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Fig. 1. Shape memory effect in the cases of free recovery and
constrained recovery [13]
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Fig. 3. Geometry of the beams [1]
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Fig. 4. Stress-strain curve of Fe-SMA

Tlan o s Huil-r-¥
5 obadasl= la3UT 5 o s Se 5 o o L3S, dles! (gl
o3lizal T e Ol iy 51 lsalasl= b 3UT 5 oo S e
ol e & 053 Oldl (o131 Sl ys sy opl 55 ol 0l
R O RS L s e e Ol Ol sl 20553 )
sz sdalie Lol 55 Lol o 358 8 L0l 5laey S5 5
$ el ol esliad Tade led 31 dledmnr o 4Ll
S iS5 Ll oS pldel Y pome 2S00l dlasl
Ll (628 SliS b oS olasl s Master Ol e 4 Laus

PE 4 9 &Ik Lol ph -T-F
dmio 33 35 e L SUT I 65 s e ilede (s
7ol Sl Slabs wupa 5 0l s psmed e 5 OLW
S5 glrals OO lais ol r\.,\sjh 03 35d 0 dde
b osls I3 ho bl amio 21 Glallgs 5 amio
BB g s Jl 3T amys SHle s8eSS oms 3 (prizmen
o 334 Olg e 1) GNSLL o o o35 D13 i b plp 50
«iledde ool gl 45 38 dlasl J s plrals b 5 Jess

“ J}w u.ay.a:u S5%) b B LQ“)'.’ aS osle L;LQQ,JL» CZ
(A e y) ol ol oslizal fib bulletin 42 cdall

G, =G, (1-0.77Leme o)

cm

10MPa v . f, 5018 N/mmvu i Gy aal, opl 5
iy ol oy g 5L Cslie f 5 AL s
OLen 5 'Ky dsl alaly wﬂjSL»T 53 oS el glaesls
s e OLaS 1y alaly 0l 4 el o ol a3lizad (18)

(o2
d=1-—+

t
Ji s iis i O, iiS el Lo d, daly ool s
s i :S &;ﬂjuﬁ

QY

aVed -Y-1-¥
s Soleer Saicsn Je 3l 3V 5k, giledde gl
(Y) JJJ.?- Aole u;yjﬁ u.if&ﬂ Slasin ol 0l ealanal

]

Las¥ g SO Slasein Y J g
5 gl S MPa( YMPa( a
e YGPa(
L;Lujil:.a
03 205 945 843 o
‘;-:—a—’
Sl
03 205 560 504 P
Las Se

Table 2. Steel material property

SCh Hloabl sl ST -y -y
Jde 1oV ales 5o Jbabl- W gledde ol
SUT 2,50 55 1 sed el o eslizud 5 Soluen Saicsnn
SiS oyt cld K g ol il SIS lalsl-
el ol sl L3 165 GPal i, Jls e lsabsl> 35U

ek e ol asls b bl ol s lsadasl> gla5UT

3. Embedded region
4. Tie contact

\VA

1. Pavlovic
2. Isotropic


http://dx.doi.org/10.22034/22.5.173
https://mcej.modares.ac.ir/article-16-60241-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-15 ]

[ DOI: 10.22034/22.5.173 ]

VP L /0 A)M/p;‘;%e)‘,;

et gs oL, oledl 51 lsadasl sl 3UT 5 Las S gl ol
303 Gogme G JUisl cubl Lais o (T3D2) las w5 L
5 Cilizes sbal 4w 53 Lokl slias (F) Jod .ol sl ealizud

Aas e alei |, C3D8R slaolall

Lol bl e Gl ¥ J 50

Sl sl (St o3l d
C3D8R (mm)
4810 40 MS1
17680 25 MS2
38280 20 MS3

Table 3. Mesh sensitivity analyses

Soue o s ¥

b s spdpn @yl st b s [l ol mls a3 ol
s S o oS Bt L5 e el AL LT ol
Glacaalss pde 5l 56 5 e Ll 3y AKLST 5 530
SRS 5 o ey 0 dlas ol Sty (Rl 0 s
Lo SosS s 5 sy cle a (bl sy gl e
(F Jsdr) aily 1850 b s Lol oL

oo 65wty 5 (Rl G50 a5 S 4 S0Les
OLES nl 3 3503 395 gl (oS LD ool asile (s34e

el g3de sladde s

GMELL Gl 35 e Jlesl S slralr s 4 IS0
5,5 W Slials 35 B W5 o Jles! rlf Lo s b plals (Joe

Slodbls S 3WT Fowd g Jlosl —F-Y
w8 51 lple 5 o3 slaalabl- sl 5s Sas iy el ol
sdd oslinal e SUT 53 g s Teddd a0 Sy S Ol iy e
23 e SAS e ldde alis I Yoe 25 5 el
el 0 Jles ! lsabssl SUT gladken (g sme (glinly 53 ¢ iala3]
o 3 Lol o8 G bl 5L S iy b8 dlesl (sl
plmil JolS g 4 (St p8 O 53 b sps a5 o

2ph el o3l (555 OMS,L dm 5 358

Jw slas! 4 Ol olais! g (Guwatus —0-Y
@i g Ol 31 ey SOLE 5 a0 O oliaistl 5 el (6l
IS 5 e ks a8 U glaaBoiie aSe gdadn
Lo oLl cpl 668 a el o oslinad (C3D8R ) wsl jzals
w3 5 Sl Z 5y X slacgr s Jl bl 4 aw Juls
UKl S eslial s a0l cpl L3 sl Slhss (sl
b momed 358 SRS sbr (Hn S g8 5l sl als
FEAAL&QLJ\J&.ZUngJc.ijC,iJQL&j&LS.QM
aglie 5ol el el Al S5 - 235 B L
e bl il o Jlae! e oo YO Laoledl ol 63100
ol Jlasl S 5SS o3Il w laalasl= gla3UT 5 Las S

JQK.:;.:LA)'T ERUERT J,bu @l:..? G las ¥ d}v\?

ke GRSl (o e Gl e Lo (58 G My ol slis .
$3te s (6,8 &N) KN) bl MPa) s, ade =
0.92 341.9 313.4 40.89 Bl
0.99 542.5 535.5 39.53 B2
0.97 551.5 532.7 36.98 B3
0.89 652.9 583.6 49.90 B5
0.97 600.2 583.0 35.79 B6

Table 4. Comparison of numerical and laboratory analysis results
ol Jdo sla L3 O i)l slasls 5el O K5

Force (kN)

Bl —-—-- B2 — —B3 BS — - -B6
0 =
0 5 10 15 20 25 30

Displacement (mm)

Fig. 5. Force-displacement diagram of beams
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Abstract

The considerable age of numerous concrete structures and some reasons like changes in design philosophy,
increase in applied loads, etc., have made strengthening and maintenance compulsory. Shear failure in
reinforced concrete beams is frequently sudden and brittle. For this reason, efforts are made to avoid this type
of failure by strengthening them, especially in structures that were made with engineering mistakes and
damaged structures. Steel, fiber-reinforced polymers, and carbon fiber-reinforced polymers are used as
conventional solutions, but these methods have some drawbacks. For instance, prestressing them is hardly
applicable, and the prestressing force decreases over time. Therefore, nowadays, as an alternative, shape
memory alloys (SMAs) are investigated as new strengthening methods owing to their unique features. Shape
memory alloys are novel and smart material groups that have been considered in civil engineering for many
purposes, including active and passive control of structures, dampers, and strengthening of structures like
reinforced concrete structures and bridges, etc., due to unique features such as pseudo-elasticity and shape
memory effect. They have the particular property of returning to their initial shape by heating which is called
the shape memory effect. If the SMAs prevented from returning to their initial shape by using mechanical
fixation, a prestress force develops owning to the shape memory effect property. NiTi or Nitinol has been used
for damping applications in civil engineering, and it has been investigated in the literature. Iron-based shape
memory alloys (Fe-SMAs) have attracted much attention in civil engineering applications due to their shape
memory effect. Particularly for strengthening applications, iron-based shape memory alloys have some
benefits such as wide transformation hysteresis, high elastic modulus, and lower cost compared to conventional
NiTi alloys. The advantage of shape memory alloys over fiber-reinforced polymer is that they can be
prestressed more easily than FRP, and the prestressing force will not reduce over time. In addition, it does not
require any mechanical and hydraulic jacks. Prestressing these materials has some advantages in strengthening.
For example, cracks and deformations can be reduced or at least prevented from further growing, and the
stresses in internal stirrups are reduced. The usage of prestressing for shear strengthening is rare because it is
very complex from a practical standpoint. This study aims to assess the behavior of RC beams strengthened in
shear with iron-based shape memory alloys. For this purpose, based on experiments in the literature, T-beams
with 5.2-meter long are investigated numerically by using finite-element analysis software, ABAQUS. Three-
dimensional finite element models were developed using the concrete damage plasticity and were verified with
experimental results. Comparisons between the results from the FE models and experimental test results
confirmed the accuracy of the proposed models. Furthermore, the effects of parameters such as shape memory
alloy diameters, prestressing force, and shotcrete thickness on beams' shear behavior are also investigated. The
results of the analysis indicate a notable increase in the final shear strength of the strengthened beams and a
reduction in stirrups' stresses. The prestressing ability of shape memory alloys delays the yielding of stirrups
and the appearance of shear cracks and reduces the thickness of the cracks.

Keywords: Shear strengthening, Numerical modeling of RC beams, Iron-based shape memory alloys,
Prestressing
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