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        Abstract 
 
        The concept of Level of Service (LOS) is originated from the Highway Capacity Manual (HCM). LOS is a qualitative 
assessment of the operational performance of a roadway facility based on quantitative performance measures. Many 
transportation infrastructure funding decisions are based on LOS analysis, and LOS designations are intended to represent user-
perceived quality of service. This study has been carried out to determine the LOS on different roads. The profile of study area is 
in Kuching, Sarawak where five roads with different characteristics and posted speed of  urban multilane with 80km/hr and 
70km/hr, suburban two-lane two-way with 90 km/hr and 80km/hr had been selected for the studies. Substantial numbers of inputs 
are required for the LOS analysis and determination based on HCM procedures. These inputs are: a long list of traffic volume 
collected in different peak hours; traffic composition such as proportion of heavy vehicles in traffic; geometric characteristics such 
as number of lanes, lane width, shoulder width, and approach grades. Results of the study showed that  LOS in the urban 
multilane is still in satisfactory range with LOS ranging from C to D except for most of the traffic congestion cases in urban 
multilane at the traffic light junctions and roundabouts. However, LOS in the suburban two-lane two-way is only satisfying in the 
range of LOS E; hence multilane should be introduced in such cases. Recommendations such as to provide various or multitude 
modes of transportation needs should be introduced in urban area. Furthermore, a suitable and efficient hierarchy in road system 
should be provided in suburban areas before turning into urban areas. 
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1.  INTRODUCTION  
Level of Service (LOS) defined as a measurement of the operational conditions within a traffic stream, generally in 

terms of travel time, speed, freedom to maneuver, traffic interruptions, comfort and convenience (HCM, 2000). The roadway 
LOS is also defined as a stratification of travelers' perceptions of the quality of service provided by a facility. There are 
currently six letter grades from A to F that describe the LOS of a roadway facility, much like a student's report card with "A" 
generally representing the most favorable driving conditions and "F" representing the least favorable. As number of vehicles 
increased, traffic volume will also be increased and the increased traffic volume has further caused traffic problems such as 
traffic congestion. Traffic congestion is becoming a nuisance for the working class. Facing with such a situation, people 
cannot get to work on time or appointment on time. It causes stress, wastes precious fuel, emits dangerous emissions and 
takes away valuable family time. Therefore, it is strongly recommend to carry out the analysis of LOS in the majority road in 
city area to develop a better plan in the current traffic network to ensure that the quality of life will improved rather than 
becoming another source of stress.  

The profile of study area is in Kuching, Sarawak. This research covers collection and analysis of data from traffic 
survey and observation on the traffic volume and the physical characteristics of the roadway. Studies were carried out to 
determine the volume capacity ratio which affects the class of the level of service. The five roads with different 
characteristics and posted speed that are urban multilane with 80km/hr and 70km/hr, suburban two-lane two-way with 90 
km/hr and 80km/hr had been selected for the studies. They are namely Jalan Sherip Masahor (urban multilane with 80 
km/hr), Jalan Datuk Bandar Mustapha (urban multilane with 70 km/hr), Jalan Laksamana Cheng Ho (urban multilane with 
70 km/hr), Jalan Datuk Amar Kalong Ningkan Batu Kawa By-Pass Road (suburban two-lane two-way with 80 km/hr), Jalan 
Kuching-Serian road from 11½th Mile to 15th Mile two-lane segment road (rural two-lane two-way with 90 km/hr).  

2.   LITERATURE REVIEW 
 The Highway Capacity Manual (HCM) is recognized as the primary source of document on the Level of Service (LOS) 
and quality of service for roads in the U.S. The concept of six levels of service to describe the quality of road operations 
using an A to F letter scale first appeared in the 1965 HCM. The levels of service were presented as being based on 
perceptions of the individual road user and the document recognized that the user has little realization of traffic volume 
itself.  
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        The level of service concept caught on so well that not only do highway engineers use the concept, but lay people (i.e., 
elected officials) to this day routinely use it to describe roadway operations. An “F” for Automobile LOS means heavy 
congestion and slow moving traffic, but an “A” for Automobile LOS means no congestion and smooth moving traffic. It is 
connected to the physical characteristics of the roadway as it resolves the road capacity, and the different operating 
characteristics that can occur when the roadway carries different traffic volumes. 
The Highway Capacity Manual (HCM) and American Association of State Highway and Transportation Officials 
(AASHTO) - Geometric Design of Highways and Streets "Green Book" list the following levels of service given in Table 1 
below: 

 
Table 1: Types of Level of Service (LOS) Condition 

 
Level Of Service (LOS) Condition 

A Free flow 
B Reasonably free flow 
C Stable flow 
D Approaching unstable flow 
E Unstable flow 
F Forced or breakdown flow 

 

3.   METHODOLOGY 
 Road inventories (geometric data) and detailed peak period traffic counts (traffic volumes) at each road provide the 
necessary data to determine levels of traffic service that exist at present. These two main sources are consider as traffic 
survey in the first phase of LOS Operation Framework in both Multilane and Two-lane LOS as shown in figures 1 and 2. 
The substantial numbers of data inputs in the first phase are required for the LOS analysis and determination according to the 
Highway Capacity Manual (HCM) procedures. The geometric data and traffic volumes at each road are required at each of 
the directional lanes. This is to examine the current trend of directional traffic flows through the roads system. The manual 
counts technique was selected in this case study project. The manual count is the easiest method, using manpower’s (at least 
3 people) and simple equipment to jot down reading such as pen and paper.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   Figure 1: Multilane LOS Operation Framework                Figure 2: Two-lane LOS Operation Framework     
                   (Source: HCM, 2000)                      (Source: HCM, 2000) 
 



UNIMAS E-Journal of Civil Engineering, Vol. 1: issue 1 /August 2009 
 

                 

 3

 Most volume studies that involve manual counts are taken in peak periods that include the heaviest hours of 
morning, afternoon, and evening traffic; the counting period may depend upon the method used to obtain data and the 
planned use of the data. Counts are normally not conducted during special conditions such as holidays, sporting events, 
transit strikes, special sales, unusual weather or temporary street closures, unless the count is for the specific purpose of 
studying the effects of these special conditions. While doing this manual counting, observer must be positioned where they 
have a clear view of the traffic. Observer should be positioned away from the edge of the roadway. If observers are 
positioned above ground level and clear of obstructions they usually have the best vantage point. Visual contact must be 
maintained if there are multiple observers at a site. 
 The Time of traffic surveys are taken in the peak periods on weekday’s morning (7am to 9am), afternoon (12pm to 
1pm), and evening (4.45pm to 6.45pm). The traffic was recorded at every 15-minute interval under five different vehicle 
categories namely: passenger car, motorcycle, lorry, large lorry, and bus. One hour was selected from the heaviest peak 
hours for the analysis of LOS since the substantial short-term fluctuations typically occur during an hour. Geometric 
characteristics parameters such as number of lanes, no. of access points along the road, lane width, shoulder width, and 
approach grades in every road are taken as the road elements need to be considered in the LOS study. 

Besides the first phase of traffic survey, other three phases of process required to determine multilane LOS are: 
firstly, determination of Free-Flow Speed (FFS) which is the mean speed of traffic as measured when flow rates are in the 
range of low to moderate; secondly, determination of Flow Rate which is the peak hour volume adjusted for the temporal 
variation of traffic demand within the analysis hour, the impacts due to heavy vehicles, and characteristics of the driving 
population; finally, the determination of LOS grade and its density. Meanwhile, other four phases of process to determine 
two-lane two-way LOS are: firstly, determination of Free-Flow Speed (FFS); secondly, determination of Demand Flow Rate 
based on hourly demand volumes from traffic counts or estimates; thirdly, compute Average Travel Speed (ATS) and 
Percent-Time-Spend-Following (PTSF); finally, the determination of LOS grade and its volume capacity ratio (v/c). 

 

4.   TRAFFIC SURVEY RESULT 
 

Traffic survey result data shown from table 1 until  
a. Jalan Sherip Masahor 

 
        Table 1: Daily Peak Hour Volume in Peak Direction          Table 2: General and Specific Data 

 
b. Jalan Datuk Bandar Mustapha 

 
     Table 3: Daily Peak Hour Volume in Peak Direction               Table 4: General and Specific Data 

 
 
 
 

Traffic Stream Type: Weekday 
Peak Hour Volume: 1544 veh/hr 

Percentage of Trucks and Buses (PT): 1.82 % 
Percentage of Recreational Vehicles (PR): 0 % 

Peak Hour Factor (PHF): 0.83 
Terrain Type: Level 

No. of Lanes (N): 2 
Lane Width: 3.65 m 

Shoulder Width (LCL): 0.7 m 
Median Shoulder Width (LCR): 0.5 m 

Median Type: Divided 
Posted Speed: 80 km/hr 

Access Points per km: 8 

Traffic Stream Type: Weekday 
Peak Hour Volume: 1913 veh/hr 

Percentage of Trucks and Buses (PT): 7.32 % 
Percentage of Recreational Vehicles (PR): 0 % 

Peak Hour Factor (PHF): 0.98 
Terrain Type: Level 

No. of Lanes (N): 2 
Lane Width: 3.65 m 

Shoulder Width (LCL): ≥ 1.8 m 
Median Shoulder Width (LCR): 0.6 m 

Median Type: Divided 
Posted Speed: 70 km/hr 

Access Points per km: 4 
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c. Jalan Laksamana Cheng Ho  
 

         Table 5: Daily Peak Hour Volume in Peak Direction         Table 6: General and Specific Data 

 
d. Jalan Datuk Amar Kalong Ningkan (Two-lane Batu-Kawa By-pass Road)  

 
         Table 7: Daily Peak Hour Volume in Both Direction            Table 8: General and Specific Data 

e. Jalan Kuching-Serian (Two-lane segment from 10½th 
Mile to 15th Mile) 

 
         Table 9: Daily Peak Hour Volume in Both Direction           Table 10: General and Specific Data 

  
 
 
 
 
 
 
 
 
 
 

Traffic Stream Type: Weekday 
Peak Hour Volume: 2374 veh/hr 

Percentage of Trucks and Buses (PT): 2.95 % 
Percentage of Recreational Vehicles (PR): 0 % 

Peak Hour Factor (PHF): 0.94 
Terrain Type: Level 

No. of Lanes (N): 2 
Lane Width: 3.6 m 

Shoulder Width (LCL): 0.7 m 
Median Shoulder Width (LCR): 0.5 m 

Median Type: Divided 
Posted Speed: 70 km/hr 

Access Points per km: 8 

Traffic Stream Type: Weekday 
Peak Hour Volume (Two-Way Volume): 2258 veh/hr 

Percentage of Trucks and Buses (PT): 5.85 % 
Percentage of Recreational Vehicles (PR): 0 % 

Peak Hour Factor (PHF): 0.89 
Terrain Type (Grade): Level 

Directional Split: 67 / 33 
Lane Width: 3.65 m 

Shoulder Width: ≥ 1.8 m 
Percentage of No-Passing Zones: 0 % 

Posted Speed: 80 km/hr 
Class Type: I 

Access Points per km: 4 

Traffic Stream Type: Weekday 
Peak Hour Volume (Two-Way Volume): 2286 veh/hr 

Percentage of Trucks and Buses (PT):  3.72 % 
Percentage of Recreational Vehicles (PR): 0 % 

Peak Hour Factor (PHF): 0.91 
Terrain Type (Grade): Level 

Directional Split: 71 / 29 
Lane Width: 3.45 m 

Shoulder Width: ≥ 1.8 m 
Percentage of No-Passing Zones: 0 % 

Posted Speed: 90 km/hr 
Class Type: I 

Access Points per km: 20 
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4.    LOS ANALYSIS RESULT 

 
Figure 3: Multilane LOS Range in Jln. Sherip Masahor     Figure 4: Multilane LOS Range in Jln. Dtk. Bandar Mustapha 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
From the finding obtained, LOS in the urban multilane 
such as Jalan Sherip Masahor and Jalan Datuk Bandar 
Mustapha are still satisfactory in the range of LOS C 
grade while Jalan Laksamana Cheng Ho is satisfactory in 
the range of LOS D grade except the congestion areas at 
the traffic light junctions and roundabouts. Whereby the 
minimum design level of service is D in urban highway. 

 
Figure 5: Multilane LOS Range in Jalan Laksamana Cheng Ho 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Two-lane LOS Range in Jalan Datuk Amar Kalong       Figure 7: Two-lane LOS Range in Jalan Kuching-Serian 
                 Ningkan (Two Lane Batu-Kawa By-pass Road)            (10½th Mile to 15th Mile) 
 

However, LOS in the suburban and rural two-lane two-way such as Jalan Datuk Amar Kalong Ningkan and Jalan 
Kuching-Serian are only satisfying in the range of LOS E grade, hence multilane should be introduced in such cases. 
 

5. CONCLUSION AND RECOMMENDATION 
Traffic operational analysis is needed to evaluate the Level of Service (LOS) of a road section to sustain traffic 

demand. The LOS provides a qualitative ranking of the traffic operational conditions for the road user. Current practice in 
road performance analysis is based on the method stimulated in the American Highway Capacity Manual (HCM, 2000). 
Based on HCM 2000, the performance of road sections is evaluated using capacity analysis, which evaluate the road 
performance in term of traffic conditions based on six grades of LOS from A to F. LOS A representing the best operating 
conditions whereby LOS F represents the worst scenario. Each LOS represents a range of operating conditions and the 
driver’s perception on those conditions. Safety is not included in the measurements of establishing the service levels.  
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It can be summarized that Level of Service (LOS) of three roads in the area of Kuching are still in satisfactory level 
ranging from LOS C to D. Most case of the traffic congestion is happen in urban multilane traffic light junction (signalized 
intersection) and roundabout. In these cases of problems, further case studies on determination of LOS in intersection and 
roundabout are recommended to be carried out. Moreover, in the finding of LOS in intersection and roundabout, there will 
be a set of warrant to decide so as to improve the facility from roundabout to signalized intersection or to grade separated 
intersection (interchange). Besides upgrade from the signalized intersection into grade separated intersection which is highly 
expensive, another mitigation method on traffic congestion in signalized intersection is by providing a systematic traffic 
control system. The systematic traffic control system is the green wave idea in every close linked signalized intersection. 
This green wave idea means there will be a traffic green light wave in every close linked signalized intersection followed by 
one another when people travel from one point of signalized intersection to another. These mitigations would greatly assure 
in reducing the traffic congestion problem as well as increasing the LOS grade.  

In fact, from the data obtained, the current multilane LOS in Kuching urban area in peak hour already reached grade 
D of LOS, and these LOS grades will further deteriorate when traffic volume increases in the future. The mitigation method 
such as increasing the number of lanes in the multilane road facility in the urban area will be difficult to be carried out due to 
many existing roadside development, underground cable, utility, building etc. which are also costly to remove. Thus, 
mitigation or is required to be carried out to decrease the traffic volumes for current and future needs to consider services 
such as to provide various or multitude modes of transportation for various needs or demands.  

Meanwhile, from this study in the suburban and rural area of Kuching, the current two-lane two-way road has 
already reached grade E of LOS. Therefore, it is highly recommended to upgrade these road facility into multilane while 
there is still less development on the roadside. Alternative highway or more roads with proper traffic plans using hierarchy 
system should be constructed to avoid traffic congestion problem by giving the driver more alternatives to reach their 
destination instead of depending on one road only. Besides, it is easy to provide a suitable and efficient hierarchy on the road 
system in these areas before turning them into urban area. 

With these recommendations, the design of road system must be changed or redesigned by traffic engineer 
especially in terms of number of lanes per direction which need to be increased. Therefore, future studies and projects should 
be implemented with the following mitigation such as: to propose a suitable and efficient hierarchy road system in rural and 
suburban areas; to provide a systematic traffic control system in the urban area; and to provide various or multitude modes of 
transportation needs or demands. 
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