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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_QSW. The  results point out the maximum wave-induced loads into the ship's 
girder, which are assessed by statistical rule-based design values. 
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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_QSW. 

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. 

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): hw 
wave height,  wave length,  ship - wave 
direction heading angle.  

The relative wave length, considering 
the maxim wave design loads condition,  
results from the following expression (Fig.1):  

L cos1  ;   coscos1 L  (1)
where L is the ship length. 

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

  2301.0375.10 Lhw   (2)
In order to simplify the integrals 

calculation with trapeze method, the significant 
ship hull transversal sections are considered 
disposed at the middle of  „n” 1D elements [4]. 
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Fig.1 Relative position ship - oblique wave 
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 The ship mass distribution is:  
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where: , V - the ship displacement and 
volume; GG yx , - the gravity centre position; B, 

T - design ship breadth and draught; cB - block 
coefficient. 

In order to take into account the real ship 
offset lines ( niCi ,1,  ),  a non-linear iterative 
procedure with three steps is used. An analysis 
case is defined by GG yx ,,  and 1,, wh , 
resulting the ship-wave equilibrium parameters 

,,md  (draught, pitch and roll angles) which 
define the median plane position ( FF yx , ) of 
quasi-static wave into the reference to the ship 
base plane [2],[9]. For a roll angle  p  the 
following  two steps are carried out:     
Step  I – the floating condition                   (5) 
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and the iterations are done until VV k )( . 
 The solution is refined, using the half 
domain method on md  parameter, so that at 

the last iteration „k”, the convergence 

criterion is achieved:   VVV k  001.0  

 At the end of Step I, the following 
parameters are obtained: 
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Step II – the pitch condition                       (6) 
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Step III – the roll condition                        (7) 
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  Byy p
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The total loads from equivalent quasi-
static oblique wave result from the following 
expressions:                                                (8) 
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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 ,,md , FF yx , , ,,wh , 

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. 

     Fmw xxdyxz ,     tgyy F  

 



 



 sincos
2

cos
2

yx
hw ;  Lx ,0  

(9) 
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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 
L = 97 m g = 9.81 m/s2 hw= 0  10 m 
B = 33 m Fs = 0 m hw=0.5 (1) m 
H = 4 m xG = 48.5 m hwmax=7.858m 
T = 2 m yG = 0 m =075(90) deg
cB = 1 zG = 4.3 m  = 15 deg. 
 =6562.05 t zR = 2 m =1cos 
V = 6402 m3 Ne = 40 1=L (075 deg)
us = 0 m/s x = 2.425 m 1=B (90 deg) 
 =1.025 t/m3 mx =67.650 t/m quasi-static wave

Table 2. Equilibrium parameters =0 deg. 
0 deg. sagging Hogging 
hw[m] 0 4 7.858 0 4 7.858
xF[m] 48.500 48.500 48.500 48.500 48.500 48.500
yF[m] 0.000 0.000 0.000 0.000 0.000 0.000
dm[m] 2.000 2.000 2.000 2.000 2.000 2.000
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
zH[m] 0.667 1.111 1.489 0.667 1.111 1.489
eR[m] -1.333 -0.889 -0.511 -1.333 -0.889 -0.511

Table 3. Equilibrium parameters =45 deg. 
45deg. sagging hogging 
hw[m] 0 4 7.585 0 4 7.858
xF[m] 48.500 48.500 48.500 48.500 48.500 48.500
yF[m] 0.000 0.000 0.000 0.000 0.000 0.000
dm[m] 2.000 2.000 2.988 2.000 2.000 2.988
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
zH[m] 0.667 1.111 1.616 0.667 1.111 1.616
eR[m] -1.333 -0.889 -0.384 -1.333 -0.889 -0.384

Table 4. Equilibrium parameters =75 deg. 
75deg. sagging hogging 
hw[m] 0 4 7.585 0 4 7.858
xF[m] 48.500 48.500 48.500 48.500 48.500 48.500
yF[m] 0.000 0.000 0.000 0.000 0.000 0.000
dm[m] 2.000 2.000 3.630 2.000 2.000 3.630
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
[rad] 0.000 0.000 0.000 0.000 0.000 0.000
zH[m] 0.667 1.111 1.594 0.667 1.111 1.594
eR[m] -1.333 -0.889 -0.406 -1.333 -0.889 -0.406

 
Fig.2.  Barge-Wave position:  hw=0  still water 

 
Fig.3. B-W:  hw=4 m, =0 deg., =L, hogg. 

 
Fig.4. B-W: hw=4m, =15 deg., =0.966L,hogg. 

 
Fig.5. B-W: hw=4m, =30 deg.,=0.866L,hogg. 

 
Fig.6. B-W: hw=4m, =45 deg., =0.707L,hogg. 
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Fig.7. B-W: hw=4m, =60 deg.,=0.500L,hogg. 

 
Fig.8. B-W: hw=4m, =75 deg., =0.259L,hogg. 

 
Fig.9. B-W: hw=4m, =90 deg., =B, hogg. 

 
Fig.10. B-W: hw=4m, =0 deg., =L, sagg. 

 
Fig.11. B-W: hw=4m, =15 deg.,=0.966L,sagg. 

 
Fig.12. B-W: hw=4m, =30 deg.,=0.866L,sagg. 

 
Fig.13. B-W: hw=4m, =45 deg.,=0.707L,sagg. 

 
Fig.14. B-W: hw=4m, =60 deg.,=0.500L,sagg. 

 
Fig.15. B-W: hw=4m, =75 deg.,=0.259L,sagg. 

 
Fig.16. B-W: hw=4m, =90 deg., =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 hw=4 m, on sagging and 
hogging conditions, =0-75 and 90 deg. 

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

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

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

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

 
Mv [KNm]  1D-Beam Model  Hogging   = 0 deg / Quasi-static Wave / BARGE 
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Fig.17.a Barge, Mv [kNm], =0 deg., hogg. 
Tv [KN]  1D-Beam Model  Hogging   = 0 deg / Quasi-static Wave / BARGE 
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Fig.17.b Barge, Tv [kN], =0 deg., hogg. 
Mv [KNm]  1D-Beam Model  Hogging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.18.a Barge, Mv [kNm], =45 deg., hogg. 

Tv [KN]  1D-Beam Model  Hogging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.18.b Barge, Tv [kN], =45 deg., hogg. 
Mv [KNm]  1D-Beam Model  Sagging   = 0 deg / Quasi-static Wave / BARGE 
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Fig.19.a Barge, Mv [kNm], =0 deg., sagg. 
Tv [KN]  1D-Beam Model  Sagging   = 0 deg / Quasi-static Wave / BARGE 
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Fig.19.b Barge, Tv [kN], =0 deg., sagg. 
Mv [KNm]  1D-Beam Model  Sagging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.20.a Barge, Mv [kNm], =45 deg., sagg. 
Tv [KN]  1D-Beam Model  Sagging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.20.b Barge, Tv [kN], =45 deg., sagg. 
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Mh [KNm]  1D-Beam Model  Hogging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.21.a Barge, Mh [kNm], =45 deg., hogg. 
Th [KN]  1D-Beam Model  Hogging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.21.b Barge, Th [kN], =45 deg., hogg. 
Mh [KNm]  1D-Beam Model  Hogging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.22.a Barge, Mh [kNm], =60 deg., hogg. 
Th [KN]  1D-Beam Model  Hogging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.22.b Barge, Th [kN], =60 deg., hogg. 
Mh [KNm]  1D-Beam Model  Hogging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.23.a Barge, Mh [kNm], =75 deg., hogg. 

Th [KN]  1D-Beam Model  Hogging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.23.b Barge, Th [kN], =75 deg., hogg. 
Mh [KNm]  1D-Beam Model  Sagging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.24.a Barge, Mh [kNm], =45 deg., sagg. 
Th [KN]  1D-Beam Model  Sagging   = 45 deg / Quasi-static Wave / BARGE 
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Fig.24.b Barge, Th [kN], =45 deg., sagg. 
Mh [KNm]  1D-Beam Model  Sagging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.25.a Barge, Mh [kNm], =60 deg., sagg. 
Th [KN]  1D-Beam Model  Sagging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.25.b Barge, Th [kN], =60 deg., sagg. 
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Mh [KNm]  1D-Beam Model  Sagging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.26.a Barge, Mh [kNm], =75 deg., sagg. 
Th [KN]  1D-Beam Model  Sagging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.26.b Barge, Th [kN], =75 deg., sagg. 
Mt [KNm]  1D-Beam Model  Hogging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.27 Barge, Mt [kNm], =60 deg., hogg. 
Mt [KNm]  1D-Beam Model  Hogging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.28 Barge, Mt [kNm], =75 deg., hogg. 
Mt [KNm]  1D-Beam Model  Sagging   = 60 deg / Quasi-static Wave / BARGE 
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Fig.29 Barge, Mt [kNm], =60 deg., sagg. 

Mt [KNm]  1D-Beam Model  Sagging   = 75 deg / Quasi-static Wave / BARGE 
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Fig.30 Barge, Mt [kNm], =75 deg., sagg. 
M [KNm]   1D-Beam Model   Hogging  / Quasi-static Wave Travers / BARGE 
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Fig.31.a Barge, Mtr [kNm], =90 deg., hogg. 

T [KN]   1D-Beam Model   Hogging  / Quasi-static Wave Travers /  BARGE 
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Fig.31.b Barge, Ttr [kN], =90 deg., hogg. 

M [KNm]   1D-Beam Model   Sagging  / Quasi-static Wave Traverse / BARGE 
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Fig.32.a Barge, Mtr [kNm], =90 deg., sagg. 

T [KN]   1D-Beam Model   Sagging  / Quasi-static Wave Travers /  BARGE 
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Fig.32.b Barge, Ttr [kN], =90 deg., sagg. 
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Table 5. Maximum wave loads, hw=7.858m 
Sagging  [kNm, kN] 

[deg] 0 15 30 45 60 75 
/L 1 0.966 0.866 0.707 0.500 0.259
Mv 3.76E5 3.68E5 3.36E5 2.83E5 9.52E46.26E4
Tv 1.35E4 1.29E4 1.06E4 8.01E3 4.83E34.79E3
Mh 0 2.80E3 6.44E3 1.31E4 2.34E42.17E4
Th 0 2.33E2 5.00E2 8.65E2 1.72E31.59E3
Mt 0 4.37E4 8.98E4 1.34E5 1.74E51.34E5

Hogging  [kNm, kN] 
[deg] 0 15 30 45 60 75 
/L 1 0.966 0.866 0.707 0.500 0.259
Mv 3.76E5 3.64E+53.36E5 2.83E5 9.52E43.55E4
Tv 1.35E4 1.27E4 1.06E4 8.01E3 4.83E34.79E3
Mh 0 7.71E3 1.57E4 2.41E4 2.28E41.69E4
Th 0 6.88E2 1.39E3 2.04E3 1.64E31.14E3
Mt 0 4.69E4 8.93E4 1.33E5 1.74E51.35E5

 
Based on classification societies rules   

[1], [3], [5], [7], the long-term statistical 
maximum design bending moments, shear 
forces and torsion moment result from Table 
6,  function of wave height hw=7.858 m and 
L,B,T,cB ship data (Table 1), with probability 
of occurrence of  P=10-8 (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 max. BV DNV GL ABS 
Mv 3.76E+5 4.64E+5 4.64E+5 4.64E+5 4.64E+5
Tv 1.35E+4 1.28E+4 1.28E+4 1.28E+4 1.28E+4
Mh 2.41E+4 3.98E+4 1.55E+5 1.62E+5 5.15E+4
Th 2.04E+3 1.22E+3 4.98E+3 5.20E+3 1.66E+3
Mt 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 hw > 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  hw=7.858 m. 
2. The transversal bending moment (=90 
deg.) has maximum values around those of 

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 =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 =60 
deg. sagging condition and in the case of =45 
deg. hogging condition (Table 5), (Figs.21-26). 
5. The maximum  torsion moments are 
obtained in the case of =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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