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CHAPTER 11 FORMULATION OF TRANSPORT MASTER PLAN
1.1 Background of the Plan

11.1.1 Roles and Functions of Rupsa Bridge

.Rupsa Bridge is planned to be located on National Highway No. 7 and to cross over the
Atai/Rupsa River and its tributaries. This river severs the South-western region of Bangladesh
and disrupts community of Khulna Division with 12.7 million population in regional as well
as Khulna Former District with 5.3 million in local as shown in Fig. I1.1.1. |
National Highway No. 7 forms the north-south backbone of arterial road network to connect
Mongla Port to Khulna, Jessore and the North-western Region of Bangladesh, and sustains
socio-cconomic activities and developmeht along the road. |
The roles and functions of the Brldgc have been deliberated for a long span of time. -
However, it becomes clear and distinct that the Bridge should play roles and functions
pertaining to them as shown in Fig. 11.1.2, considering circumstances of formulation of on-
going Khulna Developnient Master Plan and progress of Paksey Bridge Construction Project.

(1) Alleviate Traffic Congestion of Rupsa Ferry .
Congesfion taken place daily at Rupsa Ferry is so serious and grave that traffic movement in
the region may be diScouraged and decline to bring adverse effects to under-utilize
infrastructures such as Khuina - Mongla road and Mon'g!a Port. Considerable ferry users of
not only motorized vehicular traffic but also pedestrian and non-motorized vehicles suffer
economical loss from long journey in terms of not distance but time. Bridge is only one
fundamental solution to alleviate traffic congestion. '

(2) Strengthen Khulna - Mongla Road by Non-River Interruption

Existing ferry makes Khulna - Mongla Road unstable transport means and restricts loading
capacity of trucks. " All-weather and reliable land link strengthens arterial road network in the
region, especially Khuina - Mongla Road.

(3) Promote Khulna Bypass _

Existing National Highway No. 7 passes the downtown of Khulna city where traffic
congestion takes place very often. Heaviest traffic in the region is observed in the section of
Khulna - Jessore, and they are always caught by traffic congestion due to no availability of
alternative route. Khulna Bypass is planned under such circumstances to bypass through
traveled traffic to downtown of Khulna as well as to strengthen road network of Khulna city.
Rupsa Bridge and its approach roads are designated as a part of Khulna Bypass to encompass
" Khulna Urbanized area including Rupsa. '
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(4) Stimulate Mongla Port to Induce Freight Demand

It is incredible that neither road nor railway transport container in the region. All container
cargoes imported are opened at the port and transferred to trucks, while the exported are
carried by trucks and packed at the port.  Small capacity and congested ferry surely
discourage 1o transport cargoes by container.

Khulna - Mongla Road will stimulate Mongla Port to induce freight demand as well as
sustain large-scale development at the port area if no river interruption exist. Container

cargoes will be encouraged according to worldwide tendency of containerization.
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Fig. 11. 1.1

Rupsa Bridge and its Location in Khulna Division
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Forming the Scope of Work

Goal of for

Phase 1 the Feasibility Study (Phase II)
Scope of Master Pl étud (Phase )
the Study aster Tlen y

Expected Roles and Functions of the Bridge

Strengthen -
Khulna-Mongla
Road by . Non—River
Interruption

Alleviate
Traffic Congestion

of Rupsa Ferry

Stimulate :
Mongla Port to Induce
Freight - Demand -

Promote '
Khulna Bypass

Fig. 11.1.2 Scope of the Study and Expected Roles and Fun_étions of the Bridge
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1.1.2 Categorization of Five Traffic Movements

A Transportation Master Plan shall be formulated for the Bridge and its related transport

facilities, taking into consideration following five (5) categorized traffic movements as shown

i Fig. 11.1.3;

Traffic-1

Fraffic-2 -

Traffic-3

Traffic-4

Tfafﬁc—S

: Passenger and Non-motorized Vehicle Movement

Almost all traffic move within Khulna and Rupsa. Considerable passenger
volume occupy the ferry capacity and motorized vehicles may reach to full
capacity on the assumption that present operating system should be kept,
and they make level of service at Rupsa Ferry get deteriorated.

Motorized Vehicutar Movement within Khulna

Khulna, the third biggest city of Bangladesh and the hub of commercial
and administrative activities in the Division, mainly attracts and generales
regional traffic. | _

This traffic is always caught by traffic jam at the ferry terminal of Rupsa
Ghat as well as traffic congestion prone area in downtown of Khulna.

: Motorized Vehicular Movement beyond Khulna

Through traveled traffic of which brigin/destination are outside Khulna
passes Khulna and Rupsa Ferry such as bound for Jessore, for the
Northwestern region and even Nepal.

: Cargo Movement within Khulna - Mongla

Predominant inland water transport accommodates cargo movement

~ handled at either mooring buoys or anchorage areas in the river which 94%

of cargo handled at Mongla Port presently rely upon. Inland water
transport may keep advantageous position in terms of cost.

: Cérgo Movement beyond Khulna

Combined inland water transport and Jand transport accommodate cargo
movemnent beyond Khulna.

Nepal trdnslt cargoes transferred from inland water transpor( to land
transportatlon at Khulna port were transported partially by railway in 1997,
The remaining were estimated that present road traﬁsport_ation from
Khulna interweaves them because of no Népal transit cargo from the jeity
at Mongl.a port. |
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These five traffic movements will have substantial implication to transport facilities
related to the formulation of Transport Master Plan according to their volume and

cxtent,
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. MONGLA PORT

Fig. 11.1.3 Categorized Five Traffic Movements
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11.1.3 Related Transport Facilitics

Traffic demand forecasts in Chapter 8 are carried out, having assumptions that following
transport facilities related to the Bridge are to be improved in order to sustain {uture traffic
demand systematically and comprehensively. The location of these transport facilities is
shown in Fig. 11.1.4. '

(1) Khulna Bypass : :
Rupsa Bridge is designated to be a paft of Khulna Bypass and to cross the Atai/Rupsa
river and its tributaries on National Highway No. 7. | '

There are four (4) possible bridges involved in the Study. Every bridge is named
referring to river name at river crossing point, nahmly Rupsa Bridge on ADRB’s
Alignment-A (the Western Route) and Bhairab_Bri:dge/Atai Bridge/Atherobaki Bridge
on ADB’s Alignment-B (the Eastern Routej as shown in Fig. 11.1.4.
The Bridge, so-called "Rupsa Bridge ", is referred as a bridge or a group of bridges on
Khuina Bypass that Mongla Port Area Development Project (the MPADP) financed
by ADB has studied to solve underﬁtilization of Khulna-Mongla Road, resulted in
underutilization of Mongla Port. The MPADP examined two routes to solve traffic
bottlenecks in Khulna including congested Rupsa Ferr Y, Allgnment -A in the western
side of the Rupsa River and Alignment-B in the eastern side.
An appropriate type and location of the Bridge will be selected in the course of the
- Study within the corridor covering Alignment-A & B studied by'ADB, exafnining
possi_bility of rail\}vay extension up to Mongla Port. ' |
However, following backgrou'nd has been found prior to commencing the Study.

1) Recommendation of the MPADP
Immediate concern of the MPADP was to find the way how to solve congested
National Highway No. 7 in do_wntOWn Khulna including over-capacity Rupsa Ferry.
The MPADP recommended Alignment-A'on the assu:ﬁption that two-lane Rupsa
Road Bridge would be viable and appropriate modal share by road transport would
be achieved in heu of standmg and dommant inland waterway tlanspmt hnkdges to
the Port, '

2) Khulna Bypass proposed by the Khulna Developmeht Master Plan.
- Khulna Development Authority has intention to formulate the Khulna Development
Master Plan, and Khulna Bypass is being studied in the westermn side of the Rupsa

River to cope with strengthening road network in Khulna as well as alleviating
congested Rupsa ferry. - '
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Accordingly, Khulna Bypass in the Khulna Development Master Plan is proposed in
the same side as the recommendation (Alignment-A) of the MPADP as shown in
Fig. 11.1.4.

Table I11.1.1 summarizes the comparison of salient features and differences revealed
“in association with route location of which Xhulna Bypass is located either in the

eastern side of the river or in the western side.

(2) Railway Extension to Mongla Port. _

The MPADP have studied it on the assumption that Railway Extension to Mongla
Port should run parallel to Khulna Bypass and existing Khulna - Mongla Road,
taking into account scheme of rail-cum-road bridge. However, the Rai]way
Extension to Mongla Port is planned in the Stu_dy to connect existing railway to
Mongta Port only to accommodate future cargo demand by its own route.
Bangladesh Railways.(BR) had studied the railway extension to Mongla Port in the

. past. The southern part of the extension was almost similar to Khulha—Mongla Road
in the section between Rupsa East and Mongla Port, but its northern part was
different from that of the MPADP. The eastern route (B) diverts Khulna City in
order to evade a high clear ance bridge at the Rupsa river, while the western route (A)
goes in the suburbs of Khulna C1ty The Iallway extension is approximately 40 km in
length, of whlch the land in 15 km long stretch was reported to have been acquued
and owned by the BR '
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Bhairab Br.

Alignment A

Proposed by ADB Alignment B

Proposed by ADB

Khulna Bypass _
Proposed by KDA

Atai Br.

~ Multi Modal Cargo
‘Terminal at Khulna
Port Area

Railway Extension
to Mongla Port

Fig. 11.1.4 Location of Bridges and Related Transport Facilities
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(3) Multi Modal Cargo Terminal at Khulna Port Area

The cargo throughput of Mongla Port is expected to dramatically increase up to the
year 2015, though the detailed projection is presented in Chapter 7. In particular,
container transport will develop into the major transportation means for exported
goods and other general cargo at Mongla Port, taking into account the latest trend at
Mongla Port as well as development of containerization in the maritime

' ndnspmtatlon
Although it is plCSUl'ﬂCd that most of these container cargo would be transported by
land transport means through the improved future land~transportan_on—nctworks in the
hinterland of Mongla Port, the major portion of the inland transport of the port cargo
would be still performed by inland water vessels. This is the most suitable
transportation system for Mongla Port, which has lots of anchoragé spacé with the
limited number of jetty berths, and is also environmentally friendly means of
transportation with the best energy efficiency. |
Accordmg to the posqlble increase of port cargo movement to/from Mongla Port by_
infand water, the _necessany considerations should be given to the development of
inland water transportation system in the future, espe'cia.lly to that of Khulna Port,
'whlch currently handles appmmmately a thlrd to a guarter of cargo volume to/from
| Mongla Port by inland water. '
Khulna Port has been currently dcvcl()ped ina proper manner, however, it has some
problems such as efficiency of connection between different modes and lack of Jctty at
the Roosevelt terminal. An appropnate development, including that of Multi Modal -
Cargo Terminal at Khulna Port area, will be requircd.

11.1.4 Potential Rail Cargo at Mongla Port

The cargo handled at the jetty is subjecf to t'ra_nsshi.pped by land tranépdrt and is estimated
approximately 2 million tons, which is to increase remarkably as compared with 0.16 million
tons in 1997/98. Almost of all cargoes, however, are assumed containers. -
Containerization is a'worldwide tendency of freight transportation.
iis merits are, |

@O  doorto door,

@  easyto handle

@ quick and accurate at departure and at arrival,

@  safety of freight, etc.
Taking into account handling costs and time at railway station, these merlts may exert at'the
remotest end from the conventional system of rail transport in the western zone.
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Out of 2 million tons, 0,76 million tons is estimated long-trip cargo such as Dhaka, North-
western Region and Nepal. 1t is theoretically true that rail transport has advantage to share if,
but it is hard to predict 100% of the long-haul cargo would be transshipped by rai} because
road transport still keep high modal share in Bangladesh at present and in future. Morcover,
status quo of freight transport in the Broad Gauge section is so poor that considerable
investment would be required accompanied with a comprehensive plan to cope with
containerization.

Under such circumstances, potential rail cargo at Mongla Port may be estimated 0.48 million
tons at most in case of the railway extension to Mongla Port, which is the remotest portion of
cargo handled at the jetty, mainly comprising North-western Region and Nepalese Transit

Cargo.

11.2 Development Scenario

Following three (3) development scenarios are contemplated in association with potential

traffic on the Bridge.

(1) Scenario-1 : the Bridge with Railway Extension to Mongla Port
Land transport shall be cnhanccd to access lo/egress from Mongla Port to
accommodate long-trip cargo dem‘md in this case, providing that the hinterland of .
Mongla Port_ will extend considerably to the North-western region. This traffic
moi?cr’né_ﬂt which corhprises mainly Traffic-3 and Traffic-5 will support the
possibility of railway exténsion plan to Mongla Port in case that long-trip cargoes
such as Nepalese transit cargo become dominant in future. Jt will also examine the

possibility of Khulna Bypass in the eastern side of the Rupsa river.

(2) Scenario-2 : the Bridge with Multi Modal Cargo Terminal

._Incremental container cargoes handled at jetties will be ti‘anspbrted by land transport
network in the hinterland of Mongla Port, and Multi Modal Cargo Terminal will
become necessary at Khuina Port arca to bmld inland links between raltway, road
and waterway.
This scheme is clellberated as a pracncal solutlon frorn managerial viewpoints of
present railway because contamel basefbases at an arrival side is mdlspemable in
the western inland area if container trains should run on the western zone from

- Mongla port. Simultaneously, it might become a good chance to renew the freight
system by rail in the western zone, including the introduction of the airbrake and

automatic coupling to the freight cars.
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This traffic movement which comprises mainly Traffic-2 and Traffic-3 will support
the possibitity of Khulna Bypass in the western side of the Rupsa river.

(3) Scenario-3 : Only the Bridge

This case forms remarkable contrast with the former two scenarios regarding degree
of traffic movement beyond Khulna, namely significantly low traffic movement
beyond Khulna. On the contrary, local traffic will become dominant demand
pertaining to the Bridge. ' _ '
This traffic movement which comprises mainly Traffic-1 and Traffic-2 will badly
require Rupsa Bridge itself to cross the Rupsa river, and it will not support the
possibility of railway extension plan to Mongla Port.

11.3 Evaluation and Recommendations

11.3.1 Evaluation on Alternatives of Development Scenarios

- The followings are pointed out as due considerations to evaluate alternatives from the

planning viewpoints.

1) Present Rupsa Ferry will become serlous traffxc bottleneck to sustain Mongla Port

2)

3)

and future development at the port area if no bridge exists to cross the Rupsa river.

Khulna Bypass located in the eastern side of the Rupsa river will force vehicles to

make detour and hardly meet traffic demand so that existing Nauonal Highway No. 7

in Khulna city will suffer traffic congestion to attract and generate traffic at

downtown of Khulna, It is very sure that Rupsa Ferry should be maintained for local

traffic if Khulna Bypass is located in the eastern side of the Rupsa river.

Rupsa Bridge to cross the Rupsa river on Khulna Bypdhh focated in the western <;1de

of the Rupsa river has advantages in the aspects of;

a) to alleviate traffic congestion at Rupsa Ferry as well as to serve ngouty of
present ferry users. :

b) to keep consistence with the proposed route of Khulna Deveiopment Master
Plan and to strengthen road network in Khulna City.

c) to strengthen not only north-south road network but also the east- westward road
link of Satkhnra Khulna - Mollahat/GopalganJ

d) to provide good access to Multi Modal Cargo Termmai at Khulna Port area in
case of its realization '

4) At most 478,000 tons/year cargo trafﬁc demand for the year 2015 w111 be generated

and attracted at Mongla Port through railway, if Raiiway is extended to Mongla
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5)

Port. Although the possibility of the extension plan will be examined in the course
of the Study on the basis of this demand forecast, it is as a matter of fact that this
demand is a half of freight in present Khulna - Jessore section.

Traffic assignment of Case 1 supported by development Scenario-2 is evaluated as

the optimum alternative for the Study from the following aspects;

a) Although it is presumed that most of these container cargo would be transported
by land transport means through the improved future land transportation
networks in the hinterland of Mongla Port, the major portion of the inland
transport of the port cargo would be still performed by inland water vessels.
This is the reason why it is the most suitable transportation system for Mongla
Port and is also environmchtally friendly means of transportation with the best
energy efficiency. o

b) Although on-going Paksey Bridge will be completed and future land
transportation network will be improved toward the north as the hinterland of
.Mongla Port such as North-Western Region and Nepal, Cargo Movement
beyond Khulna subject to rail transport is estimated 478,000 tons/ye_élr at most,
that is medium.

- 11-15
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CHAPTER 12 PRELIMINARY ENGINEERING STUDY
12.1 Highway Design
12.1.1 Outline of Road Planning

The Study contains the Bridge and other related components such as passengers and freight
transportation by road, railway and inland water that would pass through the Rupsa Bridge.
RaiIWay Extension to Mongld Port and Multi Modal Terminal in Khulna Port Area were
described in the Chapter {1. They aim at deeply augmenting the roles and functions of the
proposed 'Rupsa Bridge, strengthening the traffic network of Khulna City and its
surroundings, and also improve the prospects of Mongla Port further more.

(1) Khulna Bypass

The Bridge is assumed to be a road br;dge that is located on thc Khulna Bypass, and to
cross the Rupsa River either on the east or west side of the Study Area as shown in
Fig.12.1.1. |
In case the Khnina Bypass takes the east route the project will consist of three bridges viz.
Bhairab, Atai and Atherobaki Bridges. On the other hand, there will be only the Rupsa

" Bridge, if the west route is considered. Moreover, other important aspects such scope of
road-cum-railway bridge, costs compeirison and navigation clearances for each bridge,
changes in _costs'and resultant social inipact derived from slope changes, and cross section
at configuration of different components such as number of lanes and extra lanes for slow
moving vehicles, need to be addressed.

- Basic examination of bridge types for each bridge will be discussed in section 12.2.

(2) Multi Modal Terminal

'In and around Khulna Ci.ty,. there exist a well developed inland water transportation
hetwork' which is advantageous from the viewpoint of transportation, economics and
env1r0nment

Meanwhile 94% of the cargo throughput at Mongla Port is handled at either mooring
buoys or anchoragc areas, and is charged/discharged to/from riverboats or barges Even

“after the Rupsa Brxdge and the land transportation facilities are completed, this suitable
inland water transportatlon means in Khulna is expected to last.

The Khulna Port, under the control of the BIWTA, is a river port, extends north- and
southwards_ along the Rupsa River, and their facilities are scattered over. At the BIWTA

_terminal, located almost in the center of Khulna City and adjacent to the National
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~ Highway No.7, there are not only [acilities of BIWTA but also Roosevelt Jetty of Mongla
Port Authority, and a marshalling yard and Khulna Railway.
The Multi Modal Terminal is planned as a development project of the area of 80 ha ncar
the existing BIWTA facilities centering on a point where railway, roadway and inland
water (raffic meet and connect mutually, as the south section of the Khulna Bypass
including the Rupsa Bridge are developed and therefore the road network in the area be
will strengthened as shown in Fig.12.1.2.

As development of the Mult Modal Terminal concerns to several departments of the
Bangladesh Government, it is essential to regulate the situation in the aspécts of the system
and management. Accordingly only the scope of the works_ of the feasibility study is prepared
Jjust in case that the Multi Modal Terminal would carry out in the Phase 11, |
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Fig.12.1.1 Road Network Proposed by Khulna Master Plan
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Fig.12.1.2 Fright Transportation in Southern Khuina City
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[2.1.2 Basic Casc of Project Road and Alternatives of Road Planning

(1) Concept and Methodology for economic analysis of Road

i)

i)

iii)

v)

As shown in Fig. 12.1.1, KDA Master Plan proposes extension of 115 kilometers
including the north section of Khulna Bypass Western (A) route in addition to the
existing 100 kilometers section, totaling 215 kilometers, Accordingly it is
expected that the road development will be implemented continually until 2015,
In particular the Khulna Bypass Western (A) route has a high priority and is
scheduled to commence construction works in 1998/99. The study is conducted
on the assumption that the north section of Khuina Bypass would be completed
until 2015.

The benefit estimate of road is worked out in such a manner that the case without
the project (Case-0) is assumed as a base case, and then indices of difference of
vehicle-hour and vehicle-km between Case-0 and Case-1, 3 are calculated from
the results of assignment for the cases with the project, namely the south section
of Khulna Bypass Western (A) route (Case-1: without railway extension) and the
Khulna Bypass Eastern (B) route (Case-3: without railway extension).

The case without the project signifiés that none of the four bridges in the project
is not yet realized while the road network in 2015 is completed, and therefore the
Rupsa River is crossed only by ferry. The traffic assignment in 2015 will be
calculated for the road network obtained by adding the road network plan
proposed by Khulna Master Plan including the north section of the Khulna
Bypass Western (A) route to the existing network.

Meanwhile the case with the project means that the road network in 2015 and the
bridges have been completed. Therefore, in case of Case-1 : Khulna Bypass takes
Western (A) route, the project road is 10.1 kilometers of the south section under
the jurisdiction of RHD between Khulna-Satkhira Road and Khulna-Mongla
Raod. On the other hand, in case of Case-3 : Eastern (B) route, the project road is
20.1 kilometers between Cantonment in Siromony and Khulna ~Mongla Road. In
either cases, it is assumed in relation with the benefit estimate that 17.6 kilometer
of the north section under the jurisdiction of KDA would have been open to
traffic prior to the south section.

Table 12.1.1 indicates the indices used for future traffic volume and benefit
estitnate of cach basic case and the bridges.
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Indicated below are the basic cases for the economie analysis;

The Western Route (A Route)
ALT 1-1: Demand Forecast = Case-1, Cost Estimate = The Southern Section
of Khuina Bypass (Undivided 2-lane with Sidewalks)

The Eastern Route (B Route)
ALT 3-1: Demand Forecast = Case-3, Cost Estimale_ = The Eastern Route of
Khulna Bypass (Undivided 2-lane with Sidewalks)

vi) An analysis is made assuming a route shown in Fig.12.1.3 just in case that 17.6
kilometers of the north section und_ér the jurisdiction of KDA should not be
completed prior to the south section. Tt is supported that this assumption is
functionally sét_isfied, vehicle-km which 100% count in the benefit is scarcely

affected , vehicle-hour which 15% count in the benefit increase 20% a little over.
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12.1.3  Highway Design
(1) Traffic Capacity and Required Number of Lanes

To determine the required number of traffic lanes, the capacity of project road must be

determined based on future traffic characteristics and proposed cross section shown in

Fig.12.1.9.

The concept and methodology used for the analysis are based on the “Hzghway Capdmty
- Manual” of the Highway Research Board, USA and “Road Design Standard” of Japan.

And it was confirmed that the design capacity calculated using both methodologies is

larger than the traffic volume of future demand forecast.

The design capzicity is presented in Table 12.1.2.

The traffic volume of Case-1 was adopted for the analysis of traffic demand forecast, as
it is the highest among these Cases at the target year 2015.

Fig.12.1.4 shows the traffic volurme of Case-l1 in 2015 and Fig. 12.1.5 presents
relationship between traffic capacity of the planned cross section and the traffic volume
in Al1gnment A. Judging from the ﬁgure it is obwous that the 2-lane carrlagGWdy has
enough capac1ty for the traffic in 2015.

(2) Consideration of Slow—movihg Vehicles

i) One of the salient features of the traffic characteristics in the Study Area is a large

number of slow-moving vehicles such as motor-bikes and auto rickshaws. As the

* mixture with these slow moving vehicles may reduce the traffic capacity as well as

traffic safety, it is preferable to separate them. Therefore, the lane for the slow
moving véhiclcs is recommended.

i) Fig._12. 1.6 demonstrates dimensions of auto-rickshaw, which is [.2m wide.
Therefore, widlh of slow-moving lane is set to be 3.0m in undivided 2-lane of both
~ directions for slow moving vehicles. '

!:_'__...
4 3
2.4 m

) Auto Rickshow
Flg 12.1.6 De51gn Vehicle for Slow- -moving Lane
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iii} In case of onc lane, it is desirable that a slow moving lane is at least 2.5m wide to

sceure a space for the traffic when a breakdown vehicle stops at roadside. However,
it is genecrally required to reduce the width on the bridge from a viewpoint of
economy. And the width of 2.0 m was decided considering thal it is located far
from the city center, not so many pedestrians pass at a time, and a breakdown

vehicle may be allowed to encroach on a footpath temporally.

The slow-moving lanes are basically provided each one (1) on both sides for the use
by auto rickshaws and motorbikes. In case it is only two (2) lanes on one side on
bi‘idgé, consideration is given so that these slow "rnoving vehicles can be distributed
to both lanes through box culverts installed in the embankment behind the

abutments in the embankment, as shown in Figs.12.1.7 and 12.1.8. .

12- 10
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\ Khulna City \
A
|
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R760
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To Mongla
Unit ; PCU/Day

Fig.12.1.4 Traffic Volume of Case-1
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(3) Alternative Cross Sections

The cross sections are cxamined by establishing alternatives separately for the

embankment portion and the bridge portion.

1) Bridge portion

i)

it}

1ii)

vi)

The undivided 2-lane was decided to be a basic idea of the roadway in the Study, as
described in “12.1.3 (1) Traffic Capacity and Required Number of Lanes”.
Therefore, he basic cross section for each alternative is taken as undivided 2-lane
with footpath on both sides. '

8.5 m is given fo throughway for an und1v1ded 2- lane, which enabies a vehicle
passing by a breakdown car stoppmg at a shoulder.

A large number of slow-moving vehicles such as motorblkcs and auto-rickshaws
are expecled o pass the four bridges in the Study, because they are located in
Khulna City, and used mainly by commuters, in other words, the trip is short.
Therefore, Alternatives ALT 1-2/3-2 consisiing of basic cross-section with two way
slow moving lane on one side and Alternatives ALT 1-3/3-3 consisting' of basic
cross-section with one way slow moving lane on each sid'e-a_'re selected.

Alternatives ALT 1-4/3-4 are for rail-cum-road bridge, which consists of basic
cross section and a single truck of railway. -~ _ |
Altcrnatwcs ALT 1-5/3-5 for divided 4-lane also examined in 01der to compensate
the uncertainty that the future demand forecast may have. The cross section of ALT
1-5/3-5 is almost same scale of Pakscy Bridge. _ '

The five alternatives of cross section are shown in Flg 12.1.9, of which whole width
is 10.5m, 14. Om 15. Sm 16.5m and 18.0m rcspectlvely

2) Embankment portion

Y

iii)

It is desirable that cross-section in embankment section has certain allowances,
because road in embankment is cheaper than that in bridge. Two types of cross-
sections in the embankment section are provided, they are dmded 2-lane and
divided 4-lane as shown in Fig.12.1.10. ' '

A median of 4.0m wide is provided to a divided 4- lane cross sectio, which may be
uscd as an auxiliary lane for right-turn. '

A median of 9.0m wide is provided to a divided 2-lane road whtch may be used as
a ught -turn lane and also may be modified to a divided 4- lane road in the future.
Besides, an open space 1s secured in the middle so that it can avoid an illegal
occupauon of the rlght of way may make it dltflcult to widen the road in the future.
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(4) Grade

Maximum grade for the bridge portion is taken as 3.0% for the project. Japanese Road
Design Standard specifies the maximum grade to be 5% for the design speed of 60km/h.
If less grade such as 3% ord% is taken, the bridge length will increase by 470m or 170m
respectively compared with that of 5%, as shown in Fig.12.1.10.

The reason for adopting the less grade of 3% is that the traffic characleristics in the Study
Area is a traffic by a large number of vintage, over-loaded trucks and buses, and also slow

moving vehicles.
(5) Design Speed

Design speed of 60km/h in the Study is adequate, as described in Chapter 10. And both _
design spéed and bridge length is closely connected with sight distance. If a design speed
is assumed as GOkmfh, 80km/h or 100km/h for the Rupsa Bridge, the vertical curve radius
must be taken as 2000m, 4500m or 10000m respectiyely in order to secure the required
~sight distance. Kceping the grade to 3%, if the design speed is increased from 60 to
80km/h, or from 60 to 100km/h, the bridge length will increase by 55m or 210m
respectively, as shown in Fig.12.1.11. ' : :
Because the grade of 3% has been already adopted with consideration of traffic
chardc,terlshcs which is flatter for design speed 60km/h in the Study. On the viewpoint of
economy, design spc:ed and vertical curve length are respectively applied 60km/h and
2000m for Road Bridge. -
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12.1.4 Alternatives for Rail-com-Road Bridge

(1) Policies on comparison

i) In determining the vertical alignment of a rail-cum-road bridge, the railway and
roadway have to hold the alignment in common, in other words, flatter vertical
alignment of the two must be taken as the common allgnment that is of the railway.
On the contrary if the bridge keeps the common -vertical alignment of the flatter
through the whole bridge length, it will be less economical, because the roadway
portion has to be longer than necessary. Therefore, two schemes of the rail-cum-road
alignment are studied, one of which is that only the portion of the Main Bridge holds
the superstructure in common and the .Approach superstructures for the rail part and
the road have separate grades, they are 1% and 3% respectively (ALT 1-4). The other
is that the rail-cum-road bridge has the bridge structure in common tlotally throﬁgh the
whole length of the bridge (ALT 1-6). _ o

ii) For the purpose of comparison, it is assumed that the common structures between the
rail and road part is to be buiit at once when the road bridge is consimcted, and the

- cost for the common structures are borne by the road bridge.

ii1) Two altemati{res of the rail-cum-road bridges, ALT 1-4 and ALT 1-6, are compared
with the alternative bridge (ALT 1-1) only for a roadway purpose on the assumption
that they are used as roadway bridge initially until the railway facilities are completed,
and then later are made use as rail-cum-road bridges. This aims at verifying the
degree to which the road bridge will bear the burden of the initial mves.tment fmm the
aspect of mvestment efficiency.

(2) Basic Conditions
i} Maximum grade for Road Bridge is 3%.
ii) Minimum vertical curve radius for road bridge is 2000m. _ _
iii) Maximum grade for rail-cum-road bridge is 1% considering relationship between
" traction power of locomotive and length of a freight train. .
iv) Minimum vertical curve radius for rail-cum-road bridge is 3000m in accordance with
the raflway standards.

(3) .Evaluation and Conclusion
1) Fig12.1.12 ehows the comparison of br:dge length among the alternatives takmg
Rupsa Bridge as an example , ' .
ii) Table £2.1.3 shows the comparison of dlI‘CCt constructlon cost among the alternatives.
It is revealed that the costs of ALT 1-4 and ALT 1-6 are1.6 times and 3.8 times as that
of ALTI-].
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iif) Fig,12.1.13 indicates the comprehensive comparison. Examining the result, “the
alternative of the rail-cum-road bridge through the whole length (ALT 1-6)” is set
aside from the alternatives study hereinafter by following reasons;

« It is not reasonable that the vertical alignment of road should comply with
considerably flatler grade of that of railway only to share the space of bridge to
result in huge increase of bridge cost.

» There’s a physical problem that the initial 4-lane road bridgé has to be modified
to a rail-cam-road bridge with a single track and 2-lanc. It may be a serious

problem for RHD to invest in such an inefficient manner.
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Simple Road Bridge

Rail-curn-Road Bridge (Main Bridge)

Rail-cum-Road Bridge (Main + Approch Bridge)

3%

1%
e 4

3%

et
HHH

1%

Road | ﬂ H ﬂ " N ”
Profile - Al L e |
. Bridge Length = 1,360 m
Bridge Length of Road = 1,740 m " Bridge Length = 3,820 m
Approach Brldge Main Bridge Approach Bridge Approach Bridge Main Bridge ~ Approach Bridge
meankmcni Embankment Embankment Embankment Embankment . Embankment
Approach Bridge Main Brldgc Approach Bridge
Plan
' River River Railway
1) The scheme of Simple Road Bridge with 3% grade. 1) The scheme of Rail-cum-Road Bridge with only Main Bridge. 1) The scheme of Rail-cum-Road Bndge w1th Main plus
. 2) Total bridge length of 1,360 m with 640 m Main Br. & - 2) Total bridge length of 1,780 m with 640 m Main Br. & Approach Bridges.
Outline of 720 m Approach Br. _ - 1,140 m Approach Br. 2) Total bridge length of 3,820 m wnh 640 m Main Br. &
Scheme 3) Direct cost of bridge of 1 341 M. Tk in case of ALT 1-1. 3) 1.59 times as high as that of direct cost of brldge compared to 3,180 m Approach Br,
ALT 1-1. : 3) 2.41 times as high as that of direct cost of bridge compared to
4) Slim chance in use of the space for railway on Main Bridge. - ALT 1-1.
' : 4) Excessively flat grade of 1% apphed due to railway.
Return on High IRR is expected due to no excessive cost. IRR still remains acceptable just in case earher IRR becomes marginal level due to excessive cost.
~ |Investment - ' ' realization of railway extens1on '

Road User's |

Reasonable in all aspects even in case of toll bridge.

Not acceptable if tol} should cover additional cost for

Unreasonable for excessively long bridge even though

functions of Rupsa Bridge.

Further study on the pOSSlblllty of railway extension to
Mongla Port is necessary. : o

Benefits railway space, railway be extended.

Land Use = | Good in land use because of the shortest approach Falr in land use in spite of railway occupation taken Very poor because of long approach bridge and
~|along Road bridge section. place in one side. : : parallel raliway

Social Shortest stretch of community disruption by viaduct | Impairment of development impacts brought by road Loﬂger' stretch of community disruption by parallel

Impacts and embankment.” because of unfavorable elevated railway. | and elevated railway.

Evaluation Superior. Fulfillment of expected roles and Inferior. It is not acceptable that the grade of road

becomes excessively flat due to railway and it results in
very high construction cost.

Fig. 12.1.13

Comparison of Schemes of Road Bridge and Rail-cum-Road Bridge
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12.1.5 Alternatives for Road Bridge
(1) Approach of Alternatives and Comparison

1)

The four bridges are examined here only as road bridges on the east or west route. As
for rail-cum-road scheme, the space for future railway is regarded as road portion.

ii) The railway extension plan is studied so that it independently extends the railway

from Khulna to Mongla Port. It is assumed that the railway bridges at four locations
will be installed parallel to those of the road bridge, when the extension is
considered.

iii} The scheme “the rail-cum-road bridge through the whole length (ALT 1-6)" is set

aside from the alternatives study. However, the alternative of rail-cum-road bridge is
studied as “rail-cum-road bridge of only main bridge (ALT 1-4)”. And then, road and
railway have individual grade in approach bridge section.

iv) At all locations of the four bridges, some improvements of the river protection,

mainly bank protection on upstream and downstream, may be required. A road for

maintenance purpose will be built on top of the banks, and a clearance for the roads
are secured. ' '

(2) Alternatives for locations of Khulna Bypass

1)
)
ii)

Route Description .
Two routes are examined, the east route and the west route.
When the east route is taken, Khulna city is bypassed by bndgmg the three rivers,
Bhairab, Atai and Atherobaki. On the other hand, if the west route is taken there will

be only one brsdge although there should be a discussion on the matter of navigation
- clearances for each river. '

iii) In case of the west route, length of Rupsa Bridge is only 1 360 m, whxle those of

iv)

Bhairab, Atai, Atherobaki arei,040m, 1,040m and 570m respectively. Total of these
three on the east route is 2,650 m, and is 1.9 times as that of the wes_t route, _
Route of Alignment A is shown in Figs 12.1.14 through 12.1.19. And route of -

Alignment B is shown in Figs.12.1. 20 through 22 and the ending point is shown in
Fig.12.1.18.
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