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Material Properties of Fe-SMA and Its Application in Civil Engineering
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Abstract: Iron-based shape memory alloys (SMAs) are materials that have shape-memory effect as
well as outstanding low-cycle fatigue resistance, leading to a broad application prospect in civil engi-
neering. This paper presents the fundamentals of the martensitic transformation of Fe-SMA and some
key properties, such as corrosion resistance, weldability and mechanical properties under monotonic
or cyclic loading. This is followed by a description of their practical applications like structural rein-
forcement and seismic dampers. In terms of engineering application, the main application scope and
corresponding key technologies of Fe-SMA are summarized, and the structural form, working mecha-
nism and mechanical properties of Fe-SMA components are especially reviewed. The characteristics,
advantages and potential disadvantages of different technical implementation schemes are commented.
It is mentioned that the energy dissipation failure mode, deformation compatibility and restoring force
mechanism of Fe-SMA damping members need to be further clarified, and complete design principle

of damage-controllable Fe-SM A-based structure system needs to be established.
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Fig.4 Tensile stress-strain curves of several typical metals
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%1 Fe-SMA . 316L A5 K NiTi-SMA E A4 #4515
Table 1 Basic material properties of Fe—-SMA, 316L stainless steels and NiTi-SMA

BRI Fe-SMA™ 316L1.M NiTi-SMA™
Ji a5/ °C 1320~1 350 1370~1 397 1 240~1 310
% /(geem ) 7.2~17.5 8 6.45
Pk R E/(C Y 16.5X 10" (16~18.5)x 10" (6.6~11.3)X10""
WG ZH/(We(mC) ) 8.368 16.3~21.5 14~28
bR/ GPa 170 200 21~83
ST I3 B /M Pa 200~300 275 70~690
PUHI5R /M Pa 680~1 000 >515 895~1 900
TR/ % =40 >40 >15
HEE /N 0.359 0.29™" 0.33
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Fig.6  Microstructure changes of Fe-SMA under tension and

compression cycles™
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Fig.9 Strain-fatigue life relationship of Fe-SMA and other

metals™
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Table 2 Low-cycle fatigue life of Fe-SMA and other

structural steels (under 1% strain amplitude)

N L N/ Rk
Fe-17Mn-5Si-10Cr-5Ni 4 007 [34]
Fe-30Mn-4Si-2A1 8070 [35]
Fe-30Mn-6Si1 2024 [35]
Fe-30Mn-5Si-1Al 2 080 [35]
Fe-30Mn-3Si-3Al 2112 [35]
S355 495~732 [25]
S235 439~521 [25]
SUS304 164 [23]
LY225 1220 [36]
LY160 1008 [36]
LY100 512~694 [36]

1.4 EHiHiEeae
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I & SUS304 AN 85 3 i J&5 1ok M fiE 79 Fe-8Mn-5Si-
13Cr-6Ni-12Co-(C) A 4z s (H T Mn & &t 19 K IF B
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(AT 9% 57 M RE AR AT WFSE . 53 Ah %t TR TR AT G
O V18 157 J68 ok 2 J8 ok 9 5 45 [ 8 e 95 30 — 25 F 5

& JE W AT KRR IR R R TR AT N KRR
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P23 (EB) %5 77 20 %) Fe-SMA Ry 18 #2 1 i J& JT oF
g BT A R R I AR 4 XA TR IR A2 RO Tt
PhobE K b SR AR LA R . B AR
XF Fe-SMA 5 45 44 14X =2 ] i) 45 32 P e fF 95 4 /b
6 H R R TR R R 0 g AR T vk o S |
P SRR X T Fe-SMA 18 1938 JHPERF 55 A 2

2 Fe-SMA XEZE#S5MEMNHA

2.1 Fe-SMA ZEZEETH

Fe-SMA 78 = A T2 v i) B4 7 5 224 vh 7
R e LT Sk A AR G e bR L 4R IR AL R
R TE AR O R ke T
e, F) ] Fe-SMA 16 WK 3 28 % 2
(R AT 7 (B M BEA T4 T A S 3% 4% . LA Fe-SMA
R AR 1 (B 10) < it T/ X Fe-SMA i fi i 17
sk AR T, LAAE B0 A2 A A RS T (B
] A5 ] Bt ) 52 3] 20 3% 2 s Fe-SMLA 0 ) Al 78 Jin #4308
15 Ji 2 W A2 TE A S, P R) ] BRAE K S VR R 3 20
MG RALPUEN A" BB ERE ., R
DR Akt T R s S RS . 2003 4F, H A 4

#3 Fe-SMA ML E L& E K Coffin-Manson A3 £ £

Table 3 Coffin—Manson formula parameters of Fe—SMA and other structural steels

4 JE # R o/ b € ¢
Fe-17Mn-5Si-10Cr-5Ni* 1333 —0.111 1.896 —0.597
Fe-28Mn-6Si-5Cr-0.5NbC™! 912 —0.070 0.102 —0.450
Fe-30Mn-4Si-2A1* 4073 —0.260 4.629 —0.720
SUS304™% 1596 —0.240 0.065 —0.380
LY 225" 608 —0.103 0.634 —0.567
LY 160" 573 —0.087 0.524 —0.538
LY100" 687 —0.134 0.388 —0.505
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Fig.12 Friction-based Fe-SMA strengthening method for

steel plates™

R by
13 FMS A BT 5 58 I B A Sk
Fig.13 FMS strengthening system for I-beam"”

2.2.3 Fe-SMA A #5%5 M 4 B %

Fe-SMA R 45 PN 22 5 [ 2% 32 2 1 1) ¥R 5k T4
PRI . 2014 4F , C. Czaderski 45 $i 1 1) I 2%
JZ % W in [ ¥ (Near-surface mounted reinforcement,
NSMR) 52 B Fe-SMA *F iR & + #4 £ 19 i & (&
14) . BF 58 % W, FeSMA # b/ #4 19 JL fi &
ARV LA R i T A B X R 4 Al T 1 B ) R ) A
K3l A LAY ATl Fe-SMA 5 i 5 b1 k] 2
7T 4l 3 B . ML Shahverdi %' (K. Hong
S5OV R b A T i R B R AT B
B, W K AT S FeSMA J iu #H 4k
M Fe 2% DR TR 5 A 5 2R T AN IR, R M A L
WHLK . 454 B i T 09 7% 22, M. Shahverdi

(a) Fe-SMA H #i (b) Fe-SMA

188 =150 mm

150

3 /
S
T -
TR Dl
60 1,'\\ 95 '

\ FGSNEAHE(

20%1.7x2 500 mm
(c) NSMR—Fe-SMA i [ i%
14 Fe-SMA i/} #2 J NSMR-Fe-SMA 4 [ 1% 7
Fig.14 Schematic diagram of Fe-SMA bar/strip and NSMR—
Fe-SMA anchoring method" ™"

95

k
1

e

-

419



FE1 C. Czaderski 55 5% F Wi G TR 55 4 445 11 3% 55 9
Fe-SMA 5 iR %k +# 2 # br Al T4

H. Rojob %' #£ NSMR—Fe-SM A 4 [# 3 ) 3%
Al b A0 T HLBA Sk (P 15) , BLBAH 3k i T AL 4K
M 3% B2 MR BE AL A 7 Fe-SMA 5 ML Al Sk i 452
Jei o R FH R Bk S0 T 5 BB Sk 1 s AE TR P
o omBE R  Km R ek S H S
Fe-SMA ffi I i i 4% . i 1% 07 i B R i
15 Bl L 55 T W5 MRS 0 B4 R R ST T A VR O
20 VR AT R HE — 2B iR, B 5 [T & NSMR—
Fe-SMA #i [ 32 A b =it T2 3 72 00 A 5k 52 2% .

150

o a1l

4|0 0|L r
s p
B T !
-*2>I 4i

+ i
R %
ELI—;.—i

¥ HLbESEL Bk IR LAY Fe-SMA

P15 FerSMA—IRHE - AL AL 454 [ 15
Fig.15 Fe-SMA—concrete beam machinery-bonding anchor-

ing method™™!

3 Fe-SMA®BIHEMNH

FE BE A 1 78 AT SR AR ) ) 78 52 0 30 m 4 119
FI2EAT R FBT I 55 1 RE 2 A 85 4 0t ml e 1k S
VR S R )2 I O
JZ A T 0 Mok ofe £ PRI 3508 2 235 4 4 1 T HL R FEREAY
R4 22 70 8l 25 40 B80T Y R BB MR AR IE | JX X R RE S AF
14 U R S 2 55 PERE SR I T R I 2R S A, K
R I 3 7% 5 32 AR 9 A R S RE RE A R 5 4 R
PG Z AR A E 2 A

FAMIE T A E e A% B9 PERE o 38 18 4K BEL e 4%
HA AR W R R ERE T 98 55 O L (HBT A

®4 FEMHEERFIELLE ™

Table 4 Comparison of characteristics of different damp-

ers[65>66]
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Q235 shear damper and the comparison of small-

scale test results between them™
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