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Long-term Flexural Behavior of RC Beams Strengthened in Flexure with

NSM Fe-SMA Strips

Ki-Nam Hongl, Sugyu Lee”™

, Sang-Hoon HanS, Panseung Kang4

Abstract: The long-term flexural behavior of reinforced concrete (RC) beams strengthened with an iron based-shape memory alloys (Fe-SMAs) by
a near-surface mounted (NSM) method was evaluated. The pre-strained values of 2% and 4% and introduced prestressing force by an activation of
a shape memory effect of the Fe-SMA strengthening material were considered as experimental variables. Deflections at the center of the RC beams
were measured for six months after the 1 tonf concrete weight was loaded on the beam. Experimental results show that the deflections decreased because
of the increased flexural stiffness of beams strengthened with the Fe-SMA strips. On the contrary, with increased pre-strained values, the deflection
increased due to stiffness reduction of the strengthening material. It was confirmed that the specimens incorporating the prestressed force showed the
deflection reduction of about 30%, compared to the ones without the prestressed force.
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Fig. 1 Schematic of long-term test setup
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Table 1 Test variables

Specimen Strengthening Pre-strain Activation of
D material (%) Fe-SMA

Control - - -

PSO-N Fe-SMA 0 No
PS2-N Fe-SMA 2 No
PS2-p Fe-SMA 2 Yes
PS4-N Fe-SMA 4 No
PS4-P Fe-SMA 4 Yes
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Table 2 Mixture design of used concrete
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Fig. 2 Stress-strain curve of Fe-SMA

Table 4 Mechanical properties of Fe-SMA

E 0 yield € yield 0 ult. € ult
(GPa) (MPa) (mm/mm) (MPa) (mm/mm)
1332 463 0.0055 863 0.0124

W/C S/a  Slump Unit weight (kg/m”)

% (% (mm) W C S G Ad”

423 504 155 164 388 954 908 3.1

a) Water-reducing admixture
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Table 3 Mechanical properties of used steel rebars

Steel E 0 yield 0 ut. € ult.
(GPa) (MPa) (MPa) (mm/mm)

D10 200.0 480 585.4 0.0017

D13 200.0 487 591.7 0.0016
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Fig. 3 Recovery stress test of Fe-SMA
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Fig. 4 Details of embedded Fe-SMA in concrete

Fig. 3(a) 2} (b)= 71450l w2 HA- 47329 3]
558 A A 3 5-8H- A0 4 S 42 et A
AT 2AS BARBE] flste] RbeAlE A171e) MRE
TEAZ)2160°C) BEL 5ol =23 wj7kx] 27| A g 7}
dRoZ AL Tlelanh o] & Y-S Apdsta Fe7bA A
A-B7198 5 M-S AR BA3Y $ 38719
g3to] B3}l o] d4Za = sl 3| E-33o) =
Al S7FFATE 2%} 4% AR E L 7FeE Al 9] 3882
& 747} 354MPa¥} 396MPa® L EFRLTE.

2.3 &EA HE

2.3.1 FA-JA719%=e AAEY

A, Z, 20]7} 1.5mm, 20mm, 3,000mm = AHH HA-
FA719%= BAAE Aol thH] 2%2} 4%7HA] AP Al
At ZFA-F719gwY AR FEAAEAE T
3l AAEFA T 3 A AR = A HE TAA] 7= A ZAA]
of Alfof| 1AHEE Thshe FUAI=RICE FAE ] Ut
AAE 5323 AAHEE7HA] 3.0mm/ming] SE2 QAR
3021k 1A E AT o] F Al 2HF-3H o] 0
o] @ W7}A] T £EZ AFE S A ASIATH

2.3.2 A7 = EUdY

AA- 379 BAAE A ZA Q-9 el 4P
o A Y3HATE o] T A A BA 9} P47 3E B 7}

2 A 5E T 4 JA=F Fig. 40 YeERHA A3 o] 245
R EELEE X7 90%<1 2,430mm 2] Eol FA 3T

oﬁ rke ulot

2.3.3 A3 A3

AR Foll THT 247 REEIEE 17 :
AANZ] 01 % AAE A Ze el AAJska, A3
oll °F 1 tonf TFe] T2 E F5 v 2ot A sts-& A skt
At & A dAstE o2 AstE F= 742 1,000mm,
A= 1,080mm, & 300mme] A 2T E BF0]dt
0] 1,200mm, & 100mme] A AL o83t Az
ol AXE A@A ] 5 < gkt

gy
A
of

==
e

]o

O

s

=
h=4

)

=

ol
2
of

o©

=y

=
ol

ool 58

106 SHRPESTICHSX|R2|F5HE| =2 F) #1223 H3Z(2018. 5)

Fig. 5 Activation of NSM Fe-SMA strips
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Fig. 6 Long-term test setup

50mm -&F2] LVDTE °]-§-5t] S Uth. 293} 24 o]
Foll A F4e] A7 -2 Fig. 1914 Ut A3 32o] tho)
4 W9 SA71E MRSt SAstoiT =3k, A A S
AT FF-ZAT Eoll H-2hd MY E Al°IAE o83t
of FHTI FAYEL| HIYEE S

[¢)
ZR XA QAHZ W ZFFE AH] WY EL o]
=

AN ofl
—r
3
>
AN
ol
ol
8
o
-
%
®
N
A
N

u
e
3
1%
o
o
o
!

A7\ AU HAAE AEste] BT ne| FA
52(1) 1 tonf®] 55 A3k AF BT ZAH; () H
A-gg71fgEe] W71 Es SR AT A%
(3) 6749 F9| 417 P o2 FAHL,

3.1 SA|XEl

FAstEl o3k SAIAF A A= Fig. 7% Table 591 1}
BT FA-F3719g o2 BAEA 22 Control
Bl 9 5.1mme] SAAH o] AP o, ALY F
7h W2 SAIA AL AAAEE S 78R e RAAE
A& A A (PSO-N)FE] 2%t 4% A HE S 713k B7)
QS AHEE AHA(PS2-N, PS4-N)7HA 24z} 1.78mm,
2.08mm, 2.49mm Ay 51T} Control ol B3| B33 A4
A= 50.78~65.1% AR TAE B o, ol HAFA
o FA T e AARE At =3 HA-FA7S
= BAA o] AR g o] F7HE TS SAA -2 16.8%<F

] Il Experimental Data
5. I Calculation

Deflection (mm)

PSO-N  PS2-N  PS2-P

PS4-N

Control PS4-P
Specimen

Fig. 7 Load-instant deflection on RC beams
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Table 5 Comparison of instant deflections

Sechmen  Agy A Acn/Ana
Control 3.92 5.10 0.77
PSO-N 1.42 1.78 0.80
PS2-N 1.77 2.08 0.85
PS2-P 1.77 2.03 0.87
PS4-N 2.11 2.49 0.85
PS4-p 2.11 2.51 0.84
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