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Compressive Strength and Chloride lon Penetration Resistance of SHCC Coated
by PDMS-based Penetrating Water Repellency

Jun-Hee Lee', Jung-Hwan Hyun’, Su-Hyun Park’, Yun-Yong Kim’ *

Abstract: In this study, Polydimethylsiloxane (PDMS) was applied to Strain Hardening Cement Composites (SHCC) for penetrating water repellency.
The penetration depth of PDMS, strength of SHCC, and chloride ion penetration resistance of SHCC were investigated. As a result of measuring
penetration depth of PDMS when applying different application method, it was confirmed that all methods satisfied the requirements of KS F 4930.
Although the immersion method showed the largest penetration depth, the spray method was considered to be more appropriate considering the ease
of field application. Compressive strength tests showed that the penetration depth of PDMS decreased as the compressive strength of SHCC increased.
The compressive strength of M4-A and M4-B specimens with large PDMS penetration depths decreased by 9.6% and 8.0%, respectively, compared
with those of M4 specimens produced without PDMS. Compressive strengths of the M1-A and M1-B specimens with small PDMS penetration depths
were reduced by 4% and 2.2%, respectively, compared with the M1 specimen. As a result, it can be seen that the strength reduction rate of SHCC
increases as the penetration depth of PDMS increases. The chlorine ion penetration tests showed that the chlorine ion penetration resistance increases
with the penetration depth of PDMS.
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Fig. 1 Tensile stress vs. strain relationship of SHCC along with crack
width (adopted from Lee et al., 2010)
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micro cracks)S =

1014 44884 o] tHu Ml L (multiple-
T3] Jsled YukA 0 B ARREE= %260
g/em’, Y7 130 o] TFAKsilica sand) S AHE-8FATE 1191
B AR RAN SEEAE A fo1) the o) =
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B %Loﬂfﬂ% %0172 AP A 5S st 9ls)
o 3014 AFEEA ] AEE GE CARA ABAkgEPVA
ARE Ak%o}aiﬁ} Table 5ol LFERA Hle} o] U= 1.30
7 40 me] FH 2] H PVAS AH8-5}$ 1, Table 6
of % ,%@&4 EA-S E718 k. B3 SHCC A 2ol =

AAS7FEA)(SP), ZHA(VMA), AZA|(Defoamer) S & 1:13]‘

2+ 0.37 g/em’, 0.60 g/em’ , 0.26

Table 1 Experimental variables

Application method Brush, Spray, Immersion
Curing period Curing for 7, 14 days after applying
AppllcatTlllty Penetration depth
evaluation
Test Mechanical .
. Compressive strength
items property
Durability Chloride ions penetration resistance
property

Table 2 Mix of proportion of SHCC

Unit weight (kg/m3)

I\I:llix. VZ// B Admixtures PVA
o ) W ¢ FA Shg S fiber

SP  VMA Defoamer (by vol.)
MI 45 390 606 130 130 630 26 1333 26 2
M2 45 390 520 173 173 610 26 667 2.6 2
M3 45 390 434 216 216 591 26 600 2.6 2
M4 45 390 345 261 261 571 26 0 2.6 2

Table 3 Properties of OPC

Compressive Strength (MPa)
Cement Blain  Density

type  (cmg) (gem’)

3days Tdays 28days
OPC 3,625 3.15 352 47.1 553
Table 4 Properties of fly ash and blast furnace slag
Ban - Desity St
2 3

(i) (gem) S )

Fly ash 3,420 2.16 3.60 0.2
Blast furnace 4,260 2.90 0.85 0.002

slag

J. Korea Inst. Struct. Maint. Insp. 17



Table 5 Properties of PVA fiber

Tensile

I()ge/:z[slllg})/ Izirllit)h Dla(llee))ter strength Elor(lse;tlon
(MPa) °
PVA fiber 1.30 12 40 1,560 6.5

Table 6 Properties of PDMS

Leaching resistance

performance
Active .
Ra""’ pH  Component ReSId“e.Of Weight Consumption
material content evaporation Reduction of Level of
residual potassium
Chlorine  permanganate
Py 9 4g%  120mgL  0.lmglL 0.3mg/L
urethane o ' ’ ’

2.4 PDMS E2X|xH
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2y
L

18 SHRPE=ZEFICHSXIA2|F 83 =2 222 A 65 (2018. 11)
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(a) Brush (b) Spray (c) Immersion

Photo 1 Application method

Photo 2 Penetration depth test
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(b) Test setup

(a) Test specimens

Photo 3 Chloride ion penetration resistance test (KS F 2711)
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KS F 4930 7|9 87 I FZ1 0191 2 mmE W33 th B
A e B JEZQo|=3.1 mmE 7HE A 4 AT
zxgo] W 32| Y] HFZlolE 242t 3.7 mm, 4.4
mmE S E A, A o] 7P F A FZolE Bk
AAE ] A AAEE ZIPE PRl 2 Ro] B
7Ve3l7] Wiol ZE Bl -2 F A E 2} A F| g
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2 Aoz Peha. Hehd, & Ao A
4 mefshe] 2aeo] Y- SHCCS] 2 3he] Al

4.2 SHCC tigol| mE &F2I0|

SHCC wig =79 W2 PDMS S5 4AA 2] HFolE
=A%)+ A3}S Fig. 3, Table 80| 713134 Th 3 FZl0] 5 =4
AT, M1 A @A S Bt AFZ o= 3.7 mmE 7P A2
A FEZlo|7} A A, M2, M3, M4 A @A 2] JFEZlol= 7}
Z} 4.4 mm, 5.5 mm, 6.3 mmE S = T M2, M3, M4 A ¥
A &] A FZ ol =M1 Bl -9 242} 19.0%, 48.6 %, 70.3
% 7kt o, A =7t A& A FZ ol S8t
=TS R F ok AREFFo] 71 E M1 SHCC Hj
2 M2, M3, M4 1l gF Al @A BT A E 3Rk 0 =2 Q1
S AR E v EE] 2 22 o] X&) PDMS S54RI A7}
23] AEHA o Ao Atdn) v =r} 7 2o
M4 N @AY 79 Fi A A o] I FZ )7 6.3 mmE 7He
Bol] AEHAL ol AFANX| o] Foldd met Fet
ool |9} &8l 71, Ca(OH),0l 23 ZEF RG] F=7%
’de] =8 Auj ARl AE-S sto] 2T |AH ol A o] A
Z3197] o2 AT Kuder et al., 2012). 3% 2 &
Al 23 Ee A= mAYUSEES A 3] 9Hotslr] 95t
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B Specimen 3 mean
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OHNW&MG\'\IN@S
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Fig. 2 Penetration depth with different application methods

Table 7 Penetration depth with different application methods

Penetration depth (mm)
Brush Spray Immersion

Specllme“ 32 3.8 4.4
Specimen 29 3.6 46

2
Specimen 3.1 3.6 43

3
Average 3.1 3.7 44

value
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SEM #4243, F-UAA7 A FE W A EEA] fe W
S S W A= 7P 2 9IS VA T E
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Fig. 3 Measured penetration depth fo PDMS

Table 8 Penetration depth of SHCC applied with PDMS

Penetration Depth (mm)
Ml M2 M3 M4
Specimen 1 3.7 4.5 5.6 6.4
Specimen 2 35 4.6 5.4 6.2
Specimen 3 39 43 5.6 6.3
Average value 3.7 4.4 5.5 6.3

20 SHRPAESXICHS X2 R5HE =27 M 223 H 62 (2018. 1)

(b) Specimen applied with PDMS (28days)

Photo 4 SEM photo of SHCC micro-structure

43 U=Z= AlF ZHD}
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Axo] JEge FAslr] st A 783 A 14U

PDMSE 8393, AlHE 2899 454 EE A 4%
£ Fig. 49} Table 90| FEFH AT F-HAANE 28514 &
2 SHCCY 4SHEAE A, AFA X|8Hgo] HoldrE
FTUAH AN JFFAETT HAashE A 02 e M,
M2, M3 % M42] A% 28Y U= =9] -9 22} 50.6 MPa,
39.0 MPa, 33.6 MPa, 24.9 MPaE =% 5 o] M42] 74-$¢-M13}
HI S 79 ) 50.8 % AT 4ske 2082 54
= AT
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%, 7.5 %, 9.6 % 7rA5Ath =31 PDMS S A) 3 14Q ol 4
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Fig. 4 Measured compressive strength §_ 2000
-
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Table 9 Result of SHCC compressive strength test S 2000
o
Compressive strength(MPa) g 1500
Specimens 5 1000
7d 14 d 28 d
ays ay's ays o0
M1 26.5 36.1 50.6 o
N M2 22.6 29.6 39.0 M1 M2 M3 M4 M1-B M2-B M3-B M4-B
one
M3 17.7 22.6 33.6
M4 10.7 16.6 24.9 Fig. 5 Chloride ion penetration resistance
MI-A - 254 48.6
Al;péfds a M2-A - 28.6 36.4 Table 10 Result of Chloride ion penatration resistance test
(A;] M3-A - 214 31.1
Charge passed (Coulomb)
M4-A - 14.7 225
MI-B _ _ 495 Non-applied Applied at 14 days
Applied at M2-B . _ 372 Ml 3,359 MI-B 1,425
14 days
(B) M3-B - - 31.9 M2 3,865 M2-B 1,358
M4-B - - 229 M3 4,124 M3-B 1,322
M4 4,254 M4-B 984
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