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Abstract

Recently, many Reinforced Concrete (RC) and Prestressed Concrete (PC) structures such as bridge
piers and girders of the highway, damaged by Alkali Silica Reaction (ASR) have been observed in Japan. In
these structures, many cracks are detected that would cause the deterioration of the mechanical properties
of concrete such as stiffness and strength. Moreover, in latter half of 1990’s, fractures in reinforcing bar
were found, which may influence to structural safety directly. Therefore, the verification of the structural
safety and the evaluation of structural performance changing of ASR damaged structure have been required.
On the other hand, since infrastructures such as RC and PC structures should be sustain to use even though
these concrete structures deteriorate gradually, accurate damage predictions due to ASR are required in
order to maintain RC and PC structures reasonably. In order to achieve these requirements, following four
investigations were conducted in this study.

(1) Development of ASR expansion model for RC and PC structure
(2) Combination ASR expansion analysis and loading analysis
(3) Evaluation of structural safety of RC structures with fractured stirrups

(4) Evaluation of expansive behavior of RC structures retrofitted by various strengthening method

The expansion model of concrete due to ASR was proposed basing on the damage theory and
introduced to the three dimensional finite element method. By comparing with the uni-axial restrained
experiments, the expansion strains due to ASR, which depend on the difference of the reinforcement
restraint, were predicted accurately. The proposed model was applied to the ASR damaged specimens
reinforced in multi-axial directions with different reinforcement ratio in order to evaluate the concrete
expansion and strain localizations near the bent corner of reinforcement. Then, by comparing with
experimental results, it was confirmed that the proposed model was effective in predicting the ASR
damages of RC structures. Moreover, for PC structure, active creep deformation caused by prestress was
considered independently. Proposed expansion model can also predict the expansive behavior of PC beam
accurately.

In order to evaluate the structural performance of RC and PC structures deteriorated by ASR, ASR
damage have to be considered properly in loading analysis. Then, ASR expansion analysis and loading
analysis were combined. In the analytical method, for satisfying the consistency of constitutive model
between ASR expansion analysis and loading analysis, loading analysis were conducted as initial stress and
strain problem. In the method, ASR damages of concrete were considered by considering the deterioration
of material properties and initial crack in loading analysis. Compressive strength, Young’s modulus and
tensile strength were decreased with increase of the expansive strain. Strain at peak stress was also changed

in order to keep the consistency of stress-strain relationship in compressive region. The deterioration of the



material properties were considered in three directions of principal strain independently in each gauss point.
Initial cracks were considered by fixing the coordinate system to the principal stress direction obtained
from the ASR expansion analysis since a constitutive model in loading analysis was based on the fixed
crack model. Initial crack width was also considered in order to deteriorate shear transfer resistance.

By using the analytical method, structural performance of ASR damaged RC and PC structures were
evaluated. Although chemical prestress introduced by ASR expansion had a good effect on the flexural
stiffness, the structural performance of ASR damaged structures were much affected by the deterioration of
material properties. Therefore, in these structures, both the initial flexural stiffness and the load carrying
capacity were decreased due to the deterioration of the material properties, especially compressive strength
and Young’s modulus. Proposed analytical method was effective to evaluate the structural performance
since the method can be considered the initial stress and strain due to ASR expansion considering the
restraint effect and the influence of anisotropy of the material property and the initial crack.

The analytical method was adopted to evaluate ASR damage in real structures. Damage distribution
in real structures were reasonably predicted. Many cracks occurred significantly at the region where
restrain by reinforcement and prestress were weak. Moreover, the structural performance of ASR damaged
real structures were also evaluated and the initial stiffness and the load carrying capacity of these structures
were decreased depending on the deterioration of the material properties which localized on some region in
the real structures. The decreasing of the initial stiffness and the load carrying capacity are different for
each structures since ASR damage in the real structures were depending on the differences of the structural
details such as reinforcement ratio and magnitude of prestress.

The shear behavior and the shear load carrying capacity of the RC beams with stirrups fractured
near the bent corner, which exhibits either diagonal tension failure or shear compression one, were
evaluated by modeling the bond deterioration in Finite Element (FE) analysis focusing on the location of
fractured stirrups. FE analysis gave us detailed information about the relationship between the several
factors and the shear failure behavior of RC beams. In diagonal tension failure, bond deterioration in
stirrups around the supports in tension side strongly affects the global response of the beams. In shear
compression failure, bond deterioration in stirrups near both the supports in tension side and loading point
in compression side, however, affects the response of the beams mainly.

The analytical evaluation was conducted in order to propose the evaluation method which enable to
evaluate the mitigation effect simply resulting from various retrofitting methods for ASR expansion, by
means of the parallel spring method. It was confirmed that the stress in concrete and expansive strain have
relationship thorough the retrofitting ratio and by using this relationship, prediction of ASR expansion after
retrofitting could be made easily. It was quantitatively shown that the preferred methods of restraint for
ASR expansion were the overlay method with high stiffness material and the restraint method by

introducing axial force such as PC confined method.
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TERThY, YA ar 7 U — MEIRBREE LM tbtoEThExbND. B, Ak
UL, ST20-400 LIAMI R TR T DRER L o7 LD, MR B O BRLATIZ BV T,
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THLETHT L2 ERTED. flxE, BHEEOT A 20000 ¢ £ TE LGS O MO
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DT D AT R 2 LA ISR
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() WH AR ET & ANT, ASR BIROHHIZ RO — B R MBI W TR L, 2w
7 U — MG EREROTHOBRE AW IERE T FiE R L.

Q) MELLEFEEZHNDL Z LT, (LEME, MM, LA NV AOEBIINNDLT,
MIRIZ & 5 ASR RESRMIAIZN R 2 ERBMICTHEM CE 22 L 2R LI,

(4) ASR 3R % Zh AT EI T~ 5 72 DI iE, Al IRA O S Al A 3R A b 0 K X Ze BT K 2 B R Al
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(5) WHNIANRET VA FWIREFIEOWE AL, MO RALENY 2560 HTH

DI, ABITEMEREL & oMM~ T EERFT O LERD 5.
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