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Reinforced Concrete Structures Topic 15. –Intermediate state of stress

Modeling of structural behaviour of RC members

Numerical modelling

linear, non linear, plastic, 1st order

theory, 2nd order theory, etc.

Experimental

modelling

full-scale,

non full-scale, etc.

Engineering

modelling

statics, strength of 

materials, elasticity, 

plasticity, dynamics, etc.

Material properties

homogen, inhomogen, izotropic, anizotropic

elastic linear, non linear elastic,

plastic, viscous, reological properties, etc.

Environment

effects, loads,

durability properties, etc.

Size effect

Structural

behaviour
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Reinforced Concrete Structures Topic 15. –Intermediate state of stress

RC cross-section in the uncracked and elastic/cracked state of stresses
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Bending moment

corresponds to the

yielding of 

reinforcement

Bending moment

corresponds to the

crushing of concrete

Curveture corresponds to the

crushing of concrete

Curveture corresponds to the

yielding of reinforcement
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yds f

The first plastic phenomenon is the yielding of the reinforcemen – s = fyd
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ydIIs f,

The first plastic phenomenon is the crushing of the concrete – c = fcd
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Load process of reinforced concrete member in the intermediate state (bending)

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state of 

stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Load process of reinforced concrete member in the intermediate state (bending)

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Reinforcement is yielding, concrete remains in the elastic state

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Let’s examine

this state!
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yds f

Reinforcement is yielding, concrete remains in the elastic state

Geometry

h

Deformation, e Normal stress, 
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yds f

Reinforcement is yielding, concrete remains in the elastic state
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First order equation for xi, in 

which equation ec,i is a  

parameter!!!                                                   

Solution can be made with

taking different ec,i values!!!
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yds f

Reinforcement is yielding, concrete remains in the elastic state
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Taking xi and ec,i values the

corresponding bending

moment Mi , together with the

curvature i, can be 

determined!!!                    
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yds f

Reinforcement is yielding, concrete remains in the elastic state
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Rupture of the reinforcement, concrete remains in the elastic state

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Finally, at the end 

of the calculation

we can arrive to

this state!
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yds f

Rupture of the reinforcement, concrete remains in the elastic state
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yds f

Rupture of the reinforcement, concrete remains in the elastic state
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Concrete compressed belt is crushing, reinforcement remains in the elastic state

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Let’s examine

now this state!
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ydis f,

Concrete compressed belt is crushing, reinforcement remains in the elastic state
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Second order equation for xi, 

in which equation ec,i is a  

parameter!!!                                                   

Solution can be made with

taking different ec,i values!!!

ydis f,

Concrete compressed belt is crushing, reinforcement remains in the elastic state
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ydis f,

Concrete compressed belt is crushing, reinforcement remains in the elastic state

Geometry

h

Deformation, e Normal stress, 
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Taking xi and ec,i values the

corresponding bending

moment Mi , together with the

curvature i, can be 

determined!!!                    
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ydis f,

Concrete compressed belt is crushing, reinforcement remains in the elastic state
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Failure of the compressed concrete belt, tensioned reinforcement remains in the elastic state

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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Finally, at the end 

of the calculation

we can arrive to

this state as well!
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ydis f,

Failure of the compressed concrete belt, tensioned reinforcement remains in the elastic state
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ydis f,

Failure of the compressed concrete belt, tensioned reinforcement remains in the elastic state
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Typical failure mode of the

over-reinforced RC 

cross-sections!

Reinforced Concrete Structures Topic 15. –Intermediate state of stress

3, cic ee 

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVÁCS PhD ® All rights reserved!



Reinforcement is yielding, compressed concrete belt is crushing

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections

Ty
p

ic
al

fa
ilu

re
m

o
d

es
o

f 
th

e
n

o
rm

al
ly

-

re
in

fo
rc

ed
R

C
 c

ro
ss

-s
ec

ti
o

n
s!

Let’s examine

now these two

same states!
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ydis f,

Reinforcement is yielding, compressed concrete belt is crushing
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ydis f,

Reinforcement is yielding, compressed concrete belt is crushing
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ydis f,

Reinforcement is yielding, compressed concrete belt is crushing

Geometry

h

Deformation, e Normal stress, 
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Taking xi and ec,i values the

corresponding bending

moment Mi , together with the

curvature i, can be 

determined!!!                    
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Reinforcement is already yielding, crushing of compressed concrete belt occurs

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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…the previously explained

process can start with the

crushing of the compressed

concrete belt, at which point

the tensioned reinforcement

is already yealding… 
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ydis f,

Reinforcement is already yielding, crushing of compressed concrete belt occurs
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Compressed concrete belt is already crushing, reinforcement yielding occurs

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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……or it can start with the

yielding of the tensioned

reinforcement while the

concrete compressed belt is 

already crushing …
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ydis f,

Compressed concrete belt is already crushing, reinforcement yielding occurs
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Compressed concrete belt failure, reinforcement is yielding

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections
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…the previously explained

process can end with the

failure of the compressed

concrete belt, at which point

the tensioned reinforcement

is already yealding… 
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ydis f,

Compressed concrete belt failure, reinforcement is yielding

Geometry

h

Deformation, e Normal stress, 

ix

3, cuic ee 

i

cdic f,
icN ,

iic xz 
3

2
,

iMz

x

ixd 
isN , iis xdz ,

d

ukissyd Ef ee  ,/

ic

… …

…. …

 00
0

,ice  mmix 









mm

1,

i

ic
i

x

e
  kNmiM  00

0
,,

i

i
icis

x

xd 
 ee

ic ,e Controll for es,i value!                   

!!!3, cuic ee  ukissyd Ef ee  ,/

One of the typical failure modes

of the normally-reinforced RC 
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Rupture of the reinforcement, compressed concrete belt is crushing

The first plastic

phenomenon is the

yielding of the

reinforcement

The first plastic

phenomenon is the

crushing of the concrete

Tensioned reinforcement

is yielding while the

compressed concrete belt

remains in the elastic state

of stress

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt remains in 

the elastic state of stress

Tensioned reinforcement

is yielding while plastic

deformation (crushing) of 

the compressed concrete

belt occurs

Failure of the

compressed concrete

belt occurs while the

tensioned reinforcement

is yielding

Rupture of the tensioned

reinforcement occurs

while the compressed

concrete belt is crushing

Compressed concrete belt

is crushing while the

tensioned reinforcement

remains in the elastic state

of stress

Failure of the compressed

concrete belt occurs while

the tensioned reinforcement

remains in the elastic state

of stress

Compressed concrete belt

is crushing while plastic

deformation (yielding) of 

the tensioned

reinforcement occurs

Typical failure mode of the

under-reinforced RC cross-

sections

Typical failure mode of the

over-reinforced RC cross-

sections

Ty
p

ic
al

fa
ilu

re
m

o
d

es
o

f 
th

e
n

o
rm

al
ly

-

re
in

fo
rc

ed
R

C
 c

ro
ss

-s
ec

ti
o

n
s!

……or it can end with the

rupture of the tensioned

reinforcement at which point

the compressed concrete

belt is already crushing…
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ydis f,

Rupture of the reinforcement, compressed concrete belt is crushing
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End point of the intermediate state is no more than the failure – III. state of stress
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modes of the normally-

reinforced RC cross-

sections!
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Other typical failure mode of 

the normally-reinforced RC 

cross-sections!
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The I., the II., the intermediate and the III. state of stresses
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II

I
IIII

I

I
 

Bending moment

corresponds to the

yielding of 

reinforcement

Bending moment

corresponds to the

crushing of concrete

Curveture corresponds to the

crushing of concrete

Curveture corresponds to the

yielding of reinforcement

III.Intermediate

III

IIIM
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Application of the I., the II., the intermediate and the III. state of stresses

]kNm[M










m
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I

crackM

I.

Icd IE 

IIcd IE 

1 1

II.

III

III.Intermediate

RdIII MM 

II III

 IIM

Ultimate limit state ULS

Serviceability limit state SLS

RdEdkQkGEd MMQGp  

quasiEkkquasiE MQGp ,2,  

charEkkcharE MQGp ,, 

freqEkkfreqE MQGp ,1,  

2kN/m 40,1550,250,160,835,1  :e.g Edp

2
, kN/m 10,1150,260,8  :e.g charEp

2
, kN/m 90,950,250,060,8  :e.g freqEp

2
, kN/m 40,950,230,060,8  :e.g quasiEp

2kN/m 40,15Edp

2
, kN/m 10,11charEp

2
, kN/m 90,9freqEp

2
, kN/m 40,9quasiEp

ULS:
• Determination of the load-bearing

capacity of the RC cross-section

• Design of RC sections

SLS:
• Deflection (QUASI)

• Crack controll (QUASI)

• Stress controll (CHAR)

Behaviour

considering

tension stiffening

effect (real

behaviour)

Behaviour without

tension stiffening effect

(simplified behaviour)
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