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Reliability~-Based Optimum Design for Tubular Frame Structures

Jeom Kee Paik
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Abstract

This paper describes the development of a reliability-based optimum design technique for such
three dimensional tubular frames as offshore structures.

The objective function is formulated for the structural weight. Constraints that the probability of
failure for the critical sections does not exceed the allowable probability of failure are set up.

In the evaluation of the probability of failure, fatigue as well as buckling and plasticity failure
are taken into account and the mean-value first-order second-moment method(MVFOSM) is applied
for its calculation.

In order to reduce the computing time required for the repeated structural analysis in the optimi-
zation process, reanalysis method is also applied.

Application to two and three dimensional simple frame structures is performed. The influence of
material properties, external forces, allowable failure probabilities and interaction between external

forces on the optimum design is investigated.
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Example plane frame structure
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Table 1 Effccts of the coefficients of variation
for example plane frame structure

[ Kishi et. al Present
COVoy COVrl—p 7 D, T W | Di | Ds | W
f (mm)( () Cea | (o] (o (kg)
0.05 0.15 286 268 923 =283 268 918
0.3 310 288 1073 300 287 1068
0.6 350 322 1560 348[ 320, 1345
0.1 0.15 302| 237 1026 209 282 1015

|
320 msf 1151
358 é:s; 1418

>
&

322)  300f 1:60
360, 330 1438

<o
jop]

o F,=0, wO/’Y 0, COV,uy=0. Prayp=10""
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Table 2 Effect of the allowable buckiing and
plasticity failure probablity for example
plane frame structure

W(kg)

COV,y ; (/()VFk P/nH ‘ l)l(m‘n)l [)zﬁmm/)

? 10-3 320,20 298.2 1150.5
r 10-¢ 341.50  302.9 12785
I 0.3 10-5 251.5 9 12580
! 10-0 261.5 9 1429.9
0.1 ‘:-— N_»_m‘-il()";i ] 57 11‘ | ;)34.:31
: 16-2 | 258.7] L 14183
i 10-* 381, 5i 1611.0
| 06 | 105 | 391.5 1700. 2
10-° 401. 5 1791.7
} 1077 421. 5! 1982.0
] 1073 389.9 1828. 1
0.3 10~ 428.2 2169. 8
oo | 1673 351.5 7455.4
10 d019l 4019 19419
0.6 | 107t ] 459.9) 450.9 25433
1070 ] 5519

551. 9[ 3661.9

orF, =0, We/Y=0, COV, =0
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Fig. 4 Effect of the allowable buckling and plas-
ticity failure probability for example plane
frame structure

Table 3 Effects of the correlation coefficients
between the loads for example plane
frame structure

Present

| Kishi et. al ;
LA —
chIFEiCOEM1 ) D. | W O T D, [ W
| | (mm)| (mm)| (Kg)' (mm)] (mm)| (kg)
0.15| 302 282 1026 =299 282 1015
0.0 0.2] =223 200 1160 320 298 1151
0.6 | 360 230 1438 558 328 1418
D oo.1sl 502) 286l 1045 201 284 1032
0.5! 0.2 326 308 1203 324 306 1195
0.6 366 544 1523 364 542| 1501
0.1 304 200| 1063 303 289 1050
0.1] 0.2 =826 314 1241 326 312| 1224
0.6 372 356 1505 371 348 1554

COV,,=0.1, @o/v=0, COV,

N

=0, Pfah: 1673

Table 4. Effects of the initial deflections of the
members for example plane frame

structure
B } 3 kishi et. al Present
Wo/ Y COVed =5 "Dy W [T Dy T Ds { W
i (mm)| (mm) (kg) | Onm)| (mm)| (kg)
ftlw 302| 282 1026] 299 282 1015
0.0 0.3| 3220 300 1160 320, 208 1151
| 0.6 360 330, 1438 358 328 1418
| 0.15 304 286 1040 302 284! 1034
0.05. 0.3| 324/ 302 1178 322 300 1165
| o. 362 332 1452 360| 330 1435
i |
| 0.15 208 =200 1076] 2305| 2871 106
0.1 0.3| 326 304 1199 323 301] 1174
| 0.6 364 334} 1460] 361 331] 1444

COVoy=0.1, Prp,=0, COVyy=1. Prop=10"

o T A £t &
g7y Aotd £ E FEFYS Frbeke, 58] @
BogRel By el Fobstwl TR TR F49]
Erpgk. o] ASm oA A G A|Eha gledd,
Slel 4] Ayt whel 7He ool 4] Kishi -2 A7
Al o7 B g delz v

r}-g- ¢ &, Table 3 ; 3

el Fo) ARAA ALFE, =T S 2]

= dfe} o] - ed-tell
=0 A kel 8] mdte] A

2
ER L EER

4ayshol gt B4 T
235l e %‘
F

2

® : CRITICAL SECTION
UflfSkg/mmz
£221000kg/mm’

p:7.85x10 kg/mm®

(2)4
AN\
L=5000mm

F)’:SOOOK:‘:(R:LJ)'
B/t=20

=3000kg{%=5-3)

Fig.5 Example 2-D frame structure
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Fig.6 Effect of the allowable fatigue failure pro- S A st AlAlel B Feked R oA Tol A = akdk
bability for example 3-D frame structure AA Y Axet 242 el
(allowable buckling and plasticity failure Toz, & ool 1987U % Behr] 23 h #) alar
robability, pr,=10"%) .
’ s A A @ (A FADA A De] oo 5
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Fig. 60 2 ¥ E s)uslid ot &8 s}d& TEA
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B ole & g
gL, Table 5ol &= XA LR Fa ululd o & 1) Kishi, M. et. al, “Optimum Design of Frame
sl abESER1E Jelz 9o, o o9Y Fa Structure Under Constraint on Failure Proba-
vt ol glo]l 48] 5] % s}£FEo 10712 4 o). bilities”, J.SNAJ, Vol.155, 1984(in Japanese)
olZlowdE M odlxe AY, T LBt 2)Mansour, A.E.“Probabilistic Design Concepts

Table 5 Effect of the allowable fatlgue failure probabmty for example 3-D frame structure

Design e
life Prrg Py, Py, Py P, ; Prr,
(year) | N o
Lo107 | 5,90 10-¢ 5,90 1075 5.90 x 10-5 5.90% 1076 1. 00 % 10~
20 Lo10s | 112x1070 1,12 % 1075 1.12 % 10-5 1.12x 108 7. 46 % 1075
f 107 | 7.87%10°¢ 7.87 % 10-3 7.87 x 10-8 7,87 % 10~ 6. 66 10~
T 2.27 % 108 2.97 % 10~3 2,97 x 10~ 2,27 % 1G-8 5 1.87 % 107
40 ‘[ 10-5 1.54% 10-? 1,54 % 10-° 1.54 %107 L54x107 1,99x 1077
107 | 3.18% 10-10 3.18% 10-19 3.18x 10~ 3,18 10-10 } 8.92% 10~9
- L I I . e
De(s)l];;lrélfe Py E Lrp, ; Prr, Prp, D1(mm)| Dy(mm’ Wkg)
1072 1.00% 10~ 1.00% 1074 1.00% 10-4 353.5 | 19.0 ’ 2936. 1
) 1075 | 7.46% 10 7.46% 10 7. 46 1075 361.4 | 17.9 2066. 7
1077 |‘ 666 10 7.05x 10-3 7.05 10-¢ 373.9 | 62.9 j 3368. 8
107 | 187105 1.95 % 105 1.95% 1075 379.9 | 67.9 3490. 1
40 | 1078 1.99 <10~ 1.99 < 1077 1.99x 1077 393.9 31.9 3658. 9
T | 8.02x107 | 89210 8.92 x 1079 402,21 29.4 3810. 1
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T

7.

SEA COAST DEVEVELOPMENT
Ocean Structures

Civil Engineering Machinery

Cargo Handling Systems
Anti-Scour System
Mooring Anchor

Vessels (Pusher, Barge,
Jack~Up Rig

Robhots

Hydroextractor Pumps
Marine Engines
Breakwater

Drillship)

Related Technology
Others

ENVIRONMENTAL SAFETY

Waste Disposal Facilities and Equipment

Anti-Sea Pollution Equipment and Cleaning-Up
Operations

Surface Effect Vehicles

0il Skimming Vessels

Related Technology

Others

. ELECTRONIC EQUIPMENT

Cables

Lighting Equipment

Underwater TV /Underwater Camera System
Satellite Communication Data/Collection System
Computer Communication System

Others

RELATED MARINE EQUIPMENT
Pump

8.

9.

Heating and Air-Conditioning Systems
Heat Exchangers
Hydraulic/Air Pressure Equipment

Control Instrumentation
Connectors

Valves and Fittings

Others

RAW MATERIALS AND ASSOCIATED
PRODUCTS

Production Materials

Chemical Materials

Safety Equipment/Diving Equipment
Corrosion Protection

Lifeboats. Lifesaving Capsules

Umbilicals

SERVICES
Coastal Surveys
Ocean-Bed Surveys
Ocean Eesearch
Weather Research
Insurance

Consultants
Trangportation
Journals

Public Relations

Maritime and Offshore Structure Maintenance

10. OTHERS

Pressure Resistant Buoyancy Material

Anticorrosive and Antifouling Technology
Others
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