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_SYNOPSIS

Extensive literature is available on ths elastic
analysis of folded plates, assuming mate:ial to be homoge-
neous, isotropic and linearly elastic. The elastic theory
1s inadequate for the analysis of reinforced concrete
folded plates, as Tr?éinrorced concrete is neither homogeneous
and ifsotropic nor elastic. Few references are avallable
on the ultimate load anelysis of folded plate by yield
l1ine theory or equivalent beam theory. Only limffed work
18 reported on the study of the behaviour of reinforced
concrete folded plates through the entire loading range.
Pew experimental studies of reinforced concrete folded
plates are,?gported in lieterature. Eaégsthere is & need
for the study of behaviour of reinforced concrete folded
plates through all stages of loading ,considering the actual
material pro;ierties, both theoﬁtically and experimentally.
The present study summarised in ths following 1s an attempt
in this direction.

1. A 'Force mathod' is developed for the elastic
analysis of folded plates using the assumptions of ordinary

. assumesd 1o be.
folded plate theory. The structure 1s,converted into a
determinate structure by introducing a sultable release
system consisting of eylindrical hinges at interior fold
lines and diding longitudinal releases at all ths fold 1lines.

The proposed method has the sdvantage of having leaser
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number of redundant forces (2n = 2) as compared to 4n + 2)
unknown displacements in direct stiffness method where

n {s the number of fold lines. It has the additional
advantage for inelastic analysis as with the progressive
formation of plastic moment hinges, the number of unkngwns
get further reduced.

2. A "Matrix force method' is developed for the
inelastie analyai.s of folded plates using the cqncept of
equivalent elésto plastic section of the reinforced concrete
member. The concept of equivalent section used in the usual
flexural theory of reinforced concrete members is extended
for inelastic ana'lysis using Murashev's elastoplastic
modulus (also known as secant modulus). The equivalent
width of the cbmpression zone 1is a variable quantity due to
the varying modulus ascross the depth of compression zone.
Axial force moment curvature relationships are obtained using
elastoplastic section method for reinforced concrete members

and compared with those obtained by other theories.

The analysis of folded plates requires correct
assessment of the varigtion of longitudinal edge shear forces
along the span. No method of correctly assessing this
variation in the f{nelastic range 1s available at present
(1975). An assessment of distribution of the longitudinsl
edge shear forces for each fold 1ine was obtained (19686)
by trial and error (563). In the method developed herein no
separate estimation of the variation of longitudinal edge
shear forces along the span 1s required The compatdbility
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of longitudinal fold line strains iB ensured at all sections
along the span by distriduting ths residual strains at fold
1ines at the end of each cycle of iteration,considering
equivalent elastoplastic sectional properties of the member
plates at the section under consideration, pertaining to the
running cycle of iteration. This results in the modiffcation
in the shape of the curves showing the longitudinal variation
of integrated edge shear forces. This is assumed to be the
tnitial value for the next cycle of !iterstion. Thus the
shape of the longitudinal variation of integrated edge shear
forces is continuously modificd to increasingly correct

vglues during the iteration process.

A numerical method 1s proposed to obtain the
elastoplastic member flexidility matrix. The golution of
tfa {nelasti{c problem is attempted by successive approximations.
The proposed method of inelastic analysis of reinforced
concrete folded plates is a full load method.

3. In addition to the proposed general elastoplastic
gection method, aprroximate methods are proposed .to predict
the behaviour of folded plates,which are comparatively
easier snd faster. The following approximate methods are
proposed which are vgy1d for the specified range of loading.

(1) Cracked section methods to predict the behaviour
of reinforeed concrete folded plates in the reglons of
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working load, considering ths cracked sectional properties but
assuming a constant modulus of elasticity (Initlal tangent
modulug) for the compression zone concrete. The cracked
sectional properties at most stressed section are assumed

to be representative of the sectional properties along the
entire span. Two alternative methods are proposed (a) using
Matrix force method (b) Modifying distribution and carry

over factors in Gaafar/Simpson's method to account for the

cracking of concrete.

(11) Elastoplaatic section method assuming the elasto-
plastic sectional properties of moat stressed section as
representative of the sectional properties along the entire
span. The longitudinal fold line strein compatibility s
ensured only at most stressed cross section and hence a
contimious modification of the shape of the longitudinal

variation of integrated edge shears is not necessary.

Experimontal studies are carried out for thes entire
range of loading upto cénapse, on three microconcrete
reinforced folded plate models. The models are identical
in shape and size and are provided with the same transverse and
diggonal reinforecements. The longitudinal reinforcements

was varied in the models.

b, The obgerved values of the longitudinal strains
and deflections of the test models are compared with the
corresponding values predicted by different proposed methods.
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