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'Going subterranean

- Admittedly, Dhaka’s traffic system is on the verge of a total collapse.
. Ever-increasing population has resulted in progressive deterioration of

street transport system over the years. '
mass transportation system that encourages people to live in the F

suburban areas and thereby reduce the growth of population near the
business centres, writes Dr. Mir Maqgsud Ali as he advocates for

construction of subway

OPULATION OF DHAKA
has grown from unIY
250, in 1950 to about 1
million in 1999. It is predicted
that this population will
further w to 20 million in
the year 2020 and-to 25 million
in 2025. A principal reason of
this rapid wih in recent
times is the fact that Dhaka has
assumed the role of a
metropolis after the indepen-
dence of Bangladesh and is the
nerve centre of the country.
There have been relatively little
improvements in other cites,
towns, and villages in terms of
infrastructure development and
attracting people to live and
work there. Improved road
communication in the country
has made it easy for rural peo-
le to converge on Dhaka for
nding employment. Rivers
and food-prone areas on its
south. east and west sides bound
the city. It is only on the north
and north-west where it is
growing. A new henomenon
that has also deve o]?r:d lately is
the mushrooming of residential
high-rises in a somewhat un-
controlled manner overloading
the city's services and creating
light and ventilation problems
for residents.

Historically speaking, p¢o-
le have a love-hate relation-
ship with large cities. While
they are attracted by the liveli-
ness, job opportunities, access
to the centres of soclo-cultural,
governmental and trade activi-
ties, and availability of health-
care and other facilities of large
cities, they -':n want to flee
from poverty, filth, po'lution,
traflic fams and crime - the
evils of cities. In Dhaka all ol
these problems warrant imrme-
diate attention. When we realise
that the city population is dras-
tically growing, and nothing is
really happening to change Iii,
we are virtually waiting for a
looming disaster on the hori-

ZOT1.
The street scene

TREET TRANSPORTATION
SSITU:\TION has
progressively deteriorated
over the years. Of late, visilors
to the city complain of air
pollution, choking of traffic-

aven for emergency vehicles
unusually

and ambulances-an

One of the outstandine construction [EEree——

nomic premium to be paid. The
crawling pace of traffic results
in wastage of valuable time and
reduces productivity of people.
Business suffers, people are late
to work and other destinations,
and edible produces and raw
oods rot early on the way.
%Tafﬂc jams also create soclal
roblems like increased num-
gcr of beggars on the street. The
idling automobiles, buses and
trucks burn vaeluable fuel dur-
ing traffic jams resulling In
wastage of our limited energy
resources. The total economic
loss can be estimated to be mil-
lions of dollars per year. By one
estimate, this figure |1Is
200 million US dollars annu-
ally (Muktokantha, Tralfic
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' . QOctober
25. 1999). Chaotic traffic of
Dhaka reflects the national

syche and creates an un-
avourable Impression on
tourists and other foreign en-
trepreneurs who may consider
making financial investment
in this country where labour
cost is cheap.

Rapid transit options’

WELL-PLANNED mass

transportation system Is

immediately needed to
solve the problem of Dhaka's
streel transportation. Such a
system will encourage people to
live in the suburbs and
consequently the density of
population in the city near the
business centres will nol grow
any more at its present rate.
There are two possible options
for Dhaka: a. an overhead
bridge system, and b. an under-
ground tunnel system.

An overhead or elevated
system (flyovers) for street traf-
fic is feasible in limited areas
where the congestion is the
maximum. A large-scale over-
head system. however, means
an extensive network of
“bridges™ throughout the city.
This Is not only cost-intensive
but also impractical. To build
the piers of these bridges, many
existing facilities and struc-
tures have to be demolished and
many inhabitants in. this
densely populated city have (o
be displaced. With the rise in
city population, the bridge
lanes with street traffic will

achievements of recent years 1s the
Channel Tunnel linking Englans
‘and France traversing under the
English Channel. This tunnel was
designed by a British consultancy,
Mott MacDonald, aided by many
other consultants. The builders

were Transmanche, a consortium of

ten leading French und British

contractors.

long time needed to go from one
part of the city to another. The

agair clogged. Similarly,
cost of cvlevated heavy rail for

of using underground space. In-
crea costs of land and sur-
face structures and improved
underground excavation and
tunnelling methods make use of
underground space more at-
tractive.

Several factors influence the
decision for adopting an under-
ground subway system. The

rincipal factors are technical
easibility, soll conditions, In-
terference with existing buried
infrastructure and other struc-
tures, flood protection, and cost
of construction and mainte-
nance,

Technical Feasibility: Tun-
nel-building Is an ancient phe-
nomenon. The technolo of
present-day tunnels is about
two centuries old. Mare
Brunel's tunnel under the
Thames River in London was
started in 1821 and completed
in 1843, Some other notable
underwater tunnels exist be-
neath the St. Lawrence River in
Montreal: Detroit River be-
tween Detroit and Windsor,
Ontario: and Hudson River in
New York. The famous Holland
Tunnel was opened to traffic in
1927 followed by the Lincoln
Tunnel in 1937. Both these
tunnels run under the Hudson
River and connect New Jersey Lo
New York.

The first railway tunnel in
the USA was the Allegheny
Portage Railroad in Pennsyl-
vania built in 1833. Scores of
other tunnels criss-cross the
country. The first underwater
tunnel of the USA is the Wash-
ington Street Tunnel beneath
the Chicago River bulit in 1870

cut-and-cover method, shield

method, machine-tunnellin

method, calsson method an

submerged tunnel method, The
cut-and-cover and shield meth-
ods are most common for open
excavation-type construction
and underground drillinﬁ of
s0il, respectively. Where there
are fewer obstructions, cut-and-
cover method Is a;zgrnpriatc.
whereas in areas with obstruc-

tions and encumbrances, the

shield method qf some other
drilling method Is a{)proprlatc.
The shield is a very large "can”
with both ends open, pushed
through soft ground by thrust
jacks. The cutting edge at the
front end proceeds while
drilling through the soll is car-
ried out. The shield provides
safety to the workers and pre-
vents cave-ins. Machine tun-
nelling generally refers to un-
derground excavation whereby
the ground Is disintegrated by
milling, scarifying or crushing
with power-driven tools, and is
very popular now. For double
train tracks a wide basket-han-
dle type tunnel cross-section is
desirable.

Soil Conditions: There is a
general misconception that soil
conditions may deter the con-
struction of tunnels. Those who
are familiar with the history of
tunnel construction are aware
that although sub-standard soil
conditions may pose
formidable problems, thcr are
amenable to solutions. All ma-
jor tunnel projects encounter
such problems in one way or
another. -The ground and soil
conditions of Tokyo are no bet-

-

polluted air contaminated by
the toxic lead emitted by auto-
mobile exhausts is going to
have serious health hazards for
the citizens. When we consider
the city’s mass environment we
have to take into account that
there are a lot of people moving
on the street in cars, rickshaws.
autorickshaws, trucks, buses
and other modes of transporta-
tion. Presence of thousands of
slow rickshaws makes the
roblem even worse. Citizens
rom within the city and the
suburbia come out and return
home almost at the same time.
during peak business and offi~-
hours, and in the evenings “or
shopping. The presenl y

transportation systém Is . .n-
ply inadequate to take the pres-
sure. Although the population
and volume of traffic have in-
creased dramatically, the num-
ber of streets has not increased
in that proportion and is highly
inadequate. As a result, even
the narrow lanes have become
crowded with traffic. Lack of re-
spect for traffic and street regu-
lations by citizens also con-
tributes to the problem. Because
of the existing conditions of the
city streets, no room for lateral
expansion is feasible.

= We must learn from the ex-
ence of other large cities of
the world, which have handled
these problems well and re-
solved them successfully. Our
stubbormness or indifference to
accept new ideas to solve our
urban maladies wfll get us
nowhere. People of Bangladesh
in the past did not face these
problems that are only getting
worse every day. It is time we
removed the shackles of our
t and look forward to solv-
ng these problems with an
open mind in an innovative
way. Public transportation is
clearly one such problem that
demands immediate resolution
and should be placed at the top
of our priority list to make
Dhaka a liveable cl
Not only do traffic conges-
‘tion and air pollution cause
environmental and health

mass transportation is simply
prohibitive. Many of the exist-
ing open and broad streets of
the citv will lurk in the shad-
owW's these second-story
bridges., They will obstruct
light, air and privacy and create
n—'sanc~ from constant noise

£11 ~ dr ~gs from the struc-
fure ir nent weather. Pub-
liw safe iy «t the lower level will
be jeopardised by falling ob-
jects, Air pollution will Iin-

crease even further at two lev-
els. or at least will not deorease.
In short, the consequences will

be less ' happy. New rallway
tracks Wow for surface
trains wil Aifficult to bulild

in the butlt 11p weas and will B~
constantly encumbered by tl.c
street traffic. Other desirable
measures like improving trailic
flow pattern and creating one-
way Streets or new diversion
roads will temporarily improve
the situation but will eventu-
ally creep Into familiar prob-
lems until a long-term measure
is adopted. This Is precisely the
reason why most cities ol the
world have judiciously decided
to implement an underground
iransportation system.

Asian cities like Tokyo,
Hong Kong, Singapore, Manila,
Taipel, Calcutta, Caliro and
Bangkok are good examples of
underground rail. Most re-
cently, Bangkok has taken this
step in favour of a subway to
solve its traffic congestion
Eroblcm. even though the city

as already built an elebated
rail sigtcm (New York Times.
Bangkok Opens Skytrain, bul
Will it Ease Car Traffic? De-
cember 6, 1999). Calcutta, our

closest peighbour, has always

been notorious for its traffic

woes. Recenl visitors there have

reporied a marked reduction in
street transportation crowding.

Subway construction

ORLDWIDE GROWTH OF

population and
urbanisation and the
accompanying problems of
congestion, environmental dis-
ruption and pollution point to
the need for and the importance
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A station in the New York subway system

for horse-drawn vehicles. Con-
struction of New York City's
subway systems started in
March 1900, and the first train
operated on a nine-mile track
on October 27, 1904. It is worth
noting that by the year 1900
many of the world's major
cities—including London, Paris,
Boston, and even Glasgow and
Budapest—had fully opera-
tional subway transit systems.
Even the city of Amsterdam,
havin

level, has underground tunnels.

One of the outstanding con-
struction achievements of re-
cent years is the Channel Tun-
nel linking England and France
traversing under the English
Channel. This tunnel was de-
signed by a British consultancy,
Moltt MacDonald, alded by
many other consultants. The
builders were Transmanche, a
consortium of ten leading
French and British contractors.

No one should, therefore,
doubt anymore the technical
viability of tunnel «onstruc-
tion. Man has indeed con-

quered the Inaccessible under-
ground and underwater spaces
as he has conquered the sea, air
and space. A recently completed
prﬂécct is a pair of tunnels built
under adjoining runways at the
John F. Kenne ?'Alr Train Pro-
Ject. The tunneis run through
an area of high water table but
construction drawdown was not
an option because of nearby
fuel-contaminated soils. This
roject has been a great chal-
enge and the first of its kind in
the USA because the site is
crowded and the two runways
are adjacent, so construction of
each tunnel has to proceed be-
neath the jet planes, The tun-
nels were designed by Mueser
Rutledge Consulling Engineers
of New York and the contractor
is E. E. Cruz and Company, Inc.
of Holmdel, New Jersey. Tunnel
technology Is now at such an
advanced stage of development
and is becoming so’ sophisu-
cated every year in terms of
consiruction, ventilation and
fire salet
ther emphasis.
There are a few methods of
tunnel construction. They are

an elevation below sea

that it needs no fur-

ter than Dhaka's, and those of
Bangkok are much worse. Most
of Bangladesh is underlain by
flood-plain deposits from an-
cient and recent rivers. Dhaka's
soil is composed of brown to
light brown clay and silty clay
belonging to Madhupur Soil
Group aboul nine metres deep

with fine dense sand at lower
strata below the clay layer and
can potentially carry up to 50-
storey high-rise buildings. With
the use of structural steel or
lightweight concrete, in con-
junction with a deeply exca-
vated foundation to compensate
for the structure's weight, this
height may be increa to even
60 stories.

A major challenge of tunnel
construction is to prevent cave-
ins. Tunnels are generally sup-

orted with braces, ribs, roof
olts or grout during construc-
tion. For soft
are driven around roof and side

walls. Caving-in is prevented by
liner plates or steel ribs, addi-
tional bracing and other simi-

lar technl:y:es as tunnelling
proceeds. essure grouting Is
another technique to
strengthen the soill. A sec-
ondary lining usually of rein-
forced concrete is subsequeitly
installed over the primary lin-
ing (installed during construc-
tion) to strengthen the tunnel
and to keep dirt and water out.

Water i{s always expected
during the tunnelling opera-
tion. For a high water table,
additional drainage arrange-
ments may be needed, The high-
est water table in the mailn ar-
eas of Dhaka Clt{'(l‘t::_.[g., Lalbagh,
Gulshan and B Campus),
where ohservation wells are lo-
cated, is found to be from eight
to 12 metres below ground level.
During dry seasons the water
table is much lower (about 12 to
16 metres below ground level),

Water tables in the outskirts of

the city are much higher, A
number of pre-drainage meth-
ods for tunnel de-watering are
known to be used by engineers.
Improved de-watering equip-
ment and technigques tod

have made pre-drainage of solls
a relatively common occurrence
in tunnel operations. Some of

ground, boards .

the methods adopted to keep
waler oul are: pumping away
water, using air compressor or
freezing water by installing
refrigeration pipes. : -
Hugh Lacy, partner of
Mueser Rutlcdﬁ: Consulting
Engineers of New York In
charge of tunnelli
up his feelings on soll condi-
tions by stating to the author
that tunnels can be built any-
where—even in locations with
soft or poor soll conditions.
According to Mohammed Ir-
shad, Vice President and Direc-
tor of Infrastructure Engineer-
ing of Parsons Corporation,
and an expert on tunnel design
and construction, Dhaka Is
much more readily amenable to
tunnelling operations than
Bangkok where the soll is un-
stable and initially the idea of
tunnelling caused a gridlock in
the decision-making process.
After building an expensive
overhead rall outside the cit

.core area with considerable dil-

ficulties with foundations as
well as cost overrun and delay,
a decision to build a 20-kilome-
tre tunnel was taken. Irshad,
who is based in Washington,

< DT, pointed out that in its de-

sign a tunnel boring machine
has been assumed h}r diggin

underground and sophisticat

technology to be employed to
stabilise the soil. Initial work
has already begun. The over-
head rail/highway bridge has
been done by the government in
its first segment. The recently
completed skytrain belongs to
this segment. The second seg-
ment of overhead rail was

started by a financier and Is
undergoing major problems.
The government has now re-
portedly taken over the subway
project as the third segment,
which Is expected to be, com-
pleted within the next three
‘y;:ars. It may be noted here that

arsons is a multi-national
corporation and its transporta-
tion group is an industry leader
in tunnel and underground
construction. The company has
worked on a number of world’s
largest and most complex tun-
nelling projects.

In contrast with Bangkok,
Dhaka’'s soil condition is rela-
tively simple to cope with. The
roof of the tunnel can be placed
in the stable clay layer at about
eight metres below ground sur-
face and the tunnel base can be
established on fine dense sand

" at about 15 meters below sur-

face. The sand can be readily de-
watered before construction. No
expensive rock cutting Is in-
volved.

Interference with Buried
Structures: Interference of tun-
nels with sewers and other ser-
vices can be avoided by laying
out the tunnel properly. Deep
tunnelling should go under-
neath these elements. When
possible, underground trans-

ortation tunnels are optimally
aid out with stralght lines
connecting two points to ac-
complish the shortest distance,
Horizontal layout and vertical
elevations can be determined by
engineers to minimise any con-
flicts and for maximum econ-
omy. If tunnels have to be
routed under buildings, any
foundation movement can be

revented by going deeper and
g providing additional bracing
to maintain soil stability. Tun-

nels running under buildings

with deep foundations should

preferably be re-routed. In un-
avoldable situations, a few piles
creating obstruction in the tun-
nel path may, however, be re-

moved by providing temporary
supports or underpinning, and
then designing the tunnel to
carry the additional loads by
transferring these loads from
the bullding's foundation to the
tunnel structure. When

ng, summed .

a tunnel -mtmcnmbered. by

The time has come to devise a %

"y

We need to find an alternative option to the overburdened traffic system

| pollution. Air
from inside the tunnel can be

alignment includes complex
curves, both horizontally and
vertically, in order to avoid ob-
stacles or to change directions,
the task of steering the tun-
nelling machine becomes diffi-
cult. Profrlelary systems to
successfully solve these prob-
lems have already been devel-
oped. In short, these are com-
mon Froblcms faced during
tunnelling operations in large

cities and have successfully

been resolved In the past, For

" _cut-and-cover tunnelling, some _
buried elements like sewers

may have to be relocated. To
carry the vertical and lateral
loads, tunnel roofs and side-
walls are designed by structural
engineers to ensure strength
and safety. Arching of the tun-
nel roof especially increases the
strength drastically.

Flood Protection: An impor-
tant issue that especially ap-

lies to tunnels in Dhaka is the

ooding that takes place fre-

uently. The 1988 and 1998

oods submerged large areas of
the city. A simple approach lo
handle this problem is to build
water-retaining walls high
enough above the flood water
level around the tunnel en-
trances. People have to go up
this wall before they descend
into and enter the subway. The
tunnel itself is not affected by
flood because it is designed to be
watertight. However. the venli-
lation of the tunnel must be
maintained during the flood if
the tunnels remain opera-
tional. :

Another approach is to allow
the floodwater in the tunnel
and close down the tunnel op-
eration during the flood. In this
case the mechanical/electrical
equipment and instruments in-
side the tunnel that are likely to
be damaged must have provi-
sions to be sealed. At any rate,
flood-protection is a manage-
able problem. ;

Cost: Based on the cost of
tunnels built recently, it can be
estimated that a tunnel cosls
about 20 to 25 million US dol-
lars per kilometre. The actual
cost will depend on site condi-
tlons and other factors pertain-
ing to Dhaka. To begin with, a
10-kilometre stretch of subway
system will, therefore, cost
a{;ﬂut 250 million US dollars
plus the cost of stations and
other related auxiljar_‘r) items.
As mentioned efore,
Bangladesh already loses 200
US dollars million annually
due to its present traffic jams.
The tunnel network can always
be expanded as the need WS
and funds become available.
Even though the short-run cost
may be slightly higher than
that of elevated rail, the long-
term rewards are immeasur-
able. It is the life-cycle cost that
is crucial to any benefit/cost
analysis. The political leader-
ship of Bangladesh should take
steps to secure the funds—
preferably through the coun-
try's own resources, and if nec-
essary, by borrowing from in-
ternational agencies or wealthy
countries—to realise this pro-
ject immediately. If a mega-pro-
ect like the Jamuna River

ridge could be built in
Banéadesh spending one bil-
lion US dollars, so can a sub-
way system be envisioned and
constructed. There is simply no
excuse of money for this
worthwhile cause. The other
alternative is to get a private [i-
nancier, in which case it de-

mands the government’'s co-op-
eration, The government's in-
volvement in this case is
marginal and mostly regula-

tory.

| r¥‘hi=st proposed rapid-transit
tunnel would make travelling
and moving easier and quicker.
Substantial savings in com-
muting and travelling time will
motivate people to use it. It will
reduce street congestion and is
surface traf-
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fic. It will cut
taken out and put back in the
atmosphere by tunne! ventila-
tion systems after scrubbang it
clean. It will bring tourist and
investment dollars to the econ-
omy. It will reduce social prob-
lems. The railway tracks in the
tunnel need no lighting since
the headlights of trains light
them up. Only the subway sta-
tions need lig L!nF and security
measures. Tunnels can even be
used as safe facility duri
‘wars. During*WorldWar It
subway in London functioned
as a safe defence facility against
bomb attacks. Finally, tunnels
are free from hostile environ-
mental effects and hence struc-
tural deterioration is minimal.
For this reason, tunnels can
last for a long time—hundreds
ol years—and perhaps even
more. The cost of maintenance
is insignificant. The long-term
benefits of tunnels far outweigh
the initial cost. A subway sys-
tem will result in long-term
sustainable growth and socio-
economic development of
Dhaka. Our future generations
will thank us for it.

Flexibility, change

LEXIBILITY AND CHANGE

are part of a society. Build-

ing a tunnel in Dhaka is
going to be a new experience for
the citizens. It will lead to
transfer of technology and
other beneficial things for
Bangladesh. Tunnel construc-
tion is a complex engineering
project that calls for extensive
information gathering, co-or-
dinated decisions, integrated
planning and organised execu-
tion and monitoring on a grand
scale. It demands strong politi-
cal will and determination of
the country’s rulers. Successful
completion of the project, and
the safety of the workers and of
the people who will use the tun-
nel depend on how carefully the
digging and construction are
planned. It will warrant the
employment of experienced and
reputed subway consultants.

A master plan for the tunnel
network for Dhaka may be de-
veloped following a [easibility
study and the construction may

. be done in phases beginning

with rhn{.)s 10 to 15 kilome-
tres. Initially the underground
rapid-transit system may be
built in the crowded city
starting from the Motijheel
Commercial Area to Kowran
Bazar. old Dhaka, New Market,
etc. It could be extended gradu-
ally if financing permits with
new tunnel lines o suburbs like
Gulshan, Mirpur, Uttara. and
other outlying regions—and
even to Jinjira by tunnelling
beneath the Buriganga River

Tunnels are so practical and
have become so widespread
throughout the world that in
major cities they are part of ev-
eryday life. For example, everz
day commuters in New Yor
stream beneath the rivers sur-
rounding Manhattan. So do
people in Tokyo, London, Sin-
gapore, and Hong Kong. People
simply forget that the great
welght of earth, rock, buil -
and water Is held back over
their heads by steel, concrete
and masomgn Tunnels are the
fastest an

safest mode of
transporting a number of
people by subwa{ trains. City
streets throughout the world are
getting more and more crowded
and going underground is the
only option left. For Dhaka, an
un und rapid-transit s
tem is Inevitable—the question
is not whether but how soon.
The sooner it is done, the
sooner the city dwellers wi" be

relieved of the in y un-
bearable and frustra transit
situation. It is emphasised

n that an elevated system
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Not only do traffic
congestion and air
pollution cause envi-
ronmental and
health problems,
there is also an eco-
nomic premium to be
paid. The crawling
pace of traffic results

“in wastage of valu-
able time and reduces

productivity of peo-
ple. Business suffers,
people are late to
work and other des-
tinations, and edible
produces and raw
goods rot early on the

way. Traffic jams also

create social prob-
lems like increased
number of beggars on
the street. The idling
automobiles, buses
and trucks burn
valuable fuel during
traffic jams resulting
in wastage of our lim-

ited energy resources.

demolished its overhead tracks
after building them in the
19th century.

Currently, the Government
of Bangladesh is contemplatln%
to build an overhead light rai
system with single piers located
in the median of some major
streets. This will mean that its

route has to strictly follow the

“alignment of existing streets
making it ineflicient because
different areas can otherwise be
optimally connected through
underground tunnels with flex-
ibility and ease. Of course, tun-
nelling under streets incurs
minimum obstruction and is
desirable. Moreover, Dhaka is
in a moderate seismic zone.
Durnng an earthquake, the top-
heavy single columns sugport-
ing the tracks will be highly
vulnerable. Tunnels in moder-
ale seismic zones are not as
vulnerable and, if at all neces-
sary, seismic joints can be pro-
vided at regular intervals of
their length to permit dissipa-
tion of energy. Overhead rail
will degrade due to the on-
slaught of the monsoon season.
Lately, Karachi has reportedly
dropped the plan of an overhead
system for its mass tran -
tion. Although overhead rail
may be feasible In some
sparsely populated suburban
areas, it is certainly not practi-
cal for a crowded city like
Dhaka. The suburbs of today
will turn into congested areas
in the future. Also, light rail is
inadequate to move a large
number of Emple‘.h heavy rail
is com le to underground
rail and the cost will be much
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