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FHEI TR 1ZHTE - B acoustic material Ei fracture mechanics #1535 » AL » £3&
HARAER 7| Prof. Sun r=id LB = SWRER 240 REEEMEHHRINEEE A
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Material Tensile Strength Tensile Modulus Specific Strength
(MPa) (GPa) (MPa/[g/lcm®])
6061T6 Aluminum 310 69 114.4
4340 Steel 1030 200 1315
AZ80 Magnesium 345 45 191.7
Glass fiber 3448 72 1357.5
E-glass
Glass fiber 4830 87 1939.8
S-2 glass
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No. of Samples (n) Ko
5 421
6 3.71

7 3.4
8 3.19
9 3.03
10 291
11 2.82
12 2.74
13 2.67
14 2.61
15 2.57

20 24
50 2.07
100 1.93
> 100 1.645
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(a) Creep under constant stress

Stress, ©

Strain, €

(c) Hysteresis loop due to
cyclic stress

Strain, € = constant

(b) Relaxation under constant strain

©
A
g
A Increasing
strain rate
Strain, €
—C —]—

(d) Strain rate dependence
of stress-strain curve

6 ~ &} Viscoelastic £~ [

%8 H




(Z) WEMBIRBHAETT A

—f% Isotropic MRHERYIZEHIE 5 RAYZE Maximum principle stress £ von Mises
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Tsai-Hill criterion (= 14)/&}> Quadratic Interaction Criterion » ifi H & FH von Mises
criterion FRTAE AR © A% Maximum stress Eid Maximum strain criteria » Tsai-Hill &
F 5 [ ESRIRAS G AE R 2Ny A-F 3 B 80 WA J5(E 2 yielding strength (Y)
stEIMmAR (3 15 23 17) - NIt - EEM_EFFER AR Z 8 - Tsai-Hill criterion
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B+C:%,A+C:%,A+B:i2 (=( 15)
Yl Yz 3
1 1 1 1 1 1 1 1 \
2A= St - B 5 2= (+1.16)
Y2 Y3 Yl 3 1 YZ Yl Y2 Y3
1 1 1 \
2D=—,2E=—,2F = — 17
v S

ALY Tsai-Hill criterion » Tsai-Wu criterion (=X, 18)7~/& 7> Quadratic Interaction
Criterion = 2\ 18 —f& i ARG R P E 402 19 Fow » U s Bt D RHHEG TR
iAk( 20 &2 21) -

Fo +Fo00,=1i,j=12.6 (=t 18)

Fllalz + Fzzaz2 + Feeo-g +Fo, +F0, =2F,0,0, =1 (=0 19)
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matrix cracking > (3) ¥R} o8 Y matrix 58T =24 > I Tsai-Hill B Tsai-Wu 72
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o,;Ultimate (MPa)

== el = Hill=-Teai

Maximum Stress & Strain
= = Tsai-Wu

O  T800 Data from Swanson et al
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e Hill=lno

Maximum Stress & Strain
- = Tsai-Wu

u) Voloshin & Arcan Data
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11 ~ 622-112 Glass/Epoxy EEnEiE LR

LA _EFratk - Maximum stress ~ Maximum strain ~ Tsai-Hill ~ DL Tsai-Wu 25 Fy 5 &
FRAE TR FIE T3 72 ZRMBRIEEZ 41> #7540 Puke's criteria~ Hashin-Rotem ~ modified
Tsai-Wu criteria 5 77,2 [ 48 7EAY 7 =0 R € B Direct Micromechanics Method Z1[& 12
i E A o FHRIFEATR @ fE5E 0L 7% - HEEH Prof. Sun fEEE /144 -
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£ | - = — Maximum strain criterion
_5 -0.20 1 1 1 1 | 1 1 i 1 | 1 A 1 1 1 L 1 1 1 J
“ -2 = 0 1 2

Normal stress in fiber direction (X; direction) (GPa)

12 ~ Direct Micromechanics Method B fthr 5542 b
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Fiber failure £ fr <F Y € 3 L2 5 5% — R Fiber Bris Ay 15 L % 4 > 28100
FEEEEMN LAMEENELAE  HE B e el flE i d > S
e 2EmCE R WE Br - BEZ R B -dEELER
g AR EERT > AU E&RE 2 B g B ET
critical fraction B » [HHHEF » &g & fiber dominant » B 2 = 5t & By 24 »
2 &k Matrix dominant » Rlj & & (8 B Matrix g B SUHF % 40 B 1407
7 o WA Pt » Maximum strain 2 & #% F 2K H &7 Fiber failure |y criterion »
H 40 Tsai-Hill 81 Tsai-Wu Z£ criterion » % Matrix 09 & H| & 8K & & M4
{& - HIJiE WA #E criteria t7 2 & F 2K #] € Fiber failure 2 ;5= -
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Fiber microbucking

HHHHHH

Transverse tensile rupture
due to Poisson strains

G— ——

M
|

Shear failure without buckling [%

Prnd

13 -~ Fiber failure <= [&
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Stress §

{v,)

R Fiber Fiber failure mode
.' 1 —— —

; Composite (v > U.g)

e .
| Composite (U< Ugy,)

Matrix

|
|
AT |
mfl P 4 -
(+) (+)
1 €mi

Strain

14 -~ Fiber failure stress-strain 7~ Z[&]

Matrix failure £ & & _E DA Matrix 7 4 crack A #E > 75 & Fiber dominant
(8 g s st 0 AE Matrix L 5804% - R Fiber 58 [ 26 08 GE B g B 24 15 1% 400 [
15F 7~ @ FG ATk - Tsai-Hill B2 Tsai-Wu %2 [y f# quadratic criteria ¥f}> Matrix
SR REAE & BURR - FZRTEMI Matrix failure BY&SRANEE Mikm - HIL - #H% Matrix
failure BYHEr - & FHAY J7% B Maximum stress criterion °
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Matrix failure mode
FV SIS IIIIyrrya
/ l Ll R LT T T T T T I
\Irlli‘ T ____________ ZRIZZTZTZIIITI I
: T HEEEEEEETEETErES
|
|
|
(+) e
TR e b s (,omposlte
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|
(4) SIS R LA S 1. |
ol o lMatnx,
|
* é -
3. en” Strain
15 ~ Matrix failure stress-strain = [&]|
Laminate failure fY88 41BN F B A WE « (1) B8 — B ER R

Y& 16FF i~ 0 (2) 2 g B2 g ] 5T U] B 32 (inter-laminar failure) 4l & 17f7
2N ﬁ%%ﬂ‘(l)ﬂ’ﬂ’%iﬂ & — (B8 Jg 7] ge Al Fiber 2 Matrix 87L&
— W RS R 8 57 & K80 N L A FEr b ZH FE A Fiber failure
Bl Matrix failure @9 criterion 22 G ¥ 08 » A g5 22 B A Laminate failure o
T (IR > W I EYZ I8 JE E (F Matrix o i LL Matrix crack #Ypl & %=
critical [b 18] £ B 2= 5 09 H B - 1 B 22 79 15 X B Fracture Mechanics f7 € %
(9 A9 [ 4 & 18FF 7 Mode 1~ 11~ K2 111 -
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o i G N
3 ; ¢ Ultimate
Ny s \Third ply failure, k=3 | Vit
"""""" £ ; , failure
NO + “Second ply failure, k =2 ,
% . S :
Total $—1- - : ' E
Flrst ply failure, k=1 E
Nx(l) / E !
' ' 4
n=21 n=3 . i
(1) e ® J_ &® |
J"'l'otal

fE] 16 ~ Laminate ply-ply failure /R & &

2 o

r

t

l_ 14
/ /

Laminated Totally
a
(a) delaminated / b
b
® Partially
delaminated
(c)

17 ~ De-lamination 7~ Z &
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e -

Mode 1 Mode 11 Mode III
fopening) (sliding) (tearing)

18 ~ De-lamination mode 7/~ Z[&]
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AP HEL T\ S EE AR RR R fla Z b 5E EA ZAEHEE > 11 25 KW EURHIBTSE - —E F5¢
ik 150 kW RIS B GE - A AME S B —UEH = 25 kW EWEIER 256
PAKe 150 kW EVBEEE R 7 55%at - @82 R FRP ARG BLERERT AT 07 =G 2 AT
gt HEELE LI Isotropic MY ITAERIEFIEE SR L - FEHELK Prof. Sun
4 Dr. Huang FYf54 > DUREIRRISRE - BANER B - RECEAIEEBT
1. EESHEE Anisotropic £} » 5 m Z MBI BET A EE - (EEEEEE
st EESTEMEEET > R LU ) independent 28y & -
2. {EEHEL coupon test SE T AEREN: A AT SRERATE R - £ EMN_ERERET PR 95%
{205 5 Al (confidence level) » 1 HAEME 2/ D F 5 -
3. WMEEEMEE Fiber dominant » HIf Maximum stress £ Maximum strain criteria
APCENE 2 TSR - ifi HASRITE criteria $157Y matrix 58EEHYEBA BURL -
H & ou f74FF » Maximum strain criterion ‘R & FH AR FEH] transverse matrix
cracking °
4. WA EMFELE matrix dominant- Hif Tsai-Hill 2 Tsai-Wu 32 g fé quadratic criteria
FHTRAISE SR AR R (I RE B HER A BORSREE -
5 EEMBHIRSIEIAEERE - £ VAR criterion ZXE A - A
W=7 Fiber ~ Matrix ~ 2% Laminate S5 3%4E -

% SHAREIE - e AHRE R A T IHE SRS EAERI S - S IE LI
AT S BT 2 > [RIRFEPYE SRR S B A DAY - I HEHR
SRR G MR RBCH T S BA 2 A HIREA -

h=1114

%21 H



g ~

(—)-

(=)~

R FTH

USRS - EaM RS BARHEM E EATRKRVZRYE ARS8
HUSRE T SERTRRERIES > 1i—R%sS L& longitudinal FRTRl S8 - HEERS#
HEAY RS FEUR] - RIRFRHY transverse 2% - DL BTV S RUNEAH & RHSEAY &0 2
B AR BRI R aE T ELELE F - coupon test FERETEEAT » I HAR
{i§ 95% confidence FYIZAE - [T =M longitudinal AR E 4 » FEERF R
FFAIN o HEFATRE S MAPRI transverse 228 » DIRBIVISE » 1 H 2/ VEETS
(R Sy =

Y[E 4B A Maximum principal stress Ei von Mises stress criteria —1% @ ##&
TEH A S A IR HER criteria > ZRMAEERER L > (90 JAE 1 criteria A
PRI MRS - SRS B2 - BUEEGETEIR P HE = HiE
HEMRRIRE - It - RSB EIE - Al ZRRr B At -
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