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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 such as vehicle delay, queue 

length, level of service, road accidents and traffic signalization, 

and analyze the economics 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 A.P.  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 suboptimal 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. 

 

1. INTRODUCTION 

  

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. 

 
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. 

To solve the traffic 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 
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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 India (recorded in 2012). 

The figure 1.2 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. 

 
Figure 1.2 The layout of an at-grade intersection 

converted to a flyover intersection 

 

2. LITERATURE SURVEY 

 

 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 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) 

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) Freeways Multi-

Lane Highway 

 
Figure 2.1 Level of Service (LOS) of various types 

  

3. METHODOLOGY 

 

           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 

improved 
intersectio

n 

Flyover-
bridge 

intersection 

At-grade 
intersectio
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construction) and an existing flyover intersection case (about 

20% of all existing flyover intersections in Thailand was 

selected to study). 

 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 on highways, flyover limitations, 

advantage/disadvantage, improved intersection, hazard zones, 

traffic control would be explained. 

- 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, 

DATA COLLECTION 

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. 

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). 

 
Figure 3.1 Turning movement count location marked of 

the at-grade intersection 

 
Figure 3.2 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 intersection turning movement count (TMC) is shown 

the example form in the appendix I-1. 

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. 

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.  

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 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).  

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
. 

1
. 

2
. 4

. 
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Figure 3.3 The points marked to find the vehicle speed 

data 

 

4. RECENT TRENDS IN DESIGN AND 

CONSTRUCTION OF FLYOVERS 

 

  During the formative stages, concepts such as 

decision making, conceptual design, design agency, soil 

investigation, project management agency, standardization, new 

construction materials should be frozen. All the available 

options for a particular location are considered before deciding 

on the flyovers. Current and future traffic growth pattern, 

location of bus stops, environmental impact etc. should be 

considered. Thereafter, a detailed traffic survey and future 

population of traffic is conducted in order to determine the 

number of lanes in each direction. The planned layout of the 

flyover is carefully chosen to avoid disturbance to traffic and 

maximize the decongestion potential. 

INDIAN LOADING STANDARDS AND PERMISSIBLE 

STRESSES 

The Indian Roads Congress (IRC) standards are 

appropriate to highway bridges. IRC loadings are conservative, 

not realized during the service life. Urban flyovers generally 

cater to cars, LCVs and buses. Heavier vehicles may use roads 

at ground level. IRC 70R/ Class AA loadings are not 

appropriate for flyovers, but often adopted. The IRC codes 

stipulate low permissible stresses, ignoring developments in 

high strength concrete and high grades of reinforcement steel. 

IRC codes specify minimum thickness for webs, deck 

slabs, pier walls etc which leads to avoidable increase in 

quantities, whereas these should be derived from design. In the 

past, hundreds of bridges have been built with web thickness of 

150mm and are in satisfactory service for more than 40 years 

whereas the thickness now is more than 250mm. 

 

PILE FOUNDATIONS 

When piles are fully designed and detailed as per the 

Standard Codes, there should be no further conditions on the 

minimum number of piles. Flyovers have been constructed with 

pier resting on a single pile or on two piles in Malaysia and 

Bangladesh. However, in India, three or four piles per 

foundation is insisted upon which is not justified. The bottom of 

pile cap should be above water level to facilitate construction 

and obtain better quality concrete. 

Piles generally transfer the loads both by friction and 

by end bearing. This aspect should be recognized in the design. 

Socketing of piles into hard rock may be justified in specific 

cases and should not be universalized. The depth of socketing if 

required should be judiciously chosen. Unduly harsh 

specifications in this respect lead to delays in construction and 

increased cost. 

 

Piers 

Urban flyovers are built over precious land. Hence the 

space occupied by the pier should be kept to the minimum. 

Ideally, circular piers of 1m to 2m diameter in high strength 

concrete should be adequate for up to six lanes of traffic. This is 

also aimed at providing a more durable concrete structure and 

eliminates the need for any type of coating to reinforcement 

and/or concrete surfaces. 

The pier configuration can also be carefully chosen to 

eliminate pier caps. This reduces construction time. The full 

height of the pier is concreted in one lift to avoid construction 

joints and also reduce construction time. It is possible to precast 

the piers off-site, transport and erect them causing minimum 

disturbance to the existing traffic at site. 

Superstructure 

Most of the urban flyovers are built on heavily 

congested roads. Therefore in-situ work is reduced to the 

minimum. Beams, segments etc. are precast off-site, transported 

and erected during night. Precast pretensioned beams are 

extensively used for spans upto 45m. Indian flyovers use beams 

with conservative L/D ratio of 15-25 which will be expensive. 

In USA, pretensioned beams of large spans to 45m are in vogue 

with slender L/D ratio of 25 to 35. 

Span range 

The span range directly results from the site 

conditions. The span length influences the selection of cross 

sections and also the erection method of 20 m beam are easily 

erected using a single 50 t crane. In order to improve the riding 

quality and economics, continuous decking for several spans 

without expansion joints is preferred. In case of flyovers in 

India, deck continuity has been practiced with expansion joints 

spaced about 100-150 m and this could easily be stretched to 

full length of flyovers. 

The individual spans should be transformed into a full 

continuous system by using diaphragms and continuous deck 

slab at the supports. By eliminating bearings under each 

individual girder, the width and thickness of the pier can be 

substantially reduced. 

In the developed countries, integral bridges are being 

realized with abutments integral with deck. Continuity of deck 

results in a more economical profile with reduction in the cross 

section, thickness and dead weight of the superstructure. It is 

possible to eliminate the wearing coat altogether with the use of 

high performance concrete. 

BEAM CROSS SECTION 

Many different types of cross sections have been used 

for precast beams. Precast T beams placed at 0.6m to 4m 

centres with in-situ concrete deck slab is common. In India, for 

a typical 30 m span, it was usual to provide four T beams for a 

7.5 m carriageway. This was subsequently reduced to three 

beams and also two beams by many designers in order to realize 

the minimum quantities of concrete and/or steel. This does not 

necessarily result in overall economy and ease of construction. 

The deck slab construction is quite expensive because of larger 

spans between the two beams. It is difficult to contain all the 

Tru
cks 
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reinforcements within the optimized cross sections with 

consequent problems of difficulties in placement and 

compaction of concrete. 

 

HIGH STRENGTH CONCRETE 

High strength concrete up to 80 MPa is now permitted 

in IS 456 2000. The Euro Code allows strengths up to 115 MPa. 

In India, the JJ flyover has been constructed with 75 MPa 

concrete. The use of concrete strengths of up to 85 Mpa cube 

strength allows longer span lengths and more economical 

structures for existing beam sections. 

In India, compressive strength of 40-50 MPa is for 

pretensioned beams. A shallow section with a high strength 

concrete can be more cost effective than a deeper section with 

normal strength concrete. 

 

STANDARDISATION 

The Ministry of Road Transport and Highways 

(MORTH) has attempted to set up standard drawings for spans 

up to 40 m in reinforced and prestressed concrete. These are not 

been widely used as they are not economical. 

In the absence of standardization in India, chaotic 

conditions prevail. No two designs, even by the same 

organization are identical. Formwork has to be manufactured 

for each flyover increasing the cost. The equipment in the 

precasting yard is not standardized, leading to duplication of 

work. 

 

PROJECT MANAGEMENT 

Traditionally, the engineers appointed by owners have 

been managing the projects. Employment of independent 

project management consultants (PMC) based on expertise in 

flyovers facilitate fast track construction. The PMC can assist 

the owners in soil investigation, preparation of tender 

documents, pre- qualifying the bidders, evaluation of tender 

documents etc. After the award of work, the PMC can proof 

check and recommend approval of contractor’s designs, 

supervise the project, ensure quality assurance and certify the 

payments. 

 

QUALITY ASSURANCE 

Due to the speed of construction and pressure on 

supervisory personnel in fast track construction, unintended 

quality deficiencies may occur. Adoption of ISO: 9000 

minimises quality deficiencies. The design and construction 

organizations should get ISO: 9000 certification or should 

atleast follow all the ISO: 9000 requirements in practice. 

 

5. RESULTS AND DISCUSSION 

 

Based on the analysis of road functions along FLYOVER 

including Arterial roads. At peak hours the traffic volume is 

quite dense, causing a delay in traffic flow. To obtain primary 

data in this study, the number of vehicles was calculated 

manually using the Short Break Counting method according to 

each type of vehicle. This calculation is done by calculating 

every 15 minutes. The number of vehicles counted comes from 

two directions, both in the direction of city road and vice 

versa.[3] 

 
Figure 5.1. Conditions of Movement Patterns of Junction 

TRANSPORTATION TYPE  

The modes of transportation that pass on this road are very 

diverse in the form of public transportation, city transportation, 

freight transport and private vehicles. Vehicles in the peak 

hours of the morning (06.00 - 08.00 WIB) and afternoon 

(16.00 - 18.00 WIB) are like the diagram below : 

 
Figure 5.2. Vehicle type composition diagram 

In Figure 2 composition diagram of the type of vehicle 

above, you can see the most dominant type of vehicle that 

passes along Road is a motorcycle (MC), with the percentage 

in the morning 64% and afternoon 58%. 

GEOMETRIC IDENTIFICATION OF ROADS 

To find out the geometric conditions of the Lane road 

researchers conducted observations and measurements directly 

in the study area, namely from the front of the tax office to the 

Kesatrian intersection in order to obtain data on traffic lane 

width, road median, road shoulder, sidewalk, etc.[4]. 

Observation results are as follows: 
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Figure 5.3. Geometry of Semarang Selected Road Looks 

From Top 

 
Figure 5.4. Geometric Cross section of Junction 

 

6. CONCLUSION 

 

From the results solution can be concluded: 

1. Combination of the shape of Fly Over- 

Underpass can reduce the flow until 26,35%. 

Beside that the asumstion of traffic flow is 

2,92% every year, the traffic flow that can be 

served predicted when Fly Over and 

Underpass combined is 17 year 

2. Combination of Fly Over model which is 

multifunction and exact can reduce the 

congestion and remove the conflict point 

caused of crossing and Weaving in 

intersection. 

3. The amount of delay reduction before and 

after the combination of Over-Underpass Fly 

is 1.56 (morning) and 1.41 (afternoon) 

before the combination of Over-Underpass 

Fly and reduced by 0.46 (morning) and 0.40 

( afternoon) after the combination of Over-

Underpass Fly indicates a loss in terms of 

time, economy and environment can be 

reduced, because of the eloquent flow of 

traffic without delay. 

4. Policies of Transportation System in 

Semarang to overcome the congestion are : 

a. Law Enforcement System 

b. Establishment of the Mass Transportation 

Management Agency 

c. Special Budget Preparation 
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