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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.

Jobate & g, cn e 5 (5o SLII 5l solial o5 ams o i Slisios

doddo -1

Cehl g o288 bl i phas el o (SAESE Pl dgte edg eatiSE 5 05 (5,13, sl Baes Gl Do g Sl 4 4z b
S8y ol b (Sl (olss sgape cnl [6-8] wsbios oo 3l ©dx L3 lale j0 cnlpln cites Gird jlws (28 slagyms Blie ,0 g
lge iz g dgd oo Jool> BLIF 0 bolke 1o i) SWgbcckw Slge wlge b 3l eoliiwl vile alisee sla o938l 5 o iy, (5,5 ,54
Pl » lalisde BB b esliul s)50 S (6 ,2Y (upe g JS @b [5-1] ol a3 5 ax g5 9550 (o lacing dgap ,0 BUI g (5 peuh

Please cite this article using: 20 Lo eolisiwl 3 @ yle sl i cpl @ glo )l (6l
Akbari Baghal, A.E., Maleki. A., Vafaeipour Sorkhabi, R., “Finite Element Analysis of the Adhesive behavior of Shape Memory Alloy Fiber and Polymer Concrete”, In

Persian, Journal of Science and Technology of Composites, Vol. 7, No. 4, pp. 1255-1262, 2021.



Obled 5 Jlay 051 udl ol el

colsabisla sla ST Guin 1 SLI 5 S ) 35350 ploll aslliae

by e 4l 4o o5 | mhae o 50 [27] o) See 5 by Jgae
ol 3 S A o 1, 05 e b Jytl sloo Sheo
5 Sy oo el wilewy slrals mals sams i Wil mbs
Grdigel 4 Cod Joulb b ool s sladiges (g pdy IS 58l
LI 51 oolial b [28] ) 5an 5 4590 09 60V o,Khie b onds pehuns
Joakisls 536 slhale g UK oyl Sygo 4 a5 ISE laliil>
wasls BN el bood cogss slagty o)y 4 Siloads Canys IS
ol o) JKwbBe 122 sgas o adgl i 3Ll 4 &)l > Jlael b L]
O (SouS i Jleel a4 o1 5l eolaiul b g eyl 94y 4 SLI
Sladls 3wz ;8 a5 wrs e s oo abml Clalllas gy 05l
5 Lz b SLI (Sarez (8 ) p ane) 5o ook Slallle 2
Oae S8, 09t (Jy el apdy plnil 0 b Gl sladwais
el 18555 dmg5 3 jee (6 penh o 5 LSS loalails GUII Suas
SUN gl (Stmgy (owyp pol> Goiod hol San il (ol
Caoglin p BUI ol wiia Slasie b g oo g IS loalisl>
):Jb Sgaze Glodl (giluans L ek oy b (Saees
2 bl (Sud ggae Job g SUI b 5 iz asile cilise sl el
Jlie el b mls g oud asllae SLII pl (S0riS g sloaasis
7S scwd pll b oopioren 00,5 oo auglie 0¥sd BLI 5 ool
B i dyee v il die Co o L SU (SansS Gg5m

Sy
S (93 (927 S -2

Ol 36 plee plSotinl Sluogas 4 (owftwd 61y (Buiod 0ol 5o
o3l e 3 (SaetS Gy Ghlesl el o iz 5l ile 5 SU
L oso¥sd SUI g Ko loabibls SLI SorsS fom sbows ol
05N <35 b g 2KN cad )b sl ls Jloygigs (S Cons oliws ) ooliul
O Bges el 0ud plowl BUI S5 g5l 5 pend o Sbdiges 55,
e ol skl g oo el oS Djgo el wsle gk
G5B ogms 1 USE o ol sad Wbkl 25x 2560 mm°
ools ylas oiws Jolo o (IS5 jloaladls> g go¥gs BLII ol sladiges
25 eyl s JpS abule Opso 4 BLL e Jlasl g5 ool o0
00siS o oS ok 4 BUI a5 ey ilejl il e mm/min
Sham SUIL Jsb g 09d oo ABgio witdl go 3| (SEaSE L g 3550
e 2 5L 3 9o S0l SuSA (598 5 (SRS g
SRS Do 3 ol 22 S @l el cess @ lmlz 5
ond ools olas o¥sd BN JSs bsabisls slaslT s 5l LI

Fig. 1. Experimental test setup for pullout of SMA and steel fiber
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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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Fig. 8. Load-slip curves for SMA fiber pullout
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Table 4. Effect of embedded length, fiber diameter and material type of
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