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ANTONI SAWCZUK*

Polish Academy of Sciences, Warsaw

and

LECH WINNICKI

Warsaw Polytechnic Institute, Warsaw

Abstract-It is known from experiments that the actual load-carrying capacities of plates are larger than those
predicted by the limit analysis theory. The behavior of plastic structures beyond the bending collapse load
is influenced by the changes in geometry of a structure during the process of plastic deformation. In the present
paper, an investigation of the load-{\eflection relationship for simply supported rectangular reinforced concrete
plates is presented. The tensile membrane action is found to be localized in zones of bending yield hinges. The
zones of pure membrane response consequently develop as the load increases. The paper presents a kinematical
method of analysis of plastic plates beyond the bending collapse load. Kinematically admissible collapse modes
are studied and the associated dissipation functions are derived. Load-{\eflection relationships are obtained
for various yield patterns. The theoretical results are compared with experimental data following from model
tests.

1. INTRODUCTION

Two MAIN factors influence the behavior of plastic structures beyond the plastic collapse
load, namely the material strain-hardening and the changes in geometry of a structure
during the process of plastic deformation. For the purpose of structural design of re
inforced concrete plates the influence of hardening on the ultimate load is easy to estimate,
simply by substituting the actual ultimate strength instead of the yield stress of reinforcing
bars. From experiments on the plastic behavior of transversely loaded reinforced con
crete plates it follows that deflection at the state of instability of the deformation process
cannot be considered small. It is also observed that the actual load carrying capacities
of plates are higher than those predicted by the limit analysis theory (even with the
appropriate modifications for the hardening effects). Therefore an investigation is required
which would take into account the changes in geometry of a structure in the process of
plastic deformation.

The importance of the problem of post-yield behavior of reinforced concrete plates
has already been pointed out by Gvozdev [1]. However, only recently a satisfactory
analysis concerning circular plates has been presented by Wood [2]. The methods of
plastic analysis, of rotationally symmetric, perfectly plastic shells have provided some
hints for derivation of load-displacement relations for circular plates (see [3-5]). A
rectangular plate problem cannot, unfortunately, be approached in the same way, since
a prerequisite for it is the complete limit analysis solution for bending. This, however,
cannot be obtained, except for very particular cases of loading. Therefore methods of
appropriate bounding of the load-deflection relation beyond the yield point load are
needed, (see [6,7]).
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It follows from experiments on rectangular plates that either the post-yield membrane
action in reinforced concrete plates is localized in zones of bending yield hinges, or
certain additional 'membrane hinges' appear. This fact seems to have been noticed for
the first time by Wood [2]. The experiments by Jaeger, [8J, Sawczuk et al., [9J, rendered
some evidence in this respect.

In the present paper an investigation of the load--deflection relationship for simply
supported rectangular plates is presented. Both theoretical and experimental results are
given. To make the paper self-contained, in Section 2 basic relations of the plastic theory
of plates at moderately large deflections are recalled. The curves of bending-axial forces
interaction for reinforced concrete sections are briefly discussed in Section 3. Kinematic
ally admissible collapse modes and the associated dissipation functions are analyzed
in Section 4, whereas Section 5 presents the load-deflection relations following from the
developed approximate theory. Section 6 contains a description of the test arrangements
and models. Recorded and theoretical load--deflection relations are compared in Section
7, the yield patterns being also given.

2. BASIC RELATIONS

In the present analysis, if not stated otherwise, the rigid-perfectly plastic model of
deformation is employed. Thus, in the deforming zones an appropriate yield condition
has to be fulfilled. For plates subjected to bending, the yield condition F = const. is
expressed in terms of the stress couples tensor M~fJ' (iX, P = 1,2), namely F(M~fJ) = const.
At increasing deflections of a plate the membrane forces N~fJ appear', therefore the yield
condition takes the form F(M~fJ' N ~fJ) = const. Since components of the Nap-tensor are
deflection dependent, so is the stress profile on the yield hypersurface F.

The plastic deformation is accompanied by internal energy dissipation. In the presence
of bending and stretching, the dissipation density per unit area of the undeformed plate
middle plane takes the form

(1)

where h:~fJ stands for the curvature rates, )"~fJ being the components of the extension rates
of the middle surface. If the plastic deformation process is to continue, the rate at which
the external forces do work must not be smaller than the rate of internal work. For a
plate of area A, this leads to the relation

lpWdA2': td . dA = L(M~fJh:~fJ+NafJ~~fJ)dA, (2)

where p stands for the transverse loading and W is the deflection rate. Since M ~fJ' N ~fJ

appearing in (2) are interconnected, in the process of plastic flow, by a deflection
dependent relation F(M~fJ' N~fJ) = const., therefore (2) represents an estimation of the
load--deflection relationship for plates at large deflections. If the plastically deforming
regions can be localized at n generalized hinges, then the relation (3) takes the following
form (cf. [7])

f P WdA ~ f (NAi+ MOi)/i ,

.4 1

(3)

where Ai and Oi stand for the concentrated elongation and rotation of the plate median



Plastic behavior of simply supported reinforced concrete plates 99

surface at the ith generalized hinge, Ij is the length of the respective hinge line, M and N
being respectively the bending moment and the axial force normal to the hinge line.

Let W denote a current, finite deflection at the yield hinge. If the distance between
the yield hinge and the rotation axis is c, then from geometry of deformation (cf. [10])
it follows that

0= Wjc, (4)

The appropriate rates of deformation entering the relation (3) are

e= ~c, A = W~c = we. (5)

Substitution of (5) into (3) yields the result

Jp WdA 2:: f (NW+ M)8 i lj ,

A 1

(6)

which involves the actual deflection W of the hinge line.

For polygonal plates, Wat any hinge line is expressible in terms of the rotation rates
iJ j ; thus the rate variables can be eliminated from (6) and an estimation of the load
deflection relationship can be obtained. This involves only the M and N stress resultants
at the hinge, therefore the resultants normal to the hinge line. No other stress resultants
contribute to the internal energy dissipation, therefore such a particular projection of
the yield surface F(N.p, M.p) = 0 is required which involves the stress resultants M and
N only.

3. PLASTIC INTERACTION CURVES

For a thinwalled spatial reinforced concrete structure the yield condition is an inter
section of two hypercylinders F1(N l' M d = 0 and F2(N2' M 2) = 0 in the space of
principal stress resultants N l' N 2' M l' M2' (cf. [11], [12]). Since the subspaces N l' M 1

and N2' M 2 are orthogonal, the projection of the yield surface to the N 10 M 1 space is
geometrically the same as an intersection of the yield surface by the planes M2 = N 2

= const. This allows us to consider only the yield interaction curve of resultants M1 = M
and N l = N. In this way the problem of yield condition is reduced to evaluation of an
interaction curve in the M-N-plane.

Let us consider a cross section of unit width. reinforced at a distance H from the
plate middle plane. The plate thickness is 2H and F= denotes the reinforcement area
per unit length and normal to the cross section. The geometry of deformation at the
yielding cross section and the associate stress distribution at the state of failure are
shown in Fig. l(a) and l(b) respectively.

If the axis of rotation of the collapse mechanism link lies in the undeformed plate
middle plane then from the analysis of geometry of deformation the following relation
is obtained

(H = 1\/0 = Wj2,

where W denotes the actual deflection at the generalized hinge.

(7)
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FIG. I

On the other hand, the equilibrium requirements supply the expressions for the
resulting normal force N and the bending moment M. In dimensionless form the respec
tive expressions are

where

{

l-~
1---

N 1-~0'

n=No = 1, ~21,

{

I ( 1- ~2)-- 2+--
m=~= 3+~0 l-~o'

Mo 2

3+~0'

(8)

(9)

(0)

01 )

(2)

stand for the ultimate tensile force and the ultimate moment at the cross section, respec
tively. The parameter ~o appearing in the above relations denotes the neutral layer
distance at the state of stress such that N = 0 and M = M0' i.e. at the bending collapse.
The magnitude of ~o depends on the percentage of reinforcement and the properties of
materials employed

(3)

(14)

namely upon the concrete compressive strength Rc and the yield stress (Jo.

In view of (13) it can be concluded that the membrane action in reinforced concrete
plates appears at a specified deflection of the yield hinge. The minimum deflection for
the membrane action to develop is Wmin = 2H~o.

By appropriate combination of the relations (7Hll), the stress resultants in terms
of deflections can be obtained and therefore the load deflection relation (3) can be
evaluated for an actually considered collapse mode.

Elimination of ~ from the relations given above yields the interaction curve

~o 21-~0
m + 2n--+n ---1 = 0

3+~o 3+~0 '

which depends upon ~o, i.e. upon the percentage of reinforcement. Evaluation of the
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load-deflection relation may be facilitated if the interaction curve (14) is properly approxi
mated. For 0 ~ n ~ 1, which is the case in the membrane action of plates, the inter
action curve can be linearized to the form

1+eom+n--.--l = O.
3+':;0

(15)

(20)

Under such approximation the stress resultants take the following deflection
dependent form

{ ~-~o2H
eo ~ e ~ 1, (16)n= - I-eo'

1, e ~ 1, (17)

W
3-eo--(1+~0)

2H
~o ~ ~ ~ 1, (18)

m= (3 + eo)(l- eo)

2
~ ~ 1. (19)

3+~0'

In the range of 0 ~ n ~ 1 and 1 ~ m ~ 2/(3 + eo) the respective interaction curves
are shown in Fig. 2. For 0 ~ ~o < 1 all interaction curves lie within the bounds traced
in this figure by the lines ABo and AB t .

n-
FIG. 2

If equation (12) is substituted into the expressions for the internal dissipation, the
following relation for the dissipation function per unit length of the hinge is obtained:

. (2n W).d j = (NW+M)Oj = M o m+-;:-- OJ.
3+<,0 H
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For the yield curve as given by equations (16)-(19) the dissipation function takes the
deflection-dependent form

(22)

(21)

c::: 1,

d
i

= ( ~:13~~~;!;oiHo)JMoO;'
~3"(I +2j))MoOj.

+so

where j) = Wj2H denotes a dimensionless deflection.
For a particular collapse mode the internal dissipation can be computed. It is seen

from (21) that the load-deflection relationship is non-linear. To evaluate the p-j) depend
ence, it is necessary to study the possible collapse modes of reinforced concrete plates.

4. COLLAPSE MODES

(23)

It can be learned from experiments on rectangular reinforced concrete plates that at
early stages of the post-yield behavior, therefore for moderately large deflections, the
yield pattern does not change but remains that of the bending response. Therefore the
membrane action can be 'localized' at the yield hinges.

For a plate with edges restrained against sliding but free to rotate, a kinematically
admissible collapse mode is shown in Fig. 3. Compressive forces equilibrating the mem
brane action are taken up by the supporting frame of the plate. In the case of symmetry
the collapse mode is defined by a single parameter IJ, to be evaluated according to the
yield line theory (cf. [13], [14])

1 J 2IJ = )Z[ (I +3a )-1],
_(1.

At deflect"ons W = 2~oH the membrane forces begin to dissipate energy. Along the
yield hinges shown in Fig. 3 three zones have to be distinguished. Within the range of
deflections 0 :5: W:5: 2~oH, defined by the parameters ljJo and /io, only bending moments
do work. Along the line KL there is 2~0 :oS W:5: 2H, therefore the dissipation has to be
computed according to equation (21). For W 2: 2H the expression (22) holds.

y
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If Wo denotes the maximum deflection of the line CD, then

103

(26)

(27)

Po = ~oH = ~ ~o = I} ~:' <50 ~ ~o, (24)
Wo 2<5 0 '

1 1
PI = 2<50' ~1=I}<50' <50 ~ 1, (25)

where <50 = Wo/2H.

The internal energy dissipation is due to pure bending response within the range
o~ x ~ ~oa, combined bending-membrane response for ~oa ~ x ~ ~Ia, and pure
membrane action within the range ~ I a ~ x ~ I}a. If we denote by Do the dissipation
associated with the bending collapse, and by D the dissipation at the combined mem
brane-bending action, then for the considered collapse mode we have

aOAE beAB • ( 1 )
Do = M o- 2- + M o -2- = MoWo cx+ 21}cx .

The dissipation of combined response depends upon the magnitude of the maximum
deflection and for ~o ~ <50 ~ 1 it becomes

D = Mo(~oaeAE+pobeAB)+Mo(eAE+eAB2~d) x

f
~a I, 4<5-~0-1 J . (a ~ [4<50-~0-1 J

x t/Joa Ll+(3+~0)(1-~0)(<5-~0~ dx+MotlAE 2-1}; 1+(3+~0)(1_~0)(<5-~0)

where <5 = <5ox/1'/a, I} and ~o being defined by the relations (23) and (24), respectively.
Integration yields the result

{ [
~6 1 1 4 2]

D = MoW
o

1+ 41'/2 CX 2 (3-~0)-~(3-~0)6-<50(5~0+1)2+3<5o

2Wl. (3 + ~0)(1- ~o)

2 )R3-~0)-<50(5~0+ 1)+4<5~}
+(cx- 1'/CX t (3+~0)(1-~0) J

By an analogous procedure the value of D for <50 > 1 can be evaluated. Knowing the
dissipation function, the load-deflection relation is estimated according to equation (3).
Before passing to presentation of the p-<5 relationship, we have to consider some other
collapse modes, particularly those relating to plates without restrained edges. If re
inforced concrete plates are allowed to slide over the supports, then at a certain magnitude
of deflection there appears in rectangular plates a crack perpendicular to the longer
side of the plate. This crack passes across the thickness of the plate, but no rotation of
the adjacent parts of the slab with respect to the crack is observed. The first one who
noticed that fact seems to be Wood, [2]. Experiments by Jaeger, [8], also provide valuable
data in this respect. The above-mentioned collapse mode is shown in Fig. 4. The motion
of the collapse mechanism in comparison to that shown in Fig. 3 involves an additional
rotation of the element ACDE with respect to an axis perpendicular to the plate surface.
The plate element ACDE is at point D in contact with the adjacent part at the distance
~oH from the middle surface.
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FIG. 4

Evaluation of dissipation associated with the interaction curve (15) is, for the collapse
mechanism considered, somewhat cumbersome. If the following approximate assump
tions are made, namely that

M = M o'

M =0,

the dissipation takes on the form

N = °
N = No

along the line AF I }

along the line F I CDE
(28)

(29)

For the considered collapse mode as shown in Fig. 4 extension of the bending response
is

(30)

whereas the dissipation (29) is computed according to (28), assuming that the segments
AECD are in contact at the distance H from the middle surface. Thus

(31)

It is seen that the bending zone extent depends upon the deflection magnitude 15 0 and
on the position of contact of the AECD-parts at the plate center.

In the evaluation of the dissipation function (29) it has been tacitly assumed that the
compressive forces are transmitted by the plate without any energy dissipation.
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Another collapse mode involving tension cracks is also possible. It is shown in Fig. 5.
In this case the bending moments are acting along the hinge ACD, whereas the axial
extension is concentrated on the line Fe. The associated dissipation consists of the
bending dissipation as given by (26) whereas, when including the additional term due
to stretching, we have

(32)

FIG. 5

Having derived expressions for the dissipation function, we can proceed to the
evaluation of the load-deflection relations.

5. LOAD-DEFLECfION RELATIONSHIP

The load-deflection relation beyond the plastic collapse in dimensionless form can
be written as follows

, P D
A=-=-,

Po Do
(33)

where P denotes the actual load, Po being the bending collapse load.
For a plate with restrained boundaries, substitution of (26) and (27) into (33), after

certain rearrangements, yields the results

A. = 1 <> ~ ~o

Ie = C-D(l + B)<>o+E(l +2B)<>~-CAi:o' ~o ~ <>0 ~ 1,

1
A. = G+G(I+B)<>o-AGF <>0' <>0 ~ 1.

The values of coefficients A, B, C, D, E, and F are contained in Tables 1 and 2.

(34)

(35)

(36)
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TABLE I

rx 1·0 1·2 1·4 1-6 1·8 2·0
._-----_._--~---- --

I +4'72rx2
1·000 0-947 0·897 0-843 0·794 0-750A=---

1+2'7(;(2

B=
2'7rx2 - 4'72rx2

0-000 0-054 0'104 0-158 0·206 0·250
1+2'7(;(2

TABLE 2

~o 0-0 0-6 0-7 0-8 0·9 1·0
---------'

c= 3-~o
1·000 1·667 2·070 2-875 5-380 ex

(3+~o)(l-~o)

D = -_. I +5~o
0-167 1·398 2·030 3·290 7'050 oc

2(3 + ~o)(l- ~o)

4
E= 0-444 0-926 1-200 1·750 3-420 oc

3(3+~oKI-~o)

F=
1-2~o+~~

0-0833 0-0133 0-0075 0'0033 0-0008 0
12

2
G=-- 0-667 0·555 0'540 0·527 0·513 0·500

3+~o

For the collapse mode shown in Fig. 4 substitution of (29) into (33) yields for the
range 15 0 ~ ~o the following result:

;. = Glbo+G(1+~oK)+PIA[2-G(2+~0)], ~o ~ boo (37)

From relations (26), (32) and (33) the load-deflection relationship associated with the
collapse mode shown in Fig. 5 is found to be linear in terms of 150 , namely

;. = 1+C:~JC +~'1~1 bo = 1+GPbo·

The coefficients A and G entering equation (37) are contained in Tables 1 and 2, whereas
the values of I, K and P are given in Table 3. Values of PI entering (37) are to be computed
from (31).

TABLE 3

c£ 1·0 1·2 1-4 1·6 1·8 2·0

4'7 2
C£2

0·500 0·486 0-485 0·496 0·502 0·5271= 1---
1+2'7rx2

2'7rx2
0-500 0·567 0'604 0·661K=-- 0·694 0·723

1+2'7rx2
1

p=-- 0·500 0·433 0·396 0·339 0·306 0·277
1+2'1rx2
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For the sake of comparison in Fig. 6 there are presented the load~eflection relation
ships for the case of IX = 2. Fig. 6(a) concerns ~o = 0,6, thus it corresponds to the rein
forcement percentage p. = 1%, whereas in Fig. 6(b) the diagrams are shown as corre
sponding to ~o = O.

It can be seen that the collapse mode shown in Fig. 3 can give smaller values of the
limit load only for deflection of the order of magnitude of the plate thickness. With
increasing deflections the collapse modes with one or two transverse cracks are associated
with a lower value of the load. Fig. 6(b) shows that a situation may arise when the collapse
mode of type shown in Fig. 4 is more probable than that of Fig. 5. It is also seen that

a)
3.00,----r---r----,--,----,----,

b~~P
1

rx-a/b-2. f.o-0.6

~ '.00 J- _.-+-~-+------l

'" -----+--,O<+--7"''''I---..,.".-+-----=I
£q.u.35

100 t-=~~_+--+---+--+-____l

b)
3,00r---,--,.--r-~--r--,.-,

f-;=P
t

a-a/b-2, ~o-O
2.00~r+--+----+-----J

100 ..--:

3.0

FIG. 6

10 2.0

°0--
3,0

plates with boundaries allowed to slide show smaller increase of load as the deflections
are increasing.

Our concern now will be a comparison between the approximate load~eflection

relationships obtained for rectangular plates, and experimental data.

6. DESCRIPTION OF MODELS AND TEST ARRANGEMENTS

Tests were made on plates 2·0 m x 1·0 m, alb = 2 and 1·6 m x 1·1 m, alb = 1·45.
The plate thickness was 3·0 cm, the effective thickness 2H = 2·6 cm. The models were
made of concrete of average compressive strength Rc = 175 kg/cm2

, measured on
cylinders cjJ 16 cm, I = 16 cm. The models were reinforced with mild steel mesh made
of annealed cjJ 3 mm wires. Two types of isotropic mesh were used, namely reinforcement
type I, cjJ 3 at 3 cm spacing, reinforcement percentage p. = 0·907 %, and type II, cjJ 3 at
6 cm spacing, reinforcement percentage p. = 0·453 %. The yield point stress of wires was
(10 = 2690 kg/cm2

, the tensile strength Ro = 3540 kg/cm 2
. In computing the theoretical

collapse load the tensile strength Ro has been substituted into the yield moment formula.
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According to (12) the ultimate yield forces and the ultimate moment are, respectively,

{
8350 kg/m, type 1,

No=F:R o =
4175 kg/m, type II,

~
FxRO) {192'5 kgcm/cm, type L

M o = F.Ro 2H--- =
• 2Rc 102-4 kgcm/cm, type II.

(39)

(40)

(41)

(42)

The theoretical values of the bending collapse load, computed according to the
relation, (cf. [14])

(43)

are given in Table 4.

TABLE 4

IX

'1

Reinforcement

Ji 0 0

(fo I p (kg'm2)
Rol 0 _I

Type I

0·907
12145
12750

1·45
0·405

Type II

0·453
1135
1465

Type 1

0·907
2110
2720

2'00
0·326

Type II

0·453
1120
1445

In order to eliminate the influence of tensioned concrete on the yield moment and
on the bending collapse load the tensioned zone of concrete along the theoretical hinge
lines has been disrupted by an arrangement of flat bars with reduced bond between the
steel and concrete.

Models were placed on a test bed consisting of a steel box without a deck. Water
pressure was applied to the bottom face of a test slab. Along the edges the slab contacted
an appropriate arrangement of supporting hinges, allowing for rotation and sliding of
the plate over the supports.

Loading was performed with a constant velocity. The constancy of loading velocity
was assured by an electronic control device. Deflections of the plate center as well as
rotations at two points on the yield hinge were measured by means of mechanical devices.
The increase of loading, deflections and rotations were recorded automatically on a
paper tape.

Two identically reinforced models were tested for each plate size and reinforcement
amount.

7. TEST RESULTS

In Figs. 7, 8 and 9 the results of deflection measurements are presented in the form of
load-deflection relationships for a plate center. The solid lines denote the experimentally
obtained relations between the applied pressure and the dimensionless deflection
15 0 = Wo/2H. The plates were loaded up to deflections of magnitude W ~ 20 cm, thus
bo ~ 7·5.
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~2OlXJ
OJ-

"Q
~
~ 1500 t---+-I-I-+----+---+------+-----1

Type I
a-2

FtG. 7
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Since the results of measurements represent the total deflection i.e. the elastic and the
irreversible one, it is necessary to take this fact into account when comparing the obtained
load--<leflection relationships with those following from formulas derived in Section 5
for rigid-plastic plates. Although it is not fully justified, elastic deflections have been
added to those of post-yield response. The resulting curves are shown in Figs. 7-9 by
broken lines. When computing the elastic deflections it has been assumed that up to the
collapse load Po the plates respond linearly elastic and for P > Po their response is purely
plastic. Two values of Po are indicated in the figures. The lower one corresponds to the
steel yield stress 0"0' the upper one to the ultimate strength Ro, (cf. Table 4). Obviously
the upper theoretical curve should run above that obtained from experiments.

2(}(x} 1--------11------+------:;74

E'
~ 1000 H-~~----1I__--__t---___l
~
~

TypeD
a-2

FtG. 8
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2

oo---~

FIG. 9

4

As it was clearly seen from Fig. 6, the lowest theoretical load-deflection relation for
plates with unrestrained boundary is that associated with the collapse mode shown in
Fig. 5. Thus the experimental results have been compared with those following from
the formula (38).

Elastic deflections at the plate center were computed according to the relation (cf.
[15])

W = fJpa 4lD, p ::; Po (44)

where fJ = 0·00739 for bla = 1·45 and fJ = 0·01013 for bla = 2·0. The bending rigidity
was taken D = £1 and the inertia moment 1 has been substituted for a fissurated plate.
For Re = 175 kg/cm 2

, (Jo = 2690 kg/cm 2
, n = (JolRe = 15 and Young's modulus

E = ooסס16 kg/cm2 the rigidities were found to be D = 2·18 X 107 kgcm 2/m for
J.1 = 0·907 % and D = 1·44 X 107 kgcm 2 /m for J.1 = 0·453 %.

In Figs. 10 and 11 the obtained collapse modes are shown for two cases of plate size.
The tensile cracks perpendicular to the longer edge are clearly visible. Position of these
cracks is that as idealized in Fig. 5.

Fig. 12 is presented in order to give an idea of the magnitude of permanent deformation
of tested plates.

The experimental data as demonstrated in Figs. 7-12 are in agreement with the
theoretical results of the developed method of post-yield analysis for reinforced concrete



FIG. 10. Collapse mode for plates alb = 2·0.

FIG. 11. Col1apse mode for plates alb = 1·45.

[facing page 110



FIG. 12. Permanent deflection due to membrane action in bending.
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plates. It is seen that the influence of geometry changes on the carrying capacities of
plates can be significant, especially for plates with restrained edges. Since such cases
generally occur in structures, the large-deflection theory of reinforced concrete plates
seems to be worth pursuing in application to orthotropic plates as well as for other
boundary conditions.

Acknowledgment-The authors are indebted to Professor A. Borcz and Mr. J. Sieczkowski from the Polytechnic
Institute of Wroclaw for very carefully performed experiments. The photographs presented in the paper were
made by Mr. E. Witecki.
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Resume-L'experience a demontre que Ie pouvoir portant des dalles est superieur a celui qui resulterait de la
tMorie des lignes de rupture. Le comportement des constructions plastiques au-dela de la charge limite de
flexion subit l'influence des changements de la geometrie d'une structure au cours de sa deformation plastique.
L'article presente une etude du rapport charge/fleche pour dalles rectangulaires en beton arme a appui
simple. On constate que l'''effet de membrane" se trouve localise dans les zones des rotules plastiques de
flexion. En consequence, les zones d'effet de membrane s'accroissent a mesure que la charge augmente. Une
methode cinematique d'analyse des dalles plastiques au-dela de la charge limite en flexion est presentee; des
modes de rupture cinematiquement admissibles sont etudies et les fonctions de dissipation qui les accompagnent
en sont derivees. Des rapports charge/fleche sont obtenus pour differents mecanismes de rupture. Les resultats
theoriques sont compares avec les donnees experimentales obtenues par essais sur modeles.

AOCTJlllKT-lf3 OIIbITOB H3BeCTHO, 'ITO ,lI,eltcTBHTeJIbHaJl rpY30-HecymaJl cnoc06HOCTb DJIHTbI JlBJIJleTCJl
60JIbwelt, '1eM npe,lI,CKa3aHHaJI no TeopHH npe,lI,eJIbHOlt Harpy3KH. TIOBe,lI,eHHe DJIaCTH'IecKHX CTpyKTyp 3a
npe,lI,eJIOM H3rH6alOmelt KpHTH'IeCKolt Harpy3KH 3aBHCHT OT H3MeHeHHJl reOMeTpHH CTpyKTypbI DO BpeMJ!
npoQecca DJIaCTH'IecKoi!. ,lI,ecl>opMaQHH. B HaCTOJlmelt pa60Te paCCMaTpHBaIOTCJl OTHOWeHHJl MellCAY
HarppKoi!. H nporH60M B npllMoyrOJIbHbIX lICeJIe3o-6eToHHbIX nJIll.Tax, HMelOmHX npocrylO onopy.
Hail.,II,eHO, 'ITO ,lI,eltcTBHe paCTlIlKHMoi!. MeM6paHbi JIOKaJIH30BaHO B 30Hax nO,lI"lI,aIOIUHXCJl neperH6y
nyHKTOB. C YBeJIH'IeHHeM Harpy3KH 06pa3YlOTC1I30HbI '1HCTbIX MeM6paHHbIX peaKQHlt. Pa60Ta npe,II,JIaraeT
KHHeMaTH'IecKHi!. MeTO,lI, aHaJIH3a DJIaCTH'IecKHX DJIHT 3a npe,lI,eJIOM KpHTH'IecKOll: crH6alOmell: Harp
Y3KH. PaCCMaTpHBaIOTCJl KHHeMaTH'IecKH ,lI,onycTHMbIe CJIy'laH pa3pyweHHJl H BbIBO,II,lITClI aCCoQHHpO
BaHHbIe AHccHnaTHBHbIe cl>YHKQHH. TIOJIY'leHbl OTHoweHHlI Harpy3KH K nporH6y ,lI,JI1I pa3JlH'lHbIX cxeM
CMemeHHit. TeopHTH'IecKHe pe3YJIbTaTbI CpaBHHBaIOTCJl C3KcnepHMeHTaJIbHbIMH ,lI,aHHbIMH, nony'leHHbIMH
H3 HcnbITaHHil. Ha MO,lI,eJIH.


