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1. Introduction

ication, and mechanical performance of low-cost
f composites for large patrol boats, hovercrafts,
mine hunter ere are all-composite naval ships up to 80-90m

that are t ay be constructed in composite materials from 2020.
behavior of thin-walled beams with open and closed
since the early works [1, 2].

ation of the specialized literature, mainly in the form of jour-
—7], and the activity in terms of workshops devoted to this topic
e factor that has fueled this growing activity was generated
ity of demands and operating conditions imposed on structural
dvanced technology. In order to be able to survive and fulfill their
nvironmental conditions in which they operate, new materials and
ms are required.

written by Kollbrunner and Basler [3] are useful references for develop-
f the thin-walled beam theory and its applications. The intensive research
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works have been made over the years to develop finite element models that can accurately
represent the complex flexural-torsional warping deformable response of these structures.In
[4] Yonghao et al. present the theory and method of analyzing horizontal-torsion-coupled
dynamic behavior of a ship hull with large hatch opening by the transfer matrix method,
considering the ship hull as a simplified free-free nonuniform thin‘walled beam.

The estimation of the torsion strength of the ship hull is very. important for its
structural safety against applied loads [5-9]. Various methodologies have been developed
to evaluate the torsion hull girder capacity, [5-9]. The,torsion strength obtained by
various methods is compared with experimental results and it appears that the proposed
methodology is simple yet robust in estimating hull girder torsion strength [10, 11].

Different analytical tools have so far been developed by researches to successfully
predict the torsion behaviour associated with ship hull subjected tondifferent loading
conditions.

The use of finite-elements analysis for investigation of torsion problem of ship hull
is becoming popular due to the improvement in'computational hardware and emergence of
highly specialized software.

There has been a growing interest in the foundation of the theory of thin-walled
composite beams and of their incorporation in civil and naval constructions in the last two
decades [8, 9, 12].

To ensure safe design of a ship’s hull, traditionally, the longitudinal strength of the
ship hull with length exceeding 60 m must be assessed during the design stage [13].

The longitudinal failure of ship hulls'made of composite materials is usually easier
due to the relative low stiffness and relative thin structures:-With the trend that the size of
ship hull in composite materials is upontlarge scale, it is becoming necessary to study the
longitudinal strength of ship hull made of this type of advanced materials.

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. In thin-
/thick-walled beams all three dimensions are of different order of magnitude. For such
structures the wall thickness is small compared with any other characteristic dimension of
the cross-section, whereas the linear dimensions of the cross-section are small, compared with
the longitudinal dimension.

Ship hulls in.composite materials can usually be regarded as assemblies of a series of
thin-walled stiffened composite panels. Thus, knowing the strength of stiffened composite
panels it is possible to estimate the longitudinal strength of ship hulls in composite materials.

In thepaper, the model of a macroelement used for torsion analysis is presented. The
macroelement is concerning longitudinal strips plates. The strip plate is treated as an Euler-
Bernoulli/plate, because the stretching-compression, bending, and shearing occur due to the
torsion of macroelement.

One of the first approach close to the longitudinal strip plates is the folded plate.
Thestheory of folded plate is presented in [14, 15]. The folded plate method is normally
limited to assemblages of rectangular plates. Folded plates are assemblies of flat plates rigidly
connected. together along their edges in such a way so as to make the structural system
capable of carrying loads without the need for additional supporting beams along mutual
edges. Each plate isiassumed to act as a beam in its own plane.

The strip plate is treated with the same theory as the folded plate but the theory is
developed in the context of the thin-walled beam theory for torsion analysis.

According:to the thin-walled beam theory, the loading is not acting transversal to the
strips, which is the case of folding plate.
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Strip plate k

Figure 1: Macroelement m

Due to their wide applications in civil, aero
and due to the increased use in their constructi
a comprehensive theory of thin-/thick-walled
aims of this paper.

engineering,
dvanced composite material systems,
s has to be developed: this is one of the

The aim of the work is to analyze the i
torsion behaviour of the ship hull made of com

open decks on the

2. Ship Hull Macroelement

ng the transversal section as a
ion is considered as a polygonal
one. In the theory, the material is conside orthotropic one. For a straight line portion
of cross-section outline is corresponding tudinal strip plate (Figure 1). Due to the

b e stretching-compression, bending, and
shearing occur. The strip Bernoulli plate. The stiffness matrix of

The torsi i alled beam is depending on the section type. So, the
r is treating in different ways and different hypothesis,

near-elastic, homogeneous, isotropic generally, having the
ngkykzk as the main orthotropic axis.

es occurring in the beam cross section are parallel with the median

deformation the median line I does not remain plane. The projection
dian line on the cross section plane remains the same as its initial shape
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2.1)

of the point F is considered as constant on
 is considered to be in the form

= ~w(s)¢ (x). (22)
te is defined as

w(s) = L 7(s) ds. (2.3)

of th
eir p

walled beam generates the torsion of the strips and the loading
igure 2).
) for a strip k, it may be written

vk (x, 8) = rep(x),
(2.4)
uie(x, yx) = —w(yi) ¢ (x).
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Figure 3: Closed cross section of

For the displacement u, due to the te
approach function is a parabolic one, having

ompression loading of the strip k the

up(§) = Py(&)uf + P (2.5)

Equation (2.5) is used for the stri i ination and also to estimate
the maximum stresses in the strip v,
For the case of closed secti
sectorial coordinate w evaluated rela
the characteristics of the macroelemen .
Also, different from classical theo Benscoter theory, it is consider that u is
proportional to the rate of twi

(2.6)
The generalize

w—, (2.7)

~ s ds ~ 0§
S ; = —. 2.8
5(5) 5 @Y

rea surrounded by I is

5 (S) Z (2.9)

s the number of strip-plates.
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The torsion loading of the beam generates an in-plane loading of tl
each strip-plate, it may be written
ok (%) = regp(x),

uie(x, yx) = =0 (yi) ¢’ (x).

where -1/2<n=yi/hi <1/2.
The coordinates @y, wy, and @y ch
dependent equation between these coordinate

Wi (2.12)
The differential equation of y the Ritz method is
Elsyp (2.13)
where
b2 + M (2.14)
k 12 ’
is sectorial mo inertia a
wp
It = — (2.15)
S

functions are used for the strip-plate matrices determination and also
imum stresses in the strip-plate volume, after the macroelement d.o.f. are
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For bending and torsion, the well-known matrices of the beam are

12 6L -12 6L
Wk Elx 4L? -6L 2L* |
R o 12 —6L
symm. 412
where

roelement is

KA +F=0, (2.20)

ents and F is vector of external load (torques).

ess Characteristics of the Composite Shell

nethodology, the classical thin-walled beam theory for isotropic materials was used.
e material used in the fabrication of the ship hull, the orthotropy of the
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Figure 4: Strip thickness section. S

The orthotropy system of the strips is conside kzk. Also, it is considered
that the stack of layers may be differe one to other layer. The stack is considered as a
symmetric one, 2 ns being the numk

-compression, bending, and
shearing loading of the strip k are dete o to the equation of static equ111br1um
The points placed in a layer are cc na plane state in the plane F{xyyk.

The hypothesis of undeformed cro n (o, = 0), leads to the followmg equation

[6, 7] for the strip k and lay
I3
< * ) . (3.1)
: Yxy/ ik

Gik- (3.2)

Aik = gikhk, Nik = Ei ) Aj gt (3.3)

onsidered as homogeneous one,

Ny = (EA) .. (3.4)
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(iii) From the condition of equivalence of the axial force

Ne=23 N
i=1

The equivalent longitudinal stiffness is obtained

(EA), =2 " (Eyxgi)h (36)

i=1

For the bending of a strip k (Figure 4) (havin transve ent vy) the
following equations may be written as follows.

(i) For each layer i

Iy = g"fzh 3 (37)
(ii) For the strip considered as ogeneous one,
(3.8)
(iii) From the condition of equivale bending moment
(3.9)
ess is obtained
=2 i Eixlik. (3.10)

i=1

(Figure 5) the following equations may be written as

Tik = GikYk, Tix = GikSikhicY- (3.11)

onsidered as homogeneous one,

T = (GA)Jk. (3.12)
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(iii) From the condition of equi of the shear force

(3.13)
the equivalent
Gik&ikhi. (3.14)
By i othesis of the same geometry of the equivalent section (same
hi and 6 ing the equivalent Young’s modulus for strip
2 ns
Ex= & > Eixiks (3.15)
k=1

lent shear modulus for strip k,

2 ns
Gi =5 > GikSik- (3.16)
k=1
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4. Numerical Analysis of the Ship Hull

4.1. Numerical Modeling with Macroeleme TORS

Based on the numerical methodology, presen
written in MATHLAB, was developed for torsi
thin-walled beam
. In this section, the
ip, having especially

hypothesis, only longitudinal elements are con
proposed methodology is applied on a simplifie

The simplified container ship hull model has the acteristics: length L = 2.4m,

ic stack. The stack of the shell is
according to the topologic code [A
the topologic code [A/B/A/B/A/B/Z

The layers made of material A, thickness of 0.25mm and the following
characteristics:

E, =80 Gy = 10GPa, iy, =02, 4.1)

The layers e thickness of 0.1 mm and the following

characteristics:

Gy =13GPa, iy = 03. (4.2)

ions from Section 3, the equivalent mechanical characteristics

E, =58.11GPa; Gyx =7.51GPa; Hxy = 0.228. (4.3)

s of no deformability of the cross section, transversal bulkheads
. The middle part of the model has a narrow deck, as it is exists on

number of macroelements for mesh, a convergence study was done.
e same longitudinal dimension was chosen. As it is seen, in Figure 6,
mber of macroelements since the maximum value of the torsion angle
2.



12 Mathematical Problems gineering

Closed sections Open sections Closed section:
14 4-10 10-13

1.2m

24m
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For the torsion analysis the
macroelements (6 macroelements in the
the closed part of the ship hu

el using TORS the mesh concerns 12
of the ship hull and 6 macroelements in
igure 7). Each macroelement represents

longitudinal strip plat part were used. In the open area 12
strip plates are used ing t the macroelements with closed form 16
longitudinal strip p roelements, the bilge is modeled with 3
longitudinal strip " was cons1dered as clamped on the end sectlons and the

ber of elements for FEM mesh, a convergence study was done.
re 8, the minimum number of elements since the maximum value
ins the same, is 18110. The side dimension of a triangle plate element
, the deformed shape of the model is presented.

as considered as clamped on the end sections and the loading was
tary torque applied on the midship section.
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Table 1: The CPU time of solvin

Method

(1) The partial-pivoting Gaussian elimi

(2) Classic LU decomposition

(3) Iterative method Jacobi

(4) Optimized LU decompositio:

(5) Leverrier algorithm
COSMOS/M

The results of the numerical analysis obt
MOS/M are presented in Section 5, where a comp
presented.

iscussion on the results is

4.3. CPU Time Appreciation

The resolution of (2.20) (the unknown is t
the torsion deformation o

ement vector §) makes it possible to find

We have tried five erminant of the stiffness matrix. Table 1
summarizes the CPU o find the solution of the numerical ship hull
model.

According to g analysis of solver used for numerical modeling with
macroelements, [ORS the partial-pivoting Gaussian elimination scheme

was chosen for

ysis of the ship model was done with a system concerning the
g rig used to carry out torque tests.
el is loaded by a torque M, applied in the midship section.
by a special system concerning two frames and two hinged bars
d frame, having two arms, is placed in the midship section (Figure 11).
by an intermediate dynamometer with rigid bar by another rigid frame
e couple of forces are developed by two thrusts placed on the end of each
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Figure 10: Ship hull model.and torsion rig.

ection was determined by measuring the vertical
placed at the intersection between deck and side

gher than in the middle part. As it is seen in Figure 12, the maximum
ive torsion angle (¢,/M,) in the midship is almost 2-times more than the
angle in the closed area.
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—— FEM analysis

Figure 12: Relative torsion angle variati ong the ship hull

ess (warping stress) in the midship section [Pa/Nm].

The results obtained with the code TORS, based on this method, are
compared tained with FEM analysis COSMOS/M and experimental results
on the m en deck.
the variatio oss section shape of the model, a coupled torsion with
ing occurred.
e fact that the torque is applied so that it can provide a pure torsion,

f the relative normal stress in the midship open section is presented
figure, the results obtained with TORS (macroelement model) FEM
perimental tests for the 8 points of section are presented. Due to the fact
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TORS-FEM
Max |A (o /My)| Max |Ap, /M| Max |A (o /My|
2.51 2.76 2.66

the variation of the normal stress is linear type, the variatio
with continuum line. The values of the stresses obtained
figure.

ain gauges are p

The hypothesis of thin-walled beam is not to ORS. This is the

reason of deviation of the results obtained with the

the three metho presented in
esults obtained with the methodology
der 3%.

The differences between the results obtai
Table 2. As it is seen, the maximum deviation
used in TORS is acceptable and generally is pl

6. Concluding Remarks

The methodology presented in this paper concerns a p acroelement model of thin-
walled beam for torsion analysis of of composite material. The assumptions
concerning the material properti ibution in the beam have been
made.

A finite element computer prog
of linear torsion. For this program, th
macroelements. Each macroe y
has a cubic variation of tk
consists of the characte

s been developed for the elastic analysis
ull beam is divided into a number of
umber of strip elements, each of which
ength. The data for each strip element
material).

concentrated torque 1 ay act at the nodes between macro elements.
Each node may h 3 prevent twist rotation and/or warping.

portant in the case of torsion.

by the three methods (macroelement model-TORS software,
e, and experimental tests) are in a fair agreement.

and code TORS, recommends the methodology as a good tool for
ship hull made of composite materials. Additionally, the CPU time
is much lesser than the CPU time obtained with COSMOS/M.



Mathematical Problems in Engineering

Acknowledgment

This paper has been supported by UEFISCDI, project number PN
(2008-2011).

References

[1] S. P. Timoshenko and J. M. Gere, Theory of Elastic Stability, Mc
edition, 1961.

[2] V. Z. Vlasov, Thin-Walled Elastic Beams, Program of Scienti
edition, 1961.

[3] C.E Kollbrunner and K. Basler, Torsion in Structures, Spri

[4] P. Yonghao, T. Yougang, and Y. Xueyong, “The horizo i alysis and dy-
namic response calculation of the ship hull with a la ign,” jin University,
pp. 51-58, 1993.

[5] P. T. A. Pedersen, “Beam model for the torsional-|
Institution of Naval Architects, pp. 267-275, 1982.

[6] I. Senjanovi¢ and Y. Fan, “A higher-order theory i plication to ship struc-
tures,” Computers and Structures, vol. 43, no. 1, p

practical methods,” Report of the Institute

[11] Y. Hu, X. Jin, and B. Chen, “A fmlte ele
beams with asymmetric cro; i

ience, University of Tokyo, vol. 32, no. 4, 1986.

for static and dynamic analysis of thin-walled
d Structures, vol. 61, no. 5, pp. 897-908, 1996.

NY, USA, 2006.
[13] TACS CSR, Internatio ssociati ocieties Common structural rules, 2006.
[14] C. S. Smith, Desig i site Materials, Elsevier Applied Science, Elsevier

[15] M. Trautz an a ication of folded plate principles on spatial structures with
regular, irre, 2
Valencia, S

s of the 3th International Conference on Boundary and Finite Element,
ania, 1995.

aterials Science, vol. 50, no. 4, pp. 1381-1386, 2011.
mirouche, “Coordinate reduction in the dynamics of constrained multibody



-

Advances in

Operations Research

/
—
)

Advances in

DeC|S|on SC|ences

Mathematical Problems
in Engineering

Algebra

2

Journal of
Probability and Statistics

The Scientific
\(\(orld Journal

International Journal of

Combinatorics

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal of

Mathematics

Journal of

DISBJBLL alhematics

International Journal of

Stochastic Analysis

Journal of

Function Spaces

Abstract and
Applied Analysis

Journal of

Applied Mathematics

ol

w2 v (P
/

e

\jtl (1)@" W, E

International Journal of
Differential Equations

ces In

I\/lathémamcal Physics

Discrete Dynamics in
Nature and Society

Journal of

Optimization



