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In this study, the characteristics of self-healing mortars produced using an inorganic self-healing material consisting of ground
granulated blast furnace slag, expansion agent, and anhydrite, were investigated. For three types of self-healing mortars with different
amounts of the inorganic healing material, compressive strength was measured and the self-healing performance was evaluated
through the constant water head permeability test. The healing rate and equivalent crack width according to crack-induced aging were
used as indicies of healing performance evaluation. Considering the development of compressive strength of the self-healing mortars,
the change in the healing rate with healing periods, and the economic feasibility, the optimal amount of inorganic self-healing materials

was suggested as 20 % of the mass of cement.
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Table 1. Mixing ratio of mortars and physical properties of used
materials

Mixing ratio Physical property

Density Blain

W | C |SHm'|Sand ey | (catie)

OPC | 04 | 1.0 - 2.0 OPC 3.15 3,240

SH10 | 04 | 09 | 0.1 | 2.0 GGBFS 2.83 4,430

SH20 | 04 | 0.8 | 02 | 2.0 EA' 291 3,680

SH30 | 04 | 0.7 | 03 | 2.0 Anhydrite | 2.94 3,190

E.A." : Expansion agent
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Table 2. Test results of compressive strength

Compressive strength (MPa)
Type
3d 7d 14d 28d 56d 91d
OPC 33.7 37.3 43.1 49.8 54.9 57.9
SH10 332 39.2 475 56.2 63.8 69.2
SH20 326 38.8 46.7 55.0 63.9 70.5
SH30 315 377 454 54.1 64.3 71.8
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Fig. 1. Development of compressive strength with curing age
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Fig. 2. Relationship of crack width and water flow rate
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Fig. 3. Healing period vs. healing rate of selected specimens at
cracking age (a) 14 days, (b) 28 days, (c) 56 days
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Table 3. Constant water head permeability test results for selected

specimens
q SH, w
Classification (ml/(min*mm)) (%) (mm)
Eq. (1) Eq. (2) Eq. (3)
Cracking Type Width | HP HP HP HP | HP HP
age (mm) | 0d 28d | 14d 28d | 0d 28d
0.203 | 0.54 0.19 | 59.1 64.7 |0.203 0.143
OpC 0.300 | 1.75 0.74 | 53.1 57.7 |0.301 0.225
0.201 | 0.52  0.01 | 90.5 98.1 |0.201 0.054
SHIO 0.302 | 1.80 0.09 | 88.9 949 (0303 0.112
14d o 0202 | 0.53  0.01 |90.6 98.1 |0.202 0.054
0298 | 1.77  0.05 | 91.0 97.2 [0.301 0.092
0.199 | 0.51  0.01 | 94.1 98.0 |0.199 0.054
SH30 0.300 | 1.78  0.01 | 92.1 994 |0.302 0.054
0.204 | 0.55 020 | 549 63.1 |0.204 0.146
OpC 0304 | 1.79 0.86 | 45.8 524 |0.303 0.237
SH10 0.199 | 0.51  0.02 | 902 96.1|0.199 0.068
0299 | 1.71 020 | 83.6 88.4 |0.298 0.146
28 0.201 | 0.53  0.01 | 943 98.1 |0.201 0.054
SH20 0.303 | 1.79 0.12 | 87.7 93.3 [0.302 0.123
0202 | 0.53  0.01 | 963 98.1 |0.202 0.054
SH30 0.301 | 1.77  0.03 | 92.1 983 |0.301 0.077
OPC 0.199 | 051  0.19 | 53.1 61.6 |0.199 0.145
0.304 | 1.81 1.06 | 39.2 414 |0.304 0.255
0.200 | 0.52  0.04 | 8.6 922 |[0.200 0.085
SHIO 0299 | 1.77 027 |80.2 84.7 [0.302 0.161
>6d 0.204 | 0.55 0.03 |90.9 945 |0.204 0.077
SH20 0302 | 1.82 022 | 8.1 877 [0.304 0.151
S0 0.202 | 0.53  0.01 |88.8 99.1 |0.202 0.043
0.301 | 1.79 0.13 | 86.6 92.7 |0.302 0.126

AE Fig. 50f LIEHHRICE ol =7 [7EZ0] 0,20 mm 2! 0.30
mm@l A2 22+ 0,13 mm} 0,15 mmE XK 28L9| X|SQE
TR SHX|Z 7SI H2M Mo LIEFHICE

Fig. 5(a)0f =M, OPCo| X|RE H#EZ2
Aol 22101 0,10 mm O[PtoZ 2HX
St= AQ=E LB BIHHO| XIRAXZ 2R4E SHI0, SH20
SH302 HERE=MY 14U M= =1 XRE E%‘%Oﬂ g6t
Aol AEREANHO0| 562 SIFefol w2t S
Z 0.20 mm2} 0.30 mm0i| CHHH 0,115 mm2t 0,140 mmZ S X|
Ol EE5HX| 2513t SHXIRE SH202 SH30L HHS =X 56
AWME 28X E5i¥el, O & SHI0L AESEXHH 56
UM =7|FEZE 0,30 mme| ZL 0175 mmE SHX| it

Z7|73%=0

T ==L

ol E=ESHX

bt

it

0,025 mm ZTSHACE, AP7IXIS R2ER20I F712 S8l
ABEO| BItE4E AIQE RUZ wot BB, Of= 2

8 2 SEAE AIRS mE2ol YEUE U XIRASs
0.25
£
E 020
=
2 01s
g k/_,_——’.
3 W OPC-14-28
7 0.10
2
= 005
2
0.00
(@@
0.0 015 020 025 030 035
Initial crack width (mm)
0.25
£
E 020
=
5 015
%3 WSHI10-12-28
£ 010
o
= #SH10-28-28
2 005
. A SHI10-56-28
0.00
(b
0.0 015 020 025 030 035
Initial crack width (mm)
0.25
£
E 020
5
& 015
"
Q
£ 010
2
- +5H20-28-28
2 005
S 4 SH20-56-28
0.00
© 0.10 015 020 025 030 035
Initial crack width (mm)
02 »
2
E 020
5
5 015
%5 WSH30-12-28
£ 010
2
! #5H30-28-28
2 005
. A 5H30-56-28
0.00
0.0 015 020 025 030 035
Initial crack width (mm)
d . - . .
@ Fig. 5. Initial crack width vs. healed crack width for

four mixtures (a) OPC, (b) SH10, (c) SH20, (d)
SH30

SHRAMREIIRISE| =27 2022 122 581

=
[



t71%]

—

11
@
-
2
>
o Ir
d
40
B>
=
>
00
o
=
Bl
2
H—‘
=
ol
2
il
>~

9 E4NZ 21 RAREXIZO| B2

=]
4 42 5
AEIQUXPE SH30S| 22 HHMF 56U0IME SRl Of
=) ]

S T

o

=

30

w
ps!
N
Rall
30
H
|
m
|
lo
2
AT
0y
H
to

P EREMZ0 TE XFE
HMds 2ot 2714 2l 24 Aggs MHE

O] 20 %= MQtstLC)

ox

mA %2
o

Conflicts of interest
None,

AL 2
2 O REUER P17 |STARIO] X1 |X|2(22SCIP-
C160254-03)0f) 2f3l 4B LICk

References

Ahn TH, Kishi, T. (2010), Crack self—healing behavior of

cementitious  composites  incorporating  various  mineral
admixtures, Journal of Advanced Concrete Technology, 8(2),
171186,

Architectural Institute of Japan, (1996). Recommendation for

practice of concrete make use of ground granulation blast

582 vol. 10, No. 4 (2022)

furnace slag, Architectural Institute of Japan, 25-52.

Choi, YW, Nam EJ, Kim CG, Oh, SR (2020), The crack
healing properties of cement mortar materials using crystal
growth type selfi-healing solid capsules according to the
crack induction age, Journal of the Korean Recycled
Construction Resources Institute, 8(4), 475—482 [in Korean],

Choi, YW, Nam EJ, Kim CG, Oh SR (2022). An
experimental study on crack self-healing and mechanical
recovery performance of cement composites materials using
encapsulated expandable inorganic materials based solid
healing materials, Journal of the Korean
Construction Resources Institute, 10(1), 92—100 [in Korean],

Huang, H., Ye, G, Damidot, D, (2014), Effect of blast furnace
slag on self—healing of microcracks in cementitious materials,
Cement and Concrete Research, 60, 68-82.

Jaroenratanapirom, D., Sahamitmongkol, R (2010). Effects of

different mineral additives and cracking ages on self—healing

Recycled

performance of mortar, Proceedings of the 6th Annual
Concrete Conference, 551556,

Korea Concrete Institute (2021). Constant water head
permeability test method for the evaluation of self—healing
performance of mortar, KCI—CT114 [In Korean],

Lee, KM, Kim HS,, Lee, DK, Shin, KJ. (2021a). Selt-healing
performance evaluation of concrete incorporating inorganic
materials based on a water permeability test, Materials, 14(12),
117

Lee, WJ, Kim, HS, Choi, S, Park, BS, Lee, KM (2021b),
Evaluation method of healing performance of self—healing
materials based on equivalent crack width, Journal of the
Korean Recycled Construction Resources Institute,  9(3),
383388, [in Korean],

Moon, GD,, Kim, JH, Cho, YK, Choi, Y.C (2014), Effect of
anhydrite on the mechanical and durability properties of high
volume slag concrete, Journal of the Korean Recycled
Construction Resources Institute, 2(8), 239246 [in Korean],

Park, B.S,, Choi, S.C, Hong, G.T., Kwon, H, (2020). Technology
and practical  application  of  self—healing  concrete
incorporating organic/inorganic materials, Magazine of Korea
Concrete institute, 32(5), 10—14 [In Korean),

Van Tittelooom, K, De Belie, N, (2013). Self—healing in

cementitious materials — A review, Materials, 6(6), 2182—2217



or

71X FI1H SEME AHEe R2EI29| YRZE R XRY

ST D222 012D WA U PAMDE 020121 R7P) XDIXIS AMHE ABSI0] HESt AP IXIR B2Et
ISMRO| AIBYO| [IZ 35RY| P|XR D262 (o2 USYEES SHsn
M52 BIINt XSS IR PESEHHN IS X980 S71FER
~
x|

o
o1, AR TE Xire Halet drlds 1ot 7714 2ol 2

s [—

N =
AHIE 2 TiH| 20 %2 2SI,

Ml

s rdeantals =27 2022 128 583





