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Interest in the durability assessment and structural performance has increased according to an increase of concrete
structures in salt damage environment recent years. Reliable way ensuring the most accelerated corrosion test
is a method of performing the rebar corrosion monitoring as exposed directly to the marine test site exposure.
However, long-term exposure test has a disadvantage because of a long period of time. Therefore, many studies
on reinforced concrete in salt damage environments have been developed as alternatives to replace this. However,
accelerated corrosion test is appropriate to evaluate the critical chlorine concentration in the short term, but only
accelerated test method, is not easy to get correct answer. Accuracy of correlation acceleration test depends on
the period of the degree of exposure environments. Therefore, in this study, depending on the concrete mix material,
by the test was performed on the basis of the composite degradation of the salt damage, and investigate the
difference of corrosion initiation time of the rebar, and indoor corrosion time of the structure, of the marine
environment of the actual environments were inuestigated. The correlation coefficient was derived in the experiment.
Long-term exposure test was actually conducted in consideration of the exposure conditions submerged zone,
splash zone and tidal zone. The accelerated corrosion tests were carried out by immersion conditions, and by
the combined deterioration due to the carbonation and accelerated corrosion due to wet and dry condition.
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STUDY ON THE CORRELATION BETWEEN LONG-TERM EXPOSURE TESTS AND ACCELERATED CORROSION TESTS BY THE COMBINED DAMAGE OF SALTS

Table 1. The chemical composition and strength properties of cement

Specific gravity MgO SO; Fineness Compressive Strength(MPa)

(g/em) (%) (%) (cm/g) 3 Days 7 Days 28 Days

3.15 2.1 22 3500 26.7 412 57.6

Table 2. The chemical composition of blast furnace slag and fly ash and their properties

Ttem Si0, AlL,SO Fe,0; SO; CaO MgO Fineness
(%) (%) (%) (%) (%) (%) (cri/g)

BS 32.7 13.9 0.4 2.8 452 5.8 4,326

FA 64.2 19.9 4.5 0 3.8 1.1 3,580

Table 3. Physical properties of fine and coarse aggregates

Item D(;l:ﬂ?)y Surface alz:/;))rptlon rate Fineness modulus UIl(l}Eg\/A/g})ght
Fine aggregate 2.6 1.5 2.5 1,597
Coarse aggregate 2.7 0.9 6.5 1,655
Table 4. Mix proportions for concrete specimens
Unit mass (kg/m’) 28 Days
Mix w/C ] Compressive Slump test | Air content
. (%) | Water | Cement | FA | BS Fine | Coarse Strength (cm) test(%0)
agg. agg. (MPa)
OPC60 60 165 275 - - 840 975 32 18 8.5
OPC35 35 165 471.4 - - 840 975 55 14.9 52
Fly ash 60 165 220 55 - 840 975 37 17.4 7.4
Blastfurnace slag| 60 165 192.5 - 82.5 840 975 41 15.1 6
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Table 5. Artificial seawater composition (g/L)

NaCl MgCly6H,0

Nast4

24.5 gL 35 1.1 gL | 104

4.1 g/L

5.9 1.2 g/L 1.7 0.7 g/L 1

(©

Fig. 1. Specimen production (a) Specimen mold, (b) Reinforced surface treatment, (c) Epoxy coating, (d) Reinforced input, (e)

Second projection coating, (f) Specimens produced.
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STUDY ON THE CORRELATION BETWEEN LONG-TERM EXPOSURE TESTS AND ACCELERATED CORROSION TESTS BY THE COMBINED DAMAGE OF SALTS

Table 6. Experimental variables

Temperature Artificial seawater concentrations
Room temperature . 2 times of seawater
13 seawater concentration . 4M Nacl
(20+27C) concentration
High temperature . 2 times of seawater
& P seawater concentration 4M NacCl

(65+2°C)

concentration

(d)

Fig. 2. Artificial seawater immersion (a) Room temperature, (b) High temperature, (c) Galvanic current measurement, (d) Half-cell

potential measurement.
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Table 7. Dry and wet conditions

PARK SANG SOON AND LEE MIN WOO

Dry and wet conditions

Wet Dry
Cyclic wet and dry method Temperature Relative humidity Temperature Relative humidity
A 15~40C 90% 40~15C 60%
B 40~65C 90% 65~40C 60%
C 15~65C 90% 65~15C 60%
T (°0) 1 Cycle TCO 1 Cycle T (O 1 Cycle
relative humidity| relative humidity 3 g5
90% 60% g5 dUHES relative humiditv
) 90% 60%
40c 1o
relative humidity| relative humidity
90% 60% AHEE
relative humiditv| t‘S:'EI%‘=
15°C 157 90%
wet(3day) dry(4day) wet(3day) dry(4day) dry(4day)
« wet(3day) ple—
(a) (b) (©)
Fig. 3. Repeated wet and dry conditions (a) Conditions A, (b) Conditions B, (c¢) Conditions C.
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Fig. 4. Variation of corrosion aeration with
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Fig. 5. Specimens with ponding well for dry and wet conditions (a) Front view, (b) Side view, (c) specimens picture.
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STUDY ON THE CORRELATION BETWEEN LONG-TERM EXPOSURE TESTS AND ACCELERATED CORROSION TESTS BY THE COMBINED DAMAGE OF SALTS

Table 8. Combined degradation due to carbonation conditions
dry and wet Wet Dry
conditions Temperature Relative humidity Temperature Relative humidity
Detel.jgrated 65T 90% 15T 60%
condition
artificial seawater seawater inflow seawater drainage
CO2 - 5% exposure
-~ 1 cycle -
T°0) T(0)
relative humidity
60% .
65°C PI— 85T
relative humidity
60%
« |relative humidity| 8% »
15°C 20%
wet(3day) dry(4day) lona- term carbonation process duration N

(@ (b)
Fig. 6. Composite degradation due to carbonation conditions (a) Repeated wet and dry composite degradation and carbonation

test, (b) Carbonation ponding test.
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Fig. 7. Specimen with ponding well for carbonation condition (a) Front view, (b) Side view, (c) specimens picture
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Fig. 8. Marine exposure test (a) submerged zone, (b) tidal zone, (c) splash zone.
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Fig. 9. Results of marine exposure tests (a) submerged zone, (b) tidal zone, (c) splash zone.
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Fig. 10. Result of artificial seawater immersion conditions (a) artificial seawater, (b) 4M NaCl, (c) twice of artificial seawater.
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Fig. 11. Result of different immersion temperature conditions with time.
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STUDY ON THE CORRELATION BETWEEN LONG-TERM EXPOSURE TESTS AND ACCELERATED CORROSION TESTS BY THE COMBINED DAMAGE OF SALTS

Table 9. Corrosion initiation time

T Corrosion initiation time (Days)
e
P OPC60 OPC35 FA BS
Repeated wet and dry conditions 98 147 105 119
Ponding wet and dry 63 112 70 84
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Fig. 12. Results of repeated wet and dry conditions.
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Table 10. Corrosion initiation time

Type Corrosion initiation time (Days)
OPC60 OPC35 FA BS
Repeated wet and dry conditions 91 139 103 115
Ponding wet and dry 77 96 80 88
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Fig. 13. Result of carbonation tests.

Table 11. Result of tests

Condition Mix Dry ,. Wet ,, Day | Coefficient
temperature humidity temperature humidity

marine exposure(tidal zone) OPC60 10~15C 60~75% 10~15C 60~75% 415 1
artificial seawater of room temperatureg OPC60 - - 20C 90% 195 2.12
artificial seawater of high temperaturg OPC60 - - 60T 90% 75 5.53
repeated wet and dry OPC60 15C 60% 65C 90% 98 4.23
repeated ponding wet and dry OPC60 60T 60% - - 63 6.59
carbonation test OPC60 15T 60% 65T 90% 91 4.56
Ponding carbonation OPC60 15T 60% - - 77 5.39
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