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CHAPTER I 

INTRODUCTION 

1. 1 General 

It it:! important in the fle:dbility analysis of plate-beam structures 

to be able to accurately predict the behavior of thin plates supported at 

\ their corners. For this reason, extensive analytical work has been 
' 
conducted and several mathematical procedures have been developed to 

predict the behavior of such plates under both transverse and edge load-

ings. Thus far, however, no experimental work has been done to verify 

the theoretical solutions to the problem. 

The purpose of this thesis is twofold: firstly, to experimentally 

E;itudy the behavior of thin plate models under the action of normal and 

edge loads. a~d to compare the results with the classical solutions; 

secondly. to determine the extent to which plaster models can be used 

to study the behavior of thin plates obeying the linear, small deflection 

theory. 

1. 2 Historical Background 

A number of authori:; in the past have been concerned with the use 

of plaster as a model material. Tests by Slater(!) and Peterson(2 ) show 

that the stress~strain diagram for plaster is practically a stra:i,ght line. 

Seely( 3, 4 ) found that plaster models yielded consistent and reliable 

values for the maximum stress in curved beams. Newmark and Lepper(5) 
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indicated that the plaster model behaves more or less as an elastic 

material whose ultimate strength can be predicted quite accurately. 

A relatively limited amount of information is available in the 

literature on the theoretical analysis of a thin plate with these unusual 

boundary conditions. The problem attracted the attention of the early 

investigators, Hencky(6) and Nada/7> and Galerkin(s>, who analyzed a 

uniformly loaded plate supported at its corners. Recently, Oden(g) 

2 

successfully used trigonometric series to study corner supported plates 

. (10) (11) 
uncter general loading. Parikh and Patel used Oden I s approach 

to study some special problems of edge and transverse loading. Nu-

meric;;i.l techniques have been used by a number of authors to study 

. (12 13. 14) . (14) 
related problems ·' ' . In particular, Reddy presented 

influence coefficients for a squi;ire corner supported plate which were 

calculated using the finite difference method. 

1. 3 Scope of Study 

The results of experiments conducted on small scale plaster 

models are presented in this thesis. Conclusions and recommendations 

are given concerning the desirability of using ordinary plaster-of-Paris 

for model analysis of thin plates. 

Test results are compared with the finite difference solution of 

Reddy( l 4) and the theoretical results obtaine<;i by Oden. Significant 

conclusions drawn from the i;:itudy are listed in the last chapter. 



CHAPTER II 

MAKING AND TESTING OF SPEClMENS 

2. 1 General Properties of Material 

The material used for the plaster models was a high grade ordi

nary plaster having nearly the same chemical composition as has plaster

e>f ~Paris, but which was somewhat slower in setting. This permitted 

ample time for working and placing. 

Since the strength and quality of the plaster may be greatly affected 

by the method of handHng, particular care is necessary to secure uni

form conditions in mixing and curing the plaster. Other investigators 

working with this material have found that the strength, density and 

rapidity of setting all increase with decreasing proportions of water 

used in mixing the plaster. The time of blending and the time of setting 

are also important factors a{fecting the quality of the mix. 

The following mixing technique and time schedule of operations 

was maintained throughout the test: 

Water-plaster ratio; 7 0 percent by weight. 

Blending time; 6 min. 

Hand stirring; 5 min. 

High speed vibrating; 2 min. 

The specimens were stacked in satur'ated air to cure for two days. 

this curing period the specimens were not allowed to have direct con·~ 

tact with water, since repeated wetting of the plaster after it has set 

3 
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causes the strength to decrease seriously and often results in the deteri

oration of specimens. 

2. 2 Method of Mixing, Pouring, and Curing 

In the manufacture of the specimens, care was taken to secure 

uniformity in quality and strength of the plaster. Weighed quantities 

of plaster and water were mixed in a galvanized iron tub. The tempera

ture of the mixing water when added averaged 65 deg. F. and the room 

temperature averaged about 80 deg. F. The plaster was carefully 

poured into the water and was totally immersed. The ;mixture was 

blended for a period of 6 minutes from the time the first plaster was 

add,ed to the water. After this 6 minute period, stirring was begun 

slowly and evenly by hand so as to stir air bubbles toward the top. The 

stirring was continued steadily for 5 minutes. 

Stirring alone was not sufficient and vibration was necessary to 

force out all of the entrapped air bubbles. The vibrator was the "ele

phant snout" type used for placing concrete. The end of the shaft was 

held in contact with the bottom and the sides of the tub. After about 

2 minutes of vibration, the air had been removed and the mix was 

smooth, uniform in appearance, and ready to be poured into the molds. 

The specimens were all poured to the correct size in aluminum 

molds supported on four adjttstable suppor·ts to keep the mold in a level 

position (Fig. 2. 1). The forms were covered with a film of clean oil 

to prevent sticking of the plaster to the mold. 

Shortly after the plaster was cast into the molds it began to set. 

The side forms served as guides to give the proper thickness. About 

15 minutes after it was placed the plaster· was sufficiently hard to per

mit removal from the mold. At this time the plates were quite warm 



to the touch and the surface in contact with the form was covered with 

a film of water that had been driven out of the plaster. This allowed 

the mold to be removed easily. 

All specimens were kept in a staturated condition for two days. 

After thi~ curing period, the plates were stacked in an open room to 

dry for about ten days before testing. The conditions in the drying 

room remained fairly constant during the drying period, a temperature 

of 85 deg. F. wHh a relative humidity of about 40 to 50 percent repre~ 

senting the usual state. By standing the specimens on edge so that 

both top and bottom surfaces were exposed to the air, uniform drying 

was obtained. After the minimum drying period, all specimens were 

given two coats of lacquer to insure a unif orrn moisture content. 

2. 3 Di:rnensions of Specimens 

For ease in handling, plate dimensions of 1 ft. by 1 ft. , 1 ft, by 

1, 5 ft. , and 1 ft. by 2 ft. were chosen, with thicknesses of . 62 5 in. 

These dimensions give thickness to length ratios well within the range 

to which the small deflection theory for thin plates is considered appli~ 

cable. Furthermore, preliminary ca1c-u,lations showed that with these 

dimensions deflections of a magnitude ecisily measurable with available 

equipment could be expected. 

Three control beams of 2 in. by 5 I 8 in. cross section, 12 inches 

long, were poured from each batch to determine properties of the plaster 

plates. The beams were subjected to the same curing and drying condi

tions as the plates. 

2. 4,~-~hod of Testing 

Eight batches of mix were poured and models corresponding to 
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C---c~t~c?-J ... 
each were classtfied as series A, B! C, D, E, F, _G, and H. Series A, 

B, and C, were trial runs used to check. the quality of control and to 

refine the mixing and casting_ procedure. General material properties 

were checked with series D to determine suitable loading techniques. 

Material properties of the_ first six 1:;>atches were determined by 

means of simple beam tests. The beams were loaded with a concen

tpa.ted load and then unloaded .and subjected to a uniform load. Center

line deflections were measured for each loading case. The modulus of 

elasUcity was then calculated from the average of sixteen tests. Results 

were fairly consistent for both sets of tests. 

A wide beam test was -used for specimens fro:rn batches G and H. 

The individual plate models were simply supported on two opposite 

edges and loaded uniformly. This method of testing proved simpler than 

the small beam tests; it yielded more consistent results and allowed the 

~-v \ effects of Poisson's ratio to be investigated. 
-.. ::-~ 

! 

Four adjustable aluminum supports were constructed to support 

the plate models, · Small metal caps were fitted on each corner of the 

model to allow the plates to rotate freely over each support. Sets of 

extensiometers graduated in ten thousandths of an inch were mounted on 

aluminum angles and fixed under the specimen. 

Ordinary mc\sonry sand was used to obtain a uniform load on the 

plates from series D, E, and F. Dry sand was poured slowly and uni-

formly into a cardboard rack placed on each plate after the model had 

been carefully supported and leveled. To insure against nonunuormity 

in loading due to internal friction in the sand, paper rolls with a two inch 

·inside diameter were filled with dried sand and used to apply a i..miformly 

distributed load, sinusoidal edge forces, and edge moments. for speci-

mens in series E. F I G, and H (Fig. 2-2. 3, 4). 

,. 
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Fig. 2.1. Aluminum Form and Supports. 

Fig. 2 . 2. Uniformly Loaded Plate. 



Fig. 2.3. Sinusoidal Edge Force Loading. 

Fig. 2.4. Sinusoidal Edge Moment Loading, 



CllAPTER III 

TEST RESULTS 

3. 1 Values of Modulus of ;g1asticitr 

The moduli qf elast;iqity, determined from the sixteen beam tests, 

ranged fr<;m:1 820, 000 lbs. per sq. in. to 1, 210, 000 lbs. per sq. in., with 

an average of all tests of 993, 000 lbs. per sq. in. Averages for each 

batch were aliso computed. 

A number of tests were rnac;le to determre the flexural strength of 

beams 2 in. wide and , 625 in, dee:r;> loaded with a conGentrated load 

applied along a transverse line at the center of an 11 in, span. The 

average value of the ultimate flexural strength computed by the flexure 

formula for a concentrated load was 835 lbs, per sq. in. The material 

from el;l.ch batch tested behaved E;!Ssentially as a linearly elastic material 

up to faUure. 

Wide beam tel:3ts were also made to tjete:rmine t)le influence of 

Poisson's ratio. A group Qf wid~ 1:;>e:;i,ms, 12 ii;l, wide, • 625 in. deep, 

with a span of 18 in .• we:re loaded over the full width along a transverse 

line at t)le center. Deflections measured along the centerline were 

found to be practically constant, varying a maximum of only . 0003 in. 

from an average center defle<::tion of . 0021 in. This indicates that 

neglecting effeqts of Poisi:ion 's;i_ ratio may be justifiable for the material 

used. 

9 
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3. 2 Plate Deflections Due to a Uniform Load ..,.,_...,. 

The results of tests performed on uniformly loaded square plates 

are given in Table 3,· 1. Two sets of theoretical data are i:riclu.ded for 

comparison. One set is obtaip.ed by a finite difference solution to the 

problem. These :values were. calculated by :'!ising the deflecti6n coef

ficiente given by :Reddy(i4) who used a very fine sixty-four unit network 

resulting from an 8 by 8 grid and i;i.ssu;med Poisson's ratio to be zero, 

The second set of values in the table is obtained from the theoretical 

re~mlt1;1 of Oden({;}):, Parikh (:to>,. and Patel (l l>, who also af;lsumed 

Poisson's ratio to be equal to zero. The later vciilues result from a 

method of anf;l.lysis which yields close to an e:x;a.ct solution to the plate 

d.iffere:ntial equation and follows the classical Levy approach. H:em:e, 

the values are refElrred to a~ "classical" in the table. 

The difference between the experimentaJ values and those given 

b;y Qde;n, ranges from 17 to zero percent, with an a:rithmeticr mean of , 

4 percent. Finite difference values differed w:i,th the experimental re

sults from 28 pevcent to 1 percent, with an average of 10 percent for 

the sel;'ies. lndividual results agree well with the average; tho1,1gh, the 

1;1pecimens are from c;iifferent batches. The deflection surface for each 

specimen is fairly smooth, as is indicated in Fig. 3. l. This figure 

shows the defleQtio;n su:r;-faoe of a plate along its cente~line compared 

with averages Q~ eight sets of te$t results. 

The tests results of uniformly loaded plates with width to length 

ratios, a/b, of 1/2 a:pd 2 are ~ecorded in Table 3. 2. The last two 

columr,ts of the table give the ratio of theqretical to experimental values. 

It is seen that differE:lnces range from 30 percent to zero~ and that tbe 

total range between the J:'r;la:x;irpum· and roinirn'Utn diff~renc~ is within 
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~ a 
/ 1-:V /1/ l ~ 1 · J 

Tl:lrble 3. 1 Plate Deflections Due j f to Uniform Load, 
b . ~ . . 

a/b = l 

h1 2/ 

L VJ ~ 

-
'" 

.., 
,, ... ,. .. .. ... , .. ' - - -

·-

··· Spect- Total Point 
~flection {inch) . Class. F. D • 

men No. I,,oatj. lbs Exper. Classical Finite D. Exp . Exp. 
1 

' 
. 00154 . 00140 . 00158 . 91 1~ 03 

2 , 00205 , 00196 . 00227 • 96 1. 11 
15 3 . 00237 • 00228 . 00254 • 96 1. 07 

4 . 00207 • 00196 • 00227 • 95 1. 09 
5 • 00154 • OOH,O , 00158 .• 91 1. 03 

E .. 1 
1 • 00310 • 00280 • 00316 . 90 1. 02 
2· . 00410 • 00392 • 00454 • 95 1. 11 

30 3 ~ 00480 . 00456 • 00508 . 95 L Of.: 

4 • 00400 • 00392 • 00454 • 98 1, 14 
5 , 00;310 • 00280 • 00316 • 90 1, 02 

1 • 00155 • 00140 • 00158 • 90 1. 02 
2 • 00205 • 00196 . • 00227 • 96 1. 10 

15 3 • 00225 • 00228 • 00254 1. 01 1. 12 
4 • 00205, · • 00196 • 00227 • 96 1. 11 

E - 1 
5 • 00156 • 00140 . 00158 .90 1. 01 

.1 , . 00285 . 00280 • 00316 . 98 1. 11 
2 • 00455 • 00392 • 00454 • 86 • 99 

~o 3 • 00550 • 00456 • 00508 • 83 • 92 
4 • 00440 . 00392 • 00464 . 90 1. 03 
5 • 00300 • 00280 • 00316 • 94 1. 05 

., 
1 • 00181 . 00186 . 00212 1. 03 , L 17 
2 • 00245 • 00261 ' • 00303 1. 07 1. 21 

G - 1 20 3 • 00290 , 00295 • 00339 1. 02 l~ 17 
4 • 00248 • 00261 ., 00303 1. 05 1. 21 
5 • 00180 • 00186 • 00212 1. 03 1. 17 
1 • 00179 . 00186 . 00212 1. 04 L 18 
2 • 00247 • 00261 . 00303 1. 05 1 21 

a .. 1 20 3 • 00295 • 00295 • 00339 1. 00 1. 15 
4 • 00235 • 00261 • 00303 1. 11 · 1. 28 

; 

5 .·• 00186 • 00186 .00212 1. 00 · 1. 13 ·. 

' ' 
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"' a 

Table 3-2 Plate Deflections 
IV J I ~ J J l IV 

/j ,f o1f Due to Uniform Load, 

a/b = 1/2, 2 - . 
b 2/ ., 

_j_ JI ! r, V l ! 

a/b = 1/2 
' 

i . 
Specimen Total Deflection (inch) Class. 

Point No. Load lbs. Expe.r. Classical Exp. 

1 .00120 . 00090 .75 
2 . 00591 • 00594 1. 00 

G - 1 19.2 3 • 00778 . 00798 1. 03 
4 00590 . 00594 1. 00 
5 . 00115 . 00090 . 78 
6 . 00756 . 00778 1. 03 
7 . 00756 . 00778 1. 03 
1 .00130 . 00090 .70 
2 . 00557 . 00594 1. 07 

H ... 1 19. 2 3 . 007 38 . 00798 1. 08 
4 .OOfifil • 00594 1. 06 
5 . 00110 00090 • 82 
6 00726 00778 1. 07 
7 . 00726 . 00778 1. 07 

' a/b = 2 

1 00756 00750 . 99 
2 . 00730 00761 1. 05 
3 • 00778 . 00778 1. 00 

G - 1 19.2 4 • 007 31 • 00761 1. 05 
5 • 00756 • 007 50 • 99 
6 . 00120 • 00090 • 75 
7 • 00115 • 00090 • 78 
1 . 00?26 . 00750 1. 04 
2 . 007 32 • 007 61 1. 04 
3 . 007 38 • 00778 1. 06 

H - 1 19 .2 4 • 007 31 . 00761 1. 04 
5 • 00726 .00750 1. 04 
6 . 00130 • 00090 . . 70 
7 • 00110 • 00090 . 82 
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5 percent of the average. Deflection coefficients for the finite differ

ence method are not given by Reddy for plates with these dimensions, 

and, hence, are not readily available for comparison. 

Fig'~ 3. 1 and 3. 2 indicate the centerline of the deflection surfaces 

of plates with a/b ratios of 1/2 and 2, respectively, plotted using the 

averages of eight sets of tests results. 

3. 3 Deflections Due to Edge Forces 

Sinusoidal edge loads were applied on a single edge of a number 

of square plate models, The results of these tests are recorded in 

Table 3. 3. 

The difference between experimental and theoretical values is 

about 4 percent, on the average, but the variation is larger than that 

found for the uniformly loaded plates. The deflections due to edge loads 

are much more sensitive to small disturbances than that of the uniformly 

loaded plates, as is confirmed both analytically and experimentally. 

Thus, higher differences are to be expected. Also, the influence of 

Poisson's ratio is likely to be more significant in the case of edge load

ing than in that of transverse loading symmetrical to both centerlines 

of the plate. 

The finite difference values are much higher than the experimental 

and classical values, with an average error of 35 percent. 

Sinusoidal edge loads were applied on plates with a/b raUos of 

1/2 and 2, Tests results are listed in Table 3. 4. The total edge load

ing amounted to 9. 6 pounds. The experimental values shown in Table 

3. 4 represent the average of deflections obtained from four tests run 

on each plate. There is a larger deviation in these results than in the 

case of the square plate; the difference between the experimental and 



a/b::; 1 

Total Load 15 lbs 
. 40 ------~--1--------1----------· 
X 10"" 2 

'c'tnches) 
0 

. 60 

1 I 4 1/2 3 4 

a/b = 1/2 

Total Load 
19. 2 lbs 

1 

.80------~-----.---._.J..;,,_;.,,... ____ ~------L 
w X 10'- 2 
(inches) 

0 

Theoretical 

Finite Di,ff e:rienoe 

Measured 

Fig, 3. 1 Centerline Deflections of Uniformly Loaded 

Thin Plates, a/b = 1, 1/2 

14 

y/b 
I 

y/b 



15 

0 1/4 1/2 3/4 1 
A'. -----------+-----------+-----------+-.---------~,g.----y/b 

. 20 1--------+---·-----·-----------------

, 6 0 ---,...------l------------··-------·-· ~--·-· --------·····-----·· ··-·-··-··-----·-----

q_ ) 0 _p 

a/b :; 2 

Total Loacl 19. 2 lbs 

1. 00 -------~----- -~--------- ___ ___, 

w X 10- 2 

(inches) I 

Theoretica,l 

0 lVIeasiured 

Fig, 3. 2 Centerline Deflections of Uniformly 

Loaded Thin :Plate. a/b "'I 2 
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Table 3- 3 Plate Deflections 7)-
Dueito,,Sii:m&oida) Edge Forces, 

1 
0 
f 

a/0 = 1 -1kv~ 
/ --7 

Speoi- Total 
Point 

I)eflectiqn (inch) Class,. F. D. 
mep No, Load lbs Exper. Classical Finite D. Exp. Exp, 

1 . 00115 . 00109 . 00125 . 95 1. 09 
2 . 00082 . 00079 00092 . 96 1. 11 
3 • 00060 . 00055 . 00066 . 92 1. 10 

El - 1 8.0 4 . 00041 . 00037 • 00044 . 90 1. 08 
5 . 00025 . 00022 • 00026 . 88 1. 03 
6 . 00019 . 00015 00022 .79 l. 15 
7 . 00019 • 00015 • 00022 . 79 1. 15 
1 . 00110 . 00109 . 00125 . 99 l. 14 
2 . 00085 . 00079 • 00092 .93 1. 08 
3 . 00062 . 00055 • 00066 • 89 1. 07 

F.., 1 8.0 4 , 00045 . 00037. • 00044 . 82 . 98 
5 . 00021 . 00022 . 00026 1. 05 1. 24 
6 . 000 l 7 • 00015 . 00022 • 89 1. 30 
7 . 00018 . 00015 . 00022 .84 l. 22 
1 . 00100 . 00109 . 00125 1: 09 1. 25 
2 00075 . 00079 . 00092 1. 05 1. 23 
3 . 00046 . 00055 . 00066 1. 20 1. 44 

G - 1 a. o 4 . 00032 . 00037 . 00044 1. 15 1. 38 
5 . 00020 . 00022 . 00026 1. 10 1. 30 
6 00011 00015 . 00022 1 36 2.00 
7 . 00012 . 00015 . 00022 1. 25 1. 83 
1 . 00100 . 00109 .00125 1. 09 1. 25 
2 . 00071 . 00079 , 00092 1. 12 1. 30 
3 . 00045 . 00055 00066 1 22 1. 47 

H - 1 8. 0 4 . 00029 . 00037 . 00044 1. 28 1. 52 
5 . 00018 . 00022 . 00026 1. 22 1. 45 
6 . 00013 . 00015 . 00022 1. 15 1. 70 
7 . 00012 . 00015 . 00022 l. 25 1. 8 3 

•I 



17 

;--,I-;;, j,c ....... a _ __,., 

Table 3. 4 Plate Deflections Due 77-_. _ I 1-· · 
' 4. ' 

to Sinusoidal Eld~e Forces, 

1h-~1~ 
a/b .;,; 1/2, 2 

a/b C 1/2 

Spec. Total 
No. L(uid lb~. Point 

Class. 
-

Exper. Cla1;1sical Exp. 

DeflectioJ;J. (inch) 

1 • 004'70 - - • 00388 . 82 
2 . 00370 • 00340· . 92 
3 . 00237 • 00297 · 1. 26 

G • l e, 6 4 • 00218 · .• 002·57 1. 13 
5 • 00195 • 00227 1. 16 
6 .0016.2 .00019 1.17 
1 .00165 .ooorn 1.rn. 
1 • 00310 . 00388 1. 25 
2 • 00298 • 00340 . 1. 14 

.....,_.....,.,.._3___,.. ___ __,.~0~0=2-28~·~-----'·~0~0~297"'----i~1.3.~0 ............. 
H ~ l 9. 6 . 4 . 00215 . 00257 l. 19 

5 . 00192 • 00227 1. 18 
6 . 00015 • 00019 1. 26 
7 • 00015 • 00019 l. 26 

fllb i= 2 ....._ ______ _... ________ ..._ __ ,....,.,... ________ ,__.,....,., ________ __..__,.......,... __ ~--~! 

,.......,,.........1,.....,....-1--·-·~0-0~04=5...,_--t-~-·~0-0~0~52~~-,-~1-._1~5~1 
2 • 00027 . 00031 1 1'1 
3 • 00000 . 00018 

G - 1 6.4 4 · • 00000 • 00000 1. 00 

&,.......,,_._5~.-h-~·-o~oo~o~o'---1--~~·~oo~o~o~o~---~~1~00 
6 . 00000 . 00000 
7 . 00000 . 00012 
1 • 00044 . 000:52 1. 18 
2 . 00026 . 00031 1 rn 
3 . 0-0000 • 00018 

:a .. 1 6.4 4 · . 00000 . 00000 1. 00 t_:....-=~~~,:..,.:;..::...=...:::..=.--+----,::..=-..:;..,r..;:::.......----1----,..,...;;..;:....;..;;'----t ...... 
5 _- 00000 . 00000 1 (l(l 

6 . 00000 • 00012 
7 • 00000 • 00012 



1 1'4 1/2 3/4 1 -· _J, 1 

-----
I. _..--------c:.--- -

, 2 0 ------·····-·--· ·---- -------·-·····-········-.. ···- ------·--···-·------- ----·--· 
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Edge Forces. a/b = 1, 1/2 
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the classical theoretical values on the average being 15 percent. Some 

difference, however, is to be expected as the formulation of classical 

theory is foµnded on assumptions which tend to magnify errors as a/b 

decrease/ 15 ). 

The deflection measurements of plates with a/b ratios of 2 are not 

ml.:i.alie. The loading systems and apparatus were not originally prepared 

for the purpose of testing plates with these dimensions and it was found 

that deflections were too small to be accurately measured. 

Fig. 3. 3 shows the deflection surfaces of two sizes of plates 

measured along the centerline perpendicular to the loaded edge. 

3. 4 Deflections Due to Ed~ Moments 

The development of a pure edge moment for a corner supported 

plate is a difficult task experimentally, especially if the thickness of the 

plate is very small. 

In the tests described in this study, edge moments were obtained 

by two different methods which are referred to as method A and B. In 

method A, a sinusoidal load was applied to a portion of the plate allowed 

to "overhang, " as shown in Fig. 3. 4a. Deflections were then measured 

and recorded. The load was then applied between supports and the re

sulting deflections subtracted from those of the "overhang" case to give 

the final values. To eliminate possible errors due to twisting moment s 

and lateral bending in the overhang, method B was used. In this case 

tbe load was applied as concentrated forces at the end of steel rods 

clamped to the edge of the plate. The resulting deflections were meas-

ured and recorded. Final values were then obtained by subtracting from 

the recorded values those due to the concentrated loading applied between 

the supports. This process is illustrated in Fig. 3. 4b. Deflections 
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mea,ij1tred using both methods were practically the s~;me. 

Results are listed in Table 3. 5. It is seen that theX"e is an, average 

difference of only 2 pel;"cent between the experimental and the classical 

solution. An aveJ:1age diff eTenee of 21 percent between the experimental 

and the finite difference values is found. Fig. 3. 5 indicates the deflec

tion surface of the plate along the centerline perpendicular to the loaded 

ec;lge, The experimental results shown repl;'esent the averages of ei~ht 

setl:i of test result~. 
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Table 3. 5 Plate Deflections Due 77 ,/ "/ to Sinusoidal Edge Moment, 
b ~ 

a/b = 1 -

.l~I _jif!{ . 
-

··-

.. 

Spec. Mornent Deflection (inch) 
Class. F. D. 

No. per Point 
in{!h Exper. ClassicQ.l Finite D . Exp. Exp. 

.,,· ,•' 

1 +.00060 +.00061 +.00080 1. 02 1. 33 

2 -.00070 -.00058 I'.", 00090 . 83 1. 29 

3 .- . 00100 -. 00092 -.00140 . 92 1. 40 

G - 1 4.7268 4 -.00076 -.00075 -.00090 . 9,9 1. 18 

5 -. 00040 -.00037 -.00045 . 92 1. 12 

6 -.00079 -. 00089 -.00085 1. 13 1. 08 

7 -.00077 -.00089 -.00085 1. 15 1. 10 

1 +.00060 +.00061 +.00080 1. 02 1. 33 -
2 -.00072 -.00068 -.00090 . 80 1. 25 

3 -.00095 -.00092 -.00140 . 97 1. 47 

H- 1 4.7268 4 -.00078 -.00075 -.00090 . 96 1. 22 

5 -.00041 -.00037 -.00045 . 90 1. 10 

6 -.00082 -.00089 -.00085 1. 09 1. 04 

7 -.00082 -. 00089 -.00085 1. 09 L 04 
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4. 1 Summary 

CHAPTER IV 

SUMMARY AND CONCLUSIONS 

A model study of the deflections of thin elastic rectangular plates 

supported at their corners is presented in this thesis. 

Plate models were constructed of ordinary plaster-of-Paris 

because of its relatively low Poisson's ratio and its similarity in be

havior to plain concrete. 

The plates were loaded uniformly and with sinusoidal edge forces 

and moments, and the experimental results for deflections of plates 

having length. to width radios of 1/2, 1, and 2, are recorded in tables. 

Tests results are compared with two available sources of theoretical 

data: the fiqite difference method and the classical Fourier series 

approach. Final centerline deflection curves for plates of various size s 

under normal and edge loading are illustrated by scaled drawings. 

4. 2 Conclusions 

It is felt that restilts reported herein throw some light on the 

nature of the deflection surfaces of corner supported plates subjected to 

loads for which p.aster behaves as an elastic material. The following 

conclusions may be drawn from the results given in the study: 

1. Ordinary plaster, . if prope;rly cured and dried, has a linear 

stress-strain diagram up to the ultimate or breaking stress; its behavior 

24 
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at working loads is approximately the same as an elastic material. 

2. Best agreement between tests and theory is obtained from 

averages of three or more experiments for most loading cases. The 

necessity of a relatively large number of specimens and tests is not a 

serious objection to the plaster-model method of determining plate de-

flections, since many specimens may be made from one mold, and the 

testing is done quickly and with little expense. 

3. Theoretical deflections obtained by the classical Fourier analy-

si~ a:re in good agreement w:i,th the experimental data. The finite dif-

ference method~ using an 8 by 8 grid, gives values for deflections which, 

as a whole, do not agree with the experiments as well as the classical 

analysis. For some loading cases, the finite di{ference method may 

lead to deflections which are considerably in error. 

4. Ordinary plaster-of-Paris may be used to construct inexpen-

sive, linearly elastic, and fairly homogeneous small-scale models. 
\ 

The average difference throughout all the tests of only six percent be·-

tween theoretical and experimental deflections indicates that the prop-

erties of the model closely parallel those assumed in the mathematical 

analysis, and that the effects of Poisson's ratio were practically negli-

gible. 
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