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A Study on Bond Strength of Cement—Based Filler and
Flexural Strength of RC Beam Strengthened with GFRP by Filler Thickness
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Abstract

In this study, cement—based filler is used as an adhesive instead of organic adhesive, epoxy because there were
problems under wet condition. First, the bond strength of cement—based filler was measured and the result was satisfied
with KS F 4716. However, in case of wet condition, bond strength of epoxy adhesive decreased 0.73N/mm? in 7 days
and 0.84N/mm? in 14 days from pilot test. This implies that there would be a problem on reinforced concrete structure
in wet condition, such as tunnel and sewage box. In the second experiment, the flexural strength of RC beams with GFRP
using different thickness of cement—based filler was investigated, and the result was indicated 113%, 66%, 75% increase
in 10mm, 20mm, 30mm thickness, respectively. From the result, it was known that 10mm filler thickness produces stable

bond performance.
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Table 1 Mix Proportion of Cement—Based fillier

Substance Mix gi)%(;rtion
Cement 24
Inflating agent 6
slag powder 12
Melamin superplasticizer 1.0
Quality improver (aluminium powder, ethylcellulose) 0.8
Acrylic fiber 1.2
Grading control silica (6,7 silica, weight ratio 4:6) 55
Table 2 Properties of Epoxy Adhesive
Physical State Speci(fgn(ﬂ};avity Vi?;;);ity
Yellowish Paste 14 160,000
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Table 3 Standard of Bond Strength by KS F 4716

Bond Strength(N/mm?)

Standard curing

Low Temperature Curing
1.1 0.8

Table 4 Weight and Saturation of Cement—Based filler Specimens
in Different Wet Condition

Saturated The The Weltgglt by
surface | Oven dry Wet | percentage | percentage c

Specimen|  dry weight weight | of water of Dercelfitage
weight kg (kg) content | saturation | __ : 0, i

(kg) (%) @) Sa l(llig)lon

M-100 | 10.086 9.660 10.486 8.55% 100% 10.486
M-090 | 10.282 9.830 10.680 8.64% 89.29% | 10.589
M-085 | 10.659 | 10.214 11.106 8.73% 84.33% | 10.967
M-080 | 10.443 9.994 10.805 8.11% 80.62% | 10.648
M-075 - 9.597 10.404 8.41% 75.38% | 10.205
M-063 - 9.816 10.657 8.57% 63.36% | 10.349

Table 5 Weight and Saturation of Epoxy Adhesive Specimens in
Different Wet Condition

The The weight by
Saturated Oven dry Wet percentage | percentage the
Spedi surface cioht cioht £ wat ¢ percentage
peciimen | " eiohs | Weid weig] of water of of
(ko) kg kg co(n%e)nt satlgtr;)tlon saturation
(kg)
E-100 | 10.841 10.353 11.214 8.55 100 10.486

E-90 9.834 9.821 10.688 8.63 89.29 10.595

E-85 10.683 10.195 11.092 8.73 84.33 10.897

E-80 9.834 9.389 10.175 8.11 80.62 10.018

E-75 - 10.126 11.013 8.41 75.38 10.791
E-63 - 9.930 10.823 8.57 63.36 10.493
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Fig. 2 Bond Strength of Cemnt—Based filler and Epoxy adhesive
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Table 6 Bond strength of cement—based at 7 days(N/mm?)

Table 8 Bond Strength of epoxy adhesive at 7 days(N/mm?)

7-1 7-2 7-3
Specimen | Bond | Separate | Bond | Separate | Bond | Separate | Mean
strength | condition | strength | condition | strength | condition

7-1 7-2 7-3
Specimen| Bond | Separate| Bond | Separate | Bond | Separate | Mean
strength | condition | strength | condition | strength | condition

M-100 - - 4.87 | Surface | 4.61 | Surface | 4.74

E-100 0.73 | Surface | 0.72 | Surface | 0.74 | Surface | 0.73

M-090 4.76 Matrix 6.21 | Surface | 5.17 Matrix | 5.57

E-090 | 8.54 Matrix 7.02 Matrix - Matrix | 7.78

M-085 4.65 | Surface | 5.61 Matrix 2.48 | Surface | 4.25

E-085 | 7.36 | Matrix | 6.31 Matrix Matrix | 6.84

M-080 | 287 | Surface - Surface | 4.63 | Matrix | 3.75

E-080 | 540 | Matrix | 589 | Matrix | 546 | Matrix | 5.58

M-075 4.61 | Surface | 4.03 | Surface | 4.03 | Surface | 4.22

E-075 | 589 | Matrix | 513 | Matrix | 7.07 | Matrix | 6.03

M-063 4.32 Matrix 555 | Surface | 3.77 | Surface | 4.55

E-063 6.42 Matrix - Matrix 4.46 Matrix | 5.44

Table 7 Bond strength of cement—based at 14 days(N/mm?)

Table 9 Bond strength of epoxy adhesive at 14 days(N/mm?)

14-1 14-2 14-3
Specimen | Bond Separate | Bond | Separate | Bond | Separate Mean
strength | condition | strength | condition | strength | condition

14-1 14-2 14-3
Specimen [ Bond Separate | Bond | Separate | Bond | Separate Mean
strength | condition | strength | condition | strength | condition

M-100 | 581 | Matrix | 414 | Surface | 451 | Surface | 4.82

E-100 0.86 | Surface | 0.84 | Surface | 0.81 | Surface | 0.84

M-090 | 511 | Matrix | 449 | Matrix | 511 | Matrix | 4.90

E-090 - Matrix | 327 | Matrix | 546 | Matrix | 4.37

M-085 | 577 | Surface | 5.95 Matrix 348 | Surfacer | 5.06

E-085 702 | Matrix | 843 | Matrix | 843 | Matrix | 7.96

M-080 - Surface | 3.83 Matrix 3.65 Matrix 3.74

E-080 7.14 Matrix 5.22 Matrix 415 Matrix | 5.50

M-075 | 522 | Surface | 4.01 | Surface | 5.26 | Matrix | 4.83

E-075 8.88 | Matrix - Matrix | 6.68 | Matrix | 7.78

M-063 | 3.36 Matrix 357 | Surface | 5.81 | Surface | 4.25

E-063 - Matrix | 866 | Matrix | 8.22 | Matrix | 8.44
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Table 10 Concrete Properties

Water Maximum air
f ok Cemgnt coarse Slump content etc.
(MPa) Ratio aggregates | (mm)
(%)
(%) (mm)
Fly Ash
+
27 55.0 25 150 45*1.5 13%

Table 11 Mechanical properties of reinforcing bars

. Normal Cross Yield Tensile Young's
Specimen . .
Standard diameter | section stress strength | Modulus
(mm) (mm?2) (MPa) (MPa) (MPa)
D10| 9.53 71.33
SD4 400 se0 | 206 %
00 | p13] 127 126.7 105
Table 12 Properties of GFRP
Tensile . Young's L.
Strength Théﬁnki)ess Modulus Du((:;;lty
(MPa) (MPa) ’
560 3 7.2 X 105 12.9
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& Table 13 Specimen
7 [ Cement—Base
‘é.—f*ﬂ"’ T Beam Filler Anchor | GFRP | GFRP
& ] Specimen | Section . dimension | Length | Section
;_,: J I o oo Thickness
) (mm2) () (mm) (mm) | (mm2)
g /f' Standard | 150%250 - - - -
© 30 T ——
9 . //‘f_l I MT10 150%260 10 2400 390
ﬁj 3 I MT20 | 150%270 20 200 2400 | 390
4 2] MT30 | 150%280 30 2400 | 390
0 T
0 5 10 15 20 25 30 35 40
Displacement (mm)
4 Alsl An EM
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Table 14 The flexural strength of RC beam specimens

M Test result Reinforoed

. einforce

Specimen (KN-m) | Prest | Mrest Mtest/Mn ratio
KN) | (KN-m)

Standard 21.3 32.0 20.8 0.98 1.00
MT10 59.9 68.0 44.2 0.74 2.13
MT20 61.9 53.0 34.5 0.56 1.66
MT30 63.9 56.0 36.4 0.60 1.75
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Fig. 6 Load—displacement curve in different filler thickness
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Table 15 Stiffness of Specimen

Specimen Stiffness Reinforced ratio
Standard 3.14 1.00
MT10 5.00 1.59
MT20 5.06 1.61
MT30 5.32 1.69
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