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Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. 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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RC cross-section in the end-point of the uncracked state – Cracking
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RC cross-section after the end-point of the uncracked state – Cracked state
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Load process of reinforced concrete member in bending – elastic state / cracked state
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Load process of reinforced concrete member in bending – elastic state / cracked state
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Load process of reinforced concrete member in bending – elastic state / cracked state

1. Horizontal force equilibrium:
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Load process of reinforced concrete member in bending – elastic state / cracked state

1. Horizontal force equilibrium :
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Load process of reinforced concrete member in bending – elastic state / cracked state

sscc zNzNMM  02. Bending moment equilibrium:
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Load process of reinforced concrete member in bending – elastic state / cracked state

2. Bending moment equilibrium:
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Load process of reinforced concrete member in bending – elastic state / cracked state
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Load process of reinforced concrete member in bending – elastic state / cracked state
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yds fs

The first plastic phenomenon is the yielding of the reinforcemen – ss = fyd
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yds fs

The first plastic phenomenon is the yielding of the reinforcemen – ss = fyd
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yds fs

The first plastic phenomenon is the yielding of the reinforcemen – ss = fyd
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yds fs

The first plastic phenomenon is the crushing of the concrete – sc = fcd
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yds fs

The first plastic phenomenon is the crushing of the concrete – sc = fcd
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yds fs

The first plastic phenomenon is the crushing of the concrete – sc = fcd
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RC cross-section in the uncracked and elastic/cracked state of stresses
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)

Determine the moment corresponds to the first plastic phenomenon of the outlined rectangular RC cross-section (h =

500 mm, b = 300 mm) in the persistent and transient design situation, if the concrete grade is C30/37, the nominal

concrete cover on stirrups is Cnom = 30 mm, the maximum size of the aggregates is dg = 16 mm, the diamater of the

stirrup reinforcement is Øs = 8 mm, the tensioned reinforcement consists of 4Ø20, the auxalary (compressed side)

reinforcement consists of 2Ø12, B500A! Determine and outline the strain and stress distribution of the cross-section at

the first plastic phenomenon of the cross-section!

(See Topic 13. Example (1)!)

mm 500h

mm 300b

204

122

8

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

• Concrete grade: C30/37

• Aggregate: dg = 16 mm

• RE bar grade: B500A

• Width of cross-section: b = 300 mm

• Height of cross-section: h = 500 mm

• Concrete cover: Cnom = 30 mm

• Tensioned reinforcement: As,prov = 4Ø20 (1256 mm2)

• Auxalary reinforcement: As’,prov = 2Ø12

• Stirrups: Ø8
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)
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Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)
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The first plastic phenomenon is the yielding of the reinforcement!
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)
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Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (1)
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Determine the moment corresponds to the first plastic phenomenon of the outlined RC slab cross-section (h = 250

mm), in the persistent and transient design situation, if the concrete grade is C25/30, the nominal concrete cover is

Cnom = 25 mm, the maximum size of the aggregates is dg = 24 mm, the main reinforcement consists of Ø12/150, the

transversal reinforcement consists of Ø10/150, B500B! Determine and outline the strain and stress distribution of the

cross-section at the first plastic phenomenon of the cross-section!

(See Topic 13. Example (2)!)

mm 250h

150/12

150/10

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

• Concrete grade: C25/30

• Aggregate: dg = 24 mm

• RE bar grade: B500B

• Height of slab: h = 250 mm

• Concrete cover: Cnom = 25 mm

• Main reinforcement: as,prov = Ø12/150 (754 mm2)

• Transversal reinforcement: as,prov,trans = Ø10/150
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Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)
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The first plastic phenomenon is the yielding of the reinforcement!

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)

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



mm

1
1050,14

69219

1

200000

4351 6






IIs

yd
II

xdE

f


mm 250h

Geometry Normal stress, s

00
0

, 00,1IIce
2

, N/mm 54,9IIcs

150/12

150/10

mm 69IIxII cn
czIIm

z

x

mm 150 IIxd

sn

sz

Deformation, e

00
0175,2/  syds Efe 2N/mm 435 yds fs

kNm/m 40,64IIm

kN/m 32954,9691000
2

1

2

1
,  IIcIIc xbn s

kN/m 328435754,  ydprovss fan

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (2)
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Determine the moment corresponds to the first plastic phenomenon of the outlined prefabricated RC ”T” cross-section

(h = 800 mm, beff = 400 mm, bw = 160 mm, v = 160 mm) in accidental design situation, if the concrete grade is

C50/60, the nominal concrete cover on stirrups is Cnom = 20 mm, the maximum size of the aggregates is dg = 8 mm,

the diamater of the stirrup reinforcement is Øs = 10 mm, the tensioned reinforcement consists of 9Ø20, the auxalary

(compressed side) reinforcement consists of 8Ø10, B500B! Determine and outline the strain and stress distribution of

the cross-section at the first plastic phenomenon of the cross-section!

(See Topic 13. Example (3)!)
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Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)

• Concrete grade: C50/60

• Aggregate: dg = 8 mm

• RE bar grade: B500B

• Height: h = 800 mm

• Width of flange: beff = 400 mm

• Width of web: bw = 160 mm

• Thickness of flange: v = 160 mm

• Tensioned reinforcement: As,prov = 9Ø20 (2826 mm2)

• Auxalary reinforcement: As’,prov = 12Ø10

• Stirrups: Ø10
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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Let’s consider first that the compressed belt is rectangular!!!
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Depth of the compressed belt is grater than the thickness of the flange!!! New horizontal force equilibrium

equation is needed considering that the compressed belt is ”T” shaped!

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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Let’s consider now that the

compressed belt is ”T” shaped!!!
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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The first plastic phenomenon is the yielding of the reinforcement!
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (3)
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Determine the moment corresponds to the first plastic phenomenon of the outlined prefabricated RC ”I” cross-section

(h = 1200 mm, beff = 600 mm, bw = 120 mm, v = 200 mm, b = 280 mm, hb = 280 mm) in seismic design situation, if

the concrete grade is C40/50, the nominal concrete cover on stirrups is Cnom = 20 mm, the maximum size of the

aggregates is dg = 8 mm, the diamater of the stirrup reinforcement is Øs = 10 mm, the tensioned reinforcement

consists of 16Ø25, the auxalary (compressed side) reinforcement consists of 4Ø10+ 8Ø12, B500B! Determine and

outline the strain and stress distribution of the cross-section at the first plastic phenomenon of the cross-section!

(See Topic 13. Example (4)!)

mm 200v

mm 600effb

2516

128

10 102

102

(auxalary)
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(auxalary)

mm 280bh

mm 720

mm 280b

mm 120wb

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

• Concrete grade: C40/50

• Aggregate: dg = 8 mm

• Re bar grade: B500B

• Height: h = 1200 mm

• Width of top flange: beff = 600 mm

• Width of web: bw = 120 mm

• Thickness of top flange: v = 200 mm

• Width of bottom flange: b = 280 mm

• Thickness of bottom flange: hb = 280 mm

• Main reinforcement As,prov = 16Ø25 (7856 mm2)

• Auxalary reinforcement: As’,prov = 4Ø10+8Ø12

• Stirrups: Ø10

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)
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Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)
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Let’s consider first that the compressed belt is rectangular!!!
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Depth of the compressed belt is grater than the thickness of the top flange!!! New horizontal force equilibrium

equation is needed considering that the compressed belt is ”T” shaped!

Reinforced Concrete Structures Topic 14. – Cracked state of stress – II. state of stress

Example: Analysis of the RC cross-section in the elastic/cracked state of stress (4)
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Let’s consider now that the

compressed belt is ”T” shaped!!!
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The first plastic phenomenon is the crushing of the concrete!
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