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Abstract As a result of lane closures during rail line
construction, traffic conditions inevitably deteriorate and
cause traffic congestion. This paper proposes a paradigm
for identifying optimal lane closures to maximize the
average speed (V,,) in the construction area. The
framework begins with creating a simulation model to
examine the traffic impact of each lane closure alternative
and applies the Box-Behnken design technique to limit the
number of possible scenarios. The case study for this
research was the six-lane (three lanes in each direction)
Road 304 in Bangkok, Thailand. The results confirmed that
the partial lane closure alternatives would increase V,,, by
at least 5% from having one lane fully closed. The optimal
construction spacing in the case study was 1.5 km to obtain
the maximum V,,,. However, the optimal lane closure
length occurred when its value was close to 0 km, which is
impractical. Thus, the paper recommends a lower threshold
for the lane closure length of 1.4 km compared to other
literature. Furthermore, the longest possible lane closure
should be designated for light traffic volumes, whereas a
dynamic speed limit should be implemented to alternate
the speed limit during peak and off-peak periods for high
traffic volumes.

Keywords Lane Closure, Work Zone, Traffic Impact,
Simulation, Box-Behnken

1. Introduction
Mass Rapid Transit (MRT) has been considered as a

prominent type of public transit systems in many countries
[1]. Especially in developed regions, MRT has become a
major urban transportation system because of its
advantages of mass service, convenience, punctuality, and
fast speed [2]. In addition, it is an eco-approach with
capacity to reduce the air pollutants caused by traffic
congestion from private vehicle usage [3-5]. As such, the
mass transit system substantially contributes to solving the
long-term urban traffic problem and it has become the
primary transport choice of people living in cities [6]. The
mass transit system has been continuously expanded to
provide people with improved ease and accessibility when
commuting [7].

To expand the MRT networks, large-scale construction
projects must occupy massive work zone spaces along the
road where the MRT routes are planned. As a result, the
road lanes have to be fully or partially closed during the
construction phase. This has a major impact on the current
traffic operations and increases traffic congestion in
several ways, including lane drops, lack of shoulder, and
narrow lanes [8]. Several studies have shown serious
problems with decreasing road capacity and vehicle
traveling speed in construction work zones [9-11]. Clearly,
closing traffic lanes decreased road capacity, resulting in a
60% reduction in average speed [12] and increased travel
times by up to 78% from the normal service level with no
construction [13].

To mitigate the traffic impacts in such work zones,
public agencies and construction companies need to
establish an effective construction plan and schedule [14].
A variety of techniques has been implemented and
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proposed in the literature and technical reports, including
planning and scheduling an appropriate work zone [15],
designing an optimum alternate route based on driver
behavior [16], utilizing traffic control optimization [17],
and determining an optimum segment length for the
construction zone [18-20].

Most projects close the traffic lanes along the
construction routes to serve as a work zone area due to the
ease and convenience for site management. These closed
lanes have been typically occupied for a long period, so
their removal from normal service causes severe traffic
congestion. To alleviate the problem, the concept of
optimal lane closure length has been identified as an
efficient technique that contractors and public project
owners can mutually plan prior to construction to reduce
the impacts of construction on traffic. The concept has
been applied in many existing research studies. For
example, Jiang and Adeli [20], Choi et al. [21] examined
traffic delay using a macroscopic computational model to
determine an optimal lane closure length. Furthermore,
statistical analyses have been integrated with traffic
parameters to evaluate impacts by comparing road user
cost [18]. In addition, traffic simulation modeling
techniques have been used to analyze the effects of lane
closure in highway maintenance projects and to find an
appropriate optimal lane closure length [22].

However, such works focused on road maintenance
projects, where the road was closed for a short distance and
only for a few days. In contrast, new MRT construction
requires a larger construction zone over a longer period
until construction is completed [23]. Furthermore, different
traffic characteristics (in terms of traffic volumes, hourly
traffic distribution, and average traveling speed) and road
capacity could lead to different lane closure lengths [24].
The superior capabilities of traffic simulation modelling
techniques can contribute to the evaluation of traffic
impact [25,26], as the microscopic simulation tool can
mimic actual traffic flows by adjusting traffic parameters
and the characteristics of lane closures. Nevertheless, to
investigate traffic impacts, the analysis typically requires
trial and error operation by changing one factor at a time
that is extremely time-intensive. To combat this drawback,
the Box-Behnken design (BBD), which is a productive
method to examine multiple factors concurrently for
performance characterization and sensitivity analysis, was
adapted in this study [27].

This paper aimed to develop an optimal length
determination model for lane closure design of large-scale
MRT projects to mitigate traffic impacts during
construction. To address the issue of complexity in the
analysis, BBD concept was adopted to generate different
traffic scenarios to identity the important factors and to
investigate the relationships among traffic characteristics
regarding delays. In addition, the simulation technique was
used for traffic impact evaluation. An expected outcome of
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this study was to suggest an appropriate optimal lane
closure length which effectively prevents severe traffic
congestion along the MRT construction route and to
provide substantial assistance to associated agencies as a
planning guideline for lane closure for future construction
projects.

2. Methods
The developed model comprises six main modules: (1)
Parameter identification module; (2) Base case

construction module; (3) Scenarios generation module; (4)
Traffic impact determination module; (5) Relationship
investigation module; and (6) Optimal length identification
module, as shown in Figure 1.

Module 1 identified parameters that affect urban road
traffic due to closing the road lane for use as a work zone
during MRT construction. The potential impacting
parameters were listed based on the literature into three
major groups: traffic conditions, road characteristics, and
lane closure. The first two groups were required in
establishing the initial traffic simulation model of the test
case project (as in Module 2). Notably, the initial
constructed model represents the urban road route for
normal traffic conditions before any lane closure applied
and was further used to develop the base case model with
one-lane closure through project construction. The traffic
simulation model of the case project was created using the
VISSIM software and its efficiency was verified based on
Geoffrey E. Havers (GEH) statistic indices [28]. The
established traffic simulation model was repeatedly
calibrated until it satisfied the GEH requirement. After
that, the base case scenario was used to reflect the reality
of closing one road lane for work zone construction.
Modules 3-5 generated scenarios with a number of
variables to investigate important variables that influence
the relationship between parameters and traffic impacts.
Module 3 generated different scenarios based on a range of
identified parameters. The BBD was applied here to
efficiently sample a possible set of parameters as it can
eliminate unnecessary scenarios and reduce the overall
experimental time [29-31]. A set of parameters represents a
traffic scenario that was applied on the construction base
case model (from Module 2), in order to simulate the
results of traffic impacts in terms of travel time and average
travelling speed (as in Module 4). Accordingly, the traffic
impacts due to the different scenarios were used to
investigate their relationships and to establish the
mathematical regression equations (see Module 5). The
significance of input parameters was investigated in this
step using analysis of variance (ANOVA) [32]. Finally,
Module 6 determined the optimum length of lane closure
and construction spacing to satisfy the goal of maximizing
average speed. The details of all six modules are given in
the following sections.
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Figure 2. Characteristics of lane closure during construction
2.1. Parameter Identification determining the optimum lane closure length for

This task identified the parameters essential for
investigating the traffic impact due to lane closure. The
parameters were classified into three main groups: (1)
physical road characteristics, (2) traffic parameters, and (3)
lane closure characteristics. The first group presented
inherent road characteristics identified according to the
existing road structure. The parameters in this group were
lane width (W) and the number of lanes (V). The second
group related to traffic conditions in terms of peak traffic
volume (vol), speed limit (V},;), and truck composition
(T%). The third group was the focus of this study in

construction planning. The parameters represented the
main elements of lane closure operations, namely lane
closure length (L) and construction spacing (S¢), as is
shown graphically in Figure 2, where L. refers to the
length of the traffic lane being closed for a work zone area,
while S¢ represents the length of unoccupied road space
being opened for traffic.

Clearly, vol, V;,;, and T% have a crucial effect on the
service level of highway systems [33-35]. The data on vol
can be inclusively gathered from real traffic conditions for
which the peak volume can be measured every 15 min
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during the rush period [36]. However, based on the data
availability, this paper applied traffic data in terms of
average annual daily traffic (AADT) currently accessible
from the transportation agency’s traffic database [37], with
some adjustment factors to estimate the traffic volume at
peak-hour operation [38]. The hourly peak volume in the
highest-flow direction was estimated using Equation (1):

vol = AADT xK xD €]

where vol = the peak traffic volume per hour (veh/h), K =
the adjustment factor for the peak-hour volume, and D =
the adjustment factor for traffic travelling in the peak flow
direction. Table 1 shows the values for the K and D factors
according to different road types [38].

Table 1. K and D values for different road types

Range of possible value of factor
Road type
K D
Rural 0.15-0.25 0.65-0.80
Suburban 0.12-0.15 0.55-0.65
Urban 0.07-0.12 0.55-0.60

On the other hand, the value of V};,;; can be estimated
from the traffic regulations, as the design speed of vehicles
can be set at 60 km/h for the urban area [39]. 7% indicates
the proportion of trucks in the traffic, which can
substantially affect the level of service by the road
regarding the larger dimensions of heavy vehicles [40]. In
this study, the number of vehicles of each type travelling
on the road was based on the transportation agency’s
database for determining the traffic composition [37].

2.2. Base Case Construction

This part describes the concept and steps in the
construction of the base case, which was created to
evaluate the impacts of rail line construction on the
surrounding traffic. The procedure started with
establishing the initial traffic simulation model for the
project case study. Notably, the initial modelling in this
step was performed with all lanes open for service, in
accordance with the data for model validation. The
simulation model used the VISSIM software to replicate
the traffic conditions using the characteristics of the case
study. The MRT Pink Line, a 34.5 km elevated monorail in
Bangkok, was utilized as the case study. Road Number 304
was investigated in this study, as it is one of the
construction routes with the longest straight-line section of
approximately 10 km under the rail line. The input data for
the initial traffic model construction is provided in Table 2.
The peak traffic volume per hour (vol) was estimated based
on AADT and Equation (1). The K and D factors were set
at 0.12 and 0.60, respectively, to represent the highest
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possible impact of peak traffic volume. Notably, the initial
traffic simulation model constructed at this stage
represented the actual traffic conditions simulated before
the MRT project construction.

Table 2. Input data of project case study.

Parameters Quantity Unit Reference
Number of
lanes (N.) 3 Lane
Lane width
35
W) " [39]
Speed limit on
urban road 60 km/h
(V[imir)
AADT on Road
Number 304 51,859 vel/day
Traffic composition
Car 56 [37]
Bus 4
%
Truck 26
Motorcycle 14

The next step validated the initial traffic simulation
model by comparing the traffic volume obtained from the
simulation model and the estimated peak traffic volume
(vol). A modified chi-square statistic or GEH was used to
verify the model correctness by comparing the fitness of
actual traffic volume (vol,) and simulation traffic volume
(voly) [41], as shown in Equation (2):

(vols - volo)2

0.5(vols +volo)

GEH = 2)

The GEH statistic indicates the goodness of fit of the
model construction. When the GEH is less than 5, the
model was verified as being at an acceptable level and no
further calibration was needed. If the GEH is greater than
or equal to 5, further investigation is required as the model
is not a good fit to the data [42]. This study calibrated the
constructed simulation model by adjusting the speed
distribution of driving behavior [43,44]. The initial traffic
simulation model was validated, and the final GEH was
4.72, indicating that the model can be further applied for
the next step analysis, with the details summarized in Table
3.

Table 3. Calibration analysis of initial model for case study

vol, vol, GEH
Road (veh/h) (veh/h) Value Remark
R
oad;(])jmber 3.734 3.451 472 Accepted
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Table 4. Possible ranges of parameters

Limit
Parameters Unit Reference
Lower | Upper
Peak traffic veh/h | 500 4,000 [46]
volume (vol)
Speed limit (Vi) km/h 40 80 [45]
Truck o
composition (7%) & 3 30 371
Lane closure
length (L) km 0 3 [19,20]
Construction
spacing (S0) km 1 2 [47]

Once the calibration satisfies the GEH requirements, the
initial traffic simulation can be used to further generate a
base case model, which represents the reality of closing
one lane in each direction for the construction project. For
the base case construction, the design speed was set at 40
km/h for the construction work zone [45]. Then the base
case simulation model was used to evaluate the impact on
the traffic of lane closure due to the MRT construction.

2.3. Scenarios Generation

This part generated the different traffic scenarios to
determine the traffic impacts in terms of vehicle travel
speed and travel time. The scenarios generation (see
Module 3) started from identifying possible ranges of the
main parameters related to the traffic parameters and lane
closure characteristics. Table 4 illustrates the lower and
upper limits for each parameter and the associated data
sources.

According to Chien and Schonfeld [19], Jiang and Adeli
[20], the optimal L. distances have been examined at
ranges from 0 to approximately 3.5 km. As a result, since
the optimal distance range for L was less than 3 km, the
distance range of L. was defined as 0-3 km in this study.
In addition, S was defined based on the minimum
approaching distance required to have a traffic signal for
drivers before entering the work zone, usually at 1-2 km
[47].

After identifying the possible ranges for all parameters, a
variety of scenarios were generated to analyze the
interactions among variables [48]. In general, the number
of experimental scenarios increases corresponding to the
total number of parameters due to their sets of
combinations from the factorial design approach.
Considering at three levels of possible values for each
parameter (low, middle, high), the total number of
scenarios can reach up to 243 [49]. Nevertheless, to reduce
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experimental time and effort, this study adopted the BBD
technique because it is one of the most effective sampling
methods for identifying the possible set of parameters, that
connects two-level factorial designs with a central point of
a parameter [50]. It has superior capabilities in excluding
the scenarios of extreme conditions and then shortening the
analysis time [29]. Accordingly, the total number of
potential scenarios (N) from the BBD method can be
calculated by Equation (3):

N =2kx(k-1)+C, 3)

where k& = the total number of parameters and C, = the
replicate number of central points.

As this study used five main parameters for traffic
impact investigation with six central points assigned for
analysis, 46 potential scenarios were generated based on
the BBD. Conceptually, each scenario was constructed as
the combination of the upper and lower values of two
parameters and the middle values of the other three
parameters. Notably, the central point contributes to
estimating the pure error and enables intermediate level
parameter calculations [51].

2.4. Traffic Impact Determination

The objective of this part was to determine the traffic
impact of the different scenarios generated from Module 3.
The procedure started by generating a simulation applying
the scenarios obtained in the previous step, in which the
number of alternatives between L. and S¢ ranges was
defined to cover the entire length of the road, as shown in
Figure 3. The traffic impact was initially analyzed from the
base case model using the VISSIM Software in terms of
travel time, which was later transformed to travel speed.

Notably, the traffic impact evaluation was considered
under two separate components [20]. The first component
accounted for the actual travel time prior to entering the
work zone. This zone indicates that the warning sign
should be positioned at least 1 km before approaching the
construction zone as the minimum distance that must
inform the road users in advance where there is
construction activity in a traffic lane ahead [47].

On the other hand, the second component represents the
impact of travelling through the construction work zone.
These two components of travel time were finally
accumulated to evaluate the average actual travelling speed
over the entire considered road section. A variety of
average speeds (V,g) given by the different traffic
scenarios were then considered as the dataset for further
investigating the parameter relationships and identifying
the significant traffic parameters in the next step.
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Figure 3. Total impact of travel time from project construction

Table 5. Result from ANOVA analysis.

Source C]g:tfit::;izt P-value Source C];):tfifri:;:ent P-value
Model -73.15 <0.0001*
Le¢ 9.22 <0.0001* SexViimi -0.0291 0.813
Se 49.34 0.923 Sex T% 0.0321 0.870
vol 0.0074 <0.0001* VOLXV it -0.0002 <0.0001*
V imit 2.12 <0.0001* volxT% 0.00002 0.776
T% 0.32 <0.0001* Vimie *T% -0.0153 0.004*
LexSe 0.0108 0.995 L¢? -0.4276 0.252
L¢xvol -0.0009 0.050* Sc? -16.2311 <0.0001*
LeXV i -0.1288 0.004* vol’ -1.62x107 0.552
LcxT% -0.0242 0.712 Viimic® -0.0069 0.003*
S¢xvol 0.0002 0.900 7% 0.0063 0.243

*Significant factor

2.5. Traffic Impact Determination

In this section, the ANOVA analysis was used to
determine the relationship between the parameters and
traffic impact and to examine the important factors [52].
The ANOVA analysis revealed a quadratic correlation
between the influences of independent factors on their
dependent variables, as shown in Table 5.

The predicted relationships between independent
variables (L¢, S¢, vol, Vi, T%) and average speed (V)
are represented in Equation (4), which has an R? value of
0.95, indicating a good fit for the response model.

Vi == T3.15 + 9.22Lc + 4934 + 0.0074vol
+ 212V, + 0.32T% + 0.0108L xS,
~0.0009L, xvol = 0.1288L x V),
~0.0242 Lo xT% + 0.002S xvol @
— 0.02918; XV + 0.03218 xT%
- 0.0002vol x V.., + 0.00002vol xT%
~ 0.0153%;,,, xT% — 0.4276 L.* - 1623118,

— 1.62x107 vol® + 0.0069},,,,> + 0.0063T%"

2.6. Optimal Length Identification

In the optimal length identification module, the surface
response plot was used to identify the optimal L and S¢
and their impact on traffic conditions during the
construction phase. The goal was to achieve the maximum
average speed (V) calculated from Equation (4) using
the upper and lower limits of L and S¢ length values of 0—
3 km and 1-2 km, respectively, and the actual traffic
conditions (vol, Vi, and T%) defined in Table 2. The
study considered that a longer L. was the preferred
alternative due to the amount of machinery involved,
which required a large work zone for construction
operations.

3. Results and Discussion

The traffic impact from the construction of the MRT line
in the base case scenario (one traffic lane in each direction
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fully closed for construction) was evaluated using the
simulation model and the results are shown in Table 6. The
simulation indicated a bottleneck and traffic congestion
due to a sudden reduction in road capacity, which caused
travel delays between the approach area for the
construction and the first construction section. For the 10
km length of construction in the study, the delay increased
the travel time by 7.71 minutes or approximately 63%. As a
result, V., in the project construction was reduced by
nearly 20 km/h (38.8%).

Table 6. Calibration analysis of initial model for case study

Full One-lane X
Measure Before Closure Difference
Construction (%)
(Base Case)
Vavg (km/h) 49.42 30.23 38.83
TraYel time o4 10.85 resst
(minutes)

Next, the study applied Equation (4) developed in
Section 2.5 to determine the optimal values of Lc and S¢
using the traffic data from Road 304 (vol = 3,734 veh/h,
Vimi = 60 km/h, and T% = 26%). Figure 4 illustrates the
response surface, which represents the impact of L and S¢
on Vg,. The figure shows that the optimal S. was
approximately 1.5 km regardless of the L. value because
drivers have sufficient space between the construction
sections to change traffic lanes and accelerate to overtake
slower traffic; hence, V,,, increased. On the other hand,
after S¢ exceeded 1.5 km, V,,, began to decrease because
of driver behavior in switching to the extra lane, allowing
more vehicles to accumulate in that lane. Therefore, traffic
will congest when a vehicle reaches a construction work
zone and must change lanes. Notably, the minimum S¢ of 1
km was the shortest distance necessary to inform drivers
before approaching construction sections.

Figure 4 indicates that V,,, decreased when L ¢ increased.

Therefore, the optimal (maximum) L. value occurred
when L. was close to zero, which was impractical for
construction. The study then searched for an alternative
solution by setting S¢ to 1.5 km. The Point B solution
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produced the lowest V,,, but the longest L (33 km/h and 3
km, respectively). Even though the average travel speed
decreased, a longer L. for the construction can be more
appealing when construction continuity is the priority. A
construction project with a longer L. will result in fewer
construction sections and hence less equipment
mobilization (less equipment assembly and disassembly).
Consequently, the project duration can be shortened and
the project cost can be reduced. Point C (L = 1.4 km and
Sc¢ = 1.5 km) was nominated for one of the potential
solutions because the L of 1.4 km was recommended from
the past literature for toll road construction and
maintenance [19]. This solution still yielded a V,,, of
approximately 40 km/h, which was comparable to the
maximum V,,, (Point A). Furthermore, the L. value of 1.4
km may be used as a lower bound to prevent L. from
approaching zero in the optimization process.

To reduce the complexity, the variables from Equation
(4) that were statistically significant (P-value less than 0.05)
were chosen as the input for further regression analysis.
Equation (5) shows the simplified version of Equation (4)
with fewer variables for V,,, calculation and a slightly
lower R? value (0.89 versus 0.95).

Ve == 30.85 + 7.53Lc + 0.0vol + 1.88,,,
+0.59T%— 0.0009L¢xvol — 0.13Le xV;,..,
— 0.0002v0! X ¥y, = 0.02Vj5 xT% — 0.328.

2
- O'OlVlimit

)

Furthermore, the L and S¢ distances from these points
were selected as the inputs to simulate traffic flow and to
compare the traffic impact to the results from the equation
described earlier for the 10 km construction area of the
Road 304 study case. Figure 5 shows that at Point B, the
travel time decreased by approximately 1 minute compared
to the base case construction, while the travel time at Point
C (L¢ = 1.4 km) reduced by almost 5 minutes, or 25%.
Consequently, the simulation results validated the equation
results, showing that the partial lane closure strategy could
reduce the travel time compared to the full one-lane closure
alternative for rail line construction.
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Figure 7. Relationship between V,,, and L at different values of V.i.: (a) Off-Peak traffic (vo/ = 1,000 veh/h), (b) Peak traffic (vo/ = 4,000 veh/h)

The sensitivity analysis was carried out to further
evaluate the impact of traffic volume (vol), speed limit
(Viimie), and L on V.. In this section, the study set the
values of S¢ and 7% at 1.5 km and 7% = 26%, respectively,
while Vy;,;; was fixed at 60 km/h for the first part of the
sensitivity analysis but was varied in the latter part. Figure
6 presents the value of V,,, when vol was varied from
1,000 veh/h to 4,000 veh/h and when L ranged from 0.5
km to 3 km.

The data indicated that for a low traffic volume (Line 1),

L ¢ did not greatly affect V,,, as V,,, varied in a small range
(45-50 km/h) for most of the L. values. Nevertheless,
when the traffic volume increased to 3,000 veh/h (Line 2),
Vg decreased from 47 to 37 km/h (or around 20%) as L
increased. Hence, the results indicated that project
managers must trade off traffic performance (V) for
construction condition (L¢) during the construction of a
rail line in a high-traffic area. On the other hand, if the
traffic volume is low, the project manager should utilize
the longest L available to ensure construction continuity.
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Figure 6 can also be used as a design chart for rail line
construction. For example, if the project manager requires
Lc to be 1.5 km at an estimated traffic flow of 3,000
vehicles per hour, then the expected V,,, would be 43 km/h.
In contrast, the project manager may choose the
appropriate V,,, and apply this chart to identify the most
appropriate L.

The study investigated the effect of the speed limit (¥;,;,)
on V., during off-peak (1,000 veh/h) and peak (4,000
veh/h) traffic levels. Figure 7 depicts the value of V,,,
when V;,;; changed from 40 to 60 and 80 km/h, which was
the upper limit under road construction [45].

Figure 7a shows that when V/;,,;; was 40 and 60 km/h at
the off-peak level, V,,, did not vary much as L. increased.
However, when V;,;; was 80 km/h, a noticeable decrease in
Vag occurred for a longer L¢ distance. Furthermore, the
speed limit at 40 km/h was the only limit that caused V,,, to
increase as L increased and got close to the speed limit.
For the peak period, all ¥}, indicated a slower V,,, when
L increased (see Figure 7b). Notably, when L equaled 3
km, a Vi of 80 km/h yielded the slowest V,, since
drivers had sufficient speed and distance to overtake
slower traffic but then became caught up in congestion at
every construction section. The study advocated the
dynamic speed limit policy to optimize V,,, when a higher
speed limit (80 km/h) is applied during off-peak periods to
improve traffic flow. Conversely, a medium speed limit
(60 km/h) should be assigned during peak hours to
maintain a constant traffic flow.

4. Conclusions

This research proposed a framework for determining the
optimal length of lane closure to mitigate traffic impacts
during rail line construction. First, the framework applied a
simulation technique to model the preconstruction traffic
condition and then used it as a base case scenario. Next, the
study generated multiple traffic scenarios with various lane
closure lengths, construction spacings, and other traffic
conditions according to traffic data and previous literature
to identify the optimal lane closure length. Unfortunately,
this task generated an overwhelming number of
experimental scenarios, which increased the time and
effort required for analysis.

Hence, the study applied the Box-Behnken design (BBD)
technique to reduce the number of potential scenarios. The
traffic parameters from the scenarios after implementing
the BBD were input back into the simulation to evaluate
the traffic impact of the lane closure and to identify the
scenario with the maximum average speed (V). Next, the
study equated the relationships between the traffic
characteristics of each scenario and its corresponding V',
using a full-quadratic model. In the optimal length
identification module, the equation defined earlier
provided a simpler and less time-consuming approach than
the simulation technique and was used to create a contour
plot to explore the effect of Lo and S¢ on the study's
objective value (V).

Optimal Lane Closure for Rail Line Construction to Mitigate Urban Traffic Impacts

A six-lane road (three lanes in each direction), namely
Road 304 in Bangkok, Thailand, where the MRT pink line
is being constructed, was selected as a case study in this
research. From the calibrated simulation model, the travel
time increased from 12.14 minutes at the preconstruction
stage to 19.85 minutes in the base case (one lane fully
closed in each direction), or nearly 64%. Therefore, the
value of V,, in the base case was reduced by
approximately 40% compared to preconstruction for the 10
km construction distance. The optimal S was identified at
1.5 km from the contour plot, which derived the maximum
Ve regardless of L¢, because this value of S¢ created
enough space for drivers to change lanes, accelerate, and
overtake slower traffic. Notably, for S greater than 1.5 km,
the simulation showed that the distance was sufficient to
encourage more drivers to change lanes but eventually
caused congestion when they approached the next
construction section and were forced to switch back to the
former lane.

Nevertheless, determining the appropriate L. was not
straightforward, as the maximum V,,, occurred when L
was at or close to 0 km, making it impossible to complete
the construction. In contrast, if the upper limit of L. were
used, this alternative would yield the lowest V,,,, which
may be attractive to a rail line construction project that
demands work continuity and fewer work zone relocations.
The study also suggested a lower L limit of 1.4 km
compared to reported studies in the literature to avert L¢
approaching zero during the optimization process. It is
important to note that the proposed partial lane closure
alternatives can improve V. from the base case (one lane
fully closed) by at least 5%.

Furthermore, a sensitivity analysis of the traffic
characteristics was conducted to investigate their impact on
Ve and to gain insight to support project management
decisions on traffic management during the rail line
construction. When the traffic volume is low, the results
recommend using the longest possible Lc. On the other
hand, if the traffic volume is high (3,000 veh/h), then
project managers must trade-off between traffic
performance (V.,) and construction conditions (Lc).
Finally, the study proposed the dynamic speed limit
scheme to optimize the traffic flow when a higher speed
limit (80 km/h) is applied during off-peak periods, whereas
a medium speed limit (60 km/h) is assigned during peak
hours to ensure stable traffic flow.
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