0.5 meter, respectively.

=Y Sanambln Nai Intersection

Q&nﬂnp ,’ ' 7 o <
(S P vnge , AR faeal) prom ‘

Figure 4.1 A schematic map of Hat Yai city with study area marked

Figure 4.2 Sanambin Nai Intersection (a case study)



67

4.1.2 Collected data
4.1.2.1 On-site collected data

1) Intersection traffic movement (TMC)

Traffic volume of at-grade intersection (before construction) at 12
hours (7:00 - 19:00) was collected on 19™" September 2009 = 60,351 PCU
(adjusted to the situation of flyover). On the highway route 43; from "East"
entering to an intersection is 24,359 PCU., from "West" entering to an
intersection is 11,842 PCU., and on the highway route 4135; from "South"
entering to an intersection is 12,196 PCU., from "North" entering to an
intersection is 11,954 PCU (figure 4.3).

Traffic volume of flyover intersection (after construction) at 12
hours (7:00 — 19:00) was collected on 17" July 2012 = 64,219 PCU. On
the ground level: on the highway route 43; from "East" entering to an
intersection is 9,777 PCU., from "West" entering to an intersection is 2,546
PCU., and on the highway route 4135; from "South" entering to an
intersection is 14,298 PCU., from "North" entering to an intersection is
13,294 PCU., and flow upon the bridge from "East" to "West" is 13,426
PCU., and on the opposite directions is 15,958 PCU (figure 4.4). On-site
traffic movement data (12-hour), 17" July 2012 shown at appendix II-1.

2) Delay (DL)

The results of time vehicle delay is depend on the cycle phase
time of each event, the delay was collected on the same day with TMC's
data = 535.27 minutes (32,116 seconds) and flyover intersection = 347.42
minutes (20,845 seconds). The average time delay is reduced to 184.85
minutes (34.5%) after constructed. An average vehicle delay of at-grade
situation is 94.88 second and of flyover situation is 90.41 second per unit.

(fisure 4.5 - 4.6)

3) Queue Length (QL)
Queue Length at intersection was collected on the same day with
TMC's data also. The length of the vehicle queues that stopped for
waiting a new cycle in each leg have the relationship with the red-colour

cycle phase of a traffic signal. After controlling by flyover method, the
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queue is reduced, normally on the secondary road. The stopped vehicle
ratio at this intersection of at-grade situation is 1.55 : 1 vehicle and flyover
situation is 3.16 : 1 vehicle, the average vehicle queue and delay of two

intersection types is shown in the figure 4.7 and 4.8.

6,500
6,000
5,500
5,000

o~
24,500
T 4,000
S 3,500
% 3,000 === Direction
> 2,500
; 2.000 —3¢— W Direction
é 1,500 —3— N Direction
=) 1,000 —3¢— S Direction
% 500 emgmme Traffic volume
= 0

7:00-8:00-9:00_- 10:00 - 11:00 - ¥2u00 (hlokiPy. - 14:00. - 15:00.-16:00_-17:00_-18:00
Hour 7:00 | 800 [ 9:00 | 10:00 | 11:00| 12:00 | 13:00 | 14:00 | 15:00 | 16:00| 17:00 | 18:00

E Direction 1366 1 1693 i 1967 : 2109 i 2026 : 2048 i 2021 | 2129 i 2238 : 2292 ; 2307 : 2163 : 24,359
W Direction 1083 : 1202 : 888 : 815 : 1029 : 927 : 1017 : 993 : 1019 : 984 i 977 : 907 : 11,842

60,351 veh/day
N Direction 1137 ¢ 1157 ¢ 948 : 922 i 911 : 933 | 832 : 1020 : 957 : 1081 : 1104 : 952 : 11,954

S Direction 1225 1084 i 868 i 934 : 948 | 1031 i 1004 : 938 | 1010 : 1073 1124 : 956 | 12,196

Traffic volume | 4810 | 5136 | 4671 | 4780 | 4914 | 4940 | 4874 | 5080 | 5225 | 5431 | 5513 | 4977

Figure 4.3 At-grade intersection traffic volume (adjusted to the situation of the flyover)

Hour 7:00 | 8:00 | 9:00 | 10:00| 11:00| 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 | 18:00

E Direction 1,515: 1,817 1,926 1,973} 1,853} 1,854 1,963 1,940 2,064 2,192 2,238 1,870:23,203

W Direction 1,002: 1,294 : 1,068 : 1,035: 1,137 992 : 1,055 1,223 1,167 : 1,282 1,223 947 :13,424 | 64,219

N Direction 1,274 1,248 1,197 1,110 912 : 1,015 838 : 1,156 1,021 1,168} 1,258 1,099 13,294 | veh/day

S Direction 1,410: 1,220 992 ' 1,118 1,185: 1,087 1,186: 1,247 : 1,175 1,119 1,475 1,086 : 14,298

Traffic volume | 4810 : 5136 | 4671 | 4780 | 4914 | 4940 | 4874 | 5080 | 5225 | 5431 | 5513 | 4977

Figure 4.4 Flyover intersection traffic volume
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4500
R T, V.
E 3500 3666
3
2 3000 == E Direction
g 2500 —3— W Direction
2 2000 —¥— N Direction
S 1500 —3¢— S Direction
£ 1000 == Total Delay
= 500
0
7:00  8:00  9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
time (hour)
Hour 7:00 | 8:00 | 9:00 | 10:00| 11:00| 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00| 18:00
E Direction 590 { 649 1 590 i 503 | 472 | 642 i 524 i 572 i 816 | 1325 1348 : 1187 : 9,219
W Direction 654 1 595 699 ¢ 571 | 598 | 659 ! 571 | 649 . 798 : 1093 : 1053 : 1003 : 8,944 32,116
N Direction 393 ¢ 544 {1 401 | 365 | 356 | 385 : 371 | 401 396 | 395 | 634 i 654 . 5,295 second
S Direction 544 © 711 ¢ 697 ¢ 721 699 | 741 | 683 | 612 ¢ 715 @ 802 : 961 : 822 . 8,708
Total Delay 2182|2499 | 2387 | 2160 | 2125 | 2427 | 2149 | 2234 | 2725 | 3615 | 3996 | 3666

Figure 4.5 At-grade intersection time delay (adjusted to the

situation of the flyover)

4500
4000
T 3500
g
2 3000
B
E 200 2212
"i'é 2000 e L g == E Direction
=
o 1500 —k— W Direction
@
§ 1000 —¥— N Direction
] o — —" —¢—S Drection
0 . “ am@um Total Delay
7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
time (hour)
Hour 7:00 | 8:00 [ 9:00 | 10:00| 11:00| 12:00| 13:00 | 14:00| 15:00| 16:00| 17:00 | 18:00
E Direction 287 i 394 1 458 i 457 ¢ 427 i 438 i 391 : 406 i 495 i 570 i 551 : 589 | 5,465
W Direction 129 ¢ 162 : 141 ¢ 153 ¢ 142 ¢ 159 ¢ 117 ¢ 119 | 163 i 203 | 163 : 179 | 1,830 20,845
N Direction 368 ¢ 509 | 384 i 337 | 330 i 352 | 331 i 389 i 393 i 387 i 619 | 647 : 5,046 second
S Direction 531 0 695 ¢ 669 i 706 i 677 i 710 i 735 : 596 : 692 | 769 i 928 i 797 i 8,503
Traffic volume | 1314 : 1760 | 1652 | 1653 | 1576 | 1660 | 1574 | 1511 | 1743 | 1929 | 2262 | 2212

Figure 4.6 Flyover intersection time delay
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Figure 4.7 Example picture of traffic jam in situation of At-grade intersection

(delay and queue length per cycle)

Figure 4.8 Example picture of traffic jam in situation of Flyover intersection

(delay and queue length per cycle)

4) Traffic Signal
The traffic signal of both situations was controlled by fixed time
control plans. The at-grade intersection control have two programs a day,
the first plan is 244 seconds per cycle length, controlled during 06:00 a.m.

to 9:00 p.m. (4 phases per one cycle), and the second plan controlled
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during 9:00 p.m. to 06:00 a.m. by traffic flashing. The flyover intersection
is also controlled like the same as the situation of at-grade intersection

control, but the length of cycle time is changed to 224 seconds per cycle

(DOH., (2011), DOH., (2013)), as shown in figure 4.9 - 4.10.

f“ , ? 7 Green
\/ 1il7/ H—!!—H | vellow | 4 4 4
/ ’ Red | ‘ 178 ‘ 178 ” 188 H 188
I

/ | ‘ All red | | 2 |
e+ I I
Light lengih: e
LIgAL 1o e ——
ey
g e

' non scale

3 ignal . .
cycle time pi:f;r?im U , ; gtlme of frg—eratu)n‘15 5 ’ ’:
244 s1 ' '
Traffic Flashing 82
Figure 4.9 At-grade intersection traffic signal control plans
z zZ ’
5 //; _+
0 | £\, |
, 2l 1] S| BN EIM B
BpT Y & SIS, = R R - A A
AN . M= [ E| =] =
<g Phase A B G D
- L J L ]
g> « g Green 40 40 60 60
y *7 3 ﬁ” B Yellow 4 4 4 4
H 178 ‘ 158 H 158 |

[ ke ||

? / .: o
1 ¥ = ‘ All red ‘ 2 ‘
; =
l £ ! 7 —————
3 T I ,——
z g tenoti: IS
< 224second | | ¢
.
200s] 2243

z
cycle time signal | time of operation
program , 3 6 9 12 15 18 21
224 st ' '
Traffic Flashing S2

Figure 4.10 Flyover intersection traffic signal control plans
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5) Vehicle Speeds
Vehicle speeds in the direction of the bridge were measured by
using of a radar-gun, the 50 percentile (mean speed) and the 85
percentile of the vehicle speeds that collected at each point in the area

shown in table 4.1 and figure 4.11 to 4.12.

Table 4.1 Frequency distribution table for illustrative spot speed (example speed of

PC at the point marked no.1 in figure 3.4)

Speed group Middle Totals % Freq.
Lower limit | Upper limit | speed in group curn. %
(km/hr.) (km/hr.) (km/hr.) PC | Trucks | Other | Total (%) Freq (%)
20 24 22 2 4 6 1.74 1.74
24 28 26 6 2 1 9 2.62 4.36
28 32 30 5 3 2 10 291 1.27
32 36 34 4 8 12 3.49 10.76
36 40 38 4 7 3 14 4.07 14.83
40 44 42 11 11 7 29 8.43 23.26
44 48 46 17 5 a4 26 7.56 30.81
48 52 50 29 3 2 34 9.88 40.70
52 56 54 43 2 1 46 13.37 54.07
56 60 58 61 2 3 66 19.19 73.26
60 64 62 35 1 1 37 10.76 84.01
64 68 66 23 23 6.69 90.70
68 72 70 14 1 15 4.36 95.06
72 76 74 6 2 8 2.33 97.38
76 80 78 6 6 1.74 99.13
80 84 82 3 3 0.87 100.00
Sum 269 49 26 344 100
100 ©

% 85% = 632 Kn/hr /@/Q’Q—V
80 s

S 7

" /

g 50 Mean speed = 53.8 km/hr /

o
) i
" e
10 J

20 25 30 35 40 45 50 55 60 65 70 75 80
Speed (km/hr.)

Figure 4.11 Frequency distribution curve for illustrative spot speed

(example speed of PC at the point marked no.1 in figure 3.4)
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Figure 4.12 The points marked and vehicle speed data

6) Accident Statistics

Researcher used the accident statistics is recorded and collected
during 2007 — August 2013 (because of limitation of study time periods)
by 3 agencies in the Thailand, which are the Department of Highway
(DOH), Police recorded and Emergency Medical Services System (EMS).
These agencies recorded different style by depending on their agencies.
The accident statistics of In-depth case were collected in three time
periods. This important data is used to measure about number and
severity of accidents, causes of accidents, hazardous zones, and cost of
accidents, as shown this data at appendix lI-2. And appendix II-12 is

shown the accident statistics analysis.

7) Physical Layouts
The intersection layout of both at-grade and flyover intersection
plan received from owner project -- DOH., (2011), as shown the layout at

appendix II-3.
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8) Road Safety Audit
Road Safety audited in three time periods by following with the
guideline of the Road Safety Audit (Taneerananon, P. et al. (2009)) in the
procedure of opening road (at-grade intersection (before construction)
and flyover intersection (after construction)) and during the construction

stage, the results as shown in the appendix II-4.

9) Other important information
The project was constructed during 22" Sep 2009 - 8™ Apr 2012
(about 32 months). The construction cost of this flyover construction
project is about 249 Million Baht, and the standard construction cost of

a flyover is about 75,000 (2,318.9 USD) Baht/square meter.

The summary collected data of in-depth case as shown in the table 4.2.

Table 4.2 Summary collected data

Time period At-grade intersection converted to Flyover intersection
ltems Before During After
1. Flyover location Highway route no 43 and highway route no 4135
2. Traffic movement Yes Yes Yes
3. Delay at Intersection Yes - Yes
4. Queue length Yes - Yes
5. Traffic Signal Cycle time 244 s. Cycle time 254 s. Cycle time 224 s.
6. Speed Aveg: 28.5 km/hr. - Ave: 45.7 km/hr.
7. Layout of intersection Yes - Yes
8. Conflict points 50 points - 64 points
9. Road Safety Audit Yes Yes Yes
17 crashes 52 crashes 9 crashes
10. Accident statistics (28 months) (30 months) (15 months)
7.3 crashes/year 20.8 crashes/year 7.2 crashes/year
11. Construction cost 249,597,672.5 Baht
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4.1.3 Project evaluation

The evaluation is computed in comparing to current at-grade intersection
in order to assess the benefits arising from the flyover construction project. The
benefits of the flyover project includes Road User Costs (savings in the value of
time (VOT), vehicle operating cost (VOC) and saving in cost of accidents) and
Economic Analysis (Net Present Value (NPV), Benefit-Cost Ratio (BCR) and
Internal Rate of Return (IRR)).

In the table 4.3 shown the results of both flyover intersection traffic data

and at-grade intersection traffic data, and accident statistics of this intersection.

4.1.3.1 Road User Costs
1) Vehicle operating cost (VOC)
Vehicle operating costs comprise the cost of fuel, lubricant cost,
idling of the engine and operating cost, these correlated to traffic volume,

composition, and vehicle speed (V.Watcharin, (1994)).

At the at-grade level, when vehicles are waiting for green signal
at the intersection stop line with the engine running;, wasteful fuel
consumption results which also vary with types of vehicles (Goyal, S. K.,
Goel, S., & Tamhane, S. M., (2009)). The different traffic volume between
the case without and with project can be converted to equivalent
monetary term. This study used an average fuel cost of 37.18 Baht/litre
(6/08/2013,http://www.pttplc.com/th/Pages/home.aspx), and  fuel
consumption of an average passenger car unit (PCU) which stops and idles
for 1 minute = 20 cc. (http://www.sahavicha.com/?name=knowledge&
file=readknowledge&id=1623). This amounts to a monetary loss of 0.75
Baht per minute.

On the bridge, the vehicle operating cost considers in the saving
cost of transportation, Luophongsok et al,, (2011) used the HDM-4
software to calculate the cost in this term in terms of transportation
saving cost by free flow speed in the unit of the PCU, as shown in the
table 4.4.
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Table 4.3 Summary results of vehicle delay, traffic volume and accident statistics data

ltems Intersection Results
No.
Issues (units) | At-grade Flyover Reducing Increasing
Total (second) 32,116 20,845 11,271
vehicle
1 (minute) 5353 347.4 1879 | 34.5% -
delay
per day |(hour) 8.9 5.8 3.1
64,219
Traffic PCU Truck
2 | volume [(PCU/day) | 60,351 - 3,904 6.0%
47,261 16,958
per day
73.6% 26.4%
39,915 (62.16%)
PCU Truck
Under the bridge 60,351 20,436 33.86% -
32,837 7,078
82.2% 17.8%
24,304 (37.84%) 24,304 (37.84%)
PCU Truck PCU Truck
On the flyover - -
14,424 9,880 14,424 9,880
59.4% 39.6% 59.4% 39.6%
3 |Accident statistic Before During After Before & After
Fatality (Fal) - 6 - . - -
Disability ~ (Dis) 0.85 1.95 0.45 - - -
Serious Injury (SI) 8 23 1 6 75.0% -
Slight Injury (SL) 17 39 9 0 1.0% -
67 times +
Property Damage Only
25 701,400 10 6 25.4% -
(PDO)
Baht
533,500
DOH damage - - - - -
Baht
Mouths 28 30 15 set at 28 mouth -
Crash/year 73 20.8 7.2 0.1 1.37% -

Table 4.4 Vehicle operating cost in the unit of PCU (Luophongsok et al., (2011))

Speed (kilometer per hour)

VOC 10 | 20 | 30 | 40 | 50 | 60 | 7O | 80 | 90 | 100 | 110 | 120

(Baht/PCU/Km.) (10.23 |6.15 |4.91 |4.34 |4.09 |3.99 |4.01 |4.13 |4.35 |4.65 |5.04 |5.54

Source : Calculated by HDM-4 software
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2) Value of time (VOT)

Value of time means the cost (equivalent to money) that is lost
due to delay during a trip, but when traffic flow through the intersection
is improved after the flyover is operational. The increasing efficiency of
intersection can reduce travel time and road users can use this time to

do other activities.

At the at-grade, value of time depends on locations that the
case study is located. It can be calculated from the gross province
product (GPP), number of people employed and average hours of work
(table 4.5). Accordingly, the value of time in Songkhla province was 83.86
Baht/PCU/hour in 2011. Adjusted for 2012, the value of time for 2012 was
estimated at 84.38 Baht/ PCU/hour.

On the flyover bridge, Luophongsok et al., (2011) used the data
from Department of Highways (VOT in 2011 = 117 Baht/PCU/hr). Adjusted
for inflation at 3.3% (Bank of Thailand, (2012)), the value of time for 2012
= 120.86 Baht/PCU/ hour.

Table 4.5 Value of time (VOT) in Songkhla province

GPP Avg of hours | Value of time: VOT
Year Employed
(Million THB) work (year) (THB/hour)

2007 159,008 744,042 2,950 72.44
2008 160,683 766,674 2,985 70.21
2009 151,755 790,553 2,930 65.52
2010 186,457 815,618 2,870 79.65
2011 214,799 837,093 3,060 83.86

Source: Adapted from the National Statistical Office (2012)

The benefits of two terms; vehicle operating costs (VOC) and value

of time (VOT) are summarized and shown in table 4.6.
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Table 4.6 The benefits of the project in terms of VOC and VOT

No.

At-grade to Flyover

Value

Unit

Vehicle operating cost

Value of time

(VOC) (VOT)
Fuel consumption Loss of time
Under the bridge (intersection) . (84.38
1 (0.75 Baht/PCU/minute) Baht/PCU/hour)
Time of all vehicle 187.9 x 0.75 = 187.9 x (84.38/60) =
delay (reduced results) 140.93 Baht/day 264.25 Baht/day
187.9 m'SUte/ 140.93 x 300 = 264.25 x 300 =
& | 42,279.00 Baht/year | 79,275.01 Baht/year
Total = 121,554.01 Baht per year
Value of time in the
On the flyover At(;hgeg 6Bi§$ﬁ@t3}lirpne)ed highway (120.86
2 ' ' Baht/PCU/hour)
Fre? ﬂow speed of the sa30q | PV 24,304 x 3.99 = 2,025 x 120.86 =
vehicles in two ’ day 96,972.96 Baht/day | 244,741.5 Baht/day
directions of the bridge
lencth 96,972.96 x 300 = 244.741.5 x 300 =
E PCU/
2025 29,091,888 Baht/year |73,422,450 Baht/year
’ hour

Total = 102,514,338 Baht per year

ACa =

3)

Cost of Accident

Accident costs were obtained by using equation (4.1). As the

accident statistics from the 3 agencies did not record the number of

disability people, the calculation was based on the work of Dr.Nima Asgari

(WHO., (2013)) who stated that “for every road crash, where there is one

death, there will be 20 injured people and 1 of 20 injured people will

become to a disabled person”. Thus for this study, 5% of the number of

injured number are taken as the number of disabled.

A(FY*MCA(F) + A(Dis)*MCA(Dis) + ASI*MCA(SI) + A(LD*MCA(LI) + A(PDO)*MCA(PDO)

t

Where,
ACa :annual average accident cost ($/year),
A : number of accidents (acci),
MCA

t - is the period of time under review (year).

(4.1)

: the mean cost per accident ($/acci) as shown in table 2.4, and
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The equation (4.1) is used to calculate an annual average accident cost of three

situations, the table 4.7 shown these accident costs (below).

Table 4.7 Annual average accident cost in each situation

Locations Number of casualties in 3 situations
At-grade During flyover Flyover
Mean cost per accident intersection construction intersection
Fatal 5,178,000 - 6 -
Disabled 6,168,500 0.85 1.95 0.45
Seriously injured 151,500 8 23 1
Slightly injured 29,750 17 39 9
Property damage only 39,000 25 o7 times + 10
701,400 Baht

DOH damage - 533,500 Baht -
Year consider (year) 2.33 2.50 1.25
Cost 3,405,997.85 | 20,635,690.00 | 2,868,060.00

Reduced results of at-grade to the flyover intersection per year = 537,937.85 Baht

4.1.3.2 Economic Analysis

Economic Analysis used cost benefit analysis (CBA) method for
calculating all benefits and costs. The CBA is normally carried out in terms
of three key indicators: the Net Present Value (NPV), Benefit-Cost Ratio
(BCR) and Internal Rate of Return (IRR) (Garber, N. J., & Hoel, L. A. (2009)).

In this study, the recommended interest rate (i) of 12% was used
(DOH, 2009 and World Bank and Office of the National Economic and
Social Development). The period of analysis is 10 years (n). The result

of analysis is shown in Figure 4.12.

1) Net Present Value (NPV)
This method is defined as the summation of the present values

of the individual cash flows of the same entity, using equation (4.2);
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B,
NPV = Z( —C) 4.2)
= @+i)
So,
* 6 * 6 * 6
Z(Blo 133:88.7 1? +81.9 1(2) +...+43'2 11(()) _270.2%10° — 3.8+10°
5(1+0.12) (1.12) (1.12) (1.12)
NPV = 361,641,982 Baht Ans,

2) Benefit—Cost Ratio (BCR)
A ratio attempting to identify the relationship between the cost

and benefits of a proposed project, using equation (4.3);

mcR _ Benefits _ 361,641,982+ 537,938 +121,544 @3)
"~ Cost  249,597,672.5+ 20,635,690
BCR = 1.34 Ans,

3) Internal Rate of Return (IRR)
The discount rate often used in capital budgeting that makes the
net present value of all cash, solve for the value of interest rate for which

NPV equal to zero.

So, i =37.585 % Ans,

The table 4.8 shown the results in three situations of this case study.
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4.1.4 Results from SIDRA

In this study, the SIDRA software was used to analyze the performance

of the traffic flow, delay and level of service under fixed-time plan of traffic

signal. Furthermore, It can determine the appropriate fixed-time plans by using

the lowest time delay as the indicator.

Table 4.9 shows the results computed by SIDRA software of two situations

which are at fixed-time plan (224 seconds per cycle) and at the lowest time

delay.

Input-data and output-data as shown at appendix -5 and appendix II-

6 respectively (it is example data during 5:00 — 6:00 p.m. of flyover situation).

Table 4.9 The results that computed by SIDRA for 12 time periods (7:00 - 19:00) of

two situations (fixed-time plan (244 sec/cycle) and the lowest time delay)

) Cycle time Delay
Periods . ) o
f time (new cycle time) | (new delay) (At the lowest time delay—new phase timing results)
© (second) (second)
Phase A(W-E) | B(E-W) | C(N-S) | D(S-N)
7:00 Green Time (sec) 25 26 26 39
- 224 64.5 Yellow Time (sec) 4 4 4 4
(140) (45.5) All-Red Time (sec) 2 2 2 2
8:00 Phase Time (sec) 31 32 32 45
Phase Spliit 2% | 23% | 23% | 32% |
Phase A(W-E) | B (E-W) | C (N-5) | D (S-N)
8:00 Green Time (sec) 25 26 26 39
- 224 67.2 Yellow Time (sec) 4 4 4 4
(140) (45.8) All-Red Time (sec) 2 2 2 2
9:00 Phase Time (sec) 31 32 32 45
Phase Split 2% | 23% | 23% | 32%
Phase A (W-E) | B (E-W) | C (N-5) | D (5-N)
9:00 Green Time (sec) 25 25 22 34
- 224 64.8 Yellow Time (sec) 4 4 4 4
(130) (42.2) All-Red Time (sec) 2 2 2 2
10:00 Phase Time (sec) 31 £ | 28 40
Phase Split 24 % 24 % 22 % 1%
Phase A (W-E) | B (E-W) | C(N-8} | D(8-N)
10:00 Green Time (sec) 25 25 22 34
B 224 58.1 Yellow Time (sec) 4 4 4 4
(130) (41.5) All-Red Time (sec) 2 2 2 2
11:00 Phase Time (sec) 31 31 28 40
Phase Split 24 % 24 % 22 % 31 %
Phase A (W-E) B(EW) C(N-S) D(S-N)
11:00 Green Time (sec) 25 25 20 36
224 57.0 Yellow Time (sec) 4 4 4 4
3 (125) (40.8) All-Red Time (sec) 2 2 2 2
12:00 Phase Time (sec) 31 31 26 42
Phase Split 24 % 24 % 20 % 32 %




83

Table 4.9 The results that computed by SIDRA for 12 time periods (7:00 - 19:00) of

two situations (fixed-time plan (244 sec/cycle) and the lowest time delay)

(continue)
) Cycle time Delay
Periods ) . .
: (new cycle time)| (new delay) (At the lowest time delay—new phase timing results)
of time
(second) (second)
Phase A (W-E) | B(E-W) C(N-S) D (S-N)
12:00 Green Time (sec) 25 25 19 32
224 61.3 Yellow Time (sec) 4 4 4 4
- All-Red Time (sec) 2 2 2 2
13:00 (125) (41.4) Phase Time (sec) 31 31 25 38
Phase Split 25 % 25 % 20 % 30 %
Phase A (W-E) B(E-W) C(N-S) D(S-N)
13:00 Green Time (sec) 24 24 17 26
B 224 67.4 Yellow Time (sec) 4 4 4 4
(115) (aa.1) All-Red Time (sec) 2 2 2 2
14:00 Phase Time (sec) 30 30 23 32
Phase Split 26 % 26 % 20 % 28 %
Phase A(WE) B(EW) C(N-S) D(S-N)
14:00 Green Time (sec) 24 24 20 23
~ 224 75.2 Yellow Time (sec) 4 4 4 4
(115) (48.0) All-Red Time (sec) 2 2 2 2
15:00 Phase Time (sec) 30 30 26 29
Phase Split 26 % 26 % 23 % 25 %
Phase A (W-E)  B(E-W) C (N-S) D (S-N)
15:00 Green Time (sec) 24 26 13 28
224 86.6 Yellow Time (sec) 4 4 4 4
B (120) (45.2) All-Red Time (sec) 2 2 2 2
16:00 Phase Time (sec) 30 32 24 34
Phase Split 25%  27%  20% @ 28%
Phase A(W-E) B(E-W) C(N-S) D (S-N)
16:00 Green Time (sec) 25 29 22 30
~ 224 83.1 Yellow Time (sec) 4 4 4 4
(130) (a7.5) All-Red Time (sec) 2 2 2 2
17:00 Phase Time (sec) 31 35 28 36
Phase Split 24% | 2T% | 2%  28%
Phase A(W-E) B(E-W) C(N-8) D(S-N)
17:00 Green Time (sec) 25 34 25 37
224 103.9 Yellow Time (sec) 4 4 4 4
- (145) (61.6) All-Red Time (sec) 2 2 2 2
18:00 Phase Time (sec) 31 40 31 43
Phase Split 21% 28% 21%  30%
Phase A(W-E) B(E-W) C(N-S) D(5-N)
18:00 Green Time (sec) 25 25 24 37
224 66.2 Yellow Time (sec) 4 4 4 4
- (135) (45.8) All-Red Time (sec) 2 2 2 2
19:00 Phase Time (sec) 31 31 30 43
Phase Split 23 % 23 % 22 % 32 %
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4.1.5 Road safety analysis

According to this flyover control was designed for supporting traffic
capacity only two directions on one of the highways to the free flow, but at
under the bridge, the existing traffic signalization of the intersection still uses the
same fixed time control plans while the physical area of intersection has changed
to bigger than the old one. So, the problems are still found as similar to the
situation of at-grade intersection. Although a new cycle phase time is created to
serve the traffic volume on the ground level, a yellow phase time is only about
3 to 4 seconds while a space at the center is wide about 52*28 meters, may lead
to traffic accidents by violation of traffic signal. Furthermore the hazardous zone
spread to more many zones in the flyover area such as at the approaching and
exiting zone, at the drainage ditches on the median of the road, at the U-turn
under the bridge, on the shoulder of the road etc, (figure 4.13).

Conflicts points are commonly used to explain the accident potential of
a roadway. The conflict points are the line-direction of road users crossing,
merging and diverging with other users that used the same road. The conflict
points can indicate to the hazardous zone. There are 50 conflict points of the
at-grade intersection and 64 conflict points of the flyover intersection (refer with
a number of lanes), the conflicts points of both types shown at appendix II-7.

According to the accidents statistics are mostly occurred in the center of
the intersection. One issue of road user is not enough time to pass this crossroad,
because there are only 4 seconds of the yellow phase time (amber time) and 2
seconds of the all red phase which length is about 52 meters length.

The average radius of the U-turn under the bridge is about 12 meters. It
was constructed for serving only the vehicles 2-4 wheels. When the vehicles
waiting for next green cycle in the right turning lane along main road more than
5 vehicles (about 20 meters), this U-turn channel will be blocked by these
vehicles.

At the exit lane on the main road (at crossroad) is one of hazardous zones,
when the vehicles turn right from the secondary road. There is not the gap
between vehicle and vehicle of two channels (may occur the crash accidents

(sideswipe), when the vehicles compete to pass out this zone).
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At the approaching and exiting zone are the new danger zones, the

approaching zone may lead to the vehicles weaving and traffic crash, because

the vehicles intercept from the right lane to the left lane immediately before

into the auxiliary lanes, the exiting zone may lead to the vehicles merging and

traffic crash because some vehicles from the auxiliary lane run passing on the

nose — chevron markings to the right lane of the main road immediately.

Causes of accidents of each case that collected from 3 agencies can

conclude the result of 3 situations as shown in the table 4.10 and 4.11.

Table 4.10 Collision diagram codes of 3 situations

Situation | Collision Collision diagram code / number of each code No recored
Code

Before 17 cases
Number
Code |301|701|708|704 |604 [200 |804|801|703|303 (202 (107|101

During 27 cases
Number| 6 | 4 |3 |2 |2 |2 |11 1 |1]1]|1]|1
Code |701|306 (307|702

After -
Number | 5 | 2 | 1 | 1

Note: the collision diagram codes shown at appendix I-7

Table 4.11 Cause of accidents of 3 situations

Situation Cause of accidents Number (case)
Before Not recorded
Highest speed limit 15
Slippery roads 5
Drowsiness 2
During
Violating speed limit 2
Drunkenness 1
Not recorded 28
Slippery roads 6
After Violating speed limit 2
Vision is not clear 1

Note: cause of accidents of 3 situations shown at appendiix /I-2
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Figure 4.13 Hazardous zones in the flyover physical layout
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4.2 Typical flyover case

Existing flyover intersection is selected about 20% of all 29 existing flyover
intersections in Thailand to study. The 20% or about 5 flyover intersections - case
studies are covering all regions in Thailand. To study the performance of the flyover

intersection in terms of both efficiency and road safety.

4.2.1. Location of case studies

These case studies are located in Songkhla, Udon Thani, Phatthalung,

Rayong, and Phitsanulok province as shown in the figure 4.14 and table 4.12.

b ) S el uu-nm.- ) i
@ Phitsanulok s Udon Thani
e TP 50, L) SR

Pram o
U hiod

e B A o n {
o M R e
gt Thal!aqd

S

2.9 Phatthalung

Figure 4.14 Thailand map with studies area (province) marked

Source: Google Earth (updated 4/10/2013)
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Table 4.12 Existing flyover intersection locations — case studies

route no. 126 in Mueang
District, Phitsanulok,
Thailand.

4+000) & HW# 126 (Km.Sta
22+000-23+000)

100° 20’ 41.39"" E
46 m above sea

level

Locations
Case
No. Bxisting flyover Station (km. control) Situation AART
intersection
1 Highway route no. 4 and  [HW#4 (Km.Sta 1252+00- 6° 58’ 28.51"" N 45,999
route no. 43 in Hat Yai 1253+00) & HW# 43 (Km.Sta | 100° 28’ 45.64"" E
District, Songkhla, Thailand.|31+00-32+00) 17 m above sea level
2 Highway route no. 22 and |HW#22 (Km.Sta 3+250- 17°23’ 12517 N 61,342
route no. 216 in Mueang  |4+250) & HW# 216 (Km.Sta | 102° 49’ 33.14"" E
District, Udon Thani, 23+100-24+100) 186 m above sea
Thailand. level
3 Hishway route no. 4 and  |HW#4 (Km.Sta 86+750- 7°36’ 31.64"" N 75,026
route no. 41 in Mueang 87+750) & HW# 41 (Km.Sta | 100° 3’ 13.90"" E
District, Phatthalung, 86+500-87+500) 15 m above sea
Thailand level
4 Highway route no. 36 and |HW#36 (Km.Sta 55+600- 12°41’ 2727 N 43,952
route no. 3139 in Mueang |56+600) & HW# 3139 101° 17’ 57.73" E
District, Rayong, Thailand. |(Km.Sta 1+000-2+000) 7 m above sea level
5 Highway route no. 11 and |HW#11 (Km.Sta 3+000- 16° 50’ 49.56”" N 21,618

4.2.2 Collected data

4.2.2.1 On-site collected data

Intersection Traffic Movement (TMC), Delay (DL), Queue Length

(QL), Traffic Signal, and Vehicle speeds use the same method as in-depth

case data collection and assessment of data, recorded data at three

peaks-time ((07:00 - 08:00 a.m.), (12:00 a.m. - 01:00 p.m.), and (04:00 -

05:00 pm.)) in a working day.

In the figure 4.15 is an example on-site colleted data which are

traffic movement, delay and queue length information (all case studies

shown in the appendix II-8), and figure 4.16 shows the traffic signal

information (all case studies shown in the appendix II-9).
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Figure 4.15 Traffic movements, Delay and Queue length information

at three peak times a day (Phitsanulok example case)
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Figure 4.16 Traffic signal information (Phitsanulok example case)

Table 4.13 shows the passenger car units (PCU) data of both level

and cycle length of all case studies.
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Table 4.13 Passenger Car Units (PCU) data per peak times and cycle times.

Location 5 existing flyovers (province in Thailand)
ltems Songkhla Udon Thani Rayong Phatthalung Phitsanulok
. . AM. | Mid | PM. | AM. | Mid | PM. | AM. | Mid | PM. | AM. | Mid | P.M. | AM. | Mid | P.M.
Time period
(7:00- (11:00(16:00- [ (7:00- [(11:00-/(16:00-| (7:00- (11:00-|(16:00- || (7:00- [(11:00-{(16:00-| (7:00- |(11:00-(16:00-
considers
8:00) |12:00)| 17:00)| 8:00)| 12:00) 17:00) 8:00)| 12:00)| 17:00)| 8:00)| 12:00) 17:00)| 8:00)| 12:00) 17:00
Cycle time
176 | 176 | 176 190 | 190 | 190 || 160 | 160 160 184 | 144 | 184 | 159 | 159 159
(second)
on bridge | 1802 | 1038 | 1538 || 2470 | 2102 | 2969 || 3242 | 3146 | 3535 | 1965 | 1710 | 2182 | 650 | 472 | 672
PCU | at-grade
ovel 5643 | 5566 | 6521 | 5213 | 4701 | 5225 || 2383 | 1970 | 3070 | 4492 | 3516 | 4120 || 2036 | 1464 | 2071
eve

4.2.2.2 Accident statistics (Existing flyover)

Accident statistics of each location were collected for 3 years

(2010-2012) from 3 agencies in Thailand consisting of Department of

Highways (DOH), Police records and Emergency Medical Services (EMS).

The statistics were used for computing costs of accident that occurred at

these existing locations. Table 4.14 shows the number of casualties in 3

years of accidents. Eq. (4.4) was used to find an annual average accident

cost, to describe the combined effects of the number and severity of the

accidents in these case studies. And appendix lI-13 is shown the accident

statistics analysis.

Table 4.14 Number of casualties and time of accidents, 3 years (2010 — 2012)

Time of accident Number of Casualties
DOH PDO
Case studies Slight | Serious
Day | Night | Rain Deaths | Damage | (times)
Injuries | Injuries
Songkhla 12 15 0 24 1 2 - 27
Udon Thani 27 13 0 21 14 2 - 40
Rayong 15 15 0 20 10 3 - 30
Phatthalung 6 7 4 12 4 5 - 17
Phitsanulok 12 25 0 a2 6 5 - 37
Sum 70 75 a 119 35 17 None 151

Source: Accident statistics at the flyover areas: DOH., EMS., and Police records (2010 - 2012).
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AF)*MCA(F) + A(Dis)*MCA(Dis) + A(SI*MCA(SI) + A(LI*MCA(LI) + A(PDO)*MCA(PDO)
ACa = . (4.9)

Source: RIPCORD-ISEREST (2005), R. Elvik. (2008)

Where,
ACa :annual average accident cost ($/year),
A : number of accidents (acci),
MCA : the mean cost per accident ($/acci) as shown in table 4.15, and
t : the period of time under review (year).

Table 4.15 Mean cost per accident for various severities (2012)

. Thailand Bangkok Other Provinces
Severity s - o
(Million Baht) (Million Baht) (Million Baht)
Fatality (F) 5.062 - 5.956 10.561 - 12.413 4.757 - 5.599
Disability (Dis) 5.114 - 6.910 11.611 - 13.934 5.608 - 6.729
Serious Injury (SI) 0.158 - 0.164 0.328 - 0.337 0.148 - 0.155
Slight Injury (LI 0.0386 - 0.0389 0.1731-0.1733 0.0297 - 0.0298
Property Damage Only (PDO) 0.052 0.164 0.039

Source: Source: Mean cost of severities per road accident in Thailand: DOH. (2012)

The mean cost per accident in Thailand is used to estimate the
accident cost, the number of casualties per unit is transformed to be the
cost value (money), in this case used the mean value of the other
provinces (in table 4.15) to estimate.

The accident statistics that collected in 3 years (2010-2012) of
each location by 3 agencies which are the Department of Highway (DOH),
Police recorded and Emergency Medical Services (EMS) are analyzed and
shown in the appendix II-10.

Not only on-fields collected data, but also the important
information such as the construction costs, number of casualties and
flyover designs, in table 4.16 shows these items of 5 example cases. Each
location is different in the design and management because it is designed
by depending on its physical locations (appendix lI-11), some locations
must have an auditor for recording and inspection of these information

more than six people such as at Udon Thani case study location - the
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dimension of the intersection is very big (it's located on the bypass

highway), consequently, we need help with video record for checking

traffic movement of each direction on the ground level, furthermore,

author can also check and calibrate to the SIDRA software such as road

user behavior and cycle phase time.

Table 4.16 Collected data of 5 existing flyover intersections — case studies

Location 5 existing flyovers (province in Thailand)
Items Songkhla Udon Thani Rayong Phatthalung | Phitsanulok
1. Flyover locations HWH# (4 + 43) | HW# (22+216) | HW# (36+3139) | HW# (4 + 41) [HW# (11+126)

2. Traffic survey
- vehicle movement

- delay and queue length

Collected data at three peaks-time (07:00 - 08:00 am., 12:00 am. - 01:00 pm.,
and 04:00 - 05:00 pm.) in a working day.

3. Cycle times

(fixed-time), 176, 176, 176 | 178, 178, 178 | 160, 160, 160 | 184, 144, 184 | 159, 159, 159
(second/cycle)
4. Average speed (km/hr) 65 62 68 58 64
5. Dimension
390 750 340 410 670
(Bridge length (meter))
6. Road Safety Inspection
- Conflict points 64 64 40 64 66
- No. of accidents (3 years) 27 40 30 17 37
7. Construction cost
(Million Baht) 117.00 242.20 203.80 198.97 116.20
and Opening date Aug, 1996 2008 Aug, 2001 Sep, 2008 2002

4.2.3 Data analysis

Although the control of intersection is improved by the installation of a

flyover bridge, it still has many limits and can’t fully solve the traffic problems

that exist in similar situation of the at-grade intersection model such as vehicle

delay, traffic congestion and road accidents. The bridge is just increasing the

convenience for the road users in two directions on one of the two main roads

while under the bridge, the same traffic control plans as the “before the flyover”

were still in use. Even though it was found that about 30-35% of the total traffic

volume diverted to the bridge and the vehicle delays reduced by 30% over the
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same period, the traffic flow situation on the secondary road is almost the same
as that of the previous at-grade intersection.

The fixed-time cycle plan of the traffic signalization was used to control
traffic volumes at ground level (4 in 5 case studies used only one plan of control
throughout the day), it leads to an unnecessary loss of vehicle time. Table 4.17
further describes the issues relating to the flyover model that were found in this

study, in terms of its advantages and disadvantages

Table 4.17 Advantages and disadvantages of the flyover intersection.

[tems Disadvantages Advantages

The bridge - The visual landscape is obscured, - Convenient for road users using the
over an at- especially the commercial building bridge, free flow on the bridge
grade level that located near this area.

Traffic - Small increase in traffic capacity for - Empowered to handle large traffic
capacity the secondary road volume, especially on the main road
Delay & - The delay and queue on secondary - Reducing a number of delays and
Queue length  road are quite the same as the vehicle queues in the direction of the

situation of the at-grade intersection bridge constructed (main road)

- Saving travel time, increasing vehicle
speed, especially, on the main road
from 29.8 km/hr. to 52.5 km/hr. (at
85% vehicle speed)

Traffic control - Traffic signalization still uses the fixed- - Reducing time for waiting at the
time control plans as the previous intersection (by adjusting a new cycle
situation of at-grade intersection, time for flyover situation)
which does not fully utilize the

benefits of having a flyover

Road Safety  -1n the flyover area, the hazard zone is - Reduce traffic conflict points at the

spread to more zones, especially at junction

the approaching and exiting zones of - Redu(jng rear-end collisions

the bridge
Cost and - During construction, road accidents - The flyover is an essential part of the
benefit and vehicle time delay incurred extra  highest type of highway, the
costs expressway or freeway. It has cheaper
- Higher maintenance costs construction cost than other types of

grade separations.

- No land needs to be expropriated.
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4.2.4 Road Safety Inspection

According to the physical data, the area of intersection has increased
compared to the old one and under the bridge, the existing traffic signalization
still uses the same previous fixed time control plans; hence, similar problems as
those of the previous at-grade intersection still exist. Furthermore the hazardous
zone has spread out to other zones in the flyover area (as shown in figure 4.13)

as follows:

At the approaching and exiting zone of the bridge (bottleneck); road users
behavior at an approaching zone may lead road crashes from weaving conflicts
because the vehicles cutting in sharply from the right lane to the left lane before
entering the auxiliary lanes or heading for the bridge. At the exiting zone, conflicts
of vehicles merging can lead to road crash because some vehicles from the left
auxiliary lane cutting across the chevron markings to the right lane of the main

road abruptly (figure 4.17).

Figure 4.17 Traffic conflicts at the approaching and exiting zones

The drainage ditches on the median of the road, at the beginning of the

bridge there are illegal paths that were used by motorists for crossing to opposite
direction, when a high speed vehicle on the main road passes this area, a crash
may occur as a result of the vehicles on the main road hitting the motorcycle

emerging from the drainage median (figure 4.18).
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Figure 4.18 An illegal movement at the drainage ditches on the median of the road

The U-turn under the bridge, it is located near the stop line markings on

the bridge direction about 17 meters or 3-vehicle length. For Udon Thani case
study, this type of U-turn which allows movements in two directions and
becomes an illegal channel for motorcycles, could cause the right or left angle

collisions and head-on collisions (figure 4.19).

Figure 4.19 Illegal movements at U-turn under the bridge

On the shoulder of the road, there are many heavy trucks that stop and
wait for repair and recess. Some incidents may occur when motorcycles using
the shoulder at night time and cannot see a truck in time, a rear-end collision

could result (figure 4.20)
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Figure 4.20 A fixed object - heavy trucks stopped for repair and recess at the

shoulder of the road near flyover intersection area

Other problems near the flyover area, because the flyover model doesn’t have

a standard design, the Phitsanulok case study has a different traffic control for example
the U-turn is opened on secondary road (figure 4.21 (A)), for the Udon Thani case study,
a supermarket is located near the flyover location (figure 4.21 (B)) and for the

Phatthalung case study, the U-turn has no auxiliary lane (figure 4.21 (C)).

Figure 4.21 Other problems near the flyover areas
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4.2.5 Cost of Accidents

To assess the accident cost at the existing flyover intersections (5 case
studies), Eqg. (4.4) is used to estimate the annual average accident cost.

Because the accident statistics from the 3 agencies did not record the
number of people who were disabled by the accidents; the authors used
estimate as given by Dr. Nima Asgari (WHO., (2013)) who stated that “every crash
of road accidents in one year will be one person's death, injured 20 people and
1 of 20 people become to a disabled person”, so, if there are 100 injured people,
5 people may become disabled. For this reason this paper uses 5% of the slightly
injured number as the number of disabled people.

Equation (4.4) is used to calculate an annual average accident cost (ACa)

as shown in Table 4.18.

Table 4.18 Annual average accident cost of 5 case studies.

Mean cost per accident

Locations Number of casualties (3 years recorded)

Songkhla [ Udon Thani| Rayong |Phatthalung | Phitsanulok

Fatal 5,178,000 Baht 2 2 3 5 5
Disabled 6,168,500 Baht 1.2 1.05 1.0 0.6 2.1
Seriously injured 151,500 Baht 1 14 10 4 6
Slightly injured 29,750 Baht 24 21 20 12 a2
Property damage

39,000 Baht 27 a0 30 20 37
only

6,558,900 | 7,046,225 | 8,327,500 | 10,444,700 | 14,148,450
Avg ACa = 9,305,155 Baht/year

ACa [Baht/year]

4.2.6 Analysis Results from SIDRA

This software is an advanced micro-analytical tool used for evaluating of
alternative intersection designs in many terms such as capacity, level of service,
time delay, queue length, as well as fuel consumption, pollutant emissions and
operating costs (Akcelik & Associates Pty Ltd. (2011)). In this study, the software
was used to analyse the performance of each flyover improved intersection and
point out the average delay, average queue length and level of service (table
4.19).
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And to further improve the performance of the intersections, the same

data were used to calculate the optimum cycle-phase times by using the lowest

time delay as the indicator. Table 4.20 shows the optimum cycle time and its

results for 3 time periods of the 5 case studies.

Table 4.19 Analysis of field data by SIDRA for 3 time periods

Locations Songkhla Udon Thani Rayong Phatthalung Phitsanulok
Time
AM. | Mid | P.M. || AM. | Mid | P.M. | AM. | Mid | PM. | AM. | Mid | P.M. | AM. | Mid | P.M.
[tems
Cycle time (sec) 176 |176| 176 || 190 | 190 | 190 | 160 | 160 | 160 | 184 | 144 | 184 | 159 | 159 | 159
Average delay (sec/veh) 159 | 151 195 || 204 | 162 | 191 a6 a5 a6 207 | 165 | 232 37 36 38
Average queue length 83 & [ 80&| 96& || 72& | 56& | 63& || 13& | 11& | 15& || 66& | 35& | 65& | 11& | 9& | 12&
(vehicle) and (meter) 543 |516| 563 | 474 | 375 | 413 7 66 87 395 | 216 | 407 66 53 67
Level of service F F F F F F D D D F F F D D D
Table 4.20 Optimum cycle-phase time by SIDRA for 3 time periods
Locations Songkhla Udon Thani Rayong Phatthalung Phitsanulok
Time
AM. [Mid| PM. | AM. | Mid | PM. | AM. | Mid | P.M. | AM. | Mid | P.M. | AM. | Mid | P.M.
[tems
Cycle phase time (sec) 130 | 140| 150 || 185 | 160 | 170 | 115 | 106 | 115 | 178 | 178 | 178 80 80 80
Average delay (sec/veh) 153 (143 | 175 | 140 | 98 | 109 | 38 37 | 39 | 139 | 76 | 142 | 28 | 27 | 28
Average queue length 65& |67& | 86& | 64& | 44& | 53& | 10& | 10& | 13& | 58& | 32& | 57& | 10& | 7& 9&
(vehicle) and (meter) 432 | 446| 501 | 422 | 292 | 336 61 57 76 347 | 193 | 357 60 43 54
Level of service F F F F F F D D D F E F C C C




CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions of study

The conclusions are divided to two parts which are In-depth case and Typical

flyover case parts. The conclusions of the study of both cases are as follow to these

items;
1) In-depth case 2) Typical flyover case
- On-site effect of flyover to traffic, - Existing flyover traffic control,
- Project evaluation, - Road safety of existing flyover,

- Analysis and Optimization by SIDRA, - Result from SIDRA.

5.1.1 In-depth case

Sananbin Nai Intersection on highway route number 43 and highway route
number 4135 near Hat Yai city, Songkhla, Thailand is selected to study because
it is constructed during 2009 to 2012 by the Department of Highways and during
researcher studied, there are enough fundamental data to study and restrictions
in terms of the budget to data collection. This case study is consists of three

situations which are the “before construction (at-grade intersection)”, “during

flyover construction” and “after construction (flyover intersection)”. The results

of the study is as follows;

5.1.1.1 On-site effect of flyover to traffic

An at-grade intersection was upgraded with an installation of a
flyover-bridge at a cost of 249.5 million THB, with the aim of increasing
capacity of the intersection and reduce vehicle delay and long queue at

the ground level. The study results can be summarized as follows:

1) Traffic volume at the intersection increases around 4,000
PCUs or 6.02%, the volume at ground level accounts for 33.8% and free

flow on the bridge 45.7%.
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2) Delay at intersection: average time delay was reduced by
34.5%.

3) Queue length at intersection: The stopped vehicle ratio at this
intersection for the at-grade situation and the flyover situation is 1.55 :
1 and 3.16 : 1 respectively.

4) Traffic signalization: Both before and after situations were
controlled by fixed time control plans. At-grade situation operated two
daily plans, the first plan used 244 seconds of cycle length, for the period
06:00 -21:00 (4 phases per one cycle); the second plan used flashing
signal for the period 21:00-06:00. The flyover-improved intersection used
similar fixed time control plan, but with the shorter cycle time of 224
seconds.

5) Speed: saving in travel time from increased vehicle speed,
especially on the flyover where the speed increased from 29.8 to 52.5
km/hr.

6) Accident statistics : Accident statistics of the flyover that
controlled at this intersection was not different from an at-grade
intersection accident statistics (at-grade intersection = 7.3 crashes/year,
flyover intersection = 7.2 crashes/year). Interestingly, there were 20.8
crashes/year during flyover construction time. Mostly of accident cause
of flyover control is rear end in the same lane. And the accident cost of
three situations are 3,405,997.85 Baht of at-grade intersection situation,
20,635,690.00 Baht during construction time and 2,868,060.00 Baht of
flyover intersection situation.

7) Traffic conflicts : Because of the flyover intersection bigger
than at-grade intersection and there are 2 merging and 2 diverging-zones
connected to the bridge. The conflict points of at-grade intersection are
50 points and the flyover intersection are 64 points (conflict points
counted as follow as a number of lanes).

8) Hazardous zones : The hazardous zones are only under the

bridge. Although the physical layout of intersection has changed to bigger
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than the old one, the problems are still found as similar to the situation
of at-grade intersection. The hazardous zone spread to more many zones
in the flyover area such as at the approaching and exiting zone, at the U-
turn under the bridge and at the crossroad under the bridge. The
inspections are as follows;

X/

¢ At the crossroad under the bridge: according to mostly of

accidents statistics occurred at the center of the intersection. One issue
of road user is not enough time to pass this intersection on the yellow
time (mostly of road user is non stop in yellow time), because of only 4
seconds of the yellow phase-time (amber time) with limit vehicle speed
around 30 km./hr., may lead to traffic accidents by violation of traffic
signal.

7/

< At the exit lane on the main road (under the bridge) is one

of hazardous zones. When the vehicles turn right from the secondary
road, there have not the gap enough between vehicle lane no. 1 and
vehicle lane no. 2 of the channels, may occur the crash accidents by
sideswipe when the vehicles compete to pass out this zone.

& U-turn under the bridee is radius about 12 meters. It was

constructed for serving only the vehicles of 2-4 wheels. In this case, the
trailer or truck can not turn on this lane. And when the vehicles waiting
for a green cycle in the right turning lane along the main road or the
direction of the bridge more than 5 vehicles (about 20 meters), this U-
turn channel will be blocked by these vehicles.

% At the approaching and exiting zone become to the new

dangerous zones. The approaching zone may lead to the vehicles
weaving and traffic crash because the vehicles intercept from the right
lane to the left lane immediately before into the auxiliary lanes, the
exiting zone may lead to the vehicles merging and traffic crash because
some vehicles from the auxiliary lane run passing on the nose — chevron

markings to the right lane of the main road immediately.

On-site data of both conditions of this intersection was concluded

and compared and shown the conclusion in table 5.1 again.
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Table 5.1 On-site effect of flyover to traffic

Results of both conditions

Increase (+)

speeds

(at 85% vehicle
speed)

ltems Remarks
Before After Decrease (-)
1) Cycle time of 244 sec/cycle | 224 sec/cycle - 20 seconds | No comments
traffic signal (Fixed time) (Fixed time)
2) Traffic volume
- on ground 60,351 PCU. 20,400 PCU. - 33.8% Reduce traffic jam
- on the bridge - 29,384 PCU. + 45.7% Good free-flows,
3) Average Delay 94.88 sec/PCU | 90.41 sec/PCU -4.7% The vehicle delay
(12-hour) depend on cycle phase
time of traffic
signalization,
4) Average Queue 106 veh/cycle | 52 veh/cycle - 50.9% > 80% Reduced on the
length (12-hour) | time time bridge direction,
5) Average LOS (12- | F Level of E Level of One Level | The LOS depend on
hour) service service cycle phase time of
traffic signalization also,
6) Average vehicle 29.8 km/hr. 52.5 km/hr. + 43% Saving travel time,

increasing vehicle
speed, especially, on

the main road

7) Road safety
- No. of accidents
- Cost of accident

- Conflict points

7.3 crashes/year
3,405,997 Baht
50 points

7.2 crashes/year
2,868,060 Baht
64 points

Not different
-15.8%
+ 14 points

It depends on road
users behaviour,
Increase more conflict

zones

5.1.1.2 Project evaluation

The flyover construction project invested cost about 249.5 Million

THB. To evaluate the project, this study conducted a CBA evaluation on

a flyover improved intersection. The savings in vehicle operating cost,

travel time and accident cost are considered as the benefit of the

improved

intersection.

Construction and maintenance costs

are

considered as the cost of the improved intersection.
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The benefits were considered in terms of saving in VOC, VOT and
Accident Costs. The saving in costs of 29.13, 73.50 and 0.54 million THB
were realized respectively realized with the flyover installation. The
project net present value (NPV) was 361.64 million THB, benefit cost ratio
(B/R) 1.34 and internal rate of return (IRR) 37.58%, indicating that it is a
worthwhile project.

The evaluation of this flyover intersection construction project
was concluded and shown the conclusion results in table 5.2 again.

And discounted cash flow is also computed to represent the
capital time cost, the figure 5.1 shown that the summary cash flow per

year (2009 - 2021).

Table 5.2 Results of the project evaluated

Project evaluation : the benefit of the project is computed in comparing to

current at-grade intersection.

Road user costs : the benefit of the improved intersection

1) Vehicle operating cost (VOC) = saving 29.13 million baht
2) Value of time (VOT) = saving 73.50 million baht
3) Accident cost = saving 0.54 million baht

Cost benefit analysis : the cost of the improved intersection

1) Net Present Value (NPV) = 361.64 million baht

2) Benefit Cost Ratio (BCR) =134

3) Internal Rate of Return (IRR)

37.58%

Note: year consider (t) = 10 year, interest rate per year (i) = 12%)
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5.1.1.3 Analysis and Optimization by SIDRA

This software is an advanced micro-analytical tool used for
evaluating of alternative intersection designs in many terms such as
capacity, level of service, time delay, queue length, as well as fuel
consumption, pollutant emissions and operating costs (Akcelik &
Associates Pty Ltd. (2011)). In this study, the software was used to analyse
the performance of flyover improved intersection and point out the

average delay, average queue length and level of service (table 5.3).

Table 5.3 Computed data and Optimizing by SIDRA

Situation of | at-grade intersection flyover intersection

By fixed-time control | By fixed-time control | Optimizing at the

ltems plan (244 sec/cycle) plan (224 sec/cycle) lowest time delay
Average Delay 12-hour

105 sec/PCU 71 sec/PCU 45 sec/PCU
(second/cycle)
Average Queue 12-hour

112 veh/cycle 56 veh/cycle 44 veh/cycle
(second/cycle)
Average Level of

F E D

Service (LOS) 12-hour

Furthermore, at the lowest time delay, the software is determined
new fixed cycle phase time per hour during 7:00 to 19:00 (12-hour) by
depending also with traffic volume per hour. And researcher adjusted
traffic volume to 24-hour, the table 5.4 is 24-hour of traffic signal plan,

there are 8 programs per day and still control by fixed time plan.
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Table 5.4 Optimum cycle times per hour by SIDRA (Red colour: 7:00 — 19:00 (12—

hour), adjusted to 24-hour: Green colour)

Signal Time of operation
Cycle timg
program
0 3 6 9 12 15 18 21
145 S1 ]
140 S2 I
135 S3 [ |
130 Sa — - -
125 S5 — —
120 S6 _— —
115 | 7 = — —
flashing
yellow S8 —
lights

5.1.2 Typical flyover case

This part presented the performance of the 5 case studies flyovers and
suggested improvements to 29 flyover intersections in Thailand. These case
studies are located in Songkhla, Udon Thani, Phatthalung, Rayong, and
Phitsanulok province. On-site data are recorded at three peaks-time ((07:00 -
08:00 a.m.), (12:00 a.m. = 01:00 p.m.), and (04:00 - 05:00 pm.)) in a working day.

An at-grade intersection was upgraded with an installation of a flyover at
a cost of about 175 million THB, to increase capacity of the intersection and
reduce vehicle delay and long queue at the at-grade level, the flyover is one of
the methods that supported traffic volume about 25,000 - 45,000 vehicle/day
(IHT. (1997)).
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5.1.2.1 Existing flyover traffic control,

The results of study, however, show that traffic signalization for
both the existing at-grade situation and flyover upgraded situation has
been and is still controlled by fixed time control plans, there is still long
queue and delay especially on the secondary highways (summarized on-

site data in table 4.16).

5.1.2.2 Road safety of existing flyover,

Hazardous zones in the flyover area spread out to other zones

which are at the approaching and exiting areas, at the drainage ditches
on a median of roads, at the U-turn under the bridge and at the crossroad
under flyover, furthermore, the conflict points increased from 50 points
to 64 points (table 5.5).

Accident cost is about 9.3 Million THB/year/flyover intersection,
average accident number is about 30 crashes, 30 injured people and 1

person death per year (table 5.5).

5.1.2.3 Result from SIDRA

To improve the performance of the flyover intersections, the
SIDRA software (version: SIDRA intersection 5.1) was used to calculate the
optimum cycle-phase times which based on the lowest time delay as the
indicator, table 4.20 shows the optimum cycle time and its results for 3

time periods of the 5 case studies (table 5.5).
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Table 5.5 Conclusion data of existing flyover intersections — case studies

Items Intersection

Figure At-grade Flyover-bridge Grade seperation

Past P'reset Future

P4

Construction cost| 40,000 Baht/square/2 75,000 Baht/square/2 80,000 Baht/square”2

(approximate) (Avg = 175.63 million
baht)

Traffic capacity ~1,500 - 25,000 ~25,000 - 45,000
of each type vehicles/day vehicles/day > 45,000 vehicles/day
- Situations Analysis of field data by SIDRA Optimum cycle times by SIDRA
Delay Avg Delay = 127 second/cycle = 92 second/cycle (reducing to 27.5%)
Phase time Avg cycle phase time = 174 = 136 second/cycle (reducing to 38

second/cycle second)
Queue length Avg Queue = 45 vehicles or 287 = 29 vehicles or 245 meters

meters (reducing to 14.0%)
LOS between F to E between F to D
Accidents Average number of accidents = 30 crash /location/year
No.of injured Average number of injured = 30 people /location/year
Death Average a number of deaths = 1 person /location/year
Accident cost Average accident cost is about 9,305,155 Baht/year/location (285,724.09 USD)
Hazardous Install flexible traffic posts Paint the guidelines for road users

zones
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Recommendations

5.2.1 Project study

The process of feasibility study of the flyover construction was used to
evaluate the benefits of the project, Department of Highways has already made
with the good process. This study conducted a CBA evaluation on a flyover
improved intersection. The savings in vehicle operating cost, travel time and
accident cost are considered as the benefit of the improved intersection.
Construction and maintenance costs are considered as the cost of the improved
intersection.

However, researcher has worried about road safety in during construction
stage, due to the accident statistics has presented the number of accidents which
have 53 times in 34 months — construction periods. So, At the field works should
have traffic engineering staff for controlling or checking the possibility of

accidents.

5.2.2 Traffic signalization

Overall, the project is economically worthwhile and can reduce
congestion at the intersection. However, the operation of traffic signal has been
and is still controlled by fixed time control plans as the previuos situation of
before the construction of the flyover. Long queue and delay of vehicles
especially on the minor highway still exist.

To improve performance of the intersection, shorter optimum cycle times
as calculated by SIDRA should be adopted for different time of day. For this
example, The SIDRA is used to find the optimum cycle times to improve and
solve the traffic congestion of each leg at intersection by setting the targer at the
least vehicle time delay per hour (comparing with fixed time at 224
second/cycle), the cycle times are shown in figure 5.2.

Better solution to solve the traffic congestion at intersection, Traffic-
Actuated Signals should be used. It has been created to alleviate this problem
by efficiently managing traffic flow. It can improve traffic congestion by

responding to road conditions as problem occer.
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«=@==0n field (fixed time at 224 s.)

100
=@==Optimum cycle (Set at the best of time delay) F
< 80
c
o E
Se0 2
—
s D
& 40
C
20
Q Q Q Q Q Q Q Q Q Q Q Q
S N g & & §F § § ¥ § § ¥
N @ L k i i ! : k L L k
time
Ti 7:00- | 8:00- | 9:00- | 10:00- | 11:00- | 12:00- | 13:00- | 14:00- | 15:00- | 16:00- | 17:00- | 18:00-
ime 8:00 | 9:00 | 10:00 | 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00
== | 645 | 672 64.8 58.1 57.0 61.3 67.4 75.2 86.6 83.1 103.9 66.2
el | 455 | 458 42.2 41.5 40.8 414 43.3 48.0 452 47.5 61.6 458
Difference| 19.0 | 21.5 22.2 16.6 16.2 19.9 24.1 31.9 41.4 35.6 42.3 20.4

Figure 5.2 Comparing of vehicle time delay result on field data and in optimum
cycle times per hour during 7:00 am - 7:00 pm that run by SIDRA software

(example of in-depth case)

5.2.3 Road Safety

For existing flyover intersection;

1) At the beginning/ exiting of the bridge flexible traffic posts should be
installed along the line of the nose-ghost island, the direction arrows should be
painted on the weaving zones, installation of traffic signs: speed limit sign, give

way sign and intersection warning sign.

2) At the drainage ditches on the median of the main road concrete

barriers should be installed to close off the illegal paths.

3) At the U-turn under the bridge, one way traffic control should be used.
4) At the junction underneath the bridge, guideline should be painted for

road users in all directions.
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5) For a typical existing flyover intersection, around 60-80% time delay is
on the secondary road, traffic engineer should design a new cycle-phase times
of traffic signalization especially the yellow phase-time which should be

appropriately designed in accordance with the size of the intersection.

For during construction stage (in-depth case);

1) The “temporary traffic signs” should use standard signs, installed at
appropriate and sufficient locations “Road surface” should not have pothole
and soil aggregates on the road surface.

2) “Street-lights” should be installed consecutively and turned on every
night.

3) “Concrete Blocks” should be installed at appropriate locations, they
should clearly show which are road user, roadside and construction zones. They
should be installed covering the project construction area without gaps.

4) Traffic signal control during construction and open road should follow
traffic volumes of each leg and period of the day, and

5) Field works should have traffic engineering staff for controlling or

checking the possibility of accidents.
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Data collection Form and Reference
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Appendix | - 2: Delay count (DL) Form (Example Form during 7:00 -8:00)

Delay count (DL)
DL NO..coovrvererieineee Road.....ccoeeevniericnnee and......occceeeeeeee
Investigator: .........cccceeeeeuenen. Date / Month / Year: ............... Weather: ..........

Time

Number of vehicles stopped in time phase (allow to count the same vehicle)

0-15 second

15-30 second

30-45 second

45-60 second

7:01

7:02

7:03

7:58

7:59

8:00
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Appendix | - 3: Queue length count (QL) (Example Form during 7:00 -8:00)

Queue length count (QL)

Investigator: .......cccoeveerunee. Date / Month / Year: ............... Weather: ..........

Time

Number of vehicles stopped in time phase (allow to count the same vehicle)

0-15 second

15-30 second

30-45 second

45-60 second

7:01

7:02

7:03

7:58

7:59

8:00
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Appendix | - 4: Traffic signal Form

Traffic signal form.

NO.errrreennnnns Main Road...ceeeveviniieieeieinennnnnnnn. 10
Date / Month / Year:.eoceveeiiiineeiiennnnns TIMe: evvvereineiierineinecnennnns INVestigator:ceeeseeierieeeneriecierinenens
N
W%% E
S

Traffic light System D Fixed Time Signal D Actuated Signal Condition QVery Good Q Good Q Medium

Type [J O 075 | |
o) Fail Q Impracticable

Time to turn on........cc..ccevvevee. Time to turn off.....ccccevvuieennnnes
Control by the police D Without D Have (If yes, please specify the time interval in each well)
Morning........coeeeeeeeevvnnnnnnn. Midday.....ccceuuieeeriieniiinnnnn. Evening.......ccoevvveeiiiiiiiinnnieeniiinnnnnn,
The length of cycle phase...........ccove...... second.
Phase A B C D
Green
Yellow
Rad ‘
All rad




Appendix | - 5: Spot speed table Form
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Speed group

Lower limit | Upper limit
(km/hr.) (km/hr.)

Middle
speed
(km/hr.)

Totals

PC

Trucks

Other

Total

% Freq.
in group
(%)

Cum. %
Freq (%)

Sum
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Appendix | - 7: Collision Diagram

Accident . e
isi Figure Description
Collision Type Code g pt
000 i Other pedestrian accidents
[ —— |
001 . H Hit pedestrian from near side
002 7 Hit pedestrian emerging in front of
—=1 we  |Or back of parked vehicle
003 Hit pedestrian from far side
004 Hit pedestrian playing, working,
lying, standing on carriageway
Pedestrian
( ) 005 Hit pedestrian walking with the
s |traffic
006 e Hit pedestrian walking against the
e |traffic
007 —_ % Hit pedestrian at zebra crossing
008 ’ Hit pedestrian on footway
| — L_ ‘ Hit pedestrian during turning to the
009 r— i . d
—.[ ¥ |access or minor roa
100 o Other intersection accidents
101 . Through hits through traffic from
1‘ - |adiacent approach
102 - Right turn hits through traffic from
[ . |adiacent approach
103 R Left turn hits through traffic from
] - adjacent approach
. - 7 Through hits right turn traffic from
(lnt?rsectlon 104 ‘“\I adjacent approach
vehicle from ) 101
adjacent T 1
app:oaches) 105 — Right turn hits right turn traffic
(“ - from adjacent approach
. Through hits left turn traffic from
108 | o adjacent approach
Right turn hits left turn traffic from
2
107 4 - adjacent approach
108 t Left turn hits left turn traffic from
\ . adjacent approach

129
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Appendix | - 7: Collision Diagram (continue)

Accident . L
Collision T Figure Description
ollision Type Code g P
200 crnens Other opposite direction accidents
201 —_——— Head en
202 R T Right turn hits through traffic
203 'j,_, Right turn hits left turn traffic
(Vehicle from
Opposite 204 T, Right turn hits right turn traffic
Direction) 204
205 N S Left turn hits through traffic
206 '—%—' Left turn hits left turn traffic
207 T Through hits U-turn traffic
207
300 = Other one direction accidents
300
301 —*—=—"+ |Rear end in the same lane
302 »—-——-—/’ Rear end during left turn
303 '_"'ﬂ‘ Rear end during right turn
304 '—E Rear end during U-turn
305 : Side swipe in parallel lane
(Vehicle from L
One Direction) T ] Hit b hicle changing | to1h
= it by vehicle changing lane to the
306 h .m right
307 T ::Iftt by vehicle changing lane to the
e | |Vehicle making through or right
308 ' S } tum hit by another vehicle making
=4 right tum
N ‘ehicle making through or left turn
309 '—-&-Jl hit by another vehicle making left
0 tum
310 :Z—,_(—:': Hit vehicle pulling out




Appendix | - 7: Collision Diagram (continue)

Accident

isi i Description
Collision Type Code Figure 2
400 o= Other manoeuvering accidents
. .
401 = Q\j@ Hit with vehicle leaving the parking
L . .
402 ] \Q[z Hit with vehicle entering the
—=0 . [parking
I
atifminain 403 TS [ Hit during parking
! 103
404 =22 |Hit with reversing vehicle
0
405 t@ Hit fixed object during reversing
03
406 .__.J- Hit vehicle leaving driveway
407 , " Hit vehicle from footway
500 mens Other overtaking accidents
W0
501 ® == |Head on with overtaking vehicle
502 7’33\ Out of control during overtaking
3__.' Hit by overtaking vehicle during
503 . |going straight
AUAIATIN — ) ;
PSS 504 N\ dR::r: enﬁlﬁ: o:irtakmg vehicle
(Overtaking) M g puiling
505 —~T—=="_ |Rear end during cutting in
505 —/—‘_ﬂ Rear end during overtaking to the
e |left
507 '_"r" Rear end by pulling out vehicle
w7
508 '_\__',a Hit by overtaking vehicle during

right turn

131
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Appendix | - 7: Collision Diagram (continue)

Accident . -
Collision Type Figure Description
P Code €
600 onans Other on path accidents
[
601 — [ Hit parked vehicle
[
€02 o E Hit double parked vehicles
G0z
[
€03 : = |Hit car door
|
€04 ~—— [Hit permanent cbstruction
(On Path) .
605 R . HlF temporary roadwork or other
e |ObieCts
606 — ) Hit breken down or accident
o vehicle
€07 Lj|—~.?,l Hit the animal
608 R = — Hltt.he falling obiect from loading
o vehicle ahead
€09 o> Il-lltopposing vehicle driving
o [llegally
200 — Other off carriageway accidents on
. |the straight
701 599/ Off carriageway to the left
702 _%\ Off carriageway to the right
T o
4 QOff carriageway to the left and hit
703 _c99/' _ |the fixed object
1 Qff carriageway to the right and hit
704 . .
2e  [the fixed object
705 -Loea . Qut of control on carriageway
(Off Path on 208 TB”’- Off carrlageway at the access on
Straight) e |left side during left turn
707 -U'b\ Off carriageway at the access on
I = left side during right turn
708 == |Mounts the traffic island
—_— Off carriageway due to opposing
708 v "
traffic
To
710 _\ Off carriageway and across median




Appendix | - 7: Collision Diagram/ Road User Movement (continue)

Collision Type Accident Figure Description
Code
800 arms Other off carriageway accidents on
o the bend
. | |Off carriageway during on the right
801
#| |bend
{11
h ‘ Off carriageway during on the left
802
s |bend
803 . a Off carriageway and hit the fixed
(Off Path on : object during on the right bend
Curve) =
804 b Off carriageway and hit the fixed
= |object during on the left bend
[ | .
805 _DJ"“" Off carriageway at the access an
wa | |the leftbend during left turn
805 -nrbb‘ Off carriageway at the access on
I 'mEm (the right bend during right turn
900 J— Ot.her passenger and
w00 miscellaneous accidents
901 : o Fall in/from vehicle
(Miscellaneous) :“:B-t:'i"f‘f:'oﬂ . .
902 o Hit train
w2
903 _..;’F ‘- - Hit railway crossing furniture

204

VEWICLE
moTL TS
ROT KO

Vehicle movement not known
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012

Date / Month # Year: ......17 July 2012......
Investigator: Name the 3 -: =
TMC Ne anambin Nai Intersection - Direction:............EW on the Bridge. ...
Bicyrie Motoroyoie PC<7pesple BCsT people Minibus | Mediom buz Bus Mini truck | Mediem truck | Hauey truck > 10-wheel traller truck

time 2 - 3 whes!
07:00 - 0715 41 60 19 1 15 2 2 4 2
07:15 - 07:30 35 69 24 1 19 1 4 3
07:30 - 07:45 50 18 0 2 24 3 4 4 5
07:45 - 08:00 39 143 2 2 32 2 (i} 4 2
08:00 - 0815 41 19 2 28 g 2 2 2
08115 - 08:30 41 22 7 4 27 7 4 1 2
08:30 - 08145 37 107 14 2 24 4 2 5] 5
08:45 - 09:00 27 124 3 1 30 g 7 G 2
09:00 - 00:15 33 127 5 1 2 28 14 ] 7 G
09:15 - 09:30 29 o4 9 3 24 1) 4 5 7
09:30 - 09:45 29 03 1 26 14 3 9
09:45 - 10:00 38 21 22 28 12 4 &
10000 - 1015 33 27 17 20 6 7 2 4
10015 - 10:30 27 og 18 1 30 12 11 4 8
10:30 - 10:45 3 14 2 3 20 1z ] 12 7
10:45 - 11:00 25 25 4 24 g [} 4 2
11:00 - 11:15 34 17 15 32 6 g 4 3
11:15 - 11:30 30 0z 1] 1 1 27 4 3 5 a
11:30 - 11:45 37 142 ] 4 44 4 10 3 5
11:45 - 12:00 30 100 2 2 27 7 4 4 4
12:00 - 12015 24 16 [} 1 24 4 [} 5
12115 - 12:30 3 16 14 2 25 g a 7 o
12:30 - 12:45 2g 110 4 23 7 [} 11 G
12:45 - 1300 32 Q9 20 2 23 4 7 5 3
13:00 - 13115 24 126 5 1 20 9 1z 5] 0
13115 - 13:30 20 14 7 3 27 ] 7 1 10
13:30 - 13145 26 31 5 2 20 6 [} 5 3
13:45 - 1400 29 132 [i] 1 26 11 11 2 3
14:00 - 1415 27 1zg ] 3 20 6 3 4 o
14115 - 14:30 a5 142 4 1 34 13 3 1 4
14:30 - 1445 32 120 7 2 30 g 10 1 o
14145 - 15:00 3 41 21 3 31 10 3 4 3
15:00 - 1515 3 44 21 1 32 9 4 3 4
15115 - 15:30 39 39 20 3 3 36 4 [i] 4 o
15:30 - 1545 4z 160 3 19 7 [} 3 3
15:45 - 16:00 49 29 2 2 32 11 10 4 g
16:00 - 1615 40 152 3 1 33 13 10 3 G
16:15 - 16:30 38 49 3 1 5 18 3 11 2 8
16:30 - 1645 40 ég 3 28 4 10 1 3
16:45 - 17:00 52 52 7 3 1 7 10 G 7
17:00 - 1715 4z 54 g 4 23 6 3 1 o
17:15 - 17:30 55 ag 3 1 4 17 3 7 3 2
17:30 - 17:45 37 eég 2 1 18 3 ] 2 Q
17:45 - 18:00 48 188 4 3 17 3 g 3 (i}
18:00 - 1815 52 [:1] ] 5 18 1z [} 2 4
18:15 - 18:30 31 49 [i] 1 3 15 6 10 7
18:30 - 1845 41 25 0 4 16 3 3 5 )
18:45 - 19:00 1] 19 0 2 16 7 4 1 7
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month # Year: ......17 July 2012.........
Investigator Name the _=
TMC No: Sanambin Nai Intersection Direction: EW under the bridge......
Bicycie PC<Tpecple Minlbuz | Medium bus Bus Minl truck | Mediem truck | Havey truck > 10-wheel traller truck
time 2
oo | #6 lenoP| FR L | |« B 5 | i 5
a7:00 - 07:15 1 1
07:15 - 07:30 2 2
07:30 - 07:45 3 4
07:45 - 08:00 1 5 10
02:00 - 08:15 7 1
08:15 - 08:30 2 2
08:30 - 08:45 2
08:45 - 09:00 4
09:00 - 09:15 1 2 1 1
09:15 - 09:30
09:30 - 09:45
09:45 - 10:00 1 1 1
10000 - 10:15 1
10015 - 10:30 1 1
10:30 - 10:45
10145 - 11:00 1
11:00 - 11:15 1 1
11:15 - 11:30 1 4 1
11:30 - 11:45 2 2
11:45 - 12:00 3
12:00 - 12:15 2
12:15 - 12:30 1 2 1
12:30 - 12:45
12:45 - 13:00 1 2 2
1200 - 1315 2 2 1
13115 - 13130 2
13:30 - 13:45 1
13:45 - 1400 1 1
14:00 - 1415 2
14115 - 14130 2
14:30 - 14:45 1 1
14:45 - 15:00 1
15:00 - 15:15 2 3
15115 - 15:30 3 1
15:30 - 15:45 1 3
15:45 - 16:00 1
16:00 - 16:15 4 5 1
16:15 - 16:30 2 4
16:30 - 16:45 2
16:45 - 17:00 3 2
17:00 - 17:15 1 5 2
17:15 - 17:30 4
17:30 - 17:45 2
17:45 - 18:00 3
12:00 - 18:15 2 2
18115 - 18:30
18:30 - 18:45 3 5
18:45 - 19:00 2
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date ~ Month # Year: ......17 July 2012..... |
Investigator. Name the ;
TMC No: ....Sanambin Nai Intersection Direction:. E-S.
Bigycie PC<Tpeople Minibus | Medium bus Bus WMinl truck | Medlam truck | - Havey truck 0-whesl traller truck
time 2 - 3 whes
07:00 - 0715 g 40 -4 1
07:15 - 07:30 7 58 12 3 2
07:30 - 0745 15 54 i 5 1
07:45 - 0800 22 81 10 3 2 2 1
08:00 - 08:15 1 148 54 14 4 1 1
08:15 - 08:30 2 1d 54 a8 5 3 2
0830 - 08145 2 18 48 16 4 1 4
08:45 - 09:00 12 58 11 2 1
09:00 - 09:15 2 13 49 a8 1 2 1 3
09:15 - 09:30 1 3 87 a g i} g
09:30 - 09:45 7 52 g 1 5 4
09:45 - 10:00 14 g6 12 4 4 1
10:00 - 10:15 14 [iE:] 15 (5] 5 2
10:15 - 10:30 1 50 11 1 B 1 4 3
10:30 - 10:45 1 7 67 10 ] 1 4 2
10:45 - 11:00 2 [} 56 11 3 2 g 1
11:00 - 11:15 40 2 10 2 2 1
11:15 - 11:30 3 48 11 4 1 4 2
11:30 - 11:45 14 50 4 2 g 2 1
11:45 - 12:00 7 [i]4] 4 8 4 1
12:00 - 12015 a 51 i 5 1 2
12:15 - 12:30 44 12 2 2 1
12:30 - 12:45 9 a7 g 1 1 1 3
12:45 - 13:00 10 44 g 2 3 3 1
13:00 - 13115 14 a4 15 1 2 2 1
13:15 - 13:30 5] 40 i 1 1
13:30 - 13:45 9 40 15 2 1
13:45 - 14:00 a 50 Q 1 4 4 1
14:00 - 14115 7 46 3 1 1
14:15 - 14:30 2 35 g 1 1
14:30 - 14:45 13 7T 2 1 4 2 1
14:45 - 1500 5] 54 [ 3 4 2 1
15:00 - 1515 6 37 5 3 1
15:15 - 15:30 7 44 14 1 1
15:30 - 15:45 7 49 9 5 3 1 1 1
15:45 - 16:00 4 52 2 2 1
16:00 - 16:15 g 40 3 2 3 1
16:15 - 16:30 18 72 2 1 3 3 2
16:30 - 16:45 10 54 a 2 1 3
16:45 - 17:00 15 (i) 9 5 3
17:00 - 1715 1 18 34 a8 1 3 2
17:15 - 17:30 19 54 g 1 3
17:30 - 17:45 15 a1 4 1 3 1
17:45 - 1800 2 13 58 13 2 3 4 1
18:00 - 18:15 15 39 a 1 1 3 1
18:15 - 18:30 10 44 7 2 1
18:30 - 1845 10 64 5 2 3 1
18:43 - 19:00 10 55 g 1 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year! .....17 July 201 2. i
Investigator: Name the controller: .
TMC Neo: S bin Nai ion Direction: E-N 4
FC«Tpeople FCaTpeople Mini bus | Medium bus Bus Mini truck | Medium truck + 10-whee
time
I | 76 oo FR | | S EFD | | B | =i i
07:00 - 07i15 13 38 1 4
07:15 - 07:30 15 4 5 1 2 2 1
07:30 - 07:45 2 42 6 2 2 1 2
07:45 - 08:00 12 54 g 1 1 1 3
0800 - 0815 7 46 3 2 3 1 3 3
08:15 - 08:30 el 55 2 2 5 8 1 4
08:30 - 08:45 8 54 3 1 3 g 5 1 1
08:45 - 09:00 3] 58 9 7 4 9 3
09:00 - 09:15 8 47 1 1 El 4 2 2
09:15 - 09:30 4 36 5 5 7 5 8 2
09:30 - 09:45 7 40 2 2 9 8 1 5
09:45 - 10:00 5 54 2 2 El 4 3 2
10:00 - 10:15 0 35 4 1 4 4 1 1 2
10:15 - 10:30 8 39 7 3 4 3 2 2
10:30 - 10:45 2 40 1 1 4 3 2 [:] 1
10:45 - 11:00 2 a7 g 2 1 5 1 T
1100 - 11318 1 36 3 3 1 6 1 2 3
11115 - 11:30 8 39 1 1 6 4 1
11:30 - 11:45 [} ag 1 1 5 1 4 2
11:45 - 12:00 5 27 2 2 7 3 1 3
12:00 - 12115 1 47 10 3 1 1 2
12115 - 12:30 5 42 6 3 3 3 2 1
12130 - 12:45 5 49 9 2 3 5 3] 6
12:45 - 13:00 3 43 2 1 2 1 g 4 3 3
13100 - 13:15 0 51 3 4 5 2 4 5
13:15 - 13:30 5 49 5 5 3 4 1 2 2
13130 - 13:45 3 40 5 5 10 5 3 6
13:45 - 14:00 3 39 4 2 3
1400 - 14115 7 42 1 1 4 1 2 1 4
14115 - 14:30 1 45 3 2 5 1 11 2 4 5
14130 - 14145 4 50 g 2 3 5 5 4 1 4
14:45 - 15:00 4 44 5 2 5 4 4 T
15100 - 15:18 8 42 7 3 2 4 1 4
15115 - 15:30 3 65 3 4 7 g 2 2 5
15130 - 15:45 8 42 2 5 1 3 4 1 5
15:45 - 16:00 7 66 1 3 5 3 4 7
16:00 - 16:15 g 56 1 3 1 3 5 1 2 2
16:15 - 16530 2] 53 4 1 1 5 3 6
16:30 - 16:45 0 62 [ 1 5 7 4 2 3
16:45 - 17:00 8 73 6 3 T 10 g
17100 - 17:15 7 83 3 1 3 7 1 3 5
17115 - 17:30 8 8z 9 3 5 2 2 3
17130 - 17:45 0 84 5 1 2 4 2 1 1 6
17:45 - 18:00 2 58 7 1 4 1 10 2 3
18:00 - 18:15 9 58 4 2 2 1 1 8 2 2
18:115 - 18:30 9 60 2 5 5 2 3 2
18:30 - 18145 0 51 4 1 2 4 2 3 3
18:45 - 13:00 8 44 4 3 5 2 1 4
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year:

AT July 20120

Investigator: Name the i A —
TMC No: ....Sanambin Nai Intersection Direction: E-E.
Blgycie Motoroyoie PC<Tpecplz pe=Tpzople | Minlbus | Madium bus Buz wind truck | Medlom truck [ Havey truck = 10-wheel traller truck
tine. 2 - 3 whes
07:00 - 0715 3
07:15 - 07:30 7 1
07:30 - 0745 2 17
07:45 - 0800 4 4 1 1
08:00 - 0815 4 15 1
08:15 - 08:30 4 12 1
08I30 - 08145 6 15 1
08:45 - 0000 4 [:} 1 3
08:00 - 0815 2 20 1 2 1
08:15 - 08:30 3 11
00:30 - 09145 5 4
00:45 - 10:00 1 2 g g 1
10:00 - 10:15 1 7 2
10015 - 10:30 1 9 2
10:30 - 10:45 7 g 1
10:45 - 11:00 4 11 1 1
11:00 - 11:15 1 14 1
1115 - 11530 2 19 1 1 2 1
11:30 - 11:45 3 10 1
11:45 - 12:00 1 15 1 2 2
12:00 - 12015 3 9 3 2 1 1
12:15 - 12:30 4 12 1 1 2
12:30 - 12:45 1 11 1 1 1
12:45 - 13:00 2 18 1 2 1
13:00 - 13115 5 9 1 1 1
13115 - 13130 2 23 1 1 2 1
13:30 - 13145 3 15 4
13:45 - 1400 3 20 1
14100 - 14115 6 9 3 2 1
14115 - 14130 1 7 2 1 1 1
14:30 - 14145 3 21
14:145 - 1500 2 19 1 1
15100 - 15015 3 9
1515 - 15:30 1 10 1 3 1
15:30 - 15:45 3 5 1 1 1
15:45 - 16:00 1 12 1 1 1
16:00 - 16:15 g 14 1 1
16:15 - 16:30 g 12 3 2
16:30 - 16:45 6 10 2 2
16:45 - 17:00 5 12 1 1
17100 - 17115 5 14 1 1 2 1
17:15 - 1730 g 23 1 1 1
17:30 - 17:45 2 18 1 2 1
17:45 - 18:00 1 6 21 2 1
18:00 - 18:15 1 9 17 1
18:15 - 18:30 2 13 2 1
18:30 - 18145 4 12
18:45 - 19:00 5 12 1




142

Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year! ......17 July 2012......

Investigator:

Name the contreller: .

TMC Neo: ....S bin Nai ion Direction: N-S. q

Bicycle Motorcycle PC<Tpeople PC=Tpeople Mini bus | Medivm bus Bus Mini truck | Madium truck | Havey truck + 10-whes trailer truck
time 2-

o | 5 e R | | EB R | G BT | B | = v

07:00 - 07:15 33 M7 3 4 1

07:15 - 07:30 37 113 5 5 2 2

07:30 - 07:45 38 1158 3 10 1

07:45 - 0B5:00 80 131 2 3]

08:00 - 0B8:15 34 110 1 3] 2 1

08115 - 08:30 51 124 1 3] 8 1

05:30 - 08:45 34 125 1 10 7 4

05145 - 09:00 29 88 3 7 13 1 1

09:00 - 09:15 30 104 4 4 7 5 1

09:15 - 09:30 35 108 3 3 11 3 1 1

09:30 - 09:45 T 89 4 2 5 4

09:45 - 10:00 a 100 G 4 12 2

1000 - 10:15 31 115 G 2 2 1

10015 - 10:30 21 30 g 3 B 3 1 1

10:30 - 10:45 30 1158 8 7 7 4

10145 - 11:00 30 82 11 5 a 2 1

1100 - 11115 28 20 3 8 5} 3 1

11115 - 11:30 29 93 g a2 1 3 2 1 1

1130 - 11:45 5 81 5 3 5 1 1

1145 - 1200 21 90 5 [} 3 2 1

1200 - 12115 22 123 2 [} 8 3 2

12115 - 12:30 g8 84 3 1 3

12130 - 12:45 21 100 7 ] 3

12145 - 13:00 4 94 5 5 4 1

13100 - 13:15 22 95 G 10 2 1

13115 - 13:30 27 108 1 8 4 1

13130 - 13145 3] 86 5 4 3 2

13:45 - 1400 20 104 g 4 1 3 2

14:00 - 14115 22 81 5 T 5} 2

14115 - 14:30 28 58 5 4 7 10 4

1430 - 14145 4 107 &} 3] 1 1

14:45 - 15.00 35 113 8 2

1500 - 1515 22 103 5 3 5 3

15115 - 15:30 7 20 3 2 2

15130 - 15:45 25 7 5 8 2 1 1

1545 - 16:00 28 34 7 3] 5 1

16:00 - 16:15 30 19 5 ] 2 1 3

16115 - 16:30 23 93 2 2 2 1 1

16:30 - 16:45 39 142 [ 7 5 1

16:45 - 17:00 27 19 3 5 1

1700 - 17115 31 24 5] 2

17115 - 17:30 40 22 2 8 3 1

17130 - 17:45 50 12 5 5 4 2

17:45 - 16:00 33 111 3 2 2 2

1800 - 18115 a7 58 9 5] 7 2 1

18115 - 18:30 32 107 4 5 2

16:30 - 16:45 35 84 7 2 7

1845 - 19:00 36 115 2 1 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month 7 Year: ......17 July 2012..
Investigator: Name the -:
TMC No: ....Sanambin Nai Intersection............... - Direction; N-W
Blcycle PC<Tpecpls Minl bus | Medium bus Bus Mini truck | Medlam truck = 10-wheel traller truck
fime £ - 3 whes
7R et SR | L | &\ | R B s | A
07:00 - 07:15 2 2
07:15 - 07:30 2
07:30 - 07:45 2 3
07:45 - 03:00 g 2
08:00 - 08115 1 2
08:15 - 08:30 2
08:30 - 08:45 1 1
08:45 - 09:00 2 1
09:00 - 09:15 1 1
09:15 - 09:30 2 1
00:30 - 09:45 1 2
09:45 - 10:00 1 2
10:00 - 10015 1 [i] 2
10015 - 10030 3 1
10:30 - 10:45 2 3
10:45 - 11:00 1 2
11:00 - 11:15 2 1
11:15 - 11:30 1 3
11:30 - 11:45 1 3
11:45 - 12:00 1 1 2
12:00 - 12015 1 3
12:115 - 12:30 2
12:30 - 12:45 1 4
12:45 - 13:00 1 i)
13:00 - 13:115 1
13:15 - 13:30 4
13:30 - 13:45 ] 3
13145 - 1400 3 2
14:00 - 14115 3 4
14:15 - 14130 1
14:30 - 14:45 2
14:45 - 15:00 1 i)
1%:00 - 15115 2 B
13115 - 15:30 1 2
13:30 - 13:45 1 4
15:45 - 16:00 1 1
16:00 - 16:15 1 2
16:15 - 16:30 2 4
16:30 - 16:45 1 2
16:45 - 17:00 2 1
17:00 - 17115 2 3
17:15 - 17:30 4 2
17:30 - 17:45 2 3 1
17:45 - 18:00 2 3 1
18:00 - 18:15 2 3
18:15 - 18:30 g 2
18:30 - 18:45 2 4
18:45 - 190:00 2 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year: ...

17 July 201 2uiciciicans

Investigator: Name the =—— —
TMC No: Sanambin Nai Intersection... Direction:. N-E.

Bicycie BC<T people BCaT peaple Minibus | Medium bus Bus win truck | Medlum truck [ Havey truck > 10-wheel traller truck

time £ - 3 whes

| % R ER LD | £ e | T 5 | 1w e
07:00 - 0715 20 ig 1] 3 7 1 3 4
07:15 - 0730 1 25 74 11 2 4 4 2 3
07:30 - 0745 1 31 88 20 [} 2 3 10
07:45 - 0B:00 34 95 ] 6 g 5 1
08:00 - 0BI15 39 86 10 ] 1 10 3 4 2 19
0815 - 08130 14 60 3 4 1 7 2 4 0
08:30 - 0B:45 14 89 4 3 8 4 3 14
08:45 - 0000 1 10 45 3 2 3 2 1 3
09:00 - 0015 12 o5 10 25 5 3 1 7
00:15 - 08:30 13 69 9 1z g 4 2 G
09:30 - 08945 10 71 2 1 10 11 3 2
00:45 - 10:00 16 80 2 14 2 2 9
10000 - 10015 1 12 54 14 5 3 5
10:15 - 10:30 2 50 7 3 4 3 5
10:30 - 10:45 7 76 3 4 10 4 4
10:45 - 11:00 20 62 1 14 3 7 G
1100 - 11015 9 31 1 7 2 7
11:15 - 11:30 S 38 3 7 3 4 1 3
11:30 - 11:45 18 52 4 14 9 4 2
11:45 - 12:00 6 43 1 7 2 2 5
12:00 - 12:15 2 70 3 2 10 4 2 5
12:115 - 12130 i} 85 5 1 11 3 1 2
12:30 - 12:45 6 50 2 1 9 3 2 7
12:45 - 1300 2 75 3 1 11 5 4 1 3
13:00 - 13115 35 2 4 1 3
13115 - 13130 5 32 3 1 1 a8
12:30 - 13:45 14 45 2 1 ) 2 2 z
1345 - 1400 g 49 2 3 3 3
14:00 - 14:15 10 57 3 1 4 2 2 2
14:15 - 14:30 a 78 1 11 g8 4 7
14:30 - 14:45 10 65 2 [i] i} 4 a
1445 - 1500 14 93 18 1 2
15:00 - 15:15 12 a7 4 2 1 g 4 2 5
15:15 - 15:30 1 18 62 2 1 19 5 5 3
13:30 - 15145 12 55 9 2 2 3
1545 - 16:00 18 21 2 4 5 4 4
16:00 - 16:15 60 2 1 1 7 2 1 4
16:15 - 18:30 21 2 18 4 2 1 4
16:30 - 16:45 10 60 2 15 5 4 9
16:45 - 17:00 15 85 3 21 4 3 5
17:00 - 17:15 1 27 95 1 1 11 5 3 1 4
17:15 - 17130 21 110 1 ] 2 1 4
17:30 - 1745 3 31 95 3 2 g 4 2 7
17:45 - 1800 18 20 2 1 7 3 2 5
18:00 - 18115 1 13 15 3 1 10 2 2 1 a
18:15 - 18:30 10 78 3 3
18:30 - 18145 g 537 3 9 2 3 5
18:45 - 19:00 3 50 1 1 2 3 2
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year:

N | 1) |- R—

Investigator. Name the =
TMC No: ....Sanambin Nai Intersection Direction:............W—E up on the bridge. .....ccoee
PC<7paople PC>7 peopia Minl Dus Meolum bus Bus Mini truck | Mealum track Havay Tuck 0-wneal traller truck
time
e | SR LB | £ | o | B | 55 | v | A
07:00 - 0715 25 73 3 1 12 2 1 3 3
07115 - 0730 30 T8 3 2 1 ] 2 7
07:30 - 0745 89 121 5 1 2 2 16 10 7
07:45 - 03:00 71 120 [ 3 2 18 2 (i} 4
08:00 - 08:15 49 128 11 1 1 20 3 g 4 15
08:15 - 0830 35 108 14 3 g 5 10 2 20
08:30 - 08:45 38 92 g 2 2 13 ] S T 18
08:45 - 09:00 38 38 [ 2 3 13 5 8 1 10
09:00 - 09:15 27 101 g 1 5 16 g ] 4 19
09:15 - 09:30 27 g0 11 1 1 16 5 2 3 15
08:30 - 09:45 23 a5 7 1 1 16 7 2 1 10
09:45 - 10:00 20 a5 4 1 2 14 a a8 2 12
10:00 - 10:15 25 a6 5 2 1 17 ] ] g 15
10:15 - 10:30 22 87 5 2 2 13 5 3 4 a
10:30 - 10:45 22 a1 3 3 17 5] 4 3 10
10:45 - 11:00 21 o6 11 2 14 8 [i] 6 4
11:00 - 11:15 22 a8 3 1 16 7 5 1 17
1115 - 11:30 8 a0 T 1 1 16 g 4 ] 14
11:30 - 11:45 23 T2 30 1 16 5 9 11 a
11:45 - 12:00 25 105 5 1 1 18 (] 4 3 14
12:00 - 1215 21 a7 5 1 2 16 2 4 ] 15
12:15 - 12:30 22 106 5 1 1 18 2 4 5 7
12:30 - 12:45 22 100 7 3 16 3 4 18
12:45 - 13:00 17 a8 2 2 10 4 3 5 12
13:00 - 13:15 29 90 4 2 1 16 4 5 ] o
13:15 - 13:30 20 70 1 1 14 Q g 4 10
13:30 - 13:145 21 102 11 2 24 3 3 3 13
13:45 - 14:00 16 g0 4 3 22 g 2 2 17
14:00 - 14:15 19 =4 9 2 2 25 g ] 4
14:15 - 14:30 19 a4 [ 1 37 a 2 1 19
14:30 - 14:45 19 a0 3 2 28 7 4 3 19
14:45 - 15:00 29 28 g 4 2 36 5 5 3 13
15:00 - 15:15 28 a5 4 3 4 23 4 ] 3 14
15115 - 135:30 22 a9 9 2 2 30 : 7 2 12
15:30 - 15:45 23 @7 9 1 1 20 2 g 4 18
15:45 - 16:00 24 100 14 2 3 1 17 ] 2 1 14
16:00 - 1615 18 101 10 2 26 4 3 G 14
16:15 - 16:30 27 14 (5} 1 2 7 23 4 5 G 25
16:30 - 16:45 28 a5 11 1 4 18 4 3 2 18
16:45 - 17:00 28 11 9 2 1 20 3 3 2 13
17:00 - 17:15 38 12 4 2 3 15 3 (i} 1 18
17:15 - 1730 43 143 [i] 3 2 20 4 3 4 T
17:30 - 17:45 37 124 9 1 1 21 4 i} 1 13
17:45 - 18:00 37 18 3 3 23 2 1 4
18:00 - 18:15 40 107 10 1 3 1 16 5 1 2 18
18:115 - 18:30 30 a0 10 2 2 12 2 4 3 3
18:30 - 18:45 33 2z 5 2 13 1 3 2 9
18:45 - 19:00 26 a5 5 1 1z 4 1 3 G




146

Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date » Month / Year. ......17 July 2012
Investigator: MName the 1is ;
TMC No: ....Sanambin Nai INTErSECTioN. . nenececcvnsonecsocces DR CHON oo W-E ouder the bridge. ..o
Bicyoie PO<Tpeople a7 people Mintbuz | Megium buz Buz Win truck | Meglam track | Havey truck > 10-whesl traller truck
time - 3 whes
07:00 - 0715 2
0715 - 0730 1 2
07:30 - 0745 2 1
07:45 - 0800 1 2 1
08:00 - 08:15 1
0815 - 0830 3
028:20 - 08145 1 1
08:45 - 00:00 2 1
09:00 - 09:15 1 3
09:15 - 008:30 1
09:30 - 09:45 1
09:45 - 10:00
10:00 - 10:15 1 1 1
10015 - 10:30 1
10:30 - 10:45 1
10045 - 11:00 1 1
11:00 - 11:15 1
1115 - 1130 1
11:30 - 11:45 1
11:45 - 12:00 1
12:00 - 120115 1
1215 - 12:30 2
12:30 - 12:45 1
12:45 - 13100 1 1 1
1300 - 13115 1
1315 - 1330
13:30 - 13145 2 1
13:45 - 1400 1 2
14:00 - 14115 2 2
1415 - 14130 3
14:30 - 14145 1 1
14:45 - 15000 1 1
15:00 - 15115 1 2 1
1515 - 15:30 1 2
15:30 - 15145 1 2 1 2
15:45 - 16:00 1 1
16:00 - 16:15 2
16:15 - 16:30 1 2
16:30 - 16:45 1 3 1
16:45 - 17:00 1 2 1
17:00 - 17115 2 2
1715 - 1730 3
17:30 - 1745 1
17:45 - 18:00 2
18:00 - 18:115 1 1
18115 - 18:30 2 2 2
18:30 - 18145 2
12:45 - 1000 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year

AT July 2012,

Investigator:, Name the
TMC No. ....Sanambin Nai Intersection Direction: w-5§
pC<Tpeaple pCsTpsople | Minibuz | Madium bus Buz Mini truck | Medlem trck | Havey truck 0-wrael traller truck
time e
e | ER | B | £ | 17| | 55 | = |5
07:00 - 07:15 1 14 1 1
07115 - 07:30 B 24 =3 2 4
07:30 - 0745 3 14 2 1 1 1 1
07:45 - 08:00 [} 2z 1 3 1 !
08:00 - 08:15 1 25 3 ]
08:15 - 08:30 g 23 1 1 2
08:30 - 03:45 7 10 4 4
08:45 - 09:00 2 25 1 1
09:00 - 09:15 22 3 1 2
00:15 - 00:30 3 28 2 1 1 2
09:30 - 09:45 -4 15 1
09:45 - 10:00 3 18 1 2
10:00 - 10:15 4 15 1 1 1
10015 - 10:30 5 17 2
10:30 - 10:45 13 1 1 1
10:45 - 11:00 5 21 3 2 1
11:00 - 11115 10 27 1 3 2 1 1 1
1115 - 1130 13 2 2 2 1
11:30 - 11:45 5 17 3 2 1
11:45 - 12:00 2 21 1 1 3 1 1 1
12:00 - 12115 2 20 2
12:115 - 12:30 1 19 1
12:30 - 12:45 5 24 1 1 1 1
12:45 - 13:00 1 15 1 3 1 2
13:00 - 13115 2 20 2 1 3 1
13115 - 13:30 7 26 -4 1 1 1
13:30 - 13:45 -4 31 1 1
13:45 - 14:00 2 13 1 4 2 1 1
14:00 - 14115 2 27 3 2 1
1415 - 14:30 ] 22 1 2 1 1
14:30 - 14:45 4 13 3 2 3 1
14:45 - 15:00 1 23 3
15:00 - 15115 2 23 1 3 1 1
15115 - 15:30 5 21 2 3 1
15:30 - 15:45 1 20 2 1 1 1
15:45 - 16:00 5 32 2 2
16:00 - 16115 4 25 4 1 3 2
16:15 - 16:30 4 24 10 2 1 1
16:30 - 16:45 10 23 4 2
16:45 - 17:00 3 35 3 1 1
17:00 - 17:15 25 g 3 4 1
17115 - 17:30 12 34 -4 5 3 1
17:30 - 17:45 3 33 5 1
17:45 - 18:00 4 17 4 1
18:00 - 18:15 g 45 1 1 1
18:115 - 18:30 5 25
18:30 - 18:45 3 13
18:45 - 19:00 3 18 2
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Yea July 2012,
Investigator Name the :
TMC No: ....Sanambin Nai Intersection............. SRR | 1105 1Y W -
pC<7people PCaTpeople Minl bus | Medium bus Bus 1 truck | Meglem truck [ Havey truck » 10-wheel traller truck
time
e =Y = =G = I T
07:00 - 07:15 g 1 3
07:15 - 07:30 10 1 1 3
07:30 - 07:45 11 2 3
07:45 - 0800 9 12 2
08:00 - 0815 1 14 3
08:15 - 08:30 4 6 1
08:30 - 08145 3 2 1
08:45 - 0800 4 ] 1 4
00:00 - 09:15 2 2 1 1
00:15 - 00:30 5 7 1 3 1
09:30 - 09:45 1 8 1
09:45 - 10:00 5 4
10:00 - 10:15 4 4 1 1 1 1
10:15 - 10:30 2 5
10:30 - 10:45 1 9 1
10:45 - 1100 3 L] 1
11:00 - 11:15 Q g 1
1115 - 11:30 1 5 1 2
11:30 - 11:45 1 9 3
11:45 - 12:00 3 5 2
12:00 - 12015 g 6 1 2
12:115 - 12130 9 2
12:30 - 12:45 6 5
12:45 - 13:00 3 5 1 1
13:00 - 13:15 4 g 1 1 1
13115 - 13130 3 4
13:30 - 13145 3 2
13:45 - 14:00 2 2
14:00 - 14:15 4 7
14:15 - 14:30 3 6
14:30 - 14:45 1 3 1
14:45 - 15:00 3 7 1 1
15:00 - 15:15 2 3
15:15 - 15130 4 5
15:30 - 15:45 4 4 1 1 2 1
1545 - 16:00 1 4 1
16:00 - 16:15 14 2 3
16:15 - 18:30 3 i} 1
16:30 - 16:45 1 5 1 1
16:45 - 17:00 2 4 1
17:00 - 17115 8 5
17:15 - 17:30 3 3 1
17:30 - 17:45 6 7 1
17:45 - 18:00 3 6
18:00 - 18:15 5 o
18:15 - 18130 6 3
18:30 - 18:45 2 3
18:45 - 10:00 3 1 1 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year:

17 July 201 2uiciiicann

Investigator Name the —
TMC No: ....Sanambin Nai Intersection........... wreveee: DIPRCATON et W — W
BC<T people BCaT peaple Minibus | Medium bus Bus win truck | Medlum truck [ Havey truck » 10-wheel traller truck
time
07:00 - 07:15 1
07:15 - 07:30 2 1
07:30 - 07:45 3 1
07:45 - 0800 3 1
08:00 - 0815 4 3 1
08:15 - 08:30 3 4 1 2
08:30 - 08145 1 1 1
08:45 - 0800 2 1 1
00:00 - 09:15 1 3 2 1
00:15 - 00:30 2 1 1
09:30 - 09:45 2 2
09:45 - 10:00 1 1
10:00 - 10:15 3
10:15 - 10:30 2 2
10:30 - 10:45 2 1 1
10:45 - 1100 1 1 2
11:00 - 11:15 1
11:15 - 11:30 1 1 1 1
11:30 - 11:45 1
11:45 - 12:00 1 1
12:00 - 12015 1 1
12:115 - 12130 2 3
12:30 - 12:45 1 1 1
12:45 - 13:00 1 1
13:00 - 13:15 2 1
13115 - 13130 1
13:30 - 13145 1 1
13:45 - 14:00 1 1
14:00 - 14:15 1
14:15 - 14:30 5 1 1
14:30 - 14:45 1 1
14:45 - 15:00 1
15:00 - 15:15 2
15:15 - 15130 1
15:30 - 15:45 1 1
1545 - 16:00 1 1 1 1
16:00 - 16:15 2 5 1 1
16:15 - 18:30 1 2 1 1
16:30 - 16:45 2
16:45 - 17:00 1
17:00 - 17115 1 2
17:15 - 17:30 1
17:30 - 17:45 1
17:45 - 18:00 1
18:00 - 18:15
18:15 - 18130 1
18:30 - 18:45 2
18:45 - 10:00 2
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year: ...

1T July 2012

Investigator Name the — -
TMC No: ....Sanambin Nai Intersection Direction: S-E
PC<TpeoplE pCxTpeapie mmious | Megium bus Buz i truck | mesism truck | savey tuck o-wrnesl tralier truck
tire
5 et R | AR | £ = | A | B3| 655 | i WSS
07:00 - 07:15 3z a0 3
07:15 - 07:30 40 110 4 2 5 L] 2 1
07:30 - 07:45 ]3] 162 10 5 2 2 1 1
07:45 - 08:00 30 52 2 1 3 1 1
08:00 - 08:15 27 7o 1 2 2 1
08:15 - 08:30 22 47 2 1 3 1 1
08:30 - 08:45 2z 22 2 2 1 (] 2 1
08:45 - 00:00 6 4z 2 1 1
00:00 - 09:15 10 51 2
00:15 - 00:30 39 2
00:30 - 09:45 14 74 1 @ 2 1
00:45 - 10:00 18 48 3 2 2
10:00 - 10:15 15 56 2 4 2
10115 - 10:30 12 52 3 4
10:30 - 10:45 12 74 2 3 1
10:45 - 11:.00 0 g8 2 1 2 1 2
11:00 - 11:15 g 4 1 4 1 2 1 1
11:15 - 11:30 14 58 2 1 3 1 4 1 1
11:30 - 11:45 ] 54 3 1 3 1 1
11:45 - 12000 7 51 4 1 3 2
12:00 - 12:15 13 76 3 5 3
12115 - 12:30 4 55 2 5 1
12:30 - 12:45 ] 70 2 4 1
12:45 - 13:00 ] 55 1 2 1 2
13:00 - 13:15 g 77 2 1 4 1
13:15 - 13:30 12 50 9 2 5 2 1 1
13:30 - 13145 [i] 62 4 3 3
13:45 - 1400 13 97 2 a 5
14:00 - 14115 4 a0 4 2 1 1
14115 - 14:30 6 47 2 4 2
14:30 - 14:45 ] 62 3 2 1
14:45 - 15:00 17 101 5 1 1
15:00 - 15:15 ] 60 ] 3 1
15115 - 15:30 3 91 2 1 2 2 2
15:30 - 15:45 12 77 2 3
15:45 - 16:00 9 26 4 5
16:00 - 16:15 13 56 3 2 1
16:15 - 16:30 ] 48 2 2
16:30 - 16:45 20 92 3 7 1
16:45 - 17:00 0 44 2 5 1 1 1
17:00 - 17:15 24 124 4 1 4 2 1
17:15 - 17:30 14 79 6 1 1
17:30 - 17:45 23 101 3 2 7
17:45 - 13:00 10 44 2
18:00 - 18:15 6 a1 2
18:15 - 18:30 15 56 3 2 2
18:30 - 18:45 20 90 5 1 5
18:45 - 19:00 12 55 8 2 1
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Menth / Year: .....17 July 20120 i
Investigator: Name the 1is *—: -
TMC No: ....Sanambin Nai Intersection Direction: S-N
Motorcycie pC<7people BCa7 paopie Minibus | Megum bus Bus win truck | Meglem track | Havey truck > 10-wheal traller truck
time
5 o oS ER | <R | 55| R |+ 5| 5 | Iwiw | B
07:00 - 0715 3z a4 5 1 1 1 1
07:15 - 0730 45 92 2 1 1
07:30 - 0745 52 26 4 4 1
07:45 - 0BI0O 1 55 23 10 7 1 1
08:00 - 0815 44 a9 (i} 1 3
08:15 - 08130 38 10 4 3 1
08:30 - 0845 38 108 4 4
08:45 - 00:00 28 92 5 2 1
09:00 - 08:15 24 70 4 1 4 1
09:15 - 0QI30 22 g6 2 3 4 1 1 1
09:30 - 09:45 19 o4 2 1 3
09:45 - 10:00 23 6z 4 G 1 1 1
10:00 - 10:15 23 108 4 5 1 3 2
10015 - 10:30 24 70 -4 1 1
10:30 - 10:45 2g a0 2 3 5 2 1
10:45 - 11:00 g a1 3 5 1 1 1
11:00 - 11:15 28 o4 8 3 3 5]
11:15 - 11:30 24 9z 4 3 1 1
11:30 - 11:45 25 13 7 4 4 3
11:45 - 12:00 20 10 2 ] 1 4
12:00 - 120115 29 a0 G 7 1
12:15 - 12130 20 35 [ 2 3 2 1
12:30 - 12145 Lili} 3 2 4 2
12:45 - 1300 12 gz 3 2 ] 2 1 1
1300 - 13115 23 102 2 4 2 4 1 1
13115 - 13130 22 92 3 5
13:30 - 13:45 14 66 4 4 4 1 1
13:45 - 1400 2z 10 9 5 2 1
14100 - 14115 1 17 104 5 2
14:15 - 14:30 2z 24 3 1 1 4 2
14:30 - 14:45 22 75 G 4 1
14:45 - 15:00 25 24 8 3 3 2
15:00 - 15115 18 a2 2 3 1 3
15:15 - 15:30 28 35 7 5 3 3
15:30 - 15:45 23 10 [i] 3 1 4
15:45 - 16:00 3z 25 2 2 3 3 2 1
16:00 - 16:195 25 77 4 1 1 2 1
16:15 - 16:30 19 98 4 7 3 3
16:30 - 16:45 30 a4 3 G 1 1 2
16:45 - 17:00 22 104 (i 4 5 1
17:00 - 17115 84 166 5 4 1 1
1715 - 1730 52 160 3 2 5
17:30 - 17:45 33 133 2 3 2 1 1
17:45 - 1800 2 49 a1 2 2 1
18:00 - 18:115 34 a7 2 2 5 3 1
18115 - 18130 2 29 a4 2 2 1
18:30 - 18145 25 107 4 5 3 1
18:45 - 10:00 14 70 1 2
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Appendix Il - 1: On-site traffic movement data (12-hour), 17" July 2012 (continue)

Date / Month / Year:

AT July 20120

Investigator: Name the o
TMC No: .....Sanambin Nai Intersection... - Direction .o S Wi
Blcycle Matarcycle PC«<7pecple PC>T people Minl bus Mezdium bus Buz Mind truck | Medium truck Havey truck » 10-wheel tralier truck

time 2 - 3whes
07:00 - 0715 16 32 4 1 1 1
07:15 - 07:30 1 18 40 3 2
07:30 - 07:45 22 45 9 3 1
07:45 - 08:00 30 52 3 3 2
08100 - 0BI15 19 57 2 1
08:15 - 08:30 19 52 3 2 1
08:30 - 08:45 21 55 5 2 2 2 1
08:45 - 09:00 14 51 1
09:00 - 00:15 15 48 2 1 3 1 1
09:15 - 09:30 17 46 3 1 2 1
00:30 - 09:45 17 44 4 3 1 2 1
09:45 - 10:00 20 51 2 1 1 1 1
10000 - 10:15 17 a8 2 2 3 4 2
10015 - 10:30 18 45 3 2 1 3
10:30 - 10:45 17 36 2 1
10:45 - 11:00 19 50 3 5 5
11:00 - 11:15 19 65 6 1 1 4
11:15 - 11:30 15 41 2 4 1
11:30 - 11:45 21 51 2 [ 3 2 1
11:45 - 12:00 17 47 2 2 1 1
12:00 - 12015 16 a1 2 4 2 1 1
120115 - 12:30 15 44 4 2 1 1 4
12:30 - 12:45 18 594 2 1 B 2 1
12:45 - 13:00 15 45 3 1 1 1 1
13:00 - 13115 15 52 2 1 2
13115 - 13:30 22 60 2 5 2 2 1
13:30 - 13145 20 42 3 B 1 1
13145 - 14:00 18 53 4 5 1
14:00 - 1415 18 59 2 1 9 1 1
14:15 - 14:30 18 57 1 8 1 1
14:30 - 14:45 15 63 2 g 1 2 3
14:45 - 15:00 15 58 7 3 1 3
15:00 - 15015 18 53 2 5 2 1 2
15015 - 15:30 19 46 2 5 1
15:30 - 1545 17 47 5 g 6 2 4 1
15145 - 16:00 18 48 3 3
16:00 - 1615 13 48 3 1 3 2 1 1 1
16:15 - 16:30 16 40 3 1
16:30 - 1645 24 58 4 1 2 2
16:45 - 17:00 21 43 2 5 2 1
17:00 - 17:15 35 7 3 3 2 2 3
17:15 - 17:30 26 68
17:30 - 17:45 23 56 2 2 1 1 1
17:45 - 18:00 18 45 2 1
18:00 - 18:15 ] 22 57 3 2 2
18:15 - 18:30 19 46 2 1 1 1
18:30 - 18:45 15 44 3 2 2 1 1
18:45 - 19:00 18 41 2 1 1




153

Appendix Il - 2: Accident statistics of in-depth case during 2007 — August 2013
. Hw/Sta Vehicle type Collision Time Number of Casualty | DOH

No | Zone D/M/Y PDO Cause
(km.) Veh 1 Veh 2 Code | Day |Night| Rain |Injury |Serious |Died |damage

1 26-Feb-2007 Intersection ; Motorcycle 11:45 1

2 21-Aug-2007 :Intersection | Motorcycle 14:42 1

3 23-Aug-2007 :Intersection ; Motorcycle i Motorcycle 20:50 2

4 15-Sep-2007 :Intersection i Motorcycle i Pickup 10:45 3

5 13-Oct-2007 :Intersection i Pickup Pickup 14:05 1 1

6 1-Nov-2007 Intersection i Motorcycle 19:10 1

7 19-Nov-2007 : Intersection i Motorcycle | Pickup 6:10 1

8 28-Nov-2007 i Intersection : Pickup Van 22:44 3

9 30-Nov-2007 :Intersection  Pickup Motorcycle 11:45 1

10 30-Apr-2008 :Intersection i Motorcycle : Pickup 19:20 1

11 2-Aug-2008 iIntersection i Motorcycle i 10 wheels 18:00 2 1

12 25-Oct-2008 :Intersection i Tricycle Car 9:57 1

13 22-Dec-2008 :Intersection ; Motorcycle 11:39 1

14 9-Jan-2009  iIntersection i Motorcycle i Car 22:43 1

15 16-Apr-2009 :Intersection i Motorcycle 14:16 1

16 25-Jun-2009 :IntersectioniCar Motorcycle 7:50 1

17 17-Jul-2009 :Intersection iBus Motorcycle 8:26 1

18 13-Sep-2009 :Intersection i Motorcycle | Pickup 14:58 1

19 1-Oct-2009 Intersection i Pickup Pickup 12:48 1 1

20 19-Nov-2009 i Intersection | Pickup 10 wheels 1:47 1
43/200

21 1 :13-Dec-2009 10 wheels 708 8:35 1 404,000 : 35,000 Slippery roads
(24+471)

22 15-Dec-2009 :Intersection i Car Motorcycle 18:28 1
43/200

23 2 i29-Dec-2009 Car 708 23:30 1 1,000 2,500 :iDrunkenness
(24+441)
43/200

24 ¢ 3 2-Jan-2010 Pickup 804 0:05 1 8,000 10,000 High speed driving
(23+856)
43/200

25 3 i19-Jan-2010 Trailer 701 1:00 1,000 10,000 i Drowsiness
(23+821)
43/200

26 2 i1-Feb-2010 Motorcycle i Trailer 301 23:30 2 11,000 45,000 ; High speed ride
(24+183)

27 15-Feb-2010 :Intersection i Motorcycle 10 wheels 9:47 1

28 19-Feb-2010 :Intersection { Motorcycle i Pickup 17:59 1 1

29 26-Feb-2010 Intersection : Motorcycle : Pickup 11:25 1

30 26-Feb-2010 Intersection ;| Motorcycle {10 wheels 20:01 1
43/200

31 2-Mar-2010 Pickup Trailer 107 4:.45 1 1 5,000 :75,000:Mounts the traffic island
(24+489)
43/200 High speed driving than hit

32 ¢ 3 :14-Mar-2010 Trailer 604 20:15 1 67,000 :25,000
(24+010) the bridgehead

33 2-Apr-2010 iIntersection : Pickup 13:00 1 1
43/200 High speed driving, then

34§ 3 :13-Apr-2010 Car Car 301 14:30 1 1,000 {20,000
(24+010) rear-end in the same lane
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Appendix Il - 2: Accident statistics of in-depth case during 2007 — August 2013 (continue)

Hw/Sta Vehicle type Collision Time Number of Casualty | DOH
No [Zone D/M/Y PDO Cause
(km.) Veh 1 Veh 2 Code | Day |Night| Rain damage
43/200
351 2 [17-Apr-2010 Pickup 701 14:20 1,000 2,000 :High speed driving
(24+750)
43/200
36 2 :17-Apr-2010 Pickup 701 14:40 1,000 {7,000 :High speed driving
(24+625)
37 5-May-2010 Intersection :Car Trailer 13:00
High speed driving and hits
43/200
381 2 :14-May-2010 Pickup 604 14:15 8,000 :20,000:a concrete barrier on the
(24+752)
right hand side
39 31-May-2010  Intersection : Motorcycle 15:35
40 31-May-2010 :Intersection  Pickup Motorcycle 20:50
41 1-Jun-2010 iIntersection i Motorcycle |6 wheels 11:10
43/200 High speed driving, then hit
42 ¢ 2 i1-Jun-2010 Car 704 3:00 6,000 20,000
(24+170) the fixed object at roadside
43 12-Jun-2010 :Intersection i Pickup Motorcycle 7:30
Motor,
a4 26-Jun-2010 :Intersection Pickup 8:15
Motor, Mot
a5 5-Aug-2010 Intersection 10 wheels iMotorcycle 16:56
46 11-Oct-2010 :Intersection i Motorcycle :Non 0:23
43/200 Medium
47 1 :21-Nov-2010 Pickup 101 14:00 135,000 40,000 : Violating speed limit
(24+490) truck
48 24-Nov-2010 Intersection : Motorcycle i Pickup 16:49
43/200 Drowsiness (near temporary
49 i 2 i5-Dec-2010 Car 708 1:40 27,000 :50,000
(24+120) U-turn)
43/200
50 3  i11-Dec-2010 Car 801 20:30 1,000 20,000 ; High speed driving
(23+774)
43/200 High speed ride and rear-
51 ¢ 3 :13-Dec-2010 Motorcycle i Trailer 301 12:15 1,000 45,000
(23+970) end Trailer in the same lane
52 23-Dec-2010 :Intersection i Motorcycle 20:49
43/200 Slippery roads, then rear-
53¢ 3 :30-Dec-2010 Car, Car Car 301 15:50 1,000 30,000
(23+996) end in the same lane
High speed driving, then
43/200 rear-end in the same lane
54 i 2 :30-Dec-2010 Pickup Pickup 301 16:00 1,000 20,000
(24+101) and that time was raining/
slippery roads
43/200 High speed driving and
55 2 31-Dec-2010 Car, Car Car 301 16:20 1,000 30,000
(24+452) Rear-end in the same lane
56 26-Feb-2011 :Intersection : Pickup Trailer 14:20
43/200
57 i 2 i13-Jun-2011 Pickup 701 17:00 = 20,000 i High speed driving
(24+170)
High speed driving and hit
4135/100 Pickup,
58 1 i5-May-2011 Car 200 18:30 1,000 30,000 :the island at the
(3+360) iCar,
intersection
4135/100
59 28-Jun-2011 ( ) Pickup Motorcycle {202 16:45 - 40,000 Violation of traffic signals
3+325
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Appendix Il - 2: Accident statistics of in-depth case during 2007 — August 2013 (continue)

Number of
Hw/Sta Vehicle type Collision Time DOH
No [Zone D/M/Y km) Casualty PDO Cause
km.
Veh 1 Veh 2 Code | Day |[Night| Rain |Injury|Serious |Died|damage
60 1-Jul-2011  iIntersection i Trailer Car 4:13 2
61 19-Jul-2011 iIntersection i Motorcycle 16:28 1
Slippery roads and hit a
43/200
62 i 2 i1-Aug-2011 Car 704 18:00 1 4,400 45,000 concrete block on the right
(24+738)
hand side of the flyover
63 24-Aug-2011 Intersection : Motorcycle i Motorcycle 8:16 2
64 5-Sep-2011 Intersection : Motorcycle 13:27 1
43/200
651 1 18-Sep-2011 Trailer Trailer 703 23:00 1 25,000 10,000 Slippery roads
(24+495)
66 2-Oct-2011  iIntersection ;| Motorcycle iCar 16:03 1
67 2-Nov-2011 Intersection : Motorcycle iCar 16:30 1
68 12-Nov-2011 Intersection i Motorcycle :Van 14:17 1
43/200
69 i 1 i6-Jan-2012 Motorcycle i Trailer 305 9:00 2 - 1,000 :Slippery roads
(24+450)
Pickup,
70 27-Jan-2012 :Intersection Car, Motor 6:39 1
Pickup
71: 3 127-Apr-2013 Motorcycle 701 11:30 1 Slippery roads
720 3 i 6-July-2012 Pickup Motorcycle: 306 8:56 1 Violating speed limit
On On the iMotorcycle
73 3-Aug-2012 701 19:50 1 Slippery roads
Fly bridge
On On the iMotorcycle
74 17-Oct-2012 701 18:30 1 Slippery roads
Fly bridge
751 3 | 7-Mar-2013 Car Motorcycle: 306 21:52 1 Violating speed limit
76 21-Mar-2013 Motorcycle 701 8:52 2 Slippery roads
7 31-Mar-2013 Motorcycle 701 2:49 1 Slippery roads
On Onthe 10 wheels
78 8-Apr-2013 Motorcycle: 307 18:58 1 The driver cannot see
Fly bridge
24-June- Motorcycle
79 702 19:00 1 Slippery roads
2013
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Appendix Il - 3: Layout of at-grade intersection (1/2)
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Appendix Il - 3: Layout of flyover intersection (2/2)
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Appendix Il - 4: RSA of In-depth case (At-grade intersection)

Ref No. Road alignment and cross section “Exl Case 01-1”

Location At the stop lines on HW route 43 (two directions)

Problem Group Sight distance and pavement markings

Audit Findings the bush and other obstructions may visually obscured in sight
distances.

The pavement marking faded and lose the road friction.

01/10/2009 10:36:10

Potential Accident Type| Right angle, rear end or sideswipe collision

Risk Category Undesirable

Recommendation Cut the bushes to improve the sight distance, paving a new road

surface and paint new marking.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Drainage “Ex| Case 01-2”

Location

At the intersection

Problem Group

Drainage

Audit Findings

Flooding on road surface due to inadequate drainage or incorrect road
levels.

2911972009 10:19:26

Potential Accident

Type

Vehicles slides out of the road especially motorcycles,

Risk Category

Undesirable

Recommendation

All road users should reduce speed when drive the vehicle pass this
location.




160

Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No. Traffic Sign “Ex| Case 01-3”

Location Access to the intersection

Problem Group Sign

Audit Findings There are too many words in the traffic guide signs, road users may

be confusion.

Potential Accident Type| Rear end in the same lane because of road users reduce speed to

read the word

Risk Category Tolerable

Recommendation Relocate signs or move to another zone
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Signal control “Ex| Case 01-4”

Location

At an at-grade intersection

Problem Group

Fixed time control plans

Audit Findings

The traffic signalization for intersection was controlled by fixed time
control plans. There are two programs a day. The length of one cycle
is 244 seconds, is controlled during 06:00 a.m. to 12:00 p.m. (4 phases

per one cycle), and controlled by traffic flashers during 00:01 a.m. to
05:59 a.m..

01/10/2009 10:33:56

Potential Accident

Type

Side-swipe/crossing collision/ rear-end collision

Risk Category

Tolerable

Recommendation

In the preliminary plan we should design the new of the signal timing

phase by depending on the traffic volume in each direction.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No. Pavement markings “Exl Case 01-5”

Location At the intersection

Problem Group Pavement markings

Audit Findings It is not sure about the gap of vehicles when the vehicles entering

to intersection. And arrow markings, and pavement markings is

faded.

25/09/2009 10:45:42

Potential Accident Type| Sideswipe collision

Risk Category Tolerable

Recommendation Paving a new surface and painted new road markings of each leg.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Roadside “Ex| Case 01-6”

Location

Access to intersection

Problem Group

Clear zones

Audit Findings

Roadside before entering to intersection is not enough clear zones due
to the trees and other obstructions fixed near the surface of road about

1 meter.

01110£2009°10527:05

Potential Accident run out of the road to crash the trees

Type

Risk Category Intolerable

Recommendation Cut the trees off to give the clear zones or install the guardrails for

protecting road user that run out of road.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Road Surface “Ex| Case 01-7”

Location

access to intersection (HW#43)

Problem Group

Damaged road surfaces

Audit Findings

The damage on the surface seems severe alligator cracking and the
road may be slippery.

25/09/2009 10:45:42

01/1072009" 10: 36103

Potential Accident

Type

Rear end in the same lane or sideswipe collision

Risk Category

Intolerable

Recommendation

Paving a new surface and painted new road markings of each leg.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Lighting “ExI Case 01-8”

Location

At the intersection

Problem Group

Lighting

Audit Findings

This intersection has 5 spotlights along the highway route 43.

25/09/2009 10:44:04

25/09/2009 10:44:54

Potential Accident

Type

Rear end collision

Risk Category

Undesirable

Recommendation

It should be installed also on the secondary road.
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No. Crosswalk “Ex| Case 01-9”

Location At the intersection

Problem Group Crosswalk for pedestrians

Audit Findings Lack of crosswalk for pedestrians of all directions, it only have the
stop lines.

Potential Accident Vehicle hit pedestrians
Type
Risk Category Undesirable

Recommendation Install pedestrian crosswalk (zebra crossing)
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Appendix Il - 4: RSA of In-depth case (At-grade intersection) (continue)

Ref No.

Other problems “Ex| Case 01-10”

Location

At the intersection

Problem Group

Illegal movement

Audit Findings

Illegal movement by motorcyclists for crossing, the problem is when a
height vehicle speed on the main road pass this area may hit the

motorcycle from the near side.

Potential Accident

Hit motorcycle from near side

Type
Risk Category Intolerable
Recommendation Install the guardrail or concrete barrier at the median of road in both

directions covering to the area for protecting the vehicle from the near

side (motorcycle).
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Appendix Il - 4: RSA of In-depth case (During construction)

Ref No.

Other issues “During Con... Case 02-1.1”

Location

Access to intersection on HW route 43 (two directions)

Problem Group

Road equipment

Audit Findings

Concrete blocks did not cover to the construction zone, it did not
protect the road users and construction zones. On the contrary, their

different sizes and installed at inappropriate locations.

Potential Accident

Type

Sideswipe collision to fixed rigid objects

Risk Category

Intolerable

Recommendation

“Concrete Blocks” should be installed at appropriate locations, they
should clearly show to road users. They should be installed covering

the project construction area without the gaps.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No. Other issues “During Con... Case 02-1.2”

Location Access to intersection (HW#43)

Problem Group Link road and temporary U-turn

Audit Findings Near the construction area has a building that constructed at that time.

And at the end of flyover construction of both sides, the temporary U-

turn was constructed for serving the vehicles as shown in the figure.

Potential Accident Right angle, rear end or sideswipe collision

Type

Risk Category Intolerable

Recommendation Relocate the temporary U-turn to another zone of construction area

for protecting road user behaviour that may occur this zone.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Other issues “During Con... Case 02-1.3”

Location

Access to intersection (HW#43)

Problem Group

Night time's safety

Audit Findings

At the entering and exiting out construction area, the traffic light did
not turn on of all lamps and temporary traffic sign is also not
standard, not reflective at night time. “Road surface” have potholes

and soil aggregates on the road surface.

Potential Accident

Type

Side-swipe/ rear-end collision/ run off road crashes

Risk Category

Intolerable

Recommendation

The “temporary traffic signs” should use standard signs, installed at
appropriate and sufficient locations, “Road surface” should not have
potholes and soil aggregates on the road surface. And “Street-lights”

should be installed consecutively and turned on every night.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No. Other issues “During Con... Case 02-1.4”

Location Access to intersection (HW#43)

Problem Group Sight distance and Pavement marking

Audit Findings The sight distances before entering to the intersection, the vision is not

clear, background (brown) and text (black). The temporary traffic signs

is not clear. The pavement marking is faded and not have the road
friction.

Potential Accident Sideswipe and run out of the road

Type

Risk Category Tolerable

Recommendation The “temporary traffic signs” should use the standard signs, install at

appropriate point and sufficient.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Traffic management “During Con... Case 02-2.1”

Location

Access to intersection

Problem Group

Enter and exit of the flyover area

Audit Findings

The temporary traffic sign on background (brown) and text (black) in

traffic signs is not clear and standard size.

Potential Accident

Type

Sideswipe and run off road crashes

Risk Category

Tolerable

Recommendation

The “temporary traffic signs” should use the standard signs,

installed at appropriate and sufficient locations.
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Appendix Il = 4: RSA of In-depth case (During construction) (continue)

Ref No.

Traffic management “During Con... Case 02-2.2”

Location

Access to intersection

Problem Group

Speed limit control

Audit Findings

Auditor found only one of the speed limit signs (50 km/h); it was

installed on the HW route 43 before access to intersection at 300
meters.

Potential Accident

Type

Sideswipe and run off road crashes

Risk Category

Tolerable

Recommendation

The “temporary speed limit signs” should use standard signs, installed

at appropriate and sufficient locations.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Traffic management “During Con... Case 02-2.3”

Location

At the intersection

Problem Group

Traffic flow

Audit Findings

There are 929 days to construction this project, there are three
temporary opened road near the crossroad for traffic flow of all
directions, in the area found the concrete block that installed to
block the channel of lanes is not continuous, difference dimension
and difference gaps. And road surface was not smooth - it is bumpy

when raining time, the vehicle may crash of accident.

Potential Accident

Type

Sideswipe / run off road crashes/ rear-end collision

Risk Category

Intolerable

Recommendation

“Concrete Blocks” should installed at appropriate locations, it
should clear to show to road users and covering to the project

construction without the gaps. “Road surface” should not have

pothole and soil aggregates on the road surface.
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Appendix Il = 4: RSA of In-depth case (During construction) (continue)

Ref No.

Sign and Marking “During Con... Case 02-3.1”

Location

In the construction area

Problem Group

Sign

Audit Findings

The installation of temporary traffic siens was not stable, not enough
and insufficient. Traffic signs were not reflective at night and some
traffic signs were damaged. Background (brown) and text (black) in

traffic signs are not clear and there were traffic signs with different

characteristics.

Potential Accident Rear-end collision, hitting with a fixed object
Type
Risk Category Intolerable

Recommendation

The “temporary traffic signs” should use the standard signs, installed at

appropriate, sufficient locations and reflective at night time.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Sign and Marking “During Con... Case 02-3.3”

Location

In the construction area

Problem Group

Diversion

Audit Findings

The concrete block that installed to block the channel of lanes is
not continuous, it is difference dimension and difference gaps, not
standard, not reflection at night and some of electric light did not

turn on at night.

Potential Accident

Sideswipe and run off road crashes

Type
Risk Category Intolerable
Recommendation The “temporary traffic signs” should use standard signs, installed at

appropriate, sufficient locations and reflective at night. “Concrete
Blocks” should installed at appropriate locations, they should
clearly show to road users, and should installed covering the

construction project area without the gaps.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Signal control “During Con... Case 02-4.1”

Location

At the flyover area

Problem Group

Fixed time control plans

Audit Findings

The traffic signal control that was controlled have 4 phases per cycle,
it consisted of 2 programs a day; the first program 254 seconds
(operating from 06:00 am to 12:00 pm. The second program was
controlled by flashing amber, it was controlled from 00:00 am to

06:00 am.

Potential Accident

Rear-end collision, crossing collision

Type
Risk Category Tolerable
Recommendation In the field work should have a traffic engineering staff to control in

the peak time of the day, and set the new cycle time by depending

on traffic volume in each leg
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Pedestrian and ride cycle “During Con... Case 02-5.1”

Location

At the intersection

Problem Group

Pedestrian crossing

Audit Findings

In the area not found the line for pedestrian, there were scraps on

the shoulder of the road, furthermore did not the barrier blocked.

Potential Accident

Type

Vehicles hit pedestrians

Risk Category

Tolerable

Recommendation

Install pedestrian lines at the construction area and at unsafe

locations.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Pavement “During Con... Case 02-6.1”

Location

At the flyover area

Problem Group

Pavement

Audit Findings

Road surface was not smooth and it’s bumpy. There was water on the

surface, mud mound, soil, and raw aggregates after raining.

Potential Accident

Type

Rear-end collision

Risk Category

Tolerable

Recommendation

“Road surfaces” were not smooth and it is bumpy. These problem

areas should use the motor grader prove these surface.
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Appendix Il - 4: RSA of In-depth case (During construction) (continue)

Ref No.

Pavement “During Con... Case 02-6.2”

Location

Flyover area

Problem Group

Flooding on the surface

Audit Findings

“Road surfaces” were not smooth, the mud mound on the

shoulder of the road made always a problem when raining.

28/03/2011 04:57 PM

Potential Accident

Type

Sideswipe and run off road crashes

Risk Category

Tolerable

Recommendation

“Road surface” should not have potholes and soil aggregates on

the road surface or installing drains.




181

Appendix Il - 4: RSA of In-depth case (After construction)

Ref No.

Road alignment and cross section “Exl Case 03-1”

Location

Access to intersection on HW route 43 (two directions)

Problem Group

Sight distance and pavement markings

Audit Findings

The sight distances before entering an intersection, the vision is not
clear, traffic signs could not be seen clearly. It was obscured visibility by

trees. The marking on surface found only one point.

Potential Accident

Sideswipe collision

Type
Risk Category Undesirable
Recommendation

Trim the trees to clear for road users, provide the guidelines for entering

to the intersection more than one point for road users.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Drainage “Ex| Case 03-2”

Location

At the intersection and on the bridge

Problem Group

Drainage

Audit Findings

Insufficient drainage or incorrect road slopes-levels, there was mud
mound, soil, and raw aggregates on the surface of road after raining,

many time this scrap to block the charnel water.

Potential Accident Type| Vehicle slides on the surface road
Risk Category Undesirable
Recommendation Remove raw aggregates and other scrap on the surface of road,

ensure adequate drainage at this location by changing road levels or

installing drains.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Traffic Sign “Ex| Case 03-3”

Location

Entrance of intersection

Problem Group

Sign

Audit Findings

There are to many the same of traffic signs, too many words to read.

Potential Accident Road users confused
Type

Risk Category Tolerable
Recommendation

Relocate signs to another zone or remove.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Signal control “Exl Case 03-4”

Location

At the intersection

Problem Group

Fixed time control plans

Audit Findings

The traffic signal control was controlled by 4 phases per cycle. It
consists of 2 programs a day; the first program is 224 seconds, it
was operated from 06:00 am to 12:00 pm. The second program
was controlled by flashing light; it was operated from 00:00 am to
06:00 am.

Potential Accident

Rear-end collision, crossing collision

Type
Risk Category Tolerable
Recommendation Design a new phase of traffic signal by depending on the traffic

volume in each direction.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Pavement markings “Exl Case 03-5”

Location

At the intersection

Problem Group

Markings on road surface

Audit Findings

Markings are faded, there was rock scrap on the surface of road.

Potential Accident Rear-end collision, Vehicle slides on the surface road
Type

Risk Category Tolerable

Recommendation

Remove raw aggregates and other scrap on the surface of road.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Sideways “Ex| Case 03-6”

Location

Access to intersection

Problem Group

Clear zones

Audit Findings

Near the shoulder of road about 1 foot there are the electricity posts
and traffic sign column (as shown on figure below mark), and about 1
meter length from trees and surface road before approaching to an

intersection.

4 uaihfauduan
Khao Chaison Hot Springs

< el

Ton Nga Chang Waterfall

™ amalunlu Al
! Wat Hat Yai Nai

Potential Accident

Vehicle hit columns or fixed objects near road area

Type
Risk Category Undesirable
Recommendation Relocate the columns to appropriate point or install the grade rail for

protecting vehicles that may run off the road.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Sideways “ExI Case 03-6.1”

Location

Entrance of intersection

Problem Group

Clear zones

Audit Findings

At the roadside did not have the grade rail or barrier to protect
vehicles that may run off the road, and at the end of a bridge (as

show in the figure below) of canal did not have protection for road
users.

ARDIRAN
KHLOtt.IG TAM

Potential Accident Vehicle hit the end of bridge or run off road crashes
Type

Risk Category Tolerable

Recommendation

Install the grade rail to protect vehicles and road users that may run

off the road or through hit the end of the canal bridge.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Link road “Exl Case 03-7”

Location

Access to intersection (HW#43)

Problem Group

Link road on the flyover area

Audit Findings

There was link road to the shop near the intersection and not have

the auxiliary road for tumn left to the shop.

Potential Accident Rear end collision
Type

Risk Category Tolerable
Recommendation

Change to another side or make the life auxiliary lane to the shop.
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Appendix Il = 4: RSA of In-depth case (After construction) (continue)

Ref No.

Lighting “ExI Case 03-8”

Location

At the intersection

Problem Group

Lighting

Audit Findings

This intersection have 5 spotlights along the highway route 43.

Potential Accident

Type

Rear end collision

Risk Category

Undesirable

Recommendation

Should also install on the secondary road.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Crosswalk “Exl Case 03-9”

Location

At the intersection

Problem Group

Crosswalk for pedestrians

Audit Findings

Lack of crosswalk for pedestrians of all directions, it only has stopped
lines at the waiting areas.

Potential Accident

Type

Vehicle hit pedestrians

Risk Category

Undesirable

Recommendation

Install pedestrian crosswalk (zebra crossing)
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Other problems “Exl Case 03-10”

Location

Under the bridge

Problem Group

U-turn and kerb corner under the bridge

Audit Findings

The average radius of the U-turn is about 12 meters, it was
constructed for serving only the vehicles 2-4 wheels and at the
exiting zone of this U-turn (no control) is one hazardous area.

At the kerb-corner (as marked in the picture below) is one of
hazardous points, when the vehicles right turn from the secondary
road has not the gap between the vehicles of two channels (may
occur the crash accidents and competition of the vehicles to pass

this area) and not enough space for the angle of the trailers.

Potential Accident

Type

Sideswipe collision and vehicles hit kerb corner

Risk Category

Tolerable

Recommendation

The radius at the kerb-corner and U-turn under the bridge should be
designed by depending on turning radius of the trailer, and painted or

highlighted the line of road lane to guide the road user.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Other problems “Ex| Case 03-10.1"

Location

Flyover area

Problem Group

Auxiliary lane

Audit Findings

At the exiting zone of this U-turn is one of the hazardous zone
because it has no control. When vehicles exit out from the U-turn
and from the intersection and at the merging zone between road
from the bridge and road from the intersection will compete to pass

this zone, may crash of accident by sideswipe.

Potential Accident

Sideswipe and rear end collision

Type
Risk Category Tolerable
Recommendation At the U-turn under the bridge should install a traffic sign to allow

only 2-4 wheels vehicle and “GIVE WAY”. At the merge zone should
install the PVC orange reflective flexible traffic warning post to divide

of the lane and install the sign “GIVE WAY” at this area too.
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Appendix Il - 4: RSA of In-depth case (After construction) (continue)

Ref No.

Other problems “Exl Case 03-10.2”

Location

At the intersection

Problem Group

U-turn and right turning of traffic movement

Audit Findings

At the stopped line, when vehicle wait a phase time of the traffic

signal on the more than five vehicles or 20 meters, this channel will

be blocked.

And at the crossroad did not have the guide of road line.

Potential Accident Sideswipe and rear end collision
Type

Risk Category Tolerable

Recommendation

Painted or highlighted the line of road lane to guide the road user on

the intersection area.
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Appendix Il - 5: Input data for example case 1-hour of flyover situations

Unlicensed Trial Version
INPUT REPORT Site: New Site - 1

HDY 01 (In-Depth Case)

Intersection Parameters

Title HDY 01 (In-Depth Case)
Intersection 1D HDY 01

Unit Time (for volumes) 60 minutes

Peak Flow Period (for performance) 30 minutes

Signal Analysis Method Fixed Time

Geometry - Approach Data

. No. of Median
Location Name Exit Lanes Width
m
South HW route #4135 to airport Two-way 4 3 2.00 0.0
East HW route #43 to Phattani Two-way 4 3 31.00 0.0
North HW route #4135 to HDY city Two-way 4 3 2.00 0.0
West HW route 43 to Phattalung Two-way 4 3 31.00 0.0

Geometry - Approach Lane Data - Signalised

Lane Lane Lane Basic Utilisation Saturation Capacity Buses  Parking SL Green Free Queue

Number Type Discip. Satn Flow Ratio Speed  Adjustment Stopping Man. Constraint IL, T R
tcuh % km/h % veh/h veh/h veh veh veh

South HW route #4135 to airport
App. Lane 1 Continuous L 1950 - - 0.0 - - No 0 0 O
App. Lane 2 Normal T 1950 - - 0.0 2 - No 0 0 O
App. Lane 3 Normal T 1950 - - 0.0 2 - No 0 0 O
App. Lane 4 Normal R 1950 - - 0.0 2 - No 0 0 0
East HW route #43 to Phattani
App. Lane 1 Continuous L 1950 - - 0.0 - - No 0 0 0
App. Lane 2 Normal T 1950 - - 0.0 - - No 0 0 O
App. Lane 3 Normal T 1950 - - 0.0 - - No 0 0 0
App. Lane 4 Normal R 1950 - - 0.0 3 - No 0 0 0
North HW route #4135 to HDY city
App. Lane 1 Continuous L 1950 - - 0.0 - - No 0 0 O
App. Lane 2 Normal T 1950 - - 0.0 - - No 0 0 0
App. Lane 3 Normal T 1950 - - 0.0 2 - No 0 0 O
App. Lane 4 Normal R 1950 - - 0.0 - - No 0 0 O
West HW route 43 to Phattalung
App. Lane 1 Continuous k 1950 - - 0.0 - - No 0 0 0
App. Lane 2 Normal T 1950 - - 0.0 - - No 0 0 0
App. Lane 3 Normal T 1950 - - 0.0 - - No 0 0 O
App. Lane 4 Normal R 1950 - - 0.0 1 - No 0 0 O
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Geometry - Approach & Exit Lane Data

Lane

Number

South

App. Lane 1
App. Lane 2
App. Lane 3
App. Lane 4
Exit Lane 1

Exit Lane 2

Exit Lane 3

East

App. Lane 1
App. Lane 2
App. Lane 3
App. Lane 4
Exit Lane 1

Exit Lane 2

Exit Lane 3

North

App. Lane 1
App. Lane 2
App. Lane 3
App. Lane 4
Exit Lane 1

Exit Lane 2

Exit Lane 3

West

App. Lane 1
App. Lane 2
App. Lane 3
App. Lane 4
Exit Lane 1

Exit Lane 2

Exit Lane 3

Lanes are numbered from left to right in the direction of travel.

Geometry -

To
Approach

From: South
West

North

East

South

From: East
South
West

North

East

From: North
East

South

West

North

From: West
North

East

South

West

Lane
Width
m

HW route #4135 to airport
3.50
3.50
3.50
3.50
3.30
3.30
3.30

HW route #43 to Phattani
3.50
3.50
3.50
3.50
3.30
3.30
3.30

HW route #4135 to HDY city

3.50
3.50
3.50
3.50
3.30
3.30
3.30

HW route 43 to Phattalung
3.50
3.50
3.50
3.50
3.30
3.30
3.30

Movement Definitions

Lane
Length
m

100.0
500.0
500.0
500.0
500.0
500.0
500.0

120.0
500.0
500.0
500.0
500.0
500.0
500.0

100.0
500.0
500.0
500.0
500.0
500.0
500.0

120.0
500.0
500.0
500.0
500.0
500.0
500.0

Movement
Banned

HW route #4135 to airport

No
No
No
Yes

HW route #43 to Phattani

No
No
No
Yes

HW route #4135 to HDY city

No
No
No
Yes

HW route 43 to Phattalung

No
No
No
Yes

I AHr | A4 | A

o S B
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nput data for example case 1-hour of flyover situations (continue)
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Appendix Il - 5: Input data for example case 1-hour of flyover situations (continue)

Volumes

To Peak Flow Vehicle Growth
Approach Factor Occupancy Rate

% pers/iveh Y%lyear

From: South HW route #4135 to airport
West 79.0 5.00 95.0 1.20 100.00 2.00
North 600.0 7.00 95.0 1.20 100.00 2.00
East 925.0 8.00 95.0 1.20 100.00 2.00
From: East HW route #43 to Phattani
South 419.0 7.00 95.0 1.20 100.00 2.00
West 31.0 25.00 95.0 1.20 100.00 2.00
North 359.0 15.00 95.0 1.20 100.00 2.00
From: North HW route #4135 to HDY city
East 590.0 12.00 95.0 1.20 100.00 2.00
South 715.0 8.00 95.0 1.20 100.00 2.00
West 36.0 22.00 95.0 1.20 100.00 2.00
From: West HW route 43 to Phattalung
North 35.0 15.00 95.0 1.20 100.00 2.00
East 9.0 25.00 95.0 1.20 100.00 2.00
South 148.0 14.00 95.0 1.20 100.00 2.00

Path Data

To App. Cruise Exit Cruise App. Trav. Negn Downst. Negn
Approach Speed Speed Distance Distance Distance Radius

km/h km/h m

From: South HW route #4135 to airport
West 60.0 60.0 500.0 - - - -
North 60.0 60.0 500.0 - - - -
East 60.0 60.0 500.0 - - - -
From: East HW route #43 to Phattani
South 60.0 60.0 500.0 - - - -
West 60.0 60.0 500.0 - - - -
North 60.0 60.0 500.0 - - - -
From: North HW route #4135 to HDY city
East 60.0 60.0 500.0 - - - -
South 60.0 60.0 500.0 - - - -
West 60.0 60.0 500.0 - - - -
From: West HW route 43 to Phattalung
North 60.0 60.0 500.0 - - - -
East 60.0 60.0 500.0 - - - -

South 60.0 60.0 500.0 - - - -
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Appendix Il - 5: Input data for example case 1-hour of flyover situations (continue)

Movement Data - General

Mov. Queue Space Vehicle Length P.Deg. Movement
Tumn D LV HV LV Hv HVE  sam Type Control
m m m
South HW route #4135 to airport
L 7 7.00 13.00 450 10.00  2.00 = Cont. -
T 8 7.00 13.00 450 10.00 2.00 - Normal =
R 9 7.00 13.00 450 10.00 2.00 = Normal =
East HW route #43 to Phattani
IL 10 7.00 13.00 450 10.00 2.00 - Cont. -
T 11 7.00 13.00 450 10.00 2.00 s Normal =
R 12 7.00 13.00 450 10.00 2.00 = Normal -
North HW route #4135 to HDY city
il 1 7.00 13.00 450 10.00 2.00 - Cont. -
T 2 7.00 13.00 450 10.00 2.00 - Normal -
R 3 7.00 13.00 450 10.00 2.00 = Normmal -
West HW route 43 to Phattalung
I 4 7.00 13.00 450 10.00 2.00 = Cont. -
T 5 7.00 13.00 450 10.00 2.00 - Normmal -
R 6 7.00 13.00 450 10.00 2.00 - Nommal -

Movement Type and Control parameters are set automaticly from Approach Control and Lane Type data in the Geometry dialog.

Movement Data - Signalised

Mov. Signal Coord. Non- Turn Turn Adjustment Pedestrian Effect
Turn ID Type PG Actuated On Red Type Radius Method  St. Loss
%
South HW route #4135 to airport
L T - - - - Normal - - -
T 8 3 - - - Normal - - -
R 9 3 - - - Normal — St Loss 0
East HW route #43 to Phattani
L 10 - - - - Normal - - -
T 11 3 - - - Normal - - -
R 12 3 - - - Normal — St Loss 0
North HW route #4135 to HDY city
L 1 - - - - Normal - - -
T 2 3 - - - Normal - - -
R 3 3 - - - Normal — St Loss 0
West HW route 43 to Phattalung
L 4 - - - - Normal - - -
T 5 3 - - - Normal - - -
R 6 3 - - - Normal — St Loss 0

Priorities
Opposed Opposing Movements

Movement South South East East North East North North West West South West
South HW route #4135 to airport

R - - - - T - - -
East HW route #43 to Phattani

R - - - - - - T -
North HW route #4135 to HDY city

R T - - - - - - -
West HW route 43 to Phattalung

R - - T - - - - -
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Appendix Il - 5: Input data for example case 1-hour of flyover situations (continue)

Gap Acceptance

Critical Follow-up End Exiting
Movement Gap Headway  Departures  Flow Effect
sec sec veh %
South HW route #4135 to airport
R 4.500 2.600 2.20 0
East HW route #43 to Phattani
R 4.500 2.600 2.20 0
North HW route #4135 to HDY city
R 4.500 2.600 2.20 0
West HW route 43 to Phattalung
R 4.500 2.600 2.20 0

Pedestrians

Mov. Peak Growth Crossing App. Trav. Downst. Walking
Volume Flow Rate Distance Distance Distance Speed
ped % Y%lyear misec
South HW route #4135 to airport
P5 5.0 95.0 100.00 2.00 - 10.0 10.0 1.30 1.00 - 20
East HW route #43 to Phattani
B 5.0 95.0 100.00 2.00 - 10.0 10.0 1.30 1.00 0.900 20
North HW route #4135 to HDY city
P1 5.0 95.0 100.00 2.00 - 10.0 10.0 1.30 1.00 - 20
West HW route 43 to Phattalung
P3 5.0 95.0 100.00 2.00 - 10.0 10.0 1.30 1.00 - 20

Phasing Data

Current Sequence: Split Phasing
Phase Yellow All-Red Dummy Movement Movements Running in Phase
Name Time  Time Time Parameters
Specifie  Min Max

d Green Green

sec sec
A (W-E) 40 4 2 No - - L - L - L,P1 - LTR -
B (E-W) 40 4 2 No - - LP5 - LTR - L - L -
C(N-8) 60 4 2 No - - L - L,P7 - LTR - L -
D (8-N) 60 4 2 No - - LTR - L - L - L,P3 -

Sequence Data

Current Sequence Split Phasing

Cycle Time Option Practical Cycle Time
Max Cycle Time 224 sec
Cycle Rounding 2 sec

Green Split Option
Green Split Priority No
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South
L
T
R

East

North

-

West

-

HW route #4135 to airport
7 3 3
8 3 3
9 3 3
HW route #43 to Phattani
10 3 3
11 3 3
12 3 3
HW route #4135 to HDY city
1 3 3
2 3 3
3 3 3
HW route 43 to Phattalung
4 3 3
5 3 3
6 3 3
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nput data for example case 1-hour of flyover situations (continue)

Movement Timing Data — Pedestrians

Current Sequence: Split Phasing

South
P5

East
P7
North
P1

West
P3

Crossing
Speed
m/sec
HW route #4135 to airport
- - 1.20
HW route #43 to Phattani
- - 1.20
HW route #4135 to HDY city
- - 1.20
HW route 43 to Phattalung
= = 1.20
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Appendix Il - 5:

Model Settings - Options

Delay (HCM 2000)
LOSD

Delay

95 %

480 h

Include HV Effect if above 5 per cent
SIDRA Standard (Akgelik M3D)
mula Yes
Formula Yes
hort Lane Mc
Minimum Downstream Utilisation Ratio 20 %
nimum D >am Distance 30m
Full Lane Utilisation 200m
Parameter 12

Model Settings - Cost Parameters
Operating Cost
Unit THB
Pump Price of Fuel 40.000 THB/L
0500
3.00

1400.0 kg
11000.0 kg
130 kKW

35.00 THB/h
0600

Demand & Sensitivity

Analysis Metho D n Life
gn Life Analysis Objective Practical Capacity (v/c ratio = xp)
wth Iy Uniform

Numberof ¥ 3 20

Site Properties

Site (In on) Type Signals
Standard Left
Left-hand side of the road
No

HCM Version No

Units Metric

nput data for example case 1-hour of flyover situations (continue)

Processed: Saturday, January 12, 2013 10:42: 20 PM Copyright © 2000-2011 Akcelik and Associates Pty Ltd

SIDRA INTERSECTION 5.1.9.2068 www sidrasolutions.com

Project: E:\Data of Windows 2iIn-Depth Case HDY 01.sip
UNLICENSED TRIAL VERSION

SIDRA =N
INTERSECTION
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle)

Unlicensed Trial Version
INTERSECTION SUMMARY Site: New Site -1

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

Intersection Performance - Hourly Values

Performance Measure Vehicles Pedestrians Persons
Demand Flows (Total) 4019 vehh 6 pedh 4829 persih
Percent Heavy Vehicles 12.9 %

Degree of Saturation 1565 0509

Practical Spare Capacity 425 %

Effective Intersection Capacity 2568 veh/h

Control Delay {Total) 116.00 veh-h/h 0.12 ped-h/h 139.32 pers-hh
Control Delay {Average) 103.9 sec 74 4 sec 103.9 sec
Control Delay {\Worst Lane) 384.3 sec

Control Delay {Worst Movement) 3324 sec 91.1 sec 3324 sec
Geometric Delay {Average) 4.5 sec

Stop-Line Delay (Average) 99.4 sec

Intersection Level of Service (LOS) LOS F LOSF

95% Back of Queue - Vehicles (VWorst Lane) 86.5 veh

95% Back of Queue - Distance {(Worst Lane) 5943 m

Total Effective Stops 3499 vehih 5 pedh 4204 pers/h
Effective Stop Rate 0.87 perveh 0.81 per ped 0.87 per pers
Proportion Queued 0.64 0.81 0.64
Performance Index 379.9 0.2 3801

Travel Distance (Total) 2470.5 veh-km/h 0.2 ped-km/h 2964 .8 pers-km/h
Travel Distance (Average) 615 m 37m 614 m
Travel Time (Total) 1568.7 veh-h/h 0.2 ped-h/h 190.6 pers-h/h
Travel Time (Average) 142 .2 sec 102.6 sec 142.1 sec
Travel Speed 15.6 km/h 1.3 km/h 15.6 km/h
Cost (Total) 30785.69 Baht/h 10.25 Baht/h 30795.94 Baht/h
Fuel Consumption (Total) 5352 Lh

Carbon Dioxide (Total} 1346.0 kg/h

Hydrocarbons (Total) 2271 kg/h

Carbon Monoxide (Total) 85.96 kg/h

NOx {Total) 2662 kg/h

Level of Service (LOS) Method: Delay (HCM 2000).

Intersection LOS value for Vehicles is based on average delay for all vehicle movements.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
SIDRA Standard Delay Model used.

Intersection Performance - Annual Values
Performance Measure Vehicles Pedestrians Persons

Demand Flows (Total) 1,829,095 vehfy 2,880 peddy 2,317,794 persfy

Delay 55,680 veh-hfy 60 ped-hfy 66,876 pers-hfy
Effective Stops 1,679,494 vehfy 2,340 pedly 2,017,733 persfy

Travel Distance 1,185,819 veh-km/y 106 ped-km/y 1,423,089 pers-km/fy
Travel Time 76,190 veh-hfy 82 ped-hfy 91511 pers-hfy

Cost 14,777 130 Baht/y 4918 Baht/y 14,782,050 Bahtfy

Fuel Consumption 256,918 LAy

Carbon Dioxide 646,088 kgfy

Hydrocarbons 1,090 kgfy

Carbon Monoxide 41,260 kgfy

NOx 1278 kgly

Processed: Sunday, July 13, 2014 11:52:08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
DEGREE OF SATURATION Site: New Site - 1
Ratio of Demand Volume to Capacity (v/c ratio)

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

HW route #4 to HDY city

z00
019 157

bunjeneyd 03 £ 3N0I MH
150 l '
00
0.04
HW route #43 to Phattani

1.03
0.21 1.00

HW route #4 to sadou

| South | East | North | West | Intersection
Degree of Saturation 1.03 1467 0.63 0.51 1.87

Colour code based on Degree of Saturation
I [ L e—]
[<06] [06-07][0.7-08][08-09][0.9-1.0] [>1.0] Continuous

Processed: Sunday, July 13, 2014 11:52:08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —

18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
DELAY (AVERAGE)

Average control delay per vehicle, or average pedestrian delay (seconds)

Site: New Site -1

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

HW route #4 to HDY city

y=: of z

% ~ & &

' (e} ( 8

g o =241 2

e —

g BN o ‘ ‘ SP S *

el

5 & oo 8 al | | &

=+ N (=]

[+%) -

= =

=}

b 4
“ 91.1
1134 4|
7.9 89.0
HW route #4 to sadou
South = East  North | West | Intersection
Delay (Average) 1005 2064 | 426 | 80.2 103.9
LOS F F D E E
Colour code based on Level of Service
I I — I -
LOS A LOSB LOSC LOS D LOSE LOSF Continuous

Level of Service Method: Delay (HCM 2000)
Pedestrian Level of Service Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
SIDRA Standard Delay Model used.
Processed: Sunday, July 13, 2014 11:52.08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
LEVEL OF SERVICE SUMMARY Site: New Site -1

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

1N HW route #4 to HDY city

T =
z
g £
c £
T T
IS 8
z 9
9 #
g Q
o 5
g e
c
3 i
7|
|
HW route #4 to sadou
South | East | North | West | Intersection
LOS E E: D E F

X: Not applicable for Continuous lane

Level of Service (LOS) Method: Delay (HCM 2000).

Lane LOS values are based on average delay perlane

Intersection and Approach LOS values are based on average delay for all lanes.
SIDRA Standard Delay Model used.
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —

18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version

MOVEMENT TIMING Site: New Site -1

HDY 01

Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

Phase times specified by the user

Sequence: Split Phasing

Input Sequence: A (W-E), B (E-W), C (N-8), D (SN)

Output Sequence: A (W-E), B (E-W), C (N-S), D (S-N)

DISPLAYED SIGNAL TIMING - PHASES

b A (W-E) 1 B (E-W) 1 C (N-S) ! D (5-N) | AW
06 46 92 158 c=224

EFFECTIVE SIGNAL TIMING - MOVEMENTS

8 (South T)

164 60
= ===
3 167 227

9 (South R)
164 60
.|
3 167 227
11 (EastT)
40 184
e a4 =
55 95
12 (East R)
40 184
I
55 95
2 (North T)
60 164
= "
101 161
3 (North R)
60 164
| |
101 161
5(WestT)
40 184
| IEaaa— I
9 49
6 (West R)
40 184
L e ] |
9 49
PEDESTRIAN SIGNAL TIMING
P5 (South stage 1)
22 202
.. s [ |
54 76
P7 (East stage 1)
53 171
= PSS
100 153
P8 (East stage 2)
51 173

—_
o
o
-
w
-

P1 (North stage 1)
22 202

8 30 232
P3 (West stage 1)
53 171
166 21¢
P4 (West stage 2)
51 173

166 217
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
PHASING SUMMARY Site: New Site -1

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)

Design Life Analysis (Practical Capacity): Results for 0 years

Phase times specified by the user

Sequence: Split Phasing

Input Sequence: A (W-E), B (E-W), C (N8), D (SN)
Output Sequence: A (W-E), B (E-W), C (N-S), D (S-N)

Phase Timing Results

Phase A(W-E) B(EW) C(NS) D(SN)
Green Time (sec) 40 40 60 60
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 46 46 66 66
Phase Split 21 % 21 % 29 % 29 %
Phase A (W-E) Phase B (E-W) Phase C (N-S)
HW route #4 to HDY city HW route #4 to HDY city HW route £4 to HDY city
=z e = - = = o L N =
= J g = g = % 5
; —} }_ 5’ ‘3_'.' -} }_ E ; —} _:g
z %l /—ﬁ £ E ﬁl § g 5 1 & /_E\ £
5:'_1 £ é ::i_: N A ; :i N P &
2 N — {/ = 3 \\T_’ A x 3 N =
= HW route #4 to sadou == HW route 24 to sadou L | HW rote #4 to sadou
Phase D (S-N)
HW route #4 to HDY city
§ /" — \\\ E
Z 3 £
: L 'E
§ % { I fre— E
="l I'r|:
- A& =
3 1 T { :
= HW route #4 to sadou
s Normal Movement — Permitted/Opposed
I Slip-Lane Movement I Opposed Slip-Lane
— Stopped Movement [0 Continuous Movement
B Tum On Red Undetected Movement
@ Phase Transition Applied
Processed: Sunday, July 13, 2014 11:52:08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
QUEUE Site: New Site -1
Largest 95% Back of Queue for any lane used by movement (vehicles)

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

HW route #4 to HDY city

00
86.5

Bunjeneyd o3 £ 3101 MH
vl l
20|
11.1]
00 I

HW route #43 to Phattani

HW route #4 to sadou

South = East | North | West | Intersection
Queue | 703 | 865 | 306 | 142 86.5

Colour code based on Queue Storage Ratio
=== I E— L B —]
[<06] [06-07][07-08][08-09][09-1.0] [>1.0] Continuous

Processed: Sunday, July 13, 2014 11:52.08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
QUEUE DISTANCE Site: New Site - 1
Largest 95% Back of Queue for any lane used by movement (metres)

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)
Design Life Analysis (Practical Capacity): Results for 0 years

HW route #4 to HDY city

00}

bunjenieyd 03 £ 2101 MH
| l 0
¥
6
Oﬂll ‘
HW route #43 to Phattani

403

HW route #4 to sadou

| South | East | North | West | Intersection
Queue Distance 403 594 177 100 594

Colour code based on Queue Storage Ratio
I T S N DD -

[<06] [06-07][07-08][08-098][09-10] [>1.0 Continuous

Processed: Sunday, July 13, 2014 11:52:08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 6: Output data for example case 1-hour of flyover situations (17:00 —
18:00), situations of fixed-time plan (244 sec/cycle) (continue)

Unlicensed Trial Version
TRAVEL SPEED Site: New Site -1
Average travel speed including all delay effects (km/h)

HDY 01
Signals - Fixed Time Cycle Time = 224 seconds (User-Given Phase Times)

Design Life Analysis (Practical Capacity): Results for 0 years

HW route #4 to HDY city

A
r

Bunjeneyd o1 £ 3101 MH
€8l
183

HW route #43 to Phattani

125
498 17.9

HW route #4 to sadou

South | East = North | West | Intersection
Travel Speed 157 9.2 273 | 192 156

Colour code based on Speed Efficiency Ratio
———— N —— L I ee—]
[09-1.0][08-09][0.7-08][05-0.7][03-05] [0-0.3] Continuous

Processed: Sunday, July 13, 2014 11:52:08 AM Copyright © 2000-2011 Akcelik and Associates Pty Ltd SIDRA -
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Appendix Il - 7: Conflict Points of at-grade intersection
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Appendix Il - 7: Conflict Points of flyover intersection
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Appendix Il - 8: Traffic volume, Delay, Queue length and level of service of 5

existing flyovers

AM. Off. P.M.
1. Peak Peak Peak
\L‘N‘ a0 | a5 || 720 |
@@@@@@@ ‘ 3-1V. H * H 912 H 1012 H 1859 ‘
e B
3-11. 7 9 12
Ceae oo s 208 1 ] 1 e s aglL .| Geevaon. ) (oo ) [ Il
(p.peak | 12011532 | 506 (200 |l 852 ]l 26 |[ 780][ 52 . oL ey L 2s 1 52 |
. B - e - N - — — _
A Go to Phattani province 3> B
—r — 1I.
b g : - - Sm——e
T gy - o
Sy -------- o
e e [ v B o S
=]
C > oo | [ N e e (e | G w0 | s an ] sor|[ as e [ (2o o]
| AM.peak | B00-900 | Fem. | soss | oos | aosp | Lo P
Off. Peak 12:00-13:00 ‘ ‘43 H r) H 7 H 206 H 250 ‘
o 00160 | Ly [[(N][ 0 e [0
‘20 © ‘De'av ‘ ‘Delav(LOS) Hmsm Haorcx Hma ‘
‘10 ‘Vehicle(PCU)‘ ‘OL(PCU) H 42 H 16 H 36 ‘
Songkhla case study
AM. Off. P.M.
1. Peak Peak Peak
\L‘M‘ 214 H 315 H 397 \
L v P P BEVR2Irreirreirre
L =LA =2 30 || < |60 |lams |l ace |
Lampeak| [ 705][ 11601 180 |[ 165 [ 207 [5422] 1622/ [ 1301/ s A 2 e [ 112
Lott.peak | |_713] {1010/ [ 170 || 168 ][ 302/ 6a.32/[ 1200 [ 1000 . loekyos) | [ss@) |la2m) |ls7e) |
(ot peakc | [s07]l1781 1 212 [ 101 [ 228 /l6.38] [ 1300 [ 1188 . oL ey 2o [l 22 [ a0 |
;A;_; — ) ) ) . Golu_Sakonnakumprovincc . ;’;PH_
I D e~ SRR Go to Udon Thani City HWno22 . " R ’
Symbols \
oo V. Pk || peak || peak | 2 HHMEMHMH
N LOS) (PCU)
—> | Direction [0 || | I I | 4 ----DD
TR R Pl e s e e e P e o s Y
T ) ) 4-111.
onpe | v | [, | r’Hm HW \\994 |
e i ) ‘4-IV. H H 102 H 103 H 144 ‘
‘ZO(D) ‘De'av ‘ ‘DeIaV(LOS) Hssrm H45(m Hsa(a ‘
‘10 ‘Vehicle(PCU)‘ oL ecu)

Lo [ [[a ]

Udon Thani case study
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Appendix Il - 8: Traffic volume, Delay, Queue length and level of service of 5

existing flyovers (continue)

AM. Off. P.M.
1. Peak Peak Peak

‘S-B ‘ e ‘313 H207 H341

|

E@EE@E@@ Laav. || ¥ J[a00 || 254 J[arn |

. I:H:||:H:| (LOS) (PCU) e Tap e Lo |l s |
[am. peakc| [ a5all 10721 on |l 50 I 264l 321 sl 1270 1aml[ o | s Ao Lo 1l o }
|

Lofr.pea | [ 374/ 1671] s [ a0 [ 104! a6 ][ 577 1azsllize)|[ 5] | | comvaon | [ | [me Ilma
(e eac ] [saa 1710 1sn e 10200 |22 02 L 005z s )/ oceew L Jln H 1

L. A - K} —_— g ‘hm; B ui
TTD e ey - — - B e S
Syl o Lo [ one |G numamnmum@
‘ , V. Peak || Peak || Peak | ----DD (LOS)| (PCU)
500 Vehicle A
—> Jomain | [ N oo | 2 || e | mmm-mmmmmm-
AM.Peak | 8:00 -9:00 ‘4,“'. H H 261 H 319 H 102 ‘
v T | e e e owenw | ] ] ]
emeen | | (oo N[0 |0 o
‘ 20 (D) ‘ Delay ‘ ‘Delav (LOS) ‘ ‘ 19(B) ‘ ‘ 12(B) H 17(B) ‘
‘10 ‘Vehicle(PCU)‘ ‘oupcum H 19 H 12 H 17 ‘

Rayong case study

AM. Off. P.M.
1. Peak Peak Peak

‘ 3-B ‘ ‘ 348 ‘ 293 ‘ 332 ‘

B S e e e e F e 2| P
| A N2 <o oo w Lan L <] [ I o 1 a2l
ol onfon fon Lo oLl salodlonll o] £ 1) SRS,

Lot peak || _oa5] aea [ a0s |[ a0 [ 208 [ a][ 700[ess 15[ o] | | I | | |
o peak || 910](1201 | s0a [ 62 [ s00| 511! asollomr 2y 11 ) | ‘De'““’s’ H"’“D) HLUMD H“S‘D) |
\.. QL (PCU) 26 20 24

- —
Go to Hat Yai City [0 3

T e O o R JE—— ———

Symbols AM. || off. || PM. ; ‘c2[co] 20 |[2m][ 28 |8/ s Delay
o e WA BRI 2220
*DW\MHMWWMMMMMMMMMMEM-EE
AM. Peak | 8:00 - 9:00 ‘ ‘““ H ‘542 H“? H5°1 ‘ Y off,peak
s Lmmo | o o] lemmsllssllon L) o Lo ]l el
owren |10 | oy [N u ][0 | u
‘ZO(D) ‘Dday ‘ ‘Delav(LOS) H45rm Hawm HSQ(D) ‘
‘10 ‘Vehicle(PCU)‘ oL cuy IENEREN

Phatthalung case study
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Appendix Il - 8: Traffic volume, Delay, Queue length and level of service of 5

existing flyovers (continue)

1]

AM. Off. P.M.
1. Peak Peak Peak

\L‘M‘ 18 |12 || 102 |

Caallae [ [1m [ [en s D en | gy o R aarsreres
I I:H:||:H:| 1L 3-D £ 221 184 241
e [ asa) (a0 i) 2]

[ An peak] [1s6 1| 18 [ 100 19] 3‘ ETELS) s a0 2]
Lot peak | [ 226 296 [ 118 [ o || o6 [ 30 aur|l e[y | o] ||| Ipetayos) | loac) | l1e |l210) |
Lo peatc ][ 200 274 L san ][ 18 1 112 161 aes | s0n el o |4\ [oueony [ 1 120 [ |
A S — ) Gmo’n(m;m“ %877“_
- T e - TGvweshinggion Sawan province - . s — DE— .
Symbols - ” |
0 | venik Vo e O T e e
‘ —> | Direction ‘ f " am.peak | | a00 || 249 | 250 ]| 12 | 204! 15 |[ 205 || aos |lsa) [ 5 |
o | Nl e [z,
amre 50099 | Con 8 | (o J[ae J[o6 ] Commren) o )om e | a0 2ot | 15 |z e Jizm] 6
Off. Peak | 12:00-13:00 ‘ ‘43 H r) H H H ‘
- 28 17 2
v O] s e |
‘20('3) ‘De'av ‘ ‘Delav(LOS) HlQ(B) HlS{B) st(m ‘
‘10 ‘Vehicle(PCU)‘ oL ey IENEREN

Phitsanulok case study



Appendix Il - 9: Traffic signal data of 5 existing flyovers

215

g z "
& =M ENNEIME
. Z & A_ A A_
B@% Ny £/ %,/H—. - 'ﬂrE V| E|rl= || W)=
‘ = i_—:: F _: ¢ g Phase A B @ D |
= 2B | N
. » : - Yellow 3 3 3 3
° b 00\ L | ® Red | | 142 H 142 || 127 H 127 ‘
Sl = - e (e ] 5 JC = JL @ L =
7 * 5 ‘ ey
7 :¢¢ = Phese B
VAN Tl T S
(%4 — ——— Phase D
]7) ;;’ FEe A e R
4 /; cycle time signal | time of operation
programﬂ 3 6 a 1 15 18 1
178 S‘i\\\\\\\\\—’_rwlwilwwwwwww
Songkhla case study Lgtts tostng | st | | | | | || [
Zi|jig = —
- e S IMEMEMEN
T VY E40]14 = = =
Ca LN | SRR S
= S 2V 1/ BN e | [ A |8 | e | o |
B : ] Green j 4 | a7 ‘ 42 12 |
° b e & o= ® velow | 4 | 4 [ ¢ 4 |
' : ? T ‘ | Red ‘ 130 || 134 H 129 H 129 |
SN g oot = ; A | s | @ || ® || @ |
7 & =
4 = s |
i v s o m T —
Wit 5 c e =—=
aliiliid e
cycle time pii?:r?m ‘ time of operation
. 178 Si?\\?\\?}l—\’T1H1:H1ig}‘\1}}
Udon Thani case study  [Gamsmesioal s+ [ | 1 1 L L L1 1111111111
Z/:/]12 =
eoLs Z tm SN[ SN S =
$i i g = 7 \Y | A__ A__ A__
= | SIS G
= = A RPN 5 [Pese | [ 2 [ 8 [ ¢ [ o
-8 7 ] Green 24 33 27 48
L | | | | | |
@ E> '« ® ® [[(vetow | [ 4 [+ ] s ] 4
e e
= N [ || ‘
? X = 30 Y N —
PH Y Z = ﬁ Light length [rese 8 =
Kl E EJaE A Seeond | Presec I——T
p /; PhaseD a1
cycle time signal ‘
programp 3 6
Rayong Case StUdy Lignl;::sning : i i i i i i i
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Appendix Il - 9: Traffic signal data of 5 existing flyovers (continue)

BES
HIE

\\\\\\\\\\\\\\\‘

<

@ g> ®
......................... * _,.mmg,— R S - Timing information of traffic signals.
5@ Y Y Y
e (= ||NF (= || |=
cycle time signal | time of operation
program o 4 s 9 > 15 13 1
184 51 —+ I
144 s2 [ T
Lights flashing |~ 53 ] —
S1 Phase A B Cc D S2 Phase A B i D
Green 40 40 30 30 Green 30 30 20 20
‘ Yellow ‘ ‘ 3 H 3 H 3 H 3 ‘ Yellow { 3 3 3 ‘ 3
| Red ‘ ‘ 133 H 133 H 123 H 123 ‘ Red [ 103 ‘ 103 13 13
‘ Al red ‘ ‘ 8 H 8 H 8 H 8 ‘ All red { 8 | 8 8 ‘ 8
oroce » R Prase A
Phase B Phase B
Light length: i =
164 second “”"E'; ‘ %?ﬁ;fﬁgﬂ'g FhaseC -
Phasel PhaseD
e 100 = T nes || i ’
Phatthalung case study
zZ z ( !
g Z sy
Z 7 X JJ:L\ = ll\ =, :‘L
= | i G i
‘ = ||l =M=
o — Axsaavsaasay T Phase A B C D
A ; ] Green 24 20 46 35
® b @ «<d ° Yellow 3 3 3 3
&
: * % 3 | Red 129 | 123 107 ‘ 118
SECESRNRR - e e :
1 5 - | Alred 3 E 3 E
?‘:’ :: :_: J - Phase A
v § 2 E}L Lightfengih Phase B
V | & I ey N Gol
/ Z 2] 59 second | | Presec I - ]
£
A D,C/Z PhaseD
7 | < :I:Illluﬂ:um\\[I:LIIIIIIEI:!‘%UEW’,‘.\:IIIIIIIII:\:I[U\IIIJ::L\‘ug‘;_":l:lllluzuuu\\\[r:ﬂlll:l!‘lll';\.r:lwmmi\il'?lﬂul
cycle time signal I time of operation
Broatl g 36 9 1 1518 T
159 1 I -
Lightsashing| &1 | [ | | [ [ [ [ [ [ [ ]] = [

Phitsanulok case study




Appendix Il - 10: Accident statistics in 2010 — 2012

Accident statistics of Songkhla case study

217

Hw/Sta (km.) . » Time Number of Casualty
D/M/Y Vehicle types Collision DOH
No |Zone Point of PDO Cause
of accident of accident Diagram | Day | Night | Rain | Injury [Serious|Death|damage
accident

Motorcycle and

1 2 1-Jan-10 1268+332 301 20:15 3 1,000 Violating speed limit
Motorcycle

2 1 22-Jan-10 1269+305 |10 wheels 703 11:30 30,000 Road materials Damaged

3 23-Jan-10 Motorcycle 707 22:42 1 Crash itself

4 1-Feb-10 10 wheels + Motorcycle 604 22:22 1 Crash itself

5 3 15-Mar-10 Motorcycle - 20:29 1 Crash itself

6| 2 28-Mar-10 1268+449  |Passenger Pick-up 708 4:50 51,000 Violating speed limit

7 8-April-10 Motorcycle - 20:57 1 Crash itself

8 1 | 15-April-10 Car + Motorcycle 307 7:35 1 Violating speed limit

9 12-May-10 Pick-up+ Motorcycle 309 12:20 1 Violating speed limit

10 12-Aug-10 Motorcycle + a dog 607 21:08 1 Motorcycle crash a dog
10 wheels + Motorcycle +

11| 3 29-Aug-10 306 11:52 1 Careless road user
Pick-up

12 1-Sep-10 Motorcycle = 14:26 1 Crash itself

13| 3 12-Sep-10 Motorcycle + Pick-up 307 19:16 1 Careless road user

14 23-Sep-10 Motorcycle + Pedestrian 009 19:07 1 Motorcycle hits Pedestrian

15| 2 3-Oct-10 1269+047  |Pick-up and Pick-up 708  |10:20 14,000 Violating speed limit

16| 3 7-Oct-10 1267+802 |10 wheels 708 1:00 51,000 Violating speed limit

17| 3 | 14-Nov-10 1267+706  [Pick-up 604 22:20 8,000 Violating speed limit

18| 3 20-Nov-10 1267+716  |Pick-up 708 17:10 3 46,000 Violating speed limit
Motorcycle +Pick-up+

19| 3 4-Jan-11 1246+710 609  |16:00 1 1 Violating speed limit
Trailer

20| 2 2-Mar-11 000+526  |Car 803 18:00 17,586 Violating speed limit

21| 3 1-Jan-12 Pick-up + Trailer 608 4:24 2 Brake system failure

22| 1 19-Jan-12 Pick-up + Motorcycle 101 22:36 1 Violation of traffic signals

23| 2 15-May-12 000+450  |Pick-up 804 11:00 5,148 Violating speed limit

24| 3 | 4-June-12 000+525  |Car 704 |10:00 1 9,970 Violating speed limit

25 9-July-12 Motorcycle - 19:10 1 Crash itself

26| 2 31-July-12 \Van + Motorcycle 306 11:49 1 Careless road user

27| 1 8-Aug-12 Car + Motorcycle 101 21:52 2 Violation of traffic signals
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Appendix Il - 10: Accident statistics in 2010 — 2012 (continue)

Hw/Sta Time Number of Casualty
D/M/Y (km.) Vehicle types Collision DOH
No | Zone PDO Cause
of accident | Point of of accident Diagram Day | Night | Rain | Injury | Serious | Death damage
accident
1 29-Oct-12 Motorcycle and car 101 13:00 1 Violating speed limit
2 29-Oct-12 Third cycles 701 10:00 Crash itself
3 30-Sep-12 Pick-up and Motorcycle 202 13:00 1 1 Violation of traffic signals
4 16-Sep-12 Motorcycle 708 6:30 1 Careless road user
5 12-Sep-12 Motorcycle and Pick-up 101 13:00 1 Violation of traffic signals
6 30-April-12 Car and Motorcycle 304 8:00 1 Violating speed limit
7 21-Apri-12 Pick-up and Motorcycle 101 18:00 1 Violation of traffic signals
8 4-Mar-12 Motorcycle 701 4:50 1 Violating speed limit
9 23-Feb-12 Motorcycle - 17:30 1 Crash itself
10 26-Jan-12 Motorcycle and Pick-up 101 18:00 1 Violation of traffic signals
11 5-Oct-11 Car and Trailer 303 13:20 2 Careless road user
12 31-Aug-11 Third cycles and Trailer 601 5:30 1 Careless road user
13 17-Aug-11 Motorcycle - 8:10 Crash itself
14 15-aug-11 Motorcycle and Pick-up 101 17:00 1 Violation of traffic signals
15 7-July-11 Motorcycle - 23:30 1 Crash itself
16 29-June-11 Motorcycle - 15:45 1 Crash itself
17 23-June-11 Third cycles and Pick-up 601 18:10 1 Careless road user
18 15-June-11 Motorcycle and Pick-up 202 18:20 1 Violation of traffic signals
19 2-Feb-11 Motorcycle and Third cycles 303 19:30 1 Violating speed limit
20 12-Jab-11 Motorcycle and Pedestrian - 3:30 1 Motorcycle hits Pedestrian
21 2-Dec-10 Motorcycle and Pedestrian - 17:00 1 Motorcycle hits Pedestrian
22 24-Nov-10 Motorcycle and Pick-up 101 13:10 2 Violation of traffic signals
23 22-Oct-10 Motorcycle - 20:30 1 Crash itself
24 11-Oct-10 Motorcycle - 7:30 1 Crash itself
25 2-Oct-10 Motorcycle and Motorcycle 101 14:00 1 Violation of traffic signals
26 1-Oct-10 Motorcycle and Motorcycle 101 10:05 1 Violation of traffic signals
27 20-Sep-10 Motorcycle and animal 607 7:00 Motorcycle hits animal
28 6-Sep-10 Motorcycle - 6:00 Crash itself
29 18-July-10 Motorcycle and Motorcycle 302 12:00 1 Violating speed limit
30 16-July-10 Motorcycle and a car 101 3:35 1 Violation of traffic signals
31 23-June-10 Motorcycle and Pick-up 101 21:10 1 1 Violation of traffic signals
32 16-May-10 Motorcycle and Motorcycle 101 19:40 1 Violation of traffic signals
33 27-April-10 Motorcycle - 21:30 1 Crash itself
34 18-April-10 Motorcycle and Motorcycle 305 12:00 1 Careless road user
35 10-April-10 Third cycles 801 13:50 Slippery roads
36 24-Mar-10 Trailer = 21:10 Fall Down from truck
37 22-Mar-10 Pick-up and Trailer 403 18:00 Careless road user
38 22-Feb-10 Motorcycle 601 17:30 1 Careless road user
39 9-Feb-10 Pick-up and Pick-up 306 17:00 1 Careless road user
40 T-Feb-10 Pick-up and Pick-up 307 17:00 1 Careless road user
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D/M/Y  [Hw/Sta (km.) . . Time Number of Casualty
No |Zone of Point of PEEE RS Collsion oo PDO Cause
N [ of accident Diagram | Day | Night | Rain |Injury | Serious | Died |damage
1 25-Jan-10 Pick-up 703 9:30 Crash itself
6 wheels + Electric
2 16-Jan-11 704 1:00 Hits the Electric column
Column

3 27-July-11 Pick-up = 11:47 1 =

4 9-Jan-12 Motorcycle - 15:12 1 Crash itself

5 10-Jan-12 Motorcycle + Pick-up 101 4:49 1 1 No controller

6 17-Jan-12 Pick-up + Electric column| 604 6:20 1 Drunkenness

7 28-Jan-12 Car 701 1 1 Crash itself

8 29-Jan-12 Motorcycle + Pick-up 601 1 Violating speed limit

9 2-Feb-12 Motorcycle - 6:08 1 Crash itself

10 15-Feb-12 Motorcycle + Pick-up 101 | 13:21 1 Violation of traffic signals

11 18-Feb-12 Motorcycle - 12:22 1 Crash itself

12 17-Mar-12 Motorcycle + Car 101 4:33 1 No controller

12 19-Mar-12 Motorcycle + Motorcycle| 101 3:12 1 Violation of traffic signals

14 9-May-12 Motorcycle 701 9:14 1 Drunkenness

12-June-

15 " Motorcycle + Car 601 9:03 1 Motorcycle hits a Car

16 7-July-12 Car + Pick-up - 4:12 1 No controller

17 13-July-12 Motorcycle + Pick-up - 0:13 1 No controller

18 15-July-12 Motorcycle + Motorcycle | 207 16:14 1 Motorcycle hits Motorcycle

19 1-Aug-12 Pick-up + Truck 202 5:44 1 Pick-up hits Truck

20 2-Aug-12 Motorcycle 701 19:10 1 Drunkenness

21 6-Aug-12 Motorcycle + Motorcycle| 508 19:14 Motorcycle hits Motorcycle

22 7-Sep-12 Motorcycle + Pick-up 5 0:13 1 No controller

23 20-Oct-12 Motorcycle + Motorcycle| 508 20:40 1 Motorcycle hits Motorcycle

24 4-Nov-12 Motorcycle + Car - 10:55 2 Motorcycle hits a Car

25 10-Nov-12 Motorcycle + Motorcycle| 101 3:32 No controller

26 16-Nov-12 Motorcycle + Car - 14:33 Motorcycle hits a Car

27 28-Nov-12 Motorcycle + Motorcycle - 19:54 2 1 Motorcycle hits Motorcycle

28 8-Dec-12 Motorcycle + Pick-up - 0:20 1 1 No controller

29 10-Dec-12 Motorcycle + Car - 22:28 1 Motorcycle hits a Car

30| 3 |29-Dec-12| 36(55+600) | Motorcycle + Van 904 | 14:00 2 1 Van hits Motorcycle on the
diverge zone
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Appendix Il - 10: Accident statistics in 2010 — 2012 (continue)

D/M/Y | Hw/Sta (km.) . - Time Number of Casualty
Vehicle types Collision DOH
No |Zone of Point of . . ) PDO Cause
, , of accident Diagram | Day | Night | Rain |Injury | Serious | Died |damage
accident accident

1 10-May-10| 41(86+200) |Motorcycle 701 | 12:30 2 Crash itself
Violating speed limit and

2 20-May-10{4285(0000+100) Pick-up 708 0:20 1
Drunkenness

3 21-July-10| 4285 (2+250) [Three wheels + Truck | 301 | 15:30 2 Violating speed limit

4 4-Aug-10 | 41(86+930) |Motorcycle + Car 101 8:30 1 1 \Violation of traffic signals
\Violating speed limit and Crash

5 2-Jan-11 | 4(1157+350) [Motorcycle 704 16:45 2
itself
Hits the Electric column

6 18-Mar-11| 4(1157+350) |Car + Electric Column | 604 13:00 | 1
(Drunkenness)

7 13-Apr-11 | 41(0086+900) |Motorcycle + Car 104 23:50 1 Driving in reverse direction
Violating speed limit and hit road

8 19-Apr-11 | 4(1157+770) |Pick-up 604 6:00
materials

12-June- Motorcycle + 10 Violating speed limit (Motor hits 10
9 4(1158+200) 303 21:40 1
11 wheels wheels)

10 29-Dec-11| 4/(1157+700) |Motorcycle - 8:30 1 Crash itself

11 29-Dec-11| 4/(1157+700) |Motorcycle 904 21:30 1 Hits road materials (Drunkenness)

12 29-Dec-11| 4/(1157+700) |Motorcycle - 1:15 1 Crash itself

12 29-Jan-12 | 4(1158+520) |Car 801 5:55 2 Drowsiness

14 8-Mar-12 | 41(86+920) | Pick-up + Pick-up 202 5:50 1 130,636 \Violation of traffic signals

15 20-July-12| 4 (1158+360) | Trailer 703 14:15 49,510 Drowsiness

16 11-Aug-12| 41 (86+890) | Pick-up 708 23:50 2 28,600 Hits the Electric column

Motorcycle + 10
17 29-Dec-12| 4(1158+120) 301 23:00 1 Careless road user
wheels
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D/M/Y Hw/Sta (km.) Vehicle types Collision Time Number of Casualty | pOH

No | Zone PDO Cause

of accident |Point of accident of accident Diagram | Day | Night | Rain | Injury | Serious | Died |damage
1 21-Jan-10 Motorcycle 702 3:47 1 Drunkenness
2 17-Feb-10 Car + Motorcycle 202 |10:30 2 Violation of traffic signals
3 20-Feb-10 Car + Motorcycle 306 | 8:09 1 Violation of traffic signals
4 11-Mar-10 Motorcycle + Motorcycle| 307 4:45 1 Violation of traffic signals
5 8-May-10 Truck + Motorcycle 101 19:48 2 Violation of traffic signals
6 19-Aug-10 Car + Motorcycle 207 |16:01 1 Violation of traffic signals
7 19-Aug-10 Bus + Motorcycle 806 |17:15 Careless road user
8 23-Sep-10 Pick-up + Pick-up 601 21:37 1 Careless road user
9 1-Jan-11 Motorcycle - 2:13 2 Crash itself
10 10-Jan-11 Car + Pick-up 601 |17:45 1 Violation of traffic signals
11 15-Jan-11 Motorcycle 703 21:46 1 Slippery roads.
12 26-Jan-11 Motorcycle 604 0:10 1 No controller
13 8-Feb-11 Motorcycle + a dog 607 19:18 1 Motorcycle hits a dog
14 10-Feb-11 6 wheels + Pick-up 601 01:19 1 No controller
15 10-Feb-11 10 wheels + Pick-up 601 2:38 1 No controller
16 20-Feb-11 Motorcycle - 22:21 1 Crash itself
17 23-May-11 0003+718 6 wheels + Pick-up 101 21:00 1 4 3 Violation of traffic signals
18 29-May-11 Pick-up - 18:22 1 Crash itself (Drunkenness)
19 29-May-11 Pick-up + Electricity post| 708 22:24 1 Drunkenness
20 29-May-11 Motorcycle + Pick-up 308 0:30 1 No controller
21 16-June-11 Pick-up + Motorcycle 306 20:35 2 Violation of traffic signals
22 5-July-11 Pick-up + Motorcycle 308 20:19 1 Violation of traffic signals
23 13-Nov-11 Pick-up - 11:38 1 Crash itself
24 30-Nov-11 Pick-up + trailer 308 21:30 8 Violation of traffic signals
25 16-Dec-11 3 wheels + Pick-up = 22:33 1 Careless road user
26 27-Feb-12 Pick-up + Truck 601 19:17 1 Careless road user
27 1 6-April-12 6 wheels + Motorcycle 101 |17:05 1 Violation of traffic signals
28 26-May-12 Motorcycle + Motorcycle| 307 8:23 1 Careless road user
29 23-June-12 Motorcycle + Motorcycle| 202 19:27 2 Violation of traffic signals
30 7-July-12 Motorcycle - 10:21 1 Crash itself
31 13-Oct-12 Motorcycle - 16:19 1 Violating speed limit
32 13-Nov-12 Trailer + Motorcycle 306 18:08 1 Violation of traffic signals
33 16-Nov-12 3 Pick-up + 2 cars 308 |15:23 - Violation of traffic signals
34 20-Nov-12 Motorcycle 701 20:10 1 Drunkenness
35 24-Nov-12 Motorcycle - 21:50 - Crash itself
36 27-Nov-12 Pick-up + car 307 |17:29 1 Drunkenness
37 29-Nov-12 Motorcycle - 21:11 1 Crash itself
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. . Time of accident Number of Casualties DOH
Situations - - - - PDO
Day Night | Rain | Injury | Serious | Death | Damage
Before 2 5 - 17 8 - - 84,000
During 9 8 6 39 23 6 701,400 | 3,408,500
After 3 6 - 9 1 - - -

Table 2 Region of accident and number of vehicles

in a case of 3 situations

No. of
S : On o No.
Situation/Region | 1 2 3 . vehicle in 1 2 3 4 )
Bridge Accidents
case
Before 17| - - = Before 5112 - - 17
During 33111 7 - During 181 30 | 3 2 53
After 2 |1 3 3 After 6 3 1 1 9
Note: Region 1 is on crossroad
Region 2 is between region 1 and region 2
Region 3 is at the approaching and existing of the bridge
Table 3 Vehicle types of accidents of 3 situations
: : 4 6 10
Vehicle | . ) Pick- Heavy
Bicycle| Tricycle | Motor| Car Van | Bus | wheel| wheel| wheel Other
Type up trucks
truck | truck | truck
Before - 1 15 3 | 10 1 1 - - 1 - -
During - - 29 19 | 24 1 - : 2 5 7 1
After - - 9 1 1 - - - - 1 - -
Table 4 Cause of accidents and collision diagram codes of 3 situations
Situation | Collision Collision diagram code / number of each code
Code =
Before
Number | -
Code | 301 | 701 | 708 | 704 | 604 | 200 | 804 | 801 | 703 | 303 | 202 | 107 | 101
During
Number | 6 il 2 2 2 2 1 1 1 1 1 1
Code | 701 | 306 | 307 | 702
After
Number | 5 2 1 1

Note: from the recorded did not show the cause of accidents
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Appendix Il - 12: Accident Statistics Analysis (in-depth case) (continue)

Table 5 Cause of accidents of 3 situations

Situation | Cause of accidents Number
- No recorded
Before - No recorded
- No recorded
Highest speed limit 15
Slippery roads 5
During Drowsiness 2
Violating speed limit 2
Drunkenness 1
Slippery roads 6
After Violating speed limit 2
Vision is not clear 1

Note: from the recorded did not show the cause of accidents
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Time of accident Number of Casualty DOH
Case no. PDO
Day Night | Rain Injury | Serious | Death Damage
1 12 15 0 24 1 2 233,704 27
2 27 13 0 21 14 2 - 37
3 13 15 0 20 10 3 - 33
a4 6 7 a4 12 a4 5 208,746 21
5 12 25 0 a2 6 5 - 53
Sum 70 75 a4 119 35 17 442,450 171
Table 2 Region of accident and number of vehicles in a case of 5 locations
No. of vehicle in No.
Case No./Region | 1 | 2 3 1 2 3 5
case Accident
1 41 6 9 Case No.1 13 | 12 2 - 27
2 - - - Case No.2 14 | 26 - - 40
3 - - 1 Case No.3 8 22 - - 30
4 - - - Case No.4 10 7 - - 17
5 1 - - Case No.5 12 | 24 1 - 37
Sum - - - Sum 57 | 91 3 : 151
Table 3 Vehicle types in accidents case of 5 locations
Vehicle _ a4 6 10
Type | Bicycle |Tricycle| Motor| Car Pick Van | Bus | wheel| wheel| wheel TR Other
Case No. P truck | truck | truck trucks
1 - - 17 | a |11 ] 1| - - - q - -
2 - 4 31 | 4| 12| - | - - - - 2 2
3 - 2 23 | 71| 1| - - 1 - - 2
4 - 2 9 | a | a| - | - - - 2 1 1
5 - 2 26 | 8| 19| - | 1 1 2 1 1 1
Sum = 10 104 | 27 | 57 2 1 1 3 7 4 6
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Appendix Il - 13: Accident Statistics Analysis (5 existing flyovers) (continue)

Table 4 Cause of accidents and collision diagram codes of 5 locations (top 13 rates)

Case No. |Collision Collision diagram code / number of each code
Code 708 [604 | 307 |306 | 101|804 | 803|707 |704 |[703 |609 |608 |607
' Number a4 2 2 2 2 1 1 1 1 1 1 1
Code 101 | 601 | 701 | 303 | 202 | 801 | 708 | 607 | 403 | 307 | 306 | 305 | 304
? Number | 11 3 2 2 2 1 1 1 1 1 1 1 1
Code 101 | 701 | 601 | 508 | 904 | 704 | 703 | 604 | 207 | 202
’ Number 5 3 2 2 1 1 1 1 1 1
Code 708 | 604 | 301 | 904 | 801 | 704 | 703 | 701 | 303 | 202 | 104 | 101
‘ Number 2 2 2 1 1 1 1 1 1 1 1 1
Code 601 | 308 | 307 | 306 | 101 | 202 | 806 | 708 | 703 | 702 | 701 | 607 | 604
° Number 5 a4 3 3 3 2 1 1 1 1 1 1 1
& A B T T T - )

Figure 1 Cause of accidents and collision diagram codes of 5 locations
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Appendix Il - 13: Accident Statistics Analysis (5 existing flyovers) (continue)

Table 5 Cause of accidents of 5 locations

Cause of accidents/Case No. 1 2 3 4 5 Sum
Not specified 6 9 5 3 7 30
Drunkenness - - 3 4 4 11
Violation of traffic signals 2 12 2 2 14 32
Violations of speed limits 12 5 1 5 1 24
Careless road user 3 9 - 1 5 18
No controller - - 7 - 4 11
Slippery roads - - - - 1 1
Hits the Electric column - - - 2 - 2
Fall Down from truck - 1 - - - 1
Road materials Damaged 1 - - - - 1
Brake system failure 1 - - - - 1

And in the figsure 2 shows the causes of each accident and involved vehicles with the

accidents.

Five vehicles,
1, 1%

Brake system failure
Three vehicles,

2,1%

Road materials Damaged

Fall Down from truck Single vehicle,
56, 37%

Slippery roads Two vehicles,

91, 61%

No controller

Cause

Drunkenness

Careless road user

violations of speed limits

Not specified

Violation of traffic signals

0 5 10 15 20 25 30 35

Crashes number

Figure 2 Causes of accidents and involved vehicle with 5 existing flyovers (3 year recorded)
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Abstract: The traffic jam and accidents at junctions are chronic trouble. A way can solve the
mentioned traffic problems is grade separation construction (Flyover). It has been under
construction at highway road number 43 cross pass road number 4135 in Hat Yai District,
Songkhla province by Department of Highway (DOH). 558 days are required for this building
process. The serious issue is that all vehicles can travel along the road as usual despite the
construction. In order to reduce the hazards and to protect all road users, every stage of
construction control and construction management should be inspected by Road Safety Audit

(RSA).

Key Words: grade separation, fly over, road safety audit

1. INTRODUCTION

Accidents in Thailand

The traffic accident record of the Police
Information System Center, The Royal
Thai Police, indicated that a number of
road crashes increased dramatically from
77,616 in 2001 to 124,530 in 2004 when
the graph reached a peak. After that,
accident cases decreased continuously to
83,093 in 2010. For the economic loss due
to the road accidents, 11,652 people were
killed in 2001. The record showed that the
number of fatality climbed steadily during
2002 to 2004 before it started going down
from 13,766 in 2005 to 6,602 in 2010.
During this same period, a number of
injured people plummeted from 53,960 in
2001 to 17,367 in 2010. (Figure 1)

According to academic researches of the
Asian Development Bank (ADB), the
accident rates of 10 countries in Asia in

2003 were compared. Officially, Thailand
was ranked 2nd in having fatal accidents
when the death rate from accidents of
100,000 population were compared and
was placed 5th when 10,000 registered
vehicles were compared.

Traffic accidents on highway by accident
location classification since 2006-2010 are
shown in Figure 2. According to stated
result, most of the accidents occur on
straight areas, curved areas, intersections,
and median opening; it is obvious that
these areas cause the accidents. This
problem should certainly be resolved.

Significance of Problem

From the traffic data at major junctions on
highways, it was found that the traffic
congestion, traffic accident, and traffic
control are ubiquitous problems.

The authority’s standard treatment for these
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issues is to build a flyover. However, the
infrastructure is not the right answer to the
problems as there are still accidents at the
junctions. Traffic control by traffic signals
is still applied at flyovers and junctions.
The point is that some vehicles enter an
intersection against a red traffic light.
Many road users have to wait for the green
signal so long. Some stuck in a traffic jam
for an hour. All these kind of problems
measure the efficiency of the flyover. It
reflects that new type of the grade
separation needs to be created to get rid of
the mentioned trouble road users have to
face.

One of the southern provinces of Thailand,
Songkhla, is approximately 950 km by
road from Bangkok, with an area of
7,765.323 sq.km. It is ranked 27th in
Thailand in term of size, and the third in
the south.

In transport sector, Songkla has a total of
750.748 km route length and 22 train
stations for railway, the airport is 9 km
from downtown Hat Yai and can support
1,505,906 passengers in 2010. There are
more 750,000 registered vehicles per years.

To support traffic volume, the concept of
grade separation construction was created
by Department Of Highway in Hat Yai. It is
located at intersection of highway route
number 43 and number 4135 in Songkhla
province. It becomes an interesting case.
This intersection is an at-grade separated
intersection before a flyover was recently
constructed at a cost about 250 million
baht, at station 24+489.400 km. and 967.00
meter in length of bridge and 558 days of
construction time in this project.

Highway road number 43 is 104.268 km. it
links road from Phatthalung province along
the road to Pattani province. And Highway
road number 4135 is 9.965 km. it link road
from 414 junction highway route along the
road go to Hat Yai International Airport.

In this research, the author will study

problems associated with at-grade junction,
and flyover at the junction. Traffic
movements at this location. The key
parameters will include vehicle delay, risk
of accidents and investment cost. The cost
of providing a junction control is compared
for wvarious types of junctions. A
recommendation will be made as regards
the most appropriate type of junction on
highways.

Hat Yai, which is one of the districts in
Song Khla province, is an important center
for transport and economic growth of the
southern  provinces, particularly, the
transport of passengers and goods in the
three deep southern borderland provinces
and between Thailand and the neighboring
countries like Malaysia and Singapore.
Definitely, the transport of passengers and
goods are efficiently provided and
facilitated by Hat Yai International Airport.
And physical data of study area (shown in
Figure 3)

2. OBJECTIVE

@ To study Road Safety Audit during
construction stage of Flyover

® To suggest management and
controlling systems during the
construction of Flyover

3. LITERATURE REVIEW
m  Definitions of Road Safety

Road Safety Audit is a formal safety
performance examination of an existing or
future road or intersection by an
independent audit team.

Source: FHWA Office of Safety

“Road Safety Audit” means an independent
detailed systematic and technical safety
check relating to the design characteristics
of a road infrastructure project. And
covering all stages from planning to early
operation.

Source: Andreas Vesper, 2011 (European
Commission, 2008)
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Figure 1 Road Traffic Accident in Thailand (1987-2010)
Source: Bureau of Highways Safety, Department of Highways 2010
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Figure 2 Traffic Accident on Highway by accident location in Thailand (2006-2010)
Source: Bureau of Highways Safety, Department of Highways 2010
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Road Safety Audit is to examine the formal
aspects of road traffic in the future or
existing road by a qualified independent
auditor. This will be reported the potential
for accidents and safety of the project or
the street.

Source: Thailand Road Safety Audit Manual,
2009 (Austroads, 2002)

Road Safety Audit is the method is used to
evaluate potential for accidents and safety
in the use of construction new road
projects, improve and maintain the existing
road projects.

Source: Thailand Road Safety Audit Manual,
2009 (Institution of Highway and Transportation,
IHT (2002))

Road Safety Inspection means an ordinary
periodical verification of the characteristics
and defects that require maintenance work
for reasons of safety.

Source: Andreas Vesper, 2011 (EU Directive
2008/96/EC [2008])

“Road Safety Audit: RSA” is a method that
is used to evaluate the potential for
accidents and safety in the use of new
construction project. And projects to
improve and maintain the existing road.
The road safety audit can contribute to
increased safety in two ways;

e Eliminating elements that do not fit
that may cause accidents, which
can be prevented.

e Reduce the impact of the problem
remains or has remained the same.
Using appropriate equipment or
tools to reduce accidents

Source: Thailand Road Safety Audit Manual,
2009 (Austroads, 2002),

m  The advantages of road safety audit

e To ensure that the construction of
new roads can be used in a safe way

o To reduce the risk and severity of
accidents that may occur

e To reduce the overall cost of the
project

e To promote the consideration of

safety in all stages of the project,
including the planning, design,
construction, and maintenance.

®  Basic Principles: Road Safety Audit
(RSA)
“Prevention is better than cure”
“Drive, Ride, Walk in Safety”

B Various stages of a project to make
safety audits
Auditor can manage road safety audit
in any period of times under a project as
follows:
e Feasibility Stage
Preliminary Design Stage
Detailed Design Stage
During Construction Stage
Pre-Opening to Traffic and
Existing Roads

m  Reasons of inspection during all
stages of grade separated
intersection construction
e Construction areas are often

limited. There are machines and
low-speed trucks, compared with
high-speed vehicles; this can cause
accidents.

o Traffic management by both
contractor and employer during the
construction is not well considered
in safety aspect.

e To check the installation of traffic
markers and temporary traffic
control signs if they are standard.
Generally, they are not of an
acceptable standard, for instance,
non-reflective signs or traffic sign
shortage.

o To inspect safety of related roads if
they can be used effectively and in
a safe way while the main road is
under the construction

e To gain safety for employees
working in a construction area and
increase good effects for all road
users
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4. METHODOLOGY

When there is a road construction
project that may affect the traffic flow, it
also increases the risk of driving. In the
each step of construction must be
managed/ controlled and planned well to
reduce the bad effects of this project in
every step. Risk may be increased during
every stage of the construction if the traffic
is not managed well enough. The process
of this study is shown in Figure 4.

Project Construction: Grade Separated Junction (GSJ)
(at highway route number 43 and highway route number 4135

[Construction Stage| p{ Impact ontraffic | —{AUGIISSUSSIN
% : :’ 2 "'T‘e\: - Traffic Management
:‘?bs"ucsg’t‘r:" tra':hc' 1 |i- Traffic signs androad
1 - Increas e risk of s i
\_accidents ) marngs
- Traffic light
- Pedestrian and bicycle
driver
During Construction H { - Day fime il Road suriace
................................. { - Nighttime HiOmerssi o0
i Pre-Opening to Traffic § :\ Raining H

Figure 4 Road safety process during
construction stages

5. FIELD STUDIES

Field audit can be checked 3 periods of
time: day-time, night-time and raining-

time. There are problems under
construction; author can explain data from
audit findings. Issues and

recommendations are shown as below.

5.1 Traffic managements

m  Traffic Control

Audit Findings:

e Concrete Blocks are not covered
throughout construction zone and road
lanes and they are not in the same
dimension.

e The installation of temporary traffic
signs is not stable.

e Streets warning lights before the
construction area are not turned on or
sometimes they are only turned-on at
night-time.

e The area at turning point from 3 lanes to
2 lanes is difficult for road users.

e In - out zone between construction area
and road lanes are not controlled.

e Temporary U-Turn at route number 43
is surrounded by flooding and potholes.

e Temporary traffic signs are installed
inappropriately (as shown in Figure 5)

Recommendations:

e Set up the concrete blocks at suitable
positions for dividing road lanes and
construction area.

e Install warning traffic sign at the
location 1 km. before entering the
construction area at four directions
along the road to be clearly seen at
night. They must be reflective. Speed
limit warning traffic signs and flashing
lights, further, are recommended to
install.

Figure 5 Issues: Traffic management
6



e The temporary traffic signs should be
stable, standard, can be easily moved,
and can be seen clearly.

o Install street lights along the concrete
blocks near construction arca and at the
shoulder of road.

¢ Construct the temporary U-turn at new
location because this U-turn is very near
construction site. New road surface
should be paved.

®  Speed control and management

Audit Findings:

e There is only one speed limit sign
found.

e Project signage is damaged.

e There is a shortage of traffic signs;
Traffic notices are installed at
mappropriate locations.

Recommendations:

e Speed limit signs in each of the lanes
for four directions should be provided
before construction zone.

o Traffic signs should be installed at
appropriate positions.

®  Access control in construction area

Audit Findings:
e Vehicles can always travel around
construction site.

e Sections of road and construction are
not divided clearly.

Recommendations:

e Installation the Concrete Blocks at
appropriate position for divide
construction area and lane road to
separated

5.2 Traffic signs and Road markings

m  Traffic signs

Audit Findings:

o Traffic signs are not reflective at night.

¢ Background color (brown) and text
(black) in traffic sign cannot be seen
clearly

o Traffic signs are installed
inappropriately.

o Traffic signs have been damaged

o There are traffic signs with different
characteristics (as shown in Figure 6)

Recommendations:

e The same standard temporary traffic
signs should be designed so that drivers
can sec them easily at night while GSJ
is being constructed.

o There must be the staff turning on and
off the street lights every single night.

m  Reflective equipment and Road
markings

Audit Findings:

o Traffic signs are not reflective.

o Street lights are not turned on and they
are seedy.

o Traffic signs are installed
inappropriately and they are not enough
(as shown in Figure 6)

Figure 6 Issues: Traffic signs and road markings
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Recommendations:

e Electric lights beside the road and traffic
signs should be set up at the right
position.

e Damaged traffic signs should be
repaired and every traffic sign must be
reflective.

5.3 Traffic light

®  The temporary traffic light

Audit Findings:

o It lacks of temporary warning traffic
lights.

e The Program of phase and the traffic
lights are still directed by the old
control.

Recommendations:

o Install enough temporary warning traffic
lights at construction area.

e Change the phase of traffic control
signal during construction to support
traffic volume with delay of vehicles
waiting at junction.

Recommendations:

o Access control for pedestrians, working
people and motorcycle/ bicycle.

e Create temporary stopping lines for
bicycle and other vehicles at junction.

e Remove the scraps and raw aggregates
from shoulder and surface of road. Also,
improve surface road.

5.5 Road Surface
®  Damage of road surface

Audit Findings:

o Road surface is not smooth and bumpy.

o There is water covering on road surface.

¢ Mud mound, soil, and raw aggregates
are found on the sidewalk and shoulder
of road. (as shown in Figure 7)

Figure 7 Issues: Pedestrians, bicycle and road surface

5.4 Pedestrians and bicycle

Audit Findings:

e There are not stopping lines for
motorcycles and bicycles at junction.

e Potholes and scraps are found on
shoulder of road and surface of road.

o There are loose aggregates that reduce
skin resistance.

Recommendations:

o Improve new road surface for easy
driving.

o Get rid of the mud mound on the
sidewalk and shoulder of road to
prevent vehicles from sliding at road
surface when it is raining.



Figure 8 Issues: other issues

5.6 Other issues

Audit Findings:

o There are no traffic materials for
adsorbing energy at edge of the bridge.

e There is a shortage of traffic tools that
make dividing area between road
surface and road side to prevent vehicles
from falling down.

e There are still fixed solid materials near
road surface. (as shown in Figure 8)

Recommendations:

¢ Build the barriers for protecting road
users.

e Install the concrete blocks between road
and road side at the different level of
road surface.

o Provide the street lights at shoulder of
road and road side for warning drivers
that the road surface are in different
level at night or when it is raining.

6. CONCLUSION

Flyover is built and traffic flow at
intersection is controlled at the same time
within 588 days wunder construction.
Between construction area and road lanes,
traffic is managed and controlled. So traffic
systems at various positions in the
construction zone will be different.

According to Road Safety Audit (RSA), it
was found that there were significant issues
affecting road users which are:

e Temporary traffic signs before into
construction zone has not enough,
install at not appropriate position, not
reflective at night and with difference
characteristics.

e There is a shortage of Concrete Blocks
for separating installation between
construction zone and road lanes and
shoulder of road and road side. Are not
installed consecutively and are not in
the same dimension

o Temporary traffic signs are not in an
acceptable standard. They aren’t in the
same pattern. They were made by hand.
Furthermore, there is a shortage of
traffic signs; Traffic notices are installed
at inappropriate locations. Importantly,
they are not reflective at night.

o Street lights are not enough and they are
installed at inappropriate locations.

e There are scraps on shoulder of road,
surface of road undulation, potholes.
There are loose aggregates and reduced
skin resistances.

e Mud mound, soil, and raw aggregates
are on the surface and shoulder of the
road.
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7. RECOMMENDATIONS

Every building project affecting people’s
life is needed to be controlled and managed
systematically in which both of road users
and project owner can understand the
traffic system exactly to be sustainably
safe.

During construction steps the author
recommends the staff controlling and
managing traffic and construction because
they have impacts on drivers who travel
through the mentioned area. Moreover, by
during so it offers project owner
advantages and gain safety to the drivers.
The stated recommendations are shown in
the Field Studies topic of this paper.
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Abstract: A flyover was constructed for solving the traffic problems, to improve the
traffic flow at an intersection, to reduce the delays and accidents. 25 traffic
accidents occurred during the construction work. This study will point out
the issues that might be the cause of all these accidents around the
construction area and in the conclusion the data of road safety evaluation
(accident costs) will be shown.
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1. Introduction

To solve the traffic problems at intersections on bypass roads such as traffic volume,
accidents (as shown in Figure 1) and delays etc., the flyover is one of the tools to solve
these problems. Normally in Thailand, the flyover is constructed at junctions on bypass
roads near big cities.

A flyover is the special bridge constructed above existing at-grade intersections. It
allows for the free flow of traffic on different levels, with the main goal of for reducing
traffic conflicts, whereas the intersection is still the same old signal controlled.

Hat Yai City is an important center of the transport sector and economic growth of
the southern provinces, particularly, the transport of passengers and goods in the three
borderland southern provinces and between Thailand and neighboring countries like
Malaysia and Singapore. Definitely, the transport of passengers and goods are
efficiently provided and facilitated by the transport sector; Songkhla has a total of
750.748 km. of route length, 22 train stations and Hat Yai International Airport (9 km
from the downtown of Hat Yai city) can support 1,505,906 passengers in 2010.

In 2009 the Government hired the Department of Highway (DOH) to construct a
flyover at Sanambinnai Intersection. It was constructed on a length 1+325.570
kilometers above the old intersection by an investment of 249,597,672.5 THB. There
were about 12,500 vehicles per day (DOH, 2008) travelling as usual despite the
construction and 25 accidents occurred (DOH, 2011) during construction work. This

11
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study will point out the issues that might be the cause of all these accidents around the
construction area and in the conclusion the data of road safety evaluation (accident
costs) will be shown.

2. Study area details

The study area consists of Highway route number 43 and Highway route number 4135
in Songkhla province. The intersection was an at-grade one before a flyover was
recently constructed at station 24+489.400 km (a schematic map of Hat Yai city is
shown in Figure 2), and 967.00 meters of length of bridge and 540 days of construction
time (increased to 929 days due to the natural disaster).
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Figure 1. Traffic accidents on highways by accident location in Thailand [4]
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Figure 2. A schematic map of Hat Yai city with the study area marked
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intersection is situated at 6°59°13.00” N latitude and 100°25°42.93” E longitude

and the physical data of the two important roads are;

Highway route number 43

The distance is 104.268 km, link road from Phatthalung province along the road
to Pattani province,

AADT at station 8+317 km: 15,824 vehicles/ day and lane separated by an
island, and

2 lanes/ direction, 3.5 meter/ lane, outer and inner shoulders of the road are 1.0 &
0.5 meter, respectively.

Highway route number 4135

The distance is 9.965 km, link road from the Sanambinnok intersection along the
road to Hat Yai International Airport.

AADT at station 1+300 km: 18,323 vehicles/ day and lanes separated by yellow
markings, and

2 lanes/ direction, 3.5 meter/ lane, outer and inner shoulders of the road are 1.0 &
0.5 meters respectively.

The signal control at the intersection was fixed time type, 4 phases, 2 programs a day;
the first program has a cycle length of 244 seconds, it was operating from 06:00 am to
12:00 pm and the second program was flashing amber, it was used from 00:00 am to
06:00 am, the data as shown in Figure 3.

Phase ‘

Groen |

Red

Yellow J

mired | [ 2 2 [ [ e
e S cycle time | Sonl | A of aperation
g g | | — — proy g NN gy o
T — | M | F
e [Lotststiog| sz P [T T[T T TTTTTTT]

Figure 3. Physical data of highway route no 43 and highway route no 4135 (before

construction) and the signal control program
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3. Methodology

This study will point out the traffic problems during the construction work between the
construction zone and road users since the first to the last day of this project.

3.1. Stages of construction

During the stages of construction, there were 3 main steps for protecting the road users
travelling through this intersection (shown in the figure 4). The project owner planned
and installed traffic signs, flashing beacons and other informational signs.

In Zone 1 the river bridge was constructed, the road was extended to 3 lanes and the
pillar for a special bridge was constructed on the road island. Concrete blocks and
traffic cones were installed for dividing road users from the work zone, but sometimes it
was divided explicitly, but sometimes it was not installed to protect and temporary U-
turn was constructed by soil material near the river bridge.

In Zone 2 the pillar of the special bridge was constructed, this process was
implemented simultaneously with zone 1 and the management process was similar to
that of zone 1.

Zone 3 was the last area to work on, after all pillars of the special bridge were
constructed in zone 1 and 2. The traffic signals were operating like the old signals (fixed
time type, 4 phases, 2 programs a day, but changed the cycle time of the first program
from 244 to 254 seconds, it was operating from 06:00 am to 12:00 pm and the second
program (flashing amber), was used from 00:00 am to 06:00 am.

24 accidents occurred in the zone no 1 and zone no 2 and all accidents were
registered.

Construction zone

5 Phetthatang Fro
Highsy No3

= To Phatthatung.
Highwsy No43

Figure 4. Stage during construction management

3.2 Road Safety Audit

Road Safety Audit under construction stage covers the following items [9];
% Traffic Management,
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Traffic signs and road markings,
Traffic signals,

Pedestrians and bicycles,

Road surface, and

Other issues.

Field audit was conducted during 3 periods: day-time, night-time and raining. The

following issues were found during on-site audits:

®,
o

Traftic Managements

The picture of traffic management issues are shown in Figure 5

®,
o

The temporary traffic signs were installed at inappropriate locations,

Did not have the staff to protect 2 zones,

Auditor found only one of the speed limit signs (50 kimv/h); it was installed on the
HW route 43 before entry to intersection 300 meters,

Concrete blocks did not cover the construction zone, they did not protect the
road users and construction zones, on the contrary, they raised problems for the
road users because of their different sizes and, installed at inappropriate
locations,

Street lights according to the guideline of road lane direction were not turned on
every night, and

Road sections and construction zones were not divided clearly, so vehicles could
enter and cross construction zones.

Traftic signs and Road markings

The pictures of traffic signs and road marking issues are shown in Figure 6

The installation of temporary traffic signs was not stable, not enough and
insufficient,

Traftic signs were not reflective at night and some traffic signs were damaged,
Background (brown) and text (black) in traffic signs could not be seen clearly,
There were traffic signs with different characteristics, and

Road markings at intersection could not be seen clearly.

Figure 5. Traffic management issues

15
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% Traffic lights

e The traffic signal control was using 4 phases, it consisted of 2 programs a day;
the first program had a cycle of 254 seconds, it was operating from 06:00 am to
12:00 pm. During peak time (7:45-8:00 am) average queue length of the 4 legs
were 48 vehicles (PCU). The second program was flashing amber, it was used
from 00:00 am to 06:00 am.

Figure 6. Traffic signs and road marking issues

% Pedestrians and bicycles

The pictures of pedestrians and bicycle issues are shown in Figure 7
e There were no stopping lines for motorcycles and bicycles at the intersection,
e There were scraps on the shoulder of the road, the bicycle cannot bike on this
area, and
* There were loose aggregates that reduce skid resistance around this construction
zone.

< Road Surface

The pictures of road surface issues are shown in Figure 7
* Road surface was not smooth and bumpy,
¢ There was water covering the surface of road after rain, and
e Mud mound, soil, and raw aggregates were found on the sidewalk and on the
shoulder.

Figure 7. Pedestrians, bicycles and road surface issues
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«» Other issues

The pictures of other issues are shown in Figure 8
* There were no energy absorbing devices at the edge of the river bridge,
+ There were no guardrails or concrete blocks between the road surface and
roadside area to prevent the vehicles from falling down the road, and
+ There were fixed rigid objects near the road surface.

Figure 8. Other issues

3.3. Accident statistics

As for accident statistics during construction work, this study collected data from the
Department of Highways (DOH) and from the project owner. During the 929 days of
construction, 52 accidents were found, of which 25 were sufficiently documented. Data
cover such as spot of accidents, collision diagram, number of casualties, property
damage only and cause of the accident.

4. Results and discussions

This intersection was improved by an investment costing about 250 million THB. The
intersection was audited according to the road safety manual. In accidents statistic the
top three causes of accidents were rear-end in the same lane (6 cases), hit with fixed
solid objects (3 cases) and vehicle hits vehicle at intersection (3 cases) respectively.
Vehicle types of the top three of the accidents are first one is car (13 vehicles), second is
pick up (11 vehicles) and third is trailer (8 vehicles) respectively. On 15th April 2012
the new flyover was opened, under the flyover it is still the old junction controlled by
traffic signals.

All of the 25 accidents where the data on the spot of accident and time of the accident
are consistent with the time of management of each zone are shown in Figure 10.
Accident costs were calculated as follows;

17
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Accident: 25 times/ 929 days (Z21: 9,72:9,73:7)

Time of Accid Number of Casualty Legend
Property
Damage O 55
Serlousi|| :Disd IEGHIY Dry/Day Time Wet/Day Time
6 | 6 ]2353900] || Dry/Night Time |“--’| Wet/Night Time

Figure 10. Spot of accident at intersection area and collision diagram

5. Accident costs (AC)
Used to describe the combined effect of number and severity of the accidents [8]

Annual average accident cost ACa [€/year]:

AT 451 404 100y = A(F) X MCA(F) + A(SI) X MCA(SI) + At(Ll) X MCA(LI) + A(PDO) X MCA(POD) M

where: A is number of accidents (acci),
MCA is the mean cost per accident (€/acci) as shown in table 1, and

t is the period of time under review (year).

(6x5,178,000) + (6x151,500) + (20x29,750) + 1,353,900 = 13,329,336 Baht

ACa(F + SI + LI + PDO) = (929/365)

18
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Table 1. The mean cost per accident for various severities [5]

Severity Thailand Bangkok Other Provinces
{Million Baht) {Million Baht) (Million Baht)
Fatality 5.062 —5.956 10.561 - 12.413 4.757 - 5.599
Disability 5.114-6.910 11.611-13.934 5.608 - 6.729
Serious Injury 0.158 - 0.164 0.328 - 0.337 0.148 - 0.155
Slight Injury 0.0386 - 0.0389 0.1731-0.1733 0.0297 - 0.0298
Property Damage Only 0.052 0.164 0.039

6. Conclusion

According to Road Safety Audits under construction stage, the issues of on-site audits
can be summarized as follows;

e The number of “temporary traffic signs” was not enough, no maintenance
during construction, installed at improper locations, not reflective at night and
made by hand (different styles and dimensions),

e “Concrete Blocks” not covered the construction zone, they did not protect the
road users and construction zones, on the opposite, they caused problems for
the road users because of their different sizes and inappropriate locations,

o “Street-lights” were not installed consecutively and not turned on every night,

o “Road surfaces” were not smooth but bumpy, the mud mound on the shoulder
of the road made always a problem when raining, and

o There were no guard rails or concrete blocks between the road surface and
roadside area to prevent the vehicles from falling down the road, although there
were fixed rigid objects near the road.

Accident statistics during construction work is a reflection of construction
management; there were 52 accidents (this 52 accidents were collected by 3 agencies)
of 929 days. Because the sufficiency of accident data from 3 agencies is different, this
study only used accidents data from Department of Highway (25 accidents). The cost
of these 25 accidents occurred is equivalent to 13,329,336 THB in 2011.

7. Recommendations

In terms of Road Safety, the recommendations of this study are the followings;

e The “temporary traffic signs” should use standard signs, installed at
appropriate and sufficient locations “Road surface” should not have pothole
and soil aggregates on the road surface.

e “Street-lights” should be installed consecutively and turned on every night

e “Concrete Blocks” should be installed at appropriate locations, they should
clearly show which are road user, roadside and construction zones. They
should be installed covering the project construction area without gaps.

e Traffic signal control during construction and open road should follow traffic
volumes of each leg and period of the day, and
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e Field works should have traffic engineering staff for controlling or checking

the possibility of accidents.
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Abstract

Traffic signalization for an intersection
often uses the same fixed time control
plans, even after the intersection has
been converted to a flyover. This paper
presents a study of the performance of a
flyover intersection in Hat Yai, South
Thailand. The flyover bridge was
constructed to increase capacity of traffic
flow in two directions on one of the main
road. It was found that about 35-40% of
the total traffic volume was diverted to
the flyover. However, traffic flows
underneath the flyover still experience
long delay and queue length similar to

the ‘before’ situation. This paper points

out the remaining problems of the

signalized intersection including long
delays and queue lengths. The SIDRA
software was used to determine key
parameters in terms of level of service,
delay, queue length, fuel consumption

and phase timing.

Keywords: Flyover, Traffic congestion,

Signalized intersection, Vehicle delay

1. Introduction

The flyover is a bridge that
constructed on a highway road over the
at-grade junction. It allows the ftraffic

volume for the free flow on the bridge.
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The flyover is one of the methods that is
often applied to solve problems at
junctions on highway roads such as
traffic congestion, delay and queue
length etc.

There are 29 locations of this flyover
model in Thailand (https://maps.google
.co.th, 2012) as shown in figure 1, the
flyovers mostly constructed at the
junctions on the bypass highway roads
near the big city.

The efficacy of the flyover is still not
much different from the old signal
controlled at-grade junction, the flyover
can reduce the traffic congestion in its
direction of the bridge that constructed,
but the infrastructure cannot fully solve
the problems like delay and queue length
under flyover.

Hat Yai is the prominent City center of
the south of Thailand. The total route
length of Songkhla province there are
750.748 Km, 22 frain stations and one
Hat Yai International Airport (9 km from
the downtown Hat Yai City) which can
support 1,505,906 passengers in 2010.

The flyover which was constructed at
an old intersection of the highway and
crossing roads near Hat Yai City,
Thailand was found that about 35-40% of
the total traffic volume is diverted to the

flyover, which results in a reduction of

about 45% in the total delay. Using the
flyover resulted as much as 60-70%
saving in travel time.

This intersection which was converted
to be the flyover cost about 250 million
THB, paid by the Government who hired
Department of Highway (DOH) to
construct.

Flyover types
29 s

Classify the flyover fypes

Remark: Number of the flyover on BKK fs not covered

Figure 1. Number of the flyovers at
junctions in Thailand (2012)

(Source: https://maps.google.co.th, 2012)

2. Study area

Study area consists of highway route
number 43 and highway route number
4135 in Hat Yai City, Songkhla province,
Thailand.  This
constructed and converted to a flyover at
station 24+489.400 km., on a highway

route number 43 (main road), 967.00

intersection was

meters of the bridge length; it crosses
pass an old at-grade intersection. The
schematic map of the Hat Yai City with

study area marked as shown in figure 2.
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Figure 2. A schematic map of Hatyai City

with study area marked

This intersection situated at 6°59°13.00”
N latitude and 1007254293 E, a
longitude of 20 meters above the sea
level, the physical data consists of two
main roads which are;

Highway route number 43: the road is
104.268 linked
Phatthalung province along the road to
Pattani province, the AADT has 15,824
vehicles per day (two directions, checked
at station 8+317 km.). The road is

divided into 2 lanes by the traffic island,

km., road from

3.5 meters per lane . Outer and inner of
the shoulders of the road are 1.0 & 0.5
meters, respectively.

Highway route number 4135: the road
is 9.965 km.,
Sanambinnok intersection along to Hat
Yai International Airport, the AADT has
18,323 vehicles per day (two directions,

linked road from the

checked at station 1+300 km.), the
yellow color lines divide the road
direction, 2 lanes per direction, 3.5

meters per lane; outer and inner of the
shoulders of the road are 1.0 & 0.5

meters, respectively.

3. Collected field data
These collected data took place on
18t Oct 09

construction) and Tuesday, 17t July 12

Tuesday, (before
after construction, about 2 years and 9
months are the period of data counted
on-site between first time and second
the data

summarized and shown on figure 4.

time, collected were

3.1 Traffic movement count

The traffic movement at both the ends
of the flyover on HW #43 and at-grade
intersection under the flyover (HW #43
and HW #4135) counted manually on 24
hours for checking the traffic movement
a day (24 hour). The traffic movement
counted location marked as A, 1, B, C, 2
and D on the main road (HW #43) and
secondary road (HW #4135) as 3 and 4.
The vehicles categorized mainly under
five categorizes; 2-wheelers (MC), 3,4-
wheelers (PC), 6-wheelers (MB), Bus (B)
and Heavy-duty (L). The traffic volume of
all vehicle data changed to passenger
car unit (PCU) by the factor of each type
as follows are 0.33, 1.0, 1.75, 2.25 and
2.25,
(graph) the traffic volume and delay.

respectively. Figure 4 shows
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The traffic movement on the at-grade
intersection (before
collected on the 18th of Oct , 2009 by the
department of highway (DOH) then the

researcher adapts it for study. The

construction)

vehicles on the highway route number
4135, from "South™ approaching to an
intersection is 17,316 PCUs/day, from
"North" approaching to an intersection is
16,894 PCUs/day, and on the highway
route number 43, from "East"
approaching to an intersection is 17,284
PCUs/day, from "West" approaching to
an intersection is 17,225 PCUs/day.
Traffic movement on the flyover
(under the bridge), (after constructing);
this collected data took place on the
17th of July 2012. The vehicles on the
road number 4135, from "South”
approaching to an intersection there are
21,075 PCUs/day, from "North"
approaching to an intersection there are
19,944 PCUs/day, and on the road
number 43, from "East” approaching to
an intersection there are 17,621
PCUs/day, from "West" approaching to
an intersection there are 3,663
PCUs/day, and the traffic movement to
the flyover from "East" to "West" are
19,161 PCUs/day and 15,958 PCUs/day

of opposite direction.

3.2. Delay

The delay on-site survey of both times
counted in 24 hours it was counted with
the traffic movements. The results of
both types depend on the signal control,
junction type, and travel demand. The
delay on the at-grade intersection is
44,223.96 minutes/day (95.4 Sec/cycle)
and the delay of the flyover is 30,774.69
minutes/day (91.8 Sec/cycle). If compare
between the total traffic vehicles stopped
the flyover can distribute vehicle more
than an at-grade intersection. The
vehicles stopped ratio for waiting green
time of flyover and at-grade intersection
are 21% and 40% respectively.

On 3 peak time a day of the flyover;
the delay on the main road (HW # 43)
and secondary road (HW # 4135) there
are 19.64 minute/cycle and 41.41 minute
fcycle by an average, respectively. The
level of service is B and D level,

respectively.

3.3. Queue length

The queue length was checked
simultaneously with the traffic movement
count, to check the length of vehicles
that stopping waiting the green phase at
the at-grade intersection, a cycle time of
the flyover has 224 seconds there are

vehicles stopped 48 vehicles (count only
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one lane per direction that the vehicle
stopped more than each lane) on the
most direct way. This data can also set

the time phases of a cycle.

3.4. Travel time and vehicle speed

The average speed of the vehicles
was checked by the radar-gun in 4 areas
on crossing areas under the flyover, 2
areas of the diverge zone before
entering to under and upon the flyover
and 2 areas of the merging zone on the
opposite of the diverge zone. The
recorded travel time and estimated
average vehicle speed for each of the
observations taken by the radar-gun can

free flow plotted. 50 PCUs per areas in

VIr|E
=
mr

cycle time | S9Nl time of operation
program

0 3 o e e B
24 S1 ¢ I l][I‘wn-{{T‘i‘[TY[[I‘

sy & e R EEEEE

the each zone checked and used 85

percentile of speed for analysis.

3.5. Traffic signal control

Traffic  signal control at the
intersection of both models controlled by
fixed-time type. There are two programs
a day; the first one of light length is 244
seconds which was controlled during
06:00 am to 12:00 pm (4 phases per one
cycle), and second program which was
controlled by lights flashing was
collected during 00:00 am to 06:00 am.
After the flyover constructed it still
employed the same signal control, but it
only changed a cycle time of the first
program is 224 seconds, as shown the

before and after of both data on figure 3.

time of operation

0 3 i e o e S Al s |
| | S I e e e e

e ee=EEEEEEEEEEEEEEEEE

cycle time :Igml ‘

program
s1
s2

224
Lights flashing

Figure 3. Traffic signal control of before and after construction
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Number of Vehicle (PCU)

Traffic count locations:

A : Vehicles playing on the main road fromI. to Intersection and II.

B : Vehicles playing on the Intersection and from A to main road IL.
C : Vehicles playing on the main road from IL to Intersection and L. L;'v.
D : Vehicles playing on the Intersection and from C to main road II.
1.2, 3,4 : Vehicles playing on the secondary road approach to the intersection (under bridge) and to L. I, Il and IV..

= Traffic volume before construction
5000  wegm Traffic volume after construction

5,705

Tuesday, 17% July 12

4,638

== Delay before construetion
= Delay after construction
4000 Y e 3761
3834 a7
Tuesday, 18" Oct 09 ;301
3000
2000 . ;
- 1,800
L Lo
1000 wa' o
' . il i
, o i |
1 2 3 . f 7 s 1 u 122 13 1 1 6 1w 1 1 2 a  m 23 2
Hour Alsgeade infersedli
-grade interscction programs
= 21,600 sec 64,800 sec i
] T 1
o 224
2 Light flashing control { Fixed time type control S TFlyover programs i
Phase A 0
Phase B -
No controller e "
> . [|Prese 0 7
e 5 244
. ) Lot | Tl
i T o P o
P ] o
[Phase 8 =
s : R —
Phase D i
O o
“oos 00s]. s Jommm .
. T i

Ex. On peak morning time

Before construction

68,719

27,750 (44223.96 minute/day)
[27,750x(97,423/68,719)]=39,341

40,969

[(1/68,719) X 27,750] = 0.40

95.4

Items/type of junction
Total Traffic volume (PCUs/day)

Total Delay (vehicles)

[Delay compared with the total traffic volume of flyover]

Variance of the vehicle data (traffic volume -vehs stopped)

Risk of vehicles stopped = Frequency x Impact

Delay (second/vehicles/cycle)

After construction

97,423

20,316 (30774.69 minute/day)

77,107

[(1/97,423) X 20,316] = 0.21
91.8

Figure 4. Collected field data of both type control
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The summary data as shown above in
figure 5 consist of the ftraffic count
locations marked, traffic volume and
delay, signal control programs, results of
a cycle of fixed time and comparison of

traffic volume of both types.

4. Results and discussions

4.1. Traffic flow reduction

The flyover can support traffic flow
only on the main road. The ftotal traffic
movement is 97,423 PCUs per day; the
total traffic volume was diverted to the
flyover is 35,120 PCUs per day, it is
36.05% of all traffic volumes especially
heavy trucks and trailers.

At-grade intersection under the bridge
supported only the residue of traffic
volume is 56,404 PCUs per day, but
amount 75-80% of all vehicles play on

highway route number 4135.

4.2. Delay reduction

The flyover can only support traffic
flow on the main road, but on at-grade
intersection under the bridge still have
the traffic congestion and delay,
especially on the highway route number

4135 of both directions. Refer from figure

5, we found the delay reduction is 19,025
PCUs per day or reduced to 48.36%.

The risk of both types are reductions of
delay, on the at-grade intersection is
40% and at the flyover is 21% or it
reduced to 47.5%. While waiting at traffic
signals, often the commuters have to
keep their vehicle engines on, that result

in the undue combustion of precious fuel.

4.3. Fixed time type controller

The fixed time model of signalized at-
grade intersection under the flyover
serve the traffic volume amount 56,404
PCUs per day. This model designed for
controlling during 06:00 am to 12:00 pm,
224 second of one cycle.

In one cycle of the program, there are
4 phases which are the green time on
highway route number 43 is 40 second
of both directions and 60 seconds of the
both directions on highway route number
4135. These fixed-time does not depend
on the number of vehicles per cycle. The
yellow time is 4 seconds of all directions.
The traffic volume per day that are
collected was designed per hour of a day

as shown in table 1.
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Table 1. A signal program designed per hours of a day

Hour 1 2 3 4 5 6 T 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24
Traffic volume 1| 109 97 86 89 114 149 187 208 183 160 164 168 153 135 154 188 173 191 201 189 156 145 141 123
(PCU) 2| 472 425 389 425 511 742 345 898 920 691 675 656 730 755 758 760 913 983 1001 992 879 771 743 687
3| 544 483 438 398 577 798 1082 1342 1063 875 845 815 737 735 834 880 980 1092 1123 1012 985 891 767 598
4| 593 511 472 454 655 871 983 1064 976 806 878 950 1073 890 956 1163 1254 1098 1132 1087 912 7838 779 725
Sum| 1718 1516 1385 1366 1857 2560 3102 3512 3142 2532 2562 2589 2693 2565 2702 2991 3320 3364 3457 3280 2932 2595 2430 213
Clitical Lane Volume on each phase CLV1| 55 49 43 45 57 75 94 104 92 80 82 84 77 68 77 94 87 9% 101 95 78 73 71 62
(PCUflane) CLV2| 236 213 195 213 256 371 423 449 460 346 338 328 365 378 379 380 457 492 501 496 440 386 372 344
CLV3| 272 242 219 199 289 399 541 671 532 438 423 408 369 393 417 440 490 546 562 506 493 446 384 299
CLV4| 297 256 236 227 328 436 494 532 488 403 439 475 537 445 478 582 627 549 566 544 456 394 390 363
Sum (CLVt)| 859 758 693 683 929 1280 1551 1756 1571 1266 1281 1295 1347 1283 1351 1496 1660 1682 1729 1640 1466 1298 1215 106
Required Greentime, Rg CLVt*| 1374 1213 1108 1093 1486 2048 2482 2810 2514 2026 2050 2071 2154 2052 2162 2393 2656 2691 2766 2624 2346 2076 1944 170t
where : Headway = 1.6 sec. Headway
Available Lost time, Alt 3600 - Rg| 2226 2387 2492 2507 2114 1552 1113 790 1086 1574 1550 1529 1446 1548 1433 1207 944 909 834 976 1254 1524 1656 18%
Lost Time per Cycle, LTpC (3+6y4 36 36 36 36 36 3B I 36 I 3/ I 3I6 36 I I 3B/ 36 36 I 3 36 36 I 36
where : veh acceleration time = 3 sec.
veh stopping time = 6 sec.
Number of Cycle, NC in hour At ALTpC|[61.82 66.31 69.22 69.64 58.73 43.11 31.07 21.96 30.18 43.73 43.07 42.47 40.16 43.00 39.96 33.53 26.22 2524 23.18 27.11 34.84 42.33 46.00 52.6
Approximation | 62 66 69 70 59 43 31 22 30 44 43 42 40 43 40 34 26 25 23 27 35 42 48 53
Cycle Length, C 3600/NC| 58 54 52 52 61 84 116 164 119 82 84 85 90 84 90 107 137 143 155 133 103 85 78 68
Cycle Split per cycle
{CLVn * CyCLVt 1] 11 11 11 11 11 12 14 i 14 13 13 13 12 12 13 14 15 16 17 16 13 12 12 1
Giis ( ) Lost Time per direction 2| 16 15 15 16 17 24 2 42 3B 2 2 21 24 26 25 27 38 42 45 40 31 25 24 22
Green time, Gi = green + amber 3| 18 17 16 15 19 26 40 63 40 28 28 27 25 26 28 2 M 46 50 41 35 29 25 19
4{ 20 18 18 17 22 28 37 50 37 26 29 31 36 29 32 42 52 47 51 44 32 26 25 23
Possibility data of each phase
checking
(Gi-Liyh * true NC 1] 77 83 87 87 73 81 97 110 94 109 108 106 75 81 100 105 98 110 116 119 87 79 86 66
2270 258 243 308 289 410 438 452 489 368 351 331 384 420 406 383 471 515 521 528 479 430 429 429
3| 365 344 322 264 369 459 610 736 591 532 500 469 390 447 470 473 517 588 601 542 560 534 451 335
4] 429 385 377 356 463 523 542 558 529 470 529 587 671 539 571 686 702 592 606 593 504 445 463 469
Amber Time, Ai=t + 0.5(v/a) +
{(w+L)v)
where: Al = amber fime i1 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
t = decision time = 1 sec 2l 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
v = approach speed (25= 1,2), (32.5=
34 g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
a = accileration = 5 m/sec 4] 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
w = width of int (25= 1,2), (52.5= 3,4)
L = length of vehicle (3.6 m)
All reds is 1/3 of Al 12| 2 2 2 2 2 2 2 2 2 2 2 2 2 g & ¢ ¢ P g ¢ P 2 2
3,4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Red phases 1| 47 43 41 41 50 72 102 147 105 69 71 72 78 72 7 93 122 127 138 117 90 73 66 57
2| 42 39 37 36 44 59 84 122 84 60 62 63 85 59 65 80 100 101 110 93 72 60 54 46
3| 40 37 3% 337 42 57 75 101 79 54 5 58 65 58 62 76 97 9 105 92 69 56 54 49
4/ 38 338 34 3 40 55 79 114 8 56 55 54 54 55 58 66 8 9 104 89 71 59 53 45
;’; | Cycle time | S22 Time of operation
Z program
?, /\/ w
2 4// H—T 2
i\ i 143 s
137 s
133 s
. 119 6
116 s7
107 58
103 9 C
9 s10
85 s
84 si2
82 s13
78 si4
68 815
61 si6
SPMISUL SN SO
s INIENIS|[wis| = 11 |
52 s19 _[—l
i) ‘ A H ! H g H B | Hours 123 s sTe[ s oJw]ufn]u]u]isTwe[ ][] 4
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4.3. Project evaluation

To evaluate the cost-benefit of the
flyover and the effect of flyover reducing
delay to ftraffic flow, the economic
analysis (Garber and Hoel, 1997) are the
Net Present Value (NPV), Benefit-Cost
Ratio (BCR) and Internal Rate of
Return (IRR). According to invested cost
about 250 million Baht, this project have
to assessment of benefits in terms of
traffic  volume and delay after

construction.

+ Investment cost =
-249,597,672.5 Baht

«+ Maintenance cost =
-27,000 Baht/year

Delay (After-Before) per vyear;
compare with before and after flyover
was constructed, two of all for checking
the cost reducing before construction,
consists of fuel consumption and time
cost.

» Fuel Consumption (Fuel consumption
during running and idling at the signals);
while waiting at traffic signals, often the
commuters have to keep their vehicle
engines on, that result in the undue
combustion of precious fuel. Fuel
consumption in traveling waiting at the

intersection (under the flyover), the

average fuel economy and fuel
consumption during idling conditions of
vehicles, S. K. Goyal, S. Goel and S. M.
Tamhane (2009) said “It may be
necessary to point out that there are
different types (make & model) of 2-
wheelers and 4-wheelers, wherein the
fuel economies vary considerably. For
example for good condition vehicles, the
fuel economy for 2-wheelers varies from
35 km/L to 70 km/L. Similarly, for 4-
wheelers, the fuel economy varies from
10 km/L to 22 km/L. The fuel economy
will depend on a number of factors,
including the engine design, fuel quality,
vehicle operating characteristics,
maintenance of vehicles, road conditions
etc. Similarly, fuel consumption during
idling shall also vary with different types
and makes of vehicles”, in this study
used an average of of PCU type is 0.20
cc. /Minute (http://www.sahavicha.com),
Fuel cost: 1,000 cc. = 37.83 Bant.
(http://www.pttplc.com/th/Pages/home.as
px, on 22/1/13), the average of the
vehicle (PCU) stopped 1 minute = 20 cc.
= 0.757 Baht.

> Time cost (vehicle stopped
at the intersection, with the fixed-time
type of signal control); the minimum
wage is 300 Baht per 8 hours., so 1



~~

18" National Convention on Civil Engineering

8-10May2013The Empress Hotel, Chiang Mai, Thailand

minute = 0.625 Baht. The AADT on this
location increase 6.7% per year and the
vehicle increase 6.60% per year of
Songkhla province.
2010 to 2012, http://www.dIt. go.th/th/

index.php)

(average during

« i =10 % per year

% n =30 years

Net Present Value (NPV): this
method is defined as the sum of the
present values (PVs) of the individual
cash flows of the same entity, by the

equation as shown below (1);

e
Where,

C'0 . initial investment cost,

B, :Benefit costt year,

C[ . investment cost t year,

/ . interest rate per year (% per year)

n  :number of years

0 _
NPV = (-249,507,672.50) + (-27,000) L4+ 0D —1I

) z’:reducrion of delay,
0.1x(1+0.1)®

a+0.1y"

NPV =302,212,963.84 THB Ans.

Benefit-Cost Ratio (BCR):

attempting to identify the relationship

a ratio

between the cost and benefits of a

proposed project, by the equation (2)

and the resulted as shown on below;

_ Benefits
Cost

BCR

B 386,583,656.20 + 319,174,088.67 B
(249,597,672.50x (0.11+ 0.1* ) + (27,000 30)

Ans.
Internal Rate of Return (IRR): the
discount rate often used in capital

budgeting that makes the net present
value of all cash flows from a particular
project equal to zero, by the equation (3)

and the resulted as shown on below;

B, -C, _

IRR=(NPV),=C,— =
=S Loy

(1)

reduction of delay

N30
IRR = NPV = (:249,597,672.50) + (-27,000) 10" - ;]
0.1x(L+1)

¢
2
el

@+

So, at the /= 14.78% will make the NPV

equal to Zero Ans.

There are 4 variables in this research
included in the invested cost, annual
maintenance costs, fuel consumption
and time cost. For checking the benefits
of the next 30 years, these results as

shown in table 2 and on the figure 5.
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Table 2. Resulted of delay reduction and benefits-cost data per year (1-30 years)

261

Fuel consumption Time cost
+ Reduction| 1L.=37.83 thb
of delay | stopped 1 min= P(1+i)*n 300 thby 8 hr P(1+4i)*n NPV B/C
Year | (minute/day)| 20 c.=0.757 thb| * 365 days (i=10%) 1 min=0.625 thb * 365 days (i=10%)
1) 2 (3)=(2*0.757 | (4)=(3)*365 |(5)=(4)[1+0.11%(1)| (6)=(2)*0.625 (D)=(6)*365 | (8)=(7)*[1+0.1]A(1)
1 13,449 10,181.10 3,716,100.55 3,716,100.55 8405.79 3,068,114.72 3,068,114.72 -243,454,749.53 | 0.247
2 14,350 10,863.23 3,965,079.28 4,361,587.21 8968.98 3,273,678.40 3,601,046.25 -236,896,374.77 | 0.263
3 15,312 11,591.07 4,230,739.60 5,119,194 91 9569.90 3,493,014.86 4,206 ,547.98 -229,895,065.31 | 0.281
4 16,338 12,367.67 4,514,199.15 6,008,399.07 10211.09 3,727,046.85 4,960,699.36 222,421,464.86 | 0.299
5 17,432 13,196.30 4,816,650.49 7,052,057.99 10895.23 3,976,758.99 5,822,372.84 -214,444,221.11 | 0.319
6 18,600 14,080.45 5,139,366.07 8,277,000.46 11625.21 4,243,201.85 6,833,719.00 -205,929,854.71 | 0.340
7 19,847 15,023.85 5,483,703.60 971471544 12404.10 4,527,496.37 8,020,735.99 -196,842,619.09 | 0.363
8 21,176 16,030.44 5,851,111.74 11,402,161.51 13235.17 4,830,838.63 9,413,937 84 -187,144,350.82 | 0.387
9 22,595 17,104.48 6,243,136.23 13,382,716.96 14121.93 5,154,504.81 11,049,138.84 -176,794,309.60 | 0.413
10 24,109 18,250.48 6,661,426.36 15,707,294.90 15068.10 5,499 856.64 12,968,374.26 165,749,007 45 | 0.441
1" 25,724 19,473.27 7,107,741.92 18,435,652.02 16077.66 5,868,347.03 15,220,980.86 -153,962,026.29 | 0.471
12 27,448 20,777.97 7,583,960.63 21,637,924.78 17154.87 6,261,526.28 17,864,865.24 -141,383,823.03 | 0502
13 29,287 22,170.10 8,092,085.99 25,396,432.31 18304.24 6,681,048.54 20,967,992.33 -127,961,521.66 | 0.536
14 31,249 23,655.50 8,634,255.76 29,807,792.61 19530.63 7,128,678.79 24,610,132.60 -113,638,691.11 | 0572
15 33,343 25,240.41 9,212,750.89 34,985,406.18 20839.18 7,606,300.27 28,884,912.63 -98,355,108.18 | 0.610
16 35,577 26,931.52 9,830,005.20 41,062,371.23 22235.40 8,115,922.39 33,902,221.96 -82,046,504.53 | 0.651
17 37,960 28,735.93 10,488,615.55 | 48,194,905.12 2372518 8,659,689.19 39,791,037.91 -64,644,296.57 | 0.695
18 40,504 30,661.24 11,191,352.79 | 56,566,360.14 25314.76 9,239,888.37 46,702,741.20 -46,075,297.16 | 0.742
19 43,217 32,715.54 1194117343 | 66,391,936.89 27010.85 9,858,960.89 54,815,007.34 -26,261,407.95 | 0.791
20 46,113 34,907 49 12,741,232.05 | 77,924,216.33 28820.58 10,519,511.27 64,336,374.12 -5,119,291.04 | 0.844
21 49,202 37,246.29 13,594,894.60 | 9145965271 30751.56 11,224,318.52 75,511,602.30 17,439,981.45 | 0.901
22 52,499 3974179 14,505,752.53 | 107,346,194.38 32811.91 11,976,347.87 88,627 967.62 41511,30134 | 0962
23 56,016 42,404 49 15477,637.95 | 125992228.35 35010.31 12,778,763.17 104,022,645.60 67,195923.42 | 1.026
24 59,770 45,24559 16,514,639.70 | 147,877,078.41 37356.00 13,634,940.30 122,091,379.14 94,601,891.32 | 1.095
25 63,774 48,277.04 17,621,120,56 | 173,563,326.93 39858.85 14,548,481.31 143,298,651.69 123,844,491.93 | 1.169
26 68,047 51,511.60 18,801,735.63 | 203711,276.82 4252940 15,523,229.55 168,189,627 .49 155,046,740.29 | 1.247
27 72,606 54,962.88 20,061,451.92 | 239,095,925.60 45378.87 16,563,285.93 197,404,165.79 188,339,897.02 | 1.331
28 77471 58,645.40 21,405,569.20 | 280,626,887.88 48419.25 17,673,026.09 231,693,269.39 223,864,020.47 | 1.420
29 82,661 62,574.64 2283974234 | 329,371,778.30 51663.34 18,857,118.84 271,938,390.28 261,768,555.83 | 1.516
30 88,200 66,767.14 24,370,005.07 | 386,583,656.20 55124,78 20,120,545.80 319,174,088.67 302,212,963.84 | 1.617
asoe+08
——Fule consumtion
oo —o—Time cost
} —#—maintenance
l =H=NV

2.50E+08

1.50E+08

Cost (THB)

Figure 5. Benefits and Costs per year (1-30 years)
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4.4, Assesses the junction data by
SIDRA software

The (SIDRA) Signalized (and
unsignalized) Intersection Design and
Research Aid INTERSECTION

software are an advanced micro-

analytical tool for evaluation of

alternative intersection designs in

terms of capacity, level of service and

a wide range of performance

HW route #4135 to alrport

HW route #4135 to alrport

HW route #43 to Phattani

measures including delay, queue
length and stops of vehicles and
pedestrians, as well as fuel
consumption, pollutant emissions and
operating cost.

The old at grade intersection and
the flyover was compared with the
data that's collected on-site, by the
results of this software as shown in

figure 6, 7 and 8 as below;

HW route #4135 to alrport

bunjeneyd o) £y 23004 MH
HW route #43 to Phattan|

HW route #4135 to alrport

Figure 6. Level of service of the old at grade intersection and the flyover

Phase Timing Results of the intersection

Phase A (W-E) B(E-W) C(N-S) D (S-N)
Green Time (sec) 53 48 49 50
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 59 54 55 56
Phase Split 26 % 24 % 25 % 25%

Phase Timing Results of the flyover

Phase A (W-E) B (E-W) C(N-S) D (S-N)
Green Time (sec) 38 39 62 61
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 44 45 68 67
Phase Split 20 % 20 % 30 % 30 %

Figure 7. Phase timing determined by the software of the intersection and the flyover
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Figure 8. Graph showing the trend of each variable at this intersection (during 1-30 years)

5. Conclusion

This intersection was improved by
investing cost about 250 million THB,
for reducing the traffic flow and delay.
The total traffic movement on the
flyover is 97,423 PCUs per day. It was
diverted to the flyover which is 35,120
PCUs per day or 36.05% of all traffic
volumes and found the delay reduction
is 13,449 minutes per day or reduced
to 30.41% if compared with the old at-
grade intersection. The risk of vehicles
stopped of both types which are at the
at-grade intersection is 40% and at the
flyover is 21% or it reduced to 47.5%
compared with old type and
approximate 75-80% of traffic volume
which is 56,404 PCUs/day play on

under the flyover on highway route
number 4135.

While waiting at traffic signals, often
the commuters have to keep their
vehicle engines on, that result in the
undue combustion of precious fuel, to
solve this problem the traffic volume
on the 24 hours that collected was
designed per hour of a day (as shown
in table 1).

Assessment of benefits to traffic
flow compared between the flyover
and the old at-grade intersection at the
same location. The economic analysis
of the next 30 years is the net present
value which is +302,212,963.84 Baht.
The benefit cost ratio (BCR) is +1.617

and the internal rate of return (IRR) is
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i=14.78%, by the conclusion of this
investmented will be a positive result
on time considered.

The SIDRA software as processed
and determined by using the collected
average data of 3 peak times a day is
level of service (LOS), delay, fuel
consumption and phase timing as

shown these data on figure 6 to 8.

6. Recommendations

To support the vehicle approaching
an at-grade intersection (under the
bridge) the traffic signal control should
be design, depending on the ftraffic
volume per hour on a day or install the
loop detector and install CCTV as well.
The benefits of using a computerized
traffic control system include: providing
efficient traffic flow, reducing travel
time, fuel costs, vehicle emissions and

rear end collisions.
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Abstract

The flyover-bridge was constructed on the old at-grade intersection to increase capacity of traffic flow
in two directions on one of the main road. Under the bridge, the traffic signalization for an intersection
often uses the same fixed time control plans, even after the intersection has been converted to a flyover.
However, traffic flows underneath the bridge still experience long delays and queue length similar to the
situation ‘before’. The purpose of this research is to evaluate the benefit of the flyover. This paper presents
the study of the performance of an at-grade intersection converted to the flyover, and points out the
remaining problems including long delays under the bridge and cost of accidents, in terms of traffic flow
was found that about 35-40% of the total traffic volume that diverted to the flyover, saving the cost
accidents 542,776 THB and this project plan is a good benefit.

Keywords: Flyover, Signalized intersection, cost-benefit analysis, Vehicle delay, Accident cost

1. Introduction grade intersection, it only facilitates the traffic
volume in the directions of the bridge and the
infrastructure cannot fully solve the problems, such
as traffic congestion, long delay, queue length and
road accidents. After the flyover constructed, the

hods f ine the traffi bl h total traffic volume diverted upon the bridge about
metho s 101 50 Vmgt_ ¢ traffic problems at the at- 35-40%, total delay reduced to about 40-45% and
grade junctions on highway roads such as traffic

capacity, traffic congestion, long delay and queue
length. The traffic signalization for an intersection
often uses the same fixed time control plans, even
after the intersection converting to a flyover.
Moreover, the road user having same behavior as
before situation.

The flyover is a bridge that constructed along a
highway road in both directions over at the at-grade
junction area. It allows the traffic volume to be free
flow on the bridge. The flyover is one of the

about 45-55% saving the travel time per day.

Most of the flyovers in Thailand are constructed 3 # a L
at the junctions on the bypass highway roads near i
the big city passes on the main road. There are . # X

approx 52 flyovers in Thailand (excluding capital
region), (figure 1). Among various layouts, 29 _
flyovers are bridge cross-passes the at-grade 7 E z Elymverhiidge

5 Symbol:

. . . . . . Main hightway route
intersection in both directions on one of the main .

. N 1. 2 Secondary road
rload and under the bridge is controlled by fixed o : §  Signalization control
time control plans of traffic signal (figure 2). 2 10 X Without controlling

To assess the benefit of the ﬂyoven the Study Remark: The number of the flyover excluding capital region (https://maps.google.co.th)

case is an at-grade intersection converted to the Fig.1. Number of the flyover at junctions in
flyover. It is still not much different from the old at- Thailand (2012)
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Fig.2. The scheme of Flyover intersection (case study type)

2. Study areas

There is an important case to study which is an
at-grade intersection converting to the flyover. This
location located in regional areas on Highway route
no 43 and highway route no 4135, Songkhla
province, Thailand.

3. Research framework

The study focus on two types of cases which are
before and after flyover construction. The research
framework consists of six steps (figure 3). First,
focus on the implicated literature review such as
intersection designing, flyover construction layout,
road safety, traffic accident costing and SIDRA
software. Second, the selection of case study
locations; (1) case of an intersection converted to
the flyover (during this study). Third, collection
field data and implicated data. Fourth, evaluation
step; assessments the benefit of the project. Fifth,
conclusion step. And finally, will be recommended
and pointed out about the effect of the flyover such
as the traffic flow, vehicle delay and other problems
that still exist.

4. Data collection

Field data were collected before (Tuesday, 18"
Oct 09) and after (Tuesday, 17% July 12)
construction of flyover (on working days in 2009
and 2012). These data were used to analyze the
benefit by comparing before and after situations,
the required data consists of the traffic movement,
time delay, signal control plans, and flyover
construction cost (Table 1).

4.1 Traffic movement count

For at-grade intersection; the traffic movement
was counted at each of the legs/directions that
vehicles entering to the intersection, at locations
marked as 1, 2, 3 and 4 in figure 4 (A).

Table 1 Collected field data (in-depth case)

Time period
Items

Intersection converting to the flyover
Before | During I After

1. Flyover location Highway route no 43 and highway route no 4135

2. Traffic movement v v v
3. Delay v - v
4. Queue length v - v
5. Traffic Signal Cycle time 244 s. | Cycle time 254 s| Cycle time 224 s
6. Speed Avg: 28.5 km/hr. Avg: 45.7 km/hr
7. Distance v " 7
8. Conflict points 46 points 55 points
9. Road Safety Audit v v v

17 crashes 52 crashes 9 crashes
10. Accident (28 months) (30 months) (15 months)

statistics

7.3 crashes/year  |20.8 crashes/year| 7.2 crashes/year|

11. Construction cost 249,597,672.5 Baht

For the flyover; the traffic movement counted at
locations marked as A, 1, B, C, 2 and D on the
main road and secondary road at 3 and 4 (figure
4(a)). The vehicles categorized in five; 2-wheelers
(MC), 3 and 4-wheelers (PC), 6-wheelers (MT),
Bus (B) and Heavy-duty (L), [10]. The traffic
volume were converted to equivalent_passenger car
unit (PCU) by the unit factor 0.33, 1.0, 1.75, 2.25
and 2.25 [20], respectively.

The traffic volume before construction of
flyover, on the highway route number 4135; from
"South" entering to an intersection is 17,316
PCU/day, from "North" entering to an intersection
is 16,894 PCU/day and on the highway route
number 43; from "East" entering to an intersection
is 17,284 PCU/day, from "West" entering to an
intersection is 17,225 PCU/day.

Traffic volume after flyover constructed, at the
at-grade level: on the highway route number 4135;
from "South" entering to an intersection is 21,075
PCU/day, from "North" entering to intersection is
19,944 PCU/day, on the highway route number 43;
from "East" entering to intersection is 17,621
PCU/day, from "West" entering to intersection is
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3,663 PCU/day, and the traffic upon the bridge
from "East" to "West" is 19,161 PCU/day and
15,958 PCU/day of opposite directions (figure

4(b))-

Classification of
the flvovers

N

Case no. 1 In-Depth Case |

12

At-grade intersection
Converting to

the flyover

N4 v

| Data Collection I—-> Before - After Construction

N A

- Road safety,
- Accident data

- Traffic movement,
- Delay time, and
- Traffic signal timing.

|—| - Benefit l—)| -Cost of accident
T

< Project evaluation
- Vehicle operating cost
- Value of time

< Economic analysis or CBA.
- NPV, B/C, IRR

Ny

| Evaluation

Conclusions

< Field investigation finding
- Traffic flow, - Physical area,
- Delay, and
- Control at intersection.

Recommendation

Fig.3. Research framework

4.2. Traffic Signal

The traffic signalization at at-grade level of both
situations was controlled by fixed time control
plans. There are two programs a day, first; the
length of one cycle is 244 seconds (figure 5(a)), is
controlled during 06:00 am. to 12:00 am. (4
phases per one cycle), and second; the cycle plan is
controlled during 00:00 am. to 06:00 am. by
traffic flashers. Even after the construction of the
flyover, it has the same old controlled plans, but the
length of cycle time is changed to 224 seconds per
cycle (figure 5 (b)) [6]. The before and after
construction of the traffic signal control plans are
shown in figure 5 (c).

4.3. Delay at intersection

The delay of both situations were measured with
the traffic volume counted. The results of both
types depend on the signal control plans, the delay
of before construction is 44,223.96 minutes/day
(95.4 second per vehicle-cycle by average) and

after construction is 30,774.69 minutes/day (91.8
second per vehicle-cycle by average). If comparing
with the situation before and after, the percentage
of vehicles stopped at intersection for waiting the
green phase time of cycle are 40% and 21%,
respectively.

4.4. Accident statistics

The accidents statistics were collected from 3
agencies, which are the Department of Highway
(DOH), Police and Emergency Medical Services
System (EMS).

5. Flyover evaluation

The objectives of this evaluation were to analyze
cost, benefit and economic value analysis of the
flyover project as follows;

5.1. Project evaluation

The project evaluation considered by
comparative analysis at an intersection of the case
that without a project and have a project, to assess
the benefits when the project is constructed by a
height investment value. The benefit includes the
value of time (VOT), vehicle operating cost (VOC)
and cost of accidents as follows;

- Value of time (VOT)

Value of time means the cost (equivalent to
money) that lost in the travel, but when the
intersection is improved more efficiency will save
in time of trips and road user can use this time to do
another activity to have an economic value
increase, by calculating the value of time in the area
(province) of case study consists of the gross
province product (GPP), number of employed and
average hours of work (Table 2).

Table 2 Value of time (VOT) in Songkhla province

Year GPP Emploved Avgofhours | Value of time: VOT
(Million THB) [ “MP1%¥ work (year) (THB/hour)
2007 159,008 744,042 2,950 7244
2008 160,683 766,674 2,985 70.21
2009 151,755 790,553 2,930 65.52
2010 186,457 815,618 2,870 79.65
2011 214,799 837,093 3,060 83.86
Source: Adapted from the National Statistical Office (2013), [15]




Traffic count locations:

PCU Number (Veh)

A : Vehicles playing on the main road from I to Intersection and I
B : Vehicles playing on the Intersection and from A to main road IL.
C : Vehicles playing on the main road from IL to Intersection and L.
D : Vehicles playing on the Intersection and from C to main road !

1.2, 3, 4 : Vehicles playing on the secondary road approach to the intersection (under bridge) and to I, I, II. and IV.

&0
so0
—+-TMC Before Construction 3,
BT T T uesday, 17" July 12
- 1 Delay Before Con
m Delay After Con

Fig.4. Traffic movement counted at locations marked and traffic volume and delay per day
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Fig.5. Traffic signal control plans of both situations
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According to the value of time in Songkhla
province is 83.86 Baht/PCU/hour in 2011, to adjust
by the growth rate in 2007 to 2011 (0.31), so the
value of time in 2013 is 84.38 Baht/ PCU/hour.

The collected data used for comparing with
both situations (Table 3), which consists of the
vehicle delay (loss of time and fuel consumption)
and type control (supportable the traffic volume).

Table 3 The results of both situations

Situation
Items Result
Before After
- Traffic volume (pcu/day) 68,719 97,423 +29.46%
- Delay (minute/day) 44,224 30,775 -30.41%

Extrapolation the traffic volume in the future
(Table 4), from the equation by DOH in 2006 [12],

Eq (1);

unit (PCU) to consider (1,000 cc. = 37.18 Baht
(6/08/2013), (http://www.pttplc.com/th/Pages/home
.aspx)), and used the average passenger car unit
(PCU) that stopped and idling of engine 1 minute =
20 cc. (http://www.sahavicha.com/?name=know
ledge&file=readknowledge&id=1623), or loss of
the money is 0.75 Baht per minute.

The results of benefit evaluation of a project (in
case of having a project) are shown in Table 5 and
6.

- Cost of accidents

The accident cost depends on the mean cost per
accident for various severities from the Department
of Highway in 2012. Author uses the mean data
cost of other provinces in Table 7 for calculating.

Table 5 Value of benefits of the project

P G Vehicle o i
- . _ . perating cost
T [(1 + —1 00)(1 + —100) :|x100 100 1) Value of time (VOT) VOC)
; Vehicle increase by
Where, Lossiartimes4.83 Fuel Consumption type controller (traffic
s - Year | Baht/PCUr (1.41 0.75 Baht/PCU/Min volume data of
T': escalation rate of traffic volume per year Baht/Minute) :
» . s "Flyover - At-grade”)
P: escalation rate of population in the area (7.02) SaveTass | savesur)
G: escalation rate of GPP per capita (0.75) At-grade | Flyover | At-grade | Flyover | “opiio” | oonaumption
e : clasticities value of escalation rate of traffic 2009 | 62355.7 | 34055.4 [ 334775 [ 182836 [283004 | 1519359
volume per income (constant: 1.738) 2014 | 93358.0 | 509909 [ 50122.0 | 273759 |423672 | 227461
Table 4 Results of the extrapolation the traffic ~|2019|1397842| 763483 | 750473 | 409898 |63436.0 34057.5
volume in the future 2024 |209297.9|114315.6| 112367.7 | 61373.7 |94982.3 50994.0
Vear |Lrattic volume (PCU/day) Time Delay (Minute-day) 2029 313380.2|171163.9| 1682474 | 918944 [1422163 | 763529
Before | After | Variance | Before | After | Variance | |,03 |469221.9(256282.5(251915.6 | 137592.8 2129393 | 1143227
2009 | 68719 | 76468 | 7,749 | 4422396 [24152.75 | 20,071.21
2014 | 102892 | 114404 | 11602 | 6621136 |36163.73 | 3004762 | |2038|648072.5|3539683| 3479368 | 190038.3 |294104.2 | 1578985
2019 | 154060 | 171432 | 17,371 | 99137.77 [54147.69 | 44,990.08
2024 | 230673 | 256683 | 26010 |148438.24 |81074.93 | 67,363.31 Table 6 Total benefit per year of project evaluation
2029 | 345385 | 384330 | 38,945 |22225547 [121392.89]100,862.59 Cost of situations Cost of vehicle
2034 | 517142 | 575454 | 58,312 [332781.46 [181760.66]151,020.80 | |vear before and after increase by type T"(‘M’ﬂiﬁ‘i’;fg;hygm
2038 | 714259 | 794797 | 80,538 [459625.86 [251041.33(208,584.53 At-grade |  Flyover controller
2009|287 157 13.0 26.1
- Vehicle operating cost (VOC) igig ‘6‘3'2 gz; ;2; 2;-;
The vehicle operating cost consists of the fuel  [200a] 565 52.7 138 87.6
cost, lubricant cost, idling of engine and operation |2029] 1445 789 65.6 1311
: th lated with ber. t hicl 2034|2163 1182 98.2 1964
cost, these correlated with number, type, vehicle [Ser—5cs VT e T

speed and traffic volume [23], when the vehicles
are waiting for green signal at the intersection stop
line and turn on the engine (idling of engine), that
resulted in the undue combustion of precious fuel
and the fuel consumption during idling shall also
vary with different types of vehicles [10]. The
variance traffic volume between case without
project and have a project, change to be the cost
(equivalent to money) that saving in the vehicle
increase of both controllers at an intersection. This
study used an average the fuel cost of passenger car

Because some case of accident statistics from 3
agencies did not record the number of disabled
people on the accident report, the author used the
percent of the serious injury and disability number
of crash severity in Thailand (2004), [2], [19] to
modify the accident cost of Thailand 2012 [4] and
created a new value for checking the cost of a
disability person case.




Table 7 New average unit cost of crash severity

‘ Severity Other Provinces (Baht) New unit cost (Baht)
‘ Fatality Fal 5,509,000 Fal 5,509,000
‘ Disability Dis 6,012,000

S 365,785
‘ Serious Injury SI 161,000
‘ Slight Injury SL 38,750 SL 38,750

Property

‘ DoereGaty | PPO 52,000 PDO 52,000

Source: Adapted from Department of Highway, Thailand (2012), [4]

For changing the average unit cost of crash
severity in three situations, the number of casualties
are calculated by 4 equations below (Egs (2), (3),
(4) and (5)), and the results of the average value of
accident unit costs (Avg AcUC) as shown in Table
8.

Avg AcUCray =[No.of Fal * (AcCSrayt+ AcCSsmyt AcCSesyt AcCSepoy](2)
Avg AcUC gy = [No.of SI; * (AcCSsi+ AcCSyt AcCSepoy)] 3)
Avg AcUCq, = [No.of SL * (AcCSy+ AcCSepoy)] @
Avg AcUCpo) = [(No.of PDO * (AcCSepoy)) + On-site damage cost] 5

Table 8 Average unit cost of 3 situations

Cost of situations before, during and after construction
AdUC At-grade During constructing Flyover
Fal 5,509,000 8.460,143 5,509,000
SI2 308,773 452,199 712,785
SL 101,318 106,987 95,594
PDO 52,000 68,500 52,000

And, for checking the accident cost at this
intersection, depending on the number of severity
and year consider, Eq (6) [4], and the accident costs
of three situations as shown below;

AgAC =

A(F)™* M(F) + A(SL) * M(SL) + A(SL) * M(SL) + A(PDO) * M(PDO) ®
t

Where

AgAC : average of accident cost ($/year),

A :number of accidents (accident),

M :the mean cost per accident ($/accident) (Table
9), and

t  :the period of time under review (year).

Average of accident cost at this intersection of
three situations are 2,175,681.0 , 27,585,771.0 and
1,632,905.0 Baht/Y ear, respectively.

- Assesses data from SIDRA software

The software is an advanced micro-analytical
tool for evaluation of alternative intersection
designs in terms of capacity, level of service and a
wide range of performance measures including
delay, queue length, as well as fuel consumption,
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pollutant emissions and operating costs [1]. In this
study, this software to help, to present and points
out the before and after situations which are the
delay, travel speed, cost and fuel in 30 years (figure
6).

oy -

Delay (Average!

{ 120000 m
o P A Tiand Sy

| cola)

Fig.6. Assesses data from the SIDRA software

5.2. Cost-benefit analysis (CBA)

CBA is the method to calculate all benefits and
costs of outcomes, can help decision makers to
make their choice for a (road infrastructure)
measure or a combination of measures. To analyze
the benefit of the flyover construction project, the
economic analysis will be considered by three
important equations which consisting of the Net
Present Value (NPV), Eq (7), Benefit-Cost Ratio
(BCR), Eq (8) and Internal Rate of Return (IRR)
[9], by the items of each cost as shown in Table 9.

In this study used the interest rate per year (i) =
12% [12] and 30 years (n) of time of the project.

Table 9 Cost and Benefits for improvement plans
with respect to existing conditions

Items (present time data:2013) Cost (Thai Baht)

249,597,672.5

- Investment cast

- Maintenance cost per year 27,000.0
- Cost of accident during construction 27,585,771.0
- Saving in accidents per year 542,776.0

- Benefits evaluation of the project

PV= (FV:Total Cost per Year,)/(1+0.12)* 4Elo5ssel

Net Present Value (NPV):
This method is defined as the sum of the present
values of the individual cash flows of the same
entity, Eq (7);

(B, -C)

@)
= A+

NPV =
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Where,
n :number of years (that consider)
B¢ : Benefit in year t
Cy : Cost emerged in year t
1 interestrate per year (% per year)

NPV = —249,597,672.5— 27000 — 27,585,771+ 542,776 + 421,654,886.06

NPV = 144,987,218.56 Baht. Ans,

- Benefit-Cost Ratio (BCR):
A ratio attempting to identify the relationship
between the cost and benefits of a proposed project,

Eq (3);

pog - Benefits _ 542,776 + 421,654886.06 ®
Cost  249,597,672.5+ 27000+ 27,585,771
BCR =1.52 Ans,

- Internal Rate of Return (IRR):

The discount rate often used in capital budgeting
that makes the net present value of all cash, solve
for the value of interest rate for which NPV = 0.

So, i =15.742 % Ans,

So, at the i = 15.742% will make the NPV equal
to zero. Since IRR is greater than 12 percentages,
this project is benefiting the investment.

The information of cost-benefit analysis of this
project per year is as shown in figure 7.

6. Conclusion

At-grade intersection converted to the flyover by
investment cost about 249.5 million THB, to
increase capacity of traffic flow and for reducing
time delay and long queue at the at-grade level. The
results obtained of the situation after (controller by
the flyover), the traffic volume increased to
+29.46%, and time delays reduced to -30.41%.

In terms of cost-benefit analysis (CBA) for
assessing the economic at 12% interest rate per year
and 30 years of time of the project; the Net Present
Value (NPV) = 144,987,218.56 Baht., Benefit-Cost
Ratio (BCR) = 1.52 and Internal Rate of Return
(IRR) = 15.742%.

The project evaluation in terms of value of time
(VOT) and vehicle operation cost (VOC) saves cost
about 421.65 Million Baht (present value), and
saves the cost of accident = 542,766 Baht. So, this
project plan is a good benefit.

The traffic signalization at the at-grade level of
two types (at-grade and flyover intersection) had

been being controlled by fixed time control plans, it
still has long queue and time delay especially on the
secondary road.

7. Recommendations

The results of this location in three situations
(before, during and after construction), these
information were considered in terms of traffic
volume, delay reduction and traffic signal control as
follows;

7.1. Traffic flow on the flyover

Although the flyover can be able to serve more
traffic capacity, total traffic on the flyover is 97,423
PCU/day, diverted to the bridge is 35,120 PCU/day
or 36.05% and the remaining traffic volume on the
at-grade level is 62,303 PCU/day and amount 75-
80% of traffic volume on an at-grade level flowed
on the secondary road.

7.2. Delay

The vehicles on the at-grade intersection (under
the bridge) still has been being congested—Ilong
delay, especially on the secondary road, because it
depends on the fixed time plans of signalized. The
delay of the before construction is 44,223
minutes/day and 30,774 minutes/day of the delay
after construction, if comparing with both situations
before and after, it reduced to 30.41%, but most of
the delay is still on the secondary road, because the
behavior and trips of road users are still the same.

7.3. Control at intersection

The fixed time plan was installed and used to
control the traffic movement of each direction (at-
grade level), about 3-4 minutes for one cycle, an
average vehicle stopped is about 90-100 seconds
per a cycle (day time data). This is an important
consideration when the vehicles are served by this
plan. And in terms of road safety, when the road
safety approaching to a signalized intersection
faced with on an amber signal indication, must
decide whether to cross or to stop [13], because,
most of the cause of the accident happened by
violation of traffic signal.
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Fig.7. Information of cost-benefit analysis (CBA) per year, (1-30 years)

7.4 Existing problems

The flyover can support to increase capacity of
traffic flow only two directions on one of the main
road, but it still has the problems under the bridge
which is the fixed time control plans of traffic
signal control, in preliminary plan it should be
designed new of the signal timing phase by
depending on the traffic volume and directions
control plans (as shown the example of each cycle
lengths in the day in figure 8). Chang and Park., [3]
used a real-time traffic control system on the basis
of Vehicular Ad-hoc Networks—this system
estimates the queue lengths in each lane and
determines cycle lengths and green splits for a
traffic signal controller, or install the loop detector
or CCTV—the benefits of using a computerized
traffic control system are provided efficiently of
traffic flow, reducing travel time, fuel costs, vehicle
emissions and rear end collisions.

- Physical layout of flyover

The area of the flyover bigger than the at-grade
intersection about 2 times, the hazardous zones have
still found at the beginning and exiting of the
flyover area (merge and diverge zone), these zones
should newly designed such as add the length of the
auxiliary lane and painted or highlighted the line of
road lane to guide the road user. Wall and
Hounsell,, [21] said “With the Parallel diverge
(Taper + auxiliary lane), drivers wishing to leave
the motorway should stay in lane 1 and then move

into the auxiliary lane that feeds into the exit slip
road. An auxiliary lane (sometimes called a parallel
lane) provides extra capacity, reducing the risk of
traffic blocking back onto the main carriageway”.

The space at center at-grade level (under the
bridge) is very wide (52x25 m?), it should be
painted the road-line for guiding to road user drive
the vehicle of all directions.

The radius at kerb corner should newly designed
by depending on turning radius of the trailer.

Tme e ozenation

—= I3 I A o I K ) O B B O L B B

Fig.8. The cycle length programs were calculated
by depending of the traffic volume per hour



274

References

[1] Akcelik & Associates Pty Ltd., (2011)
Signalized (and wunsignalized) Intersection
Design and Research Aid, PO Box 1075G,
Greythorn, Vic 3104 AUSTRALIA,
Management Systems Registered to ISO 9001:
ABN 79 088 889 687.

[2] Bureau of Traffic Safety, (2005). Traffic
Accident on National Highways 2004.
Department of Highways, Ministry of
Transport, Thailand.

[3] Chang, H. J., & Park, G. T. (2012). A study on
traffic signal control at signalized intersections

in vehicular ad hoc networks. Ad Hoc
Networks.
[4] Department of Highways.,, (2011-2013).

Traffic Accident on National Highways (2010),
Bureau of Highway Safety, Department of
Highways, Ministry of Transport, Thailand.

[5] Department of Highways., (2012). Highway
Accident Information Management System,
(http://haims.doh.co.th)

[6] Department of Highways., (2011). The flyover
construction project, Hatyai City, Songkhla,
Thailand.

[7] Department of Land Transport., (2012).
Annual of vehicle increase per year in
Thailand. (http://www.dlt.go.th).

[8] EMS at Hat Yai hospital., (2010-2012).
Accident statistic at the flyover area, Hatyai
City, Songkhla, Thailand.

[91 Garber, N. J., & Hoel, L. A. (2009). Traffic
and highway engineering. CengageBrain. com.

[10] Goyal, S. K., Goel, S., & Tamhane, S. M.
(2009). Assessment of environmental benefits

of flyover construction over signalized
junctions: a  case study.Environmental
monitoring and assessment, 148(1-4), 397-

408.

[11] Hatyai Police Station., (210-2012) Accident
statistic at the flyover area, Hatyai City,
Songkhla, Thailand.

[12] Luophongsok. P., Cathrynchu. N., and
Dithwirulh. N., (2011) Cost-Benefit Analysis of
Sanpatong-Hangdong  (Phase 1) Bypass
Project, Chiangmai. Journal of Management
Science and Information Science, Volume 6,
No. 2, April - September 2011.

[13] Lum, K. M., & Wong, Y. D. (2003). A before-
and-after study of driver stopping propensity at
red light camera intersections. Accident
Analysis & Prevention,35(1), 111-120.

[14] Ministry of Education, (2009). An average fuel
economy and fuel consumption during idling
conditions of vehicles, (http://www. sahavicha.
com/Mname=knowledge&file=readknowledge
&id=1623).

[15] Office of the National Economic and Social
Development Board (NESDB), (2013). Gross
Regional and Provincial Product,
(http://www.nesdb.go.th/Default.aspx?tabid=9
6)

[16] Ogden, K. W. (1996). Safer roads: a guide to
road safety engineering.

[17] PTT Pty Ltd., (2013). Fuel cost: Blue Gasohol
91 is 37.83 THB (22/1/13), (http://www.pttplc.
com/th/Pages/home.aspx)

[18] Taneerananon, P. (2006). Engineering Safer
Roads. Thai, Limbrother Publisher, Songkhla,
Thailand.

[19] Thongchim, P., Taneerananon, P., Luathep, P.,
& Prapongsena, P. (2007). Traffic accident
costing for Thailand. Journal of the Eastern
Asia Society for Tranmsportation Studies, 7,
2891-2906.

[20] Vesper, A. (2011). 2" One-Day Training:
collection of traffic volume data at
intersections, at Prince of Songkla University,
Hat Yai, TECII-Project, BUW, Germany.

[21] Wall, G. T., & Hounsell, N. B. (2004). A
critical review of the standards and design
processes for motorway diverges in the
UK. European Journal of Transportation
Infrastructure Research, 4(2), 211-229.

[22] WANG, Z., GUO, N., & LI, J. (2007).
Calculating the Lengths of Auxiliary Lane and
its Channelization of Urban Expressway Exit
Using Simulation. Journal of Transportation
Systems — Engineering  and  Information
Technology, 7(5), 96-101.

[23] Watcharin, V., (1994). Economic highway
engineering, Bangkok; physics center.

[24] https://maps.google.co.th/maps?hl=en&tab=I1
( Flyover location in Thailand, accessed on 1
March 2012.



275

Journal of Society for Transportation and Traffic Studies (JSTS) Vol.4 No.3

ASSESSMENT OF TRAFFIC FLOW BENEFITS OF FLYOVERS:
A CASE STUDY

Auttakorn SALA

PhD student,

EU-Asia Road Safety Centre of Excellence
(RoSCoE), Prince of Songkla University,
Hat Yai 90112, Songkla, Thailand

E-mail: s.weerajak@gmail.com

ABSTRACT:

This paper describes the results of a pilot study of the benefits of a flyover bridge which was
constructed over an existing at-grade intersection to increase capacity of traffic flow in two directions
on one of the main highway. Under the flyover, the existing traffic signalization for the intersection
still uses the same fixed time control plans. This is a main reason why traffic flows underneath the
flyover still experience long delays and queue length similar to the situation ‘before’. The purpose of
this research is to evaluate the benefits of the flyover. The paper presents the performance of the
flyover upgraded intersection and points out the remaining problems including long delays under the
flyover. It was found that about 35-40% of the total traffic volume diverted to the flyover, and despite
an increase in traffic volume of +29.46%, at the intersection, the vehicle delays were reduced by
30.41% over the same period; the saving in travel time and vehicle operating costs amounted to
421.65 Million Baht.

KEYWORDS: Flyover, Signalized intersection, cost-benefit analysis, Vehicle delay

1. INTRODUCTION

A flyover is a bridge constructed along an
intersecting  highway over an at-grade
intersection. It allows two —direction traffic to
flow at free flow speed on the bridge. The
flyover is one of the methods for solving
traffic problems at at-grade junctions on
highways including capacity, congestion, long
delay and queue length. Traffic signalization at
the upgraded intersection often uses the same
fixed time control plans, even after the
installation of a flyover over the intersection.
Most of the flyovers in Thailand are
constructed at the junctions on highway

bypasses of big cities. There are 52 flyovers in
Thailand, excluding the ones in Bangkok and
its vaciniy. Twenty nine of these flyovers are
bridges constructed on one of the main
highway over existing at-grade fixed-time
control signalized intersections

To assess the benefits of a flyover, a study
case was chosen. It was an at-grade signalized
intersection where two 4-lane highways
intersect. The flyover was built along the
intercity highway over the highway to the
Hatyai airport (Figure 1). Figure 2 shows
layout of the flyover.
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Figure 1. Case study location (near Hat Yai airport, Songkhla)
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Figure 2. Layout of the flyover intersection

2. STUDY AREA

The case study is an existing at-grade
signalized intersection where a flyover was
being built. This area is located at the
intersection of intercity Highway no. 43 and
provincial Highway no. 4135 which runs to the
Hatyai airport in Songkhla province, Thailand.

3. RESEARCH FRAMEWORK

The study focuses on two situations, before
and after flyover construction. The research
framework consists of six steps (Figure 3).
First, focus on the review of relavant literature
such as intersection  design, flyover
construction layout, road safety, traffic accident
costing and SIDRA software. Second step
involves the selection of case study location.
Third, step is data collection. Fourth step is the

evaluation step, assessing benefits and costs
of the project. Fifth step is the conclusions.
And the last step is the recommendations on
how to improve the intersection in terms of
traffic flow, vehicle delays and other problems
that still exist.

4. DATA COLLECTION

Field data were collected before and after
construction of the flyover (on working days in
2009 and 2012). These data were used to
analyze the benefits by comparing before and
after situations, the required data consist of
traffic movement, vehicle delay, signal control
plans, and flyover construction cost (Table 1).
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4.1 Traffic movement count
For at-grade intersection, the traffic
movement was counted at each of the

legs/directions that vehicles entering to the
intersection, at locations marked as 1, 2, 3 and
4 in Figure 4 (A).

Table 1. Collected field data over three time periods

Time period

Intersection converting to the flyover

Ttems Before

| During [ After

1. Flyover location

Highway route no 43 and highway route no 4135

2. Traffic movement 4 v v

3. Delay v . e

4. Queue length v - v

5. Traffic Signal Cycle time 244 s. Cycle time 254 s. Cycle time 224 s.
6. Speed Avg: 28.5 km/hr. - Avg: 45.7 km/hr.
7. Distance 4 - v

8. Conflict points 46 points - 55 points

9. Road Safety Audit v v v

17 crashes (28 months) | 52 crashes (30 months)

9 crashes (15 months)

10. Accident statistics

7.3 crashes/year

20.8 crashes/year 7.2 crashes/year

11. Construction cost

249,597,672.5 Baht

For the flyover, the traffic movement were
counted at locations marked as A, 1, B, C, 2
and D on the main road and secondary road at 3
and 4 (Figure 4 (a)). Vehicles were categorized
in five groups: 2-wheelers (MC), 3 and 4-
wheelers (PC), 6-wheelers (MT), Bus (B) and
Heavy-duty (L) (Goyal, S. K., Goel, S., &
Tamhane, S. M. (2009)). The traffic volumes
were converted to equivalent passenger car
unit (PCU) by the unit factor 0.33, 1.0, 1.75,
2.25 and 2.25 (Vesper, A. (2011)), respectively.

The traffic volume before construction of
the flyover, on the highway 4135, from
"South" entering to the intersection was 17,316
PCU/day, from "North" entering to the
intersection 16,894 PCU/day and on the
highway 43; from "East" was 17,284 PCU/day
and from "West" 17,225 PCU/day.

Traffic volume after flyover was
constructed, at ground level: on the highway
4135, from "South" direction was 21,075
PCU/day, from "North" 19,944 PCU/day, on
the highway 43; from "East" direction 17,621
PCU/day, and from "West" direction 3,663
PCU/day. On the flyover, the traffic from

"East" to "West" was 19,161 PCU/day and
15,958 PCU/day for the opposite direction
(Figure 4 (b)).

4.2. Traffic Signal

The traffic signalization for both situations was
controlled by fixed time control plans. There
are two programs, the first applies during 0600
to 2400 hr (4 phases per one cycle) and the
cycle time of 244 seconds (Figure 5 (a)), and
the second applies during 0000 to 0600 hr and
control by flashing light. Even after the
construction of the flyover, it has the same
fixed time control plans, but the length of
cycle time is changed to 224 seconds (Figure 5
(b)) (DOH, 2011). The before and after flyover
construction of the traffic signal control plans
are shown in Figure 5 (¢).

4.3. Delay at intersection

The delay for both situations was measured.
The results of both types depend on the signal
control plans, the delay of before construction
is 44,223.96 minutes/day (95.4 second per
vehicle on average) and after construction
30,774.69 minutes/day (91.8 second per vehicle
on average). Comparing the situation before
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and after the flyover operation, the percentage
of vehicles stopped at intersection waiting for

Classification of H
flvovers

the green phase are 40% and 21%, respectively,
a significant reduction.
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Figure 3. Research framework

5. FLYOVER EVALUATION

The objectives of this evaluation were to
analyze costs, benefits and economic value
analysis of the flyover project as follows;

5.1. Project evaluation

The project evaluation compares the cases
with and without the flyover project in order to
assess the benefits arising from the project.
The benefits include savings in the value of
time (VOT), vehicle operating cost (VOC) and
cost of accidents. Details are as follows;

5.1.1 Value of time (VOT)

Value of time means the cost (equivalent to
money) that is lost due to delay during a trip,
but when traffic flow through the intersection is
improved after the flyover is operational, the
increased intersection efficiency will save
travel time and road users can use this time to
do another activity. Value of time in the area
(province) of case study can be calculated from
the gross province product (GPP), number of
people employed and average hours of work
(Table 2).
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Table 2. Value of time (VOT) in Songkhla province

Year GPP (Million THB) |Employments |Avg of hours work (per year) | Value of time: VOT (THB/hour)
2007 159,008 744,042 2,950 72.44
2008 160,683 766,674 2,985 70.21
2009 151,755 790,553 2,930 65.52
2010 186,457 815,618 2,870 79.65
2011 214,799 837,093 3,060 83.86

Source: Adapted from the National Statistical Office (2013) and NESDB., 2013

1I1.

(a)

A eSS prgge

I'ﬁD < GotoPhatthatung province

Traffic count locations:

A :Vehicles playing on the main road from L. to Intersection and II.
B : Vehicles playing on the Intersection and from A to main road IL
C : Vehicles playing on the main road from II. to Intersection and I. v
D : Vehicles playing on the Intersection and from C to main road | i

1,2,3,4 : Vehicles playing on the secondary road approach to the intersection (under bridge) and to I, I, Il and IV.

~#-TMC Before Canstruction
~8-TMC Afer Canstruction
1 Delay Before Con

' Delay After Con

PCU Number (Veh)

3000 {

2000 {
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Figure 4. Traffic movement counted at locations marked and traffic volume and delay per day

Accordingly, the value of time in Songkhla Table 3 shows a significant improvement in the
province was 83.86 Baht/PCU/hour in 2011. total vehicle delay by 30.41 % despite an
Adjustment of factors for 2013 gives the value increase of 29.46% of traffic volume over the
of time for 2013 at 84.38 Baht/ PCU/hour. same period.
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Figure 5. Traffic signal control plans for both before and after situations

Table 3. Reduction in vehicle delay after construction of the flyover

Situation 2
Item Before Aftor Difference
- Traffic volume (pcu/day) 68,719 97,423 +29.46%
- Delay (minute/day) 44,224 30,775 -30.41%

To calculate future benefits and costs, an extrapolation of future traffic volume is required using
the equation developed by DOH in 2006 as shown in Eq (1) (Luophongsok, et al., 2011).

7 = [+ L0+ Sy ]x100-100 1)
100" " 100

Where,
T': escalation rate of traffic volume per year

P escalation rate of population in the area (7.02)
G: escalation rate of GPP per capita (0.75)

e : elasticities value of escalation rate of traffic volume per income (constant: 1.738)
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Table 4. Results of extrapolated future traffic volume

Vaar Traffic volume (PCU/day) ‘ Vehicle delay (Minute per day) .
Before After Variance Before After Variance
2009 68719 76468 7,749 4422396 24152.75 20,071.21
2014 102892 114494 11602 66211.36 36163.73 30,047.62
2019 154060 171432 17,371 99137.77 54147.69 44,990.08
2024 230673 256683 26010 148438.24 81074.93 67,363.31
2029 345385 384330 38,945 222255.47 121392.89 100,862.59
2034 517142 575454 58,312 332781.46 181760.66 151,020.80
2038 714259 794797 80,538 459625.86 251041.33 208,584.53

5.1.2 Vehicle operating costs (VOC)

Vehicle operating costs comprise the cost
of fuel, lubricant cost, idling of the engine and
operation cost, these correlated with number,
type, vehicle speed and traffic volume
(Watcharin, V., (1994)). When vehicles are
waiting for green signal at the intersection stop
line with the engine running; wasteful fuel
consumption results which also vary with
types of vehicles (Goyal, S. K., Goel, S., &
Tamhane, S. M. (2009)). The different traffic
volume between case without and with project
can be converted to equivalent monetary term.

This study used an average fuel cost of a
passenger car unit (PCU) of 1,000 cc. = 37.18
Baht (6/08/2013), (http://www.pttplec.
com/th/Pages/home.aspx)), and the fuel
consumption of an average passenger car unit
which stops and idles for 1 minute =
20cc.(http://www.sahavicha.com/?name=know
ledge&file=readknowledge&id=1623). This
amounts to a monetary loss of 0.75 Baht per
minute.

The results of benefit evaluation of a project
shown in Tables 5 and Table 6.

Table 5. Value of time and Vehicle operating cost saving from the project

Value of time (VOT) Vehicle operating cost saving

Loss of time 84.83 Fuel Consumption Vehicle increase by type controller

Year Baht/PCU/hr) (0.75 Baht/PCU/Min) (traffic volume data of "Flyover - At-grade")
At-grade Flyover At-grade Flyover Saving in time S:Q‘Q:i;g t?cfll

2009 62355.7 34055.4 33477.5 18283.6 28300.4 15193.9
2014 93358.0 50990.9 50122.0 27375.9 42367.2 22746.1
2019 139784.2 763483 75047.3 40989.8 63436.0 34057.5
2024 209297.9 114315.6 112367.7 61373.7 94982.3 50994.0
2029 313380.2 171163.9 168247.4 91894.4 142216.3 76352.9
2034 469221.9 256282.5 251915.6 137592.8 212939.3 114322.7
2038 648072.5 353968.3 347936.8 190038.3 294104.2 157898.5
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Assessment of traffic flow benefits of flyovers: A case study

Table 6. Total road user benefits per year from improved traffic flow

Cost of situations .
Year before and after Saving Tma{;ﬁg;lgg ;;t))/ear
At-grade Flyover

2009 28.7 15.7 13.0 26.1

2014 43.0 235 19.5 39.1

2019 64.4 352 292 58.5

2024 96.5 52.% 43.8 87.6

2029 144.5 78.9 65.6 131.1

2034 216.3 118.2 98.2 196 .4

2038 298.8 163.2 135.6 271.2

5.1.2  Calculation of flow performance

The SIDRA software is an advanced micro-
analytical tool for evaluation of alternative
mtersection designs in terms of capacity, level
of service and a wide range of performance
measures including delay, queue length, as well

as fuel consumption, pollutant emissions and
operating costs (Akcelik and Associates Pty
Ltd., (2011)). In this study, the software was
used to analyse traffic flow performance before
and after the flyover was instlled (Figure 6).

Delay (Average)
Trmelltlsciéd
CcstL\:;o:a )
| ]
Fuel (Total)

Intersection
Py
Flyover

20 25 30

Figure 6. Analysis of intersection flow by SIDRA software

6. CONCLUSIONS

An at-grade intersection was upgraded with
an installation of a flyover at a cost of about
249.5 million THB, to increase capacity of the
mtersection and reduce vehicle delay and long
queue at the at-grade level. The study results

show that despite an increase in traffic volume
of +29.46%, at the intersection, the vehicle
delays were reduced by 30.41% over the same
period.
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Benefits of the flyover in terms of saving in situation and flyover upgraded situation has
travel time and vehicle operation cost amount been and is still controlled by fixed time
to 421.65 Million Baht. However, traffic control plans, there is still long queue and delay
signalization for both the existing at-grade especially on the airport access highway.
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1. Introduction

The flyover-bridge intersection is an intersection that has a special bridge constructed over an at-grade
intersection to allow for the free flow in two directions on one of the main road — to increase capacity of
traffic flow and reduce the traffic congestion in both of these directions, but underneath of the bridge, the
existing traffic signalization is still used to control traffic as the situation before (Fig. 1). This model is used
for increasing traffic capacity at a bigger intersection in suburb area, there are 29 flyover intersections in
Thailand (excluding Bangkok and its vicinity) [24]. In this study 5 existing flyovers were selected covering
all regions of Thailand.

According to the guidelines for controlling traffic at an intersection, [10] it used traffic volume as
criteria to choose a type of junction, for traffic volume about 25,000 to 45,000 vehicles/day, two levels of
control should be used. The flyover only facilitates traffic flows in the directions of the bridge, but the
infrastructure cannot fully solve all of the problems especially on the secondary road. This research presents
issues that still exist at the flyover intersection and recommend improvements to the problems

/)’~

Improved junction

Flyover-bridge intersection

At-grade intersection

Fig. 1. The layout of an at-grade intersection converted to a flyover-bridge intersection.
2. Objectives

- To study the remaining traffic and road safety issues at the flyover-improved intersections
- To make suggestions to further improved the performance of existing flyover-bridge improved
intersections

3. Scope of Study

- 'This study which is one part of author’s thesis, presented the problems that could still be found at
the flyover areas such as road safety and its consequence compared with “before” situation

- The Signalized (and unsignalized) Intersection Design and Research Aid (SIDRA) is an advanced
micro-analytical tool used for evaluating of alternative intersection designs in terms of capacity, level
of service and a wide range of performance measures, including time delay, queue length, as well as
fuel consumption, pollutant emissions and operating costs [1]. In 2012, the latest versions of the
software were in use by over 1350 organizations in 70 countries such as USA, Australia, South
Africa, Canada, New Zealand, Malaysia, Singapore, as well as over 140 organizations in Europe.
This study used SIDRA to analyze traffic data and determine an optimum cycle-phase time of three
peak times traffic data of case studies,

- 'The process of Road Safety Inspection (RSI) was used to audit the sites and highlighted critical

issues in the hazardous zone.

2 ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http:/ /www.engj.org/)
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4. Research Framework

A research framework consists of six steps (Fig 2), the first is selecting 5 case studies covering all regions,
the second is data collection consists of physical data, traffic data and accident statistics, the third is data
assessment, fourth is data analysis and comparison data consists of the control at intersection, road safety,
accident cost and used the SIDRA software to find the results in terms of traffic control such as phase
times, time delay, vehicle queue length and level of service, then conclusion step and the last step is
recommended to improve the case studies to better control.

| Selecting a case study '—>| 5 locations (covering all regions) of all 29 intersections in Thailand

Vv

Data collection >| - Intersection traffic movement, - Phase timing, - Dimensions
\L - Accident statistics, - Road safety inspection/audit

Data assessment % Creating the data to analyze

- Vehicles to a PCU, - Mean speed to 85%, - Traffic movements

!

Analysis and comparison [—>{ < Existing flyover location

- Control at intersection, - Road safety and Cost of accidents
+ Results from SIDRA

- Delay, - Phase times, - Level of service, - Queue length

Conclusion and .| % Flyover limitations
Recommendation % Improve the control at intersections
- Creating a new cycle-phase times,

% Recommend to improve hazard zones

Fig. 2. Research framework.
5. Data Collection

Not only on-fields collected data, but also the important information such as the construction costs,
number of casualties and flyover designs, in Table 1 shows these items of 5 example cases. Each location is
different in the design and management because it is designed by depending on its physical locations, some
locations must have an auditor for recording and inspection of these information more than six people
such as at Udon Thani case study location — the dimension of the intersection is very big (it's located on the
bypass highway), consequently, we need help with video record for checking traffic movement of each
direction on the ground level, furthermore, author can also check and calibrate to the SIDRA software such
as road user behavior and cycle phase time.

6. Data assessment
6.1. Traffic Data Collection

Under the bridge; the traffic movement is counted at each leg/direction that vehicles entering to the
intersection, at locations marked as 1, 2, 3 and 4, on the bridge; the traffic movement counted at locations
marked as A, B, C and D (Fig. 3). The vehicles were categorized into five groups; 2-wheelers (MC), 3 and 4-
wheelers (PC), 6-wheelers (MT), Bus (B) and Heavy-duty (L) [19]. The traffic volume is converted to
equivalent passenger car unit (PCU) by the unit factor 0.33, 1.0, 1.75, 2.25 and 2.25 respectively [22].

The timing of vehicle delay and queue length are counted in a cycle phase time of traffic signal on three
peak times (as shown in Fig, 3).

The traffic signal programs used the same control as the situation of the at-grade intersection, 4 in 5
case studies are controlled by fixed-time control plan throughout the day (as shown in Fig, 4).

ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http:/ /www.engj.org/) 3



DOI:10.4186/¢;.2015.19.1.1

Table 1. Collected data of 5 existing flyover-bridge ntersections.

Location 5 existing flyovers (province in Thailand)
Items Songkhla Udon Thani Rayong Phatthalung | Phitsanulok
1. Flyover locations HWH# (4 + 43) |HW# (22+216) [HW# (36+3139) |HW# (4 + 41) [HWH# (11+126)
2. Traffic survey

Collected data at three peaks-time a day (07:00 - 08:00 am., 12:00 am. — 01:00 pm.,
and 04:00 — 05:00 pm.) in a working day.

- vehicle movement
- delay and queue length
3. Cycle times
(fixed-time), (second/cycle)

176, 176, 176 | 178, 178, 178 160, 160, 160 | 184, 144, 184 | 159, 159, 159

4. Average speed (km/hr) 65 62 68 58 64
5. Dimension

(B TeiaE (sieE)) 390 750 340 410 670
6. Road Safety Inspection

- Conflict points 64 64 40 64 66

- No. of accidents (3 years) 27 40 30 17 37
7. Construction cost (Million 117.00 242.20 203.80 198.97 116.20
Baht) and Opening date Aug, 1996 2008 Aug, 2001 Sep, 2008 2002

AM. Mid. PM

jus Peak || Peak || Peak
a1 |[as |1 18 [1av |[1D |[taen [ cp || Detay | [ueue L3 |M| 1w [ [
L : \/ o W“1| foke e [sv [ W ][22 |[ 184 ][2m

|

|
fcva] o]l el ol o[l oa ]y 2lldlle s o]
‘\mpmH ’26” ’96” usH 4” 86 |-| 347 H 176“ 1B3E |- |3-1I1. “LLH g H 10 “ = }
1

|Delav (sec/veh), (LOS)|M| 39 (C) ‘

b Lo L Ce Lo ColCmlnm |\ e foo
~ ieue Len
; — A= e — " Go to Khonkaen province Pz =P T
——Die—— o= - :Go to Nakhon Sawan prosr‘inoe C )
Symbols AM (| Mid || BM | |g] | €2 (s?:l:;‘;. Q:,.“
500 |Vehicle (PCU) A Bek || Heals || PEeakd { ] D] | B
ZO(A)
e e N [P R P L
AM Peak | 7:00-8:00 |4-m. ” 1\ H s H 419 H 545 ‘
Mid. Peak | 12:00-13:00 |4_B ” o8 H . ‘ 2 ‘
T N e O
20, @) Delay, (LOS) | [Detay (secvet.05) 47 8] [ 10 ®) | [ 35 @ |
10 Vehicle (PCU) |nguel_mgth @) H 0 H 7 H 18 ‘

Source: Applied from Traffic and Highway Engineering [11],

Fig3.  Traffic movement, Delay and Queue length information at 3 peak times (Phitsanulok case study)
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Fig.4.  Traffic signal programs (Phitsanulok case).
Table 2 shows the passenger car units (PCU) data of both levels and cycle length of all case studies.

Table2. Passenger car units data per peak times and Cycle times.

Location 5 existing flyovers (province in Thailand)
Items Songkhla Udon Thani Rayon, Phatthalung Phitsanulok

AM. | Mid |PM || AM. | Mid |PM | AM | Mid | P.M | AM | Mid | PM. | AM. | Mid | P.M.
Time period considers (7:00- [(11:00-{(a6:00-|| (7:00- | 11:00-|a6:00-| (7:00- [ (11:00- | (16:00- | (700 | (11:00- | (a6:00- || (7:00- | (11:00- | (16:00-
g00) (12009 1700 [ 800) | 1200 17000 800y | 1200 1700] 800y | 1200] 17.00)] &00) [ 1200)] 17:00)

Cycle time (second) 176 | 176 | 176 190 | 190 | 190 | 160 | 160 | 160 184 | 144 | 184 || 159 | 159 | 159
i on bridge 1802 | 1038|1538 || 2470 | 2102 | 2969 | 3242 | 3146 | 3535 | 1965 | 1710 | 2182 | 650 | 472 | 672
at-grade level 5643 (5566|6521 || 5213 | 4701 | 5225 2383 | 1970 [ 3070 | 4492 | 3516 | 4120 | 2036 | 1464 | 2071

6.2. Accident Statistics

Accident statistics of each location were collected for 3 years (2010-2012) from 3 agencies in Thailand
consisting of Department of Highways (DOH), Police records and Emergency Medical Services (EMS).
The statistics were used for computing costs of accident that occurred at these existing locations. Table 3
shows the number of casualties in 3 years of accidents. Eq. (1) was used to find an annual average acadent
cost, to describe the combined effects of the number and severity of the accidents in these case studies.

Table 3.  Number of casualties and time of accidents, 3 years (2010 — 2012).

Coe e Time of accident -Number ot“ Casualties DOH
(province) Day | Night | Rain I?Ig}.lt Se.n o Deaths Damage e
juries Injuries
Songkhla 12 15 0 24 1 2 - 27
Udon Tham 27 13 0 21 14 2 - 40
Rayong 15 15 0 20 10 3 - 30
Phatthalung 6 7 4 12 5 - 17
Phitsanulok 12 25 0 42 6 5 - 37
Sum 70 75 4 119 35 17 None 1511
Source: Accident statistics at the flyover areas: DOH. (2010 - 2012) [3], EMS. (2010 - 2012) [4], [5], [6], [7], [8] and
Police records [9], [12], [13], [14], [15]
A AF)*MCAF) + ADis)*MCADIs) + AGDH*MCAGS + ALD*MCALL + ACDO)MCAPDO) n
2=

t
Source: RIPCORD-ISEREST (2005), [17]

ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http: / /www.engj.org/) 5
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where  ACa: annual average accident cost (§ 7 year);

A: number of accidents (acci);

MCA: mean cost per accident (§ 7 acci) as shown in Table 4; and
t: the period of time under review (year).

The mean cost per accident in Thailand 1s used to estimate the acadent cost, the number of casualties
per unit is transformed to be the cost value (money), in this case used the mean value of the other

provinces (in Table 4) to estimate.

Table 4.  Mean cost per accident for various severities (2012).
Severity T.h?iland B.a..ngkok Othe‘:r.Provinces

(Million Baht) (Million Baht) (Million Baht)

Fatality (F) 5.062 —5.956 10561 - 12.413 4.757 - 5.599

Disability (Dis) 5.114 - 6.910 11.611 - 13.934 5.608 - 6.729

Serious Injury ($I) 0.158 - 0.164 0.328 - 0.337 0.148 - 0.155

Slight Injury (LI) 0.0386 - 0.0389 0.1731 - 0.1733 0.0297 - 0.0298

Property Damage Only (PDO) 0.052 0.164 0.039

Source: Mean cost of severities per road accident in Thailond: DOH. (2012), [2]
7. Data analysis
7.1 Description of Intersection Control

Although the control of intersection is improved by the installation of a flyover bridge, it still has many
limits and can’t fully solve the traffic problems that exist in similar situation of the at-grade intersection
model such as vehicle delay, traffic congestion and road accidents. The bridge is just increasing the
convenience for the road users in two directions on one of the two main roads while under the bridge, the
same traffic control plans as the “before the flyover” were still in use. Even though it was found that about
30-35% of the total traffic volume diverted to the bridge and the vehicle delays reduced by 30% over the
same period [18], the traffic flow situation on the secondary road is almost the same as that of the previous
at-grade intersection.

The fixed-time cycle plan of the traffic signalization was used to control traffic volumes at ground level
(4 in 5 case studies used only one plan of control throughout the day), it leads to an unnecessaty loss of
vehicle time. Table 5 further describes the issues relating to the flyover model that were found in this study,
in terms of its advantages and disadvantages

Table5. Advantages and disadvantages of the flyover intersection.
Ttems Disadvantages Advantages
The bridge - The visual landscape is obscured, espedially - Convenient for road users using the bridge,
over an at- the commercial building that located near free flow on the bridge
grade level this area.

Traffic capacity - Small increase in traffic capacity for the

secondary road

- Empowered to handle large traffic volume,
especially on the main road

Delay &
Queue length

- The delay and queue on secondary road are - Reducing a number of delays and vehicle
queues in the direction of the bridge
constructed (main road)

quite the same as the situation of the at-
grade intersection
- Saving travel time, increasing vehicle speed,
especially, on the main road
from 29.8 km/hr. to 52.5 km/hr. (at 85%
vehicle speed)

6 ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http:/ /www.engj.org/)
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Items Disadvantages Advantages
Traffic control - Traffic signalization still uses the fixed-time - Reducing time for waiting at the
control plans as the previous situation of at- intersection (by adjusting a new cycle time
grade intersection, which does not fully for flyover situation)
utilize the benefits of having a flyover

Road Safety - In the flyover area, the hazard zone is - Reduce traffic conflict points at the junction
spread to more zones, especially at the - Reducing rear-end collisions
approaching and exiting zones of the bridge
Cost and - During construction, road accidents and - The flyover is an essential part of the
benefit vehicle time delay incurred extra costs highest type of highway, the expressway or
- Higher maintenance costs freeway. It has cheaper construction cost

than other types of grade separations.
- No land needs to be expropriated.

T2s Road Safety Inspection [16], [20], [21]

According to the physical data, the area of intersection has ncreased compared to the old one and under
the bridge, the existing traffic signalization still uses the same previous fixed time control plans; hence,
similar problems as those of the previous at-grade intersection still exist. Furthermore the hazardous zone
has spread out to other zones in the flyover area (as shown in Fig,. 10) as follows:

At the approaching and exiting sone of the bridge (bottleneck); road users behavior at an approaching zone may
lead road crashes from weaving conflicts because the vehicles cutting in sharply from the nght lane to the
left lane before entering the auxiliary lanes or heading for the bridge. At the exiting zone, conflicts of
vehicles merging can lead to road crash because some vehicles from the left auxiliary lane cutting across the
chevron markings to the right lane of the main road abruptly (Fig,. 5).

Fig. 5. Traffic conflicts at the approaching and exiting zones.

The drainage ditches on the median of the road, at the beginning of the bridge there are illegal paths that were
used by motorists for crossing to opposite direction, when a high speed vehicle on the main road passes
this area, a crash may occur as a result of the vehicles on the main road hitting the motorcycle emerging
from the drainage median (Fig. 6).

Fig. 6. Anillegal movement at the drainage ditches on the median of the road.

The U-turn under the bridge, it is located near the stop line markings on the bridge direction about 17
meters or 3-vehicle length. For Udon Thami case study, this type of U-turn which allows movements in two
directions and becomes an illegal channel for motorcycles, could cause the right or left angle collisions and

head-on collisions (Fig. 7).

ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http:/ /www.engj.crg/) 7
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e

Fig7.  Illegal movements at U-tum under the bridge.

On the shonlder of the road, there are many heavy trucks that stop and wait for repair and recess. Some
incidents may occur when motorcycles using the shoulder at night time and cannot see a truck in time, a
rear-end collision could result (Fig, 8).

Fig. 8. A fixed object - heavy trucks stopped for repair and recess at the shoulder of the road near flyover
intersection area.

Other probiems near the flover area, because the flyover model doesn’t have a standard design, the
Phitsanulok case study has a different traffic control for example the U-tum is opened on secondary road
(Fig. 9(A)), for the Udon Thani case study, a supermarket is located near the flyover location (Fig. 9(B)) and
for the Phatthalung case study, the U-turn has no auxiliary lane (Fig. 9(C)).

Fig. 9.  Other problems near the flyover areas.

Al

Merging Zone n

Conflict pomtsarea

Exiting

D:verging Zone J/I\

A £
“~—DMerging Zone ‘ !

Center zrea

Sonrce: Applied the conflict poinis from Traffie and Highway Engineering (page number 283) [11],
Fig. 10. Hazardous zones in the flyover intersection area.
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7.3 Cost of Accidents
To assess the accident cost at the existing flyover intersections (5 case studies), Eq. (1) is used to estimate
the annual average accident cost.

Because the accident statistics from the 3 agencies did not record the number of people who were
disabled by the accidents; the authors used estimate as given by Dr. Nima Asgari [23] who stated that
“every crash of road accidents in one year will be one person's death, injured 20 people and 1 of 20 people
become to a disabled person®, so, if there are 100 injured people, 5 people may become disabled. For this
reason this paper uses 5% of the slightly injured number as the number of disabled people.

Equation (1) 1s used to calculate an annual average accident cost (ACa) as shown in Table 6.

Table 6.  Annual average acadent cost of 5 case studies.
Locations Number of casualties (3 years recorded)

Mean cost per accident Songkhla | Udon Thani Rayong Phatthalung | Phitsanulok
Fatal 5,178,000 Baht 2 2 3 5 5
Disabled 6,168,500 Baht 1.2 1.05 1.0 0.6 2:1
Serously injured 151,500 Baht 1 14 10 4 6
Slightly injured 29,750 Baht 24 21 20 12 42
Property damage only | 39,000 Baht 27 40 30 20 37

6,558,000 | 7.046.225 | 8,327,500 | 10,444,700 | 14,148,450
SCaBiEyen] Ave ACa = 9,305,155 Baht/year
7.4. Analysis Results from SIDRA

This software is an advanced micro-analytical tool used for evaluating of alternative intersection designs in
many terms such as capacity, level of service, time delay, queue length, as well as fuel consumption,
pollutant emissions and operating costs [1]. In this study, the software was used to analyse the performance
of each flyover improved intersection and point out the average delay, average queue length and level of
service (Table 7).

And to further improve the performance of the mtersections, the same data were used to calculate the
optimum cyde-phase times by using the lowest time delay as the indicator. Table 8 shows the optimum
cycle time and its results for 3 time periods of the 5 case studies.

Table 7. Analysis of field data by SIDRA for 3 time periods.
Locations Songkhla Udon Tharni Rayong Phatthalung Phitsanulok
Tt e AM. [Mid| PM. |AM.| Mid [ PM. | AM. | Mid | P.M. | AM. [ Mid | PM. | AM. | Mid | P.M.
Cycle time (sec) 176 |176] 176 || 190 | 190 | 190 | 160 | 160 | 160 | 184 | 144 | 184 | 159 | 159 | 159
Average delay (sec/veh) 159 |151] 195 | 204 | 162 | 191 46 45 46 207 | 165 | 232 37 36 38
Average queue length 83 & [80&] 96& || 72& | 56& | 63& | 13& | 11& | 15& | 66& | 35& | 65& | 11& | 9& | 12&
(vehicle) and (meter) 543 |516| 563 [ 474 | 375 | 413 | 77 66 87 | 395 [ 216 | 407 | 66 53 | 67
Level of service F F F F F F D D D F F F D D D
Table 8.  Optimum cycle-phase time by SIDRA for 3 time periods.
Locations Songkhla Udon Thani Rayong Phatthalung Phitsanulok
Tioms 1ah AM. [Mid| P.M. |AM.| Mid | PM. | AM. | Mid | PM. | AM. [ Mid | PM. | AM. | Mid | P.M.
Cycle phase time (sec) 130 [140| 150 | 185 | 160 | 170 || 115 | 106 | 115 || 178 | 178 | 178 | 80 80 | 80
Average delay (sec/veh) 153 (143| 175 | 140 | 98 | 109 | 38 37 39 | 139 | 76 | 142 ) 28 27 | 28
Average queue length G5& |67&| 86& [ 64& | 44& | 53& [| 10& | 10& | 13& [ 58& | 32& | 57& | 10& | 7& | 9&
(vehicle) and (metel:) 432 [ 446] 501 || 422 | 292 | 336 61 57 76 347 | 193 | 357 | 60 43 54
Level of service F F F F F F D D D F E F C C C
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8. Conclusion and Recommendations

This study which is one part of the first author’s thesis, presented the performance of the 5 case studies
flyovers and suggested improvements to 29 flyover mntersections in Thailand.

An at-grade intersection was upgraded with an installation of a flyover at a cost of about 175 million
THB, to increase capacity of the intersection and reduce vehicle delay and long queue at the at-grade level,
the flyover is one of the methods that supported traffic volume about 25,000 — 45,000 vehicle/day [10].

In terms of benefits (the second part study of the author’s thesis: “a case study of an at-grade
intersection converted to the flyover intersection”) [18], it was found that about 35-40% of the total traffic
volume diverted to the flyover, and despite an increase in traffic volume of +29.46%, at the intersection,
the vehicle delays were reduced by 30.41% over the same period, and saving in travel time and vehicle
operation cost amount to 421.65 Million THB.

The results of study, however, show that traffic signalization for both the existing at-grade situation
and flyover upgraded situation has been and 1s still controlled by fixed time control plans, there 1s still long
queue and delay especially on the secondary highways. Hazardous zones i the flyover area spread out to
other zones which are at the approaching and exiting areas, at the drainage ditches on a median of roads, at
the U-turn under the bridge and at the crossroad under flyover, furthermore, the conflict poimnts increased
from 50 points to 64 points. Accident cost 1s about 9.3 Million THB /year/ flyover intersection, average
accident number is about 30 crashes, 30 injured people and 1 person death per year.

To improve the performance of the flyover intersections, the SIDRA software (version 5.1) was used
to calculate the optimum cycle-phase times based on the lowest time delay. In terms of road safety
improvement, the Road Safety Inspection guideline was used for site inspections and recommendations are
suggested as shown in Table 9.

10 ENGINEERING JOURNAL Volume 19 Issue 1, ISSN 0125-8281 (http:/ /www.engj.org/)
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Table 9.  Conclusion data and suggestion to improving an existing flyover intersection.
Items Intersection
- Figure At-grade Flyover-bridge Grade separation
e LY 4h
== as.
R | 4
1V %
Previous Present Future
- Construction| 40,000 Baht/square”™2 75,000 Baht/square”2 80,000 Baht/square”2
cost (Avg = 175.63 million THB)
(approximate)
- Traffic ~1,500 — 25,000 vehicles/day | 25,000 — 45,000 vehicles/day| > 45,000 vehicles/day
capacity of
each type
- Situations Analysis of field data by SIDRA Optimum cycle times by SIDRA
- Phase time Avg cycle phase time = 174 second/cycle —Selc?fms:gcond/ selemduzng o
- Delay Avg Delay = 127 second/cyde = 92 second/cyde (reducing to 27.5%)
- Queue Avg Queue = 45 vehicles or 287 meters = 29 vehicles or 245 meters
length (reducing to 14.0%)
@S between F to E between F to D
Accidents | Average number of accidents = 30 crash /location/year
No.of injured |Average number of injured = 30 people /location /year
Death [Average 2 number of deaths = 1 person /location /year
[Accident cost [Average accident cost = 9,305,155 Baht/year/location (285,724.09 USD)
- Recommend Install flexible traffic posts Paint the guidelines for road users
to improve /
the existing
flyover
intersection

- At the beginning/ exiting of the bridge flexible traffic posts should be installed along the
line of the nose-ghost island, the direction arrows should be painted on the weaving
zones, installation of traffic signs: speed limit sign, give way sign and intersection warning
sign.

- At the drainage ditches on the median of the main road concrete barriers should be
installed to close off the illegal paths

- At the U-turn under the bndge, one way traffic control should be used.

- At the junction underneath the bridge, guideline should be painted for road users in all

directions.

- For a typical existing flyover intersection, around 60-80% time delay is on the secondary
road, traffic engineer should design a new cycle-phase times of traffic signalization
espedally the yellow phase-time which should be appropriately designed in accordance

with the size of the intersection.

ENGINEERING JOURNAL Volume 19 Tssue 1, ISSN 0125-8281 (attp:/ /www.engj.org/) 1
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Abstract: A flyover over an existing at-grade intersection is constructed to reduce traffic
congestion. However, under the flyover which has been shown to help relieve traffic congestion
at the intersection, the traffic signal control still uses the same control method as the “before”
situation; that is the fixed time control plan. After the installation of the flyover, it was found that
about 45% of traffic diverted to it, the time delay reduced by 34% over the same period. The
economic evaluation results show that the net present value equals 361.64 million baht, benefit
cost ratio, 1.34 and internal rate of return, 37.58 percent. The paper describes economic benefits
of the flyover and presents the performance of the flyover improved intersection and points out
the remaining problems under the flyover. Suggestions for improving performance of the existing
traffic signal are made using results from SIDRA software.

Keywords: Flyover, Cost-benefit analysis, Delay, Traffic congestion

1. INTRODUCTION

Most of the flyovers in Thailand are
constructed at the junctions on highway

The site in the case study is an existing at-
grade signalized intersection where a flyover

was built. The site is located at the intersection
of intercity Highway no. 43 and provincial
Highway no. 4135 which runs to the Hatyai
international airport in Songkhla province,
Thailand. This cost of the flyover is 249.5
million baht.

A flyover is a bridge constructed along an
intersecting highway over an at-grade
intersection. It allows two —direction traffic to
flow at free flow speed on the bridge. The
flyover is one of the methods for solving
traffic problems at at-grade junctions on
highways including capacity, congestion, long
delay and queue length. Traffic signalization at
the improved intersection still uses the same
fixed time control plans, even after the
installation of a flyover over the intersection.

bypasses of big cities. There are 29 of these
flyovers bridges constructed on one of the two
intersecting highways over existing at-grade
fixed-time control signalized intersections in
Thailand (excluding Bangkok and its vicinity),
it can support traffic volume of around 25,000
— 45,000 vehicles/day.

To assess the benefits of a flyover, a study
case was chosen. It was an at-grade signalized
intersection where two 4-lane highways
intersect. The flyover was built along the
intercity highway over the highway to the
Hatyai airport (Figure 1). Economic evaluation
of the flyover was conducted in terms of Net
Present Value (NPV), Benefit-Cost Ratio
(BCR) and Internal Rate of Return (IRR). To
improve the overall performance of this
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intersection, a befter traffic signal timing is
needed; optimum cycle times and green times
are onfained using the SIDRA software for
input into the various fixed time plans.

Figure 1. Layout of an at-grade intersection
converted to a flyover-improved intersection

2. RESEARCH FRAMEWORK

The research addresses two issues: the
efficiency and the road safety aspects of the
flyover intersection. This paper focuses on the
ecomic efficiency. The research framework
consists of six steps (see Figure 2) covering
three time periods (before, during and after
construction), (see Table 1). The first is the
literature review on road safety, cost-benefit
analysis and SIDRA software etc,. Second step
involves the selection of case study location.
The third is data collection; intersection traffic
movement count, fime of vehicle delay, traffic
signal fiming, physical layout, accident
statistics, and inspection of all hazardous
zones. The fourth is the analysis/evaluation
step; effect of the flyover on traffic flow,
economic analysis, hazardous areas, cause of
accidents and accident costs. The fifth is
conclusions followed by the recommendations
on how to improve the flyover model in terms
of fraffic flow, vehicles delays and other
problems that still exist.

3. DATA COLLECTION

This intersection data were collected over the
three time periods (before, during and after
construction). Physical and fraffic data,
accident statistics and construction cost data
were collected. Data were collected for the
year 2009 to 2012. These data were used to
analyze the benefits by comparing the before
and after situations, the required data include
traffic movements, vehicle delays, signal
control plans, and flyover construction cost.

3.1 Traffic movement count

For the existing at-grade intersection; traffic
movements were recorded for each of the
legs/directions for all vehicles entering the
intersection, at locations marked as 1, 2, 3 and
4 in Figure 4 (A), (Figure 3a).

For the flyover- improved situation; traffic
movements were counted at the locations
marked A, 1, B, C, 2 and D on the main road,
and on the secondary road at the locations
marked 3 and 4 (Figure 3b). Vehicles were
categorized into five groups: 2-wheelers (MC),
3 and 4-wheelers (PC), 6-wheelers (MT), Bus
(B) and Heavy truck (L), (Goyal et al., 2009).
The ftraffic volumes were converted to
equivalent passenger car unit (PCU) by the
unit factor 0.33, 1.0, 1.75, 2.25 and 2.25
(Vesper, A. 2011), respectively.

The 12- hour traffic volumes before the
flyover construction equal 60,351 PCU. On
highway route 43; from the "East" ftraffic
entering the intersection equals 24,359 PCU,
and the "West" entering the intersection
11,842 PCU. On highway route 4135, fraffic
from the "South" entering the intersection
equals 12,196 PCU and ftraffic from the
"North” equals 11,954 PCU (Figure 4 (a)).

After the completion of the flyover, the 12-
hour fraffic volumes equals 64,219 PCU, a
significant increase from the before situation.
The traffic on highway route 43, at the ground
level, from the "East” entering the intersection
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equals 9,777 PCU, from the "West" equals
2,546 PCU. On highway route 4135; the
corresponding volumes from the "South" and
the "North" are 14,298 PCU and 13,294 PCU
respectively. On the flyover, the traffic from

per vehicle for the at-grade situation is 94.88
second and for the flyover- improved situation
90.41 second.

Table 1. Summary collected data

"East" to "West" and vice versa was 13,426 Time period At-grade intersection being converted to Flyover
PCU, and 15,958 PCU respectively (Figure 4 Lnteretion
) Items Before | During | After
’ 1. Flyover location Highway route no 43 and highway route no 4135
2. Traffic movement Yes Yes Yes
| (1) Literature Revitﬂ"% -Safer Roads, 3. Delay Yes - Yes
- Intersection desigp, ) 4. Queue length Yes - Yes
- Flyover construction project, 5. Traffic Signal Cycle time 244 s.|Cycle time 254 s Cycle time 224 s/
_" - Traffic Accident Costing, 6. Speed Avg: 28.5 km/hr. - Avg: 45.7 km/hr.
- Cost-Benefit Analysis, and - -
L4 _SIDRA., 7. Dimensions Yes - Yes
v 8. Conflict points 50 points - 64 points
9. Road Safety Audit Yes Yes Yes
(2) Case Study selection P At-grade intersection converted 17 crashes 52 crashes 9 crashes
to the flyover improved intersection
, W — i — R (28 months) (30 months) (15 months)
X - 7.3 crashes/year | 20.8 crashes/year| 7.2 crashes/year
(3) Data Collection |> Before. durine and after
- Traffic movement - Delay 11. Construction cost 249,597,672.5 Baht

- Physical layout - Accidents,
- Traffic signal - Road safety audit
- Construction cost

N

(4) Analysis/Evaluation |—|Efﬁciency |—>| Road Safetv
1 I

o

o

» Effect of flyover on traffic flow
- Traffic volume
- Delay
* Project evaluation
« Cost-Benefit Analysis
- Benefit of the project
- Economic analysis
< Output of SIDRA software
<+ Hazardous zones,
N ¢ Causes of accidents, and
¢ Accidents costs.

3

o

o

<

(5) Conclusions |

@ Ad / disadvantage
« Improved location
- Physical layout

N7 « Flyover limitations

«¢ Improved control
- Cycle phase time,

(6) Recommendations |->

Figure 2. Research framework

3.2 Delay (DL)

This data depend on the cycle phase time of
each event, the total delay at the at-grade
intersection is  535.27 minutes (32,116
seconds) (Figure 5 (a)) and at the flyover-
improved intersection is 347.42 minutes
(20,845 seconds) (Figure 5 (b)). Average delay

marked of the at-grade intersection {

; ===

marked of the flyover intersection

-
— S

Traffic count locations
A : Vehicles travelling on the main road over the to Intersection to IL
B : Vehicles travelling from A to main road IL
C : Vehicles travelling fromIT over the Intersection to T
D : Vehicles from C over the Intersection main road L
1,2, 3,4 Vehicles approaching the intersection (under bridge) and dispersing toI,, IT, TIT. and IV.
directions

Figure 3. Turning movement count locations at
the existing and flyover improved intersection

3.3 Queue Length (QL)

The g-length of the vehicles that stop to wait
for new cycle time on each leg of the
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intersection depends on the red period of the
cycle time. After the installation of the flyover,
the queue is reduced. The stopped vehicle ratio
of the at-grade situation is 1.55 : 1 and the
flyover situation 3.16 : 1.

—¥— W Direction
i ¥~ N Direct
e et e S R S [ | 0
; £, M . ST =i T K | ratic oiuine

700 €00 900 1090 1100 1200, 1300 1400 1500 1600 17:00 1500 time (hour)

Figure 4. At-grade intersection traffic volume
and Flyover intersection traffic volume

3.4 Traffic Signal

Traffic signal for both situations was
controlled by fixed time plans. The before
situation was controlled by two programs; the
cycle time in the first program is 244 seconds
(Figure 6 (a)), applied during 0600 to 2100 (4
phases per cycle), and the second program was
flashing yellow, applied during 2100 - 0600.
The flyover- improved intersection is similarly
controlled as in the before situation of the at-
grade intersection, although the length of the
cycle time has been reduced to 224 seconds
(DOH, 2011), but it is still a long cycle time

(Figure 6 (b)).
3.5 Other important data

Accident  statistics Accident  statistics
collected between 2007 — August 2013 by the
Department of Highways, Police and
Emergency Medical Services System (EMS)
are shown in Table 2.

Vehicle Speed : Vehicle speeds in the direction
of the flyover were measured by means of a
radar-gun are shown in Figure 7, which
displays the 50 percentile (mean speed) and
the 85 percentile data.

Investment cost : The investment cost of the
flyover is about 249 Million Baht, the standard
construction cost of a flyover is about 75,000
(2,318.9 USD) Baht/square meter.
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Figure 6. Traffic signal programs for At-grade
and Flyover- improved situation
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Table 2. Accident statistics (2007-August 2013) When vehicles are waiting for green signal

Number of casualties for the 3 at the intersection stop line with the engine

i T running; wasteful fuel consumption results

Casualy-type ini’;';t;g%n Cmf:t“rru':tgim improved which also vary with types of vehicles (Goyal,

lintersection

o = < = S: K., Goel, S., & Tamhane, S. M., 2009). The
Sl — 5 T dlﬁerent trafﬁc Voh.lme between the case
Seriously mjured 3 P 1 without and with project can be converted to

Slightly injured 17 39 9 equivalent monetary term.
Property damage only 25 67 times + 10 This study used an average fuel cost 0of 37.18
701.400 Baht -

T T - =35, S00Eai - Baht/litre (6/08/2013, http://www.pttplc.com/
e ———— 2550 T th/Pages/home.aspx), and fuel-consumptlon. of
an average passenger car unit (PCU) which

stops and idles for 1 minute = 20 cc.

. .

=l | (http://www.sahavicha.com/?name=knowledg

E‘gg‘ 85% vehicle speed (under flyover) 85% vehicle speed (on the flyover) e&ﬁle:readknowledge&id:1623). This

amounts to a monetary loss of 0.75 Baht per
minute. On the bridge, Luophongsok used the
HDM-4 software to calculate the cost in terms

I e04, g
Qe
8 ol |
V2 30+ {
20 -
101 mean speed (under flyove |

700 650 800 550 500 450 400 350 300 250 200 150 100 S0 O 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Distance from center (m.)

Figure 7. Vehicle speed at marked locations

4. PROJECT EVALUATION

The project evaluation compares the case with
and without the flyover project in order to
assess the benefits arising from the project.
The benefits include savings in the value of
time (VOT), vehicle operating cost (VOC) and
saving in cost of accidents as shown in Table
3. Details are as follows;

4.1 Vehicle operating costs (VOC)

Vehicle operating costs comprise the cost of
fuel, lubricant cost, idling of the engine and
operating cost, these correlated to traffic
volume, composition, and vehicle speed
(V.Watcharin, 1994).

of transportation saving cost at free flow
speed, the results are show in Table 4
(Luophongsok et al., 2011).

4.2 Value of time (VOT)

Value of time means the cost (equivalent to
money) that is lost due to delay during a trip,
but when traffic flow through the intersection
is improved after the flyover is operational, the
increased intersection eficiency helps reduce
travel time and road users can use this time to
do other activities.

Value of time in the province of the case
study can be calculated from the gross
province product (GPP), number of people
employed and average hours of work (Table
5). Accordingly, the value of time in Songkhla
province was 83.86 Baht/PCU/hour in 2011,
adjusted for 2012, the value of time for 2012
was estimated at 84.38 Baht/ PCU/hour.

On the flyover bridge, Luophongsok using
the data from Department of Highways
estimated the VOT at 117 Baht/PCU/hr
(Luophongsok et al., 2011). Adjusted for
inflation in at 3.3% (Bank of Thailand, 2012),
give the value of time for 2012 at 120.86
Baht/PCU/ hour.
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The benefits of the project that consisted of

Table 5. Value of time (VOT) in Songkhla

savings in vehicle operating costs (VOC) and province
the value of time (VOT) are summarized in T T
Table 6. Year (Million | Employed |Avg of hours VOT
THB) work (year) | (THB/hour)
2007 | 159,008 | 744,042 2,950 7244
Table 3. Summary of delay, traffic volume and
Rt st statiatioy 2008 | 160,683 | 766,674 2,985 70.21
Items Intersection situation Results 2009 151735 0553 s 62:32
[No, N 2010 | 186457 | 815618 2,870 79.65
Issues |(units) “ade Flyover Reduction Increase
g 2011 | 214,799 | 837,093 3,060 83.86
Total [second)|32,116 20,845 11,271 Source: Adapted from the National Statistical Office (2012)
vehicle | 34.5%
1 ; : 9 |IP% ;
detiy |ETS)). 5853 274 182 I 4.3 Cost of Accidents
per day | hour) | 8.9 5.8 31
Accident costs were obtained by  using
64,219 . . -
Equation . As the accident statistics from the 3
Traffic| o ows HQW || s agencies did mnot record the number of
2 [volume [ €507 {60,351 - 3,904 6.0% 2 s .
el ay) 47,261 16,958 disability people, the calculation was based on
e [Beas the work of Dr.Nima Asgari (WHO, 2013)
who stated that “ for every road crash, where
39,915 (62.16% . . . .
i there is one death, there will be 20 injured
PCU | Truck . 4
UH;’SL ;J;e 60351 0ass | 33.8% X people_ and 1 of 20 injured people -VVIH become
32,837 | 7,078 to a disabled person”. Thus for this study, 5%
82.2% [17.8% of the number of injured number are taken as
24304 (37.8%) 24,304 the number of disabled.
(37.8%)
PCU | Truck PCU [Truck
On the flyover - - : .
L4424 | 9,880 1720 [o.550 Table 6. The benefits of the project in terms of
59.4% [39.6% 59.4%39.6% VOC and VOT
Accident - At-grade to .. | Vehicle operating Value of time
3 datistics  [pefore | During | After After - Before No. Flyover Value | Unit cost (VOC) (voT)
Fatality (Fal) - 6 - - - - Under the flyover 1] C(()3S7L15mpll()n Lozzggme
Disability (Dis) | 0.85 | 195 |045 | 0.01 | 1% - | Ciessestion) Baht/PCU/minute) | Baht/PCU/hour)
Serious Injury 6 . Time of all 1879%075= |187.9 x (84.38/60) =
8 23 1 ! ; 9x0. - :
D people [130% vehicle delay 140.93 Baht/day | 26425 Baht/day
Slight Injury 0 o (reduced
(SL) 17 29 2 people e 3 results) inutef
T o 187.9 mgmt 14093x300= | 26425x300=
Damage 25 701400 | 10 BT ) 4y 42,279.00 Baht/year| 79,275.01 Baht/year
Only (PDO) Baht
533,500 Total = 121,554.01 Baht per year
DOH damage = Baht e set at 28 _ DL
Months 28 & 15 = Value of time on
Crash/year 73 20.8 7.2 0.1 |1 37% - 2 |On the flyover-bridge (;\;gg:h%g[s? /ekig) highway (120.86
: Baht/PCU/hour)
Table 4. Vehicle operating costs in PCU Frzzdﬂ §§Vme 24304 | PCU/| 24304x399= | 2,025x120.86 =
PerCoL 4 day | 96,972.96 Baht/day | 244,741.5 Baht/day
(Luophongsok et al., 2011) vehicles in
Speed (xilometer per hour) two directions 96,972.96 x 300 = | 244,741.5x 300 =
over the 29,091,888 73,422,450
voc ] 10 J20]30 J40 |50 J'60 ] 70 [s0[90[100]110]120 bridge 5338 I}’]CU/ i Bl
(Baht/PCU/ ’ our
km) |03 15191434 |4.09]5.99 b.01[4.13 [4.35|4.65 |5.04[s.54 Total - 102,514,338 Baht per year

Source : Calculated by HDM-4 software
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A(F)*MCA(F) + A(Dis)*MCA(Dis) + A(SI*MCA(SI) +
A(LD*MCA(LI) + A(PDO)*MCA(PDO)

: (1

ACa=

Where, ACa : annual average accident cost (Baht/year),
A number of accidents (acci),
MCA : the mean cost per accident (Baht/acci) as
shown in Table 7, and
t  : the period of time under review (year).

An annual average accident costs for the
three situations calculated by Equation (1) are
shown in Table 8.

Table 7. Mean cost per accident for various

severities
Severity T‘h?iland ]?aflgkok OthlerAProvinces
(Million Baht) | (Million Baht) (Million Baht)
Fatality (F) 5.062 —5.956 10.561 -12.413 4.757 - 5.599
Disability (D1) 5.114 - 6.910 11.611 -13.934 5.608 - 6.729
Serious Injury (SI) 0.158 - 0.164 0.328 - 0.337 0.148 - 0.155
Slight Injury (SL) 0.0386 - 0.0389 | 0.1731 -0.1733 [ 0.0297 - 0.0298
Property Damage Only 0.052 0.164 0.039

Source: Department of Highways, Thailand (2012)

Table 8. Annual average accident cost in each

situation
Locations Number of casualties in 3 situations
At-grade During Flyover
Mean cost per accident intersection | construction | intersection
Fatal 5,178,000 z 6
Disabled 6,168,500 0.85 1.95 0.45
Seriously injured 151,500 8 23 1
Slightly injured 29,750 17 39 9
Property damage only | 39,000 25 7(? :,j::)e];:ht 10
DOH damage 533,500 Baht
Year consider (year) 2.33 2.50 1.25
Cost 3,405,997 20,635,690 2,868,060

Saving in accident costs resulting from converting at-grade intersection to the

flyover intersection per year = 537,937.85 Baht

S. COST-BENEFIT ANALYSIS (CBA)

CBA is the method for calculating all benefits
and costs. The CBA is normally carried out in
terms of three key indicators: the Net Present
Value (NPV), Benefit—Cost Ratio (BCR) and
Internal Rate of Return (IRR) (Garber, N. J., &
Hoel, L. A. (2009)).

In this study, the recommended interest rate
(1) of 12% was used (DOH, 2009 and World
Bank and Office of the National Economic and
Social Development). The period of analysis
is 10 years (n). The result of analysis is shown
in Figure 8.

5.1 Net Present Value (NPV)

This method is defined as the summation of
the present values of the individual cash flows
of the same entity, Eq (2).

= (B, -C,
NPV = Z(t_lr) )
= (1+17)
NPV = i Bi=Go) _ 88'7*1?6 T 43'2*136 ~270.2%10° ~3.8%10°
F0+012°  (1.12) (1.12)

NPV =361,641,982 Baht

5.2 Benefit—Cost Ratio (BCR)

A ratio ishowing the relationship between the
costs and benefits of a proposed project, Eq

3);

_ Benefits _ 361,641,982+ 537,938 +121,544
Cost 249,597,672.5+ 20,635,690

BCR

€)
BCR = 1.34

5.3 Internal Rate of Return (IRR)

The interest rate for which NPV equals to zero.
For the flyover project, i = 37.58 %

6. ANALYSIS RESULTS FROM SIDRA

To make recommendation to the DOH to
improve the performance of the intersection,
the authors used SIDRA to analyse the current
traffic signal control under the flyover. The
software is an advanced micro-analytical tool
used for evaluating of alternative intersection
designs in terms of capacity, level of service
and a wide range of performance measures,
including time delay, queue length, as well as



Narabodee Salatoom, Pichai Taneerananon

303

fuel consumption, pollutant emissions and
operating costs (Akcelik & Associates Pty
Itd., (2011)). The software was used to
analyze the performance of the traffic flow,

cycle phase time, delay and level of service.

361,641,982

4.0E+0R
=@~ Cash Flow 318,461,582
+ 008 = Maintenance cost 271,677,848 ,
. A Accident cost
220,991,309
== Dclay cost I
2.0E108 T'ree flow cost 166,077,748
[ Construction cost 100.586:154 i || Ll _._‘ =
LOE+08 v 4
g
F oo —te -4 & vear
2019 2020 2021
-1.OE+08
-2.0E+08 =
185.240,516
-3.DF+0R
-273.985,617
|Intersection lBefore [During |After Construction
fitems [rear  oos oo ho11 ho12 pois  Rois 2010 oo o
Traffic data
Traffic volume 64219 70789 78031 80606 83266 86013
On the bridge [PCU/day (54912 24304 26791 29532 30506 31513 32553
Under the bridge 39915 143998 18499 50100 51753 53461
Delay minute 32116 20845 23035 25392 26230 27096 27990
Cost
Invesment cost [Baht -249597672.5
Maintenance cost  [Baht/year -27000 -27000 -27000 27000 -27000 -27000
Accident cost [Baht/year [-3405998 |»20635690 2868060 -2868060 [-2868060 [-2868060 |-2868060
Saving accident cost [Baht 537938
Delay cost [Baht/year [-346286 | -224732 -248346 |-273756 |—282790 I—292122 |-301762
Saving delay cost  [Baht 121544
Free flow cost [Baht/year 102.5E+6 |L13.0E+6 |124.6E+6 [128.7E+6 [132.9E+6 (137.3E+6
Sum Baht/year |-3.8E+6 |-270.2E+6 99 4E+6 109.9E+6 |1214E+6 |125.5E+6 [129.7E+6 |134.1E+6
Cash Flow [Baht -3.8E+6 -1389E+6 |-274.0E+6 |-185.2E+6 KM2.1E+6 [221.0E+6 [R71.7E+6 [318.5E+6 [361.6E+6

Figure 8. Cost benefit results (2009 —2021)

Table 9 shows the optimum cycle times as
computed by SIDRA, the values are much
smaller than the existing cycle time of 224
seconds.
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Table 9. Optimum cycle-times by SIDRA for
12 time periods (7:00 — 19:00)

timerends | N O e | T
7:00 —8:00 140 45.5
8:00 —9:00 140 458
9:00 —10:00 130 422
10:00 — 11:00 130 41.5
11:00 —12:00 125 40.8
12:00 — 13:00 125 41.4
13:00 — 14:00 115 44.1
14:00 — 15:00 115 48.0
15:00 — 16:00 120 45.2
16:00 — 17:00 130 47.5
17:00 — 18:00 145 61.6
18:00 — 19:00 135 458

7. CONCLUSIONS

An at-grade intersection was upgraded with an
installation of a flyover-bridge at a cost of
249.5 million THB, with the aim of increasing
capacity of the intersection and reduce vehicle
delay and long queue at the ground level. The
study results can be summarized as follows:

Traffic volume at the intersection increases
around 4,000 PCUs or 6.02%, the volume at
ground level accounts for 33.8% and free
flow on the bridge 45.7%.

Delay at intersection: average time delay
was reduced by 34.5%.

Queue length at intersection: The stopped
vehicle ratio at this intersection for the at-
grade situation and the flyover situation is
1.55: 1 and 3.16 : 1 respectively.

Trdffic signalization: Both before and after
situations were controlled by fixed time
control plans. At-grade situation operated two
daily plans, the first plan used 244 seconds of
cycle length, for the period 0600 - 2100 (4
phases per one cycle); the second plan used
flashing signal for the period 2100-0600. The
flyover-improved intersection used similar
fixed time control plan, but with the shorter
cycle time of 224 seconds.

Speed: saving in travel time from increased
vehicle speed, especially on the flyover where
the speed increased from 29.8 to 52.5 km/hr.

Project evaluation: the benefits were
considered in terms of saving in VOC, VOT
and Accident Costs. The saving in costs of
29.13, 73.50 and 0.54 million THB were
realized respectively realized with the flyover
installation.

The project net present value (NPV) was
361.64 million THB, benefit cost ratio (B/R)
1.34 and internal rate of return (IRR) 37.58%,
indicating that it is a worthwhile project.

8. RECOMMENDATIONS

Overall, the project 1is economically
worthwhile and can reduce congestion at the
intersection. However, the operation of traffic
signal has been and is still controlled by fixed
time control plans as the previuos situation of
before the construction of the flyover. Long
queue and delay of vehicles especially on the
minor highway still exist.

To improve performance of the
intersection, shorter optimum cycle times as
calculated by SIDRA should be adopted for
different time of day. The cycle times are
shown in Table 9.
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