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On The Optimization of Shear Carrying

Material of Large Tankers

By M. A. Shama!

The effect of longitudinal material distribution in a ship section, on shear stresses in and
shear deformations of side shell and longitudinal bulkheads, is investigated and dis-
cussed. The investigation is concerned with large tankers having three longitudinal bulk-
heads and is carried out in the form of a parametric study. The resuits are given in terms
of ship depth, thickness of side shell plating and the longitudinal vertical shear force of
the main hull girder. An opftimization procedure for calculating the optimum distribution
of the shear carrying material of a hull girder is presented together with a numerical ex-
ample. The calculated optimum distribution of the shear carrying material satisfies both
strength and stiffness requirements. it is concluded that the relative values of the effec-
tive thicknesses of side shell and longitudinal bulkheads, as well as the transverse posi-
tion of side longitudinal bulkheads, have a marked influence on the magnitude of the

maximum shear stress and deformation in a ship section.

It is also shown that an optimiza-

tion procedure for the shear carrying material of large tankers could be achieved without
violating the requirements of Lloyd's Register of Shipping Rules for 1968,

Introduction

THE STRUCTURAL DESIGN of a ship section is mainly
governed by the various forces and moments resulting
from the local and general loads acting on the main hull
girder. The accurate assessment of these various types
of loads is a difficult task and has not yet been fully
solved. This is simply because the nature and causes of
some of these loads have not been accurately determined,
such as the residual stresses resulting from cutting, weld-
ing and assembly operations.

However, this problem has been partly solved by the
classification societies, which have produced rules for the
structural design of several types of steel ships. Never-
theless, the design of a ship section, according to these
rules, neither gives the least weight structure nor how
much extra material has been put in the structure. Much
research work has been carried out in this direction aimed
at the determination of the optimum design of a ship see-
tion without violating the requirements of classification
societies.

The optimum structural design of a ship section should
yield the lightest structure satisfying both strength and
stiffness requirements, under the assumed worst loading
condition. The optimization process, therefore, results
in an efficient distribution of all the effective material in
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a ship seetion with a subsequent valuable saving in the
required amount of steel.
The optimization procedure could be carried out for:

i. several local structural details, and/or
ii. a ship section, or
iii. a certain length of the ship (e.g., a cargo tank
length in an oil tanker).

The first problem is a simple one, but may not result in
the optimum design of the main hull girder. The second
problem is a two-dimensional one and could be easily
solved using a parametric study. This problem could be
simplified by optimizing, separately, the material re-
quired to carry the local and general bending stresses and
the material required to sustain the shear stresses of the
main hull girder. However, the resulting optimum ship
section may necessitate increasing the scantlings of the
supporting transverse members. In order to overcome
this problem, the optimization procedure should be car-
ried out for the three-dimensional form of the structure,
such as for a cargo tank length of an oil tanker. This
problem could best be solved using the finite-element
techinique.

In this paper, the effect of material distribution in a
ship section of a tanker having three longitudinal bulk-
heads has been investigated with reference to:

a. Shear flow distribution around the ship section.
b. Magnitude of the maximum shear stresses at the
neutral axis of the ship section.
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c. Pa.rti":'xpn.(.ion of longitudinal bulkheads to the
shear carrying capacity of main hull girder.

d. Shear deflection of side shell and longitudinal bulk-
heads.

The results of this investigation are used to determine
the optimum distribution of the shear carrying material
of the main hull girder. This optimum distribution, is,
in effect, a compromise between the configuration having
least shear area and that yielding equal vertical shear
deflections for side shell and longitudinal bulkheads.

The optimized shear carrying material not only pro-
vides adequate effective shear area but it also provides
sufficient effective material to carry the local and bending
loads. This has been achieved by satisfying the require-
ments of Lloyd’s Register of Shipping Rules for 1968.

In order to carry out the optimization procedure, the
shear flow distribution around a half ship section due to
a longitudinal vertical shear force is computed. Subse-
quently the maximum shear stresses in and shear deflec-
tions of side shell and longitudinal bulkheads are calcu-
lated. These calculations are based on the assumptions
that a ship section is symmetrical about the vertical
centerplane, that the section is not subjected to any tor-
stonal moments, and that the longitudinal vertical shear

force is uniformly distributed in the trausverse direction. .

The calculations were carried out in the form of a
parametric study using the Alexandria University IBM
1620 computer. The actual plate thickness is replaced by
an effective thickness so as to take the contribution of the
stiffening members into account. The main parameters
used are: the effective thicknesses of side shell, longi-
tudinal bulkliead, bottom and deck plating, transverse
position of side longitudinal bulkheads, and the breadth/
depth ratio. From this parametric study the shear flow,
shear stress, shear deflection and shear carrying capacity
of side shell and longitudinal bulkheads are represented
by nondimensional coefficients. The effect of variation
of each individual parameter on the magnitude of the
maximum shear stress in, on the shear deflection of, and
oii the shear carrying capacity of side shell and longi-
fudinal bulkheads is computed and analyzed.

Using Lloyd’s Register Rules for 1968, and the com-
puted nondimensional coefficients for the shear stress
and shear deflection, a relationship between the longi-
tudinal vertical shear force and ship depth is obtained.

This relationship is represented graphically for several

values of the chosen parameters. I'rom these curves, the
optimum distribution of the shear carrying material

could be determined without violating the requirements.

of Lloyd’s Register Rules for 1968. A numerical example
is presented to show the importance of the optimization
procedure. _

No attempt is made here to investigate the effect of
shear deflection of side shell and longitudinal bulkheads
on the strength of transverse members.

The importance of this investigation arises from the
fuct that the recent, increase in tanker size is cffectively
achieved by tncreasingghip breadth, since the increase in
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ship depth is 'cohl\glled by the draft limitations and the
inerease in ship length is controlled by, among other fac-
tors, building costs as well as dry docking. However,
the increase in tanker size is associated with a correspond-
ing increase in shear force, bending moment, hull girder
deflection in addition to the increase in the local hydro-
static loading. Therefore, it is of utmost importance to
provide adequate cffective material in the deck, bottom,
sides and longitudinal bulkheads to carry the local hy-

drestatic loading as well as the shear force and bending,

moment of the main hull girder. The provision of this
effective material in the deck and bottom is catered for
by the increase in ship breadth and also by increasing the
plating thicknesses and associated longitudinal stiffeners.
On the other hand, because of the limited increase in ship
depth, the provision of adequate effective material in the
sides and longitudinal bulkheads could be achieved either
by increasing the thicknesses of plating and associated
longitudinal stiffeners or by optimizing the distribution
of the shear carrying members. The latter approach is
the main objective of this investigation as the increase iu
plating thicknesses and associated longitudinal stif-
feners, for side shell and longitudinal bulkheads, may
produce an inefficient and heavy structure,

Calculation of the Sh.ear Flow Distribution in a
Ship Section of a Large Tanker

The main assumptions and method of caleulation of
shear flow distribution in multicell box-girders are given
in detal by Williams {1].> The application of these
methods to the structural design of oil tankersis given in
refevence (2] for tankers having one centerline longitudi-
nal bulkhead and in reference (3] for tankers having two
longitudinal bulkheads. The following -analysis is con-
cerned with large tankers having three longitudinal bulk-
heads: .

In order to calculate the shear flow distribution in a
complicated structure such as a ship section, the stif-

fened plating in the section (deck, bottom, sides and.

longitudinal bulkheads, which will be designated by D,
B, S, C and L respectively) is idealized by an effective
plating. The thickness of the latter is defined as “effec-
tive thickness” and in fact takes all the longitudinal con-
tinuous stiffening material into account. The idealized
ship section (see IFig. 1) is therefore a 4-cell box girder
made of unstifiened panels. The geometrical properties
of the ship section should be maintained in the idealized
4-cell box girder. The computation of the effective
thicknesses of the idealized structure is as follows:

o-u+ (B3],
= {

where
j=D,B S CorlL
{; = effective thickness of member j

? Numbers in brackets designate References at end of paper.
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It is shown in reference [4] that the errors resulting
from this idealization are very small, and in fact could be
neglected in the course of this parametrie study.

The shear flow at any point 7 in a ship section is given
by

4 =

i 1
o )
Using nondimensional coeflicients, the first and second

moments of area of a ship section are given by:

Qi = d)iDz['a'
I = yD¥,

see Appendix 3

see Appendix 1
Substituting these two values of @; and I into equation

(1), we get
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where ¢, ¥ and w; are nondimensional coefficients for the
first and second moments of area of a ship section and for
the shear flow respectively. Their values are entirely
dependent on the geometry and scantlings of the ship
section.

The assumed shear flow distribution around the
idealized structure, as given by equation (2), distorts the
cells HBDI and AHIE by angles 6 and 6. respectively,
Fig. 1. Since it is assumed that the ship section is not
subjected to any torsional moments, correcting shear
flows (g.)1 and (¢.)» should be applied to these two cells in
order to satisfy the geometry of the structure. The cal-
culation of these correcting shear flows is given in Ap-
pendix 2 and is given by:

(@) = w, ‘l; (=12 ®)

where w; and w, are nondimensional coeflicients.

The actual value of the shear flow at any point 7 in a
ship section is the resultant of the assumed shear flow, as
given by equation (2), and the correcting shear flow, as
given by equation (3). For members HB, BD and DI,
the resultant shear flow is given by:
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(@)r = ¢: — (goh
For member HI, it is given by:
(@)r = ¢ — (gh + (g0
For members AH and IF, it is given by:
(¢)r =

For member AL, it is given by :

qi — ((Ic)z

(a)r = q: — 2(qe)»
Therefore, for points C, S and L, Fig. 1, the shear flow is
given by:

3

F
ge = 2(ge)2 = we

D (4a)

Al

We = 21
W = W — Wy
Wy = di\ — U
2
and
28 2 _
¢ = 7,7 - % (e + 2yr + 2) see Appendix 3

Calculation of the Maximum Shear Stress
in a Ship Section

Although the caleulation of shear flow distribution
around a ship section is based on the concept of an effec-
tive thickness, the computation of shear stresses is, in
fact, based on the true thickness of plating.

I
qr = (geh — (ge)2 = wy D

s = (s —

F
(ge)r = ws &

(4b)
mum.

(4c)

given by:

The maximum shear stress occurs at the neutral axis
of the ship section, i.e., where the shear flow 1s maxi-
Trom Fig. 1, it is shown that the highest values
of the shear stress will be at points €, L and S and are

where wg, 1, and wg are nondimensional coeflicients, and _ s v =
. T = i=0CLN) 6
are given by i
Nomenclature
A = arca of a section (q¢)m T = Ilp/ip
A, = web area of a ship section (qL)m mean shear flows for center- yr = ln/ts
d4 = elementary arca (q5)n line and side longitudinal Yo = to/ls
B = ship breadth bulkheads and for side shell 7 = Ip/ts
D = ship depth plating respectively « = normalized distance of side
d = ship draft (gi)y = shear flow for member 7 at a longitudinal bulkhead from
F = Jongitudinal vertical shear distance y from ship sec- the longitudinal centerline
force tion neutral axis of ship
Fe, I, = shear force carried by center- R = A./Dis 8 = normalized distance of sec-
£s line longitudinal bulkhead, AS = elementary length on perime- tion neutral axis from base-
side longitudinal bulkhead ter line
and side shell respectively t = thickness v = B/D
G = modulus of rigidity Lp, ls,] ¢ = nondimensional coeflicient of
I = second moment of area of a i, le,r = effective thicknesses of deck, second moment of area
ship section about its own tSJ bottom, side longitudinal p = nondimensional coefficient for
neutral axis bulkhead, centerline longi- shear stress
Ke, A:L' \k = nondimensional coefficients of fudinal b-ulkhend m.)d side r; = shear stress at point ¢
Ks shear forces carried by cen- o shell plating respectively ¢ = nondimensional coefficient for
terline and side longitudi- f, Iey| actual thicknesses of side first moment of area
nal bulkheads and by side t'qj longitudinal buikhead, cen-~ 71, 72 = nondimensional coefficients
shell respectively terline longitudinal bulk- # = angle of twist due to assumed
L = length of ship head and side shell plating shear flow
Q; = first moment of area above respectively 6. = correcting angle of twist
point ¢ about neutral axis v = rate of shear deflection A = vertical shear deflection
of ship .\‘ectim’} i VL, Ve, | ) ) " ) 5, = nondimensional coefficient
qi = shear flow at point ¢ o vs = 1at(? of shear deﬁe?utlon f().l » — nondimensional coefficient
(q:)» = resultant shear flow at point < side and centerline longi- n
gi; = shear flow at point 7 in mem- tudinal bulkheads and for Hl "L('.’j = shear deflection coefficients
ber ij side shell respectively s for side and centerline
((10)11 _ ecti hear flow w = nondimensional coefficient of longitudinal bulkheads and
(ge)f correcting shear Hows shear flow for side shell respectively
MARCH 1971 77



In order to determine the nondimensional coeflicients
of the shear stresses in side shell and longitudinal bulk-
heads, it is assumed that:

ic/ls = ye (6a)

and
ifis = yr (6b)

This assumption does not have any effect on the sub-
sequent calculations and analysis, and in fact its main
purpose is to reduce the number of the parameters used
in this investigation.

Substituting equations (4) and (6) into (5), we get

I

Py Dl (¢=0C1,8) 0

T =
where pe, pz, and ps are nondimensional coeflicients for
the maximum shear stress in the centerline longitudinal
bulkhead, side longitudinal bulkheads, and side shell
plating, and are given by:

pe = we/ye (8a)
pr = wr/Yr (8v)
ps = Ws (SC)

The values of pe, pr, and ps are entirely dependent on
the geometry and scantlings of the ship section. The
effect of variation of the various ship section parameters
on py, (¢ = C, L, S) is shown in Iigs 2, 3, and 4.

I'rom the shear-stress distribution over the side shell
and longitudinal bulkheads, it is possible to caleulate the
partieipation of the longitudinal bulkheads in the shear
carrying capacity of the main hull girder; see Appendix
4. )

The shear forces carried by side shell and longitudinal
bulkheads are given by: :

Fo=KF@G=3810C) )

The values of Ky, (i = S, L, C) arc entirely dependent
on thie geometry and scantlings of the ship section. The
effects of variation of the various ship section parameters
on K,, (+ = 8, L, C) are shown in Ifigs. 5, 6, and 7.

Calculation of the Vertical Shear Deflection
of Shear Carrying Members

The bending deflection of the main hull girder, in the
longitudinal vertical plane, depends mainly on the dis-
tribution of load and stiffness of hull girder throughout
the ship length. This deflection could be assumed {o be
uniform throughout the ship breadth. On the other
hand, the shear deflection of the hull girder, in the longi-
tudinal vertical plane, is not uniform in the transverse
- direction, since this defleetion depends on the magnitude
and distribution of the shear stresses in side shell and
longitudinal bulkheads. The difference in the vertical
deflection of side shell and longitudinal bulkheads may
cause the ship'section to distort as shown in I'ig. 8. The
distorted shape, however, depends mainly on the relative
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magnitude of shear deflections of the shear carrying mem-
bers and the stiffnesses of the intersecting transverse
members [5]. Therefore the nonuniform transverse
vertical deflection may induce additional forces and
moments to the attached transverse members.

Reference [6] indicates that the shearing deformation
of transverse rings induces stresses in the lower transverse
members on tie order 20-30 percent of those induced by
direct loading. In fact this percentage could be higher
under certain conditions of loading. Consequently, in
order to have a rigorous solution for the strength of trans-
verse rings of tankers, the vertical deflection of the shear
carrying members should be taken into account. This
particular problem is outside the scope of this paper and
should be investigated sepurately. In the following
analysis, however, the relative vertical shear deflections
of side shell and longitudinal bulkheads are determined
and the influence of the various ship section parameters
on these shear deflections is studied.

The shear deflection of a member is calculated using
the energy method.-as follows [1]:

1 (AL
ipa = T \44
2FA Lﬁ 2<G>d dz

Hence
1 z A A
- = 2 .
A 7C j; j; 72dA dx
and
1 A
= = 2dA
. mﬁf‘
where '

A = vertical shear deflection

-
dz

The shear strain for side shell and longitudinal bulkhead
is given by:

r

V{=I»‘(G'_A" (i=S,L,C)

(10)

where pe, ur and ug are nondimenstonal coefficients given
by:

_ )\('I{(

o= (= 81,0

(1)

where Ay, (z = C, L, S) are coeflicients depending on the
shear stress distribution along the member, 4, A¢, 4,
are the effective shear areas for side shell and longitudinal -
bulkheads respectively, and

R A, = ZAL + 245 + Ac

Ks, K, -and K, are shear force coefficicuts and are
given in Appendix 4.
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The effect of variution of the various <ship section
parameters o g, (7 = (', L, 8) is shown in Iigs. 9, 10, 11.

Optimixzation of Shear Carrying Material

The optimization procedure is simed at the calculation
of the minimum total sectional arex of the shear carrying
material, such that:

i. The maximum shear stress in the ship section does
not exceed a certain allowable value.

ii. The vertical shear deflections for side shell and
lougitudinal bulkheads are equal.

80

The optimization procedures according to tvems (i) and
(ii) ave treated separately, as follows:

(a) bpﬁmizaﬁon of the Shear Carrying Material Using
an Upper Limit for the Maximum Shear Stress

This could be achieved by satisfying condition (i) only,
ie. o '
£ 74

Tt N

(=510 (12)

where 7, is'the maximum allowable shear stress (it varies
between 6.0 and 7.0 kg/sq mm).
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From equations (8), substituting r, for the shear stress, S 4559 + 1.11 L
‘e get: ' . e
we ge . S = spacing of longitudinals
v Ta - . , -
Pm.x s ; Dts (‘L = S, L, C) \13) HG‘A]CB N
The minimum thickness of side shell plating is determined Di = S + 150 \'—-d D m mm @
640 ) '

from the rules of classification societies. Using Lloyd’s
Register Rules for 1968, the minimum thickness of side
shell plating,within 0.4 L amidships, when longitudinally
framed, is given by (D 5301) as follows:

S + 150 }% i

ls T 640

where
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The relationship between the ship depth D and the prod-

uet DI, could be determined from expression (a) as fol-
lows:

Dlg =mD /D )]
where '
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~ and Therefore, for any ship section configuration having a
d L i depth D the maximum allowable shear force which will
[= DD not induée shear stresses in side shell or in the longitudinal
bulkheads. greater than the maximum allowable value
Substituting for Dis from (b) into (13), we get: could be determined from (14). However, expressions
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(14) could be represented graphically for several condi-
tions of the ship se¢tion. The optimum configuration for
a ship having a depth D and subjected to a maximum
shear foree ..« could be determined from these curves.

. A sample of thesé curves is shown in Figs. 12, 13 for the
following conditions:

Fig i2: B/D = 20, tD = lp, LB/LS = 1.4., lC/LS = 1.0
and 1.4, o = 0.2, f = 100, lL/ts = 06, 1.0
and 1.4
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Yig. 13: B/D = 2.0, tp = in, lo/ls = L4, {c/ts = 1.0
and 14, « = 0.3, f = 10.0, {,/ts = 0.6, 1.0
and 1.4

In these curves, if f # 10.0, the magnitude of the shear
force should be corrccted as follows:

(F)ewncud = F‘\}i%
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These curves are very useful to determine the optimum

ship section configuration that will not induce shear

stresses greater than a maximum allowable value. In
addition, these curves could be used to determine, for
any ship section confguration, the maximum allowable
shear force which will not induce shear stresses in side
shell or in longitudinal bulkheads gieater than a maxi-
mum allowable value.

(b) Optimization of the Shear Carrying Material with
Regard to Vertical Shecr Deflection

This could be nchieved by satisfying condition (i) only.
This condition infers that the vertical shear deflectious of
side shell and longitudinal bulkheads must be equftl
Assuming that:

= R'DZS
and then substituting in equations (10), we get:
Uy Hi .
2= — =S, LC 15
= e G=SL0O) (15)
where & = nondimensional coefficient > 1.0.
Substituting expression (b) in (15), we get:
v K . 1 4 .
f— .. ! = (=20, 1,8) (16)

F GRmD NfD
Therefore, for any ship section configuration having a
depth D the vertical shear deflection per unit length of
side shell and longitudinal bulkheads could be calculated
“from (16), when the shear force I is knoi\'n. Ixpressions
(16) could. be represznted graphically for several condi-
tions of the ship sec:ion. The optimum configuration

could be determined ‘rom these curves for any ship hav-
ing a depth D, length L, and draft d.
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A sample of these curves is shown in Figs. 14, 15, and
16 for the following conditions: :

Fig. 14 B/D = 2.0, lp = lp, ly/ts = 14, Lc/ts = 0.6,
l/ts = 0.6,1.0and 1.4, « = 0.2and 0.3, 5, =
10, R = 2.0, f = 10.0

B/D = 20,1, = Ly, ta/ls = 14, lc/ts = 1.0,
L/ts = 0.6,1.0and 1.4, « =0.2and 0.3, 5, =
1.0, R = 2.0, f = 10.0

B/D = 20, lp = lp, lp/ls = 14, t:/ls = 1.4,

L./t = 0.6, 10and14 a = 0.2and 0.3, 3,
10, B = 20f— 10.0

Fig. 16

where
5, = A,/JA.

If 6, » 1.0, the rate of shear deformation obtained from
the foregoing curves should be corrected as follows:

v v
-<ﬁ>carr¢ckd B (7;‘) /6‘

and if & # 2.0, the rate of shear deformation should be
corrected as follows:

v vy 2
(I_;‘>l:0"l:tkd B <F) >< 1-_2

These curves are very useful to determine the ship section
configuration which will approxXimately induce equal
vertical shear deflections for side shell and longitudinal
bulkheads. On the other hand, these curves could be
uxed to determine, for any ship section configuration, the
relative vertical shear deflections for side shell and longi-
tudinal bulkheads.

A numerical example for an 011 tanker is given in Ap-
pendix 5, showing the calculation of the optlmum distri-
bution of shear carrying material from the view pomts of
shear stress and shear deflections.

Rénges of the Different Parameters

The foregoing calculations were performed on the
Alexandria University IBM 1620 digital computer. The
different parameters were varied as follows:

1. Breadth/depth ratio;
3.0 every 0.5.

2. Effective thickness of deck plating/effective thick-
ness of bottom plating; i.e., {p/ts vnries from 0.6 to 1.4
every 0.4.

3. Effective thickness of bottom platmg/eﬁ’ectlve
thickness of side shell plating; i.e., {5/ts varies from 0.6
to 1.4 every 0.4.

4. Effective thickness of side longitudinal bulkhead
plating/effective thickness of side shell plating; i.e.,
/s varies from 0.6 to 1.4 every 0.4.

i.e., B/D varies from 1.5 to
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B/D =z 2.G
k‘D = Uy
. Q3 "B = ts
o =014
| —_———— o« =0.2
0.32 \ —— e+ =03
\"
A\
0.28 \ . .
V/Uc \ \ \
HOIN N
N\
1 \Y
0.20 ] .
' ] ]
0.16 ' 1
0.26 K
N
N 1
N
0.22 \ '
N b
A \
0.18 i N [ I N
oas Ny 4
0.26 1 I ] [ .
N o
NN
N
0.22 \\ %
~
P S ‘\\'\\‘1 \\' .
0.48 \\_]\~ prap
) . , . o 0 : N 1 '
L] [] ]
&/ kg 0.6 10 14 06 10 14 0.6 10 1.4
bty — 0.6 1.0 1.4

S. Effective thickness of centerline longitudinal bulk-
head plating/effective thickness of side shell plating;
i.e., tc/ls varies from 0.6 to 1.4 every 04.

6. Transverse position of side longitudinal bulkhead
from ship centerline; i.e., the normalized distance «
varies from 0.1 to 0.3 every 0.1.

Tlhe parametiic study was carried out to investigate

" the effect of varying each parameter, within the ranges
indicated in the foregoing, on the following:

a. Shear flow distribution in the ship section.
b. Maximum shear stress in side shell and longitudinal
bulkhends.
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& =0.1
—_———— s - =0.2
—_————— v =0.3

0.6 10 1.4
1.4

c. Particgpation of side shell aud longitudinal bulk-
heads in the shear carrying capacity of main hull girder.

d. Vertical shear deflection of side shell and longi-
tudinal bulkheads.

Discussion cf Results

In order to simplify the presentation of this parametric
study, only part of the results is represented graphically
in Figs. 2-7 and 9-11. These figures indicate the effect
of variation of the relevant parameters on:

i. The magnitude of the maximum shear stress in
side shell and longitudinal bulkheads; i.e., rs, 7, and rc.
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ii  The participation of side shell and longitudinal
bulkheads in the shear carrying capacity of main hull
girder; i.e., K5, K, and Kg.

iii. The magnitude of the vertical shear deflection of
side shell and longitudinal bulkheads; i.e., vs, vy, and ve.

From the parametric study, it was found that the
chosen parameters could be divided into (1) parameters
having major effects, and (ii) parameters having minor
effects. The former parameters include {c/ls, {1/lsand «,

whereas the latter parameters include {p/tls, ts/ls and

B/D.
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The effects of mcreasm«r each relevant parameter on
7 Ky, and vy, (i = C, L, S) are as follows:

1  Effect of fc/fs

The effect of variation of the parameter {/ts on 7, K,
v, (@ = C, L, S) is shown in Figs. 2; 3, and 4 respectively.
From these figures, it is evident that increasing the thick-
ness of centerline longitudinal ‘bulkhead has the follow-
ing effects:

(¢) The maximum shear stresses in C, L a.nd S are re-
duced; see IMig. 2.

'-
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ll‘ : N -
t'L/‘5;= 1.4
250
}tL/t‘.1.4_
20.0 } =1.0
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- | 1 1 ) S J
0 1 " 1 1 " 1 1
10 14 19 22 26 .
0 (mt)
Fig. 12

(b) The contribution of the centerline bulkhead to the 2 Effect of i./ts
shear carrying capacity of the main hull girder increases
very rapidly. This has the advantage of reducing the The effects of variation of the parameter £./ts on 7, K|,
shear loads carried by the side shell and side longitudinal v, ( = C, L, S) are shown in Figs. 5, 6, and 7 respectively.

bulkheads; see Fig. 3. I'rom these figures it is evident that increasing the thick-
(¢) The vertical shear deflections of C, L and S arere- ness of side longitudinal bulkheads has the following
dueced; see Iig. 4. -+ effects:
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B/D = 2.0
= tD = lB
tB/tS:.1.4
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Fig. 13

(a) The maximum shear stresses'in C, L and S are re-

duced; seeTig. 5.

)
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(b) The contribution of the side longitudinal bulkheads
the shear carrying eapacity of the main hull girder in-

\

creases very rapidly. Consequently, the shear oads car-
ried by the centerline longitudinal bulkhead andside shell
are reducéd; see IMig. 6.

{¢) The vertical shear deflections of €, I anc S are re-
duced; see Iig. 7.

JOURNAL OF SHIP IESEARCH




MARCH 1971

1.4

1.3

1.2

11

1.0

0.9

0.8
-1
2 .10

0.7

0.4

0.3

0.2

0.1

oS

B/0 = 2.0
t t
D= 8

{ t = .

B/ s 1.4

t /t = 06

e/t
§ = 1.0
R = 2.0
t =100
& =0.2

—_—_—— & = 0.3

10 14 18 22 26
L 1 | L 1 | )|
10 14 18 22 26
1 i ! 1 1 1
10 14 18 22 26
B inm (mb)

89




‘ ¢
B8.D = 2.0
SNIE . V/E v/F LA =1.4
\al \ 8 s N
\ - B
-~ \ =10
» =10
1.2 65
| R =20
=100
11
. ® £0.2
1.0
———— & »(0.3
0.9
0.8}
L
12
0.7 —
" Fig. 15
0.6
v T
Mo -
F 0
0.5p
0.4}
0.3
0.2
04} . % /¥
L 1 1 " 1 L1 1 j
10 14 18 22 26
b | I 1 1 1 1 1 J
10 14 18 22 26
! 1 1 1 1 1 1 1
10 14 18 22 26
——. "D in(mt)
3 Effect of the Transverse Position of Side Longitudinal poitions of the side longitudinal bulkheads ha+ve. a_
Bulkheads from the Ship Centerline; i.e. a marlked influence on Th K‘ and vy, (1, = C, S), wherezs its

The effects of variation of the parameter «-on 7, K, influence on 7z, Ky and v, is not very significant.

and v; (Z = C, L and S) are shown in Figs. 9, 10 and 11 - .
respectively. 4  Effect of B/D ratio

Trom these figures, it is evident that the transverse The effect of variation of the parameter B/D, w2thin
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the limits adopted in practice, on 7, K, and v, ( =
(C, L and S) was found to be insignificant. The influence
of B/D becomes significant only when this ratio varies
considerably.

5 Effect of ta/ts and to/ts

The variation of éither of {p/ts or Lp/ls causes insig-
nificant changes in r; K and v, (¢ = C, L and S). This
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infers that the variation in the deck or bottom thick-
nesses has virtually no effects on r;, Kyand v, (. = C, L
and S).

From the foregoing results and analysis it is concluded
that, in order to keep down the maximum shear stresses
and shear deflections in side shell and longitudinal bulk-
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hca.ds,' the following conditions should be muaintained:

1. The thicknesses of longitudinal bulkheads should be
increased.

2. The transverse position of the side longitudinal
bulkhead, i.c., «, should satisfy the follewing conditions:

DreLra®=0C1,8
(i1) The rclative vertical shear deflections between side
shell and longitudinal bulkheads should be minimum.

The.importance of the latter conditi- - arises from the
fact that the variation in vertical shear deflection be-
tween side shell and longitydinal bulkheads may have an
adverse effect on the attached transverse members {5, G].

In order to satisfy conditions (i) and (ii), design curves
are presented in IFigs. 12-16. I'rom these figures, given
the maximum shear force (stillwater component + wave
component) and ship section configuration, the maximum
shear stresses in and deflections of side shell and longi-
tudinal bulkheads could be determined. On the other
hand, these design curves could be used for determining
the ship section configuration that will induce shear
stresses and deflections in side shell and longitudinal
bulkheads lower than a predetermined allowable value.

However, these curves are based on an idealized struc-
ture and the simple theory of shear flow in multicell box
girders. The effects on the results of the parametric
study of transverse members and bulkheads, warping
constraints, and the nonuniform distribution of the load-
ing in the transverse direction, have not been considered.
The negleet of these factors and the degree of structure
idealization may impose some limitations on the use of
these curves.

No attempt is made here to investigate the validity of
these design curves, but this could be achieved by carry-
ing out either a 3-dimensiouxl analysis using FEN or by
Tunning a series of full-scale tests. The results of the
3-D FIEM and/or the full-scale tests should establish the
limitationus of these curves as design tools.

Conclusion

From the foregoing results and analysis, it is concluded
that:

1. The effective thickness of side shell and longi-
tudinal bulkheads and the transverse position of side
Jongitudinal bulkheads from ship centerline ~are the
relevant purameters having u significant effeet on:

(@) Shear flow distribution around a ship section.
(b) Magnitude of maximum shear stress in side
+ shell and lonugitudinal bulkheads.
(c) Magnitude of vertical shear deflection of side
shell and longitudinal bulkheads.
(d) Shear carrying capacity of main hull girder.

2. The determination of the optimum transverse posi-
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tion of side longitudinal bulkheads should take into uc-
count the followmfr effects:

(@) Magnitude of maximum shear stress in side
shell and longitudinal bulkheads.

(0) Relative vertical shear defiection between side
shell and longitudinal bulkheads.

(¢) Local and general strength of transverse mein-
bers.

(d) Free-surface effects and also constmctxonal re-
quucmcnts

3. Tor any ship section configuration, it is possxble to
determine graphically: ™ L

(a) The shear carrying capacity of the section;
i.e., the maximum allowable shear force.

(b) The relative vertical shear deflections between
side shell and longitudinal bulkheads.

4. It is possible to defermine, from a series of curves,
the optimum distribution of the shear carrying material.
This optimum distribution satisfies both strength and
stilfness requirements as well as Lloyd’s Register Rules
for 1968S.
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Appenix 1

(a) Independent Parameters Y
i. lpflsg ==z . . 7
i, tg/ls =z
G/l = v
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iv. lefls = ye
v. B/D = v

vi. Normalized distance of side longitudinal bulkhead
from ship centerline = «.

(b) Dependent Parameters

i. Distance of the neutral axis from baseline. This
is defined by the normalized distance 8 (see Fig. 1) and is
given by:

g o Lty 05ye + 7z
20+ y) + ye+ 7.(1 + )

ii. Second moment of area about section neutral axis.
This is given by:

I = yD¥g
where ¢ is a nondimensional coefficient and is given by: .
Y = 76+ 2(1 — B)*] + §{1 + y. + 0.5yc]
+ (0.5 = B)*[ye + 2(ye + 1)]

Appendix 2

Calculation of the Correcting Shear Flows

Due to the assumed distribution of shear flow, the cells
HBDI and AHIFE will be twisted by the angles 6, and 8,
respectively. Since it is assumed that there are no tor-
sional moments, correcting shear flows (¢ and (g.)» are
applied In order to satisfy the geometry of the section.
These correcting shear flows are calculated from the con-
dition that the angle of twist in each cell should be zero,
ie.

01 —_ 6:1 = 0 . (a)
03 ke 0¢ =0 (b)

where 8, and 6., are the correcting angles of twists result-
ing from the correcting shear flows (g1 and (g.)s, respec-
tively. Assuming that A, and A, are the areas of cells
HBDI and AHIE respectively, and @ is the modulus of
rigidity, then we have:

o= L 48

SV W) P

Oy = 1 H( as

Y Wel) R

31—_—_(‘7‘).1. Hﬁ_(q‘)_’ "'_3_3

¢ 2AIG I 11 2.‘110 V74 ¢
bp= Qo fF8s G [FAs (g [T As
TG T4 U246 0 246 Sy T

Assume the following notations:
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= ~
N|I>
(]
Il
|
—
+
Sl
.+
R
TN
BN~
[
R
e
TN
—
-+
L=
~—
|-
Paliv
Il
hed
a s

wt oy ls s,

Eae [ 1 IN1D . D
j‘{ = —[l L4 1+—>J~=pz—
4t YL Ye z z/ s ls

Zas 1D » D

8% A 2

a t Yels ls

and

F

(Qc)x—‘wxﬁ

F
(qc)z?wzﬁ ‘

fas_ T

10T

[ =1

£ ¢ As T

4 t ls

where wy, ws, m and 7: are nondimensional coefficients [n
aud »: are calculated in Appendix 3].

Substituting these terms into equations (a) and (b), we
get:

=]
e

m — Wips + Wapre = 0 (C)
n WD + Wal2s + WP = 0 (d)
Solving equations (¢) and (d)'for wy and w,, we get:

_ mp1z + '772771
Ws = =
mp + ps) — (P)?

m + m{m2)? + npipre
p (P2 F pa)(p)? — pilpr)?

Since the maximum shear flow occurs at points C, L and
S, we have:

w =

gc = 2(gc)z
qr = (q.:)l - (q:)z
I
= (‘wx — wy) ]—)

gs = ¢ss — (@h

©sp . E
<—‘[—/— - 1L1>D

where ¢sy 1s as given in Appendix 3.

93




Az herR@-1) +@-DFEy =P 2um ey = T

:Rg wuansb s1 <7 juod Fuo 30 % "2y mof4 4vays pownssy Y/
v -
.\}\ﬁ R0E mawt AR ST :ué:ﬁﬂ- 9
.\\c\T o) M+FQ|$H+«uuN +Fmﬂlv+ nund HRT+ nv + mmalc + n J(E+752+ anw Y, fadaym

S m
ER fw 3oy = & r% 2 2avy am ‘aygD] 243 woiy
hl 2,

G+ %o+ % vmw: + 4% g Y485+ Rz+ R+ 2/d28 ¢\k§+,_m«+ umi. iz S
v/,d(ht+R)+ z/dz) sa

-Hdzgl 10

A _O(Ry+Ry 2L —E g/ 0+ Eydzy+ w4 (ho+7R vo- )

(G .ﬂvmulmia ) SCh (o-12 e Bdz v v v/,d(hv+R)+ dz9 0 al
A2 Th/d A /9 "R ZZEI AL

tubndm_‘ + N#\umﬁur.huc Z/4% z/d290 + .v\a&um _ dzgo| 31

v/,6 h 13

> R 544 % z/ % ¢ v/%hd| 93

5 v/(d- 1 +RT + R+ B8 -1)ZX

v48-E +Rsr R v @-D | -0 /8- XE T RTRY+(d-1)5E; v s A 5
Y/ d-1Xhr+7R)+ Z/d-1)2x) sa

Zxy (v-%)d-1)| HE

(- 5E-DE+ @-Do-EX Rz EE| —ZX_|nr Lygoys +v4d- DRz +R)

; ate : Y| G |2 Iz Y N S — o
(-2 R/g-1 9/,(d- 1"k z/0d-1) R 2/f8-TR[ H

v/8-1h -DZX vH

8- : +NH¢\@-C nba zx/9%0 T/(d-4)Z X900 + *\«alzum /8D + (8-DZX)%

@-DZxX)Y| Hy

-0 | FBre-n 9/,8-1% vg-0h| z/ge-0R] o

al /b WP\P S;-al/b Si07% =7 S0/ | e
d5789°2 a/ge 20377 2 4 Hagad

uolNqiysiq Mo|q 1p3ysg

¢ Xipuaddy

JOURNAL OF SHIP RESEARCH

94



Appendix 4

Calculation of the Participation of Side Shell
and Longitudinal Bulkheads .in the Shear Carrying
Capacity of Main Hull Girder

The longitudinal vertical shear force is assumed to be
carried by the side shell and the longitudinal bulkheads.
Hence

= 2Fs+ 2F, + F,

where
Fg =K -
Fp = 4
= K.F

The participation of the shear carrying members, i.e.,
Fe, Fy and Fg, is given by:

(1-8)D
Ie =f (QG)de/ = (QC)mD
—8D
(1—-8)D
P, = f (02)4dy = (@)D
. —-8D
(l—8)D
s = f @y = @D

where (g¢)m, (qr)m 2nd (gs). are the mean values of the
shear flows for members IH, DB, and EFA, respectively
and are given by (sece Fig. 1):

(9e)m = %[8(gzc) + (1 — BY(gac) + 2(g¢)r]
(QL)m = “ﬂ(m) 4+ (1 - ﬁ)(QHL) + O(QL) ]
(QS)m = %[B(QDS) + (1 - ﬁ)(ﬂns) O(Qs) ]

Substituting for the shear flow values from Appendix™3
we‘_ge_t:

(@o)n = = ,ﬁ:{[ﬂ’ + 1= 5.)’] - wc}g
(g2)m = {wz, _g_Z/ B+ (1 - 5);]}%‘;

(@s)m = {(% (8% + z(1 — B)?) + (yc ;ro -yL>

X 16+ (1 — o] + 22

2
+ gi (e + 2yL+2)>51—b.— wl}g

Hence, the shear load coefficients for side shell and
longitudinal bulkheads are given by: .

Ks= {”" [6* + 2(1 — B)] + <y° “;f“)

b8, 1
><[53+<1—ﬁ)*1+.%§+ g <yc+2yL+z>}$ —w
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I\c—lwc—ﬁ[ﬁ"{ (1 — By}

m=m¥%W+U—W]

Appendix 5

Caiculation of the optimum distribution of the shear
carrying material for an oil tanker having the following,
particulars:

L=2700m, B =41.5m, D =216m,
d=159m, ¢, = 0.815, dwt = 120,000 tons,
A = 149,000 tons .. '
Assuming the maximum shear force ' = 13,000 tons
_ 159, 270
— = 0.29
T 2167 216

!o.

B/D = = 1.92

o

1.6
Assuming that +, = 6.0 kg/sq mm
tD = tu and tﬂ/tS = 1.4

{a) Optimum Ship Section Hoving Least Shecr Arec

The optimum ship section having least shear area should
satisfy the following condition:

TS T TL = T¢ S Ta
and could be obtained from 1*1% 12 and 135 as givern in~
Table 1.
Table 1
lc/ts
1.0 ] 1.4
’ «a=02] a=03|a=02 «=0.3
(L/ls
s § e 0.60 0.50 0.700 0.6
2 $ T 0.65 0.78 0.615 0.6
< ra 0.97 1.50 | 0.8 1.07
(e +2)/ts } 2,94 | 40 | 3.1 3.5¢

From the foregoing table it is shown that &z optimwm-
ship section configuration having least shear arez 1s
achieved when:
tC/tS = 10, tL/ls = (0.97 and « = (02
(b) Optimum Ship Section Configuration Induding Squel
Verticol Shear Deflections for Shear Carrying Memters,
The ship section configuration that induczs zzual veri-
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cal shear deflections for side shell and longitudinal bulk-
heads could be obtained from Figs. 14, 15 .and 16 as given
in Table 2.

Table 2
le/ls
v X 0.6 1.0 14 :
(1/F I
X 10| . a = a = a = a = a = a =
s | 02 ] 03 02 0302/ 03
vs 10,302 1 0.206 | 0.275 | 0.275 | 0.200 | 0.252
vy | 0.6]0.322 | 0.316 | 0.256 | 0.257 | 0.235 i
“ve 0.350 | 0.406 | 0.31% | 0.341 | 0.277 i
vs 0.260 | 0.250 | 0.242 [ 0.236 ; 0.2:31 | 0.220 |
vr ] 1.0]0.235 | 0.252 1 0.230 | 0.250 | 0.208 | 0.207
ve 0.317 ¢ 0.350 | 0.275 | 0.296 { 0.241 | 0.257
vs 0.232 | 0.249 } 0.220 | 0.210 [ 0.212 | 0,108
vy, 1.4 10212002001 0,593 10,1951 0,178 0,178 ¢
ve (278 00313 10,2492 00268 10,215 0,285 :

From the foregoing table it is shown that the ship section
configuration that produces, approximutely, equal verti-
cal shear deflections for side shell and longitudinal bulk-
heads is given by:

lefls = 14, (L /ts = 0.6 and « = 0.2

I'rom the results obtained from (a) and (U) it 1= shown-

that the ship section having least shear area is not neces-

sarily the ship section that gives equal vertical shear

deflections for the shear carrying members.
Nevertheless, the optimum ship section that satisfies,

approximately, the strength and deflection reguiremerits,

is given by:

te/ls = 1.4, i /ts = 0.85 and « = 0.2

It should be noted that the foregoing values are ob-
tained on the assumption that the maximum allowable
shear stress =, = 6.0 kg/sq mm. However, the corre-
sponding values for different values of 7, are as follows:

t. 7, = 7.0 kg/sq mm

le/ly = 1.2, I /ts = 0.73 and « = 0.2
il. 7, = 8.0 kg/sq mm

le/ts = 1.05, {/ts = 0.638 and « = 0.2

ili. 7o = 9.0 kg/sq mm

tc/ts = 0.935, {,/ts = 0.567 and a = 0.2.~ .
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However, the minimum thicknesses of side shell ind
longitudinal bulkheuds determined from Lloyd’s Register
Rules for 1968 are as given in Table 3.

Table 3

FraMe or LONGITUDINAL Is lc and 1, Ic/ly and
SpaciNg, mm mm mm 1L/l

K00 20.9 13.3 0.637

900 Io23.1 14.4 1 0.625

1000 P25.3 16.0 0.632

! 1100 o274 17.6 0,642

From this table the mean value of T¢/ls and I./15 is ap-

.proximately 0.635.

Assuming that ./l = t./tsand1c/ls = to/ts, then, ac-
cording to Lloyd’s Register Rules, we have

tefts = lc/ts = 0.635

Consequently, for the tanker under consideration, if the
maximum shear force is 13,000 tons and =, = 6.0 kg/sq
mm, the effective thickness of the centerline longitudinal
bulkhead should be increased in order to reduce the
maximum shear stress in the centerline longitudinal bulk-
head, and alzo to regluce the relative vertical shewr de-
flections between the side shell and longitudinal bulk-
heads.

A comparison between the vertical shear deflections,
computed from the thicknesses obtained from the opti-
mum ship section and from Lloyd’s Register Rules, is
given in Table 4.

Table 4
v I Fros Ovriviyn From Lrovw’s
mm m ! Sure SkcTioN Reaister (1068)
vs 0.323 ) 0.344
ve 0.303 0.346
ve 0.339 0.409

TFrom the foregoing results it is evident that in order to
obtain equal vertical shear deflections, the effective
thickness of centerline longitudinal bulkhead should be
increased. However, the corresponding increase in the
weight of this bulkhead should be balanced with the cor-
responding savings in the weight of the transverses.
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