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STUDY ON HIGHER-ORDER SHEAR DEFORMATION THEORIES OF THICK-PLATE Y
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Abstract It is still necessary to study the thick plate theory and higher-order shear deformation models with a lot of
published work. Starting with the definition of average rotation and the free shear stress condition at the bottom and
top surfaces, the displacements on the neutral plane are suggested with a unified higher-order shear deformation mod
and then expressed in the orthogonal form. On this basis, the generalized stresses are defined, then the generaliz
strains are obtained in light of the work conjugate, and the constitutive relations are established for the plate theory. The
objectivity of the principle of virtual work in the plate theory is proved foffelient definitions of rotation, as well as the
identity to three-dimensional elasticity theory. Based on the principle of virtual work, the variationally consistent higher-
order plate theory and the variationally asymptotic lower-order plate theory are respectively established by deriving the
corresponding equilibrium equations and boundary conditions, and then compared with the existing plate theories. The
current work originally presents the equilibrium equations of the plate theory in terms of the generalized stresses, anc
clarifies some fundamental problems such as the relationsffefeht definitions of rotation, the relation between the
higher-order plate theory and the lower-order plate theory, and the evaluation of the shear factor. The current plate theor
is finally validated by solving the Saint-Venant torsion problem.
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Fig.1 The model of a plate with uniform thickness
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P= T]| . CEI’EQ (44C)
Q=Kt-Cgy (44d)
R=¢t-Coy (44e)
N q:‘
a&x,x + (@ = 1) Wxx
k1= adyy + (@ — L)wyy
o (Fxy + Pyx) + 2 (@ = D)Wy
le,x + W xx
. (45)
K=a- Yyy + Wyy
'Zx,y + lZy,x + 2Wxy
J/x + Wy
j=a-l
l,lly + W’y

H1C (44) FTLAE Y, 3 R foe M ARCELR 1)
IR HT AR 2 2o, BN AR REHS AT R os Tl

ou (W’ ';ZXv lZy) =
f [NT6e + M7k, + PToko+
Q
(Q+ R)Ts¥]da (46)

F 2 IRERIR H A Th e
Table 2 The work conjugate pairs in the plate theory

Pair No. 1 2 3 4
generalized stress N M P Q+R
generalized strain & K1 K2 ¥y

DRI, A5 i 850 4 R ) it B AR B o 1) 2 W
FHIE.
HEAEA (14) 550 (40), i nT 13 2]

gi+wi = a(fi+w;) (i=xY) (47)

H1aC (44d) AR 2 wl A Y, AEARSCI) (Y A
SCHINAZE SCT S BIUI AR B K IFANDIE A )58

AR, KN AT B D) R EMIA . K 3 A TR L
A B B BY D) AR FE AR A (9-1923°28] [y k0GR K, It
A3 EIX 4 PPALALAHOC R BRI (LK% A),
AL WK 4. ATLLEH, 4 92, — M BydI&
e B R % K = 5/6, 1E5%85 V1A LAY )
BIPI R K = 72/12, ‘e Mindlint 75— 8Y
DIBCE S R 5N PR BT ) R AL, IFo Sl kv 5
TR TR IR B L) B AT AR L2 A, 6T
X 4 PP, 2 (21) 1) SO e XK A AR/
(T BRI A RO B N BT ) (REL n /N T 2%, BB £ /D
T 3%), 1A T 3CE S R S B (19
Reddy'*! 1 Aydogdul38l) I BLAT X —4F1E.

% 3 A ME MBI T AR K AR X R £
Table 3 The corresponding functions in the four HSD models

Model type 92 a2
third-order z z_52
4 32
sine z—£~sin(n—z) —z+n—2tsin(ﬁ—z)
T t 24 t

hyperbolic

t-sinh(%)—zcosl’(%)
t

A
z—t-smh(—) -Z+ 1 1
sine 11cos|’(§)—24sinl‘<f)

2
. e 2/?
. 2 Z-€
exponential  z-e 2@ _z4
—3e12415 \/Eerf( x/é/z)

R4 AMSMETIERARE PEX REAEELLR
Table 4 Comparison of the correspondingfi@éents in the
four HSD models

Model type K aTt n/% &/%
third-order 0.833 0.800 1.190 0
sine 0.823 0.774 1.468 1.207
hyperbolic sine 0.834 0.802 1.166 -0.097
exponential 0.812 0.747 1.789 2.668

HC (45), FF45 70 (39)s o (41) A1 (43) =0
KL, AT ¢ 5 SN, AR ) SONAR 55 R
I RN B DA TR TE G, (AT w 0y 58
SCISF 5 ] SCRY 3 W) 75 KR 4 e SR 1 i B B 10 3 FEASE
ML o T LRATIE, RORASCHTTUR (42) BLig
SCN AR I 4 3 () — AN AR

b (24) 53 (45) KL, R ¢ M SE
S T XSAR (T s Ay T B, T, AR R S AR
¥ LL o NS ETE, wERPE @ S (47). 30 (41) 5k
2 (43) e oAb % T K
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B2, ANIFIEE e SC AR TR (1 HE A2 fiE
FoRREBRN. by b, AR R RIS 2
e PR RN, BRI KR AR Bt S 1.
XL Pros AR, A o3 =
oz = O [RRF IR = 4ESRIE i A, R N AR e T = 4k
PERLIS RN A

OU (Uy, Uy, U) =

t/2
f f o -osidzda (i =1,2,3,4,5,6) (48)
QJ-

t/2
fiddis = (40), 2 (48) HTHE— B Ron

U (uy, Uy, Up) =

t/2
f f 010[Uox + Z* Py x+
QJ-t)2

0(2) - (Pxx + Wxx)]dzda+

t/2
f f 020[Voy + Z+ dyy+
Q J-1/2

92 - (pyy + Wyy)]dzda+

t/2
f f 060[(Uny + Vox) + Z+ (#xy + dyx)+
Q —

t/2

a2 - (¢x,y + dyx + 2W,xy)]dzda+

t/2
f f 050[1 + § (2] - (¢px + Wx)dzda+
QO J-

t/2

t/2
f f 040[1 + T (2] - (¢y + Wy)dzda (49)
o J-

t/2
#1835 (21), TATH
OU (Ux, Uy, Up) =
L [N16Ug x + M16dx x + P16(dxx + W xx)]da+
fg [N26Voy + M2ddpyy + P2d(dyy + Wyy)]da+
fg [Ned(Uoy + Vox) + Med(dxy + dyx)+
Psd(@xy + dy.x + 2W xy)]da+

f [Qxd (¢x + W) + Ryd (¢x + Wx)] da+
Q

fg [Qy5 ¢y +wy) + R gy +wy)| da
(50)

iz (24) i) XONAR e, 2 (50) HE—

Zrih
OU (Uy, Uy, Up) =

f[NTés + MT6kq + PToko+

Q

(Q+ R)Toylda =

8U (W, gx. gy ) (51)

SR, BRI (1 R 1 A% AR B s A =
Y5 L PR RS TE .

4 WIS MRS (HPT) 5IRMIEL (LPT)

4.1 SHEHEL-TH BAMTEARRARFY
R 5 (34) FIAL (35) RN (33), A3

0= fg [NT6& + MT6ky + PToko+
(Q+ R)Téy]da—
fg [a(x.y) - w(x,y)] da (52)

R (24) 1) XNARE L, 2203 iRy
Exdl

fp [-(N1x + Ngy)dug — (N2y + Ng x)SVo]da+
fQ [(—Myx — P1x — Mgy — Pgy+
Qx + Ry)dgy]da+
fQ [(~M2y — P2y — Mg x — Pex+
Qy + R)dgylda+
L [P1xx + Payy + 2Psxy — (Qy + Ry) y—
(Qx + Ro.x — (%, y)]owda+
SEF [(N1ny + Neny)dug + (N2ny + Ngny)ovolds+
SEF [(M1ny + P1ny + Mgy + Pgny)dpy]ds+
ﬁ [(Many + Pany + Mgy + Pgn,)dgy]ds+
SBF [(P1ny + Peny)ow x + (P2ny + Peny)dwy]ds+
Sgr [-P1xny — Payny — Psyny — P xNy+

(Qu+ RINy + (Qy + Ry)nylowds = 0
(53)
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P T R TS, n F ny 2 BIFRiA LR AT BB U
BT RIANERIAREE, ds i T KO U = Ughy + Vo,

S PSRN 5 5 AN A s vo,
W, b il gy A ARICITR, FEHHRAS S AT RENE, 72 s = ~Uofly + Vo
@J HT 5 4‘%%%75}5‘; ¢n = ¢xnx + ¢yny

OUp: Nix+ Ne,y =0 ns = —PxNy + dyNy

&Vo: Nay+Ngx=0 Nn = NinZ + Non? + 2Nghyny

Sty Qx+ Re— (Myx + Pp— Nns = (N2 = Ng) nany + Ne (n — ) (56)

(Mgy + Pgy) = 0 My = M1nZ + ManZ + 2Mghyny
(54)
6y Q+ Ry = (May -+ Poy)- Mas = (M2 — Ma) 1ty + Mo (n§ - )
(Mex+ Psx) =0 Pn = P1nZ + PonZ + 2Pghyny
ow: (Qu+R)x+(Q+ Ry)y- Pas = (P2 — P1) nyny + Pg (n2 — n2)
(Prxx + Payy + 2P6xy) + G(x.Y) = 0 Qn = Qulx + Qi + Rec + Ryny—
. o . X L (0Pn/On + 0P/ 09)

1 (54) T SR 2 77 HOMBE 12 1T 465 7

B, R SUS IEEASE R R 8T o 310 16y
N N . — = X) +

7R, LI J5 =B 2 i " e 57)

Pk, A IRIRTE, 5 Bickford-ReddyH i 41 Al
Shi-Voyiadjis# i 157161 ZE 20 AN A
AH LI, 38 0] 75 BI0F B (R A4 S ik, KX
(53) TMA AR T LAT 4 F 73 #E B
§ [( Niny + Neny)5Uo + (Nzny + Nenx)5V0]dS =
r
gg (Npdun + NpsdUns)ds
r
b LM+ My o0+ (Man, + Mo, Joo,]ds =
r
é (Mndgn + Mnsdns)ds
r
9§r [(P1ny + Peny)d(dy + W) + (Pany+
Peny)d(¢y + wy)]ds =
56 [Pré(0w/on + ¢n) + Prsd(OW/S + ¢ng)lds
r
ﬁ[_Pl,xnx - P2,yny - P6,ynx - I:)6,xny+
r

(Qx + RNy + (Qy + Ry)ny]§WdS =

SEF (Qnéw)ds

(55)

oAt

8/8s = n (8/y) — ny (8/0%)
M B2 FA% oy AT, RS BN W R 7 %534

N, or
Nps oOr
M, or
Mps oOr
P, or
Pns oOr
Qn or
Nn
Nns
Mn + Pp
Mns + Pns
Pn
Pns
Qn

Un
uns
én
bns

ow/on + ¢n,

OW/0S + Pns

w

or

or

or

or

or

or

Un

®n
$ns
ow/on

ow/0s

onr

onrl

(58)

(59)
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& (21) Ak (47), X (58) 2t (59) Kiéh (1) T >S4
5 Bickford-Reddyf i 24 I Shi-Voyiadijis2 i [15-16]
AL AR R TE A M,=0
3 (54) LU XNy R i)~ A 7 FE R X (58) 5k Mps =0
2 (59) LA SR Sy R XA b 27 (a0 S 4 A P,=0 , onrl (61)
RN EMRCES, WAR, %P AR S HA . b —0
T XN 758 A (22) AR A e CHIAS [R] T 5 s
A, 20 (54) Ko T I BRI 1 7 R2 1) & M. w=0
2 18358 (58) wiat (59) K G HAL 44, MPEAE
iR S BO, S AR FS S A 10 Bt oy (2) Wl = 4
T3 R )
hn=0
MRAIARIF R (22), 3 (54) 25 =30 Y
SR TR R A1) 3 N4y T R pns =0
ow/on=0 , on I’ (62)
(K + &) tCss(px + Wx) — | (C11¢x,xx + C12¢y,xy) - ow/ds=0
nl [Cll (¢x,xx + W,xxx) +Cop2 (¢y,xy + W,xyy)] - w=0
|C66 (¢x,yy + ¢y,xy) - (3) E Hﬂiﬂﬁ%ﬁ:
n1Ces (¢x,yy + dyxy + 2W,xyy) =0 M,=0
(K+&)tCyq (¢y + W,y) =1 (C12¢x,xy + C22¢y,yy) - Mns =0
P,=0 , onrl 63
nl [C12 (¢x,xy + W,xxy) +Cx <¢y,yy + Wyyy)] - ( )
Pns=0
ICes (¢x,xy + ¢y,xx) -
Qn =0

nlCes (¢x,xy + Py xx + 2W,xxy) =0
(K+4)t [C55 (Pxx +Wxx) + Cag (¢y,y + W’yy)] -
nl [Cll (¢x,xxx + W,xxxx) +Ci2 (¢y,xxy + W,xxyy)] -

nl [012 (¢x,xyy + W,Xxyy) +Ca2 (‘f’y,yyy + W,yyyy)] -

2n1Ces (¢x,xyy + Gy xxy Z\N,xxyy) +q(x,y)=0
(60)
X, (60) 5 Bickford-Reddy ! ig [14 F1 Shi-
Voyiadjis # i 15161 [fyfa il FEAE R m T 2 EAN ],
RS TR AR [ ).

A IEP AL, 3 (68) B (59) 74 2K
) L) 3 L S AR

ATLLE 2], 6 TX 3 F W FA RS TE, X
(58) Wi xt (59) ¥4 i 5 Bickford-Reddy it 14 FI
Shi-Voyiadijis Bl it 15161 Sy (130 S 45 A ik, (RN
B AU TN LR, 5 TE AR,

4.2 KM ERIEIL - T AR RO R &Y

MR 4 W, 6T LR DY A s B By D) AR TE
WY, S0 ¢ Rl BRI /NT 19, T3, BgLHHm) X
LR PRI N LB ) R A BTN DR, 2R
PR EC A, XA, 2 (52) ke D) S R AR

0= f (NT6& + Mok, + Qoy) da-
Q

fg a(x.y) - w(x,y)da (64)

O EIEAMERSCR, BRI AR NEE EAEY] & Rl g o —A>/NE, BT H AT L =B 8T DI | IESX BT UIREAY | X BT DA

TRUOMHEETUIRRY, TS5 R R X — 4RI
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AHREHE, =X (54) BIFHi 7 RE AR A JE R A1) 3 AN T e
KtCss (¢x + W,x) -1 <C11¢x,xx + C12¢y,xy) -
OoUp: Nix+Ngy=0
|C66 (¢x,yy + ¢y,xy) =0
(5V0 . Ngsy + N6,X =0 ( ) < )
KtCas(dy + Wy) — | (Craxxy + Cooyyy) —
Spx:  Qx—(Mix+Msy) =0 (65) (68)

gy Qy—(May+ Mex) =0

oW : Qxx + Qy,y +9(xy)=0

10 (65) 72 ) SO g R 7s R J5E B 2 1 1)
SPATTRE R AR R TR 2 B N S AN
IR & W NiE i G E ARt e T DA = 1Y
Rty Ja =R ke b, SRR 2 P4y
i, 5 Mindlin ¢ 4 A1 Murthy 2 U {4 5] 7
PG, AHASC NS 3R T8 S b 7 i
PR TR )OS AR

Fm, 5 (58) 2 (59) Il A 442N

N, or un
Nns OF  Uns
Mp or ¢, , onrl (66)

Mns OF ¢ns

Qn or w
s, 2 (56) LS Qn 2B
Qn = Qxnx + Qyny (67)

3 (65) LA N )R s 1P 5 2RI 2K (66) LA
ISR R SURE RS 3RS B T A AR A )R
BRFEIE. IF 40 Sk [13-14, 16]FT 5 U, 1% R
OISR TR AE H T S22 1 R T v B R0 B n
BY )= R AR /NS A IR R By IR — AR
VT IR JEAR RS . AR S 7R T SCHE e A 55l (. 5.2
7).

BT SORE g X (21) ANPR: #1 1R E SUAS
[F T, B, 20 (65) Eam 1 ARKY AR B P45 7
TR 2 ULTE. % i 35 (66) ()5 3 ML A 4, W
ARGy 2 E AR R B, IR RS 2 — A 6 Mk oy
J7 R ) L.

WHRBIAR KRN (22), K FH W FRTH

ICes (¢x,xy + (Py,xx) =0

Kt [C55 (xx + Wixx) + Cag (¢y,y + Wyy)] +

axy) =0
X =B 8y )R A, 5 (68) 5 Murthy i
v O il 5 REAE T 28 AR ).
AN BN AR, X (66) 15 2k ) B HY
PR R WL 3 Rl 44 -
(1) fai Sl 4 A
M, =0

Mas=0 , on T (69)

w=0
(2) [l 33D oA
hn=0

¢ns=0 , on T (70)

w=0
(3) B Hiil A & AF

Mn,=0

Mns=0 ,

Qn=0

ATLVE 2], TR TS X ¢, Murthy B
e B AR 3R F &4 N H K (69~ K (71) —3K,
DRI A2 IE A 1R GBIk IR 2, T3 w XN @ =
ar # 1, Levinson# ¢ -0 7E [ 373 S A 5 2K
(70) A3 T B R, 2/3 BT R B X R
BRI PRI, [FIRE AR R AEE R R A (B
@ = a1/2 # 1) ) Ambartsumian#f i [34-35] 1,

5 FEMAHRATEE o) oK R

W 2 frs, S5t AETRAR KR 21, 5528
a, f£y = =a/2 a7 fa MITaA A F3 2 N ) B3 H 4%
i, A5 x = =l WA 5 AR Al A
N EH, HEERME x = + 245 F sy
N 343 A X S Saint VenangTl4% ) 73,

onrI (72)
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Mh+Ph=0
/ x
a \ Mnps+ Prs=0
r Pn=0 a
, aty= té (75)
Y OW/0S = NWy — NyW . =
2 SR 4L FWy = —af/2
Fig. 2 Torsion of a rectangular plate
Qn =0

) BT = e RS BT 15 B T
%. Reissndf! 1z H —Fir 8y U] 22 JE A RS 1) vp (A7 7%
BT BY D) R B AR JEAR AR SR AR T 1% 0] 7L
Levinsor® iz FH =i BY D) A% T A A [y v i 47 48 A5 X
AR 3 H0 30 AR JEAR S SR AR T 1% L5 Shilt®l iz
FH = BY AR T A ) e T A B A X AN A 43 FLA 1
e B AR B SR AR T A% ) L X BLUR FH AR SRR R
Saint Venantfl % nl @b AT KAl , IF 5 O A 45 RdkAT
b4,

5.1 S ERE IR
AN ER I AR R 4y, 2 (59) A8 K
M, + Pp or ¢n

Mns+ Pns OF  ¢ns

P, or ow/on , on I’ (72)
Pns or ow/os
Qn or w

A 0 Fopdy x e K E LA, R T
Saint Venantt #% ] @i, 4% Reissnerd?fliid 1, %
£ IV Sy 5 5% 25 vty T 96

OW/0S = OW/dYy = —pns =61, on x =l (73)

XA, X (72) KL S & TR TR A
Mn+Pn=0
Pns = —PxNy + PNy = ¢y = 6l
Pn=0

, at x= =+l

OW/ds = (nxw,y - nyw,x) = +w, = 0l

w = 20ly
(74)

3 (75) W TR EER B w ¢y N B AT W R B
"
w(X,y) = xy0

Py (X.y) = —x0
T2, Saint Venantn] AL 4 A K Al £ ¢y 141 11]
. K (76) AN (60), 1HBIOC TR M oy IF2
(K + OtCss(ex + ¥0) — (n + 1)1 (Cradxxx + Cesdxyy) = 0
(77a)

(76)

(m + DI(C12¢xxy + Cosbxxy) = 0

(K+ECrspxx— 1! (C11¢x,xxx+C12¢x,xyy+ 2C66¢x,xyy) =0

(77¢)

i (770) KW ¢ JUE y BB, B, 5K (77¢) A3)
Wi, X 7ra)y iR Z BN

(77b)

2
T = ey (78)
Horr
_ (K+&)1Css
"~ (1+1n)ICes (79)
= (78) HIIEfE Ky
¢y = Ash (my) + Bch (my) — by (80)

Forp AN B AR H B, R AR IL S AT
iz 30 (75) ML F 41, ANHERS 2]

A= i+ n)z gh ma/2) (81a)
B=0 (81b)
IR, FHASSCER AT B0 ) iR
wW(X,y) = xyd
bk = eyt (@)
Py (X y) = —x0

@ T2 b UL O THT 0 S A 4 5 T e M HAR A, 3 LG P (59) i il 41
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F BRI (A7), — B A e SUNZ IR R Ak PR S L)
W(xy) = 8 (83a) Mo or o
Ix(xy) = mu?ﬁiﬁgwa oy (@3) Mus OF dns . ON T (90)
Py (xy) = - (83c) Q. or w

X125 1 PR, HF Css = Cos = G (G A ETY
R, MR (24). R 29) Mk (20), ATAFBIR 150
b

Ty = G2y + ¢y +

8@ (Pxy + Pyx + 20xy)] (84)
Txz = G[1 + § (@)1(dx + W)
¥l (82 48N, X (84) B HLH
Txy(Ys 2) = 2G6{Z(Anmy26)ch(my) - 1]+
82 - (Amy26)ch(my)) (85)

rly,2) = 260[(1+ 5 () s )|

it
Txy 0,1/2) = —kxyGHI/Z
(86)
Txz(a/2,0) = ki Got/2
SENURNIINPIES (&S]
Ky = —4[,[ (Angh gny) 1) +
g(z) Am ]
ch(m
2t 0 ( Y) y=0,z=t/2 (87)
K =2 [(l " C]'(Z)) t_HSh (my)] y=a/2,z=0

M AR T AR

a/2 t/2
= f f TyyZ— szy dzdy = —-k:Got’a  (88)

a/2 J-1/2

TR AR AN

1/A
Ky = — [6 (Esh Mma/2) - 1) +
A —am- ch (ma/2) + 2sh fna/2)
af (my?
ﬁ@r&%ﬂ‘]ﬁ:, Egﬂ: kxy1 kxz & kl i@j’\j?ﬁ@ﬁ&
TR T AL R E, DRI AN DR £ 72 i 5.

5.2 R EHRIZIEHE
AZGEERIZETE, 1h (66) 75 KR B e

K

(89)

X Saint VenangH % i) /5, X (90) i AR R~

H
Mn = O
$ns= Py =—61 , on x =l (91)
w = +0ly
A
Mn = O
Mps=0 , ony=z+a/2 (92)
Qn =0

WK, 2 (76) AR AL (91) A=K (92). KX
(76) FRAK (68), 15E1% 0 BT 4 M oy I HITT
h

KtC55(¢x + y@) =1 (C11¢x,xx + C66¢>gyy) =0
I(C12¢x,xy + C66¢x,xy) =0 (93)
KtC55¢x,x =0

[R5 a5 21 5 5K (82) MIBLAK R ik it

w(xy) = Xyo
¢x = Ash (ny) - Oy (94)
gy (Xy) = —x0
Hr
= KitCss/(ICés) (95a)
A = 26/ [nch (na/2)] (95b)
E 0 (47), 1330 M A e SCIZ Il gt i) i
H
W(X.y) = Xyd (96a)
=~ Ash @) - oy (96b)
Dy (xy) = X0 (96¢)
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A
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245 31 550 (87) F1xt (89) X M) 3 MHIKE R

4[ (An An
Key = —— [z(—ch (ny) — 1) + 8(2=ch (ny)]
Tt 20 20 y=0t)2
4 A
ke =< [(1+§(2) 5-shqy)
t 20 y=a/2,2=0
1(A A
1= é(a—esh(na/Z)— 1) + Kt@ .
—anch (ha/2) + 2sh ha/Z)}
n2
(97)

5.3 kR 5itie
IR SCHE 8 ][] I 4 Y R v B B 1) AR TR AR TR )
Saint Venanti) @ [, S B 1w I 4 Bl

B D)UY ) S 4, 193] 3 MHIC RS ER 5
. WLUE AN B BY U1 AR TR R4S B (1) Ky 1
ke Z R 22 AR Al Ak, T AR B A0 B B i 2
) () 22 A AN K. R T ke AN A =B B D) AR TR R 25
A R 2 e e, T SL R AR BRI, (R iR
5B B ) 1) 22 AT SR AN &, 3K A S 4
IS [P PR R BE AL (] (1) 5027 08 R BT e 1.

Reissndrf! il Levinsor® 735l % FH 4 # v B B4
B E RS, 58] 7 Saint Venants] 1) fi#, 5% 5
o = B AR TR I 45 R LA TR 6. AT LR
ey R B B AN A2 A T FE 1Y) Reissnedfi 71 BH
WA ZERA, T RHER R I 2 S e, HAb
SE I 2 1A 22 SRR /DN, 3K B ) AN U5 % ] =
KU T AT IR T e 1.

= 5 TRIEM BT RAER A SCRIRIS IR Ky K T kg PEER
Table 5 k,y, ki, andk; from the present theory for filerent high-order shear deformation models

K at Third-order Sine Hyperbolic sine Exponential
LPT HPT LPT HPT LPT HPT LPT HPT
1 1.342 1.344 1.344 1.354 1.342 1.343 1.347 1.365
Ky 2 1.859 1.858 1.858 1.860 1.859 1.858 1.857 1.863
) 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
1 1.453 1.442 1.347 1.328 1.448 1.438 1.570 1.535
Kxz 2 1.575 1.566 1.464 1.443 1.570 1.562 1.709 1.667
) 1.581 1.572 1.469 1.448 1.576 1.567 1.715 1.673
1 0.140 0.140 0.139 0.139 0.140 0.140 0.138 0.138
ka 2 0.228 0.228 0.228 0.227 0.228 0.228 0.227 0.225
) 13 1/3 13 13 13 13 1/3 13

F 6 =M BETIRE R A EIRIRFRIA Ky, ke 0k EEER
Table 6 Comparison dfy, ks, andk; for different theories with

K (W 4), RLEE S 5E AN

. . 1.00[
the third-order shear deformation model —— &x/6h(a=1) s
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Table B1 Some parameters in the Saint Venant's torsion problem for HSD models and plate dimensions

Model type a/t HPT LPT —
mt ma mAéo nt na M\/o
1 3.1436 3.1436 0.7870 3.1623 3.1623 0.7895
third-order 2 3.1436 6.2872 0.1702 3.1623 6.3246 0.1690
0 3.1436 0 0.0000 3.1623 0 0.0000
1 3.1416 3.1416 0.7855 3.1416 3.1416 0.7971
sine 2 3.1416 6.2832 0.1700 3.1416 6.2832 0.1725
- 3.1416 o 0.0000 3.1416 o 0.0000
1 3.1434 3.1434 0.7872 3.1635 3.1635 0.7891
hyperbolic sine 2 3.1434 6.2869 0.1702 3.1635 6.3271 0.1688
o0 3.1434 . 0.0000 3.1635 . 0.0000
exponential 1 3.1437 3.1437 0.7823 3.1208 3.1208 0.8047
2 3.1437 6.2873 0.1692 3.1208 6.2415 0.1761
0 3.1437 0 0.0000 3.1208 0 0.0000




