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Abstract 

 

Traffic flow and congestion on the Cumilla section of Dhaka-Chattogram Highway have become critical issue 

affecting travel effectiveness and security. The current study analysed traffic at four significant locations 

Alekharchor, Cumilla Cantonment, Kalakochua Bazar, and Nimsar using multi-modal data collection. Passenger 

Car Unit (PCU) values were calculated using spot speed observations of various vehicles. Counts of two-way 

traffic were conducted manually during peak (10:00-11:00 AM and 5:00-6:00 PM) and off-peak (2:00-3:00 PM) 

hours. Capacity Adequacy Index (CAI) and Lindley's Congestion Index (LCI) assessed operational efficiency and 

the level of congestion. A survey of 185 persons provided data on causes of congestion and travel behaviour. 

Cumilla Cantonment was the most congested with speeds decreasing to 20-25 km/h during peak hours because of 

roadside business, poor parking and mixed traffic. It has recorded the maximum number of 1,544 PCU/hr and an 

LCI of 1.04. The other locations maintain better speeds (45-50 km/h) off-peak hours. Level of Service (LOS) 

analysis indicate D-F ratings at all locations, indicating extreme capacity limitation. This comprehensive study 

provides essential baseline data for infrastructure planning and congestion mitigation along this vital economic 

corridor of the Dhaka-Chattogram highway. 

Keywords: Traffic Flow; Level of service (LOS); Passenger Car Unit (PCU); Lindley's Congestion Index (LCI); 

Capacity Adequacy Index (CAI) 

1 Introduction: 

Traffic congestion is becoming a growing issue in Bangladesh, especially along Dhaka–Chattogram Highway, a 

critical economic vein. Cumilla City, being situated in between Dhaka and Chattogram, is a pivotal connectivity 

point for the region but faces growing traffic pressure, worsening travel conditions. The reasons behind congestion 

are rising numbers of vehicles, fast urbanization, on-road commercial activities, lack of parking management, and 

mixed traffic. Traffic congestion is a condition in which vehicles move at slower speeds due to overloading traffic. 

Like most developing countries, Bangladesh is afflicted with severe traffic problems. In Dhaka alone, for instance, 

people waste an estimated 2 hours and 20 minutes per day in traffic, out of which 1 hour and 30 minutes are wasted 

idling in jams, losing over half of their travel time (Barnamala, 2015). The extent of traffic congestion is usually 

quantified in the context of Level of Service (LOS), referring to the quality of traffic movement along a road 

segment. Various indices are used by researchers to quantify congestion, such as Capacity Adequacy Index (CAI), 

Lindley's Congestion Index (LCI), Speed Performance Index (SPI), Active Road Performance Index (ARPI), and 

Road Segment Congestion Index (RSCI) (Noor et al., 2021; Tasnim and Khan, 2018). These assessments typically 

entail the conversion of different kinds of vehicles cars, buses, trucks, motorcycles into one standardized unit called 

Passenger Car Equivalent (PCE) so they can be appropriately compared. Different methods, including spot speed 

studies, manual traffic counts, and vehicle equivalency using Passenger Car Unit (PCU), CAI, and LCI to measure 

congestion severity and operation efficiency were applied in this study. Aside from that, 185 respondents survey 

questionnaire noted public perception, travelling behaviour, and socio-demographic influences on congestion. 

Results showed extreme variation in congestion levels at various points, and the most congested point was observed 

at Cumilla Cantonment. The outcomes will guide future infrastructure planning, traffic policymaking, and 

congestion mitigation for this critical transport connection. 

2 Methods and Methodology 

The entire dataset was collected manually at four distinct locations during both peak periods 10:00-11:00 AM, 

5:00-6:00 PM and off-peak hours 2:00-3:00 PM. The systematic research methodology is illustrated in the 

flowchart presented below. 
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Figure 1 Flow chart of the methodology 

2.1 Study Area 

Cumilla is a major divisional city of Bangladesh which is located between the Dhaka–Chattogram Highway. 

Therefore, this roadway section serves as a crucial transportation corridor which is connecting the capital with the 

country's primary port city. In this research, four important intersections were identified for traffic pattern 

assessment: Alekharchor, Cumilla Cantonment, Kalakochua Bazar, and Nimsar that influence traffic flow 

dynamics along the corridor. 

 

 

 

 

 

 

 

Figure 2 Study area for Traffic Congestion Assessment 

2.2 Traffic Volume Study, Spot Speed & PCU Calculation 

In this study, an indirect counting method was employed, wherein all vehicles were manually counted using video 

recordings captured via mobile phone. Spot speed is defined as the instantaneous speed of vehicles at a specified 

location. In this study, spot speed was calculated by manually timing how long it took each vehicle to travel a 100-

meter section of the road. Based on spot speed of private car and other vehicles actual impact of vehicles on 

roadway as well as PCU values were corrected. The passenger car unit is a means of representing several types of 

cars with varying features in a single equivalent unit (Raj et al., 2019). The following formula (Equation 1) has 

been used for PCU calculation. 

𝑃𝐶𝑈 = (
𝑣𝑐

𝑣𝑖
)/(

𝐴𝑐

𝐴𝑖
)……………………. (1) 

Here, 

Vc = Spot speed of car, Vi = Spot speed of vehicle whose PCU to be estimated, Ac = Standard Area of car, Ai = 

Standard Area of vehicle whose PCU to be estimated. 

2.3 Lindley’s Congestion Index (LCI) & Capacity Adequacy Index (CAI) Calculation 

For both the indices (CAI and LCI) for assessing road capacity, 1400 vehicles per hour per lane has been considered 

as the ideal capacity (Guidelines for Capacity of Roads in Rural Areas, 1990). CAI value greater than 100 reveals 

good traffic congestion, whereas a CAI values less than 100 indicates worse traffic congestion. Contrarily, LCI 

values greater than 0.77 reveal worse traffic congestion, while LCI values less than 0.77 is mentioned as good 

traffic congestion (Tasnim and Khan, 2018). 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐴𝑑𝑒𝑞𝑢𝑎𝑐𝑦 𝐼𝑛𝑑𝑒𝑥 (𝐶𝐴𝐼) =
𝑉𝑜𝑙𝑢𝑚𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦(𝑅𝑎𝑡𝑒𝑑)

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑑𝑒𝑠𝑖𝑔𝑛 ℎ𝑜𝑢𝑟 𝑣𝑜𝑙𝑢𝑚𝑒
∗ 100……………. (2) 

𝐿𝑖𝑛𝑑𝑙𝑒𝑦’𝑠 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 (𝐿𝐶𝐼) =
𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟 𝑉𝑜𝑙𝑢𝑚𝑒

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
………………………...… (3) 
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2.4 Level of Service (LOS) Calculation 

Level of Service (LOS) is a qualitative measure used to describe the operational condition of a roadway or 

intersection based on factors like speed, travel time, delay, and traffic flow. Level of service (LOS) is measured on 

a scale A to F. (Krammes and Crowley, 1986). For the research LOS was calculated by Volume to Capacity ratio 

(V/C). V/C ratio being greater than 1 indicates a congested situation in roads where vehicles do not move (Kadiyali 

L, 2003). 

2.5 Questionnaire Survey 

A random sample of 185 pedestrians at four busiest intersections of Cumilla city were interviewed and their sample 

was taken to know the reasons behind traffic congestion. They have explained their background first and have 

given responses to travel speed, comfort in navigating through traffic, journey time predictability, efficiency in 

traffic signals, comfort in travel, and overall service on the road. Pedestrians rated their experience on scales 'very 

poor' to 'excellent' or 'high impact' to 'no impact.' The result was displayed in pie charts to show their opinions 

clearly. 

Results and Discussion 

 

Table 1 Estimated PCU value for each type of vehicle 

 

Previous research indicates that a wide variety of vehicle types operate on the road, and these vehicles differ 

significantly in terms of their size, speed, and overall impact on the roadway. Using Equation (1), the corresponding 

Passenger Car Equivalent (PCE) values were calculated and are presented in Table 1. As shown in Table 1, the 

PCE values for buses were found to be the highest across all road sections, significantly exceeding the conventional 

PCE value of 3. 

In addition, Figure 3 presents a comparison between the maximum PCE values observed for each vehicle at 4 

different locations and the conventional PCE values reported by Chowdhury (2016). The PCE values (Table 1) for 

bus, truck, microbuses, pickups, were found to be highest at the Alekharchor point and lowest at the Cantonment 

point which were 6.17, 5.50, 2.38, and 3.55. Same results have been acquired in terms of non-motorized vehicles 

like rickshaw and van. A lower PCE value typically indicates a less congested road section, whereas a higher PCE 

value is associated with increased traffic congestion. As the PCE value increases, the volume of traffic per lane 

also rises; however, this is accompanied by a reduction in lane capacity, which can further exacerbate congestion 

(Tasnim and Khan, 2018). Therefore, the Alekharchor interchange appears to have a higher potential for traffic 

congestion due to these contributing factors. 

 

 

 

 

 

Dhaka-Chattogram Highway  

Section Car Bus Microbus Pick 

Up 
Truck CNG Motorbike Rickshaw Van Bi- 

Cycle 
Other 

Alekharchor 1 6.17 2.38 3.55 5.50 1.01 0.18 1.90 2.37 0.57 1.18 

Cantonment 1 4.99 2.42 2.74 5.22 0.85 0.19 1.82 2.24 0.58 0.82 

Kalakochua 

Bazar 
1 5.13 2.29 2.29 4.67 1.10 0.21 0.98 1.36 0.63 1.17 

Nimsar 1 5.67 2.85 3.90 6.32 0.84 0.24 1.68 1.75 0.60 1.66 
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Figure 3 Comparison between Conventional and Estimated PCE Values. 

From Table 2 the Cantonment area between the four roadway sections, was identified as the most congested section 

in both directions, compared to Alekharchor, Kalakochua Bazar, and Nimsar point. It recorded Lindley’s 

Congestion Index (LCI) values of 1.04 and 0.86, which are higher than the threshold value of 0.77, indicating 

severe congestion. In addition, the Congestion Assessment Index (CAI) further confirmed that the Cantonment 

section experienced higher levels of congestion, with values of 91.26 in the Dhaka–Chittagong direction and 90.67 

in the Chittagong–Dhaka direction. Both values are below the threshold of 100, indicating significant congestion. 

The LCI and CAI values across the four sections also indicate that the Dhaka to Chittagong direction experienced 

higher levels of congestion compared to the opposite direction. 

Table 2 CAI and LCI at different locations of Cumilla District 

 

In the study area, traffic flow was observed to be relatively low during the off-peak hour (2:00–3:00 PM) across 

all four segments (Table 3), as reflected by Level of Service (LOS) ratings ranging from A to C based on volume-

to-capacity (V/C) ratios. However, a contrasting scenario emerges during the peak hours specifically between 

10:00–11:00 AM and 5:00–6:00 PM when congestion intensifies. This is particularly evident in the Cantonment 

section, where a sudden influx of traffic is observed, likely due to increased activity related to recreational and 

institutional purposes, combined with the presence of a wide variety of vehicle types. From table 4 in can be 

observed that, during these peak periods, LOS drops to F in both the Dhaka to Chittagong and Chittagong to Dhaka 

directions, indicating severe congestion. In contrast, the remaining segments Alekharchor, Kalakochua Bazar, and 

Nimsar are comparatively less congested, with LOS ratings ranging from D to E during peak hours. According to 

Kadiyali (2003), an LOS of F signifies highly unstable traffic conditions characterized by stop and go movements 

and frequent flow breakdowns. 

Section CAI LCI 

 D-C C-D D-C C-D 

Alekharchor 115.13>100 

Good 

149.89>100 

Good 

0.61<0.77 

Good 

0.54<0.77 

Good 

Cantonment 91.26<100 

Worse 

90.67<100 

Worse 

1.04>0.77 

Worse 

0.86>0.77 

Worse 

Kalakochua 

Bazar 

135.13>100 

Good 

103.78>100 

Good 

0.71<0.77 

Good 

0.70<0.77 

Good 

Nimsar 108.78>100 

Good 

115.89>100 

Good 

0.60<0.77 

Good 

0.55<0.77 

Good 

3
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Table 3 Traffic flow at four different sections of Cumilla District 

 

Table 4 The value of LOS at four different Sections of Cumilla District 

Time 10AM-11AM 2PM-3PM 5PM-6PM 

Direction E-W W-E E-W W-E E-W W-E 

Section v/c 

ratio 

LOS v/c 

ratio 

LOS v/c 

ratio 

LOS v/c 

ratio 

LOS v/c 

ratio 

LOS v/c 

ratio 

LOS 

Alekharchor 0.87 D 0.67 B 0.60 A 0.52 A 0.76 C 0.62 B 

Cantonment 1.10 F 1.11 F 0.80 C 0.74 C 1.13 F 0.98 E 

Kalakochua 

Bazar 

0.74 C 0.96 E 0.54 A 0.68 B 0.90 D 0.89 D 

Nimsar 0.92 E 0.86 D 0.50 A 0.51 A 1.07 F 0.77 C 

 

In addition, A questionnaire survey consisting of 30 questions was conducted among 185 pedestrians in Cumilla 

city, identified four key elements that influenced traffic flow and congestion on daily life as presented in Figure 4. 

Results indicate 38.4% cited large numbers of rickshaws and slow vehicles as a key cause. Traffic conditions 

influenced daily routines of 45%, increased costs of transportation for 40%, and 33% stated delays made by 

roadside shops narrowing the roads. Overall, congestion is seen to influence travel time and cost in a negative 

manner with slow and non-motorized vehicles being of key importance. 

 

 

  

 

 

 

 

 

 

 

 Figure 4 Questionnaire survey results on Traffic Congestion in Cumilla District 

Location Dhaka-Chattogram Highway Road Maximum Traffic Flow 

(PCU/hr) 

Time 10am-11am 2pm-3pm 5pm-6pm 

Alekharchor 1216 833 1062 

Cantonment 1544 1121 1586 

Kalakochua Bazar 1349 955 1261 

Nimsar 1287 721 1495 

38.40%
32%

26%

4.10%

Excessive number of rickshaw/ slow moving 

vehicles

Very High Impact High Impact Moderate Impact

Low Impact No Impact

17.80%

45%31.50%

5% 0.70%

Impact of traffic conditions in daily schedule

Very High Impact High Impact Moderate Impact

Low Impact No Impact

15.10%

40%
34%

10.90%

Impact of traffic conditions in transportation costs

Very High Impact High Impact Moderate Impact

Low Impact No Impact

23.30%

33%

12.30%

Road side encroachment (shops, vendors etc.)

Very High Impact High Impact Moderate Impact

Low Impact No Impact
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4 Conclusion: 

This study aimed to assess the level of congestion along the Cumilla section of the Dhaka–Chattogram Highway, 

as such evaluation is essential for developing effective demand management strategies. Among the four major 

segments investigated, the Cantonment section was identified as the most congested. Analysis revealed that 

Passenger Car Equivalent (PCE) values varied across the segments and time periods, influenced by peak and off-

peak traffic flows. Notably, buses, microbuses, and similar vehicles significantly contributed to traffic congestion, 

with higher PCE values ranging from 3 to 6, indicating their disproportionate impact on traffic flow. Furthermore, 

Level of Service (LOS) rankings of F were recorded during peak hours in both directions, indicating unstable 

traffic conditions characterized by frequent stoppages and low travel speeds. In the Cantonment section, illegal 

roadside parking by various types of vehicles, including buses stopping outside designated zones, significantly 

reduced the effective carriageway width. The high presence of non-motorized vehicles further intensified the 

problem by lowering traffic efficiency. To address these challenges, a range of interventions should be considered. 

These include implementing comprehensive traffic management strategies, stricter enforcement of traffic laws, 

and encouraging the use of public transportation. Additionally, local authorities could introduce measures such as 

congestion pricing, improve road markings, and regulate roadside parking. Promoting alternative modes of 

transport, such as cycling and walking, may also help alleviate pressure on the road network and contribute to a 

more sustainable urban traffic system. 
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