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Evaluation of Penetrating and Reinforcing Agent for Preventing
Deterioration of Concrete

Myung-Sug Cho"*, Jea-Myoung Noh", Young-Chul Song”, and Do-Gyum Kim”
"Korea Electric Power Research Institute, Daejeon 305-380, Korea
“Korea Institute of Construction Technology, Ilsan 411-712, Korea

ABSTRACT The property and applicability of the -organic-inorganic synthesized penetrating and reinforcing agent, which is
developed in order to improve durability of concrete structures and prevent deterioration that may occur as service years increased,
are researched with experimental works. TEOS (tetra-ethoxyorthosilicate) and acrylate monomer are synthesized by the solution
polycondensation method in order to formulate silicate with sol-gel process and improve durability of concrete. Additional sub-
stances such as isobutyl-orthosilicate is supplemented in order to improve the performance of the agent. After the developed
organic-inorganic penetrating reinforcing agent penetrates, a flexible impact alleviating layer is formed with organic monomers as
well as the agent strengthens concrete by filling up the internal pore of concrete with stable compounds afier penetration. Pen-
etrating and reinforcing agent can be applied as an effective life management method because it makes concrete more durable
against the aging factors, such as chloride ion, carbonation, freezing-thawing, and compound aging.
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Table 1 The characteristics of the basic materials used in the penetrating and reinforcing agent

Role Material Characteristics
Concrete . Tfat.ra Eth}fl Ortho $111cate (inorganic)
strengthenin TEOS | - Silicate with a radical effector
& « Basic structure :Si(OH),;, Ry4Si(OR),,, YRSi(OR);
Absorbing impact * Acrylate quomer (orgam(?) .
. . * Waterproof, impact absorption, and crack restraint
. and restraining Ac ) . . . . I
Basic . - Strength is weak, but a impact absorption segment is formed when synthesized with silicate
cracking .
* Basic structure : CH,,;CN
+ Tetra Ethyl Amin (organic)
Restraining rusting Tea | Rstraining rusting of reinforcing bars by ion activation effect under
of reinforcing bars - environment of strong alkali like concrete
* Basic structure : R-C Hpn
* Isobutyl Ortho Silicate (organic-inorganic synthesize)
Restraining si | Restrains penetration of moisture and chlorides with ability to sprinkle water
material aging * A silicate containing Butyl group, an organic substance
Additional + Basic structure : Isobutyl-Si,
Enhanced + Alcohol (orgam(':) . . e
enetration Al - Controls hardening reaction and improves waterproofing ability
P - Lowers viscosity and surface tension and takes charge of emulsifier function
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Table 2 Mixture and compressive strength of concrete specimen
for evaluating penetration depth

Table 3 Mixture of concrete specimen for evaluating concrete
reinforcement

W/C | Sa Unit content(kg/m’) Compressive Design strenth | W/C | S/ Unit content (kg/m’)
%) | 0 | W C S G | strength (MPa) (MPa) ) | ) | W C S G
35 41 175 | 500 | 657 | 964 39.5 24 48 46 178 370 771 891
40 43 175 | 438 | 720 | 96l 364
50 | 45 | 178 | 356 | 777 | 960 313 E5d H)Ee 5 2 E THGARE Zo] 25, 75, 125,
60 45 178 | 297 | 799 | 987 229 17.5, 22.5, 25.5 mmoll A A] E% ‘Haa}oﬁ ¥H AE B7A

Fig- 5 Measurement of penetration depth

wic 40% SANAE tIFeE XA 318 B4 (Xray diffraction
test)Z} SEM (scanning electron micrograph) A& £ 35 Th

3.3 74 Z=l &1

A% BAC o9 2agee] A 28t A%
] 3 2719 $100x200 mm &
AAE AEdon AUEE 50%, &% 20+3°C 249
28 Al of W 2847+ 717A%A -?F
F 14U 3o 2

T
=]

o e
E2 t@% We Fof Enl

i} 8% A MR A3k} 19 28U AP 3
o

e
ol
4

fz
ol
2
1

o~ —HN'

w
a &
2 g

0x
or

=
Q
=
o
2 o

S LI/

B7HE 4100x 100 mm EA A

o
=
O;-:L oX J
E olr

4o
:O‘:,?
[2Ee
rE

%
>
Py
o o

2
do
o 2
o
N,

oo 7 rd u@

4> ot e
22

2
[\
oo
o,
i

[
l
—
W
B
]
o
l
o8
<

ok

n? o

ofd

_0|L
g

o

[e]
= A% B7ke vE 53 g9 wie
e® Blo] NaCl 0.01, 0.03, 0.1, 02%F

£
o o
L)

0 < e

3
%,
i
T

=27 X19A X435 (2007)

o da) ZAsEE FIEFS EYshe WHoE FYEHUT
342 EHMDL AT A
eRabstel] et oA As H7ke ¢100x 100 mm FAIA
59 AT RAAE =¥3 5 pdgoz ojiksleka
FE7] 9] QUL of|FA] ZHESIL o] AkslEA
10%, 5 30+3 2 AdSE 60£5% 249 F3 &
AE ARoA 7, 28, 9147 =& F dAEZHY
290 4 3k 2l Zlo) & A st WHOE FIEHAT

i
1=

Ll »
O 2z of o

LU p S (I

O

343 TEE3 JA A5

SAgs N gk A As H7ks 100x100%400 mm 215
FA A A HE BAAE =X T -18°C~+4.5°CY

2% 24N 300 cycle2 715 52 % SsHsh W 30
cyclerttt AN FEHAATE S 3= W (KS F 2456)2
2 Pt

344 22 A0 AH A5

A5 2 dfE SAol e
Wb 100ml ¥ F3tde 48 &
e A2Eg 2% ZAL A8ehe] 5, 10, 20, 30, 40, 50
cycle -2 2AYd £AHE S HJ%* (ASTM C 672,
scaling resistance of concrete surface exposed to deicing chemicals
salts) 0. 2 S = St}

53 93 o4 45

A7 A3} Fig. 63

i
kH
g
1l
-m
HI
oy
A
0x
olr
ok!
N

=]
i
1=

T YF-skE

% FU¥ (capillary suction)

o oaf FAHE WF-E JF7} shesith 18 I5dE A

> F7o o3t AR 7 45 W

Z #9 AT EﬂﬂH s B
]

1= =
T8 35%2] =7 30mm o)/ 7;915,— s UrE]'LH
Z 9o, ol AT AEe £ B9 AT HAATL 7
Z9] BI)A A=A = @A F4 wkgel ¢



+22 i
@50 PVC
s
1] Chioride Sofution ‘é
[y . fo
a’ H
E f
L / 20 S
l%ll/// fe—remze ____lolhaw ) Tim:hcmr)
18hours

Shours

leyele (24hours)

(a) System (b) Temperature

Fig. 6 Condition of combination aging test

5ol FAgES siehy Wt
d &4 2 Fig 8o FAew
19 F-st 7o) #9 ?J—Er WAAE E¥E 2aEE
B FaEe] A% AAESQD Torbermorite (5Ca0 -
6Si0, - SH,0 : C-S-H gel) & Orthoclase (K;0-ALO;6Si0,)7}
i o7 A ¥ AE B
Q]. Zj_J_o}jr_ o}z%x%o ;jra]—
A

o
EAst L e olF &
10 nm~ 100 um, EA#AFTE 3nm~2 pme B9l Vehst
t} olu #HEAF = £35S HEUAOE (3Ca0 - A1203
3CaS0, - 32H,0), A F53E (xCa0 - ySio, - zZH,0) 2
FAsH (Ca(OH),) T0lvh ¥W 5 BAAE =X
AlA &) 7-Foll= Fig. Hbyell A2k Zro] A E U7
BA7F AEs 0-8i-0 YL E3
ST B ofle)l mlAIgh 7o) A st
W FE S S o WA

we okl o

[e

TA 7dE EAE AT 454 34 A Fig 103 72

Penetration depth (as)
-

1 2 3 4 - [ 7
Amount of application (%)

Fig. 7 Penetration depth in terms of w/c ratio and the amount
of application

=250

|

%’N'&t L%\U‘}k \\"ﬂx'\',«js"’\}k\&%«s&wf Fo, “ Mbwf \«ww

(a) Concrete with no appllcat|on

ABOW

(b) Concrete with appllcatlon

Fig. 8 X-ray diffraction test application

ilicate
v drate
P

Densified microsto

(b) Concrete with application

Fig. 9 Scanning electron micrograph analysis
(x5,000 magnifications)

EH AT 2ZA0| off 232|E st UA| M5 HIt

| 479



40

# # 7 days after application (freezing and thawing 150 cycles)
® ‘M 28 days after application (freezing and thawing 150cycles)
—O— 14 days curing (humidity 50% , temperature 20+3C) after application

o»////’z?.xt

W
=4

264

Compressive strength (MPa)
— [
= =

No application Application

Fig. 10 Compressive strength test results
o] R ¥ FIAYEE 264 MPa, TX FIAYEF 294 MPa
A& Avke vlA 72 AROIA B 3%l 249
BAY 232 E Wi AFet] BEARTST S

=9
T o=
NPeEM WF 2F] ANLsiA FHFAET T8

=

d 3 ¥R & ASHT} 1468 Frhete A v
Ehdon ol A& e s - Aol HF o
Aert Akl EAHEY FH AT BAAE H8T A
& A FE o] sl FARHFL grse A= =
B AE BAAY &4 Z2Alzd o A Ad &
7t 78 2 FF 5o & 98 FA ARLEA A 7
5¢ 3EAZ Aot 2aYE WF 239 ALAS
vetlle 5445 8 3389 Z9E Fig 113 o] =
T 28U F m=ESA o AeRvh 183 paste Ao

4.4 48t oM A 315 M5 Gt

d— 0 [
441800 AN g5 R AR Hs
- T . —
dafoll st oA e H7F Azhe Fig. 128 ol ®H
AR BRAE EX3 A =X gL ARt 93
g Tuot gadste ZeE vegen, i &4 94 A
0.027 y 27
_~ 2347 [ Coefficient of permeability @ Porosity
S 0024 ° 22.28 i 24
z .
2 0.023 21
E 0018 1634 1585 [E I
= 0.01472 [ ] 2
E 0.015 : 0.01435 ? 15 E:
g e
E 012 12 Z
g £
= 0009 0.00828 0.00784 s =
= -
2 0.006 6
-
2 0.003 3
s}
0 : - 0
No application No application Application Application
7 days 28 days 7 days 28 days

Fig. 11 Coefficient of permeability and porosity after freezing
and thawing 150 cycles

430 | t=232|Ests| =2E N193 M4E (2007)

Chloide concentration (%}

No application

o 18 15 5
Distance from surface (mm)

Fig. 12 Test results on the capacity of restraining damage from
salt water

se ELgi—HrEa o] 0~15 mmelA F=E ] 97%e|th.
3 32 4% Wy} AFE Fig 13574 Zo] ¥4
2] o o3 dsE 1A3 ZAIE 70~72%EA ©]
= g AE BAAY 4 Z2A2d o 55 2
8 B GslEo] IAHE RAoEA ZEAQ Fa A
A Qe BB 93tEo) AR AHANE JFR F3
=

A

o,
rfo
ﬂllo r
jar)

184338 ARoen FGele] o FIRHE o

g & oode 45e 23 9E JeE wodn

443 LB EIH AL

=450 3 oA H% Bt 23 Fig 159 Zol E
W AE B =¥3 ALE 300 cycledX = AHE
%g A57t 90% o8 F3e JuE ez glou

EaA] e ALE 150 cycledlX AiEaAATE
60% o3tz Hol W7 F8e 7%e Addte 4AE

GeRhgih olaid Ade EW P% mA6 @ 22
gE 2ol AWt ¥ B R FRE TN
3 FA WrFel Y] A sEel AFE A
21 Astolet,

0.05

—@— Application (0.01%)  ---O-- No Application (0.01%)
—&— Application (0.03%)  ---O--- No Application 0.93%)
—&— Application (0.1%) ---/x-- No Application (0.1%)
0.04 —— Appli(ation 0.2%) ---[3-- No Application (0.2%)

o g

Amount of chloride (%)

0~5 3~10 10~15 15~29 20~258 25~30
Extracting depth (mm)

Fig. 13 Fixation effect of chloride ion



P 242
E 25 —O— No application
c ~o— Application
B 20
2 142
15 -
o
N
2 10
£
5 ] 1.9
0.1 0.5 :
9 —@ “—_’F—’——_—’_—‘—.
0 20 40 60 80 100

Term of test (days)

Fig. 14 Test results of capactiy in restraining carbonation
damage

Relative dynamic elastic modulus (%)

—O~ No application —@~ Application

P — SOV AUS RN o SN . AR
9 30 60 90 120 150 180 210 240 276 30¢

Freezing and thawing cycles

Fig. 15 Test results of capactiy in restraining freezing and
thawing

53 &3t oA 45 H7F A3 Fig 163 2ol ¥4 3
5 & XA g2 A9 cycle F7F S
ot FAFEA St dafe] Ht &Eol o) =¥ AeET
2AY EAFo] FIhshe A e dith E3] 50
cycle AJAANA =28 FHeo £AFLE F v U] 26%,
ASTM (672 (scaling resistance of concrete surface exposed to
deicing chemicals salts)] X2 5F2 TEA] &2 H
v F2EA =& 35H, =ES A5 g9t

714 Qe 05w 2= e

5 Q 2
. —
g e¥e 2aYE PR YTYF A% PH 2 &
- o = - -
} 3B BHoR LY H77) T BE AT B
035
g 030 —O— No application —@— Application
2
§ 026
'H
E 020
&
g
= 015
&
E 010
-
]
2 005
=

000 y
0 10 20 30 40 50 60
Cycles

Fi

. 16 Test results of capactiy in restraining combined aging

2)

3, wie 35~60%2] FAIA ol o
TETOEE 30mm oo HF

AeE YEhfe] 7]
Ze FAA AFATY 2L de wHd 27 FAT
o og AF Zolof A sttt

L. .
3) XRD @ SEMel 3 viA] 7= 54 ¥4 A3t Z9
A BE AV F3E WRE IR F i

g3t} C-S-H gels F4Fo2N TABES As)
T ek Ael 38y 4TS olFg HUsAT

4y A 73 a3 RN Ee FE4 ZIHEY AS
AR 2AE L39S 1 114%9 G474 %
Z7F A3E, A% o &g e FAYE
o] AL d&=AEE 1468 Tt AT H IFE
2 1839 A 23E JEpATh

5) €3t 3

| B%E, 38 A5
A3 E AFHE YR
SX diY] 96%9] A 4%,
SAgae A% 300 cycledHE 90% T FHE
of

AEAFoZ B =79 ¥W IF 2= 7€ #7] %
27 gz AR Wr)E 9% 29U BaAe oF
2 AAstT B AR AeE vgeR 43 B37|)% 9
Qo g3t &4 IB7)5S AV AEREA AHF 23
E pzE 93 MR Ee B2 AN T TEREY WINT
= Hgo) 7Ed ReE ATHT

HAtel 2

B =R YL AY HdEAg AT Agre R
38 A Ao dFeH, AF AAE sE AR
B gpE gy @) 4 AkE =HYth

2
o

=
Nt

1. A. M. Neville, Properties of Concrete, Pitman Publishing
Inc., Third Edition, New York, 1981, pp.277~284.

EH A= 22H0| o3t 238|E ¥t WX M5 Tt 481



2. ACI Committee 515, A Guide to the Use of Waterproofing,
Dampproofing, Protective, and Decorative Barrier System
for Concrete, ACI 515.1R-79, American Concrete Institute,
USA, 1985, pp.2~3.

3. AEA, WA, £33, Fa4, “AdgAoleAEY &
APERGANE o4& FshiA7|eND”, d=Tg
E83] 20060d% BateUHs =EY, dxTAES
3, 188 13, 2006, pp.313~316.

4. D. Chaumont, et al., “The Structural Properties of Soda-Sil-
icate Sols and of the Lime-Soda-Silicate Gel Formation”, Jour-
nal of Non-Crystailine Solids, Vol.247, 1999, pp.254~261.

5. Buenfeld, N. R. and Zhang, J. Z., “Chloride Diffusion Through
Surface-Treated Mortars Specimens”, Cement and Concrete

Research, Vol.28, No.5, 1998, pp.665~674.

. Thampson, J. L. et al., “Characterization of Silicate Sealers

on Concrete”, Cement and Concrete Research, Vol.27, No.10,
1997, pp.1561~1567.

CE2EH, 5934, 452, dAS, EAUE 7RI Y
7 BRE 9% FARSEA E ol Ay, %

w2 23] 10-2005-0103500, £33, 2005.

Colals, AL, AT, “EFAUL olgF M s

Az, A 2E, 8@ 33, 1993, pp.203-217.
Va5, S, AN, AR, HE, “EFEUE o

o
23 78 Mgy 22 47, AgAE, 119 13,

1996, pp.45~55.

2 o TaYE FE2EY AS B4 Foh) BE 9
¥4 R AT A A% 2§42 AYH PHo

Q

ethoxyorthosilicate)?} 7] A1 52 acrylate monomerE 8¢
g AAES WrAT T AFH A {71ExH
5 M & isobutyl-orthosilicate 52 A5 7N &2
AR AR FF 1A 38 AT 2AAE 2T F
A ANPezA A et mE AFUE 7 B =8,
g3} gglo) tigk WA I St ol EAYUE 72EC] 8

ing) A 2 WS 4L B AL /7 7
2319t B dFdaes F7] AER] TEOS (tetra-
oz Fggro s Z4 kS (sol-gel process)ol
REdy 43 24 9433 4L 58 Fa9EY A
o ey 2aE JAE 3o g3 oA Hdee T
E R F3e B - 3o e SeEE F
2 eatgl, A48 2 B 5o AN 834

ol v e VYHeg &4 7iEY Aes dAddn

WARQ] : EH UE H7A, tetra-ethoxyorthosilicate, acrylate monomer, <-4 8-, isobutyl-orthosilicate
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