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In this study, the development of a self-healing concrete waterproofing agent was examined, focusing on its manufacturing and
waterproofing properties. The optimal ratio using microcapsules for the concrete waterproofing agent was determined through
assessments of flow, compressive strength, and permeability conducted during the mortar stage. These findings aimed to provide
fundamental data for evaluating the self-healing properties of the concrete waterproofing agent designed for use in concrete
structures. The self-healing concrete waterproofing agent was comprised of three types of inorganic materials commonly used for
repair purposes. From experimental results, a composition ratio with a high potassium silicate content, referred to as SIM-2, was found
suitable. A surfactant mixing ratio of 0.03 % was identified to enhance the dispersibility of the concrete waterproofing agent, while a
mixing ratio of 0.2 % distilled water was deemed suitable for viscosity adjustment. For the magnetic self-healing concrete waterproofing
agent's healing agent, using microcapsules in the range of 0.5 % to 0.7 % met the KS F 4949 and KS F 4926 standards.
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Table 1. Composition ratio of silicate inorganic materials
Item Sgliz‘c;f‘yc K0 Na;O Li,O Si0; Fe,0; Mole Viscosity CSO‘I’llt‘:;t
0, 0, 0, 0, 0, 3 [o]
Type (20 °C) (%) (%) (%) (%) (%) fraction (cps, 20 °C) %)
Potassium silicates 127-129 | 100-11.0 - - 215225 | 005 3235 <20 20-52
Sodium silicates >138 - 9.0-10.0 - 280300 | 003 | 3.10-3.30 - 30-56
Lithium silicates 1.15-1.20 - - 10-1.5 | 18.0-22.0 - 7.5-85 - 20-25

290 vol. 11, No. 4 (2023)



v e N L 7 7 ol N
(c) RPM 250 : 210~50 um (d) RPM 300 : 180~30 um
Fig. 1. Microcapsules size of stirring speed
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SO Ot 2t BXIE G2 X|YUSHA 3t LHiAE =Y £ Table 3. Step 1_mortar mix table (by SIM)
Q= Aoz Eugn QICHChoi et al, 2022). 2 =20i|Al= 00| _— W opC s SIM (C x %)
28 B30l U2 XIR7IS SRR IPIXIR TRYAH - ssTes TS
_, - - . ~ Plain | - - -
HZ=E flet 2A4dlE O| TAEH EE0 00|22 &0] =8 SIM-1 2 1 1
_ oo _ —F1 05 1 245
= AL Yads0 0RXl= JY¥E TESI A} Sic _ SIM2 | 1 2 !
- — - SIM-3 1 1 2
Fig. 12 X7 IXIR 7 | daxlof EE 00|22 e0] Fos
LIEfH Zdo|ct ojo|a3 240 37|= AT }I—Io1|)\-| ShA A0 Table 4. Step 2_mortar mix table (by ST)
ref 28H0] 7HsotH, & ==0lMe Fig. 1(a) 271 7HKk= Ot
S i g. = Type W oPC S SIM ST
O|ZR2UES 7IEC= BIRULCE (C % %)
Plain - -
ST-1 0.03
2.2 REEI= ST-2 03 ! 245 1 0.05
ST-3 0.1
S2E20] AZE AfIES 2 HARR 1BARIE(O[S], OPC :
_ Table 5. Step 3_mortar mix table (by DW)
Ordinary Portland Cement)E AIE5I¥OH, XZM2= F2X i Y
HZAKOI3F S : Sand)2 AL2SIRCE Table 2= = HP0M|A AL Type W OPC g | SIMST | pw
_ C x %
29 T2l 22X S42 R0 Ol — e
7g¥'; 0.5 1 245 g‘z g;
Table 2. Mechanical properties of materials = : :
DW-3 0.7 0.3
Materials Properties
opc Surface area Density Table 6. Step 4 _mortar mix table (by SM)
(3,540 em’/g) (3.10 g/em’) SIMST+DW | SM
. . Type W OPC S
S Absorption Density (C x %)
(2.32 %) (2.58 glem’) Plain -
SM-1 0.50 0.50
SM-2 05 ! 245 0.25 0.75
SM-3 0.17 0.83
StEziMasixtelsts] =27 2023 12¢ 291
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Table 7. Water permeability measurement according to SIM
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. 2. Silicate-based inorganic material (SIM) composition ratio
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Fig. 3. Silicate-based inorganic material (SIM) composition ratio
and compressive strength

o O o

AGIFICE Fig, 59| Z1f

No. Sample Weigh (g)

condition 1 3 4 Aver.

. Dry 462.8 457.6 481.2 4732 468.7
Plain Post-test 464.8 459.5 4833 474.7 470.6
SIMLI Dry 478.1 466.3 474.8 465.6 471.2
Post-test 479.4 467.5 476.3 467.2 472.6

SIM2 Dry 472.1 474.9 468.2 466.2 470.4
Post-test 473 476 469.2 467.4 471.4

SIML3 Dry 469.1 4774 466.2 463.9 469.2
Post-test 470.2 478.6 467.1 465.3 170.3
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-~ Sample Weigh (g)
condition 1 2 3 4 Aver.
Plain Dry 482.9 466.4 471.6 457.7 471.2
Post-test 484.6 467.9 480.1 459.6 473.1
STl Dry 468.9 475.6 460.9 463.8 467.3
Post-test 470.4 471.1 462.1 465.2 468.7
ST Dry 469.6 470.5 462.5 458 465.2
Post-test 471.1 472.1 464 459.7 466.7
<13 Dry 469.6 470.5 462.5 458 465.2
Post-test 472.1 472.1 464.2 459.6 467
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Fig. 11. Distilled water (DW) composition ratio and compressive
strength
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Table 9. Water permeability measurement according to DW
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Fig. 13. Distilled water (DW) mixing rate and ratio of water
permeability

OF 43 %, 50 % LU 39 % ZAGI= ZE0| LIEIICH EBE Fig,
139] ZiT} DW—1, DW-2 2! DW-39] EAH|= 9F 057, 05 &

-~ Sample Weigh (g)
condition 1 2 3 4 Aver.
Plain Dry 481.1 464.2 468.2 456.3 467.5
Post-test 482.9 465.8 470.3 458.2 469.3
DW.1 Dry 462.1 466.5 462.8 458.5 462.5
Post-test 463 467.5 464 459.7 463.6
DW.2 Dry 468.5 474 470.6 469.6 470.7
Post-test 469.4 475 471.5 470.6 471.6
DW.3 Dry 473.7 473.8 474.9 476.2 474.7
Post-test 474.9 474.9 475.9 471.5 475.8
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Table 10. Water permeability measurement according to SM

Flow (mm)

Fig.

Compressive strength (MPa)

400
300 —
—+
200 [~
100 —
1] .
Plain SM-1 SM-2 SM-3
Type
14. Self-healing microcapsules (SM) composition ratio and
flow

50
I 3 days
I 7 days
[ 28 days

40 |-

30 |-

20 |-

10 |

1] -

Plain SM-1 SM-2 SM-3
Type

Fig. 15. Self-healing microcapsules (SM) composition ratio and

compressive strength

-~ Sample Weigh (g)
condition 1 2 3 4 Aver.
Plain Dry 461.2 489.1 471.5 463.3 4713
Post-test 463.1 490.8 4735 465.2 4732
M Dry 469.9 471.1 471.2 467.9 470
Post-test 471.1 472 472.3 468.8 471.1
M2 Dry 4744 467.1 468.7 474.8 4713
Post-test 475.7 468.2 469.6 475.8 4723
M3 Dry 466.3 466.3 455.6 470.9 464.8
Post-test 467.9 467.5 457.1 472.6 466.3
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