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Abstract—A method is given for calculating the shear stress distribution over a ship section of a bulk carrier. The
method is programmed for the Alexandna University IBM computer, The ship section is considered with minimum
idealization to the double bottom structure so as to obtain realistic values of the shear stresses.

Several ship section configurations are studied and the results are analysed. A summary of the analysis ic given
together with a numerical example. A simpiified expression is developed for calculating an approximate value of the
maximum shear stress in the side shell plating. The results of this expression compare favourably with computer

results.

The necessary conditions to safeguard against shear buckling and yielding of side shell, hepper and top wing tarks

are specified.

It is shown that: (3) The side shell plating between the hopper and top wing tanks may be subjected to high shear
stresses since it carries about 35% of the total shearing force. (i) The hopper and top wing tanks may be subjected to

unfavourable stress conditions.

INTRODUCTION

The increase in ship size has brought to light several
structural and operational problems{1]. Some of these
problems were considered hitherto trivial, when ship sizcs
were not far from conventional, but are becoming more
and more significant with the increase of ship size. One cf
the main structural problems associated with large ships is
-the unproportionate increase of shearing forces. Bulk
carriers, in particular, are prone to be subjected to high
shearing forces, particularly when the cargo is carried in
alternate holds. Ref.{2] examines the static and dynamic
components of the shearing forces in bulk carriers,
together with an approximate method for calculating the
shear stress distribution over a simplified section of a bulk
carrier, the emphasis being placed on the stress in the side
shell plating.

In this papér, a method is given for calculatmo the shear
stress distribution over a typical section of a bulk carrier.
The method is programmed for the Alexandria University
IBM 1620 computer. The ship section is considered with
minimum idealization to the double bottom structure so as
to obtain realistic values of the calculated shear stresses.
The double bottom is idealized by a S-cell box. structure.
Any other “double bottom arrangément could be easily
converted into a S-cell configuration.

Because of the limited capacity of the IBM 1620
computer, the program is divided info two parts. The first
part computes the geometrical properties of the: ship
section in addition to all the data required for shear flow
calculation. The second part is based on the results of the
first part and computes the shear flow and shear stress
distribution over the ship section. The shear carrying
capacity of the side shell is also computed in the second

part of the program. The computer program is used to-.

study the chear stress distribution and shear. carrying
capacity of several ship section configurations and sizes.
The results of this study are analysed and a summary is
given in the paper together with a numerical example.
A simplified expression is developed to give an
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approximate value for the maximum shear stréss in the
side shall plating which is the critical region insofar as
shear stress is concerned.

The necessary conditions giving adequate strength
against shear buckling and Vielding, for side shell, hopper
and top wing tanks, are examined and specified.

1. SHEAR FLOW DISTRIBUTION
(a) Structural idealization
A typical section of a bulk carrier is shown in Fig. 1.
The idealized section is shown in Fig. 2. It is clear that
errors of structural idealization should be negligible. The
numbering scheme used in the computer program to
simplify the computations, is shown in Fig. 2.
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Fig.3. Assumed shear fiow distributioz.

(b) Method of analysis .

The method of analysis is given befors = 72f. [2].
However, a brief summary of the method. = 7z matrix
notation, is given here:

(i) Assumed shear flow. The assumei
distribution is shown-in Fig. 3. To make ==
distribution, the shear flow is assumed z27: = certain

e ﬂow

points in the idealized ship section. The z::i-=: shear
flow, AQ,.at any point, is given by:
AQII -

AY' O

where AQy = assumed shear ﬂow atpoint f ¢ ===rer .
=shearing force. '
A, = sectional area outside pomt i
Y, = distance of centroid of A; from neui= 1xis of
. section.

I = second moment of area of ship sccUo“ o
by .

< given

=3 {a,-.Z,-*+%(L.-.sin.0.-)2] @)

i=l

where, a; = sectional area of member i, a; = T;. L. L; and
T, are the length and thickness of member i,
6; = inclination of member i
Z; = distance of centroid of a; from neutral axis.

To simplify the computational procedure, the assumed
shear flow distribution is calculated at both ends of each
member. Thus, the assumed shear flow distribution over
the ship section is given by:

AQu  AQ\
AQu  AQx
=1 — _
' AQ 4G
AQu  AQ.

3

where n = number of members.

(i) Correcting shear flow. The set of correcting shear
fiows are obtained separately for the lower and upper
parts of the ship section. The upper part is assumed to be
composed of two closed cells, which is the normal
practice for large ships. Therefore, two correcting shear
flows are required. For the lower part, it is assumed that
the double bottom is composed of five closed cells,
excluding the hopper tank. Any other structural configura-
tion of the double bottom could be easily reduced. to the
idealized S-cell structure. - :

The correcting set of shear flows are given by:

{QC}=(D"].{P} @
where {QC}={QC, QC;...QCy}T -
N = number of cells
Dll DlZ 0
. D, ID)zz gzs
X . D
D — 32 33 34
(D] Dn Du Dy . ©
0 Dy Dy Dy
D¢ D
p,=-Li. G

! and j are the numbers of any two adjacent cells. :

D,, ET’ for cell M

r=i r

i to m =total number of members in cell j. )

{P}'—:{P_llpu---PNN}T . (8

and’

P, =3§ AQ.dS > oM, % forcellj (9
! r=i
QM, = mean shear flow in member r of cell ]A

Solving cquatlon (4) a set of correcting sh :ar flows arc
ohtained. .
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{z1) correct shear flow. The correct shear flow distribu-
tior. over a typical section of a bulk carrier is obtain=d by
suzerimposing the set of correcting shear flows to the
assumed shear flow distribution. Thus, the correct shear
flow for any member in a closed cell is given by:

Q=AQ=xQC (10}

whzre Q = correct shear flow.
He-ce, for cell r, the correct shear flow in member j, at
poitt 4, Is given by:

(Qii)r = (AQii)r * (QC)P . (1 1)

Fc: members that are not part of any closed cell, such as
tha side shell between the hopper and top wing tanks, the
com=ct shear flow is the assumed one.

(c) Computer program

The above method of calculation is programmzd in
FO2TRAN II for the Alexandria University IBM 1620
comouter. A subroutine is especially developed for
solving the six simultaneous equations of the correcting
shezr flows in the double bottom structure.

Bzcause of the limited capacity of the computer, the
prezram is divided into two parts as follows:

Prezram 1

{ Data—main ship particulars. —geometry and scantl-
ings of ship section.

(i) Results—position of neutral axis. —second moment
of area of ship section about neutral axis. —datarelevant to
shear flow calculation.

Prozram 11
(i) Data—shearing force. —results of program L.
(i) Results—assumed shear flow. —correct shear fiow.
—shear stress distribution. —shear carrying capacity.
The shear carrying capacity of any vertical, or inclined,
. member is calculated as follows:

- Py=] Q.88 @

where dS = elementary length of member j.
Q = shear flow distribution over member j.
(SF); = shear force carried by member j.

The integration of equation (a), over the length of
member j, is carried out numerically using Simpson’s first
- rule. The required intermediate values of shear flow are
genzrated in the program.

It should be mentioned here that the given method is
very general and could be efficiently used for the analysis
of numerous types of multi-cell box-girders subjected to
shear loading. Although the emphasis has been placed on
bulx carriers, the computer program could also be used
for the analysis of other types of ships such as OBO
carriers (Oil/Bulk/Ore), container ships, floating docks,

.etc. . 4 )

A simplified block diagram ot the computer program is
shown in Fig. 4.

2. NUMERICAL EXAMPLE

The computer program is used for calculating the shear
flow distribution for several ship section configuration and

sizes. Figures 5 and 6 give the assumed and correct:
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Fig.4. Blockdiagram of computer program.
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shear flow distrizutions, respectively, for one shig section
of a bulk carriz having the following particulars:

LB-:. = 224 m
D., 186 m
B, = 318§ m
hoi¢ ‘ength = 216 m
hoic 1spect ratio = 0-679
floo: spacing = 1800 mm
frare spacing = 900 mm
Dw~ = 66100 tons

3. ANALYSIS OF RESULTS

(a) Shear flow lstribution

The shear sz=ss distributions over the various ship
sections inveszuated, indicate that the maximum shear
stress ocecurs it he side shell plating between the hopper
and top wing tz1ks. These tanks may also be subjected to
high shear szusses. Therefore, unfarourable stress
" conditions mz: e developed in these tanks because of
the additional 'vrh siresses induced by losai loading and
hull girder bex:

Consequenz:, the scantlings of side shell plating,
hopper and to: wing tanks should be adequate enough to
sustain yieldinz 2nd shear buckling.

(b) Shear car—ing capacity of section
The coatribon of the longitudinal girders, in the
double bottom sructure, to the shear carrying capacity of
ship section is Z:und to be insignificant. This is because of
the low shear sess values induced in these girders.
The shear carrying capacity of side shell, hopper and top
wing tanks are a5 foilows:

itez %ge of total shearing force’

side shell beivz2a hopper 35-38%
and top winz tanks
side shell betv=z2n bilge
and sheer sTikes T&19%
hopper and ta; wing tanks 62-65%

The range o variation depends on the geometry and
scantlings of e ship section.

4. DESIGN CRITERIA
~Inorder to ezsure adequate strength against yielding and
shear bucklizz, the minimum plating thicknesses- of side
shell, hopper zzd top wing tanks should be determined
from the fol:=ing conditions:

(a) Slde shP
tanks 1s_th° 'mcal region insofar as shear stress xs

concerned. T=: critical buckling stress of a panel subjected
to pure shez- wading (see Fig. 7), is given by (3):

_ Eigt (TN
'“_12(1—11’)'(8) K 12

where §=fr==e spacing
E=mx>iius of elasticity.
1. = P
T,=1t~

_i50n’s ratio.
ckness of side shell plating,

The constant K depends on the end conditions of the
panel:

(1) For simply supported ends

K, =534+

ot
(ii) for fixed ends

- K =898 422

a

where: @ = b/[S, b being the length of panel.
In order to ensure -adequate strength against shear
buckling, the minimum thickness of side shell plating
could be determined from the condition that the maximum
expected shear stress should not exceed the critical value,
ie.
Tmax = Tere

Therefore, assuming that:

a=60, 7.=7=1395, K=K,

and allowing a 50% reductlon in 7. due to tolerances on
dimensions and scantlings, residual stresses, permanent
out of planecdeflections, ... etc., the minimum ratio of
T.IS, given by equation (12), will be:

~L
TS =g _ (13)

On the other hand, in order to ensure adequate strength
against yielding, the expected maximum shear stress
should not exceed the yield stress of the material. i.e.

- ~
= Ty

where 7, = yield stress in shear = 1-395 ¢/cm®

A survey of some pubhshed data on bulk CaITlC['S
indicates that:

(i) The critical buckling stress in shear is always higher
than yxeldma shear stress;.

(i) The minimum ratio between the thickness of side
shell plating and frame spacing is given by:

19

The difference between the. minimum thickness given by
(13) and (14) may be attributed to corrosion allowance and
local loading.

T./S =1/55,

(b) Hopper and top wing tanks

The scantlings of these tanks should also have adequate
strength against yielding and bucklmg ,

Since the hopper and top wing tanks are subjected to
relatively high normal stresses, induced by the bending of
. hull girder, in addition to the high shear stresses, the
-minimum thicknesses of plating should be determmed
from the following two conditions:

(i) Adequate strength against buckling. The condmon of
critical buckling of a panel of plating under combined shear
and normal compressive stresses is given by [4]:

N
(IM) +ZL< 140 (15)
To (o
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where 74 = 1, for a panel under pure shear loading,
o = normal compressive stress,
o. = critical compressive stress,

(i) Adequate strength against yielding. This could be
zchieved using «n equivalent stress criterion, such as that
given by von Mises(S}:

o, =0,

where o, = V(o + oy — 0x. Oy +37%y)
= longitudinal stress in the X direction
oy = transverse stress in the Y direction.

Therefore, the limiting shear stress could be determined in
terms of the longitudinal and tranverse stresses as
follows:

\/((Ty — o — o+ ox. ox).

1
TS 3 (16)

For the special case when:

Ty ={
and

TOx = 1'5 tlcmz

the limiting shear stress in the hopper or top wing tanks is
given by:

vax S 1408 t/em?,

5. APPROXIMATE FIRMULA

Since the computational procedure is pather lenothy
and requires a d1g1tal computer, a simplified expressxon is
daveloped to g1ve an apprommatc value for the maximum
shear stress in the side shell plating of a bulk carrier.

The maximum shear stress in the side shell plating, at
the neutral axis, is given by:

=8

™ LT, )

Yg

where § =3 A. Y

0
Yy = distance of neutral axis from tase line.

From the various ship sections investigated, it is found

i _Neurrol <_uis
. ‘4,
T
/7
ORE O I ]@
k/"’ \,I ’\rz _ T ,{ L,
62 . ' ﬁ{
Fig.8. Idealization of the bottom part.
that:
Ys=043D

where D = ship depth.
Hence,

§=D.T5(0-171 B +0-092 D)
+RB.(0-0196B.T,+0-1D.T7)

+03D.HST,

i=1

(18)

where, B = ship breadth
n = number of longitudinal girders in the double
bottom.

The other terms are defined in Fig. 8.

Expression {(17) is used to calculate the maximum shear
stress for the various ship section configurations and the
results are compared with-computer results. The differ-
ence, in general, does not exceed 1%,

6. CONCLUDING REMARKS

From the various calculations and analysis of results,
the fcllowing main conclusions are drawn up:

(a) The structural configuration of a bulk carrier is
prone to bring high shear stresses in the side shell plating,
hopper tanks and in the top wing tanks. The critical zone,
insofar-as shear stress is concerned, is the portion of the
side shell between the.hopper and top wing tanks. .

(b) The side shell between the hopper and top wing
tanks carry about 35% of the total shearing force.

{c) The double bottom does not contribute significantly
to the shear carrying capacity of the ship section.

(d) In order to have adequate strength against shear
buckling, the frame spacing should ‘not exceed 60 times
the thickuéss of the side shell plating.
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