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Xy ,
Ou/Ox = st1G+ 520+ s16Thy,
Ov/0y = snG+ 520+ 52Ty, (1)

Ou/0y + Ov/0x = 516G+ 5260 + 566 Ly,
u v O Oy Txy > Sij ° All’y ¢

4 ¢ 4 4 4
DAL angy-F (2s12+ s66) axaz—;;z— 2516%-{- 311857(5: 0 (3)

b A Bte Ge ey IR EN TN
Exy3+ Fy3+ ny2+ Hy2+ 0 lh/z *
Ky + Jay+ Ka (4)
ABCDEFGHIJ] K 11 y
. b (3), 1
ABCDE
10514 — 4si6B+ (2s12+ see) D = 0, s11B= siD = 0, 2s1C— siE = 0 (5)
(4 (2,
0, = WAy + 12Bxy*+ 12Cy*+ 6Dx’y + 6Exy + 6Fy+ 2Gv + 2H,
o, = 2Dy + 2y + 2K, (6)
T, =- 4By’ = 6Dxy’— 3Ey*— 26y - 2Ix — J*
(6) (1) :
u= [5s16d — (s2+ se)B+ szf,D]y4+ [(20s11A — 4s16B + 251D ) x+ 4s16C -
(sn+ so)E]y + [3(2s11B = si6D)x’+ 3(4suC— sik)x+ 3s16F —
(sn+ s&) G+ 2s26l] v+ [2s D+ 3snEx’+ (6suF + 251l -
2516G)x] v+ (suG— 316])x2+ (2suH — sieJ + 252K )x + Oy + up, (7a)
v= (S5spA = 0.5snD— suB)y'+ [2(2suB — sxD)x+ 4snC— sxE]y +
[3si2(Dx*+ Ex+ F)— suG+ snl]y*+ [2(snG— sxul)x + 2spH -
s+ 2snK]y - 0. 53110)04— snExB— [3suF - 216G+ (si+ S()G)I]xz+
(sisH + 2s26K — sesJ )x — Wy + wo, (7b)
uo vo ® ) . 14 .
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1 1) y = h/2, O,= 0;2)y:—h/2,0y:—q;3)y='|_‘
h/72, Ty= 0, 4) x=0,y= 0 x=1Ly=0 ,u=wv= 00/0x=0; 2
x=y=0 x=1y=0 Ov/0x = 0 ou/0y = O
(6) (7) , 11 , (5 3
, 14 . 1 )
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siseet 2susi2— 4sis

qy (4= B+

2sth’

(1= 2)(12y°= B+ (b= y)- =2 (8a)
2811h3q y 2311hq y Suhqya

gly+ h)(h=2%)® . g ., > 2[ st } ,
: =Rl T iy 1) 40 2= 1) (8.0
3s11s16566— 45l — 25651+ dsnispsie 4 (suse+ susp— 2si6) (22— 1) 3

2 13 @+ e qQ +
2sTih suh

3x2316 3ulsie  I%s16 Ssnsiet+ 551656 3526 516 5

TR R T T dsuh T 20T T

2h 511h+ h3

[2sna’ 3sna’l 3566 st sul’
e e

2
3566 &}l_l_ 8269 512516] o+ gslex(l x) (%)

4h — 2snh 2 2 4h ’

2 2 2
2512811+ 252516511~ 4s128T6+ S11512566— 2511 4,
= qQy

2stih’
(2s1ps16— susz) (l— 2x) 5
53 qQ -
11
3spa” 3sipal  spl® swsie spsie 3sh 3spses  3s»|
h3 - h3 * 2h3 * 2hsu hs%l + 4h811+ 4hs11 ~ 4h >+
2s512516— 351152 3s1s36— 251816, S — Sism gsu(l— x)%>
[ 2hs11 x 4hs1y A 2s11 ] v+ 2h3 (9b)
2 - 4s7
(- b4 7)) L (se Zusns ),
h sth
6516 2511526 — 25 12516 3} )
-2 h —
s”h3|: T 2P 35k’ 3suseh® ] Y
12x(spsi6— s1152%) ~ O(susw— spsi)gly  3snusn- 2s1s
25t = 3sieh’+ 3311366h2qy 2sh 1%+ 3sesh’sii— 3sich’ 2shh
SIGQ( I 2stisl’+ 3susnseh’ — 3susiesanh’ (10a)
2Sllh 2811(28%112— 38%@h2+ 3811866h2 @
a(y+ h)(h- 2y)*
10b
28 ’ (110b)
2 2 3
(4y"= h )g|:3 e — 1) 4 436 _ __O(susae= spsigh ]
An° (2= D Y = 237 350k + Bsnsh’) (10c)
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4 3 2
qy (3siisi6se6— 4sie— 2s2s11+ 4siis12s16)
+

‘e 2stih’
(sisin— 2sie+ 311366)|:2x_ . 2 susn— snsig)h’ } 3
sih’ 2shi% = 3sth*+ 3susecht] P
3s16 2 3s16l 6s16( s 11526 = S12516)
[ R TR T 2P 3skeh?+ Bsusah®
sil” 6siisa+ 316(25%6— Ss1usi— 25118 66) 3s16( s11526— s12816) L 5
2h° 4stih " 251107~ 3sieh” + 3511566/12] v
%(l— x)(2%x— 1) xy+ 25%1l26_qs;s(%6l};2j)3les%hz(s12316— 5265 11) + %x(l— x),
(11a)
(251sh— stsm+ susioses+ 2suswsis— 4snsw) o (susm— 2505 e
v= 2511 h’ vt sith’ 8
{Zx— [+ 22(2812816_ 8112826)h32 2}‘”3_
2s11l™+ 3susesh™ — 3sich
3312[x _31— 2 22(811826_ 8122816) 2 2} qu2+
h 2s11l” + 3suseoh™ — 3sish
2s18%6— 3sush+ 3s1sn— 28115165% 3s12(s11s26— s12816) L s1zlz:| 5
[ 4siih T ostil+ 3suseh’— 3st6h” 207 Y *
[M 3S_ﬂ @y [8%2— susn  3(susws— 2spsis)!
su 2| K T 2511 + 4sih +
3(si1526— siasie) b’ }
2s11(2s%1lz+ 3siiseoh’ — 38%6h2) G
stige (- x stge (L= x
: 2(h3 = 2h3(2s%112+q3s(”366h2)- 35%6#)[2133%”
3(311366— S%ﬁ)h2l+ 4(811826— 812816)h3]+
{qx(l— x)[28%1(3811866— 23%6)12+ 45%1(512516— sts2) bl + 3(3s11s66—
2s16) (11566 — s%ﬁ)hzj}\{4s“h(2s%llz+ 3siiseh’ - 33%6#)}- ( 11b)
S11 = I/EO, S12= — 1‘l7/E'(), S66= 2(1"‘ 1']')/lz'(), S16 = S26= 0, E() 5
H , . (8)~ (11) [6] .
% Yo Yo Yooy v Yo
3
, . 10 m
1m R q= 10N/ m .
1 . MSC. N astran ,
: Dx=01-h/2<y Sh/2 wu=v=02) y=h/2, 0Sx <[, 0= T,=0; 3) y
=- h/2,0<x <L, G = 10'Pa, Ty= O (Quadd) ,

0.1h, 1 000 .
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Analytical Solution for Fixed Fixed Anisotropic
Beam Subjected to Uniform Load

DING Hao jiang', HUANG De jin"?, WANG Hui_ming’
(1. Department of Civil Engineering, Zhejiang University,
Han gzhou 310027,P.R. China;
2.Faculty of Engineering, Ningho University, Ningho, Zhejiang 315211,P . R . China;
3. Department of Mechanics , Zhejiang University , Hangzhou 310027, P.R. China)

Abstract: The analytical solutions of the stresses and displacements were obtained for fixed fixed
anisotropic beams subjeded to uniform load. A stress function involving unknown coefficients was
constructed, and the general expressions of stress and displacement were obtained by means of Airy
stress fundion method. Two types of the description for the fixed end boundary condition were con-
sidered. The introduced unknown coeffidents in stress function were determined by using the bound-
ary conditions. The analytical solutions for stresses and displacements were finally obtained. Numeri-
cal tests show that the analytical solutions agree with the FEM results. The analytical solution supplies
a classical example for the elasticity theory.

Key words: fixed fixed beam; anisotropy; stress function; analytical solution



