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A Study on the Strength and the Deformation Capacity of RC Beams
Strengthened with Aramid Fiber Sheet

S St
Lee., Hyun-Ho Koo, Eun-Sook

ABSTRACT

Recently, strengthening of the structures by external adhesion of steel plate or fiber sheets is
generally used. Among the fiber sheets, the Carbon Fiber Sheet(CFS) is widely used, but the Aramid
Fiber Sheer(AFS) is known to be not inferior in strength and superior in cost to CKFS. In this study, we
investigated the failure mode, the strength and deformation capacity of RC beams which are
strengthened with AFS, as to six parameters. We tested twenty specimens: sixteen beams with
parameters as the reinforcement ratio, the length of the sheets, the number of the sheets and the anchor
bolts, and two beams with parameters as the finish of the contact and the pre-load, and the last two
beams without strengthening.

According to the test results, the length of the sheets was prooved to be the most important
parameter to the failure mode and strengthening capacity. The number of sheets made some effect on
the strength. But, the other parameters made little effect on the strength.

Keywords : strength capacity, deformation capacity, failure mode, parameter
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Table 1 Types of the test beams

Tension |Length|Number Anchor )
Beam bar | of the | of the |%\ “' Ll
arealcm®)| sheet | sheet
UM 1.43
1 RA
UL 2.54 . .
SMHAIN 1.43 1m 1% e
SMHALY 1.43 I'm 1% iR
SMHA2N 1.43 1m 2%+ - SMHA
SMHA2Y 1.43 1 m 2% hin
SMFAIN 1.43 1.9 m 1% 7
SMFALY 1.43 1.9 m 1% i
SMFA2N 1.43 1.9 m 2% = SMEA
SMFA2Y 1.43 1.9m 2% Rin
SLHAIN 2.54 1 m 13 *
SLHALY 2.54 1m 1% hin
SLOASN | 2.54 1m | 2% x| SLHA
SLHAZY 2.54 1 m 2% i
SLFAIN 2.54 1.9 m 1% i
SLFAlY 254 |19m 1% r SLFA
SLFA2N | 254 [1.9m | 2% # :
SLFA2Y 254 |19 m 2% hix
SMFAING| 143 |19 m | 1% Sl P A
SMFAIND| 1.43 1.9 m 1% B O|RAER

é AWTE tad 2.
@ DAH2(2-D10(1.43cm”) . 2-D13(2.54cm?))
@ E7H0)(1m, 1.9m)
@ BREs+04, 28)
@ BN R PABE HA(F, F)
® BHEAg (aeIEAY, 48
® BAAR(EATF B FE4 B
A7, BAHTE AE Aed S dgsir]
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Table 2 Naming of the Specimens
ﬂ AEAF(SMHA, SMFA, SLHA, SLFA)

SMHC1-NG

N |G o D s
L WARE (N 0 Y F)

‘ —— w7ESE (] 1%, 2 0 27

\ — RAEl(H 1m F 19 m)

| S—

- Q1A (M:2-D10, L 2-D13)
HdR (S 0 B7 U wBrz)
Table 3 Material properties of the concrete

Klastic ‘ Compressive ‘ Tensile
Modulus Strength Strength
(kg/cm™) ’ (kg/cm?) {kefcm®)

237<10° | 250 | 23

Table 4 Material properties of the Steel bars

Elastic |  Yield Tensile

Modulus Strength Strength

(kg/cm™) (kg/cm™) (kg/em®)

D10 2.12x10"° 4,374 5.159

D13 2 14 10° 4,252 5,512
Table 5 Material properties of the AFS

Reinforcing
bar

Elastic | Tensile .
Modulus | Strength unit arca (1 hkﬁ)
(keg/em?) | (kg/ecm™) (g/r”) mm

Density Weight per

(t/m”)

1.16=10"| 30,500 1.44 300 0.208

Table 6 Material properties of the epoxy

Elastic Comp. |Adhesive| Den :\\'elght per| g

Modulus Strengtb Strength| -sity | unit area (mm)
(kg/cm®) | (kg/em®) | (kg/em™) | (t/mD | (a/m*) ]
35+10° 700014 [ 100014 [ 108 [ 200  l0.185
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Table 7 Test results

Test Initial crack Yielding Maximum
” Deflec- Deflec~ Neflec-
Beam Load , Load A l.oad .
- . . tion tion tion
Series | (ton) (ton) {ton) .
(mm) (mm) | (mm)
UM 1.009] 0.36 [2.235] 3.75 13.894] 30.70
Ul 1,179 0.55 14.520! 6.20 [6.077| 61.5]
_Sl\r’[HA] N{1.480] 0.52 13.268) 3.94 15034 14.43
SMHATY [ 1.673] 0.76 [3.534| 5.18 [4.859| 20.82
SMHA2N | 1.740( 0.61 [4.131] 5.12 |5.367] 15.09
SMHA2Y : . 37001 4.58 [4.324| 13.55
SMEATN 1 1.8141 0.84 (3.701 Hh.11 |5.508 17.41_‘
SMIFALY [1.6541 0.68 13.728] 4.92 [6.142] 30.07
_SMFAZN 42030 2.70 16,719 10.72
SMIFAZY | 1.495] 0.56 |4.582] 590 7.390| 20.36
SLHAIN [1.917] 0.68 15699 6.51 7.960] 21.77
SLHALY [1.614] 0.57 15.748) 6.51 6.718] 13.30
SLHAZN |1.798| 0.57 [6.706] 7.48 |7.606| 13.02
SLHA2Y |1.749| 0.68 |6.27 6.79 |7.597| 11.21
SLFAIN [1.526] 0.53 [5.660] 6.39 [6.887| 13.07
SLFA1Y [1.685] 0.77 15,809 7.16 17.6791 17.49
SLFA2N 11.667] 0.52 16,507 699 19.162] 21.10
SLEA2Y 11.917) 0.60 '6.437| 6.67 [9.353] 21.39
SLFAINGI1.398] 0.65 [5645] 6.68 17.9811 23.28
SLFAIND| - : 5.665] 5.85 8274 24.03
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- DA Table 8 Failure mode
g Spec. Failure Mode Spec. Failure Mode
e SMHAIN tension f. SLHAIN tension f.
SMHALY |[rip off / separation| SLHA1Y rip off
i e . [ SMHA2N rip off SLHA2N rip off
’ B e omy * » SMHA2Y rip off SLHA2Y rip off
(@) SMHA SMFAIN tensio.n f. SLFAIN tension f,
e SMFALY | /fens‘on_ SLFA1Y| tension f.
SMHATN ./separation
B S SMFA2N separation SLFA2N| separation
E P SMFA2Y separation SLFA2Y| separation
. - s SMFA2Y separation SMFA2Y| separation

£ n 0 ) l |

DEFLFCTION(mm) T = % T
o) SMFA (a) Tension Failure
T SMIAIN
N - SMFATY
SMFAZN 7
= MEARY %
g ; (b) Separation
< § S——

% 5 4

DEFLECT'ON{nm 1 (C) H|p Off
{c) SLHA ‘
| e
R (d) Tension Failure & Separation
b I (e) Separation & Rip off
! Dt ctona “ B Fig.4 Failure Mode of RC Beam with AFS
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Beam Th(teor;r)y ?hxpe(:;;;wm E‘%‘e}:éﬁim Muka o e 23 HAANEE FAA 2
UM 1.000 | 1.115 1.115 o Bgdo] Y BIFH & gks b
UL 1.002 1.315 1.312 2] ke Ao Uehdeh
SMHAIN 1.100 1.490 1.355
SMHAILY 1.100 1.673 1.521 Table 10 Results of Ductility
SMHA2N 1.108 1.740 1.570 Ductility Ductility
SMHA2Y 1.108 Beam o o Beam o o
SMFAIN 1.100 1.834 1.649 oy - 519 0L - 9.9
SMEALY | 1.100 1.654 1.504 SMEAIN | 3.66 |13.19 | SLHAIN | 3.34 |10.07
SMEAZN 1.108 SMHALY | 402 | 9.68 | SLHALY | 2.04 | 9.53
SMFAZY 1.108 1.485 1.349 SMHA2N | 2.95 | 6.46 | SLHA2N | 1.74 | 8.84
SLHAIN 1.135 1.917 1.689 SMHA2Y | 2.96 | 9.88 | SLHA2Y | 1.65 110.78
SLHALY 1.135 1.614 1.422 SMEFAIN | 3.41 | 7.95 || SLFAIN | 2.05 | 9.66
SLHA2N 1.143 1.798 1.573 SMFALY | 6.11 | 8.46 | SLFALY | 2.44 |9.802
SLHA2Y 1.143 1.749 1.530 SMFA2ZN | 3.97 114.22 || SLFA2N | 3.02 [11.05
SLEFAIN 1.135 1.596 1.344 SMEFAZY | 3.45 | 5.83 || SLFAZY | 3.2]1 | 9.10
SLFALY [ 13z | 685 L A87 SLFAING| 349 | 7.59 |SLFAIND| 4 11 [10.67
oo [ T e e s G 2as,e 90
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Table 11 Deformation capacity

Beam abso?x?t?gi}ratio Beam absoig]teir)iyratio
SMHAIN 1.48 SLHAIN 1.34
SMHALY 2.09 SLHA1Y 1.29
SMHAZN 1.67 SLHAZN 1.44
SMHA2Y 1.44 SLHA2Y 1.40
SMFAIN 1.54 SLFAIN 1.28
SMFA1Y 1.55 SLFALY 1.30
SMFA2N 2.21 SLFA2N 1.52
SMFA2Y 1.91 SLFAZY 1.56
SLFAING 2.10 SLFAIND 2.12

5. 2f 52+ 2250 AE
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HIH o 2 AFSe] BAEFAE Table 129
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Table 12 Effect of Rebar Ratio
Effect of Rebar Effect of Rebar
Beam Ratio Beam Ratio
Yield | Max. Yield | Max.
S HAIN] 1,152 | 1.652 | S FAIN | 0.778 | 0.487
S HA1Y | 0.945 | 0.664 | S FA1Y | 0.863 | 0.713
S HAZN| 1.153 | 1.107 | S FA2N | 1.010 | 1.092
S HA2Y| 1.198 | 3.535 | S FA2Y | 0.817 | 0.937

Avg. 1.112 1 1.739 Avg. 0.867 | 0.807
*(2-D13 AEAe BAET)/(2-D10 A Al EAAR)
(BZAH) =(RAAGA st5)-(MBZLPA aF)
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