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Abstract: In order to study the tensile properties of shape memory alloy/polyvinyl alcohol-engineening cement-based
composite materials (SMA/PVA-ECC) , uniaxial tensile test were carried out, and the damage phenomena,
stress-strain curves and characteristic parameters of the SMA/PVA-ECC specimens were analyzed , and the effects
of SMA fibers content and diameter were compared. The results show that the residual crack widths of SMA/
PVA-ECC specimens are significantly reduced after unloading. The content and diameter of SMA fiber have
significant effects on the tensile properties of the specimens. Compared with the engineering cement-based composite
materials(ECC) specimens, the comprehensive tensile properties of the specimens with 0.2 mm fiber diameter and
0.2% fiber content are the best, and the initial cracking strength, ultimate tensile stress and ultimate tensile strain
are increased by 56.4% , 23.6% and 13.4% , respectively.
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Table 1 Mix proportion of ECC

Mix proportion/kg

Cement Fly ash Quartz sand

o(PVA fiber)/ %
Water Water reducer

1.000 0 4.0000 0.200 0

0.2200 0.007 9 2

i o B PR B A 2 ECC A R I 7 — 1 A8
Mk, a1 Frzs . i B AT L AR5 ) 4% 1 ECC B
i B 51 o7 A8 R Ak AR AR BR AR 3K 5 %0 DL b B AR
J1#it 4 MPa.
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Fig.1 Stress-strain curve of ECC
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Fig. 2 Stress-strain curve of SMA fiber /O ©\< .
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Fig.3 Dimension diagram of tensile specimen (size:mm)
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Table 2 Specimen table of uniaxial tension

Specimen No. SMA fiber diameter/mm

»(SMA fiber)/ %

o(PVA fiber)/ % Number of specimen

ECC 0 2 3
S-0.2-0.2 0.2 0.2 2 3
S-0.2-0.3 0.2 0.3 2 3
S-0.2-0.4 0.2 0.4 2 3
S-0.5-0.2 0.5 0.2 2 3
S-0.5-0. 3 0.5 0.3 2 3
S-0.5-0.4 0.5 0.4 2 3
S-1.0-0.2 1.0 0.2 2 3
S-1.0-0. 3 1.0 0.3 2 3
S-1.0-0. 4 1.0 0.4 2 3
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Dog-bond specimen

Under tong

Under clamping end

(a) Picture of test device

Testing machine clamp
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(b) Schematic diagram of tensile tong
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Fig. 5 Uniaxial tension test device and schematic diagram of stretching fixture
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WK, WG 32 248 K 58 SE BUA S0 A 5 i SMA/
PVA-ECCIR ) 24V i K 2.44~3.14 mm,
1285 58 A 244 - 2 5 N 0.34~0.47 mm, HIZR 5
3= 2448 [ DX S R S AR S A5 B A A X B,
SMA/PVA-ECC i iy 3k 4T 45K SMA £+ 48 5
ECC HA KU i 4 511 58 , SMA ZF 4 1 88 3 75 3]
HRER L, B35 SMA £F 4 77 4 1) 8] 52 77 B % f 3k
IRBEAT B A A A

After loading

(b) Main fracture closure of SMA/PVA-ECC
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Fig. 6 Failure modes of specimens
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Fig.8 Effect of SMA fiber content on the stress-strain curves of SMA/PVA-ECC specimens with the same SMA fiber diameter
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Fig.9 Effect of SMA fiber diameter on the stress-strain curves of SMA/PVA-ECC

specimens with the same SMA fiber content
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BECCIRMI MR T 56.4% 54.4% .75.0% B
LA R J1 43 R T 23.6%.1.4% .10.4%.(2)SMA
L4148 Al K EB 4> SMA/PVA-ECC it 14 25 I fig
T BEAR AL A S-0.2-0.2 4 4 BR $7 1 8 A8 e ECC ik
PR T 13.4% . B, 2 SMA £F 4 42 4 0.2 mm
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Table 3 Tensile stress-strain curve characteristic parameters of specimens

Specimen No. Initial cracking strength/MPa

Initial cracking strain/ %

Ultimate tensile stress/MPa Ultimate tensile strain/ %

ECC 2.04 0.26
S-0.2-0.2 3.19 0.33
S-0.2-0.3 3.15 0.56
S-0.2-0.4 3.57 0.48
S-0.5-0.2 2.71 0.32
S-0.5-0.3 2.35 0.23
S-0.5-0. 4 2.05 0.21
S-1.0-0.2 2.07 0.47
S-1.0-0.3 2.23 0.14
S-1.0-0.4 2.39 0.23

4.24 5.23
5.24 5.93
4.30 4.01
4.68 3.83
3.43 3.56
4.09 4.10
4.88 4.89
3. 36 3.83
3.81 4.32
3.31 3.91

2.4 SMAFHNT

H TAT45 535 7T SMA £F4EH1 ECC JE A4 it
FEATHORE 7, PRI AR SMA £F4EFT45 33k 5 ECC
FARZ RN AHERS TR SR SMA 2748, Hz
PRI JE LT 4K 8 LT ORI AR B L 5 SE Rk 24 4%
TERE W Z M .SMA £ 428 /s B E AN E 10 fir

B SMA £ 4 ) 748 e ] R A (1) 3

w

=1 (1)

€

M (1) 33K 1 3= 4 8% 4b SMA £F 4 fij 78
B, S5 R W 4. f R 4T o0, 4531 32 48 4b SMA £F
YR AE A 5.89%~8.13% , ¥y it A AR N AR 2% . 45 A
SMA £F i 5 bR A Ry oy — o7 4% 2 (&1 2) p i, = 24
ZENE SMA £ 4 3 J7 7] 3k 550~600 MPa. i B8 4F &
L% b (3T 451 SMA 21 4k ¥ A1 31k 2 (K B H11% 551
K [CR AR A AR ZS , SMA 2T 2 68 5 A5 4k #5 8 h
FEPE
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Fig. 10 Schematic diagram of SMA fiber deformation
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Table 4 Strain of SMA fiber at the main crack of specimens

Specimen No. W/mm e/ %
S-0.2-0.2 2.51 6.28
S-0.2-0.3 2.42 6.05
S-0.2-0.4 2.39 5.98
S-0.5-0.2 2.64 6.60
S-0.5-0.3 2.82 7.05
S-0.5-0. 4 2.70 6.75
S-1.0-0.2 2.97 7.43
S-1.0-0.3 3.25 8.13
S-1.0-0.4 3.21 8.03

Note: All data in the table are average values.

3 #ig

(D ¥i3kAT45E SMA 748 5 ECC Z [a] B A K 4f
il [E MR BE , SMA £F 2 T A7 R0 % $5 8 SRR R v L B4R
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G, ERBERR AN T RE W W)

(2)SMA/PVA-ECC il i 1 g — )i A% il 26 %
B3 B Bk AR, HOELA B N AR B AR 4 AE
SMA £F 4425 T SMA/PVA-ECC i {4 (149 24 58 i
LB 43 3K 04 A% B B AR N g 5 38 B W {8 Y ) S
SMA/PVA-ECC I F i 1B i ECC it i 2212 |
H AR BR 1 A8 K 2K T ECC it .

(3) SMA £ 4 ¥ B & fl & & X SMA/
PVA-ECC & 4 i B A 4 G 52 B 3% /N 2 10
SMA £ 445 1t/ iR (0 P vk RE g 5 1 K B AR
1) SMA £ 445 i1 JAT I8 ik a0k 0y hr A vk g A 4%
U .24 SMA 21 e 45 1 AR, 21 2 B A/ ik 1R
PEBE T 4 s 24 SMA £F 45 i ad — e H 5, 47 4
LA A 3 P A M R AL A SMA SR 4E AR N

0.2 mm B4 0.2 00 I I P B9 £5 5 B A 1 B e 4
LA 50 S A PR AR 137 Ty B i AR 5 ECC AR 43 i1
P15 56.4%.23.6% K 13.4%.
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