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Fig. 2.1 Parameter R of short-term wave-induced response of
average wave period T
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Fig. 2.2 Weibull parameters of wave hight distribution re-
lated to wave period of the North Atlantic Ocean (by

Walden)
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Fig. 2.3 Weibull parameters of wave hight distribution related
to wave period of the North Pacific Ocean (by SR163)



24. BESHMIIEEES5Z HFHER 31

ZFOXIRBERRHBETHE, IBEDERFZTDARY MVDEELALNBD
T, AT PIVOEPBEDHRICED L I BHBEEZ ZNITONTHRET 5.
MIRIEEDZRY bid, R (25) TEZSNB/NY Fig/N5 A —FeTHER
FT23E eN0ICENHLDOIS LIEWLDETEEN TS [100].
2

my

(2.5)

ed=1- .
Mmooy

T, mEARI MVOREREDLDD i RE—A LV MNTH 5.

SEDE— 7 (BRE foid/ME) S 2Rt BIC BT 25813, NV F
B A—e=0DLEDHHETHS L —L— (Rayleigh) 2 TEHELUTE S
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Fig. 2.4 Probability density function of random variable
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Z DBES A BERL P.(X.) DBIES R, B LOWHELG (P(X) OIS, B4
S, T4 TV HhER—RENLB) 3K (28) THEZ o1 5.

P.(X.) = {P(X)}™ (BIES 1) } (2.8)

P.(X.) = exp[—exp{—ac(X. — 0)}] (ML)

ZIT, P(X) RE-VEOBERSGEEHETH D, 3B ARDOKE X n s
TAHREBETH .
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72, a. = n Pu) (IBEEEREMTH 5.

Fig. 2.51C n. = 250 D356 ORfESH (Bl h) ZRERERE LICRZAL
TARY. NURESTA—Fe =09 T, 4ide =0 DB LEIRIF
EAETZOD, 0.9 FHENSBBUCENSHE LS 5.

e=0DHER, Mo HRKRDOLIITES.

Pe()_(e) = eXp[-— exp{_\/ifn()_(e - \/éfn)}] (29)
ZZT, fn=+vVinn.
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Y=-In(-In R(X))

6_

2

Fig. 2.5 Effect of band-width parameter € on extremal distri-
bution of random variables (n. : number of elements
of sample)

X (2.9) 2HBEL UT, ERRMES G ER (2.10) TRT I ENTES.

P.(X.) = exp[— exp{—V2C; fo(X. — C2V2£,)}] (2.10)

ZIT, G, CIIEBIEREMTH 5.
BIERE Cy, Coi3x (2.8) EX(2.10) hokdoh b.

Cr = o/ V2fn, Co=0/V2f,. (2.11)

Fig. 2.5 DRMEZ D SBERB A RO IR EKRT 5 & Fig. 2.6D L5 i
WO, NV RS A —Fe =1 f{FEEFRLE, Cr, CldEHITT EATHKRE
MEBZEEFRD. ThroBESHEDLV—L—0HGTHEUTE LI ERDIS.

EZAT, BRTALOEHELTV2REBATAEHEG DD, COEZOR
KOBBEIIONWTBRE, —fRIZ X% H BHaHE b RTERITL U/ EX, 20t
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Fig. 2.6 Effect of € on correction factors C; and C;

P.i(X.1) = exp|— exp{ae;(Xe1 — 1) }]- (2.12)
ZIZTC, Xy =X/ky, 0 = o /ky, Uy = u/k;THB.
WY RERSA—Fe=0DBED Py(Xa) 13,
P.i(Xe1) = exp[— exp{V2fnk1(Xe1 — V2fn/k1)}] (2.13)

FIR&IC, &K (2.10) i

Pel(Xel) = exp[— exp{\/iclfnkl(xcl - C2\/2—fn/kl)}] (2-14)

X (2.14) 15, Cy, CoERKD B &,

Cy = kyoey [V2fn, Cy= kit / V2§, (2.15)

e &, 4 ETDBFEN S, Cy, Cold b DIHICE XN, LT, B3I
V2REA LT HEBERHDME C,, CiiZEb S,
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Fig. 2.7 Model of random variable

Table 2.1 Effect of ¢ on peak value distribution

€ 0 025 | 05 | 075 | 0.9 1.0

P, 0 0.016 | 0.067 | 0.169 | 0.282 | 0.500
mz/R | 1.253 | 1.235 | 1.183 | 1.089 | 0.990 | 0.798
Rns/R| V2 |1.403 |1.366 | 1.289 | 1.198 | 1.000
Ry/3/R | 2.002 | 1.994 | 1.963 | 1.884 | 1.773 | 1.499

2.4.2 EFHAFERONIBHEDOS
£ OEX(E (EOB/ME) £ T 288

Fig. 2.7TI3HRIEED L 785 V¥ LEB R ETMLLTRL7HDT, E—
JEELUTHBREZMIZHIFRIES, TOFITIE XL, DX S BWADEBKIME, X;
DX HEE s o ARAPFORKE, X DL HE X, L DI/NSOIEDORKE
NEEHB.

XD XD HWADOHBAM (£ /I3 EOR/ME, DIFR/MEIEKTS. ) O
RBER PLIrA»oRDHONB.

P, = /_ Ooo P(X)dX

=056+ V1 - 62/ X exp(— Xz){ \/_exp(—i)dz}d)-(. (2.16)

Table 2.1iZeDEALIZH: D PEBBEOENERT. Pid/ NV Rig/S5 A —
Ze=0Ti30 T%éﬁ\, ek & t)kﬁf][] L/, e=1TIiZ 05785,
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Fig. 2.8 Division of peak values into three groups, negative
maximum, the largest value for one 0-cross cycle, and
positive maximum excluding the above largest one.
The number of each group is n_., ng and (ny . — ng)
respectively

FUFERLZBOBKEEBRNT 208 % LIS, Throkdohs E—
7 537513, Fig. 2.8ICKWEBM TR UL OomERDIZ LB, Lz
DT, ZOHERBERB P (X) 13X (2.17) 112 3.
1
1-P
I DFE, E— 7 EDFE m;, RM.S. M R, BHEM R, EOHEHHEIL,
zhEhR (2.18) TRKH SN B.

P, (X)= P(X), (X >0) (2.17)

R, = /O ¥ X?P,(X)dX,
Ry = /X XP,(X)dX. | (2.18)

ZIT, XBSF Py X)X = 1/3iMIET5XDETH 5.

Table 2.11Z, TH 5 O#EHEDRT. JITEERI &T, ChOoDHEIZEE
UETIAC, ellIE U THYEDRER T 5 2 & T, XOERTTILOREE L
TINSDMEHMEE RN LT, BBIGEOQAZIIEL DENRGENZI N0, #
Vi ROEEELRT IE3ERELS. F/z, e DEHBICE L THIHER O
BAfRE, N RIE NS A—5e=0DLZDHICEE L THET LD D, RIS
TR REOEHEZERT IEBRERIZNS.
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Y=-In(-tnPe(X))

Fig. 2.9 Change of correction factors for a constant extremal
distribution with supposed sample size n., ny. or ng

Fig. 28D RKNWEBTRENBHHOE— 7 HOE T n, L5 &, KHIKER
NoBONEBMESHIL, BREEBED PL(X) THEAOhLBEMAIS, &
ny EOEBEREMOE LIt L EOBBESHTTHELEABLIENTES. ZDF

&3,

nye = (1 — P)ne. (2.19)

7, BEHBEUIEEROKRZX X n WG TAHETH D, P(X) & P(X)D
RICiER (2.17) OBERNH 5 EXERT S &, HESHONFT A —-Fub LU
0 3R (2.8) DEE—HKT 5. Licht->T, BESHIRINK (2.8) ER—&HK 5. A
DEBAMETERL TS, kD ShBMESHIEAL LT

UL, Cy, Oy 3RS n DO ny il A7 HITENEMNT 5. il
SADEALLIZNDIZ, Cy, C, DEALT HAEEB%E, N FENNIA—Fe =09
DFHEEPNE > THHLI2OW, Fig. 29TH 5. BELSHIT—E (RDER)
THHH, HEELLHBESMIL, BEABUCK - TELT 5708, BERBENE
L9 5.

n. = 250 DFED n,., THUIHIRT B Cy, CoDfE% Table 2.2i1T7R77 . ny.
FeM 1 ITEL R AT EHZ ISRV T A0, cOMHEIZBERIEC CL, Gy 3ZIF 1 &



38 %28 EMORIBFME RO

Table 2.2 Effect of ¢ on extremal distribution

0 | 025 | 0.50 | 0.75 | 0.90 1
N 250 | 250 | 250 | 250 | 250 | 250

Nye 250 | 246 | 233 | 208 | 179 125
no 250 | 242 | 216 | 165 | 109 —

m

ne |Cy| 1 10997 {0.983 | 0.960 | 0.928 | 0.891
Cy | 1 10.997 [ 0.987 | 0.962 | 0.923 | 0.798
ny | Cr| 1 ]0.9980.989 | 0.976 | 0.957 | 0.953
Cy | 1 10.999 | 0.994 | 0.979 | 0.953 | 0.853
no | Cy | 1 |1.000]0.996 | 0.998 | 1.006 | —
Cy| 1 {1.000{1.001}1.00011.002{ —

AHIEES.

Fos o XFEEEORK (/) BLSMIRS T ERE

Sk ROME E LT, E—-27E LTI Fig. 2712 X; TR LUK, oo
ZRAHFDOHEKR (VN DA% ELHE AL, Zhid Fig. 2.8ICHB T
RUInflDE— 7 e RETEIELEN D —EORBFICEAIZNS n
Endd, ThZFh Fig. 2TInR Lo 7 o XA b O E—- 7AW T.o
BHICHAL, i L T.RENENRATEL oM B0 6, WE Dy i3k

Lha.
Ty = 2m |2, T.=2m |2, (2.20)
my my
2
M= 2= —2 =yI-¢2 (2.21)
Ne mopMmy
[RI%%,
n 1—¢2
Nyo = — = (2.22)
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S(w) gy Slw) s2 Slw) s3

€=050 €=074 €=050
¢ -
w w w
wy Wy wy wy @y wy

SISt -

Neo(X)
1.0

0.8k

o6}

0.4f
0.2

X

o 1 2 3 4 5
Fig. 2.10 Reduction ratio 7;0(X) estimated by simulation

C DBEDEAE— 7 E57IL, Fig. 2. 81X TR LS5 O o m it d
3. HhOBEEELDEO LI X DM ELEDT, ZhEno(X) ET5L,
Yo s oXFAPPORKEORREERE P(X) 3IRARTEZ 61 5.

Po(X) = Pi(X)n40(X). (2.23)

T, e 05 Ll EIC/E B2 DRRY MIVERBREL, Y Iab—Yavid
& 5 Theo(X) KD, Fig. 2.10ICFDEERETT. n4o(X) I XD BMHELUL
LictirE1&43 COBRRODXDaL D/INEE XL, RO RADBAMEE
KDz n OBERIHTIBESLH L, THERO n, OEFISHT 520 D¢
—¥TAD LA UBHAT, nDEXROBMANH S, LEOBEIHEF—DHOD
LB, LIh-T, ZOBEHL— U —NHORESGETEUT S ENTE
5. 12720, C, Coi3BERYNEL 5D THEIZEILT 5.

LROXDBRAMEEINBROHEETH/1Y FIg/ X5 A —Fe = 0.9 DHFAI,
P (X) ZRRIT, nye = 109 ERE LI EZDaidH2.92 £7835. VI ab—
Y a itk BnoX) BEASBICHYT 25D 0H D, ERICITRHDIZL
WS, Po(X) ORI SAHTHET 292 O KREBHEELS. ZOHEEDH(X)
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B 1ITBDTEL, e = 0.9 TORMESHISHEZIIEA L. RED C, C,D
I, no(X) %2 1 ELIEZDETHS. e¥0.9 XD/ E X, aldngo(X)
Y1 DFEBAICH 5.

ULEEBELT, ZOARY M@’ 0 TRIEWKIRIGE ORES I, /3
VERBRSA—Fe=0DEE, THDLEL-L—5H0D L EOMBMESHELITR
155 "B GTEUTES. LML, ZOBESGE LV — L -3/ DEITHK
HTNEL, ThEV—-V—2HORMEI N TEMUL THRELRBIALELL
V. BRI L — LS OmRES T TERAHER (2.21) THEZ oM B ngk Lch
g, BRIC—HTHEATINELERENBDENS.

Bk, E—7HELTIENANADEDENRHAD, EOLIICE-TH, 1H
SN BESFIIFR—DSDELB.

EEH n DHE

EEORZEOFFEHICH I 2 RAMEIE, Zh%E n MO2BKEFDRKIE
EHTH, n ADEDBAEFDORKEEATSH, HAWIn MDD/ ox
AP ORKREEATH, BONIBESH IR —LELB7E 6, BIERHOKE)
DHITN nEADBEFDRRKMEEAZDONHHETH 5.

LU, noldZDEETL B ToDMED, IRBEDOEN2EITIER N & ZIIEEIME
T35 EUMBIETICENTHELS. T, T.OBEICHMEXRH 5 & X1, n,
HBEDOKDDHENRETEA.

EDEE— 7, EUMICHNERT AREOLE E— 7 HICHET 5 &
T5E nBEEHOZTUDOHETES.

BEHDZRY FIVTISSC A7 bIVTEZ OB ERET S E, RARY
MV S(w) i,

S(w) = a1w™® exp(—ayw™*) (2.24)

I T, ay, a3 BREL
B3 ay, a3 BHENESIERESIC, BEERHT,13X(2.25) TEZ S
NABHMKRERH IS, ThEn—HTHELTEDONS.
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2
T,=T = 22 (2.25)

my

X (2.5) ERX(2.20) &K (2.25) D5, ART MV De, BXUT,, To, T.%%
KDBE, RDEHITIES.

e = 0.603
Ty:T,:T.=1.172:1:0.935 (2.26)

PG, BN T, DET, T, 5 MOISEOF LS Nz & 5
&, & BHED E— 7 O nold, & (227) LD RDENS.

- _ 60T,
7 0.937T,
ZIT, T,DBNIHTH 5.
WO THATT A EX R n, 3L D RELD, BHEDEXIZIIH
L DINETL D HER na 32 (2.27) TRD SN B HEHNC, HAHBICHHRT
LHEEZZHNAB.
LD, I EIRDY 6~8 B O#EIER T 30 47 DEHFER T, n.ld Table 2.2
DA NI T B EHEINS. ng, nold R (2.19) &K (2.21) D SKDI.
T, T, MR35 EX3R (2.27) M oBEERKDNIT L.

(2.27)

BRTALNS A =5 DF

T TITRNIc X DI, T U7 LEFZ AT A EE LT, KELDD
X RTHAB. Lich-T, E—J X #ERITLT 2HEHMEE U TIE, ROGRHE
EWZS. LAL, EBRIGLOBEE LT m,, Rus, RisE0BRAINEZED
Z. INSOHEHMERAC KX > THEPELT ADTHEEZET 5.

72, TS DHEFHEDOHEIZ, RDMEMN S Table 2.1D/N Fig/ NS5 A —%
e=0DLEDHEFRA L THREINSZELH D, ZOLIITLTRDSH
ToHEEHER, BBRIGE DI KIRIZELT A I EE2EZ A L&, FRDERITIKD
NTH5E. BIZIE R, A3 E— 7D RMS A EW®RT AN, COLHITLTKD
5NT R, i3 L b RMS & B —B8F, BUZ ROV2MEOHEHEE L TR
REINBERETHA.
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BBIEEDEAREREIS, HEL— 7D RMS kD784, chTX
ZRRTAL U BER %, V2RTERKRTALUBRE LTRDRS &, ZThbh ok
BDONBERBICIIRO LS HBENEENS.

FHAXh7/z RMS % ki RTHBET A E, Py(Xa) ZK(2.13) IKEZ 6N
3. INEV2REBEE LERESTETH S EBATE L, BEREAERD 3
e LI ZBIES AL, 2 (2.14) D kISV2ERALIZBDER S, X -TES
THEINBBIERI C), CLRROD LS 1T/ 5.

C1 = (ki/V2)Cy, Cy = (V2/k))Ca. (2.28)

WY RIE/RFA—5e=0DEERIBERFBECLON, cOHMEE HIZEE
BRERD, e =1TIRC, CLHIENZENIE LWMED 1/V26, V2ASIZIE 5.

FRRIC, EEOKDT: R FOMEERHME L THALGE S, BUOE
ERBATBERBAEBRTAER1IHS. i, EEOHIETERILILIN
RS f%, BOEEORIETERTLINIEDIERT B8 LR
Th5b.

R o:#5

X3 X% REBEUOHHETR L TR oD, ZOHEIT, T35
A —Z DEMENE X, XOHEOFEHEEIET T 5. 735 X — 5 OFRHTEMN
1 HiDHE, XOMIZE L IHIED 2/3 505 2 EDEDIREMNH 5. &
D& ) BHEHEEZ FUEFTER D OBRESFTEKDBL L, ZDIE L DEEBK
ISFEE L, ShE RIS CIIIBA/NIEERB5E60RH 5.

Fig. 2.1 C O RBAIHIT, BRI I [75], [76] DBERDOHD A D
T XT T L — LSS ORRES e, ERITLRE (FI3V2R) ODIEE RIS
OB Iz, ZNTHDOBIESH DFEE m., T L IEHERZE 0 2 RD 4
RETT. BHOmAIBEALE—EBHETH LD, 0.l3/35 A — 7 DRIKDOFH
(V2R = 0.1 ~ 0.4) DFEMNKZL.

Table 2.30L¥F & 51, BRERF UL WTLERD S BEREAEHET
& T Co BRI AEVME E S B 0%, V2R 0.4 RiDBEREZBRN L
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Me % kof/ mm?]
4% O.ST

|904 -ogl 08 - 16 I 16 - 24 Izz. V3R
01 04 08 16 24 [kgf/mm]

0

Fig. 2.11 Example of an abnormal extremal distribution of
wave response measured under condition with very
small nondimensional value.

7oA, BREICERD TEVVEELS.

DT A =7 PMMEVEBOBER TIRIE S DEIFITIES LA, IR oliny
MIERNLHDTHS. LI L, COHEBDTF— 7 IMEFHOE L WEEW
PO BERNHBLUL, BATEONRYTHS. VI8 &SBHOBFHHEN
1#i, AR ZHITEOERIIBRATETH 5.

BESFEROBHORAD BED, BBRICEDORMSMICE T A2RAMED
WEICHD. CDBE, TOBAMEE R(HBVTEUD/IT A —4) BZRKHD
AVRZTCHENVERAIHICEOTREINSD), EBTHELEEZXS. Lk
Mo T, TD/X5 X —F PEOEBROBEROBRMN T, REUEETCERHOT
EeA¢AY

E, REOHIHENBIHE 1 Hi& 0o BRI, I/ I h /5o
RHFTRER R DR TH D, ZOHHEZ DO LDODEFEE LR L THL
LOTHEHALED. BROEAER L DHEEINZBERBICENTH, dtlllah s
JCEDENERINEWERT, BREZOENRZNHDIET, TOOEDDH
Z5.

El_l{\
(\r.
Hllll



44 528 FEMOBRIRGWER R RO

Table 2.3 Correction of C; and C; by selection of measured
date (Ship A, Full Load, Web Frame Stress)

X MAX/V2R MIN/v2R Remark
V2R [01<V2R|04<V2R|01<V2R|04<+V2R| mn. =250
N 1171 1078 1171 1078 ng = 87.4

n. | Ci 0.677 0.894 0.739 0.939 (To=20.6sec.)

C, 0.845 0.895 0.859 0.897 N; Number of

ng | Ci 0.752 0.993 0.822 1.043 Measurements

Cy 0.939 0.995 0.955 0.997
IEIEREUETEE

BIESBOHRRBROFIUCKL 5. FHHERD 5B &N 5 MWiES 1 = BIEHE
FEICEAL, Thr SRAOERHMEKRDS. (UTREELSDE, X &
BADERLTX. O TRY)

Y =a, X, + ay (2.29)

ZIT, Y =—In{—InP.(X.)}
2 (2.29) DR a1, az & e, T& 1T (2.30) DRAEDH 3.

) = Q, a3 = —Q.l (2.30)

X (2.30) L DKDBSNBa., 1%2R (2.11) ITRALT, BERHIEH SIS,

Frils ol fmld, BERORPETRIEE n 12X > TH EFRAETEIL
TEN, WMKRTTALBEEV2RE LIcBA, Kik 1.2 05 4.0 OFEFIZHHT 5.
EASHOHEWD S, X O L TFRMAETIRAGENENS. X 5T, BRI R
HDEEE, COBADXATRET AMNTE - T, BENENLS.

ARRENHIE S, X O ERMAE TR T HICEIMT 56005, X.0#84
HWHDO LENELEAHI1TE CIOMEIMETFTAHEmMIZHS.
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Table 2.4 Effect of fitting range of X, in estimation of regres-
sion line on correction factors C'; and C)

Range of | Upper Limit | 3.6 4.0 4.4

Fitting | Lower Limit 2.0

n. = 250 Ci 0.827 | 0.746 | 0.672
Cy 0.971 | 0.957 | 0.938

ne = 116 Cy 0.891 | 0.804 | 0.724
Cy 1.046 | 1.031 | 1.011

BRERENICX. DO TFRIZ2, ERIZ4ERBETHONEL, ETFTREZZhE LI
OABIF WM, EEASHEDOHENKELD, GHERIZ > TERNHENZS.

Table 2. 4IXFTEED A MO BHRIES O IS H (BAME) I2H T, X0
FIR%Z 3.6 005 4.4 F TEALIBEEDBERBOELERT.

2.4.3 EtAIPOEZR, MITRHEODEL

HHEIREIT 20~30 A RBER OER LEALINS EDbRA. LAL, FHlFP
ISR B LOBATRAICETOEANE UIBE, €I KIRIGE DML f
B2 ABIIOVWTEELTAHS.

FHAEEEE m H4 L, Th TN OFESM BN TREMFISEMDE -0 &ET

3 &, EBOES KRN jTEAHIZ L/ m O L EOBES BT P.(X),&T5
&, 2R TOBMES AR P.(X) 13X (2.31) TEX 5N 5.

P(X)=P.(X)y PAX)y- P(X);  Pe(X)m. (2.31)

m=3&0L, BESERDILED REZNTN kiR, kR, ksRE LT25BEIC
DN, BIERK Cy, Cod8GAENEAL LI WG AITHART, EOBRELET S0
B U7 AER % Table 2512777, COELBEAHROEEE S F5 LEbA
DT, n, =250 & ng = 60 DEFEEREE L. P(X), DB IESFIZL -
72 B, N RERTA—7e=0D8E1F, e = 1 DEAEEERIZIZLEALER
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Table 2.5 Change of correction factors caused by drifting of
surface and ship conditions during measurement

Supposed Condition n. = 250 no = 60

ki | ko ks Ci/C1 | C3/Cy | Cy/Cy | Ch/Cy
091 1.1 0.873 | 1.024 | 0.847 | 0.992
0811 1.2 0.724 | 1.083 | 0.658 | 0.994

C1, Cq ; Correction factors for
Remark stationary condition
C1, C3 ; Correction factors for

varying condition

—&ILBDT, RTREK L.

ky, kst ko iZW LT I0%RL EBLT B EE I ERHE DN THAHER
bDED S, BREDEMADEEIRKZN LN, FHAKEEIZIE O 0
08T EEDLDNHAMERTEIENTNAIELERLTHA.

244 EER

BIRILEDBRESHIEETZIERE LT, BED AR LD /NY Rifig/R
FA—%, FHUENOMNE LOBREDEZEDHATOE(LELE D LITFE
HEmMR 1.

B2 DERDEBIZONTIE, ENZEHhDETHR~IZN, BEIZEZLS &
ZD2MEYULDBRIZEABBHENELDITONS. ZOXNE CTHRIES T 2FHY
FEARBICHET S Jaer b 5.
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2.5 EMFHRIER OB

2.5.1 /LT v U7, EREERAO IR

BEOIZINVIF 9T, BLUHBEERMI OO T, K ORRIG
71, TEE I DO CEIADEMERIA LR U7 [75), [76]. RAXDET—FiZD
W, REHAIE OIS DV2R, BRI (B ORAME), &/ME (B/MEH D
B/IME), B XU ToDRIE L% IES T DI THIFENT L7, Table 2.6&
Table 2.713 % DEMATFEREZRT. 0k, BROBIEREIT nllH T 5ETH
KAE, B/ MEDFEEERT .

VTIC BT > TE, V2RIVEREFE 1 OB, B LUORKHEENVIRED
INSOERHIRA Uz, RREROBEE TR, V2RTERITUILLIZX. T2~ 0
@WHEE L7z, P.(X) 13X % 0.2 DAADBERIZDT, ZNZNDREF D IERAL D
SRDIH, RO _EREME TEALKD 0 OENRH 5 EX13, LRERZD
Bl ETE LR

RRICBIEEDOBEIHICKD SNTNBN, ZDHH C12¥0.75 REGD b
DT A MOBEHRREICE T AT 2T 7L — A&, BOAKRE L OSIEA
BEREBOHERISS, BLO/ T X MREOKEA FMIEED 4 FI7ZIFTH 5. O
DH b, ABD™Y 277 L—LIEHET TIC Fig. 2.11ZR Lic L 91, V2RAME
W TOX. DIESOXICHBINALDT, T DERERAT S E, O
i3 Table 2.31RT L H A&7 5. £/, B ORI RIEIE 17 TH D,
EHEENEVEELE GOV, HF2 M0 CIPEREITEN. T OFEEILEH
ENREEIICE BN I & &, BESHICLBENO—ETHAHH LBbLN 5.
CoiZ DT, 261 HITEHIZ T &EAT XU

P ENS, B AERTH S Cp, ClIEVNIZ1 EATEINENHIHE
RO RE KT 5.

2.5.2 I VT, RRMOHAEH

AR OREHREZIILT, 307 H#, SAEROFIRRD o DEERY
TN
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Table 2.6 Result of estimation of correction factors from
records of measurements, Ship A (Pure Car Car-

rier)

Variable Item | Ballast | Full
cond. | load
To(sec.) | 32.0 | 32.8
Deck no 56.3 54.9
stress Cy 0.990 | 0.815
Cy 1.067 | 1.002
To(sec.) | 18.7 | 20.6
Web Frame o 96.3 87.4
stress C, 0.993 | 0.787
Cy 0.996 | 0.947
To(sec.) | 104 | 12.5
Vertical ng 173 144
acceleration C 1.025 | 0.888
CYy 0.953 | 0.967
To(sec.) | 26.7 35.2
Horizontal no 67.4 51.1
acceleration o 1.154 | 1.183
Cy 1.039 | 1.011
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Table 2.7 Result of estimation of correction factors from
records of measurements, Ship B (Bulk Carrier)

Variable Item | Ballast | Coal Ore
cond. | loaded | loaded
To(sec.) | 15.5 18.2 17.9
Deck ng 116 98.7 101
stress (M) Cy 0.999 | 0.950 | 1.259
C, 1.033 1.015 | 1.030
To(sec.) | 31.7 46.1 56.8
Deck ng 56.7 39.0 31.7
stress (F) Cy 0.867 | 0.712 | 0.713
Cy 1.079 | 1.131 | 0.951
To(sec.) | 12.8 17.4 20.7
Vertical no 140 104 86.9
acceleration C, 0.988 1.119 | 1.236
C, 1.034 0.990 | 1.010
To(sec.) | 8.89 13.1 13.5
Longitudinal no 202 137 133
acceleration C, 0.705 | 0.957 | 0.919
Cy 1.052 | 0.956 | 0.964
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Table 2.8 Estimated correction factors

Item Ship | C C, ng Excluded Data
Rolling K [0.719 | 0.864 | 85.4 V2R < 0.2deg.
C9 |0.971 | 0.851 | 51.4 m, < 5.0deg.
Pitching K |1.040 | 0.985 | 99.2 V2R < 0.12deg.
C9 |0.803 (0912 (99.7| = my < 1.2deg.
Wave | Upper | Midship 0.776 | 1.106 | 148 | V2R < 0.15kgf/mm?>
Induced | Deck | Point B | K |0.815 [ 1.003 | 118 | v2R < 0.11kgf/mm?
Stress Side Longi. 0.582 | 1.031 | 138 | v/2R < 0.12kgf/mm?
Wave Pressure K |0.885]0935] 123 | V2R < 0.10kgf/mm?
Remark K; Kasagisan maru (Ore Carrier)
C9; Container Ships (9 Records)

FEATIC D72 - T, MRTTALBHOFIHEN 1 Hio bDIZBA L. oV T
FMDOBERHITTE m, 2 B E UTERTLINT b D%, U— -4/
¥} 5 RMS i & EHEOHER T, Zh% R,.,(= VZR) TEKTLL D
DITBELTH7eDT, K (228) AL TBEEZIZIEI L. ZOHE, m,id
eDHIZ & - TEALT B D, clZAHLO THIZNIZ DN TIL 0.75, HHEHIZ >0
T05 &L O, ClFTRT T okD oINS ngll g AHE L.

FEAT D#ER % Table 28IC LT, WEXTCIME KM TREHMDEHHET
ERRINEL B, THid CIMITMIRETRINT S LI, 2HICEHRIED
mOD &, FHRIEIEAZ DO TRIFIZY DIBETEEAA 12D TH 5. K il
BEPDIEL, VDB TIRAZRE EB &, EABOBA NS Z - TEEE
PE T BIaBbid 5720, BREEL B2 7. KEOBERHEAETEML
T30, MREHEFOBROX, O LRIETET Uz/2HTH 5. millo
v MR EKER, FHRAMEN2RRIIELS, COAM S DEREEDIRTNE Z
55,

BEERENCEILL > THEDOEEZESL LMW ENZ S, 2, il
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VIOMDIEHERNT, CiAR 05 ISEVMEICR A Z EHEN. KFIZEWNTHE
EEBUT 1 IGEL, BESHRIL -V —0HDENTHELUTE S EER 5.

i

2.6

AEFIZBOTRERICEDOBESGNL— L —2HGD TN E R E _EHFY
S FRISONT, BESHICEET L LEDIBIROZERIIONT
BaEt L 7.

JGED AR MVD/NY Fig/3F5 A= F3ILEIZATHTHANE, T Dedihk
EAHICEZAEBIIEZREBESHBWVE—DEREBEDLNADT, Che®
—DNBE LIz, DX, FUBEHOLBHEDEADLDNEL SNEDT,
ZOREEBF Uk, BBISGGHUIYOBERE X UHITEREGDOE/LDOEEIZ >N
THBEFEMmA 7.

ULOBHNSHONMIIE -1 EX2FNFETHERDLHICNA.

1. [BEDOBEIHIIBIED &V FITEL > TETRILBD, cDMEITBIRIL S
L— =3 HOMESHTEMUTE S EXHSNMIE -7,

2. LROBE—- /AR OHKHER DL ERNL SIS0 6, CORHOK
U= L =Mtk 5 TRAT 5 &, MRTTLRBEDRBUIFIZL-T
i3, BIESHEDR - T LT S RERNH 5.

3. E—=JDEDHELT, HoWARKEL ES, ADBAMIZBRNT 3,
Yosox ]l AMPORKES EBFENEZ SNEN, EOFEICEL -
THBONZBESTHIRED S, LHL, BEGREIIHEYE & § 58K
BORRTL D D THEIET 3.

4. BMRTCALBEOBFIHTEN 1 Hi, BN I NITENERIT, BIEFRHD
HETIIBRNT X THAS.

5. Gl OBREOTHNMIZMIBIELSHFEDOZSDEEETIL SRS,
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LEROFEHEE b &IT, BHEERNE LU VT F v ) TOEMETIEEO
IEDRRES R E T VT il KO AMO EMEHAERHI DO TN, £
DFER, FEALEDORITENTIREDRIESHII L — L =53 HDZ N TELT
X5 LED), HmIBREHRER L —HT 5 J LRI N
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215 DOFHE A ORET RIS

M
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3.1 ¥

82 HITHBOTIIEMN D T 5 IR EOHANEE Z/ T,  DIRRA
HOHHEIMAEHEIEREOEFENEE 2 5 LTHANER N HE) ORDEE
RS A—=FD—D2Ths. —F, WEEEEREDEHEEEEZZ 5 L TONNWE
ELUTOBREEREZ S &, MKRIIE M OEBYAL, BJE, FELEEZ@BL TR
HIBEICW B EEZEZ oD RRBEOHIELZEZ 5I1ZH 7> TIZBWHAL
I U CiEBRARIG AT, BEE, S c U TR OFHAEZE DL & > X MEHE N
KB XIFTRENAXN. KETE, ZOPTHROTPLEDOFOFEESIC
HHLUTZ DM HEE®RITT 5.

S IRAED S D, BHEICE DAL THNS. By, B b, 2
TATF—, H—F—EN oL HEETHS (Fig. 3.1). BREIMETHE, B
BEROBEEIZL D, NRIVCHRBRADNRET 5. KHAETIIZ OB IRV
DFIIABEA %K 450 BEHR L7z, SHANIERO A TH 503, OB (R, #
JBE%) O/ 3RV b RBROHIREANTFHEINS.

REVOFABES L, MOFEBERNRD, EF LOMEERI LD T 5.
UL, 2O LIt Bl LT REBIEETH 5.

WIAEEA D KRNI SR [3], [4], [5], [6], [101], [102], [103], [104] H T INT
V5. Antoniou {I3CHR [101] TH7 2000 #, Xk [102] TH7 700 HEHIL T 5.

il

53
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Longi. Beamsg

Trans. Beams

Fig. 3.1 Tanker deck (looking from bottom)

CHR [101] T2/ SR IVOBRKFRBEAIC DO TER LT 508 3K#R [101] Tik
FBRAERISOWT HEEHE L TWA. TR [103]) IZELITOUWLTH 300 #rDsEt
AL TWB. KRR (3], [4], [3], [6] i3 33 D/ XXV OFAHEAZFTRL, 414
BAEZ 7Y TRHBEML, TOBRBUEZDE TS, X#k [104) TiX 6 D/
FIVIZDOWTERIL TS, iDL RZ O—REBEFIZONTEH L CHX
TWa. FETRIINOHEICRUT, FiR/ X VOFESs &, ¥RRABIR
WD,

EZAT, ARIIRMICIIZB OISR, 7oy 7 #EKOEEXSDOERE
BEhH 5. BEHROE > THE/3RIUE, > TOHIELV IR B~ THIRRS
BOPRESZDEROBEHTH 5. BHEBEOME > THE/IX)VOFEEAITD
WT, o TOIUWVSRIVESMFITER S, CNHD/RRINVTIR S OICHEEERE
DIETFTHRTFRINS. £/, BV TREROMINBINTH Y, FIHRAE
NS OB IFEN TS,

IRABEHET S 2 Li3EkE, TELEETH S, CHR[101], [102], [103]
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Deck Dial Gages

Stiffener\

Fig. 3.2 Measurement of deck initial deflection
O-O-0-0-0

Fig. 3.3 Measuring instrument

[—
e

LTCHHRABROHEERIRD LIFoh T35, 4RIDGFHRE EMMOHAEE
DFAIEREE, COHRERELET 5.

3.2 WEARERAOFHAIGE

T UHIC, B/ SRV (Deck Panel) Ei3 0 YV E—LE RS VRAE—AT
BEh s —HOERIRNTH S LEET S (Fig. 3.1). FHAIGEEIZICHR [101], [102]
Ko7, oV VE—LDOLHICELWEEZED, Y1 PILSr—D%
FHBICI O, oV E— LRBATHINWERE U TER L (Fig. 3.2,
Fig. 3.3). GtRIDRIHICERD LNEREDH, ZO LS DEZ AR (BATH
WVRRE) & U, R ETHREBOEARO U IIZDB LI ICBNEXDERZ
DEDOFEBHEA & Ui, &I 0.01lmm F THAK. SEOFHATHE, F+
=R ¥ —DUHRAICEZ AREOFHIEIITIE » THEL.

EHEI U 7B SR IR Y A —iZ DWW T 115 #, EHRIZ DN T 330, TH
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3. ¥ v H— OB I IIVD TR 4350mmx 767mm x 16mm TH41 i3 HT T
HbH. —BDXRKIIZDE YA YIVF— D 5 ETHAIRIC 26 # BT, A 130 &
FHl L7z (Fig. 3.2).

HEHEEDORB XNV DTHERELY DDA H 5 1000mmx500mm %% {
AL, —BD/RRIVIZDE, A YIVF—T 3 ETHAMIZ 9~ Fratil U/,
#8142 1500mmx 500mm, 2000mm x500mm D/ IR VTR ICZ NS 13
A7 et il U7, B S xIVOREE 4.5mm, 6mm, 7mm, 8mm, 9mm,
10mm, 16mm @ H D&M U7z, #i#HiE HT & MS 286 5.

3.3 MHIEAHOHARR SRS

3.3.1 EMNRILOWEIEH

W UBDICEHRI L 7o SRV ORIEAZHR LT, ZOHEEH~S. T T
By oA —0OFGERD BT 5. 7oA —3H0O, EEBENDE L, B
FIVHFEED DI WA TE D R #EE: U CERITE /2. Fig. 3.4TR$ 61T
ZoH—DERTOFHRTH S, FulED S, BARIE T 26 D FHR I3V H
D, NS A, B, C, -, ZET A DFD Fig. 341280 T, i
L, FOGRANCIEND. 22 TR 3 DD >N THENS. 251&E 3F1IZBD
HoTNBIITHA. HHADIHIZHZIL Fig. 3.4DE LD/ XX IVIE1FIDF O
BWRTIF &ET5. ZHICE > TOARIBEERZDOIDICFHIGETH - /2. H
WOMZIZH, L, QZ80, Mg TIE 35 EdE->T5. RISk DEH (2
X OMEA) ZBNOR TS, EHFBEAOELAITONTNWAEEDD 1 B
DiE lmm TH 5.

B2 A1 JSQS[105]) TiEiE A Ak th Bt U THEEEEEPH 4mm, FFARA
6mm ERHD SN TS, Gl L7 Sx VBT HHEA T EA LD/ X
MZENTAmm URICEXE-TED, BRKTH emm BETH 5.

1 FIEICI3HIKRREE, Q & R OMICITHRBENA - T3S, HTAHALRORE
BEDMEICH A T EIZX DIIHBAERIEN A L5 72 Z &Eid7.

SHREIZAT NS VR L, DX DEROEAMISOIRES DI, FIiHEE
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LI

NANERTR AR AT

Fig. 3.4 Deck panel initial deflections
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Fig. 3.5 Panel co-ordinate system

AUIIBARABEORELZIT, ZORLAENTIZNEETHS.

RS RIVICIIIRME, 70y 78X DD E  OBEERNE - TS, f
ZIEB 2 RIS A — DHERR IRV OK BRI IIBERIES. Zh
SD/XFIFBER OB > TOIRRUWWIR IV ERES ILWHEERD. £2TZOD
HHIZOOLTRETINAZEIZLT, BUDICBEEROIBLVIRIVIZDONT

5.

3.3.2 NRIVOPHEADOHAER

BEBRNEL > TOB/XRIVTH B, MAMH, L, Q, BHM 3 &R TE
EgDHE BLORRINVBELGOMEE, PROFETHNSLEHDNEI. &
7o, BEAF AN R 1 ¥ ERL T3S, _

PIRASOHE = EBMIZBET A0, I LR E b LITB/N2 &
itk hrRRNICERT 5.

mnx nmy

wo(z,y) = >, > Womnsin sin el (3.1)
a

m=1,2,3--- n=1,2,3--

Z I THEERIL Fig. 3.5129069.

BEBRODEE > TOWEWWRIVOIHREA

Z U —DEEBRDA - TNEU NIV T8 BUIDINTHFH N,
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wOmn[mm]
|
4 .
wp11
3 -
2 A
w031
1 -
051 wg7]
0 17 ] ylf
¢ Z 42" n

Fig. 3.6 Components of Fourier series

RFIVIF O 7 — Y TEBIE womn % Fig. 3.61IC737. MOBEBHEHDOEL -
T IRINIZENT BRI UBEM DS 5.

Fig. 3.6 &/ XX VO FRBRAIIIROHEENRD 5.

(1) n 2% 2 DL ED wor, DEIZ/NI . DF D, JHHERATERISELFHIZIE
1 ¥ TERIATEAS.

(2) m DB D wonn DHEIT/NE V. DF D, FIAEEAERIE Fig. 3.40%K
KBWTEANBRTEWE LS.

PENSR (3.1) BRRISEMTE 3.

wo(z,y) = Y, Womsin m;r:v sin 2 (3.2)
m=13,5--

(3) NEXINDEZOX D, MEOE— L EDET IR THBABRBICLVAZR
BERILTHS. Zhid, R (3.1) Asin OHDA TR TX 3B TH 3.

(4) BRRSME woyy > wozy > Wosy - EME - TND. Lo TT—Y ZFHMED
TS BERHE OB A -7 L L THISDRDREN wo 2D
CENTES. ZHITOWTIRBETIRNRS.

wor DRICK ELHIPES BT wes; TH B, L » TIRINVOFIRESERE
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woy]  Wo3l
mean : 0.179 0.060
S.D.: 0.098 0.040

: p=0.643

H]

wp31

Fig. 3.7 Correlation between wg;; and wos;

REDFTE1DD/RF5 A =4 E LT woyy & west DI wosy fwon ZEH T ENTE
3. Wop & Woz1 DA Fig. 3.11IRT. T IT, woldtREE KNS LBk
Bwy/t ZHET. BLYDIFSDXTH BN, HERE, = 0.643 THOEENRH S
LR D, Woy DFEHMHEIL 0.179 TZDIEHE(RHEIL 0.098 TH5E. DX IZH
HRABITEELLDOTH O, FlERASBEERT 5 BIIEEEH COV=50%
CHNDIESDXRERTRETHS. TARY MLICH L ANEERESH
N5 EEWe L DD DAVBELFENHS. T I T, wes ICDWTHETE
BB, Wos DFIEIL 0.0660, T DIE¥ERZEIL0.0364 THD, ZCOBEHE
EMREUIHI 50% TH 5. FDMwo; Ebosy, Wosr & Wosy D BIE b T~ 72 AHERIIE
BEAEL.

BEBEOEE > TWBNARIVONERES

CCETREEROIBVRRIVEZZ D, RICBEBEREERT5/3%)VIZD
WTEZ L. BOBEORED IH, IL ICEETHIBARNAI L. Jhid,
REEOEBBICIHAREL, BABKICLIARENEL > THHESZ
L7 EZZ oMb, —RICKHROBEERIT/ X IVOFRICE > TS
DIF TR, - T, SRV ORAFPES BIIBERICK > TENLL, 82
HEoMEHHEZTha. 1Q, 2Q, 3Q FMAMD T o v 7 DX E TH 525,
BANTHATKREL, FSUVAE—LLETHEANH S, F73Q ORRITK
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b/?2 b/?2

Fig. 3.8 Standard shape of initial deflection

X BLE, FORENRELDDIPICHTWAEALHS. 3FIIIEAMOT
Ov 7 DMEBTIEHIREINS L)L, BEADEBBHEBTIUNEAED
T3,

PEDZ &, §)TFig. 34%b LIcEEB L bOTHS. LIEFIHEIIMOD
BICE->TEI L, EMFTICL-THED. L THHHEADOHHEIL Fig. 34
LB TREMNH S, ULH L, BEBDOA - 73 Vi3 —RICEADAE L, £
ORI EMTH S LBDONS. ZORLE/ SXIVZBERECHbAE , FH
1T ARIEE L ORE S BEEROMORICHNRTENEEZEZ oMb, I 6IT
Fig. 3.4D 3 F|OREHEHEH MO T oy 7 DX HIITELODIT I o HiRDIE
SHRICDIBIERBD. Lo T, HEBEDORTE2 I 5. BEHRET
BT A XFRINVOEEREICONTIIE 6 ETRNAS.

EEROE > TRV IRV ERIE, BHEROB - THS/ 33 IUIH LT, &
HatEA RD B &, wor DFEHHIZ 0.319, £ DIEXERZEL 0.126 T, FIHESE
TL164%, ZDIESDXTLITHETHA.

3.3.3 EHENLMEREAFIK

Fig. 3ADBEA b LICHIEATRE & SICHRIC R T 5. NI HIH
BAETFIVE LT, Fig. 380/ 53 VERET 5. ZoOBRIZEES [3], [4], [5],
(6] DIRE LB RE L VERIC LI bDTH S, KAWL 2,y HIAD sin 77—
TT, PRPEITENL y FRDAHD sin H—T Thb. ChekTHRITER (3.3) i
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5.
sin%{sinﬂ—gj— (0 <z <b/2)
1_1)1(3:,_3;) = { sin ZTZ)E (b/2 <z <a—-b/2) (3.3)
Wos
sin 7r(ab— ) sin7rb—y (¢ —b/2 <z < a)
CDRREN (3.2) IZREW, 77—V TIREURF T 5 LB BHIRDIRITILS.
4
T el P 3 (MR T £ a0 EE)
Wom1 _ g 3
= 1/« (mPBEAHTm=aD &%) (3.4)
0 (m DMEHD & &)

ZIT,a(=a/b): TARY .
SEEHI L7y A — DB IRV (o = 5.67) DIFE, IROKRIZIL 5.

won/’wos = 1265, ’wogl/’wos = 03973,
11)051/'11)(1s = 02114, 'wo71/wos = 01250,
w091/w05 = 0.0742

Z I THIEBRATIR E R B Kt /de; = 0.314 &7 5. Th%k Fig. 3.7
DY B EEDOFLWENEAE EELS. & - T Fig. 3.8DEEERIIHIAEAS IR T
B xR EA TR 2 FEXE 5.

3.3.4 Eb@ﬁ%t&é%%ﬁai

IO SEDRELZEMIZT B2, T T, VIBRABDEHLETS. ¥
A EERETIMEELTIZETI>DEEH T

(1) Wopmer : 1 D/ XFIINDH TR BREEFHEAE.

(2) wory : /XRIVDOFHHEAD 7 — ) TREUKS.

(3) wos : 7SIV DHPABES E RIS STEAR (R (3.3), Fig. 3.8) ITHK
IN2FEY LT & 2 DBAREDRKIE.

wor (T4 B & 5 ISFEMALEHE b S ICHUELEZ LT hid 2 shisin,
ZHIZH U T wWona T ERICE > THZNR D DEIRIIINE THA S L, FM
EHE U B A TH, RIS BELEIL (B oh S, FRBICL > Tioma: T
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-~ o e — =

— L

——— Measured Shape
——— woy Sin G
——-—— Standard Shape

Fig. 3.9 Comparison between womax, Wor1, and wos

FEDTNBHDE wo TEEDTNAHDNHB. IHITAEME we, FHREL
7z. Fig. 3.9123 DDE%ERT. "RIOYHRARL L TEDHEEE-THE
NIFERELEDSTHNI EbMSE. —RIIZNZ 5 Z i womes & worr i
FEAERUERE D w32 d D HPRIEN. T &3O/ IXXILDFH)]
BRAICEWTHL—RNICER . Lo TUE, HICHHEAE we E 0 EE
Womaz Woi1,Wos DFENDH 5.

HERLSY A — I HART LEEN TS /2%, B2 DIRED Bt/ kI
MEWEENE. WEL &, F DS R wo DFEEIZ DT Fig. 3.10137R
¥, B SROVOHE S SIS DN T 328IS R T & S5 D TH B, HUEA Smm
DEENFABEAEIIRORE L, TNL D EV IRV, IRV TR>EAL
NS CHEBE Tmm L FORFIVRIEEAEERDNRINTNS/2HTH
5. 15k, Tmm U TOWIIMEED SN2 HiRR, 3SHIKTH D, $EaE DM =
BEETIEAL.

3.3.5 FREHEDHTE

YL EFH 8l & ek [3), [4], [5], [6], [101], [102], [103], [104] DEH#I% b &ic
FBBEABOHEELBE NS, BUDICIh S ARER% Fig. 3.11Icx £ 5.
BN, AR LRSI B TALEDNAMENL b/t & 5. HEITIXE
FHRNDwDFEHEE LS. T2 Tawg& L TWo Db D EWome: D bDIH 5.
b/t > 0 IFEMO NI TNBEBbh3. 20EHEZKRL &, b/t LwllidM
BRHALITHAS. 1oL, TR ARLHAUEOFHETH A D0,
3.2 i TR~ T X ) KBRS E LT 50N EIIE BT RETH 5.
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Wyymm

0 A 6 8 10 tmm

Fig. 3.10 Measured initial deflection (Destroyer)

'wo/t o

e |
Ueda et al..--o :
Antoniou ----e ) E
0.2F  Authors ¢ E

Tanker ----- o o } ©
Destroyer--o . l
(0] :@
|

| ®

|
|
I
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[
|
I
|
i
!

80 100 b/t

Fig. 3.11 Measured initial deflections including by others
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K
Faulkner
0.1} ¢
® 0
Antoniou ----e
(0]
R Authors
Tanker ----- J
0.05; ° Destroyer--o
o ®
0 i 2 3\

Fig. 3.12 «k-value for wo/t in Eq. (3.5)

Faulkner {¥3C#k [103) TR ERE L /2.

Wo = "X (b 2 1) (3.5)
’ KX (L /t) (tw < t)

(1
(1

Yo i (= (b/t)\Joy/E)(HiR L),
t, : OVYIE—LDOIITDOHE,
oy : RARISTT,

- E : ¥ 7% (21000kgf/mm?)

X (3.5) IIBADHBIC L AR LEVHMELOBRICHAILTBE I EE, &
BT 2 TWREE B SFOUMRED 5 BEOHIEFL TS I EEZERL
TWa. 2F D, XV OFPEATHELEBEFHFICL > TRESNSZ L
ZRTELTWS. ZoRX%EH &I Fig. 3.11% Fig. 3.121c#FXEJ. Faulkner
i3k = 012 ZR-EL T3S, Zhid Fig. 3.12TA SR LR (Z2fl) Ofi L
ABENTES. Faulkner DFITIEN, > 3(KFMDIFE b/t > 80) DE VR D
by, Zh o DMEBE U ThDEERE Ul /e DIZ@E VEER LICIRERD S
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%. Antoniou {33k [101] T, kD& LTZH L D HIKLVE (0.06~0.1) ZE
LT3, #EaEE G % & Antoniou DEIIR H 9.
Fig. 3.11ICb E - T, I HICHRBREBE U THIHES w2 EH b/t DA
TRETHIEEZEZ 5. A (3.5)iIX75-TK (3.6) #E L.
Wy = &'(b/t)? (3.6)

Fig. 3.10 TR 5 &, EHED—HER E =8 x 107°DBWHTH 5.
C OIS TAERRE BEREMFICIDEATELDOTHYD, BUAHETIIL L.
F 72, F1AEAS DEREREZ s p 3R (3.7) TEINS.

Wos.p. = 0.5wo (3.7)

3.4 #E

AEICEOTE, ARSIV EBIGHILERZBB L. Z LT #HRE
LTROZ EMNNZ A,

1. XNV OFRAEAERIIK (3.3), Fig. 3.8TERHTX 3.
2. NRINVOFPEARIIKRATEZ SN A.

wo/t = 8 x 10°(b/t)*

3. BHMOD & - T B3R IVIHIAERS ORI M THIARA B AR
&0

UL D#ERIZE D, FBES OIS HE PRSI - /2. AETOKRE
HIRIMEHE DR BEDFERUERNTT 5 LTOARNER &L 5.
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ZRBEFREEE RO 2R E
hR FE R AT R

Ef[ll

4.1 W®E

SHEgORZEE TN E LD EBEORMICK D, BREREIMIAHBER
SHED ISR ANEEER S5 L9127 - 7o, FRERBIIHMEFTOERA
WY —IVTHORBEORVEIE/REEZEZS. UL, BlEBITERIIEEEL
TENICHES IENBHREZRBL, FUDTELICFHELZ L INEBE0H 5.
Z OB EBEDRD 5.

ARSI < DETEIR, EIEMMIR, Hid oM ->THD, REBEIZET S
FCOIEREBE LB T 5 L, MORLUFMEO L TRV TEETHS.
ARFETIIIETEAR O WP BB i B 2 IEREICHEE 3 2 H ik E B~ 5.

R D & D IcTE 2 DREZ ) VT A MREED H CTREFMb 2 L E &7 HHiE
BRICEERDSH 5. HROEEREDOHELBITNICE L) ZERES
TRUECEHOIHDITIIMRBREN R UBEER AL I ENTES. L
U, CHOIEIHER [106) TRUZCEED —BITEERZDE D I {LEH. KET
BRANEE F I TSR OMAEDLE T 2 K DEH, 518, 2 HADMEA
BT AMER 9 5 TR O B IS 1 248 & < K B kel 5.

AL TIHEARDEREAZ KD 5 DI FOFEN S B 2 R
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BRZEb &I, D ULEFWAEE U, —REFEMEE LT M) v 7 X%
PRk UTHES . S DOFHEE, HHRNSHETH D, 1930 F£FiRICHT DR h
TuvA [107], [108]. LA L, HikFE 109] bHEHL T A EEVHEHINAES
B EEICL > TREDHRNEHE—HICZ L. FEEFIRABEELAX
FEEBE UTHBEEBN D, KRR TR L OPCRRO JOERIRBITK D
BABHOHE—LEiIN S

AT & 5 FEJH FERE DEMTHE R OAE I B A BB OB K UEERS
DI ERFENELRD, HEDPZ OWERBERI LA EREEZETS. &
BORPAERT U, THICE » TRFEDL DR RIS IENKRE 5 2 &
TN

7o, COMEE S SICHBICKIET 570D, R ZEEFEOHEZEIZL
20, EEEEERBIRLUTANWAZ itk D, e ORIEOHSE DRI REMIC
X UTHATE AL DM SBELRT.

ik, ZETREMT 5 BRWOBEFEYEE A OB BELEE 5 EORBH KD
HRBICHHEAT 5.

4.2 RIFTIEA

4.2.1 E@EAEXOBH

MR EF B TFARD T, BRI Fig. 4.1 1II7F. FAMPEEE /i3
M FE OB O BEE A 7o OEB FERERIIEHEOFE ) &)
h=xk (4.1) TH 5.

[ [iutn e oudi o,
out Oz Oz dy dy W 0x Oy - Oy Oz
owddw Ow ddw
t2y — 1) 222 22 —
+abt(2y l)aw o + a,( 1)8y 5

J*w 0% 6w 5 *w 90w 0*w *éw

O0z? Oa? + O0x0y (9:1&8y+ 0y? 0Oy? ]
ZIT, ol FIADIES, ol y FRIOEIES, 7., \ZEWTIES, o2iF =

HEQmEART IS, 0 i3y AAOEAMIFIE T Fig. 4.1 12395 &EBDTH

+ D{ dzdy = 0. (4.1)
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1 a .

ool Yy~ T}
AAIEEEEEEE N

oi o}
fe—] fo—sf
Tey T
r
1 i ¢ I b
“y;fz: Tzy - _J_
@)

Fig. 4.1 Dimensions and coordinate system of a rectangular
plate and positive acting stresses.

D, RETTRTHEPNEDESITHS. widEAT, dw 3MRBEATHS. D T
HUFEE (= E3/12(1 =), t BWRE, E 3V 7R v 3RT VY U HTH 5.
= (4.1) ZERITTLT S &R (4.2) IT78 5.

/ / 0w déw 3_1173510 (8w85w+@_8_<_5_ﬂi)
oz 0z ey oy T \0z oy T oy 0%
ow 06w Ow 06w 1 0%w 0%6w
~b _ b= 1) 2Woow
+0.(2 - D5r 57 T 028 - Dm 5+ 55

Pw 0%6w e , 02w 0%6w
010y 0zdy Byt O
CIT, a3TART b (=a/b) THY, 6z, Gy, Ty, al, &), w, T, § iF

+ 2 }dzdy = 0. (4.2)

BRTETHDROLIIZERT 5.
~ 12(1 — v?)b? _ 12(1 — v*)a?
R
. 12(1 — v?)ab
_ 12(1 - v?)b? 12(1 — v*)a?
b _ booob _ b
e e A

w=w/t, T=z/a, §=y/b.
£ (4.2) 12851 B b & 2 ORBHAER (4.3) O L 3 12s HIAO R E
§ HEOBEAREI ML bDERNS.

0 = ki:: l‘gj{@lek(j)Yl(g)}a
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55 = 303 (60, X(2)Y,(0)}- (43)

R (4.3) ZRANB ERX (4.2) OFS bREBICTHM EyH RO ST
BIENTES. R (42) OBSEHM LI LT EI SITHIRICRET 5729
IZK (4.4) 2 EET 5.

1P X,(2) 07 Xp(Z) ,_
Pq __ -
L —/0 E I

LorY;(y) 0(Y)
Pq __ J
T _/0 o o D

b = /01(% — 1) X:(2) Xk(Z)dz,

I = [ - )Y;@Yi(@)ds. (1.4

IR, JB, 1%, JY 3N A ERT BB THHH O LI “BME" LI &
7z, 3 (4.4) ODERRITIIR (4.5) OBENH 5.

Pe __ 9P Pq __ qp
I =L, Ji'= Jjj -

(4.5)

H (4.3) &K (4.4) ZRHOTK (4.2) £ B UERMERORIBES O S
Sw;; IZDWTARILT A 72diTidak (4.6) ZRE LS NI o720,

S @ {F I TP + 6, IQTY + Ty (10T

k=11i=1

HIGIO) o LI + o I T + IR

1
1 ytikv 5l o? ik Y gl
+ 203 + P TRTEY =0, forall 4, 5. (4.6)

K (4.5) &3 (4.6) & 0, SRS A 10, 19, I}, I, I, J%, JO, J4,

gl

J2 I THBEI ERbIhAE. THhoORMEEZBARIICTRET 5720121, £

3l Yl

TR (4.4) ILEN B BAWH X,(2), Yi(5) £ EAEICRE LZF A0,
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4.2.2 BHEH

X (4.3) TER L BABEEOD Xi(2), Y;(y) BERWICBERRMEZMET
AEMTHNIZED L) WHMEMTH LV, AR TR IEOIEHTHERE R
%9 £ RBTE I ERMBLERAEHKET 5. 7 HOBEAHBEEIIN (4.7),
BREMHIIK (4.8) TH 5.

Xi(Z) = A, cos(p;z) + B;sin(p;z) + C; cosh(p;Z) + D; sinh(p;Z). (4.7)

Xi(B0) =0, X!(zo)=0, (HED), } (4.8)

Xi(Zo) =0, X[(Zo)=0, (BBI3ZFD).
T, T IHEROMETH D Fig. 4.1 ODEBIRDELTIE 70 =0, GAT
3 3o=1TH5B. i, Bl X(Zo) 13 0X:(20)/0T HEWKRT 5.
X (4.7) D A;, B;, C;, D;, piidEREHTH HK (4.8) T OKREBMHETH 5.
Y;(7) R (4.7), K (48) LRALETH IO THRUIEKRT 5.

4.2.3 BEHE

BABMTH AR (4.7) 2R (44) MAT B &, BOMEITRESRD, 20 &
X, BAEEBERESICE DRSS L, RIROBABREE FUHSEIIH LTI
ZL OB EEMSBOEREENELLS. ARRO BN TH S5 SHREOERE
HAEB5 - DICRBEABRBOEREERE THRALEND D, TOHRDOEHS
BHAESOBSEZ TRBE TR AL SEL. £ 2T, BoEEHIE
BOTHELTEABESICL kDS, LHL, K (44) 28T 5 &I,
AL SIS HBRNEEH TH 508, TDMDOHETHEIRNETHS L,
HERICETET S LIEBICRBELELIE SN,

ZIT, A (4.4) I UTEHSESERORT I EICL D, BAEE Xi(3) D
HBREBMOERTOME, 2 0, X/(0), X'(0), X"(0), X!(1), X!(1), X"(1) 12 &
Itk ->THET. COFEOFMEISHR [110) 1T LLELTWA. Lk, 0%
AEBOEBBAYMOBER TOME “BERIE LRI EICTS. TOHFIZRENK
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(44) =5tEHT 5 &, K (49) =13 5.

1 1
0 _ __* i 1\X" —{X"(1)}?
I8 = S XAO)XI'(0) — 51 (X(0)) = S XUDX(1) + 5o (XI(1))
W pp 2pf ptoe 2pf
= Ly xmo) — L xra)x() + = {XT (1)) + (X))
1k 4p:1 7 z 4p;1 ) 1 4p;1 P 4 i )

22 _ 4700
I =p; L,

) 3 ) 3
b Y / 2 _ Y " 2 / 2 s " 2
i £k DEX,
Iy =13 =0,
1
Iy = A pz{—Xi"(O)XL(O) + X7(0)X;(0) — X;(0).X;"(0)

+XP (D)X (1) = X (D)X (1) + X ()X, (1)},

1

L = i {X(0) X5 (0) — X7(0)X,'(0) — X{"(1) X5 (1) + X{ (L)X} (1)},

I = ———5 - (o} + p)X{(0)X1(0) — 2X}"(0) X}"(0)

(pi — pi)

+ (P} + P Xi(DXL(1) +2X" (1) X (1)} (4.9)

y HMOBEMELRBERTH S D THRHFEENET 5.
X (4.9) 1k D (4.4) DHABES IR TTHDT, HEFEEREMHITHT
BEREAERD TR (4.9) icRATHIZ XU,

4.2.4 ERE

COEITREFERFMIINTEEFMEL KD L. X,(z) ITHTHHAMD
V() 1T AEAME S RRORETKE A0S, 2 2T Xi(z) 9 28R
BRI ERT. ROFEEOEREUHOBE AL TH SO THAREDSES
T UCHERL, BIIKDTFRERDAETRT.
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mREE DS
HBEEDEE, 2 (4.8) £RX(4.7) L 0K (4.10) &K (4.11) 2B 5.

cosp; coshp; —1 = 0. (4.10)

Ai(= —C;) : B(= —D;) = —sinhp; + sin p; : cosh p; — cos p;. (4.11)

: Z T, fRiZ Ai(= —C;) = —sinhp; + sinp;, Bi(= —D;) = coshp; — cosp;
L9 A EHESE 1P 133N (4.12) 1278 5.

1% = { (cos p;sinh p; —sinp; cosh p;)?, i =k D& X, (412)

0, i Ak DEX.

ZIZT, RNM412) i =k OEEREN pIH UTHSME IPEIEFICKE
TR LTS AT HICHERBREDRRIIILS.

ZIT, S5EEFICHESE IQ K (4.13) 2HET 5 L0 ICEBABEOD A,
B;, C;, D; DfE%EIRD A Z EITT 5.

L, i=k®
o b i=kOSS, (4.13)
0, 14k D&,

RESMMEDR (4.13) 2R TS EX X, (2) X [0, 1] 1 U TEHBEAZBE
THD, K (4.12) I LTE->BEDOFERIITLLLS.

XHIT, A;, B, C;, DEBRICERBT A7, RO EEZZZ S, K (4.10)
DOFE p; & 1.57, 2.5m, 3.5m, - - CEVMETH A, £2T, K (4.14) DX p;
% po; = 1.5m, 2.5m, 3.5, - - EMUNE dpiZ T B,

pi = poi + dp;. (4.14)

poi & dp; DfE% Table 4.1 12779, K (4.14) ZEFET A I LIZLD cosp;,
sin p;, coshp;, sinh p; % cosdp;, sindp; TEIT I ENTEXS. ZOEHAEK
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Table 4.1 po; and dp; for both edges being clamped

v | Poi dp;

1|1.57 | +0.01765176
2 | 2.5m | —0.00077701
3| 3.57 | +0.00003355
4 | 4.57 | —-0.00000145
5| 5.5 | +0.00000006
6| 6.5m 0

(4.15) ITRT

cos p; = _(_1)1 sin dpi) Sinpz- = (—1)Z COS dpi)
oy —(=1) cosdp;

coshp; = sindp; ’ sinh p; = sin dp; ’

R (4.14) ERX (4.15) ZERITANS &, K (4.13) ZHRT B A, B;, Ci, D;

3K (4.16) DX HICIRET X 5.

(4.15)

A;=-C;=-1, B,=-D;=F,. (4.16)
ZZT,
Fi=14dF =~
1 + sindp;

dF; 1 Table 4.2 I1Z7R .
WAREE OBA DO ELULI NI ERHB X;(z) D 3KRETOERALTE % Fig. 4.2
NZNC I
K (4.15) £H(4.16) X (4.7) MATHZ LICX DEREE L TH (4.17)
=125,
X['(0) = 2p}, X["(0)=—2p}F;, X['(1)=-2(-1)'p},

7

X"(1) = —=2(=1)'p?F,, ( The others ) = 0. (4.17)

VL b WA E DFEFMEE KD 5 FETH 5.
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Table 4.2 Infinitesimal values dF; and dH;

? dF; dH;

1| —0.01749779 | —0.02749700

2 | +0.00077731 | +0.00120484

3 | —0.00003355 | —0.00005203

4 | 4+0.00000145 | +0.00000225

5 | —0.00000006 | —0.00000010

6 0 0

2 T T T T

0 0.2 0.4

Fig. 4.2 1st, 2nd and 3rd mode deflection shapes of bihar-

monic series in the case of both edges clamped.

75
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Table 4.3 pg; and dp; for being clamped-simply supported or
simply supported—-clamped

t | poi dp;
1| 1.257 | —0.00038850
21 2.257 | —0.00000072
31 3.257 0
2 T T T T

Fig. 4.3 1st, 2nd and 3rd mode deflection shapes of bihar-
monic series in case where the left edge is clamped
and the right edge is simply supported.

BE-BHFOHE

MUEEOHE LR UEETEEERD S, R (1.7) OFFHER (4.18) 12
iy

A;=-C;=-1, B;=-D; =G, pi=poi +dp. (4.18)

po; & dp; Dfi% Table 4.3 TR, BEE-BEMZFEOHEOERILINI
AR X, (2) % 3 ROEAIEE T Fig. 4.3 1277
#REIER (4.19) 1K1 3.

X7(0) =2p}, X["(0) = —2p}Gy, X{(1) = vV2(=1)'p:/ H,,
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X"(1) = —v2(~1)'p*H;, ( The others ) = 0. (4.19)

(<
(4

1+ (—1)'y/—2cos dp, sin dp;
cos dp; + sin dp;
1 1—(=1)'v/=2cosdp;sindp

H, =1+4+dH; =

b

H;,  cosdp; +sindp; ’
1 1 cos dp; — sindp;
Gi =/=(H}+ —=) = — .
2( o Hf) cos dp; + sin dp;

dH; OffiiZ Table 4.2 iZ/RT.

HXir-EEDSE

B 7 - B OB AISEE- B FOHEITUTHS. K (4.7) DB/
23 (4.20) 7R T

1 1

A=C;=0, B, =—(H,; + ) \/—( H+ ) pi = poitdp;. (4.20)

\/5
BERMEITN (4.21) 12755,
Xi(0) = Vop:/Hi, X["(0) = —V2piH;, X!(1) = -2(-1)'p],
X!"(1) = =2(=1)'p?G;, ( The others ) = 0. (4.21)

ZZT,p;, H;, G, 3EE-BMZXFOHELRALTHS.
MO BE#HTIFEDOGE

A MRS RBEELEZFUEAICHART, EEIESETHS. K
(4.7) DEFRERK (4.22) ITRT.

A;=Ci=D;=0, B, =2, p; =mi. (4.22)
BERMEILR (4.23) 1278 5.
X{(0) = V2p;, X!"(0)=—v2p}, X{(1)=V2(-1)p;,

X"(1) = —ﬂ(—l)ip?, ( The others ) = 0. (4.23)



78 4% RINBERREEE R W RE R TR TR

4.2.5 FERMEEERB-BITE

U bT, BREIKE D, TOBEREE (4.9) MATH I EITL DA (4.6)
THEELLLIEMEDKE 7.

BRI DERTCEDHN 60,50, 7,0, 5%, 657 Lbdh->Tu b E &K (4.24)
DRBNTE 5.

G, =AY, &, = A0, 7., =A7,°, & =A5, &)= A5 (4.24)
T, A IFERIS T DERTED D O EERIGH DBRTEE KD LED
"ETH5.

X (4.24) X DK (4.6) iTKX (4.25) DL I ICT MY v 7 RERRPTE 5.

([A] + A[B]){wi;} = 0. (4.25)

3 (4.25) %, —REHBEMEE UTHES E, mxn BOBHME A EXIET 5
mxn HOEEFRY bV {w;} 285 T T, AZR(4.24) ITRATEH I &I
& D ERIEIEDERICEER, {w;} 2 (4.3) ITRAT S EITL D
%185, BABBNEREHLHRETATFERBTH S5O THITLERICTES,

4.2.6 FIRMEGREYMERAW-RITE

U bDFEEFE > THRNTD, 7 SRIVOEERE L ENETHET S I &N
TEBN, 2 2L EOWERF I LT RIS HETHEERER O K IR DI
ISIRORNFEE LT, BRI 5 BEEEE KRS & UicEss
EMEBAEEUTHNS I EA2IRET 5.

BRI & LT, SERLELAY 3 ORI BB R OB EHE & I O &
DEFMEMEATIEEORELZEZS. MEHOSEDREREE Eo(z,y)
E L, BRIRRDER B DOEFREE Eci(z,y), FDRDE— FOEREKED
BEHEYAE Eca(z,y) £T 5. T ThOWEE% Fig. 4.4& Fig. 4.513R7. H
BICHIBTHT D& D REJEIFIEL Es(z,y) TEL, £E— Nioxd 5 BEHBEEIE
Es(z,y), Esy(z,y) T, Fig. 4.6& Fig. 4.TICBEREART.
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Iz, L
——e —-————
D B
. @ DI
[E—— [ S—
B —— R ]

Fig. 4.4 The lowest buckling mode of a rectangular plate sub-
jected to compression (a/b = 3, all edges are simply

supported)
o, . 7 o,
——— PPN
— ———
=0 @ o O =
=10 =
—_— ——

Fig. 4.5 Second lowest buckling mode of a rectangular plate
subjected to compression (a/b = 3, all edges are sim-
ply supported)

Fig. 4.6 The lowest buckling mode of a rectangular plate sub-
jected to shear (¢/b = 3, all edges are simply sup-
ported)
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Fig. 4.7 Second lowest buckling mode of a rectangular plate
subjected to shear (a/b = 3, all edges are simply sup-
ported)

WA, ks & BT DSRIRRIC/ER LT OB 358 O EEEIEE %KD, RIBERD E—
F&, ZORDE— FD 2 KO E Fig. 481277, RKHFD&H A, B, C,
D 3 EEEE D EHBE Ec1, Eca, Esi, Es;iCXISd 5 EEBEICHNLST 5. i
¥, B E, Fig, MM ERSOEMAD S ETO/EEAT, AD g & BC fhgo s
MEICH Y, Ec1 & Esy, £7218 Ecy & EiDEREN/BBEMET, S E O/ESE
% Fig. 4.912, & F OEEE L% Fig. 4.10127R7. Fig. 4.40°5 Fig. 4.10%
TEH~RBEE, SEREA D OPRNSEERELLD, SFI3&EB, C O
MR EREE 8-> THE I ERb5.

ZDOIEILED, MAEEHMEDD & TCORREBE SRS M ENEM TR
T AL OEEEEBEROGHRESMTEREE L5825 LK (4.26) L7105,

w(z,y) = WoEq(z,y) + WsEs(z,y). (4.26)

K (4.26) D W, Ws 355 TH 5.

772U, Fig. 48%BZICT A EHERE A LA D OFHENLERRETH
D, RFIZEB EECOFENZERRETH SN S, K (4.26) IZEEMIZE
K (4.27) HB I (4.28) &785.

wig(z,y) = WCIEC.l(xvy) + WsoEso(z,y). (4.27)

wa(2,y) = WeaEcy(z,y) + Wsi Esi (2, Y)- (4-28)
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b

Ta:y/ Tﬂ-'!lo

0.5

Fig. 4.8 The lowest and second lowest buckling mode correla-
tion curves of a rectangular plate subjected to com-
pression and shear (a/b = 3, all edges are simply sup-
ported)

Txy R
—_— ~—
_— B
—_— -
— ——
_— -
. Tey

Fig. 4.9 The lowest buckling mode of a rectangular plate sub-
jected to compression and shear (a/b = 3, all edges
are simply supported)
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Try

Fig. 4.10 Second lowest buckling mode of a rectangular plate
subjected to compression and shear (a/b = 3, all
edges are simply supported)

K (4.26) X DR (4.25) 13K (4.29) DL HICEENZ BT ENTEB,

We
Al + A[B’ =0. 4.29
([AT+A[ J){ W } (4.29)

2T, (A, (BT X (4.25) hoR (4.29) ~OHETEONET M) v 7
ATHY, ZDFLOAFTI CTIREKTS.

IR BT (4.27) O & 213K (4.29) 13 (4.30) 1275 3.

, , Wer |
([A%2] +.A12[B12]) { - } =0. (4.30)

ZIT, [AL), [Bl 3 We & W, DMHBZEZ L Xl ohb< b v o
ZTHB. R (4.30) IR LICBIRLC 2 TOBAHMETH D, R (4.25) %
BCRHE, 2£ 0, m x n TOBEFMEEEH  BERICHA~S EAFBRITH.

FER B AR (4.28) D& 2 bMBEEFRILTHS. R (4.27) hoBOhBE
AHEAEK (4.28) OB ONSBEFMADED/NIWES ZHEHMEET 5.

C CTid, Fig. 4.8%8FI1T LD T, HHi & BT O HHBE 9 2 BEJE L % 1E ik
T AR (4.27) PR (4.28) DL T By & Es;D#EE & Epy & Es\ DS
¥ 2 BHOSOMEREEZNE I 7. UL, — 7S BEHEDF I
FOTREHOATHEE LI EXDRE— NOBRIRE EEMOATRERE LT
LEXDERE— FOEEREOHEGEIT—FEMICRETERL. £ T, EBOFH
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BTIXEnE Es, DAY, Eci & Es;OfEY, Eci & EssOEY, -+, Ecs
E Es DAY, Ecy & Eso DAY, Foy &k Ess DFAE, - LW D591, 7
NTOHEOMEEERH/NI LTRBBOBEHBEAZRRL, T OMEER - THE
JEBEET A LTS,

CDOBNTFIER, BARMRIALEMIFTH->TH, BELEZFATNT
LT CTE 5. F£7, 32U LOMAEMEICL D ERET 254, MENEH
T2 >OEAEHBTHREMEBEMREE L ENT0EEITIE (4.26) DALDIH
HAEZNICHDOETHDPHIELN. THLE, BREREMOKE 3 EL LicThid
NN

LB, BRI EH BB & 2 BRI BRI OB TH 5.

4.3 ERMRBANEEORENTRE

WL O DFIREFNC L D ERNEHE RO FEOFRAtERT. LD
i, 4.3 1ETAMROBRA BB QIR D L & 28T 5. KRIC 4.3.28i TEHA
R ECE RO/ TEE TRERICEE X CERBROBEEZ KD ONE I &%

5.

4.3.1 ERFNEBENFRBOERBEOHEEOLLE

THEE 111 IBEREBEHRT 2NFRE - EASRIE UTEEEZ KD
Tz, AW TIE =M 3% & Wi £ D RS 3 EFNEE (R (4.7) %
BAPBE UTHREEE KD, £2T, ¢ FRDEHNE v FHHEDFEH SN
LU, 2HFEMERZITE—0 o, RIE t OELFEROERA2EZ, BEORKE
UGS, BREME Fig. 411 ICRT 4 r—X%E2 5. BAHTEAEE
ZRABRD 1 HIZF E 512856 E 6 THETE » 12 BA 2 NFRE & HRFRE
DOWBIZDWTEZ 2. BARHEZ 6 HETELGE, JHERH B DIIR
RS B TRRDED S 6 HE - 72, Fig. 4. 11OBEREMHISHIE LT, #
HFEE 6 THE - IBAHREINFEE D ERMBHE K (4.31) oRE L 3.
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IR T T YRR )
—|[(1) — —{1(2) :4—
b(=a):: t :: j :::
—vLy_' — — le—
L 2 < N e w
S I O O trtrtia
TR )
NE) [ DG e
—nd! i —i o
—! | st —! | ot
—! H— = H—
! o ;l_ _____ He
Trrrrr EfTrft
Clamped gir;ll;iy—Supported

Fig. 4.11 Loading and boundary conditions of square plates
(1) & (4) DHE,
w0 = W X1 (2)Y1(§) + 0 Xs3(2)Y1(7) + 013 X:1(2)Y3(7)

+151 X5(Z)Y1(§) + W33 X3(2)Ya(§) + w15 X1(Z)Ys(7),

W = 011 X1 (2)Y1(§) + W Xo(2)Y1(9) + @12X1(2)Y2(7)
+31 X3(Z)Y1(9) + 922 X2(Z)Ya(§) + 913X:1(Z) Ya(D),
(3) DI/A,
b = w1, X1 (2)Y1(7) + D1, X1(2) Ya(¥) + 031 X3(2)Yi(7)
+ w13X1(Z)Ys(9) + 052 X3(Z)Y2() + 014 X1(2)Ya()- (4.31)

T, NFRBICH UTHEFMGEISH UTH X, (2) 1T 2 HRISHT
HRABRDEIEFR L, Xo(Z), X3(Z), .- B2, 3K, --- DEIEZRT. Yi(9),
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Table 4.4 Compressive buckling strength of a square plate cal-
culated by biharmonic series and power series for
different boundary conditions (K = o3,/0)

K
Boundary Power series Biharmonic series
condition | 1 term | 6 terms | 1term | 6 terms | 20 x 20 terms
(1) 5.4713 5.4024 | 5.3690 | 5.3080 5.3036
(3.16%) | (1.86%) | (1.23%) | (0.08%)
(2) 4.4581 3.2603 | 3.2586 | 3.2496 3.2476
(37.27%) | (0.39%) | (0.34%) | (0.06%)
(3) 3.4618 2.6631 | 2.6649 | 2.6627 2.6627
(30.01%) | (0.02%) | (0.08%) | (0.00%)
(4) 2.2291 2.0000 | 2.0000 | 2.0000 2.0000
(11.46%) | (0.00%) | (0.00%) | (0.00%)

85

Y(9), Ya(9), - i20TH Xi(z) LRAKTH S, EEEK K ODHBHEE
Table 4.4 {25

ZIZT, BEEFRH K 13X (4.32) TEFET 5.

(4.32)

K=oao/0..

{1«
(1

mF t

. 3 —_— —_— _2
o BRGS0 = ()

NFARE & AW FED JEJEE DHERE %2 iR ™ A 721, EFFRET = H I 20
I,y HFIC20IH (mxn =20x20) EDEELFMTIHEEL, TOBRES
Table 4.4 IZBWTHEIMOHROHIEL LTERT. ERNBHOE STV VIERK
TEVEELSBZ L0bhb.
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Table 4.5 Relations between accuracy of buckling strength and
C.P.U. time for a simply supported rectangular plate
under pure shear (aspect ratio is 4, K = 0/0.)

m X n K error (%) | time (sec.)
2x2 | 12.5346 122.8 0.0013
3 x2 | 74617 32.7 0.0043
4 x 2 6.29381 12.0 0.0087
5x2 | 59706 6.1 0.0151
3 x3 | 7.2503 28.9 0.0110
4x3 | 6.0527 7.6 0.0239
5x3 5.6842 1.1 0.0538
6 x3 | 5.6670 0.8 0.0822
16 x 4 | 5.6354 0.2 3.04
20 x 3 | 5.6276 0.1 15.5
40 x 10 | 5.6247 — 998

4.3.2 EREMBHBOBEHEEEEORE

P BT BRAGE NI L O bBEOBEN LI EER LI &
DHFTIHARIL TR U EBAMRSOTN & R EDRE - SN MoMmEE
BT 3.

BABBMOIRH LBRE, FAREMOBMF

43V TR LUK S ICERBROGEIIEABEE 1 HOHE DL 6 JHOB
B, LOEEDBIEMEER I, EEROERBT A2 5 EZIIEHERLD
LBEARMOEREEZSLBETS. I TR, TARY At 4 OLTESIH
FrOFEFEAR D BIWT e FIRE A BIICE 2 5. BARMOERIC L 2 EEME K (K
(4.32)) % Table 4.5 IZ/RY. REEEDLIODPTL T 57200, ERFMET 2
FHIENZ 40 3, y I 10 T (m x n =40 x 10) & -7z & X QREE A HEHIC
EEAERT. £72 SONY NEWS NWS-3865 TEHE L7 & XDFITHM HRT.
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1% BEDOEECHBEABAHDICIE mxn=55x3 SLWIEXUTHSZ
ERbhD.

—RADHENEAT 5 & ZDRABERDOIBEDIRE

Table 4.5 S5 X HICEEHEOEEZERT 5 LIEEICHEREND
N3 L, stEEREZDELTE1DICBABBOEIEDL LT E5 LR
HEORENELILD. Lo T, RBITE LA ST I O BEE IS~ A
T B DICFFERERPDELTS, JOEREORELZR LI BRARBOR
BOEBERRBZENEETHS. BL2DT AR M, BREHOEERIC
B, BN, EAMITO S b—BRADOAER S E, REOHEHEERH . 20
R, 5% DRELE 21D ORABUOB/NDOHEUIR (4.33) TRT ZLNT
x3.

mxn=raise(a+2)x3, a>1D&E,

mxn=3xraise(l/a+2), a<l D&L. (4.33)

ZIZT,mid z FAOEABRBOEY, n i3 y FHOESRHBMOIEL, o T
TARY b (= a/b) THA. raise(z) 1 ¢ D/INEFEAEYI O LiF 5B Z L2 EK
7 5.

K (4.33) ZHOWBREREMFITH LT 5 % OHEEBIBASBHOEHT
H B D, EREMH &L EMZFEDOGEITRE T NISMBOFERRMAITHNT
JERMEDORENRL (R (4.33) T1% OBELABALILENTEA.

X (4.33) T, BEALDHEDEBEAEEL CHITT 5 ENTE LD,
JEJE IS = FIANC o+ 2 22558 EREHEOBEMETT5. MR,
Fig. 4.12 37 ZXR7 b 4 O2BEZDEMRIC = AMICHEAHITHMERH
UCHEIE U754 ORERB L T, KFET m xn =20 x5 THEL#HOKT
HED, WEEDEL ED » HMIC 8 FiddHs. —FH, K (433)iIcLb&ET
ZARY MDY 4 DEEROBESBBORBEOEHBUI m xn=6x3il7145. C
DI, EREEAFET I EDOTERVBRABRMOERDEE, BEMOREE
3ELRD, COBADBREIT119% THAH. ZORMBED L5 ICHERE N «
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Fig. 4.12 Buckling shape of a rectangular plate which is
clamped along all edges and subjected to inplane
bending (aspect ratio is 4.0).

(EEEEEEEEREEEEREN N

0oe

lelUlJl ERRENR
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Fig. 4.13 Buckling shape of a rectangular plate which is simply
supported along all edges and subjected to compres-
sion along the left and right edges and tension along
the bottom and top edges (aspect ratio is 4.0).

HRIC a+2 £2A 52 EHNTRINSBERESBMOER AR (4.33) X b
HO LD T o LIC L DHEED L WEREAEES - ERTE S,

EEHENMERT S & ZDEABRBOBBDOIRH

ULETR, @, 350, mAMTO S5 1 REGDOAIMERT 556 O RESE
HOBEICOWTEZ .. ChoDAPEALTWEEELEBEBEOKESHA
NRIFER, RITOK (4.33) THEOLXVEINTXAZ b - 7.

LU, Fig. 4.12 OFI &R, BEIEHED o +2 222 A HEBENEL
18%. B2, Fig. 4.13 3&BHMZHDOT AR bt 4 OERIRIC = M
WCEEHES, y HENCSIRAPMER VBB L L ESOBEREETHSD. z AHOD
ARG & y HRDFERICH MM EITZE L. COHE, BEREE ¢ FH
I T ¥EHS. COMEER (4.33) THITT 2 &, BAREEET I ENTE
LNDT, PR EBEOEENELLD, BERLSE6% THo7o. ZDXHX
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EREREEEEEEEEN

(1) 1.3 sec. for 100 cases
0,:0

EEEEEEAREERE,
@I (2) 6.8 sec. for 100 cases [E
m\/m
I (3) 12.8 sec. for 100 cases l
W \'\'\LLU

Fig. 4.14 Rectangular plates used for comparison of C.P.U
time for 100 cases (simply supported along all edges
and aspect ratio is 4.0).

89

BETH, BAGBOER YN (4.33) 0P ULHEPT I EICLDBEED LW

WEEEER 5 2 ENTE 5.

BBEORYEFEA L IiaE O EE E DT R

P b7z X 9, B ERE TH 5 EBARIC =z FROEAMITIERT S
BE &, MEICKELTIRMTENEET 5 EEABMRBICE TR R
z FIANS a4 2 FHEEBZ BG5S 57010, EEMEOHEENELLI L
BHBED, —RICZ DX I BHETEHEYD/ S KIVIEET LI LEZHED

75 <, 3 (4.33) % RERE IS ICE A U T bR .

BRI, BEUARK (4.33) £ SICEEMELE ESOFEBRIIONT
FRB. TARY At 4 TRADBMTHFOEARD M AEME% Fig. 4.14
D 34— RITONTEHEBREEE~NS. (1) i3 2 $ER (0. Lo,) ORI,
(2) \3EEHE (0,) & BTN (7,,) OIEBIRIRE, (3) IXBIMWT (r,) SEAENT (o) D

MHBIMIETH 5.
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B, KL TCHEBREOET AL AR, BHEEKDEEXTH D, &K
AT PYaIEETHE O/ Fig. 414 OfETE mxn=6x3 THBIH, 18
TLOEEMMEEEREL S L85, v I ORI [112] 128 - 72

B — ZIZBWT 2 DDIE1 S %22 (4.34) ITRTHT 100 7 — X7z,

Oy O'y
Oy i Tey ( = c0s8:sinb, (8 =m/200,27/200,--,7/2). (4.34)
Tay - 0'2 A

FTEEERGIL Fig. 4.14 1S3 3&60 (1) 1.3 8, (2) 6.8 B, (3) 128 B Tdh-
7z. Table 4.5 @ & & L [FAAE, 5HEKRRMIE SONY NEWS NWS-3865 TR L7
LEDETRHETHA.

Dbz &b, &R OEAR O BRSNS, MR BSE0RTHES
HEROPDL D IZEFHEEAOTOTHEANTH S &8I 5.

4.4 EBIRWEFREHZ A IZBREORBHTH

i<, S OEITIE, BAKKISEATAE b &1 RIRGEH R & 2 REO R
AR TS,

BIROEG ST & W THET 288, MR EAEE L CREET 5 & %
DEEBHTEE 5 &b Udskd 50 EhH 5. - OERHEBIER (4.26) ZHIcd
i Eq(z,y), Es(z,y) TH AW, ZOEREKEOHERIZERH L BARED
HHIL, RBOHEMTH A (4.33) 2 - 7.

AT IATE 2 DTTELRAE, BEREAIH U TR BT » 7208, BAFH & LT
RN E A BEOR B RO BT 5 LTHAD L1 bODHER
AF 5.

4.4.1 BREBICHIIIEERE

i Uabic, AR, T, SN0 BT EAYE U 552 0 BEE F R D 2 AR
REEICOWTib~ 5. BEH BT X AREEATE 5 5a, BAEMSIER (4.33) T
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i L | i i i 1 L i 1 1
2 parameters (Present study)
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Txy / szO

0.5

BRI NN .
Tay S.S. |
i 1ES' S.S. 55 Tzy i

R §
i | 1 1 1 [ i

0 05 o0, 1

Fig. 4.15 Buckling correlation curves (a/b = 5, all edges are
simply supported, subjected to compressive stress o,
and shear stress 7;)

RTEBEE - TRD K. KoT, T TN XS ICHMFEEIMEM T 5546
DRRZET SHUR, EAHMIFERET T 1LATH 5.

4.4.2 PFDBHXFOERAR/ NRIVICERE EBIEHIER L TERE
U fo & & 0 2z 1 Be shisk

Fig. 4.1513f¢8H 5 TR OB/ SKIVIZ y S mOEHE &8
WrOMER UCHEIE Lic & SO BB TH 5. K DORENIEH S 20T
BEJERTE CHERITTAL LI bDTH 5. HEshid BT M1 % HiBT M KEJE i 2 TRRIT
(LD TH 3. HOWHIIK (4.3) DEBEHEEE m xn =14 x6 £ THRHA
LEEZOBTHOERBELEEZ LI ENTES. SHIIRN (4.33) EUTRE
LBREOEH m xn=Tx3ICL 0BT LI L EZOEEHMERTHS. £
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2 parameters (Present study)

-

Try / Txyo

0.5

BRERRAEEERRERRRRE ¥

T Clamped I
Tey

- Clamped Clamped
Clamped

B HHHHHHHHa 7

i 1 | 1 1 1 i

0 O 5 0,/040 1

Fig. 4.16 Buckling correlation curves (a/b = 5, all edges are
clamped, subjected to compressive stress o, and

shear stress 7,,)

1z, oflid NK OREBHENSB SN AR TH 5. EHUL 2 DOEHMEE <
SA—5 & UTHN LR TH 5. BIRMBEGMMIC L 3L, btk
VIS ART S0,

ZITE, ERASELICE > TER LT A58 % & 0 HIF s, A
DETITE - TEAT 554 bEBR OISO D & FRBD X EEE
=T

4.4.3 PREIEEDERH/SRIVICERE EBIENER L TRERE LT:
& = D FEJE +8 R ghig

Fig. 4.1613 Fig. 4.15 &R U~HEE, R UM ETH 20%, ERFMHNRILD, £
B DHEOEEHEMRTSH 5.
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1 ! i i | LI 1 | I
- 2 parameters (Present study) _
1 ------ mxn=§x3
— — — m xn =10 x 6 (Accurate solution)
™
o [ 7
<%
b - -
— -
i

Fig. 4.17 Buckling correlation curves (a/b = 3, all edges are
simply supported, subjected to compressive stress o,
and in-plane bending stress o?)

Fig. 4.16DHIEEI b5 EH 0, BROEFELIC K ABERIZENLDOD
BEFRRETETHHENZAS.

Fig. 4.15& Fig. 4.16% 85 5 &, BIROEFBIHIC X 2@ i3 L&0EE D
56 b 2LEMIFOGE LAROBEERS I &b 5. JITRRSY
WA DREHTE b &3 T, BIREE A BRI X AT O E IR &M (BEE
TATBBESCRR) i3 2 U ERFELD L.

4.4.4 ERBIFHIIER L TERE LT & & DEEE B #R

Fig. 4. 17T OB DEFAR SR O VICEHE SEA/ITMER UTHERE L
foE &S QMEEMHMMARTH 5. BROBEABEEUC X S BEBIERITEER LW
ZENbh G FENIOERI, @R NFEEIER LISES OREE
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i 1 i i 1 1 I 1 i 1 1

— - — - 2 parameters (Present study)
3 parameters (Present study)
—————— mxn=95x3

1¢ e — — — m x n =10 x 6 (Accurate solution) —
\_\‘
NK 7
o
o & -
©
T~
- 8
o) -

Eigen-Function

05 = for 3 parameters ]
i & _Li’_—:"::——__*__ ot 7]
- [ 5.5, m i
llS. S. S.S. l]
B [ ss. ] i
1 ! SRR S N BN N g .
0 0.5 Toy/ Toy 1

Fig. 4.18 Buckling correlation curves (a/b = 3, all edges are
simply supported, subjected to shear stress 7., and

in-plane bending stress o?)

K%, EHOASMWMERT S EXOBEHEE L, MNITFOAIMERT S LED
BEBEE T, GHRICET I ENTEEHDOLTHS.

T, BlELUTRLUTHREND, 2 FlED 6 OFEH% 5 1T THEET S X
HIEMREICHE VT D, 2 B RRICER LIc L SO BB RIE R 1 jﬂfﬂbt‘o@
FEFENAMER Ui L 2 ORI CHBICET LN TEADT, Fig. 4.17&F
B, 50 MBIICH UTOBER K.

—7%, Fig. 41838587 L g I OER U TR Ufc & 2 O REHFRRAMIAR T
HB., —HPEBE, 2 ODEFEB TR LD TH AN, BENEH. Z02
SOBEFBEMIC L ABEOEENENEBI, S EmEA T RRBFICER L
Io B8 DB ML BRI E, M OAMMERT 5 & XOBERER L, mAMIFD
AOVMERT A EEZOERERE T, BEICREBRERL DS THS. ERIT3H>OFE
FEBTHRNHDTHSE. COEXDIDDNNF A —FI3HEMAIVERT S



4.5. #35 95

& X% (Fig. 4.18D#%#Eh L), SimmMfFMER 35 & & (Fig. 4.180D#t#h L), BTHy
CHENHT RRIBICER T 5 & X (Fig. 4.13DeEN) @ 3 DD EEfE I %+ EH M
BELTWA. ZOXHIC, B EEANMITNMERTAERIEI DDNNTA—7F
S Z LI DIEEITRE X CEEHBEMRER S I L5,

4.5 #EE

P kDG EHER L D IRDERERI.

1.

24 BRI = A B & WA BE R S HEk & 1 5 BB B F L, £0
BB ERL LRSS 21T 5 2 &IC kD, BAREDVDIROIAKT
bHEEDOIWEEEE/SIENTE .

AERBIIBESBEDFE—INTNHEHIZ T 075 LIX FORTRAN TH
BITICUMNE S80S, ERROEEMELERETHE L (B I &
TE5. LIchioT, 2EEERIT O X7 LA RS, FEIE G BT
HALTHTHEANTH 5.

BAR BB A BRI & 5 M R RTRT 2 DO ENFRBICFERT 51
EAEDWMEFHDOHEITIIER S (FE £ /T BMSF) CBRE <,
ML DREEZRFTELI LB -7, —FHT, B &A1
BT HEZOMBICH LTI 235 A —F T3 AR I EZ %
U, 3 2OBEMEZME) CEICLOBEZRFETE S L0 - 1.

% DFfEEM, ERAEZMHITOVTHRET S Z SiICL DlEBEDE D
IR SRV UT, RRENEAAIETH S 2 b - 7t

BHER, BEEHEZRKDBIDITTITHLAEMTH AP, 5 BTHERLE
REPE A BERE - 7o BB R OB Y R fE AT R D MR & 7 5.
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=1

DR RIE B ERRNTE

5.1

e
i

RO HEEY O EEHED L O DHERBEY ISR THENEL D
BRIV DSHBRINTNS. Zho OBENORKEBERIT+GIRERE X
D HIXBENMIRIBO LOHETITR S fooic, BRAMEEERE (ISUM) 2R
XN (39], [41], [113]. HEBEEROP THHEHELET 2RI R NRIV
D RKES BRI REE X BT 570010, AR T, KESIGERNE
A RAR [114] 2 AW, BB U T BER S A COMHEBREMZ AT 55
UWDBITEEZRE L, chax b &It LA LWERBRERZEZHRE L.

ZOEFREROD LIRS PEEERBIEND X ) BHIHABREG T 5RO
BAGREAT b BICRBRE L BT 5 2 &N TX 5.

X 5IT, RBNTHEE EREYICE U, BIREEEL TIIMAT R EE 7 R
bABATENBHATE 52 EA2RT.

5.2 BRITIER

AT R, Fig. 5. 1R & 5 4 L BRI R QIR TEAR T —BRS#if & 3T MT
N 5. BFRTE, BIFEROBMBINETORRERELALTH S
B, 1A 1 BRTHEN T 5. L -> T, RAMREREROHATHD
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1, 2, 3, 4 : Nodal Point Numbers
All edges are.simply supported

—l
M

KEEEERERE

4 —— 3
Try
IS |
y z Tz:y

1

H‘f‘HTtT‘la

Oz

!
1

(4

Fig. 5.1 Rectangular plate subjected to compression and shear

ZNMBE D 1| BROLFBUCHATE 5 & I 7LRIRBEIFRBECE RS B
BHERIC L 5. BHOHEIHERE S SICE T sMEBEREARICES. &
RENCBH SN B FEFERXNEBHEIE TH 50, KFMEHIBICH BT S
PN T2 DE D K D ITHCREHEZATIE S .

5.2.1 ZEHBIE
BEROBRAE JUHLESE LTHK (5.1) 28X 5.

w = ZZW sin a:r sm]:y,

=1 j=1

wp = }:E Woi; sin = smz% (5.1)

i=15=1

CIT, W RBBRADT ) LEBORETH O Wy, 3WESDT—Y
BYUDEHTH 5.

T, REAHRTERBUEERD z HF, y AR, :HEIH U TEEH
BRXE2EHT 3. z FAE y RO 2 >OEAFEEHFERICRK (5.1) 2HAL, =,
yHROHEWNEMTH S u & vERDB &, HiGEN Uy, Uy, Us, Uy, Vi, Va, Vi,
Vi ET7— ) ZEHMOBEW,; & Woi;, TEHT B ENTES [115].

. T
u= (=)= DU+ (1= Ha+ =205+ (1= 2)20,

LI 2z7r:c+A2sm 2imrx | 25wy

+ZZ{A1 sin - ; 1,

sin
i=13=1
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.y

—n1-5n_Y th_Y Yy _r
o 7 2 i
+ ;;{Bl sin ZJl:ry + B;sin IV sin 121 }. (5.2)
ZZ T,
ar v 12 . )

A = el s Zﬁ)(VVij — Weii)s

T
Ay = m—a(Wii- - W),

br i*v

1 16j (_ - _)( 01])

Jm 2
B2 16b(W WOz])

Ul, U2, U3, U4, ‘/1, ‘/2, V3, %Gi@.‘.’—iaﬁf% b {‘@Z@?‘iﬁ'ﬁﬁﬁ%%ﬁ%?é

5.2.2 FERMEFRBOERE

FIIE BT T B DIT M E BT & 5 1 SR (a/b) 2% 3 DR Z B
ItE5.

Fefids & ONBTMTIC & 5 JEE T 2 D B8 A R TE2 L3 i JA2 o By D JE it TR & RALBY M
JEE i B D RS R TE DARTEAS BRI TRILTE 5 LIRET 5.

’LU((IZ, y) = WC3EC3($7 y) + W53E53(w,y). (53)

ST, EslZFMIDATHER U EXOERBIKRIETH D Essi3BT¥HO
ATHEBLILEXDOEBREETHS. Wedk WldFRBEREBRSDODAKXS 2
EFTHRETHS. LRD Ecs B LU Es; 1 LBIRVEFBEH T, I TICARIETHLE
BIHE AR LTS,

Ecqs = Z Z Wijcasin ﬁ sin ]ﬂ

i=1 j=1 b

T . T
Egs = sz]bg sin — sin J———y

=1 y=1 b

hﬁ@ﬂ@m&W@%@@Eﬁﬁ%7—UlﬂﬁfﬁT%QQ%ﬁTﬁﬁm@T
L EE ABRYEAREEN 1 & 3DEEIT DT Table 5.LICR L TEHD
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Table 5.1 Buckling deflection coefficient ratios of rectangular
plates subjected to compression or shear

a/b 1 3

(2, ) | Wijer | Wijsi | Wijes | Wijsa
(,1)| 1 | 0954 | o |—0.474
1,2)] o 0 0 0
(1, 3) 0 —0.069 0 0.013
2,1)| o 0 0 0
(2, 2) 0 0.281 0 —0.292
2,3)] 0 0 0 0
3,1 0o |-0069| 1 | 0791
3,2)| o0 0 0 0
3,3)| 0 | 0038 | 0o |-0057
(4, 1) 0 0
(4, 2) 0 0.222
(4, 3) 0 0
(5, 1) 0 —0.108
(5, 2) 0 0
(5, 3) 0 | 0.020

Z DL Fig. 5.20 X 31278 3. Fig. 52ACREFEHRDBEDEHIZ L 5 FE
JEITY Ec, E8IWTIZ L AEESEIRIE Esy, L O o/b = 3 DEIERDOEED
MR X BRI Ecs EBIMNIC X A EE L Ess %R d. —RED R IL
BEHEMEMAEA® itk hRpS5h 3 ([116).

BAIGBEROEREEEERTAZLICLD, R (5.1) OREW,;ICH, 2O
EA BB OBRELIEAINSZ EIZAD, BHEE Weak WssD 2 DIZIE5,
mEDOBRIIR (54) DL H LS.
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Fig. 5.2 The shapes of eigen functions

(Wi} = [Tw) { Wes } . (5.4)
W,

53

(1
(1
A

{I/Vij}:{ Wi - Whn }Ta

[Tw] iZ Table 5.1 6B oM BFH< M) v 7 XTH 5.
X (5.4) 2B ER (5.2) ODESL u, vidHISEN E Wes & Wz THRBELT S
TENTES. §7ibb,

u=u(l, Uy, Us, Usy, Wgs, Wss),

'U:'U(‘/l, ‘/27 ‘/.:37 ‘/4’ WC37 WS.S) (55)
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5.2.3 FE

EEEMOEBRIIKEAEERT SHLK (5.6) THAS.

_Ou 1w 1, 0wy _Ov 10w 1, Owyg

ou Low, 10w, __0v 1 0W, 1 0W.,
€T_3w+2(6:v) 2(81')’ v 3y+2(6y) 2(83/)’
_ v Ou Owdw  Dwe Ouwo
T = B dy Oxdy 0Oz Oy’
_ 0%(w — wy) 0w — wy) 0% (w — wo)
I‘LI——T, /iy-—-———éyz—‘~—, lixy———2—W (56)

2 (5.3) &K (5.5) 2K (5.6) ICRAT B 2 LICK D EEFHEENL UL, Us, Us,
U47 ‘/i’ ‘/2) ‘/-:33 M&Eﬁ%ﬁo)%ﬁ W037 WS&T%&?% Z &ﬁ‘wf‘% 5

5.2.4 %BHOHEHYH

BHIER S S ) AWEBAREEIIR (5.7) TET I ENTEX (117, Ty < 0
DEXIWMETHD, Ty =0DEXIIBPTHS.

Z 2T,

Qu=N?— NN, + N2 + 382, Q. = M? — M, M, + M? + 3012

Ty

Qnm = N.M,, — 0.5(N, M, + N,M,) + N,M, + 3N, M,,,.

N, Ny, Noy, Mo, M, M., SEREETH S,
Nx:Nx/NY, Ny:Ny/NYa Na:y: zy/NYy

M, = My/My, M,=M,/My, My, =M,,/My.

Nz, Ny, N, EMEHTHS. M, My, M,, EBEE—A 2 b TH5B. Ny
(= oyt) IT2WEBHSITH D, My (= oyt?/4) 32WmiBtes— AV M TH
5. tIIWMETH 5.
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5.2.5 HESEOEHAHER
[B]? bPY w9 XELT[G] 7 PYw IR

3, (5.6) DRSS BEEARD B - EI1T & D B &M SE RS OBKETH
5t (5.8) 2K E 3.

{Ac} = [B{AUY. (5:8)
T {e} BEXRI MVTHHARZ OGS #=ET.
T
{5}:{ 5:1: Ey ’szy K‘;L‘ ﬁ:y K:J;y } °

€y Eyy Yoy ISETH DKy, Ky, hgy SHRTH 5.
{U} BEIEEMNT MVTHODARZOHS2ET.

T
{U}:{U1 Uy Us Uy Vi Vp V3 Vi Wes W53} .
T/, ERART N v 7 R [Gl FTROKX S ICEHET 5.

0Aw/0z
dAw/0y

} = [G{AU}

REAYVErE.:

WriE  EEDOBMRIZR (5.9) TETILENTX 3.

{AN} = [D]{Ac). (5.9)

ZIT, {N} @3MEANRT bILTH 5.

T
{N}={ N, N, N, M, M, Ml.y} :
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HWUEDE X [D]|=[D ] THy, BHEDOLEX [D?]| TH5. T7ibb,

[ ¢ cv 0 0 0 0
Cv C 0 0 0 0
D] = 0 0 Cl-uv)/2 0 0 0
0 0 0 D Dv 0
0 0 0 Dv D 0
0 0 0 0 0 DQ1-v)/2 ]

C(= Et/(1 —v?) iIROEARIMETH D D(= Et3/12(1 — v?)) IR D BRI
THd. ERVUIRTHD, viIRT YV VHETHA.
[DP] IZBHHENAD SBHINRATERT  ENTEX S [118].
[D?) = [D°] — [D*|{®}{®}"[D)/({@}[D]{®}).
{8} BX B hoRDLIIZHE SIS,

T
(@} ={ arv/aN, ary/ON, oTy[ON., OTy/oM. OTy/oM, OTy/oM., }

EEAEORE

N b TE T, B n BREFTELULRET, S5tk 20 {f} &
W {X} LDOFEEEZ . BRHSBIIAALEHE { U} iF= (5.10) TF
TIENTES.

{9} ={r} - {x}—{o}. (5.10)
M b
= [ [N}y,
{X}={X1 X, Xo Xa i Vi Vs Vi Zos Zss }T.

X~ Y, BHIENTHO, Zos, Zs3ld Wes& WssilHIET B/ TH 5.
JEMIE LR TH A (5.10) % Newton-Raphson i & Y i %, ] B
OV Kked 5 [118]. BEOFIRTEFEORRERELFR L THS.
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HEWFITHEOTAREEER (V) 2 0127 57 DICIEREHENE RERIC
NSO, Z07dic, R (5.10) DHSTEEEZ 5. HimiClERYT
ENNEAREE LESEM (U #RANE LT H7E61F,

{avy= [ ’ i BT {AN}dydz + I | IABIT{N}dydz
0 0 4] 0
= ([Ki] + [Kc)){AU}. (5.11)
ZIT, KL BEM<T M) v 7T ATH 5.
a b
K1) = [ ['1BI"ID]Bldyds.
F72, [Ke) BOIBIEHT Y v 2 RTH 5.
a b
K6} = [ [(GTIs1(G1dydz

(S| RIEH MY v 7 2T, KDL S IKEH LTS,

Ny Ngy
N,, N

Ty Y

5.3 (ERORREERITEE

U EoiRILE b &I 2T, RO BERAtERT.

TR &3 A BRI Fig. 5.LICR T &EH D T, #EHIIEMAN TR M
WL LY 7R E =200GPa, R7 Y/ » Hv =0.3, BRGS0y =300MPa %{X
LT3, BRI ZERBEREICK AW, ERS BB L OWERS 280
CLTHOWERESERIESNTOAREEZ TS, ZIT, RELTHAR
WL TR ELLFHERBIIEERSNICETARMETH DEREREL LETR
HTELH /100 TH 5.

[5]=

5.3.1 BOOHFELEESEOHICLIHBE

AATEE T, BT 2 BAERE S TRH LD T, £9, 2 ORERHS OFS
OB EBOBEDOBEFRIZONWTORE % L. B RBEHES TR, SOK
1Z Fig. 5.31CR T L0 pxg=3x3,4%x4,5x5,10 x 10 D 44— ZiZD
T~
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pxg=3x3 4x4

5x5 10 x 10

oooooooo

00000000
00000000
oooooooo
00000000
oooooooo
00000000
oooooooo

Fig. 5.3 The locations of integration points

E#ZE S TBERERDEGE

X9, SiEMEE O 3 B IEFEREET LT

BATIIRE ¢ = 15[mm], 20[mm)], 25[mm] @ 3 4 — I DINTITH - 7.
t = 20[mm] DR T, I ZTBRRIEHERBIGTNELLLBBETHS. RE
¥ 15[mm] D& XIFHRTH D, FTHEEELEBZ L, Thd) o REREICK
5. ARIED25(mm] DEZXFERTHVBHEBREEZFEZT.

BEBEHEL TR Ea%%X, TOBLED Wo 123 E2EZEZ TS, 575
bbb,

W= WeiEcy,
. T, Y
Eci = sin — sin —.
a a

PIEA BIE Woe, /1=0.01 & U7, EE LTk HAOBHENMEEZ yh
miEBE L. '

AT R % Fig. 5.4& Fig. 5.51C77. K9, BHBIIEREREIC L I EHE
BRETHY, ERIEIEBITTHS. £/, 3 x3FRIHIPEDOHETRT.

Fig. 5. 413 E-ZENM MR TH 5. W THIENEBRIGH TERITILLT
WA, BEENIENE Uc s BUEMNESy (= oyb/E) TERRTALLIZ D THS.

Fig. 5.5\3ME- A MHETH 5. HEIRAR We ZIE ¢ TEXITILLT
5.
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] T 1 1 T 1
t=25mm All _1
£ = 20mm TR y
N N Ixg3
3x3 -l Others
Others  ~"=~=u___]
t=15mm 77T

0 5t —— Present Study . |
) (Trapezoidal Integration)
- ----F.E.M. -
i T
- E =200GPa, v = 0.3, oy = 300MPa, .
a = 1000mm, & = 1000mm, Wy, /t = 0.01,
rq pxg=3x3,4x4,5x%x5,10x10
I 1 1 { ! | 1 1 1
0 1 Uclsy 2

Fig. 5.4 Load-displacement curves of square plates subjected

to compression

S

—— Present Study
(Trapezoidal Integration)
----F.E. M.

E = 200GPa, v = 0.3, oy = 300MPa,
a = 1000mm, b = 1000mm, Wyc1/t-= 0.01,
pxqg=3x34x45x%x510x10

g | 1 { 1 i |

!

0

Fig. 5.5 Load-deflection curves of square plates subjected to

compression

1 Wer/t

2
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Hor RO 3 %3 DHERRIRODEETRTEHELH 5D, Mo ADHZ 4x4
ULE -G8 3B RERERITOEZRT ZE0DDS.

AR EF I SIEATROBIBRAE

RIT, WEBTHT % 5 T B IEATEAR DA % FIRRICHEAT L 7.

MWE ¢ = 7[mm)], 10[mm], 14[mm] ® 3 K DEFERZ#T L7z, ¢ = 10[mm) D
EEN, ZTRRIEN EBBICHDE L BEHETHS.

EHBEME U TIE Es D 1 D213 E R, £ DRSS Table 5,189, 7—Y
THRBOEHIT m xn =3 x3 ETHAN, EBROFHII S5 HTHHIEADHE
FREBOEHEILL DTHA. bbb,

w = WSIESI7

3 2 2
Es; = 0.954sin — sin —2 — 0.069 sin — sin =Y 4+ 0.281 sin <2 gin 1
a a a a a a

—0.0695in 5% sin ™Y 4 0.038 sin o™ gin 7Y
a a a a

A A BT Wos, /t=0.01 & Z 72

¥ R% Fig. 5.6 & Fig. 5.7125R-7.

Fig. 5.6 13 M E-ZM MM TH 5. MMIXTMIHETSH 5. HETIINEMLE
UsThHb. BRRIMEIIRED S% 4 x 4 b ERE 07088 THEB 2B 4B I
TEAZ DDA A. :

Fig. 5.7I3ffE-RAMMTH 5. HEMIBARE W5, ThHS. #HIR (¢t = Tmm)
KEWTTH, Boae s x5 U EERSXVREETHITEA I Eo%bhb. £
1o, B E DD x 3 DHAIHES SPVIETETRANE MU D - 72,

Ak, AR E BB OBITRER D &, EFTERICH U TES SOHiTpx g =
5x5 ENEHIBELICBITTEAZ EHE - T
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Fig. 5.8 Load-displacement curves of square plates with initial
deflection subjected to compression
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Fig. 5.9 Load-deflection curves of square plates with initial
deflection subjected to compression
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Fig. 5.10 A model considered on welding residual stress
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Fig. 5.11 Load-displacement curves of square plate with initial
deflection and welding residual stress subjected to
compression
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Fig. 5.12 Load-deflection curves of square plate with initial
deflection and welding residual stress subjected to
compression
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Fig. 5.14 Rectangular plate subjected to compression
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Fig. 5.15 Rectangular plate subjected to shear (a/b = 3)
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Fig. 5.18 Model MST

Table 5.2 Material properties of the steels

t[mm] | oy|kgf/mm?] | E[kgf/mm?] | v
3.05 29.3 21100 0.277
'4.35 26.9 21200 0.281
5.60 32.1 21100 0.289

3 & MDT & MSB 39 XTIRE t = 3.05{mm] TH5. MST-4 EFIVDRE
i3t = 4.35[mm] Tdh 3. MSC EFIVIZEALD EFIET EMEDE s 2\HRIE
t = 5.60[mm] TH Y, B DISIME t = 3.05[mm] TH 5. ¢t = 3.05[mm]
&t = 4.35[mm] & ¢t = 5.60[mm] O 3 BEHOIREDHMRIEDLIA TN BN, £
DOIREDERIE 0y, Y TR E, RT ) K% Table 5.21C7R3¢. WiEid &
DETINH 720(mm|x720(mm] TH ), HBREDBITE (F 7V XAR-ZX) &
540[mm| T 5.

KR TIIAMHNIT OGS DOHREBEIRD ST S.
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Fig. 5.19 Calculated models
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Fig. 5.20 Displacements of hull girder subjected to bending
moment and shear
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Fig. 5.21 Restrained conditions of caluculated models
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PEX b, BTN (5.12) DL HITEL 2 ENTXS.
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AF Ky Ky Ky Ky Kips AV
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Table 5.3 Stiffness and strength of each model

Model El[ton-m] | My[ton-m] | My[ton-m] (Exp.)
MST-4 2.665 x 107 107.0 94.5
MST-3 1.860 x 107 81.7 57.5
60.0
MDT | Sagging | 2.178 x 107 95.8 60.5
Hogging 85.5
MSB | Sagging | 1.921 x 107 88.0 49.1
Hogging 68.5
MSC | Sagging | 2.253 x 107 |  109.4 113.5
Hogging 88.0

D SiRITE LM 2EE & 2WTmBEiFe— 2 v MR £ E
FHRIERBATEIC L ZBTH D, BBRPREIEAEZZ LD - GE, FRITE
HIEHEEZIBEOHETHS. MST-3 EF)VE MST-4 EFIVIZETHE
THADT, HF¥F U ITDBEERF LV VOHEDOEFHIRCTHAED, hDET
WTHB, MDT, MSB, MSC ETFMIEBOTRYF 7 ERF U I TRZEE
ISEONRTSE. Zhid, EMUITOREDHENH b 57D TH 5.

I RIITEHEDERICHERTHEWEEZRTHNS D, I hid, RN
TREKEERICBE T2 0 VOBBNEZER L TORNWI EIZERRH 5 &
ZZohb.

EBRE IUCBEBITDOETIVCH S, NIV —F— DTl (E1) 20
E¥EYHE— A » N (My) % Table 5.3icDH¥ 3.

5.4.3 BHIFEEBIE%ZS(TBHES

MST-4 € 7V & RITHNT & 8TWT % 5 1 5156 O Wi PR &
% EB LIRS 24T I8 - 7z
fiife— A 2 b EHEMADMEAT 5 LS OLMEBHREOHEITIHE 2 DD
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HiEIZ X - TRk, KIRIFETORB LMK T I HAELTS.

BLETHT 2521 T 5 & X DORKEEIIFREOHMIZOAIMICHIMERTSEL
TEHELK. §75bb, lilRE FTooy DMRHMBRREHES51FdDELT
FE L.

BRITHRE I ICK 52 MmPY

BTWTIS 1 ASHE ST D SRR T — R ITPERI T % &ARE L THRE S . &EM D3t
HEiR T BBEDEIGIIZIR (5.14) IT/185.

or = £y/0y — 372, (5.14)

Zhi b, 2kmBtomEEE kD 5 & MST-4 DETFIVOHEITK (5.15)
I8 5.

M/My = 0.6065 + 0.3935,/1 — (F/Fy)? (5.15)

Z 2T, MST-4 €7 I)VOH4E My = 107.0{ton-m], Fy = 117.6[ton] TH 5.

BRITHRE 11 IC & 2 2MmBH

B 1 TRRIFMIIE NI EBERMI B THEETI2D0E—DDRED
5 %%, Hodge[123] IZHTRNANICRH O M DOE S TORBKIEIZHET A KD
ICHEIES EBMIG 2 RE Llc, FE—2 2 b MESIKH FARD S ER
(5.16) 1278 5 [79].

2
Z
M= / SA—
7Y A1 + 5222

F=2r

L 4a
\/§ Ay V ]. + 5222 e
IIT, AldelE%E, £/, A REERHMOAOREZERT 5. Licd-

T, A iCBIL TRAMRD L 5 ICEERBHOHEWICHIEDEELRASH, LT
WD LD ITKFEOHERIW N FILREASNEOI EXERT S s3I ME
FOMBZMEES T AENEBTH 5.

(5.16)
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Fig. 5.26 Relationship between shear forces and bending mo-
ments at ultimate strength (L=720[mm))

ERBFTEICK B8N

ULDEZEER A D EIZIRD 37— XIZHOINT, £MEENERE ERKBRED
SEET -7

(1) F = 0[ton], (2) F = M/2L[ton], (3) F = M/L[ton]. (L=720mm)

HERREEZE DT Fig. 5.26i1CR7. £/, FDO & XDEKfHE% Table 5.4iC
D 5. Fig. 5.26i3BABERICH A MIFE— A > M EEBHOHEBER T
H5. MOHEHIIBIM I EJ|RITALLIZbDTHA. —7K, MtEhidghiy€—
v MERERIULLIZBDTHS. 13k, Myl 3ILWRBHEE—2A 2 bTHD, My
BEKEEROMIFE— XV b, FYRBERBEROHMITHS. MOBALT
[ton-m] TH O, FOEANLIL [ton] THAB.

RHEOPRIIBE [ THY, ZRIME N TH 5. WHICHEE T THEL
THZNIEERITENDLNZ ERDh 5.

F, oFNIABITE THE LB ETH 5. ERGLSMIEBHD & X ORI
BRETHBY, BEEOKEICLD, MMTBEIETRH 2 0800 5. L
U, I OENEZ AT, 2MmEH EHRTENIZERIREDETII
A4 AN
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Table 5.4 Ultimate strength when the structure is subjected
to bending moment and shear force

My [ton-m]} | My|[ton-m] | Fy/ton]
F = ([ton] 107.0 99.2 0
F = M/2L[ton] 99.05 95.6 66.4
F=M/Lfton] | 79.45 78.4 108.9
i L =10 1800 : i
P f 4 pAl A AL I ' P
O S i i T 4 s i i e | e
8 .
DIAPHRAM - 1000~ 600  (inmm)
£ =21000 kgf/m? t =5m

gp= 24 kgf/mm?

vo = g i
v = 0.3

Fig. 5.27 Example box-column and applied load

5.5 BELEOKIhAHEERLREBERITE

ZhETIZ, ERROBEBHKRI-OADFITEREZ R U, 21 BIEER
BEREFHAR L. TOERTHRSN A BESEN, KERZE->THETASZ
bbb, COBEICE, HELUEEREROIFLANRBAICL - THBEIT
A LRy, PEAERR, COBHEER LA bOTRINIZE S,

ZDLHUHE, BELERDOKIbAEEZER U RIKEERITE T L8N
b5. KETIXFBWITIEREYE L BELEROIERIE LR IZEE U@
BlELTHRY 7 R —F— DI DONTRT.

Fig. 5.271T/R Y & 9 %3 O IEHTEMTE O Box-column iZ—#liE#i % fF
AIEIBEICIREER & &R E U S elNRHS. 2T, RLUICE
WEMA LTI LR e b LICHE LWMER O R %E Fig. 52812, £L T
fE-fc b AR % Fig. 5.291T7R7 .

FEATILIER I/ NI WEIEA 25X TIT - 72, PO 5#1d Box-column
AHRT AMEBERORMEREEZZEE T, BLICEKER LICGEO®ERTDH
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500 ¢
EULER'S BUCKLING LOAD e
,,
7
/
/
400 F
/
/ LOCAL BUCKLING
, NOT CONSIDERED
/
7
= 300} '
g /
s 7
/
.a z
- /
< 7
] , OVERALL BUCKLING

n

[=3

(=]
¥
~

! LOCAL BUCKLING CONSIDERED
100} /

LOCAL BUCKLING

10 20 30
SHORTENING  (mm)

Fig. 5.28 Load-shortening curves of example box-column sub-
jected to axial compression
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500 .
EULER'S BUCKLING LOAD e

-
7/
so0F 7 \
/ LOCAL BUCKLING NOT CONSIDERED

— 300

QVERALL BUCKLING

LOAD P (tons

200

LOCAL BUCKLING CONSIDERED

100
—— LOCAL BUCKLING

L. e L e, L . J
0 50 100 150 200 250 300
DEFLECTION AT CENTER (mm)

Load-deflection curves of example box-column sub-

Fig. 5.29
- jected to axial compression
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D, BA4EELUTO Euler EEEEEIZEAE—HT S, —F, EEBEOHEY T
FOBEME EDIT, WERWHEHEE L, Z0OE, AR SBITETT 5.
Fh, TR, 2REREEDSERTRT LI OIS 5. KFEHFHI
D & I 1o~k EMTEIRRETIE, Fig. 5.2913R T & 9 IR EREE % D2k MR E 1
Le ) EL2IBAT 5. LETHE, BEREBOAEZ A, BHALEERT S
& REENHWEE U713 Flange & U TO L TEHHMOEIRIISBIET
LTHD, CORBTERINILES &, 5ISH O TEHRAIET 5.

5.6 &

AE TR BRERTEZREL, ThEZAOTH L OO 21T
W, RD & IEFERIF S

L BT U Tl 78RR AT B B R e £ AL BRI RO, MBI L
THrmBR A2 AU, BUERS 9 2 R ROBITEE S, ECsEofS
TEE ) T HBAREROABRSHEN EE A e BEL ST 5 &
NTEB.

2. BROBMERESICIEEES ZHOES SOHIZ DO TRIEATEAR—#IC
LT x5 U EENITIVEETEBITTX 3.

3. RS PHEEREICHD L S B A RO AEITERTE 5.

4. COHFET, RERDOKESHEBHEB O BITIZET ARFIMITIEFICA A<
EREHEED1/I0UTTHA.

5. 3017, COERZMEFBEOBMALE T IVICER L, Sy X Oy
L BIRT 2521 B 856 DIRIGEEBIT 21T > TR OERE LT 5 2
EICLDAER, BLUOKRBEOFERWME R U IS, X507 %
RUE U7 T S BIMT SRR IV 97 2 558 O I iR BE T Tl E O 3
& EHITHRIEEDE 3D U, ST 238N 25 NHEICE S 2 6
.
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6. Ry 7 AN — 5 —DFENEITIE - 7208, ZOFID X 5 IS RERHEEY DR
EHIERTE 2 E) S G2 ORMFRIERIE B8 2 R E R LT &
TS ENTES.
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ﬂ"l'6:lh:

=1

M RS & U (AR E O
(EHEL T

I~1

]

6.1 #=

AR, MK, HEPEREE V X T L OBEEEMICHE T ARNERIITHON, H
KiZBWT D, WL20DTFa Vs MIANREHBIN TS [124]. HIZIE,
A A SRS 210 FRBLXICE O TIIMEBEOERMtERTICHE T A0
EHITHN, T2E 2071 FEBRXFIZE O TIIMEEEDIRE, MEICEET S
randomness & uncertainties D EBALIZ DWW TDHZENTTHITIVA [125]. &
512, AREMELSBHETFRESIFBERXNE O TR, BEBEYOEHMEE
SHESHIBIT AMEIMTHON TS [126]. T DK D ICHEEWOEEMEEHETT
BIEREETHA.

EHRXICEOWTHE 2 ETEHHBMEOHKANMHE, £ U THE 3 ETIHHIR
PSS DR R E IS DWW TR~

T/, H4E, 5 FETIIMEKD R ERREIE R IR AT SRR LT
R L7

AETRHZENSEBAELISICEEETFLZEAT S I LICL DERD R
SR DM ZITE.

F PRI SR IVERE U ERIR O RREE QR BB 217785 .
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—RICERICE > TRES N MEBEDR I THEMPEREIELUTED, £
DEEHRERE ZBIHMEARTHS. COLHIBHMESEETH/IRIVDE
B A KD, T DHAIME RS, HAOREICE S NT A -7 250
U, ZD/35 A — 7 2RO TREEEOHIHIMEEZEALT 5.

RRICE 5 FETHAT U7 BIsh/S ik 288 € 7 )V O BRA R D E FR k3 %
T35, B, BEMIIREIBEICOIAETIHRGE — PO EBICE(T 5.
Z D& 5 SEMITEAUTH L U T RASRERRAT 2T 5 72 DI HAERRAT Ak
BTHE. LU, BREREDEHMRNT Z1T7L D 72D RARTRE AT 2 (T
BITEIMERSH D, BIERITED—DTHAFREREIZ L AMBEY DR
HERE AT IS O TR ROLTFELZOZ L0, FBITEETE
BRICRRBE 2T 5 2 ENTE 5O TEFEMEEHMIC & MBI RE 28 H
THIENTES.

6.2 R/ FKILOEFREICHT SHAHLE & B
Cedi

RO L SR VE R RICZ OEMA RS, €O OBRIEHDIE 5
SE AU TRERE AT U, EEREORI R 2~ 5.

PRIV DRI A AR RE TH D, WE, BREASUSTIEE
TEZRCHITINICHE S EBTEAN, &>, KRAORIEREICES X 3
BRI, BOERREE UCREREREIC L 3MENS 5. EHBROESH
EEICBE BRI E . UL, B SRUc B TIRERR L D bR
b BRMEAIICEN SRVREASNE. BRI EETR O SR
ST IR S OFFE [4], [5], 6], [42] 255 5.

TR RO X VOERIE NG BRRTEZ SN, BRE
BRI ET S,

B Kn’E .,
C12(1 - 1/2)(b)
T, AAICEHRHIIDMERTABEIIK~4ThHA.

(6.1)

T
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P P

Fig. 6.1 Finite element model (1)
BRI o, EBRRIESToy WELNWE &, HIEEN, BROE LS.

us

Ay = \/ﬁ ~ 1.9 (6.2)

MR 19 XD /NI NEZIEREBLDBHALIC K D EEEREISET 5. ¥

EAHL9 XD BRIV EZIERELT DR, BHALIER U EERE
ICET 3. £5T, A =19 3RBOBBAETH 5.

SIT, B#IEHER (6.3) DX HIT, EOMRITEER (6.4) DL HITER

95.

o0 = Pu/(b2) (63)

Ou =au/0Y (64)

BRI/ ERET 5 &, EHIENG, 30RA G, y), #ita(= o/b), M
BN OB THE. THbB,

Ou = 5'u(u_)0(l'1 y)v a, ’\P) (65)

RBEAVRTRERBEOHE TERYEICHORERIBHEL TS

6.2.1 EHRIUI=NRIVOEERE

AKFRTIEY v — D/ 3%V I8 DFAETEZHRT L, TXRTD/SRIVD
FEiuiaE 2 HMBHKEBAFREREICLDFHE L. EFIVI Fig. 6.LIIRT @
DTHAH. XTIV SFIVAICEERDIGE - TOROR O E05 M SRR
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_UM/t' | }nean':(Lth_
SD. : 0.078]

0 \

L

n 99 o O O:I 0:2 0:3 0‘.4 0;5 wo/t

: 0.026

 mean : 0.901

SD.

-0.87 °

0'u/0'y

Fig. 6.2 Ultimate strength of measured panel

BB, LoT1/2 HHEFNE Lic. BHI 4 AN | KERTARSEE
BLU, BRRBBEICIE I — P ROBRBEREENERLITZBE L TR, R %
HIARFEL, MEAMELLIERER DL OLET 5. IEAEREL
TREATHONIbDEMS. FHELERE Fig. 6.21I7°77. D& 70
HDORESIIBRD X HICEFET 5. 51U oS 2 BN IHES R
(3R (3.3) iILB/N2 FEUT 5. ZDEEXDw:% b - T Fig. 62TDw&T 5.
X SIYIERA EEBIEHOSHEE A NS LATORS.

D& S ICESBEHIHBESTIE oD SR HHEERREZERZT
L. £ CTREBH IR ATER Tho, 2 ZALS B RARICESREZFE L
1458 % Fig. 6.2ICR 9 EMIfR & 72 ), EEEFHOHEMED S DO FLORTIIALE
M5 ENDND, DT Lo, DFHOBEFRIIHMBISENLZBIICB L
ZZohb.

Fig. 6.2% Fig. 6.3iICEH X E LT HE 2R~ S, T I9HEAE FEE
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0: 1 Yy .\ l:\ |

n 20 0 0 01 0;2 0;3 O;4 0;5 wo [t

: 0.8t :
.

ouf0y

Fig. 6.3 Estimation of ultimate strength from initial deflection
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Fig. 6.4 Finite element model (2)

0.142, {E#¥{RZ2 0.078 2 b LICEEHAH TR Y. HR% Fig. 6.3 LD wo/t #
BUCHRTRY. Kilw, = 0.142 DE EDw-5, MM OERE L 5. COHERE
D T, w0, B8%TH B EREL, 6. DG HEKDSB. FERIL Fig. 6.30LE/D
ou/oy DFEBICHHR TRT. COEBOEX M5 LAERIZF.EM. THEL
IESBREDS R THEN, COFHEFEROAHIILL—HLTNBE ENZL
5. & o TEENLBIRESEIR CHE SN EEREZ L% OB TIIEES.
F 7o EIERE OET I E E B D 5 BT b IZRER S TR A LR D & AL
Ihicwe-0, BAFEM > THEEBREDIISDEEF/HRELI EIZTS.

6.2.2 EEMEICHTE7 XY b EOHE

A TR~ B L PRBE A B2 A, EEEE0 V) — XEHEE2T
Bote. TARY bha =1, 2, 3, 4, 5, ik, = 1.14, 1.52, 1.90, 2.28, 2.66,
(b/t = 30, 40, 50, 60, 70). FHHEEAw = 0.1,0.2, 0.3, 0.4, 0.5 DFF5x5x5 = 125
r— XD EBEETE -7 FFEFERAHEFRUT /4 ABRETIITIHEL.
BEAGNI /AN LT, a=10DEX4x4,a=20EX8x4,a=30D&
X12x4,0a=4D,X16x4,a=5DLEX20x4THB. a=4DELXDE
F58% Fig. 6,417 Y. RIREFEHOERITE (3R (6.4)) O THEK
BAEDES. FHELIFER%E Table 6.1~Table 651279, EhSHMid 2 EH
BRIV TE L fFEDLNSa =3 ~ 5 ICBNTIESREIIIIIR—DEERT.
£ T, a=3,4,5 DFH% &Y Table 6.61IR7.  ALCNGEY S )
DIBE, 7ARY b3 L EHIIL Table 6.6% AT, 0, /oy 2HETZXBD
T, TARYZ PHIZZRB LA TEINI EIZ5. D LEOoEEL D, BV
DHESHEEG, 1w, EA, DA DB ETL 5. Utk Hwo & EL .
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Table 6.1 Ultimate strengths of square plates (a = 1)

Wy

A || 01 | 02 | 03| 04 | 05

1.14 | 0.986 | 0.946 | 0.899 | 0.859 | 0.824
1.52 || 0.941 | 0.879 | 0.834 | 0.800 | 0.772
1.90 {| 0.837 | 0.795 | 0.764 | 0.740 | 0.721
2.28 || 0.742 | 0.721 | 0.704 | 0.689 | 0.676
2.66 || 0.678 | 0.667 | 0.657 | 0.649 | 0.641

Table 6.2 Ultimate strengths of rectangular plates (o = 2)

Wo

Ap 0.1 0.2 0.3 0.4 0.5

1.14 { 0.995 | 0.983 | 0.961 | 0.938 { 0.916
1.52 || 0.979 | 0.946 | 0.917 | 0.892 | 0.870
1.90 (| 0.908 | 0.872 | 0.848 | 0.829 | 0.813
2.28 || 0.770 | 0.764 | 0.764 | 0.760 | 0.753
2.66 || 0.651 | 0.645 | 0.641 | 0.677 | 0.692

Table 6.3 Ultimate strengths of rectangular plates (o = 3)

Wo

A || 01 | 02 | 03 | 04 | 05

1.14 |1 0.996 | 0.986 | 0.963 | 0.939 | 0.918
1.52 || 0.979 | 0.944 | 0.915 | 0.892 | 0.873
1.90 || 0.889 | 0.863 | 0.846 | 0.832 | 0.819
2.28 1 0.763 | 0.753 | 0.744 | 0.736 | 0.765
2.66 || 0.690 { 0.685 | 0.678 | 0.672 | 0.666
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Table 6.4 Ultimate strengths of rectangular plates (a = 4)

Wo

0.1 0.2 0.3 0.4 0.5

1.14 {1 0.997 { 0.990 | 0.966 | 0.942 | 0.922
1.52 |} 0.983 | 0.948 | 0.920 | 0.897 | 0.879
1.90 || 0.906 | 0.875 | 0.856 | 0.840 | 0.827
2.28 || 0.750 | 0.747 | 0.754 | 0.764 | 0.767
2.66 || 0.657 | 0.653 | 0.648 | 0.644 | 0.640

Table 6.5 Ultimate strengths of rectangular plates (a = 5)

,u_)o

Ap 0.1 0.2 0.3 0.4 0.5

1.14 |1 0.997 | 0.992 | 0.972 | 0.949 | 0.930
1.52 | 0.987 | 0.955 { 0.927 | 0.907 | 0.890
-1.90 || 0.907 | 0.881 | 0.865 | 0.851 | 0.840
2.28 || 0.767 | 0.757 | 0.751 | 0.767 | 0.779
2.66 || 0.690 | 0.685 | 0.680 | 0.674 | 0.668

Table 6.6 Ultimate strengths of rectangular plates (a = 3 ~ 5)

Wo

A | 01 | 02 | 03 | 04 | 05

1.14 {1 0.997 | 0.989 | 0.967 | 0.943 | 0.923
1.52 |} 0.983 | 0.949 | 0.921 | 0.899 | 0.881
1.90 || 0.901 | 0.873 | 0.856 | 0.841 | 0.829
2.28 1| 0.760 | 0.752 | 0.750 | 0.756 | 0.770
2.66 || 0.679 | 0.674 | 0.669 | 0.663 | 0.658
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17
08t 03
04
0.6 0.5
Buckling Curve—/
0.4}
0.2} -

0 05 1 15 2 25 »x

Fig. 6.5 Ultimate strength against slenderness ratio A,

Ty = Gu(Ap, o) (6.6)

Ap, Wold A A 7 —fETH Y, & (6.5) LHE LT (6.6) i35, 2KD B 79I
WRAEREN > TIN5, & (6.6) DBE% Fig. 6.5& Fig. 6.612R 7.

6.2.3 HERECXTIREROTLE

COHEITIE, 7SRV A BFHBIEEEREIC K JITTREEBICONTERS.
BEEHROE > TS0V, ZOBEDONE, FHICK > THIHESINED O
EEFIETHN . T THEHEBRDA -7 3E 1 7 (Fig. 3.4) D/SRIVICD
WTDHBERE.

PIHBRADETIVE UTHEERDOA > TR IR IVER (3.3)(Fig. 3.8) i
W9 . WEBROA->TOANNXVE, BERDOA>TOLMUEN = 20D & X,
K (3.3) D |z — x| < b/2 DELFERRIIHZ 5.

. wle—zo| . my
Wo = Womaz S 7

S EDORETI 20 = ¢/2, DEDIROPRITIEFERPE > TWE5HEEE

(6.7)
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oy

e
150 Cof N | |
OShIV* b
V,'
0.6} .
I :\=114
0.4r I - 1.52
I : 1.90
0.2t IV : 2.28
V 2.66

0 01 02 03 04 05 wy
Fig. 6.6 Ultimate strength against initial deflection wo/t

WA DA X T Fig. 3.11E2BEIZ LT womer = 0.2t EF 5. TARY
Fla=3,4D2 5 —RiIZDNOTEHELL. ZITHEREIEHIZEZTHL.
a =3 DHE% Fig. 6.7~Fig. 6.9IZRT. ¥ — X A BVEEBRDILVWEBE, ¥—X
BWEEEDHBEETHS. r—ZX B OFRTHBRNIPL, BEMED
B2 &b, Fig. 6.8& Fig. 6. i3 RmmEROBHIRE L, BAMKFOHE
S (F0RA) REMEROEAEZRL TS, BHOREBLBET L&, 4y —
Z A TIRPUBETEEM L THEEL T 5 (Fig. 6.8) DI L, ¥ — X B Tk
RETF, 2 O BEERAENBHAALL THEL T3 (Fig. 6.9) Z &b 3.

a =4 DFE%a =3 DEA EFMIC Fig. 6.10~Fig. 6.12127R73. —RAYIE
HHita = 3 DBELIFEALEDSLROY, BEWEEAEE CHS D~
DETEIZA DS B ADETFTRICEXTNS . ZOBHIIKROBEY THA.
a=3 DL A TEILBETHELTHS. BOBEROMEL S 1 50k
A3 EHCOBBEMET 5720, WEMETT 52005, ThicHl
T,a=4DHE CTRSFEBETHBL TS, D DEEBOREL S T 591
BAD RBETOMBERET 5720, HEESTVETFTLENWEEZ SNE.

—RRICIIBEERIICOETIVO X ICHRICIFIN . Lo T, BEIRESIC
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/Py
1 T .
Case A
Case B
05r 1
* Initial Yield
0 0.5 1 15 u/uy

Fig. 6.7 In-plane displacement-load relation (a = 3, A, = 1.9,
Womax = 02t)

Case A

Plastic Condition

Sparse

u Dense

Fig. 6.8 Plastic condition and deflection at ultimate strength
(Case A : without welded line, a = 3)
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Case B l Welded line

Fig. 6.9 Plastic condition and deflection at ultimate strength
(Case B : with welded line, a = 3)

PPy
1 . T
Case C
(C'ase D
05F -
* Initial Yield
0] 0.5 1 15 u/ Uy
Fig. 6.10 In-plane displacement-load relation (o = 4,

)‘p = 19, Womax = O2t)
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Fig. 6.11 Plastic condition and deflection at ultimate strength
(Case C : without welded line, a = 4)

Case D l Welded line

b//\\d

Fig. 6.12 Plastic condition and deflection at ultimate strength
(Case D : with welded line, o = 4)
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Fig. 6.13 Ultimate strength surface expressed by slenderness
ratio A, and initial deflection wq/t

BHITIL D, £, BERIKAL T D BEHERMEICREIS NS 5729,
SHICRIRLS L UREIIETT 5 L8bI5.

6.2.4 BRIR/N\RIVOEFEREFICRET HETRIEE

X (6.6) T, i3, L0, DB TH 5 LA D~ BTRT & Fig. 6.13DHh
HiZliA. ZIT, ChoDFHEELTHSIHT, we&EL. Hatsic
BIDENSHLBEIE SO THD, ZDEETNSDEREN, wiTHS
ET5. EUE LUTFEMEN,, wDHET Fig. 6. 130 MG FHEMUTE S &
T 5. G, DWIC KT B BARITEMREUNAEETH S Z i3 6.2. 18 Th~7z. £
FOLFEICZ NI EE SO ETHA VO THEELEN LT HRHEL L. X,
WZIE 56D XICL B DT 6D & do, BRATHEZ 6N 5.

da, 95,

d&, = —dwg +

o A (6.8)

o, =6, +da,
Xo= 2, +dA,

wqy = Wy + dwy
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Jdg : : :
0 < V I :a=114
’ I 191 . 152
-0.2¢ : 101 : 1.90
- 11 1Iv : 228
~0.4f 1V 266

01 02 03 04 05

Fig. 6.14 Partial derivative of &, in terms of wy

0 - 05 1 1.5 2 2.5 A

~-0.1F -

\%

ol T @g=01 o
0.2 0

II : 0.2 I\Y

el HOI: 0.3 I11-

60‘.3 IV . 04 \II

61“ Vo 0.5 | I |

Fig. 6.15 Partial derivative of &, in terms of A,

Z I T, 356, /0W0, 06,/0A 20T Fig. 6.14, Fig. 6.1560 65 AE 5.
15 DRI Fig. 6.5, Fig. 6.65 587z

b, t, E, oy, wod\HRHE (FE) EDLOICERSHTHHETH. TDES
DEBMEREZ bsp., ts.p., Esp., oysp., wosp. &ET 5 &, EHREDIARFE
ERBREIRATEZOoNS.

Pu = 5’u0'ytb,

. dP, . 0P, - 0P,
Pip = ((.j)—wowos.n.)2 +( 5% bs.p.)* + ( 5 ts.p.)?
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0P, 0P, ‘
+ ( 3B Esp)’ + (%U}’S.D.)Z (6.9)
Z T,
oP, a5u0 )
3w0 N 811‘)0 v
0P, 05, ~
b - (a_)\p)‘p + O‘u)O'yt,
aPu _ aéu — aa’u a&u
g = (G, aApA”)”Yb’“ _aT,,AP“Yb’
orP, _l@&u(a_y)l.s 5
OFE 20X\, E '
oP, 197, B

Gul3 Fig. 6.5% 3113 Fig. 6.6505K» 3. 05,/010,05. /0,13 Fig. 6.14,
Fig. 6.150 5K 5.
FHRILIcy VA — DRIV EBITHETEEZRD 5.

b = 767[mm)] t = 16[mm)]
E = 21000[kgf/mm?] oy = 33[kgf/mm’]

Fig. 6.2 0,
o = 0.142

A EZ RIS DFHAERD D 2 0 o $1EES & LT LDMEZE S S, MRS

Rl L TOIRENE AR (3.6) 2.
%/XT A — 5 OFBIREL [127) 2BE I U,

bS.D. = 5[H1Hl] tS.D. = OI[mm]

Esp. = 21O[kgf/m1112] oysS.p. = 2[kgf/mm2]

Fig. 3.7k D,
wgs.p. = 1.25[mm]

S O ERE, FIHES OFH RN NE SR (3.6), R (3.7) 2.
K (6.9) DBEHEHEZRD KX HIT1E 5.
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0 O;5
0.1t
do,
or, —0.2f
05,
0wy —0.3f
-0.4}

Fig. 6.16 Partial derivative of &,

P, 0P,

awo Wos.D. = —8540[kgﬂ 8b bS.D. = 845[kgﬂ
OP, dP, _

5 ts.p. = 1440[kef] 3E Es.p. = 3580(kgf]
JdP,

50_—},-0'}/5,]), = 14800[kgﬂ
P, = 360000 [kgf] P,s.p. = 17500[kgf]

HEEEREOEFFRMIZ D XXINVDEHE#4.9%TH 5. £/, FEEEDHK
FHBEICKESFETHIRGEBRIEH EOHEATH B Z Ep3bh 5. i
DED/IRIIZE T HBRIGH L FHREAPNEEBEDIX 5D XITKENR
WEBEBZBR5XA—FTHAIEEHER L. £ 2T, BRIGH, F1#EALL
AND/NF A —5 2R L TERLT 5.

(PuS.D.)2 051,, _ 9 n {(1 85u +5 )UYS.D.}2 (610)

Py - (alI)O wOS'D.) 2 aAp Tu gy

X (3.6) L 0, TS & MEHITIZBEN S 5.

/\2 2
Wy = 1.68—L, wos.p. = 0.84—L (6.11)
oy ay

# (6.11) % Fig. 6.14, Fig. 6.151C8 A9 3 & Fig. 6.161C78 5. & 58 H
95 EEEBIC OB ERE e, s p IFRKELS.
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T 1

oys.p. = 2[kgf/mm?]

T 1

Fig. 6.17 Standard deviation of ultimate strength

OuS.D. = Cwo2 + Cay2 (612)

T, Cup ZFHREADIESDXICLBHT C, 3B RIGHDIT S DX
LAHTHA.

05,
= (.84
Cuy = 0845
106, _
Cay = (5'6%)\;) + o-u)o-YS.D.
P

A Eousp. DBMR%E Fig. 6.17T10R Y. oysp. = 2lkgf/mm?®] D & %13 Ca,f")i
DBRIEHDEHEREDIT SO XICL{ &£, oysp. = l[kgf/mm?] D E X3
A = LTMHETRARIEH XD DL UANBIRADIZ) BEHEEDIT S DX
HEBLBLIFT I EDIBE. BRIES 30kgf/mm?®] D & % DFHRE DG
B% Fig. 6.181Z779. BUROSM, TIEERE, BB CRUIGES I EEERE
WY IR LB TS S0 EHBEDIESOE 2R T IBRT LAWMNES
LD HBRICHDAPRELBERTHS Z LB,

I THRRIHABEIH ETHHEBROTUVIIRIVTH 5. BEHIE
o TWBENRNRIVBBEAPEHTRKED. Lo TESERELZOESDXIZH
PEAINEIFTHEIRZINWEEZI OGNS,
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0.8t mean—S.D.7

0.6f
Buckling Curve—/

L

04

0.21

1 A

0 05 1 15 2 25 x

P

Fig. 6.18 Statistical ultimate strength

6.3 BERKREEOESRIEFM

RIS, 5 ETHEERANETONRE LTERETINVOHNS MST-4 €7
JVIZRRSE U TR E DE I 21773 5.

CDEFIMNIFEFMEE LT, NIV —F—NlFE—A 2V bDAHZS
FRBELMITE— AV MNEEMAE S ITBEEEEZT.

6.3.1 MEERSH

X UDICERE TR RSB L URREEBMBOBSZRLEL, &5
DELRET 5.

ERSH
T ZEHE UTERSE Py(z) 13K (6.13) THREN 5.

1 l = — Tmea
exp[~( -

Py(z) = Y] (6.13)

zs.p.V2W zs.D.

ERLHORERSHBEH Qn(z) 13X (6.13) 2Fa LIc DT (6.14) TH
Shs.
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Qn(e) = [ Pu(t)dt (6.14)

o0

ZZT, Tmeanl3 FHAMETH U, 25 p. 3EBFEETH 5.

T4 TIVHH
7 A TV Pw(z) 133X (6.15) TEINA.

F(a) = M2 exp{~(3)") (6.15)

CIT, MIRENRSA—FITHY, hIZBRIFA -5 ThH 5.
T A T IV ORERSHBEEILIN (6.15) ZHEA LIcbD TR (6.16) THEX
h3.

Qw(x) =1 - exp{~(7)"} (6.16)

TA TN D EEE B REIRATH 5.

1

mean:)‘l—‘1
z ( +h)

2 1
e = 2y _r2 ol
Zs.p. = /\\/F(1+ h) (1 + h)

ZIZT, T(a) 3HF<BKTH D, RATEINS.
['(a) = /Ooo 2! exp(—z)dz
—ERHSH

TEFEHSHIER (6.16) TEZ oNE T A TIVEERS MK n BHIED
BINBEXI 2 ZBARBOEROMES M THS. T0bL, EREEBEET

= (6.17) TH D5 R (6.18) THB.

Qo(x) = (Qw(a)" ~expl—exp{-a(; —w}] (6.17)
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Poe) = 292 % toa(d —w)expl-expl-a(l —w)]  (618)

ZIT,
a = h(lnn)'"V* y = (Inn)Y/*

_EHERHS O LFRREERZKATHS.
Tmean = U + %, Isp. = —\/E

ST, A A 5 —ER (0577216 - ) ThH 5.

6.3.2 HEIEDHEE

BEREORER 7L L TRRICT EERRONPRALER . £ho
EHATREELTMORD, ENo DML 2 /35X -5 DT A T)V5TH (K
(6.15), & (6.16)) Z& X fo. ZhZERIRL7DH Fig. 6.19& Fig. 6.20TH 5.
BER, BEOREMICL - THRRISTPAEAZELS. LML, £0K9
ICE R 5 EMEROERERDIFEIHARL, SHEIEHICIE 5D T, KEHFT
(BRI DIC EDFFTT & BARIEST & F1AEA 3 Ui Te4 I /HBERE %%
boTESDL ERE Lz, ZOREIZL O HELEROMBRERIIBRIC T &
PUREEA D 2 DIAFITILS. i, BEEREICNEIHEENSME L, EMmEM
0.20y THiEMIZoy & L.

6.3.3 S HOKEE

ARIEE LT n = 103ENZ—EIDD 2 BHRDIGT bR R TH 505 2D
S EE 175MPa & LT IhEE L S8 24— 4 » MR L.

B2ETRUALLIICHERANTOERSAIE ZEEHSM (K (6.17), =
(6.18)) ZIREL, h = 1 ELTEBEEITE -7 n = 100D EE, ZEFEHK
COV=0.0675 T&» 5 [128], [129].

ULXD, NTEE UTOEEMHEIT Mpean = 62.35[ton-m) TH O, T DFZRHE
21T Msp. = 4.37ton-m| TH 5.
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T 1 T T T
. mean—=26.9 .
z 0'2_ C.0.V.=0.08
_°§ Weibull distribution
z Scale parameter:
3 A=27.98
’.é Shape parameter:
~ o1t h = 15.44 i
1 1
90 20 30 40

oy [kgf/mm?]

Fig. 6.19 Assumed probability distribution of yield stress oy
(Weibull distribution)

1 I | L] ) | 1 1 T
> 4ar mean=0.2 1
z C.0.V.=0.5
': Weibull distribution
2,—-§ i Scale parameter: A = 0.2271 7
_§ Shape parameter: h = 2.115 |
a
ol _
| i i | i 1 [
0 0.5 1

wy /t

Fig. 6.20 Assumed probability distribution of initial deflection
wo/t (Weibull distribution)
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ww””%___L___LJ@3 Mys _

Wy | ......... l ......... | ......... R

wor |l L} o

| | | T
Lo L L i _L___

Oy1 Oy OY2

Fig. 6.21 Bilinear interpolation of ultimate strength My under
yield stress oy and initial deflection wq

F7, BB T E— A 2 MCRAICHBELTWS EIRET 5.

6.3.4 JRKRBEOHIE

BEORKBELRDBIZHTI>T, T 5 LEBIIBRRIE S L 1HEA T
H5 ZHODEMITHES BEKRESL 2 DOEMIC L AMAMERIATETH
ADT, S TR TROLIWEHBERTEE E -2, £TRRICH LoIHAREADE
{LEEIBE Fig. 6210 K HICREL, HHHBTOHEBEDOHAEGDLY, §70b5b,
Fig. 6.21 DR HIT DWW THRKRBELIET 5.

BighiF b LT BT OMA S DRI LT, BRKEBERITEITH, £0
StEREEL F L7 b DH Table 6.7, Table 6.8, Table 6.9 ¥ L, Fig. 6.22,
Fig. 6.23TH 5.

T, RAEMDoy & woDMAESHRIZH T 2 REEE Myid, RO LS
ICHIRAEZE L RRREE KD 5.

My = a; + a0y + aswy + agoy wo. (6.19)

MU(wm’ 0)’1) = My,

MU(wm, UYZ) = My,
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Table 6.7 Ultimate pure bending moments (F' = 0)

My wos31 [t
[ton-m)] 0.001} 0.1 0.2 0.3 0.4
22.6 | 89.41 | 86.68 | 85.39 | 84.49 | 83.77
24.7 197.71 1 93.91 { 92.32 | 91.30 | 90.53
oy 26.9 | 106.2 | 101.0 | 99.22 | 98.20 | 97.40
[kgf/mm?] | 29.1 | 114.6 | 107.5 | 105.9 | 104.9 | 104.2
31.2 | 121.7 | 113.5 | 112.1 | 111.2 | 110.5

Table 6.8 Ultimate bending moments under the combined
action of bending moment and shearing force

(F=M/2L, L = 720[mm])

My wo31 /1

[ton-m] 0000 01 | 02 | 03 | 04

22.6 | 84.65 | 83.53 | 82.25 | 81.35 | 80.65

24.7 1 92.51 | 90.48 | 88.93 | 87.97 | 87.22
oy 26.9 | 100.7 | 97.32 | 95.62 | 94.67 | 93.96

[kef/mm?] | 20.1 | 108.9 | 103.6 | 102.1 | 101.2 | 100.4

31.2 | 116.6 | 109.6 | 108.2 | 107.3 | 106.7
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Table 6.9 Ultimate bending moments under the combined
action of bending moment and shearing force-

(F=M/L, L =720[mm))

My

[ton-m]

W31 / t

0.001

0.1

0.2

0.3

0.4

22.6

66.62

66.32

66.39

66.07

65.81

24.7

72.80

72.86

72.30

71.95

71.63

0y

26.9

79.28

78.97

78.41

77.96

77.59

[kgf/mm?]

29.1

86.27

85.06

84.31

83.83

83.47

31.2

92.49

90.56

89.84

89.38

88.92

120

100

80

Fig. 6.22 Ultimate strength subjected to pure bending mo-

ment against yield stress oy
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My [ton-m]

120 .
R 312
29.1

100 269 -
i 247

Oy = 22.6[](gf/mm2] 3

80— T02 . 04

wo/t

Fig. 6.23 Ultimate strength subjected to pure bending mo-
ment against initial deflection we /¢

My (woz, oy1) = Mys,
MU(w()z, O'yz) = MU4. (620)

X (6.20) D 4 RETD My (6.19) IZRAT B I EIZLD ay, as, a3, ag®
Kb B, U LEOHREE O TRAEEZKD, ZORERIZ DN TR L.

PIREES wo /[t 130 D5 0.7, BARIE oy 1F 16.14[kgf/mm?] 2> & 35[kgf/mm?]
ETCORHEEZBZ, SOICHEREHRTHAVARS LBRRICTTORS S TOHE
BHEAEE U SRMEFEI L D REBEDO L X M5 AL EOBAMES
Kbfz, COFRERET, BEHEREES A EEREEBHICHIEL TS,

Fig. 6.2413#ifhiF %2 J 5 L & DORKEE TH 5. Fig. 6.2513fhiFE— A
v NEBM DA ADERE (F = M/2Ljton]) 2% 5 & X DRREET
H5. Fig. 6.2613HFE— AV MEHMND S ) —DOMAKOEME (F =
M/L[ton]) %35 L XDBRMBRETHS. ROERIIBMEMITFHEL, BHS
HARDIFERTH 5. BHERIERD S THEESBE KD, ZOMEEF-T
ERFHRETA TNGHERD. NP OESHBPERSHETH O, RN IA4 7
V3T THS.
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FERFE BN EEREEBED S HMT 5 LM HOFEICH DD S TRE
MEOHRSGILITA TNV HAL D BERSHBITENI E8DMI 5.

6.3.5 (SIEMREMT

BEDRELM ZIIKX (621) THEZ 6N 5.

Z = My(oy,wo) — M (6.21)

ZORED LICEERREED/ NS A — 5 2B 2 IRE— A 2 M (First-
order and second-moment method : FOSM #:) EHLRARIEAL 2 IRE— A » bk
(Advanced first-order and second-moment method : AFOSM &) =Tk
3 [130].

FBEE—A Vb MOHIHER 6.33H TR UK S ICEDFEEE M mean =
62.35[ton-m], FR¥ERZE % Msp. = 4.37[ton-m] & L7z,

BT ET BICHTc>T, WS DPDNNFTA—FZEEKTS. £F, V5 4L
E¥oy, wo, MEEHMLLEZENZEN, 21, 23, 23 EERT 5.

0Y — OY mean

Z] =

Jys.D.

Wo — Womean

Zpg =
Wos.D.

M — Mmpnean

3= —
Msp.

RIZ, B VT LEBOFERUBEE IR (6.22) TRITZENTES.

RENTY,
9. E(azk )* (6.22)

k=1

o; = —

COEENRER-105 1 DR E D ZOMED 1 ITEWIE EEREIC
T AREBENRENI EERT.
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0.1 T T T T T
2 | F=o0 1
172
g
2 - = : Numerical Analysis
= | i mean=100.82[ton-m]
Wel
2 S.D.=7.25[ton-m)
° B 4 o
o Fitting
0.05 d e Normal distribution
n | ———=— Weibull distribution
A = 104.50
i 1 h =17.26
0

Numerical Analysis
mean=100.82(ton-m]
S.D.=7.25[ton-m]

Fitting

q4 -eeme--- Normal distribution

— ——— Weibull distribution

A = 104.50

h =17.26

Probability distribution

| i
80 100 120, ionm)

Fig. 6.24 Probability density and probability distribution
function of ultimate strength of MST-4 under pure
bending
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0-1 T T T T T
2
g - F = M/2L 4
(5
': i - Numerical Analysis
% i i mean=97.05[ton-m]
—‘é S.D.=6.94[ton-m]
~ i Fitting
0.05 9 ------- Normal distribution
| ———— Weibull distribution
A = 100.59
’ h=17.35
0

Numerical Analysis
mean=97.05{ton-m]
S.D.=6.94[ton-m]

Fitting

-------- Normal distribution

———— Weibull distribution

A = 100.59

h=1735

T

Probability distribution

Fig. 6.25 Probability density and probability distribution
function of ultimate strength of MST-4 under bend-
ing moment and shearing force (FF = M/2L,
L = 720[mm])
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(=]
-
)
!
o
=
t~
1

- Numerical Analysis

- mean=79.32[ton-m]
S.D.=6.01[ton-m]

Fitting

1 -------- Normal distribution

4 ———— Weibull distribution

A =82.35

h=16.34

Probability density

0.051

7 Numerical Analysis

. mean=79.32[ton-m]
S.D.=6.01{ton-m]

Fitting

) ETET e Normal distribution

4  ———— Weibull distribution

A=8235

h =16.34

Probability distribution

0
60 80 100 7 thonm]

Fig. 6.26 Probability density and probability distribution
function of ultimate strength of MST-4 under
bending moment and shearing force (F = M/L,

L = 720[mm)])
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FOSM &L B8

SIS B O THRBALEZT S EERES =8 T 5.

Wo = Womean 2BV TOy = (Oymean — OYS.D.)s T¥ mean> (0¥ mean + Oys.D.)
D3 ETD Myh o 2 REHRETHMEE U, FHEATOME b, 25 E LK. RO
FHET wollBT 3 MyDBiEHh oS b, bEHE LK.

My = Mumean + bl(O'Y - UYmean) + b2(w0 - wOmean)

BRI (6.23) TERIN S,

Muép. = (bioys.p.)” + (bawos.p.)” (6.23)

fEREMEREIRR (6.24) TH 3.

Mymean — M mean
V(Mysp)? + (Msp.)?
F 7z, EFEERE (X (6.22) OFEICHE O T EHHEICE T 2 KREKBOWY
REAEES. THDDL, '

8= (6.24)

9Z _,
azl = U10YSs.D.,

0z

— =5

822 2WpS.D.»
0z

— = —Msp..
623 S.D.

PUEDR%E S EICFHE LIRS ED Table 6.10TH 5.

AFOSM %IC K 3R

FOSM & D bIFE & MR E kb 5 HkE LT AFOSM k3% 5.
BESE DD EBBIEREREE BT 5.
Myi3= (6.19) &£ (6.20) TR LcfiEZ O TEEORMKIREZ KD 5.

My = a; + ayoy + azwe + a0y wo
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Table 6.10 Reliability of wultimate longitudinal strength
(FOSM method, L=720mm)
Shear Mymean | Mys.p. | B o az a3
[ton-m] | [ton-m]
F = 0[ton] 99.2 6.93 |5.32| —0.829 | 0.171 | 0.533
F = M/2L][ton] 95.6 6.72 |4.95| —0.822 | 0.165 | 0.545
F = M/ Llton] 78.4 6.03 |2.67 | —0.807 | 0.068 | 0.587

RERBOMBEIIRATH 5.

07z

— = (a9 + aqwy)o
£ (a2 + aqwo)oys.p.

07

— = {a3 + aq0v)w
oz, (a3 + a40y Ywos.p.

-— = —Msbp.

623
EHEREIIRK (6.25) 2R T 3 L 9 I HICREHE AT - 7D (6.22)
TETIENTEXS. ZIT, R (6.22) DIZ/02 3B HITH T 5FHTH 5.

21 = ﬂah 2 = ﬂaz, 23 = ﬁa:s,
Z(z1, 22, 73) =0 (6.25)

+AUUR Ute & %, B AIC B 5 &Hoy, wy, M 3R (6.26) TAHETE 5.
0-;" = (ZIUYS.D. + UYmean),

wy = (22Wos.D. + Womean),
M" = (ZSMS.D. + jwmean)- (626)

FHE LR % Table 6.111IZ7R7.
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Table 6.11 Reliability of ultimate longitudinal strength
(AFOSM method, L=720[mm])

Shear oy wg /1 M* G o Qs | o
kgf/mm?’] [ton-m]

F = 0O[ton] 18.4 0.264 72.2 | 4.63 | —0.851 | 0.138 | 0.508
F=M/2L[ton] | 191 |0255| 71.8 |4.29 |—0.841 |0.127 | 0.525
F=M/Llton] | 230 |0212] 67.8 |223|—0.815|0.052 | 0.577
EEERITICT3EE

FOSM DR & AFOSM O RERIE L TR ZMZ 5. fifEe—X
v MTMA THBAIMERT S F = M/2L DEEXZTNIEERKEEDETIZ
HBOoNTR-> TREEEFEESDZNITILZET LTHRLD, SOENRKELED
TWB I ERbhE. Zhid, Fig. 5.26 DFHBRKIIRT LI i, S BREDRIN
HTIEHTORKEEIZNIZEET LAY, Fig. 5.260 F = M/L TRT
LIICHMABKRELSMEATAEMTE—A L M BARKBENEL KT
TARIDTHA.

TR DZEIZ LS DD FOSM k& AFOSM ED ES S DREEIZHEINT
bBRRIEHDIZSHODENEFEBICE LI TRENRESOIENES. BRIES
DRIEFHICE JITTREPRE VIS AT RBAMETH O, KIEHIET
ZZ T B8RSO FHEICE O TEIAES DI S DX P RKIEEDOFEH
HICEXITTHBIINI O LS. 61T, STMEEREEISFIEADRIZZ
NIFERBEZIF OO SHMPIRECERL TS & (F = M/L) 2915
BB B EFARE (o) MECERBRITIILAERBE B ISRV E
DS

UL, RFEEENEHERERT 21785 &, BRIET-PHEAD L S
BREDESDEENNDBLDEERE L THEBOKREZIVVS A —F D4
ZITHI T ENTES.



170 B 6FE ik EHE X OHEH T A sR B D15 FRdE ATl

6.4 #EE

AETIHET, §3 TOFH CROVOIHIEERA b &0 SR OLO EHRE S
HesE Ure. 2 LT, FERE OSAH 01 T 48 & IR A8 A U 24T
Mot ZOREE, EEEEOHIRICKS {H5T 5 DEMRE oy EHH
BABR wTHAI Ebh o7, £, BEBROEE > TWA /3RO EERE
B FE R A T, IR E B o> TRV SRV E D b EMREN LT3
AT T AR '

X 5T, 8 5 E TR TR > THESAR O R 1 (S FE P WA 4
FTEIEILLD, BEORKEEOEERICEBEL XITT/35 X — 5200
TOBRIFEITE - 7. KEHETRERICRIREEMITT S - EHNTEXB0
TR bR R A ST 3 C ENTE . ZOMBE, SRR E
EHXIZTT A — 5 E LTINS DI 552 & 0 ki L AKBRIEH DI
S5OXDHNKRENT & -7z



AHES O 3aHE, EAMIC A MIBE DI — LI &I Utedi> T, Btk
BTSSR b S IcbN T 5. BIE, 172 ETR SRR, BRI bR L
THHENTOAD, BEICE, S SHELS S ERBIII. COXSR
JREBIREL EHUMMED R LI LD L S WEHIIL > TWH AN, FBEEEICE
NTEIEEIND Z ENTRINZABEEED S, BEREREE TOME
DMBIEEW SN B - EHTAIRTSH 5. dic @ Sk U, Bissh
P AR DR, MR R bHEETH D, 0L 5 BRREEFEAELT
D RRREA RT3 = L1, BAORERA SBHTEENRETHS.

KA TR B2 U Mk B SRIE ORRATIE & 2 OIS
TRHAEB IS 1. WEORKBEAER 5 L CEEUAKEZERE LTH
HEUTOBBHE, REE UTOREEERELEZ 2.

W EIZ B LTI et S N AT S A M LT — I —E i 3
YRR & BBRMEARET B HEITONTRI BN - o

F 7o, OB SR LOOIESEF T S LT LD, FIERS Y R
IWVOREEREEIZED X S ICHFHET A EHFH .

S A 1 O FE SRR A TEREIC L IS & { SRad B 7o hIC AR TIaET L1
ERRERLHER L, COBRAE > THIENORKCRERIT AT 7. 35
(AR A AT A EAT B 2 S ok 0, WM E DM O NIIAEDE
5o X A Z IR LI MiHs O B RIE OSBRI 21775 - 1
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EKRANDBZEZOMAETHONIKRELE LEDBELLUTDOL TS,

F7, F2EICEOTCIRRICEDORES N “ERES RIS S FERIZD
WT, BRESRICEET 5 LEBLNAKERIT>OTHRA L. &I, IR
KO FH:OBMES IS T AREB LR Lic. RRISGHIFOBERBIT
AT DEALDOREIZ DT bR EMA 7. U LORFTORERE S &I, B
FEEBMB LNV F v U TOERME BRSO EOBRESREI VTS
Mk L UHAMOEMETTERNI SDWTHAN, REOBRESHIZLV—LV -4/
DOBESHTEMTE S EEFHOMILT.

%3 ETI, FHRUSRIVEEBICEHRIL T DREZEE L, S XIVOFE
HBDRXIERRIZTOWTRF 2T -7, 2L T, FHEHADO KX XITONT
B SHERE, BRICH U TEEEN S mRRs R ERE L. 1o, B
RO EE > TOB IRIVIZFHRESORIEHE THHRAENKE NS D
AU7c.

B ABTIEIBWLEEMEOHREELELHFRE Uz, BABRIZ=ARBKENR
R R S S N 5 ERMREE L, T OB E ERIL UHBRICHE S
T EICKD, BABRBPVILOCHM THHEEED LVFEER S T &
T&fo. o, BHEBEYERRL, TOMAEICL 5 BHEERITEAZREL, Z
DIRENEROBEIEFELZMBINHETE LI L2RL, ZORBEEZHN
7o, ZFHEAEE { OMESRE, BREEBI OV TEBRELER T &iIcL M)
HEEEBRT 3% { DEBR/ SRIVICH LT, REENEA L THRIERE
BHIFHET A ENARETH B Ldvbd - 1.

85 BETIIE 4 FORIRAE G BIRUEE - 7o BB K7z o AT 2 BB L
fo. ZENBEEIC B Y) LRI B BRCE, © U TEBMITH UTIIRrm B R &4%
Ao, BT 462 EIlk - T, ERPHMOEAWESL ) I 3EMERD
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