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ABSTRACT In this study, the hydrophilic chemical grout using silanol (HCGS) was introduced to overcome the limitations of
conventional epoxy resin which have been used for strengthening reinforced concrete (RC) structures. Then, flexural tests on the RC

slabs strengthened by FRP sheets were conducted. Three slab specimens were tested in this study; a control specimen with no
strengthening, and two specimens strengthened by a typical epoxy resin or HCGS, respectively, as a binder between the slabs and the
FRP sheets. In addition, an analytical model was developed to evaluate the flexural behavior of strengthened slab members,

considering the horizontal shear force at the interface between concrete slabs and FRP sheets. The analysis results obtained from the
proposed model indicated that the strengthened specimens showed fully composite behavior before their flexural failure. Especially,
the specimen strengthened by HCGS, which can overcome the limitations of conventional epoxy resin, showed a similar flexural

performance with that strengthened by a conventional epoxy resin.
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Fig. 1 Chemical structure of HCGS
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Fig. 2 Chemical bonding mechanism of HCGS

Table 1 Summary of specimens and material properties
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ATl Fo] FA S FRP AE
sheet®] B> dAolA A&5= WY LA ol F
ojfom, sy Aate] o T v, A3
A Ao GolsteF EAFAE AFZ Fdo] FRP
sheets F-2slQltt. WA, SdH vigHS 1A
o] %, 7zt AAe] wet o F Al HCGSE =EsH3Th
olw, FAIE &5 APA MM = AFA x| =
ol #9]S Myt Fof oFAE LE3ESFIL FRP
sheetE F-213t HbH o HCGSE 283t A A oAM= =X
golv] 2qle kel o] FRP sheet 91l A
£ oA E3xste] FTEsh ARbE AL ASAAAN BA
< ¢knetint. AA AFAMl= Table 19} Fig. 3¢ YERd
nkel Ao

SS0-00 A& A= 7|FAg A o], SIE-702} SIH-70=

Y Y Y Reinforcement Strengthening Material
Specimen (MCI];a) (Msf’a) (Mf’a) ‘Tensile fou Cpmpressive fo (Weight Ratio of main solvent
reinforcement | (MPa) | reinforcement | (MPa) to hardener)
SS0-00 | 34.39 2.86 3.21 9-D16 508 9-D10 486 -
SIE-70 | 34.39 2.86 3.21 9-D16 508 9-D10 4386 Epoxy + FRP sheet (2:1)
SIH-70 34.39 2.86 3.21 9-D16 508 9-D10 486 HCGS + FRP sheet (5:1)

Jer: compressive strength, f;,: splitting tensile strength, f,: modulus of rupture, f,;: tensile strength of longitudinal steel bar

86 | et=Z32|ESl3|

== X282 1= (2016)



o A
. 9-D10 9-D16 3,000 FRP Sheet J .
| 30 ]
| \
(a) Front face of specimens
Do bW
o : | ;
gﬂ q Epoxy |9 Hegs (8
T g e g e g T g e
‘ Di§ i DI ‘ ‘ LFRPSI\&N . | ‘ LFRPSl\e@t 000 |
SS0-00 SIE-70 SIH-70
(b) Sections of specimens
FRP sheet
‘ 350 ‘ 2800 ‘
(c) Bottom face of specimens with FRP sheets
Fig. 3 Details of slab specimens (unit: mm)
FRPAEZ WASH AAAZA 247 LB 7418} FRPA Table 2 Properties of epoxy used in this study
E o] Aol o Z A9 HCGS7) 24531tk Fig. 30 1 P—
Ehdl 23} gro] A= o] 1,000mm, %o]7F 150 mm P S
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9-DI0EA] 120mm 7FACE WA= on, &xmslel HCGS 59.1 20.1 [3.6|1.9 1 0.06
ZggE AxsEe o AL AojstuA Do B Epoxy 51.3 8.2 21| 1.5 2 0.11

rulo i

Zapgpow getio] 717 g4 wlA|shele,
Fig.

C/S: compressive strength (MPa), M/R: modulus of rupture (MPa),
B/S: bond strength (MPa) (s:standard, c:cylic heat temperature),

3()°f EO] = uhsh o] b o ® Qs £ % W/P: water permeability (g), W/A: water absorption coefficient
FA Q14= viehde]] 500 mm % 2] FRPAIES Ho| 3 (ke/m2-h"%)
om BYA T AE DAHSTE FRPAE MATE
Z1Z=AEA e B AT v 30%9 HEdTAS Ex Table 3 Properties of FRP sheet
AAste] A3kl o, ke X Ko A|E7F v A FH Type Mechanical Propertues
A RS stel Kol Sdel A A+ 1,400 mm, A A . . Ultimate | Tensile | Elastic
o] 2,800 mm7} HE% HASIIT &44E SR A Carbon | Width | Thickness| = G strength | modulus
AE Alole] Aol ol%A] S HCGSE EEste] A ERP ) (mm) | (W) grain | (MPa) | (MPa)
Aaldu}. AR B2 FRP AlEE 2 500 mm, 7] 0166 mm et 17500 | 0.166 | 0.015 | 3900 | 230,000
o, QIFAFEE 3,900 MPa, BHJ 7142 230,000 MPa©] U},
| Z A= oA AumrA o g AFEE T Q= SALY A Table 4 Mix proportion of concrete
W AREsEal o, o FA) e} ' 4 FRP A|EC] B4 A= w/C S/a Unit weight (kgf/m®)

Z}7} Table 29} Table 3¢l “tebdH whe} 2o, (%) (%) W C S G
s ARAIN AHE 2AEES AANSAE 30 MPa 470 | 499 | 148 | 331 | 912 | 845
= s A (batch)‘f’ﬂ/\ﬂ o] BaE gl o, —E W/C: ratio of water to cement, S/a: ratio of fine aggregate to
2 E 9] wjE} 3= Table 4] LFebA vk} o) ARG-H A total aggregate, C: cement, S: fine aggregate, G: coarse

HWEE Type | LEHAE AldlEO| Y, &2 A9 E]EHX‘ aggregate
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Fig. 4 Locations of strain gages and LVDTs (unit: mm)
Table 5 Summary of test results
Load Moment Deflection at loading point Note
Specimen P, Prax M., Mopax Oer Op max Pre-damage | Strengthening effect
kN kN kN-m kN-m mm mm % %

SS0-00 27.25 122.73 20.44 92.05 4.50 38.70 N/A N/A

SIE-70 20.74 195.60 15.56 146.70 3.38 47.70 72.14 1.59

SIH-70 21.09 173.76 15.85 130.32 3.74 4591 71.75 1.42

P.: cracking load, M,: cracking moment, &,: cracking deflection at mid-span,
Pax: maximum load, M, maximum moment, O, m.: maximum deflection at mid-span
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Fig. 5 Load-deflection curves of test specimens

w;&ﬁﬂ%ﬁ\\\\\

O
(a) SS0-00
| E Ly &m,‘lw\l |
(b) SIE-70
| e AT S |
O
(c) SIH-70

Fig. 6 Crack patterns of specimens at failure
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Fig. 7 Deflection of specimens
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