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ABSTRACT

Both strength and stiffness of RC structures strengthened by a steel plate greatly increase and however, their
ductility might not be sufficient because premature failures usually occur at the adhesive-concrete interface. In this
study, Mohr-Coulomb criterion was adopted to examine the bonding failure mechanism, and the diagonal shear
bonding test, the direct shear bonding test, and the flexural test on RC beams strengthened by a steel plate were
carried out to measure the bonding properties. It is found from the experimental and numerical results that the
cohesive strengths of epoxy-concrete interfaces are ranging from 50 kgf/cm2 to 70 kgf/crn2 when the friction angle is
45°. Bonding failure loads can be predicted by applying the bonding properties to the structural analysis of RC beams
strengthened by steel plate. By considering them in the design of strengthened beams, the premature failure would be

effectively prevented.
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Fig. 1 Premature failure patterns in strengthened
RC beams

o ZAES] A A TAsle Ad I £3 &
gol AXA HE #AFA2YA BAA7}t 2A) E2ER
HH QojAe Raua g dos|dA RArt HAAdgE
doile dioltt B dAFdMe Buale fRow
o3 22 Mohr-Coulomb &8 A-43t3th

r+ otand@=c 1

PN, 1 ot A7 EA-EAYE AW AHS
45} wageoln, oo} O 27 WA uelaz
° 49 B3 2HY 4 e Ane AzSAolt

3. &8 g7

4 4 g9t ARE BRAYAS Table 13} 20| 3

52609 A AN w42 24 % 60)
g AT o W AP AgEe A & Ys
[e)

ap7] flate] HEE-E Fo] YR dlo] APA P=
o Al

Aol A3 A5 B4 Table 29 z2onf &3
fE9 89 ¢EPwE AAZIFEAE 40kef/cniS B
R 3k 5B kefenol e, 2RAAAEE RBkaf/ent
o]tk

Table 1 Classification of diagonal shear specimens

Inclination Epoxy Epoxy area
Type angle thickness | P (ciln)
(deg.) (mm)
T-30-1
T-30-2 %

T4 2
o 45 3 (=5x5)
T-60-1
T-60-2 %

Table 2 Properties of materials used in diagonal
shear specimens

Comp. Tensile Mog}filus Bonding
Material | strength strengt121 elasticit strength
(kgf/em®) | (kgf/cm?) 3,) (kgf/cm®)

(kgf/cm
Concrete | 533 3 312400 | -
] >15,000
SB Grout >300 | 232000 | >100
SB
#101 - >200 238’888 >110
(Putty) ’
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Table 3 Classification of direct shear specimens

Bonding | Bonding Epoxy Bonding
Type length areg thickness width
(cm) {cm®) (mm) (cm)
5-75-1 .
75 45
S-75-2
S-10-1
——] 10 60 3.0 13.0
S-10-2
S-15-1
EE— 15 90
S-15-2
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Fig. 2 Loading configuration of diagonal shear
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Fig. 3 Loading configuration of direct shear
specimens



Table 4 Properties of materials used in RC beams
strengthened by a steel plate (kgf/cm?®)

. . Comp. and
. Yield Tensile |Modulus of .
Material strength | strength | elasticity bonding
strength

Steel bar i
(SD30) 3500 | 6200 | 2,000,000
- Comp.
Concrete 38 312,000 £33
Steel plate 2700 4500 5100000 i
(SWS400) ’ » 10U,
TEP-324 Bonding
Crout) | 48 | 423 | 1280 ndi

TEP-327 Bonding
(Putty) | 188 | 188 ) 21500 ) o0

Table 5 Classification of RC beams strengthened by
steel plates

Spsinen | ks | Beni | B | by
platetmm) | (cm) (cm) (mm)

7 B3-150 3.0 150

B3-190 30 190 130 3.0

B6-190 6.0 190

;ﬁ 90 cm %(Lc% 90 cm I
LTI

le
10 cmy P
._.| }_7

var. L Ilgcm
20@10 = 200 cm 1

15
|'_CE"] _L&S cm

D10
25¢ecm 18 cm
D13

— REET)

13em

Fig. 4 Details of RC beams strengthened by a steel
plate
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Table 6 Test results of diagonal shear specimens

Inclination Normal Shear
Type angle stress stress
(deg.) (kgf/em®) | (kgf/em®)

T-30-1 20 32.8 189
T-30-2 352 20.3
T-45-1 a5 26.5 265
T-45-2 287 287
T-60-1 187 324
T-60-2 % 20.3 352
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Table 7 Test results of direct shear specimens

Bondi Cohesive
Bonding | Bonding leillurr;:g strength
Type length area Joad (max. shear
{cm) (cm?) (tonf) stress)2
(kgf/cm®)
S-75-1 2.72 70
75 45
S-75-2 2.77 69
S-10-1 1 60 2817 70
S5-10-2 54 - -
S-15-1 3.35 64
E— 15 90
$-15-2 293 50
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Fig. 5 Distribution of shear stress along the epoxy
-concrete interface
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Table 8 Shear and normal stresses at epoxy-concrete
interface when the bonding failure occurs

Bonding

Reference Type f?f)l:ée sSt};Z;uSrz I\Skgrr:;glz

(tonf) (kgf/cm®) | (kgf/cm”)
Present | B3T150 | 93 .| d04 93
sdy | pgygo | 132 | 272 8.1
S2-15 7.7 432 103
Sim et. al®| $3-15 76 45 120
$4-15 73 444 125
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Fig. 6 Mohr-Coulomb failure envelope for epoxy-
concrete interfaces of diagonal shear specimens
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Fig. 7 Mohr-Coulomb failure envelope for epoxy
—concrete interface of strengthened beam

Table 9 Friction angle and cohesive strength for
epoxy-concrete interface

Cohesive Friction
strength angle
(kgf/cm?) (deg.)
Jones et al.” 54 -
Ziraba® 48 ~ % 28
Arduini et al¥ 50 59
Diagonal shear »
test 52 ~ 62 45
Present

study | Direct shear test | 50 ~ 70 _

Flexural test
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