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Flexural Behavior of RC Slabs Strengthened with FRP
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ABSTRACT

Recently, the need for strengthening reinforced concrete and prestressed concrete
structure is increasing, particularly when there is an increase in load requirements, a
change in use, a degradation problem. or some design/construction defects. Therefore, use
of composite materials for structural repair presents several advantages and has been
investigated all over the world.

In this paper, the reinforced concrete slabs with epoxy - bonded AFRP sheet were
experimentally investigated. Experimental data on strength, stiffness, material strain.
deflection and mode of failure of strengthened slabs were obtained, and comparisons
between the different flexural reinforcing schemes and reinforced concrete slabs without
AFRP sheets were made. It can be concluded that flexural strength of RC slabs
strengthened with AFRP has increased, and that ductility of strengthened slabs has
decreased.
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Table 1 Concrete mix design

Slump | Max. Aggregate | W/C Air Content
{cm) Size (mm) (%) (%)
10 25 50 2
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2.1.3 AFRP 3 ¥ (AFRP Sheet)
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Fig. 1 Test Set-up
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Table 2 Description of specimen (Unit © mm)

Condition | AFRP Length Scheme
B1 - - —
B2 | precracked 2500 lply
B3 virgin 2500 lply
B4 virgin 2500 1ply .anchor lply
B5 virgin 2500+ 1500 | 2plies.,anchor 1lply
B6 virgin 2500+2500 | 2plies,anchor 1ply
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(b) B2 - precracked, 1 ply(330 x 2500 x 0.208)
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(©) B3 -~ virgin, 1 ply(330X2500%0.208)
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B
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d) B4 - virgin, 1 ply(330X2500 % 0.208)
anchor 1 ply

(e) B5 - virgin, 2

plies(330 % 2500 x 0.208+330 X 1500 X 0.208)
anchor 1 ply
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(f) B6 - virgin, 2 plies(2 X330 Xx2500 X 0.208)
anchor 1 ply

Fig. 2 Specimens
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Fig. 3 Stress—Strain diagram for reinforcing steel
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Fig. 4 Stress-Strain diagram for concrete
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Fig. 5 Stress-Strain diagram for FRP
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Fig. 6 Stress — Strain distributions in the cross section
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Fig. 7 Crack pattern of specimen

Table 3& 3 FdAA 7l&d T3 § A=
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Aol Table 39 vehd XY AFRPE E
7% Alg4 B2~Bee Z@IE FApe 71E
ANgA Bl S8eF ekl wEA 50 %~
100 %9 2 & Jepz Atk 539, cal. P,

o} mes. P& 4X8x A &2d, AL =

Zas|e8s|=2F M1233% 2000.6.

& Bx ol@l % A F A= ALY 2
ZYE $8 A48 7 2L MHgEe 2R
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Table 3 Ultimate load and failure mode

mes. P, | cal. P, R Failure Mode

Bl | 4.032 3.959 1.00 Tension

B2 6.057 5.666 | 1.502 | Compression
B3 6.562 5.666 1.627 | Compression
B4 6.687 5.666 1.658 | Compression
B5 7.713 6.647 | 1.913} Compression
B6 J 8.091 6.647 2.007 | Compression
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Fig. 8 Load vs. deflection curve
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Rez HTH FHHAR BP{F 2 AP
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Ebstct. AFRP EA&o] & 49 Alg4 B3
7 B6dlA = B69 35o] B39 33l Hste
10.5 % ZA %, AFRP HZeke] Z7ld) Hsia
27 38 AAHe o 7R g Aoz v
Bt ojAL AFETY AFH  Rggko)
AFRP Y7ol Frletdn AA Ha=HA &7]
wEolth. T2j1, AFRP ®7}4c] W3ld wa
AldA B59 BeolAE AlgA B69 s3] B5
9] dh3el Hldl 4.2% AR, F AFA Ato)
9] sFArle & Aelrt glth o|R& AFRP
MEZhe] BALEsL HA 500 kef/em? AR,
AFRP$}t 2328Est A= 100 kgf/cm* BT}
A7) W&ok, wes F7t BREe AFRPE
B Yo g dle BROU BAsds B3R
He FE0n § ¢ Uk

Table 4% ¥4 A& #F 6.944 mmol 323}
=zt AgAY 8k Pt F¥EE P, A A
Ao sFete stFol o FFsFe wg
P,/ P, 718 A&A Bl19 A A= 3
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Table 4 Service load and ultimate load (unit : ton)

Pw Tw Pu Yu Pu/Pw

Bl | 2.561 ) 1.000 | 4.032 | 1.000 | 1.574

B2 12623 ) 1.024 ) 6.057 | 1.502 | 2.309

B3 | 3.128 | 1.221 | 6.562 | 1.627 | 2.098

B4 | 3.246 | 1.267 | 6.687 | 1.658 | 2.060

B5 | 3.317 | 1.295 | 7.713 | 1.913 | 2.325

B6 | 3.458 | 1.350 | 8.091 | 2.007 | 2.340

Table 4°lA Vepdl A3} o] Al 3 ol
st 7t AlgA)el §52 AFRPY H7ZHS
Yaadr & AolE Holz] gou, IF¥EE
718 A@A Bl Hl3ld AFRPE & 3 B
Z AlE@A B2, B3, B4olME 50%~60%7
7Vekx, AFRPE 5 7 E7H% A|&# BS5, B6
AME 90%~100% 7HA 7k Aoz Yet
sttt &, AFRPS] B F Aol 271 8 49
e & 4FE vHA Foy F3gHAME
Z 9L vAdE AL ¢ F I

Table 5 Al@Ae ZAAG Kpst AR+
ups UYEHA RAolth. A7M, xpe Kp/ Kp. ¢5
B up/ ug ol A@A FEE 85
A FAAN gaE FdstE P, ZIAYE
adetsoide A%, AR FgRa2
P AZEZ gREFAM HAF 5,8 o] &%
AT K =(P, -P,)/(8, -8,)2 Yepd
oh R, 4 AEAY d4EE -y =A
A AlFA HEFAA L WY 6, 9 AFH
= FE3FoAM e WY 5,8 ol 8T AHAF
= Omax/ 8,2 WERITH

N o rlo nf
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Table 5 Flexural stiffness index and ductility index

Kp(kg/mm) xs | #p(mm/mm)| ¢z

Bl 213.671 1.000 3.998 1.000
B2 237.247 1.110 2.677 0.670
B3 310.146 | 1.452 2.651 0.663
B4 312.878 }1.464 2.644 0.661
B5 325.200 |1.522 2.307 0.577
B6 357.200 | 1.672 2.265 0.567

Table 5914 AFRPE 27} Al¥Ae 7)&
Alg A Blel wisld ZAX¢e 10%~70% 7}
7V, JRBAFE AU 50%7 Faske A
o2 yehgtt. ggx, AFRPEZ B3 Ald4]
T 718 AlEA Ble Hste stajrt HAYHYS
o 4= Ut

4.3 3F - AYEHZ HE 2l

Fig. 9 AdAle s5-d3d 2 B3 & FA
€ Yehd Foltk. AFRP B2 AlgA 2 7E
AEA Bl9 AMR3HEE AFEIY FEEFH
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A el Slefof @t olw, AHEPE HES)
A% ALgetE AP oze A M &
D= P, o P/1.88 AXd &3 Pl
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HE 13¥ + Sl
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Fig. 9 Load vs. steel - strain curve
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Table 5 Service load and sted! strain (unit : 10~%)

I 1 a o il m
P, €, P, £y P, €

Bl |2.561]1052.9]2.240 | 855.5 |2.482

B2 [2.623| 986.6 | 3.365|1377.3|2.504

B3 |2.871| 951.2 | 3.646 [1212.2(3.724

1050.0
B4 |3.246| 982.3 | 3.715 | 1190.6|3.547

B5 3.359| 701.1 | 4.285|1197.5|3.482

B6 |3.458| 818.9 | 4.495|1244.0|3.815

Table 6& Al 7FA %9 &F3 AFA2
MY ES Yepd RAo2AM, AFRPE 2734
e AEA Ble A vex AldAdME
A 7HA BE FA P/1.89 dF A1 AR
2 @ 7HA d32 4+ Ao

Table 7 Tensile steel stress for service load

P2 (ton) £.( kgf/em?) ¢
B1 1826.8 1.000
B2 1745.4 0.956
B3 1406.6 0.770
2.240
B4 1227.5 0.672
B5 1067.1 0.584
B6 1020.4 0.559

Py AlEA B1o) P,/1.89 dl@alE B
¢ PnolA AlEA Ble 4EZ H¥YE
/AEA S AAHET AFF] v &

Table 72 71€ Al Bl Z3slE P,
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Fig. 10 Load vs. AFRP - Strain Curve
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Table 8 Tensile stress and tensile force

‘ T
o £ kegffem®) | T (ton ) | T+ 7,
fs f/ Ts T/
0.6 f, 12100.0| -— 12.5| - ==
Bl| P./1.8]1668.2] - 99| — -
P, 3500.0f - 20.9| - -

0.6 f, 12100.0/1610.7|12.5{ 1.1 0.08
B2| P./1.8{2092.3|1578.4(12.5| 1.0 0.07

P, [3500.0}11481{20.9| 7.6 0.27

0.6 f, [2100.0|1678.6/12.5] 1.1 0.08
B3| P,/1.812274.9(1765.7(15.3| 1.2 0.07

P, 13500.0{8986.5/20.9} 5.9 0.22

0.6 f, |2100.0|1726.4|12.5( 1.1 0.08

B4| P./1.8|2326.7)1843.8/13.9| 1.2 0.08

P, |3500.0|9161.5[20.9| 6.0 0.22

0.6 f, |2100.0{1777.4,12.5| 2.3 0.16

B5| P./1.8(2442.8|2148.7/14.6| 2.8 0.16

P, 13500.0|8897.6(20.9(11.7] 0.36

0.6 f, [2100.0/1845.9|12.5, 2.4 0.16
B6| P./1.8|2433.7|2069.3(13.9| 2.7 0.16

P, 13500.0]9638.2/20.9/12.7] 0.38

E32|e%s| =2 X 1233% 2000.6.
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