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So v6i kim lo~, v~t li~u composite c6 nhi~u rru digm n5i b~t: d9 b~n rieng va mO dun dan 
h'oi rieng r[t cao, di'eu d6 cho ph€p gilun nh~ ding k~ trqng hrqng cUa cic chi ti€'t miy v3. cic ke't 
diu cOng trlnh. D~ khOng bi liing phi v~t li~u va c6 thg thie't ke' tOi 1ru cic ke"t c5u composite, c'an 
thiet phii higu bie't sllu site cic thuye't b~n ip dv.ng cho v~t li%u di hrr6ng llay, nh3t Ia khi chU.ng 
ch~u tic dl!ng ella d.c tAi trqng phUc t;;tp. 

Theo cich tie"p c~n cda CO' h9C vi m&, cic thuye't b'en dttqc xay dv-ng tren cac tfnh chat CO' 

h9c crla c3.c v~t li~u th~mh ph'an (sqi, nhl!a chitng h~) va. nhCr ctlc phrrc.mg phip "d'Ong nh5:t h6a~ 
khic nhau. Phrrang phip niy c6 lich Stl.- hon hai ch\lc nam nhung cic ke"t qrl.a cOn nhi'eu h;;tn che' 
[2], [3]. 

Hi~n nay trong d.c phOng nghiE!n ctru, thie't ke' tr€n the' gi6i, ngrrCri ta hay stl.- dl!ng c:ic thuye't 
bh xiiy d1plg theo quan di&m d.a w h9c vi mo, ch!ng h~n thuye"t ben Hill {1948) [4], thuye"t bh 
Tsai va Wu (1971) [10]. 

Thuye't b'en Hill drrqc t5ng quit h6a t-lr thuygt bE!n ding hu&ng Von rnises va dm7c 3.p d~fng 
cho kim lo'}i trv·c hrr&ng. Thuye't b'en Von mise.s dV"a tren gia tri qrc d<_~.i cU.a nlng lrrc;mg bie'n d~ng 
tnrqt va ('.hi d~ c~p de'n bat bie'n thli- hai cUa tr~ng thii Ung su3:t: 

(a,- <Yz) 2 + (az- a3)2 + (a3- cr,) 2 + cr~3 + cr;, + cri2 :5. 6k2
• 

Thuye't b-en Hill du-crc bi~u di~n trong h~ trvc trl!c hrr&:ng du-&i d~ng sau: 

(1.1) 

(G + H)(cr1 - cr2)2 + (F + H)(cr2 - cr3)2 + (F +G) (cr.- cr,)2
- 2Huwz- 2G<YW3- 2Fcrzcr3+ 

Trong do: 

+ 2Lcr53 + 2Mcr;1 + 2Ncri2 S 1. (1.2) 

1 
G+H=xz; 

1 
F+H=y2 ; 

1 
F+G= zz; 

1 1 1 
2H = xz + yz - zz ; 

1 1 1 
2G = xz + zz - yz ; 

1 1 1 
2F.= yz + zz - xz ; 

1 
2L= fj2; 

"' 
2M= -

1
-

S';x 
. 1 

2N::::::::: ~2 ' 
cxy 

(1.3) 

X, Y, Z: Ia. d9 b-en keo, nen dcrn theo phuang cic trv.c trv-c hrr&ng , Bxy, Syz, Szx Ia. dQ hen 
cit trong cac m~t phing trtrc giao. 
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Hill d~ xugt thuy~t bh trong khuon khil cda ly thuy~t deo tuy~t doi ap dlfng vao kim lo;.U 
phan l&p v&i hai gil. thi~t: 

- Thuyg't b'{;n kh6ng nh~y v6i diu cda. li-ng sua:t pha.p, 
• Kh&ng nh~y v&i phlln ding hrr&ng cda tenxcr Ung suilt. 
Thuygt b~n Hill hoan toim kh&ng th~ ap d\mg cho v~t li~u composite (Lin va cong sv [5]). 
DS kh~c ph1J.c cic h<,m che' ella thuye"t b€n Hill, Tsai vi Wu dii de xutt mQt thuye't ben drr61 

d~ng da thrrc b~c hai ella rrng suit thvc: 

ho?.c· drr&i d~ng khai tri~n sau: 

F1d1 + Foa2 + F3a3 + F4a4 + Fsas + Fscr6+ 

FuCTi + ZF12a1a2 + 2F1so-1a3 + 2F14o-1a4 + ZF1sa1as + 2Flet7Iue+ 

F22a~ + ZF23u2as + ZF24o-2a4 + ZFzsa2as + 2FzeO"za6+ 

Fssa5 + 2Fs40:30"4 + 2Fssusas + 2Fs6asa6+ 

F44a~ + ZF45CT4as + 2F45a4ae+ 

Fssai + 2Fs60"sae + Fe6a~ = 1. 

Trong d6 Fi va Fii Ia cac h!ng sO' v%t li~u (i) i = 1, 2, ... , 6). 
So v6i thuye't b'en Hill thl thuygt Tsai va Wu c6 hai di~m m<:tnh: 
- Nh~y v&i d[u cda U:-ng suat phclp, 
- Nh~y v&i ph'an d[ng hu&ng cda tenxct lhlg suat t3c dvng. 

(1.4) 

(1.5) 

Tuy nhien nhi~u nghien cli-u cho thity thuye't hen nay khOng cho phep dlf doin chinh xic d9 
b~n cda v~t li~u composite khi chju 1\l'c phuc teP [3], [6]. Nguyen nhiin chinh la do thuye't b~n 
Tsai va Wu di khOng chU. Y de'n tlnh d~ hu&ng ella cic ca dLu phi hOng ella v~t li%u khi ch~u llfc. 

Tnr&c tinh thEr d6, c6 hai vfu de' d~t ra: 
+ can thif't phlt.i x5.y dvng nhi'rng thuyg't b'en t6ng quit. honcho v~t li~u composite, 
+ C'an t:inh de'n blm chit ra:t khic nhau ella cic ccr diu phi hily cUa v~t li~u composite khio 

sit trong xiy dl,l'ng thuye't b'en. 

,( H -J ' ' .H -.... - ' 

2. Dh.NG BAT BIEN TONG QUAT CUA THUYET BEN DJ HU0NG 

2.1. Thuye't bl1n tnrc h1.r&ng 
Trong ca h9c m-Oi tnrOng lien tv.c, phtrcrng phip bi~u di~n ham tenxO' (1] cho phep chUng t.a 

m8 tA khich quan va nhlit quin nhlit cic quy lu~t &ng xd- cO' hqc ella cic v%t li~u di lnr&ng nhtr: 
kim lo?-i phin l&p, da phin t"ling, composite v.v ... 

Khio sit m9t 16-p cic li'ng xU:- cO th~ bi~u di~n blng quan h~ gifra ten;sO' Ung suit T v&i tenxa 
t5c dQ bie'n d~ng D; v&i v~t li~u tqrc hrr&ng (ch~ng h~n composite voii th1'ly tinh/nhwa epoxy), 
quan hf tenxO" t5ng quit dm;rc mO tci nhU' sau: 

T=F(D,Mi) (2.1) 

Trang d6 A1i Ia c<i.c tenxO' cau trUe xac d!nh b&i: 

1 0 0 0 0 0 0 0 o] 
M1 = v1 X vl = 0 0 0 M2 = v2 X v2 = 0 1 0 M3 = VJ X tJ3 = 0 0 ~It) 0 0 0 

( v;) 
0 0 0 

(vi) 
0 0 

2.2) 
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Bi~u thllc ·(2.1) chi dm:;tc coi nhU" rn<?t quy lu~t CO" h9C ne'u n6 th6a man nguyen lY dbg hu-6-ng 
cda kh&ng gian llJ. Nguyen ly nay yeu diu: m9t anh X~ Q Mt ky thu\)c nh6m tnrc giao 0 tac d(ing 
d'Ong thCri vao v~t li~u va bi~n d9ng h9c D thl k€o theo ehng m{it bien d5i cda tenxcr Ung sua:t T: 

IIQ E 0; F(QDQ', QM;Q') = QF(D, Mi)Q' (2.3) 

Tlnh cha:t tren cho tha:y: ham F 13. d~ng hu&ng dOi vOi. t~p hqp cic tham sO D va Mi. Quan 
h~ ~n gifra T va D 13. d! htr6ng; Th~ lo~i d! hrr&ng e6 th~ ph5.n d!nh btri nh6m bat bie'n S cUa 
tenxa dl:u trUe Mi: 

QM;Q = M; <---> Q ES 

S ={±I, s,, S2, Ss}. 

Si: nh6m d5i xUng v~t li~u qua c<ic m~t ph.ing (vll v2, vs, ); I: tenxo- don v!. 
Bi~u thrrc t5i giim cua (2.1) c6 d~ng sau [1], [7]: 

T= a,M, + azM2 + asMs+ a•(M,D+ DM,)+ 

+ as(MzD + DMz) + ae(MsD + DMs) + arD2 

a;= a;{Tr(M,D), Tr{MzD), Tr(MsD), 

Tr(M1 D2
), Tr(J\<hD2

), Tr(MsD2
) + TrD3

} 

(2.4) 

(2.5) 

BiJu thrrc (2.5) chota m{it rrng Xtr Mo khi coi D Ja tenx<Y t6c di) bi€n d~ng va (2.5) thtla man 
di'eu ki~n d~ng nha:t b~c "0" d5i v&i thai. gian "t'\ c6 nghii li: 

" neu 

Drra dih ki~n (2.6) vao (2.5), sau m\>t sCi phep bih dili ta thu du("c d1Jng thai: 
+ D~ng Mt bi€n tilng quat cda quy lu~t chiy d~o: 

D . = = <p,M, + 'PzMz + 'PsMs + 'P<(M,T + TM1)+ 
VJ.r.t.r • 

+ 'Ps(MzT + TMz) + 'Po(MsT + TM3 ) + <p7 T2 

+ va d?-ng bit bie'n t8ng quit cda thuye't b~n trlfC hrr&n_g: 

F{TrM,T, TrM2T, TrM3 T, TrM1 T2
, TrM2 T 2 , TrM3 T2

, TrT3
} = o. 

(2.6) 

(2.7) 

(2.8) 

Tenxa M, xu~t hi~n trong bifu th.Xc (2.7) va (2.8) th~ hi~n quan h~ di hrr&ng (tnrc hrr&ng) 
giii-a T va D. N€u phrr=g chlnh cda T va M, khOng trung nhau thl phu-=g chinh cda D khac 
phu-ang chlnh ella T. Thong cOng thll-c (2.8}, bCn C<!-nh ba:t bie'n thrrCtng g;p trong cac thuye't b~n 
dil.ng hrr&ng (Tr7'3 ) con c6 cac hilt bign h5n h(Yp (TrM1T, TrMzT, ... ) mo ti tinh di hrr&ng cda 
lrng xU- v~t Ii~u. Ccic bit bi~n nay chl rO phrrcmg d.a tenxa Ung suat so v&i phmmg ella tenxtY 
ca:u trUe Mi. 

ChUng ta chUng minh dtrqc d.ng: b3t, kY m{lt thuye't bEin nao <lp d~ng cho v~t li~u tn;rc hu-6ng 
va tOn trqng cic di~u ki~n bit bign ella tinh dO'i xtl-ng v~t li~u, nhfit thie't phlU th6a min d~g t5ng 
quat (2.8}. 

Ching h~n thuye't b~n Hill dtrc;rc bi~u di~n du&i d~ng b[t bien sau: 

C1 Tr2 M1 T + C2Tr2 M2 T+ CaTr2 MaT+ 2C4I'rMzT TrMaT+ 

2C5 TrMsT TrM1 T + 2C6TrM,T TrMzT + (Cs + C6- C,)TrM1 T 2 + 

(C6 + C4 - C2 )TrM2 T2 + (C4 + Cs- Cs)TrM3 T2 = 1. {2.9} 
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trong d6 C1 = L- M- N; C, = -L + M- N; C3 = -L- M + N; c.= F; C5 = G; Ca =H. 
D<pig b[t bie'n cda thuye't b'Cn Tsai va. Wu 3.p dy.ng vao v~t li~u trl!c hu&ng drrqoc bi~u di~n 

drr6-:i d~ng: 

F1TrM1T + F2 TrM2 T + F3TrM3T + {l/2)(2F11 + F44- Fee- F66)Tr2 M,T+ 

{1/2)(2F22 - F44 + F55 - F66)Tr2 M2 T + {1/2)(2F33 - F••- F55 + Fae)Tr2 M3T+ 

2F12TrM1T TrMzT+ 2F23TrM2T TrM3T + 2F31TrM3T TrM1 T+ 

(1/2)F44 ( -TrM1T 2 + TrM2 T 2 + TrM3 T 2
) + (1/2)F..(TrM1T2 - TrM2 T 2 + TrM3 T2 )+ 

(1/2)Fee(TrM,T2 + TrM2T2
- TrM3T2) = 1. (2.10) 

2.2. Thuygt ben dltng htr&ng ngang (transverse isotropy) 
V~t li~u trl!c hrr&ng c6 m~t m~t phing ding hrr&ng drrgc ggi ll v~t li~u dhg hrrCmg ngang, 

vi d\1 campsite sqi dbng phtrang, composite d~ng "mat" v.v... . . 
D;p1g ba:t biEfn t5ng quat cda thuye't b'en ding hrr&ng ngang dtrqc xay d1;mg trrcrng tl]" nh1.r 

thuye"t b~n tr'!"C hrrang Va CO d~ng [3]: . 

F(TrT, TrT2
, TrT3, TrMT, TrMT2

) = 0 

Trang d6 M 13. tenxO" ca:u trUe x<ic djnh b&i: 

v1 vuOng g6c v&i m~t ding hu&ng. 

1 0 0 
0 0 0 
0 0 0 

( '"· . ) 

Thuye"t b~n Hill Ia tr1remg hqp d~c bi~t c.'ta (2.11) va drrqc biilu dih blri: 

(2.11) 

(2.12) 

(F+2H)TrT2 -HTr2 T-2(F+2H -L)TrM1T2+(5F+H -2L)Tr2 MT+2(H -F)TrT TrMT = 1 

D<;mg ba:t bie'n eli a thuye't b'en Tsai va Wu cho v~t li~u ding hu-&ng ngang c6 d~ng: 

Trang d6: 

b1 = F1; b2 = F3 - F,; b3 = F12; 

be = 2{F3, - F,z); be = Fn - F,2; 

b4 = F11 + F33 - F44 - 2F21 ; 

B1 = F44 + 2(F,2- Fn). 

, , "' "' ' 
3. TR~NG THAI UNG SUAT BA CHIEU TRON XOAY 

Khio sat rn(lt tr~ng thai rrng suO:t keo (nen) ba chi~u trim xoay (hinh 1.): 
B~ng cich du-a vao tenXO' l~ch &ng sua:t 8: 

S = T- (1/3).TrT.J. 

Ta tinh drrqc: 
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ChU Y d~ng: 

Hinh 1. Tr~ng th3i U:ng auat ba chi~u trOn xoay 

TrM1 T = TrM1 S + (1I3).TrT, 

TrM2 T = TrM2 S + (li3).TrT, 

TrM3T = TrMsS + (li3).TrT, 

TrM1T 2 = TrM1 S2 + (2I3)TrM1 S TrT + (1I9).Tr2 T, 

TrM2 T2 = TrM2 S2 + (2I3)TrM2 S TrT + (1I9).Tr2 T, 

TrM3 T 2 = TrM3 S 2 + (2I3)TrM3S TrT+ (1I9).Tr2 T, 

TrT3 = TrS3 + TrS2 TrT + (1I9).Tr3T. 

TrM1S + TrM2 S + TrM3 S = 0, 

TrM1 S2 + TrM2 S 2 + TrM3S2 = 0, 

(3.2) 

(3.3) 

chling ta d~ ditng tlm dU'7c d~ng tlrong d1.rO'ng v&i difng ba:t bie'n t5ng qu<lt cUa ditiu ki~n chlty 
d~o (2.8) cho v~t li%u trv-c hU'&ng khio sit dU"6i difng sau: 

Ap dvng vao tr~ng thai trng suat tren ta co : 

TrT = 2P +ern, 

TrS2 = (2l3).(un- P) 2
, 

TrS3 = (2l9).(an- P) 3 = (a/V6).Tr3 i 2 S 2
, 

TrM1 S = (ll3).(an- P)(3 cos2 e- 1), 

(3.4) 

Tr.M2 S = (1l3).(an- P)(2- cos2 B) = -TrM,S + y(1I6).TrS2 , (3.5) 

TrM1 82 = (1l9).(an'- P) 2 (3 cos2 e + 1) = 

= t 1131. Tr s2 + ". Tr M, s. v"'( 1:-71 6::;-J .-;;Tr,-;s"'"z , 

Tr MzS2 = (1/9).(C1n - P) 2(4- 3 cos2 B) = 

= ( 1 1 2 l . Tr s • - Oi • Tr M, s. -v,._r 1:-71 6::';-J .""'Trc-:s"'"z . 

Trong d6 a= 1 ni!u (ern- P) > 0 va a= -1 ni!u (ern- P) < 0. 
Tir diy ta dg dang thay d<_t.ng bat bien t5ng quilt clia thuy6t b~n ip dT.tng cho composite tn;rc 

hrr&ng ch!u nen ba chi"eu dtrgc thu ggn dtr&i d<}-ng: 

h = (TrT, TrM1 S, TrS2
). (3.6) 
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Ta c6 th~ chii'ng mi~h dU'q"C r~ng: drr&i tic dl,mg cda tr<_~.ng thai li-ng sua:t nen ba tn;:.c trOn 
xoay xung quanh m9t ph1l'D'Ilg n~m trong m~t phltng ll'1l tien cUa v~t li%u trl!c hll"&ng hay trl!C 
hU"&ng trOn xoay thl d<].ng tCii giLl cda thuygt b~n cho d. hai lo<}i v~t li~u Ia nhll' nhau va. c6 d~ng 

{3.6) [7). 

• A "' ' ' ' " 

4. V~T LI~U COMPOSITE VAl THUY TINH/NHVA EPOXY CHlU NEN 
~ 

BA CHIEU 

ChUng t&i tie'n hinh m9t chu-ang trinh thl nghi~rn v&i composite trv-c hU'&ng vii thUy tinh/nhl!a 
epoxy, cac thl nghi?m \:eo v&i m~u 12 l&pj cic thi nghi~m nen v&i miu 32 l&p. 

- Cac mh keo c6 d~ng hinh h9c va kich thulrc d~c bi~t [7). 
- Cic miu nen ba chi'eu c6 d~ng hlnh hC}p chiT nh%t va dm!C nghien cU:u thee 5 phtrang kh<ic 

nhau so v&i phtrcrng sqi cabin (B = 0°; 7,5°; 15°; 30°; va. 45°). Thl nghi~m chrqc tie'n h3.nh v&i 
5 gia tri ap l\fC ham khac nhau: p = 0, 25, 50, 75 va 100MPa. Drr&:i day chUng t6i chi trlnh hay 
mi?t sO k~t qua d~c trll'Ilg: 

Gia tr~ li-ng sua:t dinh phU'crng gi61 h~n drrqc tinh toin va. ch.o trong bing L 

Bdng 1. Ung suit djnh phuang gi&i h~n (ern - P) (MPa) 
c-da c<'ic roiu ch}u nen ba chi~u 

0' 
P(MPa) 

15' 30° 45' 

0 412,8 359,1 273,9 158,3 136,9 
25 482,6 398,1 302 183,9 166,5 
50 521,2 419,6 317 202,5 178,7 
75 553,3 442,6 328,3 209,5 187,6 

100 595 454,1 337,9 226,8 202,9 

+ V&i mS.u ch~u n€n ba chi'eu ta c6 nh%n. xet: 
- V~t li~u composite nghien cli'u c6 tinh d! hrr&ng cao, 
- Khi nh~y v6-i diu c1la tl-ng sua:t ph<lp tic dvng, 
- Nh~y v61 ph"an ding hu&ng cda tenxa U:ng suat, 
- Di} hen gilun nhanl1 tlr () = oo de'n 30°, khi 6n d!nh v&i () = 30° clen 45°. 
Quan s<it c<ic miu thf nghi~m sau khi b~ phi hdng, chUng t6i thiy rO: 
+ V&i cic miu 0° d~n 15°, d9 b~n va mO dun l6n 1 bie'n d~ng phi htiy nhd, st?"i d9c ch~u phi 

hfiy li chinh, mi"en h1.r hdng r1t h~p. 
+ V&i c<ic m~u 30° difn 45°, de? b'en va. m6dun thfip, bien d{lng phi hliy dLt l&n, m~u b! phi 

hOng do tr6c sqi/nh'!a kern theo bie'n d~ng trm?t t1rang dOi gilra dec sgi dgc vi sqi ngang, mi'en 
h u- hdng dt !&n. 

Ca ca:u phi hdng cda d.c miu k€o l{ti khic d.c mlu nen: 
+ V&:i miu 0° m{lt phi h6ng vu&ng g6c v&i phlrang sqi ccr bin. 
+ V&i m~u 45°, giOng nhU' khi nen, m[u b~ phi hOng do tr6c sqi_/nhl!a, kern theo bie'n d<!-ng 

tnrqt trr011g dOi giifa cic sqi dqc/sql ngang. 
+ V&i cic m~u 7, 5°; 15° va. 30°, chUng ta quan sit thiy CO' cau tcing hqp cling v&i m9t qua 

trlnh chuygn tie'p tir CCY cau v&i 0 = 0° Sang CCY ciu y(ri 8 = 45°. 
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4.2. Thuyiit b~n d~ xua:t 
. V&i composite viU thity tinh/nhva epoxy (v~t li%u trv-c h11&ng), sau khi xem xet ky lu~t bi~n 

thien _ella ll-ng su5:t djnh phliang gi6i h~n va phan tlch C(J ca:u pha. hfiy cUa cic mfiu thf nghi~m, 
chU.ng tOi eta ct-e xuat m?t di-eu ki~n b~n c6 d~ng : 

& day ai va b1 Ia cic hang s5 v~t li~u, cOn k li h~ng s5 crla thuye't ben. 
v 61 tr~ng thii li-ng suat keo dan: 

2 k2 
" "" 2 (4.2) 

n 1 + b0 cos2 t9 sin fJ 

Tit cong thrrc (3.5), bi~u di~n cac d~i lrro;rng (<>n- P), P va cos2 e qua TrT, TrM1 S va TrS2
, 

tad~ dimg tHy (4.1) thda man d~g Mt bie"n t6ng quat {2.8). 
Gi<i tr! crl.a cic hlng sO v%t li~u tham gia vao thuye't b'en (4.1) d-trqc tfnh to<in nhCr c<lc sO li~u 

th~c nghi~m va drrqc cho trong bltng 2. 

Bdng 2. H~ng sO thuye't hen 

K "" o,.H3G Pa a, "" -9, 78GPa~ 1 b,"" -309,6GPa~ 1 

bo ""30, 93 a2 ""45, 76GPa~ 2 bz"" 1627GPa~2 

TrCn hlnh 2, chling tOi so sinh cclc s5 li~u thvc nghi~m val cic dtrCmg cong lj thuye't theo 
thu)re"t b'en d~ xufit. 

600 \ 

X P=.fOOMitl 

• P-,'f51'11b 

+ P:-561>'1~ 
+ P=2,Mh. 

100 +------------ II p.,(}fi1Pa 
-v Troc1ion -~ 

0 '~--.---;~~-,--,-~,--,--.---.-,_J 
75° 82.5° 90" 

e" 

Hinh 2. So sinh si5 li~u thvc nghi~m v&i thuy4t b~n d'e xu8:t 

Chung ta nlt~n tHy: drr&i Mt ky lvc hiim P va v&i hilt ky goc e cda m[u thU: drrimg cong ly 
thuye't theo thuye't b'en d~ xuit phU hqp v&i nhfrng ke't qu! th1.p: nghi~m. 

47 



" . 5. KET LU~N 

Thuygt bh Hill ap d¥ng cho kim lo;U tqrc huang, to ra holm toim kMng phu h'!P vm v~t 
lieu composite. 

. Thuygt b'en Tsai va Wu cho phep d11 doin chinh xclc d9 b'en keO, nen don gib.n nhung cho d9 
b'en tha:p han d9 b'en th\fc nghi~m trong thf nghi~m nen ba tr\lc trOn xoay tren composite trlfc 
hu&ng [9]. 

Ph€p bi~u di~n him tenxO' di hrrCm.g cho chling ta m9t cich ti~m c~n d9c dcio nham mO d. mQt 
cich t~ng quit ll-ng xd- CCf h9c crl.a v~t li%u composite tqrc htrCrng chiu ling suat ph-6-c t~p. Thuy€t 
b'en d'e xu§:t cho ta m9t d¥' doin chfnh xic han d. V~ d9 b'en l[n CCI di:u phi hfiy ella composite 
khio sat. 

C&ng trinh nay ,_:!_rgc hoin thinh v&i s-.;r tai trg clia Chrrong trlnh Nghien c-fru cabin trong 
linh v'l!c Khoa h9c tl! nhien 

Dia chi: Nh4n ngay 5/:J/1993 
Trvung Dqi h9c Bach khoa HN 
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SUMMARY 

GENERAL INVARIANT FORMS OF THE ANISOTROPIC FAILURE CRITERIA 

The general invariant forms of failure criteria for anisotropic solids were studied and applied 
to orthotropic composite materials. when subjected to three - dimensional stress states with 
rotational symmetry. The Hill criterion and the Tsai and Wu criterion are special cases of these 
general forms. 
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