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ABSTRACT

This paper focuses on a new iterative approach for global ship strengths analysis, based
on equivalent hull structure 1D-beam model, under oblique quasi-static wave design
loads. As testing case, a maritime barge with a total length of 97m is considered. The

barge has

a prismatic rectangular hull shape and uniform mass distribution. The

analyses are based on a non-linear iterative algorithm, implemented in own program
code P_QOSW. The results point out the maximum wave-induced loads into the ship's
girder, which are assessed by statistical rule-based design values.

Keywords: non-linear iterative procedure, ship equivalent 1D-beam model, global strength, oblique waves.

1. INTRODUCTION

At the initial design of ships structure, the
shipbuilding classification societies [1],[3],[5],
[7] require that the global strength criteria be
verified based on 1D-beam hull girder model.

This study is focused on developing an
iterative non-linear algorithm for solving the
equilibrium conditions of the ship hull under
oblique equivalent quasi-static waves [8],[6].
This algorith is presented in section 2. The
equilibrium iterative algorithm is implemented
into own developed program code P_QOSW.

The own program code is tested on an
maritime barge (section 3), with total length of
97 m, with prismatic hull shape and uniform
mass distribution over the ship girder. The
numerical analyses deliver the barge-wave
equilibrium parameters and the wave induced
loads into the ship girder, function of the wave
characteristics. The maximum wave induced
loads, bending moments, shear forces and
torsion moment, are assessed by statistical rule
based design values.
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2. THE NON-LINEAR ITERATIVE
ALGORITHM FOR GLOBAL SHIP
STRENGTHS ANALYSIS

This approach takes into account the
global ship strengths analysis under the loads
from oblique equivalent quasi-static wave
with the following parameters (Fig.1): 4,
wave height, 1 wave length, p ship - wave
direction heading angle.

The relative wave length, considering
the maxim wave design loads condition,
results from the following expression (Fig.1):
A =Afcosp=L ; A=A, cosp=Lcosp (1)
where L is the ship length.

The long-term statistical maximum wave
height #,,, with Smith correction, results from
Bureau Veritas, Pt.B, Ch.5, Sec 2 [3]:

h, =10.75-(3-0.01-L)"* )

In order to simplify the integrals
calculation with trapeze method, the significant
ship hull transversal sections are considered
disposed at the middle of ,,»” 1D elements [4].

27



Fascicle X1

Annals of “Dunarea de Jos” University of Galati

X4 x_o/

A

-

<</

Fig.1 Relative position ship - oblique wave

L n 3
dx=L/n jf(x)dx = Sfo(x,)

The ship mass distribution is:
i=Ln V=czLBT y;=0

XI’

A=pV = SXmei Xg :Xxeimxi
i=1

i=1
where: A, V - the ship displacement and
volume; x, y - the gravity centre position; B,
T - design ship breadth and draught; ¢ - block
coefficient.

In order to take into account the real ship
offset lines (C;,i=1,n), a non-linear iterative
procedure with three steps is used. An analysis
case is defined by A,x;,y; and h,,p,A,
resulting the ship-wave equilibrium parameters

d,,,0,¢ (draught, pitch and roll angles) which
define the median plane position (xz,yy ) of
quasi-static wave into the reference to the ship
base plane [2],[9]. For a roll angle (p(p ) the
following two steps are carried out:
Step I— the floating condition ()
iter =0 4 =0 00 =0 -

20 0 40 ang 40 03t

iter k>1 d® = a% ) +0.001 00 =0
iterations on offset section lines y,z e C;

8y = [y — ymin 1000 for i=1,n
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where: z(k)‘;."b’ps =d® 4 (xl, _ng)). 0©)

+ (0] = 30). g o))

o |:(y(k) b _ 0 p)z N (Z(k) b _ M0 IPS)ZT/Z
)—}l(k) — (y(k) ;‘b+y( )| ps )/2 A SXZf
R DALy

WL i=l Ay i
iterations on offset section lines y, z € C;

8y=(y2’f"—ygi“)1ooo for i=1,n
20 440 P ety AW

;_vb,ps — dr(rfc) + (‘x[ _ng)). 9(0) +

sb , DS

b et ) 0

where: z‘(vk )

T o ) PR )
ih—wcos ﬁ+2ny£f) fh””w
2 o A

SxZ( s +A )

ka _TTZX( ; +AT)[ )

)= 35S (0l 1 0 )
V

i=1
and the iterations are done until ¥ > .
The solution is refined, using the half
domain method on d,, parameter, so that at
the last

iteration ,.k”, the convergence

V—V(k)‘ <0.001-V

At the end of Step I, the following
parameters are obtained:

criterion is achieved:

dl=d® ol =0 xb=xt) L=yl
Ay = Alf) =) yh =y
agf =P aglp = Al
phls =y Wl Lt e gor i=1.p
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Step Il — the pitch condition (6)
iterj=0 00 =0 4 =a! x{)=x!
W<sh A= afy =)
if xo >x? - 50 =0.00001 or
if xo <% - 560 =-0.00001
g = <0001 56" =0 — end of Step I
9(/) — 9(1—1) + 59(]—1)
y —p -1

A
iterations on offset section lines y,z € C;
Sy =y — ymin 1000 for i=1,n
P e el . A

where: V)| = gU) 4 (xl. _x(Fj)).e(j) n

Dfsrs — 3 0).1go®))

iter j/>1

al) = gu-n 4

A1)

+y

;’S ) /z AY) = leij;ﬂ(/)

A ; N N (),
) :sziggf) y) zwzyi(/)gg/)
WL i=1 WL i=1
iterations on offset section lines y,z € C;

Sy =y — ymin 1000 for i=1,n

P eGhialal]

sb,ps
i

where: Z\(/Vj) }vb,ps — dr(nj) + (xi _xgrj)).e(./) +
(7)|sb.ps —yl(af))' tg((P(P))i

+
ih—wcos 2m + ZRySVj) sb.ps e
2 xl »

ps
i

4 4l)

240 Pe— V) )

) _ g,xz”: ( 40)

i=1

. Sx & .
) =y S sl

i=1

%

4 4l)

ps
i

sb j
it y%)

ps
i

P4y P ay)
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if x, >x¥) - 80Y)=0.00001 or
if xg <x¥) - 80U) =-0.00001
‘xG —ng)‘ <0.001L —56’) =0 — end of Step II

iterations until sgn {SG(j ). 50U )}z -1

The solution is refined with the half
domain method on 6 parameter, so that at
the last iteration ,;”, the following
convergence criteria are met:

‘V—V(j)‘S0.00LV; ‘xG—x(j)‘SO.OOLL
At the end of Step II, the following

data is obtained:

d,ff :d(j) 0! :6(.1') xg :x(Fj) y}’ :y(Fj)

m

1 N (N o '
Ay ZAIgI;L) Xp =x1(3/) VB zyj(gl)
Al = 4V | ps = 40|
Vi =y e =G for =1
Step III — the roll condition %

iter p=0 (p(o) =0
Step I— the floating condition
Step Il — the pitch condition
if o>y - 8¢ =0.00001 or
if yo <y9 5 59 =—0.00001
‘ - yg@\ <0008 —5¢% =0 — end of Step III

iter p>1 go(p) = (p(P—l) + 5(p(17—1)
Step I— the floating condition
d;‘(p) , 91‘(19) -0,

xfp‘(p) ,y}‘(P) , AVIVL‘(p)’xé‘(p)’ ylg‘(p)

Hp) | gl pie) le) )1

1
>V > Var

Step 11 — the pitch condition
d,ﬂ(p) ’ 911‘(17) )

P i=1n

4

H‘(p) H‘(p)’AVgL‘(p) H‘(p) ”‘(p)

Xp > VF »Xp > VB
11| 11| p: 11 | sb big .
Y R RS AT IR B

if yo >y - 8¢ =0.00001 or
if yo <y > 8¢P) =-0.00001
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‘ - y(BP)‘ <0.0018 =3¢ =0 —> end of Step III

iterations until sgn {Sq)(k*l) ~8(p(k)}: -1
The solution is refined with the half
domain method on ¢ parameter, so that at

the last iteration ,,p” the convergence criteria
are satisfied: ‘V - V(”)‘ <0.001-V

‘xG —x(Bp)‘ <0.001-L; ‘yG - y(Bf’)‘ <0.001- B

At the end of Step III, the following
data is obtained:

d, =dll|?) 6=0"0) ¢= ¢l

Xp = xllrl‘(p) Yr = )’g‘(p) Ay, =AV115L‘(‘D)

Xp ng‘(P) yg = yg‘(p)
AT ;‘b =A;[ .isb(P) AT ips — Ay{l }Ds(p)
Y I;b :yglt fb(p) Y fm:yg[ lps(p) fori=1Ln

iterations on offset section lines y,z € C;
8 = (va™ — y&" 1000 for i=1n
sb, ps

i

s pS
i eCo> Ay,zy,

sb sb .
Zwayw‘i € q 5 Zys Yl

sb,ps
i

A P O

where : z,, :a’m+(xi—xF)-9 +

+ly,

iﬂcos 2m; +2my, | S0P sinp

2 » A

_ dx ¢ ( sb A sb s 4 ps)
ZH_7 Zanli Ag|i Y Zan|i Adl|i

i=1
sb
i

Ay = 5xngxi(AH‘fm — Ay fb)
i=1

sway and yaw influence terms (horizontal):

% :12/L3(L/2‘0‘1 _‘12)241 =—oy/L-L/2-q,

The total loads from equivalent quasi-
static oblique wave result from the following
expressions: ®)
xq=0 x;=x;,+0x i=2,n+1 dx=L/n

s
i _AH

n
i=1

30

- vertical load per unit length, rule positive
up to down

b
qy; = &My, —Pg(AT‘f +4r
-vertical shear force
T,=0 T,=T, +q,_-Ox i=2,n+1

Vi

ps| o=
: ) i=Ln

-vertical bending moment i=2,n+1
le =0 Mvi :Mvi—l +(Tvi—l +Tvi)/2'6x
-horizontal load per unit length, rule positive

from left to right

: b .
Ghi :Pg(AH‘fN _AH‘f )+Q1 tqrex; i=Ln
-horizontal shear force
Th1=0 Th[:Th[71+qh[71'6x l:2,n+1
-horizontal bending moment i=2,n+1
My =0 My, =My +(T,, +Thi)/2'8x
- torsion moment, rule positive as roll angle
around the R torsion centre ep =z, —zp
My = €R “qpi
My =0 My, =My +my; & i=2,n+1

i=ln

sb sb ; S .
mm':_Pg(AT; YVali +4r ;’m'yAt|szj i=Ln
Mtvl =0 Mtvi:Mtvifl + My, -Ox i=2,l’l+1
M;=My;+M,,; i=ln+l

Obs. In the above equations the sign *
makes possible to select the hogging and
sagging wave loading conditions.

Based on the above algorithm, the own
program code P _QSW, using Free Pascal
programming language [4], has been
developed, for solving the equilibrium
between the ship and the design oblique
equivalent quasi-static waves.

The parameters d,,,0,0,xg, yp, LA,

which characterize the median plane of quasi-
static wave and the wave free surface (9), into
the reference to the ship base plane, can be
further used for setting up the equilibrium of a
3D-FEM model, fully extended over the ship's
length and both sides, for the ship hull under
oblique quasi-static wave loads.

zu50)=d,, +{x=x)- 0 +(y=y;)-12(0)
h

9
i%cos{%(xcosu+ysinu)} ;xelo,L] ©)
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3. NUMERICAL GLOBAL STRENGHT
ANALYSIS OF A BARGE, BASED ON
THE 1D-BEAM MODEL

The main characteristics of the barge test
ship are presented in Table 1, with uniform
mass distribution and prismatic hull shape.

Table 1. The barge characteristics

IL=97m

g =9.81 m/s’

n,=~0+10m

B=33m

IF,=0m

5h,~0.5 (1) m

H=4m

kg=48.5m

Nyma=7-858m

7=2m

G=0m

L=0+75(90) deg

CB:1

tg=4.3m

op =15 deg.

A =6562.05 t

tr=2m

A=A;cosp

V=6402 m°

N, =40

=L (0+75 deg)

u, =0 m/s

O0x=2.425m

=B (90 deg)

b =1.025 t/m’

m, =67.650 t/m

lquasi-static wave

Table 2. Equilibrium parameters u=0 deg.

0 deg.

sagging

Hogging

hm]| 0

4 17858 0

4 |7.858

xr[m][48.500/48.500[48.500/48.500[48.500}48.500

y-[m]|0.000

0.000

0.000

0.000

0.000{0.000

J
d,,[m]2.000

2.000

2.000

2.000

2.000 | 2.000

0[rad]] 0.000

0.000

0.000

0.000

0.000{0.000

o[rad]| 0.000

0.000

0.000

0.000

0.000{0.000

Z[[[m 0.667

1.111

1.489

0.667

1.111)1.489

1
ex[m]|-1.333

-0.889

-0.511

-1.333

-0.889]-0.511

Table 3. Equilibrium parameters u=45 deg.

45deg.

sagging

hoggin,

hm]| 0

4 |7585] O

4 |7.858

Xp[m]

48.500148.500[48.500148.500(48.500[48.500

[m] | 0.000

0.000

0.000

0.000

0.0000.000

1
d,,[m][2.000

2.000

2.988

2.000

2.000 | 2.988

0[rad]| 0.000

0.000

0.000

0.000

0.0000.000

¢[rad]| 0.000

0.000

0.000

0.000

0.0000.000

z,[m][0.667

1.111

1.616

0.667

1.111|1.616

]
ex[m]|-1.333

-0.889

-0.384|-1.333

-0.889(-0.384

Table 4. Equilibrium parameters p=75 deg.

75deg.

saggin,

hoggin,

hy[m]] 0O

4 |7585] O

4 |7.858

xp[m]

48.500[48.500[48.500(48.500(48.500[48.500

y-[m] | 0.000

0.000

0.000

0.000

0.000]0.000

d,,[m]]2.000

2.000

3.630

2.000

2.000|3.630

0[rad]] 0.000

0.000

0.000

0.000

0.000]0.000

o[rad]| 0.000

0.000

0.000

0.000

0.0000.000

z,[m] | 0.667

1.111

1.594

0.667

1.111]1.594

]
ex[m][-1.333

-0.889

-0.406|-1.333

-0.889]-0.406

© Galati University Press, 2015

Fig.6. B-W: h,~4m, =45 deg., A= 0 707L,hogg.

31



Fascicle X1 Annals of “Dunarea de Jos” University of Galati

£
A L
= %’i N
SEEILTA NS
e Sl
) }\Qg Sy ~y
e
N e
—
e ey
—

7
SIS
f,"&"’.” S

&
v//
7
v/
o
O

Fig.8. B-W: i,=4m, =75 deg., A=0.259L ,hogg.
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Fig.11. B-W: 1,=4m, p=15 deg.,A=0.966L,sagg. Fig.16. B-W: h,=4m, u=90 deg., A=B, sagg.
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Tables 2-4 present the equilibrium ship-
wave parameters obtained by the iterative
procedure from section 2.

Figs.2-16 present the barge-wave position
for still water and 4,=4 m, on sagging and
hogging conditions, u=0-75 and 90 deg.

Figs.17-20.a,b present the vertical bending
moment and shear force diagrams, on sagging
and hogging conditions, p=0,45 deg.

Figs.21-26.a,b present the horizontal
bending moment and shear force diagrams, on
sagging and hogging conditions, p=45-75 deg.

Figs.27-30 present the torsion moment
diagrams, on sagging and hogging conditions,
1=60,75 deg.

Figs.31,32.ab present the transversal
bending moment and shear force diagrams, on
sagging and hogging conditions, u=90 deg.

My [KNm] 1D-Beam Mode! Hogging = 0 deg / Quasi-static Wave / BARGE
4.50E+05

4.00E+05

3.50E+05

3.00E+05

2.50E+05

2.00E+05

1506405

1.00E+05

5.00E+04

0.00E+00

5008404

6790 7760 8730 970
— v —wezsm
J———— p————

——hwom xm)

Flg 17.a Barge M, [kNm], p=0 deg., hogg.

TV [KN] 1D-Beam Model Hogging = 0 deg / Quasi-static Wave / BARGE

2.00E+04

1.50E404

1.00E+04

5.00E+03

0.00E+00

|-6.00E+03.

|-1.00E+04

-1.50E404

-2.00E404

a70 1940 2010 3880 4850 5820 6790 7760 8730 97.00
——fw=om ——w=05m Fwr=im e T T ——rw=z5m
—hwessm  — hweam ——hw=asm  ——nw=sm -

e p— e o j—

Fig.17.b Barge, T, [kN], u=0 deg., hogg.

Mv [KNm] 1D-Beam Model Hogging i = 45 deg / Quasi-static Wave / BARGE

3.50E405

3.00E+05

2.50E+05

2.00E+05

1.50E405

1.00E+05

5.00E+04

0.00E+00

5005404

a70 1940 2010 3880 4850 5820 6790 7760 8730 97.00
——fw=om ——rw=05m Fwr=im —hweiem  —rtweam ——rw=z5m

= —hwessm  — hweam “hwesm -
e p— e p—

Fig.18.a Barge, M, [kNm], u=45 deg., hogg.

X[
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TVIKN] 1D-Beam Model Hogging s = 45 dog / Quasi-static Wave / BARGE

1.00E+04 T
8008403
6.00E+03
4008403
2008403

0.00E+00

|2.00E+03

-4.00E+03

6.00E+03

8.00E+03

-1.00E+04
o

Fig.18.b Barge, T, [kN], u—45 deg., hogg.

My [KNm] 1D-Boam Modol Sagging 4 = 0 dog / Quasi-static Wave / BARGE
5.00E+04 T

0.00E+00

|-5.00E+04

-1.00E+05

1508405

|2.00E+05

2508405

|-3.00E+05

|-3.50E+05

-4.00E+05

-4.50E+05
0.00

1940 200 3380 4850 5820 6780 7760  87.30

— w25
p————

—wezm
~5m

Flg 19 a Barge, M [kNm] u—O deg., sagg.

l-1.00E+04
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|2.00E+04
0.00

TV [KN] 1D-Beam Model Sagging p = 0 deg / Quasi-static Wave / BARGE
2.00E+04

1.50E+04

1.00E+04

5.00E+03

0.00E+00

5.00E+03

o7.00)

1940 200 3380 4850 5820 6790 7760 87.30

x m]

Fig.19.b Barge, T, [kN] u—O deg sagg.

-5.00E+04

-1.00E+05

-.50E+05

|2.00E+05

|-2.50E405

|-3.00E405

My [KNm] 1D-Boam Modol Sagging i = 45 dog / Quasi-static Wave / BARGE
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0.00E+00

o 50105
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— T E— T — ez
[ hw=sr T hw=em
hw=om hw=10m x )

Flg 20 a Barge, M, [kNm], u=45 deg., sagg.

-2.008+03 1— \XOS
-4.00E+03 1
6.00E403 4— — =

8008403 - — —

TV[KN] 1D-Beam Model Sagging j = 45 dog / Quasi-static Wave / BARGE
1.00E+04

8008403
6.00E+03
4.00E+03
2008403

0.00E+00 e+

-1.00E+04
0.00 970 1940 200 3380 4850 5820 6790 7760 87.30

i —weiem

Flg 20 b Barge, T [kN], u=45 deg., sagg.
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Mh [KNm] 1D-Beam Model Hogging p = 45 deg / Quasi-static Wave / BARGE

4.00E+04

3.00E+04

2.00E+04

1.00E+04

0.00E+00

|-1.00E+04

0.00 270 20.10

__hw=sm  [m)

Th [KN] 1D-Beam Model Hogging i = 75 deg / Quasi-static Wave / BARGE

1.50E+03

1.00E+03

5.00E+02

0.00E+00

|5.00E+02

-1.00E+03

2010 3880 4850 5820 6790 7760 8730 97.00
——rweim —wzem
p———

Fig.21.a Barge, M, [kNm], u=45 deg., hogg.

Fig.23.b Barge, 7, [kN], u=75 deg., hogg.

Th [KN] 1D-Beam Model Hogging = 45 deg / Quasi-static Wave / BARGE
2.00E+03

1.50E403

1.00E+03

5.00E+02

0.00E+00

5008402

-1.00E403

1.50E403

|-2.006+03

2508403

|-3.00E+03
0.00 2010 3880 4850

—_

M [KNm] 1D-Beam Model Sagging j = 45 deg / Quasi-static Wave / BARGE
2.00E+04

1.50E+04

1.00E+04

5.00E+03

0.00E+00

5.00E+03

l-1.00E+04

1508404

|2.00E+04
0.00 4850 5820 6790 7760 8730  e7.00)

W=z —rwzEm

—— hw=6m

“rwesm
——hw=iom

Fig.21.b Barge, T, [kN], u=45 deg., hogg.

Fig.24.a Barge, M), [kKNm], u=45 deg., sagg.

Mh [KNm] 1D-Boam Model Hogging = 60 dog / Quasi-static Wave / BARGE

3.00E+04

2.008+04

1.00E+04

0.00E+00

|-1.00E+04

-2.00E404

Th [KN] 1D-Beam Model Sagging y = 45 deg / Quasi-static Wave / BARGE

1.50E403
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5.00E+02

0.00E+00

|5.00E+02
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—

Fig.24.b B p=45 deg., sagg.

2.00E+03

1.50E+03

1.00E403

5.00E+02

0.00€+00

-5.00E402

l-1.00E+03.

1508403

l-2.00e+03

|-2.506+03
0.00 a70 19.40

— o ——w=05m
rw=sm —nw=35m
e e x m]

M [KNm] 1D-Beam Model Sagging j = 60 deg / Quasi-static Wave / BARGE
3.00E+04

2.00E+04

1.00E+04

0.00E+00

-1.00E+04

|-2.00E+04

hw=sm e A — v}
——Nurm T NWe785m  — hwesm j—

Fig.22.b Barge, T}, [kN], u=60 deg., hogg.

Fig.25.a Barge, M, [kKNm], u=60 deg., sagg.

Mh [KNm] 1D-Boam Model Hogging = 75 dog / Quasi-static Wave / BARGE
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Fig.25.b Barge, T}, [kN], u=60 deg., sagg.
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Mh [KNm] 1D-Beam Model Sagging p = 75 deg / Quasi-static Wave / BARGE
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Fig.26.a Barge, M), [kNm], p=75 deg., sagg.

Fig.30 Barge, M, [kNm], u=75 deg., sagg.
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Fig.26.b Barge, T}, [kN], u=75 deg., sagg.

Fig.31.a Barge, M,, [kNm], p=90 deg., hogg.
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Fig.27 Barge, M, [kNm], u=60 deg., hogg.
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Fig.32.b Barge, T}, [kN], p=90 deg., sagg.
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Table 5. Maximum wave loads, /4,,=7.858m

Sagging [kNm, kN]

udeg] 0 [ 15 | 30 | 45 | 60 | 75

ML 1 0.966 | 0.866 | 0.707 | 0.500 | 0.259

M, [3.76E5| 3.68ES5 [3.36E5[2.83E5(9.52E4(6.26E4
T, |1.35E4| 1.29E4 |1.06E48.01E3|4.83E3|4.79E3

M, 0 |2.80E3|6.44E3|1.31E4|2.34E4|2.17E4
T 0 |2.33E2|5.00E2|8.65E2|1.72E3|1.59E3
M, 0 |4.37E4|8.98E4|1.34E5|1.74E5|1.34E5|

Hogging [kNm, kN]
u[deg]] O 15 30 45 60 75
ML 1 0.966 |0.8660.707 | 0.500 | 0.259
M, [3.76E5[3.64E+53.36E5[2.83E5|9.52E4|3.55E4
T, [1.35E4| 1.27E4 [1.06E4|8.01E3|4.83E3/4.79E3

M, 0 |7.71E3|1.57E42.41E4]2.28E4|1.69E4
T 0 |6.88E2|1.39E3|2.04E3|1.64E3|1.14E3
M, 0 |4.69E4 |8.93E4|1.33E5|1.74E5|1.35E5|

Based on classification societies rules
[11, [3], [5], [7], the long-term statistical
maximum design bending moments, shear
forces and torsion moment result from Table
6, function of wave height 4,=7.858 m and
L,B,T,cp ship data (Table 1), with probability
of occurrence of P=10" (20 years period).

For this barge, due to the prismatic hull
and uniform mass distribution, the still water
bending moments and shear forces are zero.

Table 6. Maximum and rules loads [kNm,kN]

Load| manx. BV DNV GL ABS
M, [3.76E+5/4.64E+5|4.64E+5/4.64E+5|4.64E+5
T, |1.35E+4|1.28E+4{1.28E+4|1.28E+4|1.28E+4|
M, |2.41E+4(3.98E+4{1.55E+5|1.62E+5|5.15E+4
7, [2.04E+3|1.22E+3|4.98E+3|5.20E+3|1.66E+3
M, |1.74E+5|1.20E+5|1.27E+5|2.05E+5[2.23E+5

4. CONCLUSIONS

Based on the numerical results from
sections 3 for the barge hull, at global strength
analysis on 1D-beam model, the following
conclusions can be drawn:

1. For A4, > 4m the geometric non-linearities
occur, due to the low ship height H = 4 m
(Tables 2-4), being significant for the
statistical rule-based equivalent quasi-static
wave design height of /,=7.858 m.

2. The transversal bending moment (u=90
deg.) has maximum values around those of
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the torsion moment. In this case the wave
length is equal to B (Figs.31-32).

3. The maximum vertical bending moments
and shear forces are in the case of head
(follow) wave p=0, on sagging and hogging
conditions (Table 5), (Figs.17-20).

4. The maximum horizontal bending moments
and shear forces are obtained in the case of u=60
deg. sagging condition and in the case of p=45
deg. hogging condition (Table 5), (Figs.21-26).
5. The maximum  torsion moments are
obtained in the case of u=60 deg., on sagging
and hogging conditions (Table 5), (Figs.27-30).
6. The maximum wave loads obtained by
direct calculation (Table 5) are in the range
of rules maximum design values (Table 6).
The horizontal and torsion rules design
values are scattered, according to the society.
7. Further study will be focused on various ship
types and the use of the equilibrium ship-wave
parameters on 3D-FEM models analyses.
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