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FL0°/£45°/90° 1. EEWELEW LB AT RERM AT Rk, E5HEESWNE 4 5 &
SAMEL T E T 42, XA T S EERRE, T0°/90°1F1[0°/430° 1] 4 B
BFOyAERER R, REAMESAREER.

HFEEARES SR SEEERIERTZ AN RBR &M, #
SRR S FLUE & AR LA, BToERE, BEITARMY. LATAMNENHIR
Rt gL RS SR RERRSAYER RAEBN ER S, X1, 7, 6,
11, 12) AR ZN ARk ik, AT R RBEWNEY RSN N ESRE & &,
ARIXEH—FRBXETIE,

—E R, UEAMEAMBRFELER A NN AN%ELSHm (B0, =/N, 2x/N,
o (N=Da/NFjm) FRRENKIEER, WKZRENITN#E, FAX &N %
X AR O R R SRR . BT RUT T S MR S e, SR E N A4
BT RFTX S, NE—HIN A,

Fujitaz A\ "B AR EPIKOTE s28f13 iR 47 4:SK—-80248 e i B iy = % (HI
FRME) RAZSESHRESTT 2AERMHER, SHTRENBEHAEZENXRAE (&
BCl1R9E 3 fuE4) , AREESLR R VEANEFXNBRBOIATE | iy, Hb g &
B E SRS S I ES w25 (S —Sw) /S, TR, BELRIERSE& MH
HHBREERSR L. FNBERREBERRE S M EEARS S m R %R,

F1 SHRAESHNNRBIEMEE GlgX®iilh
MR E(GPa) BE(MPa)

mo | R 3.3 80

7 lgmaaR [ 230 | 3530

N 0 30(2.4%) 500(23.8%)

xR ; -|—

B 15 31.6(7.8%) 336(~ 16.8%)

B 90 26.3(—10.2%) 376(—6.9%)

Bt BRE#R[0°/45°/—45°/90°] M2 =HRAHH

HFREENREE GV (BE LREMFEAESHHE) madnEsRe & nF
B, MLWAREH LRZMHE SR RBEREREHEERFEE, ks m R &
SRR, B TUE EE ARSI,

RERBWTEEMRALHRREE (UTHKRKEERER) , AHTIERERYIE
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—BREBA—BORERIBR, HRNR I (FERE RN IRHHE RETAH
AP KERREOPR, ERKBRICREISHTEOERTIXARE, #ET RH7 R 75|
AR, FTHIRHRENTRTROKENRR, MEFEEAFBZEEAN, RaERg
RSTREREEEHEMBERNANRRKY, X6, NAEKBERELEMERATR
B—REHFRTT (ZH) FNF (HH) HRbEE S ea, JE IR 5 S 30 % 1 53 e B R
B BA, X207 EM LB E—RELHRYE, BNy (RV#) 4. AXH
BREEV A=A T ERAREZE SR — RS0 R YR 0 58
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e (o) hRMES, WHEN AN ELREBETEHOBR.
e=0% /00 B} &,=0% /00y (2.1)
RepoRIERO Men (i, =1, 2)4BIFRTHEN HRNERE,
ST BE R, BEAE—NARBRRRERR 5 =5 (0)1Y, EREYFT
WEAN, F(0)<i1, MH
F(0)=1 (2.2)
B, MRLAEIEAYCRE, BahE—RFEY A LNALRE, L IFEYERSAY |
BEMBREE (LE2) . SIALHKECS, ‘
M=2a,Qa —a,Qa,, N=a,®a,+a,®a; (2.3)
Py=Re[(M+iN)® (M+iN)® -~ @ (M+iN) ]

N

Hoi=n—1NBMEHK, RefR#LM, kBPyE—NREXNHMEEY 2N Bk, &
FIET 2N H e £ R G BB #r i,
HFHRANHRBOERKEREDZ AN HRENAER, EHRiEEE e LR
BRMEmBF, 72N FESMEARWRIIESR, EOBEEE XN R, kEXRREE
EHAT & (0) WR— BB FTURRRETE T RER BEmRE
=tro, [,=tr(e*)/2, Iy=1tr(oP3)/N (2.5)

(2.4)

Il
#(0)=% (I, I, Iy) (2.6)

Hh PYAPYSoN — URGRBREH BB RN — P N R R K E,
01T AL SRR, NITTo AR T T B .
20=114J (cosyM-sinyN: (2.7)

H
Jcosy=1trMe, Jsinyp=trNo, J=nN4I,-T" (2,8)
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i PRI NB X AR (2.1)F0(2.8), B4l
Py=J"""{cos[(N—1)pIM—sin[ (N —1)yp]IN (2.9)
Iy=(J¥/N)cos(Ny) (2.10)
AR LFLAREERNRERER, AXFHFALNEASENERER IynpER, EX
I vEETFRAOWNFRR, BEREDE e XToNEERET ik, WTH ¢ ([,
IV ERBERF T

#, I,, Iy)=%,(1, I2)+2%n(I1, I)If
n=1

=F,(1, 12>+i(JN/N)n’gf"(Il, I,)cos™(Ny) (2.11)
RCEIANFME—RAFAT (2.10), HEEZ
Iiy=(J""/nN)cos(nNy), Iy=(J¥/N)cos(Ny) (2.12)
i
n
cos(an)—_—cos"(qu)—( )cos"‘?'(sz)sinZ(Nw)
n
+( Jeos™(Ng)sint (Ny) T - (2.13)
4
AIPLE H
Liy=cdy+ el 2 eI f7 4T 4 4 oee (2,14)

Heb o RS n B ROFEH, FHER =411, #HNTF(2.11), "TRARBERGER
Fourier£k#;. ‘

?(I], ]z, IN)=‘[;’0(-[1, Iz)+2gn(-[1, L)I.x

nel
o Jn_N
=L, L)+3 o &alds, Ir)cos(nNy) (2.15)
n=1

MTRRAE (2, 1), B3 &0 RS SHR A 77 2.
o= (55142520 ) 4 3 (Tn g™ H v 5 0+ € Py (2.16)
n=1

R (2.15)A1(2.16) 5 S E— AR E =44 B RAEARH & 10 FHER & ] 54,
R, WFHERREREES, TUEH

-—97(]1, Iz, IN)='-70(11, ]2)+2.7,,(I1, I2)I1'N
n=1

oo ]nN
=5o(Ii, I+ Y o Fally, L)cos(nNy) (2.17)
n=1 .

TERTRABEETE S A & A R EE S YRR 7 B BREEN,



HEAAREE M RETREN R AR (T ) —BE 873

=, ZHN = 3) A IR 1 S B R 7R A 75 78 AT 5 B2 v T

Bf1FE, MR EmEEE SRR TR R &k, WHEN & B E (3
BE) BRREMFEMERN, MERER G2 HBEHERERFHEBN S EE, HfS 5 5
ANELET ., FRAREM R AR LAWRS, BAESHT MR IE gk R 58
.

B FARE R B & R R B AR R (e TR IR B R N R BER TR IRE
HEE, BATATLLEM (2.15)F1(2.17) R RSN R BiesE X FRiER IR, EL
BHRMMEEERTHESRN L OREE, 55 hAHMO°, 15°, W0 ENFANE
RER, IR IBEI R,

A BB B & BRI T AL
Eg= (14w, —vIi/243al I,/ (41,) 4381,/ (412) (3.1)
HBEETE, v, a1 MR MEEE, XNV ELET
Eg,=1+4»)1,—vl{/2, E@=3al\/(4],), E®,=3p/(4l}) (3.2)

XEBEN FRARE R, HREE (3. 1)XToR TAFKEY, XBIENEeHOH—
WFK (BREGME) i, XM —DEEER, BROUEREM1II(LELD
R LRSI R FARME T MR e RO B — R X R BB, WHRE—T, X[TIhXETF# &
R R R R ATk, RG.2)HH e AN ER— RIS & RN S N
FER BT ANEFOFZ KMFAK, BETEe =3al/(4L)MEe =36/ (412
SRR R F—RIFER., SR, EEZ e SRR AT —KRFRER L 2
e, i/ IER R F—k, EREEME ok, L=tre WAEES (¥ HEHR) ,
B/ LB E e 1=3a/ (41) BRERAN, LRETOH—FBEYEY, % L=0%H
Fo=0, FRTLEBERT e, L)FEEFRAFRE, RBHLEIHR, RESH,
sal i/ (al,) 3B/ (4l 1) B BIRF 2 i —M A F RN B G RBR,
(3.2) RN (2.16)R, HKE®, Eei, E&.480, LXRpSEk, WE

I LI, I, I
Ee:(—-‘VII'I' a1 )1+(1+ 3a4I§ - 35’3 ) + 3a ! P3 4Iﬁ2 Pe

(3.3)
b Pg, PergEX L(2.9),
R, HROI=wEEHREESHNBEENSWEFER, BUMTEEGEER
R FF ZIREERY,
Vig /2= (1+n)lo—nl}/243E1,1,/ (4],) +3E1s/ (413) (3.4)
HEWMANEL M RERY, 1, ERIC,
& e 7E AR X a0 i B4R A S 08 O [RInAR 2 15 BA RN J1te,  BY

. o=tn@n=ty[1+cos(20)M+-sin(20)N]/2 (3.5)
Hrhn=cosfa;+sinfa,, NAH

Ii=ty, I,=t%/2, ITy=(t)/N)cos(2INO) (3.6)

Pr=ty"'{cos[2(N —1)0IM—sin[2(N —1)4IN (3.7)

R(2.18), MIFRER eI FKIERYL L, FEO+n/2TiF LR Ee, MXH
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A5 T B BY £ 2 po 53 B Ky
dCy , & 1 d(Cut3¥)

80=Tt9+”_21 AN T di, cos(2nN o) (3.8)
yo=—=23_Cuts¥ 'sin(2nN0) (3.9)
n=1
de, | Sty de, -
=g, + D (Gly “ar =€t eos(nNe) (3.10)

(3.2 RN (3.8)~(3.9), A
fea 1 {1+acos(69)+ﬁcos(129) \
Ele, Y={( —v—acos(60)—Bcos(120) ,t : (3.11)
lw J —3asin (68) —e6fsin (120)
AL LR (S BRI . I R R AR R R,
MIWR | POSZREIRE, TREANTEINEESENT

E=0,99E,=29 TMPa, a=—0,0693, f=0,0594 (3.12)
MBIDFI(3,12), BT MR E S0 KRR SHIN
E Esg

——ET=T=1+acos(69) -+ Bcos(126)

=1—0,0693c0s(86)+0,0594cos (120) (3.13)
ARPRHREREARNELERERE 3 £R, WEBES LRI #Rik, 0°~60°fﬂ%j§ﬁ

B3 MERRE NERRYE B4 HMEERS HERFE

BEMALEI~ 12°M48 AL E £, B¥O=30"N%, 7E0=30"HBRN, KRSRNER
HZ19%,

ERB|NIRE, FEENOR (0+7) FRERETN 7, A
o=7(n@m+mPn) =75{cos(20+x=/2)M+sin(20+x/2)N] (3.14)
X HBEm=~—sinfa,+cosfa, Xk ExI+ a5, WA
Ii=0, I,=7}, Iy=[(2%)"/N]cos(2N0+Nx/2) (3.15)
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Possionty i T RHE

2(14+»)=E/Gy+168=0,99E,/G,— 0,950 (3.16)
WORI0+n/ 205 MBI BRGS0 E X R 4PN

%:ET’:’ =2(14v) —16pcos(120)=2(1+») —0.951cos(129) (3.17)

W, FATFTLARIREEEN] (3. 4) RNEER A MR BB, 105 FhL 52 B Sef i
0RO+ /275 BT 4y 3R BET oREO B2 H S R 43 B A

Y2/S%=14£cos(60) +Lcos(120) (3.18)

Y*/T4=2(1+n) —16icos(120) (3.19)
FAE | LR ERE, T1E

V=0.7455,=372MPa, £=-0,213, {=—0.232 (3.20)

2(140)=(Y/Ty)*+16£=0,556(So/T,)*—3,71 (3.21)

RBES AT LBE 4 A1, SHETERRNR, BEMH S E0=0"KK, &0
~17°H 43BN, HRO=30"X#k, BAMBR/NREHEE4%,

P, Pl (N = 4) M [ [R5 5 PR A 75 78 A5 2 1 T

K 3. WHRRREE, RNBNEMELAREESHEEET &R e HRE
¥ e WA
Eg=(+v)],—vIli/2+a’l,/],+B'1,/1] (4.1)
B |
Eg,=(1+4v)],—vIt/2, Eg¢i=a’'/l,, Eg,=p'/I} (4.2)
FREETUMNMEEMRERE, » o, B/,
FkE, BEMMEEB A I T REHE,
YViF /2= (14n)lo—nli/243E"1,/(4],)+35 "1/ (413) (4.3)
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Anisotropic Effects of Quasi-Isotropic Composites( [ )
Modelling

Zheng Quanshui Fang Huiyu

(Deparimeni of Engineering Mechaincs, Qinghua University, Beijing
100084, P, R, China)

Abstract

Experimental observations show that quasi-isoiropic materials, such as N-
axial fibre-renforced composites and woven materials, exhibit various degree of
anisotropy in elasticity and strength, and the anisotropy in strength is normally
stronger than that in elasticity, In view of some available experimantal data
and based on the general formulation of the constilutive equalions and failure
criteria of quasi—isotfopic materials established by using the theory represen—
tations for tensor functions, we postulate several applicable models of the con-
stitutive equations and strengih for 3- and 4-axial quasi-isotropic materials to
reveal the aniso¥ropic effects, In a continued work (Part [ ), the anisotropic
effect in strength of an infinitely large plate with a single elliptical hole or
crack is studied, and the proposed stiffness and strength models are verified in

terms of micro-mechanical analyses,

Key words quasi~isotropy, composites, anisotropic effects, constitutive equa-

tion, strength rules



