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ABSTRACT

In this paper a new methodology (numerical and experimental) proposed to
analyze the ship hull torsion is treated. The torsion analysis is performed on a scale
model (1:50) of a container ship, made of composite material. The outline of the
section is considered as a polygonal one. The material is orthotropic. For a straight
line portion of cross section outline is corresponding a longitudinal strip plate. Due
to the torsion of the thin walled beam, in the strip plate, the stretching-compression,
bending and shearing occur. The strip plate is treated as an Euler-Bernoulli plate.
The stiffness matrix of the macro-element is obtained by assembling the stiffness
matrices of the strips. The results obtained from numerical and from experimental

analysis are presented.

KEYWORDS: Torsion, ship hull, thin-walled beam, composites.

1. INTRODUCTION

Ship hull with large deck opening has a very
poor torsional stiffness. Due to its particular construc-
tion, ship hull structure can be considered as thin-
walled structures. Plates and shells have one physical
dimension, their thickness, small in comparison with
their other two dimensions. In thin walled beams all
three dimensions are of different order of magnitude.
For such structures, the wall thickness is small
compared to any other characteristic dimension of the
cross-section, whereas the linear dimensions of the
cross-section are small compared with the
longitudinal ~dimension. Due to their wide
applications in civil, acronautical/acrospace and naval
engineering, and due to the increased use in their
construction of advanced composite material systems,
a comprehensive theory of thin walled beams has to
be developed: this is one of the aims of this paper.
The aim of the work is to analyze the influence of the
very large open decks on the torsion behaviour of the
ship hull made of composite materials. One should in

principle be able to derive the theory for beams,
shells and plates, and massive bodies by using the
equations of 3-D continuum theory, and taking
advantage of the factors which serve to distinguish
each type of structure. In this acceptance, the
theory of plates and shells constitutes a two-
dimensional approxi-mation of the three-
dimensional elasticity theory, while solid cross
section and thin/thick walled beams are both one-,
two- and three- dimensional approximations of
three-dimensional continuum theory and constitute
an enormous challenge for someone who is not
familiar ~ with  the capabilities that the
implementation of the tailoring technology can
provide. In spite of this commonality, the theory of
thin walled beams is basically different from that of
solid cross-section beams. The new ship structures
have to provide higher performances, unattainable
by the classical structures built of traditional
materials. The advent of advanced composite
materials, of smart materials and functionally
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graded materials has constituted the strongest stimuli The displacement u along the axis OoX of the
for such developments. point F is considered as constant on the wall

Moreover, their incorporation is likely to  thickness. The displacement u is considered to be
expand the use and capabilities of thin-walled beam  in the form:
structures. The new and stringent requirements u(x,s)=—aw(s)p'(s) (2)
imposed on ship structures will be best met by such
new types of material structures.

However, incorporation of these new material fb— dx —
structures in the various areas of advanced technology
and the solution of many challenging problems l i
involving their static/dynamic response, stability and 1
control, requires a good understanding of the various ' Fa def 4 stri
aspects of their modeling and computational Sni———_ b SL L
methodologies. While the directionality property of yid
composite materials provides new degrees of freedom =
to the designer, enabling him to achieve greater
structural efficiency, it constitutes an enormous 7 L ¢ rigid body displacetnent
challenge for someone who is not familiar with the — 9 m the median plane
capabilities that the implementation of the tailoring B, .
technology can provide. S @l (y:w};., - &, u A

2. THIN WALLED BEAM MODEL T
torsioned strip

In the paper, the new methodology proposed to
analyse the ship hull torsion as thin walled beam Fig. 1. Strip deformation.
using macro elements is treated. The outline of the
section is considered as polygonal one. The material The torsion of the thin-walled beam generates

is an orthotropic one. For a straight line portion of  the torsion of the strips and the loading of the strips
cross section outline is corresponding a longitudinal  in their plane.

strip plate. Due to the torsion of the thin walled beam, Using the equations (1) and (2) for a strip k, it
in the strip plate the stretching-compression, bending  may be written:
and shearing occur. The strip plate is treated as an v(x,s) =7, (s)p(s) 3)

Euler-Bernoulli plate. The stiffness matrix of the
macro-element is obtained by assembling the stiffness
matrices of the strips.

Two coordinate systems are used:

- global system O,XYZ having axis OoX along
the torsion centers line of the cross sections of the
beam,;

- local system attached to each plane &
(F’x,y,z,) having the axis F’x, parallel with OX.

up (x,3,) = —0(y,)9'(s) “4)

2.1. Cross Section Type Open

The hypotheses of the Vlasov theory are used:

- the material is linear-elastic, homogeneous,
orthotropic generally, having the coordinate system @
F’x,y,z, as the main orthotropic axis; Z ( r

A~

- the shear stresses occurring in the beam cross
section are parallel with the median line I'. v, {x} z,
During the beam deformation, the median line I” ¥
does not remain plane. The projection of the median
line on the cross section plane remains the same as its
initial shape (non-deformed outline hypothesis). For
small displacements, the displacement v of the current
point F placed on the median line has the equation
v(x’s) = 7(3)(p(s) (l) rredian linel” — o -

Fig. 2. Cross section of the macro-element.
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Fig. 3. Finite strip element.

For the displacement u, due to the tension-
compression loading of the strip k the approach
function is a parabolic one, having the form

u, (§) =P +Py(Suy +P(u; )

2.2. Cross Section Type Close

For the case of closed section, we assume that u
is proportional to the generalized sectorial co-ordinate
@ evaluated to O and O*. Different from classical
theory or Benscoter theory, we assume that u is
proportional to the rate of twist:

u(x,s)=-a(s)¢'(x)

Fig. 4. Poligonal closed cross section.

The generalized sectorial co-ordinate is defined

as

D=0—0

where
a)(s) = J:r(s)ds , a3=a)o§/§ ,

®, = jr( s)ds - the double of the area surrounded by I'
r

K

0
of(s !

where 7 is the number of strip-plates.

The torsional loading of the beam generates a
planar loading of the strip-plate. For each
strip-plate, one obtains

vk(x):rk("(x)’ (6)

U (X, yk) = _Cb(yk)ﬁol(x)

The equations 6 define the displacement field
for each stripe-plate. The continuity of the
displacement u along the jointing edges between
two stripe-plates is embedded in the above relation.
The linear variation of @, , the generalized sectorial

co-ordinate along the axis y; (in the reference
system Fxz; associated to stripe-plate k) may be
expressed as

where
-172 < n :yk/hk < 1/2,

The coordinates @,, @,., @,. characterize
the points, F, ', Fi.” (@, =(@,. + @,.)/2)-

For the longitudinal displacement, one obtains

”k X Vi :_[a)k wk"_&)k')’ﬂfol(x)

Using the hypothesis, the strain generated in
the stripe-plate £ is

ou
= r=ar (@ -a)n]e (x
Ou, Ov, ,
P+ Th A, ' (x
e = oy, Ox fgo()
Ay =, /[(SS,)

where
Normal stresses o appear in each stripe-plate
k due to the warping, having the equation

o (x,y)=—Ed(y,)e"(x) 7

In each cross-section, these stresses form a
system of distributed forces in self-equilibrium.

The tangential stresses 7; associated with the
deformations y, have the equation

7 (x)=Gr =20~ 0'(x)
k ®)

The flux of these stresses, 7,0, is constant for
each section of thin-walled beam.

The differential equation of the twist angle ¢
obtained by the Ritz method is

El 0" —Gl.¢'=-M,(x) ©)

where

L= Lo Lo =Iyo; [a)k (o -y ) /12} is
sectorial moment of inertia,

Ip = wg /S (conventional polar moment of inertia) , My is
the transmitted torque.

The differential equation reveals two compo-
nents of the transmitted torque:

M, = GI,¢' (Saint Venant torque),
M, =—EI ,¢" (warping torque)
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The component M, of the transmitted torque is v T
k
the part associated with the strain y, and stress 7, Li s
(Saint Venant torsion). The component M, is the N i
part of the transmitted torque associated with the
shear forces generated by strip-plates bending, can by > <T 8ix
obtained only from equilibrium condition.
For the displacements (p(§) and v, ( x) N
polynomial functions (third order) are chosen: ok M,
-H, LH, (&)@ +H LH,(&)g Trdl Wl
§0(§) 1(§)¢i+ 3(§)¢i+ 2(§)¢j+ 4(5)% hk e i -
(10) k
N, Y,
k
V(&)= Hi (&) V] +LH (8)6 +H, () V; +LH,(£) 6 -
(1)
For bending and torsion, the well known ma-
trices of the beam are used
z,
12 6L -12 6L ‘h;g \
W A -6L 2L |; — 5 =
v 3
L 12 -6L Fig. 5. Thickness of the plate (lay-out)
symm. 4ar
3. NUMERICAL ANALYSIS
6/5 L/10  —-6/5 L/10
. Gl 2215 —L/10 —12/10]. (12) For the present study, a soft based on the
kq,:T 6/5 /10 theory presented above was done. The results
- ) obtained with this code were compared with the
Symmni. 2L°/15 ones obtained with COSMOS/M FE soft. A 3-D

In the methodology, the classical thin-walled
beam theory for isotropic materials was used. Taking
into account the materials characteristics, the
orthotropy of the material was considered.

The equivalent stiffness coefficients for the
tension-compression, bending and shearing loading of
the strip k are determined.

(EA)k = 2(2 Ei,kgi,k\J hy
i=1
ns 1 ns
(El)k = 22 E D, = g(z E;,kg;,kjh:
i=1 i=1

(GI,), = S(Z(Gi’szk % )) h,

i=1

(13)

G, = g(i(@,kzik&,k )j

i1
The equations (13) are determined according to
figure 5.
Finally, the results obtained with the proposed
methodology for a prismatic hull beam are compared
with the ones obtained with analytical solutions.

model with 4-node SHELL4L composite elements
of COSMOS/M was used. The ship hull model was
loaded by a torque M, in the midship. Due to the
fact, the real ship has much stiffened structure in
the both end, the model is clamped at the ends. In
figures 7 and 8, the stress state on the deformed
ship hull numerical model, according to the
numerical calculus with COSMOS/M is shown.

4. EXPERIMENTAL ANALYSIS

The experimental test on the composite model
of a prismatic ship was done. The model has the
main characteristics: length L=2.4 m, breadth
B=0.4 m, depth D=0.2 m. The material is E-
glass/polyester having the characteristics, determi-
ned by experimental tests:

E.=46 GPa, E,=13 GPa, £~13 GPa,

G,,=5 GPa, G,. =5 GPa, G,. = 4.6 GPa,

16=0.3, 14,,=0.42, 11,=0.3.

The thicknesses’ values of the hull shell are 2
mm for side shell and 3 mm for deck and bulk-
heads.

In figure 11, the experimental rig for torsion
of the ship hull model is presented. The stress state
in the ship shell was determined by the strain
gauges measurements. The results both for nume-
rical and experimental studies are presented in
figure 10.
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The torsion angle of the ship hull model cross

. . . . . @ strain gauge
section is determined by taking into account the

- . . —— FEM analysis
displacements of the points placed on the outline (fig.
6), according to the rotation of the rigid body (thin- 8
walled beam hypothesis). —0.01409 g H

The displacements were obtained with test rig
(LVDT equipment, as it is seen in figure 11). n

The stress state obtained with the FE analysis 6.@ 0.005906
was compared with the values of the stresses
determined by measurements done in the bulkheads
sections.

0.014
Fig. 10. Variation of the relative normal stress in
the midship open section.

Fig. 6. Calculus of experimental torsion angle.

Fig. 11. Torsion rig for experiments.

Fig. 7. Deformed FEM model.

Fig. 8. Deformed FEM model: torsion coupled with horizontal bending.
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My || o Experiment
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Fig. 9. Variation of the relative torsion angle along the ship model.

5. CONCLUDING REMARKS

In figures 7 and 8, the deformed ship hull nume-
rical model, according to the numerical calculus with
COSMOS/M is shown. Due to the variation of the
cross section shape of the model, a coupled torsion
with lateral bending occurred (fig. 8).

In figure 11, the experimental rig (strain gauge
and LVDT equipment) used for torsion of the ship
hull model is presented.

The values obtained with FE analysis and
according to the strain gauges measurements are
presented.

The variation of the relative normal stress in the
midship open section is presented in figure 10. In the
figure, only results obtained in FEM analysis and in
experimental tests for the 10 measure points are
presented. Due to the fact that the variation of the
normal stress is linear, the variation of the ratio
(0/M,) was plotted with continuum line. The values
of the stresses obtained with strain gauges were
plotted in figure 10.

The variation of the relative torsion angle
(¢/M,) along the ship model obtained so from FEM
analysis, thin-walled beam model and from
experimental measurements is presented in figure 9.

Due to the closed section type in the ends, the
torsion stiffness of the model in these areas is much
higher than in the middle part. Thus, as it is seen in
figure 8, the maximum value of the relative torsion
angle (¢/M,) in the midship is almost 2 times more
than the maximum torsion angle in the closed area.

The new thin walled beam methodology
proposed for torsion analysis of the ship hull may be
considered as a good tool for a very quick torsion
calculus.

ACKNOWLEDGEMENTS

The work has been performed within the
scope of the Romanian Project PN2-IDEI, Code
512 (2009-2011).

REFERENCES

1. Adams D.F., Carlsson L.A., Pipes R.B., 2003, Experimental
Characterization of Advanced Composite materials, Ed. Taylor
& Francis Group, London.

2. Chirica 1., Beznea E.F., Chirica R., 2006, Placi compozite,
Ed.. Fund. Univ. Dunarea de Jos, Galati (in Romanian).

3. Chirica, 1., Chirica, R., 2005, Structuri compozite cu pereti
subtiri, Ed. Didactica si Pedagogica, Bucharest (in Romanian).
4. Kaw K.A., 1997, Mechanics of Composite Materials, CRC
Press LLC.

5. Lee J., 2005, Flexural analysis of thin-walled composite
beams using shear-deformable beam theory, Composite Struc-
tures, vol. 70, pp. 212-222.

6. Librescu L., Osheop S., 2006, Thin-Walled Composite
Beams, Theory and Application, Springer.

7. Mitra M., Gopalakrishnan Seetharama Bhat M., 2004, A
new super convergent thin walled composite beam element for
analysis of box beam structures, International Journal of Solids
and Structures, 41, pp. 1491-1518.

8. Musat S.D., Epureanu B.1., 1999, Study of Warping Torsion
of Thin-Walled Beams with Open Cross-Section Using Macro-
Elements, Int.J. Numer.Meth.Engng. vol. 44, pp. 853-868.

9. Musat S.D., Epureanu B.I., 1996, Study of warping torsion
of thin-walled beams with closed cross-section using macro-
elements, Communications in numerical methods in engi-
neering, vol. 12, pp. 873-884.

10. Pedersen P.T., 1982, A Beam Model for the Torsional-Ben-
ding Response of Ship Hulls, Journal of Ship Research, pp. 171-
182.

11. Petre A., Atanasiu M., 1960, Bare cu pereti subtiri, Ed.
tehnicd, Bucharest (in Romanian).

12. Prokié, A., 2003, Stiffness method of thin-walled beams
with closed cross-section, Computers & Structures, 81, p. 39-51.
13. Shakourzadeh H., Guo Y.Q., Batoz J.-L., 1995, A torsion
bending element for thin-walled beams with open and closed
cross sections, Computers & Structures, Vol.55, No.6, pp. 1045-
1054.

14. Wu X.X., Sun C.T., 1991, Vibration analysis of laminated
composite thin-walled beams using finite elements, A/44
Journal, vol.29, issue 5, pp. 736-742, May.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


