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Evaluation of Failure Mode in Concrete Beam Restrengthened with
GFRP with Various Initial Conditions
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Various failure modes occur in the concrete beams reinforced with GFRP(Glass Fiber Reinforced Plastic) under initial
condition and repairing patterns. In this study, the failure behaviors of concrete beams restrengthened with GFRP sheet
with slightly higher elastic modulus than concrete were investigated. For the tests, concrete beams with 24 MPa were
manufactured, and the effects of initial notch, overlapping, end-strip reinforcement, and fiber anchors were analyzed on
failure load. The cases of GFRP overlap around notch and the initial notch showed increasing failure loads similar to those
of normal restrengthened case since the epoxy of the saturated GFRP sufficiently repaired the notch area. Compared to the
control case without restrengthening of GFRP, the concrete with initial notch showed 0.78 of loading ratio and normal
restrengthening showed 4.43~5.61 times of increasing ratio of failure loading, where interface-debonding from flexural crack
were mainly observed. The most ideal failure behavior, break of GFRP, was observed when end-strip over 1/3 height from
bottom and fiber anchor were installed, which showed increasing failure load over 150 % to normal restrengthening.
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Table 2. Physical properties of used materials
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Table 1. Conventional properties of epoxy-resin materials
Item Requlrfed Item Requlrf:d
properties properties
Viscosity Under 10000 Compressive
over 65
(CPS) CPS strength (MPa)
. 15 minutes~ | Tensile strength
Gel Time 3 hours (MPa) over 50
Ultimate tensile strain Flexural strength
%) over 2.0 (MPa) over 80
Thermal coefficient _ s | Shear strength
(17°C) (1.0~2.0)x10 (MPa) over 20
Heat deflection degree Slant shear
©0) 50~80 strength (MPa) over 15
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Yard/pound (ypp) 250
Density (g/cm’) 2.54
Fiber
Tensile strength (MPa) 31000
Elongation break (%) 42
Compressive strength (MPa) 88
. Flexural stregth (MPa) 80
Epoxy resin .
Elasticity (MPa) 2800
Density (g/cn’) 1.16
Design tensile strength (MPa) 500
. Elasticity (MPa) 25000
Composite -
Elongation break (%) 2.0
Thickness (mm) 03~1.0
2.2 Ena] EME flet Al

Table 3. Test variables for repaired conditions

Variables Marking EA

Control BC 6

Restrengthened BP 5

Notch, non-repaired BN 5

Repaired, overlapping restrengthened BRJ 3

Initial | Non-repair, overlapping restrengthened BNJ 3
notch Repair, restrengthened BRP 3
Non-repair, restrengthened BNP 3

Flexural failure and restrengthened BFP 3
Restrengthened with U strip (50 mm) CAl,2 2
Restrengthened with U strip (100 mm) CA3,4 2
Restrengthened with strip (50 mm x 50 mm) CAS,6 2
Restrengthened with strip (50 mm x 100 mm) | CA7,8 2
Restrengthened with fiber anchor CA9 1
CA1l,2 and fiber anchor CA10 1

CA3,4 and fiber anchor CAll 1

Simple strengthening CAl12 1
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Fig. 1. Shop drawings on testing samples
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Fig. 2. Preparation of concrete samples

Table 4. Mix proportions for concrete beam

w/C Water Cement | Coarse aggregate Sand
(%) (kg/m’) (kg/m’) (kg/m’) (kg/m’)
48 165 344 1011 777
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(b) Notch case

Fig. 3. Failure mode and the related photos

312 BZ Hg
(1) Z7I3€0| gl= 32 0I380| 2Zst Z1KBP)
O

SR E7 1202 B2E 220/ 25 gl YA

Ei“éi% | etHs f fE‘ AHIof 0|27 |10l HREZe| 1t
T E= DEA01 Z2 USOINZ O[HXIZUX2H ARl QIEZE
=7t FaE| vlo 0 2 40l E2E2 Qs 232E
TafHD HZRetel AHIZE O[HX[A ECHRahimi and

Hutchinson 2001).
o7 e 71EE 2ol 32| of
AHZEE ARE0] HREz X |
debonding failure)2 H0|1 QH=C]| Lt
27|02 ES LEHAC Of= 718El= Ho| SURLI0IAM Lilist
ﬁ%e!ﬁ 1 Sl Qlol| Ho| SUR0lM Lo BT 23
AL0]9] APHAHO| TIM=HM 22=20] BHA0f 0IZ2FS
H0l= 2 E0|CHGaul 1996). 571 A0 CHer ZICHEHGISE
kN

oorr

859 kN, ElIHEL 64 kNmO|H, HEALE 79 %2 TIHEIRICH

(2) Z7| Lx|¥ 2Zst Aat

Ha 3 0|3EZE 3 BRI 2R (IEAR 78S E4otl
HS NS HIIS Ao TiHEl= BPo| AR SUSH
AT o] YENS LIEHLHT QIO B It oEE2 80,2 kN, &2
HEL 6,0 kKNm2 UBHSZERZA(BP) T B|m5lH 7 $HEO| &
0| LsIRiC 2 R0 Qo] AR¥sE A7 USE Y
2 oo 0] 22 IA| AT HENE LIEFHT QUCH 374
AHO|| cHt Bt Thnloksgt2 80.2 kN, EZHEE 6,0 kKNmZ
TIIEACH 55 %2 HSHS 7K1 QURAL Fig, 40M= AH

ORoA AR 2 g J2lE LEEHAIC

180 vol. 11, No. 3 (2023)

6\_} BNJO| 740 ﬂh—|°4F—H'_

ABntn2 I RACt, THjoks Ewal2 82,1 kNO|U
K

2 %= GIHEIRACE

__:>.*:
JH'
zg
5
N g
2 1y
HDl
S
o =
Nl
o o
mo o
th
ooy
=
FLflljJﬁ
52
Im Tlo m.
10
o H ﬂniﬂﬂ
= w40 M glor

N
P~
Q'E
kJ
51
P
bl
o
c o
d o
B[1 =t
rno >
o
Mo -y
=z 1SS
3 DIE_HJE
D BN
g 50
=P
= [o =
» o @
n o o8 —
o RANREY!
~ O0F o e 0

OO
Hu
H
AN
n
o £Q
rr
)
@0
T .
L
W
=z
(Gl
o
- rlu rr

o o

[

1%

Qvﬂ

Rl

=

oN Ao xQ
o)

L =

=)

ro
:lOI__I
E_I
)
Q'E
o
=

O
N
oy
e
gol
1o
o

g
oY oM

oy HUI 30 e o
|0
|O
Hu
P
~
H
ﬂ
>
3
3
=2
0
ro

e
o
o

-0

2
o o
5 8
B T
e
gl
2 B
(TR
2
K
> =
Ui
=Y
H i
4 =
A
°
— Mo
ofm
é)ll__w
HT

ST
H

\J

o

i

Ral
I e
[l

-

T

%

i
o

ggg Z|cHetE2 108.8 kKNOZ HIte|

ro p
sl
°
HA

>
Jul
y
Ho
to
ol
K]
E
£l
o
ot
ro

=
rZ
1z
n
=
i)
Hu
r
m
3L
i
moOb
w
=
1°

b
7} fﬁlou:{ ma/\r
271= 2k24 50 mm 2! 100 mm U type jacket2 THEE
=0, 0] 4 IslEE 1256 kN 2! 1294 KNE Z7t5H

ﬂ
2@ N
o &
H OB oo ol

el AR B2 IIEo TR0 HelE
| nt2jet524

o
T}, Table 5 & 2 Fig, 50{|M= 2F =0 T2 HH
t

SRR 0|DE ZEH|S UEhD Ut

[y



Table 5. Failure loads and ratios for various initial conditions (average)

Cases | BC | BN | BP | BRP | BNP | BNJ | BFP
Failure load

194 | 147 | 859 | 8080 | 71.0 | 821 | 1088
(kN)
Ratio t0 | 50 1 076 | 443 | 416 | 366 | 423 | 561
control case
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Fig. 5. Ultimate load for each repairing cases
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Table 6. Test results on ultimate load with various U-type
restrengthening
. . Ultimate
Types (SILHHI:) alfllszr loads Failure mode
(kN)
+ Interface debonding failure
H: 150 due to bending
CAL2 W: 50 Non | 107.60 1, Strip interface debonding
failure
150 « Interface debonding failure
CA34 : Non | 123.97 due to bending
W: 100 .
+ Composite break
I 50 + Interface debonding failure
CA5,6 ; Non | 111.23 due to bending
W: 50 . .
+ Composite partial break
H 50 + Interface debonding failure
CA7,8 ’ Non | 117.60 due to bending
W: 100 . .
+ Composite partial break
« Interface debonding failure
CA9 Non |2 Ends| 128.38 due to bending
* Break of fiber anchor
I 150 + Interface debonding failure
CAl0 ) 2 Ends | 147.21 due to bending and shear
W: 50 .
+ Composite break
H 150 + Interface debonding failure
CAll : 2 Ends | 148.96 due to bending and shear
W: 100 .
+ Composite break
Control | Non Non %682 | Interface de‘t_)ondlng failure
due to bending
160
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Fig. 6. Test results on ultimate load with strip
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Fig. 7. Test results on ultimate load with strip and anchors

Table 7. Failure mode with various strips and anchoring system

Types Failure progress Types Failure progress
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