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Optimization of Steel Jacket Subjected to Wave Forces
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Abstract[] This study is cncerned with the optimization of steel jacket subjected to wave forces using the
allowable stress design method. The optimization of member section is considered here. Objective func-
tion for the minmum cost design is obtained by considering the weight of steel jecket. Constraints are
imposed to insure that structural displacement and strength are within allowable values. The nonliner
otimization problems are solved by SUMT method including the modified Newton-Raphson method.
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Fig. 1. Wave force acting on vertical cylinder.
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Given: X0,r,Y
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function

Fig. 2. Algorithm for the exterior penalty function
method.
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Fig. 3. Algorithm for the interior penalty method.

Z}

&

a, =A%
q=4H8-3]4 (iteration number)

2 3 o] AARelN ke Wl $P, 59 A

e B 2 gie 2l 2518 ARake el

UelA Z- A E7e] zpolz} YA}, B =
o4& A= Newton-Raphson ¥-S 223l
o},

Akz7e] gl A3} FA|7} olelo} 2L o),

F(X)— Min,
ol 8 X & WA Aot

ol wf ¥4 FX)+ o A& zh&dlof 3H
Hessian =E-A[J]7} =% AR (positive de-
finite) o] o] oF dlc},

oF (X) /X,
VFX)=1{F X)/aX, | =
oF (X) /8X.,
§)=(ZEX) FFX)  FFX)
oX? oX, 09X, X, 09X,
FFX) 8FX) | FFX) | g
9X,9X, X} oX, 90X,
SFX) &'F(X)  o'F(X)

oX.0X, aX.9X,  oXi



WIRFES W+ Steel Jacket o Hiffbol B3 WA 47

2) 443 Newton-Raphson ¥4
B 000 Xoof R3jed 2481 Taylor &
ARl osted Ashd ks 2o,

6 (X} =0t (VT ax+%aX'Ug] .8X
+ {47 (X} —{Xe) (14
4 () = X) 70 (X = (el

A7|A @p={Xoll A T3k

{V & ={X ol 2] ZAAeE ( gradient
vector)
6X=(X-X,)

[Jo)= Hessin 23]~

%, A(X oA 24 £l A=da
4 (14)F Xol Bsje] nj3aia
VO (XD)= (Ve + U (K} = Xgd) 19

odl 4 (14)7F HHAE 27 YeixE
n-Tucker B&=7S uhFEA|7joF sfmg 4] (15)
2 v o(X)=001th webd 4] (15)+=

U Xt =UJiX, = (VB (16)

A (16)9) e [ Fah
CEEE

{Xx+1}={Xx} - Ug]—l {VQS} (17)

oc}t, waba 4 (17)¢] Newton-Raphson o]
t}. 22y} Newton-Raphson #H-& of#3¢] 7
29} BAoA] W &5 2 S5 A5 =t
Ae Feaix] ga dhashs ASE 9low HAX
7} opbd <k (saddle point)vt S FH 3=,
28]z W2 Hessian WHEZHA[J )7 5o
(singular)7} 59 &% 72 F 9& A= B4
ket

olal gk FAl A (17)0ll {Xeei )T H&33He a
& Folgte 24 Y 4 UE F,

Keri=1Xgl —a*- (J5) " {VD4! (18

°ole}, 4] (18)¢] +4= Newton-Raphson %o
o},

I AXIE {Xen}2

a2y o] wbHe An B FAlelAE [J]9
845 M7 offn =3 [J )= F817t
olelE el itk

4, E=3 2e

417918

T2E HAHFE o7 H%HH
£ FAsloF 5] HAAAE AT
de F 7kA @Az Yl 247»'41%
Al wAlel L B Al %
#e) gAZL glet, EAPSRE T
A, 7478 5oz vEepled % -7-2
ol FaEe Tl AA4Av vleetez &
Foll A 25 FH FHTTE Hsialth
dbd oz AefzAe 2l ¥, we, HIv] Fol
el B E=Fode mzam A¥Aet ACI
Committee 4355 23led 3883 AA el 9
3 A APigict

ﬁ}

rr
t ‘-n
o

r-|n

N-L: J}n X
_1}‘. s _L

}' 09\{.4

i %

0|
o
msrk—!o_'fnﬁ:

L,
L°‘WT
oL

4.2 SxEs
2EAAL moAY YAz o] Foln FzBold),
o] FaEe] Fe Had} ) LHAYEES o)
E2jre) Wuz TAs ol 2oh(e)F,
1980).
F=X {Ad (o) L

i=1

=1{A}" (p] {L} 19
3714 F=%34+
{Ay=2Ae] B s
:(An Az,"'Am)T
{L}=%A170] HE2)x
(Ln Lz,"‘Lm)T
[p]=x+8] T HEZ2A (mXm)

4.3 Hef =4

4,3.1 #9iAleF =4
int)

EEF2EL FFTZEIA ARSA dig |
o Alekg uHAl Hch, oo ok WAt 2AAAL
ACI Committee 4359 A& AHYsle T

4] (displacement constra-



48 #59 - o)
S wslol sl ARE Foleh RS wiE
Yol Gelz LA ol 2ok

vt < lyoh 20

A7)A {ya}=

(nx1)e] AAe 8AA =H=™

A
= (Yaly Vaz, ...ya”)r
{yd=(x1)e g A7 sfeza
= (YJ; Va, ...yn)'l'

4,3.2 A =274 (stress constraint)
864 Wl osle] RE HAlY AA ¥
4ESHol 2T I A= H8-5HE 25
AHAck, FHo g 2w FFA|AY
Edxo] Yelg IAE

(21)

A71A {oee}= (mx1) 2] & 435S

b (GCal, Ocazy """y o‘cam)
{ow}=(mXx1)9] 3% A2EH mj2zls

={(0Gea1s Grazs***s Oram)T
{o}=(mx1)9] &7 wj=zlx

= (o-h 0'2, ) O'm)T

Eﬂ uHE_ A

5. sAol

5.1 2Nz} ¢ma|F

5.1.1 SUMT ¢ o83 2=}

SUMT el 234 & AellA -
7h izt H2E 29 728
she daE]Fd olelis} el FhEkalAl HojF
A=t (Kuester and Mize, 1973).

1A - w9} 2714 {X}, 1p, rp/ &

29 RS 214 mE R
Hol Addrhy doul <l AAkgte,

J}.i

&= ol e
IR

A7k el gded ez AYs
%A g A%E Adoks Godllel AARes
Mg,

35| - eherel AA)

A A g+1}_ 271908 44
Newton-Raphson 8% u}2-

Al ke,

(‘.1‘9.

e
o,
ofN
4

Initial Value of Design Variables

X and rp, 1p’

L
Structural Analysis

Evaluate Objective Function
and Constraints

Modify Infeasible
Region

Xp+l=

T
Xg-a*(J,)"'1V0, ,

Feasible
Region?

LMinimize Objective Function _]

Results

Fig. 4. Flow chart using SUMT method.
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.a) Horizontal forces on nodes
36M
24.C
20.0
OM 16.0
70 2wl
n 8 40f
N
T oo
83 T ol
] NODE 7
49 84 5 ey
- 51 -16.0 —"NODE 4
M 7/ / 2CrNoDELO
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i )
Fig. 5. Model Tine fsec
b) Moments on nodes
Table 1. Member properties Fig. 6. Wave forces and moments on nodes.
Member  Outside Inside Density Inertia
cases dia. (M) dia. (M) (Kg/M) moment Table 2. Section areas
M4
™9 Variables Initial Optimum Optimum
1 0.914 0.508 3550. 3.10E-2 (10} value (M?) value 1 (M2) value 2 (M?)
2 0.914 0.457 3853. 3.21E-2
3 0914 0406  4124.  3.29E2 X1 g':;; °'3‘;1 2'3:
4 0914 0355  4362.  3.35E2 Xz o152 g': 0 0'302
5 0914 0304  4569.  3.38E-2 X3 gl o g‘; 0'5425
6 0.183  0.081 166.  5.29E-5 X4 0':; o.iso 0'578
7 0.081  0.031 200.  5.50E-S Xs : : -3
X6 0.0121 0.0198 0.0197
Young’s modulus =205 x 106 KN/M? X7 0.0255 0.0254 0.0252

density =7.83 x 103 Kg/M?
Poisson’s ratio =0.3
Table 3. Horizontal deflections

5.2.2 AR A9 =3} Node Initial Defl. 1 Defl. 2

Table 2, 3& Fzgol Hal5o] H4% o F po- Dl lm)  Cm fom)
z%e HAdel 3 3 W) $3ARE ez 1 1075 36.44 36.37
Q). FolA 274 W E/AAE 7 Agel Hel 4 8.71 34.87 34.80
il ! A SRR T e 10 4.54 31.23 31.20
shgo] 2% o pHASE sty A9 27 13 2.10 24.44 24.37
o o 4HAAS JeRie, A1 o HA1e 16 1.51 8.81 8.78

AT £4Y 59 A9sl W 2 W 4 19 0.0 L.8s 1.85
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Table 4. Section areas

Variables Initial Optimum Optimum

(cm? value (cm?) value 1 (cm?) value 2 (cm?)
X1 0.453 0.364 0.363
X5 0.492 0.373 0.372
X3 0.492 0.513 0.511
X4 0.557 0.555 0.550
Xs 0.584 0.581 0.581
Xg 0.0121 0.0205 0.0203
X7 0.0255 0.0256 0.0255

Table 5. Horizontal deflections
Node Initial Defl. 1 Initial Defl. 2
no defl. 1 (cm) defl. 2 (cm)
(cm) (cm)

1 15.70 37.20 15.57 37.35
4 14.93 35.09 14.81 35.23
7 14.39 29.98 14.27 30.10

10 12.66 23.74 12.56 23.82

13 10.17 16.64 10.08 16.69

16 6.69 9.97 6.64 9.98

19 1.96 1.92 1.92 1.94
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