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Abstract

It is important to enhance the safety of ship structures as much as possible in order to
prevent the disastrous collapse of structures. In fact, the strength problem of structures is
closely related with the safety problem of structures. Recently, the direct calculation method
using a rational approach based on the first principle is implemented into the structural design

process instead of adopting empirical approach based on the rules. The structural designer
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have shown increased concern with the problem of adequacy of conventional design method

based on the safety factor since it does not fully take into account some degree of variability

of the applied loads on and the strength of ship structures.

To deal with the analysis of structures effectively, it is necessary to have three stages being

equally treated. The first one is load analysis, second one response analysis, third one safety

analysis. For marine structures, most of research

effort has been however put into the first

and second stages. The third stage is normally done by simple procedures. Hence, the various

probabilistic methods are compared in order to establish the reliability analysis techniques for

ship structures.

As a result, the advanced level 2 method is selected as a most effective and

accurate reliability methed. The validity of this method is further demonstrated by comparing

the results with the conventional method for the problem of the longitudinal strength of hull

girder of Ro-Ro ship.
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Fig. 1 Schematic diagram for wave load analysis
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Table 1 Long-term results of vertical wave bendlng moment (x1.E+5 ton-m)

| Ochi == 44 ABS A7 4 Az AAAEE
i A * i 6-param. spect. 6-param. spect. ISSC spect.
1 oy »@=0.01) | Q=1.E-8 | Q=1.E—10 | Q=1.E—8 |Q=1.E—10
1 | Mariner 0.82 1.12 0.84(.81) 1.02 - ; —
2 | A4 4.00 5.44 3.98 4.87 — | —
3 =4 | 9.43 12.85 9.20 11.44 — \ —
4 | SL—175 | 1.31 1.46 (0.95) — 1.53 1.89
5 | Ro—R, i 1.77 2.28 (1.33) - 2.40 2.96

¥z 1) () Askg st

g%+ ABS rule 3t

2) % 1,2,39 3 (5]

3) W3 4,59 3k (6]

4) Q : probability of

exceedance level (1. E—n=10%%(—n))
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Table 2 Statistical values of random variables

Variable Mean gteililgfiroi
R (Yield stress) 62. Ksi 6.2 Ksi
A (Area) 2.8 sq. in. 0.14 sq. in.
Q (Applied load) | 100 Kips 0.0

Table 3 Reliability index obtained by advanced
level 2 method

Limit Eq. Type | Z;=R—Q/A Zy,=RA—Q

R=62. A= 2.8 R=62. A= 2.8
R=37.8 A=2.60;, R=40.9 A=2.56
R=38.1 A=2.62| R=38.4 A=2.62
R=38.1 A=2.62| R=38.1 A=2.62

Z,=38.1—100/ | Z;=38.1%2.62
2.62=0.0 —100=0.0

Reliability index|8=4.06 p=4.06

1st Iteration
2nd Iteration
3rd Iteration
Taylor Exp. Pt.
Z-Value

Table 4 Effects of
reliability intex (8)

correlation factor(RHO) on

Limit Eq. Type Z,;=R—Q/A Z,=RA-—-Q
RHO=0.0 5=4.06 5=4.06
RHO=0.5 p=3.54 p=3.54
RHO=1.0 8=3.16 p=3.16
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"Table 5 Comparison of probability of failure due to the different distribution types & methods

Distribution type MFOSM AFOSM LEVEL 3 MCT
Normal 2.08E-2 2.14E-2 2.31E-2 1.99E-2
Log-normal 2.59E-2 8.74E-3 8.74E-3 7.40E-3
Exponential 4.52E-1 4,55E-1 4.90E-1 4.93E-1
Extreme 1 large 2.84E-2 1.83E-3 1.60E-3 1.80E-3
Extreme 1 small 9.26E-3 3.60E-2 4.33E-2 4.24E-2
Extreme 2 large 2.35E-2 1.02E-5 7.98E-6 0.0
Weibull 1.72E-2 2.77E-2 3.30E-2 3.25E-2

MFOSM : Mean-value first order second moment
AFOSM : Advanced first order second moment

MCT : Monte carlo method
1.LE—n: 10%x(—2)

Table 6 Comparison of probability of failure due
to the different distribution types & Rho

Distribution type ’ Rho=0. , Rho=.5 | Rho=1.0
Normal 2.14E-2 | 3.85E-2 | 5.71E-2
Log-normal 8.74E-3 | 2,22E-2 | 3.84E-2
Exponential 4,55E-1 | 4.63E-1 | 4.68E-1
Extreme 1 large 1.83E-3 | 6.83E-3 | 1.42E-2
Extreme 1 small 3.60E-2 | 5.14E-2 | 7.14E-2
Extreme 2 large 1.02E-5 { 2.06E-4 | 9.72E-4
Weibull 2.77E-2 | 4.74E-2 | 6.93E-2

2 FojA 2 v FAA S}
E(C)=200 E(D)=100

E ved 359 st $5¢ LEgd, COV, ¥
8 A 5 wdd ®E ASE wzy 29
Table 75 2. 4714 FEd4Y LAz 35
W AE7k A2 5% (fully Indep.)ol A, obdd
%< (fully Dep.)el #AE ovsted, F<4 3
%, & EAlA £ Rhost 1,09 A-$3t 288t

d) 7 e vl =3

4716l A AFE Table 5,6 R 79 AN F25

Table 7 Comparison of probability of failure due to the different distribution types, COV & Rho

Distribution type COV C=0.1 COV D=¢.2 | COV C=0.2 COV D=0.4
NO Rho
C D Level 2 MCT Level 2 MCT
1 Normal Normal INDP 2.0E-04 4.0E-04 3.8E-02 3.8E-02
DEP 6.2E-03 4,2E-03 1.1E-01 1.1E-01
2 Log-nor. Log-nor INDP 7.1E-04 8.0E-04 4,.2E-02 4.0E-02
DEP 8.7E-03 8.2E-03 1.0E-01 1.0E-01
g Exponel Exponel INDP 3.3E-01 3.4E-01 3.4E-01 3.3E-01
y DEP 3.8E-01 3.8E-01 3.8E-01 3.8E-01
4 Ext1 L Ext 1L INDP 1.7E-03 1.5E-03 4.1E-02 3.4E-02
DEP 7.9E-03 7.6E-03 9.2E-02 9.2E-02
5 Ext1 S Ext1 S INDP 1.7E-03 0.9E-03 4,1E-02 3.8E-02
DEP 7.9E-03 6.1E-03 9.2E-02 9.2E-02
6 Ext 2 L Ext2 L INDP 4,3E-03 2.6E-03 3.4E-02 3.1E-02
: DEP 10. E-03 8.0E-03 6.4E-02 5.8E-02
7 Weibull i Weibull INDP 8.1E-04 2.0E-04 4,4E-02 4.2E-02
i DEP 8.8E-03 6.7E-03 1.1E-01 1.1E-01
o] 7] A COV : coefficient of variation
Ext : extreme S : Smallest
L : Largest INDP : full independent

Rho : correlation DEP:

full dependent(Rho=+1.0)
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Table 8 Statistcal properties of random variables b 24 74
i . - cov t. plate94 A
R.V‘.LDlstrlbutlon Mean [St. Dev. (%) 't w7 (stiffener)d] AL
Z. | Normal 28m | 2.8 10.0 L. a7se] 293 g 249 44 5
Z, | Normal 47m 4.7 10.0 oo E
¢, | Normal 270MN/m* | 27.0 | 10.0 A, 27 e vy
o. | Normal 200MN/m? | 20.0 10.0 E : Young’s modulus
M, | Normal 1, 300MN-m | 130.0 | 10.0 .'P i g, .
M. |Extreme 1  [1,700MN-m| 1,700.0] 100.0 v - Polsson's ratio

Large

- 4.2. M3 MziEe oin 8
A7l ze® dAREd AF FAFEL AL
7] 9d, Ry/RedS 43t Fig 3¢ 2ol o

Table 9 Results of reliability analysis

Failwe Mode | SE. | Pr | 8 gusd TzE AL R 43 At Fa88em
1) Z=Zooy—Mu—M, | 2.52 | 2.31E-2 | 1.99 olw] FzE AL HrstE A7 F(design cri-
9) Z=Z4ay—Mu—M, | 4.23 | 8.16E-4 | 3.15 teria) =& 3¢ 48 $A 4 (limit state eq) 4
3) Z=Z 0.~ Mw—M, | 1.87 | 8.57E-2 | 1.37 A o2 thgwk o] FAY £ gl

Z=C—-D @n
A7 A Z:Fg A 34 =e 4ANE
C:Fz%9 3y =& AFF DA

1) Initial vielding failure
9) Fully plastic yielding failure
3) Elastic buckling failure

#459)
'L‘b?f,,l,o,,sin_smmy factor(a) of random variables D:Fame ALt 255 (Mt M)
Failure Mode Z.or Zyloyorae| Mse “ M., M., A4S 43 299 E

M, o3 ¥ 2¥HE

1) Initial Yielding! 0.22 | 0.22 |—0.04 |—0.95 )
) Initial Xic'cing Fg4u $44% o FE F WFE A% FEIY

2) Fully Plastic 0.25 0.25 {—0.03 |—0.93

Yielding o FFz, TEAR 28z COVrE Table 83 2]
3) Elastic 0.21 | 0.21 [—0.05 |—0.95  FoiA el Mus FTHE FTHA FAAAL
_ Buckling | ool AL golw, HE AANSEY BFL T4
3) #=z A% Z4RE Aq el o8 T geold. 2z 4 dAMSE

5w Apole] deck platings] A2 ¢ #Hrz 8 COVE A7 $3A %3 Aoz 44T &
a3z mdste, A Ag#e A% A@ AT o, TEFF Y= AR g8 ARHAH) 2

2w E ME: = 2 AAESEEY B4 43 uAE A4 A
My=Z,%0. (25) o4 AEE T4 Feholdl, A4 Wi A=

o] S, 2ZLH(6)& & ol TAHA. g2 2zdsd ALE AFE F UEF Ao S
0. ==K.E/[12(1—v?*(b1%(bre? 4719 A28} advanced level 2 ¥WE & o] &3},
+12n1)/(brt-+nA;) (26) 7 3 rzg F33E R A =AFEE AL

q7 - K, (b/ata/b)? Table 99} 7}, Table 9ol 4 B ubs} o] Az
a:d 2A zHA o A%, FHE 4% FAFEL 27 FE AT 7

br @ (nt+1)%b AFErd A vegoed, 9@ 24 #@Md A%

Table 11 P, vs COV for various failure modes

Failure Mode 10% (M) | 30%(M.) | 50%(M) | 7T5%(M) | 100% (M)
1) Initial Yielding 3.3E-7 1.1E-4 1.7E-3 9.2E-3 2.3E-2
2) Fully Plastic Yielding 1.2E-12 2.8E-8 4.9E-6 1.3E-4 8.1E-4
3) Elastic Buckling 1.7E-4 4,0E-3 | 1.9E-2 5.1E-2 8.6E-2
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Table 12 3 vs Rho for various failure modes

Failure Mode Rho_o ORh(LO 5Rho=1-0
1) Initial Yielding 1.994] 1. 945) 1.899
2) Fully Plastic Yielding 3.151)  3.052| 2.959
3) Elastic Buckling 1.368 1.339‘ 1.311

where Z=x(1) z(2)—z(3)—z(4)
Rho : correlation factor between z(1) and =z(2)
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