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Student: Chih-Ming Chen Advisor: Tai -Yan Kam

Department of Mechanical Engineering
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Abstract

A simple yet effective nondestructive evaluation technique for
determining four elastic constants of symmetric angle-ply plates/beams is
presented. For elastic constants identification of composite materials, using
three measured strains of a single angle-ply laminate subjected to tensile
testing, or three strains measured in, respectively, axial, lateral, and 45
degree directions from a symmetric angle-ply composite beam subjected to
three-point bending testing are used to identify the elastic constants of the
material. In the proposed method, the trial material constants of the
angle-ply laminate/beam are used in the laminate/beam analysis to predict
the strains in the laminate/beam. An error function is established to

measure the difference between the experimental and theoretical



predictions of the strains. The identification of material constants is then
formulated as a constrained minimization problem in which the material
constants are determined to make the error function a global minimum. The
accuracy and capability of the proposed method are demonstrated by means
of a number of examples on the material constants identification of
angle-ply laminates with different layups. The accuracy of the proposed
technique is studied by means of a number of examples on the elastic
constants identification of graphite/epoxy (Gr/ep) or glass/epoxy (Gl/ep)
symmetric angle-ply beams. The excellent results obtained in this study
have demonstrated the feasibility and applications of the proposed
technique.

In this thesis, a two-level joptimization-method for elastic constants
identification of symmetric: angle-ply laminates/beams is also presented.
Measured axial and lateral “'strains™ of" two symmetric angle-ply
laminates/beams with different fiber "angles are used in the proposed
method to identify four elastic constants of the composite material. In the
first-level optimization process, the theoretically and experimentally
predicted axial and lateral strains of a [(45°/-45°),]s laminate are used to
construct the error function which is a measure of the differences between
the experimental and theoretical predictions of the axial and lateral strains.
In the second-level optimization process, the shear modulus and Poisson’s
ratio determined in the previous level of optimization are kept constant
while the Young’s moduli of the second angle-ply laminate with fiber
angles other than 45° are identified using the same minimization technique

that has been used in the previous level. The accuracy of the proposed



method are studied by means of a number of examples on the material
constants identification of symmetric angle-ply laminates/beams made of

different composite materials.
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WA w2 EldHES CRET FR kT A S MM A E
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24 BTGt R S A A AT S MR AR R

4

TR BFRAL A g bl [14] 0 Bl & R
A ¥ 2 RS MR B Y BT 248 &R B2 £ATH

WA ENT L ES

21 H B2 4 E 2%

HEMPERAEF R A2 Ed 7P a2 HE4HEHP
(Lamina) FF & 3 fn R S AR > e H Pyt dp2 B &
HEHB2Z T2 &R M,

FARIEE- Bd n BARERL ERAF SRS F 5 4F
EMREFAFEL NS T EHd T2 F B2 S mE SRS -REM

G TR AR

(o} =[] " g™ (2-1)
& (2-1)5 ¢

(m)

X

™ ={c (2-2)

y

Q

aq

Xy
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£(2-2)3 (o) Vs 5 EHEFHAFE F ME 2 L FH @ (4o
-4 L s o, A EHPREF I MEZIZHE S e X P w2
ekt o FHEMPERAEI MALIGHE S Ry el ek

Aodm o Rl EHEREE S m/é]4¢l‘gf#~ v Xy LG et o

" 1m) XX Qxy st
RI”=|e, @, @. (2-3)
st st st

6237 o [QVs 2 EHEF IS M A2 3 RS
B 5L (Stiffness matrix) » Q5 (i, j=ny,s) 54F & HBEH K F S m g 2= &

DR H BT ;3%@;5%[1-4]1#@:%2 B SENCR R SR ke

Qu=QuC* +2(Q,, +2Q4 )8°CTHQ,,S"

Q= (Qu +Qu —4Q, J5°C* +Qu(S* +C*)

Q,, = Q.5 +2(Q, +2Q4)S°C* +Q,,C*

Q. =(Qu Q1 ~2Q4)5C° +(Q1, - Qz +2Qq J5°C
Q, =(Qu = Q1 —2Q4 )S°C+(Qy, —Q,, +2Q )SC?
Qu = (Quy + Q1 ~2Q,, ~ 204, )5°C? + Qg S* +C*)

(2-4)

k3P 5 C=cosp, S=sinp

4 (2-4)¢
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E,

Qu = 1_V12V21,Q22 B 1-v,vy
v,,E v, E
Qp=Qy =—2"—=_——1272 (2-5)
1-vypvy 1-vyvy
Q66 = G12

E,:HERAFLHFELGE>» T 1 352 <% E(Youngs
modulus) > E, 5 E A AF E HAL2Z A2 e T 2 2 m 2 R hE > v, &
HEAHLHPEARA 3 2T 13 L4 a bhAH 2T 23044 K
% Jis % 2 1t (Poisson's ratio) G, 5 ¥ &4 & LT & 12 T 5 2

7 4 % #c(Shear modulus) °

@ Jones [1] %2 Tsai [67] 2 agédrdianid 3 ¢ ¥ v § -
v h k5 AR B4 T A B R mEYZ T2 IFEA E MR S
HAgs] P o A5 WA AR SR Fo B s W T

Hrpangn 1T 4 kG, -

m

™ =1e, (2-6)
Y Xy

G26): 7 M A EHAFEES ME L LR e ERE

S, S EHAEEEE R MAZ LB b X Bl B B e
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PEHEE RS MA LIRS ey 2 e R Ay, B
HEHEREFS ME L LB o xy L6l L%

- BAT S MBS m AL RELT | S (2-7)5
&)™ ={e}+ 2l} (2-7)

BQRNNY vzAER w0z, <257, 6% v B AT E MR R
® &6 (Middle surface)2. 2 S5 = v e 4B > &) 547 & MR A I
PRGZARHE I X Pl I e R e s EHEREF Y B S
ZABHEI ey P w2 e kR iy BLE A E MR B o 2
LR e Xy Ta TR AR EHEMEF Y B0 S

(Curvatures)4E™L » «, 3 A E HBERFAFEY Fo X d w2 d F ok &

ok Pl 5 AE S AR Y

L

WEHBH RS Bo by w2 d
o Xy Ta b engsd b 5 o
BAAPRBENAFEHEFE T LKA HE 4 (Resultant

force)£z £ 4 s&(Resultant moment)4p 13 R B2 W 2 M (R4 T .
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04 & MR PR E 2 B s 4 R AT B (29)

;\1
(m)
n n Ox
Zn Zm
= mz—lj.zm-l {Q}(m)3x1d2 = mz_l“.zm—l o, dz (2-9)
= = Y
He

(2-10)

N2 HEREF SIS T BR2 &4 BT L o i
g N A EMEARRE SRR e x w2 R A2
B o N EHEMEMEF SISy T h 2 E LR
v (Bl 2-2) 0 A NGRIZAFEHFFFESHEY X-F w2 T vt 3]y
fh> ez 2 H R RT 4 o

[A] & # 7 2 & &L (Extensional stiffness matrix)

[al=3. 1" [o]"az (2-11)

[B] & i & = & %&£ (Coupling stiffness matrix)
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8-> [of "2z (2-12)
[D] & %% w = B 4&* (Bending stiffness matrix)
[D]= Zn:_f:_l E](m)zzdz (2-13)

HEMFARE BHTRE LA e B B RIET B A (2-14)

(m)

Gx
{M}= Zfzzm {o}Msazdz = j :"‘ Gy zdz (2-14)
mep® Zm-1

m=1 m-1

XY

He
MX

{M}: IVly (2'15)
|\/|Xy

M}iig e HEBAF B2 FE LR s BEL M, 54

e L R =W

-

W e tex S 2 B R RSs B M, LA
EHEREFSEHIEE vy s w2 B L RSNES B A MR
S EHERE R X h 2 T T Fy ph p 2 FH KR

b4
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7V H(2-8) N E B = (2-16) 50

r NX _AXX AXy Axs Bxx Bxy Bxs_ ’ 8?( \
Ny Axy Ayy Ays Bxy Byy Bys 83
N A, A A, B B B 0
INa L[ Ae A A B Bre B |7y | (2-16)
M, [ |Bw By By Du D, D.|[lx,
My BXY BW Bys ny Dyy Dys Ky
\Mxy; _BXS ByS Bss st Dys DSS_ \ny,

$3- Bd 2 b R HBAF SR e S AF & R
B T a S A MR AL Ex T axh BRG N g
A& PR LA B Rl PR B [B]= 00 A & ML
A r S s &4 (cn pE PR AR R EME LR F 2 0 %A & H
PR R R AL S R - R TEEL RS R

B2 fRAR T

e =t }={e) (2-17)

el s A EHBREIF B EL B » T Xy L6 2 46 BRE
i o
WEHBEFEFSHECER TR d fro B 54 %2

B a7 B o
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Nx Axx
N, r=[ A,
ny Axs

-1

(2-18)

A XX Xy A Xs N X axx axy XS N X

=[A, A, A, N, r=|a, a, a,[N, (2-19)
Axs Ays Ass N Xy axs ys s N Xy

#-(2-19);V E B » ¥ #(2-20) 3¢

g, =a,N, + aXyNy + astxy

g, =a,N, +a, N +a, N (2-20)

ny = astx +aysNy +assny

B 2-2 548 & VA A Il SR 0 B & Ty e KR

— B2l &4 NGE N iE% B 2 Ny=0 g 47 L -

TREEMPERAFSHELTFALIBHE S » T XD e kX - B

Bopa ghe e FTER p(hof] 2-3) 0 (2-20)5 ¢

z Z
1
Z o|m

T AR F S AL SRS 2T X S e kL - Bl

Zghedd FTiErpr s 3 X2 o2 REELF SR E > d 16
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AV i RO LPVSRETFARG 2% g s RAEKR
B PEME Y R AR E AT AR A S EEE Y &K

SHCEEE LR A PR L B e T X0

-

AL et PP L RREAFEHPERE SR LB AR MG
AL g TR 2 R AT E TR S R
RIE > T 522 247 & PR & AR A2 PR SRR o i v e B
B e T L Sl BOF IS GRS S A g
FAET o RS BB R BEFFLIENE] E F
PIL S ez fBO) B A P gkt RACT LA & MR R B
2 L EPE Y A2 ARREEGY B Ty o R E S B
NMEER L R R S SRR (e

FERAM G HEA ARSI RRRS T Fr R 478 HE
A B LA B Rl £ B R R [B]=0 0 T AT & ML R

FH & phe 4 1T ERI{N}=0 > T F bz B e

{M}=[Dl{x} (2-22)
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M D
M, +=|D, D, D, [k« (2-23)
M D

M M
M. t=d 0 (2-24)
M 0

MX DXX ny DXS KX
0 =D, D, Dy,Rx, (2-25)
0 sz Dsy Dss ny

L (2-25) 5 7 RHHFEI AL A & A A RS L W F 5 (2-26)

;\ y AR

Kx Dxx Xy XS h M X d XX d Xy d XS M X
«, t=|D, D, D,|{0t=ld, d, d.||o (2-26)
K Xy D sX Dsy D ss 0 d sX sy d ss 0

#(2-26); B E ¥ 17
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KX =dXXMX
K, =d,M, (2-27)
ny =dstx

HR-NE A we BRS h 28 ddg R A ReE - 2

2,

Xt mARERIEMA T 0 RET T

bl

(2-28)

d (2-27)% (2-28)5° 7 FIIHAI A 2 AT & HEHE K R L X o

M, = o (2-29)

K, =d, M =2 (2-30)

K, =0, M, = 21 (2-31)

$- RE AW RA S ho P R HEE S L2 S & H

B R RS B BACE - 4 F (Er Bz 2 B sk (o] 2-4) A
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-

P X e BRI e M 2 AR R PR H

Bz %4%EMI

(2-32)

d (2-20)5% 7 RIS A2 AT & A A RS BT 45

= m Z_ X
G L S

. _he,_hd,M, _hd,M _FLhd,

2 2 2w 8w (2-33)

d(2-30)5° 7 KB H AL A 2 AR SATRA K RS BT 45

w2y
R

h hd, .M hd, M . FLhd
g, = Ky _ N4y Vi, S S - yx (2_34)
2 2 2w 3w

§ (231 T RPIEAEAAF E WA BT 4G

W Z_

SARLELD T

v = hk,, hd,M, hd,M FLhd,
Xy — - - -

X

2 2 2w 8w (2-35)

SHATAE & PR IR B R - 4 F e gz mge
e WL X R AERS EM FREEEBRET I MG A

B RS & SEE Y Belu] o 3 B EAT & R R
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2 LM Y B RE R 2R R e A Y R T

s

B

RIE > (TR E 248 EHR L H A RS2 HR S8 § B w) chiic
B F P RS BT L Sl BF A HR R R s A
WeBERNE T - RN R EAR GG 2 P EFERL SEOE]
B P INEL S E R B oA MR RET ISR
Rirgtrz LB ¥l 22 A8 *EHmY BEF TG ¢ ¥

B kAR 6 MR A RS R e v R

22 3 AR FiE LA

~

FEMALRE A IR R BORE — F (F g2z BRY s

Hlip L 3eh ¢ i@ 2 Lt FA2IR % o

Ao B EE % E o Mujika[68-71] A H ¥ ¢ stk 2 2 H - i & 3a dp

(Off-axis)z_ 4F & i & SH» Mz BLY* 0 > €3 A B2 G L E

ﬁi@ﬁpiiﬁ@ﬁﬁ%ﬁ%ﬂﬁi%ﬁﬁﬁiﬁéﬁ%ﬁ%%%

f#(Angle-ply beams) - H & B L HFeh ¢ i A ez FA2R G 0 g e
CFAERIERE

Tt kg R EM ]

A ARG RUAFATAITE f A A & W R
BBl MBS R% o s BAHRE I LML FARY -

FA R RS PR BT A AR Y 20 b s
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T2 e AR R LR RGP o A LR S
[(0°1-0°)e]sif & H#L 7 & R4 Mujikar4g 342 ¥ - i & 3 dp2 4F &

HAA R S S S 2 50° HE - iAW
oA 22507 fREFFARRAAE > B L FR
2GR E R BRsd RPN o A AT LIRS F R
WRFHE AR S MR R S N
[(0°/-0°)¢]s > H ¢ B L& § ZERE BBk b U F AR
RHABAF s Al BB  LATAF I FHAESRE

Ao T 28§ i .

Bl 2-5 £ f &9 A SRR R 2 H - i
W28 & A K RS e B G el ol - b
2 AF AR RS R AT G S PR AR T A2 e
TR AW AR AR R B

el Hopro e dopt > BEFT T A2 22 2 8 ANSYS A 4520t 0
A S 21 f kLA & R A IR 5 6 B e
AfFEFE T Se R0 S AR R ROFRT o E TR w(12mm)E A
BhouliFEdd BRF 05W w2 2w pF2_ 1t i P& %LL L oyws

33.3+16.7~ %2 83 -
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B 2-6~2-7-2-82-95 Au| it f &2 47 & HEFHE
B R BE RRE SRR L yw% 33341672 8.3 pF
¥ 12 [(15°/-15%¢])s ~ [(30°/-30°)6]s ~ [(45°/-45°)¢]s ~ % [(60°/-60°)6)s2- 44
A eAg & MR RS 3 0 * ANSYSA 478 Bsh LR AR % 4754
Bl 5 A BFEAR G DRALE > ¥ v SEF R AR 4 0 HABFAR %

ARP B o

B 2-10 2112 2-12+ A 6] 5 5 f & WAL 2 AT & HEF A R
oz B W RS PR P 1t [(15%59)6]s ~ [(30°/-30%))s » [(45°/-45°)e]; »
% [(60°/-60°)¢]s2- ¥t 430 i £ A FRM RD 5 > 7 & H %zﬂ\
5% 3332167 % 8.3+ LANSYSA4rd frkmL Aok 4E 2 7 4o s
EET AR PR AP - £ E 4333 g et 3
% [(15°/-15%)); ~ [(80°/-60°)e]s ~ [(30°/-30°)c]s ~ [(45°/-45°)e] 4t A 2 dp ¢

B PR R R A B AT AR o

vy

MG A F AT R Rl ANSYS 0 RECEGE & M R
Bz ? BXaf P2 = By R B % o orE o Shell 99 ~
GEe & F o F A ARUTaRlE o BB R 40 L F e Sjrar o

Tyt 80 Ak (4o 2-13) kA 4 o
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Bl 2-14 ¢ > S0 f A2 4F & MR R RS o B
WP A BKE -4 FiEr s KR E Wo AU 5 kiR
2 LA 2 A £ HHEAE K PRSI ANSYS A 45 ¢ Bhehih
B - BRI 2T RPLEMRZIMRE » 22 A2 23 2 0t i

;ﬁ‘g«c—'ﬁ Ao A Fﬁ‘; ¥ E Y e 37%p o

] 2-15~ 2-16 ~ 2-17 % §] 2-18 ~ 2-19~2-20 "2 % £ F W %/,,\ w)
5 33316.7~ % 8.3 i [(45°/-45°)c]2 ¥+l o eiif & HHELAE K 12
» IANSYSA 47t 8l pho ¢ FARE 5 0 RS %~ e b
$2 2T RHEMIDIAE BRI LD B RO RIEL T AR
BA A RIPIERC 0 B MRk © 5 333 4 450 % 0
o ATk R FR A AL R L FLE A L
«E»%LL—" 16.7 W TRE2 EAF AV B HE A 7%”]1\01\2‘7%%_

w
w83  Hf e B®¥ird ) 19.1% -

B 2-21 H_r4 [(45°/-45°%)6) 2 $4 A3t g erf & A K RS )0 B
L gt T o ANSYSA 45 Al ¢ B abidhd % - H o B%E 2 TR
HERLZIAME > BAT 2 3 2R RAGELFT A VE > Jd BT oo

AER LT ETAM e B B R E2ZFLT AW

PR M T E R ABRE T g P B R RRE
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LEATAN

£ G A F A 472 2 R HMANSYS #7iE * chE Shell 99 ~ -2k
ek koo 80 ~ & AT 0 RIHRE - i & [45%]0a4F £ ML A 1R
PP BRA 2 = B E Y FRL- JFiFE* - E R L 200
mm’@zeziaﬁ“%é33M%’MN%W%ﬁil ¢ b i
BOREvREEZTRFLERSIMRE > B A2 2 22t g L
FAVE e BREFLFTAVEHELELI%UPN Ko BR¥HEE
AR v EHE R 11.9%Mp > BRFEHZLR AV FHE A 5.4%M
PoHE- BAFEMEFEBRERELS B RAL 2L g B
MG R ¢ B A R S B T % B B %
TR EHLT A8 S A II0% 0 p oW 2-23 K T D5 167
o LANSYSA 5l Y e BRE B e BREZ PRESEMR S L

FEE > BBAZ 2 2 it RanEL | A VRl dhe BRREELE A

W HE R BT o e BEH LT A G HE L 171% R
TREFEFLFT AV EGHELLLL%P HE- BEFEHEFE R

lL

BHLP BRI P BPY RALREP P TR

/%’,E

H4 o H0 Fenphe % e BEE T REERLT A EHE

F_‘L

171%04 h - ] 2-24 £E Tt % % 83 > ANSYSA 45 A ¢ ¥
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e B Ko RS2 TRLEMRZIAE B2 A2 232t i

SREAE AW e BRAALAT AV S HELBSNIP ek
BHELIF AV G ELE 246% N > PRPAFLIFTAVEHEL
26.3% 10 o HHH - A E PR A RS EL Y BXRY 2 = By
WOREACI PR P R LR CE S B B adhe B K

vIEHE T RREFL T AL EHEL 26.3% U o B 2-25 -~ 2-26 -

—

227> A E B =465 333 167 % 83 [45°72 B - &

Z |

W E R A RS T 0 LANSYSA 4T A ¢ B ALZ phe R

d."

e %2 2 P BRPERIEAEE A2 2 2 2 R0t RagEL | A
VR A 2L RRLFALGEFLE R A O FAF AV BHE
4~ HRFILFILE - kil e P& S B S 2
ZERE S BAL PR § Y RS R AR § 30
PRI G > g X PP A Eh R E g H - BAA
EHF A RS RA e f el AF R R A RE R
PREEASE U Pl b eI g o ST R Y R TR 2 R
FAR G2 P RO | a2 47 E R E RS 2 &3

X:E‘—"\,J\o
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FZE  FEHEREEZE BB i e

AR IR BIFEHeR I F o TR ELFE R B2 4
Fowm o WA e HPRAE B2 ¢ BREE EPRZM G 1
FoRATEZERE - E 2 - B U2 2L Sl e(x)hlcF HES
£ R RS2 A E R S I S Wk ok
KB L Sl e(X) (TP AR S B PE] 0 dept o i TR AE AR R]AT &
A S B A e A B0 A & AR SR R
(3 L PR

A RS RS s SRR - pF R Z S PR
R AEPE - RN LR S F Ak A
A SRR FE S ARELSEHE S e T X 2 he 4 FpE

PR R R B¥E T RRE > QI MR SRE -

w
|
i
£
o
=1
iy
£

N FEA B & LD & ML i £ 1
PR IR B SRR BB ¢ AR T 2 M
Foo ol BrlElif & A A R IR T 45 2 pho o %~ o B A T
ISR RS Y B SR R T I ST < A

e ] A R R R A TR e d 0 T e AT H
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h ST BB BRI T ERER T
S R RS AL LR R SN S
RS R EN AN SR AT S ENES L LR L

BESHE ki e T x> wldhedsd FE- DG dhe i

A&
W
=
9
B
&k
f=
!
E-)
o),
=

PRRE O NP HRELRRE 22 - B
U 22 A Sfe(x) ) £ BB B | 1 e Gk T E MR 8
B2 B4 ol R K APRL Sl e() iR R £ F1S R A

BREE M iEE 24 maud LB FHE > A

T OfE T

ETTS

R AE > [ A AR > MR FRERERE R SR D B A HAE
S eiif £ PR R S L AR B vt 633 &9 MR
HRAARAY D RARATE LA B AT S MR AR
Bl ARPEREZ O VUG RN BN LR &
M P 2 A

AFATH 2 He@ B iF 9230 £ £.d Snyman {o Fatti [5] #13%
Mz S AR BRI R ) B B nBicE B i VIR 0 6 Kam e
Snyman[6] i * + it 2 JLH 2 P ATIAF £ MR B kWK
o #E ko Kam 2 B3 BFR [7-13] 7t ok 2 ficfe i L g

oo " E 1% Vanderplaats[14]#7 ¥ 2 #icie B F i Hpr2 g * - 3 ¢ >
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AR HHBRFERF2AFALM F RN - 27 ERE S
MF 2 et AT A MR Y 0 SR i L 2 R[5-13]2 HeiE B

HR A T L E

B i 1IR3

[

3.1 ik

%%

TEREFFREEET AU F R BRAFEY AP H 1 R
et B 2 Hi A FAER Y > A TEJF BE A G E o g
EHRE AR S B e WP F L Sz B B A
B RS NAR £ AR el RS Y o] o BB g i b IR

IR EFY - EREx R E G UG U0 T
T P RSl e FAE TR RS B R B(A Y A

Eh PRI ABFR P RS TEL SR o) AR ) o I

w4
“

FREXZE N FLAPEE P AF RE R RA R OFH - @

Piradcd A B & @ ¥ lciEhk it 2 SRR

FHREGDN T

Minimize e(x)=e(x;) ;i=12,--Ng
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Subjectto g(X)=g,(x,)<0 ;k=12,---Ng
h(x)=h,(x;)=0 1j=12,---N,

X-<x, <X’ ;i=1,2,--Ng (3-1)

(3-8 oox R TR Rl H b 8k x5 NglB o
Mmgx)=0 5 3 F A UFiEE > 2 F UG ]iE 2 2 B, p 5 Ngi# 2 h(x)=0
SENLPEE S BN E 2 2 Bep SNy xP AT #fc2 TR
iz (Lower bound) > x; % M= % ez + *2ig (Upper bound) °

HEHEREE ¥ RERLG BT By 0 55 B
2REO D P RS e(x)E R LA S G R B E ]
s B RS FlEEa > A2 A BFOREEE S Ao Bhan 2 e B N A 4T
R BE PR E RS A4 B k2 A B R &
FRE o eRAFEZArE TR FRAFRT A HY EFh o A
MR AR TR T3 P g iR PP S lice(x)y A B0 H

§ A ApBERUA R e 2 R IOF B i B A 45 T P RSk e(x)

311 T F Az do B pEF 1 2
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AEBR A Bho U S AR B PR E 0 2 R HF Y e
EEEL Y > ER AR EREEF S 2 AT RFREPN LD
RRX AP RS 24 0 b R oAz gk o It 2 U R R R
P IEF PR e BT P RSdce(X)L B BRI B A v 1R AT
* IMSL $ic#8 ? e RNUN #4855 K34 {7 105048 5 A4 BRI H i o
ERIPF > AV R X AU RE PN R
REPH: Flex, B e B UFFERT 2V P Rddfice(x) v Y

Bkl Her(x) 2 HApH B NTIFIE | Zhx, o LA R T
EHEPRBIE) Ee®(x) 0 FeC(Qmu A Bis L (32)5 > TRBE E

e°(X) 5 B P27 "B R e (X) 1B ] B

e® (x) = minet (x)} (3-2)

312 B BhFES S 2

RS AR PRIOE PLR 2 2 0 AD D L b Rl A
Ex 0 DX RS RBIPHRSET B S e(x(t) 0 @ L P Az
BLAOF gL en 2 > A & A B R R Tx(t) ANpRE 2

T AP @RNUFHE P2 E HE® RN 424008 2 #
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BT Y& (3-3)5

X(t) =-Ve(x(t))
x(0)=x, ; %(0)=0 (3-3)

B(3-3)7 ¢ v HAsdnig B 5 F o AR S x, o
w(3-3)7 ¢ P iRdnBciEe(x(t) » H FE F B 0 BoE A i b

i B3 EPECFE TGOS i o degt > TE IR S

B ex(t) NEE T B o

#(3-3):8 F rax(t) 0 RI(B-3)54F B =

X (H)x(t) =-Ve' (x(t))x(t)

(3-4)
EHRGHNEHPERFE LS > BFRL 0I5 PIG-HAT B
[0 5 @xt) == Ve (x(t)x(t (3-5)
B35 A m A > B TIE S SEE T FD(3-6)5"
§||X(t)||2 +e(x(t)) = §||X(0)||2 +e(x(0) =e(x,) (3-6)

EG-6)N Y TE R R ERIL H AP oA R a2 ¥

rAedn a0 Fle BAsdei R G R eAcded e TG R o
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H@wHECFE FaRafeF 2 05 S 4 2 H 0 & FFaaf &

I %é]}g/‘{:

1.2 (3-4)5% ¥ B —Ve  (x(O)X(t) <0 pF » B & 77 H = 5 & 7 BE {4y 1% by
Hbe o @i bR b o A H OFE TR0 FE L 2 BB

TP F > RERERRPAAPE 22 e REFRPEE
PIE = F &2 TR FLEF AP DS o BT S R
B JLPEP RS BB e(x(t) 2 A K€ A E M H R 2 R
R R BB R RS N N ke RE TR TR

TP e o HbE SHX() 23 %> 5N 2 FRA(3-7)5

Xy = X, + X At
(3-7)

Xk+l = Xk _Ve(Xk+l)At , k = 0,1,2,"'
Hoexo~ X, % BFRFAtZ HFp ¢ E e 4o

2.8(3-4)s8 ¥ F -VeT(x()x(t)>0pF » B = F & B BE2 a0 B 0 5
B XA c TR T H T ETROEFNTE BE S e Lo
PIE = F 8 2 R0 F P F R BT T e SR
B L PE P RSB e(x(t) 2 A KH-g R E N m H iR 2 FE

R -"lﬁifﬁﬁ}sf;{ L ﬁii‘ v %i;jl}—% ;\‘. j\gi%—[ﬁﬁ ;:‘»‘!F;j‘:!é__ | (5
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e S B BTN

l

CH R FRE RS T
B on 22 B RS  de(3-8)58

(O +etx,a)=
-QVAUW+euka»+§wwumxom%Aoz—%AAHUFK%A&AU (3-8)

A(3-8);4 ¢ » H(X) & Hessian 4B > @
X =X, (1)=rAx, (t) ;(0<r<1l) (3-9)

Mg RWP B B E 2R E NS T2 T

B A B ”‘EE'»:

¥

o e+ g ATE % LG-10

XY EA N - s T e M EE > L R
e m b FlHx TiEEINREE] BFTE 2 F __’%{?w

oA pihddee @ B E TR Aadrd it ? ords ol ihk

@&ﬁﬁ’ﬁﬁiﬂ%&&@ﬁﬁﬁﬁwﬁé

e(x(t)) —e’ > o(e(x(0)) —¢e°)
1., (3-10)
T= 5||X(t)|| < (1-9)(e(x(0) —¢%)

EG-10)7 Y gL e dra FHiE » hAhw 2 BN M Bk 5 0.95
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3.13 BBk ] B2 H|8 > jE

AR E R KSR [S-13] R kK LB R ] B

T BE AR R B2 A 0995 F RV S INE L

far

J=*
o
e

B R | ARG FEEF S A E PR 2 S22
2ﬁﬁ+i‘§ﬁ’Hw¢&%%%ﬁ¢E’#%éE&%%ﬁﬁ+
Ber(x(t) kA5 IR He®(x(t) o H 2 FH P 4o
FARTHIF - BRFE L Eer(x() £ EERVEZ LY
FR OB E R Eep(x(1) o[ Her (1), e (x(1) B B E R gm B
Boo ] B B RS 2 T S I - AR ] B e (x(t) o ik PR A 2
EHEPBNL F hw BB HeX) 0 F FEF IR Eet(X(1) 2 Y
BT P R B e (x()) T e R E N 0 BT B E R A - A
HehfEE Sk o R R AN HE L E LD L] EeC(x(t) 0 Al

RS R E SRR EUEEE LT VY SRR

R AE ) BeC(x() 2 L8] 2 E4eT » Eh on X BEEE] &
er(x(1) LB Y > G or I A TR R B e% (X(1) HT At

FISREEE Ll SR TGN TN
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[(Nn+21)!1(2n-r)!]
[(2n+1)I(n-r)!]

P(n,r)=1- (3-11)

PR TSR] Bel(x() FNAB L EeC (D) 2 &

S F X PN ) A2 B-P(nr) 2 BT 0995

P [er (x(1)) = > (x(t))] 2 P(n,r) (3-12)

F(3-12)58 & = PP TE TR i B R B eC(X(t) T E I ehid

o

g e (x(t) » 3 2V IEIAEE] BeC(x(t) 0 M ) FLE

EEE 2 FEET A T Lgr RabdhE R chiEx, , i=12,.,N; ©

314 HHPEFE R 2

% Vanderplaats[14]*7 ¥ 2. Bicie B iz i P g * - 2 ¢ » 1 B iF
BP RT3 (HA ALM) > 2 Kam fofl 7 § B2 AP B2 e
[7-13] 2323 8B E R kepBic@ b G L cncB NP cnE A&7 &
FEPRFEE R I PLRFTER T IR FIERE IR TN R
P R0l B BN AR e o dept o BUR ke P RS lice(x) R X 5 T
- BATEOP HSley(Xoponr, ) HA R P DR EEF G ) i

RS S - BEIHIEE R ,T;qj%i%jﬂﬁg WE kS
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PRBHP T ERF E B A LT R P RSk ENF
FHERRE ST BT ORELLNT S foo 24 HAH A B2
S F g P TR o T RN 2 S A BB A 2 P
1 ce(x) 2 B0 B R AT BB R 0 P 4 0 T TR
(3-13)5¢ :

Minimize  e(x)=[(e, —&,) (en —€,)]-&

(3-13)
Subjectto  x-<x, <x’;i=1~4

B(3-13)58 ¥ s e(x) T SRR L Sl B RS B 0 A x=[X,,X,,Xg,X,]
P E MR S PN S A2 F RN ERIERE g,
SR EATEIFRRE £5 %t ko LB P end * kAR Slic
I XD R AE PR R L &R BT U ) B AT &

J’*?x AN F Boen b UE o gt 5 - B UFiE e B 3
FA £ 40 B wdf+2(@fEs ALM) > LIRS
FRCEEE 38 NERLE T 8 = e & LS ihe g 3

E(X,g,n,rp) v T OB 2 (3-14)5 ¢

. 4
1&&@JQ=dﬁ+gﬂha+%ﬁ+m%+%ﬁ] (3-14)
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RABR 2R R T
~ _HJ
Z, = max g(x)—}
J |: A 2rp
0,(%,)=%-%" <0 (3-15)
~\ —N;
ool
Hj(>~<j =X -X;<0 ; j=1~4

& (3-15)7% ¢ p;,m;r, » Lagrange 3k + > max[ *, * ]# 77 £ §
v ficiE 2 Bk B

J:fll"‘s—\ “5:$(316)\
pit =pl +2r]
Wt =) +200¢]  j=1=4 (3-16)
rn+l — 'YOr,;] if rn+l < rmax
P rg“ax if r';1+1 > pmex
l——(3 16);7\4F1 N fL%\Xf]Jq7,k$§: Yo éﬁ:ﬁi’ ’;naxq,\r mt&‘,‘ E,
m u? > T]j) ~ I’; A 2 pmax {x "_‘_‘5@? ‘;l@—__f ;115‘; ',.E';r/{{ »’ié
up =10 m)=10 rd=04

Boid (VR RE 0 1L L - B i

J.

(3-17)
EG-14)7 7 > U BT E R F 28— B U ik

i VR EE 0 L RBFTH

44



B g P& pnr,) fe L 0 T B A (G-18)5Y
Minimize E(X,E,n, rp) (3-18)

P B RFE RS2 T ED - B A E R AT R
SRR ) B2 S A LB EFE 2 2 L LRIt 0 2 B E )
B2 g E o (T ARAER 2 A E A R
MY LA LA RPN SR PR R[55I k2

F2 N IR AR Bl A R o

32 HAEA ¥ 2 IR L BIEH B

AG TR RATIEZAF £ HAR K FRiL iR e
X-y 3 w2 LR RFWAT &R RS e & o
BEDIAFEHPE AR BEHL FREE Y S U EHER AR
R S R e fe B w H & S S e o

32148 & M A I SRS ¥ gH - PR

AE LR RS P B R TR SR
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PR B e e ] o 2 v d ik M e A2 A
P B B RS e A T -2 KR - R e T
ot igf e Txy w2 phe RE Fo R¥ETRREET
TERE - - Bd R H 248 ¢ WA RS B2
ERER R & RIS G A IR TR SEE N R S R
R BRI E S B A S 2 A MR R
AW xR - Doedd E SN e X247 & WA
BER L4 By U2 b AR T xy 222 20 BRE TR

B R R B - A S L A R

Minimize  e(x)=[(e, —&;)* + (g, —&,)° + (Y, = V5 )°}-&

(3-19)
Subject to  x; <x;<x{;i=1~4

B(3-19)58 ¢ s e(x) T LA Sl @ R ¥ #Hkx=[E,.E,.G,.v,] &
A& AR Fofpe LAEE Y& E LSRR
-2 PAGEE E, s EHMELAM I 2T 23 w2 ik

Bel®o G e HEHETG T 12T 5 2§ 4 il vy, 54 & M Lsk
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B3T3 XA AW e T 2322 Ko BBL T o
Ex 8 F Yy LEW D w TxyF w2 e ¥ R REE T RED
R e eV E Yy h LB B Txoy S b 2 BT e o R

B L¥2 PRFE & 3% Gl L8P 0" K138 Sl
i A B H e BRE T EREN 107D 10°2 B pF > g%
B AFPE ek Tz FRIAE=10°~10° AT PE=10° [ ¥
Wy RS E - FEAT AR R N BGRe  x A A

M2 3 M= o T 122 = b en s S5 F BT 12E > X

gx’{
*rm\
N
—
<
=

A BT 12 % %k Bt i s - B TR
e B 1R RE I R E R 2 T R g U
CIEEE i SN o EEa L - S TRC s E gl TR

F(xpnr) 78 EG20)5

. 4
¥(%,pnr,)= e(>_<)+jZ=;DJ,-Z,- +rzi4n, +rof] (3-20)

£(3-20)3¢ ¥

E, E G12 vlz]
a, ocz a; o,

=[= (3-21)

w(3-21)5% ¢ > 3 & F B3R ¥ #r 2R 1 (Normalization) > @ a; &_
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I i+ % #c(Normalization factors) » H 1 & 7% § K iZAF K3 Hc @

E, E, v12 .z
o, o, o, o,

(32078 7 RAI% AT E RS 2 B B OTH I ke

GlZ,‘ g.,— 10'170

Eh R, LRS- BRRFEE B E AR VR L KRBT
P S EPR s )ofE ] 0 T B & (3-22)50
Minimize ?(7( TNy ) (3-22)

Pk wI R FERFE oV ED - BRIHE R AT
o PR opnr,) £ 58 AAdeB R F 2 2 P iR ol %

B RS2 A Solce(x) 2 180 B9

far

R R R B2 B
ARITH R 0 W POHAEA D A Rgn DEAE M2 A4F & MR S
& s F #iox=[E,.E,,v,,G,] °

Bl 3-1 5 12[(45°/-45°)/A5C ¥ fist fp e & ML ff A 7 2 3B
HF o] 5 5] 0 M IMSLZ )% SRNUNS A2 7S k4 (7 10 Ao g
WF > A2V RB: SEAIPFEPN IR RE R

b BlE > URhZ2Z e R - BF e BEE VRS E A XG-197

5

T+—
’%
?‘1
&FH-
g
N
:Fé‘

FI* HRPRFERF 2 7RG 4

oot - BRG] E E PRTE gl ARPATE RS2 ) E
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AR EBN L0 PlEE ) B L Rl EAYHE) BEL R o

32248 & HHELA K I S IR B 05 PR R ¥ v

Ad IR EIFEAIR AR DR T 24T E A S
Ri e BRE R e BRLA &R R B S s  REE
BB EE 0 g2 T A A A A & W R

Xghef 4 T x-F e K- Fwdd T3 281 24> e T xy

-

S TR RS EAR T N D T St
$ 2 E MR RS KRR B h s 1 B e T Xy
S 2 phe A e R REEED Eo PR o >

CEAYA o Ll

B g

$hot- B PR e $ 28 & PR R I R R R
ENEREEE SR G E S 3. E i S R 2 X
45O B AL B B X 2 & PR R AR e

Tx-F oKL - Fed (FF (52 L3RS T xy el e i

RE A B A AR S LA A AR R 0 kP
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GoRREELRES Ty d v L phe BRE e BRT BRE
A RgEE - B URE R 2L A B R TR
13 fe(x®) 2 48] B R AT 0 2 2 S he(3-23) N el B N > f 4 T
U] TEE k) B AR R A2 BRI B R &
B L T S ol ok ik

Minimize  e(x)=[(e® - &) + (& — &;¥)*]-&

(3-23)
Subjectto  xMt <x® <x®V.i=1~4

B(3-23)7 ¢ velxV) 5 & - JREUER HALIAPAT & MR K
gt S o u sk L Sl m KR % i = [EP ED,GE) V]
5% - PR H AT PRI A & R R RS B
LM FROED SAF LML KA 2T 12 2 P ki EY
SAFEHHE L AH S e T2 b2 PR ki GY LA L HE T
12 TG 2 %4 Gl V) A EHB AR » T 12w X4 A &
B2 o2 g4 e R et o €2 e 5 8- prsuadse
AR S D ¥ LA & HAE A R L B e Ty
Gz fhe BREF e BRI E e E S5 B - R A E
AL gk B @ % 2 £ PR RS L B v Ty

2R AR e R e R Akt Tl LR P HE Y Rk
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AL SBNE o hphe R BRE P EREN 1001 10°2

B R G Eh BB 2k Gl R AE=10°~10° 0 BAf & H

<

FLAR K AF S FFECGE Y Rz ¢ o P =100 XUV R -1
BRwupig SR 2 A3 m T 12 3 5 L B F T LR

XV 4§ - RU| A A2 A B e T 12 2 ik B
Boen b U o L - B UGN R R E A G R B A
REFERFZ2 7RI Wi 2 foE b d it F o5t > it -

B & LA 2 AT S TR pnr) 0 T OB F(3-24)50

(3-24)

A (3-24)58 ¢

_ E(l) E(l) G(l) v(l)
X(l) =[ 1 ’ 2 , 12 12 ] (3_25)
o, o, O o,

A(3-25)0 ¢ b AR R REL LI B oo, LR Al H

~ 27 22 /. E E V L .
AEEr kAR eh w222, 2 22, Fa 0T

a, o, o, o,
7 (3-24):8 ¢ o AU FHRE B E R E— B3 " iE i ek
B G RA M AE- BAEIPEE R E AR T AL B REAT

PR s BP(XY, pyr, ) eE ) B TR S (3-26)5
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Minimize E(ﬂ,g,n, rp) (3-26)

Pt wI R FERFE 0V ED - BRI E R AT

Py
&
N
Py

Hes e BZ unr,) £ B8 S ALRB PR 2 2 R ik ol
HEEI R BB R B2 BB h i} RS R 0 TR A S dce(x?) 2 1m0 )

EAABEN R 0 AU F - R BH LA & HEH R R
I Bex® =[EP EP GH V] o A 2t ¥ - FEEHE AP Bk HAE
AT & MR R RS S L B W B o S - PR EH45°
A HAE AT & R AR k2 G 2 V) 5 Bk
SR AT & R BT B A A M AR e
-3 %4 @ it o T 2SREEE S L2 Fh R8s - 1

BHASOH A AT & HRLAE R R 2 k2 G R v S

WA E MR R RS2 T Bl S R A e 12

i

AnEAM I T 23 e A E e BRI A BEL S
A HF R EFEHPRA TS ST 4 BB R o T

(1) _ (1) °
G =G, % vij =vy,

g e

BB BRI CLEAS S A B 3 2 A8 & PR K RS I )
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2 B HA S 2 A8 E MR R e 24
X-Zp K E - p et ER 2L LA RS T xy e e B R
R S HA A A X A & MR A RS O R

BRIELIZBHE > e T xy P w2 dhe BEE R ¥ REE £

—4-\

PRREE: - B UEE 2L A RESA GRS QT2 %
P nl bk afice(x®) 0 2 F b TR ] TR A S tice(x?) 5 AR

oAl B SR R E TR EL T S ol R i

Minimize e(x(z))=[(8<ﬂ>_ *(ﬁ))2+(8§ﬁ)_8;<p))z],g

(3-27)
Subjectto  x®- <x® <x®Y . i51-2

B(3-27)5% ¢ v elx®) 5 B o FE A AL AR & MR KRR E S
2B o e R L Sl 0 A R R P =[P EP] A ¥ S PR A
TROH R H AL F 2 A A MR RS R L AR
B EP LA A MRS p T 13 s 2 f L e > EP S AF £ H
Fz A4t w22 2 R s o e 2 P 5 AR H R s i
B D ¥ 240 & MR R LB 5 Xyt 2§ R
roenphe %2 e R E s P 2P s napeE B Rl A

S 2 AF E PR R L B e Xy e 2 F BT A v ehph e
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BRI BRE £ 5k Bl 3 & P Ly Kk L Sgen
Bos e 5 100 xO0 5 R - PRI £ L D S Y 12
S i g AL F T U - xOV 5 B - R £ B A
B e 12 % e g A Bt U 5 - B F U el
Boit (BT LA AR E R T A U 2 e

A (328) 1
P&, pnr, )=e(x?)+ DJ sz, + 0 ] (3-28)

% (3-28)5¢ ¥

N E(Z) E(2)
XD ==, =]
o, o,
(3-29)
B(3-29) ¢ 0 A B MR RED AT 0 A oo AT R e H
) E(2) E®@
LR A RBHRRE BRI 2 Ea 10T o
o A
~ M
_ (2) J
Zj —max{gj(xj ) or, }
0,(%?)=%? - <0 (3-30)
n
_ (2)
ol
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(3-28)58 ¢ > A B— B AP E R enBiciE A E R AL b S -

B U] el B A AT B ORB R S TR ) i

-

E TR (33D
Minimize E(ﬁ,u,n,rp) (3-31)

BT AR R RS T @I B R THE A

oy

e b

N

o P(XO unr) » £ 8L S A B EF 2 2 b il

&Y

/{

B R B E ] 2 B i s 35 T A S ole(x@) 2 4E ]

QABITH R o T BEHEBVRE A EHPHR BHEDE
76 M F #Hx® =[EQ E?] - b E A2 4f & HE A

A SHENE RS Y REY CEP T I A LML RS » T 1S e
2AP A BECEE, > ER B ML AR 5T 2% v 2 L GBS
Eyo fI% ot/ FRE 2 » i VA D e A & WAk
B R A i -

3.3 &ATR & #7( Sensitivity analysis)

LEBRSHE Y YA LOFREL A RTG A FE &
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B b2 A A B AL PP E R me g A BRI A
Ho BRI E A AR 2 RBHL B e Ty e e, o
€3 Y B BT o R e R TR ER S
FRPRI 2L o m o e BB R R PR EL L
#2144 MR R B & T ¥ B X=[E, E,v, G] 2
B - &2 2 2 M FACR A~ 175 &< 1% BenjaminZ Cornell [72]2. 3%
PEEAL > o Kam 2 H 7 3 B 5[13,34] ~ Hwang % [73] ~ Drechsler
[74] ~ 12 % Chan % [75]% " G AF T HESF 2 B8 4 rapz 2
FroORR Y poh TR bl 2 B % e B R e
%2 TR E2FAIP o AR B FATRHRY 247 &+
FAR A S R B
FAAPERM Y He B¥E T RYEL P anEL Lk
LA @AM £ (e 0 )lhe B He R¥E T RERED

78 B] e (Expected value)£? % % X (Standard deviation) o Pz %] 1 2 45 &

’H#’ljﬁ‘&% %ﬁﬁ‘{-d”% 7 B X =[E,,E,,v,,,G,] 7 & T &
X;=G(e) (3-32)

(B-32)" €4 B RRE > HX BRI E R EL Y Bk
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BB A (3-33)58

X, ;Gi(é)+zi:(sk—£k)gf' . (3-33)

Jf?ﬂ}i?‘s AR A R EIERETE > T 3 UL N
€y

% 2 -1 G 5 y > 4 - IR
2 BT iﬁﬁﬁi% W der e B ez phe % (8, +As, 8,7, ) 0 T OOTRE

X

€

Bl k2 s Y BB S G +AG, 0 T

o e (3-34)
68X - Ag,
PIHEM T RZSERY B2 A NEE
var[X, ] = 2(—\ * varle, |
(3-35)
P ovar[ ] RR
C.OV.(X, =% (536)

C.OV. (Xi) HAF & HE Mk SHpens MM ¥ oz ¥ 8 -

% 3-1 % % 32 4w L Griep = Gliep 4f & M § 125 ff2 ¥ -
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PRECIN R R 2 FATRE o
% 3-3 2 & 3-4 & B[R Grlep® Glepig & HFEF & 1+ 15 P B

u ik 2 fACR 0 ¥Grlepd 2,9 & 33 ok - pREEn o L
[(45°/-45°),)A4F & ¥R B A el 112 G & vipe £ 4 [(0°/-0%)]
(00°,90°45°)4F & HA A B T % = e 2 Ej,and E; >
Ferr [(15%-15)] 4F & ML At & 4 R Gac i 2P 8 2
COV. 7] o @ % 3-5 245 E A K w S e BRSYWE - 1f
Bz GATR o d 2% W uAviE o A ATh 2 A PR e B
el - PAE BB 2 FA0R M & 3-6 2 & 3-7 & 6| H Gr/lepZ Gllep

W EHREH R RS HA BRSEL A -
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AF AR EXT - FEd kBRI S A L O £ R
MBS ARL LB 5 T xS w2 phe 4 F prodh 5%
h?%%ﬁm,%E’ﬁéﬁ—WKiﬁﬁﬁﬁﬁﬁﬁﬁﬁiiﬁﬁ
FHEBUTETAEF e RE R RE 2T REE > VikESR G
2o i kel b ek S e & TR R R 2 R i
oo LR F ok kBRI Bk AT £ R S
KZLRPE e T x-F w2 e d FRFOTF e B2 R
PRERE L F S EF L BRER T RRE 0 UA PR EH
B A P S 2 B o RR R RGR s  dc HLs  endf & 4
A S R Y T

b BRI - FRERHRKRER 0 H 2 2 EE R g b
PR B R s B sk P s Y Bk - B4 P
TRAFEHABEBESHET £ 0 L @2 47 & R A RE S
e R B REZTREE T HE-EZFEHEHAA RS
Bz L FEBYNT DI RE B REETRRYE

- FREZ AR £ R A R e R S o] B B T
2.7 E k@ M eAg E R R A RS PRV ERE - F
LR RR BRI A DA & AR R R B R
P i P s - B4 P I EREE VR RS 4 6
Zphe ERE R R R PR HEA A ER L E
o2 > EiE A F 2 3 R@w DA il & AR R

-
F_&

59



St £ Y ki o o

4135 HiF

BERBLTHI 80T AL BT L iRt g o 2 e
S AT T2 T PRSP S A

BT
53R k)

b (R B BURT R Bz - L)
7))
BT 45 g
B E )

) (B G PR R e - L)
R REA)

T

o TR TRR T AR T A R A T
300psi » %4F 30 A 4875 > R L d 80°CH# B 5] 120°C » 4% 90 4 4815
(7 S80CHBET 120C2 R @ H A 2RA44r2 3R T AH2
R4 & 4% F 300psi) 0 £ AT TR o

4.2 B 3d 2 2 4R i ¥ B R
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PR a2 R R g QT2 BEAT E MR T
£RHE TR £ RFFASTM R I » g B 27 2148 - 4L B4R 2
PETR LR R(F AL LA R wREHE AT
oo MAWI06 kL& dF=pirZ 2 P > BFN- X8 BAEF T
ERERERETREAR E R R T o L R B AR £
Fk kT (7 ABRE2Z 23 7 )7 B ASTM ez 7 % Bj ] w
SR ERRRRY B2 A0 8 WPRHBEREFEG  BRTERE
#-J& % A (Strain gages)ALPE LB EHFEHF A THERERFE P T2
Fh 0 BB ANMTSHE W R BN % PR A
LA R T A 2 B B o R JRASTMZ %%D3039ﬂ/FJ if &
FLAE & 315 % BCEE, ~ EpR dariovia - D3518 2 it £ Rl 2 4F £ H
HFEEFT A G, B AR T RIE A EHERA
T2 LR B BRASERRR N AT E A B
PR ¥ B3t 41 ¢ 0% Ko NS B RS SR R T e k2
FEMRAA SR E AR BT SRR -

—
o

4.3 %R e

ZTEEPRIRE -Fo &
HEVRRENZ PRYE T- BLTZEER M BRI B b

FAAGERMMb B REE T RREDZ BRREL
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BHR 2 A2t 2 BREHRE L KYOWA B » H A8 5
KFG-3-120-D17-11L3M2S (4 ] 4—1)1’2‘&:}% KYOWA = 7z 3P 3 }ﬁ‘i ’

W R LT TR e

B o KYOWA

Type : KFG-3-120-D17-11L3M2S

Gage length : 3 mm

Gage resistance(24°C » 509¢ RH) : 120.4+0.4Q

Gage factor(24°C > 5096 RH): 2.08+£1.09%

AN R MERABE S BT e 2 R E 0 T 003
w2 &% Ee 0 'fr’{iz?'],l_‘%’fﬁ_” Py-> w2 B E 0 T 90°7 v 2 B
Begg> M E BRIEARH D wx-7 v & 45°2 ¥ ines ¥ L RRR
TRz BR¥E > B R¥2Z R F & YinstruNet FALREE
GEL o 3T WpEesZ BR®E 0 MinstruNet FOARLFEES K T R TR
B2l s o It PP R AR 22 TR K 2 Gage resistance # Gage

factor®@ > TF H P[NP EF L e R - e ¥ T RRE > R

BB % B RBE VRS E 2 M Aded-])
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E€x—¢&o
€y=E€qp (4— 1)

Yy = 2e,5 — (g, + &)

F-RBANFEERE BRI BREL - BRERE - A
2 %R i KYOWA ot o 2 315 % KFG-3-120-D16-11L3M2S
(dr® 4-2) 5 KYOWA = 7 2 3P & T -H B Re EAF

L &5 4o T

Kot KYOWA

Type : KFG-3-120-D16-11L3M28

Gage length © 3 mm

Gage resistance(24°C » 5096 RH) : 119.6+0.4Q (&% 120.4+0.4Q)

Gage factor(24°C » 509% RH) : 2.07+1.0%

AV B RE

|

ERLAEGHE > wx-> e 2 BRE T 007
w2 ERiEe frERLEHE I wy-F e Z BRE > T 90°7 w2 B F¥
Beg» ¥ L BFEREMTERID N BREE S TEH I EE 2 B

A R T
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Ex—€p

€y=E€qo

i b a2 ks w¥ 4% KFG-3-120-D17-11L3M2S 2
TR e R WA
KFG-3-120-D16-11L3M2S 2. i % 4.

4.4 30 RIS

TR R
X E

(4-2)

= R E
Blphe BREE R e % E -

«)’H B

FRHRATH 2P0 R A, APV RRis LI e

¥ - f

R %
EUR
% = A4
T
EUN. 7
45 ¥ - f§

: HT-9102A(4- [ 4-3)

- MTS

- 810

BERuz2 BBE

: Hung Ta Instrument Co., LTD.

R
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AL ERRPHEHEREF R BABHE I 2T XD e
m- b dnd F O R SRR RS R B R £
PIEfhe B B B2 PRSE > s - pREBYYTEZF
%R E

45.138 & HEH A F R HE phw | 2 BB ER

AR ARE - FEENZZAEHEREF S e | P
BRERER > WA S A AR SRR B AR
PRS2 T AR A ARG e T X2 - i a4 F
PO RERE HEPRERAE AWy BRE - He RE2 P REE
MR SHE LR ERRERE S FH AR E AR A RS
o LY o] o 2 UMM T R AL B Ak
GUF &AL R R L R TR 30mm o B FmiE 8 (Ao B 4-4)R 4%

Yo

FE&EERFE 220mm
% . 30 mm
E 0 1.125 mm

& B EEER 0125mm -9 & £ 5 1.125mm

A2 A R(30°/-30°),/30°] 2 4F & HH AL AR A F B HER L e 2
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F= 05kNz $ # (s hdhe B - Bv REZ T RS 2L FHREE - 2
[(45°/-45°)4/A5°]2 4F & HF 3 K B H-RK X phe 2.4 F= 0.3kNz £ ¥
e R R REETRRFLIRERE  kEEAS 2 4m
FT Fehe
£ £ RI[(30°/-30°)4/30°] 2 4F & M F# & 1+ ik X dhe 24 F= 0.5kN
PR e B K RE 2 TR LIHRRTE ) BV E%
¥ M % Hung Ta Instrument Co., LTD. » 3] 5. 2 HT-9102A » =¥ & & %
0.01 mm/s °

B - /NI U RRPRAFERE 2 T A S élg’%?
Bt R PRR B A 4F s e 2 [39-43] 5 PaganofrHalpin [42 ] f 45 3
H - i & (Off-axis) 2 4f & Ml A AE 2 o RE Y L 4Fa2 B> i
AATH 3 8 R aFga Fgeity flr A¥ g2 P L Rk RT ¥
Z]jb"l'fé’:a\'i‘nggg ’ é’_ Q}gl‘v} » [ 2] ;J['F] '—l/?]\'—'é‘ ¥ e —L—R %mkl‘ fEl VA /F'
B <32 E~’P%> 6 ¥ " M 4F 2 2 s ; Pindera% Herakovich [41] &
FrE- he2 S HAEREEE MU RRE LTS BT BB
Mo I G E A eIt > 2 AV R 2 T A R AT §
At A 2 B T AR B BRI Z 2 R E
HHAE- Bz EHEFAFZT R E > &a RE- K iz

E AR F T 4 ¥ #Gpp; Marin® [39-40] 114 W k2 2 KIE
AR A W B B A ’9')]%“‘ e g MR ERR L et
GRS o A TR AR vk o ¢ E — 2 A A H R
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A AR W R R PR I RFUEHT 4 ¥ G2 B
2, Sun% Chung [43] 5 A &P A Ly K pRE -
EHEA R W B AR T 5L B

ﬂ'f*ﬁg?_ﬁf?éulﬂﬁ}é}fjtn{ ST R B R A o A2 PTIEH R P LR

Tk 2_4F

L ‘1
qu/z‘il—\

LR AT R AR RT RS bR T R
I E - B A2 AT EHREFEE LIS 0 Aoard 2 20 HpRR

%aiﬁﬁﬁmLEWEEI%’ﬁﬁ‘Qi%@ﬁ?wﬁ%%iﬁﬂ%ﬁéﬁ
Bk aF R 03 chl = E R R IFH L A2 AT 2 A LT
Motk de 2 @R A EE > WF RRTIES P B TR VR A D
Z R E -

® 4-5 (a) ~ (b) ~ 2 (c)& % Lf(30°/-30°)4/30°]2- 4F & M HLf & 1+ 5
B 424 F= 0.SKNZ P W enf b % f f-H o %2
f-45°7 » B % R

H e L KYOWAZ 4] 3. KFG-3-120-D17-11L3M2S s * 4| 3% 2
AR > T ERISHE S ox-F o2 BRE 7000 w2 ¥ Ee
foB Bl B vy 2 B T 9007 b 2 ¥ fBegg 0 12 B

B S ax- e %k 4502 R ey * L R BT R T ez

BPREE S TEHIAP LA e B F e BEE

Y xy =28,5 —(gg +€g) ™ FNTREE -

oA R FER LN S LA T 03KNE 5 B3N A Bk
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2T gk GA(45°/-45°)/45°12 4F & HALAE K B SRS phe 44 F=
03KNZ £ @ » H 4o o 32 g 82 & 0F Fofldo b #rit 3 H o %

KYOWA z_ 3| 5. KFG-3-120-D17-11L3M2S -

vk ORI E] 2 b R S A R & HR AR B B 0 R
%ﬁ*é%&%éiﬂéﬁJF%ﬁ%é@%‘ﬁéﬁ%iﬁ@
EE S )X LR SER FRTPE Y T L R S
Sl b k1 P ST Sl B R 0 U & H LR R
(RN L RS 3% SNSRI T S T L L
S TS LN R L e T U X ]
Sl {B ] BP0 B BEL KA RECT B A HAA R S £
FEF e o ] 0k 2R SR R iR R o SR F d
Bt g k@ A LS B AR & R e T

PSR F B id 2 T (7 R

Jav

¥

<

Ak

A2 6 HFE A RS HL = B8 Y F%R IR LR

AT & MR RS S 0 F AR H LG T BRI
W2 EMPFRBESHE I R K RE 2 T RREF > RH
- TR AT &AL K RS bR s ] > B2 2 E
WA AF E MRS E T B 2 AR F > B4 Lgp
AR P AL o wAF e MR RRHEL Y B es - B
4 F(rBl 4-6~4-T)E %02 B R KRB R BRI & HEHE BE
HTLG 2000 % Fr R¥ETREE -
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A2 s Bl R OR|[(45°/-45°)6)AF E AR A B o KR R S

F=3Nz = gh4d (S e % - o ¥ 2 T R% E 0 % [(60°-60°)];
EHERA TS ARXRA F=3N2 = B8 S cndhw % - B
wIERE T RRE -

R R RI[(45°7-45°)]iE & AR K IR Y oKX R4 F= 3N2
SRS Sehphe ¥ R R¥E T RFE - LW %45 Hung
Ta Instrument Co., LTD. » %] %L 2 HT-9102A » + % &g * & F 0.01
mm/s - B %R % 5 KYOWAZ 4] 8. KFG-3-120-D17-11L3M2S » g+
2R AL R R L B X L R
B W00 e 2 R B frERIA G 2ey-2 e 2 B E 0 T 90°
w2 ¥ iEeg M E RRIBASH I eX-7 & & 4592 % Eeys
PR TR RII I BRSE TEL AP E L e

FoHeB¥ETRRE -

H g 5 (4o F] 4-8 ~ 4-9) L th 4o T
FHERE . 232mm

HEE R E: 200 mm

F Y R . 12mm

F S E . 2.88mm
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i K © 5 kB 0.12mm 24 K £ 5 2.88mm

R BT LR ERIE 0 (TR A AR RS H
FLE M B w e B P RS BT Sl B BN 0 A
EHE ARG P VW s folE b i 1Y 2 K Rl B W
B RS S AR EES N 2 iE AN S 2 0 B F AL SBehg )
BRI Sk iR B A R RETLIH SRR
Birotz LM ¥ BoiE > £ oaRn ) k2 Lol Y il o foif iR
Pend MY BB GO RET AF YA EHEAA 2 R
BT BT TR

AL £ ERI(00°-602)6]4F & 144 & it o
AR RS F=3N2Z = B S Samphe JB R - R T BRE AP
MR LT Tk Ao i

O ® A e 5 KYOWAZ 4] 5.KFG-3-120-D17-11L3M2S > ¢+ 4] 5% 2

-

-

Ik

KRR e BIABH S wx-2 o 2 JGRE > T 0°3 w2 5% Ee

TrERLBHE S oy-> 2 2 BRE 707 & 2 5% Heg % £

i

BARHES ex-T Ak 4502 R e O RF R TR R

BREEL FPHINAPHRELhs BT Ko REE2TREE -
B 4-10 (a) ~ (b) ~ (c)A[(45°/-45%)6]s2- 4% & T 18 A HR G HE 15 = &

b B4 P3N 2 S enf Pefhe B P -H e BRE | 4-45°

e R B B 4-11 (a) ~ (b) ~ (©)H[(60°/-60%)]s2 48 & 114 4# & 5
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HiFz B4 28 4 F=3N2Z 20 (S enf f-dhe %~ £ k%

3O 4500 v R BLE e P e b R %L L

FERE > T2 247 WA e HHOR S ¥ Bl s i

L RS T L Sz B BN 0 AR E MR AR Jfﬂyi‘%’f?’\ 3
R R B RS 5 A B
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A A BB 2 AT & MR K R S e |
TRER B BEE ML E HAREF B ARX A
%ﬁ*@%w*@i@@tﬁFﬁ’r*w@@%ﬂﬁ@@%ﬁ’J‘

B A PRERZAR & HORA R R S L Bk > a2 2
EA R BB RIRE KR R4S gk HA A & B
BFEH ki@ e Tx-2 w2 fhefd FREOfe %2 K
ORI 0 Y - PR AR & PR A I S B i)

|

!

B R RI[(45°7-45°) )8 ik HHpEsa 2 A4 £ R R B SRR
$4 F=0.5kNz £ 0 (5 e S R 2 e R 2P0 2% B0
5 MTS » 3185 5 810 » /@ i# 345,001 mm/s o

AriE 2 % AR e G KYOWAZ A 5L KFG-3-120-D16-11L3M2S - ¢+
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o
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Ik
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220 mm* 30 mmx | mm > s fpz Hk > &5 & 5 R 0.125mm > 8 & = &
I mm -

MR B OTR R 3 2 [(45°/-45°), )1 Bk AL 2 AF & ML K
FHALP I F=05kNZ £ 0 (S hf Hphe FE K » B¥E Ry -

ooz A4F & MR K 7 i s e s] > £ A el 2 7
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A

G E v RS E R E R RIKE kR RH3000 B
B Ao EHFERAF S AR LEHE S » Tx-2 w2 phwe
A FpFenghe B2 e BRE R - R EMEFAFSE
2 SEF Bk o TR IRI[(30°/-30°),] % Bk A fr 2 AF £ ALK
FHHEALE A F=05kNL 0 2 enP S R 2 B o R e 248
iR L a2 MTSA) 5 810 » + 1 i & % 2 0.01 mm/s °

B 4-12 (a) ~ (b) % 4-13 (a) ~ (b)~ B A[(45°/-45%),)s2- 4F & 4
R BHRL phe 24 F=05kN2 20 (5 enf fo-dhe %~ f -8
% B 0 % [(30°/-30,]2 4 & kAR A B KX Bhe 4 4 F=0.5kN
2R E e B L PR R

Hmd R ot Tl SRR 2 BB e S KYOWAZ A 5L
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BeF B TR B3] 2 [(30°/-30°) ] 8 Bk ¥ AR W2 AF & MR A
AR £ 4 P= 0.5KN2 £ (3 e Sk o2 o o % B0 i =
P2 A8 & MR K S s s o A R A & R
{7 542 3 KE 2 E, -
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46248 & HAM A IR L BRE R

AG GBI T ERIDIEFE AT E MR RO
REFw BRER Y FEHPEREEREHEZ A B B

o RWUAF LMK RS LBV RE - H 22 Y R

Ik

PIMHALI fp cnAf & AL R R R s B R 0 AR ¢ T
JeE - RAF R RAF EMEFABREET L0 2 e BRE KB
TGP Rl F R 3 IR 24 ORI S o
2o B A ERARE: B RAIREBR B PIASH I dE &R R A R
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v R E 0 R - PR AT IR R L S ] o 2R
[(45°/-45°)6] 4 & 11 & PR Y o A% R 4 F= 3N2 = B4 1
fhe BREEKEe R%¥E > 23V 3% 5 Hung Ta Instrument Co., LTD.
5L 5 HT-9102A2 £ 325k % > F A8 T R F 5 0.02 mm/s -

Arig 2 g 5 KYOWA Z 3 5L.KFG-3-120-D16-11L3M2S - p*

AN Z RS E T
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BB oxd L BRE T 000 52

Fieg  frRRLEH > Py w2 BEE > T 9007 b 2 B H e
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‘R AR RIT 0B BRRE 0 T PN PR E L e o #
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ARw BRI BF R P RRIFTREL 22mm #F%FF L 200
mm- F5FE 12mm FEFE 288 mm o

M B T EORI[(45°/-45°) ] AF £ M A R R R A
F=3Nz = 358 s cndho G R 2 Ho R E > Rf - IR 247 &1
ik St S s o R E A 2 T4 HRGp R R
v o FRISE R RARE B E PR E KB RIE60°® Bk HHALE i
EMRE ARSI B FRFP L Y By - B4 Fen
fho BRER»REE Ry IR EHPEREE RS B
Hoiw) > T2 RI[(60°/-60°)6 A8 & AR BAR S Y o KR 4 F=3N2

"!:'%nﬂ] feihe BREEZHw B%¥E > HP W ELAl ﬁi-lir'j

&5 e 5 KYOWA 2 4] 5. KFG-3-120-D16-11L3M2S > ¢ A 5% 2

~ .

FRE > VERLBHE > ox-? v 2 GRE T0°2 w2 B¥Ee > Ir
ERILBEH > py- 2 o 2 RE - T 90°7 b2 e ¥ 2 BER
PR RIS BREE TEHIAPHRET L BRI R RYE
B oo B B TR RI[(60°/-60°))AF £ MR fE A HREHEY o KX R4 F=
3NZ = B (o chphe B R 2 v BRI WF - IR & MR
BoAr Stz s Be ] o ;s AR & PR K R R S i
E %2 E, -

Bl 4-14 (a)~(b) & %] H[(45°/-45°)6]s2- 4F & 1AL 4h f R4 (7 = b4

=
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§ RS 4 F=3NZ g @enf f-pho %~ f - o BEE B 415
@%@)Qwﬁmm%WM&ﬁﬁﬁﬂﬁ%&%ﬁﬁig%ﬁﬁ%J
F=3N2 e # e f-pho % ~ f §*-H > BER

FEAT EHER R R SR R B AR
TR R > A BB EH - FFERNE 2 A FFEEBNE s R &Rk

BHEHT A2 Ha e
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FAo Ry F 41 &0rh g2 WA MR G5 & Rk
iR R Lk 42 S pRE 2 2 3 R AT & HLR R B iR 2R
Bt e ASTM 2. .45D3039 2 RI2 4F & M A 1 < ik &
E/ ~Ex2 jFfr ity 0 D3518 2 2Rl 47 & MM A T 4 ik
Gip» &~ 97 * 248 £ W & 1+ 2 R 12 #F & Graphite/Epoxy »

AT & HEH R 2 IR & TR B iAo d 41 %) o

5.1 48 & ML & 5 2 BB E - FER e

R R LR R - LIV Tip ==L F 3
BORAEH 2 o MR & HORA K E R R R & AL Heen

FTREZ RS

Gr/ep:
0<E;<310GPa, 0<E,<20GPa, 0<G,<20GPa, 0.1<v{,<0.5

Gl/ep
0<E;<60GPa, 0<E,<16GPa, 0<G,<16GPa, 0.05<v;,<0.5

51147 & HEA R I 2 B
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* graphite/epoxy 2. 41 A & B 10 [(15°/-15°)4/15°] -~
[(30°/-30°)4/30°] ~ [(45°/-45°)4/45°] ~ % [(60°/-60°),/60°]% = 8+ F & A
2B EMPEREFELZN B EHPERFREFLETELER
0.125mm > 4 #A4F E HEF A FA L 5 220mm - F 5 30mm> 5 A&
A 1125mmz # ik S il S HE R B 0 Bl B % Tx-
S e l- e 4 F=IKNZ 20 g A1 s B @72t 4 5-1 -

MERZEm e R F e R T RRES ~(3-19)50 ¢ > 0F
o H - PR B F R SRR AR B AR R 2 &SR Y
R R e % B BRET REE > F 2 FL Sdke(x) 0 @
H R B x=[E,.E,.Gy,,vy,] » ik el cndg £ R A R
2 LY BE -

052 oA kehd Bk SR 2 A7 &R K D
L EME Y kEE EEALFTAEHE D LY o
[(15°/-15°),/15°] ~ [(30°/-30°)4/30°] % [(45°/-45°),/45°] & & 3 dp 2 4 #c
BofHfisadpcag SRR B R b o A uld kb kR B
BHELF AV GHEE B 0.5% ] o @ [(60°/-60°),/60°] 2 & B 3 dp

i Mk MR AR 2 AT £ PR A AR S 0 S 0 RSB, Eyz
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WAFAVEHELS 03%MR >0 GpivpE FAF A e ¥iE S

0% H 7% &7 b & B3l cnd Sok S0 2 40 & MR A 5%
rb A

o o B PAEMEVEREAFIFAVEHEY & 0.5%

Ao el & SE SRR BB HAER AR L A4 .

% 5-3 i graphite/epoxy 2. # FL 0 [(15°/-15°)4/15°] ~

[(30°/-30°)4/30°] ~ [(45°/-45°)4/45°] ~ % [(60°/-60°)4/60°]1 % = #& 7 Fr & &

L EHAEREE LS B AHEREFLE A ER L
0.125mm > £ #-4F & HEMA A R 2 £ 5 220mm > %5 30mm > &R

el B B x-

& 1125mmz. 4 #ck AL A ag £ AT B K

3w Ay e L 4N= 5 KN/m s Ny= 1 kN/m; & 54 N= 5

kN/m ~ Ny= 5 kN/m; & &4 Ne=S kN/m '~ Ny=-1 kN/m; ™7 % & 4 Ny=

5 KN/m ~ Ny= -5 KN/m2_ 2.0 2 503 i % 16 o
SRS SR S e LA 2 Eor it e ]

EHAF AR A %A b b RSl & ML R B R S o

wu A kB BEE HFL AV B HELE0T%M P > A EZ Gy

Lt g EiE AL B e 0.7%2% 0.6% 1

wul ke Y BB R

RoVvpRFAE A EHES 0% FEM 5 o T kR R
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BEE ~ By s G vpd A A8 85ET 0.7% N 2 HmAE v &
FERE A k2 T (AR HFAE (B [(45%-45°)45° & B 3 dp 2 B ek
WA A A & HRAE A S £ B4 No=5kN/m ~ Ny=5 kN/m » & e
BRENR B "WHEE 2490 5 5 efir § 8+ Ne=5kN/m -~
Ny=-5kN/mpF » &% s » B U412 2 53 > 7 5 5 wfg o

% 5-5 % glass/epoxyz H 4212 [(15%/-15%)4/15°] ~ [(30°/-30°)4/30°] ~
[(45°/-45°),/45°] ~ 3 [(60°/-60°),/60°]1 % = #& % Fo & & 2 & fp4f & 44
s bl BT &R 2 E K B S 0.125mm > £ #g & P
FAFE LS 220mm > F 5 30mme BA 5 1.125mm2 4 #ich HAL
T EHPRAF R LBED TR e Ry w WL L
Ny=5kN/m~Ny=1kN/m; &% +4 Ni=5kN/m~N,=5kN/m; & J&* N,=
5kN/m ~ Ny=-1kN/m; % & &4 Ny=5kN/m ~ Ny=-5 kN/mz_ 3> i pF
2 IR E

b 567 0 ANEFZ DAt Y B BT REE A
rArhBlRE k2 Bk AHEAE R HER g
EHEA R 0 A H A AR & MR S 3 0
Bl d ki BB L A S HE A 0.7% P A Ey% Gy,

Wu N kB Y REHEL T AV S HEAL02% PN v BEAT
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A EEEL 0% $EWA T o franld kB Y BEE, ~ By
G VpEFLAF A VEHET 0.7%M P 2 A > v BP3EA > 2 2
T T AR o (2 B [(45°/-45°),/45°1 & B s dp 2 d Bk AL dp chig &

HEH A S &8 N=5kN/m-N=5kN/m> & e BREH &

o UFER A5 0 2 F &4 Ne= 5 kN/m ~ Np=-5 KN/mp¥ > & F

P BUREE A R AR S R
" Griepz 8 — & B3 Ap HHALA B 11 [159],2[30%)y ~[45%]~ % [60°T,
Frfpd bR EHEREE S R e RS2 R
B B R L 0.125mm 0 £ #aF £ bl s £ 2 £ L 220mm 0 B :
30mm > 5 & 5 1.125mmz2i# #col A e i & A E R E 0 AR
W e X 9 F 0~ e 204 F= 0.5 kN2 3o 0 pF o H B % 5
¥4 5.7 o
NEF2ZRmphe % He BEE2TR¥E TR HE- R
B S A S HR R R £ B 4T g hE §
phe L% F e BRRE T RERE > E 2L Skke(x) 0 AR H I
x=[E,. ;.G vyl 5 # Hck SR il S HE A B2 LR
MR e o

#0058 Soeraewld R EH - £ RN 4 A MR A BHESE R
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WU A B2 BFLFAEHE £ ¢ & [15% ~ [30°]
[45°] ~ % [60°]o & A3t dp2 & Hck Sl e E MR A B 5
Bl Bl R B Y BREH L A B HEY & 0.51%M
R ETR B R E 2 A E A EHE RS 051% P C B ~Gp
FVpHAFARTAVEHEY L 0% H 2% A3 RE- Hitad2 4
EHEREFESED T > FHA T > LAEEYREHAFLIE AR
FiE ' 2 051% ] 5 ] L IE BN F e 2 HAERE AR E L 4F o
£ 11 Glepz B - & &3 p it o B0 [15% ~ [30°]y ~ [45°] ~ %
[60°]o% = f& 7 F= & A& 2 34 d9AR & doBAR Bt 5 O] > B AF & WO
2 &k BRS 0125mm > 5 A EHE A B A S E S 220mm 0 B
30mm > 5 A& 5 1.125mm2 F ¥k HAde g E A FEFE 0 AR
o » Tx- - fhe 24 F= 0.1 kN2 220 pF > #3255 i 8 7

4059 ¢

‘\"L'l\-

MEF LB % e B¥EVRRE FLE-FR2
H - &R R F S M BR[0T R R
TR KT RRETRRE > 22 3L sdkex) ) 7 RFREK
x=[E,.E,.G,,,v,,] & # Bk {4 erdf & M & 7 B2 LT E

MF BelE o A 5-10 5 orERw Ak E - & adn2 45 & AR A ’EEEH?
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hE AR e 2 B L | A B E ;4 £ ¢ ou[15°-[30°]y
[45°]0~ 2 [60°]92- % I+ & A& H — i & 3 dp g & AR A B4 5 60
R R L R EN A REH AT AV EHEY 2098% MR 0@
ST Ak B 2 L A B HE A 098% ) 2By, ~GpE vpd i
AR AVEHETA01%YP » E Ak & RE - Hidd 4 &HE
FEFSED T > FHlA S EAERYERELAFIF A BHEY
B 0.98% 1 p v il B SEE F BoiE 2 M ARRE o d 1 A
Gr/ep% Gllepz ¥ - & B3z i S HBEFH A F S5 01 #F 22 32
FER P AEY B H - & BRI Z AT SR A S R Y
o e FH - f R EMPEF ALY FL T EREL <

AV g S 4 é;gie[41-43]1;‘é S JR AR 2 AR o

5.124F £ 1R A+ SHE - RSB R RE%RE

FAT & PR BRI R R & AT T R 4 B R
ViR P 2 e WAL iE E PR R F Bl £ AT T Y 2
H- PFEabu 2 8 pFRabuiz 2 A 30 F 5%k 0 7 8 R %2 Bodp i H
- FEEAE & PR R R SR R A IR & HE AR R

00 d A1 2 BT PR F HC R Sk AT LK 20 & HLA A
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BHen A TR F B0 5 v SR o

H - PRGN 0 B SR AR W R e
RFFIP W R VT AR > AL RE D T x-2 - e
AP RS A ERRERER A e B - He B T EY
B NFHRTELEAFTERRERE > THE-RERZFEHPEHA
Tt P s o B Pk Al E R R R
RARHERFELL20mm #F% %5 30mm> &5 1.125mm > 9 & %
E 1.125 mm -

L gl = B [(30°/-309)4/302]2 4 Bk Al fp caF & HRLFE K
# % > " Hung Ta Insttument Co., LTD: 2 3= # 2% 4% > 41 5L 5
HT-9102A » £ #® 3% ¥ 5 0.0l-mm/s & % 4 2 5 KYOWA 2 4] 55
KFG-3-120-D17-11L3M2 > # -k #ihd 42 4 F= 0.5kN2_ 4 ¥ B chghe i
F B REZTRFLFHREE EFHBLET 4L 511 -

1F 511 2R ER ke RE B R%E T RS ES ~(3-19)
PP TR H - PR S ik R A SRR R B
PAEBu Tl e R - He B¥2 TR E  Z23F4L 5
#ee(x) > @ K3 RBex=[E,.E,,Gy,,vy,] 5 Bk WAL F & HALH

(R 3- ML 1N 8§ S
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£ 512 A HE - E AR E IR P B e R T
e o TPH - PRI wE T e ko2 F ik WA ahAE & R
BAFSHDEABEE Y B2 HFLFAVEHE o d £ 7 7 i

4 [(30°-30°)4/30°] 2. & R 3t dp2 4 ik S AT & MR K R R
Wb bl s R g I BB LT A G HE Y & 111%
TIPS o

£ 12[(30°/-30°)4/30°12 & & 3 dp2 & Bk HHALE A & AL
BB R AR RRTIOW  TH - RS g S g & H
TR P St £ BolE] [(30%/-30%)4/30°12 & Bt dn2 4 dick H
A E MR P NT Bk B - Fe BRE T RRE

2_ —li’JIE' [ADN IT:‘_%E—‘ f 55_"'}#&"3-\“1} 7 ;_L_gc , th’".LFdJ j%ﬁj%;

)

B F BB FLF AV GHET A S5T%UP 0 T EER S R
LMY B EApF D VR
YO rRimt a0 302 B ¥Rz RRRez L1
FoRAe b st > R S A & PR R R L R LR R T
£ 5 220mm- P %5 30mme 5 5 1L125mm-9 & £ 5 1.125mm ;
SR A Fu 2 d it 2 03KNEF > 3o ficdp 2 TI39E » ki

12 [(45°1-45°)5/45°) 2 AT & HHALAE K A7 B KL i 224 F= 0.3kN2Z
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WPELhe B R REE T REE 0 hok 5-13 975 o

UREF R R R BRETREES > (G-19)58 ¢ » 175
H- e+ ik SHfisadpcnig E MR A F B2 & BT
B 0 #{(45°/-45°)/45°]F Bk AL A chAE DR A B &
Vo it 5-147 E o uHEE - RY I EA%R2 e BF - Fe b
K2 TRRE > TE - pFEERE TR I k2 sk HAL e endf
EMPERA SO E MBIV REZ HFL P AV EHEd &7
¥ AT 1L [(45°/-45°)4/45°) 2 & B3t dp 2 d Gk AL g £ R A
B St G bl orasnl ) R 2 sl R H AT AV G HE Y
B 8.8% 1 o

1L = [(45°/-45°),/45°) 200 B s el d B Ry 4 AL D chAg & MR
A S PR BT 0 > TH - RS Bk S &
FLAR L LR B s o A u ) keh E R BB H o
APAVEREY B T2%MPN o T EPIERA G EAE] LR EM Y BE
WEREE T Ao

4-5(a)~ (b) % (c)A %] £[(30°/-30°),/30°]2 & & 3t dp2_  fick %F

friadpedg EHPEFE AL - BEBI-E E Se TR -

B kg Bl 5 A TR § 450 o LR Rl 5 Sk T -
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e g AR AR P L T AT A BE Y RS
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e
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o
3

'4"'}"@_}%,7 Jf,ﬁf’*-\‘}—f‘{s;l a‘ﬂﬂ,/é@}\.P‘rg}\;gﬁi“

A
A4~
W

PR G RRRAST e L BRERRED BAE A BFT
RE2ZFLE S > TP HFTER PN T g kg o

5.1.34F & MBS HH - FF N2

A& K- w 0w Griep 2 ELH AL 5 B o * [(15°/-15°)¢)s
[(30°/-30°)6]s ~ [(45°/-45°)s]s ». % [(60°%/-60°)s), % = #86 7 I+ & B 2_ 3t dpif
EHOEAE A RS b 2 SR AFRELS A B R S 0.12mm > £ ey
EHEFE R R 7 > BB ML S 232mm o #E%E B L 5 200mm
B 12mm > B & 5 2.88mmz ¥l g £ MR K 1R 248 & H
FAE SR WAz B 2 A At > Hopd GFR| i Rk
2 XEL O A EHMEF A RE L Y B - B4 F=3N £ U
AR : BERRERERFEHEREBESET £ 0 2 b BF >
Freoke2 T R%E > HEARRES4 5150

NEF22mphe R -Re %2 TRLES>G-19:4¢ 07

o H - PRSI A SRR Rt LR BT R



p
Sk
m

e R R RRE T RS 22 L Silke(x) 0 A%
RUEX=[E,E,, G vy, ] s HA A f & B F A L 0 HE

e

/&

B o

% 5-16 5 H - pRgabn]is orabn] ok 2 A dp o & AL A
BEHEOEABEFHRE2 HFAF AV SHE - d 27 7 a0
[(15°/-15°)6]s ~ [(30°/-30°)6)s & [(45°/-45°)6)s2- & Ji 3t dp 2 §tA4i 35 fp g
EHREA RS bl TR R R Y B AT A
BHEF A02%UP P GpivpHLp At 5% v iR A
SR aRw) & 3F B ¥ BB AR A e (50 11[(60°/-60°)]2- & B i fp
s 2 AT & MR RS S b Sras w0k s ¥ BB E,
HE LA A GHE S 03% @By GpZ vipih | ) ksl § g 2
FAPAVBHEL02%M P} 2R HEWA 7 o rrkal ) ki
B FHEE ~ Es G vpHEL g A8 HEY 203%up -

% 5-17 5 7[(30°/-30°)]s 2 ¥ AL 3a A chdf & MR fi K RS 5
bl > rIREHS S A BEATSS B2 SR B0 B P JLR & 0.997 11k 0 A7
B kL FES T REEFELIFTAVEHET & 01% P
[(30°/-30°)¢]s2- & A3y ch¥tfisadp2 47 & HFE K e tea 3 > o3

B R A A EHES 0.04% B2 iRA R AV BHER
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0.1% G2 vy B AT AVEHEL 0% B3 447 F & Al
SR A £ PR RS 5 B 3 0 AT dki

HFLFAVEHEY & 01% P > Tu & B FiiE G 742

SR 1Gllep 24 & #4L 5 ] Fe R 12 [(15°%/-15°)6]s ~ [(30°/-30°)¢]s
[(45°/-45%)g], ~ & [(60°/-60°)] % & 467 I & B 2 3 dyafF & HALA & 125
bl HAF &R HEZ = K B R G 0.12mm > 5 #A7 & MR A R
PR FP AL L 232mm e #F&FF & S 200mm - F 5 12mm o 5
Bos 2.88mmz $HFE0 dp g © AR BE 0 AF £ R RB AR E
Pz BRER 2 A b HAg 4 LB o W R P A ER 0 AR
EHEB AR Y B BRAF=IN, £ %02 2 £ &

FREMP SRR A5 2 e B KBRS TR

B HEA R ETE 5-18-
BRI R B R T REEL G190 i

- fp R e adE £ MR A RS LR B R T R
LR e R R REE P RRE  E 2L Ske(x) 0 A KR
Hx=[E,,E, Gy vp,] » $A A &£ MR A RS2 L mEE Y

Heid o
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% 5-19 % P Bt w]i orahn] 3y & 2o S0 00 S & 4R K
BEHHEFAEE Y IEL HXLF AV EHE -3 27 7 wg

[(15°/-15°)6] & [(45°/-45°)],2 & & #dn 2. $F A0 dp i & HHAL 8 & 12

F_&

BHA G rEu A Ren A EBE N REL LT AV GHEY
02%14p » B P Gpi vpB L P AWV Y 5 F 0 ¥ IR A2 Z 3w &
MK B BAP B o B i 0 1U[(30°/-30°)6)s2- & B fp i dp
ZAF E VR A RRE RS b v e ki ¥ BB, B A A
WRHEE L 04% 0 @B~ Gp& vl d ksl F BB H A A

34 E B 0.03% P o ¥ AR A eptiat el k s F BB, B,
G Vv H A F A G HIE T R 04% P o r1[(60°-60°)]s2- & A 3t
R 2 A7 £ WO RARS RSV o i a] ) ksl ficlE
EHBELFAVEHES 08% By Gk vigihw] ) ks f fici®
HEA R A VG HEE02%M P » HEMA 3 > #rakud ko §
B E; ~ G VpEEA T A EHEY & 0.8% PN o ArE S
#Gr/ep Gllepd 3 > & f6 4 B3y Hsnfp i & W A RS
o TH - PR S A £ HOR R RS LT Ry
T EE R

51447 ¢ A H A IRSHE - HEBHZ 2L AR

<
o=
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;I}Ly;g EMAM R IR R R R AT 0 Lk 4] &2 Wari
FAeiR B2 P 2 Ap e WARAE E MR R A RS £ AT T 2
— FREENZ A PPERREZ A IR K BT BT Ry E
— PR L MR K RN 2 B P B & HOE A R u
o1 d 4-1 2. EAHE ¥ BB o F B g S rma B k2 A7 & HOR AR
SR E AR E BT R E -

oA H - FFEGRNE > R i & MR A RS
BN BES 2 A b > B4 LEER AW R P REE L

EHAELE R RS Y B A - B4 F=3NC L Rz 2§

F_‘~

847';1;

RIREBRERAF EHFAARERE T L0 2 e L% K REE
e WFHRTEZ A AAEREERE > TH - 2L
A retp MY BGrE B E AR AR G
0.12mm > 5 #-4F & HoBEf & R 2 154 B PR E L 232mmo #E%F
BE %2 200mm:> & 2 12mm > B A 5 2.88mm o

YL[(45°/-45°)]s2- $HAE3a fp i E MR A RS T 0 B iR £ 0 R
P2 Rz LI TR i KBz B R pE 7 e

Wrl- BAF=3NFghe R Ko B¥ 2T RZLIRRERE 7
& 5-20 -

ME 5202 FER &MY B REETREE v H -

Fe B2 S D S £ PR R IR &SRR o e o £ 521 L
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PR - E VTR R R phe B R F e %R T RRE 0 TH

- Fr B erE Rl R 2 WL A & R A R e R
PABEZ BFLF A G E-d &7 7 avig 11 [(459/-45%))s2 $HAE
A g & HORE AR RS S Bl AT R R eh L A i B SR
AR AV EHEY & 85%MUp o

£ 04 [(45°/-45%))c2 AL p Al £ MR A R L TR R
Tiag o (TH - PRI A & PR AR B &I B
B> F 521 & [(45°-45°) | HHfisa g E MR AR ITH - R e E
P B2 S o etk AT B Y B HEL A
B w3 T% M 0 eV Al R S E IS E S R S R

£ 2 RI[(60°/-60°)c]s2- ¥ dr s & 114 8 & #% H> 1 Hung Ta
Instrument Co., LTD. 232 % &% 4% - 31 5.5 HT-9102A > #-$fi3a 4 eh

WE PR R RS BOTHE B L AR o s %

)

B & %
Widgi P At o ¢ B B F L 001 mm/s o B RRE G
KYOWA 2 %] 5.KFG-3-120-D17-11L3M2S > 4§ & L & #2556 = B
AR Y B av - B4 F=3NESphe % Ko B¥E2T
%2 FHRERE  BRHRBERESEL 5220

d522 LR ER A BE O REE T RRES »(3-19)
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PP TS H - PR A R R R E Y
BT NEF e B B BRE P RRE 2 2L Sike(x)
AR WX =[E, B, Gy, ] & ML A £ AR L 2
TESE F B o

2 523 A ulEE - BFPATR R R BR - B e B#¥E T
Mmoo (TH - ppEEulE erau) ok 2 S aig & WA 1R
B SEM Y B2 HRAFAVEHE o d £ ¢ F g
[(60°/-60°)s]s2- ¥+ 4§31 4y aF & HHEF B R HE 5 Bl #ra ]k eh
AL F B H AT AV B p ke 10% ) o A L T
BB AT AVBHEE L T%IAN -

£ 12[(60°/-60°)¢]s2- $HF Il i £ R KRR L T R R T
i TH - R A MR R RS F R B
Mo B 523 9 [(60°/-60°)]i2 A A hAf £ MR K BRI E - FE R
LAEMF Houlz g o rEuld ken A BB Y E AL A
BHEYT 2 6.7%M PN o

2§ 4-10(a) ~ (b) 2 ~ ()~ B A[(45°/-45%)6])2 A3 A <DAF &
B R R p - B B RE TR f e R R

Mg THE f 457 » BEB{-E L R@TH - B 4-11(2) ~ (b) 2 ~

93



(c) A~ Bl H[(60°/-60°)s] 2 ¥ L34 fp chodf & P A & R | fS-pho o %
Flfcd & SUg it @~ f B BERE L RBTME § 457 %

R B {-d E SgiTH -

52 E B A 2 HBHL A KB

AT S MR B R BRRBES 5 0 A RSl ke
WEMEA R A R f R T A N R S
KA o M B MR B L & R e T

UL 2§ &

- R

Gr/ep:
0<E;<1000GPa, 0<E,<50GPa, 0<G,<20GPa, 0.1<v,<0.5
Gl/ep:

0<E;<300GPa, 0<E,<30GPa, 0<G,<20GPa, 0.05<v,<0.5
E g
Gr/ep:
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0<E;<1000GPa, 0<E,<50GPa

Gl/ep:
0<E;<300GPa, 0<E,<30GPa

5.2.14F & HAL A 7 S PP B B2 2 BolE HOR

5 graphite/epoxy 2 H L A ®] 2 [(15°/-15)] ~ [(30°/-30°)]; ~
[(459/-45%)a],~ % [(60°/-60°)], % w 8.3 I & & 2 % ek ¥4 4o cioif &
AR 5 00 k4 Ak B el Ll i R 0 AT & A
w2 5 KBRS 0.125mm> 2 #Ag 2 MMk F £ &£ 4 220mm > F
5 30mm> Bk 5 Imm2 F ok ST i SRR A B
B 8 WX-D B 35— ghe 4 F= 0.5kNZ 20 s H IR oh i 8 8 5]
4 524 o

114 524 2 Abhe BEE B BREA ~323)58 ¢ T L AR
B2 i R AL i & HRE R R S &SRR Bk 4 e
EAhe BEEH e B T LE - BEREEREL P EIK
ex®) 2 B} B R AL o ox?) TR L Sde A Rk

x® =[EP EP G viD1 5 & Bk AL A A £ MR A SRS LR

95



SN K BB o 4% - PEEU[(45°-45%)) 2 & B 3y ey ik SR
F2 AT E PR R B AR TS ATk B BRI 0 2 R
T2 BB s B4 525 ¢ o

bd 525 5% - RREATRERI I k2 i gk AR & i 8 LR

\Ev

Bypofpet Aol Y lcE 2 Hep A7 A G E - i@ 7 g
[(45°/-45%))s2- & R fpenid Bk $Aafp 2 AF E HFEF A F Bl
T oA R Y BEGY 2 VA F AV EHEY F 0%
(o RERER o B ¥ - B L[(459/-45%), ]2 & & i i Bk HHL
W2 A4 R St HEEG HREY  KTGH 2 v 54 £
HREBAEFSH2T 4 GRS AP EHF ERE > v T 12 w4 @
AR e T 2.2 e A 2 KRR 0wy D R NEX
TGP =G,% v)=v, °

2 % - FEECE 1[(15°/-15%),]6 ~ [(30°/-30°),]s % [(60°/-60°),]s2- & R
p ety Bk HABLE AR WA F B AR B &
526 ¢ o fd 526 A u 5 E - BB [(15%-15%)], ~ [(30°/-30%).] &
[(60°/-60);)2 & A 3t o civit Mok SHEHL A2 48 & HHELAR K 4 208 o
Bk 2 i Bk SR AR E MR A Rt RS Y e £

Hm L F A G iEe i 5267 7 aoif 12[(60°-60°),],2 & & 3 dp i
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gk HAL A 2 AT A MR R BG4 IR B
[(15°/-15°),] % [(30°/-30°),)s2- & B it dp cisy dicfy $4 430 dp 2 4 & HH
A S e ) kR BB G R VAT A F A Y
5 71.5%% 6.7%r1 P} ¥ & [(45°/-45°),]s2- & B 3 fp s ik $HAL3 dp 2

A EMAAREE R TER DGR R VY 0 F R LR & -

‘3\\-

P62 0L [(459/-45) )2 & & e f s ol A A 2 A & R A 3R
o AT A PR ST 4 G A TR s
G e @ pdH e T 20 e A2 e BRLFI Y
VR S RN S M€ S

5 A w2 [(15%-15%] ~ [(30°/-30°),]s% [(60°/-60°),]2- & ek 4+

s s & 2 A &P A AR 220 Txet b R - L

4 1T pFa »’é,_l_}-vf#—% w WX-y > w2 fhe BEEEZ R REE L ﬂ?

\m

%1

Fe

[

- B UFEL L A ERE R T E R
poarnl p R aodce(x?) elx®) 5 % 2 FAEE & MR R R R
BB L Sk @R R EXP=[EPEP] & % o BB
[(15°/-15%)2] ~ [(30°/-30°)]s % [(60°/-60°),]s 8 FE 44 4 & Hic ks ¥ A8 4y
F 2 A5 & HOE AR A I S & TSI B % - PR B 2 [(15%-150),]

[(30°/-30°),]s % [(60°/-60°),],2- & F & fp chis ey S+ fisa dp 2 47 &
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BRI SR A A KR BRI B 1 RSB Tl BRI
B34 5-27~5-28 2 529 % om £ 5-30 5 % Z FRE TG A k2 iy

K AR A hGriepif & A A et cn B ¥ Bcig 2 23R4

-
_Y
ke
<
[
o
'F_k
A
()]
(U8)
S
+

¥ Arg L[(159/-15%)]s ~ [(30°/-30°),]s%
[(60°/-60°),],2- & f& ¥t fp il Bk e dp 2 AF & ML K 45 B4 0 F
]k RN F BEEQ LT A BB A 0.05% 2 p 5 Ak )
kel f BEP BIFAF A EHELS 0% L F - EE AL
HEMEBEF P ABE N IEY EP T4 2 e
W 12 e 2 X BB ED ER SdEE ML A D e T 22 % 2
L REcEE, -
* Gllep2. #4254 w1 [(15%-15)]¢ > [(30°/-30°),], ~ [(45°/-45°),] ~
2 [(60°/-60°), )% w #87 I & B 2 8 ik HAadp o & AR A 5
Blo KA FERWZ 2 EiH B EHPEREFLERLER
5 0.125mm > £ #AF EMAEFAEFE L 5 220mm 0 F 5 30mm 0 5
Bh ImmEHfe g S WA R 0 LB v X -
fhe t 4 F=0.1kN2z = ¥ p&F > HBRE L 53] o
114 531 2Bk BRERE S REE FLAFEZ BEAH

R dp g & MR A Sl &R BB R TR DB F e o #
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IR BHE > T L E - pREERG Y P Eadke(x?)2 B &
R0 AL 0 o(x®) T L e A R R I =[EP EP,GY v 5 b Kk
B dr o & R 2 & R e o

4 5-32 5 B - PREUeTENL] O K208 Bok AR A ehif & MR A

% 5-32 ¢ ¥ av

F_&

Br gt BB i 2 HELF AV GHE
i 11[(45°/-450) )2 & R enin Bk AR 2 AT & LR R R
oo AT g R R G 2 VAT A BHEY 5 0%
FfAF 2 AR o M [(159-15°),] ~ [(30°/-30°),]c% [(60°/-60°),]2. & A
sy eniy B HHA A 2 AR E PR AR WA T 2 i i

st dn iy & PR A R D AR B F R HRLT A 8

o o ® A [(15°7-15%)62 [(60°/-60°): ]2 & A3 gy ein ok 4

a2l A e HAREF S T HFIRF2 LA o
[(30°/-30°),)s2 & fi 3t p et oy $HAE3 2 47 & HOELAE & 4 S o
Bl Ak sl BB GV 2 VO EE AV B EA Y L 174%% 0%
3 [(45°-45%) ]2 & B sy enis Bk HAE A 2 AT £ MK R HE
SrEul I GY 2 v o AR R o F F - FEELIL[(45%-45°),)2-
&R Ay iy B SR AT £ MR A B TR R 247 £

2,

AL 4 et 4 Bl S S HE RS 5T 12 ek A
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7 & A B (15°7-15%))s ~ [(30°/-30%),]s % [(60°/-60°)]s2 B ¥t

fdadpn 22 A EHPEFAFSHEL oA XD e KL - Fed

PR 2 L ARE e Ty w2l phe BEE R BRE £ 17

Fe

[

\m

B %1 - B U EL L LR KEAR GRS T EE S
pohnl poRSdieex?) s elx®) 5 % 2 FEEAR & HOEH K I S 2
s PE L ok a K REXY=EPEP % - RN
[(15°/-15°)2]; ~ [(30°/-30°), 1% [(60%/:60°) 18 8+ 18 e &y 4 fj- 3t dy
P E MRS S TEES F o SRR - R
[(15°/-15°),]5 ~ [(30°/-30°),]s 2 [(60°/-602)5],2- & B 3t fip sy ey 4 fl3k
W2 AF & HEH RIS T A BB S Pl R ] )
% 5-330 % 5-33 5 % - ppECerEul ) ko2 is ik $4830 B0 chGllepif &
HALE R F S Fm sy e 2 L F A e ot o
7 g 12 [(15%-15°)] ~ [(30°/-30°),] % [(60°/-60°),]s2 & A 3 dp ey e
B HALI A 2 AT & VR B S o R e e EP A
S PLEEHE A 0.05% 0 TR ]k sl F BER BIEE T At

SHE S 0% 0 % - R AR LA & PR IE S en s ST
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F#ce? EP T LR T -2 w2 U ikEkEE, EY

LA LM A e T 25 w2 i N GEKEE,

522 e HHEF R FBHA BEBUZ LI ET %

B A L RI[(45°/-45),]6% [(30°/-30°),]s 18 Bk $TAL3H AP 2 47 & 14
PR B HRE P F= 05kKN2 20 prenf Shphe 2 H v L%
BArd 5-34 HP W AR PERM - MTS > 41505 8100 0 ¢ & &
0.005mm/s ; #7 F * 20 B ¥ R & i KYOWA z A 3L
KFG-3-120-D16-11L3M2S - Al 38 2 i e » ¥ £ 4 f‘:ﬁ#"v w X-
G2 BRE W00 w2 B e rRERABH S py- w2 ¥
BT O0° w2 ¥ e F SR EITE R BRFE T
FHINAN PG E L e BRI R RRE o B PR AT 0 R
% % B EXE < B 5 220 mmx 30 mmx 1 mm > dafpz k> &K 5 R
0.125mm -8 K £ 5 1mm-

e 5-35¢ 0 Bz F[(45°/-45%),) 1 Bk HH ALl 2 AR & WA
KA K 24 F= 0SKNZ 2.0 @2 F 2 A S %2 o ¥

B0 TR H - FREL P HA i & A R £ R
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¥ lonw] o a2 2 g Soie(xV) 0 @R R RS F A $H g £
HREMBAF S EREE T IE N2 B ET R BRE R
v R EZ TIEE > T - FFEEBE RS D k2 # Bk AL
G E MR A SRR Y B HFA AV GHE
F 0 W aTig v [(45°/-459), )2 & s dp2 08 Bk A p chag £ R
BAF S H A B TR ke 4 G e vp A A 8
HES & 13% P o &P arh 2 R - IR 2ZAT & MR R
2 S i n] 0@ rL[(45%-45°),)2 & B e 2 f% B $HAL R fp chig
EHEREF ST ERRL RS B e B¥EL TIOE - R
F o PR AR & MR KR S e o e ) ka4
F#GLEH A A FHE L 09%m HiF v B AL | A v
BHEHEL 1%-

Reif - PR E k2 AF E MR A R Y B2 T4
#Gp= 6.78 GPaZ F 1t vp= 0297 EHE > £ £ B [(30°/-30°)]2-
BB AL < 24 6 HFEHAEF B e 4 Tx-
S lcf - 1 op 4 F= 05KNTEY 2 2 4 B4 % Tx-y™ v 2§ %
Fohphe RHEE o B% Edod 5-36 975 0 I L F R KRR

B2t - By UGIFE L A B G NA QT E SR A
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p fadce(x?) s e(x®) 5 % 2 rEEE £ R K R S L B
Wu gL ol o B R REXDS[EPET] S F - RN
[(30°/-30°), ], 8 Fo 1 42 1% ks $HAL38 7 & 2 4F & HRLA s 5 B4R £ 97
SRS S

%0536 A H A $ S pEECeEu] ) k2 [(30°/-300),] % Bok HH AL

rnGr/epif & HFEF A F St M Y @2 L7 41 84

Bk P ¥ ariE U [(30°-30°),)2 & Ry eris Bok L 2 A
EHMEB A SR AN R Y REEP AT A BREY
b 415%10p ;o rER el Rl BB EY AP AV R HE Y &
8.35%14 P 4t H - FAE A TR & M K S en & o SR
Bt ? EQ WAL ML B 2 W - 52 % AHEEE, EQ 4
MEHMPEZAH D B T 22 b2 X GHicEE, o
PIZo L - B E R R phe R e R B TS
Bl 0k 2 A £ B R S F B2 T 4 G2 R
Vi B T £ BRI [(30%-30°),)2- B A AL ik el e 2
EHERAEF S e 24 TX-3 5 KL - w4 F= 0.5kNIF
PR LABH D eIy e L FREF RDbhe R E R BREZ

ST VLR T TR EN E U

m
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[(30°/-30°)], 1% % & %1 4531 &y cGr/epif & HEL £ K 17 B4 ch 2 s
FUeE 2 BAF A BHE TR kR F e ED LT A
FEHEYE 5 0.96% 5 e kBN BB EP LT A B HE
Wb 1.73% ot 5-36 ¢ F i [(30°/-30°),],2 & B i dpcnis ok
$HEH A 2 AT & HAL R BT R SR A b R L
TiaE > srau ) kB ¥ BEE Z B2 A AV EBHEY &
1.73% 1 > F k2 B %
Bl 4-12(a)~(b) * ] 4-13(a)~(b) A B B[(45°/-45%),]Fr[(30°/-30°) )2
&R Sap 2 W oy SHADSE fpenig Sl RO 7 2 f 1 -dhe % B e 2

PR R -

5.2.3 4 é\v‘fﬂ"fvﬂfﬁﬁ, ’fﬂi""fﬁ_ﬁfbﬁx Y2 2 BoE B

12 Gr/ep B o B3 g2 50 A w5 [(15°-15%6)s ~ [(30°/-30)6]s
[(45°/-45°)6], ~ % [(60°/-60°)s], % = 8% I & B 2§43 g cr0if & HHLf
Bipivl B e MM EEZF R AR S 0.12mm > 5 %48 & L4
RApzg 2 iea > PR E L 232mm > #F% % FE L 200mm 0 B 5

12mm > B 3 2.88mme AL g & HEA K A & HER A
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PERHE R BPY Z A R > B R

\-n

RO RNLIS E 3 S
o AAFEHE R ALY B s - B4 F=3N £ %R
FHERIRBRERAFEHPHBEREET 20 200 ¥ - Kok
%2 P RPE - HRAHRREE 537

MA 537 2 Bk R e AR~ o (FL A R
fap g R R RS LR E SRR D F e L ® X
BoR$E > 355 - pREkEsd? pEafkex?)2 18] &b
AL elx®) ™ 584 ol @ K R ix =[ED EP,GY vD] 5 $Hi
I A & VR A RS 20 g BeiE o A 538 5 % - AT
w2 JHR R MR RS RS VB R B
IR A EHE o fh ¥ T IO IL[(4590-85%)) 2 LI AT & H A
Eirgten 3 o frdu ) kB ¥ EGH 2 v A AV B HIE
T 0% F AF AR o 2 F - FEEL [(459/-45°)6] 2 $H AR AP 2
WEHERE RS AR F e > K AGH 2 V) S AT &M
BAEBRSHZT S BRI EMF LR 2T 2w X4 a G4
H2e® 2.2 5 22 e B¥LF 0 by 2 EBNPFXT
Gy =G, % vi) =v,, °

0 5-39 ALN[(45°-45%) ] 2 AR A enAF & M R
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b > PINEAS S AR BEATES P2 IRl 0 B8 A 0.999 b o ek
W R eEME Y BEGRE VR A T AV EHES 0% o

£ A w)r [(15%-15%)]; ~ [(30°/-30°)6]s % [(60°/-60°)6],2 ¥ 48+ 4
A D S 2 S HE AR RS B 5% A S MR
Birigiz ¥ Wit - BRAFEY Py 2 L3 342 5 Ty w2
P BRI R BRE 0 LI BREE 2 - B UHIER 2 L Ak
Eh R T W o pEEu P ESdke(x?); ex®?) 5 5 - p
FAFEHERERE LY B u i 2 e > A R
x? =[EPEP] 5 % = FE £ Al(15%15%)6]s 5. [(30°/-30°)6] % [(60°/-60°)]
@R sl &2 38 & AR e L Y
@ % 5-40 L % = Py Booriliel A k20 # A dp chgraphite/epoxy 4 &
PSR RS R F e 2 R A F AV SHE - &% 540
¢ o 7 arig 12 [(159-15%) ~ [(30°9/-30°)6]s % [(60°/-60°)s]s2- & A 34 dp e
AL 2 AT 6 R A RS el kel f BB EP 2 EDY
AR AVEHRHET 2 0.04% P F S I EE AR AT & LA

(R SO R S L Eo Rt

2GR ER S A MR AN T 20 b2 P ki

E2°
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£ 541 Eru[(450-45%)c) 2 $HALs fr A & MR B G
o PUAERS S AL @ BEATES T2 B R B H A8 5 0.999 s e
Bk B B E 2 By B R A A FHE A 0.04% 1 o

5 L 1Gllep % B> H3fp > 384 ] L [(15°-15%6]~ [(30°/-30°)]; ~
[(45°/-45°)6]s ~ % [(60°/-60°)s]% = #8.7 I & B 2 $fL3a fp crdf & 4L F4
R o) Bag &M k2 & & B AR 5 0.12mm > 4 #4F & R
B fmad s v > FY M E S 232mmoe % FFE L 200mm 0 B
12mm > B & 5 2.88mm2 $Ffsadpcodf & M F R KR 0 248 & HEH#

}é],lrﬁ,_l_ﬁi‘a WAz gé,%»d, 2 E!})j hed 4 L anEIJ‘};%’;‘TE' ;é,;‘ﬁ%}ﬁ&_’—

*
i

=

bt SRR B B AE - B4 F-IN L R

F.

REAERRERLRAFEHBEHAEREHET 20 2000 % - K v
2T RRE > AR BRESL 542

11 5422 Bhdhe BREF e RRES 0 FLAFRLEH
AP AR PR AR RS L L BN R IR e ¥R
BeRSE > X35 -FREERENLY P ﬂi——mﬁie( ‘1)) | B
ROAT 0 ex®) T R L a0 @ 3R R O = [EP EP,GR V] 5
g & R R R & TSR B o

fd 543 5 % - PRECSRERN DK 2 SR el & R R
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e g FEM T HREZ HFLIFAEGHE o AL P T g
[(45°/-45%)6)s2- A3 AR & HALF A B R 5 o sl 0 R sl
FHREGH 2 VP FAF AV GHEYT 5 0% F R HmE -2 % -
Ph B [(45°1-45%) )2 $HAE30 A 2 AF & VR H R RS HE e & 0T A

B¢ REGH 2 vy s e MR A RS T GiE A6 H
Regarer 12 efdaadHrs® 225t e RELiF
P e F D R ERRBEER TG =G, % v =v, o

g A E [(15%-15%)6)s ~ [(30°/-30%)6)s ® [(60°/-60°)]s2 & F&.+4 4+
AR s & 247 ¢ B RA RSl S B SR 0 Al & MR
Rirgtz P Bros - BAFEER » 208 2 8473 9 Tx-y> o2

R i 2 2 ) B

fheo EREFRBRE > F I EREES - B

Y

Iy

Eh R AT 2R W o R En P R Sdke(x?); ex®?) 5 ¥ = R
B EHERAE RSB Y B i £ Slic > @ R ¥k
x? =[E@ EP] 4 % = FEE [(15%-15%]s ~ [(30°/-30°)6]s % [(60°/-60°)s]«
HEH R S SRR R L TR o B A
5-44 % % = RO S] 0 k2§ fp chgraphite/epoxy AR £ M AR
PR B Y e 2 HFL P AV e 4 5447 > 7o

i L[(15°-159)], ~ [(30°/-30°)6L, % [(60°/-60°)cl2. & & it dy gt vt d
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2 AF & MR R RS o AT kB Y BB ED 2 EPEL T A
LEHE Y A 0.03% Mt F C PR E AR A AR R
i BB Y ey EP TS EMFLRES T D e R0k

BEE  EY A E ML A3 e T 22 w2 ff X REKEE, -

524 ¢ HP B A BB PR BUZLTHR S

WA & R RS R T A AT A T ik 4] S WA
WAt B 8 2 dp e WARg E M A RE R 0 £ k2 T L
H-FpEanl 2 6 pp RnmiE 2 9 3R B0 5 R B2 dicdy i
- HEAT A MR RS 2 O R £ MR R
ok 412 FAE PR Y BE{od S kTR R AT & ML K
B TR F BT Lo R

T & B RI[(45°-45°)) S AL Ar 2 AF & HALfE K $RS4E > 2 Hung
Ta Instrument Co., LTD. 2 3 ¥ 22 4% - 3| 5L 2 HT-9102A - #-
[(45°/-45°)] ¥t A dp 2 $Hfi e dp eaf £ PR B RS H > B3tz B
S0 2 AP Hoapd LEpp kot RS P A o ¢ AR
# % L 002mm/s 0 A E F oz 5 % R e 5 KYOWA z 7 5

KFG-3-120-D16-11L3M2S » ¢ 3] 5% 2 g e » ¥ £ R L 54> w x-
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G BRE W00 w2 e eI RHES py- L R
B WO90°> w2 BB ey ¥ M RERETE RGO BREE T
FHIAPHEL e REE > B E o [(45°-45%)) At dr 2 45
EHALFE R RS B B P AP Bt - B4 F=3NpE
fho B -He R 2 TRRZFTRERE > I RERFE7 4
5-45

tedk 5-45 ¢ 0 R(45°-45°) | HHAE s dr 2 4F & AL R RS
ZOBLERY RERPE 4P B - B4 F=3NFF e ¥ R RB%
YRR AR TIE » deE X N(3-260)58 ¢ 0 (T L H - pEE 2
A AT & HOR R AR L R o] > 2 2 E sk
elx®) o @ 3 e L M W AR R IR £ T B

7L
B o

£ 546 LA S BR R KL HE H o BEELTI0E 0
FooFpBEElE e R 2 oA & R K RS R
A K Bl 2 B A A AV B HIE o d £ ¢ 7 doif 11[(45%-45%)]2 &
Bodafp2 SR A £ WA IREHE S B rranl I ke 4 i
BGERFAFAVEHEL 1.9% & HF v B R FELF A0 4

¥HiEs 1% &7 oAk 2 lpkbf - PR 24 & MR 1@%*#4 SH
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feahn] o 2T 4 FG R T v AR § A

Bl - PR BTl K2 A & PR R R R B T4
G2 Fi v F R £ &R [(60°-60°)6],2- B fE 41 $ AL
Ao 2 AF E PR R IR R B R AP B Res - R

A F=3NFaifhe R - Ho RFE2TRBZIHRDLE 4ok 54597

oI EFEFT R R R BRI T RELT R
ol Er - B OUFEE L YRR (T R

poann] p R Sdce(x?); e(x?) 5 8 - PR & HER A pi 2 S
o w ek A O gk o AseR i X =[EPEP] 5 % Z FF B

[(60°/-60°)6] H FE.44 4 ¥t fide o A2 47 & B 18 A HR B4 & 0 SR ¥
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graphite/epoxy4f & ¥ A4 4% & #R S e B ¥ e 2 Hip L F o0
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kel ¥ BB E 2 Ep2 3RA AV G HE Y B T4% P o

P32 LY - PENTETRZI e BRE R e ¥ B2 T
Eerat el I k2 A4 & HOR R A RS RN B T 4 G2 e
Vi B E R R [(60°-60°)c] 2 B A K gL dr % 24 & H
PR RS s B R Y B - B4 F= 3N chijh
PR R R E VR ZIFRERE P FER R DM R E
B %2 TiE 22 5 ppaup Eadkex®); ® 8- pra
[(60°/-60°)6], 5 B+ $H 442 dp i & 2 4 & HHELfE K $RAHE & ST B2 4
B iE o & 5-47 ¥ - Fp BT aklled Kz [(60°/-60°)6]s ¥ AL 3 fp e
graphite/epoxyif & H R E SN FEME ¥ @ 2 HE L | 4w
BHE > hd 547 T roy W[(60%/-60°)s]2. & R dp gt 4 dp 2
A EFRAR A RS A S R s Y R 2 By A AR
HET ™ 2 29%Mp o

B 4-14(a)  (b)% W] 4-15(a) ~ (b) A ) L[(45°/-45°)]1=[(60°/-60°)c]
2o & Rz $HfRsafpendg & HOE A R | - B BI02 §

- % W
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124 6 AR A2 R 34§ #iciE 0 4 %] 12 Graphite/epoxy
(Gr/ep)% Glass/epoxy (Gl/ep) = 13 » % % |p 2 3 fp> 3% 5 6|5 » HF
A ZHEFCIER o b L Grlep 247 & HOE R A R 2 RS HER R R

TEHT A ERERE o

IoAe sl 2 B - BREE A PRl ik o B Rl & HA
hFEaEEHL L0 BRERT ¥ U § I s 47 & 4
PR SRR FREE Y KEE - By ~GpEivp FiTa &
FERPEEL o

2. AF & VAR A F S HEE - R ECGRNEE F B > A 4 1 Gr/ep 2 Gl/ep

EMFERAFSHTE - RPN A2 LA F

bR £ PR R F BT AR E M R A LR
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i@ > Griep2 Gllep#iad s It k eslf § BB E) ~ Ey ~ Gp% vppd
FERAVEHET A 0.T%Mp o

. I Grlep2 Af £ HAF A Bk R B 12 B - PR A w0
[(30°/-30°),/30°] 2 & B ¥4 dp 2 [(45°/-45°),/45°])2. & & 3 dp (74 1 2
o el TR g E e g k2 A EME Y B R G H
[(30°/-30°)4/30°]2. & R 3 fp2 A4F £ M f A = 5Hem 5 o sl

ke SBEM F B EE v Ey ~GpivpE A F At g HELs NG
3.1%~3.0%~5.7%~ 2 0% ; $[(45°/-45°),/45°)2. & B 3afp2_4F & +
P KSR 2 o sl BB E, ~ By ~ Gp® v i
HAF A FHEA YR 2% 6.6% T 2%~ 2 0% o

C A E R R RS E - PR B s 2 0 4 W Gr/ep £
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Fle & RuAp g E R K RSV AP g e e i
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Ey ~GpZvpHFaLF A 8 E A 08%MpN -

. M Grlepz 4F & MR A R AT S 0 H - FREGEYE 0 A Y0
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114



oo O EHRERY B2 TR et k2 LIEEE ¥ KkE
s M FE o HH[(45°/-45%)6)s2 & R Gafp 2 AF & R R A RS T
Tiaghe ~ Ko 2 TREELZFL S 2.9%2.6%2% 3.6% CO.V.
EAE L 11%1.2%% 1.1% » #asw) ) ksl F #c@E, ~ B, -
G2 VvpBAFAVEHES YL 35%3.7%~2.8% % 0%
C.OV.i& % 0.89% ~ 3.86% ~ 1.17% ~ 2 0.19% ; ¥[(60°/-60°)¢]s2 &
Biafpz 4 E P A REHED T > Tiofhe s e 2 PRFEL
WAL 21%2.1%% 5% COV.EA B 5 09% - 1.2%% 2.1% #F
o] ksl f BBy By G iy, B A A B EA Y
2 05.0%22%2.0%% 6.7%+COV,E 5 2.13% ~ 1.90% ~ 1.61%
2 3.61% o

CHAF E DR R RS RS PR EGRBS ¥ fi2 0 4 5] 2 Gr/ep % Gl/ep
ZAEHEREF ST KA BN R A2 HEET R
Bdafpeigg & HE R B o Ap g A e B n ) LR s i

B & #mGr/ep 2 Gllep?radw I kel ¥ #IEE, ~ E, ~GpZ vp

HAT A BHE L 012% P -
. " Gr/epZ g & HHF fié.l‘f)f‘—'-*#j\l\:a;ﬁ% ) G PEELIRE]E A )

[(45°/-45°),]2- & R 3adp % 2_ & R3afp i ¥ g5 W TR ER

115



¥ ppEEul e k2 T F G v R A A
Au G 09%% 1% 0 12 [(30°/-30°)]s2 & B ¥ dpz 45 & AR K

BRI TS G S IR S] ]  k i F J0EE 2 B

S
b
put|
N

GHE A HE 096%F 1.73% » frasw] 4k gl ¥
#BEE ~ Ey ~GpivpdFA AV 88 EEL73%Mp o

CHAF B AR R RS RS R BRI B B2 0 4 5 1 Gr/ep % Gl/ep
ZAFE MRS TS B BN i A HEAA R
Bodadp gy & HP R R BRSO Ap g A e B u ) LR SR i

B > & #Griep 2 Glleprraht] dygh et § #cEE v By ~ Gp% vip

HEZ P A G4 E 220.04% 08 -
1L Griepz AF £ MK TR RS - F A PR NE 0 2
[(45°/-45°),)s2- & R dp 2 2 & RIadpivdy ¥ 3% > T IORFER
FooFFEEu A k2 4§ BKG L T R v B R L T A
GEEA UL 1.9%E 1% 11 [(309-30°),)2 & & H 2 4F & Hp
ARG T IORR RS - RS A ksl BB
Eiz2 BB L AV G HEA NG 0.1%%F 2.9% > #racw] 4 &k ol
MEBEE ~ Ey ~Gp2vpd Lot edqiEd 29%up - 3

Bt nl A o R H - PR R B2 L R R R

116



B o
10.40% 0 § & WfDa R 47 6 R K RS Rz B R 5% > 7%
ez PR AR  HFALR R T EF AN HAEAA
BRARP AT > £ T 5 333 P50 3 A E R A2 S kehim s S
Al R EF R RN A H Y B R EAL T AV REEZ B e

1670 A RF2LFAF AV EHEL3T% PN £ H &

bl bl
S
- -
[ [
RS RS

83 PF & W2 EAT A FHE A 19.1% N > 5k

Pﬁ‘%ﬂ— %&7 é“l—\’E%LLZE{"J‘O

6.2 A KRFEE > w

Loggd &2 0 X k7 A7 g AU A e 1 2 AT £ WAL T
CRA R AR X SN Y e

2. VAL EN e 41 T B EBERR 24 &M A RS
¥ B2 SR L 2 SRR T T e

3. AT AL WG HRAIL S S 1 g £ H AL & B A

i

~

o

% 38 5B

4. 3% ph R gkl S 401 2 2 PISAT & MR K I 2 RS D

117



SRR

. R. M. Jones, 1975, “Mechanics of Composite Materials”, McGraw-Hill
book company.

. S. W. Tsai, H. T. Hahn, 1980, “Introduction to Composite Materials”,
Techomic publishing Co., Inc.

. J. R. Vinson, R. L. Sierakowski, 1986, “The Behavior of Structures
Composed of Composite Materials”, Martinus Nijhoff publishers.

. S. R. Swanson, 1997, “Introduction to Design and Analysis with
Advanced Composite Materials”, Prentice-Hall International, Inc.

. J. A. Snyman, L. P. Fatti ,#1987, “A Multi-Start Global Minimization
Algorithm with Dynamic Search Trajectories”, Journal of Optimization
Theory and Applications; 54(1); pp.-121-141.

. T. Y. Kam, J. A. Snyman ;. 1991, “Optimal Design of Laminated
Composite Structures Using a Global Optimization Technique”, Journal

of Composite Structures, 19, pp. 351-370.

AR, 1992, BT & HRE 2 R R S L

|4
“k
(=
A=
g
3
:gt

IR ALY o
SRR, 1992, CAF A MR A TR R PR L A F R
1R TR LR Y o
CHRE R, 1993, HF A HDEM A RS E g7, M i X B

TG ALY

118



10. FFRes, 1994, “4F EHPHAF L EEX DR 2L« FHRFI
FFT T ALY

L1 #F9% %, 1997, “4f & HAL BT & AR 2 B i 1 K37 B2 2l <
FER ] A L

12, & %, 1999, “4F & PR ez )7 W2 23 < F R A
Fyitdimz -

13. 2 % J&, 2000, 47 & #HA- S s s n)” W2 il < Fis R
Fert g ol Lk

14. G. N. Vanderplaats, 1984, “Numerical. Optimization Techniques for
Engineering Design with"Applications”, McGraw Hill Inc., New York.

15. % 5%, 2006, “3E 1+ L 3547 € HoRGE G4 1 L Sz n]” R 2 %
U~ BRI BT TE LG~

16. E. M. Salchenberger Cinar, N. A. Lash, 1992, “Neural Networks: A
New Tool for Predicting Thrift Failures,” Decision Sciences, 23, pp.
889-916.

17. R. S. Sexton, N. D. Jatinder, Gupta, 2000, “Comparative Evaluation of
Genetic Algorithm and Backpropagation for Training Neural Networks”,
Information Sciences, 129, pp. 45-59.

18. R. S. Sexton, R. E. Dorsey, J. D. Johnson, 1998, “Toward Global

Optimization of Neural Networks: A Comparison of the Genetic

Algorithm and Backrogation”, Decision Support System, 22, pp.

119



171-186.

19. C. C. Huang, Y. F. Huang, 1991, “Bounds on the Numbers of Hidden
Neuron in Multiplayer Perceptions”, IEEE Trans. Neural Networks, 2(1),
pp. 47-55.

20. C. Y. Lin, C. Fleury, 1992, “Genetic Algorithms in Optimization
Problems with Discrete and Integer Design Variables”, Engineering
Optimization, 19, pp. 309-327.

21. D. E. Goldberg, C. H. Kuo, 1987, “Genetic Algorithms in Pipeline
Optimization”, Journal of Computing in Civil Engineering, 1, pp.
128-141.

22. T. Y. Kam, T. Y. Lee, 199451 “Crack Size Identification Using an
Expanded Mode Method’’; International Journal of Solids and Structures,
31, pp. 925-940.

23. T. Y. Lee, T. Y. Kam, 1993, “Detection of Crack Location via a Global
Minimization Approach”, International Journal of Engineering
Optimization, 21, pp. 147-159.

24. T. Y. Kam, T. Y. Lee, 1992, “Detection of Cracks from Modal Test
Data”, International Journal of Engineering Fracture Mechanics, 42 (2),
pp. 381-387.

25. T. Y. Kam, T. Y. Lee, 1994, “Identification of Crack Size via an Energy
Approach”, International Journal of Nondestructive Evaluation, 13(1),
pp. 1-11.

26. T. Y. Kam, F. M. Lai, and T. M. Chao, 1999, “Optimum Design of
Foam-Filled Laminated Composite Sandwich Plates”, International

Journal of Solids & Structures, 36(19), pp. 2865-2889.

120



27. T. Y. Kam, F. M. Lai, 1999, “Experimental and theoretical predictions
of first-ply failure strength of laminated composite plates”, International
Journal of Solids and Structures, 36(16), 2379-2395.

28. T. Y. Kam, F. M. Lai, S. C. Liao, 1996, “Minimum Weight Design of
Laminated Composite Plates Subject to Strength Constraint”, Journal of
AIAA , 34(8), pp.1699-1708.

29. T. Y. Kam, F. M. Lai, 1995, “Design of Laminated Composite Plates for
Optimal Dynamic Characteristics Using a Constrained Global
Optimization Technique”, International Journal of Computer Methods in
Applied Mechanics & Engineering, 120, pp. 389-402.

30. T. Y. Kam, F. M. Lai, H. F. Sherj 1995, “Optimal Parameters for Curing
Gr/Ep Composite Laminates’,- International Journal of Materials
Processing Technology, 48, pp. 357-363.

31. T. Y. Kam, F. M. Lai, 1995, “Maximum Stiffness Design of Laminated
Composite Plates via a Constrained Global Optimization Approach”,
International Journal of Composite Structures, 32(1) 391-398.

32. T. Y. Kam, M. D. Lai, 1989, “Multilevel Optimal Design of Laminated
Composite Plate Structures”, Computers and Structures, 31(2), pp.
197-202.

33. T. Y. Kam, C. K. Liu, 1998, “Stiffness identification of laminated
composite shafts”, International Journal of Mechanical Sciences,
4(9),927-936.

34. W. T. Wang, T. Y. Kam, 2001, “Elastic constants identification of shear
deformable laminated composite plates”, ASCE, Journal of Engineering

Mechanics, 127(11), pp. 1117-1123.

121



35. W. T. Wang, T. Y. Kam, 2000, “Material characterization of laminated
composite plates via static testing”, International Journal of Composite
Structures, 50(4), pp. 347-352.

36. T. Y. Kam, C. H. Lin, W. T. Wang, 2000, “Identification of material
constants of composite laminated pressure vessels using measured
strains”, ASME, Journal of Engineering Materials and Technology,
122(4), pp. 425-427.

37. S. V. Hoa, S. Z. Sheng, P. Ouellette, 2003, “Determination of elastic
proerties of triax composite materials”, Composites Science and
Technology, 63, pp.437-443.

38. A. K. Bledzki, A. Kessler, R.,Rikards, A. Chate, 1999, “Determination
of elastic constants of .glass/epoxy wnidirectional laminates by the
vibration testing of plates”, Composites Science and Technology, 59, pp.
2015-2024.

39. J. C. Marin, J. Canas, F. Paris, J."Morton, 2002, “Determination of G,
by means of the off-axis tension test. Part I: review of gripping systems
and correction factors”, Composites: Part A (33), pp. 87-100.

40. J. C. Marin, J. Cafas, F. Paris, J. Morton, 2002, “Determination of G,
by means of the off-axis tension test. Part II: a self-consistent approach
to the application of correction factors”, Composites: Part A, 33, pp.
101-111.

41. M. J. Pindera, C. T. Herakovich, 1986, “Shear characterization of
unidirectional composites with the off-axis tension test”, Experimental
Mechanics, pp. 103-112.

42. N. J. Pagano, J. C. Halpin, 1968, “Influence of end constraint in the

122



testing of anisotropic bodies”, Journal of Composite Mechanicals, 2(1),
pp. 18-31.

43. C. T. Sun, I. Chung, 1993, “An oblique end-tab design for testing
off-axis composite specimens”’, Composites, 24(8), pp. 619-623.

44. M. Grédiac, E. Toussaint, F. Pierron, 2002, “Special virtual fields for
the direct determination of material parameters with the virtual fields
method. 1 — Principle and definition”, International Journal of Solids
and Structures, 39, pp. 2691-2705.

45. M. Grédiac, E. Toussaint, F. Pierron, 2002, “Special virtual fields for
the direct determination of material parameters with the virtual fields
method. 2 — Application to in-planesproperties”, International Journal of
Solids and Structures, 39,:pp.12707-2730.

46. M. Grédiac, E. Toussaint, F. Pierron, 2003, “Special virtual fields for
the direct determination of material parameters with the virtual fields
method. 3- Application to the bending rigidities of anisotropic plates”,
International Journal of Solids and Structures, 40, pp. 2401-2419.

47. S. F. Hwang, C. S. Chang, 2000, “Determination of elastic constants of
materials by vibration testing”, Composite Structures, 49, pp. 183-190.
48. L. Marin, L. Elliott, D. B. Ingham, D. Lesnic, 2004, “parameter
identification in isotropic linear elasticity using the boundary element

methob”, Endineering Analysis with Boundary Element, pp. 221-233.

49. K. Genovese, L. Llamberti and C. Pappalettere, 2004, “A new hybrid
technique for in-plane characterization of orthotropic materials”, Society
for Experimental Mechanics, pp. 58-592

50. L. R. Deobald, R. F. Gibson, 1988, “Determination of elastic constants

123



of orthotropic plates by a model analysis/Rayleigh-Ritz technique”,
Journal of Sound and Vibration, pp. 269-283

51. P. S. Frederiksen, 1997, “Experimental procedure and results for the
identification of elastic constants of thick orthotropic plates”, journal of
composite materials, 31(4), pp. 360-382.

52. F. Moussu, M. Nivoit, 1993, “Determination of elastic constants of
orthotropic plates by a modal analysis/method of superposition”, Journal
of Sound and Vibration, pp. 149-163.

53. K. E. Fallstrom, 1991, “Determining material properties in anisotropic
plates using Rayleigh’s method”, Polymer Composites, pp. 360-314.

54. M. Taktak, F. Dammak, S. Abid, M. Haddar, 2005, “A mixed-hybrid
finite element for three-dimensional isottopic helical beam analysis”,
International Journal of Mechanical Sciences, 47, pp. 209-229

55. C. M. Mota Soares, M. Moreira de- Freitas, A. L. Aratjo and P.
Pederson, 1993, “Identification of'material properties of composite plate
specimens”, Composite Structures, 25, pp. 277-285.

56. H. Sol, H. Hua, J. De Visscher, J. Vantomme and W. P. De Wilde,
1997, “A mixed numerical/experimental technique for the
nondestructive identification of the stiffness properties of fibre
reinforced composite materials”, NDT & E International, 30(2), pp.
85-91.

57. W. P. Wilde, H. Sol, 1987, “Anisotropic material identification using
measured resonant frequencies of rectangular composite plates”,

Composite Structures, 4(2), pp.2317-2324.

124



58. R. Rikards, A. Chate, W. Steinchen, A. Kessler, A. K. Bledzki, 1999,
“Method for identification of elastic properties of laminates based on
experiment design”, Composites, 30B, pp. 279-289.

59. K. H. Ip, P. C. Tse, T. C. Lai, 1998, “Material characterization for
orthotropic shells using modal analysis and Rayleigh-Ritz models”,
Composites, 29B, pp. 397-409.

60. A. L. Aragjo, C. M. Mota Soares, M. Moreira de Freitas, 1996,
“Characterization of material parameters of composite plate specimens
using optimization and experimental vibrational data”, Composites, 27B,
pp. 185-191.

61. ASTM, 1990, “Standards and!Literature References for Composite
Materials”, 2™ Ed., West Conshohocken, Pa.

62. E. C. Cojocaru, H. Irschik, H. Gattringer, 2004, “Dynamic response of
an elastic bridge due to a moving elastic beam”, Composite and
Structures, 82, pp. 931-934.

63. A. B. Lipen, A. V. Chigarev, 1998, “The displacements in an elastic
half-space when a load moves along a beam lying on its surface”,
Journal Appl. Maths Mechs,62(5), pp.791-796.

64. H. S. Zibdeh, R. Rackwitz, “Response moments of an elastic beam
subjected to poissonian moving loads”, Journal of Sound and Vibration,
188(4), pp.479-495.

65. B. Nadler, M. B. Rubin, 2003, “Determination of hourglass coefficients
in the theory of a Cosserat point for nonlinear elastic beams”,

International Journal of Solids and Structures, 40, pp. 6163-6188.

125



66. IMSL, 1994, “User’s manual”, Version 3.0, IMSL Inc.

67.S. W. Tsai, 1987, “Composite design”, Think Composites, Dayton.
68. F. Mujika, A. Valea, P. Ganan, I. Mondragon, 2005, “Off-axis flexure
test: A new method for obtaining in-plane shear properties”, Journal of

Composite Material, pp. 953-980.

69. F. Mujika, L. Berglund, J. Varna, I. Mondragon, 2002, “45° flexure test

for measurement of in-plane shear modulus”, Journal of Composite
Material, 36, pp. 2313-2338.

70. F. Mujika, 1. Mondragon, 2003, “On the displacement field for
unidirectional off-axis composites in 3 point flexure. Part 1: analytical
approach”, Journal of Composite.Material, 37, pp.1041-1066.

71. F. Mujika, A. de Benito, I. Mondragon, 2003, “On the displacement
field for unidirectional off-axis:composites in 3 point flexure. Part 2:
numerical and experimental results’’, Journal of Composite Material, 37,
pp. 1191-1217.

72. R. J. Benjamin, C. A. Cornell, 1970, “Probability, statistics, and
decision for civil engineers”, McGraw-Hill, New York.

73. T. K. Hwang, C. S. Hong, C. G. Kim, 2003, “Probabilistic deformation
and strength prediction for a filament wound pressure vessel”,
composites: Part B 34, pp. 481-497.

74. M. Drechsler, 1998, “Sensitivity analysis of complex models”,
Biological Conservation, 86, pp. 401-412.

75. A. Chan, X. L. Liu, W. K. Chiu, 2004, “Sensitivity analysis of potential

tests for determining the interlaminar shear modulus of fibre reinforced

126



composites”, Composite Structures, 66, pp. 109-114.

127



— >~ 314

ok

4

ine

2.1

e AR

o 2. ]

n=0, r=0, P*

[

<
Il
IX1t

<

Multi-start sampling

A

v
n=n+1
v
=X

v

|1

Strain analysis

v

x:

v

IX<1

Subroutine 1

v

local minimum v, X

128

v

Yes

<.

Yes

r=1

No

\ 4




1y

CRlAES LR R FE LT 2 ER)

( Start )

A 4
0~ . .
Moy e
A 0 _ [E01 E% G°% v’
al

]

i 0 ~
Given B

1

) , )
o, O

l

¥(Z pnr,)

oy

Minimize

Subroutine 2

No

Yes

Yes =

max
b r

P

129




i

Bl 2 AR (P F A2 R)

1 Start )

y

Constant 7, a ,kn

X, = X of Min {eb ,em}

v

X, = x of Min{eb,em} ’

i=0

Setizok=0 |

v

Start new trajectory

No

e<e, and e<en,

X, = X,e" =e(x,)

A

v
k=k+1

Yes

i=0

e, = Min {ek ,em}

x
I

No

wo=xof Mn {e,.,e,}

Downhill?

No

Satisfy termination condition?

e, =Min fe, ,e,}
X, =X, =X of Min {eb vem}

End of

trajectory

\ 4

130

Y



2 3-1.Gr/ep 4F & HEL A & 1RE - PPE s 2 §AR

Fiber angle Elastic Sensitivity (10%) C.O.V. C.0.V.
[(0°/-0°)s]s constant 2% 2 x| 9 | For For For For 3
Oexlg | 255 | g

€x gy Yxy strains
E, (GPa) -2.204 | -0.1095 -0.629 5.70% 0.27% 0.38% 5.72%

E, (GPa) -4.883 2.328 -6.669 20.36% 9.22% 6.33% 22.97%

P G,, (GPa) 7.919 1.369 64.57 4.39% 0.73% 8.26% | 9.384%
Vi, 2.244 0.137 -1.143 2.83% 0.17% 0.33% 2.86%

E, (GPa) -2.554 | -0.846 -6.954 13.92% 5.77% 3.57% 15.48%

E, (GPa) -5.229 | -1:011 10.04 45.23% | 10.94% 8.18% 47.24%

% G,, (GPa) 7.621 4.982 67.553 8.90% 7.28% 7.43% 13.69%
Vi, 0.607 0.15 4.654 1.61% 0.42% 1.16% 2.03%

E, (GPa) -2.660 | -2.701 -12.093 | 35.12% | 25.26% 5.32% 43.59%

) E, (GPa) 7.071 7.095 69.74 | 148.55% | 105.56% | 48.85% | 188.67%
® G,,(GPa) | -1.034 1.036 0.0078 2.92% 2.08% 0.001% 3.59%
Vi, -1.259 0.080 -8.682 8.11% 0.37% 1.86% 8.33%

E, (GPa) -2.046 | -4.857 -11.179 | 50.89% | 34.89% | 4.64% | 61.87%

E, (GPa) 0.492 1.449 6.811 18.03% | 15.34% | 4.16% 24.04%

°0 G,,(GPa) | -2.992 | -4.242 -23.224 | 15.32% 6.27% 1.98% 16.67%

Vi, -5.617 | -20.345 | -51.213 | 63.62% | 66.55% 9.67% 92.58%
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% 3-2.Gllep 4 &t 4% & HRH — FFEnli2 2 §RCR

Fiber angle | Elastic Sensitivity (10%) C.O.V. C.0.V.
[(0°/-6°)]s | constant 2:;( . g:; I :Y)iiy I For For For For 3
€ € '
&x &y Yxy strains
E,(GPa) | -4.646 -0.154 -2.136 5.41% 0.08% 0.34% 5.42%
E,(GPa) | 0.6017 | 3.7398 | -4.4371 | 3.31% 8.95% 3.31% | 10.10%
. G, (GPa) | 0.05571 | -0.4611 | 37.9622 | 0.06% 0.22% 5.58% 5.58%
Vi, -1.2256 | -4.8668 | 9.0386 2.13% 3.68% 2.13% | 4.755%
E,(GPa) | -5.483 -0.449 4.444 9.86% 0.52% 0.78% 9.9%
E,(GPa) | 0.0144 |-0.01123 | 51.852 0.13% 0.06% | 43.75% | 43.75%
¥ G,,(GPa) | 2.165 0.225 5:926 3.62% 0.24% 0.96% 3.75%
Vi, 11.544 | =12.348 16296 ' | 30.72% | 21.12% | 42.24% | 56.34%
E,(GPa) | -5.408 -5.663 .| -28818 | 16.81% | 9.05% 3.88% | 19.48%
. E,(GPa) | 0.6656 | 0.8091 | 19.2123 | 9.69% 6.05% | 12.11% | 16.64%
45 G,,(GPa) | -0.104 0.0971 -0.192 3.02% 1.45% 0.24% 3.36%
Vi, -1.248 1.052 9.606 5.79% 2.51% 1.93% 6.60%
E, (GPa) 2.124 -11.226 | -123.799 | 8.92% | 12.75% | 8.54% | 17.75%
E,(GPa) | -0.2123 | 0.3368 | 4.6194 4.24% 1.82% 1.51% 4.85%
°0 G,,(GPa) | -0.941 0.1123 -27.72 3.74% 0.12% 1.81% 4.15%
Vi, -5.218 | -11.001 | -33.259 | 33.34% | 19.00% | 3.49% | 38.53%
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% 3-3.Gr/ep 4F & MALFE K F S FEEL A S 2 AR

Level | Fiber angle Elastic Sensitivity (10%) Var[x.] C.O.V.
[(0°/-6°),]s | constant
0 X; | 0 X%
Oe,|g s, |§
E,(GPa) | -0.74 | -0.79 0.0011 25.42%
E,(GPa) | -0.11 -0.14 0.000028 2.83%
First 45°
G, (GPa) | -0.56 0.59 0.000625 3.66%
Vi <0.0084 . 0.02 0.0000002 0.14%
E,(GPa) | =142} -0:04 0.00006 5.30%
15°
E,(GPa) 0.14 1.33 0.000082 9.82%
E,(GPa) | -0:96:"} -0.18 0.00021 9.90%
Second 30°
E,(GPa) | -0.34 | 1.055 0.0004 21.83%
E,(GPa) | -0.51 | -3.205 0.0046 46.22%
60°
E,(GPa) | -0.204 | 0.054 0.00017 14.14%
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% 3-4.Gllep 4F & 1414 K 7 & P g nli2 2 ARk

Level | Fiberangle | Elastic | Sensitivity (10°) |  Var[x,] C.O.V.
[(6°/-6°),]s | constant
0 Xi | 0 Xi
D, |g de, |§
E,(GPa) | -0.267 | 1.400 0.000105 32.41%
E,(GPa) | 0.335 | -5.864 | 0.001636 31.35%
First 45°
G,(GPa) | -1.13 0.73 0.00025 3.82%
Vi -0.008 | -0.35 0.000006 0.94%
E,(GPay | -0l "0:005 0.000004 5.21%
15°
E,(GPa) 1.34 8.05 0.00035 22.51%
E,(GPa) { 70.41 0.02 0.00001 8.03%
Second 30°
E,(GPa) | -2.03 9.52 0.00245 59.77%
E,(GPa) | -0.11 -2.23 0.000125 28.97%
60°
E,(GPa) | -0.50 0.02 0.00008 11.00%
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# 3-5.Grlep A E MHFEF A F 2 B - PPN 2

AR

Fiber Elastic Sensitivity (10%) var[x] | CO.V.
angle constant
[(6°/-6°),]s % ax; | ox, ox
dey c 68?/5 |§ o c o c
E,(GPa) | -0.169 | 0.237 | 0.218 | -0.173 | 0.0000822 6.19%
E,(GPa) | -0.921 | -1.276 | 1.077 | 1.066 | 0.00237 52.77%
45°+30°
G, (GPa) | -0-562 | 0.533 | 0.034 | -0.035 | 0.000583 3.53%
Vi -18.823 |:214.021 [ “21.16 | 0.027 0.671 272.78%
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% 3-6. Gr/ep 4F & 114 & 253 IF B B2 20 & A0k

Level | Fiber angle Elastic Sensitivity (10%) Var([x;] C.O.V.
[(6°/-6°),]¢ | constant
x| d X;
Oe,|g s, |§
E,(GPa) | -1.39 | -1.40 | 0.0001752 10.21%
E,(GPa) | -0.23 -0.26 | 0.0000052 1.22%
First 45°
G,,(GPa) | -1.03 1.09 0.0001000 1.46%
Vi, -0.08 -0.07 | 0.0000005 0.24%
E,(GPa) | -2.21 =0.11 | 0.0000103 2.20%
15°
E,(GPa) 0.26 2:49 0.0000134 3.97%
E,(GPa) | -1.77 | -0.33 | 0.0000338 3.97%
Second 30°
E,(GPa) | -0.66 1.99 0.0000679 8.94%
E,(GPa) | -0.98 -5.39 | 0.0006553 17.40%
60°
E,(GPa) | -0.38 0.10 0.0000272 5.66%
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% 3-7.Gllep if & HALHE K HEA FS B ul % 2 faCR

Level | Fiber angle Elastic Sensitivity (10%) Var([x;] C.O.V.
[(0°/-6°),]s | constant
x| d X;
Oe,|g s, |§
E,(GPa) | -0.26 | -0.27 | 0.0000020 4.58%
E,(GPa) | -1.08 -1.33 | 0.0000349 4.62%
First 45°
G,,(GPa) | -0.83 0.81 0.0000200 1.08%
Vi, -0.17 4, -0.08 | 0.0000007 0.32%
E,(GPa) | -0.46+ -0.01 | 0.0000007 2.16%
15°
E,(GPa) 1.53 9:37 0.0000620 9.52%
E,(GPa) | -0.45 -2.35 | 0.0000016 3.27%
Second 30°
E,(GPa) | -2.35 12.17 | 0.0005125 27.38%
E,(GPa) | -0.11 -2.40 | 0.0000189 11.25%
60°
E,(GPa) | -0.56 0.03 0.0000134 4.43%
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# 4-1 Graphite/Epoxy 2 4F 1 & S H 2 & 7 38 {2 4 g

Material type Material constant
El(GPa) EQ(GPa) Glz(GPa) Vi2
Graphite/Epoxy| 146.5 9.22 6.84 0.3
C.O.V. 0.7% 1.2% 3.2% 0.19%

(Source: & % d & ~ = % % i# ASTM[61]*R4~& R]™ iF)

3 5-1. F= 1KN2 Gr/eps $Hk 3 BR[(0%/-0°)4/0°] 2. T2 Jis %

Fiber angle 0 Strain
80(107) [ e, (107) | yy(107)
15° 2.479 -2.395 -0.5088
30° 5.228 -6.554 -0.4371
45° 12.67 -8.985 -0.3747
60° 22.68 -6.554 -0.3352
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I Re e 3 - QT

% 5-2. F= IkNZZ#% i % B3 % Griep 4F H ¥ S H#[(0°/-6°)4/0°] 2 &

Fiber angle 0 Identified material constant

Ei(GPa) | E; (GPa) | G, (GPa)| vy,
15° 146.54 9.25 6.84 0.30
(0.03%)" | (0.3%) (0%) (0%)
30° 146.58 9.25 6.84 0.30
(0.05%) | (0.3%) (0%) (0%)
45° 146.71 9.17 6.84 0.30
(0.1%) (0.5%) (0%) (0%)
60° 146.07 9.23 6.84 0.30
(0:3%) (0.1%) (0%) (0%)

actual data.
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%53, 1073 2N & Ny iGr/epif H 15 5 H[(0°/-0°)4/0°] 2 S22 s %

uN
B

Stress resultant | Fiber angle 0 Strain
N, (kN/m)|N, (kN/m) £ (10°) | &(10°) | 1,,(10°)

15° 3.001 5.349 -8.591
30° 5.877 -3.027 -7.562

’ 1 45° 16.32 -9.675 -6.745
60° 32.05 -8.262 -6.339
15° 0.1265 41.11 -12.42
30° -1.988 24.19 -11.58

5 5
45° 5.534 5.534 -11.24
60° 24.19 -1.988 -11.58
15° 4.377 -12.53 -6.674
30° 9.809 -16.63 -5.551

’ ; 45° 21.71 -17.28 -4.497
60° 35.99 -11.40 -3.717
15° 7.312 -48.30 -2.839
30° 17.67 -43.85 -1.528

’ B 45° 32.49 -32.49 0
60° 43.85 -17.67 1.528
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% 540 72 2Ny 2 NyenJ2 3 i % B35 5 Griep 4F # # %

[(0°/-0°),/0°] 2. % 38 3B ¥ #c i

Stress resultant | Fiber angle Identified material constant
NX Ny 0 El(GPa) Ez (GPa) G12 (GP&) Vi2
(kN/m) | (kN/m)

15° 146.46 9.20 6.85 0.30

(0.03%)" | (0.2%) | (0.1%) | (0%)

30° 146.50 9.25 6.84 0.30

5 1 (0%) (0.3%) (0%) (0%)

45° 146.31 9.26 6.84 0.30

(0.1%) | (0.4%) (0%) (0%)

60° 145.48 9.27 6.82 0.30

(0.7%) | (0.5%) | (0.3%) | (0%)

15° 146.50 9.22 6.84 0.30

0%) | (0%) | (0%) | (0%)

30° 146.00 9.27 6.81 0.30

5 5 (0.3%) "I (0.5%) | (0.4%) | (0%)
45° No global minimum

60° 145.71 9.28 6.80 0.30

(0:5%) | (0.7%) | (0.6%) | (0%)

15° 146:58 9.23 6.85 0.30

(0.05%) | (0.1%) | (0.1%) | (0%)

30° 146.47 9.22 6.84 0.30

5 1 (0.02%) | (0%) (0%) (0%)

45° 146.36 9.25 6.84 0.30

(0.1%) | (0.3%) (0%) (0%)

60° 147.08 9.21 6.84 0.30

(0.4%) | (0.1%) (0%) (0%)

15° 146.93 9.22 6.84 0.30

(0.3%) (0%) (0%) (0%)

30° 147.03 9.23 6.84 0.30

5 -5 (0.4%) | (0.1%) (0%) (0%)
45° No global minimum

60° 147.03 9.23 6.84 0.30

(0.4%) | (0.1%) (0%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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%55, 103 2N & N, 7Gllepif H 5 H[(0°/-6°)4/0°] 2- T2 Jis %

un
B

Stress resultant | Fiber angle 0 Strain
N, (kN/m)|N, (kN/m) £ (10°) | £(10°) | 1,,(107)
15° 12.05 4.861 -1.642
30° 17.79 -3.422 -1.908
’ 1 45° 31.80 -11.15 -1.635
60° 45.97 -9.059 -1.062
15° 7.441 47.34 -1.832
30° 7.275 35.46 -2.475
’ ’ 45° 17.21 17.21 -2.725
60° 3546 7.275 -2.475
15° 14.35 -16.38 -1.547
30° 23.05 -22.86 -1.625
’ ; 45° 39.09 -25.32 -1.090
60° 51.23 -17.23 -0.3551
15° 18.96 -58.85 -1.357
30° 33.56 -61.74 -1.058
’ B 45° 53.68 -53.68 0
60° 61.74 -33.56 1.058
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2056, 1A 2N, 2N, IR b % @3 9 Gllep 4 H 7 & 4

[(0°/-0°),/0°] 2. % 38 3B ¥ #c i

Stress resultant | Fiber angle 0 Identified material constant
I\IX Ny EI(GPa) E2 (GP&) G12 (GPa) Vi2
(kN/m) | (kN/m)

15° 38.58 8.25 4.14 0.26

(0.05%)'] (0.2%) | (0%) | (0%)

30° 38.59 8.27 4.14 0.26

5 1 (0.03%) | (0%) (0%) (0%)

45° 38.60 8.27 4.14 0.26

(0%) | (0%) | (0%) | (0%)

60° 38.86 8.26 4.15 0.26

(0.7%) | (0.1%) | (0.2%) | (0%)

15° 38.63 8.28 4.13 0.26

(0.08%) | (0.1%) | (0.2%) | (0%)

30° 38.60 8.27 4.14 0.26

5 5 (0%) (0%) (0%) (0%)
45° No global minimum

60° 38.53 8.27 4.13 0.26

(0:2%) | (0%) | (0.2%) | (0%)

15° 3860 8.27 4.14 0.26

(0%) | (0%) | (0%) | (0%)

30° 38.58 8.27 4.14 0.26

5 1 (0.05%) | (0%) (0%) (0%)

45° 38.60 8.27 4.14 0.26

(0%) | (0%) | (0%) | (0%)

60° 38.84 8.27 4.14 0.26

(0.6%) | (0%) (0%) (0%)

15° 38.46 8.26 4.14 0.26

(0.4%) | (0.1%) | (0%) (0%)

30° 38.49 8.26 4.14 0.26

5 -5 (0.3%) | (0.1%) |  (0%) (0%)
45° No global minimum

60° 38.49 8.26 4.14 0.26

(0.3%) | (0.1%) | (0% (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-7. F= 0.5kN Gr/ep4§ # ¥ . *1‘% [0°] HER B
Material Strain
Layup - - -
type € €y Y xy
[15°]9 2.268E-4 -5.517E-5 | -4.624E-4
[30°]9 5.520E-4 -1.048E-4 | -7.380E-4
Gr/Ep
[45°]9 9.533E-4 -1.297E-4 | -7.528E-4
[60°]9 1.305E-3 -1.048E-4 | -5.660E-4

% 5-8.70F= 0.5kN 32 34

m G % BB Griep 4F 147 S HE[0°] 02 & 703K

¥ HiE
Material Identified material constant
Layup
type E(Gpa) Ey(GPa) | Gy»(GPa) Via
146.53 9.22 6.84 0.30
[15T, T
(0.02%) (0%) (0%) (0%)
146.63 9.22 6.84 0.30
[30°]o
(0.09%) (0%) (0%) (0%)
Gr/Ep
146.68 9.22 6.84 0.30
[45°]o
(0.12%) (0%) (0%) (0%)
147.25 9.22 6.84 0.30
[60°]o
(0.51%) (0%) (0%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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4 5-9. F=0.1kN Gllepif 14 % H[0°] o2 T3 s % &

Material Strain
Layup - - -
type € €y Y xy
[15°]9 1.107E-4 -3.500E-5 | -1.225E-4
[30°]9 1.923E-4 -6.510E-5 | -1.740E-4
Gl/Ep
[45°]9 2.777E-4 -8.014E-5 | -1.408E-4
[60°]9 3.330E-4 -6.510E-5 | -6.978E-5

% 5-10.00F= 0.1kKN eI % s % @385 5] Gl/ep 48 H 17 2 1[0°] 02 £ 70 58

¥ HeE
Material Identified material constant
Layup
type E(Gpa) Ey(GPa) | Gyx(GPa) Vi2
38.58 8.26 4.14 0.26
[15°]o
(0.05%)" (0.1%) (0%) (0%)
38.60 8.27 4.14 0.26
[30°]o
(0%) (0%) (0%) (0%)
Gl/Ep
38.67 8.27 4.14 0.26
[45°]o
(0.2%) (0%) (0%) (0%)
38.98 8.27 4.14 0.26
[60°]o
(0.98%) (0%) (0%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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[(30°/-30°),/30°]2 & % Jis % &

% 5-11. MN=16.667kN/m% Ny= 0 1Gr/epig 1 1+ % H#

Specimen Measured strain Derived
No. strains
e (10%) | &,(107%) |€4s(107%) | v,(107)
1 2.687 -3.361 -0.4481 -0.2222
(+2.8%)" | (+2.6%) | (+1.7%) | (+1.7%)
2 2.772 -3.467 -0.4658 -0.2366
(+6%) (t58%) | (+5.7%) (+8.3%)
3 2.713 -31431 -0.4747 -0.2314
(+3.8%) (+4.7%) | (+7.7%) (+5.9%)
average 2.724 -3.420 -0.4629 -0.2301
(+4.2%) (+4.7%) | (+5.0%) (+5.3%)
C.O.V. 1.6% 1.6% 2.9% 3.2%

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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% 5-12. 1IN=16.667 KN/m 2 Ny= 0 7Gr/epif B 2 H[(30°/-30°)4/30°] 2

PR L2 LT i

Case Measured strain Identified material constant
€ x s*y y*xy E, E, Gy Vio
10" | (10" | (10" | (GPa) (GPa) | (GPa)
1 2.687 | -3.361 |-0.2222| 141.18 8.34 6.78 | 0.30
(3.6%)" | (9.5%) | (0.9%) | (0%)
2 2772 | -3.467 | -0.2366 | 139.91 9.89 6.27 | 0.30
(4.5%) | (7.3%) | (8.3%) | (0%)
3 2713 | -3.431 | -0.2314sp144.70. | 10.24 6.31 | 0.30
A.2%) | (11.1%) | (7.7%) | (0%)
43 2.724 | -3.420 | 20.23017[7141.92 9.50 6.45 | 0.30
B1%) | (3.0%) | (5.7%) | (0%)

"Value in parentheses denotes percentage difference between identified and actual

data.

“This case uses average measured strains for identification
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# 5-13. 1N=10kN/m2  Ny= 0 c9Gr/epif H 47 & H[(45°/-45°),/45°] 2

FTRERE
Specimen Measured strain Derived
No. strain
e (10%) | £y(10%) |&4s(10™) | v (10
1 4.095 -2.971 0.5045 -0.1150
(+7.7%)" | (+10.2%) | (+1.4%) | (+2.3%)
2 4.084 -2.921 0.5233 -0.1184
(+7.4%) | (+8.4%) | (+5.0%) | (+5.3%)
3 4.028 -2.888 0.5121 -0.1158
(+5.9%) | (+72%)- | (+3.0%) (+3%)
average 4.069 -2.927 0.5130 -0.1164
(+7.0%) | (+8:6%) | (+3.2%) | (+3.6%)
C.O.V. 0.9% 1.4% 1.7% 1.5%

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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% 5-14. 1IN=10kN/m 2 Ny= 0 9Gr/epif H 47 5 H[(45°/-45°),/45°12- §

% 5

RIESESIE YA S Sk

Case Measured strain Identified material constant
€ x s*y y*xy E, E, G Via
(10" | (10% | (10 (GPa) | (GPa) | (GPa)

1 4.095 | -2971 | -0.1150 145.42 8.41 6.29 0.30
0.7%)" | (8.8%) | (8%) | (0%)

2 4.084 | -2.921 | -0.1184 139.8 8.56 6.34 0.29
(4.6%) | (7.2%) | (7.3%) | (3.3%)

3 4.028 | -2.888 | #0.1158 142.28 8.93 6.43 0.30
Q29%) | (3.1%) | (6%) | (0%)

4% 4.069 | -2.927 | *-0.1164 14255 8.61 6.35 0.30
(2.7%) | (6.6%) | (7.2%) | (0%)

"Value in parentheses

actual data.

denotes percentage difference between identified and

“This case uses average measured strains for identification
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. 5-15. F= 3N Gr/epif H #2.5 H[(0°/-6°)s) 2 T3 s % &

Fiber angle 0 Strain
ex(107) | &(107) Yay(107)
15° 7.577 -7.303 -1.750
30° 15.97 -19.99 -1.504
45° 38.69 -27.40 -1.290
60° 69.22 -19.99 -1.154

% 5-16. Tk M % W] Griep AF 1122 H(0°/-0°)g)s2 & B 34 ¥ #c

P
B

Fiber angle 6 Identified elastic constant

E](GPa) E2 (GP&) G12 (GPa) Vi2

15° 146.51 9.24 6.84 0.30
(0.007%)" | (0.2%) (0%) (0%)

30° 146.56 | 9.23 6.84 | 0.30
0.04%) | (0.1%) | (0%) | (0%)

45° 146.50 | 9.1 6.84 | 0.30
0%) | (0.1%) | (0%) | (0%)

60° 146.06 9.23 6.83 0.30

03%) | (0.1%) | (0.1%) | (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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00517 Tk R E LR S A4 B % Grep A MR B

[(30°/-30°)6]s2- & 77 3L ¥ Hc &

Starting Point Elastic constant No. of
point stage E(GPa) |E, (GPa)| Gi; (GPa) | vy, iterations
No.
1 Initial 130.37 3.22 13.36 | 0.26 5
Final 146.56 9.23 6.84 0.30
2 Initial 159.88 16.88 7.54 0.49 5
Final 146.56 9.23 6.84 0.30
3 Initial 226.93 4.76 4.54 0.38 8
Final 146.56 9.23 6.84 0.30
4 Initial 265.99 229 16.45 |0.39 10
Final 146.56 923 6.84 0.30
5 Initial 304.55 5.65 8.02 ]0.103 10
Final 146.56 9.23 6.84 0.30
Global minimum | 146.56 9.23 6.84 0.30| Probability
(0.04%)" | (0.1%) (0%) [(0%)| 0.997835

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-18. F= IN Glepf # 124 H[(0°/-0)s]2 T3 & % (&

Elastic constants | Fiber angle 0 Ex (10'5 ) &y (10'5 ) yxy(10'6)
E,=38.6 GPa 15° 8.975 -3.904 -12.17
E,=8.27 GPa 30° 13.86 -8.908 -13.50
G1,=4.14 GPa 45° 24.04 -12.36 -10.41
vip=0.26 60° 32.96 -8.908 -5.412

"Data from Swanson [4]

%5-19. Wik % Y Gllep A4 4 R HE[(0°/-0%)6)2 & 3 sB L ¥ e

P
B

Fiber angle 6 Identified clastic constant
E(GPa) | E; (GPa) | G|, (GPa)| vy,
15° 38.52 8.23 4.14 0.26
0.2%)" | (0.5%) (0%) (0%)
30° 38.59 8.24 4.14 0.26
(0.03%) | (0.4%) (0%) (0%)
45° 38.67 8.26 4.14 0.26
(0.2%) (0.1%) (0%) (0%)
60° 38.31 8.28 4.15 0.26
(0.8%) (0.1%) (0.2%) | (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-20. F= 3N Gr/ep4f 1 #2.5 H[(45°/-45%)6]2- F & e % &

Specimen Measured strains

No. £ (10 e, (107 ¥ x(107)

1 3.932 -2.775 -1.321
(+1.6%)" (+1.3%) (+2.4%)

2 3.997 -2.821 -1.350
(+3.3%) (+3.0%) (+4.7%)

3 4.017 -2.841 -1.341
(+3.8%) (+3.7%) (+4.0%)

average 3.982 -2.812 -1.337
(+2.9%) (+2.6%) (+3.6%)

C.O.V. 1.1% 1.2% 1.1%

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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1521 F BB B YGriep A RS H[(45°-45%) )2 & 5 AL F

& iE
Specimen Measured strain Identified elastic constant
No. €y S*y y*xy E, E, G, Vi2
(10" | (10" | (10°) | (GPa) | (GPa) | (GPa)

1 3.932 | -2.775 | -1.321 | 142.84 9.05 6.74 0.301
(2.5%)" | (1.8%) | (1.5%) | (0.33%)

2 3.997 | -2.821 | -1.350 | 141.35 8.44 6.63 0.300

(3.5%) | (8.5%) | (3.1%) (0%)

3 4.017 | -2.841 | 1.341 5y+140.33 9.01 6.59 0.300

@4.2%) | (2.3%) | (3.7%) (0%)

Average | 3.982 | -2.812 | =1.337 |"141.38 8.88 6.65 0.300

strain B5%) | 3.7%) | (2.8%) | (0%)

C.0.V. 1.1% | 12% | 1.1% | 089% | 3.86% | 1.17% | 0.19%

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-22.F=3N Gr/epz‘;’é RS 1f#_[(6()°/_6()0)6]si & = e

Specimen Measured strains

No. £y (10 e, (107 Y x(107)

1 7.002 -2.016 -1.240
(+1.2%)" (+0.9%) (+7.5%)

2 7.071 -2.041 -1.189
(+2.2%) (+2.1%) (+3.0%)

3 7.123 -2.066 -1.207
(+2.9%) (+3.4%) (+4.6%)

average 7.065 £2.041 -1.212
(+2.1%) (+2.1%) (+5.0%)

C.O.V. 0.9% 1.2% 2.1%

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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% 5-23. F %% @ uGriep AF HHRE H[(60/-60°)6],2 & IE SE AL

& iE
Specimen Measured strain Identified elastic constant
No. £y s*y y*xy E, E, G, Vi2
(10" | (10 | 107) (GPa) (GPa) | (GPa)

1 7.002 | -2.016 | -1.240 140.92 8.92 6.83 0.33
(3.8%)" | (3.3%) | (0.1%) | (10%)

2 7.071 | -2.041 -1.189 136.21 9.20 6.63 0.31
(7.0%) | (02%) | 3.1%) | (3.3%)

3 7.123 | -2.066 | -1.207 141.70 8.89 6.66 0.33
(B3%) | (3.6%) | (2.6%) | (10%)

Average 7.065 | -2.056 | -1.212 139.2 9.02 6.70 0.32
strain (5:0%) | (22%) | (2.0%) | (6.7%)
C.O.V. 0.9% 1.2% 2.1% 2.13% 1.90% 1.61% | 3.61%

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-24.F= 0.5kN Gr/epif 1% s #[(0°/-0°),),2- 234 Jis %

Fiber angle 6 Strain

& (107 g, (107
[(15°/-15°),] 1.388 -1.352
[(30°/-30°),] 2.930 -3.695
[(45°/-45°),] 7.119 -5.064
[(60°/-60°)]; 12.75 -3.695
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Starting | Stage Material constant No. of iterations
point No. Ei(GPa) |E, (GPa)| Gy, (GPa) | vy,
1 Initial | 736.71 | 45.75 13.08 |0.36 10

Final | 130.22 18.80 6.84 10.30

2 Initial | 445.59 3.31 17.87 10.26 8

Final | 130.22 18.80 6.84 10.30

3 Initial | 529.27 | 25.58 14.04 10.43 7

Final | 130.22 18.80 6.84 10.30

4 Initial | 429.96 17.10 14.77 10.28 9

Final | 130.22 18.80 6.84 10.30

5 Initial | 633.82 | 32128 19.87 10.37 10

Final | 130.22 18.80 6.84 10.30

Global minimum | 130.22 18.80 6.84 0.30| Probability
(11.1%)7 |(103.9%)|  (0%)  [(0%) 0.997

"Value in parentheses denotes percentage difference between identified and

actual data.

158




% 5-26. 11

2 LMY E

B 6% - PEER ST u|Griep A HF B [(0°-6°)]

Fiber angle 0 Identified material constant
Ei(GPa) | E; (GPa) | G, (GPa)| vy,
15° 150.79 14.30 1.95 0.32
(2.9%)" | (55.1%) | (71.5%) | (6.7%)
30° 184.31 31.14 3.11 0.30
(25.8%) | (237.7%) | (54.5%) | (0%)
60° No global minimum

"Value in parentheses denotes percentage difference between identified and

actual data.
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*

5-27. IR ENER S ACASEEY - FEE T Gr/ep A HF 4

T [(15°/-15%),)s2 & 7B 3i 4§ e
Starting | Stage | Material constants No. of
point No. iterations
E(GPa) |E, (GPa)
1 Initial | 422.41 24.73 7
Final 146.45 9.22
2 Initial | 387.67 2.75 8
Final 146.45 9.22
3 Initial | 413.83 18.4 7
Final 146.45 Y
4 Initial 131:42 19.00 3
Final 146.45 9.22
5 Initial | 171.35 23.65 10
Final 146.45 9.22
Global minimum 146.45 9.22 Probability
0.03%)" | (0%) 0.997

"Value in parentheses denotes percentage difference between identified and

actual data.
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20528, IR ENEH S ASANEE Y - P gk u|Griep AF HF

H[(30°/-30%) ]2 & 78 B 4% ¥ #eid

Starting Stage Material constants No. of
point No. E|(GPa) | E, (GPa) | iterations
Initial 419.61 23.24 10
1 Final 146.52 9.22
Initial 258.77 4.71 8
2 Final 146.52 9.22
Initial 449.55 1.97 9
3 Final 146.52 9.22
Initial 312.97 7.35 6
4 Final 14652 9.22
Initial 346.63 19.04 6
5 Final 146.52 9.22
Global minimum 146.52 9.22 Probability
0.01%)" | (0%) 0.997

"Value in parentheses denotes percentage difference between identified and

actual data.
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20520, IR AR S ASANEE Y - PR g R u|Griep AF HF

HE[(60°/-60%), ]2 £ 78 B4+ ¥ Heid

Starting Stage Material constants No. of
point No. E|(GPa) | E, (GPa) | iterations
Initial 1.31 1.95 5
1 Final 146.57 9.22
Initial 63.89 19.43 4
2 Final 146.57 9.22
Initial 238.51 10.54 3
3 Final 146.57 9.22
Initial 379.97 12.59 4
4 Final 14657 9.22
Initial 28215 3.66 6
5 Final 146.57 9.22
Global minimum 146.57 9.22 Probability
(0.05%)" | (0%) 0.997

"Value in parentheses denotes percentage difference between identified and

actual data.
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45-30. 13T R E ¥ S PFEATE S Griep AT HF B HE[(0°-0°),]),2

SEfE Y KB 2 BB

Fiber angle 6 | Identified material constant

E(GPa) E, (GPa)

15° 146.45 9.22
(0.03%)" (0%)

30° 146.52 9.22
(0.01%) (0%)

60° 146.57 9.22
(0:05%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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# 5-31. F= 0.1kN Gl/ep4f # ¥ 5 H[(0°/-6°)2]s2 3 J& % (&

Layup Actual strains
ex (107) £, (107)
[(15°/-15°),] 9.874 -4.322
[(30°/-30°),] 15.26 -9.876
[(45°/-45°),] 26.55 -13.71
[(60°/-60°),], 36.44 -9.876

% 5-32. I R EF O Atk HlGllep 47 1R B R [(0°-0°);
2. & IF BN W B
Fiber angle 0 Identified material constant

E(GPa) | E, (GPa) |Gz (GPa) | vy,

15° No global minimum

30° 42.41 27.93 3.42 0.26
(9.9%)" | (237.7%) | (17.4%) | (0%)

45° 30.87 12.99 4.14 0.26
(20.0%) | (57.1%) (0%) (0%)

60° No global minimum

"Value in parentheses denotes percentage difference between identified and

actual data.
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405-33. LA EE - REE TR EIGlep AT HF S HE1(0°1-0°),),2

SEfE Y #KE 2 BB

Fiber angle 0 Estimate of material constant
E(GPa) E, (GPa)
15° 38.60 8.27
(0%)' (0%)
30° 38.62 8.28
(0.05%) (0.12%)
60° 38.60 8.27
(0%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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4 5-34. 11F=0.5KNGr/epif +7 5 HI(0°/-0°),)2- F 5 s % (&

Fiber angle 0 ey (107 e, (10
Specimen{Measured|average|C.O.V.|Specimen[Measured|average |[C.O.V.
No. No.
[(45°/-45°),]s 1 7.081 | 7.081 | 0.2% 1 -5.224 | -5.202 | 1.8%
(-0.5%)" |(-0.5%) (+3.2%) |(+2.7%)
2 7.098 2 -5.101
(-0.3%) (+0.7%)
3 7.063 3 -5.282
(-0.8%) (+4.3%)
[(30°/-30°)]s 1 3.016 ={ 2.958 | 1.8% 1 -3.772 | -3.733 | 1.1%
(+2.9%) 4 (+1%) (+2.1%) | (+1%)
2 2911 2 -3.737
(-0.6%) (+1.1%)
3 2.947 3 -3.689
(+0.6%) (-0.2%)

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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#0535 MR ERERES - IR EGriep AF M B HE[(45°/-459),]

2 LIRS BE

Specimen Measured strain Identified material constant
No. €y £y E, E, Gz Vi2
(10 (10 (GPa) (GPa) (GPa)
1 7.081 -5.224 | 147.01 19.09 6.77 0.297
0.3%)" | (107.0%) | (1.0%) (1%)
2 7.098 -5.101 | 134.79 18.88 6.83 0.296
(8.0%) | (104.8%) | (0.1%) | (1.3%)
3 7.063 5282 | 154.45 19.22 6.75 0.298
(5.4%) | (108.5%) | (1.3%) | (0.67%)
Average 7.081 -5.202 -|. 114497 19.05 6.78 0.297
strain (1:0%) | (106.6%) | (0.9%) | (1%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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%536, M BRGNS R AT IGUep 47 H 8 B HE(30°-30°))

z ¢ ¥ #E 2 E,E

Specimen No. | Measured strain Identified elastic
constant

e, (10" | €,(10% | E,(GPa) | E,(GPa)

1 3.016 -3.772 140.42 8.45
(4.15%)" | (8.35%)

2 2911 -3.737 149.77 9.18
(2.23%) | (0.43%)

3 2.947 -3.689 145.36 9.56
(0.78%) | (3.69%)

Average 2.958 -3.733 145.10 9.06
strain (0.96%) | (1.73%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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. 5-37.F=3N Gr/epif H #2.5 H[(0°/-6°)s) 2 T3 s % &

Fiber angle 0 Strain

£x (107 g, (107
[(15°/-15°)4]s 0.7577 -0.7303
[(30°/-30°)]s 1.597 -1.999
[(45°/-45°)6]s 3.869 -2.740
[(60°/-60°)¢]s 6.922 -1.999

45-38. ML R B Y - JF B n Grep A H R [(0°-6°)6];

22 TEEM K BB

Fiber angle 0 Identified material constant
Ei(GPa) | E; (GPa) | G, (GPa) | vy,
15° 151.65 14.59 1.94 0.32
(3.5%)" | (58.2%) | (71.6%) | (6.7%)
30° 185.32 31.69 3.12 0.31
(26.5%) | (243.7%) | (54.4%) | (3.3%)
45° 129.70 18.75 6.84 0.30
(11.5%) | (103.4%) (0%) (0%)
60° No global minimum

"Value in parentheses denotes percentage difference between identified and

actual data.
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Fo 5-39. AR E TR S ANEE Y - PRE AT Gr/ep AF H RS

HE[(45°/-45°)6) 2 & 8 32 F B E

Starting| Stage Material constant No. of
point E|(GPa) |E, (GPa)| G, (GPa) | vy, iterations
No.
1 Initial 435.43 10.71 11.24 (0.43 9

Final 129.70 18.75 6.84 10.30

2 Initial 306.25 4.27 17.98 10.26 20

Final 129.70 18.75 6.84 10.30

3 Initial 74.50 447 12.75 10.39 18

Final 129.70 18.75 6.84 10.30

4 Initial 523.17. | ~41.81 15.66 [0.24 19

Final 129.70 1875 6.84 10.30

5 Initial 837.38 | 45.83 936 1045 10

Final 129.70 18.75 6.84 10.30

6 Initial 685.09 14.82 8.54 10.35 21

Final 129.70 18.75 6.84 10.30

Global minimum | 129.70 18.75 6.84 10.30| Probability
(11.5%)" [(103.4%)|  (0%) |(0%)| 0.999417

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 5-40. ITH R E S - FEECTENS|Griep AF MR HE [(0°/-6°)6]s

2 M ¥ #E 2 E, &

Fiber angle 6 | Identified material constant

E(GPa) E, (GPa)
15° 146.50 9.22
(0%)' (0%)
30° 146.54 9.22
(0.03%) (0%)
60° 146.56 9.22
(0:04%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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F 5-41. BHRBREIE F AR B - PRETENG|Gr/ep 45 M IRR

HE[(60°/-60%)]y2- £ 78 B4+ ¥ Hecid

Starting Stage Material constants No. of
point No. E|(GPa) |E, (GPa) iterations
1 Initial 429.24 14.97 11

Final 146.56 9.22
2 Initial 888.33 11.42 6
Final 146.56 9.22
3 Initial 420.13 5.38 12
Final 146.56 9.22
4 Initial 240.77 29.79 13
Final 146.56 9.22
5 Initial 430.33 34.98 9
Final 146.56 9.22
6 Initial 765.89 14.92 12
Final 146.56 9.22
Global minimum 146.56 9.22 Probability
(0.04%)" | (0%) 0.999417

"Value in parentheses denotes percentage difference between identified and

actual data.
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. 5-42. F= IN Gllepif + 2.5 H1(0°/-0%)6]s2- Lo s % (&

Material constants’ | Beam layup Actual strain
ex (107) g, (107)
E=38.6 GPa, [(15°/-15°)¢]s 8.957 -3.904
E,=8.27 GPa, [(30°/-30°)¢]s 13.86 -8.908
G,=4.14 GPa, [(45°/-45°)6]s 24.04 -12.36
v12=0.26 [(60°/-60°)¢]s 32.96 -8.908

“Data from Swanson [4]

% 5-43. AL RRE S - FFRASRBGHep A MRS [(0°-6°)]2-
s Y E
Fiber angle 6 Identified material constant
E(GPa) | E, (GPa) | G, (GPa)| vy,
15° 39.91 17.67 2.11 0.27
(3.4%)" | (113.7%) | (49.0%) | (3.8%)
30° 42.34 27.90 3.43 0.25
(9.7%) | (237.4%) | (17.1%) | (3.8%)
45° 31.06 12.78 4.14 0.26
(19.5%) | (54.5%) (0%) (0%)
60° No global minimum

"Value in parentheses denotes percentage difference between identified and

actual data.
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% 544 AR E Y - FFE T n|Griep A7 M RBH[(0°-0%)6)2 &

7B #E 2 E, B

Fiber angle 0 Estimate of material constant

E(GPa) E, (GPa)
15° 38.60 8.27
(0%)' (0%)
30° 38.59 8.27
(0.03%) (0%)
60° 38.60 8.27
(0%) (0%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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3 5-45. F=3N Gr/epif H #2.4 #[(0°/-6%)]2- 7 % B % &

Fiber angle 0 ey (107 e, (10™
Specimen{Measured|average [C.O.V.|Specimen|Measured|average |C.O.V.
No. No.
[(45°/-45°)6]s 1 3.879 | 3.880 | 0.9% 1 -2.819 | -2.858 | 1.2%
(+0.3%)" |[(+0.3%) (+2.9%) [(+4.3%)
2 3.844 2 -2.868
(-0.6%) (+4.7%)
3 3.916 3 -2.887
(+1.2%) (+5.4%)
[(60°/-60°)s]s 1 7.045 4 7.081 | 1.3% 1 -2.023 | -2.048 | 1.5%
(+1.8%) 1(+2:3%) (+1.2%) |(+2.5%)
2 7.188 2 -2.081
(+3.8%) (+4.1%)
3 7.009 3 -2.039
(+1.3%) (+2.0%)

"Value in parentheses denotes the percentage difference between actual and

measured strains.
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+ 2

005460 2R SRR WY - FFB T S Griep i H R B

[(45°/-45°)6]s2- & 78 &% Hcid

Specimen Identified material constant

No. E|(GPa) | E,(GPa) | G, (GPa) Vi2

1 139.96 18.93 6.75 0.296

(4.5%)" | (105.3%) (1.3%) | (1.3%)

2 154.41 19.19 6.74 0.297
(5.4%) (108.1%) (1.5%) (1%)

3 145.02 19.02 6.65 0.297
(1.0%) (106.3%) (2.8%) (1%)

Average 146:21 19.04 6.71 0.297
strain (0.2%) (106.5%) (1.9%) (1%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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10547, FHBRE Y - P TN Grlep i HREHE(60°/-60%)],2-

LI ¥ HE 2 By B

Specimen No. Identified elastic constant
E|(GPa) E, (GPa)
1 137.44 9.10
(6.2%)" (1.3%)
2 153.47 8.54
(4.8%) (7.4%)
3 149.25 9.21
(129%) (0.1%)
Average strain 146.71 8.95
(0.1%) (2.9%)

"Value in parentheses denotes percentage difference between identified and

actual data.
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Normalized elastic constant
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Error function (10°)
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Specimen size:

a=220 mm
b=30 mm
c=40 mm
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Specimen size:
L=232 mm
L =200 mm

w =12 mm
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= Experimental data
Linear fit
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- m- Experimental data
Linear fit
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- m- Experimental data
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