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No. Example 3D View of Expansion Zone Material Properties / Reinforcement
1 A1-000b ¥ f; =35.6 MPa, E, = 35.6 GPa, f{ =2 MPa
Wald et al. (2017) & Allford (2016) A px =0.0,p, =0.0,p, =00
z X
2 A1-001b Y :: - f¢ =35.6 MPa, E, = 35.6 GPa, f{ =2 MPa, f, = 475 MPa
Wald et al. (2017) & Allford (2016) I bay px =00,p, =00,p, =05 %
& X
3 A1-003 Y ::. f¢ =35.6 MPa, E. =35.6 GPa, f;' =2 MPa, f, = 475 MPa
Wald et al. (2017) & Allford (2016) {1‘ " Py =00,p,=00,p,=15%
Z X
4 A1-101b v ::.. & f¢ =35.6 MPa, E. =35.6 GPa, f' =2 MPa, f, = 475 MPa
Wald et al. (2017) & Allford (2016) ‘J\ s px =05 %, p, =0.0,p, =0.5%
z X
5 A1-303 y baeee? f! =35.6 MPa, E, = 35.6 GPa, f; =2 MPa, f, = 475 MPa
Wald et al. (2017) & Allford (2016) ‘J\ e pr=15%,p,=00,p,=15%
z X
6 A1-102a y [raen] f! =35.6 MPa, E, = 35.6 GPa, f; =2 MPa, f, = 475 MPa
Wald et al. (2017) & Allford (2016) /1\ N px=05%,p,=00,p,=11%
z X
7 A3-102-L1 v St f¢ =320 MPa, E. =32.0GPa, f; = 1.9 MPa, f,, = 475 MPa
Wald et al. (2017) & Allford (2016) ‘i‘\ px=05%,p,=00,p,=1.1%
z X
8 Biaxially Reinforced Structure v f¢ =33.0MPa, E. =33.0 GPa, f{ = 1.9 MPa, f,, = 475 MPa
Wald et al. (2017) zJ\fﬁ’ pe=1.1%, p, = 0.7 %, p, =00
9 Triaxially Reinforced Structure v e f¢ =32.0 MP: a’—Ef 6: (7320 CLP ga Zfé (7: 1.9 i\/lg?sl}j; =475 MPa
Bracci et al. (2012) JSosEEl P = 1.6 %, py = 0.22%, p, =0.11 %
X 0, = -3.45 MPa
Table 1. Case studies for model validation
[8] Laila&ew LB mSTy Sl 5o o SOlSe Slasein il e Y g
Mechanical property as a percentage of that in unaffected concrete at 28 days
Free Expansion (%) 0.05 0.10 0.25 0.50 1.00
Compressive Strength (Cylinder) 95 80 60 60 -
Tensile Strength (Splitting & Torsional) 85 75 55 40 -
Modulus of Elasticity 100 70 50 35 30
Table 2. Estimated Mechanical Properties of AAR-Affected Concrete [8]
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4. Latency Time 1. Kinetic
5. Characteristic Time 2. Larive

3. Ultimate Free Volumetric Expansion
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Figure 3. Compressive behavior of concrete
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Table 3. Concrete Damage Plasticity parameters
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Figure 5. Stress-strain curve for steel
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Abstract

Alkali-Aggregate Reaction (AAR) is a type of destructive and time-dependent chemical process in concrete
that occurs between alkali ions in the cement and reactive minerals in certain types of aggregates. First recog-
nized in 1930s, AAR is divided into two major categories of Alkali-Silica Reaction (ASR) and Alkali-Car-
bonate Reaction (ACR), both of which produce an expansive gel in the concrete which expands as a result of
water absorption. The expansion of the AAR gel exerts significant internal pressure in the concrete, which
may lead to internal and external cracks. With the occurrence of such cracks, many parameters affecting the
stiffness and strength of the structure, such as compressive strength, tensile strength, and modulus of elasticity
are diminished. As a result, the safety and serviceability of the structure may be seriously impacted. While
advances in concrete materials science have led to means to prevent AAR in new construction, numerous
existing structures worldwide, such as dams, power plants, and bridges, are affected by these reactions, the
replacement of which may be impractical, or in some cases, impossible. As a result, it is crucial to simulate
the behavior of such structures for reliable estimation of their safety and providing rehabilitation measures as
necessary. One of the major indicators of AAR is the anisotropic expansion it generates inside the concrete
member, which changes drastically based on the boundary conditions and internal and external restraint im-
posed on the expansions. As a result, the prediction of the anisotropic expansions is of utmost importance in
successful simulation of AAR-affected reinforced concrete structures. This paper presents a practical simula-
tion methodology for estimating the directional distribution of AAR expansions. The methodology makes use
of the user subroutine capability in the finite element software Abaqus. A mathematical model is used to sim-
ulation AAR-related expansion based on the stress tensor, whereas concrete damage is simulated using the
concrete damage plasticity model. The model is used to simulate a variety of AAR-affected reinforced and
plain concrete cube and beam specimens for which the directional expansion data have been reported in the
literature. Comparison between numerical and experimental results shows that the proposed methodology is
capable of reliably simulating the AAR-induced expansions and the interaction between AAR expansions and
the ensuing damage for a variety of reinforcement configurations. The model showed that the yield strength
of reinforcing bars plays a major role in the directional distribution of expansion. However, changes in the
mechanical properties of concrete were found to be inconsequential in the distribution of the expansions.
Moreover, changes in distance between reinforcing bars and the reinforcement ratio in each direction were
observed to affect the accuracy of the model. However, the model was found to be successful in reasonably
capturing the trends in all case studies investigated. The results of this study are of great value to the simulation
of AAR-affected reinforced concrete structures.

Keywords: Alkali-Aggregate Reaction, Expansion, Reinforced concrete, Finite Element Method.
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