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Stress Analysis and Design of Fabricated
Asymmetrical Sections

‘M: A, Shama, B. Sc.,, Ph. D*

Summary

The various stress components induced in a uniform fabricated
member having an asymmetrical section are examined. Particular em-
phasis has been placed on the flexural warping stresses induced by
torsional loading. Various cases of support conditions are consider-
ed. The warping stresses are czlculated using the sectorial oroper-
ties of the section., The effect on warping siresses of -suppcrt con-
ditions and scantlings of section are examined., A design criferion
based on the provision of adequate strength and stability is sugge-
sted. A numerical example is given %to illustrate the caleulaiion
procedure.

It is shown that the proposed method gives results in good agrse—~
ment with both finite element (FEM) and model test results.

Introduction:

Fabricated asymmetrical secfions are widely used by shiztouilders
fqr longitudinalsg, girders,...etc., since they are generally more
economical to produce than gymmetrical sections. This economr of pro—
duction may be further improved by using automatic welding (1),

* Assoc. Prof., Fac, of Eng., Alexaniria University, Egypt.
Visiting Prof., Fac, of Eng., Basrah University, Iraq.
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Horizontal girders, or side stringers, in oil tankers and bulk
carriers are normally made asymmetrical so as to reduce the amount
of sludge, or grains,...etc., accumulated over the top surface of
the web plate.

Asymmetrical sections, however, are not structurally efficient
(2,3,4), because of the additional flexural warping stresses induced
by torsional loading. The latter results from the offset position of

the shear centre associated with asymmetrical sections.

This paper examines the various stress components induced in un-
iform members having asymmetrical scctions. The emphasis i's placed
on the flexural warping stress, which is calculated using the sect-—
orial properties of the section (5). Uniform and linear load dist—
ributions are both considered, together with various support condit-
ions. The effects of support conditions and scantlings-of section on
the magnitude of the flexural warping stress are examined. A numer-—
ical example is given for this purpose. The necessary conditions to

eansure sufficient strength and stability are suggested,

It is shown that the proposed procedure gives results in good
agreement with both finite element method, FEM, and model test
,/
results. '
1. Flexural stresses in uniform members having asymmetrical .
sections.

The total flexural stress, at any point; in a uniform member,

such as a longitudinal having an asymmetrical section is given by -

OIT fad UH -+ O’b -+ O’w (1 ° 1 )
where : Oﬁ = total flexural siress,
oy = hull girder bending stress,
gy = flexural stress induced by local loading,
<, = flexural warping stress.

The design of thesc longitudinal members is vased on the foll-
owlng condition

gt £ allowable stress ' (1.2)

In order to satisfy this condition, each component of Op mist

be made as low as possible.
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1,1 — Eull girder stress,fTH

Zull girder\stress,(TH, depends on the magnitude of hull bend-— -
g mo=ent, flexural properties of ship section under consideration
z2nd on the locaticn of the member relative to the neutral axis of
iv szction. The mean stress over the asymmetrical section, see
1

;, 1s given by

B S
I< L7

where Mi and M?’ il girder bending moments aboudb é and ”7

(103)

R

axes respectvively,

Ié and I7 = second moment of area of ship section about
{ and 7/ axes respectively,

& end 77 = centroidal axes of ship section.

1.2 — Local bending stress, 05

The local stress,<7b, depends on the flexural properties of
, intensity of local loading and the degree of constraint at
both ends of member, It varies linearly over the section, see fig,(2)

and cculd be calculated using the simple beam theory.

For the particular case of an isolated uniform member loaded in
the (X — %) plane, by a linearly varving load, the tendinzg moments

at both ends are given by

2 o
() = ~ —gg .{qlf7 =3f.)/2 « q (4 - fL)% | (1.4)
£.1°
)y = == {7 - 35,2 +agle - b ()

For the special case when qQ,= A= 9, the bending moments at ooth
ends, sse fig.(3), are given by : ' ' . o

2
(1,)g = - ?i—(3 ~ £1).£, /2 ~ (1.6)
() Ly -t ).z g2 (1.7)
Ng L:‘:‘ 12 — IO . 1 .
wnere : _ q = uniform load, tons/m,

(Mv)i,(i- o,L) = bending moment at x = i, (i = o,L),
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fOf,

i (i =0,L) = degree of constraint at x =i , (i = o,L) , such

that
o < f; & 1.0 , 1 =o0,L (1.8)
2. Flexural warping stress, o
The flexural warplng stresses induced in a uniform member

having an open section are calculated as follows (6)

, " )
o = =E.¢9.0w (2.1)

where : E = modulus of elasticity,
¢ = angle of twist,

" 2
o dy

dx2

@ = principal sectorial coordinate {(5).

’

Thus, for the outer znd inner points of the face plate, o is

given by

(0 )5 = =B.p.w . j = o0,i (2.2)

where o and i stand for cuter and inner respectively.

It is evident that o, depends on the principal sectorizl oro-
perties of section and ¢° . The former is calculated as given oy
Shama (5) and the latter is determined from the soluiion of the
torsion equation.

C.@ - Ciee - T, (2.3)

where : C and C1 are the torsional and warping rigidities
respectively.

The torsional loading, T results from the presence of the
: 1

!’
shear centre, C , on the opﬁbsite side of the face plate- {7), see
fig.(4), at a distanc¢ e from the resultant of the lateral pressur
However, if the member is part of a stiffened panel, the shear cen
tre should lie within the outer plating, as the latter cannot defo:
in its own plane. The modes of deformation of a étiffcncd panel
having symmetrical and asymmetrical sections are shown in figv(S).
It is évidcnt that asymmetrical stiffeners rotate about enforced
centres of rotation,

Thus, for uniform loading, the torsional moment is given by
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ard for the linear load distribution, the toisional moment is given

by : 2

gex

2L

=\

T
X

+

G

Thzs2 two loading cas

Appenéix (1), for 4iff

'y
®

- = ©®
ct

soluticns is given s {1) and (2).

W varies

also varies linearly,

fig.( It is
the facz vlate of an asymmetrical section
with symmatrical sections.

This deficiency of asymmetrical face
ustrates by considering =z long narrow pla
2long cne edge waile the other edge is fr
stress sver the szction is given by :

- o - v/ bt

and ths given by :

fogt = 3 D.T
o 3/
The maximum stres

(op); = 4N/ bt

and the stress at the free edge is given by :

: . 1

{ - — > m - ={ O
(%), 2% / b.t 5 t)i

avident

Hy
@]

e
e

linearly over each element of the

s at the loaded edge is therefore given by :

-

(2.5)

s are used to solve eguation (2.3), see

support conditions. A summary of the

(2.7)

(2.8)

(2.9)

Thess results indicate clearly the deficiency of asymmetrical

face plates,

3. Variation of ¢, with support conditions and scantlings of

gection.

In order to investigate the effects of support conditions and

of section on the magnitude of ., » @& uniform member

particulars given in table (3) is considered. The section

parameiers investigated are the thickness and width of face platé
and thicxrnzss of web plate. Different cases of support conditions
are also considered.
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3.1 — Effect of scantlings of section on o

The effect of variation of b, %, £, on oy is ziven in table

(4). The total local stress, 0% = O 4+ O, ), is z21lso given in

b
table (4) for the inner edge, where s attains its zaximum value.
It is evident from table (4) that increasing web -nickness has
a significant effect on ¢, , whereas increasing the -nickness of
face plate has a much less effect. Also, increasing t=zz width of

face plate has a negligible effect on 0.

3.2 — kEffect of support conditions on T

The influence of support conditions for the cas:z of uniform
loading is shown in table (5). The results of the unccastrained war-—
ping condition is given only for the sake of compariscn, as this

"

support condition is not common in practice.

It is clear from table (5) that the degree of ccastraint at

both ends of a member have a marked influence on the zagnitude of O ,-

4. Comparison with FEN and model test results.

In order to coniirm the validity of the proposel approach, a
comparison 1s made with results obtained from analyses by FEM and

model testing.

-

a. Stress analysis using FEN. e B -
The stresses and deformations of two structural models having

asymmetrical sections are examined (8) :

i -~ Structural model I _
This model is composed of a uniform member Zixed at both
ends and subjected to uniform lateral loading. ~he 3 = D
structural idealization is shown in fig.(8). Tha distribution
of the combined bending and flexural warping siresses, along
the length of member, is shown in fig.(9), for the inner and
outer edges of the face plate..Thc bending stress, calcplafed
- according to the simple beam theory, is also shown in fig.(9).
The deformed shape of the section is shown.in fig.(10), for
two values of the web thickness,
It is evident that increasing web thickness reduces ‘vor-
sionél effects.

The deficiency of the asymmetrical face plate could be
easily seen in fig.,(11), where the results of -he 3 - D stress
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analysis are compared with the results of the 2 — D stress an-
alysis. In the.?2 — D structural idealization, the face plate
is revlaced by bar elements having sectional area varying from
10% to 100% of the original area of face plate. It is obvious
that the efficiency of asymmetrical face plates is not more
than 3%, '

ii - Strucszural model II
Tnis model is composed of three members sc as to obtain
more realistic boundary conditions. The deformed shapé of the
model is shown in fig.(12). The deficiency of the asymmetrical
face olate could be obtained from the results of the 2 - D

and 3 - D stress anslyses, as shown in fig.(13).

mz3le (6) compares FEM results with corresponding values
calculated according to the proposed approach and the simple

beam Theory.
b. Stress arzlysis using model testing

The rzsults of a test model composed of five members having
aéymmetrical sections, see fig.(14), are obtained from reference
(9). The measured total stress at the inner and outer edges of
the face vlate, at the fixed end, is given in table (6) tcgether
with the corresnonding calculated values using the rvroposed

| method and the simple beam theory.

It 1s evident from these results that the simple beam theory can
not be used to predict the flexural stresses in asyﬁmetrical sec—
‘fions. The comparison with FEM and model test results indicates that
the proposed procedure could be satisfactorily used in the stress
analysis and design of asymmetrical sections. It is also evident
that asymmetrical sections are deficient in carrying lateral loading
because of the High stresses developed at the Jjunction between the
web and face plate. The twist of the section clearly indicates the

effect of torsional loading induced by the lateral pressure.

5. Design criterion

The design of an asymmetrical section could be based on the -
following conditions

GT & Ui ’ i=y,c ' (5.1)
where : ©O. , (i = y,c) = yield stress and critical buckling stress
- respectively.
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2

‘ m_E br 2

O¢ K. = — . ( )
12(1 - ) °

(5.2)

The constant K depends on the boundary condltions of the plate,

)
ot

the face plate of an asymmetrical section, K = 0.43, as obiained

e

H

o)

rom reference (10).

For a bottom longitudinal of a ship, conditions (5.1) become

( Gb + OZ,_)) \< ( O; - OIH). H l = y,C ’ (5'3)

The hull girder s%vess; Oy is the summation of the stillwater
and wave induced stress components (11). The raximum allowable value

is assigned by Classification Societies (12) and is approximately
2

P

1.6 t/cmz. For shivbuilding steel, o, is aprroximately 2.4 t/cm

Therefore, conditions (5.3) are givsn by

( O’b 4 O’(_U) R 0.R . (5'4‘)
t

and  (op +q, ) < (800(-L) - 1.6) (5.5)
b

Tt should be noted that expression (5.5) is valid only when :
0, & O,/ 2 (5.6)

If this condition is not satisfied, the Johnson Ostenfeld hypo-
thesis (13) is used, i.e.
o - - °
(0)y = o, (1= o, /40 (5.7)
where : ( O’C)m = modified critical buckling stress.

6. Concluding remarks.

From the foregoing analyses, it is concluded that :

i—- Asymmetrical fabricated sections may te subjected to high
flexural stresses as a result~of'the-indircct torsional load-
ing induced by the lateral pressure. '

ii—~ The induced flexural warping stresses may attain values much
higher than those calculated using the simple beam theory.

1ii~ Web thickness and the degree of constraint at both ends of
member have a marked influence on the magnitude of flexural
warping stresses.

iv— Narrcw thick face plates having adequate sta®rility are much
more efficient than thin broad plates whose effectiveness
does not exceed 30%.
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Appendix (1)

So.ation of the torsion ecuation

The general ecuz~ion of a uniform member under non-uniform tor-—
sional loading is Ziv=n by (14)
1 iy
C. - C,.D = T (&.1)
1 e
where : C = G.Jt , <. = btorsion consitant.
Cy= £.J(w; , J(Ww) = warping constant.

The.solution oI ecuation (A.1) depends on the mathematical rep-
m
L

resentation of the <orzue v Consider the following two cases :

a. Uniform loading.

The solution of zquation (A.1) for a uniform torgque is given by

7 _"/ . 2
Oy ¢ s Mo sinh kx qex \

O = —.sinh kx + —<*.(cosh kxx — 1) + —(x - ) o+ (A.2)
k . k

C 2C

where ; T, = M_ + i2% , MO =< end torque. {(A:3)

k =1y¢Cc/ o

2,

a

)
[N

/ ’ )
2 Oo and ég are arzitrary constants of integration.

b. Linear loading.

In this case, th: toraue distribution is given by

z ,
T, = M, + gex / 2L : (A.4)

The solution of 2quztion (A.1) is the sum of tﬁé;complementary

-

function and the par-ticular integral. The former is given by :

© = A, + Aj.cosh kX + A,.sinh kx : (4.5)
and the particular integral is assumed to take the form :
5
P w 2 a4
oo 84X : | (A.6)
Therefore, -the totzl solution of equation (A.1) is given by :
ge M 3
. , . ) ex : -
O = A, + Ay.cosh kx + A,.sinh kx + (———2 + )oX + %IE— (Ao()
LCk C
where : A, , (i = 2,1,2) are arbitrary counstants to be determined

i
from the el conditions.

The solution of sjuations (A.2) and (A.7) are obtained for differ—
ent support.conditi:zns. A summary of these solutions is given in
tables (1) and (2), see fig.(15).

Schiffstechnik Bd. 23 — 1976 - 126 -



IVAZ + 7 %._m;w._uu; " . M = x XV
uv x  24o4m ¢ =

2+ 1 Ysod.(2Z— ,:3 A u Y (@) *QV

(713 yuis - 13 ysod)e D o= x
ﬁ;& Yuis: = = (1= A Yso2) T 'Soai - Ay%u on.@%
: . . N =x 3V
L+ X urs, MA._V._ Yuis - 14 :mou.Jva‘w R .ij YUis — Pj Ysod' AT { _ 2 - puv

et s (ST = e (S s e T
4 oumvu%
_x _ Qism-.&ﬁou.iiw (1% yus - -
- - : - - Yuis - 19 YSod ' 1) N = o=x 3y
_ um 2+ 1o Ysod AN..M%: (b= XX xmouVM SFEESEFRTTTENE2= Jﬂ VM .w &
.N.HHAQV qunv p % Yuws 2D =@
= —_ — ) . - o= =
4 \v ¥ _”Aw .HX IMOUV UHX LC_.m. AleV_ Imoudwmm t% 2

= .mx . =X puvo

—_— = - ‘. 1 yuis T o I
ﬁNH v oax T (o T ) g s AP it :m«oummqo = d O=x 3v

<
=x o= 5 4uls

ov — JKdE ' ﬁ - i 22 _ =ch =
($)="" (=" G- nwe s T Tlemc @ |0
. N - .
ﬂ at A 4ws o 1E P
(X=-7)Y>xy UA,.NJ 5 yuis mm- LC_Wlw l,_UT - Qw O=x v
O NIAVOT  LiyodiNn HO03d @ puv & NOLLIaNOJ
» LNOddNS

(1Y 3awi

Schiffstechn:k Bd. 23 — 1876

¢
‘



273 S

% Ysoed D (— 4y T - _ O0=X :
.luw.ﬂ -+ 7 yun) A 34 > u . FQVV
ab! 207 S0 AD | _ 1A YSOIPID
S, x 0. —_— % — - A~ H. ==
eVl ST € = 3§ Ys Tg Yyuoy: A o o Q o:p=d
A Jw.un Jjov £
T YSOY (1Y yuod = A) I A o. ¢ .
— = M
ﬁ T 9 - Tiqus - ]34 L 24o puv
™Y ou.u_.m
X3 ou\%u@
729 27 &ug M P NSedMD ﬁou 1D - |
E xap + (- yuis)(* v 3 )~ (01 Usod - STx yuoy —T v )" 4.~ & |07
k! A w ¢ Mx Xy 7 ™ Yuis) 2 _ oz =¢
™ quis T:moa < 7 X 2daym «avv e ¢ ﬁﬂm EEE L:_.mgm.o ..:om MuH ,
~49 4,9 1 pEITIERE B . puv
ﬁMWI + x5 I(,V.T > ;c_m._ﬂo =P losx av
JJica -z D9 LNEX, L rawyus g L] 28  _o-
ﬁ PSS T NEO (C :cdauMwJJwr (9 ﬁ g T T mg PR S C R P
J . ’
ﬁ .um oS ye ey e 4500y .A”,_ﬂ Yuny oo - Jrvr;c_ @u_.w.m :Q, 7oex ||
p o
(1> yso3 = Nz + Viyus 3 _ z e | N 2 L A s guo .
S % = (=T §so3)E - J ST E(T YIS ) (0 4500 =)o Yol §- =) 3F = ¢ |ox
 oNigvon  wvaNIT Wod P Ppuo BTN 35%)

(2) 378Vl

~ 128 -

76

5

Schilsiechnik Bd, 23 — @



TAVLE (3)

Scantlings of Section

Item © Scantlings
length , L 520 cm
face plate , b x tf 250 x 25 mm
wed nlate , 4 X tw 950 x 20 mm
outer plate , S x tp 1155 = 27.5 Imm
TABLE (4)

Effect of Scantlings of BSection on I,

%, 20 3C
b =250 v = 315 b = 250 b = 315
tf=. 25 ‘-:f-: 30 tf-z 30 tf= 25 tf= 30 ‘cf- 30
1,082 16125 1,120 | 0.608 0,650 | 00683
2.085 1893 1.842 1,740 1.608 1.437
3.167 3.018 2.962 2.348 2,258 2.120
TABLE (5)
Effect of Support Conditions on o
Position . (%L )4 / q (9), / @
1 x = O or L 1,082 ~ 3.615
2 X = L/2 4,620 -15.4560 -
3 x = 0 5.160 ' -17.250
4 X = n 0.295 L= 2.990

i
i
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TARLE (6)

Correlation of Results of FEM, Model Testing,

Progosed Method and Simple Beam Theory

Type of analysis (O‘t)i , t/cm% (‘7'1;)0..,~ t/cm2
Model I
FEM 0.648 - 0.296
Proposed method 0.695 © = 0,283
Simple beam theory : 0.334 0.334
Model II
FEM 1.076 ' -~ 0.305
Proposed method 0.952 - 0.310
Simple beam theory 0.530 - . 0.530
Test Model
Test results 476.0 1b/in? ~ 244 1b/in?
Provosed method 478.1 " : - 286.7 v
Simple beam theory 239.5 " Bl 239.5 "
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