Journal of the Korea Institute for Structural Maintenance and Inspection
Vol. 20, No. 4, July 2016, pp.059-067
http://dx.doi.org/10.11112/jksmi.2016.20.4.059

PISSN 2234-6937
elSSN 2287-6979

Characteristics of Calcium Leaching Resistance for Concrete Mixed with Mineral
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Abstract: Concrete is a very useful construction material for the sealing disposal of hazardous substances. In general, mass concrete is applied to these
structures. And, the mineral admixtures are recommended for the long term performance. Calcium leaching could be happened due to the contact

with pure water in underground structures. Thus, it is needed to evaluate the resistance of calcium leaching for concrete mixed with mineral admixtures.
From the test results, the mineral admixtures are effective to the improvement of long term compressive strength and chloride diffusion coefficient

in concrete members. When calcium leaching is happened, however, the reduction of compressive strength and chloride penetration resistance is severe
than OPC case, the micro pore distribution is adversely affected. Consequently, when the mineral admixtures are applied to underground structures

which is exposed to calcium leaching environment, it is desirable to reduce water-to-binder ratio, to expose after the sufficient pozolanic reaction, and

to use BFS than FA.
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Table 1 Physical and chemical composition of binder
propertis Material - FA BFS
. Specific gravity 3.15 2.25 2.89
Physical . )
Blaine(cm®/g) 3,200 3,400 4,300
SiO, 21.36 49.89 33.54
ALO; 5.03 29.99 15.22
. Fe,0; 3.31 7.42 0.51
Chfj/‘:;cal Ca0 63.18 501 4388
MgO 2.89 0.98 2.62
SOs 2.30 - 2.54
LOI 1.40 431 0.01
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Table 2 Test variables

Item Contents
W/B 40, 50(%)
Mineral additives Blast Egngzz(;?g) (BFS)
o FA 10, 20(%)
Substitution ratio
BFS 30, 50(%)
Leaching method Immersion NH4sNO; solution(6M)
Initial time of leaching 28, 91 days
Duration of leaching 180, 365 days
Phenolphthalein method Degraded thickness

Mercury intrusion porosimetry Micropore-size-distribution

Compression test Sound con'c, Ca*" leached con'c

Table 3 Concrete mix proportions

T W/B  S/a Unit weight(kg/m®)
c
P %) () w C S G FA BFS

400PC 40 43 170 425 721 934 - -
500PC 50 45 173 345 782 933 - -
40FA10 40 43 170 383 715 926 42 -
40FA20 40 43 170 340 709 918 85 -
50FA10 50 45 173 311 776 927 35 -
50FA20 50 45 173 276 771 921 69 -

40BFS30 40 43 170 298 717 929 - 127
40BFS50 40 43 170 213 714 925 - 212
50BFS30 50 45 173 242 778 929 - 104
50BFS50 50 45 173 173 776 926 - 173
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Table 4 Degraded thickness due to calcium leaching
Exposure ~ Ages  400PC  500PC  40FA10 40FA20 50FA10  50FA20 40BFS30 40BFS50 50BFS30  50BFS50
28 d 28+180 11.3 19.3 14.3 13.3 23.3 21.3 12.3 10.5 243 253
ays
Y 284365 18.3 26.3 19.3 18 31.3 29.3 18.3 16.3 323 30.3
o1 d 91+180 10.5 16.3 14.3 12.5 245 20.3 11.3 9.3 223 243
ays
Y 914365 16.5 24.5 18.4 16.3 29.3 253 19 15.3 28.3 30.3
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Table 5 Results of compressive strength during water curing

WO e

ol
N
o
N ok
4o o
ol

[\S]
o0
Noe

Bt X
o F

2
o
o

Fig. 1~Fig. 3 2 T:

% we

MR
B
s
oN

N

o) o k|
I 2

e HoE g
o Ny ooy

o

X
-

fo )
I oo - ri
o >0

_1\1

Nr;:_&oﬁoﬁ

_r_

= 3NV

o7} A TAYEATE Z, 400PCe] 7350l

1

l

i
rulo

91
O
o
U

= tlo \“ﬂ nt{o
>\l _‘_, H‘l
o O ol)l

N
N
Fl°l

ti5te] 180

7Vt tk. 181U FA 2] 7450l = A
PCo)| H]3)] AR o] thsle] 1
= wokett
oo Rzl Ee) U 8% A S )
}04 Table 30| A58 wige] = Eo] o
Al&stl o, ol F=d E3HA o] A=
< et g8l ==
19= 8L, A3 ke o] 25 8=
ol 36593 sk 1A
ERHH Fig. 1~F1g. 3 ¥ Table 63 2T} =3
éﬂEQMEﬂ%ﬂﬂEé

%

e A71E A"

&= 7 A

A5} FElE oA ST

Table 62 A#= vl skd, OPC ¢ &

P A Fgkov, =-AFA ol & 2}

&

Z365Y0]

o] JFAETF70% o= YERA I, 500PCe] -9

o= &+

FE7F50% ©l8t= #A 3] Aslst=
T} o]o] H3l|, FAE AM8-3F

A9 AR,

A o2 Uept

/\]7] 7<€-

AgAH| ] FFE BT A B Z o2 e &, §F

Ages 400PC 500PC  40FA10  40FA20 50FA10  50FA20  40BFS30  40BFS50 50BFS30 50BFS50
78 davs 38.5 29.6 359 325 243 23.0 413 37.0 317 30.7
4 (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
91 davs 483 35.7 52.1 49.8 36.3 35.1 513 47.1 38.5 41.4
4 (125.4) (120.5) (145.0) (153.1) (149.3) (152.4) (124.2) (127.3) (121.4) (134.9)
180 davs 50.7 38.1 54.1 52.1 37.1 36.7 524 50.1 41.8 453
o4 (131.6) (128.6) (150.5) (159.9) (152.9) (159.2) (126.8) (135.4) (131.9) (147.6)
365 davs 52.1 40.1 55.9 54.2 40.1 39.6 56.1 54.1 46.1 46.7
o4 (135.2) (135.5) (155.5) (166.4) (164.9) (171.8) (135.8) (146.2) (145.4) (152.1)
Table 6 Reduction of compressive strength due to calcium leaching
Exposure  Ages  400PC  500PC 40FA10 40FA20 50FA10 50FA20 40BFS30 40BFS50 S50BFS30 50BFS50
28 38.5 29.6 35.9 32.5 243 23.0 41.3 37.0 31.7 30.7
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
343 18.7 18.7 253 143 16.2 30.2 28.7 20.1 16.3
28days  28+180 (88.9) (63.2) (521 (77.9) (58.8) (70.2) (73.2) (77.6) (63.4) (53.0)
284365 30.7 13.1 13.1 14.7 10.2 8.4 27.3 24.7 13.1 10.7
(79.8) (44.3) (36.5) 45.3) (41.9) (36.4) (66.0) (66.7) (41.3) (34.8)
01 48.3 35.7 52.1 49.8 36.3 35.1 51.3 47.1 38.5 41.4
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
38.3 20.1 33.7 31.8 18.6 16.1 31.2 30.3 26.4 24.8
91 days  91+180
(79.3) (56.4) (66.5) (63.9) (51.2) 45.7) (60.8) (64.4) (68.5) (59.9)
914365 33.7 16.4 28.3 26.1 14.1 11.9 30.7 27.1 20.4 184
(69.8) (46.1) (54.3) (52.3) (38.8) (33.8) (59.9) (57.8) (52.9) (44.4)
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Fig. 1 Results of compressive strength(OPC cases)
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Fig. 2 Results of compressive strength(FA cases)
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Table 7 Chloride Diffusion Coefficient during Water Curing
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Ages 400PC 500PC  40FA10  40FA20 50FA10  50FA20  40BFS30 40BFS50 50BFS30 50BFS50
28 days 12.6 17.9 9.4 8.3 19.1 16.7 34 1.0 19.1 8.1
91 days 5.8 15.0 6.8 4.5 10.1 8.1 32 0.9 10.1 42
180 days 5.0 13.7 4.9 4.0 9.1 7.5 3.0 0.8 9.1 2.1
365 days 4.8 12.6 4.0 3.9 6.1 5.1 29 0.7 6.1 1.6
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Table 8 Change of Chloride Diffusion Coefficient due to Leaching

Exposure Ages 400PC  500PC  40FA10 40FA20 50FA10 50FA20 40BFS30 40BFS50 SO0BFS30 50BFSS0
28 12.6 17.9 9.4 8.3 19.1 16.7 34 1.0 19.1 8.1
28 days 28+180 14.4 20.8 18.8 17.8 26.1 253 15.1 14.8 26.7 24.4
28+365 16.8 24.3 19.5 19.8 28.3 27.1 17.4 16.2 28.4 27.3
91 5.8 15.0 6.8 4.5 10.1 8.1 3.2 0.9 10.1 4.2
91 days 91+180 13.1 20.7 17.1 16.8 22.7 21.8 14.1 13.2 19.4 20.1
914365 15.2 23.0 19.1 18.7 24.8 23.9 17 16 22.1 23.4
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Fig. 4 Diffusion coefficient change(OPC cases) Fig. 6 Diffusion coefficient change(BFS cases)
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