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FLEXURAL WARPING STRESSES IN ASYMMETRICAL SECTIONS

Fi. A, SHAMA
Basrah University

ABSTRACE

The Zaxural werping stresses induced
unifc= members having asymaetrical
sections zre examined. Various cases of
suppory -mditions are considered. The
effect o= warping siresses of sapport
conditiczz and scantlings of section are
investiz=tzd, A design criterion based on
the provizion of adecuate strength and
stability Is suggestved and an illustrat-
ive numezi:zl example is given.

It iz zhown that the proposed method
gives res.lis in good zgreement with the
resulis cf Toth finite element method and
model tests

5

1. INTRODTZION

Fabriczted asymmetrical sections are
widely ussi -y shipbuilders for longitud-
inals, girizcs,etc. since they are gener-
ally wmore z:cnomical to produce than sym-
metrical sztions. This economy of prod-
uction cot’i be further improved by using
" automatic w=lding [1].

Horizc=z:z1l girders in oil ‘ankers are
nade asymmstrical so as to reduce the
amount of s zdge accumulated over the top
surface of T2 web plate. In bulk carrie~
rs, horizc-=l girders are 2250 used for
similar rezs:zs,

Asymmet=i-2l sections, however, are
not structo=zily efficient [2,3,4] becau-
se of the ltional flexural warping

stresses i ed by torsional loading.
fhe Yatter z=zults from the offset posit-
ion of the =:z2r centre associated with
asymmetric:z" :zz2ctions. .
This pz:+T i8 concerned with the cal-
culation ¢ flexural warping stresses
induced in v=:<orm members having asym-
rmetrical s isng and the provision of a
design critzziza suitable for these sec-
tions. .
2. FIGXURAT I7=3SSES IN UNIFORM MEMBERS

The totzl Ilexural siress,.at any
boint, in 2 w=i<orm longitudinal member
haying an es;z=etrical section, under
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guesi-static conditions, is given by (5] :

0& = OH,+ Os + Ow (1)
where: OT = total' stress,
Oy = hull girder stress,
Oy = local fiexural stress,
Gg = flexural warping stress.

The decign of these members is norm-—
2lly based on the condition that ¢ »ro-
dauces neitfner yielding nor instability.
fhis could be achieved by the proper se-
lection of scantlings so as to sustain
the maximum value of oy without failure.
Much work has been done by classificetion
societies on the calculation of Wil gir-
der and loecal siresses. This paper, ther-
efore, is devoted to the calculation of
flexural werping stresses.,

%, ¥LEXURAL WARPING STRESSES, O

Flexural Qarping stresses induced in
2 wniform member having an open secvion -
cen be calculated as follows (el :

UW = l-- E.¢.W . " dz
engle of twist, @ = ~—g
modulus of elasticitgx

- (2)

1

where: ¢
E
W

.non

Thus, for the outer (o) and inner (i)
points of the face plate, Ty is given by:

(OQ)r = - E'&’;r y T =0,1 (3)

Since "w" varies linearly over each
elezent of the member, o, wili behave si-
milarly, as shown in fig.(1). It is evid-
ent tnhat o depends on the principal sec—

torizl coordinates of the section arnd
1t

$. The former may be calculated as-given

by Shema [7] 2nd the latter could be dot-

ercired from the solution of the gencral
torsion equation [§]: -
A | he
C.g - Cyf= T . (4)
where:  C = GJ, ‘= torsional Tigidilz,
C1= EJV = warping rigidily,
G = modulus of rigidity,

principal sectoria; coordixate -
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J,= torsion constant of seciion,
Jw= warping constant of section,
Tx= torsional moment.

Torsional loading results frcz the
presence of the shear centre C' cx the
opvosite side of the face plate, see fig.
(2). If the member is an integral part of
a stiffened panel, C' should lie within
the plating, as the latter cannot deform
in its own plane.

Therefore, for uniform laterzl load-
ingz, q, the torsional moment, Tx’ is
given by :

T = M_ + qex (5)
X (o]
and the solution of eguation (4) is given
by ¢ ..
B = Ao +A1sinh kx + Azcosh kx + Mo(kx—
- sinh kx)/kC + qexz/ZC (6

If the lateral loading is liznzarly
distributed, Tx is given by @
o= Mo+ qex2/2L (7
and +he solution of equation (4) is given
by
’ g = B, + Bysinh kx + Bzcosh ¥x + (qe/

IcK2 + MO/C)x + gex /610 (8)

where: k = VC/C1

t. and B,, (i=0,1,2) are arbitra-y con-
gtimts which depend on end conditions,

The solution of equation (6) axnd (8),
for several cases of support conditions,
are given in table (1).

4., PARAMETERS AFFECTING O

‘?he chief parameters affecting the
mezgnitude of ow are the support condit-
iors and scantlings of section. In order
to examine the effects of these paramet-
ers on. the magnitude of oy, a uniform me-
roer having the following pariiculars is

"considered : length (L) = 5200 =, face
plate (bxt,) = 250x25 mm, web plate (dx
+.) =950 “x 20 mm, outer plate (Sxt_) =
1?55x27.5-mm. For this asymmetrical “sec-
tion, the parameiers examined are : b ,t,
and t , in addition to the support cond- =
ition8S,

4,1 Effect Of Scantlings On a,

The effects of variation of b, tf and
4, are given in table (2). The <o%2l loc-
aY stress, o, = + 0., is alsc given
for the imner edge of the face plate.

‘It is evident from table (2) that in-
creasing t 6 has a significant eifect on
0,s increaSing t, has a much less effect
and increasing b~has a negligible effect.

4,2 Effect Of Suppor¢ Conditions Cn O;
Tﬁe influenée of support coiditions

'on the magnitude of o, is examined and
the results for the pgrticular cage of

uniform loading are given in table (3),
The unconstrained warping condition is
included in table (3) so as to extend th
scope of comparison, as it is not common
in practice. It is evident from +able .(3
that the magnitude of o, is influenced b:
the degree of constraint at both ends of
member, - o

5. STRESS ANALYSIS USING FEM

The stresses and deformations of two
structural models having. asymmetrical
sections subjected to uniform loading an
fixed at both ends have been examined by
Shema [5] .- Structural model (I) is com-—
posed of one uniform member and model(II
is composed of three uniform members. Th
deficiency of face plate for +the latter
model is determined from the results of
2-D and 3-D stress analysis using FEM (2
as shown in fig.(3). In the 2-D stress
analysis, the face platve is idealized by
finite bar elements whose sectional are
is veried from 10% to 100% of its origi-
nal value. It is shown that the efficier
cy of the asymmetrical face plate does
not exceed 30%. The deformed .shape of
both models are shown in figs.(4,5). It
is evident that increasing web thicknes:
reduces torsional effects. -

6. STREC ANATYSIS USING MODEL TESTING

The results of a2 test model composel
of five members having asymmeitrical sec:
tions, uniformly loaded and fixed at bvo-
ends (9] have been examined and analyse
(5] . The total flexural stresses at the
inner and outer edges of the face plate
at the fixed ends, are given in table (.

7. COMPARISON OF RESULTS

The results of the proposed method,
FEM, model tests and the simple beam th
ory are given in table (4). It is evide
from these rcsults that the simple beam
theory cammot be used to vredict the fl1.
ural stresses in asymmetrical sections.
The twist of the section clearly indica
the effect of torsional loading induced
uniform lateral pressure. These results
indicate also that the proposed method - .

be satisfactorily used to calculate the

flexural warping stresses induced -in as
metrical sections. It is also evident t
asymnetrical fabricated sections are de
icient under lateral loading. .

It should be realised that the defi
iency of asymmetrical face plates could
easily predicited by considering a long
rarrow plate loaded by shear forces alc
one edge while the other edge is free,
fig.(6§. The normal and bending stresse
induced in the plate section are given

g, = N/bt N y 10y = 3N/bt
where: N .= ﬁr.t.dx
o ]

1 = length of face plate.
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Therefore, the normal s%re=zs at the
loaded edge 1s given by :

(ot)i = &N/bt

and the normal siress at t-z free edge is
given by ¢ -

(0%)0 == 2N/bt =—(0$)i/2

8. DESIGN CRITERIA

The design of a fabriczzed zsymmetri~
cal section could be based :z tne follow-
ing conditions :

o & 0 o, (d=r70) (9)
where: 0& = yield stress,
0, = crivical bucklizg stress [10]

For a fabricated longit:ilinzl member,
the flexural warping stress should satis-
Ly the following conditions :

q, & (0 -0y -0, (i=r,c) (10)
Hull girder stress coull be agsumed

160 MN/sq.m and the yield stTess 250 m/

sq.m. Therefore, conditions (10) become :

o, & (90 - @) m/a’ (1)

and 0, ¢ (82.3 x 10° (+/0)° - 160 ~ G})
: w/=f (12)

The magnitude of O, depezds on the

intensity of locel 3loBding, degree of
constraints at both ends of —z=zber and

the flexural properties of thsz section{5]-

7t should be noted that expression
(12) is velid only when : -

0 & 02 (13)
If condition (13) is not-satisfied, a

‘modified value of O,» given tr {117,
should be used ¢

Oy = oyl 1 - 0p/0,) - (14

2. CONCLUDING REMARKS

The main conclusions drawz up from
this investigation are :

i- Fabricated asymmetrical sections may
be subjected to high flexural warping
stresses in addition to the lcz2l and
tull girder stresses.

11~ Flexural warping stresses are influ-,

enced by the degree of constrzint at boin
ends of member andweb thiclkness.
iii~ The simple beam theory czmnot be
used to predict the flexural s<iresses in—
cuced in fabricated asymmetrical sections
under lateral loading.

iv- Fabricated asymmetrical fazce plates
are deficient under lateral lczding,

e

<heirefficiency may not exceel 30 -

REFERENCES

1. —-—:"Automatic Production of Tee-
Beams", Shipping Vorld and Shipbuilder, 3
December, (1964)

2. Shama,M.A.:"Effective Breadth of
Face Plates For Fabricated Sections",
%loyd§ Register Of Shipping, October,

1971

3. Terazawa,K. and others:"On the
Elastic Bending Of Inverted Angle With
Plating", Journal of Zosen Kiokei, SKAT,
Vol. 110, (1960) ‘

4, 9Terazawa,X. and others:"On the
Elastic Bending Of Parallel Angles With
Plating", Journal of Zosen Kiokai, :SKAJ,
Vol. 112, (1963) .

5. Shema,M.A,:"Stress Analysis and
Design Of Fabricated Asymmetrical Sec-
tions", Schiffstechnik, 23, No., 113, Ham-

6. Oden,J.T.:"Mechanics of Elastic

tructures™, McGraw-Hill Co., (i1967)

T. Shama,M.L.:"Calculation of Sec-
+torial Properties, Shear Centre and VWar-
ping Constant of Open Sections', Bull. of
the Faculty of Engineering, Alexandria
University, (1972? :

8. Timoshenko,S.:"Theory of Bending,
Torsion and Buckling of Thin-Walled Mem—
bers of Open Cross-Section", Journal of
the Franklin Institute, Philadelphia,

(1945)

3. :"Stress Distribution in Lon-
gitudinals With Offset Flanges', Lloyds
Register of Shipping, (1971

10, Mathewson,J.IX. and Viner,A.C.:"
Buckling AS a Mode Of Failure in Ship
Structures™, Lloyds Registver of Shipping,
(1970) . : .

11, Ostenfeld,A.:"Exzentrische und
zentrische knickfestigkeit", Zeitschrift
%es Vc)areines Deutscher Ingenieure, Vol.42

1898 .




Table (1) ; ¢ and a For Diffevent Support Conditions

case i‘;ﬁé’zizon ¢ and § for uniform loading
t =0 .
;oo Do ¢ = Eel{emmn ov2. aam K(1x)/2)/einh ¥I/2 - ax (1-x)/28
g=d =0l 8= .‘ZLSE 2/L - k.cosh (kx - kL/2)/sinh kL/Z] b By = B Bx:L
, st | 8= 2 e(einn 1o - stan 1) - /2 + xz] » Z=(cosh XL = 1)/K%s1nn ¥
g=8 = o ? =%EEL22.SMH— (coshkx-1)] ’ Bngc:Bx:L/z
qe 2 2
atx=o0 95:76[_ 2G(cosh ¥kx - 1) -~ 2H(x —si_nh]cx)/x+x}
§=¢ =0 | B =g(- k%c.cosh ior + kH.sfnh kx + 1) , @ —éx_xm,,h_)zt&m-1%
and
P oozl B - "lekLL 2(cosh XL - 1) - XD.sinh k‘L]/Z(cosh ML - sinh KE)
Y=0
b § - o | where: H {(k 212_ 2).sinh kL +2k5}/2k%(kL.cosh KL - sinh L)
¢ ={(x°1?- 2).cosh KL + 2}/2k(kL.cosh KT — sinh L)
¢ and § for linear loading
tzxeo| 6= %gv[(B/si_nh KL - B.tanh E¥)(1 ~ cosh kx)+(kx ~ sinh }x)B +x5c3/L2]
and B=“2—'iL[(3/sinhku—Btanh )kcoshkx+kBsinhkx—ox,/L2]
£ x =71 ® _ gekl - _ ]
' Breo = = ~gg-L B-tenmd ¥L/2 - 3/sinh XL o _
=9 = o szL /2 - 3/sinh ¥L),cosh kL — B.sinh XL + 6/kI.]
= {3(cosh XL - 1) - Kl.sinh KL}/{kT.sinh X + 2(1 = cosh ¥T)} -
at x = o g = gel-81nh Yx/i sinh XTI, + (1/k°T ~ 1/6)x + ~3/6L]
and
5 |xox § = lenh kx/sinh kI = z/Lﬂ
@= a =0 Bma.x = B}.—Jgn v Xy T ;c'COSh (sinh XL)/XL
at x =0 # = [qe/Ck‘?cosh XL - (Mo/kC + qe/ICk3)~.tanh kI::l(‘! - cosh-kx) -
$= ¢ = o (M /Cx + ae/I0K>) (sinh kx - kx) +qex>/6CL _
and 55 = =¥ [qe/Ckz.cosh XL - (Ho/Ck + q_e/LCk3).tanl; kL] cosh kx - Ic(Mo/C
6 at x= o + qe/ICkS).Binh Xx + qex/CL
p= B =0 8)::0 = - (kMO/C + ge/KIC).tanh XL + ge/C,cosh kL .
. : 33
‘i, = 22{(0 ~ ston L - —k-éé.cosh KL)Y/KL(XL — tanh L) .cosh XL
X _ _
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. Table (2),: Effect Of Scantlings Of Section On O (@imezsions in mm)’
tw = 20 tw-
stress b = 250 b is b = 250 b = 315
t,= 25 =30] ¢t 30 ‘tf—ZS ‘tf= tf=30
(0,)4/2 1,082 1,125 1,120 0.608 0.650 0.683
(0,) /2 =3.615 | =3.375 | ~3.305 ~2,865 ~2.720 -2.505
(0,)/a '2,085 | 1.893 | 1.842 1.740 1.608 1.437
(0,479 3.167 | 3.018 | 2.962 2.548 2,258 2,120
_ Paple (4) : Correlztion of Results
Pable (3) : Effect of Support
Conditions on OQ
type of analysis (c.), (0%)
cese | position (0,)/q () /e Hodel T ‘
POt Szl - 0,296
1 x=0o0rL 1.082 | - 3.615 Proposed method .335 1 - 0.283
2 x = L/2 4,620 | -15.460 Simple beam theory 534 0.334
x =0 5416 1 ~17.250 | | yoae1 TI '
3 X = x, 0.895 | - 2.990 TEM - 0.305
Proposed method - 0.310
Simple beam theory 0.530
Test Model
Model results 475,01 - 244.0
Proposed method AT3.,1 ) - 286.7
‘Simple beam theory | 23%.5 239.5
(qw%
LY =~ . Z
(oq) + ql
. 2
% 1 4_
(o) B
i Ul o Swlo z
—— F g =PR-S
\ .
| €A —
\\\ \ Eo Y ::q O
Face Plate \< J
. t t ¢ [
p tlrn2l
b ~
1 9 t/im

™ Web

Fig.(1) Flexural Warping Stresses

Pig.(2) Position Cf Sheaxr Centre
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RATIONALIZATION OF LONGITUDINAL MATERIAL OF BULK CARRIERS-

A.F. Omar
University of Florida
FL. U.S.A.
M.A. Shama
Alexandria Uriversity
Egyrt

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

l/c‘/"). L.

Techns-Ocean ‘88
Tnfernalony m poss

To@y/ U‘a,/)/m, (f{XX
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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. :

P
L

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.

Tyi B3
Yi

ezzi
rzto

s
£

22 = ‘Q

3
Wi

Neutral axis

Assumed shear Hlow

e S—

C, Correcting shear flow

Neutral _axis -

‘ g5 m ___J‘
:::;::::://:::::::i?= 190 m.
3 8 = Z&Snm
(E D = 198m.
f ha 1.87m
S = 850mm
OWT= 38500
€ \
~
g ‘ |
7 1 1.8m
BL. X - s
S I S P X ' 1
Fig.(1 ):Typ'z2 section of bulk cqrrier”

196

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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