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Abstract

The objective of the study is to provide a theoretical tools for analyzing the fracture of layered
composites. It is assumed that the composite is composed of successive accumulation of the fiber
layer and resin layer with the fiber layer being perfectly bonded to the resin layer except the
region of a center crack. A plane strain type loading ;Mode I} is considered. Boundary value
problem by following a plane theory of elasticity is formulated and the governing equation is
reduced to a Fredholm integral equation of a second kind. The equation is solved numerically and
the stress intensity factors are obtained. The normalized stress intensity factors for various
combinations of material properties and for various geometrical parameters are evaluated for a
center cracked laminated composites.

Nz dYd— K CeH A gATSF (2 )
2a i RAKC) K CRx 3o s
I E ' v(j) o Zeg]
ho-h AR FA E(p) A4S
& . Fourierd ¥ w3 w4 2#(7) A kel A A 4
Oxx (7) {2,y) - x8}8F 37 [&h, A e A 28 ek, )
ow(f) (x,y) © ye}at &9
0o (/) (x,y) | xy$8 &9 1. A =
u(j) (xy) | x48 HH
v() (x,y) | yubd WY AF7ts SgAss duttieoz 7o 44
G (& ) AirygHet4of Fourier® & W3t & 2o wlsle v|3Es} v|2t4de] oo nits, H
T FohE e AlwrE Az depEA, HEA4

0o - e P R 5ol Fom AAFHd Zdol4 —?—“r—*& 2A-g 7
Jo © A 1 A Bessel &< Z Ut =%, W24 o Azedo) oe H4E

¢ Fuyspatd 7L ZEe A4S Ze ez AdA, ARE 4+ Uds
A, dduida A AR FAL Adz QU7 Aol FFeF A o AF



1612

A, A, AxzxdlA FEFd G Y ol Tx
Az A7 Frpska gich e, A

2gAes AAAAUFS Hdsiz Qx4
HE dolgrt FF87] el 37 $EF ¥
€+ A4dL 875e FxedY Fiolve AUg
Po e Adelt. =, Sz A
FE3 T2+ W e E¥Aee sy

AdebE B4 Es, g4 g st EHL s o
shad ol el FAA 2o yRazetl A A
Hupgo] chza ojf 2Ag TLEELL slxm

Aot FEA (failure process)oll ik Fdo)
% F8 3o

(delamination) 7} 744}=l o] &el: S H (v
=}

2 ok Fulse, a3 ojAdel 2"l v
of E¢Male T4 HELH sajoddtn A
ol FAHE Fol BA4skeE Aol ojF Ade
dubHel ezl AY AAdHy e, sy 2
TEH A T B4 sUch dut"ow oeg
2gAael HAR AL FAAA (crack initia-

tion) % F9 A3 (crack propagation; &) #o) s
7l dgol g el stadsde SR o] oy

- F 33,

B2o R ARl EgAdsE 54
ek Haltest Al ARl wlad oo 3
71 o ol FEe Hajalel ZpEedst sl
Hofgt #hES dodl7 Hob, ojH i EgAMa o
o HEL shFAe £EEH AY o o4y B
Fgoll 7leldled WA ZMal Yoji

o

®

&
2
R
DN o
o)
olo
S
2

TaNY FHE gha A, aeisd, Bgais
E ASE FEEY AHAAAE Y3t FFd Y
SAE Tuste Hel ¢ Fo3d, o2 7
sty #Abe m = (mode) [HEof oish == o
g wow ze Il d¥of dal« ztdsl ks
V% i,

Hiltonz} Sihe Fig. 1(a) 9 7o) 2709 =p5-3)

A4z 2AY - $3F

Glovak compasite materais

T P rEsﬂiDyE"*—j
L

}
2h|-T A, -{—-Zu—-i

Gloval mmposite materials

Gloval composite materiols
o, ¥y l
I o tiber layer i
ML S resin layer -ﬁ
| n hy

zh.j .0 E-zu—-i tiver \ayer
Ug

Gloval compasite materials

Fig. 1 (a) Hilton and Sih“*’s model

{b) Extended model

Aot 109 B Fez o Fojal FgAs} AH
¢ e B4 Ry Fdol Ayl FHY
7AS0ef A AL e A ATE +9
shgich, =@, Chens} Sih®e wigdd 2ol 7
Sl et AFE £HY wk Yok, Arindt
Erdogan®™& tifelalsly g Fde 2+

of ef#f, Sih# Chen"®& #lEsiFga
of taled A5 s YA
olyder ZAstd 4ol Fo 2asA s

X
o
[

oy

o
k4

(]



BEldE U U A4 FIEEY SHAAAS

ojeidt ot e Ao st SihE3 Chenzt
Siho0s} 475 9ieh,

2, § AT A T2 ZAe FUAE
s A Ulel B4 wdF clds B
0ol wirgAE o st =g,
of A AfFs) TGSl & ATl
° 7‘1 bt
N o Fofl Al Hilton®t Sihel 7%
%a}ax Fig. 1(b) % o] 243 ol
FAEAdRs $AAAAL 42 A3t
y
2

e dn o
B e ok
:\;i OE, o mlo

E.
=
3
—

e °¥4
p
fl Ry

2 Adstne AREH Al A
Aotz A 2 g 2ol 44
L FATEE WA e HgAss 9
AEg st Slsted, AAANAS F23
*=J°i st s 7H

54% Ze ¢4

O )
gL

o
Jki;‘?.
L

rJ?L'

+ 2 (resin rich layer) &
A8 AFfiber) &3 A
29 Fog chgdt ge “l ole{ ¥t gt de A
Ao Ae FEFH] FXFHT #HAs7 A
Aoz A FgAgre AAFelt HFF5o ulsdo
A FASEZZ BFHAZ ol 43 soich 4
ey olZel 9osle EEY 7AAzA A (mixed
boundary value problem) = & #2F Fredholm
A Hul 4 Al (fredholm integral equation of a second
kind) & #=3l5os FHa@i44l ol 23t
o $HEHASE Faradch

04317¥7~] EgAse AHaEA W

FA 5 7 8A Haol dzled

% Ab&5ho ok,

TdAel, 4
8 geh A+

2.2 &

21 JiEumy

Fig. 1(b)¢t o] Fd<& HA3Zm Y& 57A
£ AZAe SFHIAASFE AE AW, =14
(A E) o] &4 AFEA(FFHE) o A
AL 5 84 IFAEF(WHRF) Abolo] gtz
AR g, g4 o HEE Fig 1(b)s 2e] A
39 Fobol Ae] 2a8) FHo) o FA 2m8
HAZL SH h-md AFSHA FY3A AAE
ol Fzm gtk FFE AAF FEHF gl
oz FYsA At

Qe ety ol Zol odte] AAZATAL ched
ol Airy $¥ &4 U(j) % Fourier % wsid

B4 G H¥gor EAY

1613

oxx(j) (x, y)= (1.1}

oy (1) (z.9) —«—f £G() e "de (1.2)

J)(xy) fréac(] e dE (1.3)
() (e3) = “%El’—{})’i “a-vin ZEL
V() EG () e e/ (1.4)
. 1+ () FCU)
v(f) (xy N =" f((l~( —-’—s—
+ (-2 3 e wage 15)

G (&, y)={A(1) (&) +£B(1) (&) y}Cosh(&y)
+{C1) (&) + 2D (1) (&) y}Sinh{&y)
1.6}
G(D(E y)={A(2) (&) +£B(2) (&) y}Cosh(&y)
+{C(2) (&) +£D(2) (&) y}Sinh(&y)
(1.7
G(0) (&, y)={A0) (&) +£B(0) (&) y}e™® (1.8)
A7, G, G2, GOIe A AAF, 4
#3%, 5% YA AP Airy $HU4
(1), U2y, Uig zhzh Fourier H £s 83k %

2324 ofefet Rt

CHEN=[UN(x e 1.9

22 AA =d
Fig. 1(b)e] AzAF A4 =z AAzde 7
shatA el dhAe g qlsbed whga g 2R

et

(1) owil =0 y=0, {x|<a (2.1
v(1)=0, y=0. [x|>a 2.2)
(2} 0xx(1)=0, y=0, ~c0o<x<c0 (2.3)
(3) ow(1)=0,y(2), y=h, —co<x<co (2.4)
(4) 05(1)=05(2), y=h, —c0o<x<co (2.5)

—w<x<o (2.6)
—w<x<o (2.7)

(5) 0 (0) =0y(2), y=ha,
(6) 0x(0) =00(2), y=ha.

(1 u(l)=u(2), y=h, —o<x<w® (2.8)
(8) v{)=v{2), y=h, —o<x<o0 (2.9
(9) u(0)=u(2), y=hy —ow<x<oo (2.10)
(10) v(0)=v(2), y=h;, —<x<oco (2.11}
A~ 2109 AAzAe g S¥AL
ul A 4l (dual integral equations)-& "‘_é“—ﬁ}{— 174 ¢

ez 4, Al&)F e TAZ A2d



1614

_[”A(E)cos &x dé=0, lxl>a(2.12a)
[eFi18) A& cos &x dg= 1, lxl<a(2.12b)

A7, FUOE A%, 493
o 4ol we ww 220

HPHE AL

CREEIIES

3. Fredholm X Eutxi A

M

Copson'™®2] sioll o 5}a],

= [" s nievar (3.1

2 shdsd AGne 4. 12a‘i AgHo 2
abEgieh, =, A2 12b e 4312 2 oo}
#l o} o] wco}, P

Bis)+ [ ‘st (s [elFi(e) -

Jo(&t) Jo(Es) dE) = noes (3.2)

ool FW Fad W4E Agohu
t=an, s=aw, f=a/a
¢lsi=ravw adiw), 3.3

A(3.2)& ofefsl & A 2% Fredholm™ Hu}b
% 4]} (Fredholm integral equation of a second kind)

of e},

1
w<w>+£ O WKiw pidi=va

(3.4)
o] 7] A,
Kiw n=yan [TTR(&)-1-
Jolan) o'l aw) da {3.5)
AB.HERE +ARdd Yol ool 0
(OF 43¢ 4 gow $29 Ao gzt 4
(1.6)~{1.8)oll A& =jx]4+ A1), B1), C
(1), D1), A(2), B(2),C(2), D), A, B®
E 78 ok =E, A& ARE UG58
Wye & %%%1% AN(1.1~1.5) 22§
& 4 9lch
St sE Aelof oo,
K = L1m O {x, 0) v2{x~-a) (3.6)
ol ol olehsh 2ol 4(3.4)¢) sl O B

42 chgst ol ARH,

A4E - 2AY - &3S

HE hy, hy aoll o Es

AfEs UHREEAR) Y de 2ol de
o FAHAET FPsAt oA (), AF(m),
1.8 :x s 6203 a — Present
j ha/ty=1.5 e SIH'S Result
4
1.4 4 - - Isotrapic
]

[#)
s

0.4
(a)
B
0.2 - T ey —r
26 0.5 10 15 o 25 30
resin thickness ratio hy/a
23 ——
p
1 V== 1y=0.3
g 81 hy/Py=1.5
.52 /Pyt
] N
™~ 4
a5 S
: 1
I MR
) :
< 1340
3] <N
P 4
10 4
103
- 3
= )
:
goaj
el
£
n
n
o
=
n

A W SO PN

03
{b})
0.0 T e a  a T n g
2 3 4 5
shear modulus ratio.th/i
Fig. 2 (a)Nondimensionalized stress intensity factof

for various crack length at s,/ =1.0

(b) Nondimensionalized stress intensity 3¢
tor for various shear modulus ratios at g/ %=
1.0



BEAET Pe HY A3 FUTAY $HURA S

o

(%
P
»
<
>
[
u

f=]

—

\q/hﬁo"
a/th=1.0

=

\

(o]
o

[ TS UE RPN S ST S SR SRS SUU PR B S S

P

o
w
//

stress intensity factor, K,/ava
-

03
(a)
A Aaans Eanar SARAr SARA AAte
Shear mModylus r3tio M

263 1> Vi=V,= 03
o 4
g253 \ ,/m=15 |
" |
X234 \\ \ }
oo
9201 \\ N E

k. NN

2,1 A\ seioa |
- < N N /c/*»:_‘w’&
> I N !
-, k N Sy {
AEE N N o
= N ™ YATEI A i
3133
=
w 1.0
ﬁ”i‘ b t

o T A —— T

0 1 2 3 4 s £

shear moduius ratio. /M »

SHRAE () AdrdA 4, FA A el a/ k),
AEA (/)7 8 W42 Agsd, @A
9 FAZ dHY A e/ FRANE J¥
He Hert sl o322 HE a/d FAdA
sled s, FAAls A A h/ar A
Fo FoE JEle BfolzR p/er HIF
Avle}l SR &)

Aol ety Ae s sdsid, Fde] gl
EFYANEE dAdFs FRAN Lo 2 s sa Sih
ol Aztel wlmsigioh, B osldely Afet 2
TAHge] ABEALNY 2L A (m/i=1.0, »
=w=0.3), Fig. 2(a)9} 7+e] Sihel 2zt 2 o
Aslgon aeba £ Ade] Elekio) °J-o-539d
o},

TG A7 B7E 2

EE’—

ASla/m -0t ¥4

1615

1.8 1
v =V,=v,=03 |

—_

hy/H,=1.5

>

-

o -
® @
P A OV U S U T UVl AT UPI UV IS VIS A WP U O B W SRV
-~
e

[N

[~
]

stress intensity factor, K;/Jva

o
rs

shear modulus ratio M/t
Fig. 3 (a) Nondimensionalized stress intensity
factor for various shear modulus ratios at
2/ e=0.1
'bi Nondimensionalized stress intensity
factor for various shear modulus ratios at
M o™= 0.1
(¢} Nondimensionalized stress intensity
factor for various shear modulus ratios
atash;=1.9

ozt F-&3 £ 7§—°ria/h1—>oo yoll esled a4
4ol #E T4 ek AN de wof %
Alej uldle] T4 zHA Lt ﬂl?‘%*ﬂ AL
%"?’ a/k;—’() Kl,/O'ova~1 0°] 5_)0-{ %OL H
9 Aoz ?573514 :_EL?_, Bt o] HF 9ol af
B ool B4 F (&€ B8 o) B},
Lim FI(£>
aihl~w
Mﬂl*m (4.1
VI vl th
F, dAZ Ao T} HAL FAfol
gt FgE 2AU AAE oAb WS gre
ASla/hy - o) $ABAASE 23} 2ol Yot

(4.2)



1616

guld oz, F(8)E ao/md 4324 A=
Fredholm H#wutd4lel #2885 ZAAc, Fig.
2(b)e W5 E 559 AcieidA 4+ AFS
o) AckebdA o ZI (p/w=1.0) Zofulst
2e Ay, #HAF FA¥(h/a)el A& ':r"i]’%_
sdddA 2 BE FAOl m/im=1.0004 &
A, &, T9E Zv F¢AHEe FHIY 7‘“
S m/in<18 AY Ty MEECE 2D,
wm>19 A5 T4 AMEdd Aok o] m/mel
e slAZe Tzt Gade} ot o] dA
3] vpEhdot,

e I L Zha A

— - V= wymye=02 |

— - V= UTue=04

by

3.3

stress intensity factor, X/ova

0.0

e d it g bk edraa b b r bt

snear Modulus TGLIO MM |

15
M ry, =15 —_ v.=33 ;=03 w=03
g e - 1,202, =04, w= 03(
(ST
~ 3.{Q — - =04, 1,=02, u;O}
e = l
- <A i
.- - '
CREA N |
o BN
FIEAY
X FLIRAN
s ~
> 08 z \\\ A
- B o
% L
g 1\
Y. N
—-35 - \ |
BRI |
4 NN (
no - |
D531 a0/ =100
s 1 , T
73 5 \b)
1 ;
00 7 - —r—
o i 2 3 4 5 [
snear moduius oo M
Fig. 4 {a) Nondimensionalized stress intensity

factor for various shear modulus ratios at

e/ o=0.1
(b) Nondimensionalized stress intensity
factor for various shear modulus ratios at

to/ o= 0.1

e - oAy - E4F

Fig. 3(a) & w58 S¢Ag9 Adstda4s)
AfEFe AdadAsdc e B¢/ p=
0.)&A, Fx A+ FHZH v (a/
RO 7V Fobee] abe} Rastan, FG Aol e
Fla/m=0.1)o| =ter FutdAsel %o =y
g},

Fig. 3(b)= w73 BgdAze Acdeldz4s;
AfSe A A S ol 232 AL (/1
=6.0024, Fa4 SHINAFE FdAolu5
F7teel et 7138, Fig 3(a)e 2-%9 ola
ARz g w|t o (a/=0.1)o u}z}
THAAEY Ao TH T

Fig. 3(c)e FdAolvlzt 1.080 A $(a/h=
1.0), #h73 8N gol Aoielga|sof gz
At S AEY] (/)9 9%E Jehd Aoz
/w7t FAY §8 doAlgd A 2 A
sie e % 5 U
Fig. 4(a), (b)+ #HAZE, A$E,
Zopgulo] JEg i Hold,
Fig. 5& A%20 ax&e SA¥ (h/h)9 o
& el Aoz, 4§59 FA Frgtd o
et (he/ I >10), EHHAsel AdebdASu] (/)
2 el A}k F, ARSI FAL AL,
gk B3 ael FAAE SHYRA T E o
& ol XA BEE o # Sl
Fig. 6& ajAdZ ol Frlul(m/a)7t &4 S+
o mlale s vEb) Aoz HAFe A
¥l (l/a—o0)7t F7F 4% Fuidaiay A%

2g4z229

Q

\\ y,=u,=u°:0?»
\
1.5 \
N —-- bhy/m=15
\ ——  hg/h,=10.0

P T S APV U STUF U SO R S S EVEY JU P SR

shear modulus ratio /i,

Nondimensionalized stress intensity factor for
various shear modulus ratios at a/h;=1.0



FEAAE e 2 AR FITLY SHGHAS

28 -

26 vy= = 4p=0.3 — & 2/=05
gz.a -~ walw=10
2 — —pa/ =30
=22 4 \

x 4

.203 \

= \

3183

3] N

916 3 N

- N

;1.4 3 N S 4 2/1ho=6.0

21.2* ~ S~

o

g

2]

a -

g0y 77~

w04 d - -~
i !

0.2 Ty T T

0.0 0.5 1.0 1.5 2.0 25 30

resin thickness ratio.h;/a

Fig. 6 Nondimensionalized stress intensity factor for
various crack length at hy/h =

o AZ3AH,
(h[,'/a i O>

AAZe) S e Aeds
44208 FRgl FAge,

. 2 B

A2 A AREA D FDEITY 2Pl B3}
of $AVYA+E HEAAS. TYHE FEY
Hohe el EAste A AYHAS

$e ARG AR BeH 2

rlr

(1) A elH 4 a/hn, o/, B/ by, vy v Vo O
A alhy, /i, /S GO} AW IH hy/hy
o us, vy, 109 G oladick,

(2) A5E3 slddo At Alsv] (m/p) 7}
2=, uwh5gk 2gAae dFFe AGRgAF
Ul (/o) 7t 23, FAAC]l 2 HAEZ F
m)7h & e Fa SHAAS el b

A},

(3) Azl SAv Zobek, wuw A
A o) o ol gt

o
gus oz

1617

HREH

(1) Rhodes, M.D., Williams,].G. and Stares,].H..
Jr., 1979, “Low Velocity Impact Damage in
Graphite-Fiber Reinforced. Laminates,” Present-
ed at the 34th Annual Conference, Reinforced
Plastic/Composites Institute, New Orleans, L.A.

2) Wang,AS.D. and Crossman F. W 1979, “Same
New Results on Free Edge Effects in Symmetric
Composite Laminates,”
Materials, Vol.11.

(3) Wang,$.S. and Choi. 1,1982, “Boundary Layer
Effects in Composite Laminates,”
Applied Mechanics, Vol.49.

(4) Ramkumar,R.L.,1982,
Behavior of Composite in the Presence of

Journal of Composite

Journal of
“Compression Fatigue

Delaminations,” Damage in Composite Mate-
rials, ASTM STP 775, K.L. Reifsneider, Ed., pp.
184~210.

(5) Mail,§5.,,Ramamurthy, G. and Rezaizdeh M. A,
1987, “Stress Ratio Effect on Cyclic Debonding in

Adhesively Bonded Composite Joints,” Compos-
ite Structures, No.8,pp.31~45.
(6) Pipes,R.B. and Pagano.N.J, 1970, “Inter-

laminar Stress in Composite Laminates Under
Uniform Axial Extension,” Journal of Composite
Materials, Vol 4.

(7) PganoN.J. and Pipes.R.B., 1971, “The Influ-
ence of Stacking Sequence on the Laminate
Strength.” Journal of Composite Materials. Vol.
3.

(8) Pagano,N.]..1974, “On the Calculation of Inter-
laminar Normal Stresses in Composite Mate-
rials,” Journal of Composite Materials, Vol.8.

(9) Shivakumar.K.N. and Whitcomb.J.D.,1985,

“Buckling of Sublaminate in a Quasi-Isotropic
Composite Laminate,” Journal of Composite
Materials, Vol.19,pp.2~18.
(10) Hilton,P.D. and Sih,G.C.,1970, “A Sandwi-
ched Layer of Dissimilar Material Weakened by
Crack Like Imperfections,” Proceedings of the

Fifth South-Eastern on the Theoretical and

Applied Mechanics, edited by G.L.Rogers,S.C.



1618

Kranc and E.G.Henneke, 5, pp.123~149.

(11) Hilton,P.D. and Sih,G.C.,1970, “A Laminated
Composite with a Crack Normal to the Inter-
face,” International Journal of Solids and Struc-
tures, 7,pp.913~930.

(12) ChenE.P. and Sih,G.C,1971,
Delamination of a Layered Composite under

“Interfacial

Anti Plane Shear,” Journal of Composite Mate-
rials, 5,pp.12~13.

(13) ArinK. and ErodoganF., 1971, “Penny-
Shaped Crack in an Elastic Layer Bonded to
Dissimilar Half Spaces, International Journal of
Engineering Science,9, pp.213~232.

{14) Sih,G.C., and Chen,EP.1972, “Torsion of a
Laminar Composife Debonded over a Penny-
Shaped Area,” Journal of the Franklin Institute,
293, pp.251~261.

(15) Sih,G.C. Hilton,P.D.,Badaliance.R.,Shenber-
ger.P.S. G.,1971,
Mechanics Studies of Composite Systems,” Insti-

and Villarreal, “Fracture
tute of Fracture and Solid Mechanics, Technical
Report IFSM-71-9.

{16) ChenE.P.and Sih,G.C., 1973, “Torsinal and
Anti-Plane Strain Delamination of an Orth-
otropic Layered Composite,” Proceedings of the
13th Midwestern Mechanics Conference,7,pp.763
~776.

(17) Gupta,G.D. and ErdoganF., 1971,
Analysis of Multi-Layered Composite with a

“Stress

Flaw,” International Journal of Solids and Struc-
ture.7.pp.39~61.

(18) SneddonI.N. 1951, “Fourier Transforms.”
McGraw-Hill Book Co., Inc., New York.

(19) Copson.E.T.,1961, “On Certain Dual Integral
Equations,” Proceeding Glasgow Mathematical
Association,2.pp.19~24.

AHE -2 A4Y - S

(20) Carnahan,B. and Luther H. and Wilkes,].,
1969, “Applied Numerical Methods,” John
Wiley & Sons, Inc. '

(21) Sih,G.C.. 1981, “Mechanics of Fracture 6.
Crack in Composite Materials,” Martinus Nij.
hoff Publishers.

(22) Kim, S.H., Ong, J.W. and Oh, J.H., 1991, “The
Analysis of a Cracked Layer in Laminated Com-
posites.(Part 1, . Plane-Extension(Mode 1),
KSME, #.. o AA$% w47y 223,
pp.16~26.

=]
- g

EB(L)=A(£), Blly=-C(1) (A.1)
_A(D
F/($)~—A—(~$T (A.2)
'3
— - R -
Al THz-z
B i -zTHz
A 1 20-1THz 2 |
B(2)|_A(g)| M| | zTHz-2(1-vy) | (A3
C(2) § 0 '
D2) 0
A0) ]
B(0) 0
2=Eh
z,=%h,
THz=tanh(z;
THZZ:tanh/\Zz)
B e—zz
Rz*cosh(Zz)
ully
P'u(2)
w2
PZ_u(O)



deddd de % A3 ST 3AYgAAS 1619

o 7] A,
1 2TH: -1 -z ~THz -2THz
THz z+THz —-THz —(zTHz+1) ! ~z—THz
1 2(1—v)+2zTHz -P1  —P(2(1— ) THz+2} —P, THz ~P,{zTHz+2(1—2m)}
M= —THz{(i—-2v)THz—2} F,THZ {{215-2) +2zTHz}P, P, —Py{—z+ (1—2v:) THz}
- 0 n THz, z,THz,+1 1 THz,+z,
0 0 1 2z - THz, z,THz,
0 0 —~THz; (1-2w) —z;THz, -1 ~2:+ (1—2w) THz,
0 0 1 2;+2(1—v;) THz, THz, 2(1—v) +2z,THz,
0 0
0 0
0 0
0 [\
R. (Z;— )R,
~R, -z.R: ’
—P.R: — PR (1 -2+ 22)
—P:R: ~PaRo{z:~2(1—w)}




