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ABSTRACT

This paper summarizes the results of experimental studies concerning the flexural strengthening of reinforced
concrete beams by the external bonding of the new reinforcement material, which is composite panel with an
advanced fiber sheet bonded on light concrete precast panel.

The structural behaviors of strengthened beams are compared with codes in terms of yield load and ultimate load,
deflection, flexural stiffness, ductility.

Thirty nine large-scale beams were tested experimentally to evaluate the strength enhancement provided by the
composite panel.

According to the results, it is shown that beams strengthened with composite panel are structurally efficient and
that the strength of the strengthened beams are improved comparing with beams strengthened with fiber sheet.

Keywords @ composite panel, advanced fiber sheet, strengthening, ductility, flexural stiffness

1.4 B o FAE TAS ARHIES FAT 23ade A
st
AT BiARS o83 RCxe) uie] w3 <A77} ug)de B2 2aPE wo) WAHEE o, FA)
ABAA Bol AHFHAG . ARFAET 7P A% AL BN 98 BAYe et
=rh AN B2 Z3EE B R Rl AHSHL Al me BAWs A%, 2/9d &85 4
sledt, @M ARAE FATHS o8 HAS T Ay, g2 9 Houigey, $74997, 9987l
24 Agol s k3 A vk ol 71%EY Buz AAAY 7129 Bl AesE BT
S @ Ao wet HGHEd 74 FHF H o Hlugozs Bafuds olgd F2 FIAE Hel ¥
TN A AL o Al AN FALL Y nye] Hgal] AT /1EARE dEd & 9T 24
P71l me B4, TEln AF THl BAR HA o] qut
Hol 19102 AHHojghet. 53], Al o FA] $Aq
o3t §E7k WA 53} 2 2 Hopge) sje] 8 2.d o
H3 gk olsh 2 FANE NdEAA HUF B4
e = WA, T4 Beset Yahs e Bual] 21 &8 2
A3 AgEAE AHLE s do] FAAE FH) 211 Bed A%
* Corresponding author u3ld AR Fg 19 2onl, 2FFAS A
Tel - (66-H1-5201 Fax : 065-761-0166 3ol 2emAEY FAS z2t= A A Hdg A

E-mail : jbyoon@nongae.gsmuac.kr

A5 o3} 2] 1ol diste] B skl



@ ZFHE Z8Y goldag AA k.

L@ HE AY F 52 ASFA/Z FHA
@ A4ER| AEA $A2 TXY
@ 33

? AGAES sfduie] AL

212 N8R AY 2 FY
A B w200 X 300 mmel Ze] 2700 mmE
Azl w29 350 nme AT dFERoR
2-DI6 H&EZo2 2-DI3S wiZsldz, Addl o3
D332 A7) Ykl A2 DI0S 100 mAtA o2 A
T3kl wj2atgrk
Biod AA3Ae Bed BAE B s b
g2 2igE APy, EPuds Teibe A7)
gl wAl At FhgaT Edud 4% 9% Pt
2 ATH F WAE ANy, FYAY AT F
iZo] K Pt AxE
)

FANAH.

Fig. 201 A4 o, Aouias, ARA
£ vehiz, FE3E, B36id BAR, YRAE BY
BE T B3ede] wixE 2 s B ST
olA o] &sttt

2.1.3 2gus
B R Wge Y 57 gAARHEQD

Fig. 1 Process of composite panel making
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Fig. 2 Details of RC beams
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Table 1 Classification of specimens

Type Reinforcement details
CB Control beam

BC-Ci1 | Cabon sheet(200 g/m®) 1ply comp.panel
BC-C;2| Cabon sheet(200 g/m®) 2 ply comp.panel
BC-Ci3 | _Cabon sheet(200 g/m’) 3ply comp.panel
BC-Col Cabon sheet(300 g/rnz) 1 ply comp.panel
BC-Cs2 Cabon sheet(300 g/mz) 2 ply comp.panel
BC-C;3 | Cabon sheet(300 g/m®) 3ply comp.panel

BC-Al Aramide sheet 1 ply comp.panel
BC-A2 Aramide sheet 2 ply comp.panel
BC-A3 Aramide sheet 3 ply comp.panel
BC-G1 Glass sheet 1ply comp.panel
BC-G2 Glass sheet 2 ply comp.panel
BC-G3 Glass sheet 3 ply comp.panel

BS-Ci1 | Cabon sheet(200 g/m’) 1ply
BS-Ci2 | _Cabon_sheet(200 g/m”) 2 ply_
BC - C,1

1:1ply, 2:2ply, 3:3ply

— ply
Weight  1:200g/m2, 2:300g/m?
Sheet C : Carbon, A:Aramid, G: Glass

C : Composite panel, S: Sheet
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Table 3 Properties of reinforcing bar A A= Ak
25 b E, . 31 0B AlEA
° (kgf/cm®) | (x10°kgf/em®) y
D10 3,412 2073 0.001646 27|34 1515 tonf on°ﬂ FTGRAA B 8t
D13 3,690 2.328 0.001585 Zo] Z7)13to) wel 3HESlE AZoA FYo] FXHO
D16 3,547 2173 0.001862 Z A om A4 JJrzLH gHEE2 2 393 tonfo)
Table 4 Properties of an advanced sheet
Type Welght Thickness Tensile strength Elastic modulus Ultimate strain
yp (g/m’) {mm) (kgf/cm) (kgf/cm®) (%)
200 0.111 41,673 A
CES 300 0.165 40,358 2.35x10 1
GFS 740 0.77 6,075 2.1x10° 20
AFS 300 0.208 19,728 1.25x10°8 2.4
Table 5 Properties of epoxy resin
Flexural strength Tensile strength Tensile shear strength Viscosity (CPS)
(kgf/cm?) (kgf/cm?) (kgt/cm®) Epoxy Hardener
1171 801.1 100.0 1100 37
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Fig. 3 Load-deflection curve

Table 6 Comparision of test and calculation results
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Py Pmax
Beam  |Pexp.|Pcal.| Defl. Dexp (Pexp.{Peal.{ Defl.| Dex
() | (tf) |(mm)| Dea | () | (t0) |(mm)| Dew
CB-1 |394 705 487 |- 13684
CB-2 | 400 |°40|728] 071 | 481 |67 |30,85| 086
BC-Ci1-1] 521 751 683| [2821
BC-Ci1-2| 596 |592|997 | 095 |787|7.3530.89| 1.00
BC-C,1-3| 560 892 7.36 22.47
BC-Ci2-1| 613 1021 854 4038
BC-Ci2-2| 615 | 640|1036] 098 |822855(3952| 1.00
BO-Cy2-3| 648 741 888| 12088
BC-Ci3-11 655 850 882|  |2567
BC-C,;3-2| 664 687|882 | 096 |9.99(9.39(30.41| 1.00
BC-C,3-3| 6.62 8.12 9.36 22.66
BC-Cy1-1] 564 7.16 783| 12808
BC-Cy1-2| 593 {6.16]937 | 096 |821|821]31.11| 1.00
BC-Cyl-3| 6.18 9.0 855 2443
BC-C:2-1] 6.95 991 896| |2031
BC-C,2-2| 661 687|882 | 097 |981(950(3221| 1.00
BC-C2-3| 649 7.94 o72| " |23.47
BC-Cs3-1] 770 854 1109]10 g|21.26
BC-C;3-2| 772 | 765|852 | 0.97 109419811996/ 1.00
BC-C3-3| 6.82 867 1036 9 |2046
BC-Al-1] 591 838 6.12 1099
BC-A1-2| 566 1627|738 | 094 |596 (847|943 | 0.74
BC-A1-3 | 6.03 816 673 1557
BC A2-1] 6.44 878 770 | 101724
BC-A2-2| 623 707|788 | 091 | 730|193|1486] 0.72
BC-A2-3 | 650 836 833 1827
BC_A3-1] 692 842 954 151|243
BC-A3-2 | 7.29 | 7.86 | 853 | 089 |1020 41 |2762| 084
BC-A3-3 | 685 9.92 1061] © 2867
BC-G1-1] 590 851 705 |- 1213026
BC-G1-2 570 |27 | 908| 102 | 790|713|p7.43] 100
BC-G2-1 | 624 804 9.15 |0 35.30
BC-G2-2 | 640 | 061808 | 104 | 903|999 2950] 1-00
BC-G3-1] 649 | o | 881 1033]103]32.66
BC-G3-2 | 7.04 | 835 | 962 | 106 |1037] 5 |28.49] 100
BS-Cil-1]5.10 703 758 | 023023
BS-Ci1-2| 488 |992| 877 | 085 | g7 |730]597g| 099
BS-Ci2-1| 533 778 777 | 0 om | 24.06
BS-C2-2 | 5.06 | 840 694 | 081 | g57|8551503] 096
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Table 7 Flexural stiffness and ratio of load

Py Pmax
Load Load
Beam increment| E[ El increment| EI El
. ratio . ratio
ratio ratio
CB-1 B 0.4023f _ 0.0345|
CB-2 0.4664 0.0340

BC-C;1-1 | 131 |050701.17| 141 [0.0758{221

BC-Ci1-2 150 |05502]1.27| 163 [0.0904] 2.64

BC~Ci1-3 141 [0513311.18| 152 [0.1229]358 _‘ .

BC-C2-1 | 154 [04798{1.11| 176 |0.138[4.02°

BC~-C12-2 155 |04985) 115 1707 10.1193] 3,48
BC-C2-3 163 [06270) 144 183 |0.1772]5.16

BC-Ci3-1 165 |0593711.37| 182 0.1952] 5.69
BC~Ci3-2 167 (06321146 206 {0.1746|5.09
BC~Ci3-3 1.67 106218/ 143| 193 ]0.218|6.36

BC~Cs1-1 142 |05523) 127 163 ]0.1423] 4.15
BC-C1-2 149 |04849| 1.18| 170 {01134} 331
BC-Cs1-3 156  [06463| 149 | 177 |0.1574]| 459

BC-C:2-1 175 056121 1.29| 1.8 0.20 | 583
BC-Cs2-2 166 [0.6650| 153 | 203 |0.167|4.87
BC-Cy2-3 163 1066501 153 201 ]0.2062] 6.01

BC-Cz3-1 194 |0.6848| 158 | 229 |0.3109] 9.06
BC~Cs3-2 194 (071941166 226 0.2526]7.36
BC-C»3-3 172 10.6629] 1.53 | 214 10.3402| 9.92

BC-Al-1 149 |0475211.09{ 126 |0.0660| 1.92
BC-A1-2 143 [0561591 1.19| 123 |0.2130]| 6.21
BC-A1-3 152 10.5236] 1.21 1.39  10.0850| 2.47

BC-A2-1 162 104994|1.15| 159 |0.1440]| 4.19
BC-A2-2 157 10588136 151 (0.1340| 391
BC-A2-3 164 1058%6|1.36 | 172 ]0.1900| 5.54

BC-A3-1 1.74 |06149| 142 | 197 |0.1700{4.95
BC-A3-2 1.84 |06105( 141 213  |0.1560| 455
BC-A3-3 1.73 1056211130 219 ]0.1840| 536

BC-G1-1 149 105447/ 126 146 |0.0640| 1.87
BC-G1-2 144 105348]1.23] 149 |0.0656] 191

BC-G2-1 157 059551 1.37| 1.89 |0.0894] 261
BC-G2-2 161 05807134 187 10.1132] 3.3

BC-G3-1 163 105692| 131 213 10.1263| 368
BC-G3-2 177 1064451149 | 214 01479 431

BS-Ci1-1 128 1055614) 1.27| 157 ]0.1132] 3.3
BS-Ci1-2 123 104458]1.03 | 143 0.1020| 2.97

BS-Ci2-1 134 (05114 1.18| 161 |0.1531) 446
BS-Ci2-2 127 105351123 | 1.77 10.1474} 4.30
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Fig. 7 Typical load-deflection curve for composite
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Table 8 Test results of ductility

My iy

Beam
“ Ave. Ho Ave.

CB-1,2 523, 451 | 487 - -

BC-Ci1-1,2,3 |3.76, 3.13, 2.52| 3.14 |4.82, 3.26, 2.52| 3.53

BC-Ci2-1,2,3 {3.95, 3.81, 2.82{ 3.52 |3.96, 3.87, 4.06] 3.96

BC-C:3-12,3 |3.02, 345, 2.79| 3.09 |3.05, 3.45, 3.06| 3.19

BC-Co1-1,2,3 |3.92, 332, 2.71| 332 |5.73, 4.11, 2.95| 4.26

BC-Cy2-1,2,3 |2.05, 3.65, 2.96| 2.80 |2.58, 3.75, 3.52| 3.28

BC-C23-1,2,3 |2.49, 2.34, 2.36| 2.40 {2.97, 2.81, 2.71| 2.83

BC-A1-1,23 [1.31, 1.28, 1.91| 1.50 |1.39, 1.35, 2.00{ 1.58

BC-A2-123 |1.96, 1.96, 2.19| 2.04 |2.01, 2.08, 2.19| 2.09

BC-A3-1,23 |2.90, 3.24, 2.89{ 3.01 |2.96, 3.30, 2.95] 3.07

BC-G1-1,2 356, 3.02 |329| 377,325 | 351

BC-G2-1,2 439, 365 |402| 445 365 | 405

BC-G3-1,2 371,296 303 391,297 |34

BS-Ci11-12 430, 333 |382| 459, 372 | 416

BS-Ci2-1,2 309, 436 |373| 325 462 | 391
490
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