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Development of New Strengthening Methods Preventing
Early Delamination Failure of CFS
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ABSTRACT

The strengthening method with CFS(Carbon Fiber Sheet) has some fatal defects that the
beams strengthened with CFS is always failed far below its ultimated strength due to rapid
progress of horizontal delamination. The cracks between beam and CFS are always started
from the center of the beam and propagated to the end of the beam. The moment of the
beam is always the largest in the middle of the beam, so is the tensile force of the CFS.
The bumped surface of the CFS causes debonding force depending on the tensile force of
CFsS.

In this study, two methods which delay early delamination are suggested and proved its
validity, experimentally. The first method is using anchor bolt at the end of CFS, and the
second method is using CFS wrap aroud at the center and the end of beam. The maximum
load and ductility of the two methods are increased significantly. However. the maximum
load is still far below the ultimate load. That’s because the tensile strength of CFS is so 1
large that its tensile strength can not be reached under normal loading condition. The

ductility of the strengthened beam is improved more than twice before modification.
Keywords : CFS, Strengthening. Delamination, Shear Fixing, Anchor Bolt

*HYY, obFeta ERgs 0 & =2l ciet EolE 20004 62 30YAX sz
* Bel9l, oprulgtm EE-Fe 44} S FAIM 20004 8% 30| £ojSiTig ARfSIHGIC,

=23z Efs =28 M123 1% 2000.2. 61




FHA = g8 7HA
Lo}, o] FoAl @S o] BF FF
%’M GoHF(CFS)E ©| &3 B3 Yo
At AR BAFHe A e
013?9] AAWEH Ao =ad AA
Al SRAMe] gegtog HFoHr) ol F
= o gAMFE o] &3 B BAF
& &50] AN&How Fr1gd el 1iAe
G-k ZA AtololA] HAYZ FHdFo] Hi
FAAYA WA= HEFHo2E AIFA
T2EY FIHEAAMY gEtoz ooXvs &
B BAEE /A ok
mebd B Ao ozt #Aad Rl 7kA
U TEAQA EAER BAANY 2] gg

al
2 YA A% FEe ANetn, AnE A9
Z
4

N

£ S o ofl O ox
0{_0,
\:1

2Ll ol ol ok

HUO{NU-‘E—‘Z%EJU-{NHIOH

1.1 o|&H uig

g fd o 71Ee BR FHe Zad
Zol AR g4 fE BA
sk Zlolth. 71Ee] @AARE ol&F 1Y
T Fig. 13 2o} 8% A3pA 24 dA st
‘er°ﬂ nA]A) Batn BAACL 27 ggteie
+7F @ska, HURWES}L HAsiE FYHe
w—%ﬁ% | 23 @52 A5y HF g
EgdhE @] itk

(a} Steel plate

ot Concrate str uctuve
: o ’ La ©_Ditscton qf cragh pregre
P <« — oy

(b) CFS
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Fig. 3 Delamination of steel plate

Fig. 4 Delamination of CFS

Fig. 5 Crack progressing from center
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Table 1 Physical properties of materials

Young's

Classifi Strength modulus Dim. Re-
-cation | kgf/em® kf/em? (cm) mark
210 2.17x10° End anchor
Conc.
R/C 300 [2.59x10°| Shear fixing
beam 6 D10
Rebar| 4.000 | 2.04x10 D13
Carbon w=10 Elon
Fiber | 35.400 |9.36x10% 1 5
Sheet t=0.0167| ~°°
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Fig. 8 Details of shear fixing method

Table 2 Test of strengthening beams

Type | Series Property Remarks
Control| CST - -
End R
anchor | CEA Elnd strengthem.ng _
End anchor bolting
bolt
\ Center side
Cess bottom
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fixing - : 20cm
CCESS Center + end side
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Table 3 Comparison of experimental and theoretical load and failure mode

: . Maximum Max
. CrackmgPLoad(ton) Yield L;ad(ton) Load(ton) | Def.(cm)| _Pu= P, _
Classif } g0 o < i P S max P, Failure
-ication mode
. N . . G,
Theo Visual Defl. Theo Visual Defl. Visual Defl. Visual (%)
) exp. (cm) ! exp. (cm) exp. (cm) exp.
Control | CST 1.400 §0.143 4.613 | 0.5631| 6.528 | 1.603| 1.849 41.5 2)
End
anchor | CEA 0.800 | 0.074 4,706 | 0.657 | 8.153 | 4.257| 4.427 73.2 2)
bolt
CCSS 1.349 2.000 | 0.112 4.720 5.133 10.499| 7.227 11.342| 1.545 40.8 2)
Shear | CESS 1.900 {0.113 5.313 | 0.598 | 7.400 | 3.609| 4.873 39.3 2)
fixing
CCESS 1.900 | 0.109 5.106 | 0.555| 7.660 | 2.202| 4.028 50.0 2)
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Fig. 12 Crack pattern after failure
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