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Fig. 1  Configuration of a rectangular plate

1.1 BEAFE

AR SCR Y 4 285 RPT P JEAE Shimpi "' 19 2 285 RPT J&6H )15k , Shimpi (1) 2 48
i RPT A A0 MR . © A b 45 5 BB AR AR EAR /DN, BRI e 6 B 190 1o A48 S TE 55 /N
@ I PRI [ (5 A ER AL A 25 AN BT U094 s B 1T AL B 1 25 i 43 5 2 T AR B AH AL ; @
B T P97 % 1 85 D138 -5 th B BT U AR L R A AT T L) ik, 4 A8 & RPT 25 i 1A
Bh



1270 FT 4 AF RS AR LS A BT YISO 43 B

ow, ow,
U(x,y,z) =u(x,y) —z—— - f(z) —,
dax ax

ow, 0w, (1)

V(x,y,2) =v(x,y) - e - f(z2) o
Y Y
W(x,y) =w,(x,y) +w(x,y),
Hr f(2) == 2/4 + 52 /(30%) U, V, W 53 B EARPIAT B — S A An il oy, 2 RIS s, 0
SR AR H T N — T AR BRI xc,y 7 18] B L ES sa0,, BT a0, 53301 SRR 1 452 A% 110 25 il 508 40 A0 55 LI5S
g3 sh VAR R AR SEAR  RPT [RIFEIA R ) (3 A VR JEE B 7 nl ANAR | BIV[RIRE AN 25 LR R B 1 AR £k
AT DAVE R B, RPT (RS 31 CPT B B AR AR XL /2 RPT £ 1w, #8473, QR4 w,
Fodwt, W =R 58 2 —
N /NS TE B, i DIAS SRS T LT AR

0 b

& = 8?, +z Kif +f(2)9K ¢, (2)
’yx? ')’(:} Kal:y K;)
Yy Yy
{ﬁ=am{4, (3)
’Y,'kl ’yrz
Hrp
au _ azwb
& 0x e o’
X a X 62
g(j = l Kb’ = — wb s ( 4&)
; NN %’
" K,
Y C'L” + % xy ) 82wh
Jdy ox axdy
0w,
s o’ ow
K , s
s 321,05 ’),:z ay
oy O {}_ , (4b)
: oy’ | vl |9
Ky a2wg ox
Y y
5 z\?
s =1-0G =5 =51 ] (5)
R SOHER 44 HRERLE 546 1] S PRI AT 1 IR E A X 5
a-x _Qll Ql2 0 0 0 i 89;
o, Q,, 0, O 0 0 &,
O, r= 0 0 Qw O 0 Y (6)
O'yz 0 0 0 044 0 yy'z
o.) L0 0 0 0 OQx]|y.

46 o A




JA e x 3 Fa 1271
E uE E
Q. Zsz:ﬁ, Qn :W’ ()44:055:066=m, (7)

Horpr ) E R 53 00k 45 T [ 0 3SR R Poisson (TAFA) Eb.
XA 1 SERE ARV T <0y 1
_ E, _ ky _ Moy By
Cu 1 _:uﬂz/J“z]’ 2 _/1’12/“"21’ 2 _/‘LIZM’Z]’ (8)

Qu =6y, Q55 =63, Qg =6y,
I:F' ) E” ,E22 %gﬁlﬁ*ﬁ%,cn ,013 ,023 %%ﬂ*ﬁ% ,,Uzlz ’lu‘21 IEE POiSSOI’l [it.zlgjcqj@‘j(ﬁ (;12 = 013
G

oy

EEI@IJJJ?IETLHEEFEHHML% SRR IR R

’u u d’v &w,
Ay + Ag + (A, +Ag) — - B, 5
0x (?y dxdy 0x
(B,, +2B,,) w, B o, (B, + 2B:,) . 0 (9)
+ _ s _ s + s - ,
12 66 axayz 11 axg 12 66 axayz
u v v w,
(Ap +Ag) —— + A — t Ay, — — (B, +2By) —— -
12 66 dxdy 66 Py 2 ayz 12 66 axzay
B A (B, +2B:,) o'w, B o'w, 0 (10)
— S+ s - B¢ — = .
22 8}/3 12 66 a2 dy 2 PYE
u o’ EX

B,—+ (B, +2By) —— + (B, +2By) —— +
11 axg (12 66) axayz (12 66) ox ay

R d*w, o', atw,
B, 67}/3 - D, y - 2<D12 + 2DGG> W - D, Ty4 -
. 64ws . . 64wS . 84wS
D”W—MDIZ+2D66)W—Dzzy+q=0, (11)
B; @+(Bﬁ + 2B; )(fiu+(B" +ZBS)673U+Bs @—
S 12 66 oy’ 12 66 PPN b oy
. ', . . o', . a'w, . EXT
Dy, 7 - 2(012 + 2D66) W - D;, Tf - iy, g -
. . 0*w . 0*w, . 0w, i 0w,
2(H12+2H66)W H, — P + Ay — Py +A44V+q=0, (12)
Hrr, A, B, S5 VAR I EE 280, € AT
h/2
(A, A% B, B} D, D H,) =f_m(l,g2,z,f,zz,fz,f2)Q£jdz, (13)
P 7 FERY VRN T T USSR 34,
1.2 RPT EitH Navier f#
A RS AR A DU R34 ] 5, WA
ow, ow,
v(0,y) =w,(0,y) =w,(0,y) =——(0,y) =——(0,y) = 0, (14)
dy dy

ow, ow,
v(a,y) =w(a,y) =wa,y)= (T(a,y) =—(a,y) =0, (15)
y dy



1272 FT 4 AF RS AR LS A BT YISO 43 B

N,(0,y) =M;(0,y) =M (0,y) =N, (a,y) =M (a,y) =M/(a,y) =0,
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A/NAT R SEXE RPT (& HMEEA T B A0 THE , LSS m RIPEFE AR (w0 = 0.3) R, Hopuih
KR LR Az A0 01 T T AR RN A 8T g, , IS He B RN 1 45 3 5 2 il CPT,
ST AR B FSDT F HSDT LA KA BRIT ( ABAQUS) .45 S k47 L &% o CPT  FSDT  HS-
DT AY45 F 1% F Reddy ) U459 A FROCEE 2% Thai S0 lOiHEL5 R W 1. T8
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qat \272 a2 22

W h h h b
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o 2 Tqea 2 qoa 2

LA ERTE b/a, R (26) TCEWIL, W CPT 75 3 A H8 B AN J7485 8 — 5 4.
M b/a =10, CPT AR ICENHETE R 0.044 4, b/a = 2 B, WHEH 0.110 6.1 FE
HEMRIE T, i a/h =58 a/h =10, HEJYIAEIEHIE FSDT HSDT DL K RPT 545 2 ) He i
{HABK T CPT HYHNS(HE , X 703 B 13X 3 R D14 TE BRI #1518 1 Ml A 25 il ik 78 1) 5 1) A8
Bt H RPT B HEAES 53 bW A 55 UM B8 FSDT  HSDT B3 58AE DL S A BR IG5 AR A
MG, X WHEL UL T RPT HIS A& B,
1 HIATAR T VU 5 3 4 o [P AR 1 JE e R R IR ) (b = a = 0.3)

Table 1  Non-dimensional deflections and stresses of the simply supported isotropic rectangular plate

(26)

subjected to uniformly distributed load (b = a, u = 0.3)

a/h method w o, a, (. T, g,
ABAQUS!®! 0.053 6 0.287 2 0.287 2 0.194 5
cprlel 0.044 4 0.287 3 0.287 3 0.194 6 0(0.4909)  0(0.490 9)
5 FSDT ¢ 0.053 6 0.287 3 0.287 3 0.194 6 0.392 8 0.392 8
HSDT!® 0.053 5 0.294 4 0.294 4 0.211 2 0.484 0 0.484 0
RPT 0.053 5 0.294 4 0.294 4 0.211 0 0.483 7 0.483 7
ABAQUS! 0.046 7 0.287 2 0.287 2 0.194 5
CPT!e] 0.044 4 0.287 3 0.287 3 0.194 6 0(0.4909)  0(0.490 9)
10 FSDT®] 0.046 7 0.287 3 0.287 3 0.194 6 0.392 8 0.392 8
HSDT'®! 0.046 7 0.289 0 0.289 0 0.199 0 0.489 0 0.489 0
RPT 0.046 7 0.289 0 0.289 0 0.199 0 0.488 9 0.488 9
ABAQUSE3! 0.044 4 0.287 3 0.287 3 0.194 5
CPT!e] 0.044 4 0.287 3 0.287 3 0.194 6 0(0.4909)  0(0.490 9)
100 FSDTL®) 0.044 4 0.287 3 0.287 3 0.194 6 0.392 8 0.392 8
HSDT!®) 0.044 4 0.287 3 0.287 3 0.194 7 0.490 9 0.490 9
RPT 0.044 4 0.287 3 0.287 3 0.194 7 0.490 9 0.490 9

A I % LSS LR AN ] D5 S5 S B R T 8, 23 A B ABL A R AN aed ok HL A 20
PR AR IH B R o, M, 3 1 AR PR R ) #02 F ASH 7 AR AT 2 A (2 AT ]
HGE, T2 EE CPT B ARG, o, o ANRE AR I FiiH A 2], KAkl
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PP R RAT S, BRI 1 PR CPT BB ) o Fla Ry 0. TR, % 1
F55 B T i CPT LS VA R A5 2 A4 ] 89 1 1 (B 1 T Shimpi S5 EL£4F RPT (94
M AR TR AT RS AR SCHER PRt 22 09 %6 HAHie , X 1 15 58 4% 1) S M A 119 45
EIYE = 5'CINRER
2.2 BTN AR
221 Z&REMHER

T2 T AT RPT I8, DU (&7 S A 45 1) AR (= 0.3) e 8 R, < 25 il
PR A B U1 B2 7 BB LB A A I O, T LIRSS T CPT W82 SR LUE T b 5 %)
Fb R T8 B b R R R B b i Bt A 2 e =X R B ke, Jn sl 2.3,

F 2 RGN A5 BB A 0T U] BB A B P 1Y L) (45 ) FIPERT, 1 = 0.3)
Table 2 The proportions of the “bending” deflection and the “shear” deflection in the total deflection under

uniformly distributed load (an isotropic plate, u = 0.3)

CPT RPT
b/a a/h N - - = - -
W 14 w, (iv,/W) /% w, (iv /W) /%
2 0.044 4 0.100 8 0.044 4 43.99 0.056 5 56.01
4 0.044 4 0.058 7 0.044 4 75.62 0.014 3 24.38
6 0.044 4 0.050 7 0.044 4 87.44 0.006 4 12.56
8 0.044 4 0.047 9 0.044 4 92.52 0.003 6 7.48
10 0.044 4 0.046 7 0.044 4 95.08 0.002 3 4.92
! 12 0.044 4 0.046 0 0.044 4 96.53 0.001 6 3.47
14 0.044 4 0.045 5 0.044 4 97.43 0.001 2 2.57
18 0.044 4 0.045 1 0.044 4 98.43 0.000 7 1.57
26 0.044 4 0.044 7 0.044 4 99.24 0.000 3 0.76
50 0.044 4 0.044 5 0.044 4 99.79 0.000 1 0.21
2 0.110 6 0.198 6 0.110 6 55.70 0.088 0 44.30
4 0.110 6 0.132 8 0.110 6 83.32 0.022 1 16.68
6 0.110 6 0.120 5 0.110 6 91.82 0.009 9 8.18
8 0.110 6 0.116 2 0.110 6 95.22 0.005 5 4.78
10 0.110 6 0.114 2 0.110 6 96.89 0.003 6 3.11
g 12 0.110 6 0.113 1 0.110 6 97.82 0.002 5 2.18
14 0.110 6 0.112 4 0.110 6 98.39 0.001 8 1.61
18 0.110 6 0.1117 0.110 6 99.02 0.001 1 0.98
26 0.110 6 0.111 1 0.110 6 99.53 0.000 5 0.47
50 0.110 6 0.110 7 0.110 6 99.87 0.000 1 0.13

H 2 P R AT LB A 1 SR S I B R B w, R CPT 585 31 1Y £ B B2 AH
S X ULEH RPT A« 25 i BB w, 582580 CPT, Wk — 2L Ui T RPT i@t i A« 57
YI" B BET w_ KXt CPT AT IE, IR I AR TR AN ;2 b = a,a/h = 26 8UH b = 2a,
a/h = 18 i, B AL SIS M Be 2 (5 8 T BB B2 1Y 99% VI L, 8T U1 AR B 51 52 B AN 2
1%;%b=a,a/h =83 H b=2a,a/h =60, “LH" FEEAKIRBENEIRF] 90% LU I, “ By H¢
JEHARR 10% ;5 a/h = 2 B X FRAMC ST L, < 25 M BRI« 5y 11 He W 72 SR W L
FARY H RS TEE I (a/h) —F, KIEI (b/a) AR, PR B 7E B8 3 b i Lo i 2 B
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— LR BARRIUN b = a B9 BYY)” BERELLEIRA R T b = 20 B9 BT )" HEZ L, Y a/h
=200 =a e BYY)” BRIE HHE B R T B HERE . AIHZ I 2 3 aTLUEBE: 22 < a/h
< 10, PIFPHEREAE BRI P Y L) B I R LE ) A P e 2028 A, AR R BUTERE R o/h B R,
T BERL L PREAE R < BTY)” Bl LU H AN 2 a/h = 20, PIRREEIE B L EEAR LT
b T —PhARE R S

0.20 1
0.10 4 — I\ —
DL 0.16 W
0.08 1 —A— W \\\.‘ —A— Ty,
I 0.06- = 0121 -
: i 5
B o <0084 4
- 0.04 4 \ : \
I \ \
0.021 \ 0.044 \
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0 10 20 30 40 50 0 10 20 30 40 50
al/h al/h
(a)b =a (b)b = 2a
B2 DU R (u = 0.3) 2R AEAT . CRNPEE W- FEELL (a/h) ML
Fig. 2 Effects of the width-to-thickness ratio on the non-dimensional deflection for the simply supported
isotropic rectangular plate (u = 0.3) subjected to uniformly distributed load
1004 1007
X X
= 80+ = 801 _
1 1 —— W, /W
b ~ _ —
I 60 1= 60 e W /W
> 40+ > 401
I \ I |
~ * \,o
E 201 \‘\‘ \3 201 4
04 *% 0000000000000 00000 0 ®%eece0ccc00cc00cssee
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alh alh
(a) b =a (b) b = 2a

3 PUILR A5 m FPEAEIEAR (u = 0.3) 2 E A 3T . o N L -TEE L (ash) MZK
Fig. 3 Effects of the width-to-thickness ratio on the non-dimensional deflection proportions for the simply
supported rectangular plate (u = 0.3) subjected to uniformly distributed load

A VRITE , A Fe 25 BE A T AR LASE R R AR IET 325 s a/h > 100 3,20 < a/h
< 100 W, a/h < 20 9SS DL ESHE AT LUE B AERZ RO (20 < a/h < 100) /Y
Al IRl g R 32 A 2 A ], SR RN A AR il CPT 153 945
RASHAERKRZE , WME CPT 20 1 BB AH X TR (a/h < 20) 25 ihid Re b A 57
DAL RN 2 W 6 A5 sz e Jnsie , JEHOR M3k E] a/h < 10 DU, 57O R0 23 BEAR 5
BRI , B R HT CPT SR BEA R R 22 7 AEAR KR 22 LR TSR N ash < 10 BY
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JEAR AL, BEAE T L AR R R JRE AR s A RO e AT = A4 57 7 PR S A 45 ), B DI 38007 B A
RT3 I R -5 S Ao 2 R T AR 19472 A A 00 O Rl A %o PRI B F PR 25 1) [ 2
SCHAE AR BATAE T B9 BT U IE RO e R A7 B —UAIE T CPT BRI TESK A 5 Al
[N L B T & AN 835 05 V1A - A e 1 b B A B 1 XA EAT A 3261 &
HRPE,
222 EREEFHEMR
R SCR I TE 32 45 1] S AR A v e o i
E,/E, =0.525, G,/E, =0.269 3, G,/E, =0.159 91, G,,/E, = 0.268 81,
@i, = 0.440 46, w, = 0.231 24,
HAFR 1,2,3 40560 T x,y,z.
MIESZ A 1] S PEAR 25 2R (4036 3 B ) Al LUK B, Vi 2 B 4% 1] () PR Al P i 45 2R —
B,k AU BRI MR S PE T BT UIROW /4% 1w [R] P AR R IE 52 4% 1) S
M b AR BURAT DOl 4, 28 S n] i ad P 4~ 6 SO ok,
R 3 WATEAT R <l B R BT PR BB P i LU ( TESCA Tl SFEAR)
Table 3  The proportions of the “bending” deflection and the “shear” deflection in the total deflection under

uniformly distributed load (an orthotropic plate)

CPT RPT
b/a a/h . . - - - -
14 14 ), (iv,/W) /% i, (io /W) /%
2 0.059 7 0.160 3 0.059 7 37.23 0.100 6 62.77
4 0.059 7 0.085 3 0.059 7 69.97 0.025 6 30.03
6 0.059 7 0.071 1 0.059 7 83.93 0.011 4 16.07
8 0.059 7 0.066 1 0.059 7 90.27 0.006 4 9.73
10 0.059 7 0.063 8 0.059 7 93.54 0.004 1 6.46
! 12 0.059 7 0.062 5 0.059 7 95.42 0.002 9 4.58
14 0.059 7 0.061 8 0.059 7 96.60 0.002 1 3.40
18 0.059 7 0.060 9 0.059 7 97.91 0.001 3 2.09
26 0.059 7 0.060 3 0.059 7 98.99 0.000 6 1.01
50 0.059 7 0.059 8 0.059 7 99.72 0.000 2 0.28
2 0.121 2 0.309 8 0.121 2 39.14 0.188 5 60.86
4 0.121 2 0.169 1 0.121 2 71.70 0.047 8 28.30
6 0.121 2 0.142 5 0.121 2 85.04 0.021 3 14.96
8 0.121 2 0.133 2 0.121 2 90.99 0.0120 9.01
10 0.121 2 0.128 9 0.1212 94.04 0.007 7 5.96
2 12 0.121 2 0.126 6 0.1212 95.78 0.005 3 4.22
14 0.121 2 0.125 1 0.121 2 96.87 0.003 9 3.13
18 0.121 2 0.123 6 0.1212 98.08 0.002 4 1.92
26 0.121 2 0.122 4 0.1212 99.07 0.001 1 0.93
50 0.121 2 0.121 5 0.121 2 99.75 0.000 3 0.25
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VLS LE (as/he) /) WA A B DIRONE 22 S PR, S 2 il P 5 SR AR TE AR Y BT 017 $¢
JEHEBERTE (b/a) LRI ITZR .
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Fig. 4 Effects of the width-to-thickness ratio on the shear deflection proportions for the simply supported
rectangular plate subjected to uniformly distributed load
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Fig. 5 Effects of the aspect ratio on the shear deflection proportions for the simply supported rectangular

plate subjected to uniformly distributed load
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Shear Effect Analysis on Plates Based on the
4-Variable Refined Plate Theory

ZHOU Tao, SONG Yanqi

(School of Mechanics and Civil Engineering, China University of
Mining & Technology, Beijing, Beijing 100083, P.R.China)

Abstract: For moderately thick plates or composite plates, due to the low ratio of the trans-
verse shear modulus to the in-plane extension modulus, the shear effects signify much to the
mechanical behavior of structures. Based on the 2-variable refined plate theory (RPT) , the dis-
cussion about the shear effects on the bending of plates was carried out. The RPT was intro-
duced briefly at first, then numerical examples of simply supported rectangular plates subjected
to uniformly distributed load were given, with a focus on the geometry and property effects on
the shear effects. The shear effects increase with the plate thickness, especially dramatically
when the width-thickness ratio is less than 10; the shear effects increase with the ratio of the
transverse shear modulus to the in-plane extension modulus; under the same condition, the
proportion of the “shear” deflection in the orthotropic plate is always larger than that in the i-
sotropic plate, and the difference of shear effects between these 2 kinds of plates becomes
more significant with the increase of the thickness or the aspect ratio; the shear effects in the i-
sotropic plates are more sensitive to the aspect ratios, and the proportion of the “shear” deflec-
tion in the isotropic plate decreases with the aspect ratio, but decreases first and increases later

in the orthotropic plate.
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