
��Abstract—This research quantitatively analyzes the effect of 
the KAIST Bridge construction on Daehak-ro roadway in
Daejoen, South Korea. Daehak-ro, which splits major research 
facilities and residential areas in Daejeon, serves high traffic 
demands during the peak hours and therefore heavy traffic 
congestion commonly occurs in the roadway. In order to solve this 
problem, the KAIST Bridge is under construction and is expected 
to reduce high traffic congestion at peak hours. However,
constructing the KAIST Bridge in the congested roadway may
result in increased total travel time, which is often referred to as 
Braess paradox. Based on collected traffic data before the bridge 
construction, various demand patterns are designed and imposed 
to investigate the effects of bridge construction. Network traffic 
performances before and after the bridge construction are 
compared using a traffic simulation software, CORSIM.

Index Terms— Traffic analysis, Braess paradox, bridge 
construction, traffic congestion.

I. INTRODUCTION

ROWING traffic congestion is a serious concern for many 
developed societies [1], [2], [3], [4]. Korean government 

has invested a budget to increase a roadway capacity by 16% in 
terms of roadway length [5]. However, overall cost induced
from congestion has increased by more than a billion dollar 
annually and over 64% of this cost arises from urban roadway 
networks [6].

Fig. 1. Construction plan of the KAIST Bridge

As presented in Fig. 1, Daehak-ro splits major research 
facilities and residential areas in Daejeon, South Korea. 
Because the arterial serves high traffic demand during the peak
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hours, heavy traffic congestion occurs on Daehak-ro. In order 
to solve this problem, a new bridge (so-called KAIST Bridge) is 
currently under construction and is expected to distribute high 
traffic demands at peak hours.

However, it have been worried that adding a new link to a 
congested roadway network can result in increased travel time 
[7],[8],[9]. In order to save travel time, people will select their
new routes after the completion of the bridge construction. This 
may cause a bottleneck phenomenon at the northern junction of 
the bridge, which is planned to transform a link to an 
intersection. Thus, due to aforementioned user equilibrium and 
bottleneck effects, new bridge construction may result in 
another traffic congestion on the arterial road, as Braess 
paradox (Fig. 2) describes.

Fig. 2. Braess paradox

The goal of this research is to analyze the effects of KAIST 
Bridge construction on the Daehak-ro roadway. Using a traffic 
simulation software, CORSIM, the network traffic 
performances are compared for the various demand patterns 
which are anticipated after the bridge construction.

II. STUDY SITE AND TRAFFIC DATA DESCRIPTION 

Fig. 3. Study site (Daehak-ro, Daejeon, South Korea)

The study site includes five intersections which are 
numerically labeled in the Fig. 3. Currently, only two bridges 
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(i.e., Eoeun bridge at Intersection 1 and Daedeok bridge at
Intersection 4) discharge high traffic flows between research 
facilities and residential areas. Considering this roadway 
topology, KAIST Bridge is under construction at Intersection 5.
In order to collect traffic data at Intersection 1, 2, 3, and 4
before bridge construction, video recording was taken during 
the afternoon peak period (July 22, 2014). The collected traffic 
data were split ratios and traffic inflows in each link, as 
described in Fig. 4. In addition, cycle length, signal phase 
composition, and green time were collected (Table I).

Fig. 4. Corrected traffic inflow (veh/hr) and split ratio (%) in each link

TABLE I
CURRENT TRAFFIC SIGNAL SETTING BEFORE KAIST BRIDGE CONSTRUCTION

III. TRAFFIC DEMAND PATTERNS AFTER KAIST BRIDGE 
CONSTRUCTION

Fig. 5. Estimated six split ratios regarding traffic demand patterns

Because traffic data after bridge construction are unknown, it
is necessary to anticipate traffic demand pattern, based on the 
following assumptions:

Except for the six split ratios presented in Fig. 5, all traffic 
data are preserved after KAIST Bridge construction.

Traffic demands for Route A and B increase, whereas 
those for Route A’ and B’ decrease.

The first assumption means that only the six split ratios
( A� , B� , C� , D� , E� , and F� in Fig. 5) will change in the 
traffic data after KAIST bridge is constructed. It is also 
assumed that a total inflow and outflow in three bridges will be
conserved after the bridge construction, therefore setting a 
traffic inflow toward the KAIST Bridge zero. Considering that 
a main direction of traffic flow is from top to bottom during 
afternoon peak hours, this assumption does not significantly 
affect overall traffic conditions. The second assumption means 
that many travellers in adjacent links near the KAIST Bridge
will select routes for a new bridge instead of currently existing
bridges. Under this assumption, A� and B� should be higher 
than their original values (i.e., 46% and 35%, respectively).
Based on two assumptions, six split ratios were determined and 
the corresponding traffic demand patterns were established.

Fig. 6. Changes of traffic outflows in southern link at Intersection 1 before
(above) and after (bottom) KAIST Bridge construction.

Before construction, traffic outflow in the southern link at 
Intersection 1 ( 1,

out
SQ ) is 275veh/hr, as shown in Fig. 6. On the 

other hand, outflow after construction ( *
1,
out

SQ ) is assumed to be

lower than 1,
out

SQ . Thus, the outflow at Intersection 1 after 

construction ( *
1,
out

SQ )is an original outflow ( 1,
out

SQ ) minus the 
summation of outflows for new yellow routes
( 2,N * 5,E

in in
A DQ Q� �� � ). Here, A�� represents the additional 

split ratio of traffic inflow in the northern link at Intersection 2 
to eastward direction and *D� is the split ratio of an original 
traffic inflow in the eastern link at Intersection 5 to southward 
direction. The outflow rate after construction is then expressed 
as follows:
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*
1,S 1, 2,N * 5,E( ) 0out out in in

S A DQ Q Q Q� �� � � � � . (1)

Considering that a lower bound of the outflow rate after 
construction is zero, a following inequality can be derived as:

D* 0.83 1.04 A� �	 � .                             (2)

Because a lower bound of split ratio is zero, * 5,E
in

D Q� should 
be higher than or equal to zero. Thus, additional traffic demand 
for route A ( 2,N

in
A Q�� 
 ) should be less than or equal to 1,

out
SQ

can be formulated as follows:

1, 2,N 0out in
S AQ Q�� � 
 � . (3)

From Eq. (3), it can be derived that 

0.80A� 	 .                   (4)

Fig. 7. Changes of traffic outflows in southern link at Intersection 5 before
(above) and after (bottom) KAIST Bridge construction.

In a similar same way, the outflow at Intersection 4 after 
construction ( *

4,
out

SQ ) is expressed as follows:

*
4,S 4, 3,N * 5,( ) 0out out in in

S B C WQ Q Q Q� �� � � � � . (5)

Then, from Eq. (5), inequalities which are similar to Eq. (2) 
and (4) can be derived as follows:

* 1.27 1.31
1.13

C B

B

� �
�

	 �

	
(6)

C� (or D� ) denotes the split ratio of a traffic inflow in the 
eastern (or western) link at Intersection 5 to southward 
direction after construction and can be evaluated in terms of 

A� and *C� (or B� and D*� ), as follows: 
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(7)

Fig. 8. Estimation of split ratios E and F

At Intersection 1, E� is the outflow in a southern link

( *
1,
out

SQ ) divided by the inflow in an eastern link after 

construction ( *
1,
in

EQ ). Based on assumptions and collected traffic 

data, *
1,
in

EQ can be evaluated by conservation law. Therefore, the 

split ration E ( E� ) can be evaluated as follows:

*
1,S

*
1,E

1, 2,N * 5,E

2,N 3,N 3,E

( )
(1 ) 0.87 (1 ) ( 0.71 )
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(8)

Similarly, split ratio F ( F� ) can also be estimated as follows:

*
4,S

*
4,

4,S 3,N C* 5,W

3,N 2,N 2,W(1 ) 0.92 (1 ) ( 0.75 )
( , , )

out

F in
W

out in in
B

in in in
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�
(9)

Using Eqs (7), (8), and (9), Split ratios C, D, E, and F can be 
evaluated if split ratios A, B, C*, and D* are determined. Using
Eqs (2), (4), and (6), feasible regions of split ratios A, B, C*, 
and D* can be presented, as depicted in Fig. 9.
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Fig. 9. Feasible regions of split ratios A, B, C*, and D*

As shown in Fig. 9, three and six points were selected for 
( A� and D*� ) and, ( B� and *C� ), respectively. Table ii
indicates a total of eighteen traffic demand patterns, based on 
the assumptions and the collected traffic data. Case 0 denotes 
the current situation before construction, therefore setting split 
ratios C and D at 0%.

For these traffic demand patterns, downward discharging 
capacity from the KAST bridge (Fig. 10) is critical. This 
discharging capacity can be controlled by relevant signal time 
ratios at adjacent intersections [10]. Therefore, the simulation 
experiments were conducted in two different conditions, i.e., 
either 25% as a normal situation or 10% as an extreme 
situation.

TABLE III
TRAFFIC DEMAND PATTERNS

Fig. 10. Downward discharging capacity from the KAIST Bridge

IV. RESULTS

Traffic simulations were conducted to analyze the effects of 
bridge construction on network traffic performances, using 
CORSIM. During a one-hour simulation, traffic performance 
before bridge construction is evaluated in terms of VMT, 
average speed, and delay time, as listed in Table iv.

TABLE V
SIMULATION RESULTS BEFORE KAIST BRIDGE CONSTRUCTION

Before KAIST Bridge

Vehicle-Miles Traveled 6385.52
Average Speed (mph) 6.11
Delay Time (veh-hours) 833.70
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TABLE VI
SIMULATION RESULT AFTER KAIST BRIDGE CONSTRUCTION

After construction, simulation results for a total of 18 cases 
are listed in Table vii. Qout 1, Qout 2, and Qout 3 are total outflows
from three bridges (Eoeun bridge, KAIST bridge, and Daedeok
bridge, respectively). In Table viii, blue color represents the 
best case, whereas red one represents the worst case. Note that,
in Case 18, it is best in a normal situation, but becomes worst in 
an extreme situation. This is because traffic network
performances are sensitive to discharging capacity of the 
KAIST bridge. Because all demand scenarios outperform the 
current traffic condition (i.e. Case 0 in Table ix), bridge 
construction can be regarded to be effective in relieving traffic 
congestion.

To compare various traffic demands in more detail, queue 
lengths at the elapsed time of 1hr are illustrated in Fig 11.
Before construction, queues initiate at both entrances of Eoeun 
and Daedeok bridges, and queues spread out across the network,
as shown in Fig 11(a). On the contrary, queues initiate at the 
entrance of KAIST bridge and spillover occurs more quickly in 
an adjacent link (Fig 11(b)).

Fig. 11. Queue length at the elapsed time of 1hour (a) before; and (b) after 
bridge construction

V. CONCLUSION

This paper analyzed the quantitative effects of bridge 
construction on network traffic performances, using traffic 
simulation software. Based on reasonable assumptions and 
collected traffic data, various traffic demand scenarios were 
established in order to anticipate traffic conditions. The 
simulation results showed that all traffic performances after 
bridge construction outperform those before construction.
However, in a specific case, bridge construction can be less 
effective in relieving traffic congestion due to bottleneck 
phenomenon.
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