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Fig. 2 The system of the plate strip
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Table 1  The parameters of the plate strip calculated
- length thickness load density Young’ s modulus Poisson’ s ratio
parameter [ /mm h /mm q/MPa E /MPa v
value 1 300 12 0.14 210 000 0.3
XHF AN 1 B REEAR R G, AR N
d 20 mmx mmé
w,(x,€) = sin sin . 21
(.8 m;,zD(m’lT)4 ! l (21)
B Y P S A A
dw = 9P mé
— = sin s 22
(dgsz() m:ZI,Z D(m'ﬂ'>3 l ( )
dw = (- 1" mwé
— = sin . 23
(dg)x=l m:ZI,Z D(m’ﬂ')3 l ( )
fRBEIE 2(b) A M 45 1B ith il 7 72
w(@) = ¥ Asin ™,
m =°cl,3 ( 24)
w(x) = 2 A, sin e
m=1,3 l
B (21) ~ (24) FRFI(20)  FREEAT I 4G
z 1 4q1* 4M, 12 mmé
= + i . 25
w(é) m=21,3 (mm)?® + le/D[D(mﬂ)3 D(mm) S (25)

PAREbbuR S E |

dw
— =0
(5) .,

(26)
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Eh _2fo(d§j aé - (27)
B (25) IRA RIS E(26) F1(27) AR ENTPIT TR
= 1 { 4ql° +4Mol:|:0’ (28)
w13 (mm)® + NC/D| D(mw)> D
NI(1L-v") 1< 1 [ 4q1° N 4Mol} (29)
Eh 4,55 (mm)*> + N°/D? | D(mmw)? D
S AHha A+
2 —ﬂﬁ (30)
“TDa
TR i) 22K A Rl
s B
uc_lg(lo \/U70)5U0_q213(1_1}2)27 (31)
I H A (28) X (29) I £ M,, 155
@ 1 2
®© Z 2 2 2
Uo=17228 21 - 1 2_m=1,3(;m'r) [ (mm)* + 4u” ] (32)
U m=1,3 [(m’n’) + 4u ] (qu) 1

mets (mm)? + 4u®
AR (32) , FUHEACE AT e F1 7w, RGN My M (x) il w(x) FRRERTEL k.
S FIPF w FIRE R B 1) 204 TR, FESR 2 A .
R 2 g AT R TR E T2 R O R

Table 2 The relation between the factor of transverse load and the factor of axial force

u,

0.7 0.8 0.9 1.0 1.1 1.2 1.3

ref. [24] 11.999 87 11.042 84 10.154 93 9.330 84 8.565 63 7.854 67 7.193 64
the paper 11.949 19 10.995 36 10.110 37 9.288 92 8.526 10 7.817 28 7.158 17

u\',

1.4 1.5 1.6 1.7 1.8 1.9 2.0

ref. [24] 6.578 51 6.005 49 5.471 04 4.971 86 4.504 86 4.067 25 3.656 46
the paper 6.544 74 5.973 21 5.440 06 4.941 98 4.475 91 4.039 06 3.628 91

u,

2.1 2.2 2.3 2.4 2.5 2.6 2.7

ref. [24] 3.270 28 2.906 88 2.564 92 2.243 67 1.943 12 1.664 06 1.408 01
! the paper 3.243 26 2.880 33 2.538 85 2.218 17 1.918 37 1.640 38 1.385 76
U,
2.8 2.9 3.0 3.1 3.2 3.3 3.4
ref. [24] 1.176 84 0.972 22 0.794 96 0.644 57 0.519 26 0.416 36 0.332 78
! the paper 1.156 44 0.954 02 0.779 15 0.631 15 0.508 10 0.407 21 0.325 35
u,
3.5 3.6 3.7 3.8 3.9 4.0
ref. [24] 0.265 39 0.211 35 0.168 16 0.133 71 0.106 28 0.084 46

the paper 0.259 41 0.206 56 0.164 33 0.136 60 0.103 85 0.825 20
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Table 3 The distribution of deflection along axis x

x /mm
0 50 100 150 200 250 300
ref. [24] 0 0.344 936 1.346 893 2.770 873 4.431 831 6.186 869 7.926 222
W) /mm the paper 0 0.413 734 1.466 129 2.923 105 4.604 125 6.370 121 8.114 184
x /mm
350 400 450 500 550 600 650
ref. [24] 9.566 073 11.042 650  12.307 580  13.324 730  14.068 140  14.520 610  14.672 460
W) /mm the paper 9.754 419  11.228 460  12.489 300 13.502 130  14.242 070  14.692 400  14.843 560
x /mm
700 750 800 850 900 950 1 000
w(x) /mm ref. [24] 14.520 610  14.068 140  13.324 730  12.307 580  11.042 650  9.566 073 7.926 222

the paper 14.692 400  14.242 070  13.502 130  12.489 300 11.228 460  9.754 419 8.114 184

x /mm
1 050 1 100 1150 1200 1250 1 300
ref. [24] 6.186 869 4.431 831 2.770 873 1.346 893 0.344 936 0
w(x) /mm
the paper 6.370 121 4.604 125 2.923 105 1.466 129 0.413 734 0

R4 UE x WAVBHE A

Table 4 The distribution of bending moment along axis x

x /mm
0 50 100 150 200 250 300
M(x) / ref. [24] -12422.40 -8413.31 -5319.02 -2932.54  -1094.20 318.99 1 401.57
(MN-mm)  the paper -12760.90 -8 188.74 -591592  -342990 -1 191.79 453.01 1 457.32
x /mm
350 400 450 500 550 600 650

M(x) / ref. [24] 2 225.98 2 847.37 3307.31 3 636.58 3 857.19 3 983.92 4 025.25
(MN-mm)  the paper 2 093.13 2 675.75 3 285.89 3 768.48 3974.32 3 957.81 3916.27

x /mm
700 750 800 850 900 950 1 000
M(x) / ref. [24] 3 983.92 3857.19 3 636.58 3307.31 2 847.37 2 225.98 1 401.57
(MN:mm)  the paper 3 957.81 3974.32 3 768.48 3 285.89 2 675.75 2 093.13 1457.32

x /mm
1 050 1 100 1150 1200 1250 1 300
M(x) / ref. [24] 318.99 -1094.20 -2932.54 -5 319.02 -8413.31 -12422.40
(MN:mm)  the paper 453.01 -1191.79 -3 429.90 -5915.92 -8 188.74  -12 760.90

42 HF 4 BETEKREEERRS i

F e — 3% 4 Y E KB TE AR i, a6 BT, sROFCEE il 1 7 L.

SR MR BEFERR 101 , 1 6% I8 —TE— SRR TR g A VR R /NBEE 4 30 [E R AR AR R
RARZRG, K 7 s,
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Fig. 3  The relation between u and u,

Fig. 4 The distribution of deflection along axis x
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Fig. 5 The distribution of bending moment along axis x
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Fig. 6 The actual system of bending rectangular plate Fig. 7

with 4 edges fixed of large deflection

under load uniformly distributed

RBLZFEA RGFEA MBI

w
TE— SR PR AT T /NETE 4 14
W15 25 I A AR R 4
The basic system of bending rectangular plate
with 4 edges fixed of small deflection

under an unit concentrated load

w,(x,y;€,m) =Asin2%sin2%. (33)
MR A GE R
) 0*w *w, )2 *w, 9w 9> 2
szjf { . Lo 201 -0 | - w‘j }dxdy_
0lo 2\ ax ady ox”  dy 0x0y
z‘lsinzﬂisinzﬂ =
a b
3b* + 3a* + 2a°0*) W'D
( a4 @’b)m Az—Asinzlgsinzﬂ. (34)
8a’b’ a b
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XS aE (34) B A 1A AE, 7S

b4 4 2 2b2 4D
oy = 3 #3¢ ¥ 2b) WD ok s i T i ™ = g, (35)
! 4a3b3 a b
FH AR VR AR T e B A5
3b* + 3a* + 24°6) W'D
( a ab)m A—sinzlgsinzﬂ=0. (36)
4a’b’ a b
fi i e (36) , WAs
4a’b’ wé ™
A= in® — sin® —. 37
(36* + 3a* + 2436 w'D a b (37)
_&
4a’h’
C= , 38
(3b* + 3a* + 24°0°) @D (38)
5 A
wl(x,y;f,n)=Csin21§sin2ﬂsinzﬂsin2 %, (39)
a a

LR/ NG 4 11 8 RE HE T HEAS 2R S8 ) HEA fif
TEIE T FEAR R G/ NG RE 25 I HIE AR IE] 6 S PR 28 58 e BE 25 i R M 22 1] 1o P 20y 1) 45
EHA(17) WG

w(é,m) =
[[[qenZ2im, 2P0 ) 8 D0, e m)dnd (40)
0”0 1 3’y 'x ’x 0y dxdy dxdy Wil®,Yie,m) Ardy .
nt—P AR
w(x,y) =f, sin’ ™ sin’ H,
o« 0 (41a,b)
a"
w(&,m) =f, sin® % gin? %
a
W2 (41b) ARAKER EE AR I B 7 i =X
1 _, Pw)?  wdw
EW—(axayj T 0 (42)
Y
A
1 4 2 2 2 2
z Vi = f] Z}(sinz =T sin? % — deos 2 gin® = cos % sin’ T[r)yj =
a a a a
fimt 2mx 41rx 2y 4ty 2mx 2y
———|cos —— —cos —— + cos —— —cos —— — 2¢co8s —— cos ——+
2a°b* a a b b a b
2 4 4 2
cosmcos:y+cosmcos:}/). (43)
a a
WSFIRITHE VAD/E = 0 (1fithy @, , WA
1 1
CDI = ?pxyz + ?pyxz. (44)

BERFIE AN
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2 2 4 4 2 2
D, = chosﬂ + chosﬂ + D,cos S D4cosﬂ + Dscos — T cos 2L 4
a b a b a b
2 4 4 2
Dcosﬂcosﬂ+l)cosﬂcosﬂ (45)
a b a
hiﬁ(%)ﬁ/\f(%)'? ttiﬁa,ﬁ\ﬂﬁ EESTES 8 )”'J
l 32b2f1 ’ 2 32 2f1 ’ 3 = 512b2f1 ’ 4 512 2f1 ’ (46)
Ea’b’ Ea’b’ Ea’b’
D5:_ za 2 2f129D6= za 2 Qflz,D7: Czl 2 zflz'
16(a” +b7) 32(b° + 4a”) 32(4b° + a”)
H1zX(44) ~ (46) ATT%
=P +P, =
(1 (a® 2mx b’ 2wy 1 (a dmx b’ 4y
Efi{ | 7cos——+—Fcos—— |- _——|—cos—— ——cos—— |+
325 a a b 512\ b a a b
a’b’ 1 4 2wy 1 2mx 4y
§ ——cos —— s ——cos —= | —
32 [ (a® +4b)° b (4a*> + b*)? b
a’b’ 27w 2wy 1 , 1 )
— — + — + — . 4
16(a> +69)2 " a b } 2 P T e (47)
FEET AR
)P 1 2my 1 4y
= = +E 2 2{— —_— _— _— =
A B I
a’ 1 4y 2wy 4 2mx 4wy
— 0s ——cos — + 0S —— COS —
8| (a* +4b*)° a b (4a> +b°)° a b
a’ 2mx 2y
— — 48
M+ 5 0s cos = }, (48)
>’ 1 2mx 1 4y
= = Ef? 2{— — — cos —— —
7 b 320" a
b 4 dmx 2wy . 1 2nx 4wy
— § —— cos —— § —— cos ——
8| (a” +4b*)° b (4a> +b°)° b
b 2mx ZTry} (49)
08 —— COS ——
4(a” +b%) b )’
’®  Eabmw 1 . 2mx | 2wy
- T, = = ol = 2 2\ 2 SIn —— sin +
" dxdy 4 (a” +b7) a b
1 . 4dmx . 2wy 1 . 2mx . 4wy
—5 5 Sin ——sin +——F——5 5 sin——sin——|, (50)
(a” + 4b%) a b (4a* +b%) a b
HERRE w 51 « J7 I
1o ow)? g 2 4
:7J (wj dx=—;2aflz(4cos?—coszw—3). (51)

J5—J7 0, o1 T S B S R RAE « J7 [ A
A, = fosxdx =Ej2(a'x —vo,)dx =
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2 2 4
—;Tzaflz(4cos?—cos?j +%(px -vp,). (52)
A X, A, FHEE, WIS x Ty ) AN
3Em?
—p, = g 53
Pe =Py = s fis (53)
R, AT A5 y 7 1l B A4
3ET’
Py TP = fie (54)

= (53) fI=(54) AT s

3E1T2f12 1 v
P a2 T
32(1 -v)la” b
2,2 (55)
3ETE (v 1
TN DEITE L
32(1 -v)la” b
R5 WHKPE 4 D EECARTE x = 125 mm P ERYBREE
Table 5 The deflection distribution at x = 125 mm middle line of the rectangular plate of large
deflection with 4 edges fixed under load uniformly distributed
¥ /mm
0 50 55 60 65 70
ANSYS 0 5.2514 5.662 4 6.127 7 6.547 9 6.823 6
w(y) /mm
the paper 0 4.1322 4.778 6 5.409 1 6.008 1 6.561 0
¥ /mm
75 80 85 90 95 100
ANSYS 7.1555 7.344 2 7.490 2 7.594 2 7.656 4 7.774 6
w(y) /mm
the paper 7.054 1 7.4752 7.813 9 8.062 0 8.213 4 8.264 2
¥ /mm
105 110 115 120 125 130
ANSYS 7.656 4 7.594 2 7.490 2 7.344 2 7.1555 6.823 6
w(y) /mm
the paper 8.213 4 8.062 0 7.813 9 7.475 2 7.054 1 6.561 0
¥ /mm
135 140 145 150 200
ANSYS 6.547 9 6.1277 5.662 4 5.251 4 0
w(y) /mm
the paper 6.008 1 5.409 1 4.778 6 4.1322 0
K (39) (41) (48) ~ (50) AN (55) LA (40) H, I e misd RIS ) 2 4, 45
y; abgC  Ehw'C 17( b L j ab N ab N
| = _ fuliall IR
4 32 [32\d’ b)) (a® + 7)) 4(d + 4b7)°
ab 9 (b L@ +2v) E (56)
+ L2 = 3
e
4(4a* + 072 16(1 -v*)\a® b’ ab

FEAGER A (56) ARIEHE £, 1RAZK(41) BIAGHE i i 7 2.
PIRORBEE 4 I E R AR R B S B0 T3 1 AR SCRA x = a/2 = 125 mm {#1
R M AR S T ANSYS R FFRYTHRAE R LLEL, L3k 5 FIA 8.
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Fig. 8 The curve of deflection distribution at x = 125 mm middle line of the rectangular plate
of large deflection with 4 edges fixed under load uniformly distributed
ﬂ: N
5 4 Te

1) ARSCHE U A FROLRS e = 4Rk 5 I~ DAY B 55 i PR — B8 5K

2) FETZ— AN, T TR E R AR A DI A .55 5 B,

3) TR R BERE R AR A D Y B2 8 B, 15 B 17 e BE M 2% 1Y D) 19 L 55 7 2

4) MR T T AR A S A i 1] R R B8 BE AR AR B 25 i FIE S AR T T 4 s i 2
RERBEFEIEAR 2 R R ] TR0 3 A ).

5) /MRS BLE O 18 IE X D A A5 5 BRRA BRAEAS B Y Dy 1) 125 RE B— A i T — 58
R A SRR,
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The Reciprocal Theorem for the Finite Displacement
Theory and Its Applications

FU Bao-lian
( College of Architectural Engineering and Mechanics, Yanshan University,
Qinhuangdao, Hebei 066004, P.R.China)

Abstract: The reciprocal theorem of 3D linear elasticity for the finite displacement theory was
proposed. On the basis of the theorem, the reciprocal theorem of rectangular plates of large de-
fection was derived. Meanwhile, the reciprocal theorem of plate strips of large deflection was
directly obtained through simplification of the theorem of the rectangular plates. For applica-
tions, the bending of a plate strip of large deflection with 2 ends fixed under uniformly distribu-
ted load and the bending of a rectangular plate of large deflection with 4 edges fixed under uni-
formly distributed load were calculated. The calculation shows, on the basis of the reciprocal
theorem of bending thin plates of large deflection, the bending rectangular plates of large de-
flection can easily be sovled with the aid of the basic solution corresponding to the small-deflec-

tion case.

Key words: linear elasticity; finite displacement theory; large deflection; reciprocal theorem



