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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
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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 50 mm C40 10 mm
S-70-40-10 70 mm C40 10 mm
S-90-40-10 90 mm C40 10 mm
S-120-40-10 120 mm C40 10 mm
S-120-50-10 120 mm C50 10 mm
S-120-60-10 120 mm C60 10 mm
$-120-70-10 120 mm C70 10 mm
S-120-40-12 120 mm C40 12 mm
S-120-40-14 120 mm C40 14 mm
S-120-40-16 120 mm C40 16 mm

T AT S50 S-SMA Ji i [ < -V ke L 9 AR 0 -SMA i ELAR, BTN, “S-50-40-107 7R SMA i i[E
KR 50 mm, JEEEEIRESSN C40, SMA FEAA 10 mm 4k Hil
PSR R pOR ZEWE 1 (@) FiR, JBEETN 150 mm X 150 mm X 150 mm FIFR#EL 7k, 5
TR B R A X BOARRES X, AR X BONARRRES X, b8 R 7R & B an ] 1(b) iR - Fe-SMA
Ry 400 mm,  FAET A RS I 1 (o () s, JURTSEUILEE 2.
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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
10 mm 9.6 1.1 1.3 0.6 1.5 3.0 60 60 7
12 mm 11.5 1.2 1.6 0.7 1.5 3.5 60 60 8
14 mm 134 1.4 1.8 0.8 1.8 4.0 60 60 9
16 mm 154 1.5 1.9 0.9 1.8 4.5 60 60 10
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2.1 PRI AR RIS
FEAL T RSTN 150 mm X 150 mm X 150 mm FISZ 7 RS . s 2 Bios, ik A AL SR DO 5 55
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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

2.3 MEAER KGR KM
AR RIS WU B 77 REE35 F 338647 5 S BT 5 Yt - AR A ) 1 L D R 2 A 12130, R A 4
AR A b 5 R e (0 B AR N T P A ST D) T R BE AT DR A A B BGR AT 5 L, R
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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. 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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