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INTRODUCTION

The reinforced conerete elements behaviour after the elastic 1li-
mit is made by means of failures criteria as:Mohr-Coulomb,Drucker
Prager,energetical criteria,etc.For the materials with a brittle
failure we may use the Mohr-Coulomb criterium if the principal
stresses before the cracks appearance are known.By the experimen-
tal researchers made on the reinforced concrete samples was been
determined the cohesion ¢ and the internal friction angle 6,With
these values the Mohr-Coulomb criterium gives the errors between
10 % - 30 %.In the paper,authors propose an improved new relation
for the Mohr-Coulomb eriterium adapted for the reinforced conerew
te.This relation has the errors between 2%~4%,The errors variati-
on diagrams for the reinforced conerete samples eubes presents

e more adapted approach from the reality with this new criterium.
The authors have introduced this new eriterium as a routine in a
computer program with finite elements.The paper presents alseo
some results conecerning the behaviour of the reinforced conerete
prlane elements after the elastic limit,

FATILURE CRITERIA AND CONSTITUTIVE RELATIONS FOR REINFORCED
CONCRETE

Structural elements behaviour studies beyond on the elastic limit
are mede by means of yield or failure criteria.For to choose ene
criterium it is necessary to know the material behaviour and the
stress state in each point of the element,respectively the maxi-
mum prineipsl stresses(Mihalache, 1988).

The Mohr-Coulomb criteium is a generalisation of the Coulomb fric-
tion failure law defined by(Owen,Hinton, 1980)

(0"1-0"3)+(G'1+G"3) sin © = 2 ¢ cos © (1)

where G, and (l,are the prineipal stresses,c is the cohesion and
6 the anéle of internal friction,This eriterium is applied to
concrete,rock and soil problems.

The Drucker-Prager eriterium is one approximation of the Mohr-
Coulomb law,The influence of a hydrostatic stress eomponent on
yielding was introdueed by inclusion of an aditional term in the
Von Mises expression to give(Atluri,Kobayashi, 1985)
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The failure envelope is divided into several regions depending on
the ratio of maximum to minimum principal stress Clz and the
stress state,

a) If O<o(2<1 when is biaxial compression with(Milford,
Schnebrichy 1984)

1 + 3,65
2 o \ ,
0o (1 )2 o Ope= %, Ty (4)

and failure is assumed to occur due to yielding and crushing of
the concrete,
b) If - 0.17< 0(2< 0 when is biaxial tension compression with

o - 1+3.280<2 .

» o Gg=let, Tyl (5)

and failure is assumed o occur by yielding and crushing of the
concrete in the compression direction,

¢) If-woXX, < - 0,17 when is biaxial tension compression with
G‘czo.GSf‘ , U} = f, and failure in this gzone is assumed to be
dug to cragking In tﬁe tension direction,

d) If 1<X,< @© when is biaxial tension with Q.= f, and failu-
re is by cgacking or changes in the principal sti@ss Eirection.
Progressive cracking or changes in the crack orientation are
accounted for the cracking model by assuming that the crack direc-
tion is always normal to the direction of the maximum principal
strain(Hinton, Owen, 1984)

NEW RELATION FOR REINFORCED CONCRETE FAILURE

By means of one experimental testing series on the reinforced
concrete cubes with differents dimensions the authors have been
determined a new relation for the concrete elements failure.The
experimental tests was been made on three types concrete prisms
with the dimensions:

- Pype II-h1= h2 = h3 =a 3

- Type III -hlg a 3 =1,5a ; h,= h, = a,

For the experimental tests are use& eight different reinforcemen-
ts N=1,...,8 and two concrete classes (C15 and C,.),The load

in the instant before cracks appearance (P.) aﬁé the loaq in
the failure instant was been measured,the prisms being actioned
in the diagomal direction.The loads values are presented in the

Fig.1.
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Fig. 1 P, and P, loads variation

The mechanical characteristics,the loads and their direction are
given in the Fig.2.
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Fig. 2 Mechanical ~haracteristics

Stretching (S,) and compression (S_ ) stresses for two concrete
classes, three "dimensions types and eight reinforcement variants

are illustred in Fig.Ba(St and Fig.Bb(Sc).With gtretching (S, =
0'1 )stresses,Fig.3a and compression (Sc= G’B)stresses was beed
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determined,following Fig.1a,the cohesion ¢ and the internal fricti-
on angle ©,
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Fige3 St and Sc stresses variation

Stresses values (,= St and @, = Sc was been introduced in the
relation (1) resull:ing the errdrs Cbetween 10,37 % and 26,47 %,
graphiecally presented in the Fig,3.The authors was been determined
e new improved relation.On the experimental resulis,the new failu-
re e¢riterium for reinforced concrete,limited to the cases 1~ 0

) 3<0, oy = G".'/ G‘B < = 0,17 and ¢)from this paper is

G'.l - (T'3+( G'1+ 0"3) sin @ = ¢(2 cos © + tg 6) (6)

Introduising the second term from the right hand of the relation
(6) for the reinforcement prisms in the variants 1,2,3,4,7,8 it
results an error smaller 5%,Fig.4,for two concrete classes congide
red.From the experimental tests on the 100200ncrete sagples have
been resulted the cohesion ¢ = 33.6 daN/gm and © ¥ 55~ for the
concrete C and e = 42,9 daN/cm“,0 = 54~ 30 for the concrete

c .Supple&éntary,these congstant do not depends on the prism
hggght tested.
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Fig.4 Criteria errors

For the biaxial compression(case a) where 0,<0 anda Q% 0.220/3
the authors propose the following failure yiéld relatioﬁ for
reinforced concrete elements

0'1.;. Gf3+(0’1+0/3)sine=2c(cose-tg6) (7

If it is used the relation (1),the error is greater 50% but with
the relation (7) proposed by the authors the error is smaller 6%.
The hand member from the relations (6) and (7) represents the
Yield failure stress value in according with the failure theories
from the literature,The relations (6) and (7) may be introduced
in the routins of the computer programs based on the finite ele-~
ments method or the boundary element methods,in order to study
the failure of the reinforced concrete structural elements,

CONCLUSIONS

Fheoreticaland experimental study made by the authors leads to
some original improvings of the failure criterium Mohr-Coulomb.
for to using it for the reinforced concrete structural elements
with good results.We may make a numerical simulation for the
reinforced concrete structures behaviour until the failure,thus
ogtaining their bearing capacity and the actual safety coefficie-~
nTs.
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