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A Study on Dur ability of Concrete Subjected to Combined Deterioration (Part 2)
Combined Action of Salt Attack, Freezing and Thawing, and Neutralization

Nobufumi Takeda  Shigeyuki Sogo
Abstract

The progress of deterioration subjected to combined salt attack, freezing and thawing and neutralization
were investigated to establish a durability verification method in combined environments. The following
results were obtained. (1) The diffusion coefficient of chloride ion in concrete deteriorated more with freezing
and thawing than without freezing and thawing. (2) The diffusion coefficient of chloride ion in concrete
increased more with neutralization than without neutralization. (3) When concrete initially incorporating
chloride ions was subjected to freezing and thawing, there was a remarkable decrease in dynamic modulus of
elasticity. (4) When neutralized concrete was subjected to freezing and thawing, the influence of neutralization
on resistance to freezing and thawing was small. (5) When the relative dynamic modulus of elasticity was over
80%, the influence of freezing and thawing on the progress of neutralization was small. However, when the
relative dynamic modulus of elasticity was under 80%, neutralization accel erated.
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Table 2
Mix Proportions and Proprieties of Concrete
w/C ga
No. N/mm
() | ) AE @ | () | Nmm)
28
795 998 6.0 2.3 59.4
40 45.0 166 415 1.04 0
737 925 10.0 6.8 41.2
863 999 9.0 1.3 44.0
50 47.0 166 332 838 971 0.83 0 10.0 4.2 394
802 928 16.5 6.6 33.2
922 985 75 2.3 35.0
60 49.0 166 277 0.69 0
858 917 15.0 6.8 26.4
40 45.0 415 737 925 1.04 0 11.0 6.1 42.1
50 47.0 166 332 802 928 0.83 0 15.0 6.4 36.1
60 49.0 277 858 917 0.69 0 15.5 6.1 28.8
0 10.5 4.8 40.6
50 47.0 166 332 817 943 0.83 25 125 45 422
5.0 115 438 384
10.0 15.0 5.2 36.8
40 45.0 415 751 940 1.04 0 10.5 6.7 421
50 47.0 166 332 817 943 0.83 0 155 6.4 36.1
60 49.0 277 847 931 0.69 0 15.0 6.1 28.8
40 45.0 415 751 940 1.04 0 14.5 6.8 42,5
50 47.0 166 332 817 943 0.83 0 14.0 5.6 37.0
60 49.0 277 847 931 0.69 0 13.0 6.2 28.1
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Changes in Relative Dynamic Modulus of
Elasticity during Freezing and Thawing Test
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Distribution of Chloride lon after Sea Water
Spray Test Experiment No.1
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Diffusion Coefficient of Chloride lon
after Sea Water Spray Test
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Relationship Relative Dynamic Modulus of Elasticity
and Rate of Diffusion Coefficient of Chloride lon
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Relative Dynamic Modulus of Elasticity before
Carbonation Accelerate Test
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Change in Relative Dynamic Modulus of Elasticity
for Carbonated Concrete during Freezing and
Thawing Test
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Change in Mass Loss for Carbonated Concrete
during Freezing and Thawing Test
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Relationship Relative Dynamic Modulus of Elasticity
and Carbonation Depth
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