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The purpose is to evaluate relationship
between surface crack width and internal
crack propagation.

surface crack :observable information
Internal crack : damage information

important for maintenance process to
achieve sustainable concrete structures
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Experimental method

Test procedure
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Experimental method

Test results
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OSurface crack occur some corrosion amount.
OSurface crack width increase rapidly.
Internal crack does not propagate in the stage.
OSpeed of surface crack propagation become slow.
Internal crack length increase rapidly.
Olnternal crack length converge a value.




Experimental method

Surface crack width (mr

Test results
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Numerical method

Rigid Body Spring method

?'\NW Zero springs

Nuclear

Triangle center point

Corrosion crack propagation is simulated using rigid
body spring method with Voronoi diagram.

Rigid body spring method is one of discrete element
method to obtain cracking behavior directly.




ﬁ Numerical method

Corrosion model

Corrosion
products

3D model of a single rebar specimen

Corrosion model

The deformation of the rebar radius due to rebar corrosion is modeled by using the
three-phase material model including rebar, corrosion products and concrete.
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Numerical method

Other corrosion models

Rebar corroded section

Local
corrosion
model

Rebar is locally corroded on its section. This phenomenon
Is considered by local corrosion expansion model.

Corrosion products t

-
Penetration 7 mitiay
} \
of corrosion [ rebar
\radlu/s

products

Section through
center of rebar

Top surface

Corrosion products penetrate into cracks. This phenomenon
Is considered by reduction of corrosion expansion
considering crack volume for corrosion product penetration.




Comparison between
numerical and test results
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Numerical method

Surface crack width (mr
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Effect of specimen width obtained from numerical model
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When the specimen width become larger, surface crack width become smaller and

internal crack length become longer.

For wider size specimen, surface crack is not dominant, but internal crack propagate.
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The surface deformation is influenced by
width.

For smaller specimen, all area deform and
deformation become larger. Since the
gradient of deformation corresponds to
stain, surface crack width become bigger

| for smaller width specimen.

For larger width specimen, surface
deformation area become wide and
constant but the value become small.
Therefore, surface crack does not develop.

600~ 5ok propagation is strongly

influenced by boundary condition
and we have to consider the
boundary condition as structural
problem to evaluate crack
propagation.

Rebar spacing is also boundary
condition.
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Applicability of numerical )

The applicability of numerical method to multi rebar

specimen is confirmed for two specimens.
Unit in mm
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a) Section b) Side view

Simulated specimen tested by Oshita et al. I

a) Specimen section b) 3D Voronoi particle:



Applicability of nhumerical hﬂmﬁ.{:ﬂ'ﬂ

Comparison of crack pattern and surface crack width
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The numerical method can simulate

crack pattern and surface crack width
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In the test, crack width
between rebars was
measured.

[ The numerical method can simulate crack initiation ]
and internal crack propagation
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Effect of rebar spacing ~ | Tﬁ“l -1
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Only rebar spacing is
varied from 40 to 200mm

40mm : minimum space which is usually decided by maximum aggregate size
200mm : often used for RC slab
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For smaller spacing specimen,

internal crack join at early stage.

w5, | Both surface and internal crack

T develop.

For larger spacing specimen,

e _| crackdevelop from each rebar
but each crack does not connect.
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The crack pattern is affected by rebar spacing and observable surface crack pattern is different
each case. In 40mm case, surface crack upon middle rebar is dominant and in 60 and 200mm
cases surface crack at side rebar is dominant. Then, internal crack propagate in the specimen.
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Conclusion

» The applicability of the analytical method was confirmed by the

experimental results in terms of crack patterns, surface crack
width and internal crack width propagation.

» In the case of multi rebar-corrosion, internal cracks joined
together between rebars and developed to large cracks earlier
than the ones in the single-rebar corrosion.

» The dominance and the propagation of internal cracks tend to
cause de-lamination of the concrete cover.

» Due to different boundary conditions such as width and rebar
spacing, internal damage situation may be different. So, the
internal damage cannot adequately evaluate if the investigation is
only based on the surface condition as being done in several

current maintenance Processes.
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Surface damage Inside damage is
IS visible invisible

During the maintenance process, it is necessary to evaluate

Inside damage from surface condition.
The cracking propagation is influenced by boundary condition.

The spacing is also boundary condition.

Make clear the effect of rebar spacing
on surface and inside damage




Crack width at surface and intes
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For the maintenance of existing structures, evaluation of cracking behavior
IS Important to achieve sustainable concrete structures and numerical
method is required to predict the deterioration dependent on time.




RBSM (Rigid Body Spring %@J_f

TR

e

RBSM is analytical model to simulate structural behavior by springs
between Rigid Bodies.
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Analytical model is

divided by 3-D Voronoi A number of springs are set in
) boundary of each surface.
particles

This model can evaluate the effect of
bending and torsional moment

automatically without rotational springs.

One integral point has
two kinds of springs
(normal/shear)

Cracks are expressed by the failure of

springs and cracking behavior can be
shown directly.

For reduction of
elements dependency
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Penetration of corrosion produects into cracks
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& Cracking behavior

Experimental results (cont’d)
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Applicability of analytical model

Analytical results (cont’d)
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