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STRUCTURAL CAPARILITY OF BULK

CAZRIERS UNDIER SHEAR LOADING

By
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A method 5 given for calculating the shear stress distribu-
tion over a ship ssction of a bulk carrier. The method is porgra-
mmed for the <isuandria  University IBM computer. The ship
section is consiczred with minimum idealizaticn to the double
bottom structure so as to obtain realistic values of the shear

stresses,

Several ship section coufigurations are studied and the'r_esult's
are analysed. A summary of the analysis is given together with
a numerical example, A s'mplified expressin is developed for
calculating an approximate value of the rmaximum shear stress in
the side shell plating. The results of this expression cumpsre favo-

urably with comyuter results.

The necesszry conditions t6 safeguard against shear buck-
ling” and yielding of side shell, ,hopi)er and top wing tanks are

specified,

It 1s showr that

* Assoc. I'rzi., Naval Arch. Dept., Taaculty of Enginee'rihg,

Alevandria University, Ifigypt.



The side shell plating between the hopper and top wing tanks
may be subjected to high shear stresses since it carries about

359% of the total shearing fo:ce.

The hopper and top wing tanks may be subjected to unfav-
5 ] ]

suriable stress cond:itions.

Introduction

The increase in ship size has brought to light several struc-
viral and operational problems (1]. Some of these problems were
considered hitherto triviai, when ship sizes were not far from con-:
ventional, but are becoming more and more éignificant with the
izcrease of ship size. One of the main structural problems associ-
ated with large ships is the unproportionate increase of 'shearing
frces  Bulk carriers, in partienlar, are prone to be subjected 1o
high shearing forces, particularly when the carg)y is cicried in alf- .
ernate holds. Reference [2]' examines the static and/dynamfc com-
ponents of the shearing forces in bulk carriers, together with an
epproximate method for calculating the shear stress distribution
o/er a simplified section of a bulk carrier, the emphasis being

tlaced on the shear stress in the side shell plating.

In this paper, a method is given for calculating the shear
siress distribution over a typical ‘section of a bulk carrier. The
method is programmed for the Alexandria University TBM 1620
<:-.3mp'.1ter;' The ship sectimn is considered with minimum idealiza-
1ion to the double bottom structure so as to obtain realistic values
oI the calculated shear stresses. The double bottom is idealized by

z 5~ cell box structure. Any other double bottom arrangement

i

could be ecasily converted into a S-cell configuration.
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Because of the limited capacity of the IBM 1620 computer,

“the program is di ided into {wo partsi The first pact computes

the geometrical propertizs of the ship section in addition to all the
data raquired 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. he 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 shear
stress distribution and shear carrying cap'acit}-' of several ship
scction configuretions and sizes. The results ¢f this study are
analysed and a summary is given in the paper tOgethef with a

numerical example.

A simplified expressien is developed to give an approximate
value for the maximum shear stress in the side shell ptating, which

is the critical region insofar as shear stress is concerned.

The necessary conditions giving adequate strength agains”
skear buckling and yielding, for side shell, hopper and top wing

tanks, are examined and specified.

1) Shear Flow Distribution,

a — Structural Idealization.

A typieal section of a bulk carrier is shown in fig. (1).
The idealized section is shown in fig {2). Tt is clear tﬁat errors
of structural idealization should be negligible. Th: numbering
scheme used in the computer program to simpli{y the comyutations,

is shown in fig. (2).
b — Method of Analysis:

The method of analysis is given before in reference [2].
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FIG (1) A SECTION OF A BULK CARRIER
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However, a brief supm iy of the mothod, usine matrix notation
. e ’

is given here : -

1. Assumed shear {low

The assumed shear flow disiribution is shown ia fig. (3). To
make passible this distribution, the shrar flow 15 assumed zelo at
certain pointz in the idealized ship zection. The assumed shear flow

AQ, at any peoint is given by

r .
:\(:‘ = -— , A Y. (1)
R I ! 1
where, AQ.. = assumed shear flow at point i of member j,
J1 )
¥ = shearing force,
A, = sectiunal area outside point i, '
Yi == distance of centroid of A, {from neutral ‘axis
i
of section, o
and, I == second moment of area of ship section, and .
_ is given by
n a, 2 -
I = » la .22 4 12 ( L. . sin. ©. )3 . (2)
: 1 1 12 1 1
1 =1 <
where, a, = sectional area of member i, 'a, = T. . L.
1 1 1 17

Li and Tiare the length and thickness of raember i,.

respectively

@i = inchnatjon of member i,
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aud, Z, = distnece of centroid of @, frojn neutral axis,
1 1

To simplify “he computational procedure, the assumed shear
flow distribution is czlculated at botir ends of cach member. Thus,
the assumed shezr flow  distribution over the ship section is

given by i

‘,____,_.,..._, - r—n:r—:vrﬂi
! 4
LoAaq, \Q,
i
)
N A A 2o
i
I i
; :
(80) = — s - - (
. 3
: AQ AG
| I[ i
®) \ 5
A AO !
i ‘nl n2 !
) 3
3 i

A\

ii. Correctmg shear flow

The set of ccrrecting shear {lows are obtained separately for
the lower and upper parts of the ship section. The upper part is
assumed to be compcsad of two closed cells, which is the normal
‘Practice for__ large shi-s. 'i'heref-ore, two correcting shear flows are
fe‘q‘uired. Tor the lower part, it is assumed that the double
bottom is composed ol five closed cells, excluding the hopper tank.
Any other structural confizuration of the double botto.m could be

easilty reduced to the idealized 5 — cell structure.



The correcting set of shcar flows is given by :

;QC%:‘:D_I ﬂ'%l’

-

where ;QCg = % QC1 ch

N = number of cells
Dll DIZ
D
21 D22 D23
D
32 32
[D] = 5
. 43
@)
L.
D, = —_1
1] T:,
1j

i and j are the numbers of any two adjacent cells.

J
I
1 tq3
|
|

)
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1 .
{P} — { Py Pog oo 1)1\:\} (8)
and P'j = f%Q d_:l
] .
i T
m L o
— > ; v {
Z QM . )
r=I1 i
r

M=
QI'

mean shear flow in member r of cell j
Solving equation (4), a sel of coirecling shear flows are obtained.

1ii.  Correct shear flow.

Tlie cerrect shear flow distribution over a typical section of
a bulk carrier is obtained by superimposing 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 + QC _ (10)

were Q

= corr=ct shear f{low.

Hence, for cell r, the correct sheat {lsw in member j,
at pont i, 1s given by :

: = AQ - ;
(Q]i)r ( Oji)r + (Qc)r ()
For members that are not part of any closed cell, such &s

the side shell between the Lopyer and top wing tanks, the correct
stear flow is the assumcd one.



¢ — Computer Program

The above method of calziition is programmed in FORTRAN II

for the Alexandria Universite 5M 1620 computer. A subroutine

N

b

3
LilC

[oge

simultaneous equations

of the correcting shear flows = the doutls bottom structure,

Because of the limited =zacity of the computer, the program

is divided into two parts as ilows:
Program I

i. Data.
-- main ship particu._:.
— geometry and scan: I3 of ship section.
ii. Results.
— position of neutral =z,
— second moment of a=zz = ship section about its neutral axis.
— data relevant to si:zr flow caiculation.
Program 11
i. Data. .
-~ shearing force.

— results of program

il. Results.

— assumed shear flo-
-— correct shear flow.
— shear stress distri- = o,

— shear carrying ez
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The shear carrying capacity of any vertical, or inclined,
member is calculated as follows :

= ).dS  (a
(s7), jf Qs @)

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
in'ermediate values of shear flow are generated in the program.

—

A simplified block diagram of the computer program is shown’

in fig. (4).

2) Numerical Examp'e.

The computer program is used for calculating the sﬁear flow
distribution for several ship secticn configurations and  sizes. 'ITigé.'
(5. and (6j give the assumed and correct shear flow distributicns, .
respectively, for a ship section of a bulk carrier ha\;ing tﬁe

following fariiculars
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L.B.P = 224 m
D = 17.6 m

m
B = J31.8 m

m .
held length = 216 m
hold aspect ratio = 0.679
floor spacing —~ 1800 mm
frame spacitg = 900 mm
Dwt = 66100 tons

3) Analyvsis of Regulta.

a. Shear stress «istribution.

The shear stress distributions over the various ship. sections
investigated, indicate thal the maximum shear stress cccurs in the
side shell platirg between the hopper and top wing tanks, These
tanks may also be subjected to high shear stresses, Thefefore,
unfavourable stress conditions may be developed in these tanks
because of the additional high stresses- induced by local loading

and hull girder bending.

Consequently, the scantlings of side shell plating, hopper and

top wing tanks should be adequate enough to sustain yielding and

shear buckling.

b. Shear carrying capacity of ship section.
The contribution of the longitudinal girders, in the double
bottom structure, to the shear carrying capacity of ship section

is fcund to be insignificant. This is because of the low slear

stress values induced in these girders,



The siear carrying capacity of side shell, hopper and top

wing tanks are as follows :

item % x of total shearing force

side shell between hopper

] _ 35 — 38 9,
and tor wing tanks
side  sh=ll  between hilge ,
74 — 79 %,
and shezr strakes
hopper 2nd top wing tanks 62 — 65 %

o

The -ange of variatinon depends on the geometry and scantl-
ings of thes ship section.

4} Design criteria.

~

-

In ozder to ensure adequate strength against y'ié’lding and
shear bucxling, the mirimum plating thicknesses of side shell,
hopper and top wing tanks should be determined from the following

conditions

a — Side shell.

The side shell plating between the liopper and top wing

tanks is the critical region insofar as shear stress is concerned.

The critical buckling stress of a panel subjected to pure

shear loading, see fig. (7), is given by [3]:

. T
P = e ( ; )2 K (12)

= [rame spacing,

)
i
—
ge)
—
<
[S]
~

wlhere,

1o

= mondulus of elasticity,

Poisson’s ratio,

I

= thickness of side shell plating.
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The constant K depencs oz the end conditions of the panel :

‘1. for simply supportel ends:

4
K = 534 + —
o] q-..
ii. for fixed ends:
, 8.98 5.6
@
where @ = b/[S, b being he length of panel.

In order to ensure adsjueie strength aga'mst' shear buckling,
the minimum thickness of siis shell plating could Dbe determined
"frem the condition that the maxzimum expected shear stress should

not exceed the critical value, i.e. :

Therefore, assuming thzt @ -

a = 60, 7T = 7T , K = K
cr y S

and allowing a 509, reduczzion in +  due to tolerances on dim-
cr ‘

ensions and scantlings, residual stresses, permanent out-of-plane

deflections,. ... etc., the mizimum ratio of Ts /S, given by equ-
ation (11), will De :

1

TS/S -3 . '(:13)
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On the other hand, in order to enswe adequate strengh
against yielding, the cxpected maximum shear stress should not

exceed the yield stress of the material, le. :

-~ Pt ~
[ = ‘ .
max v
or T T, o /_’:
max y/\ <
where ¢ = yield stress of the material 1 tension.
v - :
T = yield stress in shear
¥ :

o~

Tor shipbuilding steel, o = 2.4

Therefare, T < 1.395 t,'cm?
mexN

A survey of some yublished data on bulk carriers indicates
that :

i — the critical buckling stress in shear is always higher
than yielding shear stress.

ii — the minimum ratio between the thickness of side shell
plating and frame spacing is given by :

TS > 1/55 (14)

The difference between the minimum thickness given by (18)
and (14) may be attributed to corrosion allowance and local
loading.

b — Hopper and top wing tanks.

s
i

The scantlings of these tanks should also  have adequate
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strength zz=izz vielding and buckling.
Sincz =2 hoprer and top wing tanks are subjected to rela-

tively higz m:-mal siresses. induced by the bending of hull girder,

in.addition :z the hizh shear stresses, the minimum thicknesses of
plating shz:Z e detzrmined from the following two conditions

1 - .

1. adequatz sozngth against buckling

The ccniizion of critical buckling of a panel of plating under

combined s2zz: and rormal compressive stresses is given by 4] :

)
Lo

where, T T for a panel under pure-shear loading.

¢ = nrnormal compressive stress.
c_ = critical compressive stress.
- L - -

i adeqﬁaie s:ength’ agaivst yielding

This-cc=.Z be zchieved. using  an: equivalent .stress. critetions.
such as that ="z by von Mises [§]

o < 0
S Y

where - = \ o



Theretore, the limiting shcar siress could be determined in

terms of thc longitudinal and transverse stresses as f{ollows :

7
max

! 2 2 2 :
i, (15
A \/ ’y X oy t 9. °y (15

For the special case when:

and o, = 1.5 t/cm=

the limiting shear stress in the hopper or top wing tanks is

given by :

< 108 tjem?,
max

5) Approximate formula

Since the computational procedure is rather lengthy and
require_é a digital computer, a simplified expression is'developed to
give an- approximate value for the shear stress in the side shell

plating, where the maximum shear stress is expected to.occur.

The matimum shear stress in the side shell plating, at the

neutral axis, is given by :
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Yb‘ = distance of ncutral axis from Dbasc linc.
Yrom the various ship sections investigated, it is found that :
Y. = 043D
by L= 0.43
L

where D = ship depth.

Howee, & = D.T, (0.170 B 4 0.092 D) + B. (00196 B.T

h
n .
+0.1 D.TT) 4+ 03 DH., X Ti (18)
i==1
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 ccnfigurations and the results are
ccmpared with computer results. The difference, in general, .does

rot exceed 1 9,

6) Concluding Remarks.

From the various calculations and analysis of results, the

following main conclusions are drawn up :

a. The structurzl 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

Lhopper and top wing tanks,
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b. The hopper and top wing tanks may be siTiected to
tnfavourable stress conditions because of the additiczzl stresses

induced by local loading and hull girder bendi'ng;

c. The side shell between the hopper and top +wing tanks

carry about 35 9 of the total shearing force.

d. The hopper and top wing tanks carry abou: 659 of

the total shearing force.

e. The double bottom does not contribute signiZicantly to

the shear carrying capacity of the ship section.

f.  In order to have adequate stiengih against tuciling, the
frame spacing should wot be more than G0 times the tiickness of

the side shell plating for steel shijs.

g. In order to have adequate strength against vielding, the
maximum shear stress in the side shell plating should not exceed

1.395 t/cm?.

h. The minimum pliting thicknesses in the hcpper and top
wing tanks should be determined from' the conditions of yielding

and buckling under combined normal and shear stresses.

i, In spite of the complexity of the structural configuration
of a bulk carrier, the simplified expression, given i the text,
could be used for calculating the maximum shear stzess in the
side _shell plating. Thre results of this expression are -within 1 %

of computer results.
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