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A Study on Accelerated Cormrosion Test by Combined
Deteriorating Action of Salt Damage and Freeze-Thaw
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In this study, the accelerated corrosion test by combined deteriorating action of salt damage and freeze-thaw
was investigated. freeze-thaw cycle is one method for corrosion testing; corrosion initiation time was measured
in four types of concrete samples, i.e., two samples mixed with fly ash (FA) and blast furnace slag (BS),
and the other two samples having two water/cement ratio (W/C = 0.6, 0.35) without admixture (OPC60
and OPC35). The corrosion of rebar embedded in concrete occurred most quickly at the 30" freeze-thaw
cycle. Moreover, a corrosion monitoring method with a half-cell potential measurement and relative dynamic
elastic modulus derived from resonant frequency measures was conducted simultaneously. The results indicated
that the corrosion of rebar occurred when the relative dynamic elastic modulus was less than 60%. Therefore,
dynamic elastic modulus can be used to detect corrosion of steel bar. The results of the accelerated corrosion
test exhibited significant difference according to corrosion periods combined with each test condition.
Consequently, the OPC60 showed the lowest corrosion resistanceamong the samples.

Keywords : accelerated corrosion test, artificial seawater, relative dynamic modulus of elasticity, concrete
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A STUDY ON ACCELERATED CORROSION TEST BY COMBINED DETERIORATING ACTION OF SALT DAMAGE AND FREEZE-THAW

38

= 95 dFiEyelty? o] ML QR E
3| o)A AQFsl WO F e A ZIBE A|Y
Hjx|sto] At =g o] &l 3 UE d52
24 ZIYEU] IS
AF FAEFHo g s A
,\]fsqy]z_}o] 3 Q3T 2=2] A
2= ASTM G 109¢1 71%
AAB}. FlellA= o] AlHE
to] NaCle] s%& =o]al A9 J5F715 HEA
%HH %$ Al EZ o] thE ZATE Fol|A
= g A77F A, 1
OH%—OH oJalA] TEA o2 FEE XN
S AAAA F AT Aol A T e 2F37 5=
B3l At A o ® AU, T A= 1
Aow Y ofe] FXFAAE o“ﬂ o gt
7} 7 Rl N E =Y Fo3 98-S Tgds)
Al AAAA R AT DA = EFS =N EARY
I 2d7ke] A2 KS F 2599—-1 A& 4]
=252 A — A 17 @ ESwo] B W (2008)
2599-2 HIZAYES] X152 Al — A
W (2008) = ekl Al L EZ# 0]
B o) ofgh FRFA A T2 Aol o] et
AaAA G sE Hrtskes 2 HHOE Stk o] e

N
BN
it
e
Ji
>,

)

rr g
o
£
= o

dob o N Lo
o

> w O o
( N}J—‘ 1U"""
g R Eefr
£z =
:gﬁg

Of

tlo rlo

¥a (M oo 32 (@ ot mE 1> ol 1o A4 oo poh m T L b 2 ol )
lo oft £ 42 =
: 2, o2 o
_H.N o oL N
) O‘Q‘Emﬁ
_1

Tz

o
A G
n:1>’ﬂ

Table 1. Physical properties of cement

98 mEshs o] Bbssich W A2y 2
9% AeR e AR G FAWAYFS
AggeR w % ek el o] Ay
WA e 20k01F (1402) F B2 w3 ol 3
Tk AA 2aEE FREe BT Bl 44871
oIk, okA7bH HAA Y2 HA FR2 ] e
e R 5 9 FUAFT FYEA 23 o] 4
ol froleh. wat AA| RN 2T 5 U T
LB e AR I S e AT 4
§ IR AAgeR Seua.
webd, B Qe FAT HEe] A
A 3 XWHE SCER AR
AN NS BT, OIF 2

c
L
1
e
N,

N
T
N
e

oX
woe
v it
) ofm
ot
bt
e

o
oz
>
X

A Eii E‘rbﬂﬂ ATE ?ﬁf‘%‘é}ﬂ AUTE %
alf AA FAHAYFT A
= ]’;}_0]:6‘]— H]-Lg ) 7<1—7] ]
vl It Y 2 AFE E3)A

3l BB AZEAAE 24 ALY

el SR AYAL) AErt Sk A é
Fo] AErt Fate)A Aol TAgE o] e =
w2 a7 Fbeka gl Absto] nEHQIY 54
AfolF 5 FH WFR BAFAES AT 2
FARUEZES WA A9HE B8 Addg] 5

VO R skn] FRMIAIT S 548 Bt BARUHY

r
o
olmlﬂl

@ N ol o 10

o by

2
2

oo ox filo o

L
_I}N'
F
o)

o o x

rlr

2
o
of
i)

:?l_l“
fuj

5
o
y
i

(o

0,

oo foi > Al et
NS o N

N
off EO" FIJ
@ T ofn

H

. Setting Compressive strength
. . Fineness . Soundness
Specific gravity| [one] [min] [%] [MPa]
0
Initial Final 3day 7day 28day
3.15 3,500 220 320 0.1 26.7 41.2 57.6

Table 2. Physical properties of fine aggregate

Density Wate‘r Unit weight Welght of
Aggregate [e/e] absorption FM [ke/ ] passing 0.08 mm
[%] ) (%)
Fine 2.6 1.5 2.5 1,597 2.1
Table 3. Physical properties of coarse aggregate
. Water . .
Density . Unit weight Ginax
Aggregate [/cr] absoorptlon FM [/ ] (mm)
[%]
Coarse 2.7 0.9 6.5 1,655 20
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Table 4. Mix proportion of concrete
. w/C Unit weight (keg/m)
Mix (%) Cement BS FA Water Sand Gravel
OPC35 35 471.4 - - 165 840 975
OPC60 60 275 - - 165 840 975
FA 60 192.5 - 82.5 165 840 975
BS 60 220 55 - 165 840 975
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A STUDY ON ACCELERATED CORROSION TEST BY COMBINED DETERIORATING ACTION OF SALT DAMAGE AND FREEZE-THAW

Table 5. Test condition of accelerated corrosion by freeze-thaw and wet-dry environment

Drying wet Dry Wet
Temperature Humidity Temperature Humidity
Deterioration 18 C 90 % 5 C 60 %
Freeze-thaw Freeze Thaw
case 1 (cycle numbers) 30
case 2 (cycle numbers) 100
case 3 (cycle numbers) 300
WSS, FARUEHE WA 83 BEEigon
RAHY A7) AT 7)25)0] 700 W o]aA]
Freeze-Thaw Test Artificial seawater test —,4%)\‘,4 ZEHJ ]% ] tﬂﬁ]—7l’ 0}7'“ Hl‘}‘g o]—t— /\]%j_o_

20°C 30cycle

1 cycle

i-18°C

i Freeze
£ (2hour) (2hour) '

w
&}
=
=
Y
S ’|

Wet Dry
(3Day) (4Day)

Hg. 2. Planned Freeze-thaw cycles of accelerated test
(case 1, 30 cycle).
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Fig. 3. Planned Freeze-thaw cycles of accelerated test

(case 2, 100 cycle).
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Fig. 4. Planned Freeze-thaw cycles of accelerated test
(case 3, 300 cycle).
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Table 6. Composition proportion of artificial seawater

Temperature Artificial seawater [g/L]
[C] NaCl MgCly 6H,0 Na,SO4 CaCl, KCl
Lab. temp. 24.5 11.1 4.1 1.2 0.7
Artificial = e Artificial [ A
Water Water

1ommI

Steel

@8mm

),
)

10cm

Un Coated

10cm

Front view

Fg. 6. Schematic diagram of ponding test specimen.
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Fig. 8. Photo of ponding freeze-thaw test chamber.
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A STUDY ON ACCELERATED CORROSION TEST BY COMBINED DETERIORATING ACTION OF SALT DAMAGE AND FREEZE-THAW

Fig. 9. Photograps of corroded of rebar: (a) Experiment equipment system of electron video microscope, (b) Measuring electron microscope
to corrosion of rebar, (c) Appearance of crushed specimen after accelerated corrosion test (case 1, OPC60), and (d) Appearance of

rebar after accelerated corrosion test (case 1,0PC60).

:-'.-,.T.-I

Fig. 10. Experimental set-up to measure dynamic modulus and natural potential of specimen using experiment equipment: (a) Dynamic
Young's modulus meter, and (b) Half-cell potential meter using copper/Copper sulphate reference electrode.
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SANG-SOON PARK AND BYUNG-TAK SO

Table 7. Penetration of Chloride ion based on charge passed

Total passed charge (Coulomb) Penetration
>4,000 High
2,000~4,000 Medium
1,000~2,000 Low
100~1,000 Very low
<100 Negligible

Table 8. Result of compressive strength with mix proportion

and curing time (MPa)
7days l4days 28days S56days

OPC60 20.49 26.52 27.01 28.48
FA 18.45 24.42 30.71 35.17

BS 25.28 24.98 35.31 39.78
OPC35 27.31 30.33 36.45 41.04
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Fig. 11. Comparison of compressive strength with curing time.
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Table 9. Total passed charge with mix proportion and curing
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Table 10. Time to corrosion (days) monitored from Freeze-thaw and wet-dry accelerated corrosion test

Case 1 2 3 4
Condition Freeze-thaw Freeze-thaw Freeze-thaw Freeze—.thaw
30 Cycle 100 Cycle 300 Cycle Ponding
OPC60 87 132 112 164
FA 95 135 165 201
BS 111 156 167 224
OPC35 121 158 221 232

Table 11. Dynamic modulus of elasticity of specimens at corrosion point

Condition Mix Corrosion point (day) Dynamic mOd(l(l)}l;S of elasticity
(V]
OPC60 87 50.52
FA 95 57.21
case 1
BS 111 54.71
OPC35 121 56.52
OPC60 132 60.24
FA 135 50.12
case 2
BS 156 56.14
OPC35 158 61.41
OPC60 112 60.12
FA 165 58.78
case 3
BS 167 57.93
OPC35 221 59.65
32 2RAMBUEY A1 Sol wrHgon o A PsHE o] 29 AFLEI}
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Fig. 13. Results of half-cell potentials with time after accelerated corrosion test combined freeze-thaw and wet-dry conditions in artificial
seawater solution depending on mix propertion and the number of cycle: (a) case 1 (freeze-thaw 30 cycle), (b) case 2 (freeze-thaw
100 cycle), (c) case 3 (freeze-thaw 300 cycle), and (d) case 4 (ponding).
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Fig. 14. Results of relative dynamic modulus of elasticity according
to mix proportion after accelerated corrosion test combined freeze-
thaw and wet-dry conditions in artificial seawater solution. (a) case
1 (freeze-thaw 30 cycle), (b) case 2 (freeze-thaw 100 cycle), (c)
case 3 (freeze-thaw 300 cycle).
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