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Finite Element Analysis of the Adhesive behavior of Shape Memory Alloy

Fiber and Polymer Concrete
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Keywords Abstract

Shape memory alloy fibers, In the present study, the pullout behavior of shape memory alloy fibers and concrete was studied. To
Pullout behavior, perform the simulations, a three-dimensional finite element method was used and the supralastic behavior
Concrete, of shape memory fibers was defined using UMAT subroutine in ABAQUS software. In order to consider
Finite element method, more realistic assumptions, the interaction between fibers and concrete has been simulated using the
Adhesive force. concept of transitional area of the contact surface. The contact surface parameters were obtained using the

inverse finite element method and experimental test data performed on a fiber sample. After validating
the results using experimental testing, the effect of diameter parameters and embedded length on the
adhesive behavior of this type of fiber with concrete has been studied. Finally, in order to evaluate the
performance of shape memory fiber fibers, the pullout behavior of this type of fiber has been compared
with the corresponding steel fibers. The results show that for fibers with a diameter of 0.5 mm, with
increasing the embedded length from 10 mm to 30 mm, the pullout strength for SMA and steel fibers
increases by about 17% and 12%, respectively. Based on this, it was observed that the use of shape
memory fibers significantly improves the effective pullout parameters of fiber from concrete, which can
be attributed to the strong surface adhesion forces between shape memory fibers and concrete.
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Fig. 1. Experimental test setup for pullout of SMA and steel fiber
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Fig. 3. Finite element model for SMA fiber pullout from concrete
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Fig. 4. Stress-strain curve of the used SMA fiber
Geiod )0 oolatul 950 Jouul JSS jloaladl> BLIN 55— s s 4 K0

Lol

Srouks o (Sl olg3 3-3
Wiy (6,158, Joo 5l (s yeely 0l (Jas i )18 (gileand jslate 4
6)t-é) J..x.c u.»‘ ) Og>ge le.m);.n‘)lgf el ool eolawl Yu...y W w).‘:u
Coaglite Comnd TS o3 10 5l zey el T slusl angls ol Wil e

fbo / fco =4

K e . . "
5 TS kcers 0,970 S5 (5,Lad Cueglite 4 (0970 93 (5L

2 Concrete Damage Plasticity (CDP)
3 Dilation Angle
4 Plastic Potential Eccentricity

150 T T T T
SMA Fiber
120 —e—e— Steel Fiber
Z 90
T
2
£ 60
30
0 | ] | |
0 2 4 6 8 10
Extension(mm)

Fig. 2. Experimental load-displacement curve of the SMA and steel
fiber
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Table 2. Mechanical properties of the used polymer concrete
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Fig. 6. Finite element and experimental load-slip curve (a) SMA fiber
(SMA-¢1-L10 sample) and (b) steel fiber (Steel-¢p1-L10 sample)
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Table 3. Cohesive zone model parameters used for define the
interaction between SMA and steel fiber and concrete
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Fig. 7. Pullout stress distribution in fiber (a) SMA fiber (SMA-$1-L10
sample) and (b) steel fiber (Steel-¢1-L10 sample)
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