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ABSTRACT

This paper investigates the stability of thrce double dccker passcnger launches plying in t6e inland waters of
Bangladesh. The subility particulars of the vesscls have bcen catculat ed and compared with statutory
requirements. It appears that moderate overloadings may also seriously jeopardize the stability. The necessity ;f
evolving a suitable critcria for snbility of inland vcsscls is also highlightcd.
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INTRODUCTION

Double decker launches play [Khalil (1985)] a

major role in the movement of passcngers in the inland
waters. These vessels are almost the sole means of
communication with the southcrn portion of the
country from the capiul city. In addition, ticse vessels

also carry a small quantity of cargo. But this small
cargo is expected to make a significant influcnce on tie
stability of tie vesscls. Unfortunatcly, these vcssels
numbering more Lhan one hundred havc becn allowed
to operate without adequate study of their stability.
The researches in the field of subility assessment and

causes of accidents of inland passenger vessels have
been, at best,limited.

The first systematic data of passenger vessel

accidents was published by Khalil (1985). This
contained information on all accidents involving such

vessels from l98l to 1985, mentioning lhe names of
the vessels involved, place of accident, cause of the
accident and the loss of lives.

The annual figures of acccidents and losses of
lives since 1981 are given below [Khalil (1985) and
DOS(1e90)1.
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As regards the cause of the accidents, an analysis
is reproduced from fie above rcfcrenced papers.

The overloading does not itself cause sinking of
the vesscl. But it is observed that the overlaoded
vessels sometimes fail to gct upright when inclined by
a wave or by the action of a moderate wind. The
capasize in heavy wealher occurs due to the vessel's
inability to withstand the effccts of beam wind and
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crowding of panicked passengers o one side during
rolling. Thus, it is observd that at least 57 45% otthe
accidents are stability related. And hence the stability
assessment of inland passenger vessels deserves
considerable attention.

Rahim (1988) addressed the stability aspect of
inland double decker passenger vessels. Rahim et al
(1990) canied out some case studies on stability of
such vessels. The effects of hull proportions, form,
wave, free surface, wind, passenger crowding were
extensively studied by Rahim (1990).

The aim of this paper is to study the stability
characteristics of such vessels. The GZ curves have
been drawn and it is compared with the sbbility
criteria of the International Maritime Organization
(IMO) which has also been adopted by the
Government of Bangladesh.

OUTLINE OF THE ANALYSIS

Three representative double decker passenger
launches (see fig. l) were selccted for the analysis,
pafticulars of which are presented in Table-I. The
spced and the engine power are not shown because the
analysis presented here is for static condition. Though
dynamics of a vessel, to some extent, influences the
stability charactcristics of a vessel, conventional
criteria for the assessment is solely based on statical
stability curves. Only in the recent years, the
importance of time varying roll response curve as an
index of stability assessment is being emphasised,
though any concrete regulation is yet to be formulated.
That too does not considcr the motion of the vessel
iself, rather tlp interaction of the hull wittr an incident
wave and resulting GZ curve is also a function of time
lBanie (1986)1. If the motion has to be taken into
account, experimental works in a towing tank is
probably the only means of predicting the stability
characteristics of a vessel. Such experiments may
make prediction for a specific vessel. So an enormous
amount of work has to be done prior to the
formulation of a generalized criteria. Since the
objectives of this study is to compare the stability of
inland double decker passenger vessels with statutory
or conventional requirements, the present analysis
assumes the vessels to be sradc in calm water. Like
designers practice, the CZ curves are not trim
corrected. Such conections are also expected to alter
GZ curves at least in some vessels rvhere the location
of the longitudinal cent"re of byoyancy (LCB) and
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longitudinal cenre of floatation (LCF) are considerable
distance away from midship, like vessel C of this
study. However, the location of LCB of vessels A and
B of this paper should not mislead any reader. Though
the LCB is dmost at the midship in those vessels, the
overall shape of the faward and aft portions are much
different in the two cases. As a result, they will
respond in a much different way. As inclination
increases, trim correction may become significant.
This aspect has been extensively studied by Rahim
(leeo).

GZ curves have been drawn up for two
conditions of each vessel, ttrat is at full load condition
and at 20Vo overload. Such overlaodings are very
common in these vessels during occasions. In fact,
sometimes the extent of overload is even much higher.
The reason for including the overlaod condition is to
quantitatively assess the sensitivity of the stability to
overloading. The passengers are canied in the main
deck and the upper decks. A small number of first and
second class'accommodations are available, the bulk
of the passengers arc accommodated in open decks
and there is no longitudinal partition. Though the
underdeck spaces are termed as cargo hold, the goods
are largely canied over the main deck for convenierce
of loading and unloading.

This paper does not att€mpt to assess the stability
at the worst conditions rather at ordinary situations.
KG in the light condition is taken from inclining
experiment results, the CG of the passengers at their
normal living and that of the cargo above the main
deck.

ANALYSIS OF THE STATICAL STABILITY
CURVES

The statical stability curves of the vessels
corresponding to the two conditions stated in Table-1
are shown in Fig. 2a through Fig. 2c. In the initial
region, as in the case of all such curves, GZ is
proportional !o the angle of inclination [Gillmer
(1975)1. The nature of fte curves are common to that
of vessels of all sizes and proportions. However,
these have got some peculiarities which are explained
below:

The initial metacentric height is very high which is
due to high beam and low draft- Both of these facton
have contributed to high BM. The BM increases as ttre
square of the breadth and decreases linearly with draft

Mech. Engg. Res. Bull., Vol. 13 (1990)
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In fact, due to the presence of watertight
supcrstructures, poop, forecastle and other erections

in those vessels, the GZ increases more steeply even

aftcr deck immersion [Nickum (1978)].

The requirement under ircm (v) is also satisfied by

vessels A and C with wide margin. For vessel B the

required GZ is lower than that required by 0'01 m at

full load and much lower at overlaod. The reason may

again be attributed to those for itcms (iii) and (iv).

The maximum stability ocurs at a much lower

angle than required. The case is worst in vesscl B, the

reasons are again probably those mentioned earlier. It
has been observed lRahim (1990)l that at

breadth/depth ratio above 3.0, ttris condition (itcm vi)

is the most difficult to satisfy. An impractically low

value of KG is required if the maximum GZ is to

occur at 25 degrees. Such is the case of all vessels

having high breadth. For example, functional
requircmenls of tlre offshore supply vesscls necessitate

a wide beam. For the same reasons, as those of the

subject vessels, the maximum GZ occurs at an angle

lower than 25 degrees i.e., minimum rcquiremcnt

IIMO (1968)1.. Consequcntly a separate sct of criteria

was devclopcd for such vessels [lMO res. A 469]' A

bare minimum limit of l5o was se! for the angle of
maximum CZ. To compensate, the requremcnts for

the area under the GZ curve were made more

stringenl Such a suitable criteria for the inland vessels

of the country could possibly also bc evolved.

The first row of the Table 2 indicates that the

metacentric heights are quite high which are only due

to large values of BM. The stability regulations rcquire

a very small value of GM (0.35 m).

Lastly, the regulations also do not insist on any

minimum value of the angle of vanishing stability

(0u). But the correspnding figurcs of thc subject

vessels are really low and not acceptablc by common

practices and conventions, spccially that of vessel B.

A reasonable suggestion would be to incorporate a

clause requiring a minimum anglc of vanishing

stability which could also naturally lake care of the

situations arising in case of item (v) of this analysis.

In fact, no statutory criterion contains provisions

for minimum allowable 0n . Neithcr the Rahola

Critcria [Rahola (1939)], the first major proposcd one,

nor IMO (1968) had any requirement for minimum

value of 0u. This was considered at the time of

adoption of A. 167. But ultimately no such
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requirement was added. Necessities were felt at

different levels and many discussions were held. For

example, the USCG critcria for towing vesscls issued

on lst December, 1972 required 0u to be minimum

600. Following capsize of a Norwegian flag vessel

HELLAND HANSEN in 1976, the concemed flag

state inroduced rules implicity requireing 0v > 80

degrees [Henrickson (1980)]. Sratistical dau of
vessels considered safc and the capsized ones

indicated that it will not be possible to agree on an

acceptable minimum value of 0u. An international

consensus could not be achievcd in this regard due to

the facts statcd below :

i. Calculated value of 0u depcnds on trim, wave

particulars, oricnlation of vesscls with wave,

supcrstruchrcs clc.

ii. At large anglcs thc GZ value are influenced
greatly by factors like lrce surface, shift ofcargo,
suspcndcd wcight ctc. So thcorctical calculation

of GZ at large anglcs (whcrc GZ generally

vanishes) bcars less practical signilicance.

iii. A large minimum acceptable value of 0u would

obviously bc dcsirable. But this may not be

practical for ccrtain vesscls like offshore supply

boats or vessels dcsitincd for shallow watcr.

iv. No thcorctical technique is known which can

predict thc influcncc of 0u on probability of

capst:/.c.

v. An arbitrary limit might on one hand fail to

conribute to stability and on the othcrhand appcar

as a dcsign consraint.

Furthcr it w:rs obscrvcd that the existing critcria
which is conccmcd with tlrc CZ curve upto 40 degrces

automatically cnsurcs a rcasonably large valuc of 0n.

In light of trc abovc mcntioncd [acs, t]re possibility of

incorporation of 0u in thc stability critcria was

droppcd.

Howevcr, an attcmpt to formulate a minimum

requircd value of 0u for inland double dccker

passenger vesscls may be argucd for the following
reasons.

i. The effcct of uim on stability has bcen obscrved

to be insignificant [Rahim et al (1990)], wave

height is vcry small in inland watcrs and are

gcnerally ignorcd in stability calculations.

Mech. Engg. Res. Bull., Vol. l3 (1990)



Designers may be induced to incorporate
watertight superstructures to increase 0u.

ii. It is true that due to free surface, shift of weight
etc. the calculatcd valuc of CZ' at lars.e ansfcs
bcars littlc practical imnortance. ButYt maV be
rcmcmbcrcd that all thc si:lbilitv crircria oracticcd
prescntly arc on ordinal scale rather'han on
absolute scale IKrappinger (1982)]. So a

rcquircmenl for minimum vlaue of 0u will hclp in
comparing subility of dilfcrcnt inland passcngcr
vcsscls.

iii. A large minimum acceptable value of 0u would
cerrainly be desirablc but rhe attempt should be to
quantify tie absolutc minimum varlue of 0u which
will ensure adcquate subility of such vcsscls.

iv. As long as no thcorctical tcchnique is available, a

slatistical or expcrimcntal tcchniquc, or a

combination thcrcof, may bc used to corrclaF 0u

with probabifity of capasize.

v. Since the siz.e, proporl.ion ctc of inland double
dcckcr passcngcr launches of the country is
within a vcry narrow rangc, it may not bc
dilficult to sct a lirnit of 0u which will contribure
to bctter stability and at thc same timc will not.

appcff as a dcsign conskainl..

CONCLUSIONS

It is evidcnt from thc above results that thc inland
doublc dccker passcngcr launchcs do not. satisfy the
conventional critcria of stability. Thc vesscls studicd
are esscntially of sizcs, proportions and types much
diflcrcnt from thosc for which the critcria wcre
originally formulated. So a more rigorous study is to
bc carricd out to fonnulatc appropriatc sct of rulcs.
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'VESSEL A VESSEL B VESSELC

Full load 207o ovet
lmd

Full load 2Ualo ova
lmd

Full load ZOVo ovet
load

lensth O.A (m) 38.56 38.56 37.35 37 -35 32.00 32.00
B-P. (m) 36.36 36.35 35.67 35.67 28.95 28.95

Brcadft (m) 7.315 -t.315 7.927 7.927 6.7r0 6.7rO
Dcnth (rnld) 2.t33 2.133 1.9n0 1.9{t0 1.9t0 1.910
Draft (m) 1.372 1.432 t.372 t.45t 1.300 1.365

DLsplaccment
(tonne)

215,2 227.9 228.3 247.1 137.r t47.1

Warcr planc arca
tul\

220.2 225.2 235.9 239.9 t56.1 158.5

Midshp
arsr(ml\

8.660 9.101 9.000 9.ffiz 7.012 7.400

Cb 0.589 0.599 0.587 0.602 0.542 0.553
cb 0.6It3 0.689 0.7r0 0.721 0.674 0:685

o.712 0.717 a.7M 0.7r0 0.675 0.678
LBC*(m) 0.z2uA\ 0.3f)0 (A) 0.r65(A) 0.359rA) 1.565(A) .645(A)
Passcngcr
(Pcrsons)

vtr 6m 550 ffi 335 wz

Cargo (Tonnc) 25.0 30.0 50.0 60.0 20.0 24.0
Pavload (tonne) 63.56 76.27 92.41 110.0 45.83 5s.0

* (A) for aft of amidhsip.

TABLE I : PARTICULARS OF SUBJECT VESSELS
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TABLE 2 z CZ CURVE DATA (Ref : Fig. . 2)

0.02t5xBor0.2Tmwhichevcrisminimum:0.157mforvcsselA,0.170mforvessclBand0.144
m for vessel C.

VESSEL A YESSELB VESSELC :..i1.

MirA

umI
Full load n%

ov€r

load .

Frdl,@d 2W
over

load

Full load 2A:%

over

lrYrrl

Mclaccntric Hcight

(m)

0l5m 1;867 1.72t 2.354 2.094 r.903 0.396

i. GZ-no (m) Sce below 0.520 0.450 0.484 0.390 0.476 0.396

ii. fuea unto 30o 0.05 m-rad 0.1891 0.1639 0,1731 0.t29 0.r700 0.r476

iii. Area uDto 40o 0.09rn-rad 0.2320 0,r918 4.1173 0.r r69 o.2t23 0.r760

iv. Area betwecn 3go

and 40o

0.03 m-rad 0.M239 0.02it9 0.0004 0.0016 0.u23 0.0287

v. CZat300(m) 0.20 0.384 0.304 0.190 0.070 0.348 0.268

rii. Angle of Maxm

Slnhilitv

0.20 20.50 20.00 15.50 t4.40 20.50 19.50

vii. Angle of
vnnichino.stahilitv

None 43.0p 40.30 35.50 32.P M.30 41.60

Mech. Engg.Res. Bull., Vol. 13 (1990)
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[Lester (1985)]. However, the bencfit of this high
metacentric height is very limitcd. The maximum GZ
is rcached very soon and then the stability vanishes
almoSt as steeply as it had incrcased. Immediately
aftcr the deck immersion, which occur at ratler very
small angles, lhe waterplane area reduces very
sharply. This curve for full load and 20Vo overload
condition differs slightly; the larrer bcing highcr ar
small angles and lower at higher angles. The curve
corrcsponding !o full load only are drawn.

ASSESSEMENT OF STABILITY
The assessement of the stability contains three

separate items. These are-

l. Requirements for the curve of arms of static
srability.

2. Vesscls' capability to withstand beam wind on
latcral arca above watcr line.

3. Vessels' capabiliry to wirhstand e[[ccts of
passcnger crowding.

The prcsent work conccntratcs only on the
requircments for the curvc of the arms of static
stability.

CURVE OF STATICAL STABILITY

IMO (1968) and srarurory rcgulation of
Bangladesh {Ahmcd ct al (1986)l rcquire *p curve ro
satisfy tlrc following condirions :

GZ^a* < 0.0215 x B or 0.27 m whichcvcr is

smallcr where B = Ships brcadth mcasurcd
between ttre outside of fiamcs.
Area undcr the curve uplo 30o will be at least,
0.055 m-rad.
Area under the curve upto 40 degrees or flooding
angle, whichever is less should be at lcast 0.09
m-rad.
Area under the curve betwcen 30 degrees and 40
degrees or flooding angle, whichcvcr is less
should be at least 0.03 m-rad.
CZ be at least 0.2 m a[ 30 dcgrecs.
Angle of maximum stability should be at an
inclination grcater than or equal to 25 degrecs,
prcferably 30 degrees and ovcr.

As regard item (i), rtre magnirudc of 0.0215 B for
each vessel is less than 0.27 m. The corresponding
valucs are 0.157 m, 0.170 m and 0.144 m for
vesscls .r , B and C respectively. The dccks are in

It{ech. Engg. Res. Bull., Vol. 13 (1990)

general watertight except at deck openings which are
small in width and about centreline. As a result the
flmding angles are much above 40 degrees. Table 2
shows the values obtained from theGZ curves of tlre
three vessels for itcms (i) through (vi). The
obscrvations are as follows.

The GZ*u" (item i) for all the cases is much
higher than corresponding rcquired values. This is due
to the high metacentric height, the reason of which is
explained earlier. Area under the curve upto 30o and
upto 40o (iem ii and iii) are also much higher than
required 0.055 m-rad and C.09 m-rad respectively.

In ilem (iv), the area under the GZcurve between
30 degrees and 40 degrees should have been at least
0.03 m- rad. At full load condition, vessels A and C
have been able to satisiy this requirement with good
margin and fails by a very small margin at overlaod.
Howcver, vessel B have grossly failcd to reach the
rcquired value and has even become negative at
overload condition. This is because the stability of this
vessel under both conditions (i.e. full dcsigncd load
and207o overlaod) vanishes at an angle betwecn 30
degrces and 40 degrees. In fact, thcre is not much
merit in evaluating the area upto 40 dcgrees. One
rcason for this poor performance could be its high
breadth/draft ratio conri.rbuting to stecp reduction of
the inclined walcr plane area aftcr deck immersion.
From upright condition to 40 degrees inclination, for
full load conditions, this reducrion is 49.3Vo,60.4Vo
and 50.67o in vcsscls A, B and C respectively.
Though vessel B is almost as full as A and fuller than
C, this hull shape, rogcr.her wirh the highest
metacentric height of the three, has made no
contribution towards offseting tlre effccts of adverse
bcam /draft ratio. So lhere are reasons to infer that to
arrive at a reasonable GZ cwve the dcsigner must start
with favourable ratios of principal dimensions. The
author had studicd the reduction of water plane area
wi0r inclination of six other passenger vessels lRahim
(1990)l and observed rhat the reducrion at 40 dcgrees
may be as high as 65Vo.lt was also concluded in the
same study that parameters like block co-efficient,
prismatic cocfhcicnt etc. may inllucnce the reducrion
of water plane area with inclination. But such
influences can not override the effects of even a
modcrate difference in breadtVdraft ratio. However,
such is the case only wirh vessels having high
breatVdraft ratio. At breadrh/depth ratio less ttran 2.5,
which is, in fact, the case with most coastal and ocean
going vessels tle reduction in waterplane is retarded.

l.
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