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Abstract: Shape memory alloys (SMAs) possess significant advantages in structural strengthening and self-repair
applications. Iron-based shape memory alloys (Fe-SMAs), due to their low cost, stable recovery performance, and excellent
mechanical properties, can be processed into Fe-SMA bars and widely utilized in building structures. The bonding behavior
of Fe-SMA bars in concrete determines their effectiveness in reinforcement and repair functions. Consequently, this study
establishes a three-dimensional mesoscale finite element model of the Fe-SMA bar-concrete interface. Through finite element
simulation, the effects of bond length, bar diameter, and concrete strength grade on the interfacial bond-slip performance are
investigated, further revealing the damage evolution mechanism inside concrete and the stress distribution on the Fe-SMA
bar surface during the pull-out process. The bond-slip curves indicate that the interfacial bond performance improves with

decreasing bond length and diameter of the Fe-SMA bar and with increasing concrete strength grade. The damage contours
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from the finite element model demonstrate that when the Fe-SMA bar diameter and concrete strength grade are relatively
large, the model undergoes splitting failure. When the bond length is substantial, the Fe-SMA bar at the loaded end tends to
fracture during the pull-out process. Concrete damage initiates from the loaded end and propagates toward the free end with
the slip of the Fe-SMA bar, ultimately forming a columnar damage zone or extending toward the concrete surface.

Key words: Iron-based shape memory alloys; Finite element simulation; Bond-slip performance; Damage

evolution

AR IE 12 A 4 (Shape Memory Alloy, SMA)& —Fh B A @M. SHJE . %5 &%
PE BB S B RE & JEm M R, B T SMA B R T oK TR . T AE Rk, B IERAD
1064 (Fe-SMA) VARCAAR, [5] & M a6 o] #0004 DL K 77 2 1 Re A e 4 ) 32 AF 0 B A T 2 30
gifgrp, ZHEANTS X Fe-SMA i 754X j VR &t 1 45 & 1 o [ F0 42 2 k47 1w s B, BT
Fe-SMA i fE @B & M it S50 Cln s [ B2 . R B LR FE S W R BAAREER) B E
TR 2 AR, A SIS A PR oA, X Fe-SMA i 72 TR &k - rb RS 45 1% R kAT
R .

% w il h AR IR AT T T Fe-SMA i SR B L A i 2 M MR & WA . Hiik
R8T Fe-SMA 155 4k H sk B2 v Fi T (19 26 2500 38 R0 VR U6t 1 PN 358 10 493 109 v Ak ok 2 1 38 O IR A 5
4, it R F B AR UL T iR R S5 T RS I N A A AT IR N M. HORT L BT R AN S - VR e
ST BCEBLL, E R R o R LO) 2R M B R AL UT DL K DU YT ARG &5 B ot
155 7R (89125 S SR AIE J T KG 2518 217 N - Rezazadeh SR 4 50 /9 H Uk &5 -8 i 28, R H

5 7 R TR R R AU A5 5 TR B AT IR S5 4T D, IR AE A BR oA Y S T R AR T
WA T7 k. 45 SRR W] R a5 K A, RS 45 B 8IS, (R & A N3G K . Mao 517
T 34k 56 AN B T VR AT T AN IORG Z5 AT D, SR AR 2 M 5 B o A R B HULAN 5 5 TR e L AR
R g PE e, Bl e 45 SR AR 52 T £ 0 A0 A B Jo 20 A B T BE % A A% L o A b T R T R
Ki 4547 9 o Santos S5 SIFE FL R X 38 51 N 1E 28 & 10 7t 1 DU 749 0~ 100 B kG &5 8 o0, DARAE 5t
RS 5 VR L, [R5 R& AN 57 9 A2 1 RE MR o 2 B T SIZ B 17 xR 4% R O X 4840 77 5 TR g Rl 4 -
T A% e S K A A AR FRRS B S AL . Murcia S PR DY B AY, sl i s i W B ) S
R 25 By R E BE ok 2o 5 o W Bk ONAE B, AT DA A T R s L b RS S5-I AR AT D, IR e
B b VR L B R S R IR . S B AR R, A7 IR Jo B A AT DURAE AW 5 5 VR ek
SO 2 [ B R o A2, (H 2 H AT X T Fe-SMA iy 55 1 % 1 5 T 1 W %t 1 45495 756 1k ok 72
FAFIEA B, 5 BEXS X — 0] R IT &1 % M F 72

FEMY =T, ARCHEIL Fe-SMA i 5 5 ) =4E40 WA R e A, DL Fe-SMA i # 45
KA. BHAEURIRE LSRN EE, &l 10 ik B8 T E BUE S E, SRIFARA
[F) A% 0 5 T RG 25 08 B 1 BE I s2 0, 7R Fe-SMA Ji 4k H ot 2 v 3% 11 B 7 23 A7 DA SR
= AR ) A A S R
1 ¥t

ARSCEAEWTIT Fe-SMA Ji 1) 4 [ 1< ELAR DA VR 5t - 9 J5E 55 0 0 Fe-SMA i AT it -t
SRS ERE R, Bt 7 10 AAFEZSHA R, X FEMSH IR 1 s,

233



H2h ELESS %1

&1 ARTRESH

Table 1 Finite element variable parameters

ENGR TR Fe-SMA fi i [l J& /1, TR DR S G Fe-SMA i Ei2/d
S-50-40-10 50mm C40 10mm
S-70-40-10 70mm C40 10mm
S-90-40-10 90mm C40 10mm
S-120-40-10 120mm C40 10mm
S-120-50-10 120mm C50 10mm
S-120-60-10 120mm C60 10mm
$-120-70-10 120mm C70 10mm
S-120-40-12 120mm C40 12mm
S-120-40-14 120mm C40 14mm
S-120-40-16 120mm C40 16mm

VE: A BRITARA S S-SMA. Al ] 4K B R IBE 1 R Y 5 J-SMA FELAR, ll, “S-50-40-107 IR SMA i [
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i, H5IRBEE EEEMAN X BORS X, HaXBAERS X, fkEM RS r s mE 1
(b) Fi7~. Fe-SMA i & £y 400mm, A &AW R ST EWE 1 (o (D fiaw, JL
SN 2.
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NN N N N
s
/'\‘\“\\ b l C
(c)Fe-SMA #it il R~ &

(d)Fe-SMA Z& R~ B
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Fig. 1 Schematic diagram of the pull-out specimen
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Table 2 Geometric parameters of Fe-SMA bar
AFRER D d h h b a f 0 B A
10mm 9.6 1.1 1.3 0.6 1.5 3.0 60 60 7
12mm 11.5 1.2 1.6 0.7 1.5 3.5 60 60 8
14mm 134 1.4 1.8 0.8 1.8 4.0 60 60 9
16mm 154 1.5 1.9 0.9 1.8 4.5 60 60 10
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Fig. 2 Mesh schematic
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Table 3 Mechanical properties of Fe-SMA bars and concrete

MEZSN B (kgm’)  BIREI(GPa)  JAALL  BRIRSEEE (MPa) KA (RO RO
Fe-SMA ffj 2309 165 0.3 895
Rt 2400 31 0.2 - 36 0.1 1.16

23 MHEAERRILS T
A R LA RS £ 0 AR 5 D0 AT RE SCo R 5 TR B N R I 1 R D B A 012130,
IR ] 3z 35 A rb B U 5 TR I o O AN T N A B e A . ST U A O R AT O R T eR vk
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Fig. 3 Mesh sensitivity analysis and verification
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Fig. 4 Comparison of failure modes
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Fig. 5 Bond-slip curves under different influencing factors
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Fig. 6 Stress of Fe-SMA bar in model S-120-0-10
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Fig. 7 Damage contour plots of models with different Fe-SMA bar diameters
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Fig. 8 Damage contour plots of models with different concrete strengths
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Fig. 11 Schematic diagrams of internal concrete damage under different failure
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