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Every engineer in the world knows about

GOTO CRACKS
(Goto,1971)

Indication of difference between micro cracks and macro cracks
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MÖRSCH (1908)
(Der Eisenbetonbau, seine Theorie und Anwendung)

)

Cracking in structures:
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Cracks are visable
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SHAPE OF FLEXURAL CRACK AND COVER THICKNESS

section A-A

A

A
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MEASURED CORROSION RATES
(Otsuki, Miyazoto, Diola, Suzuki, 2000)
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MEASURED CORROSION RATES
(Otsuki, Miyazoto, Diola, Suzuki, 2000)

The corrosion rates of main reinforcing bars and stirrups near a 

bending crack were clarified.

Micro-cell: current refers to 

the current flowing in the cell 

when only one steel 

component is involved.

Macro-cell: the total electric 

current flowing through all 

the adjacent steel 

components.



-The influences of bending cracks and 

w/c on the corrosion rates of 

reinforcing bars were very large.

- In the vicinity of a bending crack a 

macrocell was formed and the 

corrosion rate increased remarkably.

-Since alkali content increases with the 

decrease in w/c, the corrosion rate 

slows down with low w/c.

MEASURED CORROSION RATES
(Otsuki, Miyazoto, Diola, Suzuki, 2000)
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Our everyday life is full of worries 

about cracks 
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In the Antarktis

a crack produced separation of ice 
10 July 2013, Wednesday - 13:54

http://richpoi.com/cikkek/tudomany/uj-jeghegy-szuletett-a-deli-sarkvideken.html

Pine Island-Glacier (PIG)Cracking in the nature:
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720 km2 ice cracked away in the Antarktis

Pine Island-Glacier (PIG)

10 July 2013, Wednesday - 13:54
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http://www.geolocation.ws/v/P/82487827/bme-tanreaktor/en

http://letoltendo.postr.hu/geekturiszt-seta-a-reaktor-korul

NUCLEAR SAFETY 
The Institute of Nuclear Techniques (INT) of the

Budapest University of Technology and Economics

Balázs, G.L.: Serviceability – Crack Control,  fib-Abcic-ABECE, Sao Palo, Brazil

BME (1782)

Budapest University of 

Technology and Economics

http://www.geolocation.ws/v/P/82487827/bme-tanreaktor/en
http://letoltendo.postr.hu/geekturiszt-seta-a-reaktor-korul


13/74

BME (1782)

Budapest University of 

Technology and Economics



CEOS Project

STUDIES: 

Cracking under mon load

Free shrinkage

Restrained shrinkage

Thermo-hydro effects

Alternating cyclic load

MEASUEREMENTS: 

LVDTs, 

VibrAting gauges, 

Optical sensors, 

Acoustic sensors
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ConCrack4: OBSERVATIONS 

Balázs, G.L.: Serviceability – Crack Control,  fib-Abcic-ABECE, Sao Palo, Brazil



ConCrack4: OBSERVATIONS 



ConCrack4: OBSERVATIONS 



CAUSES OF CRACKING

1. Technological plastic shrinkage

(early age) plastic settlement…

2. Loads and imposed deformations

(hardened concrete)

3. Volumetric changes in concrete

temperature differences

AAR, ASR…
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NEEDS FOR CRACK CONTROL

• tightness (water and gas)

• durability

propagation of corrosion

permeability, chloride ingress… 

Where is the limit?

• appearance
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Water and gas 

tightness
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WATER

TIGHT-

NESS?
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WATER

TIGHT-

NESS?
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WATER

TIGHT-

NESS?

BME (1782)

Budapest University of 

Technology and Economics



SELF 

HEAL-

ING?
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Pontoons need to swim
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There are many 

other reasons of cracks

In concrete structures

in

early ages and in service
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Cracking between concretes of different ages
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Cracking from stress concentrations
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Wall



Railway

sleeper
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Tram panel
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Airport

runway
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HPC edge beam
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Precast form joints

runway
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MC2010 Ch. 3 Basic Principles

SERVICEABILITY LIMIT 

STATES (SLS)

The states beyond which specified demands for a

structure or a structural component related to its

normal use or function are no longer met.
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SLS criteria are related to

• Unaceptable deformations or deflections

→ impair functionality

→ damage to non-structural elements

→ discomfort to people

→ effect appearance

• Excessive cracking and slip in connections

→ affect efficiency

→ affect tightness

→ affect appearance, but

→ does not effect structural safety

• Exessive vibrations

→ impair user’s comfort and structural effectivess
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DEFINITION OF CRACK WIDTH
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflecions

Tensile force-strain diagram
Crack control
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Tensile force-strain diagram
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Tensile force-strain diagram
Crack formation phase

Stabilized cracking
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Tensile force-strain diagram
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-
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fib MODEL CODE 2010

7.6 DESIGN: SLS - Cracking and deflections

Crack control

-

Balázs, G.L.: Serviceability – Crack Control,  fib-Abcic-ABECE, Sao Palo, Brazil



Effective concrete area in tension
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Effective concrete area in tension
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The tie model

MC2010
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Values for 
bm

,  and 
r

for 

deformed reinforcing bars
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Values for 
bm

,  and 
r

for 

deformed reinforcing bars

-
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Values for 
bm

,  and 
r

for 

deformed reinforcing bars

-
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Values for 
bm

,  and 
r

for 

deformed reinforcing bars

-
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Crack  width  limits  (wlim)  (in  mm)  for  RC and PC members  

with  bonded  prestressing  steel  
(Table  7.6-1  of MC2010). Exposure classes 

are given according to Table 4.7-2 of MC2010 and ISO 22965-1.
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Crack  width  limits  (wlim)  (in  mm)  for  RC and PC members  

with  bonded  prestressing  steel  
(Table  7.6-1  of MC2010). Exposure classes 

are given according to Table 4.7-2 of MC2010 and ISO 22965-1.
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BOND



CRACKING

IN 

STEEL FIBRE REINFORCED CONCRETE

Plain concrete Steel fibre reinforced 

concrete

Aggregate

Steel 

fibres

Cement
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CRACK DISTRIBUTION (Kovács, Balázs, 2004)

Stirrups: f4/120-0 V% fiber content 
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Stirrups: f4/120  - 0,5 V% crimped fiber
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Stirrups: f4/120 - 1,0 V% crimped fiber
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CRACKS

S+B B S

No. 22 9 13

Sw[mm] 1.45 0.74 0.71

wm [mm] 0.066 0.082 0.055

sw [mm] 82 67 92

CRACKS

S+B B S

No. 23 9 14

Sw[mm] 0.945 0.445 0.500

wm [mm] 0.041 0.049 0.036

sw [mm] 78 67 86

CRACKS

S+B B S

No. 30 17 13

Sw[mm] 1.030 0.585 0.445

wm [mm] 0.034 0.034 0.034

sw [mm] 60 35 92
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(Balázs, 1991)

Reversed cyclic loading produces increase in slip and crack widths
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Thanks

Be careful 

with cracks
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Scale effects (massive structures)

ConCrack4: ASPECTS 

Alternate loading

Crack pattern (visible cracks, microcracks)

Modification of stress field by cracking

Infl. of cover, cover for two layers of rf.

Shrinkage at early age

Further development of models should be 

machanically (chemically) based. 

Water and gas tightness

Diff. in tension and flexure, Curvature
Influence of fibres on cracking

CONCLUSIONS

Thank you 
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INTRODUCTION

I kindly invite you for an 

excursion in the word of

cracking
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CRACKING
Example for: excessive cracking and deformations + good strengthening
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Cracking in structures:
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Cracking in structures:
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Balázs: “Possible ways of codification for cracking”, Concrack4, 21 March 2014, Ispra
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ConCrack4: OBSERVATIONS 



Cracks are visibale



INTRODUCTION

I kindly invite you for an 

excursion in the word of

cracking
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MC2010
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1970 1980 1990 2000 2010 2020

1978

CEB-FIP

Model Code 78

ENV 1992-1-1

CEB-FIP 

Model Code 90

EN 1992-1-1

fib

Model Code 2010

Revised

EN 1992-1-1

MC78 and MC90 were used in Brazil partly as national codes

Collaboration with Asian Model code

Collaboration with African Model code

Model Codes are used as reference documents 

both in research and in design

STRONG INFLUENCE OF fib (CEB-FIP) MODEL CODES 

ON CODE DEVELOPEMENTS

fib is a pre-normative organization
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