E RV S W i R N O S S G S W/ = = S ) Vol.51,No.1
2024 41 H Journal of Hunan University(Natural Sciences) Jan.2024

XEHS:1674-2974(2024)01-0101-11 DOI: 10.16339/j.cnki.hdxbzkb.2024010

BAE X AFEH TREEMPEGSHTE

R G 2, B R T, R
(1. demtagim ks BRI T A=, JEa 100044
2. LR ASE AN TSR S BE Ry AT FRA R 280 B A 2300885
3. dbat i pLaE A A TR BRA F L JE A 100176)

W ECRA AN TR et A A RSB AT AT WA R F) SR AR T

BT ZHAGHTARD SRTAER L B L2 hAEELEEHTAR— M
ﬁ—&i&.%ﬁ:ﬁ'T%“}’ﬁﬁ%)ﬂk% 5B S8 B R RO S 8G AL 2R ik u&xxmmamiasﬁﬁ%&*
LR BRI R AN, P AR AL T4, TR AR AL T s £ 5K
it 2 “Hfrﬁrxmmm xSt Z AR A MARFE A E X Z G aR, TAEEGRK. ;3
W9 E AR KT EE] 2:1.2.5:1 B 4518, T 5 A B A B E L —3f L —%E L
B W in ) L EEMR . = X R— 2 A MARK T ILE R 111 & 2: 18, T 45 [ AL A % 3% B X
(B—stfa X —3 B 3) A MR L ab; KRILA R 6:1 87, T ML h BH L@, mALL
XRFARD B MR BT B e, BRI ARAAE I, KW EZAR2:1; 4 %
ARAA—AW I —AE I, KT Tk F]1.5:1.

KRR 4T AR M AT IR AR KB SR B

RESES U411 XHEAREAD: A

Structural Calculation of Rectangular Plates with Different Support
Conditions of Four Edges
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Abstract: For a rectangular thin plate with different support conditions of four edges, a double Fourier series
with additional terms was taken as the deflection function, and linear algebraic equations for solving the
undetermined coefficients were derived. A unified structural calculation formula was obtained for the plate with any
combination of simply supported, clamped, and free edges. The non—convergence of a series solution of bending
moment at a point where a concentrated load is applied was discussed. In addition, the aspect ratio problem that
needs to be achieved when simplifying a two—way plate is also discussed. The results show that the bending moment

at the point can be calculated through the finite difference method using the deflection value, where a differential
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step length of 10 mm was selected. A plate with two opposite edges supported and two other edges free, and a plate
with one edge clamped and the other three edges free, can be taken as a one—way plate. A plate with all four edges
supported can be treated as a one—way plate with two ends clamped, one end simply supported and the other end
clamped, or two ends simply supported if its aspect ratio reaches 2: 1, 2.5: 1, or 4.5: 1, respectively. A plate with
three edges supported and the last edge free can be seen as a one—way plate with two ends clamped (and one end
simply supported and the other end clamped) , or two ends simply supported if its aspect ratio gets 1: 1 or 2: 1,
separately; this type of plate can also be simplified as a cantilevered one—way plate at an aspect ratio of no less than
6:1. A plate with two adjacent edges supported and the other two edges free can be taken as a cantilevered one—way
plate if its aspect ratio reaches 2: 1 when the two supported edges are all clamped, or if the aspect ratio reaches1.5: 1
when one edge is clamped and an adjacent edge is simply supported.

Key words: rectangular thin plate; structural analysis; support conditions; series solution; convergence; one—

way plate
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Fig.1 A rectangular plate under loads
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Tab.3 Comparison of computed results with that by FEM

h ]
o ﬁrh“L ﬁrhﬁfj e A il Elrhf_rh
T BelEr bR hhe R/
A4/ (KN -m)
mm mm E/mm  (kN-m)
ARG 20273 101.68 53.508 46497  4.140 1
AP 20.075  100.05 51.731 45892  4.3026

5 EREHIEARNEETE

AP TEEN AEE TP R AE O T, TR P e 4RV E
A 28 Bk 1 e B AT SO 25 R RN R8I X T3 — A
ARSI TR, AT 4 H T AR FH A v i 87 FH S &
LRI B B BT SR 225 B Rk A ke

SR PR UE 25 S B IR B, 22 0020 K T R A )
— 2 (RS R 22 B ], 2200 K OOR
BRI/ ATRAAR 225 2K, 5A Rt
FXF HER A — A F ) 22 0 KL PR 4 Fh R
MR, BUBUR SF 4 mx4 m, JE 0.1 m, M SR AR 1 3
107 kPa, JAFA L 0.3, B2 i 2 25 kN, /E I T b

22K FH 2~20 mm K e 250 A 0 HAE 22
Ay K 1A 15 BUE R 10 mm. SR %2540 K 13t
BLE RGN TR 4. AT, WIRh 2 00w 22 50N
Ul W FH 8 B 1032 v fip 2800 FH A Ak 7 25 2 T
CIEFRIOR

F4 SEAHHREBRITELRLL

Tab.4 Comparison of computed results for a plate under a

concentrated load

B ASRE AR i

M A 2 FRG WRES i

(kN-m) 2/%
F Rt 13.549

i 2.652
i ARSI 13.199
i FRIT 12.207

0 2.961
P ARICTT: 11.856
F IR 15.602

P E 2.402
ML A ARICTTI: 15.236
1555 12.863

B PR T 2756

ARICTT: 12.518

6 X [EHR fEL 7 B m AR 53 A

I AR SC 3 T O 310345 b SOR SR
Bifi bl < B L 9 A2 Ak, 3w R 55 5 ) Al (BRI ) P T Y
25t

WU TR 8 i 5 ol (A B 4 m, 30 7 ) A BE
FR AR 8 LU A A28 A 1T 2l 2%, AR JEE 0.1 ms AR S A5 1
3x107 kPa, 285 325 CIRGAAR L O 5 7K 32 1l A7 Y47 far
7% 25 kPa.

TR T PSR M S A 22 Bk 5]
5% K 1% B R FE L, 4518 T3 5.

FRAEE 5 vl .
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Tab.5 Computed results of aspect ratio

M A £k Sk B2 ) W 5L EORE T Bk R
B M A IE 2 PERUEN E RS/ (KN-m) . .
g 21N - - {1 HE i 2% K. 1
» » 5 3.16:1
1 VY31 52 WA ity T =2 LRESY 50
1 434:1
N s o, 100 5 1.66:1
2 P [ 37 T i [ 52 Vit 1 3
1 1.95:1
S i " 5 3.57:1
Yifiy [R] 3L
3 X 121 [ 57 1 4.75:1
XJ il 52 1 5 1.29:1
Wi 2 S .
1 1.54:1
. . o " 100
4 populta B pul=E R i [ 52 Uity 15 5 1 1:1
5 X fai ot A Wi ] 52 s 50 1 1:1
6 X303 A — 3 R S — 3 [ S — A —[& EFai -50 1 1:1
) 5 3.37:1
WA ity T <2 s 50
. . 1 455:1
7 =i A S —i [ 3
» » 5 1.82:1
— [ [i5] 7 ity -50
1 2.35:1
» 1 5 1.48:1
P 3 ] 52 Uit I —%
_ 1 1.74:1
8 =i [ 2 —3h
) 5 221:1
— [ Eiag -50
1 2.78:1
IO e 5 1.49:1
9 =ihfisz—i A Wi fj 2 s 50
1 2.07:1
i S — 1 11
10 M —i A ‘ ‘ 5 4.95:1
R [ 57 ity -200
1 7.09:1
) 5 1.69:1
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11 XA S — 3 [ 52— F iR s 18]
iy I# SZ3i -200 o
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. . o . " 100
12 X1 [ S — 1 187 32— F i [ 52 Vit 3 1 1:1
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— i — [ [i6] 32 3t -50 1 1:1
14 9 418301 1 52— 343 fAf 5 —371 F HR 5 4.57:1
) = B i 3 ~200
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5 1.65:1
16 PRI S PR 11 R BER 1] 3 S -200 | Log:1
, . 5 1.21:1
17 W4B30 A HH— 1[5 3 — 3 i =2 ey g [i] 7 -200 ' e

TE A —A> R AR A B89 3 SR R B B 75 B Y o e s LA IR DA (2 X ELRY ) B KA I
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