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Abstract

Rapid urbanization and increased vehicular usage have contributed various problems in transportation sector
including severe traffic congestion. Shaheb Bazar, one of the main commercial area of Rajshahi city, is another
example. This study evaluates current traffic conditions by modeling it under various parameters such as traffic
volumes, vehicle types, intersection geometry, signal timing, and pedestrian behavior and then assesses the
impact of various TDM interventions in the Saheb Bazar area using the microscopic simulation software PTV
VISSIM. Different congestion scenarios (e.g., unplanned parking, non-motorized vehicle interference, inefficient
signal control) were replicated, followed by the implementation and testing of TDM strategies such as signal
optimization, dedicated pedestrian crossings, vehicle restriction zones, one-way street conversion, and public
transport prioritization. Simulation results show that different TDM strategies can significantly reduce travel
time, queue lengths, and vehicle delay, while improving the overall level of service. Specifically, combined
approach (signal optimization + one way route) can reduce travel time by 10.89% and increases average velocity
of vehicles by 11.8%. These findings offer valuable insights for policymakers and urban planners seeking
sustainable traffic management solutions in mid-sized Bangladeshi cities.

Keywords: Traffic simulation; PTV VISSIM; Travel demand management (TDM); Urban congestion; Saheb-
Bazar, Rajshahi.

1 Introduction

Bangladesh is a rapidly growing country burdened with a dense population. It faces challenges like traffic
congestion, pollution, scarcity of land, etc., because of rapid growth. It is a small, developing country where
technology, budget, and space are the main constraints. Traffic congestion is a huge problem that slows down
productivity and development. The calculated cost of traffic congestion crosses the benchmark of USD 4 dollars
per day per commuter in the Dhaka city (Mohammed and Rabeya, 2021). Main urban areas like Dhaka (eats up
to 3.2 million working hours/day), Chittagong, and Rajshahi are under the disturbing worry of this issue
(Mahmud et al., 2012) Travel Demand Management (TDM) emerges as a vital and efficient solution for this
problem. It refers to the strategies and policies aiming to reduce or redistribute travel demand to optimize
transportation system efficiency, decrease congestion, and minimize environmental impacts. But the main
advantage of TDM is that it doesn’t require any structural changes, it uses existing system or technological and
regulation changes to mitigate transportation problems. Transportation demand management is a method to solve
growth and traffic congestion problems by reducing or restricting travel demand such as implementing new rules
or modifying existing technologies, rather than by providing more transportation facilities (Syed and Hasan,
2010).

Rajshahi, located in the northern region of Bangladesh, is a mid-sized city. As the administrative and economic
hub of the northern part of Bangladesh, this city plays a crucial role in the region’s development. It has
experienced population growth due to its improved urban facilities, services, education, etc. So, the city is facing
increasing traffic congestion. As Bangladesh is a very centralized country, Rajshahi doesn’t have significant
budget to implement newer technological solutions. Shaheb Bazar area also faces land scarcity as it’s
approximately 0.8 sg. kilometer so new roads or lanes aren’t suitable solution.

Various study has been already conducted showing success of TDM measures. A study conducted in Tomei
Expressway, Japan shows that adapting to TDM measures reduced delay by 27-35% compared to that in the case
of no TDM implementation (J.Xing et al., 2010). Simulation based analysis, such as the Istanbul case study,
further show that TDM measures can achieve substantial congestion mitigation without the need for additional

1159


mailto:mohaiminulislam37@gmail.com
mailto:mdrejwanahmedefam@gmail.com
mailto:jadidshakrul@gmail.com
mailto:rifatkarim6@gmail.com

M. M. Islam, R. Ahmed, M. A. S. Jadid & M. E. K. Sifat
ICCEI 2025

road infrastructure (Naranjo et al., 2012). But there is lack of information about the effectiveness of TDM in
Rajshahi city. A data driven study is much needed to evaluate its effectiveness. This study aims to fill this gap by
employing microscopic simulation to evaluate TDM interventions in Saheb Bazar, Rajshahi, through a
microscopic simulation model using PTV VISSIM software. This study seeks to find actual effect on average
travel time, queue length and some other traffic congestion parameters of TDM measures such as signal
optimization, restricted parking and so on. Simulation was chosen because it allows to measure effectiveness
without any cost or real time meticulous trial and error.

2 Materials and Methods

2.1 Study Area and Data Collection

The Shaheb Bazar area traffic is heterogeneous. It has a combination of auto-rickshaws, cars, trucks, buses, auto-
vehicles, pedestrians, and street vendors. Due to the high volume of traffic and congestion, this area was selected
as the study area. Traffic data were collected at Zero Point, Shaheb Bazar intersection during peak hours using
video recording. Turning movement counts and vehicle compositions were extracted and used as inputs for the
base model. Intersection geometry was digitized from high-resolution satellite imagery from Google Earth Pro
and verified by a field survey. Signal timings were manually recorded from field video during morning and
evening peak periods. Data collection was conducted over four weeks and comprised:

Table 1. Types of Data Collected

1. Traffic Volume Counts | Manual and automated vehicles count during peak hours and non-peak hours.
2.Intersection Geometry | Area and mapping of the target zone

3.Signal Timing Recording of existing signal length and timing
4.Pedestrian Behavior Surveys include road crossing behavior and stopping behavior.
5.Parking Patterns Surveys including legal and illegal parking

Figure 1. Data Collection and Road Geometrical Measurements

2.2 Model Development and Calibration

Then these collected data were used to construct a microscopic base model in PTV VISSIM, approximately
replicating the traffic flow characteristics of the Zero-point intersection at Saheb Bazar. First, parameters were
selected. Then the key steps in the traffic simulation process included digitizing roadway geometry, intersections,
and pedestrian crossings; traffic demand assignment, where observed vehicle volumes and route choice
probabilities were taken as input.

2.3 Scenario Analysis
To assess different congestion scenarios these scenes were simulated:

The base scenario taken was current observed traffic conditions in the study area reflecting typical flow,
volumes, and congestion patterns. After that different scenarios were taken to assess TDM measures effectively.
Scenario 1 considers effect of Increased on-street parking. Scenario 2 focuses on Road space usage due to
vendors and non-transportation activities. This helps to find cause of localized slowdown. Scenario 3 takes into
account of situation for Rickshaw or auto-vehicular clusters. Finally, scenario 4 aims to assess inefficient signal
control.
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2.4 TDM Strategy Implementation
The study then introduced and evaluated TDM uses both singly and in combinations:

Table 2. TDM Strategies

Signal Optimization

Reconfiguration of best signal timings (Trial & Error Process). A Three
Phase signal control system was optimized to manage east—west
through/right turns, north-south through movements, and pedestrian
phases. Signal timing optimization was carried out by iteratively adjusting
cycle length, green splits, and offsets to minimize average vehicle delay and
queue length considering indicators such as average delay, mean speed, and
intersection throughout.

Dedicated Pedestrian Crossings

Enforcement of footpath usage and keeping vendors away. It was modeled
by adding 2 pedestrian links or areas with a specified route decision or
connector.

Vehicle Restriction Zones

Designated car-free and rickshaw-free area. It was modeled in VISSIM by
only permitting specified vehicle types.

One-Way Traffic Conversion

Reassignment of key corridors to one-way flow to streamline movement.

2.5 Performance Metrics

The following indicators were used to assess the effectiveness of each scenario:

Table 3. Performance Metrics

Metrics

Use

Average Travel Time (seconds/vehicle) To measure traffic flow efficiency and evaluate congestion levels

Queue Length (meters)

To assess traffic buildup and evaluate the effectiveness of
congestion-reduction measures.

Vehicle Delay (seconds/vehicle)

To quantify traffic slowdowns and assess the effectiveness of
traffic management strategies.

Level of Service (LOS) as per Highway | To classify traffic conditions and evaluate roadway performance

Capacity Manual standards

for planning and management.

Speed (km/h)

To measure the average travel velocity of vehicles and evaluate
traffic flow conditions.

Volume (vehicles/hour)

To quantify the number of vehicles passing through a point and
assess roadway usage and demand.

Density (vehicles/km)

To determine the concentration of vehicles on a road segment and
evaluate congestion levels

Density per Lane (vehicles/km/lane) To assess lane-specific traffic concentration

Volume/Capacity (v/c) Ratio

To compare traffic demand with road capacity and evaluate the
performance and level of saturation of a roadway.

2.6 Equations

Level of Service, LOS- Assigned from internationally accepted thresholds:
C: X<0.70, D: 0.70<X<0.85, E: 0.85<X<1.00, F: X>1.00.

Here,

X stands for Volume-to-Capacity Ratio, (V/C)

3 Results and Discussion

3.1 Baseline and Stress Scenario Outcomes and Effectiveness of TDM Strategies

Table 4: Traffic Performance Metrics under Baseline and Stress Scenarios
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Scenario Avg. Avg. Avg. | Speed | Volume | V/C | Density Density per | LOS
Travel | Queue | vehicle | (Km/h) | (Veh/h) (Veh/km) lane
Time | Length | Delay (\Veh/km/In)
(S) (m) (S)
Baseline 202 65 42 35.6 2016 | 0.63 56.6 28.3 C
Unplanned Parking 245 120 85 29.4 2880 | 0.90 98 49 E
Vendor 230 105 71 31.3 2752 | 0.86 87.9 44 E
Encroachment
Motorized Traffic 261 137 101 27.6 3008 | 0.94 109 54.5 E
Interference
Inefficient Signal 226 93 66 31.9 2624 | 0.82 82.4 41.2 D
Control
Table 5: Traffic Performance Metrics under TDM strategies applied Scenarios
TDM Strategy Avg. Avg. Avg. Speed Volume | V/C | Density Density per | LOS
Travel | Queue | Vehicle | (Km/h) | (Veh/h) (\Veh/km) lane
Time | Length Delay (\Veh/km/In)
(S) (m) (S)
Signal 185 55 24.5 38.9 2202 | 0.69 56.5 28.25 C
Optimization
Pedestrian 201 75 20.1 34.3 2456 0.75 70 35 D
Crossing
Improvements
Vehicle 195 50 35 36.9 2003 | 0.63 54.2 27.1 C
Restriction
Zone
One-way 190 60 30 37.9 2281 | 0.71 60.2 30.1 D
Conversion
Combined 180 48 27.4 39.8 2346 | 0.73 58.8 29.4 B
(Signal Opt. +
one way route)

The results indicate that unplanned parking and Motorized Vehicle (MT) interference are the most significant
contributors to increased congestion, exaggerated queue lengths and vehicle delays. As depicted, all individual
TDM measures yield noticeable improvements over the baseline. It is Noteworthy that, the combination of signal
optimization and one-way routing produces the most pronounced benefits, reducing average vehicle delay by
approximately 34.76% and improving the level of service to LOS B from LOS C. Dedicated pedestrian crossings
and restriction zones decreased pedestrian delays from an average of 42 seconds to 20.1 seconds per crossing.
Although direct emission measurements were not conducted, the notable reduction in stop-and-go traffic and idle
times in TDM scenarios suggests corresponding decreases in local air pollutants.
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Figure 2: (a) Base Model simulation (b) Scenario Comparison Graph, (c) Pedestrian Input (d) Obstacle (Vendor
Encroachment) Scenario Simulation, (e) Signal Optimization(f) Signal Optimized Case Scenario

3.2 Discussion

The real-world complexities were tried to be integrated into the PTV VISSIM for the simulation of Saheb Bazar,
Zero-point intersection. This study identified unplanned street parking and NMT interference as key congestion
drivers. These results coincide with findings in other studies based in Bangladesh and globally. The findings
combining multiple TDM strategies significantly cut vehicle delays and improve LOS, are verified by
international case studies and existing literature. The TDM method is an advanced approach in the sense that
behavioral and traffic management help reduce congestion.

Beyond operational gains, these congestion mitigation strategies also increase the safety of the drivers and
pedestrians by reducing the number of accidents. This improvement stems from smoother traffic flow and
reduced conflict points at intersections. While this was not the target of this study, but can be helpful for planners
to consider. Under baseline conditions, the average travel time was 202 s with a Level of Service (LOS) C. This
value here indicates moderate congestion. In stress scenarios such as Vendor Encroachment scenario avg. travel
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time increases by 13.86% and for inefficient signal control it increases by 11.88%. A downgrade in level of
service is also visible as it reduces to E and D respectively.

The implementation of TDM strategies demonstrated clear improvements. Signal optimization reduces avg.
travel time by 17 seconds. But One-way Conversion strategies reduced average travel time to 180-190 s and
increased speed up to 39.8 km/h, upgrading LOS to B. The combined approach (signal optimization + one-
way routing) achieved the best performance. It reduced the travel time by 10.89% and improved vehicle speed
by 11.8%. This result validates its potential for congestion mitigation in mid-sized urban networks.

4. Conclusion

This study investigates the implementation of TDM strategies to mitigate the congestion problem of Saheb
Bazar, an economic hub of Rajshahi. Comprehensive data on traffic volume, vehicle types, road layout and
geometry, and signal timings were collected and used to calibrate a base simulation model. Using this model
microscopic traffic simulation through VISSIM was employed for the evaluation of different congestion-
mitigating strategies. Evaluation results show that signal optimization, pedestrian crossing improvement, vehicle
restriction zone, one-way conversion, and public transport prioritization decreased the average. travel time by
19.31%, 22.86%, 23.91%, 34.48% respectively. All the TDM measures show a considerable amount of
improvement over the baseline. Notably that, the combination of signal optimization and one-way route gave the
best results in terms of Average travel time, average queue length and LOS. The combination of signal
optimization and one-way conversion produced better outcomes with an average vehicle delay reduced by
approximately 46%. Key findings are- 1. Compared to the baseline, all stress conditions, Unplanned Parking,
Vendor Encroachment, NMT Interference, and Inefficient Signal Control, increased travel time, queue length,
and vehicle delay, 2. Unplanned parking and MT interference are the most critical congestion factors, 3. All
TDM strategies reduced travel time, queue length, and delay compared to stress scenarios & 4. The combined
strategy (Signal Optimization + One-way Route) achieved the lowest travel time (180 s), highest speed (39.8
km/h), and best LOS (B), indicating that integrating multiple TDM measures is more effective than
implementing them individually.

Even though the real-life complexities of traffic of an unpredictable traffic pattern, such as Saheb bazar, were
tried to be replicated in the VISSIM model, but an accurate representation was not possible due to the complex
pattern of vehicles and the limitation of accurate data and advanced technology. Conducting additional trials with
more advanced equipment could contribute to a more accurate representation of the traffic conditions of the zero
point intersection of Saheb Bazar, Rajshahi.
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