3-3-3 Influence of the flood waves of the major rlvers

on the port water level

The Ganges river has a huge ba51n .compr1s1ng Indla s
northern plain and the south’ skirt ‘of' the - Hlmalaya
mountains. The Jamuna - river ‘has another huge ba51n
including the Tibet hlghland -and Assam, a heavy ralnfall
area, and the river Meghna has a ba51n eovellng the west
half of Bangladesh. The annual average dlscharge and
average dry season discharge (November to May) of these
majer rivers is shown in Table 4.3.6, which 1nd1cates that
the Jdischarges of the Jamuna Ganges and Meghna account
for 60%, 30% and 10% of the total discharge, _respectlvely
and each discharge volume corresponds to the size of each

basin.

Table 4.3.6 Average Discharge of the Three Major

Rivers per Year

 (1065t/yéar)

Annual Average Average Discharge

Basin | Discharge . in Floodtseeson
Ganges Basin : 367,360 . 60,600
Brahmaputra Basin 667,150 140,740
Meghna 190,450 25,580

‘Sources: BWDB

The influence of the Meghna rivef‘s flood_wa?eidn the po:t
water level is shown in Flg.-4 3.2, - The flbdd“Wéve is
represented by the fluctuation at Bhairab - Bazar 250 km
upstream from the river mouth w1th a 3 m high MSL (Refer
to Fig. 4.3.4.) The water levels at Bhalrab Bazar and at
Dhaka fluctuate similarly with the same 1ow level durlng
the dry season from December to March They' begln to
rise, keeping the same pattern, but -at- different rates
from April, and so the water level in the Meghna becomes

higher than at Dhaka port. The water levels begin to



- descend "quickly from the end of September and come back
. together in November.

As - -the  two .rivers basically' keep the same  fluctuation
pattern over ‘the course of the year, they probably'belong

to the same river system. .

The influence of the Jamuna and Ganges flood waves on the
port-iare- :shown 'in Fig. 4.3.2: ‘the  fluctuation at
-Shihdjganj‘(330 km upstréam from -the river mouth and 11 m
high}): represénts ‘the wave in the Jamuna, and that at
Handgine Bridge (330 km upstream from the river mouth and
-lz_m:high).isyinfluénced by the wave of the Ganges. The
patterns of fluctuation in both rivers are the same only
“dufing\*the ;descending -period=.aﬁd ~the. dry season from
Septembér.to February, but are different during the other
months’, The water level in ‘the Jamuna river begins to
rise-'at the . beginning of March and rises step by step in
mid-April and May. -and ‘at the bedinning of June and July.
.On - the ' other hand; the water -level in the Ganges keeps
descending until the beginning of April, and then tends to
rise slightly in the middle of April and at the beginning
of ~June, It rises quickly at the beginning of July and
~redches the same level as the Jamuna in August. The river
'Brahmaputra has. a flat flood curve due to various climatic
conditions: in dts river basin which includes Tibet, the
north -and - south: skirts of the  Himalaya mountains and
Assam. On the other hand, the river Ganges has a sharp
curve due to the simple climate of its basin. The rising
water level in the river in March to June is caused by the
fldod waﬁe.in the Jamuna. The back water effect is caused
at the confluence by the blocking of the flood wave of the
Jamuna, and brings about a slight rise in the Ganges. The
water levels rise shar?ly in July, and this is caused by

flood waves in the Ganges due to heavy rainfall in India.

The Jamuna river and the Ganges river form a kind a flood



control system through the confluénce point. :The. other
river channel serves as a kind of-retarding;basinadue'to
the difference in flood time. This system is not limited

only to the combination -of the 1iwo major ‘rivers, but

covers all the rivers flowing in -the delta..

The river formed by the conflueﬁce- of ‘the Jamuna aﬁd
Ganges is. named the Padma river. Mawa .is. a water gauge
station standing on the Padma (170 -km upstream from the
river mouth and 3.6 m high}. . Observation. records “on HWL
are shown in Table 4.3.6. The fluctuations :at Mawa, -Dhaka
and Narayanganj are . similar ‘in spité ~of - the big
differences in discharge bétﬁeenf the' Padmagfand' the
Buriganga. = The similarity is ~caused by the'_smoéfhing

effect due to the connections between the river. system.

The delta land is divided into. two areas: one-is higher
(2 m to 4 m) than the other and serves as -land -for houses.
The other is used for rice fields. When the river water
level rises during the flood season, river water'begins to

flow over the fields.

This effect moderates the peak of floods in - the' delta
ared. The Jamuna, Ganges and Maghna -rivers meet in the
delta, and the flood waves in.- each’ rivef-'basin are
smoothed through the back water system. Flooding:in both
Phaka and Narayanganj ports is also reduced through this

overflow system.



. 3-3-4 .River chSs sections in both ports

‘River cross?éecﬁions sounded in Dhaka port and Narayanganj
“port are &shown: in Fig. 4.3.4 and Fig. 4.3.5. The
soundings took place in 1982 and 1979, respectively, and

ﬁfhe locations of the cross sections are shown in Fig. 4.3.6.

r yTable 4.3.7 is a list of the soundings carried out by

'BIWTA at Dhaka port and Narayanganj port.

- Pable 4.3.7 Sounding Locations and Dates

Sounding Range Date

Dhaké , ' Sadaghat/Malancha:' Fatulla Sep & Nov 1964
" B.G. Mouth/Dhaka Match Factory July & Aug 1965
'B.G. Mouth/B.G. & Dhaleswari

Confluence : Oct to Feb 1967

-Fafﬁlié/Pbstagola: éostagola
| Shoal | | Feb & Mar 1968

BGG. Mouth/Pogola Governors

Jetty ' : Dec 1972
B.G. Mouth/Mifpur Bridge Feb 1977
B.G Mouth/Raahmatganj Dec 1979
Pagla/Jinjira May 1982
Narafénganj' Terminal - o Apr 1969
) Narayanganj Port Area/Sarulia  Sep - 1970
Kalagachia/Kuripara ' Apr 1975
Sonafchar/Kamarghop 1979

Source: BWDB
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3-3-5  S;qbi1ity-of rivér beds in both port area

. Parts of the port areas in both Dhaka and Narayanganj have
been sounded at 5 year intervals since 1964. It is quite
difflcult to " exactly ‘set a sounding line on one c¢chart to
another llne on another_qhart because the sounding lines are
set freely every time. Thﬁs the comparisons of rivexr cross
sections are EnOt accurate -and . contain small errors. The
locations of the rlver cross sectlons in the main port areas of
Dhaka and: Narayanganj are- shown in the. locatlon map (Fig.
4.3.7). Slmple comparlsons of the cross sectlons in the Dhaka
:area are shown 1n Fig. 4 3. 8 to Fig. 4.3.10 and comparlsons of

those in Narayanganj are shown in Fig. 4.3.11 to Flg. 4.3.14.

Durlng 1964 to 1982 almost all of the public wharves were
newly 1nstalled ‘Qr- 1mproved and the front berth basin was
-dredged along w1th-the”conutruction works. There is 'an old
:record 1nd1cat1ng dredgiﬁg of a large shoal lying on the left
bank from Postogola to Syampur (4 km to 7 km . from the fish
ghat). It seems that thls shoal is still dredged from time to
‘time.
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The river flowing along the. Munshlgala dlstrlct lS much
narrower than in adjoining river sections, and is® close to the:
wide road connectlng Phaka and Narayangan; 01ty ' The road is -
on a part of the river embankment, and the land lylng at the
foot of the road embankment is. 1ow w1th many ponds of varlous
sizes. The landscape 1ndlcates that the‘road may have been,
constructed crossing a part of 'the hlgh water channel
meandering on the left side more than 20 years ago,cand that an
artificial embankment and shore prdtection;work_madé'therriver3
narrow and deep. . As the centre line flowa closeffp the bank,

the river channel and flow centre may have been diéglaced.

Simply overlapplng river Cross sééfionaA aanndéﬁ'”dufing_
1965 to 1982 clearly shows the results of the IWTA dredging
operations. The river bottom in front of therTermlnal and the
adjoining area downstream changes to become slightly deeper
uniformly, as if caused by a serles of dredglng operatlons in
front of the berth before beginning termlnal operatlons. On
the other hand, the change in the wide river bottom from
Postagola to Syampur is limited ‘to the effects . from sllght
dredglng to remove the shoal. The location-and depth'of the
flow centre changes little in spite of markedly changlng river

cross sections in shallower areas.

In the Munshigala district, river depth changes occurred
clearly during the 1960's, but the river depth has not changed

clearly since 1970,

1f the dredging of shoals in the port. area continues  in
the future, a bellowing effect on the river bottom will occur
near the dredging site, but little siltation:will occur in the

port area.

Simply ovcrlapplng river cross sectlons 1n the Narayanganjj
port area indicates that the bottom shape of the two sectlons,
the upstream part and the downstream part have changed shape

over these 15 years. In the downstream area, part of the rlver:'



pottom was deéeper in 1970 than in 1975 and latexr, but the river
pottom has remained almost stable in other parts since 1970.

-: '1The'complicated changes in the ‘river bottom shapé'of the
upétfeém"faféa"andl the‘;downStream-.aréé are caused by the
dredgihg:workifor-constrﬁcting the grain elevator wharf located
afgth@“rightﬁbénk-of“the upstream area, and the maintenance

dredging :in the downstream area.

Continuation of maintenance dredging by IWTA as:-at present

will protect the port area from siltation.



3-3-6 River current in Dhaka and,Narayanganj Ports;

Current velocity in the dry season  observed at the
Buriganga river bridge. project . -site in;Marchgof;1984'is

shown in Table 4.3.8. The “observation of 9 :points,
forming a river cross section, were located at. 3 vertical
lines - right, centre and left - and at three ‘depths 20%,
50% and 80% of the river depth. - The time, river flow
direction of ebbing on flooding, and rivér-depth-éhanges

at the observation time are dincluding-in Table 4.3.8.

The results of river current observation in the flood
season are shown in Table 4.3.9. The bbservations were
carried out at the bridge project site in July to October
of 1984. The table presents the mean velocity of the
river cross section, the discharge, the river cross
section, the width of river surface, and the average dépfh

of river.

The current velocity distribution in the flood season is
shown in Table 4.3.10 as observed on September 30th when

the average velocity was the fastest, and on Octobéer 10th.

The current in the dry season was observed by the study
team in the flow centres of the Buriganga river {project
site A) and the Lakhya river (project site E) in February
of 1986. Observation items are the vertical distribution
of current velocity and suspended material. The current
velocity distribution is shown in Table 4.3.11, including
current direction and water level in PWD. The suspended
material comprises only & little clay and organic

material, and could not be weighed.

The current velocities observed by the study team are
egual to the velocities observed at the bridge project

site in the dry season.
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Table 4.3.9 Discharge and Average Current ':Vel'o'city,. in
' Flood Season T R

. MEAN W.L |DISCHARGE| AREA | WIDTH | MEAW
DATE m)  fm3/sec) | - m?) | () | VELOCITY[

.653

. 836

726

779

667

596
427
L2217
451
526
4910
/518
493
511
.596
601 -
.688
.826
917
.954
.956
932

.808
72 0
.655.
567
503 |
.287

7/10 1.426 | 1133 2401 | 382
19 5.391 . | 1552 2661 | 410
26 5.381 1734 2657 | 409
8/9 5,747 | 2580 | 2879 | 412
18 | 5.197 | 1920 2645 | 407
20 4.920 2047 2628 | 398
22 4.685 | 1739 2606 | 391
24 4.580 1483 | 2490 | 386
28 4.715 1112 2608 397
30 4,755 1001 2628 397"
9/1 4.740 1239 2576 397
3 4.800 1347 2614 | 398
5 4.890 1290 2629 - {400
9 5,000 1381 | 2666 - | 400
11 5.055 |. 1329 2696 405
13 5.105 1375 | 2393 | . 406
17 5.360 1600 | 2699 | 410
19 5.495 1689 | 2809 | 410
21 5.640 1979 2876 | 412
23 5.780 | 2476 2497 | 413
25 5.975 2803 3057 | 413
28 5.920 2002 | 3040 | 413
30 5,725 2865 2996 412
10/2 5.430 2667 2862 410
4 5.115 2272 2811 | 406
6 4.905 1936 2690 | 399
8 4.695 1735 2646 - | 389
10 4.520 1470 © 2591 380
12 4.320 | 1231 ‘2448 | 372
14 4.360 741 2579 374
16 4.120 | 1075 | - 2408 | - 347 447
18 3,785 | 1127 | 2284 | -* 339 0.493
20 3.665 | 1036 2167 | 335 | 0.478
22 3.650 738 2156 334 | 0.3a2
24 3.605 503 2186 | 333 ) 0.233
26 3.620 589 | 2152 333 | o.21a

oo o ot OO e 00000000 0000009000 o oo o

Source: BWDB




Table~4;3,10¢River.Current-vélocity - Flood Season

~ Sep. 30"

Ay Oct, 10
~ Dis-:| Depth| . Velocitv | Dist- | Depth| Velocity .
7 tancel (m/sec) ance (m/sec)

oo b oy ) qm) 0.2 0.8 ) (m) m) [0.2 7]0.8

“(left bank) | | ' _.__ N

0o 1415.5 of = - ~| a10.8 .0 - -
1 390.3| 5.88| 0.869 | 0.947 | 380.6 | 4.90 | 0.370 | 0.257
2 372.7 | 6.91| 1.031|0.883| 365.1'| 6.03 | 0.586 | 0.464
3 1361.4 | 7.68| 1.072| 0.829 | 350.0 | 8.53 | 0.626 | 0.478
4 347.3 |10.21| 1.180 | 0.977 | 331.0 | 10.18 | 0.613 | 0,478
5 330.2 [ 11.58 | 1.180 | 1.045 | 321.7 | 10.18 [ 0.667 | 0,532
6 -1319.8 |11.70| 1.342 | 0.990 | 312.4 | 9.93 | 0.680 | 0.545
7 1310.6 [ 11.30 | 1.153 | 0.815 | 303.9| 9.90 | 0.680 | 0.586
'8 1304.3 [11.0671.233 | 0.909 | 292.8 | 9.81 | 0.721 [ 0.640
9 295.5 | 10,91} 1.206 | 0.930 | 282.0 | 9.72 | 0.737 | 0.599
10 289.7 | 11.15| 1.193 | 0.808 | 274.0 | 9.93 [ 0.775| 0.653
1 280.4 | 10,97 | 1.301 | 0.991 | 259.7 | 10.08 | 0.640 | 0.559
12 266.9 |11.15] 1.193 | 0.883 | 252.9 | 10.02 | 0.721 | 0.613
13 255.5 | 11.52 | 1.193 | 1.112 | 242.6 | 9.90 | 0.640 | 0.599
14 243.8 [11.21| 1.260 | 0.977 | 231.2 | 9.87 | 0.640 | 0.599
15 223.8 [ 10.88 | 1.180 | 0.963 | 220.6 | 9.76 | 0.761 | 0.586
16 210.0 [11.33 | 1.234 | 0.936 | 208.9 | 9.60 | 0.856 | 0.572
17 188.3 | 11.05| 1.220 | 0.991 | 199.3 | 9.60 | 0.748 | 0.599
18 177.9 | 9.20| 1.229 | 1.004 | 101.6 | 9.23 | 0.788 | 0.626
19 157.6 | 8.96 | 1.186 | 0.963 | 108.4 | 8.74 [0.815 | 0.626
20 141.1 | 8.83 | 1.167 | 0.923 | 142.9 | 7.68 | 0.626 | 0.545
21 | 119.1 | 5.12|0.126 {0.369 | 119.1 | 3.96 | 0.316 | 0.275
22 89.4 | 2.74 0 o| 93.4| 3.65|0.113(0.073

23| ss.a| 0 - - | 30.6 0 - -

(Right bank)

Source: BWDB




Table 4.3.11 Vertical Distribution ‘of: Curreént '
Velocity in the Dry Season

f@;k,.LIﬁﬁitf'm/sec)

Dage Buriganga river : ':thEﬁ??ﬁfiﬁé;-‘

Depth 10°00' 12°31°' 13°30' 14°30' | 11°50' - 13°30' .15°00% 15°30
surface | ©0.33  0.38 - 0.48  0.38 | 0.27° 0.15  0.40  0.32
0.5 m 0.33 R : PR -
1.6 | 031 0.3 0.45 0.37 | 0.30. 0.10 .0.33 0,35
2.0 0.27 0.30  0.40  ©0.30 | 0.32° 0,02  0.30 . 0.31
3.0 0.22  0.26  0.37  0.30 | 0.31  0.16  0.28 0,32
4.0 0.30 0.286 0.36  0.33 | 0.35 0,04  0.35  0.35
5.0 0.33  0.27 0.36  0.28 | 0.00 -0.29  0.34
6.0 0.28  0.28  0.34 . 0.24 | 0.34  ©0.07 . 0.25  ©0.29
7.0 0.23  ©0.26 0.27 0.24 | 0.31  0.05 - 0.i9 = 0.27

8.0 0.20 0.28 : |

pottom | 0.1  0.13  0.22  0.20 | 0.23 .0.08  0.24  0.18
Tide Flo Ebb Ebb _Ebb Flo = .Stack .. Ebb  Ebb
Water

level(m) | 2.44  2.42 2,27 2.12 | 1.8l  1.79. 1l.64  1.60

. Source: BWDB




343é?1=Maintenancé dredging in the entrance channel

Vesselé_approaching Dhéka.port £rom the river mouth travel

northwards and have to navigate the Meghna, Dhaleswari and

Buriganga 'rivers (refer to Fig. 4.3.15).
“BIWTA ‘dredges 400,000 m> to 800,000 m°

annually  to :maintain navigation channels in inland

of river  mud

“-waterways.  The volume of mud dredged-anhually in major
fspbts:over;Q years is shown in Fig. 4.3.16 and the annual
dvolumeiof’dredging is ‘shown in. Table 4.3.12. The most

important dredging spots are Nilkamal in the River Meghna,
‘Gopchar: in- -the River‘Lakhya and Baktabali in the River
Dhaleswari. - The Nilkamal shoal is located at an entrance
'~channe1.for.Barisal.portufrom the Meghna river, and has no
‘relation to the entréﬁqe channel to Dhaka port. The other
shoals are located: just inside the. entrance channel.
_Gopchar”Shbal is at the-confluence of the Dhaleswari and
the Lakhya, .and Baktabali shoal is downstream of the
confluence of ~the Dhaleswari and the Buriganga (refer to
Fig. 3.16).

The clear difference of discharge between the Dhaleswari
and  the - Lakhya pushes a tongue sand bar northwards
‘graduéliyf-and'the extension: of the Lakhya river course
lpcatéd in ‘the northern'part of the wide confluence water
.area-BGCOmes:narIOWQr and shallower than in the upstream
.section”of.theZCOhfluence;: The 12 foot channel in this
part is 50 m wide and 4.3 m deep. The southern channel
connecting to Dhaka port is 150 m in width and 4.6 m in
depth.

The Baktabali shoal is locéted 500 m to 1,000 m downstream
from the confluence whéré the river becomes wide enough to
-fedﬁce current velocity suddenly (refer to Fig. 4.3.17).
ﬁIWTA keeps the channel in good ‘condition by means of

dredging. Therefore, there is no problem at present.



However, it will be necessary to. examine  possible
improvement works if large size vessels are introduced in

this navigation channel.

The Dhaleswari river flows.much"widérlfﬁoﬂ;mj;than the
Buriganga and the Lakhyé. Sounding records indiqate that
there is a stable channel 100 m wide!andcﬁfmyfo 7.5:m deep
in the flow centre along the right.sidé-bank;j;The fiﬁer
expands width at  the confluence with_-thg-_Meghné,
Dhaleswari and Lakhya rivers, but . .reforms a -navigable

channel 150 m wide and 4.6 m deep along the south bank.

The navigation channel between Chittagong Port .and the
separation to Dhaleswari river consists of:the¢Bengal Bay
and the Meghna river. IWTA engineers:saytthatfanyfvessel
of 12 feet draught can navigate by crossing any shoal or
sand bar located in the estuary at high tide. Thus, there

is little problem for navigation of smaller .vessels. .

It seenms difficult to maintain afnaVigationachannel;in'the-
lower Meghna river because the river is. extremely wide

with many scattered sand bars of various sizes.

However, sounding records indicate that & deep:channel 0.5
km to 1 km wide and more than 10 m deep flows  through
groups of sand bars. The. Meghna river's  discharge bf
roughly 12 x 10 cubic tons/sec in the dry season indicates

a sufficient ability to maintain this channel.
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3~4--Earthqdakésw EREE
3-4-1‘EBarthquakes in:- Bangladesh:

In :pﬁrsﬁance of -a  Government directive, a Committee of
EXpertST*reviéwed”'the ~.available  data on earthquakes in-
. Bangladesh, prepared a -seismi¢  zoning map; and suggested
an: outline of a code for earthquake resistant design of

structures,

During the last one hundred vears widespread damages were
-caused'by-only,thé_Great Earthqguake of 1897 which had its
..epicentral tract .in the Shillong Plateau. Two othe major
 earthquakes, the Bengal Earthquake of 1885 and the
Stimangal Earthquake of '1918 caused severe ‘damages only in
:Vlimifeduareas-surroUnding their .epicentres. The present
.geologiCal'informationidoes.not‘indicateuthe'existence of

- 'seismically ractive .faults. within: the couﬁtry;-:ﬂH0wever
north and  east of Bangladesh, there are areas of high
seismic activity in- India and Burma and earthguakes
originating in these areas affect adjacent regions of

Bangladesh.

Bangladesh-has been divided into three seismic zones. The
northeastern part that includes the towns of Sylhet,
Mymensingh and Rangpur are in Zone I, the most active
seismic zone where an .earthquake shock with a maximum
inténsity of the IX on the Modified Mercalli Scale is
possible. zone ITI includes the towns of Dinajpur, Bogra,
 Dacca and Chittagong. Here, shocks of itensity VIII are
possible. . The southwesterh part, the least active region,
ﬁhere“the-maximum intensity is not likely to exceed VIT,
.is-iﬁ-Zone IIE. The - suggested Basic Horizontal Seismic
Coéefficiénts are 0.08 for Zone I, 0.05 for Zone II, and
0.04 for Zone III. The outlines of the code for
earthquaké- resistant design of structures presented in

the report relatée to normal buildings with a height of not



more than 200 feet. It has been suggested,that=for;tallér
buildings, a dynamic analysis should be performed, with
ground acceleration inputs app:opriate fbr:rhepprobable

maximum intensity of the particular zone.-

Measures for minimization of earthquake;}damages'u¢an be
effective only with full public”co~operation. It has béen_
suggested that mass awareness about éarthquake,damages and
possible minimization measures should be generated.through
the information media, particulaﬁly in'high'eérthquake

Zones.

Observational facilities for_eaithquakes are :practically
non-existant and- lack of .proper':reCOrds; has been a
limiting factor in the seismicity.:evaluationg}of: the
country. Recommendations have:béén:made-for:setting up
three observatories in the,countfy~as-earlyfas:possible
including shifting the preseﬁt_ Chittagohg.ﬂObsérvatory.
The suggested locations for the other two  are iﬁ the

Sylhet and Dinajpur districts..

3-50
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(1)

GZfQOﬁtliné"offthe COde'for'éarthquake'resiStant design

General i

'1.Th{s'Chépfef'ﬁfééents*in'aécordaﬁce with the second terms

 f0f reference of the Committee, ‘an outline ‘of the code  for
“the- Earthquake Re51stant De51gn of Bu1ld1ngs.' As already
' mentloned An - Chapter' I, a Committee appointed by the
:Mlnlstry of Publlc Works and Urban’ ‘Development is working

on - the formulation of a ‘comprehensive National Building

Code, which will contain detailed provisions for

'EarthQuake Resistént Design of Structures.

Earthquake resistant de31gn involves economic consider-
ations and probabllltles.' It is entirely possible to
design most ‘structures to resist the greatest earthquake
'ekpéfiépped so far with no damage. However, in view of
the ‘small probabilities of occurrence of major earthquakes

at any specmflc location and the additional cost that may

-be involved,  such investment ‘would not be warranted.

The forces recommended hereinafter for consideration in
the design of buildings are such that the buildings would
not collapse in the event of the rarely occurring major

earthquakes, although they might be subjected to damage.

The main aim of this code is to ensure that structures are

"able to stand without structural damage through shocks of

moderate intensities.

This cdde'iénméaht.dnly for normal buildings with a height
of not moré'thanrzooifeet. In case of taller building, a
dynamicf énélysis .should be performed, with the ground
acceleration inputs appropriate for the probable maximum

intensity for the particular zone.

It should be emphasized=thét:the pefformance of a building

during-earthquake is not necessarily related to the forces



(2)

(3}

which have been considered. in its. design. - For;example;fa
building, designed for a very high lateral force, . but with
little flex1blllty or energy. absorblng mechanlsm, may have
a performance - inferior to a- bulldlng _designed ior a
smaller seismic force,- but with a high flex1b111ty. The
aim " of 'major. earthuake--resastaﬂt.ggtructura13 desigh,.
should therefdre be to ensure_the:maximum“poSSibLéjelaStic
behaviour. . This can be ensured by -proper .detailing of

joints -and connections.
Base Shear

The shear force at the base of a building is given by the

following formula;

V = ZIKCS

where Z is the basic seismic coefficient'fOr_thegparticUlar

zone Lo :
I = 1mportance factor shown ‘in- table 442
K = a factor to take into account. structural type.
C = a factor depending on the flexibility
of the structure _ '
8 = s0il foundation factor.

Basic Beismic Coefficient (Z)-

The basic seismic coefficient for the;-th:ee-fdifferent

zones shown in the Seismic Zoning map are as follows:

xQ.08 m

Zone 1 =
Zone II =.0.05.
Zone III = 0.04

The basic seismic coefficients for important c¢ities and
towns are shown in Table 4.4.1.. '



- Table 4.4.1 Basic Seismic Coefficient Z

“Barisal - s 0,04 Faridpur

1 0.04 = Patuakhali: 0.04
~“Bogra -t © 1 0.05  Jessore  : 0.04 -Rajshahi  : 0.04
‘3¢hiffagong 70,05 “Khulna = : 0.04  Rangpur : 0.08
- Comilld " : £70.05° ‘Kushtia ©:70.04 Rangamati : 0.05
- CoX’S'Bézar::‘OZUST Mymensingh: 0.08 Sylhet : 0.08
‘Dacca "+ '0.05 ‘Noakhali- -: 0.04 Tangail : 0.05

: 0.04 '

(4)

Dinajpur ‘@ : 0.05 ' Pabna

Importance Factor I

The T Coefficient proVidés'fOr higher force levels to be

'“con51dered ‘in the de51gn of structures housing certain

- 1mportant fa0111t1es. ' Experlence from past. earthquakes

has shown that_some_bulldlngs e, g hospltals telephone

*éXChanges ‘and fire sfations are called upon to  play

impoffqﬁ; “£o1es in postdlsaster act1v1tles. These have

'been' assignéd' an importance factor of 1.5.  There are
certain other types of buildings, e.g. cinema halls,
auditoriums, etc. where collapse may affect a large number

of occupants under one roof. These bulldlngs are also

asslgned an importance factor of '1.5.

Table 4.4.2

”Imﬁéfféﬁce=Fééfbr=I o Design Life

Type of Occupapcy : - value of importance

Factor, 1 (See note)

--Essential facilities (e.g. hospitals,
telephone exchange and fire brigade) 1.5

Cdmmunity?StﬁuCtureé*and Assembly
halls {(e.g. cinemas, auditorium,

schools) 1.5

Ali'dthers . 1.0

Note: The values of importance factor, I, given above are
. for guidance. A designer may choose suitable values
depending on the importance based on economy, strai-

egy and other considerations.



(5)

(6)

Structural System Factor, K

This factor depends on the type of structural system and
the nature of the structure itself. . It 1s related to the

elasticity or flexibility and the damplng characterlstlcs

of the structure. Structural systems Whlch are. con31dered
flexible and/or have a hlstory of good performance in past
earthguakes are assigned lower values of K and thqse_whlch
are considered brittle (i.e. with little or no flexibili-
ty) are assigned higher values of K as shown in. the

following table:

Table 4.4.3

Structural System ' : .  vValue' of K

Buildings with a ductile moment resisting
space frame, designed to resist the total"

required lateral force. _ _ v .. 0.67
Buildings with a dual bracing system (shear wall

plus ductile moment resisting space frame) = . . 0.80
Buildings with a Box System : ' 133
All.ofher building framing SYSfemr -  ___ _ ‘1;60

Structure Flexibility factor, C.

This factor defining the flexibility of the structure is a
function of the fundamental time period of the building,

T.

In the absence of reliable values of the.theoreﬁical or
experimental values of T, the_approximaté‘eX§feSSioﬁs may

be used for calculating T of regular structures:

i) For moment resisting space frames without. bracing or

shear walls

. N
T = 16 Secs.



.~ ii) TFor all others
. R
p . 0losH

-Seé.

height of the bﬁildiﬁg in ft.

maximum base dimension parallel

where H
D

S

.. to the applied face.
~ C = may be found from Table 4.4.4.

Table 4.4;4

T. Sec. c T. Sec. C
035 170 1'6 033
04 0190 1'8 0733
0'6 0175 210 0'30
0'8" 0'62 212 027
1'0 0'54 24 025
12 - 0'48 2'6 0'23
1'a  o'a2 2'8 0721
) | 310 020
< 3'0 0'20

(7) .Soil-foundation factor, S

This factor depends on the nature of soil and the type of
foﬁndation;éystem used in the structure. The value of 5
' lies between 1.0 and 1.5. Table 4.4.5 gives the values of

S to be different cases.



Table 4.4.5

Type of soil

Foundation type

e

TwWell

mainly consti-|Piles Piles Raft - Com-  } Iso-
tuting the resting| resting|founda- | bined |lated |Founda-
foundation on Rockjon Me- {tions “isola- |R.C.C |tions
or Hard|dium or - ‘ted. + Foot- o
s0ils soft R.C.C. |ing
soil '‘footing|without
with |tie
tie beams
beams
Rock or hard
soils{includes .
sand clay o
mixture with 1.0 - 1.0 1.0 1.0 1.0
N 30) ' - -
Medium soils
N 15 1.0 1.0 1.0 1.0 1.2 1.2
Soft soils _ ,
N 15 1.0 1.2 1.0 1.2 1.5 1.5
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4-1 Macroeconomic Framework



Table 6.1.1 Gross Regional Pfodﬁct»in 1978/79
at Constant 1983/84 Prices S

(Unit:hillﬁén'Taka) B

District Agricul Indust,  Constr. Power Transp Other . G.RP.
{ Chittagony 840] 8308 - 1071 96 - 1742 ~6322', 26940
2 Chlb H.T. 5678 . 663 127 15 127 -1346. - 79567
3 Comllla 10880 1484 1343 178 1453 6141 © . 21489
4 Noakhali 6907 - 542 792 26 451 - 3688 {24086
5 Sylhet 10059 1275 il 50 1053 5100, 18668
6 Dhaka 12599 9191 1726 141 3248 9651 . 36556
7 Farldpur 8448 265 933 22 855 L3692 14215
8 Jamalpur 4506 105 484 ki 243 “ 1981 - 7325
9 Mymensingh 12816 408 1284 A7 850 - 5596 20981
16 Tangall 5213 253 449 12 7 423 C 2143 8494
i1 Barlisal 7833 170 864 26 809 4268 1407§
12 dessore 77085 509 713 29 664 . 3577 13277
13 Khulna 8250 §535 838 . 45 a08 4196 . 15773
14 Kushtfa 4024 423 401 .4l 267 1947 - 7083
15 Patuakhall 3368 60 373 14 2¢1 1602 - 5620
16 Bogra 5427 164 632 - 23 372 © 2444 - - BO55
17 Dinajpur 6590 432 633 17 373 2984 10550
I8 Pabna - 5747 552 613 26 488 2745 10172
18 RalJshahl 9344 386 964 22 1150 4427 162893
20 Rangpur 12358 532 1243 ) 24 . 752 5398 20217

Bangladesh 157232 27265 16623 821 16432 79078 207461

Source ! Statlstical Yearbook of Bangladesh (BBS, i984/85)

Table 6.1.2 Gross Regional Product in 1979/80
at Constant 1983/84 Prices

(Unlt:m1llion Takal -

District aAgricul  Indust. Coustr. Power Transp. Qthers G.R.P.
I Chittagong 9723 9033 012 94 1728 ‘7085 28572
2 Chit . W.T. 5113 T26 168 - : £S5 138 1559 - 7658
3 Comilta ing4on2 1664 1145 298 1463 6504 21615 -
4 Noakhall 6534 604 G676 . 24 633 3825 12298
5 Sylhet 11037 1391 563 52 1839 ~ B9s7 20539
6 Dhaka i1d458 10021 1472 134 - 3405 10833 . 37323
7 Foaridpur 7654 202 795 2L an3 L4059 13725
8 Jamalpur 4275 114 412 6 272 2164 - 7245
9 Mymensingh }2548 449 Lio4 15 895 G177 21187
10 Tangall 4693 283 a4 . 2 438 2309 8119~
1l Rarisal 7621 192 g2z 26 - 845 4817 14323 -
{2 Jdessore 6374 554 507 . 33 - 604 3691 11854
I3 Khulna 8641 1656 715 47 1188 . 4863 . 17120
14 Kushtla 3441 463 341 29 260 2097 . G632
15 Patuakhall 3495 68 318 il 228 1837 - 5957
}6 Bogra 4912 175 . 454 . 18 373 C 2618 - 855l
17 binajpur G160 481 530 20 : 394 - 3070 - 10679
I8 Pabna 5110 606 522 27 6565 3046 08735
19 RaJjJshah! 3753 422 822 23 1187 4741 15948
20 Rangpur 13435 588 10598 24 .- 788 6134 22029

Bangladesh 151448 29782 14168 Q32 17536 87480 301347

Source : Staltistlcal Yearbook of Banq[adesh (BBS, 1984/85)



.. Table 6.1.3 .Gross Regional Product in 1980/81
' at Constant 1983/84 Prices

{Unitimillion Taka)

fDIstrict . Indust.

. Agrlcul Constr Power Transp. Others. G.R.P.

Chittagnng BRI 1% 11 .9595 1160 96 2470 7759 . 30015

1.
2 ChitillT,”. ©5804 766 136 o7 193 1528 8545
3 Comilla. .. 8977 1730 1456 343 2090 7335 22930
44N0akhall 6029 528 860 25 . 930 4050 12521
SFSVIhet R 1196 ~ 1463 11226 . ‘55 1660 G481 22080
6.Dhaka - .. - 10742 10619 1873 156 5187 12106 40683
=?iParidpur‘ ) . 1040 [ 1308 1011 .23 1288 4522 14194
8 Jamalpur . - 4379 21 526 7 412 2328 7771
BﬂMymensinghﬁ 12061 . 466 1404 17 1225 5664 25835
iu_Taugall . .4387 285 488 11 617 2456 8253
11. Bavlsal . L7510 200 n4s .29 1219 5169 . 15172
12 Jessole : - G226 587 C713 34 1969 3993 12682
{30Khulna L ‘848! 7 909 51 1820 5132 .. 18164
Ii'Kushtla A ‘3625 .., 490 - 434 30 - 376 2325 7281
'IS;Patuakhall" . 3525 70 405 ik 331 2634 6376
!ﬁxﬂugla . . ‘5406 . 186 " B76 19 .. B8 2926 7 9DG6R
17 Bloalpur 7157 ‘503 686 19 541 4522 12428
18 Pabna. 5369 639 665 30 848 3346 . 10898
IB,RaJShahl ) gn23 444 }645 25 1288 5215 17040
20 . Rapgeury 13102 616 1348 26 1132 6541 22766

Bangladesh . 150073 31493 18028 1025 25249 95431 321299

Source © Statistical Yearbook of Bangladesh (BRS, i984/85)

Table 6.1.4 Gross Regional Product in 1981/82
' ' al Constant 1983/84 Prices

(Upit;million Taka}

Dlstllrt Agrlcul Indust. Constr. Power Transp. 0Others G.R.P.

I Chi ttagong .8604 9567 1250 113 2306 7709 29638
2. ChiL. T, 5871 . 766 149 T 670 1481 8953
3.Comiila . 1077} . 1743 1568 397 2377 7497 24353
4 Noakhall . ‘5551 833 925 27 1639 4002 12228
5 Sylhet .. . 10561 1465 1321 . 58 1802 6415 21621
6. Dhaka | . 10532 10600 2017 193 5884 12138 41365
7 Faridpur. - 1794 308 inas 26 1492 4622 15331
8 dJamalpur 4006 120 565 g 493 2278 7471
9 Mynensingh 12759 AGBH i512 21 1262 6744 22705
IU;1aﬁgail' ' 4698 297 525 12 731 2498 8764
11" Barisal 7 7048 202 1126 32 1481 5142 15032
12 Jessore 6808 "~ 586 832 © 38 1143 4091 13498
13 Khlna = 8186 1764 979 50 1901 5084 17890
14 Kushtia, "~ 3687 488 468 32 30¢ 2343 7408
15° Pataakhall ‘3845 71 436 11 365 2071 6798
16 Bogia ¢ 5217 185 621 20 599 2897 9537
17" Dina Jpur 8228 504 . 739 22 599 3364 11455
I8-pPabna . -~ 5792 639 716 © 32 706 3414 11388
19 Rajshaht -+ o170 444 ‘1126 28 1285 5228 17282
20 Rangpur . 11902 .. 618" 1453 31 1375 6341 21720

Bangladesh 140130 31466 194l6 1174 279748 95370 324534

Source ! Statistical Yearbook of Bangladesl (BBS, 1984/85)



Table

District

6.1.5

" pgrlcul

Gross Reglonal product in 1982/83
at Constant 1983/84 Prices

Indust.

Constr.

Power

(Unlt mxlllon Taka}

Transp'

Dthe; 5

SO NN AEAWUN—=DOE~ANDOULQN -

B e s s e o ———

Chlttagqng
Chit.H.T.
Comilla .
Noakhall
Syihet
bhaka )
Caridptr
Jamal pur
Wyinens Ingh
Tangat}
Barisal
Jessore
Khulna
Kushtia
Patuakhali
Bogra
Plnajpur
‘Pabna

Ra lshahi
Rangpur

9914
772
10936
6190
11315
10546
7751
4778
13622
5422

7288 |

6750
8606
3474
3916
5530
6683
5714
9168

13768

3883
789
1874
680
1526
11001
327
124
494
320
219
608
1797
505
77
191
539
670
464
658

1128
135
1417
835
1193
1821
984
510
1365
474
1018
751
884
422
©394
561
667
645
1016
1312

el
L34

7899

16631

7526
4085

6498 - 122564

12263

4571
2385,
6835 "
2595
5188
4098
5104 188
2328 . .7

2057

2935 . .
3407
3404 1
5219'1j;3
6566

Sl D @O AN —

3}

16

@ =]

20

Bangladesh

Sopurce

158543

Table 6.1.6

Chittagong
Chit. 1. T.
Comilla
Noakhal i
Sylhet
Dhaka
Faridpur
Jamaipur
Mymens {ngh
Tangatll
Barisal
dessore
Khul tia
Kushtia
Patuakbalt
Bogra
Dinajpur
Pabna
Radshahl
Rangpur

32757

Statistical Yearbook of Bangladesh (BRS.

- 06606

1984/85)

336550

Gross Regional Product in 1983/84

(Unit'million Taka)

4393
- 5523 . .

2619
2239

3197,

3632

3628 .
36 18182
6944

5636

13562 -

o 23713
© 42764

16041
8484
- 23973
9871
16170
13938
19655
7672
7447
10675
12284,
11558

- 23844;

flangladesh

Source ! Statlstical Yearbook of Bangladesh (BBS,

165328

30949

18095

260!3

1984/85]

103598

349922



Table 6.1.7 Gross Regional Product Share in 1978/79
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Chittagung'_ : 6.0.. 30,5
ChitiHT.: 3 2.4
Comtila-- - 6
Noakhall 4
Sylhet @ - 8
Dhaka. 8
-Faridpur .- 5
Jamalpur - 2
Mymens i ngh 8
Tangall™ - -3
Barisal: - = B
.5

5

2

2
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Jessore:-
‘Khulna . .-
-Kushtla-
Patuakhall .
- Bogra
Dinajpur
Pabna
Radshahl

20 Rangpur .

Bangladesh lUU;B 100,90 100.0 100.9 100.0 100.0 - 10G.0
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Source ! -Statistical Yearbook of Bangladesh (DBS, 1904/85)

‘Table 6.1.8 Gross Regional Product Share in 1979/80

{Unit:percent)

Dlstrict fAgricul -lndust. Constr. Power Transp. Qthers G.R.P
1 Chltta90n9~ G.4 -30.3 6.4 16.1 9.8 8.1 9.5.
2 Chit.i T 3.4 2.4 0.8 1.6 u.8 1.8 2.5
3 Comilla. 6.9 - 5.6 8.1 32.0 3.3 7.5 7.2
4 Noakhalt 4.3 2.0 4.8 2,6 3.6 4.4 4.1
5 Syihet’ 7.3 4.7 G.8 - 5.6 6.5 5.8 - 6.8
6 Dhaka 7.6 "33.6 t0.4 14.4 19.4 12.4 12.4
7 Faridpur 5.k 1.0 5.6 2.3 5.1 4.6 4.6
8 Jamalpur 2.8 0.4 2.9 0.7 1.6 2.5 2.4
9 Mymens|ngl, 8.3 1.5 7.8 1.6 5.1 7.0 7.0
10. Tangall - 3.1 1.0 2.7 1.3 2.5 2.6 2.7
11 Barisal: 25,0 0.6 5.8 2.8 4.8 5.5 4,8
12 Jessore 4.2 1.9 4.3 3.6 4.0 4.2 4.0
13 Xhulna - 5.7 5.6 5.0 5.1 6.8 5.6 5.7
14 Kushtla- . : 2.3 1.6 2.4 3.1 1.5 2.4 2.2
15 Patuakhall 2.3 0.2 2.2 i.1 1.3 2.1 2.9
16 Bogra. - 3.2 0.G 3.2 2.0 2.1 3.0 2.8
17 Dinajpur. . 4.1 }.6 3.8 2.1 2.2 3.5 3.5
{8 Pabna . 3.4 2.0 3.7 2.9 3.2 3.5 3.3
19 Rajshabl - 5.8 bod o 5.8 2.5 6.8 5.4 5.3
20, Rangpur. . 8.9 2.0 7.5 2.6 4.5 7.0 7.3
_Bangladesh.: 100.0 100.90 100.0 106.0 106.0 100.8 100.0

Source . Statistical Yéarbook of Bangladesh (BDS, 1984/85)



rable 6.1.9 Gross Regional Product Share in '1980/81

{Unit:percent)

District Agricul - Indust. Constr. Power Transp. Others G, R;P.
} Chittagong . 6.0 30.5 6.4 9.4 S 9.8 Butis 9.8
2 Chit.H.T. 3.9 2.4 - 0.8 - luB 0.8 - 1.8 ¢ 207
3 Comiila 6.6 5.5 8.1 33.5 8.3 Bty B e 8 |
4 Noakhall 4.0 2.0 4.8 2.4 - T 4.2 8.
5 Sylhet 7.5 ©. 4,8 - 8.8 5.4 C 6.6 6+8 .- 6.9
& Dhaka T.2 33.7 10.4 15.2 20.5 2.7 2.7
¥ Farltdpur 4.7 1.0 5.6 2.3 T I I AU Y |
§ Jamalpur - 2.9 0.4 2.9 0.7 1.6 2,40 2ud
9 Mymenslngh 8.0 1.5 7.8 1.6 - 4.8 .00 6.8
10 Tangall 2.9 0.8 2.7 [} 2.4 2.6 2.6
1l Barisal 5.0 0.6 5.8 2.8 . 4.8 5.4 4.7
12 Jessore 4.1 1.9 4.3 3.4 4.2 4.2 R R
13 Khulna : 5.7 - 5.8 5.0 5.0 7.2 5.4 5.7
14 Kushtia 2.4 1.6 2.4 3.0 1.5 2.4 ::2.3
15 Patuakhail 2.3 0.2 2.2 1.1 1.3 2.4 L2000
16 Bogra 3.6 ¢.6 3.2 F:9 . .2.2 | - 3.0
17 Dinajeur 4.8 1.6 3.8 1.9 2.1 3.7, 39
{8 Pabna 3.9 2.6 . 3.7 3.0 3.4 3.5 ..3.4
19 RaJjshahl 6.0 [.4 5.8 2.4 6.1 T BB 5.3
20 Rangpur 8.7 2.0 7.5 2.6 4.5 5.9 L

Bangladash i00.0 160.9 190.90 180.0 1ag.0 160.0- - 190.0
Source ! Statistical Yearbook of Bangladesh (DBS, (9434785}

Table 6.1.10 Gross Regional Product Share in 1981/82

P
-

14 Kushtia
Patuakhball
}6 Bogra
Dinajpur
Pabna

19 RaJshahi
20 Rangpur

2]

o~
« s x4 mos
P
- voe s
e 40 .
L)
. a m A m s

& . (Unlt:percent)
DEisirict fisricul Indust. Conqtr Power Transp. Others G.R.P.
1 Chittagong 5.8 30.4 6.4 9.6 - 8:2 8.1 g1
2 Chit.H.T. 3.9 2.4 0.8 1.4 2.4 1.6 2.8
3 Comilla” 7.2 5.5 8.1 33.8 8.5 7.9 2.5
4 Noakhalld 3.7 2.9 4.8 2.3 3.9 4.2 - 3.8
5 Sylhet 7.1 4.7 - 6.8 - 4.9 6.4 6.7 6.7
6 Dlhiaka 7.1 33.7 10.4 15.5 21.0 12.7 2.7
7 Faridpur 5.2 t.o 5.6 2.2 - 5.3 4.8 4.7
8 Jamaipur 2.7 0.4 2.9 0.7 1.8 2.4 2.3
9 Mymensingh 8.6 1.5 7.8 1.8 4.3 7.1 7.0
@ Tangail 3.2 t.9 2.7 b0 2.6 2.6 27
11-Barisal 4.7 0.6 - 5.8 C 2.7 - 5.3 5.4 . 4.6
12 Jdessare 4.4 1.9 4.3 3.2 N | 4.3 R HE
13 Khuina 5.5 5.6 5.0 500 - 6.8 5.3 7 5.5
2.5 1.6 2.4 2.7 i.d 2.5 2.3
2.6 8.2 2.2 0.9 1.3 2.2 Nk
3.5 0.6 3.2 1.7 2.1 3.0 2.0
4.2 1.6 - 3.8 1.9 2.1 3.5 - 135
3.9 2.0 3.7 2.7 2.8 3.6 3.5
6.1 1.4 5.8 2.4 4.6 - 5.5 5.3
8.0 2.9 7.5 2.6 4.9 6.8 - BT

Dangiadesh 100.0 100.90 100.0 100.0 luo.0 1000 190.0 -
Sovree ! Statistlical Yearbook of Bangladesh (B33, 1964/85)



- Table 6.1.11 Gross Regional Product Share in 1982/83

{Unit:percent)

_..-.—.-.—-..-———-.-...—--......-.-u......._....._...........-—-.-.._.._-..._._._..,..‘_....._......._......._._..._.....-_.. _________________

: Dlstrlct - Agricul Indust. Constr. Power Transp. Others G.R.P,
I'.Chl ttagoiis ';; - 6.8 3u.2 6.4 i0.2 8.3 8.1 9.3
2 Chit T, 4.5 2.4 0.8 1.8 . 2.6 1.7 . - 3.1
-3-Coml 1la™" 6.9 6.7 8.1 12.8 8.4 7.8 . 7.3
4 Noakbhalt 3.9 2.1 4.8 2.9 3.8 4,2 . 3.9
5 Sylhet 7.l 4.7 6.8 5.8 6.4 6.7 T G.7
G Dhaka 6.7 33.6 10.4 23.8 20.8 i2.7 12.5
7 Fartdpur’ - T 1.0 5.6 S 2.7 5.3 4.7 4.5
8 Jamalpui s 3.0 0.4 2,9 0.9 t.7 2.5 2.5
9 Myinensingh” “-Bi6 1.5 7.8 2.2 4.2 7.1 7.0
C10 Tangall 3.4 1.0 2.7 1.4 2.6 2.7 2.9
11-Bailsal’= 4.6 0.7 5.8 3.4 5.2 5.4 4.5
12 Jessore ! 4.3 1.9 4.3 4.0 4.1 4.2 4.0
13 Khulna /=~ 5.4 5.5 5.0 6.3 7.3 5.3 5.5
14 Kushtta™ . 2.2 1.5 2.4 3.5 1.4 2.4 2.1
15 Patuakhal i 2.5 p.2 2.2 1:3 1.3 2.1 T 2.0
16 Bogra 3.5 0.6 3.2 2.2 2.1 3.0 2.9
17 Dlnajpur - 4.2 1.6 3.8 2.3 2.1 3.5 3.6
18 Pabna 3.8 2.0 3.7 3.4 z.8 3.5 3.4
19 Haijshahi 5.8 1.4 5.8 . 3.0 4.6 5.4 5.1
20 Rangpur" 8.7 2.0 7.5 3.3 4.8 6.8 7.4
Bangladesh 104,90 10g.0 (Qu,.Q ig0.0 1g0.0 100.0 100.0

" Sgurce ! Statlistical Yearbook.of Bangladesh (DBS, 1984/85)

Table 6.1.12 Gross Regional Product Share in 1983/84

{Unit:percent)

Dlstrict Agricul Indust Constr Power Transp. Others G.R.P.
i-Chittagong-:‘ 6.6 - 30.2 6.4 n.5 8.4 8.1 9.3
2 ChiL. I, 5.0 2.4 0.8 1.9 2.7 1.8 3.4
3 Comilla " 7.0 5.7 8.1 i2.4 8.4 7.8 7.3
4: Hoakhall 3.9 2.1 4.8 3.5 3.8 4.3 3.9
5 Sylhet 7.2 4.7 6.8 9.0 G.4 6.7 G.8
6 Dhaka - . 6.8 33.6 1.4 23.3 21.0 12.6 12.2
7-Farldpurs:- - 4.9 i.0 5.6 2.7 5.3 4.8 4,6
& damalpw - . - 2:8 8.4 2.9 G.9 L7 2.5 2.4
9 tymens|high -8 i.5 7.8 2.1 4.2 7.0 6.9
10-Tangall” 3.3 i.0 2.7 1.4 2.6 2.7 2.8
ti:-parisal- 4.7 0.7 5.8 - 3.4 5.2 5.4 4.6
12 Jéssore . 4,2 1.8 4.3 4.2 4.1 4.2 4.9
I3 Khulna: - ° 5.6 5.5 5.0 6.1 7:9 5.3 5.6
14 Kushtia o - - 2.3 1.5 2.4 3.6 1.4 2.4 2.2
15.Patuakhal | 2.6 0.2 2.2 i.3 1.3 2.2 2.1
}6 Bogra - : 3.6 ‘0.6 3.2 2.6 2.1 3.1 3.1
17- Dnadpur -S| 1.6 . 3.8 2.4 2.1 3.5 3.5
EB-Pabna. . 3.4 2.0 3.7 3.7 2.8 3.5 3.3
19 Rajshaht - 5.8 1.4 5.8 2.9 4.5 5.4 5.2
20 -Rangpur-: - 8:] 2.0 7.5 - 3.1 4.7 6.7 5.8

-~ Bangladesh - 100.0 100.0 100.0 100.0 104¢.90 100.0 100.0

- Source : Statistical Yearbook of Bangladesh (8BS, 1984/85)



Table 6.1.13 Gross Regional Product in 1984/85. -
at Constant 1983/84 Prices

(Unlt:millxon Taka)

.___.__.____.__._._......;._.....__._,_.._...._.,..._......__.....‘-....-.-.._..-........._.._.....-.n...-....-................,—_»_—.a...__......_....-..

District Agricul Indust. constr. Powsr "Transp,  Others - G.R.P.
1 Chlttagong 10961 11203 1272 152 - 2541 8185 . - - 35314
2 Chit. H.T. ‘8381 806 152 - 31 806 2103 . 12377
3 Comilla 11655 2107 1597 - 200 2546 8915 - 27019
4 Noakhall 5483 . ‘765 8941 55 1151 4844 -14240
5 Sylhet 12040 1726 1343 144 1938 7637, . 24828
G Phaka 11306 12459 2053 373 6377 14351 .. - 46818
7 Faridpur - 8189 368 -1tos -44 1809 5438 . - 16757 -
B Jamalpur’ 4739 140 - 576 - 14 521 2804 ;... 8794:
9 Mymensingh 13445 557 1539 33 1285 7989 .. ;24847
10 Tangail | 5505 361 534 23 786 3049 10258:-
i1 Barlsal 7748 246 1147 - B - 1584 6158 .. 16937
12 Jessore 65286 688 846 ;67 1236 4832 . ;14586
13 Kbhulna 9314 204t 98¢ .98 2227 - BOYS - 207527
14 Kushtia. 3745 574 476 - 58 413 2771 . 8038
15 Patuakhall 42885 -86 443 22 392 2463 - ---7684 -
16 Bosra 60115 ~ 216 63t . 41 - 634 3517 - . l1054:
17 BlInalpur 6742 - 607 752 38 633 3995 - 12768
18 Pabuna 5729 757 728 60 845 399t . - 1210
19 Radshahl 9645 525 1146 47 . 1373 6199 18935
20 Rangpur 13391 742 1479 51 1430 7638 - -.24738
Bangladesh 166246 37075 . 19761 1606 30326 §13652 . 368965
Table 6.1.14 Gross Regional Product in 1989/90
at Constant 1983/84 Prices
(Unit:million Taka)
District Ag:lcul lndust. Constr Power Transp. Others G.R.P:
1 Chilttagong 12208 15693 1677 237 3067 13333,, 46354
2 Chit. T, 10406 0BG 200 ~50 1072 2677 .. .:-15490
3 Comilla 13244 3660 2104 : 330 3104 12438 34279
4 Noakhall 7568 987 1244 92 14064 663 - 17904
5 Sylhet 13811 2073 1770 237 2365 10549 3080H
6 Dhaka 2298 17273 2706 - 633 7759 20310 - - 60978
7 Farldpur 8703 3905 1461 S | 1958 7400 .- 10088
& Jamalpur 5487 99 - 768 24 - 628 <3778 10274
O Mymensingh 15325 592 2028 ] 1515 1028 .. 30536
16 Tangall 6243 395 oqnd 34 . 961 4093 .- 12430
11 Barlsal 8703 247 Si511 90 4958 8502 . . 21011
12 Jdessore 7946 790 1115~ 111 1515 6455 ;. 17932:
13 Khizlna 16406 -28961 1314 158 2697 8502 26038:
14 Kushtla 4352 691 627 92 - 517 3621 L9801
15 Patuakhall 4730 49 584 - 34 - 4840 3306 . 9i8d;
IG Bogra 6622 448 832 - 69 T76 488! 13327
17 DBlnajpur 7246 G642 992 B3 . Y78 5353. 16772
18 Pabhna 6622 839 - 960 98 1935 5510 - 15063
19 Rajshahi 10573 494 Isie . 77 {626 8344 . 23023
20 Raungpuy 15614 839 1849 - 82 737 lU?ﬂﬁ'::.SGBZG

Dangladesh 189196 49350 . 26841 2638 - 36049, 15744 461615



Pable 6.1.15 ‘Gross.Regional Product in 1994/95
E at Constant 1983/84 Prices

(Unlt mllllon Taka)

inistrlct It

cfgrteul . Indust. Constr. Power ~ Transp.. Others =‘G.R}P.
I*ChittaGQRQ-ﬁ“,' 14572 24170 2373 . 37 4041 19145 .- 64678
2ChTL LT, 123 1692 283 80 1412 3829 {0606
3 Comtlia +-770 - 15BBY . 4712 2078 ‘524 4080 17704 . 45790
4 Noakhali’ -~ - - - 8867.. 1520 1756 147 18RO . 9460 23700
5 Sythet %o 16365 3192 2505 C377 316 .- 15004 40647
6 Dhaka . 14572 26502 ag2g Laos 10225 29055  R5288
7 Farldpurt 0 103Q2 ‘508 2067 113 2581 10586 26267
8 damalpur 6501 152 1073 38 828 5406 13998
9 Myinensingh’ 18159 912 2870 88 1996~ 15766~ 3979l
10 Tangall 7398 508 ELT ‘54 1266 5856 16179
1y Barisal 10312 380 2138 142 2581 12163 - 27717
12 Jéssore v 9418 1216 1578 176 1996 9235 © 23617
13 Khukna ° 12330 4560 1859 26} 3554 12163~ 34718
Cb4-Kushtia @5 5166 064 - 888 147 682 5180 13117
15 Pitiakhal I ° 5605 76 827 54 ‘633 4730 © - j1925
16 Bogra .- 7846 S 228 1177 108 1022 6962 17365
17 Dajpur: - D416 . ;988 . 1403 ot 1022 7658 20588
I8 Pabna . - 7846 1292 1358 155 1363 7883 16599
IQ'Rquhahl o 13008 780 2136 121 2142 £1937 30100
20 Rangpur - - 18383 1292 2758 130 2288 15316 40167

“‘Bangladesh 224183 - 76006 36853 4189 48690 225235 615155

Table 6.1.16 Gross Regional Product in 1999/00
at Constant 1983/84 Prices

{Unit:million Takal

District Agrlcul Indust. Consir. Power Transp. Others G.R.P.

! Chittagong 17361 40111 3823 5714 5450 20850 97166

2 Chit.11.T. 16026 2409 456 131 2044 5490 26555

3 Comilia 18697 7227 4797 HG3 5791 27448 64923

4 Noakhali - 10684 2048 2829 206 2589 14u67 32423

5 Sythet Lo20032 4216 40386 619 4360 22988 562561

6 Dhaka .. 16026~ 4553} G169 1685 14986 45633 130032

7 Farldpur - 11485 il 3331 186 3611 16469 35683

8 Jamalpuy 7746 120 1228 62 1158 8234 tansn

9 Mymensingh 21645 1205 4623 138 2657 24047 54274

18 Tangail - . 8814 843 1605 89 1771 8578 21700
it Barlsal’ <. 12019 482 3445 227 3475 18528 38176
I2 Jessore - . 12019 1566 2643 289 2725 13724 32866
13 Khulna © 14690 yakixd 2996 413 5110 19214 49529
14 Kushtia 6143 1205 143§ 241 886 7548 17453
15 Patuakhali 6677 120 1332 B3 886 7205 18303
16 Bogra 9348 241 1897 i72 1431 10293 23382
17 Dinajpur 10951 1205 - 2261 158 1431 10979 26085
18 Pabna 9348 1688 2189 241 177 12008 27244
19 Radshahl " 15492 843 3442 199 2861 17841 40679
20 Rangpur 2i802 1686 4443 206 3134 22988 54359
Banyiadesh 267096 120453 50376 G879 68128 343103 865034



Table 6.1.17 -GrOSS'Regibhal;Product in 2004/05
at Constant 1983/84 Prices-

(Unlt:mllllon Taka )

..___-._..__.._.-..-.._._...,..-.-...-\.._...._.._..-..__.....--..__......__.._........'..-.-....____.-........-....o.--_...-._-.-._.......-..-.__

Distrlct Agricul  Indust.: Constr. . Power . Transp. 0ther5=vaG.R;P}
| Chlttagong 20464 64998 _6182 944 8059 47110; l4?73¢
2.Chit.H.T. = 18889 3504 735 2156 3022~ 8664, 35430
3 Comllla 22038 11711 7733 1587 86563 = 43320 vi-aﬂﬁﬁk*
4 Noakhall 12593 3318 4559 .340 3828 22201, . . 46840.
5 Sylhet 23612 6832 6506 1020 G448, - 36280 - 80607
6 Ohaka . 18885 73782 04943 2777 22164 720189 189574,
7 Faridpur 13537 976 5368 306 5339. . 25992, 5[519
8 Jamakpur 0130 195 2787 102 i713 12086 - 26923
9 Mymensingh 26501 1952 7452 227 3929 - 37905 . .. 76065

10 Tangall 10388 1366 2586 147 2619  ° 13537 ... 30646

11 Barisal 14187 781 5554 374 5138, 2924 . .55264.

12 Jessore 14167 2537 4099 476 4030 21860 - .. 489G : -

13 Khulna 17315 115186 48289 - 688 7555 30324 - :

14 Kushtla 7241 1952 2306 - 397 1910 11913 .., 25118, .

15 Patuakhall 7871 195 - 2147 136 1310 N EaTL 230

16 Boyra ) 11018 399 3057 283 2116 16245

17. Binajpur 12908 1952 3644 261 2116 17328

18 Pabva 11019 2733 3528 397 2619 18952

18 Rajshahl 18260 1366 5548 329 4231 25158.

23 Rangpur . 25816 2733 716! 340 4634 36280 .
Bangladesh 314824 195190 95706 1l334 100743 | 54!496_ 1259290
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: Agriculture

Industry

ﬂ Construction

Tranzport
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Fig. 6.1.1 Future Sectoral Shares of GDP
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Table 6.2.2 Cargo Flow (Commodity: Food grains)

Incoming -

-"L(Uﬁifa tons}

Origin to Jetty

Jetty to Destination

4--14

Origin a?“ Pory| Dhaka | N'ganj Total | Dhaka | N*ganj | Total

Destination B . R K .
Chittagong 2,475 29,390 31,865 - - -
Chit, H.T. - - - - - -
Comilla 2 238 240 - - -
Noakhali - - - - - -
Sylhet - 12 12 - - -
Dhaka . 28 5,336 5,364 | 2,802 35,941 | 38,743
Faridpur 28 30 58 - = -
Jamalpur - 19 19 - 13 13
Mymensingh - B4 84 - 3 3
Tangail - ] 6 - - -
Barisal 217 67 284 = - -
Jessore - - - - - -
Khulna 101 32 133 - - -
Kushtia - - - - - -
Patuakhali 0 - 30 - - -
Bogra - 26 26 - - -
Dinajpur - 103 103 - - -
Pabna 300 519 819 - - -
Rajshahi - - - - - -
Rangpur - 63 63 - ) - . -
Total 3,181 35,925 32,106 2,802 35,957 38,759
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4-3 Land Demand for Urban Activities

1. Future Crude Activity Rate in DNMA™~

When the growth rates of the crude'agtivipy_rates of DNMA

and the rest of Dhaka Region are equal, the follbwing equation

can be obtainéd.

(1-S0) YORt

Y¢ T {1-StJRo + (St-5o) Yo

Where
Y¢
Yo

Rt
Ro

St
So

crude activity
: crude activity
initial periad
crude'activity
crude activity

initial period

rate

rate

rate

rate

of DNMA in period t
of DNMA in the

of Dhaka Region in period t
of Dhaka Regicn in the

DNMA's share of population in period t"_ 
DNMA's share of population in the initial

period

By substituting known figures in place of the initial

factors, we derive

~0.198Rt

e =

0.164 + 0.0345t

We can obtain Yt in each quinguennial period,-substituting

the figures shown in the following table in place of Rt and St.

Rt
S5t

1984/85 1989/90
0.3086 G.312
0.418 0.436

1994/95  1999/00 2004705
0.317 0.327 - 0.342
0.454 0.470  0.487



 (related to Chapter 7)

ENGINEERING ASPECTS OF . PORT FACILITIES .~ .-






5-1 Engineering Aspects
5-1-1 Current Speed

' Fig. 7.l,ii sh0ﬁs-_the“measuring points for meésuring
'éurreqt speed.atfthe'Posfoébla Bridge Site in Dhaka harbor.
.The_'éurfént_ spééd for the cutaway during the period of
measurement at this site (July 10th to October 26th) is greatly
affected'by therwéve conditions (Fig. 7.1.2).

Fig. 7.1.3 shows the current speed distribution on the day
showing the highest current. speed during the observation
périod. ‘At a position equal to 20% of the water depth measured
from thé;éurface. the curreht speed ranges between 1.2 m/sec.
and 1.3 m/sec.. 'At a_position equal to 80% of the water depth
meésured fréﬁ the surface,.fhe current speed is 1.09 m/sec..
Thué; l.S_m/sec. is considered to be the current speed in Dhaka
hérbor_és a}deéign condition, and.the same figure is used for

Narayanganj'ﬁarbor.
5-1-2 Wave Conditions

'_When examining wave conditions at each of the proposed
C6nsfruction'$ites, wave heights'were'computed making use of
thé.Bretschnéider'method.- Results appear in Table 7.1.1 which
-Hﬁhows that the ﬁfopgsed Construction_sites all displayéd about
'ﬁﬁe'same.waﬁe heights: somewhere between 0.30 and 0.39 meters.
_Thus, the wave height is considered to be 0.40 meters as a

design condition.
5l1~3 Measuremehts for Truck—Cranes and Forklifts
' Tables 7;1.2 and 7.1.3 show various measurements used for

the truck—cranes (maximum suspension load 150t} and forklifts

(maximum capacity 25t) used as live weight.
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.Table 7.1.1 wWave Hindcasting by Bretschneider Method

S o j_W'i.nd'\.relb.— . : : _
Proposed | Wind city at Fetch Significant|Significant
. - Bite Direc~ | 10 m above | length wave _ wave
- tion sea surface o height ‘period
; U ¥ CH 1/3 T 1/3
e m/sec) (m) {m) (sec)
- 20.0 473 0.30 1.32
| W 20,0 309 - 0.25 1.17
A W 20.0 468 0.30 1.31
NW __20.0 456 0.29- 1.31
N 20,0 452 0.29 1.30
NE 20.0 304 0.24 1.17
Al B 20.0 475 0.30 1.32
SE 20.0 447 0.29 1.30
CONW 20.0 782 0.37 1.51
N '.20;0 863 0.39 1.5%
. 'ﬁE:  20.0° 489 0.30 1.33
' E 20.0 761 0. 37 1.50
SE. 20.0 611 0.33 1.41
B 20.0 437 0.29 1.29
| SE 20.0 316 0.25 1.18
E s 20.0 571 0.32 1.39
W 20.0 495 ¢. 30 1.34
N 120.0 704 0.35 1.47
NE 20.0 353 0. 26 1.22
& E 20.0. 517 0.31 1.35
'sE' 20.0 710 0.36 1.47




Table 7.1.2 Specifications of Truck Cranes

General Dimensions {m} Qutrigger . . - :
., |Vehicle . : . | T “Dimension .| Maximum
Capacity|Weight | rengeh | width | Height | "heel | WIdER | o proar 1 Reaction
(£) {t) _ 5as ' o K m) {t)
150 91.9 | 11.98] 3.40 | 4.09 | 5.80 | 6.70 | 0.70 x0.71| 1216
95 66.0 14.58 | 3.39 4.10 5.80 |'° 6:70 | 0,70 x. 0.7 75.6
80 52,5 14.57 | 3.40 4.10 | s5.80 6.40 | 0.70 x 0.71 58.6
50 42.3 11.75 ] 3.20 3. 80 5.60 5.80 { 0.55 x 0,71 -
40 39.9 14.33| 3.23 | " 3.80 5.00 | 5.70 | 0.50 x 0.50 -
35 36.5 14.35 | 2.80 3.69 4.80 | 5.44° | 0.47 x 0.53| -44.1
20 20.1 11.91] 2.50 3.48 4.00 4.50°| 0.40 x '0.40 22.9
15 19.8 11.90 | 2.48 3.45 5.30 4.33 0.40¢ ° 23.7
12.8 20.6 11,10} 2.49 | 3.45. | 4.95 | 4.55 | 0.43 x 0.43| 21.8
Table 7.1.3 Specifications of Forklifts
General Dimensions {m}
. Vehicle ; Maximum
Capacity . Length o Height . Remarks
Weight | " i¢h width | (Fork. is | Wheel load
{t) (k) Fork) down} (t)
25 38.10 9.33 3.83 3.96 14.16°
20 34,00 8.33 3.83 3.96 11.33
15 23.50 7.02 2.87 3,30 8.69 |4 Wheels
10 14,00 5.53 2,22 3.00 5.63 in Front
6 8.50 5.01 1.94 2.83 " 3.37
5 7.75 4.90 1.94 2.69 2.90
3 4,18 3.86 1.21 2,09 3.43- |, Wheels
2 3.29 3.42 1.15 2.15 2.40 in Front
1 2.10 2.75 1.00 1.97 1.31
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6-1- LanﬂiUée'ConCept Around'the Port Area

6~1-1 'Rough Estimation of Road Traffic Demand in the

Port-related Zone .

Applylng the growth rate of populatlon to the demand for

passenger cars and the growth rate of employment to the demand

for cargo vehlcles, the future

estlmated roughly as follows

Dhaka-Narayanganj Road
(Pagla)

Narayanganj-Demra Road

:(Adanjee)

Dhaka—Chittagong Road
(Kajla) .

Passenger Cars: Buses,

Cars,

- Passenger Cars

Cargo Vehicles
Total 7
Passenger Cars
Cargo Vehicles
Total -

' Passenger Cars

Cargo Vehicles

Total

Bicycles and Rickshaws

Cargo Vehicles: Trucks,

Pick-ups,

demand of

road traffic is .

(P.C.E. per day)

1983
5,776
4,605

10,381
2,960
2,031
4,991
6,739
4,752

11,491

1994/95

11,000
5,000
19,000
5,500
3,500
9,000
12,000
9,000
21,000

Vans and Pushcarts

2004/05
19,000
13,000
32,000
10,000
6,000

16, 000

20,000
15,000
35,000

Auto Rickshaws, Motorcycles,
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7—1'1Coaster Transportation Cost
"7—1~l':Vessel Qperating Performance

_ The vessel performance of Bangladeshl coasters has been
examlned in several reports. The results o¢f the "Intermodal

Transport Study" are.adopted for this study.

- Thé vessel perfermance flgures should = represent both
prlvate and public sector vessels. However, the figures pre-
sented below are calculated based on BIWTC ceaster performance
records: because of the dlfflculty in obtains vessel performance

records from the private sector.

'Average Salllng dlstance 294 km
B Average speed Delay factor ( =0. 8) ' - 7 knots
' “Delay factor (=0.8) = 5.6 knots
| A = 10.4 km/hr
Average DWT ' . 896 tons
Trips per year D : . 28.8 times
Number of vorklng vessels in 1983/84 219
Total volume handled in 1983/84 446,000 tons
Average load per vessel . 815 tons

.Average steamlng days per year

2 x (294/10.4) x 28.8/24 = 68 days

Non—Steaming days per year 300 - 68 = 232 days
Nea—sfeaaihg’days eer roend‘trip

232/28.2 = 8.1 days

. The available days per year are assumed to be 300 days.



7-1-2 Transport Cost

(a) Fixed Costs per year (unit: 1000 Tk): ..

Financial -~ + ‘i - . -Economic

‘wages *1) . 346 0.883 .- . 295%
Maintenance *2) . - 388. . . 0.692 .+ 268
Insurance *3) 582 0.884 514
Toll & Fees *4) . 250 S0.0 0 o0
Overhead (5%) - - - T8 . .= oilcs 054
_Amortization *5) . 5,993 . . .. O 3,877

. Total 7,637 .0 - .. ¢ . 5,008 -

(b) Variable Costs per year {(unit: 1000 Tk)

Financial - - - . . Economic

Fuel *6) 1,974 C 0.9210 - - 1,796
Lubricant *6) 132 0.910 120
Maintenance *7) 129 0.692 = . 116
Direct costs {5%) 112 ' 4:‘1,:.£-f 102
Total 2,347 s s 2,134
{c¢) - Transport Cost
_ Financial - Economic. -
Fixed Cost (Tk/day) - - -25,45%7 -~ . 16,693
variable Cost' {Tk/km) o139 - e 126
Route trip days = 8.1 + Tﬁt%liffif

8.1 + 0.008L

Distance (km)

il

where, L

The transport cost in terms of ton-km is summarized in

Table 11.1.1.
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.

%2

*3)

*4)

*5)

Wage Cost
The wage cost per vessel is assumed as follows:

(Tk/month)

Captain/Master 2250 x (2) x 1.5
Serang/Greaser | 1400 x {3) x 1.5
Lascar ' _' 1200 x (6) x 1.5
Bhandari/Sweeper 1100 x (3) x 1.5

Total L 28,800

where, the flgures 1n parenthe51s show the number
of persons. Each crew wage is 1ncreased
by 50% to determlne the total wage cost

based on the payment. performance of BIWTC.

Maintenance Cost

The maintenence cost is assumed to be 19 of the capltal

‘cost per year.

insurance Cost

The insurance coét is assumed to be 1.53% of the capitai

cost per year.

Tolls & Fees Cost
The tolls and fees cost is assumed to be 0.5% of. the

capital cost per year.

Amortization Cost

The amortization cost 1is computed for newly bhil{
vessels in Bangladesh u51ng an annual interest rate of
15% over the vessel life time of 25 years. The salvage

vale of the vessel is assumed to be 5% of the newchst.



New vessel cost . . 38.8 million. (Tk)

_ . - Financial Economic
Imported goods (Taxes 80%) 27.2 0.556 15.1
-Domestic goods P 1.9 0.884 1.7
.~ laborers . 9.7 0.853 8.3
. ‘Total . 38.8 “25.1
Annuity factor | - 0.15446
Amortization’ - 5.993 3.877

*6) Fuel and Lubricant Cost

_The_ﬁUel:and-lubricant cost is computed based on the

- assumed unit fuel consumption rate of 0.182 /hr.Hp and

the average operation time. The power of the diesel

engine is assumed to be 900 Hp.

7.4x900x294x2%28.8x0.182

[

Fuel cost_ 10. 2
1,974,000 (Tk/vear)

1§

where, the unit price of fuel is 7.4 Tk/1

The cost of lubricant is assumed to be one-fifteenth of

the fuel consumption cost.

*7) Maintenance Cost

The running maintenance cost is assumed as one-third of

the standing maintenance cost.



7-2

Truck Transportation Cost

7-2-1 Truck Operating Performance

Truck performance figures are also presented 'in the

*Intermodal Transport Study" comparing the public‘sector BRTC

and the private sector in terms of the unit cost of operafion.,

The truck performance figures presented in ‘the I.T.S. are

adopted for this study.

Average trip distance o i 1700 km
Overall average load | . o 4,7 tons
Average travel speed : ) 28 - km/hr
Number of working déy per year 300 days
Working hours per day ' : 12" hrs
Annual utilization = _ 44,800  km
Average no. of trips per year : 263 times
Non-running hours per trip - : s
(12 %2 300 - 44800 / 28) / 263 = 7.6 hrs
7-2-2 Transport Cost
{a) Fixed Costs per year (unit : Taka)
Financial o - Economic
Wages 69,300 0.853 59,113
overhead 30,690 0.884 27,130
Insurance 3,850 0.884 3,403
Fees & Taxes 7,000 0.0 0
Amortization 102,465 0.692 70,906
Total 213,305 160,552 -




(b) Variable Costs per km (unit : Taka)

S Financial | Economic
Fuel & Lubricant 2.66 0.910 2.42
Pypes & Tubes . 1.23 0.692 0.85
Maintenance . . 2.53 0.692 1.75
Tolls & Fees - 0.41 0.0 0
Total - . 6.83 5.02
(c)' Transport Cost
. . Financial Economic
Fixed Costs (Tk/hr) 7 59.3 44.6

Variable Costs (Tk/hr) =  6.83 5.02

The transport cost in. terms of ton-km is summarized in
Table 11.2.1. Each of the fixed and variable cost items are
derived from the "Intermodal Transport Study". Tolls, feés and
taxes are assumed as equai'to those presented in the ITS as
they have not change Significantly in the short period since
the IT8 was completed. However, other cost items are assumed

to have increased by 10%.
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7-3  Train Transportation Cost
71-3-1 Transport Cost

_An éttempf has beén,ﬁade to estimate the unit cost of the
trainrtrénpoft‘in the "Intermodal Transport Study" based on the
"ﬁailwaleévelopment'Planning Project (RDPRY" report. In the
report, the unit cost is estimated based -on the market prices
comprising  the operating and the capital costs, and the
operating cost 'is further broken down into working expenses,

depreciation and interest.

In order to apply the unit cost of transport to this study
at economic prices, the cost data are updated and the standard

conversion factor and a tax rate 10% are adopted.
Further, the relative shares of working expenses, depre-
ciation and - interest in the operating cost are taken into

consideration for estimating the economic cost..

The estimated transport cost of train is- shown in Table
11.3.1

" Ppable-11.3.1 FEconomic Cost of Rail Transportation

Pistance ;| Operating C. Capital C. | Transport Cost

(km) | (Tk/t.km) (Tk/t.km) (Tk/t.km)
| 25 T 3.72 a.01 7.73
50 2.12 2.12 4.24
E 1.61 1.49 3.10
100 1.31 1.18 2.49
150 1.05 0.86 1.91
200 0.91 0.71 1.62
250 0.83 0.61 1.41
300 0.77 0.55 1.32
350 0.74 0.50 1.24
200 | 0:72 | 0.47 1,19




7-4 Cargo Handling Cost
7-4-1 Conventional Cargo Handling

{a)} Performance of Head Loadexs

Carge handling volume . 300 +/day

Cargo transfer distance o .75 m
Velocity (Study team observation) - - 30 m/min
Working hours per day o L : S}hr..'
Loading ability ' : .. . 1 mound. -
(37.2 kg).
Cycle time ' 7 min
IApronE—f 75m {EEEE]
(1 min) {5 min) . 4{1 min)

Cargo handling ability of head loaders _ -
-2.55-t/day

.8 x 60 /7 x 0.0372 =
Assuming a loss time of 10% 2.55% /1.1 = 2.3 t/day
(b) Unit Cargo Handling Cost . .
Unit wage of head loaders 50 TK/day
Number of head loaders 300 / 2.3 = 131 persons
Financial "Economic,
Wage {Tk) 6550 0.729 4775
Unit cost (Tk/t) . 21.8 ' 15.9
7-4-2 Improved Cargo Handling
(a) Performance of Forklifts _ _ _
Cargo handling volume 3001t/day
Cargo transfer distance ' 75 m
Velocity ( loaded) _ 8'm/hr
(empty) 20 m/hr

Average velocity _
(75/8 + 75/20} % (60/1000}= 0.8 —————>» 1.0 min

7-10



" "Working hours per day 8 h

*2)

*3).

The maintenance cost 1is assumed as 10 3

capital cost per year.
Insurance cost
The insurance cost 1is assumed as 5 3

capital cost per year.

Fﬁel & Lubricant cost

r
Loadiﬁg capacity 2 ton
 Ccycle time | . 5 min
{2 min) (1 min) | (2 min)
Cargo handling ability of forklifts
o _ 8 x60 /5% 2 =192 t/day
Assuming a loss time of 10% 192 7 1.1 = 175 t/day
'“(b):Unit:Cargb Handling Cost
Unit wage of helpers ' 50 TK/day
Number of helpers 15 persons
_Number of folklift units 300 / 175 = 1.7 unit
_ _ Financial Economic
Wage of operators ) 80 1.0 80
'Maintenance *1) 223 0.694 154
Insurance *2) 111 0.884 98
Fuel & Lubricants *3) 118 0.910 107
Overhead (5%) 47 - 34
-Mmortization *4) 480 - 320
Wage of helpers 750 0.729 547
Total (TK) : 1809 1340
Unit cost (Tk/t) 10.3 7.6
*1) Maintenance cost

of the

of the

The fuel and lubricant cost is computed based on

T-11



the assumed unit fuel.consumptioncofg0{04-l/hr.Hp,
and the power of the engine is- 45 Hp.

Fuel cost = 7.4 x 0.04 x 45 x- 8
107 Tk/day

The - lubricant cost is assumed as 10% of the fuel

]

cost.

*4) Amortization cost - L Do
The amortization cost is calculated for new im-
ported forklifts using an interest rate of 15%
per year over the life time of 8 years. The
salvade value of the forklifts is -assumed to be

10% of the purchase cost.:

New forklift cost ; : - 667,500 Tk
Financial Economic
Forklift 667,500 445,000
(Taxes 50%) L .
Annuity factor 0.2156: ...
Amortization. 113,913 - ©.95,942
Amortization per day 480 . : 320

T-12



7-5 Value of Handling Cargo

The value of public cargo handling at Dhaka and Narayang-

. anj ports in 1995 is assumed as follows:

~ Volume

- Commodity - (1000 tons) U?%i/igife
Bulk ._ '
‘Grain 116 ( 8.9) 9,000
Cement 270 (20.8) 2,600
Fertilizer 465 (35.7) 3,200
‘Iron & Steel 81 ( 6.2) 20,000
_Others 220 (16.9) 6,000
Non-Bulk
Others 149 (11.5) 10,000
Sub total 1,301 (100%)
Cortainer 403
Total 1,704

The weighted average unit price of the commodities is 5888

Tk/t, and the economic price calculated by multiplying by the

‘standard conversion factor 0.884 becomes 5205 Tk/t.

713



7-6 Costs of Land

The land costs are the foregone-products:which~is measured
based on the value added of the cereal productiony 'According
to the statistics in agricultural sector, tdtal production of
rice and the cultlvated area 1in Dhaka are 801,000 ‘tons and
1,347,000 acres in 1983/84. The average producer price of rlce.
is about 4,200 Tk/ton and the average value added of_rlce is 923
2 of the production value deducting the value of the inputs
such as fertilizer, labor, etc. |

Thus, the value added of cereal productlon is assumed as
Follows:

Value added

801,000 x 4,200 x 0.93 / 1,347,000
2,323 Tk/acre o -
5,730 Tk/ha

1l
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8-1. Tranportation Cost

There are many areas congested with traffic within about a
2 mile radius of the terminal. Trucks transporting cargo from
the-Bqdamtali.atea'to.oﬁtside the. city proceed at a speed of
onlyjéaboutl_3, miles per hour through these congested . areas.
Traffic moves ‘more guickly in the areas outside the 2 mile
radius, and the average speed increases to about 20 miles per
hour. The more passenger and cargo loads.increase in future,
the worse road congestion around the terminal will become and
there is no doubt that road traffic volume will surpass the

road traffic capacity.

_Tﬁé new. port -area proposed in the Short-term Development
Plan is located on .the right bank of the Buriganga river,
'Cafgo transport.by truck,from:this_area.to the northern part of
Dhaka city -takes -an _additioﬁal 4. miles compared with the

distance from . Badamtali, but takes 22 minutes less in time.

Tb
Tn

40 (min)
18 (min)

2/ 3 x 60
{2 + 4) / 20 x 60

i
I}

With regard to specific destinations to Tongi (distance 15
miles), for example, truck transport time from Badamtali and

the new site is 79 and 57 minutes, respectively.

79 (min)
57 (min)

Th
Tn

(2 /73 + 13 / 20) x 60
(6 +.13) / 20 .x 60

n
I

Therefore transport time is. cut by more than 25%, This
savings in  transport  time improves the efficiency of truck
transport and also'means a savings in the consumption of scarce

resources. -

The following .is an attempt to evaluate the savings of

transportation time in monetary term.



Based on the study team's interviews with truck drivers,
average truck operation per day on short distance routes

is as follows;

Working hours per day - 5 '".-10-f1hr3‘

Round trips per day ' e 2.5 trips
Average lead - - : - 41 miles

The following is also Considered.

i) From Badamtali

Average speed 15/79x60311.4"mi1es/hr
Working days per year. | R 300 days
Running distance per yéar 41%x300=12300 miles
Running hours per year 12300/11.4=1079 hrs
-’””rhrﬂon-running hours per year 10x300-1079=1921 hrs

No. of trips per year = © 2.5%300=750 trips
No. of non-running hours per trip ' o
1921/750=2.56 hr/trip

ii) From the new site

Running hours per year are considered the same as

above.

Average speed ' 19/57x60= 20 miles/hr
Working days per year o 300 days
Running hours per year - 1079 hrs
Running distance per year 1079x20=21580'miles.
Running distance per day 21580/300=72 miles
No. of trips per day 72/(41/2.5)=4.4 trips

No. of trips per vear ' 4.4%300=1320 trips
No. of non-running hours per trip- Do -
1921/1320=1.46 hr/trip

iii) Economic transportation cost (Appendik 73
Fixed cost (Tk/hr) - - '160552/300/10=53.5
Variable cost (Tk/mile) : 1.6x%5.02=8.03



Round-trip transport costs between the port area and
the Tongli area area as follows:

Badamtali New site

Running hours 2.63 1.90

- Trip hours ' 5.19 3.36

Trip distance (mile) 30 38
Fixed cost (Tk) 277.7 179.8
Variable cost (Tk) 240.9 305.1
Total cost (Tk) 518.6 484.9

These figures show that the transport costs from the
new site are more advantadgeous due to the improvement
of the efficiency of truck operaticn even when varia-

ble costs increase,

Furthermore, the transport from the new site
greatly contributes to decreases in congestion at the

terminal area because alternative routes are taken.
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