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Column dimensions 30 x 30 cm 50 ton
Modulus of elasticity Ec _*{_ 30 cm
Ec = 200 t/cm? - -bo om
Subgrade reaction 4, 4.0 mg ——
£s = 10 kg/cm3 4
1
Column load P : ‘
P = 50 ton
Poisson’s ratio Y
4 4.0 ms N >
LA X
4.0 ms
Pig. 3

Due to the displacement representation withen the strip (polyno-
mial in the short direction and series in the longitudenal dire-
ction), s8lightly unsymmetrical values with reapect to moments Mx
and My for a square plate are expected as shown in tables 4 and
5. A greater number of 8trips are required to achieve a closge
symmetry of the moment values Mz and My. The resulfs of the fou-
rth iterative solution for displacement w and moments Mx and My
are 1llustrated in Figs. 4,5 and 6 for different gections in the
¥ direction. '

As a check, the summation of the s0il pressure under the plate
gave a close coincidence with the applied load as follows

= Bs ow = 49.176 ton
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Table 3., Study of convergencs. Square plate on elastic foundation sibjected
to central column load = 50 ton Pig. 3., t = 30 em, all edges free

HQ of terms = 6 , £5 = 10 kg/cm3 , v = 1/6
— ) .
Itaration Deflection w mm
order 7 X 0.0 |° 0.2 0.4 C.6 0.8 1.0
tgt Iter, 0.078 0.062 0.010 | -0.071 | -0.176 | ~D.299
2nd v 1.0 0.103 0.084 0.023 | -0.052 | ~0.153 | -0.269
3ig ¢ : 0,095 0.077 0.025 | -0.052 ! -0.151 | -0,261
4¢h o 0.096 0.078 0.026 | -0.052 | ~0.152 | -0,265
i 1gt Iter. 0,279 0.252 0.177 0.071 | -0.054 | -0.190
2nd ¢ 0.8 0.272 0.247 0.179 0.082 | -0.031 | -0.153
3g v ' 0.270 0.245 0.178 0.082 | -0,031 | -0.152
4th v 0.270 0.245 0.178 0.082 | -0.031 | =0,151
18t Iter, 0.482 0.444 0.344 0.211 0.065 | -0.084
2nd ¢ 0.6 0.461 0.427 0.337 0.215 0.083 | -0,05t%
Py g o . 0.462 0.428 0.337 0.215 | 0.081 | -0,053
LS I 0.461 0.42 337 | 0.215 | 0.082 | 0,052
(" R P -
tat Iter. 0.692 0.637 0.504 0.341 0.173 0.009
2nd ¢ 0.4 0.670 0.619 0.492 0.337 0.180 0.030
3ig ¢ 0.674 0.622 0.494 0.337 0.178 0.026
4th ¢ 0.673 0.621 0.494 0,337 0.179 0,027
I 1@t 1ter. 0.892 0.809 0.634 0.438 0.251 0.076
L 2nd  m 0.2 0.879 0.796 0.620 0,428 0.249 0.085
; 3g v y 0.885 0.801 0.622 0.427 0.245 0.078
4th 0,885 0.800 0.622 0.427 0.246 0.079
lgt Iter. 1.000 ¢.889 0.686 0.476 0.280 0.101
2nd v 0.0 0.993 0,878 0,672 0.462 0.273 0.104
3g v . 1.000 0.883 0.674 0.462 0.270 0,097
4th v 1.0C0 0.883 0.674 0.462 0.270 0.098
0.32:8 G.2 0.4 0.6 o? 1.0
0302 L2 o 2.6 ... bs _
-0.2 |j}— T 1:" - - . /
-0.1 .- — 4| ' ////
0.6 ; D = = -
x
,—-*”’“’~#ﬂfﬂaﬂr- _,#,f”*”"r ,/v”/”i:/’/i:

0.3 F—35w0.8 | f _—— 4/”//ii;; ]

deflsction = mm Pig. 4
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Table 4. Study of convergance,

Square plate on elastic foundation subjected
to central c¢olumn load

= 50 ton Fig. 3., t = 30 cm, all edges free

NO of terme = 6 , 45 = 10 kg/cm3 , + =1/6
Tteration Moment Mx t.n/d
order g% 0.0 0.2 0.4 0.6 0.8 1,0
1t Iter. ! | 0.907 1.045 0.863 0.679 0.588 0.000
; 2pd 1.0 1.107 1.058 0.750 0.542 0.499 0.0C0
| 3a - : 0.997 1.018 0.772 0.555 0.384 0.000
4th 1.020 1.023 0,762 0,559 0,464 0,000
I 1t Iter. | 1.676 1.356 0.899 0.538 0,377 0.012
© 2nd " 0.8 1.373 1.164 0.815 ¢.485% 0.254 0.086
i34 PV 1.386 ! 1,165 0.812 0.482 0.256 0.059
© o 4th o 1.375 1.161 0.815 0.486 0.250 0.077
' 1gt Iter 2.27% 1,796 0.934 0.391 0.204 0.054
2nd . " 0.6 1.910 1.594 0.881 0,359 0.112 0,085
3d " ¢ 1.917 1.606 0.894 0.367 0.1086 0.089
4th 1,90 1,599 0.893 £.366 0.105 0.090
18t lter 3.423 2.367 0.958 0,224 0,018 0.129
2nd 0.4 3.157 2.252 0.898 0.153 | -0.106 0.136
3d ¢ * 3,187 2.282 0.914 0.158 | -0,098 0,13
ath 3.176 2.276 0,913 €.157 | -0.103 C.135
If"”
, 18t Iter 5.860 2.979 0.843 0,020 | -D.163 0.209
i 2pa " 0.2 | 2+953 2.980 0.725 | -0.123 | -0,319 0.167
33 ¢ 6,018 3.025 0.735 | -0,123 | -0.314 0.165
| 4th* n 6.016 3.022 0.732 | =0.125 | =0.310 0.162
[
. lgt Tter. 9.411 2.881 C.771 | -0.,040 | -C.254 0.244
2nd 0.0 3.809 2.866 0.604 | -0.215 | -0.435 0.197
I ' 9.909 2.915 0.605 | -0.221 | -0.420 0.184
| 4th 9.909 2.914 2.603 | =0.223 | -0.420 0.184
0 00;9_ 0.2 _0.4 9.6 __ %8 1.0
. =7 _1.
0.0 e e W
— .
L0 Yat.G —_— - >
2.0 R
3.0 -
4.0 e
5.0 4 o
5.0 . Jr -
|
7.¢ + _—
A.0 %. S—
3.0 —Ff e f _ — . _+_ ——— I
1C,0 ¥=0.¢ 1 N - - 'L e 1
Moment Mx t.m/m Fig. 5
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Table 5. Study of convergence. Square plate on elastic foundation gubjected
to central column load = 50 ton Fig. 3., t = 30 cm, all edges free

NO of terms = 6 , 4 = 10 kg/emd , y = 1/6
Iteration Moment My t.m/n
order 7 X 0.0 0.2 0.4 C.6 .8 1.0

19t Iter. 0,151 0.174 0.144 0.113 0.093°} 0.000
2pd " 1.0 ] ©-1B4 | 0.176 | 0.125 | 0.090 | 0.083 | o0.000
3g v . 0.166 0.170 0.129 ¢.092 . 0,064 0,000
ath v 0.170 0.170 0,127 0.093 0.077 0.000
tet Iter, 0.303 0.17T1 0.137 C.127 0.125 0.069
2nd " 0.8 | -0.360 | -0.333 | -0.096 0.114 0.261 0.517
yg 91 -0.242 | -0.260 | -0.082 0.105 0.242 0.351
4th » -0.271 | -0.278 | -0.086 0.107 0.252 0.465
igt Iter. 0.091 0.218 C.297 0.341 0.358 0.327
2nd " 0.6 | =0.352 | -0.123 0.150 0.355 0,477 0.509
3g o . -0.349 | ~C.111 0.170 0.367 0.469 0.532
4th -0.364 | -0.124 0.164 0.370 0.486 0.542

- . I _i._ - -
tst Tter. 0,784 0.871 0.969 G,912 0.828 0.774
2nd " 0.4 0.460 0.657 0.877 0.875 0,806 0.818
3g ¢ ’ 0,478 0.677 0.896 0.885 0.B10 0.785
4th 0.467 0.670 0.895 0.887 0.812 0.808
18t Iter. 3,126 3.005 2.311 1,724 1.382 1,256
ond " 0.2 3.260 3.105 2.281 1.593 1.186 1.003
34 " " 3.29] 3.135 2.295 1.590 1.169 0.992
4th 3,296 3.137 2,295 1.588 1.167 ¢.969
1gt Iter. 8.747 5.472 3.294 2.187 1,636 1.462
2nd " 0.0 9.157 5.606 3.196 1.977 1,360 1.181
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It is interesting to notice that all the deflection curves for
different plate thicknesses, Fig. 7, have a common point nearly
coinciding with the average uniform deflection line. In fact the
geometry of the above common point is a contour line which resu-
1ts from intersection of the average plane of deflection with
the deflection surfaces.

CONCLUSION

The finite strip method has been shown to be a simple and effic-
ient tool for the analysis of rectangular plates. The method is
egpecially advantageous for plates with two opposite simply sup-
ported edges, since in such a case the trigonometric series is
uncoupled and storage requirement and computer execution time
are reduced even further. With other edge conditions, other bas-
ic functions must be used, which lack the orthogonality of the
trigonometric functions and result in =& large increase 1in the
number of equations and their half band width. In order to over-
come the coupling property of the static equilibrium equations
in the case of basic functions other than trigonometric series,
a simplified iteration procedure has been developed. This proce-
dure emphasises the role of the dominant diesgonal submatrices of
the stiffness matrix of the strip. The application of the proce-
dure in the case of basic function for free-free edge condition
presented here demonstrates a rapid convergence and high accu-

racy.
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APPENDIX I

1- Numerical values of the nondimensional variables

and 15 for the different values of m and n

r1.oooooo 0 0 0 0

0 0.333333 0 0 0

0} 0 1.035936 G ¢

I1 = 0 0 0 0.998447 0
0 0 0 o) 1.00006]

0 G Q 0 0]

| G G ] 0 0

~ o 0 0 Q Q

0 0 0 0 0

0 0 518.5343 0 0

i2 = 0 0 0 3797.622 0
0 0 G 0 15620.20

0 Q 9] 0 0

- 0 o} 0 G 0

[ 0 0 0 0 0

C 4.000000 0 ~7.993760 0
0 0 51.2583) 0 36.00866
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0] #]
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0 Q
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0 0 7
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2- Stiffness matrix of the strip
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3~ Consistant original load vector

a- Concentrated load P. t (%= %‘E‘. y Fo = %ﬁ.)

(1 -35%; +84X; ~T0%; +20%} ]
X, 20X +45%% -36z¢ +10%}
X -10%, +20%% ~15%¢ + 4%7
- - 4%+ 6Xi- 4%é+ xz
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-15%; +39%% -34%5 +10%’

5% ~14%, +13%¢ - 4x]

- - - -
- X+ 3% - 3x:+ xz

s

whare
1(ye) = 1 s ¥Y2(ye) = 1 - 2§¢
m(ye) = sinauy, +sinhe j, - =, (cosuy, +coshy ¥
b~ Patch load Q,t/ms2 A7, jr?:g
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1 , ) o )
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