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ABSTRACT

The aim of this study was to investigate the effectiveness of pedestrian underpasses in
Metropolitan Dhaka. The locations of the underpasses studied were at Karwan Bazar and
at Gulistan Square. In order to determine the performance of these underpasses data were
collected both 'before' and 'after' their construction. Manual as well as video recording
methods of data collection was applied in this research study. Data has been analyzed
both qualitatively and quantitatively by observing data critically and applying standard
statistical method. For quantifYing the effectiveness of underpasses - classified vehicular
flow, travel time, speed and pedestrian flow, crossing time, speed as well as vehicular-
pedestrian conflicts were selected as the measure of effectiveness (MOE).

From observational studies it has been seen that in general, expectedly pedestrians do not
voluntarily use grade-separated facilities unless they are forced to do so either by median
barrier or temporary barrier created by bumper-to-bumper jam condition. Moreover,
relatively pedestrians compliance of using footbridges is very poor especially where these
facilities are constructed very near to the junction. It is mainly because of the fact that in
the junction no restriction measure like median barrier can be installed and periodic gaps
are automatically created by signal or forcefully by traffic police.

Findings of Karwan Bazar Underpass

The 'before and after' statistical analysis of data has shown that the underpass at Karwan
Bazar site has improved all the measure of effectiveness (MOE) significantly. The overall
vehicular flow improvement in morning hour was 20% & 7.9% and in afternoon hour it

was II % and 6.6% for South to North and North to South directions of traffic flow
respectively. Relatively, flow improvement is found higher in the morning shift. On
average travel time for different types of vehicle increased by 18% to 40% in S-N
direction and 10% to 34% in N-S direction of travel. Similarly speeds of each category of
vehicle have increased significantly ranging 8-22 kmph (22-64%) and 3-13 kmph (11-
52%) in S-N and N-S directions respectively. Overall, construction of underpass at this

site has improved the travel time and speed of traffic stream in both directions by 26-30%
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and 34-44% respectively. Corresponding average delay savmgs were also very
significant. The amount ranges 8-31 sec in S-N direction and 6-25 sec in N-S direction
while traveling 440m and 480m segments of road in respective direction. The dispersion

parameter or standard deviation (Sd) of travel time data has shown that due to
construction of underpass, in the study-segment of the road, journey become very smooth

and comfortable.

Statistical analysis results have shown that the pedestrian flow has increased significantly
in both shifts. In the morning shift pedestrian flow value has increased by 36.5% and
45.4% in afternoon shift. This extra flow can be attributed to 'attracted flow' to the new
improved facility. The vehicular-pedestrians conflicts study has shown that before
underpass construction, during the study period about 75% pedestrians had to face risky
crossing interrns of accepting very small gaps and crossing quickly or creating gaps
forcefully in the speedy traffic stream. It has also found that most of the pedestrians find
it difficult to cross the road individually. The proportion of group crossing has been found
to be 85%. Moreover, it has revealed that due to hostile attitude of motorists about 30%
pedestrians had to take multiple attempts to negotiate with the drivers and to complete the

crossmg maneuver.

From the 'before-after' analysis it is found that pedestrian travel time has increased by
11.1% (7 sec) as compared to at-grade crossing. Before underpass construction, average
crossing speed of individual pedestrian was 1.05 m/s in the morning and 0.92 m/s in the
afternoon hour. In case of pedestrian group-crossing, average crossing speed was found
much lower (0.6m/s) than that of average individual crossing speed (1.0 m/s).

Findings of Gulistan Square Underpass

It is observed that at this site most of the pedestrians avoid the underpass due to slow speed
of traffic stream as well as lack of restrictive measures. As such the underpass construction
at this site has failed to improve both traffic operation as well as pedestrian safety

significantly.

Guidelines for Planning of Grade-separated Facilities

Based on the findings of this study, understanding of the factors contributing to the
effectiveness of the underpasses which may lead to better design of these facilities in the

future are listed as follows:
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Grade-separated facilities should not be constructed:
o Without restrictive measures viz. continuous median barrier or footpath railing
o Near the junction especially where there is signalized or police controlled zebra

crossmg
o At narrow roadway
o Where parking problems exits
o If traffic stream comprises non-motorized vehicles

For planning of grade-separated facility, in general preference should be given as follows:

o In selecting facility-type: Footbridge over underpass
o In selecting bridge-type: Steel-footbridge over R.C.C-footbridge

o In selecting access-type: Ramp over stair
o In selecting location: Mid-block position over 'at or near' junction
o In selecting median barrier: Modified New Jersey (see Figure 5.1) over typical

railing barrier
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CHAPTER 1

INTRODUCTION

1.1 Background

Pedestrian may be defined as those human traffic who are supposed to walk as a part of

their movement and to use those facilities such as footpath, overpass, zebra crossing,

subway etc. at any stage of their travel in order to accomplish their activities with which

they are engaged in. All road users are pedestrians for one or more stages of every journey

even if it is just a short walk from office to car park or to bus stoppage, home to market

and office to another office etc. Shorter journeys are more likely to be made on foot. In

the journey it also require some times to cross the road surface. In UK, with relatively

high car ownership over 60 percent of journeys under 1.5 Ian long are made solely on

foot. In urban areas in the UK about one third of all journeys are made entirely on foot

(Ref I). In developing countries walking is even more important as a mode of transport,

both in terms of number and length of journeys made on foot. Yet facilities for

pedestrians walking and crossing are often sadly lacking. Although, almost all trips start

or finish by walking yet transport facilities are almost completely devoted to motorized

vehicles. Pedestrians are also the most vulnerable of transport users as they include those

impaired by age, mental or physical handicaps that prevent them from driving or

accessing public transport. Their lack of protective covering further disadvantages them
against motor vehicles.

Pedestrian activity is a major component in urban street capacity analysis and pedestrian

characteristics are an important factor in the design and operation of transportation

systems. While pedestrian activities along the roadway, intemlpts free flow of traffic

stream and thereby reducing the capacity of the road link, at the intersections they cause

conflicts with the discharging vehicles resulting reduced junction capacity.

The best way of improving roadway safety and capacity is to segregate pedestrians from

the way of motor vehicles. In doing so pedestrian facilities need to be planned and

designed properly. Pedestrian facilities need to balance safety with convenience in order

to be effective. Safety is achieved by separation from motorized vehicles, but convenience

requires the shortest route, preferably on good surfaces in a pleasant environment. [n



general, pedestrians want to mInll1llze travel time and exertion and will take risks
accordingly. Pedestrians tend to walk in a path that represents the shortest distance or
most convenient route between two points. They often cross at mid-block instead of using
crosswalks. Pedestrians also have a basic resistance to change grades when crossing
roadways. They don't voluntarily make use of special pedestrian facilities such as
underpasses or overpasses. As such, successful planning and design of a pedestrian
facility largely depend upon the better understating of pedestrian crossing behavior and
effective enforcement measures.

Although to provide better pedestrian facilities and thereby improving roadway capacity
some measures, such as construction of grade-separated foot over bridges and
underpasses have been undertaken by our government but so far no evaluation is made to
see their effectiveness. In our country, the traffic planner does not know the effect of
pedestrian on traffic stream and roadway capacity.

It is, therefore, desirable to study the pedestrian travel activities and their effect on traffic
flow characteristics, delay and capacity analysis of urban road network. Moreover, if the
effect of pedestrian could be understood properly it would be a valuable information for
the implementation of any pedestrian facility as well as for efficient traffic signal design
and overall urban transportation planning and management process.

1.2 Statement of the Problem

The importance of improving roadway capacity and minimizing travel time in recent days
are becoming more and more pronounced with increasing congestion and delays
throughout Bangladesh, urban areas in particular. It is easy to understand that one of the
major causes of congestion is the uncontrolled pedestrian movement across the road. In
the context of Bangladesh, pedestrians form the largest single user group. This is
primarily because of the lack of sufficient transportation facilities and poor economic
condition of the people. The increasing trend of population due to population growth and
urbanization tend to generate additional pedestrian volume and hence more traffic
problems associated with their movements. Dhaka Improvement Transport Studies
(DITS) surveys revealed the following movement picture: (Ref.2)
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Mode of Travel

Walking
Bus

Rickshaw
Auto rickshaw/tempo
Car
Motorcycle
Water transport
Others

Percentage
60.0
9.5
19.2

2.2

3.1
1.5

3.3
1.2

[t is also found that, the lowest income groups (60%) of Dhaka city largely walk (80% of
their movements) to reach their destination. Although pedestrians are the most common
modal users, unfortunately they are also the most common road fatality types, accounting
for a disproportionately high 2/3 of all road fatalities (Ref. 2). These pedestrians do claim
but little of the available road space. It is expected that Dhaka will join the mega cities
before the year 2002 and the projections are that the population of Dhaka will be 12.6
million in 2006 and over 15.5 million in 2016 (Ref. 3). The increasing density of
population in Dhaka City is going to over burden on transportation system, mobility,
accessibility and safety of pedestrians and vehicles. So the movements of traffic and
pedestrian management would be very important as well as challenging for the twenty-
first centuries.

Though walking makes 60% trips and they are the most vulnerable user groups, in our
road traffic system they are the most neglected element. Pedestrian was not duly
recognized at any stage of roadway system planning, design and traffic management. No
priority and protection was given to the pedestrians. Instead they were forced or
encouraged to use pavement. With time, facilities were not developed matching with the
growing pedestrian demand. As a result there is lack of functional walkway and crossing
facilities.

Moreover, the facilities provided without proper need assessment and warrant could not
bring any effective improvement in pedestrian movements. At some places these types of
unplanned investment become n useless sheer wastage of our economic resources and
eventually had to dislocate to some other places. Still many pedestrian facilities, such as
foot over-bridge and underpasses are being constructed without knowing the amount of
benefit in terms of safety and capacity improvement and without matching with the
demand, desire and comfort of the pedestrians. Since these facilities, especially
underpasses, are very capital-intensive irreversible measure - needs very careful need
assessment and plmming before implementation. Moreover, for economic analysis,
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beforehand planner must know how much benefit in terms of safety and delay
improvement could be realized from these facilities. Though in many transportation
studies (Ref. 2,3,4,5), the pedestrian problem has been attributed as one of the major
causes of traffic congestion in our urban road network but no attempt has been made to
evaluate the performance of pedestrian facilities on traffic flow operation.

The pedestrian movements, their characteristics as well as the effectiveness of these
pedestrian facilities are, therefore, needed to be well studied. However, there has been
very little work done in this area. With this point of view, this study is specifically aimed
at to determine the effect of uncontrolled pedestrian crossings on traffic flow
characteristics and as well as the effectiveness of underpasses as a pedestrian facility. It is
expected that by doing this research it would be possible to evaluate the performance of
the underpasses, which are being constructed at different locations of Dhaka Metropolitan
Area. Thereby, the study will provide the relevant information for economic evaluation of
pedestrian underpass facilities before construction. It is also expected that the study will
suggests some guidelines for better planning and design of pedestrian facilities and
thereby achieving maximum improvements of roadway capacity and safety.

1.3 Objectives of the Research

The specific objectives of the study are as follows:

o to study pedestrian crossing behavior m particular relation to the grade
separated pedestrian facilities

o to collect pedestrian and traffic data before and after construction of
underpasses at selected sites in Dhaka city

o to assess the effect of these underpasses on traffic flow characteristics by
before-after analysis of data

o to recommend guidelines for underpasses to make them more effective as a
pedestrian facility

1.4 Research Approach

In order to achieve the above objectives, at first a comprehensive literature review will be
conducted which will give a basis of understanding pedestrian behavior in particular
relation to grade-separated facilities and present scenario of our pedestrian movement
related problems. Then, an inventory and condition survey will be conducted to get a clear
picture of tile present state of the existing grade-separated facilities in Dhaka City.
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In order to find out the effectiveness of underpasses on traffic flow characteristics,
collection of pedestrian and vehicular flow data, before and after commissioning of these
underpasses would be a sound basis for performance evaluation of these types of
facilities. As a measure of indexes, different traffic descriptive parameters will be
collected manually and as well as by video recording from selected sites. At the same
time, observational data will be required to understand the pedestrian crossing behavior
and to device appropriate guidelines for future planning and development of pedestrian
grade-separated facilities.

The plan of research work is schematically presented in Figure I. I which also outlines the
broad structure of the thesis.

1.5 Scope of the Study

As the basis of the proposed study is before-after comparative analysis of both vehicular
and pedestrian data, besides getting opportunity of collecting such data, it would requires
a considerable amount of time and money to collect data before and after commission of
the facilities. In view of these constraints, the study is only limited to the investigation of
the effectiveness of two underpasses in urban road traffic conditions in Dhaka
Metropolitan Area.

1.6 Organization of Thesis

In this study the research work carried out is divided into different topics and presented in
five chapters.

A brief review of the pedestrian movement related problems prevailing in Dhaka City are
presented in the first chapter with special emphasis on the objectives of this study.

Chapter 2 of this research report presents a brief description of pedestrian traffic, its
operation & control measures, different types of crossing facilities available for
pedestrians etc. This includes a review of relevant literature and aspects of major
importance on pedestrian traffic management and design consideration. A brief
description of existing pedestrian facilities, in particular grade-separated facilities,
available in Dhaka Metropolitan City is also included.
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Chapter 3 presents methodology and investigation techniques employed in this research.
In a way this chapter describes the procedures of collecting different performance
measure of indexes and data analysis technique.

Chapter 4 presents the method of field study and measurement of different traffic flow
descriptive parameters collected by both manual and video recording technique.
Statistical analysis of data for the evaluation of underpasses is also enumerated in this
chapter.

The conclusions of the entire study and some recommendations for further research are
presented in Chapter 5. It also includes suggestions and guidelines for better planning of
grade-separated pedestrian facilities, particularly underpasses.
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CHAPTER 2

PEDESTRIAN TRAFFIC AND FACILITIES

2.1 In troduction

This chapter deals with the general understanding of the pedestrian traffic and its
characteristics. It also includes general discussion of different types of facilities available for
safe pedestrian walking and crossing. In particular, special emphasis is given to the grade-
separated facilities. Besides this, experience of many developed and developing countries is
reviewed to understand the extent of the problem in Dhaka City and to perceive the
improvements of traffic flow due to providing pedestrians crossing facilities.

Finally, a comprehensive review of pedestrian problems, growth pattern of pedestrian traffic
and condition of existing pedestrian grade-separated facilities available in Dhaka City is
presented. In this regard an inventory and condition survey is carried out throughout the
study area.

2.2 Pedestrian Travel Characteristics

2.2.1 General

Pedestrian may be defined as those human traffic who are supposed to walk as a part of this
movement and to use the facilities such as underpass, overpass, zebra crossing, footpath etc.
at any stage of their travel in order to accomplish their activities with which they are engaged
in. All road users are pedestrians at some stage of each journey, and some are pedestrians the
whole time. They are one of the three main road user i.e. pedestrians, drivers, and vehicles
and unfortunately pedestrians are physically unprotected.

The movement of people and goods are linked with distribution and intensity of land use.
People do not of course move on the roads for nothing. People move because of activities
with which they are engaged in. As such pedestrian is, therefore, a function of activities.
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Pedestrian issue is important especially 10 urban areas where intense land use causes
concentrated activities.

They are the most difficult transport group to control and hard to enforce. The pedestrians are
more often disobey traffic control devices than are drivers. Their actions are less predictable
than those of drivers, as many pedestrians consider themselves "outside the law" in traffic
matters. No punishment could be given for any wrong doing. Moreover, due to wide
variations in physical and mental abilities of different age groups it is very difficult to
provide facility considering children, elderly as well as general people.

2.2.2 Pedestrians' Rights and Duties

Rights

o British law allows the pedestrians to have unrestricted access to any part of highway
system except Motorway.

o Pedestrians' right in crosswalks is - always driver shall yield the right-of-way and give
away to pedestrians.

o Whenever any vehicle is stopped at a marked crosswalk, the driver of any other vehicle
approaching from rear shall not overtake and pass such stopped vehicle.

Duties

Pedestrians have some general regulations to follow while they interact with vehicular traffic
stream. These includes:
o No pedestrian shall cross a roadway other than a crosswalk.
o No pedestrian shall suddenly leave a curb and walk into the path of a vehicle which is so

close that it is impossible for the driver to yield.
o Where sidewalks are provided it shall be unlawful for any pedestrian to walk along and

upon an adjacent roadway.

o Where sidewalks are not provided, pedestrian shall walk on the right side of the roadway
i.e. facing traffic from the opposite direction.

2.2.3 Walking Characteristics

Some of the features of pedestrian walking characteristics are as below:

o Pedestrian walking along sidewalks varies according to type of crowd, density of
sidewalk use, physical condition of facilities etc.
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o The US Highway Capacity Manual reported pedestrian walking speeds on level side
walks as follows:
o Average walking speed is about 1.3 m/s (4.5 ftls)

o Children moved more rapidly, at approximately 1.6 m/s (5.3 ftls); for women only
1.13 m/s (3.70 ftls)

o When groups of pedestrians walked together, the rate dropped to 1.17m/s (3.83 ftls)
for men and to 1.11 m/s (3.63 ft/s) for women

2.2.4 Crossing Characteristics

In generally pedestrians tends to walk in a path that represents the shortest distance or most
convenient route between two points. They often cross at mid-block instead of using
crosswalks. Pedestrians also have a basic resistance to change grades when crossing
roadways. They do not voluntarily make use of special pedestrian facilities such as
underpasses or overpasses

In general, every pedestrian who wishes to cross a road looks for a safe gap in the traffic
stream. He rejects gaps, which are short and thus too risky, and waits for a suitable gap,
which he feels, would be safe for crossing. His judgement is likely to be justified if he
estimates the speed of the oncoming vehicle accurately. Usually, if the approaching vehicle
speed is high, his judgement is likely to be falsified. The gap he accepts also depends on the
speed of walk, width of road, presence of refuge-island. Usually acceptance of shorter gap
increases with waiting time.

The rate of walking by pedestrians when crossing a street is an important consideration in
designing facilities. The average walking speeds range from 0.75 m to 1.8 m/sec. AASHTO
(Ref. 6) recommended walking speeds of pedestrians on ramps, stairs and on the level is
given in Table 2.1. Preliminary estimates of the success of a particular type of facility can be
made on the basis of the data presented here.

Table 2.1 Walking speeds of pedestrians on ramps, stairs and on the level (Ref. I)

Type of pedestrian movement
Level walk
Slopes up and down, lip to 1:10
Stairs
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2.3 Types of Pedestrian Facilities

The various types of pedestrian facilities that have already been practiced throughout the
world are basically to ensure safely and comfort for the pedestrians. These facilities are
classified into three major groups depending on whether or not pedestrian and vehicles are
separated.

Walking Facilities
Sidewalk or Footpath
Moving sidewalks: Conveyors, escalators, ramps etc.
Auto free zone
Pedestrianization

Crossing Facilities
At-grade Crossings

Uncontrolled (unprotected) Crossings
Zebra-crossing (normal/raised)
Straight crossing (for wide road)
Staggered crossing (for narrow road - to interrupt direct crossing)

Controlled (protected) Crossings
Manual (Police warden for children/elderly people)
Signalized (Pedestrian actuated pelican crossing)
Crossing using traffic signal

Grade-separated Crossing
Underpass
Overpass

Controlling/Guiding Devices
ChannelizationlRefuge Island
Fence, Guardrail, Median Barrier
Speed breaker

These are briefly discussed below:

2.3.1 Pedestrian sidewalks or footways

The roadside spaces, which mainly provided parallel with the carriageway and kept for
mainly pedestrian movements are called sidewalks or footway. Sidewalks have great
implications for safety and every effort should be made to segregate pedestrians and vehicles
where space allows. Separate routes make travel much more safe for vulnerable road users.
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In areas of high pedestrian aCtIVItIes, it may be desirable to gIve greater road space to
pedestrians and less to vehicles by the use of wide footways. The footways should be raised
above the road level and must have a surface, which will attract the pedestrians to use it. Care
must be taken to ensure that the footway or side walks do not became obstructed, especially
by street traders and/or parked vehicles, and that the surfaces are easy to walk on.

2.3.2 Moving sidewalks, ramps and conveyors

Moving sidewalks or conveyors are usually provided at large airport terminals/parking lots,
to carry both the passenger and his baggage, thus lessening the need for passenger car
loading/unloading facilities at the terminal building. Moving sidewalks encourage parking
further from the terminal building, avoiding the natural tendency to park as close to the
terminal as possible. Escalators, in the form of moving stairways (can operate at a slope of30
degree) are usually provided at large office blocks, markets etc. to facilitate users/shoppers
auto climb up or down. It reduces space requirement than moving ramps (maximum slope 15
degree). Moving ramps can provide for a change in elevation without forcing the pedestrian
to climb up or down.

2.3.3 Zebra Crossings

Zebra crossing is simply an uncontrolled portion of the carriageway that is reserved for the
use of pedestrians for crossing the road. Functionally it is a priority type pedestrian crossing.
Full priority is given to pedestrians who wish to cross road. According to the priority rule, as
soon as pedestrian steps on to the striped crosswalk he has the right-of-way and all vehicles
are required to stop legally. Generally, it is marked with alternate black and white stripes
parallel to the central line to the road. Besides these striped zebra markings, the crossing
consist of a zigzag area (about 19 meters on both sides): where over taking and lane changing
is strictly prohibited. Ideally, the beginning and end of each crossing should be marked with
yellow flashing beacons to draw drivers' attention. Figure 2.1a and 2.1b show a typical
zebra-crossings at mid-block and intersection respectively. Sometimes, illuminated bollards
(see Figure 2.2) at central refuge are used for easy identification at nighttime. It is usually
provided at mid block of road, where there is no sight distance problem both for drivers as
well as pedestrians and when both vehicular and pedestrian flows are not heavy.

The usefulness of the zebra crossing is depending on the extent to which the motorist IS
willing to yield the right-of-way to a pedestrian stepping on the crossing. Moreover, as
judgement of both drivers and pedestrians are involved, relatively it is less safe. Pedestrian
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Figure 2.la Example of an Ideal Zebra Crossing at Mid-block (Ref. 7).

Figure 2.2 Zebra Crossing with Refuge and Bollards.
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Figure 2.1b Zebra Crossing at Intersection.



crossing risk increases with vehicular flow, approach speed and road width. Where driver
compliance is low and vehicle speeds are high pedestrian crossings can be amalgamated with
road humps to give a raised pedestrian crossing (80-100mm high). A typical raised zebra
crossing can be seen in Figure 2.3. The raised zebra crossing assists pedestrians by giving
them precedence and prominence by encouraging drivers to maneuver more slowly. The use
of colored and textured surfaces can be effective in reinforcing this change in priority. The
raised zebra crossings are very effective but must be clearly marked and require considerable
advance warning. These types of crossings have been used in both Ghana and Pakistan (Ref.
8)

2.3.4 Manually Controlled Crossings

The simplest form of controlled crossings is one controlled by police or traffic wardens at
particular location and time. Usually, the assistance rendered by such guides is provided to
allow the school children (not elderly people- as arrival is random throughout the day) to
cross the road safely.

2.3.5 Pelican Crossings

If the vehicular traffic or pedestrian flow is heavy, random crossings are likely to delay the
vehicles to a great extend, in such cases controlled crossings is more effective. Where a
group of pedestrians are allowed at an interval and thereby total vehicular delay is distributed
between vehicle and pedestrian resulting efficient operation. One of the most popular types
of signal-operated pedestrian crossings in UK is the Pelican crossing (see Figure 2.4). It is
safer than that of conventional zebra crossing. These are operated by pushbutton control, by
which operation the waiting pedestrian demands or actuate a signal phase to cross. In
actuation, pelican crossing initially indicates a red signal for vehicles before giving a flashing
yellow signal, which implies stopping is necessary, only if pedestrian, is still crossing. These
are provided both at intersections and wide road without refuge.

Pelican crossings are more appropriate than zebra crossings in the following situations:
o Where there are significant numbers of elderly and infirm pedestrians
o At sites with high approach speeds
o Where pedestrian flow is heavy

Staggered Pelican Crossings - this special form of pelican crossing IS used to improve
pedestrian safety while crossing a narrow road. Crossing is intentionally staggered so that
pedestrians have to face on-coming traffic and cannot cross quickly in single attempt. A
typical staggered pelican crossing is shown in Figure 2.5 (Ref. 7).
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Figure 2.3 Example of Raised Zebra Crossing for Safe Pedestrian Movements.

Figure 2.4 Example of Pelican Crossing or Signalized Pedestrian Crossing (Ref 7).
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Figure 2.5 Examples of Staggered Pelican Crossing (Ref7).
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2.3.6 Crossing using Traffic Signals

Traffic signals are used in variety of ways to control pedestrian movement across the
carriageway. Usually pedestrians can make good use of the normal inter-green periods to
cross. This can be further aided by providing central refuges. Most widely used procedure is
simply to allow the pedestrians to cross when opposing vehicular traffic is normally brought
to a standstill at a junction, provided conflicts between the pedestrian flow and turning
vehicles from cross flow are minimum. When number of conflicts is high, a separate
pedestrian phase may have to be included in the signal cycle (if exclusive left/right tum lane
is available and for turners special treatment in signal phasing shows greater efficiency-
pedestrian phase can be avoided). At busy junctions, where pedestrian volumes are very high,
considerations should be given to the use of an all-red or extended inter-green period during
which the pedestrians can take the shortest way across the intersection (diagonal) rather than
the traditional rectangular route.

2.3.7 Pedestrian Mall

Due to high concentration of pedestrians in shopping and commercial areas, often priority
needs to be given to pedestrian. The complete protection to the pedestrian can be provided by
converting some of the busy streets in the shopping centers to pedestrian precinct/mall. This
type of specialized pedestrianization measure is showing encouraging results in many cities
in the world. An example of pedestrian mall can be seen in Figure 2.6.

2.3.8 Pedestrian Refuge

Crossing busy roads with relatively fast flowing traffic even on a zebra crossing can be a
particularly difficult task if no central refuge has been provided. This is because the
pedestrian has to decide on suitable gaps in streams of traffic in both directions
simultaneously. Pedestrian refuges (or traffic islands) are the most common and generally
one or the least costly types of crossing aid for pedestrians. They permit pedestrians to
concentrate on crossing one stream of traffic at a time, by creating a relatively safe waiting
area, usually in the center of the carriageway. Refuges consist of physical islands
incorporating bollards, lit by the existing street lighting or supplementary flood lighting.
Where bollards on refuges are not illuminated it is essential that they are prominently painted
with retlective paint and that such markings are kept in good condition. Such refuges should
be a minimum of 1.8 m wide and can often be part of channelization at an intersection. The
reduced width of carriageway resulting from installing a refuge can reduce vehicle speeds.
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Figure 2.6 Example of Pedestrian Precinct or Mall .
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Intersection channelization schemes often create pedestrian refuges from the islands
constructed to direct traffic. Thus at intersections, pedestrians are given facilities to help
them cross, at the same time as assistance is being given to traffic. Even a simple 'splitter
island' at the mouth of an intersection can be inexpensive yet effective in this way.

If refuges are sited too far away from intersections they will not be effective because
pedestrians will continue to cross at the intersection rather than walk the extra distance
involved. Refuges should not be sited directly opposite bus stops because they can prevent
other vehicles in the traffic stream from overtaking a stationary bus or may create a condition
where vehicles attempting to overtake a bus collide with the refuge itself. Parking near
pedestrian refuges can also cause problems by masking pedestrians from approaching
vehicles.

2.3.9 Pedestrian Barriers/Fences.

Pedestrian fences or guardrails (see Figure 2.5) are physical barriers usually used in road
kerbside for channeling foot traffic, control haphazard pedestrian crossing to reduce conflicts
as well as accident. Fences can be used to alter patterns of pedestrian movement as part of
any safety measure. Guard-rails will need to be used both to keep pedestrians on the
sidewalks and to channelize the stream of pedestrian traffic wishing to cross the road. The
pedestrian guardrails should be used wherever the uncontrolled crossing of the carriageway
by pedestrians would seriously impede and delay vehicular movements and cause hazards to
the pedestrians.

They can be used in short lengths in frqnt of school entrances, recreation grounds and
footpaths to prevent children running straight on to the carriageway. Asymmetric or off-
center positioning can deflect emerging pedestrians and encourage them to face on-coming
traffic before crossing the road, intersection. Fencing should also be considered at bus stops
and busy intersections where pedestrians are likely to spill over into the roadway. Where
grade-separated facilities are constmcted, usually guardrails are provided at the median-
island to make the surface path less convenient and obstructive and thereby to force
pedestrian to use the facility.

The main disadvantage of fences, apart from their obtrusive appearance and their cost is that
they prevent pedestrians from crossing a road wherever they wish and may require them to
walk considerably further to cross the road. Their excessive use can encourage pedestrians to
climb over or through the fencing and make diagonal crossings.
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Fencing design should be such that it does not pose an additional safety hazard. It should be
sufficient height (not less than I meter high from footway level and no flat rails more than
100mm above the footway level) and so constructed as to make it difficult for pedestrian to
go through or climb over. The guardrails should be inset about 0.5m from kerb both to
prevent contact between the rails and the passing vehicles and to provide places of refuge for
the people who come accidentally.

2.3.10 Other Control Measures

Other methods of increasing efficiency of pedestrian crossings and traffic operations in areas
of heavy pedestrian-vehicular conflict are:

o Provision of dual carriageway
o Provision of one-way traffic operation
o Restriction of turning movements at intersections
o Installation of speed humps
o Provision of adequate street lighting especially at intersections
o Launching road safety education and promote

o to walk facing the traffic and
o to wear some retro-reflective coating material at night

2.4 Grade-Separated Facilities

Ideally all crossings should be of this type since, as the name implies, there is no possibility
of conflict between the pedestrian and the vehicle, since the traversing of the carriageway is
carried out by means of a subway or bridge. Unfortunately this ideal type of crossing also
happens to be the most expensive.

In urban situation where pedestrian flows are high and traffic conditions are such that
stopping traffic by means of signal would lead to added congestion and or risk of accidents
due to high speeds. It may be appropriate to provide grade separation of pedestrians and
vehicles. There are also some circumstances away from congested urban areas where grade
separation may be appropriate. Such as on fast, primary routes where signal control may be
inappropriate or potentially hazardous.
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2.5 Warrants

Grade separated pedestrian crossings are expensive and must be carefully located and
channelized in order to warrant the cost. Pedestrian segregated crossings should be provided
where vehicular and pedestrian volume favors their use. Location and design of pedestrian
subway or overpass require individual study.

They may be warranted where are heavy peak pedestrian movements. CBD, factories, school
or athletic field, pay ground are have heavy vehicular traffic, or where abnormal hazard or
inconvenience to pedestrians may otherwise results. Moreover, over bridges and subways for
pedestrians should be thought of where the pedestrian traffic is concentrated and heavy and
carry goods/luggage, especially near busy intersections and generators of pedestrian traffic
such as railwayslbus/water ways terminals. There may also be circumstances in which a
pedestrian subway or bridge can be used by cyclists as well as pedestrians. This could
improve the economic case for construction, although the shallow approach ramps needed for
cyclists are likely to increase the cost and require additional land. A wheeling strip at the
edge of the steps is sometimes an acceptable alternative.

2.6 Design Considerations

To make grade-separated facilities more inviting, the differences in walk levels should be
minimized. Stairways should not give the appearance of being steep. A landing should be
provided for every 1.5 to 1.8 m (5 to 6 ft.) change in elevation, which is approximately eye
height. The treads should not be less than 28 cm (0.92 ft) wide and the risers not are more
than 15 cm (0.5 ft.) high.

Pedestrian ramps are generally preferred to stairs. Ramps require grater travel distances than
stairs but are much easier to negotiate by the physically handicapped and people with baby
carriages and shopping carts. Gradients of ramp should be not more than 15 percent and
preferably not steeper than 10 per cent as recommended by AASHTO [Ref. 6]. A maximum
acceptable length, measured horizontally, should be 36m. If a greater length is required, a flat
section should be provided with a minimum length of 4.5 m. To limit the space required,
stairs or ramps may be made more compact, by reversing direction or by a winding
alignment. When escalators are used, they nonnally operate at a slope of 30 degrees and thus
take up less space than ramps.
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The vertical clearance over roadways at pedestrian overpasses should be slightly higher than
the minimum vertical clearance for vehicular structures. This additional height requirement
results in a difference in elevation between a walkway at roadway level and the walkway of
the pedestrian overpass of between 5 and 6.7 m (17 and 22.ft). It is generally desirable to
minimize this difference in elevation by depressing the roadway or raising the approach to
the pedestrian overpass.

Pedestrian subways should have a vertical clearance of 2.4 m and in some cases, 3 m while
this facility is being considered. Thought should be given to any possible need for its
supervision and maintenance as this type of crossing can be subject to vandalism and other
criminal acts.

2.7 Underpasses vs. Overpasses

Assuming that a change of level is required, a decision whether to construct an overpass or
an underpass is generally determined to the intensity of both pedestrian and vehicular flow as
well as to the physical characteristics of the area. Moreover, the following points are also
taken into consideration.

o Usually underpasses are more expensive than that of overpasses.
o Underpasses need ensure ventilation, drainage, and lighting facilities.
o Relatively underpasses require less vertical separation and thus fewer steps.
o Underpasses need more maintenance and patrol as this type of facilities can be

subject to vandalism and other criminal acts.
o Underpasses increase crimes.

D At daytime pedestrians prefers underpasses than that of overpasses as initial
movements for a subway is in downwards and need to traverse less distance.

D At nighttime particularly women and old people, have a reluctance to use sub ways at
night.

o In general, overpasses are much less attractive to pedestrians than that of underpasses,
as they increase travel distance along with difficulty of walking against the gravity.

o Overpasses are aesthetically less preferred.

2.8 Pedestrians Compliance

Though, subway and footbridges provide safer method of crossing the road, but it was found
that the pedestrians do not always use the overpasses or under passes lmless the altemative
surface level path is such that it takes more time to cross or they are forced to do so. In
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general, grade separation is much less attractive to pedestrians than at-grade facilities, as they
increase travel distance along with difficulty of walking against the gravity. Usually
pedestrians will only use the segregated crossing provided that the via the new facility is
quicker than the ground route.

In UK, studies of the extent to which existing segregated facilities were used when installed
have given the very interesting results illustrated in Figure 2.7. The main point to be noted is
that, assuming the segregated facility is clean and illuminated and that usage does not require
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Figure 2.7 Pedestrian usages of segregated crossings [Ref. 1]

effort, pedestrians will only use the segregated crossing provided that the route via the new
facility is quicker than the ground route. In the case of a bridge crossing, it is not possible to
get almost complete usage until the crossing time is three-fourths that of the ground route.
Subways, which are more expensive, require only a very small timesaving in order to ensure
100% usage.

2.9 Planning Considerations

Grade separated pedestrian crossings are expensive and therefore must be carefully pl:;nned
before construction. Moreover, their installation should always be subject to rigorous
economic evaluation (i.e. balancing the cost of installation and maintenance against costing
for likely savings in delays to pedestrians and motorists as well as accidents). Before
constructing a segregated crossing, proper studies should be initiated to ensure that it meets



pedestrian desires. The over and underpasses should be comfortable and good looking so that
pedestrians attract to use the facilities. Ideally the crossing should be located at a point that
automatically guarantees a swifter passage; alternatively the need for guardrails to lengthen
the pedestrian path via the ground route should be also examined. Desirably there should be
no traffic signal, stop sign control, or existing pedestrian bridge or underpass within about
200m of the proposed location [Ref. I].

Other special considerations are follows:

Cl Special drainage consideration should be taken for subways in wet tropical climates.
Cl As in developing countries, the concentration of pedestrians at these facilities is also

attractive to hawkers and for street trading. This may need to be restricted if the
bridge or underpass is to be fully utilized.

Cl Thought should be given for its supervision as this type of crossing can be subject to
vandalism and other criminal acts.

Cl Fences to be installed on the approaches to footbridges and subways and as well as on
the median island, to channel pedestrian flows onto them and to inhibit crossing the
carriageway at surface level.

Cl Ramps, where space permits, are usually more satisfactory than stairways because
they are easier to traverse by elderly persons, bicyclist, persons with freight, etc. And
a gentle gradient of say 1 in 10 or flatter, should be provided for the ramps [Ref. 6].

2.10 Criteria for Establishing Pedestrian Facilities

There are no firm rules for the establishment of pedestrian management measures. In urban
areas it is customary to have footpaths on both sides of the street and management measures
are aimed at keeping the pedestrian off the carriageway except at the designated crossings. In
this respect guardrails should be used at locations such as exits from schools, recreation
grounds, footpaths or passages (in order to prevent children from nmning heedlessly on to
the carriageway), along busy shopping streets, and adjacent to zebra crossings, signals and
segregated crossings.

The need for regulated crossings m urban areas is most often indicated by the accident
statistics at particular locations, although criteria based on the economic savings have also
been suggested [Ref. I]. Considerably more research has yet to be carried out, however.
before these latter criteria can be used with full confidence. The disadvantage of this and
similar types of analyses of the crossing problem is that they all depend on some necessarily
arbitrary assumptions concerning the level of pedestrian delay that can be tolerated, the value
of pedestrian time, and the extent to which pedestrians are prepared to suffer delays. In many
instances investigation may show that it is not a pedestrian crossing that is required to reduce



pedestrian accidents but simply better highway illumination; this is especially so if the traffic
volumes are relatively low. Once, however, the vehicular volumes are in excess of about
300-400 vehicles per hour, it may be found that pedestrian crossings in conjunction with
guardrails are required. If both the vehicular and pedestrian volumes are very heavy,
consideration should be given to using segregated crossings. In rural areas the problem is
more abstract and less easy to solve. All that can be said is that if there is any substantial
pedestrian traffic, footpaths must be provided along the side of the road.

Warrants for the installation of crossings vary from country to country. The criteria in the UK
are based on PV2 (see Figure 2.8), which considers the degree of conflict between
pedestrians and motorized vehicles. Where, P = the pedestrian flow (pedestrians/hour) across
a 100 m length of road centered on the proposed crossing site and V = the number of vehicles
in both directions (vehicles/ hour).
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2. I I Pedestrian Problems in Metropolitan Dhaka City

Present Scenario

Dhaka City's main roads measure a total of 2,200 kilometers out of which only 167
kilometers are accounted for as footpaths. By and large, the pedestrians are unable to use
a large part of the footpaths due to various reasons. Besides the large-scale encroachments
by hawkers in all commercial areas of the city, we find lately a process of such
encroachments on footpaths in some new areas. For example traders of so-called foreign
ships furniture they are even seeking to spread on to the main road are slowly occupying
the footpaths of Panthapath. At the same time, building materials, rickshaws and rent-a-
car stands have taken up much space of that road.

The footpaths of the Green Road have gone under the illegal occupation of cane furniture
traders. The footpaths on the Sonargaon Road are largely occupied by businessmen
dealing in tiles and mosaic materials. In the New Paltan area there are some instances of
encroachments on footpaths from outflow of stocks from the several newly established
car shops.

Thus the adverse circumstances that beset the path of pedestrians are many. There are
some notorious areas where the problems of encroachment are very acute. In this context,
we may mention the areas around Baitul Mukarram and the GPO building. On the wretch
of the pavement alongside Mirpur Road extending from the Dhaka College gate to the
Police Box at the head of Dhanmondi Road No.1, there is a good number of cheap
furniture shops, floral shops auto rickshaw stands, fruit vendors, garment sellers, etc.

The city footpaths attract a large number of people as these places serve as venues for
sales of a wide range of commodities at comparatively low prices. The problem is
admittedly a difficult one. For the number of people seeking a living on the footpath is
always on the increase. The police authorities. sometimes make raids to clear the
encroachments but they always reappear with uncanny resilience. As a result, the
pedestrians are pushed on to roads impeding the free flow of vehicular traffic and creating
possibilities of road accidents.

A pedestrian's steps are also beset with hazards even when he tries to cross a road from
one side to the other. The so-called zebra crossings for the purpose offer no guarantee of
safety for the pedestrians. Moreover, zebra-crossing marks are not found at all important
road crossing points. This situation places pedestrians at grave risk when road crossing is
necessary at such points. Many vehicles either through ignorance or carelessness are seen
to encroach with impunity on the supposedly safe zones for pedestrians, where such
markings exist.
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Another frequent lapse in traffic discipline is seen when a green traffic signal at a road
junction is about to change into red. At such moments, some of the late coming vehicles
in their attempt to beat the road signal hasten their movements at break-neck speed,
thereby adding to the risk of accident to pedestrians.

A serious threat to the safety of pedestrians is posed by the existence of open manholes in
many thoroughfares of the city. Such dangers, which arise from large-scale thefts of
manhole covers, are seen to be existing on some very important roads of the city. This
danger becomes greater when there are heavy showers causing water logging which
cover up the gaps of the open manholes. This seems to call for adoption of suitable full-
proof techniques for prevention of thefts of manhole covers along with vigilance by the
City Corporation, as remedial measures. On account of inadequate network of city's
drainage system, many of the city streets get flooded during the rainy season whenever
there are heavy downpours causing great suffering to the pedestrians. The water logging
in many city areas in such contingencies has become so common that it calls for suitable
improvements in the city's drainage system.

Another threat to the pedestrians particularly at night is created by such agencies as
WASA, PDB and T&T Department when they dig up roads for laying pipes and cables
without any coordination among such agencies. It has been observed that when the work
of these agencies is done, they do not always care to level up the roads promptly. On
many occasions, such dug up trenches remain open for long periods to the danger of the
pedestrians.

Lately a new development can be noticed on many city streets. This refers to a good
number of big size garbage containers placed on the sides of some city streets. As such
garbage bins are not regularly cleared by the City Corporation staff, such garbage bins are
often found to overflow on to the streets. Particularly, in areas near city bazaars, such
overflowing of garbage creates such a horrible nauseating environmental situation that
pedestrians using such areas tend to by-pass them by going on to the main roads.

In the overall picture, the main obstmctions to the pedestrians are posed by encroaches of
many descriptions. Since these elements constitute a vast number with their livelihood
dependent on various trades and occupations it is no easy job to find a solution to the
problem. While a steady policy of rehabilitation may be partially an answer, vigilance
and preventive actions by the concerned authorities are required to keep the pavements
free as far as possible.

27



2.12 The Existing Pedestrian Facilities in Dhaka City

2.12.1 General

As traffic management is traditionally concerned with motorized modes, where walking
accounts for the majority of all trips, as in Dhaka, pedestrian facilities need greater
attention and resources allocation. For the protection of pedestrians, their movements
should be physically separated from motorized vehicles but for their convenience and use
pedestrian facilities need to be located as close as possible to roadway.

In Bangladesh, the allocation of fund for pedestrian facilities has been far short of
desirable level due to poor economic condition of the nation. Moreover, considering
pedestrian traffic is far more fluid and adaptive than vehicular traffic, pedestrian facilities
have been designed inattentively. As such, the existing facilities and traffic control
measures are not at all expected to induce orderly pedestrian movements. At present
though, it is seen that some growing awareness of the need for adequate pedestrian
facilities. Now Dhaka City Corporation has been improving the condition of footpaths,
installing channelization islands at wide junctions, delineating zebra crossings,
constructing overpasses and underpasses etc. A summary of different types of pedestrian
facilities available in Dhaka City is presented in Table 2.2. In the following articles and
overview of pedestrian traffic situation as well as condition of existing pedestrian
facilities in Dhaka City are presented.

2.12.2 Pedestrian Traffic Generation

An important fact to be seriously taken into account in planning for integrated pedestrian
circulation system in Dhaka City is strong anticipation of dramatic increase in pedestrian
and vehicular traffic in the foreseen future. From different projections, it is estimated that
Dhaka will join the mega cities before the year 2002 and it is guessed that the population
of Dhaka will be 12.6 million in 2006 and over 15.5 million in 2016.

In the context of Bangladesh, pedestrians form the largest single user group. This is
primarily because of the lack of sufficient transportation facilities and poor economic
condition of the people. Besides these, in particular Dhaka City's pedestrian population is
dramatically increased by the establishment of so-called labor intensive many garnlent
industries in commercial buildings. Urban migration is another vital cause of such higher
rate of pedestrian traffic generation. In urban area, all head offices, business, better
communication, better employment, good and higher educational opportunities, health
facilities and higher income etc. are the main cause of migration from mral areas to urban
areas. Moreover, day-by-day the pedestrian traffic of city is increasing rapidly due to the
following reasons:
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Table 2.2 Summaries of Different Types of Pedestrian Crossing Facilities Available in
Dhaka City.

SI. Pedestrian Quantity Remarks
No. facilities
l. Walkways 167 km based on DITS Due to bad surface condition and

report. According to encroachment problems, walkways
DDC source, at present are not functioning properly.
210 km new footpath is
under construction.

2. Zebra crossings No statistics IS found Mainly it is found near the junction
from literature and approaches though most of their
DDC. existence IS virtual due lack of

masking. Even if it is mark both
driver and pedestrian compliance is
poor.

3. Signalized Five pedestrian signals At present there is no signalized
Pedestrian were installed in Dhaka pedestrian crossIng In working
Crossings City in connection with condition.

SAARC summit In
1985.

4. Guard Rails No statistics IS Footpath barriers are mainly found
available. Most of the near the junction and median
guardrails are made of barriers are found both near the
grill type railing but grade-separated facilities and on the
recently New Jersey high-speed road.
type IS becoming
popular.

5. Overpasses 13+7 -20 nos. concrete At present 7 R.C.C. and 2 steel
footbridges & bridges are under construction.
13+2=15 steel Pedestrian does not use most of the
footbridges footbridges.

6. Underpasses 03 Nos. Only Karwan bazar underpass
being used very effectively. Other
two overpasses are hardly been
used.
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o Improved transportation facilities with other districts are generating huge number
of floating people especially low-income people for whom walking is must.

o Severe inadequacy of public transport services has further constrained the modal
choice, especially of the low-income groups and adding more burdens on walking.

o Lack of female-friendly public transport system is literally forcing many women
workers, commuters to become pedestrians.

o Land use densification in the form of mushrooming of high rise buildings in the
core areas is also increasing pedestrian density.

o Unplanned city development especially uncontrolled multi storied shopping
complexes and autonomous residential area development are continuously
changing the city's landuse configuration and thereby inducing more pedestrian in
the transportation system.

o Last but not the least, increasing traffic congestion is forcing many passengers to
become pedestrian.

2.12.3 Pedestrian Rights

Traffic laws and ordinance should recognize pedestrian needs and responsibilities and
include provisions to adequately and reasonably regulate pedestrians. Regulations
applying to pedestrian should be practical and justified because only such regulation can
be expected to achieve voluntary observance and obedience. In our country though, the
current Motor Vehicle Ordinance (MVO) by BRTA has little to say about pedestrians.
According to MVO, pedestrians caught crossing near a zebra crossing can receive a
maximum fine of Tk 5.0. While motorists failing to stop for a pedestrian on a crosswalk
.incur only a Tk 30.0 fine, the same as running a stop sign or travelling down a one-way
road in wrong way. These fines date back to 1983 (if not earlier) and were not changed by
the 1990 amendment.

In contrast with developed countries, here pedestrians are the most neglected user group
and get least attention by drivers, though they comprise 60% trips. Instead of normal gap-
acceptance method, usually crossing takes place by negotiating inter-vehicular space of
stopped vehicles and by creating gaps forcefully. Pedestrians are frequently harassed and
intimidated by motorists. In our 'might is right' like road traffic situation, though
individual pedestrian is helpless but as a group they pose great pressure on the moving
traffic stream. In general, once an acceptable gap is found, pedestrians force vehicle
stream to stop until all waiting people cross the road. Most of the cases, pedestrian make a
large group along the road and when they find any opportunity to cross they complete the
crossing maneuver very quickly as stopped vehicles' driver create pressure on the
pedestrians by pushing their vehicles slowly and by sounding horns. And that's why
average crossing time is less as compared with that of developed counties, where
pedestrians cross very comfortably.
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2.12.4 Walkways or Footpaths

No undisrupted functional walkway network exists in any part of the city and walking has
never been regarded as an integral part of transport system. Generally walkways are often
interrupted and mobility is undermined by deficient infrastructure and low level of
service. Dhaka Integrated Transport Study (DITS, Ref. 3) survey reported that out of
2200 km road network of Dhaka, only 167 km roads has pedestrian walkways constructed
in brick and concrete. From field observation it is understood that, the footpaths are
determined by the right-of-way remaining after the road width has been allocated. Of the
wide roads surveyed (5 lanes or more), over 75% had footpaths while over half of roads
with 3-4 lanes had footpaths. Footpaths were found to be with inadequate width, uneven
surface and discontinuous due to the presence of frequent driveways and side roads.
Moreover, it was also found that most of the cases no consideration is given to provide
landing at the approaches of footpath or near zebra crossing for easy movement of
pedestrian especially for elderly people.

Sidewalks effectiveness is undermined by uncovered manholes, electric posts, signposts,
traffic signals, entry/exit of grade-separated facilities etc. These poorly sited street
furniture prevent full use of the footpath, impede visibility for road users and thereby
make pedestrian movements discomfortable and hazardous. However the most serious
cause of reducing the effective width of sidewalks, in some places almost to zero, are the
vendors where they spread their merchandise on the pavement as far as they dare.
Vehicles are sometimes seen parked on the sidewalks of busy roads (as in the commercial
area). Pedestrians are therefore forced to use the camageway, zigzagging through
irregularly parked vehicles and the busy traffic flow.

2.12.5 Zebra Crossings

In Dhaka City, in absence of adequate crossing facilities as well as due to slow movement
of vehicular traffic, the pedestrians have the courage to cross in random manner at
different sections, thus impeding the vehicular movement and endangering themselves.
Yet in the locations where these are provided people are reluctant to use these facilities
due to erroneous placement or lack of enforcement. In general lack of pedestrian crossing
facilities and poor traffic management make road-crossing maneuver very difficult,
especially at mid-blocks of wide road where vehicle approach speeds are relatively high.
It demonstrates the skills of pedestrians in such actions, which are more acrobatic in
nature than normal behavior. The pedestrian often crosses the road at stages, maneuvering
for gaps in the traffic flow, and may sometimes have to run back to the curb from where
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he has started when his attempt to save his life becomes questionable. Intimidation and
anxiety predominate the feelings of the crossing pedestrian at the uncontrolled sections.
Vulnerability to accidents and considerable delay continue for many hours and become
intolerable throughout the peak hours. Where children cross frequently in the vicinity of
the existing schools, in most cases no considerations has been given for their safe and
convenient crossing - not even a simple zebra crossing.

Zebra crossings are found mainly at some junctions, in virtue of vehicular traffic signal.
Except in very few cases, no crossing facilities are provided at mid-block locations. In
most of locations the existence of Zebra crossings could hardly be recognized due to no
or faint marking. It is observed that for road marking domestic paint is used instead of
purpose built thermoplastic paint. As a result, in heavy-duty road-traffic environment
these marking become faint out very quickly. Little respect is shown for zebra crossings
in Dhaka, neither from motorists, police or even pedestrians themselves. This poor road
user behavior is often attributed to recent urban migrations and lack of familiarity.

Zebra crossing violation fines pose no deterrence to either pedestrians or motorists.
Rather than installing Zebra crossings which might provide pedestrians with a false sense
of security and may inadvertently increase their personal risk, bollards should be used at
frequent intervals to provide a safe refuge.

2.12.6 Signalized Crossing

At present, no signalized intersection in Dhaka has a pedestrian phase. Some years ago,
several pedestrian signal crossings were installed in Dhaka City. They were at Mohakhali
Wireless Gate, Shahin College, DIT Avenue, Tikatuli, Shishu Park, Darus-salam point.
All of these were installed away from the intersections and at places where pedestrian
volume are considerably high. At that time no education or enforcement campaign
accompanied the introduction of these new types of signalized pedestrian crossings. In
consequence these expensive crossing devices could not bring any benefit to the
pedestrians. At present there is no pedestrian controlled signal crossing in Dhaka City.

2.12.7 Fencing or Guardrails

Fencing has been used to control pedestrian movement, yet incomplete planning has
reduced the effectiveness and the overall safety. For instance, at Airport Road in Vttara
insufficient pedestrian gaps cause people to climb over the safety barrier or squeeze
between gaps. At the southern end of Mirpur Road. which has much pedestrian traffic.
road crossings have been controlled by median fencing but at the allowed CroSSlllgS,
visibility is impaired by tall shrubbery.



During field observation, it is observed that grill type railing is the most common fencing
in Dhaka City. The materials used for fabrication of these railing are not robust to deter
theft and to withstand impact of any derailed vehicle. Most of the places these are found
discontinuous, broken, ill maintained and not performing the intended purpose.

2.12.8 Grade-separated Facilities

2.12.8.1 Inventory Survey

Before 1995, there were all together 6 nos. pedestrian overpasses in Dhaka City. Among
them, 4 nos. concrete footbridges at Farmgate, New Market, Zia International Airport,
and Nawabpur (near Court Building) and 2 nos. steel bridges at Kamalapur Railway
Station.

In DITS (1994) report, the consultants identified total 41 nos. potential locations for
footbridges and 5 nos. locations for underpasses throughout Dhaka. Accordingly, by 1996
under the Dhaka Urban Transport Project Phase 1 (DUTP-I, Ref. 4) program, II nos.
steel footbridges and 9 nos. concrete bridges are constructed at different locations of city.
These are constructed mainly at important busy junctions. In the next phase 3 nos.
underpasses are constructed at Kawran Bazar, Gulistan Square and Gabtoli Bus Terminal
in 1997. Later on, DUTP-2 has identified another 9 nos. priority locations where these are
constructed or are being built. Among these 7 nos. are concrete bridges and 2 nos. are
steel bridge type.

After completion of all of these grade-separated facilities, there would be 20 nos. concrete
(4 nos. old & 16 nos. new), 15 nos. steel overpasses (2 nos. old & 13 nos. new) and 3 nos.
underpasses in Dhaka City. A summary of pedestrian grade-separated facilities could be
found in Table 2.3 and in Figure 2.9 their locations are shown in the Dhaka City road
network map.

2.12.8.2 Condition Snrvey

In Dhaka City, there are few footbridges in some heavily congested areas for facilitating
movement of pedestrians from one side of the streets to the other. But, by and large
pedestrians hesitate to use them either through their reluctance to make efforts to climb up
the stairs of such footbridges or there are concentrations of hawkers dealing in many
kinds of cheap wares and also assemblies of beggars and vagabonds on the footbridges.
The agencies for ensuring law and order sometimes conduct raids to clear such area, but
as soon as they withdraw, these disturbing elements reassemble as usual.



In this study, a condition survey is carried out in and around the study area, in order to

assess how the existing grade-separated facilities are performing. Summary of this
condition survey along with their geometry are presented in Table 2.3 & Table 2.4.

Old Overbridges

There are six pedestrian overpasses in Dhaka: at Farmgate, New Market, Zia International
Airport, Kamalapur Railway Station, and Nawabpur (near Court Building), and several
have design or operational deficiencies. The pedestrian overpass by Zia International
Airport was specifically located to access the Airport railroad station and the designated
bus stop.

Unfortunately pedestrians prefer to cross at the Airport Roundabout which has no
pedestrian crossing facilities but is closer to the Airport and connects with a local road.
Likewise, buses choose to stop just prior to the roundabout with the bus stop at the
overpass used only as an en-route terminal.

At Farmgate, the pedestrian overpass terminates on a separator with another road to cross
before reaching the roadside. This is one of the busiest overbridges in the City. Due to
high traffic speed and median fencing pedestrian compliance is found to be remarkably
very high, though they have to struggle to pass through, especially during peak period,
due to encroachment problem. Overcrowding is often observed at New market overpass
though many people still prefers at-grade crossing. Effectiveness of this overpass is
undermined due to lack of restricted measure at median island as well as high degree of
encroachment both at the entry points and throughout the facility. At present Nawabpur
footbridge is hardly used by any passerby. Due to lack of regular cleaning work, it has

become so dirty and unpleasant that even at extreme jam condition on one could use it. At
present it is being used as public toilet. At Kamlapur, both pedestrian overpasses finish on
the near side of the road and pedestrians must cross a heavily used truck route to reach the
other side where local neighborhoods lie.
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FIGURE: 29: MAP OF MEIROPOLIT AN DHAKA SHOWING GRADE-SEPARATED FAOLI11ES.
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Table 2.3 Inventory of Grade-separated Facilities Available in Dhaka City.

51.
Type Location Position

Median Hawker's
No. Barrier Problem Observation

1 RC.C. Footbridge Azampur Near Junction No No Being used effectively
2 RC.C. Footbridge ZIA Int. Airport Near Junction Railing No Being used not so effectively
3 RC.C. Footbridge Khilkhet Near Junction New Jersey No Being used effectively
4 RC.C. Footbridge Shamoli Near Junction Railing No Being used not so effectively
5 RC.C. Footbridge Fargate-1 Near Junction Railing Yes Being used very effectively
6 RC.C. Footbridge Fargate-2 At Mid.block Railing Yes Being used very effectively
7 RC.C. Footbridge New Market At Mid-block Broken Railing Yes Being used not so effectively--
8 RC.C. Footbridge Near IEB At Mid-block No No Being used not so effectively
9 RC.C. Footbridge Mouchak Market Near Junction Railing No Being used not so effectively
10 RCC. Footbridge Baitul Mukarram At Mid-block No No No use at all
11 RC.C. Footbridge Nawabpur At Mid-block No No No use
12 RC.C. Footbridge Sadarghat Near Junction No No Being used not so effectively
13 RC.C. Footbridge Jalrabari At Junction - Yes Being used very effectively
14 Steel Footbridge Tongi Bazar At Mid-block New Jersey No Being used effectively
15 Steel Footbridge Cantonment Near Junction No No Being used occasionally
16 Steel Footbridge Shaheen School At Mid-block No No Being used occasionally
17 Steel Foolbridge Kakoli Near Junction No No Being used not so effectively
18 Steel Footbridge Shaiorapara At Mid-block Railing No Being used not so effectively
19 Steel Footbridge Kolmilota At Mid-block Railing No Being used not so effectively
20 Steel Footbridge Tejkooni Para At Mid-block Railing No Being used very effectively
21 Steel Footbridge Birdem Hospital At Mid-block No No Hardly been used
22 Sleel Footbridge Fulbaria Near Junction No No Hardly been used
23 Steel Footbridge Hatkhola At Mid-block No No Being used not so effectively
24 Steel Foolbridge Atishdipankar-1 AI Mid.block No No Being used very effectively
25 Steel Footbridge Kamalapur-1 At Mid-block No No Being used very effectively
26 Steel Footbridge Kamalapur-2 Inside Staiion No No Being used effectively
27 RC.C. Underpass Karwan Bazar At Mid-block Railing No Being used very effectively
28 RC.C. Underpass Gabtoli At Mid-block New Jersey No Hardly been used
29 RC.C. Underpass Gulistan At Junction . No Hardly been used

Under Construction
_.

30 RC.C. Footbridge Mirpur, Sec-1 Near Junction - - -
31 RCC. Footbridge Mirpur, Sec-10 Near Junction --- - ---
32 RC.C. Footbridge Badda Near Junction - ._. -- - ---- -----
33 RC.C. Footbridge Science Lab. Near Junction .--_. ---- - -
34 RCC. Footbridge Minto Road Near Junction - - -------_. ----- - '0'

35 RC.C. Footbridge Mag Bazar Near Junction ------- ----- - - -

36 RC.C. Footbridge Atishdipankar-2 At Mid-block - - -
37 Steel Footbridge Cant. C.M.H. At Mid-block - -'--. ----_._-- - -- -- -
38 Steel Footbridge Cant. Cinema Hall At Mid.block - - -

36



Table 2.4 Geometric Dimensions of Grade-separated Facilities Available in Dhaka City.

SI.
Type Location

Head- Bridge Len., Stair width, Step no.,
No. room Width Landing Trade, Rise

Stair Slope

1 RC.C. Footbridge Azampur 18'.6" 95'.2", 10'-0" 5'-2" & lNo. 41, 12", 5.8" 1 in 2 or 50%

2 R.C.C. Footbridge ZIA Int. Airport 20'.6" 82'.8", 12'-0" 9'-6" & 1No. 40, 12". 5.5" 1 In 2 or 50%

3 R.C.C. Footbridge Khilkhel 11'.10" 92'.10",9'.4" 4'.6" & 1No. 41, 12", 5.5" 1 in 2 or 50%

4 RC.C. Footbridge Shamoli 21'.0" 96'.9",8'.0" 3'-6" & 2 Nos. 43, 10", 6" 1 in 1.67 or 60%

5 R.C.C. Footbridge Fargate.l 23'.2" 216'-6",11'-3" 11'-3" & lNo. 41, 10", 6" 1 in 1.67 or 60%

6 RC.C. Footbridge Fargate.2 20'.0" 83'.0".1'.10" 3'.6" & 1No. 42, 10", 5.8" 1 in 1.82 or 55%

7 RC.C. Footbridge New Markel 18'-6" 124'-8",12'-10" 6'-9" & lNo. 38, 11", 55" 1 in 1.75 or 57%

8 RC.C. Footbridge Near IEB 18'.6" 116'.10",10'.0" 10'.0"& lNo. Ramp 1 in 6.9 or 14%

9 RC.C. Footbridge Mouchak Markel 21'.2" 72'-6", 8'-5" 3'-6" & lNo. 40, 9", 6" 1 in 1.8 or 56%

10 R.C.C. Footbridge Bailul Mukarram 19'.6" 68'.11",8'.6" 4'-0" & 2Nos. 43, 11", 5.5" 1 in 1.75 or 57%

11 RC.C. Footbridge Nawabpur 18'.0" 51'.0",10'.0" 10'-0" & 1No. 42, 12", 5.5" 1 in 2.44 or 41%

12 RC.C. Footbridge Sadarghal 19'.6" 101'.8",6'.3" 3'.7" & lNo. 40, 10", 5.5" 1 in 1.67 or 60%

13 RC.C. Footbridge Jalrabari 19'.0" 226'.4",6'.2" 3'.0" & 2Nos. 42, 10", 5.5" 1 in 1.670r60%

14 Steel Footbridge Tongi Bazar 19'-2" 78'.9",1'-10" 5'.9" & 1No. 40, 12", 55" 1 In 2.18 or 46%

15 Steel Footbridge Canton menI 20'-0" 62'-4",1'.10" 6'.0" & 1No. 40, 12", 5.5" 1 in 2.17 or 46%

16 Steel Footbridge Shaheen School 19'.4" 74'.2",1'-10" 6'.0" & 1No. 40, 12", 58" 1 in 2.17 or 46%

17 Steel Footbridge Kakoll 20'-6" 71'-10",1'-10" 6'.0" & lNo. 44, 12", 5.5" 1 in 2.180r46%

18 Steel Footbridge Shaiorapara 19'.6" 80'.0",1'-10" 6'-0" & lNo. 40, 12", 5.8" 1 in 2.17 or 46%

19 Steel Footbridge Kolmilota 19'.8" 76'.9", 1'.10" 6'.0" & 1No. 40, 12", 5.8" 1 in 2.17 or 46%

20 Steel Footbridge Tejkooni Para 19'-2" 81'-0",1'-10" 6'.0" & lNo. 40, 12", 5.8" 1 in 2.18 or 46%

21 Steel Footbridge Birdem Hospital 19'.0" 91'.6",8'-4" 6'-0" & 1No. 40, 12", 5.5" 1 in 2.17 or 46%
-

22 Steel Footbridge Fulbaria 20'.2" 80'.4",8'.0" 6'.0" & 1No. 41, 12", 5.5" 1 in 2.18 or 46%
---

23 Steel Footbridge Halkhola 19'.0" 41'.0", 8'-0" 5'.10" & lNo. 40, 12", 55" 1 in 2.17 or 46%

24 Steel Footbridge Allshdipankar.l 18'-9" 70'-10", 8'.0" 6'.2" & lNo. 40, 12", 55" 1 in 2.17 or 46%
-----

25 Steel Footbridge Kamalapur.l 19'.6" 354'.6",8'.0" 1'.0" & 1No. 41, 12", 6" 1 in 2.09 or 48%_ .. -~---~
26 Steel Footbridge Kamalapur-2 19'-6" 95'-5", 1'-3" 1'-0" & 1No. 33, 12", 7" 1 in 1.43 or 70%

27 RC.C. Underpass Karwan Bazar 9'.0" 78'.10",11'.6" 5'.0" & 1No. 31, 10", 6" 1 in 1.660r60%

28 RC.C. Underpass Gabloli 9'-0" 72'-6",11'-6" 5'-0" & 1No. 33, 10", 5.5" 1 in 1.66 or 60%
- _. --~._.-------
29 RC.C. Underpass Gulistan 9'.3" 178'.10",11'-10" 6'-0" & 1No. 31, 10", 5.5" 1 in 1.67 or 60%
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New Concrete Overbridges

In the recent years, several new concrete over bridges have been constructed at several
locations under the DUTP project. These are at Baitul-Mukarram Mosque, Mouchak
Market, Tejkooni Para, Shamoly Cinema Hall, LEB building and several other locations
where these are being construction. In the city, the only bridge, near Ramna park at LEB
building, found which has ramp facility. Though there is no restrictive measure, but due
to its pleasant appearance as well as easy accessibility, pedestrian compliance is found
satisfactory. Among other footover bridges, Tejkooni Para (on VIP road) and Shamoly
footbridges are found very effective and functioning properly, especially at Tejkoon Para
site 100% compliance is observed. At both these locations self-enforcing fencing barrier
are constructed throughout the median. Moreover, high approach speeds of traffic stream
at these locations also contributed to induced pedestrian compliance.

On the other hand, overpass at Mouchak Market and rear side of Baitul-Mukarram
Mosque are hardly used by pedestrians. Though median barrier is found at Mouchak site
but no such fence is constructed at the other site. At Mouchak, as bridge is constructed
near to the intersection, up stream median barrier could not deter pedestrians from at-
grade crossings. It is observed that most of the pedestrians cross the road through the
intersection while traffic police creates gaps for vehicular traffic. At Baitul-Mukarram
location, absence of median barrier along with road side scattered rickshaw parking,
narrow road width as well as slow speed of traffic stream etc. encourages pedestrians to
use surface road for quick crossing. At present footbridge is using as a storage place
especially by the nearby fruit shopkeepers.

New Steel Overbridges

In view of improving congestion and pedestrian safety, the Dhaka City Corporation
(DCC) constructed a total of 9 pre-cast steel type foot-over-bridges in different locations
of Dhaka city in 1996. These precast foot-bridges were imported from Singapore at the
cost of Tk. 1.5 each. After 4 years and little use, among them 3 foot over bridges from
Malibugh, Dainik Bangia and GPO intersections have been shifted to new locations. The
foot bridge of Malibugh move to Mirpur Shaiorapara bus stand, the bridge of Dainik
BangIa to Kalmilata Bazar at Airport road and the bridge of GPO to the intersection of
Tejkooni para at Kazi Nazml Islam Avenue. Total shifting cost was SO laces. Though,
later on another 4 nos. are constructed but without any evaluation of the bridges
constructed in the first phase.
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Field observation revealed that, effectiveness of these overpasses are undermined - as
most of them are constructed at different junction approaches, where median barrier
found ineffective due to the availability of large unrestricted area at junction. Moreover,
at junction pedestrians get periodic protection due to traffic signals. In general, most of
the cases instead of solving pedestrian crossing problems, these footbridges have created
walking problem by blocking the footpaths with their entries and exits. Thereby, DCC's
attempt has failed to improve city traffic condition and pedestrian safety after investing
such a huge amount of money, mainly due to implementation of these underpasses
without proper evaluation and field studies. Above all, in most of the cases even DDC has
failed to install median barrier, which is the most essential restrictive control measure, to
enforce pedestrian compliance. Still many overpasses are being constructed in the similar
way.

2.12.8.3 Site Selection Practice

In this study by interviewing several concerned officials of DCC, it is learned that at
present there is no specific guidelines and methodology to select the bridge locations. In
most of the cases they followed the suggestions given by the consultants. Though in few
instances deviation from the prescribed locations did take place to accommodate local
concerns. It is gathered that most of the cases the following factors influenced the
decision making process.

o Lobbing by ward commissioner/community leaders.
o Commitment declared by any influential political leader in public meeting.
o Objection given by influential owner of road adjacent market or office building.
o Complained published in the daily newspapers.
o Special request from different organizations like educational institutions,

hospitals, market etc.

The above mentioned factors contribute a lot in selecting location, especially when DCC
construct any grade-separated facility with their own initiative. In this regard one daily
news paper 'Prothom Alo' (Ref. 9) carried out an investigation and they found that behind
the site selection process there is an unholly financial deals among the dishonest DCC
staffs, road side property owners, community/political leaders and contractors.

2.13 Overview

This chapter reviewed the various aspects regarding pedestrian traffic, the general types
of pedestrian facilities in general and those available in the Dhaka Metropolitan area. In
particular is described the inventory and overall condition of existing grade-separated
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facilities in Dhaka. It is observed that the existing pedestrian walking as well as crossing
facilities is inadequate in number and not well operated and well maintained. It is also
revealed that for effectiveness of overpasses median barrier is must. At the same time it is
found that pedestrian compliance is very poor if footbridges are constructed near the
junction.

In this chapter it is also showed that in the coming years Dhaka is going to have huge
number of pedestrians not only for rapid population growth and urbanization but also due
to socia-economic factors, poor urban mass transportation system, lack of
discentralization policy etc. It is expected that this phenomenal growth of pedestrian
population will worsen the situation by increasing the severity of infra-structural
facilities' deficiency. Unless appropriate measures are planned and implemented, while
considering the pedestrian movement as the focal point of the transport problem, the
consequence will ultimately become more serious and less manageable in the future.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In order to assess the effectiveness of underpasses in improving traffic flow
characteristics, data are collected from two selected sites in Dhaka City where pedestrian
activities are significant and underpasses are constructed. It is worth mentioning here that
a few years back several pedestrian underpasses were constructed at different locations in
Dhaka City, especially where pedestrian flow is very high. These grade-separated
pedestrian crossing facilities are constructed mainly to eliminate pedestrian-vehicle
conflicts and thereby, to increase roadway capacity and reduce any delay to both the
vehicular and pedestrian traffic and to improve safety issues. The construction of these
underpasses gave a unique opportunity to evaluate the impact of uncontrolled at-grade
pedestrian crossings on traffic flow characteristics. Collection of pedestrian and vehicular
flow data, before and after commissioning of these underpasses would be a sound basis
for performance evaluation of these types of facilities. This chapter describes the
proposed methods and technique of data collection and analysis.

3.2 Performance Measure of Index

The following five key traffic flow descriptive parameters are selected for before and
after investigation purposes: _

i) Classified vehicle counts
ii) Pedestrian crossing flow counts
iii) Traffic flow travel time and speed
iv) Pedestrian crossing time and speed
v) Vehicular and Pedestrian delay
vi) Number and nature of pedestrian-vehicular conflicts
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3.3 Methods of Data Collection

3.3.1 Observation of pedestrian behavior

In order to get a detailed and comprehensive picture of pedestrian crossing behavior, it is
decided to use video camera which has the advantage of providing a permanent and
comprehensive record of information, which can readily be used to obtain the repeated
field picture as many times as required during analysis. An added advantage is that one
may obtain many sets of information regarding pedestrian crossing characteristics from
the same recorded film.

Besides this, an inventory and condition survey of existing grade-separated pedestrian
facilities are performed for listing of all of these facilities with their types and physical
dimensions and finding their present condition.

In order to achieve other objectives of the proposed research work, relevant data are
collected in the following ways:

3.3.2 Vehicular and Pedestrian Flow Counts Studies

Considering the involvement of large number of enumerators in the manual method of
data collection and possibilities of getting incorrect data especially at busy hours with
wide varieties of vehicle classes, it is proposed that the video recording technique would
be the best method of collecting data to cover a wide range of desired key parameters.
Added advantage of video technique is that both vehicular and pedestrian counts could be
performed simultaneously. Which will allow determining the impact of uncontrolled
pedestrian at-grade crossings on moving traffic flow to a reasonable degree of accuracy.

3.3.2.1 Vehicle Classification

Traffic has been classified into two major groups i.e. a) motorized and b) non-motorized.
These two major groups have also been sub.divided into eleven classes as follows:

a) Motorized:
1. Light 4-wheel vehicles like cars, jeeps, taxis, micro-buses«=IO seats), pick-ups,

vans, etc.
2. Auto rickshaws (Baby taxis, Mishook, etc.)
3. Tempoo
4. Micro buses (>10 seats)
5. Mini-buses and tmcks



6. Buses
7. Trucks
8. Motorcycles

b) Non-Motorized:
1. Bicycles
2. Tricycles (Rickshaw)
3. Rickshaw vans

3.3.2.2 reu Yalue for Different Types ofYehicle

To compare before-after data, classified vehicle counts are expressed in passenger car unit
(PCU) by using the following conversion factors (Ref 10).

Motorized vehicles reu factors
Motorcycle 0.8
Autorickshaw 0.8
Tempoo 1.0
Microbus (> 10 seats) 1.0
Light Yehicle 1.0
Mini BusfTruck 1.5
Bus 3.0
Truck 3.0

Non-motorized vehicles reu factors
Bicycle 0.4
Tricycle (Rickshaw) 1.4
Rickshaw Van 0.9

Table 3.1 rcu values for different types of vehicle (Ref. 10)

3.3.3 Travel Time and Delay Stndies

In this study, delay data are obtained by measuring vehicles' travel times between two
predefined controlled marks on the road. The travel time data are calculated by matching
technique of vehicles registration plate numbers. This was done by stationing observers
both at upstream and downstream ma!ks of the road section under study and noting the
registration numbers as well as entry and exits times of vehicles by using high precision
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clocks. Video technique is not adopted due to difficulties in covering the widely apart strip
marks by a single camera.

Due to unavailability of speech recorder, registration numbers are recorded manually
writing in a notebook. Finding difficulties in recording full registration number in a short
period of time, most of the time alphabetic part of registration number is discarded.
Moreover, random sampling method is adopted to speed up data collection process. Sample
size for each category of vehicle is selected proportionately based on vehicle's composition
in the traffic stream.

3.3.4 Vehicle Speed Studies

Speed studies concern journey speeds, which includes vehicles running time as well as
slowing and stopping time caused by pedestrian crossing. The studies are made where
also travel time studies are conducted. Speeds of each category of vehicle are calculated
from their travel time data.

3.3.5 Pedestrian Crossing Time Studies

In the before study, the same video film which was taken for pedestrian counting studies,
is also used to collect pedestrian at-grade crossing time data. In the after phase survey,
unlike vehicle travel time studies, the manual method of data collection could not be
applied due to finding difficulties in identifying pedestrians at the entry and exit of
underpass while crossing the road using the facility. As such, in the after study the
pedestrian crossing times are also collected by using video camera positioning at suitable
roof-top of road adjacent building.

3.3.6 Vehicle-Pedestrian Conflict Studies

A traffic conflicts is a traffic situation involving an interaction between two road-users,
(or between a road-user and the road environment) that is bound to lead to an imminent
collision unless one road user at least performs and evasive action (Ref II).

The proposed study is mainly concerned with the conflicting events between pedestrian
and moving traffic stream and the video filming technique is used to identify these
conflicting situations with reasonable degree of accuracy.



3.4 Evaluation Techniques

The "before and after" method of analysis is adapted to check if any change of traffic
descriptive parameters is natural or incremental. The collected data are processed and
analyzed by using computer and statistical package.

The before-after study approach is regarded as the best technique to measure the
effectiveness of a counter measure (Ref. 12). This is done by comparing the difference
between two sample means of a study parameter by using statistical Z-test, assuming that
two sample means are from the same distribution. In traffic engineering studies, it is usual
to perform the test at 95% confidence level. In this statistical test, Z value is determined
as follows:

Check if Z = iUI- UZJlSd > Zenli"l at a particular level of significance

Where; Sd = sqrt[SI2/nl + S/Inz]
UI= mean value of before study
Uz =mean value of after study
nl = sample size for before study
nz = sample size for after study
Sd= standard deviation of the difference in means
S I = standard deviation for before study
Sz = standard deviation for after study
Zentie.1= Critical value at a particular confidence level or level of significance
(LOS)

(1.96 at 95% LOS)

3.5 Considerations and Assumptions of Data Collection

In order to make the before and after statistical comparative analysis is representative and
accurate, the following factors are considered during the process of field data collection.

o To make the data stochastic or random in nature, the counting is made only for non-
restricted traffic flow situations.

o To perform before-after statistical analysis, vehicle and pedestrian flow data are
collected at 5-minitue class intervals so that these group data can be treated as sample
means of traffic population.

o To reduce hourly and weekly expansion factor, the before and after data are gathered
from the same hour of the day as well as same day of the week.

o To minimize time factor or traffic growth factor, before-after data are collected within
a short interval of time.
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D To see only the impact of pedestrian on traffic flow characteristics
D the time of restricted flow situations, due to some external reasons other than the

pedestrian, are discarded.
D vehicular and pedestrian data are collected simultaneously.

D To assess the impact of random scattered pedestrian crossing on traffic flow
operation, the width of strip in travel time survey is chosen longer than the normal
value.

D To find out the impact of pedestrian on vehicular movements to a reasonable degree
of accurately and as well as to limit the other external flow interruption factors at
minimal, traffic data were collected during the pre-peak periods when normal
vehicular flow is observed.

3.6 Overview

In this chapter possible methods of data collection for different performance measure of
indexes have been described. A summary of methods for measuring different key
parameters is presented in Table 3.2. A statistical method for the analysis of before-after
data is also elaborated here. In the following chapter, the collection and analysis of data
according to the methods and techniques proposed in this chapter are presented. Methods of
data collection for different parameters are presented in Table 3.2.

Table 3.2 Summary of Methods of Data Collection

Metliod of Data'Collection j,

Physical condition

Classified vehicle counts

Pedestrian crossing counts

Pedestrian crossing time

Travel Time, speed and delay

Vehicle-pedestrian conflicts

Inventory and condition survey

Video Recording technique

Video Recording technique

Video Recording technique

Manual (Matching Registration Plate Nos.)

Video Recording technique
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CHAPTER 4

DATA COLLECTION AND ANALYSIS

4.1 Introduction

The aim of the research study is to understand the pedestrian crossing behavior in particular
relation to the grade-separated facilities as well as to see the effectiveness of underpass as a
pedestrian facility on traffic flow operation in Dhaka Metropolitan City. It is therefore
necessary to collect sufficient data from different locations of Dhaka City, where pedestrian
movements are high and foot-over-bridges are constructed. Moreover, for performance
evaluation of underpasses, data need to be collected before and after commission of the
facilities and analyzed statistically.

This chapter is concerned with the data collection and analysis processes of the study.

4.2 Site Selection

In this study, according to the objectives of research work, two types of sites are selected
and surveyed. One type was for qualitative observation of controlled as well as uncontrolled
pedestrian grade-separated crossing behavior and other type was where underpasses
construction was proposed. Specific studies and field survey were focused on areas
selected for the reasons discussed below.

4.2.1 Observation of Pedestrian Crossing Behavior

Initially, a reconnaissance survey was carried out within the Dhaka City to find out the
suitable locations and proper time for observation. The main criteria for selecting the sites
were:

o where both vehicular and pedestrian crossing movements are high and foot-over-bridge
is present.

o to include wide varieties of
o traffic conditions viz. with/without non-motorized vehicles
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o crossing enforcement measures viz. with/without median barrier and
o foot-over-bridge locations viz. near/away from junction etc.

o availability of vintage point for video recording.

During reci survey a large number of sites are observed based on the above mentioned
criteria and among them a total of six sites are selected for the final survey. List of selected
sites is as follows: Firmgate footbridge, near Baitul-Mukarram footbridge, Mouchack
Market footbridge, footbridge near Birdem, New market footbridge, Tejkooni Para
footbridge.

4.2.2 Evaluation of Underpasses

In view of improving traffic congestion and pedestrian safety, the Dhaka City
Corporation proposed construction of three underpasses at different locations of Dhaka
City in 1996. The construction of these underpasses gave a unique opportunity to carry
out the performance evaluation study. Among these three underpasses, one is proposed at
the Kazi Nazrul Islam road near Titas Gas Head office (will be known as Karwan Bazar
Site), another one is at the Gulistan junction and the last one is near the Gabtoli Bus
Terminal Area. After preliminary survey, underpass at the Karwan Bazar Site and the
Gulistan Intersection are selected fOt.the study. The Gabtoli site is discarded, due to its
remote location and unavailability of site-adjacent tall building for positioning of video
camera.

4.3 Description of Sites and Underpasses

The description of the selected sites and proposed underpasses are given below. The site
plans along with underpass layouts are shown in Figures 4.1, 4.2a and 4.2b.

4.3.1 Karwan Bazar

4.3.1.1 Site Description

The underpass at Karwan bazar site is situated on the segment of VIP road between
SARRC fountain at Sonargoan roundabout and Farmgate intersection. Which is one of the
busiest roads in Dhaka City. The presence of whole sell market and many important office
blocks on the East side of the road and garment industries and residential areas on the West
site of the road generate huge pedestrian movements across the road throughout the day.
The road is divided by a narrow median island with discontinuous steel railing. Before
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construction of underpass, pedestrian could cross the road at specific locations where
purposefully openings are provided in the median barrier.

Another characteristic of the site is that there is no non-motorized vehicle in the traffic
stream and roadside parking problems. Moreover, due to high speed of vehicular flow,
pedestrian forcefully confined in the footpath and no one is dear to stay on the edge 0f the
road. In the absence of side frictions, vehicles use whole width of the road effectively for
movements. On the other hand, high approach speed of vehicles made pedestrian crossings
very difficult and unsafe. Pedestrians could hardly find suitable gaps within the moving
traffic stream to perform the crossing maneuver. At this site, it is also observed that many
pedestrians carry load on their heads and shoulders. They are the most vulnerable
pedestrian groups, as they are unable to tum'their heads quickly to face the traffic while
crossing the road.

4.3.1.2 Underpass Description

The size of the proposed underpass is 93 ft (28.35m) by 12ft (3.66m). For air circulation
there are two high capacity air-circulation units at both entries. Overpass is kept open
between 6am to l2pm. One private security company is engaged to provide security. It is
constructed at the cost ofTk. I crore, 12 lac 47 thousand and is inaugurated on 29th June,
97.

4.3.2 Gulistan Square

4.3.2.1 Site Description

Gulistan square is a very old, busy as well as wide cross-junction. It is situated on a
primary road connecting old part of the city with the new part. Nearby intensive landuse
activities, such as stadium & electronic markets, many big hawkers & whole markets and
office blocks generate huge pedestrian flow and make the junction very busy throughout
the day. Besides shoppers and visitors, this junction is also used by commuters and inter-
district motorists. The four approaches of the junction are divided by narrow medians
without barrier.

Presence of non-motorized vehicles in all approaches and comer parking problems
encourage pedestrians to occupy pavement and thereby makes the junction operation very
difficult and complicated. Among the four approaches, the North approach (towards
Baitul Mukarram Mosque) and the ~ast approach (towards Banga-bhaban) carry a
significant portion (77%) of the total junction flow with high number of motorized
vehicles. On the other hand, the South approach (towards Nawabpur is one way road) and
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the West approach (towards Golapsha Mazar) carry low traffic flow comprising with
mainly non-motorized vehicles (NMV).

Though it is a signalized junction, it is operated by traffic police intervention. Presence of
large number of vehicles especially NMVs near the junction comers and low speed of
moving traffic encourages pedestrians to cross the junction in any direction. It is observed
that many people cross the junction diagonally matching with their desire paths. Though
the junction is very wide but due to absence of channelization, these crisscrossing
pedestrians make very hazardous conflicts with the moving traffic flow.

4.3.2.2 Underpass Description

Among the proposed three underpasses, the largest one is constructed at Gulistan Square,
which is also, know as underground market or 'Patal market'. It is 603 ft (183.84m) long
and 12 ft (3.66m) wide and there are a total of 104 nos. shops. It has altogether eight
entries and exits. Above the ground the Bangabandhu Square Monument is constructed in
the center of the intersection. It is inagurated in 25th September 1997. It is constructed at
the cost ofTk. 3 core 43 lac 15 thousand. For air circulation there are two high capacity
air-circulation units and it has also a centralized air-conditioning system to control
underground humidity and temperature. A private company provides the security of the
underpass. Opening hour is 6 am to 10 pm.
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FIGURE: 4.1: Layout Plan of Underpass at Karwan Bazar Site

GEOMETRIC FEATURES

At-grade crossing distance = 11+10.75+.35 = 22.1 m
Grade separated crossing distance =
22.15+2.25+1.125+ 7.75+7.25+2.13+3.35 = 47.25 m

STEP = 8+21 Nos (EAST SIDE)

STEP = 16+15 Nos (WEST SIDE)

LANDING = 01 (On each side)

STAIR WIDTH = 1.5 m

TUNNEL WIDTH = 3.5 m

TUNNEL HEIGHT = 2.75 m

TREAD = 250 mm

RISE= 150 mm
LENGTH OF TUNNEL = 29.10 m
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FIGURE 4.2a: Site plan of Underpass at Gulistan Square.
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FIGURE 4.2b Layout plan of Underpass at Gulistan Square Site.

GEOMETRIC FEATURES
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4.4. Data Collection

Data are collected according to the methods outlined in the Methodology Chapter.

4.4.1 Pilot Survey

For systematic way of collecting data, a pilot survey IS carried out before the final
fieldwork. Objectives of the pilot survey were:

o to trace the proper time of data collection
o to find out number of enumerators need to"be engaged
o to make the enumerators familiar with the work especially vehicle classification
o to find out difficulties which may arise during the survey work
o to find out suitable position of video camera to get full coverage of the study area
o to check the quality of recorded film (which is very important for transcript of video

data)
o to determine the appropriate depth of camera exposure so that transcnptlOn of

recorded film can be performed without much stress on the enumerators eyes.

4.4.2. Final Survey

Final survey work is conducted after sorting out problems arises in the pilot survey.

4.4.2.1 Observation of Pedestrian Behavior

In order to observe general pedestrian crossing behavior in particular relation to the use of
purpose-built grade-separated facilities, data in the form of video recording is collected
from six selected sites in Dhaka Metropolitan City. In each site video recording is made for
a total of two hours period. One hour at pre-peak flow situation when pedestrians have easy
at-grade crossing opportunities and another hour at peak period when pedestrians hardly
find suitable gaps in the jam-packed traffic stream for at-grade crossing. The survey is
conducted for six consecutive days in May 1997. All works of survey and video recording
are conducted in a good weather condition.

4.4.2.2 iVIeasurement of Performance Indexes

Vehicular and Pedestrian Counting Survev

For statistical analysis, in order to get representative amount of data, in each proposed site
vehicular and pedestrian volume data are collected for two consecutive working days.
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Extreme care was taken for getting most accurate results. Therefore, survey was
conducted only on the most normal days with typical flow conditions.

To cover wide range of traffic situations, counting survey is conducted in two shifts, one
in the morning and other in the afternoon. Moreover, in order to get traffic data at normal
flow condition, all proposed parameters are collected during the pre-peak periods. At
Gulistan site, considering time and cost involvement of data collection, traffic flows are
measured only for two predominating directions i.e. North to East and East to North. And
pedestrian flows are measured at North and East approaches only. In each site, every day
one and half hour video recording is done for each shift. Accordingly, in each site a total
of six hours film is obtained for data transcription.

At Kawan Bazar site, to collect both vehicular and pedestrian flow data for before
construction of underpass, video recording was done on 2/6/97, 3/6/97and 'after data' are
collected in 24/1 1197,25/1 1197. At Gulistan site, before and after study are conducted in
4/6/97,5/6/97 and 26/11197,27/1 1197respectively.

Vehicular Travel Time, Speed and Delav Survev

In order to record travel time data simultaneous for different types of vehicle in both
directions of road, a total of 12 surveyors are engaged by posting 6 numbers at upstream
and 6 numbers at downstream mark. To reduce financial involvement of data collection, in
each site travel time information are collected only at morning shift period.

No extra survey is conducted to measure speed and delay parameters. Speeds of each
category of vehicle are calculated from their travel time data and delays are measured by
comparing corresponding before and after travel time data.

At Kawan Bazar site, travel time data for before construction of underpasses is collected
in 4/6/97, 5/6/97 and 'after data' is collected in 26/11197, 27/11/97. At Gulistan site
before and after study are conducted in 9/6/97, 10/6/97 and 30/11/97, 1112/97

respectively.

Pedestrian Crossing Time and Conllicts Survev

No extra survey is conducted in order to measure these parameters. The same video film
which was taken for vehicular and pedestrian counting studies, is also used to gather
pedestrian crossing time and vehicular-pedestrian conflicts data.
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4.5 Data Processing

4.5.1 Recorded Film

Although video recording provides the most detailed and accurate information regarding
the flow of vehicles and pedestrians, especially for the classified vehicles count for the total
approach, the extraction of data in a useable format is a tedious and time consuming
occupation. In order to facilitate transcription of data on a large TV monitor, the film
recorded by a Sony TVS-60 video camcorder on 90-minute tape cartridges are transferred
into standard VHS video tapes. During this conversion, a time-sca~e is superimposed on the
film, accurate to 1/100th sec for the purpose of tracking events.

4.5.1.1 Vehicular and Pedestrian Counting Snrvey

For statistical analysis of data, both vehicular and pedestrian flows are transcripted into 5-
min class intervals. Moreover, data reduction was done by averaging 2 days traffic data.

4.5. 1.2 Pedestrian-Vehicular Conflicts Survey

In order to study the number and nature of pedestrian-vehicular conflicts, during video
transcription the at-grade pedestrian crossing movements data are collated and segregated
in the following categories:

1. Safe Crossing - when crossing is completed by
o accepting gaps through moving traffic stream or
o availing gaps through stationary traffic stream

2. Risky Crossing - when crossing is made by
o creating gaps forcefully in the moving traffic stream or
o accepting very small gaps and crossing in a hurry

3. Others - when crossing one side of the road
o Individually - i.e. if crossing is made by a single pedestrian
o In a group - i.e. if crossing is made by several pedestrians together
o In a single attempt - i.e. if crossing is completed by pedestrian(s) in one attempt
o In multi attempts - i.e. if pedestrian(s) can not complete the crossing operation in

one attempt.

In order to segregate vehicular-pedestrian conflicts data according to the above
categories, subjective judgement is applied to define safe or risky crossing maneuvers. As
such, to some extend this method of data collection suffers from question of accuracy.
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4.5.2 Manual Method

In this method of data collection, as information is recorded directly in the field, data is
used for analysis immediately after end of the survey. In this study only travel time data is
processed in this way. In order to get travel time information, two data files, comprising
vehicle registration number and entry/exit times, are created in Microsoft Access. Then a
third file is created by matching registration plate numbers and including corresponding
entry and exit time data-field. Finally, vehicles travel time are determined by deduction of
entry and exit time data. It is found that this manual method of collecting data produced
overall only 32% matching success rate.

4.6 Analysis of Data

In order to obtain a better understanding of the pedestrian crossing behavior as well as to
evaluate the effectiveness of underpass as a pedestrian facility, the video analysis was done
qualitatively as well as quantitatively.

4.6.1 Qualitative Analysis

4.6.1.1 Study of Pedestrian Crossing Behavior

For this study, data in the form of video recording is collected form six specific sites of
Dhaka City. Qualitative analysis is done by observing recorded film critically. This desktop
observation is also supplemented by field experience which is gathered during the extensive
field survey work. To summaries the findings, the following is a list of points describing the
general behavior of pedestrians while crossing road.

o At off-peak period, hardly any pedestrian use grade separated facilities especially
when there is no median barrier. Only, at jam pack condition when no gap could be
found easily to pass through the stationary traffic stream, pedestrians are forced to use
overbridge.

o In general motorist show little respect to pedestrian traffic, voluntarily drivers hardly
give-away any easy crossing opportunity. Instead they harass them by sounding of
hom and forcing them to run away quickly. Due to this hostile attitude of drivers,
pedestrian crossing is a very risky maneuver and it demands high agility and physical
fitness of users. The Photograph 4.1 shows such a typical situation.

o In general, foot overbridges are used by older people, women, children, people who
carry over head load etc. The Photograph 4.2 shows the general profile of footbridge
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users. It is easily understood that these people use the designated crossing facility not
because of safety reason rather they lack physical fitness which needed to negotiate
with the moving in-disciplined traffic stream.

o Relatively, pedestrians compliance of using foot bridges is very poor especially where
these facilities are constructed very near to the junction. As there is no barrier in the
junction and periodic gaps are created by signal or by traffic police.

o During qualitative observation of recorded video film, one interesting as well as
peculiar pedestrian crossing behavior is observed. In general, though pedestrians cross
roadways by waiting and accepting suitable gaps in the traffic stream. But often it is
observed that few pedestrians cross road without waiting and paying little attention to
the oncoming vehicles, literally forcing motorist to slow down their speed. In the field
when these jay walkers are asked about their daring and risky crossing behavior, most
of them replied that with experience they observed that if they look at the approaching
vehicles and request the drivers to slow down they hardly get any cooperation.
Instead, if they do not look and start crossing then all responsibilities go to the drivers'
shoulder and they are forced to react accordingly to avoid an impending collision.
Most of this type of suicidal walkers expressed that though it is very risky attempt but
it works nicely. One explanation behind this could be that in our country in case of
any accident people always react emotionally rather than rationally and they
invariably go to the victim side without asking who is responsible for the mishap. As
drivers are aware of this eccentric behavior of passerby and know the consequent
social problem, they try hard to avoid any incident with the jay-walkers. It is also
observed that this peculiar-crossing behavior, mainly exists with the garment workers
who regularly commute by on foot. Especially female workers, who are very much
neglected by the motorists, said that this is one of the clever tricks, which helps them
to cross the road quickly.

o In general, frequent uncontrolled pedestrian crossings are observed on the roads
where presence of non-motorized vehicles is high, roadsides are used by vendors,
vehicle parking, bus stoppages etc. As these side frictions reduce average speed 0 f
traffic stream as well as decrease the effective width of road, pedestrian encouraged to
occupy road and to cross rest of the road width quickly.

o Interestingly, random and uncontrolled pedestrian crossings are found minimum on
some segments of VIP road even though there is no median barrier. The plausible
reasons being, absence of non-motorized vehicles and consequent high average speed
of motorized traffic stream. As, this high speed of vehicles induces some sort of
psychological barrier to the pedestrians, they even do not dear to keep feet on the
edges of the road. As a result, the whole width of road is effectively used for the
traffic movements. This observation led to the conclusion that, higher traffic stream
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speed has the potential to reduce roadside frictions and to induce road discipline by
stopping scattered random pedestrian crossings.

o During 'after' field observation, it is found that often pedestrian try to make shortcut
by opening the fencing bars posted on the median instead of using underpass which is
little bit away from his desired direction of crossing. Though percentage of this kind
of violator is low but it is observed that once opening is made then many people
follow this shortcut route. One of these situations could be see in the Photograph 4.3.

o Field observation has shown that as a median barrier and footpath-fencing material,
concrete is more effective and durable t~an that of traditional steel railing. Though
initial cost of concrete barrier is high bui if we consider life cycle cost it would be
cheaper. Main weakness of steel fence type barrier is short life, need regular
maintenance, could easily be broken by intended violators, theft problem due to
demand for other purposes etc. In contrast, concrete is durable, need little
maintenance, no theft problem, difficult to break etc. If the quality of concreting work
can be ensured, then this type of fence could be used as a 'fit and forget' manner. As
such, concrete barrier should be constructed instead of steel fencing to prevent
eccentric pedestrian crossing violators. The typical condition of railing barrier could

be seen.

CJ As a median barrier, 'New Jersey' type concrete railing, similar to that is used in New
Airport Road (See Photograph 4.4) but with more height or wall top railing would be
very effective and productive. In addition to its principle function i.e. in case of any
derailment instead of reacting it will redirect vehicle to its travel path, it will prevent
pedestrian violators and will also improve night driving condition especially for small
vehicle drivers by eliminating headlight glaring from opposite direction.

4.6.1.2 Observational Study of Underpasses

Critical observations led to the following list of points which could be helpful for
planning of future underpass.

Karwan Bazar Underpass

Among the three underpasses constructed at Karwan Bazar, Gulistan and Gabtali -
comparatively, this is the most usetll1 facility. One of the main reasons behind this
successful use is that due to placement of grill on the road divider, pedestrians find no

other alternatives but to use the facility.
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From the Photograph 4.5 and layout plan shown in Figure 4.1, it can be seen that - as the
East entry of this underpass is placed on the median between service and main road, in
order to access the facility pedestrian need to cross the service road which is mainly used
by buses, tempoos and auto-rickshaws. On the other hand, as soon as people from the
West side get out from the East exit they have to face a speedy traffic stream and have to
negotiate with on coming rough drivers of these vehicles to complete the crossing. As a
result, in a way this underpass put pedestrian life at risk instead of providing safe

crossIng.

During the recent field observation it is found that inside the underpass lighting condition
is very poor and handful numbers of lights .are out of order (Photograph 4.6). With no
generator facility when power failure occurs, underpass become blackout and unusable.
During rainy season, water seepage through the roof and sidewalls and thereby make the
walls very damp and unhygienic. It is also observed that due to lack of regular cleaning -
its floor, side wall as well as roof-top become filthy with dust, mud, waste paper, spiting,
beetle leaves stains, graffiti, shoot etc. (Photograph 4.7).

Gulistan Underpass

Presently only a few number of curious people are using this facility. It is learned that due
to lack of enough lighting and unhygienic condition, pedestrians discourage to use these
facilities and do not feel safe at night. The main drawbacks of the underpass are:

o Since it is constructed at the junction, no physical enforcement measure could be
taken in order to compel pedestrians to use the facility. Even, the so called 'Patal
Market' of this underpass has also failed to attract pedestrians.

o Moreover, slow speed of traffic resulting from the presence of non-motorized vehicles
and scattered comer parking, helps pedestrian to make an easy as well as quick at-
grade crossing. Especially, those who would like to cross the junction diagonally they
find it more convenient to go through the road surface. For these short-cut makers, the
'Patal Market' concept of attracting pedestrians from the surface and thereby indirectly
inducing compliance has virtually failed to offer any incentive.

o The main problems of this underpass, according to shop owners of the 'Patal Market'

are:
o insufficient lighting
o regular cleaning problem
o lack of enough security personnel
o inefficient air-circulation, unavailability of air-condition and frequent power

failure etc.
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Besides solving above problems of the underpass, the field observation also revealed that
the effectiveness of this underpass could be improved if the pedestrians are compelled to
use to underpass either by installing continuous footpath barrier especially near the
j unction corners or by vigilant traffic police.

Gabtali Underpass

It is constructed on the very busy inter-district arterial highway (Aricha road) and near the
very busy Gabtoli Bus Terminal. It is 103 ft (3 IAm) long and 12 ft (3.66m) wide and
constructed at the cost of Tk. 93 lacs. The underpass is inaugurated in July'97. The
facility can be seen in Photograph 4.8.

During recent field visit, it is observed that the underpass is not at usable condition due to
dirty and very unpleasant environment both at the mouth and inside the underpass.
Presently no one is using this facility to cross the busiest road though it is safer to use.
When pedestrians are asked - why they are not using the facility - most of them are
complained about its dirty condition. Besides this, no median barrier has placed yet to
force the pedestrian to use the facility. Field observation also revealed that, the entries of
underpass are not easily be seen by pedestrians due to parking of large luxury buses. No
sign for the underpass is (ound nearby. After critical observation, it is felt that here over-
bridge would have been the best option. At least pedestrian could have easily seen the
existence of grade-separated facility.
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Photo 4.1 High Approach Speed of Vehicle Forcing Pedestrians to Cross Road Quickly.

Photo 4.2 General Profile of Footbridge Users.
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Photo 4.3 Pedestrian Often Breaks Median Barrier to Make Shortcut.
'."
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Photo 4.4 Use of New Jersey Typed Concrete Median Barrier in Dhaka City.

Photo 4.5 Faulty Location of Underpass Entrance Threatened Pedestrians at Karwan Bazar.
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Photo 4.6 Only one Tube Light is Seen in Working Condition Underpass at Karwan Bazar.

Photo 4.7 Very Poor Condition of Side Wall at Karwan Bazar Underpass.
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Photo 4.8 Pedestrian Underpass at Gabtoli Site.
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4.6.2 Quantitative Analysis

4.6.2.1 Karwan Bazar Site

4.6.2.1.1 Vehicular Flow Parameter

In order to make the 'before-after' comparative study meaningful, vehicular flow values
are converted into peD unit by applying appropriate factors. Directional classified
vehicular peD values for morning and evening shits are show in Tables 4.1 to 4.8. For
statistical analysis of the data, 2-days ave:age peD values are grouped into 5 min
counting intervals both for after and before cases. A total of 9 intervals are considered
here. Based on these data, Pie Charts (Figures 4.3 to 4.6) are drawn to show vehicular

composition in the traffic stream for each direction of the road. This composition
information is later on used when each type of vehicle randomly selected from the traffic

stream in travel time study. From these Pie eharts it can be seen that in this segment of
the road, auto-rickshaw is the most dominating mode, constituting more than 37% of the
traffic stream. Very low percentage of trucks in the traffic stream «1.1%) is due to entry
restriction during peak period.

For comparison purposes, 'before-after' shift-wise data are consolidated in Tables 4.9 and
4.10 and depicted in Figures 4.7 & 4.8. From these Figures it can be observed that due to
construction of underpass 'after phase' flow data increased by a big margin especially in
the morning shift.

In order to see if this improvement of flow data is natural or incremental, statistical Z-test
is performed using data presented in Tables 4.9 and 4.10. Summary of statistical test can
be seen in Tables 4.11 and 4.12. From this table it can be said that the underpass
construction at this site has significantly improved the vehicular flow parameter. For both

morning and afternoon shift, the calculated Z-values exceeded the critical Z-value at 95%
level of significance. Overall improvements in morning shift are 20% & 7.9% and in
afternoon shift are 11% and 6.6% for South to North and North to South direction of
traffic flow respectively. Relatively, flow improvement is found higher in the morning
shift. Which may be due to the fact that in the morning, due to hurries pedestrian
intemlpted traffic flow more aggressively than that of afternoon case when they are
relaxed and no obsession of reaching work place in time. The evidence of this morning

behavior can also be found in pedestrian travel time study results shown in Table 4.24.
The Table shows that before construction of the underpass, in the afternoon pedestrian

crossing speed was 0.92 mls whereas in the morning hour it was 1.05 m/s .
•
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Table 4.11 and 4.12 reveal that in general, improvements of vehicular flow in S to N
direction are relatively higher than that of N to S direction. The explanation for this may
be, since the study road-segment in the N to S direction is the approach of nearby

Sonargoan roundabout, vehicles arrive at slow speed even after construction of underpass.
Though underpass construction segregated pedestrian physically, but the motorists could
not exercise full freedom due to proximity of the roundabout. In contrast, the study road-
section in the S to N direction is the exit arm of the roundabout, where drivers always
tend to discharge with high speeds and pedestrian segregation gave them a nice

opportunity to implement their desire.
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Table 4.1: Before Construction Total PCU Values in S.N Dir. at Karwan Bazar Site (Morning Shift)

Vehicle Type PCU Total PCU Values in 5 min Counting Intervals
Faclor' 11 12 13 14 15 16 17 18 19

Large Bus 3.0 6.0 1.5 6.0 7.5 10.5 9.0 9.0 3.0 9.0

Mini Bus 1.5 32.3 27.0 24.8 21.0 30.0 30.8 31.5 31.5 278
Truck 3.0 6.0 1.5 4.5 6.0 1.5 4.5 1.5 4.5 3.0

Micro Bus 1.0 15.5 14.5 9.5 14.0 11.5 9.0 90 12.5 65

Car 1.0 32.0 32.0 31.0 325 26.5 27.5 285 21.5 35.5

Aula-Ric. 0.8 44.8 39.2 53.2 408 36.8 39.6 54.0 46A 49.6
Tempo 1.0 33.0 26.0 25.0 20.0 26.0 24.5 26.0 29.0 32.5

Molar Cycle 0.8 10A 9.2 9.6 7.2 6A 9.2 8A 8.8 8.0

Tolal PCU 180.0 150.9 163.6 149.0 149.2 154.1 167.9 157.2 171.9

Table 4.2: Before Construction Total PCU Values in S.N Dir. at Karwan Bazar Site (Afternoon Shift)

Vehicle Type PCU 5 min Counting Intervals
Faclor I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 7.5 7.5 0.0 45 4.5 9.0 6.0 3.0 10.5
Mini Bus 1.5 15.0 16.5 15.0 28.5 338 19.5 21.8 330 308
Truck 30 10.5 45 1.5 30 60 6.0 60 30 9.0

--~-
Micro Bus 1.0 135 15.0 14.0 235 145 11.5 145 205 220

Car 1.0 39.0 31.0 370 35.0 36.0 34.5 335 36.5 28.0

Aula-Ric. 08 28A 30A 39.2 35.6 26.8 336 336 29.6 34.0
-

Tempo 1.0 17.0 230 19.0 17.5 180 18.0 21.0 14.0 16.0
Motor Cycle 0.8 11.2 10.8 100 76 15.2 8.8 8A 8.0 14A

Tolal PCU 142.1 138.7 135.7 155.2 154.8 140.9 144.8 147.6 164.7
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Table 4.3: After Construction Total PCU Values in S.N Dir. at Karwan Bazar Site (Morning Shift)

Vehicle Type PCU 5 min Counting Intervals
Factor I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 4.5 45 3.0 6.0 4.5 3.0 10.5 7.5 3.0
Mini Bus 1.5 24.8 31.5 31.5 34.5 39.8 33.8 41.3 36.0 39.8
Truck 30 7.5 4.5 10.5 4.5 3.0 0.0 6.0 4.5 3.0

Micro Bus 1.0 16.5 180 130 21.5 21.0 165 24.0 16.5 26.0
Car 1.0 50.0 38.5 37.0 : 50.0 39.0 43.0 365 530 54.0

Aula-Ric. 0.8 532 57.6 50.8 50.4 46.4 52.4 50.0 60.0 56.8
Tempo 1.0 200 16.5 25.5 21.0 220 23.0 20.0 15.5 18.0

Motor Cycle 0.8 7.2 7.6 11.2 9.6 12.4 10.0 14.8 14.0 9.2
Total PCU 183.7 178.7 182.5 197.5 188.1 181.7 203.1 207.0 209.8

Table 4.4: After Construction Total PCU Values in S.N Dir. at Karwan Bazar Site (Afternoon Shift)

Vehicle Type PCU 5 min Counting Intervals
Factor 11 12 13 14 15 16 17 18 19

Large Bus 3.0 30 60 00 6.0 30 6.0 4.5 3.0 6.0
Mini Bus 1.5 28.5 20.3 26.3 19.5 28.5 33.8 24.0 18.8 293
Truck 3.0 12.0 90 6.0 45 30 1.5 9.0 6.0 90

Micro Bus 1.0 14.5 8.0 8.0 11.5 22.0 13.5 15.0 13.0 13.0
Car 1.0 350 50.0 42.5 40.0 42.0 33.5 36.0 37.5 41.0

--- -----Aula-Ric. 08 34.0 42.0 44.8 42.4 29.6 40.4 472 48.8 55.6
---- ~~ ---

Tempo 1.0 23.0 18.5 190 22.5 19.0 17.5 20.0 20.0 160
f---Motor Cycle 0.8 12.8 12.0 12.4 13.6 9.6 100 10.8 12.0 14.4

Total PCU 162.8 165.8 159.0 160.0 156.7 156.2 166.5 159.1 184.3
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Table 4.5: Before Construction Total PCU Values in N.S Oir. at Karwan Bazar Site (Morning Shift)

Vehicle Type
PCU 5 min Counting Intervals
Factor 11 12 13 14 15 16 17 18 19

Large Bus 3.0 3.0 6.0 0.0 60 6.0 6.0 6.0 12.0 4.5

Mini Bus 1.5 12.8 16.5 17.3 15.8 120 19.5 17.3 12.0 18.8

Truck 30 6.0 6.0 6.0 1.5 3.0 3.0 6.0 6.0 3.0

Micro Bus 10 15.0 18.5 17.5 22.5 18.5 17.0 200 150 195

Car 1.0 25.5 29.5 37.0 , 28.5 35.5 31.5 25.0 330 325

Aulo.Ric. 0.8 38.0 42.4 30.4 39.6 37.2 42.8 41.6 48.8 44.0

Tempo 1.0 12.0 13.5 14.5 19.0 19.5 16.5 17.0 190 19.5

Motor Cycle 0.8 12.0 7.2 7.2 8.0 9.2 9.2 8.8 7.2 10.8

Total PCU 124.3 139.6 129.9 140.9 140.9 145.5 141.7 153.0 152.6

Table 4.6: Before Construction Total PCU Values in N.S Oir. at Karwan Bazar Site (Afternoon Shift)

Vehicle Type
PCU 5 min Counting Intervals
Factor I 1 12 13 14 15 16 17 18 19

Large Bus 30 3.0 105 30 7.5 30 10.5 6.0 6.0 60

Mini Bus 1.5 12.0 150 158 10.5 15.8 18.0 18.8 19.5 22.5
- ----

Truck 30 9.0 60 6.0 30 00 6.0 4.5 6.0 30
--- --- -

Micro Bus 10 7.5 14.0 13.5 13.0 155 12.5 14.5 155 14.5
-- ._-------

Car 1.0 32.5 32.0 410 345 37.5 44.0 365 35.5 36.5

Aula-Ric. 0.8 38.4 41.6 38.4 48.0 36.4 48.4 448 44.0 43.6
-- ---

Tempo 1.0 22.0 19.5 170 15.0 15.0 14.0 150 23.5 21.0
~-- --- --- -

Motor Cycle 08 11.6 8.0 96 11.6 9.2 8.4 116 12.0 7.2

Total PCU 136.0 146.6 144.3 143.1 132.4 161.8 151.7 162.0 154.3
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Table 4.7: After Construction Total PCU Values in N.S Oir. at Karwan Bazar Site (Morning Shift)

Vehicle Type
PCU 5 min Counting Intervals
Factor I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 3.0 9.0 10.5 10.5 10.5 10.5 0.0 7.5 120

Mini Bus 1.5 30.0 20.3 233 24.0 24.8 23.3 21.0 35.3 19.5

Truck 3.0 3.0 9.0 3.0 6.0 1.5 4.5 9.0 7.5 3.0

Micro Bus 1.0 10.5 10.5 10.0 , 8.5 9.5 10.0 15.5 11.0 11.0

Car 1.0 48.5 37.0 29.5 34.5 33.5 38.5 37.0 280 255

Auto-Ric. 0.8 40.4 44.0 46.4 38.4 49.6 44.0 48.4 46.0 44.8

Tempo 1.0 12.5 17.5 12.0 16.5 13.5 12.5 11.0 135 16.0

Motor Cycle 0.8 8.0 6.8 8.0 9.6 11.2 9.2 13.2 12.8 12.4

Total PCU 155.9 154.1 142.7 148.0 154.1 152.5 155.1 161.6 144.2

Table 4.8: After Construction Total PCU Values in N.S Oir. at Karwan Bazar Site (Afternoon Shift)

Vehicle Type
PCU 5 min Counting Intervals
Factor I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 6.0 6.0 1.5 6.0 4.5 90 9.0 3.0 7.5

Mini Bus 1.5 18.8 180 18.8 13.5 17.3 17.3 135 18.0 19.5
~~ ---

Truck 3.0 7.5 10.5 6.0 6.0 9.0 60 6.0 75 60
---

Micro Bus 1.0 11.0 12.0 125 16.0 130 135 145 13.5 12.5

Car 1.0 39.0 335 36.0 29.5 315 38.5 35.0 325 38.0
----

Auto-Ric. 0.8 540 45.6 51.6 47.2 44.4 46.8 37.6 44.4 48.4
-

Tempo 1.0 18.0 16.5 23.5 19.5 19.0 19.0 21.5 24.0 280
--- -

Molar Cycle 0.8 12.0 13.6 14.0 10.8 112 12.8 12.0 76 140

Total PCU 166.3 155.7 163.9 148.5 149.9 162.9 149.1 150.5 173.9
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Figure 4.3: Traffic Composition in S.N Direction at KalWan Bazar Site
(Before Phase)
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Figure 4.4: Traffic Composition in S.N Direction at KalWan Bazar Site
(After Phase)
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Figure 4.5: Traffic Composition in N.S Direction at Karwan Bazar Site
(Before Phase)
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Figure 4.6: Traffic Composition in N.S Direction at Karwan Bazar Site
(After Phase)
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Table 4.9: Before-After Total PCU Values at Karwan Bazar Site (Morning Shift)

Side of the Data Collection Total PCU Values in 5 min Counting Intervals

Road Phase [ 1 12 13 14 15 16 17 18 19

South to Before
180.0 150.9 163.6 149.0 149.2 154.1 167.9 157.2 171.9

North Construction

(Side-1) After
183.7 178.7 182.5 197.5 188.1 181.7 203.1 207.0 209.8

Construction

North to Before
124.3 139.6 129.9 140.9 140.9 145.5 141.7 153.0 152.6

South Construction

(Side-2) After
155.9 154.1 142.7 148.0 154.1 152.5 155.1 161.6 144.2

Construction

Table 4.10: Before-After Total PCU Values at Karwan Bazar Site (Afternoon Shift)

Side of the
Data Collected

Total PCU Values in 5 min Counting Intervals

Road I 1 12 13 [4 15 16 17 18 19

South 10 Before
142.1 138.7 135.7 . 155.2 154.8 140.9 144.8 147.6 1647

North Construction

(Side-1) After
162.8 165.8 1590 160.0 156.7 156.2 166.5 159.1 184.3

Construction

North to Before
136.0 1466 144.3 143.1 132.4 161.8 151.7 162.0 1543

South Construction

(Side-2) After
166.3 155.7 163.9 148.5 149.9 162.9 1491 150.5 1739

Construction
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Figure 4.7: Fluctuation of Before.After PCU Values at Karwan Bazar Site
(Morning Shift)
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Figure 4.8: Fluctuation of Before.After PCU Values at Karwan Bazar Site
(Afternoon Shift)
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Table 4.11: Effectiveness of Underpass on Traffic Flow at Karwan Bazar Site (Morning Shift).

Side of Data Gollec- No. of Mean Std. Std. of differ- Z-test Remarks (%
Z-Griticalthe Road tion Phase Obs. Value Dev. ence in means value improvement)

South to Before 9 160.4 11.0 Significant5.43 5.89
North After 9 192.4 12.0 1.96 at (20)

North to Before 9 140.9 9.4 95% LOS Significant3.72 2.98
South After 9 152.0 6.0 (7.9).

Table 4.12: Effectiveness of Underpass on Traffic Flow at Karwan Bazar Site (Afternoon Shift).

Side of Data Gollec- No. of Mean Std. Sd. of the differ- Z-test Remarks (%Z-Griticalthe Road tion Phase Obs. Value Dev. ence in means value improvement)

South to Before 9 147.2 9.4 Significant4.25 3.81
North After 9 163.4 8.6 1.96 at (11 )

North to Before 9 148.0 10.4 95% LOS Significant4.63 2.12South After 9 157.8 92 (6.6)
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At Karwan Bazar site though the construction of underpass has improved the traffic
operation significantly, but the amount of improvements are not so impressive. The
reason may be as follows. From the Photograph 4.9 it can be seen that even before
construction of the underpass at this site, pedestrian crossing was not so scattered along
the road due to installation of railing in the median island. This restrictive median barrier
forced pedestrian to cross the road only at specific openings and impose some sorts of
discipline in road crossing. If there were no median barrier before construction, surely the
benefit of underpass would have been more. It is also expected that the amount of
improvement in terms of traffic flow operation would have been more if the underpass
had been constructed on the road with mixed traffic operation i.e. traffic stream
comprising both motorized and non-motorized vehicles. The Photograph 4.10 is taken
after construction of the underpass.

4.6.2.1.2 Vehicular Travel Time, Delay and Speed Parameters

Relevant summary data can be found in Appendix-B of this thesis. For analysis, only
consolidated before-after data along with statistical results are shown Tables 4.13 to 4.16
and graphically presented in Figures 4.9 to 4.14.

From Tables 4.13 and 4.14, it can be seen that the underpass has significantly improved
travel time for all types of vehicles. These improvement for different types of vehicle
ranges from 18% to 40% in S-N direction and 10% to 34% in N-S direction of travel.
Similarly, Tables 4. [5 and 4.16 shows that speeds of each category of vehicle has
increased significantly ranging 8-22 kmph (22-64%) and 3-13 kmph (I [- 52%) in the S-N
and N-S direction respectively. Overall, construction of underpass at this site has
improved the travel time and speed of traffic stream in both directions by 26-30% and 34-
44% respectively. Tables 4. [3 and 4.14 as well as Figures 4.9 and 4. [0 show that
corresponding average delay savings are also very significant. The amount ranges 8-3 [
sec in S-N direction and 6-25 sec in N-S direction while traveling 440m and 480m road
segments in respective direction.

Further critical observation of Tables 4.13 to 4. [6 and Figures 4.9 to 4.12 revealed that in
general, improvement of travel time, delay and speed for larger sized vehicles are
relatively higher than that of smaller sized vehicles. This may be explain in the following
way - due to high maneuverability of smaller sized vehicles, during interruption by
pedestrian crossing instead of stopping they often only slowed down and move laterally
to avoid conflicts with the pedestrian as well as to avoid total stopping. Moreover, even if
smaller vehicles do stop, relatively they can startup and speeding quickly. 'vVhich is not
the case of larger sized vehicles like buses, trucks etc. May be due to these reasons. the
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effectiveness of underpass is so high for larger sized vehicles. Though, average delay
saving per vehicle is less for smaller sized vehicles, the accumulative delay would be
much more higher than that of larger sized vehicles due to their higher proportion is the
traffic stream.

To see the improvement in passenger riding comforts, dispersion parameter or standard
deviation (Sd) of travel time data are drawn in Figures 4.13 and 4.14 for S-N and N-S
directions respectively. In theory, for long distance travel, the dispersion of travel time
data indicates the uncertainty of travel time whereas for short distance it is the indicator
of smoothness or comfortability ofjoumey. From the Figures 4.13 & 4.14 it can be easily
seen that for both the directions Sd values for each vehicle type are very low as compared
to the before Sd values. Which directly implies that due to the construction of underpass,
in the study-segment of the roadjoumey become very smoother and comfortable.

4.6.2.1.3 Pedestrian Crossing Flow Parameter

Average pedestrian crossing flow data can be found in Tables 4.17 to 4.20 and Figures
4.15 and 4.16. Corresponding consolidated 'before-after' data are presented in Table 4.21
and statistical results in Table 4.22. From Table 21 and Figures 4.15 and 4.16 it can be
seen that pedestrian flow has increased both in morning and evening hours. Statistical
analysis results provided in Table 4.22 shows that pedestrian flow improvement is
significant in both shifts. The improvement figures show that in the morning shift
pedestrian flow value has increased by 36.5% and 45.4% in afternoon shift. This
additional flow of pedestrian may be termed as 'attracted flow' to the new improved
crossing facility. Before underpass construction, those who used to cross the busy high-
speed road at different points along the road and through the nearby roundabout, due to
improved safety and convenience they may have converged to the new facility.
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Photo 4.9 Opening of Median Barrier Before Underpass Construction at Karwan Bazar.

Photo 4.10 Continuos Median Barrier After Underpass Construction at Karwan Bazar.
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Table 4.13: Effect of Underpass on Vehicle Travel Time in S.N Direction at Karwan Bazar Site

Dir: S to N Dale: 4/6/97 & 26/11/97 Shift: Morning Section (m): 440
Collection Method: Manual & Random Time: 8:15 -10:00 am Weather Condition: Good

Vehicle Data Total Mean DaleY' Std. Std. of Remarks
Collec- Obs. Saving dill. in

Z-test Z-
(% improve-Type lion Trav. Time Dev., S value Critical

Phase
means ment)

(n) (sec) (sec) (sec)

Before 67 55.0 29 Significant
Mini-Bus 19.0 3.68 -5.17

After 67 36.0 8 (34.5)

Before 30 59.0 31 Significant
Micro-Bus 21.0 5.83 -3.60

After 52 38.0 10 (356)

Before 67 46.0 23 Significant
Light Veh. 18.0 301 -5.99

(39.1 )After 71 28.0 9

Before 53 50.0 28 U) Significant
Aula-Rick 9.0 3.97 -2.27 0

...J (18)After 65 41.0 8 ~0
U')
0>

Before 13 69.0 27 ro Significant
Large-Bus 230 7.72 -2.98 <D

~ (33.3)After 14 46.0 7 ~

Before 12 83.0 35 Significant
Truck - 31.0 10.22 -303

After 15 52.0 6 (37.3)

Before 31 58.0 26 Significant
Tempo 15.0 4.90 -306

(25.9)After 29 43.0 8

Before 25 44.0 22 Not Significant
M. Cycle 8.0 --- 4.46 -1.79

After 30 36.0 4 (18.2)

Before 298 53.6 Significant
ra. Stream 16.3

After 343 373
(30A)
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Table 4.14: Effect of Underpass on Vehicle Travel Time in N.S Direction at Karwan Bazar Site

Dir: N to S Date: 5/6/97 & 27/11/97 Shift: Morning Section (m): 480
Collection Method: Manual & Random Time: 8:15 -10:00 am Weather Condition: Good

Vehicle Data Total Mean Daley: Std. Std. of RemarksCollec- Obs. Saving diff. in
Z-test Z-

(% irnprove-Type tion Trav. Time Dev., S value Critical
Phase means ment)

(n) (sec) (sec) (sec)

Before 41 70 25 SignificantMini-Bus 24.0 4.03 5.96
After 65 46 8 (34.3)

Before 20 73 28 SignificantMicro-Bus 23.0 6.41 3.59
(31.5)After 42 50 9

Before 40 53 31 SignificantLight Veh. 14.0 5.05 2.77
(26.4)After 68 39 10

Before 20 58 27 UJ .Not SignificantAuto-Rick 6.0 6.32 0.95 0
-' (10.3)After 41 52 12 ~Q
""0'>

Before 15 82 26 ro SignificantLarge-Bus 21.0 6.85 3.06 <0
~ (256)After 13 61 5 ~

Before 14 89 24 SignificantTruck 250 6.82 3.67
After 12 64 8 (28.1)

Before 36 68 20 SignificantTempo 11.0 3.68 2.99
(16.2)After 33 57 9

Before 26 51 24 Not SignificantM. Cycle 6.0 4.76 1.26
After 31 45 4 (11.8)

Before 212 65 Significantra. Stream 17.1
After 305 48 (26.2)
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Table 4.15: Effect of Underpass on Vehicle Speed in S.N Direction at Karwan Bazar Site

Dir: S to N Date: 4/6/97 & 26/11/97 Shift: Moming Section (m): 440
Collection Method: Manual & Random Time: 8:15 -10:00 am Weather Condition: Good

Vehicle Mean
Data Collec- TotalObs, Improvement of Speed

Type tion Phase Speed Remarks

(n) (km/hr) (km/hr) ('!o)

Before 67 28,8
Mini-Bus 15,2 52,8 Significant

After 67 44,0

Before 30 26,8
Micro-Bus 14,8 55.3 Significant

After 52 41,7

Before 67 34.4
Light Veh, 22,1 64,3 Significant

After 71 56,6

Before 53 31,7
Auto-Rick 7,0 22.0 Significant

After 65 38,6

Before 13 23.0
Large-Bus 11.5 50,0 Significant

After 14 34.4

Before 12 19,1
Truck 11.4 59,6 Significant

After 15 30,5

Before 31 273
Tempo 9,5 34,9 Significant

After 29 368

Before 25 36,0
M, Cycle 8,0 22,2 Significant

After 30 44,0

Before 298 30,2
Tra Stream 13,5 44,6 Significant

After 343 43,6
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Table 4.16: Effect of Underpass on Vehicle Speed in N.S Direction at Karwan Bazar Site

Dir: N to S Date: 4/6/97 & 26/11/97 Shift: Morning Section (rn): 480
Collection Method: Manual & Random Time: 8:15 - 10:00 am Weather Condition: Good

Vehicle Mean
Data Collec- TotalObs. Improvement of Speed

Type tion Phase Speed Remarks

(n) (km/hr) (km/hr) ('!o)

Before 41 24.7
Mini-Bus 12.9 52.2 Significant

After 65 37.6

Before 20 23.7
Micro-Bus 10.9 46.0 Significant

After 42 34.6

Before 40 32.6
Light Veh. 11.7 35.9 Significant

After 68 44.3

Before 20 29.8
Auto-Rick 3.4 11.5 Significant

After 41 33.2

Before 15 21.1
Large-Bus 7.3 34.4 Significant

After 13 28.3

Before 14 19.4
Truck 7.6 39.1 Significant

After 12 27.0

Before 36 25.4
Tempo 4.9 19.3 Significant

After 33 30.3

Before 26 33.9
M. Cycle 4.5 13.3 Significant

After 31 38.4

Before 212 27.2
Tra. Stream 9.3 34.4 Significant

After 305 36.6
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Figure 4.9: Comparison of Before-After Vehicle Travel Time and Delay in
S.N Direction at Karwan Bazar
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Figure 4.10: Comparison of Before.After Vehicle Travel Time and Delay
in N.S Direction at Karwan Bazar
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Figure 4.11: Comparison of Before-After Vehicle Speeds in S.N Direction
at Karwan Bazar
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Figure 4.12: Comparison of Before.After Vehicle Speeds in N.S Direction
at Karwan Bazar
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Figure 4.13: Comparison of Before-After Vehicle Travel Time Dispersion
(Sd) in S.N Direction at Karwan Bazar Site
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Figure 4.14: Comparison of Before-After Vehicle Travel Time Dispersion
(Sd) In N.S Direction at Karwan Bazar Site
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It is also found that the amount of afternoon improvement is high as compared to that of
morning hour improvement. The reason may be due to the fact that - the pedestrians who

used to cross the road using the nearby Sonargoan roundabout, after underpass
construction they may find it easier to cross the road using the facility. Especially in the
afternoon hour when a high proportion of right turners from the South approach often

block the mid-portion of roundabout and make the crossing very difficult. This jam-pack
blockage condition may forced some of the short-cutters to the underpass facility even if
it is a bit away from their desire line.

4.6.2.1.4 Vehicular-Pedestrian Conflicts Study

Different types of pedestrian crossing movements data is summarized in Table 4.23 and
depicted by Pie-Chart in Figures 4.17 to 4.19. From these Pie-Charts it is observed that
due to construction of underpass overall pedestrian safety has improvement significantly.
Figure 4.17 shows that, before underpass, during the study period about 75% pedestrians
had to face risky crossing interms of accepting very small gaps and crossing quickly or

creating gaps forcefully in the speedy traffic stream. It is also observed from Figures 4.18
and 4.19 that before most of pedestrians find it difficult to cross the individually or did
not find suitable gap to cross easily. In the Figure 4.18 about 85% group crossing
indicates that most of the instances - after arrival at the crossing site, pedestrians had to
wait on the footpath to form a group and moving traffic stream had to be forced to stop
with their increasing numbers. This finding also led to the conclusion that at this site with
high-speed traffic stream, individual pedestrian is very helpless and unable to overcome
the conflicts with the vehicles. Moreover, 30% multiple attempts in Figure 4.19 shows
that due to hostile attitude of the motorists even pedestrians in a group had to take
multiple attempts to negotiate with the drivers and to complete the crossing maneuver.
Photographs 4.11,4.12 and 4.13 show the at-grade crossing maneuver before construction

of the underpass at this site.
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Table 4.17: Average Morning Pedestrian Crossing Flow at Karwan Bazar Site (Before Phase)

Direction: E to Wand W to E

Method of counting: Video recordig

Date: 2/6/97 & 3/6/97

Shift: Morning

Time: 8:15 - 9:45 am

Weather Condition: Good

5 min No. of Crossing from Types of Pedestrian Crossing' Total Pedes-
Interval WtoE E to W CS I CR CI I CG CSA I CMA trian Crossings

I 1 82.0 90.0 41.0 131.0 21.0 151.0 102.0 70.0 172.0

12 119.0 57.5 36.0 140.5 29.0 147.5 120.0 56.5 176.5

13 84.5 61.0 27.5 118.0 130 132.5 115.0 30.5 145.5

14 89.5 69.0 48.0 110.5 30.0 128.5 129.0 29.5 158.5

15 117.5 66.5 49.0 135.0 25.0 159.0 137.0 47.0 1840

16 70.5 57.5 18.0 110.0 27.0 101.0 75.0 53.0 128.0

17 82.5 770. 41.0 118.5 19.0 140.5 112.0 47.5 159.5

18 86.0 65.5 49.0 102.5 21.0 130.5 116.5 35.0 151.5

19 83.0 66.5 48.5 101.0 33.0 116.5 125.5 24.0 149.5

Total 814.5 610.5 358 I 1067 218 I 1207 1032 I 393 1425.0

Types of Pedestrian Crossing (%) 25.12 I 74.88 15.30 I 84.70 72.42 I 27.58

Note: ' CS - Crossing Safely. CR - Crossing with risk, CI . Crossing Individually. CG - Crossing in a Group,

CSA - Crossing in a Single Attempt. CMA - Crossing in Multi-Attempt.

Table 4.18: Average Afternoon Pedestrian Crossing Flow at Karwan Bazar Site (Before Phase)

Direction: E to Wand W to E

Method of counting: Video recordig
Date: 2/6/97 & 3/6/97

Shift: Afternoon

Time: 3:15 - 4:45 pm

Weather Condition: Good

5 min No. of Crossing from Types of Pedestrian Crossing Total Pedes-
Interval Wto E EtoW CS i CR CI I CG CSA I CMA trian Crossings

I I

I 1 69.0 62.0 41.0 90.0 21.0 1100 102.0 29.0 131.0

12 61.5 78.0 36.0 103.5 22.5 1170 104.5 35.0 1395

13 63.0 91.5 13.0 141.5 130 141.5 115.0 39.5 154.5
---- - --

14 65.0 78.5 63.0 80.5 265 117.0 119.0 24.5 143.5
---- ----~ ~

15 585 95.0 52.5 101.0 25.0 128.5 114.0 39.5 153.5
---- --- ----_._-- ---

16 770 63.5 180 122.5 23.0 117.5 78.5 62.0 140.5
----- ---- ---- - --

17 85.5 98.0 42.0 141.5 190 164.5 102.0 81.5 183.5

18 76.0 99.0 38.0 1370 21.0 154.0 96.0 79.0 175.0
~-- ---- -------

19 85.5 92.0 43.0 134.5 26.0 151.5 97.5 80.0 1775

Total 641 7575 346.5 I 1052 197 ' 1201.5 928.5 I 470 1398.5

Types of Pedestrian Crossing (%) 24.78 I 75.22 14.09 I 85.91 66.39 I 33.61
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Table 4.19: Average Morning Pedestrian Crossing Flow at Karwan Bazar Site (After Phase)

Direction: E to Wand W to E

Method of counting: Video recordig
Date: 24/11/97 & 25/11/97 Time: 8:15 - 9:45 am

Shift: Moming Weather Condition: Good

5 min No. of Crossing from Types of Pedestrian Crossing Total Pedes-
Interval Wto E E to W CS I CR CI I CG CSA I CMA trian Crossings

I 1 149,5 103.0 252.5 0.0 0.0 0,0 0.0 0,0 252.5
12 130.5 102.0 232.5 0,0 0.0 0.0 0.0 0.0 2325
13 122.5 101.0 223.5 0.0 0,0 0,0 0,0 0.0 223.5
14 116,5 113.5 230.0 0.0 0.0 0.0 0.0 0.0 230,0

15 109.0 94,0 203.0 0.0 0.0 0,0 0.0 0,0 203.0

16 116.5 97.5 214.0 0,0 0,0 0.0 0.0 0.0 214.0

17 97.0 93.0 190.0 0.0 0.0 0,0 0.0 0.0 190.0

18 111.5 84.5 196,0 0.0 0.0 0.0 0.0 0.0 196.0
19 97.5 106.0 203.5 0,0 0.0 0.0 0,0 0.0 203.5

Total 1050,5 894.5 1945 I a a I a a I a 1945.0

Types of Pedestrian Crossing (%) 100.00 I 0.00 0.00 I 0.00 0.00 I 0.00

Table 4.20: Average Afternoon Pedestrian Crossing Flow at Karwan Bazar Site (After Phase)

Direction: E to Wand W to E

Method of counting: Video recordig
Date: 24/11/97 & 25/11/97 Time: 3:15 - 4:45 pm

Shift: Afternoon Weather Condition: Good

5 min No, of Crossing from Types of Pedestrian Crossing Total Pedes-
Interval W to E EtoW CS I CR CI I CG CSA

,
CMA trian Crossings

I I

I 1 94.5 98.0 192.5 0,0 0,0 0.0 0.0 0.0 1925
--

12 94,0 93.5 187.5 0.0 0,0 0,0 0,0 0,0 187.5
- --

13 1115 102.5 214,0 0,0 0.0 00 0,0 0,0 214.0
.. - .._- -- - - -

14 124,5 122.0 246,5 00 0,0 0,0 0,0 0.0 246,5--- ----- -

15 123.5 110.5 234,0 0.0 0.0 0,0 0.0 0.0 234.0
--_. ----- -

16 118.5 108.0 2265 0,0 0,0 0.0 0,0 0.0 2265
--- ---- -- .. --

17 126.0 1200 246,0 0,0 0.0 0.0 0.0 0,0 246,0
---- -_._~- ~

18 129,0 116.5 245,5 0.0 0.0 0.0 0,0 0.0 245.5--- --- --- ---- ~---

19 130.0 124.5 254.5 0,0 0,0 0,0 0.0 0,0 2545

Total 1051.5 995.5 2047 I a a i a a a 2047,0

Types of Pedestrian Crossing (%) 100.00 ! 0.00 0.00 : 0.00 0,00 I 0.00
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Figure 4.15: Fluctuation of Before.After Pedestrian Crossing Flow at
KalWan Bazar Site (Morning Shift)

- .....•.•.. ----- ..•••...•
t'.... -- ...•.• --

~
v~ --.•.. ..•.•.•... ------- •..•.••.•.•..
V
__ (Before)
__ (After)

I 1 12 13 14 15 16 17 18 19
5 min Counting Intervals

Figure 4.16: Fluctuation of Before-After Pedestrian Crossing Flow at
KalWan Bazar Site (Afternoon Shift)
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Table 4.21: Before-After Total Pedestrian Crossings at Karwan Bazar Site

Shift Data Collected
Total Pedestrian Crossing Flow in 5 min Counting Intervals

I 1 12 13 14 15 16 17 18 19
Before

172.0 176.5 145.5 1585 184.0 128.0 159.5 151.5 149.5
Construction

Morning
After

252.5 232.5 223..5 230.0 203.0 214.0 190.0 1960 203.5
Construction

Before
131.0 139.5 154.5 143.5 153.5 140.5 183.5 175.0 177.5

Construction
Afternoon

After
192.5 187.5 214.0 246.5 234.0 226.5 246.0 245.5 254.5

Construction

Table 4.22: Effect of Underpass on Pedestrian Crossing Flow at Karwan Bazar Site

Data Collec- No. of Mean Std. Std. of differ- Z-test Remarks (%Shift Z-Criticaltion Phase Obs. Value Dev. ence in means value improvement)

Before 9 158.3 17.3 SignificantMorning 886 6.52
After 9 216.1 20.2 1.96 at (365)

Before 9 155.4 19.0 5% LOS SignificantAfternoon 1033 6.97
After 9 227.4 24.5 (46.4)



Table 4.23: Type of Pedestrian Crossing Mevements Before Construction of Underpass at KaIWan Bazar Site

Types of Pedestrian Crossing

Shift
Safe Risky Individual Group Single Attempt Multi-attempt

TotalCrossing Crossing Crossing Crossing Crossing Crossing

Morning 358 1067 218 1207 1032 393 1425

Afternoon 346.5 1052 197 1201.5 928.5 470 1398.5

Total 704.5 2119 415 2408,5 1960.5 863 2823.5

(%) 24.95 75.05 14.70 85.30 69.44 30.56 100.00

Note: • CS - Crossing Safely, CR - Crossing with risk, CI - Crossing Individually, CG - Crossing in a Group,
CSA - Crossing in a Single Attempt, CMA - Crossing in Multi-Attempt

Figure 4.17: Proportion of Safe and Risky Crossing Movements Before
Construction of Underpass at KaIWan Bazar Site
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Figure 4.18: Proportion of Single and Group Crossing Movements
Before Construction of Underpass at Karwan Bazar Site
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Figure 4.19: Proportion of Single and Multi-Attempt Crossing Movements
Before Construction of Underpass at Karwan Bazar Site
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Photo 4. I I Group Pedestrian Crossing before Underpass Construction at Karwan Bazar.

95



(Single Attempt but risky crossing)

(Single Attempt Group Crossing)

Photo 4.12 Single-Attempt Crossing before Underpass Construction at Karwan Bazar.
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Photo 4.13 Multi-Attempt Crossing before Underpass Construction at Karwan Bazar.
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4.6.2.1.5 Pedestrian Crossing Time and Speed Parameters

Table 4.24 summarize the before and after pedestrian average crossing time and speed
data. From the Table it is found that though before construction of the underpass, in
general pedestrian had to spent a considerable amount of time (avg. 40.5 sec) to cross the
road due to waiting on the footpath before getting an opportunity of crossing as well as on
the median barrier after crossing one side of the road, but surprisingly pedestrians average
travel time did not reduce by the construction of the facility. From the Table, it can be
seen that in fact pedestrian travel time through underpass is increased by 11.1% (7 sec) as
compared to at-grade crossing. The plausible reasons may be as follows:

o From Figure 4.1, it can be seen that initially crossing distance was 11.0+0.35+10.75 =
22.1m and after construction of underpass it became
22.15+2.25+1.25+7.75+7.25+2.13+3.35 = 47.25m. Which means, the underpass
increases the total at-grade travel distance by more than two times.

o Moreover, before underpass pedestrians had to clear the road very quickly (1.0 m/s) in
the mist of intimidation by the motorists. Whereas, after construction of underpass
they are crossing the facility by walking normally and comfortably with a walking
speed of only 0.68m/s.

From the above observations, it can be concluded that from the pedestrians point of view
the underpass construction could not reduce crossing travel time though it has provided
very safe way of crossing by totally eliminating direct conflicts between vehicles and
pedestrians.

Observing very high increase in travel distance by underpass, an attempt is made to verify
a common benefit of underpass is that in general subway increases pedestrian travel
distance less than that of footbridge. In order to compare data, total pedestrian travel
distance is measured for the overpass facility at Tejkooni Para site, which is also situated
on the same stretch of the road. It is found that for the footbridge the total travel distance
is 43.3m which is less then that of travel distance (47.25m) at Karwan Bazar subway.
This implies that it is not true that subway increase travel distance less than the footbridge
at least in this case. To some extend this may be due to solving drainage problem inside
the tunnel. It is found that, in order to take care drainage problem, the underpass entrances
and exits are constructed above the ground and thereby added 3 extra steps both at outside
and inside of the tunnel. For which pedestrians need to travel up and down extra 1.82m
distance. Moreover, a water sump is also craters inside the tunnel to collect rainwater
which is also added extra 1.82m travel distance.

Therefore, it can be concluded that in our country, subway would not reduce travel
distance (which is the case in other countries) as compared to footbridge due to drainage
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and inundation problems as well as due to poor soil condition. In general, underpass cost
more than that of overpass construction, but here this extra length would increase the cost
of underpass further.

From Table 4.24 it can be seen that before underpass construction, individual pedestrian
cross the road quickly (1.05 m/s) in the morning than the afternoon hour (0.92 m/s). The
Table also shows that in case of pedestrian group-crossing, average crossing speed is
much lower (0.6m/s) than that of average individual crossing speed (1.0 m/s). This may
be due the fact that in the case of group-crossing, the end of crossing time is recorded
considering when the last pedestrian has cleared off the road. As such, relatively group-
crossing time was more than that of individual travel time.

Table 4.24: Summary of Pedestrians Travel Time and Crossing Speed at Karwan Bazar Site

Date: 2/6/97 & 3/6/97 Crossing Width: 22.1m & 47.5m Time: 8:15 - 10:00 am

Collection Method: Video Record Shift: Morning & Afternoon Weather Condition: Good

Before Construction of Underpass, Crossing Width = 22.1 m

Individual Pedestrian Group Pedestrian

Avg. waiting time on
Gross Rd. Avg. Rd.Avg. Rd. Gross Rd. Avg. Rd. Avg. Avg. Rd.

Shift Crossing Crossing Crossing Waiting Crossing Crossing Crossing
Footpath Median Time Time Speed Time Time Time Speed

(sec) (sec) (sec) (sec) (m/s) (sec) (sec) (sec) (m/s)

Morning 30 9 21 60 1.05
--- 38 37 75 0.60

Afternoon 33 9 24 66 0.92

Average 31.5 9.0 22.5 63.0 1.0 - - - -

After Underpass Construction, Crossing Width = 47.25 m After Underpass Construction

Underpass Crossing Time (sec) Average Road Crossing Speed Extra time taken to cross the road using
(m/s) underpass (sec)

70 0.68 7(11.1%)



4.6.2.2 Gulistan Site

4.6.2.2.1 Vehicular Flow Parameter

Directional classified vehicular PCU values for morning and evening shits are show in

Tables 4.25 to 4.32. For statistical analysis of the data, 2-days average PCU values are
grouped into 5 min counting intervals both for after and before cases. A total of 9
intervals are considered here. Based on these data, Pie Charts (Figures 4.20 to 4.23) are
drawn to show vehicular composition in the traffic stream for each direction of the road.

This composition information is later on used when each type of vehicle randomly
selected from the traffic stream in travel time' study. From these Pie Charts it can be seen

that in this junction, auto-rickshaw is also the most dominating mode, constituting more
than 25% of the traffic stream. At this junction trucks are also found in low percentage
«1.1 %) due to entry restriction during peak period.

For comparison purposes, 'before-after' shift-wise data are consolidated in Tables 4.33
and 4.34 and depicted in Figures 4.24 & 4.25. From these Figures it can be observed that
due to construction of underpass overall no improvement of vehicular flow is occurred.

From the summary of statistical test presented in Tables 4.35 and 4.36 it can be seen that
the underpass construction at this site could not bring any significant improved in
vehicular flow parameter except in N-E direction. In this direction improvement in
evening shift is observed about 19%. In E-N direction (i.e. right tum) no improvement
may be that even after underpass right turning vehicles face conflicts with the scatter
pedestrian movement inside the junction area. From the Photographs 4.13 (before
underpass) and 4.14 (after underpass) it can be clearly seen that the pedestrian at-grade

crossing pattern did not change at all due to construction of underpass. Improvement in
N-E direction (i.e. left tum) may be due to the fact that after underpass construction a
continuous concrete footpath barrier is installed at the comer of this side, which to some
extend confines pedestrians in the footpath and reduced comer friction.

4.6.2.2.2 Vehicular Travel Time, Delay and Speed Parameters

For analysis, only consolidated before-after data along with statistical results are shown
Tables 4.37 to 4.40 and graphically presented in Figures 4.26 to 4.31. From Tables 4.37

and 4.38, it can be seen that the underpass has not improved travel time for any vehicle
types in E-N direction. Instead in all cases travel time has increased marginally. This is
may be due to increased curved path after widening of junction as well as due to more
haphazard pedestrian movements through the junction. The improvement for di fferent
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types of vehicle ranges II % to 28% in N-E direction of travel. Similarly, Tables 4.39 and
4.40 shows that speeds of each vehicle category has show no improvement of speed in E-

N direction and significant improvement in N-E direction. Same findings is found for
delay parameter. Overall, construction of underpass at this site has improved the travel
time and speed of traffic stream in N-E direction by 17.8% and 22.3% respectively.

To see the improvement in passenger riding comforts, dispersion parameter or standard
deviation (Sd) of travel time data are drawn in Figures 4.30 and 4.31 but no distinctive
pattern could be seen.
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Table 4.25: Before Construction Totai PCU Values in E.N Dir. at Gulistan Square Site (Morning Shift)

Vehicle Type PCU Factor'
Total PCU Values in 5 min Counting Intervals

11 12 13 14 15 16 17 18 19
Large Bus 3.0 1.5 7.5 9.0 1.5 6.0 10.5 6.0 30 7.5

Mini Bus 1.5 17.3 16.5 14.3 20.3 18.0 18.0 22.5 21.0 225
Truck 3.0 3.0 0.0 4.5 3.0 0.0 6.0 1.5 4.5 3.0

Micro Bus 1.0 11.0 13.5 9.5 11.0 10.0 6.5 9.0 11.0 6.5
L. Veh. 1.0 23.0 23.5 16.5 235 22.0 19.5 285 21.5 245

Auto-Ric. 0.8 28.0 27.6 27.6 26.4 22.4 32.4 27.6 32.0 26.8
Tempo 1.0 25.5 22.0 16.0 18.5 22.5 25.0 24.0 21.5 27.0

Motor Cycle 0.8 15.5 10.4 10.4 8.0 10.0 7.6 8.4 8.8 8.0
Rickshaw 0.9 20.3 21.2 27.9 17.6 12.2 25.2 23.9 20.7 15.8
Total PCU 145.0 142.2 135.7 129.7 123.1 150.7 151.4 144.0 141.6

Table 4.26: Before Construction Total PCU Values in E.N Dir. at Glistan Square Site (Afternoon Shift)

Vehicle Type PCU Factor
5 min Counting Intervals

11 12 13 14 15 16 17 18 19

Large Bus 30 75 15 75 4.5 7.5 30 60 45 6.0-- --Mini Bus 1.5 128 143 143 22.5 218 13.5 21.0 19.5 18.8-- ._-
Truck 3.0 3.0 3.0 3.0 00 6.0 3.0 3.0 60 4.5

-- --
Micro Bus 1.0 130 13.0 135 11.0 11.5 135 12.0 115 130

'-- ----
L Veh. 1.0 23.5 230 23.0 32.5 295 17.0 275 25.0 210

--- --_. --
Auto-Ric. 0.8 212 19.2 21.6 24.0 20.4 216 30.8 24.4 17.2

-~-_.-
Tempo 1.0 17.5 15.5 15.5 130 95 8.5 165 155 130

----~
Motor Cycle 0.8 10.8 8.4 10.0 8.4 12.0 8.0 8.0 8.8 120

--- -- .-
Rickshaw 0.9 16.2 16.2 29.3 158 15.3 15.8 135 122 13.1
Total PCU 125.5 114.1 137.6 131.7 133.5 103.9 138.3 127.4 118.5
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Table 4.27: After Construction Total PCU Values in E.N Oir. at Gulistan Square Site (Morning Shift)

Vehicle Type PCU Factor
5 min Counting Intervals

11 12 13 14 15 16 17 18 19

Large Bus 30 4.5 7.5 3.0 1.5 4.5 3.0 10.5 7.5 3.0

Mini Bus 1.5 18.8 18.0 19.5 285 19.5 338 34.5 330 39.8

Truck 3.0 4.5 0.0 4.5 3.0 3.0 0.0 6.0 45 3.0

Micro Bus 1.0 120 12.0 90 16.5 12.0 16.5 240 16.5 24.0

L. Veh. 1.0 22.0 24.5 25.5 265 24.0 310 33.0 36.0 32.5

Auto-Ric. 0.8 27.2 31.2 23.2 16.8 22.4 28.4 28.0 27.2 232

Tempo 1.0 15.0 15.0 15.0 10.5 11.5 23.0 20.0 15.5 18.0

Motor Cycle 0.8 6.8 9.2 9.6 9.2 7.6 10.0 13.2 14.0 9.2

Rickshaw 0.9 8.6 18.5 20.7 86 19.8 23.9 18.9 216 14.4

Tolal PCU 119.3 135.9 130.0 121.1 124.3 169.5 188.1 175.8 167.1

Table 4.28: After Construction Total PCU Values in E.N Oir. at Gulistan Square Site (Afternoon Shift)

Vehicle Type PCU Factor
5 min Counting Intervals

I 1 12 13 14 15 16 17 18 19

Large Bus 30 6.0 6.0 1.5 4.5 6.0 10.5 6.0 9.0 7.5--- --- -- - - -

Mini Bus 1.5 15.8 21.0 15.8 20.3 128 22.5 240 15.8 150._-- ._- -- ~--

Truck 3.0 60 1.5 15 3.0 3.0 1.5 6.0 30 6.0
-- ---- -

Micro Bus 1.0 12.5 10.0 8.5 12.5 135 10.5 130 130 130--_ ... -_.- . - -

L. Veh. 1.0 270 24.0 24.0 235 25.0 240 30.0 230 340
---- -~--

Auto-Ric. 0.8 26.8 30.0 27.2 24.0 27.2 24.4 256 28.0 28.0
._.-- -_ . .•- --- .-

Tempo 1.0 18.0 18.0 14.0 125 8.0 16.5 19.5 160 14.0--- --- .__ .. --- - -
Motor Cycle 0.8 7.2 8.8 80 8.8 108 10.0 9.6 11.2 11.6-_._-- ._--- .. _-_ .. ..__ . ---- ---
Rickshaw 0.9 15.3 12.6 15.8 18.5 25.2 270 239 14.4 113

Tolal PCU 134.6 131.9 116.2 127.5 131.5 146.9 157.6 133.4 140.4
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Table 4.29: Before Construction Total ?CU Values in N.E Dir. at Gulistan Square Site (Morning Shift)

Vehicle Type PCU Factor
5 min Counting Intervals

I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 3.0 6.0 90 3.0 7.5 4.5 4.5 12.0 4.5

Mini Bus 1.5 15.0 15.0 18.0 13.5 13.5 18.8 17.3 12.0 188

Truck 3.0 4.5 1.5 1.5 1.5 4.5 3.0 6.0 6.0 3.0

Micro Bus 1.0 20.0 19.0 14.5 165 12.5 14.5 20.0 15.0 19.5

L. Veh. 1.0 160 22.5 19.0 19.0 17.0 28.5 25.0 27.5 31.0

Auto-Ric. 0.8 32.8 268 27.6 27.2 22.8 28.8 28.4 22.8 32.0

Tempo 1.0 16.0 16.0 12.5 11.5 11.0 15.0 17.0 19.0 19.5

Motor Cycle 0.8 7.6 8.0 6.4 10.8 11.2 8.4 8.8 7.2 10.8

Rickshaw 0.9 14.9 19.4 19.8 17.1 21.6 22.5 14.4 158 158

Tolal PCU 129.8 134.2 128.3 120.1 121.6 144.0 141.4 137.3 154.8

Table 4.30: Before Construction Total PCU Values in N.E Dir. at Gulistan square Site (Afternoon Shift)

Vehicle Type PCU Factor
5 min Counting Intervals

11 12 13 14 15 16 17 18 19

Large Bus 3.0 6.0 3.0 45 6.0 1.5 3.0 3.0 4.5 60
--- ._-- --- ~-~ ----- -~--

Mini Bus 15 14.3 14.3 16.5 13.5 135 165 17.3 14.3 22.5
--- ------ --- --~- -_.- ----

Truck 30 4.5 0.0 4.5 3.0 0.0 1.5 1.5 4.5 3.0
--- ._-- ----- .__ . _.-

Micro Bus 1.0 9.0 9.0 12.5 9.5 9.0 135 105 12.5 145
--- --- --- -- ---- ----- --

L. Veh. 1.0 21.0 190 220 145 16.5 15.5 24.5 26.5 31.5
--- ---- ------ - _._.

Auto-Ric. 0.8 24.8 26.4 26.8 22.4 272 240 296 256 28.8_. ----_.- - ---

Tempo 1.0 12.0 120 9.5 11.0 11.5 105 105 140 21.0
~--_.- ----

Motor Cycle 0.8 9.0 8.4 7.2 6.0 88 8.4 12.4 10.0 7.2
---- --- -_ .. - .._-

Rickshaw 09 14.4 6.8 140 20.3 10.4 16.7 18.0 19.4 8.6

Tolal PCU 115.0 98.8 117.5 106.2 98.4 109.6 127.3 131.2 143.1
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Table 4.31 After Construction Total PCU Values in N.E Oir. at Gulistan Square Site (Morning Shift)

Vehicle Type PCU Factor 5 min Counting intervals
I 1 12 13 14 15 16 17 18 19

Large Bus 3.0 6.0 3.0 10.5 6.0 6.0 105 0.0 7.5 12.0
Mini Bus 1.5 240 16.5 24.0 18.0 13.5 23.3 210 35.3 195

Truck 3.0 1.5 30 4.5 4.5 3.0 4.5 9.0 75 3.0
Micro Bus 1.0 10.5 11.0 140 14.5 11.0 100 15.5 11.0 11.0

L. Veh. 1.0 26.5 300 215 23.0 22.0 27.5 28.5 28.0 25.5
Auto-Ric. 0.8 29.2 32.0 35.2 348 26.0 25.6 35.2 24.8 23.2
Tempo 1.0 13.0 13.5 17.0 13.5 13.5 12.5 11.0 13.5 16.0

Molar Cycle 0.8 7.6 8.0 112 10.0 8.8 9.2 13.2 12.8 12.4
Rickshaw 0.9 15.3 24.8 17.6 16.2 15.8 14.4 12.2 14.9 15.8
Total PCU 133.6 141.8 155.5 140.5 119.6 137.5 145.6 155.2 138.4

Tabie 4.32: After Construction Total PCU Values in N.E Oir. at Gulistan Square Site (Afternoon Shift)

Vehicle Type PCU Factor 5 min Counting Intervals
11 12 13 14 15 16 17 18 19

Large Bus 3.0 45 7.5 3.0 45 7.5 3.0 9.0 60 6.0
Mini Bus 1.5 173 14.3 18.0 18.0 195 17.3 14.3 18.8 18.8

---~
Truck 3.0 6.0 0.0 3.0 1.5 3.0 4.5 3.0 3.0 3.0

~--
Micro Bus 1.0 110 14.5 12.0 9.5 110 100 13.5 12.5 11.5

-
L. Veh. 1.0 260 28.5 32.5 34.0 320 24.0 29.0 275 34.5

---- -~ - -
Auto-Ric. 0.8 34.8 35.2 312 33.6 292 28.0 27.2 240 24.4

-._- - --
Tempo 1.0 160 15.0 130 175 15.0 11.0 185 15.0 180~--- --- -~--- ~-- --

Motor Cycle 08 76 88 9.6 92 9.6 9.6 10.4 76 12.4
1- --- --- ._- _ .. _-

Rickshaw 0.9 14.4 22.1 15.8 22.1 18.5 14.4 14.4 18.5 9.0
Total PCU 137.6 145.8 138.1 149.9 145.3 121.8 139.3 132.8 137.6
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Figure 4.20: Traffic Composition in E.N Direction at Gullstan Square Site
(Before Phase)
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Figure 4.21: Traffic Composition in E.N Direction at Gulistan Square Site
(After Phase)
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Figure 4.22: Traffic Composition in N.E Direction at Gulistan Square Site
(Before Phase)
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Figure 4.23 Traffic Composition in N.E Direction at Gulistan Square Site
(After Phase)
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Table 4.33: Before-After Total PCU Values at Gulistan Square Site (Morning Shift)

Side of the Data Collection Total PCU Values in 5 min Counting Intervals
Road Phase I 1 12 13 14 15 16 17 18 19

East to Before
145.0 142.2 135.7 129.7 123.1 150.7 151.4 1440 141.6

North Construction

(Side-1) After
119.3 135.9 130.0 121.1 1243 169.5 188.1 175.8 167.1

Construction

North to Before
129.8 134.2 128.3 120.1 1216 144.0 141.4 137.3 1548

East Construction

(Side-2) After
1336 141.8 155.5 140.5 119.6 137.5 145.6 155.2 138.4

Construction

Table 4.34 Before-After Total PCU Values.at Gulistan Square Site (Afternoon Shift)

Side of the
Data Collected

Total PCU Values in 5 min Counting Intervals
Road I 1 12 13 14 15 16 17 18 19

East to Before
125.5 114.1 137.6 131.7 133.5 103.9 138.3 127.4 118.5

North Construction

(Side-l) After
134.6 131.9 116.2 127.5 131.5 146.9 157.6 1334 1404

Construction

North to Before
115.0 98.8 1175 106.2 984 109.6 127.3 131.2 143.1

East Construction

(Side-2) After
137.6 1458 138.1 1499 145.3 121.8 139.3 132.8 137.6

Construction
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Figure 4.24: Fluctuation of Before-After PCU Values at Gulistan Square Site
(Morning Shift)
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Figure 4.25: Fluctuation of Before-After PCU Values at Gulistan Square Site
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Photo 4.14. Pedestrian Movements before Underpass Construction at Gulistan Square.

Photo 4.15 Pedestrian Movements After Underpass Construction at Gulistan Square.
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Table 4.35: Effectiveness of Underpass on Traffic Flow at Gulistan SquareSite (Morning Shift).

Side of Data Collec- o. of Mean Std. Std. of differ- Z-test Remarks (%
Z-Criticalthe Road tion Phase Obs. Value Dev. ence in means value improvement)

East to Before 9 140.4 9.4
9.12 1.01 Not SignificantNorth After 9 149.6 25.7 1.96 at

North to Before 9 135.7 10.1 5% LOS4.49 1.39 Not SignificantEast After 9 141.9 8.9 :

Table 4.36: Effectiveness of Underpass on Traffic Flow at Gulistan Square Site (Afternoon Shift).

Side of Data Collec- o. of Mean Std. Sd. of the differ- Z-test Remarks (%Z-Criticalthe Road tion Phase Obs. Value Dev. ence in means value improvement)

East to Before 9 125.6 11.5
5.50 1.81 Not SignificantNorth After 9 135.5 11.8 1.96 at

North to Before 9 116.3 15.2 5% LOS Significant5.75 3.89East After 9 138.7 8.2 (19.2)
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Table 4.37: Effect of Underpass on Vehicle Travel Time in E.N Direction at Gulistan Square Site

Collection Method: Manual & Random

Dir: Eta N Date: 9/6/97 & 30/11/97 Shift: Morning

Time: 8:15 -10:00 am

Section (m): 350

Weather Condition: Good

Vehicle Data Total Mean Daley Std. Std. of RemarksCollec- Obs. Saving diff. in
Z-test Z-

(% improve-Type tion Trav, Time Dev., S value Critical
Phase means ment)

(n) (sec) (sec) (sec)

Before 20 79.0 31 Not SignificantMini-Bus -2.0 7.55 0.26
After 28 81.0 27 (-2.5)

Before 30 77.0 33 Not SignificantMicro-Bus 1.0 6.49 -0.15
(1.3)After 31 76.0 21

Before 31 75,0 28 Not SignificantLight Veh. -2.0 5.90 0,34
(-2.7)After 31 77.0 27

Before 20 77.0 23 CIl Not SignificantAuto-Rick 4,0 5.86 -0,68 0--' (52)After 35 73.0 24 >R0
U">

Before 14 79.0 26 ro
Not Significant<DLarge-Bus -4.0 7.74 0.52 ~ (-5.1)After 12 83.0 31 ~

Before 12 87,0 34 Not SignificantTruck -7,0 1036 0,68
After 9 940 32 (-8)

Before 27 76,0 28 Not SignificantTempo -6,0 6,21 0.97 (-7.9)After 22 82,0 28

Before 19 860 24 Not SignificantM. Cycle --- -2.0 6,21 032 (-2,3)After 14 88,0 27

Before 173 78.6 Not Significantra. Stream -0,8
After 182 79.4 (-1)
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Table 4.38: Effect of Underpass on Vehicle Travel Time in N.E Direction at Gulistan Square Site

Dir: N to E Date: 10/6/97 & 01/12/97 Shift: Morning Section (m): 320

Collection Method: Manual & Random Time: 8:15 - 10:00 am Weather Condition: Good

Vehicle Data Total Mean Daley. Std. Std. of RemarksCoHec- Obs, Saving diff. in
Z-test Z-

(% improve-Type tion Trav. Time Dev., S value Critical
Phase

means ment)
(n) (sec) (sec) (sec)

Before 34 . 83 31 Not SignificantMini-Bus 3.0 7.44 0.40
(3.6)After 25 80 26

Before 21 91 29 Not SignificantMicro-Bus 10.0 8.26 1.21
(11 )After 24 81 26

Before 24 90 28 SignificantLight Veh. 23.0 7.35 3.13
(25.6)After 27 67 24

Before 22 87 33 (f) SignificantAuto-Rick 21.0 8,35 2.52 0-' (24.1)After 31 66 25 ~0en
Before 14 84 34 co

Not Significant<DLarge-Bus 14.0 13.30 1.05 ~
After 13 70 35

~ (16.7)

Before 10 93 30 SignificantTruck 26.0 11.42 2.28
(28)After 12 67 22

Before 14 78 22 Not SignificantTempo 14.0 7.54 1,86
(17,9)After 18 64 20

Before 19 78 29 Not SignificantM, Cycle 14.0 8,33 1,68
(179)After 23 64 24

h-ra. Stream
Before 158 85 Significant

15,2
(178)After 173 70
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Table 4.39: Effect of Underpass on Vehicle Speed in E-N Direction at Gulistan Square Site

Collection Method: Manual & Random

Dir: Eta N Date: 9/6/97 & 30/11/97 Shift: Moming

Time: 8:15 - 10:00 am

Section (m): 350

Weather Condition: Good

Vehicle Mean :
Data Collec- TotalObs. Improvement of Speed

Type tion Phase Speed Remarks

(n) (km/hr) (km/hr) (%)

Before 20 15.9Mini-Bus -0.4 -2.5 Not Significant
After 28 15.6

Before 30 16.4
Micro-Bus 0.2 1.3 Not Significant

After 31 16.6

Before 31 16.8
Light Veh. -0.4 -2.6 Not Significant

After 31 16.4

Before 20 16.4
Auto-Rick 0.9 5.5 Not Significant

After 35 17,3

Before 14 15.9
Large-Bus -0.8 -48 Not Significant

After 12 15.2

Before 12 14.5
Truck -1.1 -7.4 Not Significant

After 9 13.4

Before 27 16.6Tempo -1.2 -7.3 Not Significant
After 22 15.4

Before 19 14.7M. Cycle - -0.3 -2.3 Not Significant
After 14 14.3

Before 173 16.1Tra, Stream -0.1 -0.8 Not Significant
After 182 15.9 "
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Table 4.40: Effect of Underpass on Vehicle Speed in N.E Direction at Gulistan Square Site

Collection Method: Manual & Random

Dir: N to E Date: 10/6/97 & 01/12/97 Shift: Morning

Time: 8:15 -10:00 am

Section (m): 320

Weather Condition: Good

Vehicle Mean •
Data Collec- TotalObs. Improvement of Speed

Type tion Phase Speed Remarks

(n) (km/hr) (km/hr) (%)

Before 34 13.9
Mini-Bus 0.5 3.8 Not Significant

After 25 14.4

Before 21 12.7
Micro-Bus 1.6 12.3 Significant

After 24 14.2

Before 24 12.8
Light Veh. 4.4 34.3 Significant

After 27 17.2

Before 22 13.2
Auto-Rick 4.2 31.8 Significant

Aft.er 31 17.5

Before 14 13.7
Large-Bus 2.7 20.0 Significant

After 13 16.5

Before 10 12.4
Truck 4.8 38.8 Significant

After 12 17.2

Before 14 148
Tempo 3.2 21.9 Significant

After 18 18.0

Before 19 14.8
M. Cycle 3.2 21.9 Significant

After 23 18.0

Before 158 13.5
Tra. Stream 3.0 22.3 Significant

After 173 16.6

lIS
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Figure 4.26: Comparison of Before.After Vehicle Travel Time and Delay
in E.N Direction at Gulistan Square
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Figure 4.27: Comparison of Before.After Vehicle Travel Time and Delay in
N.E Direction at Gulistan Square
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Figure 4.28: Comparison of Before.After Vehicle Speeds in E.N Direction
at Gulistan Square
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Figure 4.29: Comparison of Before-After Vehicle Speeds in N.E Direction
at Gulistan Square
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Figure 4.30: Comparison of Before-After Vehicle Travel Time Dispersion
(Sd) in E.N Direction at Gulistan Square Site
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4.6.2.2.3 Pedestrian Crossing Flow Parameter

During after-field observation it is found that hardly any pedestrian is using the underpass
facility. In the absence of any restrictive measure, pedestrians are making junction cross
in the similar way as they used to do before construction of the facility. As such in the
after-study, counts are made for at-grade pedestrians crossing instead of counting
pedestrian crossing through the underpass facility. Therefore, no improvement analysis

can be made for this parameter.

Average pedestrian crossing flow data can be found in Tables 4.41 to 4.44 and Figures
4.32 and 4.33. Corresponding consolidated ,'before-after' data are presented in Tables
4.45 and statistical results in Table 4.46. From Table 45 and Figures 4.32 and 4.33 it can
be seen that pedestrian flow has significantly increased in only morning hour and no
incremental change is found in afternoon hour instead a slight decreased in pedestrian
number is observed. It can be assumed that due to use of the underpass by a small number
of pedestrian could be one of the reasons for this decrease in at-grade pedestrian number.
Statistical analysis results provided in Table 4.46 shows that about 10%. at-grade
pedestrian flow is increased in the morning hour after construction of underpass. No
apparent reason could be found against this finding.

4.6.2.2.4 Vehicular-Pedestrian Conflicts Study

Due to limitation of video camera in covering such a wide junction, pedestrian
movements study could not be performed completely. Few directional movements had to
discarded due to this problem. Different types of pedestrian crossing movements data
after construction of underpass is summarized in Tables 4.47 & 4.48 and depicted by Pie-
Chart in Figures 4.34 to 4.37. From these Pie-Charts it is observed that even after
construction of underpass overall pedestrian safety did not improve at all. Figure 4.34
shows that, even after underpass constmction, during the study period about 80%
pedestrians are crossing through junction and nearby approaches accepting very small
gaps i.e. facing potential conflicts with the moving traffic stream. In the Figure 4.35 about
81% individual crossing indicates that even after construction of underpass pedestrians
are using the junction scatteredly. That is whenever a pedestrian arrives at the junction for
crossing, without any waiting and forming group (which was the case of Karwan Bazar
site) they cross the road individually and according to their desired directions. The
scattered different directional movements can also be checked from Figures 4.37. Due to
slow speed of approaching as well as cruising traffic stream and presence of comer
parking & NMV, pedestrians hardly wait to find a suitable gap for crossing. As such
individual crossing was rampant all along the junction crisscrossing in different

directions.
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Table 4.41: Average Morning Pedestrian Crossing Flow at Gulistan Square Site (Before Phase)

Direction: E 10 W , N to S & Diagonaly

Method of counting: Video recordig

Dale: 4/6/97 & 5/6/97

Shift: Morning

Time: 8: 15 - 9:45 am

Weather Condition: Good

5min
No. of Crossing from Types of Pedestrian Crossing' Pedes-

Interval Wlo E EloW N to S S to N Diagonal1 Diagonal; CS I CR CI I CG CSA I CMA trian

I 1 120 13.0 13.0 13.5 13.0 15.0 19.5 60.0 63.5 16.0 13.0 66.5 79.5
-- -- --

12 160 16.5 15.0 14.0 16.0 16.5 18.5 75.5 77.5 16.5 10.0 840 94.0
--

13 14.5 160 155 15.0 11.0 18.0 180 72.0 76.0 14.0 13.5 76.5 90.0
--

14 16.0 17.5 15.5 17.5 105 7.5 17.5 67.0 58.5 26.0 13.5 71.0 845

15 125 20.5 12.0 20.0 14.5 13.0 20.0 72.5 77.5 15.0 8.5 84.0 92.5
--

16 15.0 14.5 160 190 65 13.0 14.5 69.5 67.0 17.0 100 74.0 84.0
--

17 20.0 18.0 21.5 17.5 10.5 23.5 230 88.0 93.0 18.0 14.0 97.0 1110

18 210 16.5 12.5 9.5 10.0 18.0 16.0 71.5 71.0 16.5 16.0 71.5 87.5

19 21.0 18.0 10.5 6.5 6.0 10.5 21.5 51.0 61.5 11.0 11.0 61.5 72.5

Total 148 150.5 131.5 132.5 98 135 16851 627 645.5 I 150 109.5 1 686 795.5

Types of Pedestrian Crossing ('!o) 21.181 78.82 81.14118.86 13.76 I 86.24
Note: ' CS - Crossing Safely, CR - Crossing with risk, CI - Crossing Individually, CG - Crossing in a Group,

CSA - Crossing in a Single Attempt, CMA - Crossing in Multi-Attempt.

Table 4.42: Average Afternoon Pedestrian Crossing Flow at Gulistan Square Site (Before Phase)

Direction: E to W , N to S & Diagonaly

Method of counting: Video recordig

Date: 4/6/97 & 5/6/97

Shift: Afternoon

Time: 3:15 - 4:45 pm

Weather Condition: Good
-

5min No. of Crossing from Types of Pedestrian Crossing Pedes-

Interval WloE EtoW N to S S to N Diagonal1 Diagonal CS I CR CI I CG CSA I CMA Irian
~ "

"

I 1 10.5 14.5 14.5 12.0 17.5 11.0 20.0 560 56.5 19.5 11.0 65.0 80.0
---- -- -- -- -- -- -- -- ._- ---

12 11.5 12.0 12.0 17.5 205 175 180 750 760 17.0 18.5 74.5 91.0
-- -- -- -- ._- -- -- -- -- -- --_.-

13 12.0 20.0 200 14.0 13.5 19.5 13.5 76.0 72.5 17.0 13.5 76.0 99.0
-_. -- -- -_. -_.-- --- -- -- ..----

14 13.0 14.0 14.0 200 11.5 19.5 16.0 730 74.5 14.5 170 72.0 92.0
._- --- -- -- -- -- -- -- I----- -- ----

15 175 14.5 14.5 19.0 11.5 23.0 10.0 85.5 82.5 13.0 13.5 82.0 1000
--- -- -- -- ~ -- -- -- -- -- ---

16 13.0 9.5 9.5 11.5 11.5 17.0 15.5 57.5 61.5 11.5 14.5 58.5 72.0
-- -- -- -- -- -- -- _.- -- ---

17 17.5 17.5 17.5 115 100 9.0 16.0 67.5 55.0 28.5 165 670 83.0
----- -- -- -- -- -- -- --- . -

18 95 130 13.0 17.0 19.5 130 23.5 61.5 68.5 165 160 690 850
--_. -- -- -- ~ -- -- -- -- --- -_ .. - ..

19 18.0 13.5 135 150 14.5 15.0 16.5 71.5 785 95 14.5 73.5 895

Total 122.5 128.5 1285 137.5 130 144.5 149 I 6235 6255 I 147 135 637.5 7915

Types of Pedestrian Crossing ('!o) 1883178.77 7903 I 18.57 17.06 80.54
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Table 4.43: Average Morning Pedestrian Crossing Flow at Gulistan Square Site (After Phase)

Direction: E to W , N to S & Diagonaly

Method of counting: Video recordig

Date: 26/11/97 & 27/11/97

Shift: Morning

Time: 8:15 - 9:45 am

Weather Condition: Good

No. of Crossing from Types of Pedestrian Crossing
nor

5 min Pedes-
Interval WtoE EtoW N to S Sto N Diagonall Diagonal CS I CR CI I CG CSA I CMA trian- .."
11 15.5 16.5 165 13.5 19.0 12.0 12.5 79.5 78.0 14.0 11.0 81.0 93.0

--

12 15.0 15.5 15.5 14.5 150 12.5 14.0 73.0 69.0 18.0 13.5 73.5 88.0
--

13 13.5 20.0 20.0 19.5 17.0 10.5 14.0 84.5 85.5 13.0 17.5 81.0 100.5

14 190 18.0 18.0 23.0 16.5 11.0 15.0 880 84.0 190 13.0 90.0 1055

15 205 15.0 15.0 17.5 13.0 15.5 12.0 84.0 83.0 13.0 18.0 78.0 96.5

16 25.5 15.0 15.0 14.5 16.5 12.5 11.0 89.0 82.5 17.5 17.0 83.0 99.0

17 21.0 21.0 21.0 19.0 16.0 16.0 16.5 93.5 90.0 20.0 18.5 91.5 114.0

18 20.5 17.0 17.0 17.5 15.0 13.0 14.5 83.0 83.5 14.0 12.5 85.0 100.0

19 13.0 14.0 14.0 17.0 10.0 14.5 15.5 64.5 64.0 16.0 11.0 69.0 82.5

Total 163.5 152 152 156 138 117.5 125 I 739 719.5 1 144.5 132 I 732 879.0

Types of Pedestrian Crossing (%) 14.221 84.07 81.85116.44 15.021 83.28

Table 4.44: Average Afternoon Pedestrian Crossing Flow at Gulistan Square Site (After Phase)

Direction: E to W , N to S & Diagonaly

Method of counting: Video recordig

Date: 26/11/97 & 27/11/97

Shift: Afternoon

Time: 3:15 - 4:45 pm

Weather Condition: Good

No. of Crossing from Types of Pedestrian Crossing
nor

5min Pedes-

Interval I I
I tr;an

Wto E EtoW N to S Sto N Diagonall Diagonal2 CS CR CI CG CSA : CMA -, .
11 150 14.5 15.5 16.0 9.5 12.0 17.5 650 37.0 455 10.0 72.5 825

-- -- -- -- --
12 185 14.5 19.0 14.5 10.0 13.5 16.0 74.0 40.0 500 10.5 79.5 900
-- -~ -- -- -- -- -- -- ---

13 15.0 17.0 18.5 12.5 95 13.5 17.5 68.5 35.0 51.0 11.5 74.5 860
-- -- -- -- _._- -- -- -- ._----

14 15.5 20.5 165 17.5 105 11.0 9.5 82.0 48.0 435 12.5 79.0 91.5
-- -- -- -- -- -- -- -- -_._--

15 150 12.5 18.5 19.0 12.5 7.5 13.5 71.5 49.5 355 14.5 70.5 850
-- -- -- -_. -- -- -- -- ._- --- ----

16 14.5 8.5 125 18.5 17.0 160 9.5 n5 44.5 42.5 100 no 87.0
-- -- -- -- -- -- -- -- -- -- -----

17 18.5 17.0 100 ~:9 17.5 16.0 10.5 82.5 46.5 465 11.5 81.5 93.0-- -- -- -- --- ._-

18 15.0 17.5 20.0 95 15.5 12.0 13.0 765 46.0 43.5 95 80.0 895
--- -- -- -- -- -- -- -- -- -- _._.

19 18.5 16.0 125 9.0 105 17.0 11.0 72.5 43.0 40.5 80 75.5 83.5

Total 145.5 138 143 1305 112.5 118.5 118 I 670 389.5 1 3985 98 690 788.0

Types of Pedestrian Crossing (%) 14.97! 85.03 49.43 i 50.57 12.44 : 87.56
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Figure 4.32: Fluctuation of Before-After Pedestrian Crossing Flow at
Gulistan Square Site (Morning Shift)
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Figure 4.33: Fluctuation of Before.After Pedestrian Crossing Flow at
Gulistan Square Site (Afternoon Shift)
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Table 4.45: Before.After Total Pedestrian Crossings at Gulistan Square Site

Total Pedestrian Crossing Flow in 5 min Counting IntelVals
Shift Data Collected

I 1 12 13 14 15 16 17 18 19

Before
79.5 94.0 90.0 84.5 92.5 84.0 111.0 87.5 72.5

Construction
Morning

After
93.0 88.0 100.? 105.5 96.5 99.0 114.0 100.0 82.5

Construction

Before
80.0 91.0 99.0 92.0 100.0 72.0 83.0 85.0 89.5

Afternoon
Construction

After
82.5 90.0 86.0 91.5 85.0 87.0 93.0 89.5 83.5

Construction

Table 4.46: Effect of Underpass on Pedestrian Crossing Flow at Gulistan Square Site

Data Collec-
No. of Mean Std. Std. of differ- Z-test Remarks (%

Shift Z-Critical
tion Phase Obs. Value Dev. ence in means value improvement)

Morning Before 9 884 10.8 4.74
Significant

1.97 (10.6)
After 9 97.7 9.3 1.96 at

Before 9 87.9 9.0 5% LOS
Afternoon 3.23 -0.12 Not Significant

After 9 876 3.6
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Table 4.47: Type of Pedestrian Crossing Movements After Construction of Underpass at Gulistan Site.

Types of Pedestrian Crossing

Shift
Safe Risky Individual Group Single Attempt Multi-attempt Total

Crossing Crossing Crossing Crossing Crossing Crossing

Morning 168.5 627.0 645.5 150.0 109.5 686.0 795.5

Afternoon 149.0 623.5 625.5 147.0 135.0 637.5 772.5

Total 317.5 1250.5 1271.0 297.0 244.5 1323.5 1568.0

(%J 20.25 79.75 81.06 18.94 15.59 84.41 100.00

Note: * CS - Crossing Safely, CR - Crossing with risk, Ci - Crossing Individually, CG - Crossing in a Group,

CSA - Crossing in a Single Attempt, CMA - Crossing in Multi-Attempt.

Figure 4.34: Proportion of Safe and Risky Crossing Movements Even
After Construction of Underpass at Gulistan Square Site

Safe Crossing
20.2%

Risky Crossing
79.8%

Risky Crossing - if crossing is pertonned either by
ncreating gaps forcefully or
o accepting very small gaps and crossing rapidly

124

Safe Crossing - if crossing is pertonmed either by
flaccepting gaps through moving traffic stream or
o availing gaps through stationary traffic stream



Figure 4.35: Proportion of Single and Group Crossing Movements
After Construction of Underpass at Gulistan Square Site

Group Crossing
18.9%

Individual Crossing
81.1%

Ind"idual Crossing - at a time ~ crossing is made by a single pedestrian
Group Crossing - at a time ~ crossing is made by several pedestrians together

Figure 4.36: Proportion of Single and Multi-Attempt Crossing Movements
After Construction of Underpass at Gulistan Square Site

Single Attempt
Crossing
15.6%

Multi-attempt
Crossing
84.4%

Singie Attempt Crossing - ~ crossing is completed by pedeslIian(s) in one attempt
Multi-Attempt Crossing - ~ pedestrian(s) cann't complete crossing in one altempt
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Table 4.48: Pedestrian Crossing Movements in Different Directions at Gulistan Site (After)

Pedestrian Crossing Directions

Shift
WtoE E toW N to S S to N Diagonal1 Diagonal2 Total

Morning 163.5 152.0 152.0 156.0 138.0 117.5 879.0

Afternoon 145.5 138.0 143.0 130.5 112.5 118.5 788.0

Total 309.0 290.0 295.0 286.5 250.5 236.0 1667.0

(%) 18.54 17.40 17.70 17.19 15.03 14.16 100.00

Note: • CS - Crossing Safely, CR - Crossing with risk, CI- Crossing Individually, CG - Crossing in a Group,
CSA - Crossing in a Single Attempt, CMA - Crossing in Multi-Attempt.

Figure 4.37: Proportion of Crossing Movements in Different Directions After
Construction of Underpass at Gulistan Square Site

Diagonal1
15.0%

Diagonal2
14.2%
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4.6.2.2.5 Pedestrian Crossing Time and Speed Parameters

At Gulistan junction, due to shortage of time, money as well as complexity of tracking
pedestrian crossing movements, it is decided to limit the comparative analysis of
pedestrians travel time to only one direction. Moreover, after construction of the
underpass, as it is hardly been used by the road users, it was very time consuming to
collect representative amount data.

Table 4.49 summarize the before and after pedestrian average crossing time and speed
data. From the Table it is found that no improvement is occurred in pedestrians crossing
time and speed parameters due to construction of the underpass. From the Table it can be
seen that the pedestrian who entered the subway took about 51 sec more time that of at-
grade crossing time. This extremely high passing time through the subway may be due to
site seeing of the 'Patal Market Shops' by the users. Moreover, as compared with Karwan
Bazar site, it is seen that at this site pedestrian cross the road not so hurriedly. At Karwan
Bazar site average at-grade crossing speed is l.Om/s and at this site it is O.9m/s.

Table 4.49: Summary of Pedestrians Travel Time and Crossing Speed at Gulistan Square Site

Date: 4/6/97 & 5/6/97

Collection Method: Video Record

Crossing Width: 27m & 68.75m Time: 8:15 -10:00 am

Shift: Moming Weather Condition: Good

Before Construction of Underpass, Crossing Width along E-W direction = 27m

Individual Pedestrian I Group Pedestrian

Avg. waiting time on
Avg. Rd. Gross Rd. Avg. Rd.Avg. Rd. Gross Rd. Avg. Rd. Avg.

Shift Crossing Crossing Crossing Waiting Crossing Crossing Crossing
Footpath Median Time Time Speed Time Time Time Speed

(sec) (sec) (sec) (sec) (m/s) (sec) (sec) (sec) (m/s)

Morning 9 5 24 38 0.92 - - - -
---

Afternoon 17 9 25 51 0.88 - - - -

Average 130 7.0 24.5 44.5 0.9 - - - -

After Underpass Construction, Crossing Width = 68.75 m After Underpass Construction

Underpass Crossing Time (sec)
Average Road Crossing Speed Extra time taken to cross the road using

(m/s) underpass (sec)

95 0.72 50.5 (113.5%)
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From the above observations, it can be concluded that from the pedestrians' point of view
the underpass construction at this site has totally failed to improve their safety at the same
time motorists also did not get any operational benefit. Instead of improving junction
operation, from Figure 4.2a, it can be seen that the entrances and exits of underpass.
entirely blocked the footpath at two comers of the junction and thereby causing situation
for pedestrians to move on to the road pavement forcefully.

4.7 Overview

This chapter analysis the effectiveness of two pedestrian underpasses, at Karwan Bazar and
at Gulistan Square. This analysis has been made based on the data collected by both manual
and video recording techniques 'before and after' construction of the underpasses. The
analysis has been done both qualitatively and quantitatively. For quantifying the
effectiveness of underpasses, classified vehicular flow, travel time, speed and pedestrian
flow, crossing time, speed as well as vehicular-pedestrian conflicts were selected as the
measure of indexes (MOl). Data and analysis showed that underpass at Karwan Bazar site
has improved both traffic operation and pedestrian significantly. On the other hand
underpass at Gi.llistan Square has failed to improve any MOl significantly. It is observed
that at this site most of the pedestrians avoid the underpass due to slow speed of traffic
stream as well as lack of restrictive measures. Summary of findings of the thesis is
presented in the following chapter.
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CHAPTERS

CONCLUSION AND RECOMMENDATION

5.1 Background

The aim of this study was to investigate the effectiveness of pedestrian underpasses in
Metropolitan Dhaka. The locations of the underpasses studied were at Karwan Bazar and
at Gulistan Square. In order to determine the performance of these underpasses data were
collected both 'before' and 'after' construction of these underpasses. Manual as well as
video recording methods of data collection was applied in this research study. Data was
analyzed both qualitatively and quantitatively by observing data critically and applying
standard statistical method. Detailed studies results of the effectiveness of these
underpasses have been discussed so far. Base on these, the summary of findings of this
study, conclusions and understanding of the factors contributing to the effectiveness of
the underpasses which may lead to better design of these facilities in the future are
presented in the following articles.

5.2 Findings of Qualitative Observations

General findings of this studies, which have been gathered during field survey and video
transcription of 'before and after' data collected from different sites of Metropolitan
Dhaka, in particular where there were grade-separated facilities, are summarized bellow.

o In general, expectedly pedestrians do not voluntarily use grade-separated facilities
unless they are forced to do so either by median barrier or temporary barrier created
by bumper-to-bumper jam condition i.e. when at-grade crossing become very difficult
as well as more time consuming than to use footbridge

o Even at jam-pack condition, when crossing become impossible and time consuming,
it is observed that some people still prefers to cross at-grade instead of using nearby
overpass. Moreover, even at pre-peak period when at-grade crossing is risky and
dangerous due to high approach speed of traffic stream, public are reluctant to use
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nearby footbridges. This observation lead to the conclusion that there is a serious lack
of awareness and education among the users group. As such besides physical
enforcement measures there is a need for aggressive publicity and awareness
programs to motivate people to use these safe crossing facilities voluntarily. At
present it would be the biggest challenge for the concerned authorities to change the
behavior or mindset of the mass public towards using the grade-separated facilities for
safety reason. Only construction of grade-separated facilities would not solve the
pedestrian crossing problems.

o Though, theoretically success of using grade separated facilities largely depend on its
proper planning, designing especially its location, but from field observations it could
be concluded that without force measurement any grade-separated facility, even it is
well planned and designed, could not be made usable. A continuous median barrier
over a long distance can reduce violation as observed in the field. Unless compelled, a
significant portion of the crossing pedestrians will violate the compliance rule.

o During 'after' field observation, it is found that often pedestrian try to make shortcut
by opening the fencing bars posted on the median instead 0f using underpass which is
little bit away from their desired direction of crossing. Though percentage of this kind
of violator is low but it is observed that once opening is made then many people
follow this shortcut route.

o Field observation has shown that as a median barrier and footpath-fencing material,
concrete is more effective and durable than that of traditional steel railing. Though
initial cost of concrete barrier is high but if life cycle cost is considered it would be
cheaper. Main weakness of steel fence type barrier is short life, need regular
maintenance, could easily be broken by intended violators, theft problem due to
demand for other purposes etc. In contrast, concrete is durable, need little
maintenance, no theft problem, difficult to break etc. If the quality of concreting work
can be ensured, then this type of barrier could be used as a 'fit and forget' manner. As
such, concrete barrier should be constructed instead of steel fencing to prevent
eccentric pedestrian crossing violators.

o It is observed that 'New Jersey' type concrete barrier, similar to that is used in New
Airport Road (See Photograph 4.4) would be more appropriate than that of traditional
grill type railing. Though, to prevent climb up violation problem height of the
standard New Jersey median (32") need to be increased either by increasing its overall
height or by using an extended short top-railing. Two types of modified New Jersey
median barriers could be seen in Figure 5.1. Besides preventing shortcut crossing, this
type of barrier has the potential to redirect vehicle in case of any derailment.
Moreover, if its height can be increased up to 60" then it will eliminate headlight
glaring from the opposite direction, especially for smaller sized vehicles' driver.
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o Relatively, pedestrians compliance of using foot bridges is very poor especially where
these facilities are constructed very near to the junction. Since, in the junction no
restriction measure like median barrier can be installed and periodic gaps are created
by signal or by traffic police.

o At night, with no generator facility when power failure occurs, pedestrians become
totally helpless, in particular where there is a continuous barrier on the median island.

o In particular relation to our country situation, the observational studies led to the
following relative merits and demerits of;mderpass and overpass facilities:
o Common problems associated with underpasses are:

o Need regular cleaning and maintenance
o Need continuous security
o Water logging
o Frequent power failure
o Air circulation
o Requires high quality of construction work to prevent seepage problem
o Capital intensive irreversible structure and can not be shifted in case of any

reason

o Common problems overpasses are:
o Could pose a potential obstruction to future fly-over or elevated mono-rail

track construction.
o Possibility of droppings solid or disposable items from the bridge
o Visual intrusion

5.3. Findings of Quantitative Analysis
5.3.1 Karwan Bazar Site

Vehicular Flow Parameter
Due to constmction of underpass at this site, overall vehicular flow improvement in
morning hour are 20% & 7.9% and in afternoon shift II % and 6.6% for South to North
and North to South direction of traffic flow respectively. Relatively, flow improvement is
found higher in the morning shift.

Vehicular Travel Time, Delay and Speed Parameters
The before-after study has shown that the underpass has significantly improved travel
time for all types of vehicles. These improvement for different types of vehicle ranges
from 18% to 40% in S-N direction and 10% to 34% in N-S direction of travel. Similarly
speeds of each category of vehicle has increased significantly ranging 8-22 kmph (22-
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64%) and 3-13 kmph (11- 52%) in the S-N and N-S direction respectively. Overall,
construction of underpass at this site has improved the travel time and speed of traffic
stream in both directions by 26-30% and 34-44% respectively. Corresponding average
delay savings are also very significant. The amount ranges 8-31 sec in S-N direction and
6-25 sec in N-S direction while traveling 440m and 480m road segments in respective
direction. The dispersion parameter or standard deviation (Sd) of travel time data has
shown that due to the construction of underpass, in the study-segment of the road journey
become very smoother and comfortable.

Pedestrian Crossing Flow Parameter
The pedestrian flow has increased both in morning and evening hours. Statistical analysis
results have shown that pedestrian flow improvement is significant in both shifts. In the
morning shift pedestrian flow value has increased by 36.5% and 45.4% in afternoon shift.

Vehicular-Pedestrian Conflicts Study
The conflicts study has shown that before underpass construction, during the study period
about 75% pedestrians had to face risky crossing interms of accepting very small gaps
and crossing quickly or creating gaps forcefully in the speedy traffic stream. It has also
found that in 'before-phase' most of pedestrians find it difficult to cross the road
individually or did not find suitable gaps to cross easily. The proportion of group crossing
has been found to be 85%. Moreover, it has revealed that due to hostile attitude of the
motorists about 30% pedestrians had to take multiple attempts to negotiate with the
drivers and to complete the crossing maneuver.

Pedestrian Crossing Time and Speed Parameters
From the before-after analysis it is found that pedestrian travel time has increased by
11.1% (7 sec) as compared to at-grade crossing. Before underpass construction, average
speed of individual pedestrian cross was 1.05 m/s in the morning and 0.92 m/s in the
afternoon hour. In case of pedestrian group-crossing, average crossing speed was found
much lower (0.6m/s) than that of average individual crossing speed (1.0 m/s).

5.3.2 Gulistan Site

Data analysis has shown that overall, at this site underpass construction has failed to
improve traffic operation as well as pedestrian safety due to the following reasons:

o Security and maintenance problems of underpass
o Existence of high proportion of non-motorized vehicles in the traffic stream
o Periodic gaps are created by traffic police
o Scattered parking at junction comers
o Above all absence of any restrictive measure
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Vehicular Flow Parameter
It is seen that the underpass construction at this site could not bring any significant
improved in vehicular flow parameter except in N-E direction. In this direction
improvement in evening shift is observed about 19%.

Vehicular Travel Time, Delay and Speed Parameters
No improved of travel time for any vehicle types in E-N direction is observed. In N-E
direction of travel, the improvement for different types of vehicle ranges II% to 28%.
Similarly no significant improvement of speed in E-N direction has found. Overall,
construction of underpass at this site has improved the travel time and speed of traffic
stream in N-E direction by 17.8% and 22.3% respectively. From the standard deviation
(Sd) of travel time data no distinctive pattern is seen.

Pedestrian Crossing Flow Parameter
During after-field observation it is found that hardly any pedestrian is using the underpass
facility.

Vehicular-Pedestrian Conflicts Study
The analysis revealed that even after construction of underpass overall pedestrian safety
did not improve at all. During the study period about 80% pedestrians crossed in their
desired directions through junction and nearby approaches accepting very small gaps and
about 8\ % pedestrians completed the crossing maneuver individually using the junction
scatteredly.

Study results have shown that no improvement is occurred in pedestrians crossing time
and speed parameters due to construction of the underpass. It has found that the
pedestrian who entered the subway took about 5\ sec more time than that of at-grade
crossing time.

5.4 General Recommendations

In order to make the existing grade-separated facilities more effective as well as before
construction of any new footbridge and subway facility the following measures should be
taken appropriately.

Engineering Measures
o Footpaths, grade-separated facilities must be maintained and hawker should be

cleared to keep pedestrian off road.
o Enough lighting as well as standby electric-generator should be provided.
o All time underpass security should be ensured.
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D Sign for underpass facility should be installed, so that non-local pedestrians can find
the facility from far way and before taking any at-grade risky crossing attempt.

Educational Measures:
D Considering a large proportion of pedestrian population in our country are poor,

illiterate and lacking basic road sense and perception, a sustained road safety and
educational campaign is very essential to aware, motivate, educate and above all to
change mindset of our people regarding inhibition of not using grade-separated
facilities.

D Proper road behavior instructions, with focused messages should be broadcast through
mass median.

Enforcement Measures:
D Always self- enforceive restrictive measure should be gIven preference over any

regulatory measure.
D To improved pedestrians compliance, continuous functional barrier on the median as

well as on the footpath must be installed near the grade-separated facilities.
D Traffic police should apply force to compel pedestrians to use their designated

facilities.
D Climb up violator of median barrier should be caught and punished.

The existing grade-separated facilities could be effective more in terms of their usage
provided that the above recommendations are implemented co-ordinatedly i.e. all
measures related to 3Es (Engineering, Education and Enforcement) should be taken
simultaneously.

5.5 Guidelines

Based on the findings of this study, understanding of the factors contributing to the
effectiveness of the underpasses which may lead to better design of these facilities in the
future are listed as follows:

D Grade-separated facilities should not be constructed:
D Without restrictive measures
Q Near the junction especially where there is signalized or police controlled zebra

crossIng
D At narrow roadway
Q Where parking problems exits
D If traffic stream comprises non-motorized vehicles
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o For planning of grade-separated facility, in general preference should be. given as
follows:
o In selecting facility-type: Footbridge over underpass for the following reasons:

o Underpass suffers from serious water logging, power failure, maintenance,
security problems etc.

o Moreover, once constructed it can not be shifted.
o In selecting bridge-type: Steel-footbridge over R.C.C-footbridge for the following

reasons:
o Less flow interruption due to less fabrication time
o It has shifting flexibility
o R.C.C bridge could pose a potential obstruction for construction of flyover or

elevated rail or busway system
o In selecting access-type: Ramp over stair for the following reasons:

oVery convenientJor pedestrians
o Voluntarily degree of compliance is high
o It can also be used by cyclists

o In selecting location: Mid-block position over near or at junction for the
following reasons:
o At mid-block median barrier can ensure 100% compliance
o Moreover, high speed of traffic stream can also induces compliance

o In selecting median barrier: Modified New Jersey (see Figure 5.1) over typical
railing barrier for the following reasons:
o Maintenance free, durable etc.
o No problem of opening of barrier
o Can redirect vehicle in case of derailment and eliminate head light glaring

5.6 Limitation of the Research

If the following issues could have been considered in this research study, it would have
been more comprehensive and complete. But due to time and economic constrains, these
important aspects of the study could not be covered.
o Safety study - Collection of accident data before-after construction of underpasses and

perform accident analysis
o Economic study - Comprehensive economic study of the underpasses considering

users' value of travel time (VOT), vehicle operating cost (VOC), air pollution,
accident reduction etc.

o User's perception study - to find out comfortable location of bridge, grade, ramp slope
etc.

The above issues could be the potential topics for further research in this area.
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Figure 5.1 Recommended Types of Median Barrier
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(Existing Median Railing: 5 ft height, unstable, brokenable, needs regular maintenance)

(Suggested New Jersey Type I : 3 ft concrete & 2 ft railing, durable, can redirect derailed vehicle)

(Suggested New Jersey Type2: 5 ft concrete, 'fit & forget' type, besides redirect derailed vehicle it

can eliminate head light glaring problem)



REFERENCES

"Effectiveness of Pedestrian Overpasses in ivletropolitan

Dhaka .., Post Graduate Diploma in Geotechnical and Transportation Engineering.

10. Hoque, S.M. [1994], "The Modeling of Signalised Intersections in Developing

Countries", Ph.D. Thesis, University of Southampton, U.K.

11. Mohan, D. and Mulrad, N. [1990], "1n1roduction to Road Traffic Safety: A lvlulri

Disciplinary Approach" lIT, Delhi, India.

12. Garber, NJ [1999], "Traffic and Highway Engineering". Revised Second Edition.

PWS Publishing, USA.

\, Hossain, M.G. [1981]'

4. DUTP Phase-I & Phase-II Report [1997, 1999], "Final Report", Bangladesh Road

Transport Authority, Dhaka, Bangladesh.

5. Road and Highways Division [1984], "Annual Traffic Survey Report, 1987-1983",

Traffic Division-I, Govt. of Bangladesh.

6. AASHTO, [1994], "A Policy on Design of Urban Highways and Arterial Streets",

Washington, USA.

7. The Highway Code [1996], Department of Transport and the Central Office of

Information for HMSO, UK.

8. Transport Research Laboratory, [1994], "Towards Safer Roads in Developing

Countries ", A Guide for Planners and Engineers, UK.

AIT-BUET Joint Program.

14. Kadiyali, L.R. [1983], ''Traffic Engineering and Transport Planning", Second

Edition, Khanna Publishers Delhi, India.

I. O'Flaherty, C.A [1974], "Highways and Traffic", VoLl. Second Edition, Edward

Arrold (Publishers), U.K.

2. DlTS Report [1994], "Working paper Vol-II", Bangladesh Planning Commission,

Dhaka.
3. DITS Report [1994], "DRAFT Traffic Management Alanuaf', Bangladesh Planning

Commission, Dhaka.



15. Institute of Traffic Engineers (1994], "Transportation and Traffic Engineering

Handbook", Second Edition, Prentice-Hall Inc., New Jersey, USA.

16. Ref. Traffic and Highway Engineering by Grabber, p 97.

17. Victor, DJ. (1979], "Facilities for pedestrian and Cyclists", Advanced Course on

Urban Transportation Management, Department of Civil Engineering, India Institute

of Technology.

18. Victor, DJ. [1986], "Effectiveness of Pedestrian Subways", 13th ARRB/Sth Road

Engg. Association of Asia and Australia, Conference Proceedings, Vol. 13, Part-2,

1986.

19. Highway Capacity Manual [1994], Transportation Research Board Washington D.C.

20. Wright, P.H., Paquette, RJ [1996], "Highway Engineering", John Willey and Sons,

New York, U.S.A.

21. Sigh, G. [1978], "Highway Engineering", standard publishers, Distributors, Delhi,

India.

22. Central Road Research Institute, [1965], "PCU Factors for Mixed Traffic", Research

Report, India.

1


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156

