Modeling of Chloride Transport in Cracked Concrete: A 3-D
Image—based Microstructure Simulation

Yang Lu™l, Edward Garboczi?, Dale Bentz3, Jeffrey Davis*
123 Engineering Laboratory, 100 Bureau Drive 8615, 4 Material Measurement Laboratory, 100 Bureau Drive 8372,
National Institute of Standards and Technology, Gaithersburg, MD 20899

Introduction: It Is desirable to develop a model Results: The pXRF technique rapidly measures
predicting the chloride diffusion profile In cracked the elemental composition of a sample by
concrete while considering the real microstructure Irradiating it with a thin beam of X-rays without
Including cement paste, voids, and aggregates. In this  disturbing the sample. Using uXRF, we detected
study, a 3-D image-based microstructure [1] simulation  the chlorine concentration on the concrete
procedure was developed to model the chloride sample as a function of spatial location with a
Ingress In cracked mortar of two microstructures [3]. A resolution of about 20 um. COMSOL simulation
micro-X-ray fluorescence (XRF) test was conducted to  results shows good agreement with the uXRF
measure the chloride concentration profile of a mortar  measurement.
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procedure with an X-ray microtomography image set [3].

Transport and binding model: Chloride binding Is
significant to the chloride transport process, and can |
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ree Conclusion: Chloride ingress processes In these
cracked heterogeneous concrete microstructures
were accurately simulated with the COMSOL
Multiphysics. It was observed that cracks In

3 [
£ 400 1

10 12

bound

This binding sorption/reaction Is Implemented In
COMSOL Multiphysics by adding a reaction term to
the standard diffusion equation, resulting In:
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ot chloride diffusion, while the binding generally
i " retards the chloride penetration. The behavior of
? chloride transport in cracked concrete depends
. .
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concentration gradient existed certain slices across the top crack certain position. The surface effect of 1638 ]
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clearly presented 3. Lu, Y., and Garboczi, E. "Bridging the gap between VCCTL
Figure 2. Microstructure #2: Three-dimensional virtual concrete simulation made by real based CAD and CAE using STL files." ASCE Journal of
aggregates represented in spherical harmonic analysis [2]. The virtual concrete model has 12 Computing in Civil Engineering (under review).

Irregular shape aggregates from the VCCTL database, and a built-in crack, which is located on
the top surface of the sample.
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