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Stochastic pattern of structural strength of structures under random wave loads

(Stochastic pattern of working stress and fatigue strength)

by Tohru Hori, Member Noboru Shimizu

Masako Hori

Summary

The design concept of ocean structures is now changing from the “design by rules” concept
to the “design by analysis” concept, where starting from load analysis, various kinds of
analysis such as stress analysis and failure analysis are carried out in a same flows. And
it can be also pointed out as a special feature of the “design by analysis” that safety of
structures is estimated from probabilistic point of view instead of the decisive estimation
which has been adopted for long time.

In the case of probabilistic estimation of structual safety, it is necessary to handle the two
kinds of probability, the probability of structural strength which is originated from random-

- ness of external loads, and the probability of material strength caused by scatterness of
material qualities. And in the present report, the former problem is investigated mainly.

In order to investigate probabilistic problems of the structural strength, it is firstly requi-
red to know stochastic characteristics of external loads, wave loads in case of ocean Stru-
ctures, and working stress induced by the loads. Therefore the stochastic pattern of wor-
king stress under wave loads is studied mainly experimentally, based on an experiment
carried out for two years using a ship on service. Then, taking the stochastic characteristics
of working stress into consideration, strength of fatigue strength which is regarded as a
most usual mode of failure is investigated from stochastic point of view. Finally the results
obtained are compared with the results presented in such codes as BS and AWS.
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Fig. 10 A result of numerical experiment as
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Table 1 Allowable stress in terms of fatigue strength

prob. X1 X1 %1 %1 |contact to 5-N curve x4 |

X %4 *5 3 *6
Level Al A2 g1 B2 EY A0p 3 m K )\_ &0max
1 % ISt | 6480 | -0131|~0541] 1.89x10° | 25.6%%nm2| 579 | 264x10 | 442K mm2! 814 Y2
5% 156 | 7400 {-0/31 |~0541 | 1.98x10° | 262 « | 568 |236x10"|461 . lgag

10 % 188 | 7956 |-Qi31 |-Q541 | 208xI0% | 266 ¢ 563 |225:10" [471

~

50 % 168 | 10240 |-0131 |-0541 | 255¢10% | 280 548 | 2i6x10% 512 ¢ §94.3

* | material constants as to S-N curves when the S-N curve in approximated by the following for wnia ,
AT = AIN® 4 a2 B2

#2  no of cycles corresponding to the most effective stress rangs ACp

*¥3  most effective stress range

#4  material constants as fo the S-N relatien N= ALU'W

%5 limiting scalé parameter of the exponential distribution

%6  limiting maximum expectation of stress range conesponding to the probability 10’8

Table 2 Statistics about fatigue strength

reliability E ¥2 A * Per cycle domage 108 cycles damage fatigus life when D=|
love] ! T saf | va®| § [ sd? vd ¥3| W | SW vy *3

L% | 0473 |207x107"] 10x10%| 716410 | 267 | 1.0 | 716x10% | 267x162] 10° | 716x10°] 2 6716

n

5% 10176 [24916"] + |59906"| 245 | + |59500°% 245052 | 5950d°| 245xi52

0% |ot78 |273x10"| +  s563xi0"| 237 | 4 |563x10%|237x0% | ¢ | 563x0°] 2370152

50 % |0.482 13570"| v {46 215 | 4 {46md%|2u5xi32 ] 4 | as1a0®] 215¢ 152

*1 reliability tevel as to S-N relation
®2 Vleiball shape parameter and scale porameter of stochastic variabie D,

%3 coetficient of variation = { standard deviation)/(mean)
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Table 3 Fatigue strength obtained by S-N relation recommended by the codes

0% K,*z| %2 forigus  ¥3 ] pORTRS ) , %5 A(Tgux%
Closs K n Hamn =Ko ™) ™ domags D {Mgfmm2) fatigue damage D {ka/mme)
- ] 0 1ea%7 149x107€3T (4 5‘?31
BS-E | 6.73xI0 3 408 | 1.12x10 5 892xi0 2 19.1 +8.93x10°5F5 F(%)—r(e,.-‘*?ﬁ) 21

9.09xI0%3T (4, 252 )

- 10 13
BS-F | 110xIC° | 3 | 480 | 253x10°] 5 |64540'€ | 225 | g s ] (5,442) | 2P
- 9 0 1,3 621 x10%3 (4 3H)
BS-D |161xIC°| 3 | 541 | 47Ixi0%] 5 |373x0't° | 256 +2.'2X'9315 ”6@2“6"54) 28
N 1 13 52.3 917xI0% T (5,52)
BS-B | 109xI0"| 4 | 102 | 113x0%| 6 |220x0°° | 478 |lggs g ¢ r(nir(r,22) | 50
3¢43 101
AWS-X |407x10% 43 | 101 | 189x10%] 795 | 9350% | 319 |24BMOF (53, 2) 35

5.09¢107(745 r(875)-1(8753)

present

14 _ . . 2,15%579 I —
roprt 264x107] 5.79 183xi0°1 81.4
x| limiting stress range below which effectof low stress range appgears

#2  matericl constants for the stress range below 0o

%3 fatigue damage without consideration about low strass range

*4  critical moximum stress range for 20 years without consideration obout low siress rongs
8 farigue damage with consideration about low stress range

%6 critical maximum stress range for 20 years with consideration obout low stress rangs
%7 (= 00Omax/81n 10) scale parameter of marginat distribution of stress range
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