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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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Cracking in structures: MORSCH (1908)

(Der Eisenbetonbau, seine Theorie und Anwendung)
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Cracks are visable

0 0.5 Te0%2. 1" 20 25 3.0
AN AnANR (AN AAnAn

omics Balazs, G.L.: Serviceability i Crack Control, fib-Abcic-ABECE, Sao Palo, Brazil 4/64



SHAPE OF FLEXURAL CRACK AND COVER THICKNESS
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MEASURED CORROSION RATES
(Otsuki, Miyazoto, Diola, Suzuki, 2000

Crack Maps
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O :stirrup

Reference Electrode

(Ag/AgClg)

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

The corrosion rates of main reinforcing bars and stirrups near a
bending crackwere clarified.

lower: micro-cell corrosion rate

[ 4 m/year]

italic : cathode

- main rebar | upper: total corrosion rate s 1 i e
middle: macro-cell corrosion rate Doic Tunderine. anoge

Potentiostat
+FRA(Freque-
ncy Response
Analyzer

Concrete surface

Wet sponge

Stainless Steel element

steel plate

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 t hrough all
the adjacent steel
combonents




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

-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 remarlably.

-Since alkali content increases wh the
decrease In w/c, theorrosion rate
slows downwith low w/c.
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ur everyday life is full of worries
about cracks
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Cracking in the nature: Pine Island-Glacier (PIG)

In the Antarktis

a crack produced separation of ice

10 July 2013, Wednesday - 13:54
http://richpoi.com/cikkek/tudomany/uj-jiegheqy-szuletett-a-deli-sarkvideken.html

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

10 July 2013, Wednesday - 13:54

720 km2 ice cracked away In the Antarktis
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NUCLEAR SAFETY

The Institute of Nuclear Techniques (INT) of the
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http://www.geolocation.ws/v/P/82487827/bme-tanreaktor/en
http://letoltendo.postr.hu/geekturiszt-seta-a-reaktor-korul

Fracture Behaviour of Radiolytically Oxidised Reactor Core
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3/ large beam sﬁecimens loaded in ﬂéﬂan after free shrinkage (figure 2 & 3)
4/ large beam specimens with restrained shrinkage (figure 4)

Testing bench

Figure 2: Large beam, scheme of the test Figure 3: geometry and reinforcement  Fi 1737"‘9 4:1 geqmehyfor the res_tmined
scheme for the firee shrinkage specimens shrinkage specimens and restrained system
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ConCrack4: OBSERVATIONS

Part 2. Main conclusions

CEOS.fr

ZWa e Crack spacing
NATIONAL . ]
CEOS.fr — Both EC2 and MC2010 overestimate crack spacing

— Results are better with MC2010
ConCrack 4

20-21 March

* Strain difference
— Both EC2 and MC2010 underestimate the strain, above all MC2010
— Tension stiffening seems to be overestimated in both codes

JRC Ispra

* Crack width
COMPORTEMENT

| — EC2 overestimates crack width
EVALUATION DES

e — MC2010 slightly underestimates crack width
FIS'.E;LIRP_(I'IGN ET
RETRAIT

Generic considerations on cracking based on tie experiments Silvano Erlicher
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ConCrack4:

CEOS.fr

PROJET
NATIONAL
CEOS.fr

ConCrack 4

20-21 March

JRC Ispra

COMPORTEMENT

ET
EVALUATION DES
OUVRAGES
SPECIAUX
FISSURATION ET
RETRAIT

rces in the struts and strains in the steel reinforcements allows to deduce ac Py
concrete just before the fist crackin,

Cracking on massive elements at early age Alain Sellier

Stresses analysis

Tensile force in concrete just before first cracking .F

Concrete weakly compressed during heating
despite constrained thermal swelling

Force (on)
°

Steel in compression during heating

Steel again in compression just before
cracking

OBSERVATIONS

+ Hydration state at the first crack moment

CEOS.fr

RG&bis analysis Hydration degree prediction at 72h

PROJET
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ConCrack 4
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72h (first cracking occurrence)
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Tensile strength from split test at 72h
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* M —Madil

+ Stress profiles in steel & concrete just before and after cracking

SHA32

Stirrup HA16
COMPORTEMENT

ET
EVALUATION DES

OUVRAGE: SHAR — 2 _oosteremimes

Cracking on massive elements at early age

-10Mpa
After first
cracking

¥

-10Mpa +40 Mpa

strengths in the brace are 50% lesser than in the split test for a same hydration
degree—Weibull scale effect is not negligible in such large structures

Alain Sellier



ConCrack4: OBSERVATIONS

Presentation of RL beams CEOS.fr
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OUVRAGES Classical instrumentation (displacement sensors, long base optical

LR fibres, gauges on rebars, vibrating wires....)

Influence of early age behaviour - RL1

FISSURATION ET
Rt + Digital Image Correlation (DIC) enabling measurement of the

crack pattern with an accuracy of =0.05 mm for massive blocks PROJET ) _
NATIONAL Early age behaviour of RL1:

CEOS.fr ¢ Micro-craking on surface during heating phase

Cracking on massive element in bendin
9 9 — Important temperature differential from lower part of

the beam and side face and outdoor temperature

ConCrack 4 — Relaxation and tension of rebars

* Microcracking at core during cooling phase
20-21 March
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Cracking on massive element in bending Claude Rospars



CAUSES OF CRACKING

1. Technological plastic shrinkage
(early age) pl asti c set

2. Loads and imposed deformations
(hardened concrete)

3. Volumetric changes in concrete
temperature differences
AAR, ASRE
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NEEDS FOR CRACK CONTROL

wtightness (water and gas)

wdurability
propagation of corrosion
per meabi | ty, c¢hl

Where IS the limit?

wappearance
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Water and gas
tightness
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WATER
TIGHT-
NESS?
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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 concrtes of different ages
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Cracking from stress concentrations
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Raillway

sleeper
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Tram panel
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