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Seismic behavior of RC columns strengthened with near-surface
mounted shape memory alloy bars

XING Guohua, ZHAO Jiahua, CHANG Zhaoqun, WANG Haonan, LU Yongjian

(School of Civil Engineering, Chang’an University, Xi’an 710061, China)

Abstract: To investigate the effect of the near-surface mounted (NSM) technique using shape memory alloy
(SMA) bars on the seismic performance of reinforced concrete columns, six reinforced concrete ( RC) columns
strengthened with near-surface mounted (NSM) shape memory alloy (SMA) bars were designed and fabricated to
investigate the failure process and failure modes of SMA-reinforced concrete columns through low-cyclic reversed
loading tests. The effect of SMA reinforcement ratios, axial compression ratio and CFRP wraps on the seismic
performance of the columns, including hysteresis performance, displacement ductility, stiffness degradation, and
energy dissipation capacity of those columns, were analyzed. Additionally, the curvature distribution of reinforced
concrete columns strengthened with near-surface mounted SMA bars was analyzed based on the displacement field
provided by the digital image correlation ( DIC) method. Results indicated that the failure of concrete columns
reinforced with SMA bars results from the yield of longitudinal tension reinforcement and concrete crushing at the
column base, forming plastic hinges. This primarily exhibits a ductile failure mode. Under the same axial
compression ratio, the load bearing capacity of the strengthened columns increased by 51.2% to 70.2% compared
to ordinary RC column. Displacement ductility and the cumulative energy dissipation of the columns were also
increased, significantly enhancing the seismic performance. As the amount of SMA reinforcement increased, the
energy dissipation capacity, the length of the plastic hinges and the ultimate displacement of the strengthened
columns greatly improved. The bearing capacity of the strengthened columns did not show a significant decrease
before the drift ratio reached 1/50. As the axial compression ratio increased to 0. 4, the peak load and energy
dissipation capacity increased, while the ductility decreased significantly. The deformation performance and energy
dissipation capacity of the columns wrapped with CFRP improved obviously. Additionally, based on the plane

sections assumption, a theoretical calculation model that predicts the flexural bearing capacity of the SMA bar
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strengthened columns was established. The calculated results were in good agreement with the test results.

Keywords: reinforced concrete column; shape memory alloys; seismic behavior; near-surface mounted; bearing

capacity ; digital image correlation method
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Tab.1 Main design parameters of specimens

KPS n Psun/ % s
cC 0.1
SMA-1-W 1 0.38 0.1
SMA-2-W 2 0.76 0.1
SMA-2 2 0.76 0.1
SMA-2-0.4 2 0.76 0.4
SMA-2-W-0.4 2 0.76 0.4
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Fig.1 Geometry size and reinforcing bars of specimens
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Tab.2 Mechanical properties of materials
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Fig.2 Stress—strain relationship of SMA bars'"
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Tab.3 Mechanical parameters of epoxy adhesive
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MPa GPa MPa MPa  H/%
Sikadur 330CN  49.7 2.55 79.5 17.1 1.84
Sikadur 30CN 40.0 3.2 50.0 20.0

T HFR R AR,

1.3 MERFXERMEFE

KR a0 = e B WK 3 PR,
K5 000 kN ¥ H T Fr ToUsta i ' ) far 28, T Tl 5
IR Z AT A T AR sl B 1A, T T80T i
WE T B, PRUER ) R AR R L, AR
SR RS 0 gk s i O K0S a1 4 BT
7, LA 4 mm (7R3 BN B, B DA AL I (LG B
3, IR AT 1oy BRI 2 (B 17 28 80% LA T
(ST 2 | o

Wfrsy  HEEER
(a) N#E B R &

(b) NI
3 Rk E
Fig.3 Test setup

| TP BRI

44 mm A2

sopzzg T ;
e T

H 40 mm L1
] 48 mm L1

AL /mm

IEKIER

B4 fnEsE
Fig.4 Loading system

1.4 NEHEREN

It MTS VESh 2510 il 1 1) A 2 -1 B8 1 4%
Ay IAER 2L B 250 mm, AT 15 400 800 .1 200 mm 4b
i it , S AT RN AR B A B DL an &l 1 R
el 2443 LI AN 5 4% T8 B, 10 SREE S A TG DL

K HE T 807 ER A 56 H R ((digital image
correlation method , DIC ) W AEFE =X =4k sh & 2370
I RGN R N G TRE . iR
I, FER AR 0 2 1 A BN T RRBE (3 (b)) 1EA
B A5, 25 3D B FRAHHLAN DIC Bt RAEAY,
IESRA MARANLRS Tl IR

2 RBER KN

2.1 AWM RBIAEE

TR KRR AT 52 Aip A T 32 A= O
2 EMER (25 i ARREIR ) | 2R E S 5 FR,

1) XF Heafk i, g 5, A BE LA 2 75 mm
AL RS — A M 48k, RS, N FERR R A
= 150,250,320 mm AbRHEE H BUK 2448 . nak &=
16 mm B, G757 i IR , Jeti IR 17 2R 39. 8 kN; ik &
20 mm K, fay 2835 B 1F (] WM 41. 53 kN, ILJE, 7
AR W IN SE T W K T AN B e A, i ER &
48 mm (R FE A AR T BUECA N In) Bl 25 5465  Tn#k
%56 mm B, IR R 4807 9 2 08 A 2k 1 80% LA
T A BRAT AN 31.79 kN, I ERHRE A M £ X TR R+
BT, D1 B0 B S R e 2k R AR R
(AN REI NG il 27 I8

2) SMA Jin[&E R4, SMA T [ i 424 5 IR 08 25 3
A—F S AR R, L, SMA2-W R3], il ik
RIS

TNZRAH , KE i 24 350 mm o B L I il 2L 4k
Bifi 5 fr A BN, 44 B0 RT3 2 5O 2 0 Al
TEARALZE CFRP AT HY X I, NEE 2 15 mm W], 20
JE AR, JE AT 2 R 64.2 kN, JINZEZE 28 mm B, 1E fi i)
SUBEAERE I LSS Rt 4, IUR A AR B B E 4,



.82 e NS B | A - =

%57 %

JNZRZE 29 mm B, SMA i AHL N AE R 11,046 x 1072,
AR FC R AR AR L 4R W AE 11 x 10 77, LA far 84
71.88 kN, L )5, SMA ffj i AN 775 & 1 [ A4 AH AR
BB, FEJZEN R /N T 1750 203804 2 1 1R
B ARBLTE , SMA SR EE + 2 (8] A& B R 42,
FEAR I SRR B /N OB RE R 4F . IN#R % 52 mm
B A7 280K B 1E [ 04 74. 55 kN, SN ZE 72 mm £
88 mm [ R H, 43 WIE ) < BE (8 R 7 AR RS A B
() SMA 7 Jay &8 i K, K V7K 38000 B B, 3k =
92 mmff , K- i A 22 (R T 201 809% LA B PR
g R 59. 61 kN, iRE L1k, KA AERE SMA # J) &6

(a) CC (b) SMA-1-W  (c) SMA-2-W

(d) SMA-2-W-0.4

IR 2 i 2 P AR IS (A R AR )

X T ¥ CFRP A A SMA-1-W SMA-2-W |
SMA-2-W-0.4, 1 T CFRP 15 %HE & - 1 4 ofiEH]
2488 P AE 300 mm & CFRP A 3l LA B oK 411 3%
CFRP A T Bt , 24 I R FE 5 /0 i 25 o 5 ik
PFIME AR R

AL CFRP A 30 SMA-2 1 SMA-2-0.4 ¥
PEESIX BLEE R IR 2 HAr A 34 5] FEN R 16 [ 24
% TREE TR FLIREE AP e R R RR R (0 #0%
TEEHIE SR, i SMA-2-0. 4 i [ 75 it it | V6 v
TR ZRE R BR O AN I A 2

() SMA-2-0.4

(ei SMA-2

5 WMHBRIRRES

Fig.5 Failure modes of specimens
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Fig.7 Comparison of skeleton curves of specimens
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Tab.4  Experimental results of skeleton curve feature points
R Jil P,/KN A /mm Pausy/ Asuy/ P,/kN A /mm PJ/KN  A/mm Eom’
' kN mm (kN - m)
ER (i) 39.80  16.00 41.53  20.04  31.79  53.95 3.37
cc fm(Hr)  40.38 15.98 40.49 19.96  32.55  55.54 3.48 46.73
Ty 40.09 15.99 41.01 20.00 3217  54.75 3.42
Em () 59.55 15.00 62.72 30.02 65.08 18.99  52.01 79.98  5.33
SMA-1-W flE () 50.75  13.01 57.48 31.05 58.93  16.00  47.10  70.42 5.49  268.39
T 55.15  14.01 60.10 30.51 62.01 17.50  49.55  75.20 5.41
E () 64.20  14.99 71.88 29.00 74.55  51.98  59.61  89.94 6.00
SMA-2-W fmE(HL)  57.32  13.86 59.83 24.00 65.04  47.99  52.00 78.30 5.65  382.11
Ty 60.76  14.43 65.86 26.50 69.80  49.99  55.80  84.12 5.82
IEm(HE) 135.00  20.96  135.80 34.98  141.63  24.01 113.26  77.20 3.68
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