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Abstract

The minimum weight design for the simply-supported eccentrically stiffened plates subjected to
combined loads is studied according to the stiffening configuration. The optimal programming is
accomplished by formulating the design requirements in terms of a mathematical programming

problem, and by using the gradient projection algorithm. The Huber type equilibrium equation is
used as the goverming equation for the overall buckling. The overall buckling of stiffened plates
and the local buckling of the unstiffened plate between stiffeners and the stiffeners themselves are
used as behavior constraints. Results of design examples for the orthogonally stiffening case
compared with those of the the other study suﬁport that the present study is feasible. Design
examples for the symmetrically oblique stiffening case are presented and the results indicate that

a significant improvement in design efficiency may be achieved through symmetrically oblique
stiffening compared to the orthogonal stiffening under the combined loading condition.

1LF &

mEr BAES ehile EXREERS XE
FigRez 2AME d¢ 4 3t Huberge #F
HWHAFRROL 2 B ZAAAE £z 3
Ao fojzlnz g AFAEol o3t HWEIH 7
z4sA X" BEFRY T3 L BEEA
Aol 2 Auxs F4E AT =¥ I A &4
o.‘ %{.‘;]_(2.8).

A BEEXE "ol AHEH T Jle FEERE
7o FdY AZdA Aol A8+ Huberyd
o] 2o HEEite] B3 972+ Giencke

*EEH, BRABR TRAR BREETEn

9 BEBECESA 9% S/ #d AT
Hasegawa$®o] Amudzbfmalte F8& 23
o] T HYPu|PupgAoz iy HAFokwe &\
AR e WHEgol Folalt sHsdAM FET
SARAel Qe ARATOL o] JARKELAY
Hatol| B4 AL

2uste] Bi@fbel @ 97+ Catchpole™s]
A slFe] sl HFSage e KK
kol B¢ d72%5 AzF=er Symonds®
o] FEWET e FALste sy we
H£Z G5 B AF olHE sgHd T2y
o e AHS3 kol o d Sy Sare] HiR
fEfddtol Aol HAFRAA 7 dfREeole, o
2 mate HF AdAE Ed4#Hq R5AY ¥
ZE ZA S| uFEe AAARY AA=AL



1060 7T

Z33he AFAAAE A4 FAY Fruch:
N2 v A $3, HE5o g

dubH oz ATSHAYS Y BYGB] HHA
Ae 248239 Y0y w343 BHIAZTS 2
#ike ArtA FFrze FA HAA] dg
4 Y=l Crawford®: whedh whilol] a4 2
TEEY T4 HAGYS wEFee HAAAA
£ ez =Ysgen, Schmit+ £o o
SHAl FA1 LA GGl =delr] A 434 ==
aAg S =Uste MAFE F&eE Hy
HaH 3R] HAHE A58t

2 d7olAE 4ol BEAASHT 2R} 5
Aoz z2UsA wiNd HAHHaRdgde] =
3ol L3 A H4FHT] o8 A
AMTEE ¥AY HFA YA wmodHEpE
(gradient projection method)®Vef] 9] 3}ed ALAFH
o AAAgzAez AAAZTLY, Py 2y
Ao FTHATEH, A4 BREHAT azya
AAM S 4, a9 AL 4Asln A
A g A AulwtAA oz Fr19 Hmo|upiy
B FHTol [F HIPYAAL ALYy, Am
2o Af JIEATFAH0gG vm, A5 B
A 84S dFn 2E3FTY Fol wE
AA AL} A5 HEgc)

2. BEREEAER

2.1 FEHBIFHR XEHER
Fig. 19} o] Amrz} =& gy AAR7E =
A7y el A"du AR Fig. 29 o] w3}
Fol FE3le Aol HAHNE AY sl
AAFAZ o "Hsiz p g8 FRAFT qd
A el Al o3 go] vpEbE 4 gl
(1) Z#gmol g XEHRR
o] Qe H AA LY BRG] A
Ne, Ny, No7t #Z83e 7 $ol &3 g4
< Aol Fo|EoE Xy tpSa
o] $A]H},
DxW, xxxx+2HW, soop+ Dy W, syt Nx W, xx
+2NoW, 5+ NoW, 55=0 )
714 Dxst Dyx 47 x9 ygoze Fr4%
3 7} A (equivalent bending rigidity)& el 2
HE 332 574 &8 74 (equivalent torsional

E i

y stiffener d
AR
Is Y
i

I 2 |

I 1 Stiffener cross-sections

in x and y directions

(a) Orthogonally stiffened case

Stiffener
/— d

1 ds ux t h;
[}

a

(b) Symmetrically stiffened case

Fig. 1 Stiffened plates with eccentric stiffeners

2|

—t— ~<ZI

S S 2 ML

2|

—t —K

-t gt -

i il il

Fig. 2 Applied load sign convention

rigidity) 7} o] Zoldo) ujg FA|FHE A4LE )E
o gled, Amugs AR Aol
24w % 2% F4A4E BAY
o440l 5ol A7 £550] 3ok,

4 REAAY AAZAE PFAE AN
o AHH WA A Deie ARE) 4328
& vElE A 3FAAAL Gen o] I
SRR

Nx Ny N 2_
(ANRE AW +[ Noer ] =1 @)



HamEe EAste MEITRS RERE HE

A @A (Ner, (Ny)er E (Nw)er e Z7 5
FARFA A A3 e 4l FEA
A Aol g3t 2ol +E & Uk, (Na)or®
(Ny)er® N*$t N°& #474 H&3A71E v o v5
gk AFREREH m P owol AT (No)-H
(Ny)r 2 H8 w53 3ol EA1d 0

(Nx)er=—(Nu)r
(Ny)er=—(Ny)r (3
o 71A
(N:)r
VR4

N =(EY (2 Dot 2o +(2

a

o)

4)
(Ny)r= ( )2[( 5 )Dy+2m2H+(bm2) D,,]

AZANA DS (No)or e BHEd ol FAHE

(No)r8l Aaghez Jepd 4 3ok,
(ny)cr=_4 Ca(DbT_Lnys - (5)

oA7NA Coe n=1, 2, 3 ¥ m=q, qtl, g+2
Z, dA o vdhA FHFRcod dsld A4 oF
3 Zo] FojAr,

cﬁ%%%ﬁ[z—fn]z
X[ 35aD) T 25¢(q,3)]
n [ qg+2

2(1+3] [9¢(q+2 1

1/2

gD ) (62, b)

”4

{ [ 1
356(¢+ 1B L 9¢(g+1,1)

Ca =

9 2
+ 25¢(q+1,3)]X[(2q+1(§2¢<q,z)

+2 2 -1/2
+ Z24+3§7¢Zq+2,25]}

o714
p=(mB)+ 2 mpy( L)+ '

1061

o= ngZy)llz (7)

1/4
s=(a)3:)

(2) B AN XEHEX

deiu s 52 wAAels Fu
PR FHAFT2 AaugR ARG fAAAR
75 Bol| st A7 o3t zbol EAd

(i) Auuzgde] FHAZTHAH

Aol Bape 4 dEA A HAAFH T
o2 IEAFTHAAL AAHFTRAY O)~(NE
8 g3 2ol b 4 gl

A G e W
H(a=a) el 5)

o =gyl (=g ot
(b )

(N =4Ce ®)

AANH Cok A (DO m, wH A7 %% The
3 2 Age @ vehdch

d(m, n)= [(mb>+n]z
s=1 9)

A @A 79 bE st 4T W, 23
77 e Qe

4 @) A2%sL 4 @l dHAReA 3
B9 45ALANL FE 4 ek

x 0 yE B 2AALE 3 deAAs 14
A% AAAgBez IYRTIAYL 44
g st 2ol vEhd 4 3Ue,

won=T2{ 2 )](Z25)
+o.425](1 +b"—’i")

=22 (2]

+o.425](1 +%§—‘;—) (10)

(i) ARAAARARRS HTAAA
WAANLAARE A 2ol HRe
FaR2LY (N2 LAY FHAE$Y




i

1062
(N)3& 77t g3} o] FA R0,
(Na)2¢=4—7f122[1+2.985 P24257 9"
+8.820—(1+1.957¥%+1.814 ¥*)

x %+(l.94z ¥ +0.86810°
+0.ousi—§f,%)%] (11a, b)
(No)&t= —W%;(%)z[t +(1+cos?26)
xb;—i"] [(%—)2+0.425]
o] 714
d,

Is = 2

sin2
120—29
_ 7 2 AT win2d_ AT o
N, _ (Nxcos*8+ N;sin*6 IglxzstH)t (12)
t+(1+cos?2 0)—285—

= _ (Nxsin®8+ Nycos?0+ Nisin28)t
t+(1+cos®2 0)%

No =SN"*;&zsin2 0+ Nucos20

2.2 Von Misesf&tRFEH
1) Azegae g8
it oz BEHZTATE P& FERL4LE o
44 way 44¢ e FEEARE R
Amy 7ol 38833 distrosion energy cri-
terione.2 77 vehile ches ek,
(05— 0x0y+ 0%+30:3) 2= Y (13)

4 (13 2 Yedes dehie oadt el
g,
(EXSEEN
in bahs\( . By
t+d, (’+ dx )(” a@)

- 2 . 172

N, NoY| _
+(t+b2hy)+3( ! )J =Ya (19
y

xyFF BT Fu§&
Zol ZAIg

& 274 thes

N (15)

i+ bxthx = Yxst

IN_V — Y
yst

byhy ~
t+ :

2) HAAA L} 8L
5§88 distrorsion energy criterione 2 1}

s ohes) 2o,
(0'3_‘ OaCor+ O'a'z+ 31'14’2) Vi Y (16)

A (16)¢ WugSP oz dehia a3t 2ol
Ao,

(N%l_ﬁawa"i'ﬁalz +3ﬁaa'2)”2/ t= Ysk (17>

AR §HEAL e ol vEhd. 4
e,

@tﬂ= Y (18)

3. BERETe MERE ¥ #MA1t

3.1 BEREHRR

ERERE S ERY F=Ee A A MY
€ AAA} Qled, £A9 FHAHE, ZF A
T2AAEE 2eiste] vlay 2 A4St B84
ol & ¢ el ¥ HE TP g AL,

32 MEREH Bt

€ Aol Brodigz dHudgse] BR
< A% A=A e 23T Aol o
& AALEEY, WAy 2Ry FRFHTS
3, 23%uy 2789 von Mises$ 8335
9 Agz=AL ot o F %Zﬁ}‘?—}l Ag=A
AL AAMse BEEE o 14032 E 43
o2 F3e Aol slsdnz wWEo BUSERT
(sensitivity analysis) & H8x ¢c},

(1) BeoEe o BEHee

FAY¢4 F, Fig. 19 2L u3gae Fge
e =73 vngype] FHo KT}
o ey ohga 22,

HEZEH3olA vjeggHe FA4 e 4 (1)
~(MHZ L chgx o] 3¢ 4 Yt}

P[P Al (R




MAFE] RS MRS SRR W

)@ o

w5 amen ()]

B ARG AAAALAAR EATA f
27} chgdt 7o) el 4 9ok,

by

—_ bxhx Yy b_yhy

te=t+-71 dy)+——dy (21a, b)
— 4 2bshs (. _0.25b,

=ttt \lI7" 4, )

4 (19), Qlab)z 8 FAFs F, FAUzd
F% WEE o&3 2o A",

W(z)=te (22)

o714 AmBARAI fAAAR}E ] AA
T v A4S o] A4,
x= (t,bx, by, hx, by, dx,dy)

f=(t,bs,hs,18,0)

(2) HIRRMEMR

£ dTelAde 279U AAAEEH u}
AAbeld] Pt B BAAN-o FHAFTEH A=
A zgn 2733z 27AEe von MisesdHE-
Z A€ behaviour constraints2, AA ¥4 E9)
F, TEBfES] AL side constraintsE A A3 Y
on, HAayFAPRs JAAA R GG DA A
d=AE5€ vedd o5 32

(23a, b)
(23a, b)

(i) Janzsgge Agz2
Ch 2Avge] AARE

— Nx N_v NJU 2_

(24)
) BB T¥AT
CO =z e+ o) 1=0
(25)
() ryE 4 2RAY FTIHE

1063

- .

G3)= —1<0 (26)

G(4)= — 5t —-1<0

() 2B T3

G(5)=-§§YL—1SO @n

(o)) xyEue 2AAE) TH
G(6)="2=t—1<0 (28)
Oy
(=22 _1<0
Jy
(v} AAWSF A, A
G(8):1—tiso
']
G(9)=%—1s0
o by
G(10)=1 WSO
G(11)=—z,i—1so (29)
_._ b .
G2 =175 <0
6a3)=Lr-1<0
y
o hy
G(14)=1 WSO
G(15) =157 —1<0
_1__hy
G(16)=1-7;%,<0
6T =(—1<0
'y,
ds

G(18)=1 —b—xso

6a9=%—1<0

G(20)=1—%s0
'y

G(21)=§g—’——1so

74 AAS] AR [ F ue A7 A
s AYAE vekde,



1064 T 4 M

(i) AAAARAG ] A=A Aol A= 47 o}g3 3ol F A},
(Zh) 27w AAFF aW( %)
— — F(i)="2221
6=+ |10 )
xJcr yjer xyjcr - —_ aG(]
(30) DS(i,f) o%: (36)
(4) Hme oz oA71A % ju 4z AAMS F AdzAY 4=
— Yelich
_|_Na
G(Z)—[m]—lso (31) 23 a
s - . EERET =23y
(th 23459 F524F £ z2adve ANIEEE Hody BRE
N,[1+(1+c05226) bshs] of wte} chg3} el AE U
G(3):[ e ] —1<0 27| AA A ug) e BRENEES 1E £
Rerz z7AAAE WA Azt v

G2 agezA Fe AAAAE 48 4 Yo
() 2sine 9%

G(4) =%— 1<0 (33) Establish
Y a starting design

(=) 2AYe %

Do structural analysis for the unstiffened plate
and calculate weight for the current design

G(5)=—Z§—1so (34)

i
[ Calcutate cost gradients|
() AAME4S 4, A ;
G(G) =1— L <0 [Do structural analysis for the stiffened plate I
t
G(N=-5—-1<0 I Calculate constraints gradients J
bs
G®)=1 _ms 0 Determine a new design
by GRP algorithm using the input design
GO9)= —— 1<0 and the gradient information just obtained
a and calculate weight for the slightly modified design
GQ10)=1 —ms 0
h NO
G(11)= h:" —1=<0 (35)
G(12)=1 —bo
G(13)= y: _?_11: —1<0 Fig. 3 Flow diagram for the optimization of stif-
) fened plates

G(14)=1— 05 <0
G(IS)ZW—'ISO 4. ES L BR

o714 AAWSS HA ! Y uk A7 gAY} 4.1 $EH

4938 vepie, 2 AFolA Aol wpsae HHAAPYe

() BHoykgr ¥ HIREEAR 1kl i F84% AU=s HAE3 st Fig 49}

AR H ARRAAS AAESFE AR 1 Fol A2 AF0A Y FUY WA nR I}



RAMTE EAEE MEITHRY REBRE WR

N =7.143kgf/mm

N xy=3'57 1kgf/mm
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ﬁx=-5.357kgf/mm

Case 1; ¢+ hx(hy) =15.24mm,
Case2 ; t+ hx(=hy)=20.32mm
Fig. 4 Design examples(a=1016mm, B=762mm),
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Case 3; t+hs=15.24mm
Case 4; t+ hs=17.78mm
Case 5; ¢t + hs=20.32mm

Fig. 5 Design examples(a=1016mm, b="762mm),
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Table 1 Material properties

Property
Material |E, kgf/mm?oy,kgf/mm? v y,kef/mm?
Aluminum | 7382.35 50.62 0.32 0.0000028
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Table 2 Optimum results for design examples(Case 1, 2)

Variables Constraints(%)

Example Design weight PREPY PP P o @

kef f B dmd) 8D | 8@ | a6y | e) | &) | 2 | &)
mm {mm |mm |mm |(m, #)|(m,n)

Case 1 Current 7.07 0.89 | 5.51 | 14.35| 63.50 | 100.0 | 100.0 0.5 0.7 | 15.0 5.0 6.6
(0.4)® (L1 | @4,

Ref. 10 7.65 1.00 | 5.99 | 14.24 | 64.36 | 100.0 { 70.1 0.4 0.5 — — -

Case 2 Current 4.25 0.63 | 1.05 | 19.69 | 30.48 | 100.0 | 80.9 | 24.3 | 32.4 | 21.7 8.0 10.8
(0.28)® 1| QD

Ref. 10 4.96 1.14 | 2.15 1 19.18 | 70.38 | 99.6 | 99.7 7.2 9.6 — — —
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Table 3 Optimum results for design examples(Case 3, 4, 5)
Variables Constraints (%)
Example Design weight
kgf t bs hs ls g g(l)
mm | mm | mm | mm | ) |@mn)e gQ2) | g3 | g4) | 206
Case 3 6.60 0.56 | 0.32 | 14.68 | 5.16 | 22.5 | 100.0 | 0.17 | 12.4 6.5 | 19.9
(0.43)® 1,1
Case 4 4.93 0.44 0.16 | 17.34 | 4.18 22.5 [ 100.0 | 0.25 | 44.5 8.8 | 25.6
(0.32)° (1,1)
Case 5 3.90 0.17 | 0.13 | 20.15| 4.39 | 22.5 | 100.0 2.1 |1100.0 | 11.5 }65.2
(0.25)" (1,1)

¢ Indicates half wave numbers in the x,y directions.

® Indicates the weights normalized by those of unstiffened plates.
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T A1+ v)sin®28 + 2cos226]
B.= Ay
T AZ—A4;
B;= —_Z_Az
Af—A;
_Al—A?
B=a7—7;
—_ bshg 2
Is= 12 +es bshs
4, Hhs
] _ bsshs 64bs tanh( st )
s 3 3
Ru =2(Bl +Bz+ZBs)COS‘0 (A4)

Rip= (Bl + Bz)sin22¢9
Rzz = Z(Bl + B,— ZBa)Sin40

R33=0.5[(31_Bz)sin20 +W%Yd—]sin20
Ru= IsRu
=S

ds

Re= IRz

&

it

Rss= _Is(ﬁzz

~AlLRs
Reg= d,

Hi= Jssin?28
! 4Z1+V5ds

H,= Jscos?28
2 2Z1+V;ds

SFEEME
Dx = Cu + Clzexy - Cu ex,
Dy=Cs+ Careyn— Cszey

H=Do+212 D
o] 7] 4
c362

Dyy=Co— 2Cs

Di=Cius+ Cueyc— Cuzey
D= Csu+ Cszexy— Carex’

er = C14C22_ CIZCZA
* CllCZZ_ c12
4 Cll CZZ - Cl%

Cxy = CIZCH_ C24 Cll
¥ CuCe—C3

Gy = ClZ 625 _ C15 C22
i Cll CZZ - sz

(A5)

(A6)



