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Tém tat: Bai bao xay dung loi gidi gidi tich dé phan tich tinh va dao déng riéng cta tdm composite I6p
theo céc ly thuyét bién dang cat khéc nhau: ly thuyét tim cé dién (CLPT), ly thuyét bién dang cét bac nhét
(FSDT), ly thuyét tdm béc ba véi 5 4n s6 chuyén vi (HSDT-5), ly thuyét tdm béc cao véi 9 &n sé chuyén vi
(HSDT-9). Céc phuong trinh cén bang duoc thiét 1ap véi truong chuyén vi téng quét duwa trén nguyén ly
Hamilton. Anh huéng ctia bién dang cét ngang theo céc ly thuyét tdm khac nhau dén truong chuyén vi, ting
Suét va tan sé dao dong riéng ctia tim composite 16p da duoc khado sat.

Ttr khéa: Tam composite 16p; phan tich tinh; dao déng riéng; ly thuyét tam.

The effect of transverse shear deformation on the static and free vibration analysis of laminated
composite plates

Abstract: In this paper, the analytical solution for static and free vibration analysis of laminated composite
plates is developed by various shear deformation theories including: classical laminated plate theory (CLPT),
first-order shear deformation theory (FSDT), third-order shear deformation theory (HSDT-5), high order shear
deformation theory (HSDT-9). The equations of motion are derived by Hamilton’s principle based on the
generalized displacement field. The effect of transverse shear deformation of diffirent plate theories on the
displacement, stress and natural frequency of laminated composite plates is investigated.
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@ 1. Gi&i thiéu

Vat lieu composite dwoc st dung ngay cang rdng rai trong nhidu linh vire: giao théng van tai, xay
dwng dan dung, céng nghiép déng tau, san xuat may bay... do cé nhidu wu diém ndi troi so véi vat liéu
truyén thdng. Loai vat liéu nay 1a lwa chon Iy twéng cho nhivng két cAu doi héi cé do cirng, dd bén cao, kha
nang chéng 6xi héa, trong lweng nhe,... Cac nghién cvu vé ing xr co' hoc cla vat liéu va két chu composite
thu hat sy quan tam clia cac nha khoa hoc trong va ngoai nwéc phuc vu cong tac tinh toan, thiét ké, bao tri
va stra chira. Nhiéu ly thuyét tAm da dwoc dé& xuét va (ing dung trong phan tich tinh va dong két cAu tAm
bang vat liéu ddng hwéng sau d6 mé rdng cho tAm composite 1&p. Mot sb6 nghién clru tdng quan vé cac ly
thuyét tAm composite I16p da duoc trinh bay trong [1-3].

Ly thuyét tdm cb dién [4] dwoc dé& xuat vao dau thé ky XIX bd qua bién dang cét ngang va chi ap
dung cho cac tAm méng. Wang va cong sw [5] da s dung ly thuyét tAm cb dién dé phan tich tinh chét co
hoc ctia tAm composite TC4-6061. Raju va Wang [6] d& md hinh héa tAm composite soi vai tdng hop bang
ly thuyét tAm cb dién... Do bd qua bién dang cét ngang nén ly thuyét tAm cb dién khdng phu hop khi tinh
toan cac tAm cé do day trung binh va day. Bé khac phuc gi6i han ctia ly thuyét tAm cb dién, Reissner [7] va
Mindlin [8] d& d& xuét ly thuyét bién dang cit bac nhét. Ly thuyét nay dwoc Sky [9] s dung trong phan tich
&ng x& udn clia tAm composite I&p. Bruno va cdng sw [10] kiém tra b&n tAm composite I&p chiu udn theo
thuyét bén pha hly 16p dau tién. Do khdng phan anh dung qui luat phan b dang parabol thuc té cta trng
suét cat ngang theo phuong chiéu day tdm nén Iy thuyét nay can s dung hé s hiéu chinh cét trong tinh
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toan. Whitney [11] da xac dinh hé sd hiéu chinh cét chinh xac cla tAm trwc hwéng dwdi tac dong cda tinh
tai... Viéc xac dinh hé sb hiéu chinh cét 1a phirc tap do hé sb nay phu thudc vao ciu hinh vat liéu, diéu kién
bién, tinh chéat tai trong, ... D& khic phuc nhwoc diém nay, cac ly thuyét bién dang cét bac cao da dwoc phat
trién trén co s& dwa bai toan ba chiéu vé bai toan hai chidu mét cach gan dung bang cach khai trién chudi
Taylor trwéng chuyén vi tai diém bat ky theo toa d6 chiéu day. Loi gidi dan hdi da cho thay bién thién cla
(ng suét tiép theo phwong chidu day c6 dang parabol do vay cac thanh phan chuyé&n vi mang phai biéu dién
bang ham béc ba theo toa dd chiéu day. Thanh phan d6 véng duoc gia thiét 1a hang sb theo toa d6 chiéu
day, nhw vay bién dang dai theo phwong chiéu day khong ddi. Pandya va Kant [12] da st dung ly thuyét
bién dang cét bac cao 9 &n sé chuyén vi (HSDT-9) xay dwng mé hinh phan t& hiru han phan tich (rng suét
trong tAm composite 1&p chiu ubn. Xuat phat tr ly thuyét bién dang cat bac cao 9 an sb chuyén vi, Reddy
trong [13] da dwa thém diéu kién (rng suét tiép theo phwong chidu day béng khéng tai mat trén va dwéi clia
tAm dé& nhan dwoc ly thuyét bac cao don gian véi 5 &n sb chuyén vi (HSDT-5). Kant va Swaminathan [14]
khi thiét 1ap |&i giai gidi tich d& phan tich tinh tAm composite sandwich lai st dung ly thuyét thuyét bién dang
cat bac cao day da véi 12 an chuyén vi.

Bai bao nay st dung mé hinh trwdng chuyén vi tbng quat clia Reddy [1] d& phan tich trwéng
chuyén vi, t'ng suét va tAn s dao dong riéng clia tAm chir nhat composite I&p twa khép trén chu tuyén. Anh
hwéng clia bién dang cat ngang theo cac Iy thuyét tAm khac nhau dwoc phan tich thong qua cac khao sat
sb, gi¢i han ap dung clia cac ly thuyét tAm cling sé dwoc dé cap.

@ 2. Co’ s& ly thuyét

2.1 Hé phwong trinh co’ ban cuda tdm

X @ S
/o )
X il )
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Hinh 1. M6 hinh tdm composite 16p

Hinh 1 thé hién mét tAm composite I&p gbm n 16p, dwgc danh sb thir tw tlr trén xubng dwéi. Mat trung
binh clia tAm dwoc chon 1& méat phang Oxy va truc Oz hudng theo chiéu ting cla sb thi tw Idp. M&i I16p thir
k dwgc xac dinh béi toa 40 mat dudi z,,, va mat trén z, theo phwong z.

2.1.1 Trwong chuyén vi

Trwdng chuyén vi ctia tAm composite dwoc gia thiét dwéi dang tdng quat sau [1]:

u(x,y,z) =uy + alzZ—W + 20, v as2ip F a2y,
X

v(x,y,2) =vy + alzZ—W +a,20, + a3zz(py + a4z3t//y Q)
y

w(x,y,z) = w,

trong do: uo, » W, 1a cac thanh phan chuyén vi cGia diém trén mét trung binh theo cac phuong; 6., 6 la cac
goc xoay clia doan thang phéap tuyén mét trung binh tai diém dang xét quanh hai truc y, x va P @, ([JX, v, la
cac thanh phan chuyén vj va géc xoay bac cao.

V6i ly thuyét tAm bac cao rut gon ciia Reddy (HSDT-5):

—_i(g +6_W) —_i 2] +6_W
LAIEYE) CCRP Y U SR YEL RPN

Gia tri cu thé cla cac hang sb a,, a,, a., a, theo cac ly thuyét tdm khac nhau dugc cho trong Bang 1.
2.1.2 Truong bién dang

Trwéng bién dang dwoc xac dinh tlr quan hé gitra chuyén vi - bién dang va viét dwéi dang sau:
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Bang 1. Béng héng s6 a., a,, a,, a, theo cac ly thuyét tdm
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Véi 6” dwoc trinh bay chi tiét trong [15]. Cac thanh

Ly thuyét tdm a, a, a, a,
Ly thuyét t&m cb dién (CLPT) 1 0 0 0
Ly thuyét tAm bac nhét (FSDT) 0 1 0 0
Ly thuyét tAm bac cao 5 &n chuyén vi (HSDT-5) 1 0 1
Ly thuyét tAm bac cao 9 &n chuyén vi (HSDT-9) 1 1 1
Eu| |EW & &% 5
g, =160 +z3e0+ 2238 L+ 2% 0
rel lE0] 15 Y &% (2)
© ) @
7)(2 }/XZ yXZ 7/XZ
trong do:
2,
Oty a, W, Mgo +a, 26, 2s
(0) [0)4 (1) 0. 1004 (2) [5)4
Exx Exx 2 00 Exx o
o _ v,y Jool_ oW, ov, J.ol 99, .
&y (= P NEy (= 1752 275 N [T % 0 ’
O y 0 y 42 y
¥ uy | 0vy | ) o%w, 26, 99, Y o9, 99,
- T o | —+—— A
oy ox “oxoy  ‘\oy  ox dy ox
oy,
3) [5)4 ow,
Eox 0) (1+a,) +a,0, ) 2
8(3) —a a'//y . }/}(/z — ay 4 yz \ _ 2a (py . y(yz) — 3(1 l//,V
vy 4 oy 1,0 P LM o[ 1y@ Ny [’
;/)((i) Xz (1+a1) 0 +a29X Xz X Xz X
al//x + aV/y
oy 00X
2.1.3 Truwong tng suét
Trwdng (ng suét I&p the k duwgc xac dinh theo quan hé (rng suét - bién dang nhw sau [15]:
_O-XX 611 (_312 QG 0 o EXX —EXX
yy (312 922 926 0 O gyy _ gyy
Ty | =| Qe Qs Qs _0 _0 Vxy =[ 0:|k Y xy (3)
TyZ 0 0 0 Q44 Q45 7yz yyz
L Txz Ik 0 0 0 Qs Q; W LY xzk LY xzl«

phan &ng lwc dwoc dinh nghia theo biéu thirc (4):

_NX N:( N O-X MX M):_

. k+1 .
N, N, :;L o, ([1 2°]dz; | M, M,
N, N, Z, M, M, |

T,

2.1.4 Phwong trinh quan hé néi luc - bién dang

By (4)

:g: gﬂzﬁ;ﬂ”{mw 2] dz; Ej:ij:”{?}[z]dz;

T cac phwong trinh (2), (3) va (4) ta thu dwoc mdi quan hé gitra cac thanh phan ng luwc - bién dang:

™) 11y (] 1] [oy]|*")
Wi _|[8] [c] [o] [g]
117|e] o) (8] ()
IRICRGRGRGI

Q)
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TAP CHi KHOA HQOC CONG NGHE XAYDU'NG




KET QUA NGHIEN CUU VA UNG DUNG

trong do:
(4,.B,.C,.D,.E,.F,.H,) I OO (L 2t 2 ) dz (1)) =(1.2.6);
(A,],BU,CU,DU,E ZI o Qj") lz 2,7 24)012 (i,/)=(4,5);

2.1.5 Hé phuong trlnh chuyén déng

Hé phwong trinh chuyén déng clia tAm nhan dwoc dwa trén nguyén ly Hamilton [15] va c6 dang:

oN, ON,, N oN, ON,,
+

=10, +a.l,p,; 4
ox oy oo T A3l P, oy ox

0 2 *M *M
(1+a1)[an+&]_a1(a Mx +2 X4 yJ_'_q:

=1V, +agl,é,;

ox Oy ox? 6x6y oy?

5. -
Iy Wo—1, a1 d VZO + d VZO to _X _y a,a, 4 l//y
ox 6y ox oy ox 0y
6M
a, OX a1a2 ¢+ a26’ +oa, 1,
om, (6)
a, [ oy 6X J [aﬂz ]*’ aa,l
oN’, N, ON. . ..
oM, aM; oW, ;
ay| = +6_yy_ 3Qx] =1, [a1a4 p a,a,0, J+ a?l i,
oM, oM, . ow,
a, 6yy a_xy_ SQJ =1, (a1a4 oy + a2a46 j+ all W,
hi2
trong do: 1, = p [ z*dz k=2,4,6
—hi2

Biéu dién cac thanh phan (rng luc qua cac thanh phan bién dang theo (5), rdi cac thanh phan bién
dang qua chuyén vi theo (2) ta nhan dwoc hé phuong trinh chuyén déng theo chuyén vi.

2.2 Loi giai Navier

Xét tAm composite I&p hinh chir nhat bn bién twa khép cé chidu dai a va chiéu réng b. Diéu kién
bién cho cac cAu hinh vat liéu khac nhau cé dang:

+ T&m composite I&p cau hinh vudng géc (cross-ply) [14]:

Vo=W,=6,=M,=¢p,=y,=M,=N,=N_=0; x=0,a; o
Uy=W,=0,=M, =9, = X=M;=Ny=N;=O; y=0,b;

+ TAm composite 16p cAu hinh xién géc (angle-ply) [16]:
u0=w0=9y=MX=¢X=«//y=MXi=NXy=N%y=O; x=0,a; )
Vo=W,=60,=M,=¢p =y =M, =N, =N, =0 y=0,b;

Hé cac phwong trinh chuy&n dong theo chuyén vi xuét phat t (6) 1a cac phwong trinh tuyén tinh nén
ta gia thiét cac thanh phan chuyén vi theo dang chudi lwgng giac kép théa man diéu kién bién (7) va (8):

+ TAm composite I&p cau hinh vuéng géc:

o0 o0 o0 0 o0 0
_ iot : . _ iot . _ iot : .
Uy = E E U, CoOSMXSIKY; vV, = E E V€ SINNXCOSKY, W, = E E W, € SINNXSINKY;

m=1 n=1 m=1 n=1 m=1 n=1

m=1 n=1 m=1 n=1

© ® w @
0, = Zz&mn cosnxsinky; 6, Zz ) n€ “'sinnxcosky; @, =zz$xmnef“" cosnxsinky; 9)
© @ o @ o @
Zz D€ sinnxcoskyiy, = ZZV/mne"”’ cosnxsinky; y, = ZZWymne’“” sinnxcosky;
m=1 n=1 m=1 n=1 m=1 n=1
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+ TAm composite 1&'p cAu hinh xién géc:

0 00 00 00 o0 0
_ iot - . _ iot . . _ iot : . .
Uy = E E U,,€  SINTXCOSKY; Vy = E E V€  COSTIXSINKY; Wy = E E W,,€  SIMNXSIKY;

m=1 n=1 m=1 n=l1 m=1 n=l1
zz o€ COSTIXSINKY; O, ZZ € ¢ sinpxcosky; @, =Zz¢x”"’em sinnxcosxy; (10)
m=1 n= m=1 n=1 m=1 n=1
ZZ%’”" “ cospxsinky; v, = ZZV/mnem’ cosnxsinky; y, = ZZV/ymnei“” sinnxcosxy;
m=1 n=1 m=1 n=1 m=1 n=1
voi: =" k=" k=l.n
a
Tai trong phan bd vudng géc véi bé mat tAm ciing dwoc khai trién dwéi dang chudi lwong giac kép:
q(x,y) = Zque"“” sinpxsinky (11)
m=1 n=1

Thay phwong trinh (7), (9) hodc (8), (10) vao hé phwong trinh chuy&n déng theo chuyén vi ta nhan
dwoc hé phwong trinh:

{[K], o~ " [M], .} {Q} = {a} (12)
trong do:

(O} ={tomn Yo Wom Oomn Ooomn Puom Promn Veomn Vyom)

{g}={0 0 ¢, 000 0 0 0

- V&i bai toan tinh, dat tAn sé géc dao dong o = 0, phwong trinh (12) tré thanh:

KL, f Q) ={a} (13)

- V&i bai toan dao dong riéng, dét thanh phan tai trong q,. =0, phwong trinh (12) tr& thanh:

KL, -7 [M), {0} = 0] "
@ 3. Két qua sé

3.1 Phén tich tinh

Xét mot thm cht nhat composite I6p (b = 3a) cAu hinh dbi x(rng vuéng géc [0°/90°/0°] va phan xiing
xién géc [-30°/30°], chiéu day cac I&p nhw nhau, chju tai trong phan bd dang hinh sin. Cac thdng so6 vat liéu
clia tam composite nhw sau:

CAu hinh dbi xtrng vudng goc:

E, =175 GPa; E,=7 GPa; G,,= G,, = 3.5 GPa; G,, = 1.4 GPa; v, =v,, = 0.25[17]

CAu hinh phan xtrng xién géc:

E, =276 GPa; E, =6.895 GPa; G,, = G,, = 3.45 GPa; G,, = 4.12 GPa; v,, = v,, = 0.25 [16]

D6 vdng va tng suat khdng thir nguyén dwoc tinh theo cong thire sau:

V_V_W[géjEzh:’.E_ (abhj L R (ggﬁj n .
N2 2)latq, ) 2°2°2 \a?q, ) Y P 27276\ dq, )
2
5y =0, (0,0,51'3—]; 5.=0, [3,0,0j[ij; 5. =0, [0,9,0)(L];
2 )\ a“q, 2 aq, 2 agq,

Do véng va cac thanh phan trng suét khong thir nguyén tinh theo cac ly thuyét tAm khac nhau trinh
bay trong Bang 2 dbi v&i cau hinh dbi xtrng vudng géc va Bang 3 déi véi ciu hinh phan xirng xién géc. Két
qué dwoc so sanh véi loi gidi chinh xac theo ly thuyét dan hdi ba chiéu ctia Pagano trong [17] dbi véi tAm
déi x(rng vudng géc va véi Swaminathan [16] dbi véi tAm phan xing xién goc theo ly thuyét tAm 9 &n sb
chuyén vi.

Hinh 2 va 3 biéu di&n sw bién thién clia d6 véng va cac thanh phan (ng suét khong thir nguyén theo
ti sb kich thwéc/chidu day tdm (a/h).
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Béng 2. D6 véng va g suét khdng thir nguyén cta tdm composite 16p [0°/90°/0°]

a/h Ly thuyét w o, o, 7, T, 7,
CLPT 0.5034 0.6233 0.0251 0.0083 - -
FSDT 2.3626 0.6130 0.0934 0.0205 0.1879 0.0308
4 HSDT-5 2.6411 1.0359 0.1028 0.0263 0.2724 0.0348
HSDT-9 2.6484 1.0811 0.1039 0.0263 0.2791 0.0324
3D[17] 2.8200 1.1400 0.1190 0.0281 0.3510 0.0334
CLPT 0.5034 0.6233 0.0251 0.0083 - -
FSDT 0.8030 0.6214 0.0375 0.0105 0.1894 0.0159
10 HSDT-5 0.8622 0.6924 0.0398 0.0115 0.2859 0.0170
HSDT-9 0.8690 0.7122 0.0401 0.0117 0.3066 0.0159
3D[17] 0.9190 0.7260 0.0418 0.0120 0.4200 0.0152
CLPT 0.5034 0.6233 0.0251 0.0083 - -
FSDT 0.5064 0.6233 0.0253 0.0083 0.1897 0.0127
100 HSDT-5 0.5070 0.6240 0.0253 0.0083 0.2886 0.0129
HSDT-9 0.5071 0.6242 0.0253 0.0083 0.3132 0.0121
3D[17] 0.5080 0.6240 0.0253 0.0083 0.4390 0.0108

Béng 3. D6 véng va tmg suét khong thir nguyén cta tdm composite 16p [-30°/30°]

a/h Ly thuyét w o, o, 7, T, 7,

CLPT 1.3136 0.8637 0.2780 -0.1804 - -
FSDT 2.6093 0.8552 0.2767 -0.1942 0.3473 0.1041
4 HSDT-5 2.3752 1.0475 0.3204 -0.2304 0.3883 0.1155
HSDT-9 2.6980 0.9155 0.2946 -0.1271 0.3705 0.0972

3D[17] 2.6980 1.1889 0.3872 -0.1271 - -

CLPT 1.3136 0.8637 0.2780 -0.1804 - -
FSDT 1.5211 0.8620 0.2778 -0.1831 0.3486 0.1000
10 HSDT-5 1.4872 0.8935 0.2882 -0.1889 0.3881 0.1131
HSDT-9 1.5388 0.8727 0.2808 -0.1676 0.3680 0.1018

3D[17] 1.5388 0.9193 0.2966 -0.1676 - -

CLPT 1.3136 0.8637 0.2780 -0.1804 - -
FSDT 1.3157 0.8636 0.2780 -0.1805 0.3490 0.0990
100 HSDT-5 1.3154 0.8640 0.2781 -0.1805 0.4000 0.1124
HSDT-9 1.3159 0.8637 0.2780 -0.1803 0.3669 0.1037

3D[17] 1.3163 0.8641 0.2782 -0.1803 - -

Két qua trong Bang 2 va Hinh 2 phan anh ding &ng x& co hoc cla tAm composite I&p: khi tm cé
chiéu day trung binh va day véi cdu hinh déi xtrng vudng goc, I&i gidi theo ly thuyét bac cao sat vai i giai
theo ly thuyét dan hdi ba chiéu hon ca. 'ng suét cat ngang cé chénh léch dang ké gitra cac ly thuyét tAm
bac cao va bac nhét.

Két qua trong Bang 3 va Hinh 3 ciing cho thay qui luat twong tw dbi véi tAm composite Iép ciu hinh
phan xirng xién géc: 16i giai theo ly thuyét bac cao (HSDT-9) sat véi l6i gidi theo ly thuyét bac cao 9 &n clia
Swaminathan. V&i tAm cé chiéu day trung binh va day, I&i giai theo ly thuyét cé dién co sai sé 16n véi cac
ly thuyét tAm khéc.

Su sai khac vé gia tri cia dd véng va cac thanh phan (rng suét, d&c biét 1a (rng suét tiép theo phwong
chiéu day khi chidu day tAm tang lén co thé ly gidi bdng &nh hwéng rd rét cla bién dang cét ngang trong
céac ly thuyét tAm dé xuét.

3.2 Phén tich dao déng riéng

Xét mot tAm chiv nhat composite 16p (b = 3a) cau hinh ddi xtrng vudng géc [0°/90°/0°] va phan xng
xién goc [-45°/45°],, chiéu day cac I6p nhw nhau. Cac thong sb vat liéu clia tdm composite nhw sau:

CAu hinh déi x»ng vuéng goc:
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E, =175GPa; G, =G, = 0.6 E; G, =05 E, v, = v, = 0.25, a/h = 5 [18]
CAu hinh déi x*ng xién goc:

E, =175 GPa; E, = E/15; G,,= G,, = 0.5 E,; G,, = 0.35 E,; v,, = 0.23 [19]

Tan sb dao déng riéng khong thir nguyén dwoc tinh theo cdng thire: @ =10

ph?

E.

2

Tan sb dao ddng riéng co ban khong thir nguyén tinh theo cac ly thuyét tAm khac nhau dwoc trinh
bay trong Bang 4 v&i ciu hinh dbi xtrng vudng géc va Bang 5 véi cau hinh déi xirng xién géc. Két qua dwoc
so sanh va&i 16 gidi chinh xac theo ly thuyét dan héi ba chiéu ctia Noor trong [18] dbi v&i tAm dbi xirng vudng
géc va véi Burton trong [19] dbi véi tAm phan xing xién géc.
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Két qua trén Bang 4 va Bang 5 cho thay tn sb dao ddng riéng co ban khéng thir nguyén tinh theo
céac ly thuyét bién dang cét so véi 16i giai ly thuyét dan hdi cé sai léch bé (< 5%) dbi véi cac tAm day va day
trung binh. Tan sb dao déng riéng khéng thtr nguyén tinh theo ly thuyét tAm cb dién c6 sai sé 1on véi 16i gidi
ly thuyét dan héi.

Bién thién cla tan s6 dao déng riéng co ban khdng thir nguyén theo ti sb a/h dwoc bidu dién bang db
thi trén Hinh 4a déi v&i tAm c&u hinh ddi xtrng vudng goc va trén Hinh 4b di véi tAm ciu hinh phan xtrng
xién goc.

Quan sat dd thi trén Hinh 4a va 4b ta thay khi a/h tang thi tan s6 géc o gidm; » gidm nhanh trong
khoang a/h < 20 va giam cham dan khi a/h = 20. Khi ty s6 a/h = 10, sai léch két qua gitra cac ly thuyét thm
khong dang ké. Két qua tinh tan s dao ddng riéng theo ly thuyét bién dang cat bac cao 9 &n chuyén vi gan
véi két qua tinh theo ly thuyét dan héi 3D hon ca. Khi tAm day do anh hwéng cla bién dang cat ngang, sai
l&ch gitra cac ly thuyét [a dang ké.

Béng 4. Tan sé khéng thir nguyén cla tAm composite I6p [0°/90°/0°]

Ly thuyét E./E,
uye
LS 3 10 20 30 10
CLPT 2.929 4.126 5.404 6.4333 7.320
FSDT 2.618 3.244 3.661 3.892 4.046
HSDT-5 2.564 3.186 3.611 3.853 4.017
HSDT-9 2.621 3.261 3.694 3.939 4.105
3D [18] 2.647 3.284 3.834 4.108 4.301
Bang 5. Tan s6 khong thir nguyén cia tam composite 16p [-45°/45°],
Ly alh
Thuyét 4 5 10 100
CLPT 0.7854 0.6186 0.1585 0.0016
FSDT 0.5485 0.4052 0.1361 0.0016
HSDT-5 0.5485 0.4052 0.1361 0.0016
HSDT-9 0.5607 0.4297 0.1402 0.0016
3D [19] 0.5400 0.3993 0.1351 0.00159
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a) Cau hinh déi xtng vuéng géc b) Cau hinh phan xtmng xién géc

@ 4. Két luan

Bai bao da thiét 1ap 16 giai giai tich d& phan tich dd véng, trwérng (ng suét va dao ddng riéng ctia tm
composite I&p cdu hinh déi xtrng vudng géc va phan xirng xién géc theo cac ly thuyét bién dang cat khac
nhau. Cac hé thirc co ban va phuong trinh cht dao dwoc xay dung trén co s& trudng chuyén vi tdng quat
cho tat ca cac ly thuyét tAm. Anh hwéng clia bién dang cét ngang thé hién qua cac ly thuyét bién dang cat
khac nhau da duoc khao sat va so sanh véi ly thuyét dan hdi 3D.

Hinh 4. Bién thién tan sé khong thtr nguyén theo ty sé a/h
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Thong qua viéc khao sat sé trweng chuyén vi, ’ng suét va tan s dao dong riéng clia tAm composite
I&p theo cac ly thuyét tAm khac nhau mét 1an nira khdng dinh pham vi ap dung cta cac ly thuyét tAm nhw
da trinh bay trong cac tai liéu chuyén khao. V&i tAm composite I&ép, anh hwéng ctia ciu hinh ciing nhw cla
bién dang cat ngang dén trwong chuyén vi, (’ng suét va tan sé dao ddng riéng 1a dang ké va can cha y khi
tinh toan, thiét ké.
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