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Summarvy

This paper presents a simplified structural
analysis/design procedure for the rationalization
of the materfal distribution along the midship

reglon of bulk carriers, through the unification
cf the inherent safety factors. The method is
.based on the calculation of hull girder shear and
tending stresses, due to the longitudinal vertical
-~shearing forces and bending moments. The necessary
conditions to safeguard against shear buckling of
side shell and yielding of derk and bottom struc-
Cires are <ocecified.

The me:hod.ls progracmaed for the Alexandria
University, Faculty of Engineering, PDP-11/70 com-—
puter and is illustrated by a numerical example.

i. Introduction:

The use of the simplified foraulae of the
classification societies rules to obtain satisfac-
tery scantlings, provide adequate strength and safe-
ty for least cost (or whatever other objective is
chosen) are not really sufficient in the structural
design process. This i{s because they have large in-
butlt macgias, of unknown magnitude. They therefore
do not give & truly effici{ent design, the extra
steel may represent a significant cost penaity in
the 1life of the-ship (1,2). For this reason, thare
must be a.general trend toward “"rationally based”
structural design, vhich involves a thorough and
accurate analysis of all the factors affecting the
safety and the performanceé of the structure through-
out its life (3). For large ccmplex: structures
such as ships, the required accuracy can be achieved
only by a thorough-analysis of the full three-dimen-
sionel structure using some form of the finite elem-
ent method, vhich is computatlonally very expensive.
Therefore, a simplified structural analysis/design
pcocedure capable of performing inexpens{ve struc-
tuzal analysis {s required so as to reduce ths
large, highly constrained, non-linear structural
anslysis/design problem" (vhen using a finite element

technique) and consequently to achieve lov computat-
fonal cost.

In the author's estimation, the challenge posed
by these tasks could be met only by developinz a
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method for rationalization :{ materfal dfstribuzicz
along the ship length whick zakes the Linformatioa
required for optimization ez using a finite elem=n:
technique reasonable near t: the cequired optiau=
solution. The procedure givsa here involves thres
main tasks: .

l-Analysis: +the calculacion of the structural
responses (hull girder sheaz and bending stresses)

2-Evaluation: the preiiction of the critical
or failure values of these z=sponses (for exaaple,
ultimate strength of a stifZzaed panel)

3-Rationalization (or 2=design): the applica-
tion of a systematic method Isr determining the de-
sign variables which ratfornaiize a specifiad objec-
tive while satisfying the ccastraints (such as our
objective of keeping a better distribution of sceel
along the ship length).

Bulk carriers typ{cally have breadths equal s
1/7 to 1/5S of length with L/Z ratios geneczlly be-
tveen 11.5 and 14 (4). The ::zaasvecse shear
stresses in beams with solid resctanzular cross sec-
tions having such proportions would be relzcively
unimportant compared with the largesc tensile and
compressive stresses develops? due to bending (5).
However, in open thin-walled sections such as bulk
carriers, it {s well knowmn t:at the transverse shazc
stresses {n certain locations can be significant (5,
6,7). Thus, maximum shear s:izesses in the side
shell may reach unfavourable values and consequently -
may cause shear instability, fa an {radequate desiza
(5,6). Adequate measures,thersfore, should be take:
to prevent instability and hizgh stresces.

In this paper, the methsd given {3 based on the
calculation of the induced hzll girder shea= and
bending stresses over a typical section of bwmlk
carrier, due to the longitudinal vertical shearing
forces and bending moments. The loagitudinal ver-
tical forces and bending mom2223 at any section,
along a ship steaming in waves is the vectozial su=
of the still-water componen:, vave-induced componezt
and the dynamic component (&}. A computec= zided
method for the estimation of :hase coaponencs and
their distributions along the length {3 givean in
reference (4). The ship section of a bulk cazrrier
i1s {dealized by a simplified zsnffgurat_on. The
necessary conditions giviang aisquate strengt@l with 2
unified safety factor (along ths mid-ship rezion)
against shear buckling and yieiding, of side shell,
deck and bottom structures, 2-s exazzined and 3peci-

um,\}ol'ﬂ:



fied. The method {5 programmed {or Alexandria Un{i-
versity, Faculty of Engineering, PDP-11/70 computer.
The comput~r program is used to calculate the :hcar
and bending stress distributtons over thcee typlcal
cross sections of a 38,500 DWI. bulk carcier along
0.4 L of the mid-ship region. The re;ults of:chis
"study dre analyyed and discussed. :
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Shear Stress Distribution:

The method of calculation is based on the meth-
od given by Shama (6,7). It is assumed that the
structure is.not subjected to any torsional loading.
The shear stress distribution is calculated by rep-
resenting the actual structure by an idealized
structure. Then a shear flow distribution around

“the idealized ship section is assumed. The resulting
torsional deformations are then corrected by a set
of correcting shear flows. The superposition of the
assumed and correcting shear flows gives the correct
shear flow distribution, from which the shear stress
distribution could be easily determined. Fig(l)
shows a typical cross section of a bulk cacrier
vhich is idealized by the section shown in Fig(2).
The assumed shear flow distribution is as showvn in
Fig(3).

3. Bending Stress Distcibution:

The primary stresses in the upright position,
could be computed using the simple beam theory.
Thus, the bending streas at any node "4" of member

LI

t” is given by:
BM° .
(g} =T " X4 (1)
whers:
BHY = total longitudinal vertical bending momant

at the section undex consideration.
distance of node "i" of member "r” from

. the neutral axis of the ship section.
second moment of area of che ship section
about {ts neutral axis.

4, Structural Design Cciteria:

A successful ship structural design, i.e., the
one where the elements fully suit their purposes, is
a compromise between a wide range of conflicting
factors stemming from the service conditioas, the
vay the ship and her components have to resist the
loads and shipyard practices. The problea is a
manyfold one, and it is the naval architect's task
to arrive at this compromise with a ship capable of
fully meeting all the requirements at minimum cost
and vith economy in weight (8). The strength of the
hull is of course the overriding quality. This
means that an adequate amount of material has to be

' put into the structural elements {n order to enable
them to resist the loads sttendant, to the most ad-
verse service conditions, against the various ex-
pected modes of faflure. Also a safety factor has
to be introduced. It must be reasonably high so as
to compensate for any irregularities, such as exces-
sive wvorking loads, fmpaired safe-load capacity of
parts due to their corrosion, wvear and tear, pit-
falls fa shipyacrd practices, etc. Conversaly, un-
reasonably high safety factor may lead to vhat {is
designated over-design, in which the wveight/strangth
ratio increases, vhich {n turn lead to an adverse
economical consequences (such as loss in deadveight
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cacrying capacity, increase {n fuel consumptions ]
fncrease in building cost, etc.). Too low safecy :
factor may lead to what is termed undex design, ) i
vhich may lead {n turn to theé followving consequen-
ces: ) .

- Frequent failures of structural de;agls vhich
{n turn leads to withdrawing the ship from the pro-
duction line for the maintenance and repair work(9).

- Lost income for the stoppage of tha ship
vhich will significantly affect her profitabilicy,

- Increasing the cost of repair work vhich
would also affect the ship profitability.

In any case, structural elements should be of
minimun veight compatible with the requirements for
structural safety against the expected modes of
failure. Economy in steel weight produces a less ex-
pensive ship, has a positive effect on the dead-
velght carrying capacity and consequently on. the
ship's-profitabilicy (9):’

The simplest form of the design criterion may
be a limiting stress, deflection, instability, ul-
timate load, etc. (10). 1In the following analysis,
yielding of the deck and bottom structures and. )
shearing of the side shell plating are selected to
be the limiting stresses (possible modes of fail-
ure). The deck and bottom structures are subjected
to high bending and shear stresses. The side shell
plating is subjegted to high shear stress, especial-
ly at. the neutral axis (7).

In this study, the combined effects of shear
and bending, in the deck and bottom structures, are
taken into account by the equivalent stress foramula.
The permissibls shear stress given by the rules of
class{fication socfetfes {s taken as the design cri-
terion for side shell plating. For a two dimension-
al member, Von Hises (10) equation could not be used
to determine the equivalent stress at.any point sub-
jected to normal and shear stresses, {.e.,

g = rt P S . T
e 9% * % = %% * 3%y 2
vhere: . I
d. = longitudinal stress in the X-direction. :
X
OY = transverse stress f{n the Y-direction.
t(Y = shear stress at ‘the point under considez-

ation.

Since only longltudinai stresses are consider-
ed, the equivalent stress of Von Mises equation is
then given by:

(3)

a adopéed are given

a ,/_’!'—‘_—!— <&
Oe Ox + thr < Oy

Consequently the des=ien critect

by: ~ ’ :
- <
1 % oy (&)
~ 2- Tmax.at side < Tall (s)
wvhere: .
d_ = yield stress of material used (2.4 t/ca?
formnfild steel).
T - permissible shear stress given by A.B.S.

Rules (1.065 t/cm®).

Since the safety factor (y) is of central im-
portance in conventional desigh, the most frequently
encountered definition of safety factor is used. It
{s defined by: the ratio of ultimate or yield
strength in a component to the actual vorking
stress. Thereupon, Y 'cylca'Vs“alll‘max' If the
equivalent stcress (d,) of the member exceeds the
yleld stress (cy),‘the scantling of this member
should be increased and the design process i{s re-
peated until a sacisfactory condition, of a unifisd

.
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7. Analvsis of Results:

—_— e

1- Unfavourable stress conditions may be devel-
oped in the hopper and top ving tanks because of the
high shear and bending ctresses (see table I). Con-
sequently, the scantlings of side shell plating,
hopper and top wing tanks should be adequate enough
to sustain yfelding and shear buckling.

2- The inherent 'safety rfactors, along the mid-
ship region are-as given in table {i{. It is clear
that the factocrs of safety for both the deck, bottom
and side structures are far from uniform. This {a-
plies that the material distribution along the mid-
shiop region is not rationally distributed. There-

~fore, it is necessary to adjust the deck, bottom and
side shell plating thicknesses so as to achieve a
more uniform distribution of the safety factor.

3~ It is also clear that the safety factor of
the bottom structure is higher than that for the
deck structure. This may be necessary because the
- bottem structure i3 subjected to highér variabili-
ties of local loading than the deck structure. The
higher safety factor of the bottom structure {s in-
tended to cater feor these local loadings. Thezefore
the liziting hull girder stresses in the bottom
structure i3 expected to be less than that induced
in the deck structure.

8. Conclusions:

The main conclucions that may be derived from

~this study are:
1- The hopper and top ving tanks may be sub-
jected to unfavourable shear and bending stresses.

2- The formulae given by the rules of classifi-
cation societjies should be used only for preliminary
design, 2s these formulae do not give'a'rational
distribucion of material along ship length. There-
fore, it should be folloved by a stress analysis/de~~
sign procedure, tak‘ng into account the combined
effects of both shear end bending stresses.

3- The given simplified method could be effec-
tively used for the folloving cases:
i- In the absence of a finite element prograa.
ii- To reduce the computational cost of structural
enalysis or materisl optimization.

4- The method presented could be used effec-
tively to indicate the lack of uniformity of the in-
herent safety factors in the ship section structural
members and suggesting the possible ad justments in’
plating thicknesses so as to obtain a more uni{form
distribution of the safety factors vhich {m turn
lead to the rational distribution of matérikl ulong
the ship 1cngch.
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Nomenclature:

L, B, D = Leagth, trzadth z2ad depth of ship respec-—
’ tively, c.
SF = Total longitudiz=2l vertical shearing force act
section under :z:iasideration, tonne.
DHT = Deadveight cez:ying capacity of the ship,tonne.
A, Z = Total area 2= section modulus of the ship
section under zonsideration m?, m’ respec—
tively.
1 = Length of each 2.:aent, a.
N = Number of longi::iinal girders in bottom struc-
ture. .
9 = Slope of each elzzant, deg.
\ gy = Yielding 222 shees buckling safety fac-
. tors at on i, i=1, 2, 3.
Y = Required satis ry level of safety factor.
by, = Yy'i T Tyl o « < Ygi T Yei-1 s i3, 2.
€= Very small quaniity representing theé acceptable
deviation of the calculated safaty factor from
the required valze.
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Fiq.(3): Assumed shean, flow distribution .
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Table Y: Shear, Bending and Equivalent Stresses Over
A Typical Ship Sectiom of Bulk Carrier.
Point Shear scEcss Bending stress Equivalent ;CICSS

t/cm t/cm t/em

&' 0.2 0.92 -~ 0.9817
6 0.172 1.162 1.20
_ 8 0.12 1.162 1.18
10 0.1386 0.8674 0.90

15 0.337¢4 0.193 0.6154
16 0.35817 0.0 0.585
17 0.001 1.50 1.50
19 0.026 1.423 1.424
22 0,045 1.193 1,425
24 Q0.155 0.822 0.865

’
.

‘Table IL: Safety Factor Distribution Along the Mid-ship

Region

Section Calculated stresses/ strength safety factor/”/
positien
from AP 57m 35m 133e
: 0.94662 1.4624 1.0903
at deck TU3U5E “1.680° B i
. .83 1.1798 0.9672
ac bottonm TT2i9TTTT ~T3704T -
0.55702 0.3382 0.628634
at side TTRITSiT —737I5T 157
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