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INTRODUCTION:

The demand on conftainer ships is increasing very
rapidly as a result of the expansion in world trade
and the general ‘increase in the application of con-
tainerization systems[},é}

Container ships are characterised by exceptiorni-
ally wide hatch openings, which may exceed 80% of ship
breadth. These wide hétphes have g sigﬁificant effect
on the torsional strength and rigidity of ship hull
girder [i] .Torsional loading, therefore, induces ad-
ditional stresses, normally called warping stresses,
near hatch corners [4] '

Torsional loading may result from the motion of
a ship in oblique waves. Improper cargo loading also
induces torsional loading. Open ships are subjected
to additional torsional loading induced by the hori-

- zontal component of the shearing force. The latter

acts at a distance from the shear centre of the ship
section. | |

The torsional behaviour of open ships_cou}d be

studied theoretically, using the finite element me-

thpd [3 i] or experimentally, using model testing
ESéﬂ . Asimplified approach, based on the tors-
iongl behaviour of open sectiohs, could be also used
19,1@] . However, correlation with full-scale measure-
ments [1ﬂ beComes necessary in order to confirm the
validity of the method of anaglysis.

Since the finite element method and model test-
ing are costly and time consuming, their use should |
be confined to the finai anaiysis of the structure.



However, in ths pgreliminary de51gp stages, for com-
paring differer- designs and when the torsional
loading cannct -z =zccurately determined, a simpli-
fied procedure “or ithe structural design and analy-

sis of open shizs is very desirable.

In this paper, =2 general procedure is given fopr
calculating the shear and flexural warping stresses
as well as the -orsional deformations induced in

open ships by T:irsional loading. The method is ba-
sed on the sectcrisl properties of the ship section,

which is ideali:z=d by .a simplified conflguraulon.

The solutior of the torsion equation 1is given
for the general case of a polynomial torque dlSurl—
'bution as well =s for the partlcular cases of linear
and parabolic torque distributions. . The solution
takes into account the degree of fixity provided
by the closed'ST:uctureS at both ends of the open
length of the szip. Open ships having rélétively |
low tor81onal ri~1d; Ly 1is BSpeblally con81dered

A numprLcal example, based on a llnear torque
distribution, iz given so as to illustrate the cal-
culation procecd.re. | |

1- Calculatic:. of the shear and flexural warping
stresses. '

The sghear =znd Tlexural warping stresses are

calculated according to rpference[jg as follows

’-j’\"u’.))e _U ’ ‘
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where, M(w) = Bimoment
.2
Al @

= - BE.J(w). > (a)
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T(w) = warping torsicnal moment.
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o
N

2
= - B.J(w). 2

e dx -

J(w) = warping constant of ship section,

= gectorial moment of inertia [13‘} ,

Q = sectorial coordinate. /
E = modulus of elasticity.

® = angle of twist.
+ :

= thicknesso,

S(w) = sectorial static moment.

S

~-The'refore;.-", in order to calculate the warping

stresses, the following information is required:
i - the sectorial properties of the ship section,
i.e.
w .S(w) and Jlw).

ii - the solution of the torsion equation so as
to calculate M(w) and T(w). |



2 - Solution of the torsion equation.
The differential equation of the combined bend-
ing and torsionﬂi{] is given by:

13 ;
Baw . <€ g0, € g (3)

de d x B X

whe re,
TX = torsional moment,
X = length coordinate.,
(}.J_15 = ftorsionagl rigidity.
Jt = Saint-Venant torsional constan.
E.J(w) = warping rigidity.

w
The solution ¢f equation (3) depends on the to-
rque distrivution, T, s and the boundary condi~

tions.

i - Boundary conditions.
There are three general cases of boundary
conditicrns:s
a) Tixed end i.e. no warping.
This is satisTied by:

(ﬁ} = _@_ -0

b) Free end, l.e. free warping.

This 19 satigTied by:

—— = O
P
d x-
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¢) Constrained end, i.e. tonstrained warping.

i _ e (1.7

- B o 1 f)
dx Ged/
"'U
where T = torsional moment at the end of

the membér, and
0L ££1.0

The magnitude of "f", for any particular
ship, devnends on the configuration of the
end structure, and could be determined

either experimentally or using reference

L7l . .

- Distribution of torsional loading.
The magnitude and distribution of the tors-
iongl loading acting on a ship hull girder
depend on several factors, among them are
the sea condition, shape of ship form and
the location of the shear centre. Differenrc
approachegs,theoretical, experimental and
empirical, have been proposed for the esti=-
mation of the torsioral loading.
However, there is obvious disagreement among
various aguthors, as i1llustrated by Meek [ll].
Consequently, in the following analysis, a
simplified torque distribution, based on a

polynomial representation, 1s used, l.2.:




The general solution of the torsion equaftion
could be obtalned by swmming the solution of the
various terms of the polynomiagl, as given in Ap-
vendix (1).

It should be indicated here that any torque
distribution cculd be represenfted by a polynomial
equation, using curve fitting techniques.Therafore,
the asgumption of polynomial representation is vu-
id, irrespective of the shape of the torque dis-

However, in order to simplify the analysis, two

simple torque distributions are considered:

a) Linear torque distribution.

0) Parabolic torque distribution
X 42 :
PNt N
(= )7, (a)

In both cases, the origin of x is at mid-

=
il
=3
o
b= E
£
s
b
1
N
o

length, see Fig. (1), and T, is the maximum

value of the torque at x = O,

The magnitude of TO could be obtained
elther from Numata Eﬁﬂ :

T, = 0.0l o LB Ll
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or according to De Wilde[]] s

L
e P —
- b Y 3 - 1900 &
TO = \/_t(._l_o75 et _._050 D )oLoB s € to_.o
wherebjl = g coefficient which varies from 0.24-0.34,
ey = distance of shear centre from icdeali-
zed bottoms
L = ship length,
D = ship depth,
Ct = a coefficient depending on waterplane
area coefficient, CW , as follows [16]':
Cw O,Q 0.7 0.8 0.9
c. x 107% Jo.384 J0.531 | 0.716 | 0.942

Solution of the torsion equation.

Assuming counstrained warping at both ends of
the open length, see Fig. (1), the boundary
conditions are:

2
AL Lo,

at x = O = = and
» P a2
m
AL
at x = a , 1¢9= - (1 - 1)
dx Tod

e o —p————
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Using these tvoundary conditions, the solut
T eguation 3 is obtained for the linear

and parabtolic torgue disiributions as follows:

a) Linear torque distrioution.
The solution of the tcersion equation is
given by:

,T‘ b n n
ot ginh k¥

o 2R LY s (SR .
¥ - Ged. iéi et 1 pe ) s/ % Tka.coen Kz

¢
&

t 2

ginh kx (1-62) ’?E (
kae.cosh ka  (ka) .

M((;&;):T(\o?is 'i.‘o o o

s cogh K3 - _ ?
Tw! =T o Toedo 05h KX ‘+ (1 ) {tanh kaeniin KX
R cosh ka Ka -

s . ) .
- ginh mx}. (%)

”? = 1 4 tgrh Keae Slvh kX - ¢cosh kX

Y Paraboiic distributions.
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T Ocl h " 2. Le
_ o x _ (l-et) X 3 _ . sini kx
O = G.Jf [a 3 ( a ) fooeo ka.208h kKa
2('1 -5&) X_ sinh kX }} (7)
(ka) a ka.cosh ka

M(w)=TO°a [fo 0(, o Sirlh 1\.—X. + 2(1-02) —-}S.
kae.cosh ka (ka) a

sinh kx }} (8)

" ka.cosh ka

’S‘ P T" &“‘"x S :\:-
T (D) TOE‘.oco cosh Kx . ( ) 31— Sosh k Q :

cosh ka ~(ka)?v cosh ka

oc-;-o<9)

The maximum values of'M&b) and T(w) are given
in Appendix (2). When Jt ig relatively small in
comparison with J(w), the solution of equation(3)
could be simplified as shown in Appendix(3).

3= Calculation of the sectorial proporties.
The sectorial properties of & secticn of an open
ship could be calculated using the general procedure
given in reference Euﬂ , as follows:

.a) ldealization of a ship section.
A section of the double-skin structure of an
open ship, see Fig. (2), could ve idealized by
a simplified open section, as shown in Fig.(3),
The dimensions cf the idealized section 1g ob-
taincd from the oviginal configuration as indi-

cated in refersnce {71 o
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b) Position of shesr cerbre:

Due to symmetry about the

2.

Y-ax1l

m

centre is loegitsd on the Y-gxis at 4

ey from P. wee Filg.(3). The

riven 1 B :
given by i12} \

Where, 1,524 i—2—17 + A, , Z5x +
. £

digtance

i

4
N
A

é
=
o2

N

1
1

- ;‘
oy
2h = 15 -
LU . . oL
w’' Ths BUfectiive rhickness

bottom respectively,

cf tne woid

A, = sectional area of girder 1.

2m, 2n= number of girders in
respaotively .

D) sectorial coordina
poie oat P, see Fig.
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bottom agnd
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From Pig.(4) we haves

m
v e PR /
J'Z.w.a A=b"~ .4 .,LW/4 + Do E "Ui'Ai
=1

172>
A
m
i 2 2 | «
Hence,e, =(b° .d .tw/4 + b E w; AL )/ Iy (13)
I=1

c) Principal

gector

ctoprigl ares diagram.

Hoving determined the lcocation of the sheax
centre, the principal sectorial area diagram could
be determined as follows:

b/2 -
w - - j ¢yeds,  for the bottom
O
4
W = - eyab/2 4 5— .ds, for the side

Q

These calculations are represented graphically

in
F]g°<5>¢
d) Warping constant i ).
The warping corstant i) is calculated as follows
REIE
A
m+n . 5
‘ N - Al A‘{) » b -
= 2» ,l___‘l)(ﬂd)-l- ® A_ -4 12 R Y
i=1
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e) Sectorial static moment, Siw).

The sectorial

Qo

follows:

Sl G A

= ¢

For the sgide, 95!

S = —gtee
o

atatic moment
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A
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A

where, O gg < 4, see Pig.(
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section as follows:
r .
N 2  ds
I, = E 4oAL / =
Tm]

where r = number of cells,

Ai= enclosed aresa cof cell 1.

4 ~Numerical example.

Congider an open ship having the following

main dimensions, -
L = 152.9 m B = 26,0 m
= 16.2 m h= 1.6 m

p = 2.2 m 2a:=120.0 m, see Fig.(2).

The ideglized section has the following dimensions:

d = 15,4 m bh = 23.8 m
tW: 30 mm t, o= 37 mm, See Pigd3).

I- Results:

The regsults of the various calculations, for
the case of the linear torque distribution,are
given in Tables(1l,2)and are shown in Pigs.(7,8).
These results are based on Numata's value of TO

and on the faollowing agsumphtiona:




A= 0.3 0.=0.7 o =0.25 £=0.8

The Saint-Vernant shear stresg
’(?jé 20,227 t/om

Thue the maximum total shear stiress resulting from

torsion loading is given by:

T'_O.BE) ‘t,/(:mz
1

II-Discussiocon:

"\ i - . . .
F%;m the results of calculations, it lg shown
thats

a) The maximum values of @’(w_) occur in the deck
plating, where CYPP the normal stress induced
by the bending of the hull girder, may &iialn
high wvalues.

b) The total norfnal stress,%ﬁH+ Cwu&},may be Fure
ther increased, near hatch.cornerg, by vwrtue
of stress concemrtraiion K_9jo

¢) The maximum tcial shear stress, resulting I'ror

torsional loading, occurs in the same reglon
0

where the shesnr stress, induced by the
udinal vertical shearing force, may atrtaln aigh
values E}f]u The maximum shear warping siress
is of the crder of "% of the Saint-vengn® shear
stress.
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¢ ) Open ships having insufficient torsional rigidity
may experience large angle o1 twist at both ends
of the open length.

e) The degree of constraint provided by the closed
structures at the end of the open length has a
marked influence on the magnitudes of the flex-
ural warping stress and the hending stresses
developed in the transverse deck strips between
hatches. A reduction of 17% in the flexural wa-
rping stress resulte from a 50% reduction in the
degree of {imity provided by the end structure.

f) Apart from the increased shear and warping stre-
sses, very wide hatch openings may also have an
adverse effect on the transverse strength of co-
ntainer shipso.

5 - Concluding remarks:

The main conclusions drawn up from this iaveg-
tigation could be summarised as follows:

i) Although the direct approach for the stress analy-
sis of ship structures is the finite element method,
the time and cost required for data generation,com-
putations and analysis of results makes it very des-
irable to have an alternsgtive simplified approach
for preliminary design and for comparing alterna-
tive designs.
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This is particularly important when the external
loading cannot be accurately determined, as in

the case of open ships.

ii-Assuming the open length of the hull girder uo

be & unf%orm member, the shear and warping sir-
esses;/induced by torsional lcading, could ve
calculated using the sectorial properties of
the ship section. The magnitude of these str-
esses depends on the magrnitude and dibstribution
of the torsional locading, position of the shear
centre and torsional and warping rigidities of
the ship section.

1ii-The constraining effect provided by the closed

structures atl both endgeof the ship has a marked
influence on the magnitude of the flexural war-
ping stresses and the hending stresses developed

in the traneverse deck strips between hatchec,

iv~Double skin structures prcvide greater torsicnal

strength than single-skin structures,

L~

v-Container ships may experience high shear anc

bending stresses in the side and deck plating.,
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LPPENDIX (1)

Solution of the general torsion eguation

The gemneral torsion equation is given by:

4

2 49/ 3 T 0
-k o ST xSl INGIND

Where, T, = Bxterual torque,

!

7= Warping rigidity,

G

k = C/C] 5

C = Torsional rigiaity.
The solution is given in the T8rm:
qD (x) = ﬁgl(x) 4 g@b(x) Al .2

whe re , %ﬁ(x):Complementary function, and is giver bLy:

€ (x)=h_ + A .zosh kx + A,.sinh  kx A(1,3
1 o _ 2
whe re, Ai,(iro,l,E),are constants to be determined

ffrom the support boundary conditions.

¢E(x) =pgrticular integral,P.l.,which depends

2

on the function of the torque TXo

11 TX 1s given in a polynomial form;i.e.

y“ i T
1& = bi.h A(1.4)
——



The P,l. could ce obtained for any indlvidusn!

ferm of the polynomial. The required fpg(x)is oot -
ained by summing up the P.I. of each term in tho

polynomigl,

Assuming the genersal term of the tcrgue equalicn

0 be:

3. . .
\D "(CL9D>0@§D:-” — —'I"\_;‘—' e X

B i

A :
co&r;--uu./".\“Lex

where, B = br/C1

bt

o . A s S 4T oA LN
The P.Il. LOT(T = 0,1,...,2)18 given in table 3,

Trem which ¢%(x}cov1d te obtalved by suwmming the

appropriate terms of the pelyromial JHowever, ! v



sorque distribuiicn oo ogiven in oany other fovm
polynemial cguaticr cogaitd be Pithed and the Fol,

FR R | - [ P , A T R
could be obhtoined Dorm Tahied 1,
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Masximum valucs of Mg, Tw) and ¢

~=Linear torgue diotritutlicn.
1

A .
g g e Sl CWOL D o
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b) Bimoment .
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3 e T T T i K ; . .
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Werping torsional moment, T{(w).
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Fig.(5). PRINCIPAL SECTORIAL
AREA  DIaGRAM
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