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2- T-Stub bolted connections



e gyl sl owy

AY by YA (Laasli oY oyl (FF Al i) Lano § (ol post swkien syt | TV

400 4

300

200 4

Stress (MPa)

100 4

Increasing T above A
- f

0.00 0.02 0.04 0.06 0.08

S jloakisls SLIT gole wolasuiue Y JSCi
[IWV] (s alisls s )

D
& |C
g
Lr-]
B A
O Strain
G155l 5o 51 581e 5 as oudls (B e (55l Juo Y ST

515,

Gy Joo 5 ySdlos Cxo (o 2 - F

5 o0 Gilwdae ;o Al o Slas Como qmyp jelate 4
AEaslesl @bs 5l oad iy adlbipn) JuS Guies
5 Foe bawgi &5 b (g, Cod 5 AL 4 by
5 Slaseie 3,8 ooliiul s 4t iy &g VY] ) Ken
laSa 0 o 8L ogon g oad a3 S 3 alesl 590
sl 0 00l Lt () 5 (F)

Test beam SMA

top: 2 & 6 mm

botrom: 10 SMA G 4.34 mm
stirrups: € 6 mm

Test beam KS
top: 2 @ 6 mm
bottom: 5 © 6 mm
stirrups: @ 6 mm

=70 mm 5=T70 mm
2 | =
=
(=}
e
= Tsmaz
R |
| 1 &
O 100 | 100 | 1
&

o reinforced steel: © 6 mm
s SMA-wire: © 4.34 mm

[IA] ol lo3T yo oo iolo3l i lasine —F S

G
O
B
D
g
14
(&
€
T
[C)
Sl Ggd HLd, (Wl IS Hloakadl> ST s, -y sl

Luwgi ouls &yl (S alddle o Ld ;) Jowo oy Y
30

SRl 5l s i glac bl s 4 (adow Gl o
odds ool dguzme slyl slo Jdo plxil (gl ABAQUS
Cgo 4 S8 aile ol Jos o5 Lol 5l Ll e
e a5 L8, Gl el oais as li8le s cnl o (2,8
25 b s sled 4 Gzl plsh 51T oS
33 5 s ) oad Gy eole JLB, leie S g el
oo osluwliss (oS l38le 5 4y FOMran  wogidelp Lae
s Brocca cldlas bl  SMA  SGlSe ls) el
2 aabpn g dps ez (V) US8 Glke V7] ) iSen
RURRTR NS

STl e S8 jlbaladle Slge ol (Fhg e
G0 o as wo S o8 e Jlel L b SS s
ol JolS jsb a oole 4y «(gl05 1 pladl I ey ES1iSS
G, Joe iy el 0 ools adl cls a4y Sl

Shgo d ClgSs o108 L s o delp ) 50 edds iy yas

atlge (7) g5

1- User implemented material



e 5 ylgro HLdy (owy

AY 2ls IYA0 Ll o o)lods FF als (Conn ) dxo g )l pos (oo 4y 305 [ YA

o o)l Jow wlaskin -0
» oKea 5 Ghorbani-Renani g a5 oy less
J3dle s 5l eslial b DAl cadl oas iabej] 535,95 olKails
ol iulesl ojle Sileds Jow o g3lw o ABAQUS
oals ylas () ISy Sl s 6,105, ¢ (A) IS po
WYL ad 4 Jlel Sl & g0 4 605 )L ol Canl 00
50 oo Ginbesl Jaw cwaid 5 sole Slasein aib oo g

sl 00 ob)ﬁi (\) Jj».\?

| 1
| 1 15M @ 300
| i ——
! ! 6-15M
v e\ 1300 .
300
Bl \roed g3 | |
el ¥ -
7" ! 2:25M :Izoo
o~ 5
114 . \s‘m“ Haﬂl@m
f—
Prototype Wall SECTION "A-A" (mm]

[15] ol bo3T 5o oo Gilo3T o3t Sudlods Jow —A S

0.12

—= 0.08
— 0.06
0.04
0.02
0 1 1 1 1 1

0 20 40 60 80 100 120

Time (sec)

Juo jo colisiwl 0590 0¥ g8 g oy (SH Olakin - Jouo
ALY

038 o e Ceoglie
Py N B LI Tt
[s)
(kN/m?) (GPa) | (MPa)
YA <IYYY Yany YAIY O
Al .Y AR - o¥sd

3l Lcodl 50 a5 wad gileans gl Jos iesh ol yo
oolawl (6l L Jlesl 51 LB olge JSs alaidl> cools
Joo 50 Wl ol pols 513 51 LS a5 a5 ol 4 00,8

Golade b aias ool 18 (glo b g (6,105, o dlge oyl

F/2 F/2
| a=380 | 380 | a=380
2
o~
jisd LS pay
120 1140 ‘ 120
‘ 1380 ‘

JLE ™ u».al.n)i o Aol Jlosl 6,105 ,0-0 JSSo
[VA] oSt

9 ,138le 5 10 ilwJoe I el @l (V) 9 (7) sla S
by S8 jloaladl> ST foas o5 90 j0 1) aalesl b
e oo plad S jloalasl> 51

80 - T
- ‘ir" Pt -
70 -
é— &0
=
B A Test
3 —— Finite element model
40
i
20~
| [
0 1 L 1 1 1

] 1 2 3 4 5 [ 7 8 a9 11

Deflection at mid-span & [mm]

2535 e 5 e 5 (AU Lo3T g dmalin —F S
SIS lsalidls SLIT (a0 ool

40
...... Test

—— Finite element model
30

Load F [KN]

1] 1 2 3 4 5 [ 7 8 9 i 11 12 13 14

Deflection at mid-span & [mm]

b i 50 )8l Joo 9 (2 Lo3T o b o -V S
A% Hloaladl> )Ui

)OL§ 03 gn.:).x.; A.AL»).)J.:) aS el u.Ua.a u..l‘ J.i:l.u CJLAJ
ABAQUS 38l 5 ISbaliils ) calie (65l Joe 4

RETg



e gyl sLdy oy

AY by YA (Llaasli oY oylas (FF Al ey ) Lano § (3l pokt swoiiden sy | ¥4

SO B Jae jo S8 lbalasl> LT asye ialidl b
a5 Sloj 5 955 o0 Dygo @y Bl KU s GRS
S g go ydon 0Yg8 duoys 5l o 5o 5Tl as o
sl &5 Fhse b el Dol e Baile S
S A5 008 o o (JSG jloaladl> LT L oYes Juls
SBaile S poss il opl sd yas Jow yo JBasle SO
Sygo J o (IS lsalasl> 5UT ws e alBl b o 4o
©b 50 0o ol i mels LT ool Lial3l b oS Spdy g0
Ses seglas Luals saims Hlis pl g peas Sl 1) Sl
Slsalasl> 5T s ys al38l a8 sas o olis (Vo) S .l
e U onyd)F o Jow o ISoakadls> s, L IS
oolS Kby mdaw (ials (pl 5 b Jials jlogel jo jgase
05 ol Qlgise Geizmen wdliee Jie 50 (6551 Sl
ol Gl (Joe o JBaile Gl o s el o9y L
B ] 0 LQ)J‘" J)‘LQ,‘M:‘ 9 W5LAA u...colf [EPw) )lﬁ.ﬂ
So plaS 4 35 azgs Wb SWIT ol 5l esliul ey o ases
Gz LU ol ojle lp g Couonl el cpl
ao5 LT ! 5l eolaiwl pae b g ooliiwl el )b o Coonl
&S gloy b as ol Cllas ol Sibo (Vo) S0 aizre 050
Joe 50 (Brae 3Ysd V0.l eSS JSi loalasl> LT s o
b 093 Sl al o 50 5LIT ol (6,138 ,L loj 50wl
Lol 3o SLSU i ool Pl po a0 5 wilooo
a> o 30 LT cpl ()05 ,0 sl jo m ad cad oo
2l s () S 51 OC

g0 50 olge ol s T g sl lagyT jo JBaile K& o5
el o ebmle Jlesl 5l L8 g a8 5 1,8 oolinul 590 (5
Slge ol JBaile UKo s Jlade olge ol 4 Lo Jleel L
990, 03,88 iy (5 U 03,5 o0 e Jo ol o3 F Bdo

Julo g b5 -#

S e o B aile IO s Jlade gy j5kaie @
Cos Jae (JSE eabisls LT sl 51 e caeglie
s oo ool o 285 18 S eSy (Ssbiul 618 L
il 9 5L Sl el e 4 Jlesl sl Sl 5l
“Je 59 2 @ISL ol 5l Jele il o sud a0
S IS oalisl 5T Gl glodo o b oud asle gl
() IS8 po canl oais a8 57 L o (50,88 iy S a0
sl o0 00l L

c3le Jae s oo oanlin (V+) US540 o5 wisSlon
54ty |, JBwle JSS pead i oV LV e o b s
Al 3150l by )0 GRS e Joe (nl 5o eiares
sl oy 4 arg boylice o97s & ply o 0uds Jlasl ol
s jloalasl> LT axliz (s )lop)b plSin 0 cond iy
@ wlgy gy b Lo Jlesl b oS 0,5 18 slal> e o Jow
b & S8 et nl 005 0 Gho (15)5) 993 gl I
Sl G gl amiliz) opdiee Jlesl SWT & 555
Goloyb bl (F) JSo 51 CD cond jo Mo jloalasl>

Dy o0 B o 4y 5055 ol 4y g 098 0 AB al> 0 04

100%Steel

—re— 25%steel & 75%SMA

— .« == 87.5%steel & 12.5%SMA =t 75%steel & 25%SMA
= = = 62.5%steel & 37.5%SMA == — 50%steel & 50%SMA
12.5%steel & 87.5%SMA =—s—— 100%SMA

~~~~~~~~~ 37.5%steel & 62.5%SMA

1.8

1.6 -

1.4 -

1.2

0.8

V /(bwlw) (MPa)

0.6 -
04 )

0.2

(0] 0.005 0.01

0.03 0.04 0.045

958 (6Nl e Joka 5Ly dunglio -+ JSC



e syl Sl owy

AY stlg ATAD a0 oty FF alr omn 5 Janmo § (3] okt skl 4 ik | o

— - —87.5%steel & 12.5%SMA+3
- = = 62.5%steel & 37.5%SMA+35
---------- 37.5%steel & 62.5%SMA+3
— - - 12.5%steel87.590SMA+35

—— 75%steel & 25%SMA+3
— — 50%steel & 50%SMA+3
—e— 25%0steel & 75%SMA+3
——a—— 100%SMA+3d

(0] 0.005

0.01 0.015 0.02

0.025 0.04 0.045

A/hw

a9 (6105 5 o 03 i sy 05l yLid y douag Uio —1) JSCE

SO D9 lpd Cwglie ply VIO sgu )3 00,08
s Syt Jlael a5 wims e ol @l Ll o
) U5 ol 00 Jae yo S aile sla IS i tal3dl
LS foalasl SLIT i3 b a8 ol cllas oyl o LS
Og e 5o Buile JS4 ot falS Vs T 5l i
2 G nl g 9d o plml (st Sy b (S0,85 00
ol Gl Gy a5 b s el 8h) b e o
LoJoe 5o L 5 00g 05 Jlomn 00,8850 oo yo el
a Sule S8 e Lials sals IS loalaslslT /) - -
et 4255 JB Ol

e 5o el 0 03l i (V1) JSib o 45 458 lan
SO oan sl wiles (St Logle
s Caaglia B onys S oSS laabidl> LT aol3l
Slowy 555 505 L Cuoglite 2alS cnl el il alS
S Jow a5 aas oo lid IS cpl fuizmen el 004 ol oo
3,10 ool gla Jowe a5 Cand (5 s (65,50 BT o0 pi8 i
S i b bz (pl jpame mhw Sl cul o 1y
lyon (5O A 9 la e Hgae phaw

"o ol (b e N5 ,5b Lulys g bl 4 4295 L
Sged s 1) 0¥ed g IS bkl LT sy ol
A esliul 4 5l LT a5 0gad el plgioe rizren
SOV Gl USs s b adly e )35, 51 Jd IS abidl>
Joe o 1) peasSle 2 5 Wlowy (25,5 G lawalie (V)
s ksl S Ly NS0 S JS IS aladls ST a0

Ao o i 1y (00,288 in) (5,185L 5l Ly

Jlesl Cdls jo Loy Jlaes jo (S0 jloalasl> LT 5 oY gs
"l @b e S e e Silse Dj50 4 alnl
e S 4 o] 4 00l Jie (5950 5 A il slo
iz SIS el ST 5 3¥5p e il e o]
2l L oog ci G2y b sl ool 4 bgy e (EILY)
El L clize oolo 50 ol s 45 il pealss ools g8
S Jlaaliblo 5T 5 0Y58 alaio gelans o5 oloj boen! o]
Al Jgdo a5 oo (pl 4 az g bl ply oo b
s B il oo SMA aiiY) Joaw 5l iy Y8
@9 S 50 9b oo SMA (Lies (b Sl iy oY
el 3y 7S o i IS Joaliil ST & o5
ST 0l U 0gd o s 958 (nl 0o Jiie SYgd 4y &5
o3l Gl |y Epdge cnl el SGidly al>ye o)l
Vg 10+ 5 S foalssls 5LIT70+ 4 bayye loges ol
Sley aes o HLis (V) JSb frdizman 8L ,0 (V1) S50 o
Jow jo o¥ed woye 5l iy IS loalasl> LT sy a8
g 00d Sl al> jo 95 (5 oy e 4 5LIT cl 00 5 o
plnl gy gylol alepe jo Jloged (SoSh azis o
D9 s

o 5 Jde 4 bgs e sla agas sazms lis (1)) S
il oo (08 8 i) (JSb aladl> LS, Jleel b

Jlesl a5 wims g0 plas (V)) 5 (Ve) la S anslin
RN ERN I IV JUUNDS I NV
Joes Canglin 45 M I3 s e (] (it 93,5

SO )‘9,{0 CAAﬁLa.o ‘_g)‘;&f)b. GLQ;-;‘ 5 as 6)9"" £ Sl 00



v gBylgeo L8, Yy AY 2ls VAL el ¥ o)lods FF ol cCownj buo g ol yos W & s [ Y

----- &I L 5l e (IS abadl> 31 o0 &I L 5l e JSCs aladl> 314

0.080
0.070 &
0.060
0.050
» 0.040
0.030
0.020
0.010
0.000

NI 31 Gy S Ao 51 5 ASCD aliblo 31 900 (50 JN0 33 Wil (155 g lin 1Y S

“““ SISk 5l b8 (IS aladle S g = (IS0 ) LS IS aladl ST L
7.00
6.00
5.00
9% 4.00
3.00
2.00
1.00
0.00

3o G

(MPa) oy

S ¥ ¥ ¥ W ¥
> 0\35@ °\§$\ g\gﬁx 0\5$\ °\§$\ 0\57@ o\g?@ \%&
L S I T O S

& e woA 4 . A A "
4 > 4 > ¥ > ¥
> @ > @ > ¢ >
\@ Q\Q \0 Q\Q \Q’ Q\Q \Q’
Q\Q% <‘) Q\B Q Q\Q% <‘) Q\DG"
S A\ S S S v S
Y v ~ NG

531 31 Gy S A 1 5 ASD aliblo 31 908 (5o Jko 53 o 55T Ao o — VY S

S ye b 3 b solaidl ans (JSS ls aladl> ')"l,,ﬂ albdl> S L b Jon w Glawslas (V) Jguz (pizren

Dgl aid S Jssz (nl e e plad 1) ol e 5 )I38,0 51 8 (IS

RV UUeS SRV PPN IV VS OUPS S0 JVSOW O PPN



e 5 ylgro HLdy (owy

AY als AYAD Lewsl ¥ ojlods FF ulo o ) o g ()l pos (owidigeo 49 5 [ VY

omliel bl a0 A o5 eolatwl 0,5 e0,ud

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

D9 peple S 2y slrles )0 Cuglie L Seis

&l -A
Graesser, E. J., Cozzarelli, F. A., "Shape
Memory Alloys as New Materials for Seismic
Isolation", Journal of Engineering Mechanics,
1991, 117 (11), 2590-2608
Inaudi, J., Kelly, J., "Experiments on Tuned
Mass Dampers Using Viscoelastic, Frictional
and Shpe Memory Alloy Materials”, First
World Conference on Structural Control, 3-5
August, 1994, pp 127-136.
Sweeney, S. C., Hayes, J. R., "Shape Memory
Alloy Dampers for Seismic Rehabilitation of
Existing buildings”, 27" Joint Meeting-Wind
and Seismic Effects, May, 1995.
Clark, P. W., Aiken, I. D., Kelly, J. M.,
Higashino, M., Krumme, R., "Experimental
and Analytical Studies of Shape Memory
Alloy Dampers for Structural Control”, SPIE
Smart Materials Conference 1996.
Adachi, Y., Unjoh, S., "Development of Shape
Memory Alloy Damper for Inteligent Bridge
Systems", SPIE 1999, pp 31-42.
Tamai, H., Kitagawa, Y., "Pseudoelastic
Behavior of Shape Memory Alloy Wire and its
Application to Seismic Resistance Member for
Building", IWCMM10, Galway, Ireland,
August, 2000.
Wilde, K., Gardoni, P., Fujino, Y., "Base
Isolation System with Shape Memory Alloy
Devices for Elevated Highway Bridges",
Engineering Structures, 2000, 22 (3), 222-229.
Ohi, K., "Pseudo-dynamic  Earthquake
Response Tests and Cyclic Loading Tests on
Steel Frames Including Pseudo-Elastic
Elements”, NSF-JSPS, US-Japan Seminar on
Advanced Stability and Seismicity Concepts
for Performance Based Design of Steel and
Composite Structures, Kyoto, Japan, 2001.
Dolce, M., Cardone, D., "Mechanical Behavior
of Shpaememoru Alloys for Seismic
Applications-1. Martensite and Austenite Niti
Bars Subjected to Torsion", International
Journal of Mechanical Sciences, 2001, 43,
2631-2656.
Dolce, M., Cardone, D., "Mechanical Behavior
of Shpae Memory Alloys for Seismic
Applications-2.  Austenite  NiTi  wires
Subjected to Tension", International Journal of
Mechanical Sciences, 2001, 43, 2657-77.

9 b s on jo 5 g dilowy 56,5 oo Slams o -Y Jou
GOS0 5 Gl (S aliSl> 51 gy

S alasl> 1L | IS abdl Sl e
@IS0 5 S8 S 51 g3 SMA sz 0
i oS oS S o Kl J5° 5
e e Ul
(MPa) | | MPa) | &
- - yp— e \+ % Steel
AV/0% Steel &
FEVA ] YR A | Y
\Y/0% SMA
v0% Steel &
AZAZS T R VA 7NN IR V/\ & I B v 0
Y0% SMA
#v/16% Steel &
FF99 | YT | VFAY | ey
vv/6% SMA
8-% Steel &
FFVY IV VIEYY vive
5-% SMA
vV/6% Steel &
AT R VAR VIYAR v
#v/6% SMA
Y6% Steel &
FEYY | OYNO | VYEY [ Y/
Yo% SMA
VvY/0% Steel &
FYAE | v AR IRRTE
AYI6% SMA
YXOF | VYA | VYO . - % SMA
S5 4 -V

sl JSCs abadlo 18, ) jskite 4 Guiod onl 5

ST cnl cilise glanoyo b (s oSS jloalibl>
S G S aladle (s, (28,5 5l o g g b 2l g 0
ol il as ool 3 cdleiSy (o A5 L cou o 5,4
Gl b SISy I o o wlosgy e ool LS
(soVgs glas Slo 4 S alabl> 5LIT slao Khee S
S abdl> slasllT cuale 4 axgi b silown (35,5 lade
S5 jleababls ST 7N e+ b Joaw oS g9k b oo alS
Al ool 4 ax g b pizmen )0 ) wlowny (A5 (0 508
2O, RAS Ay Cond gy sl [, JLES 0 i &S
@) S 4 ok b 0)ly (Sl b ply ax bz 4z
sanlive oole 'l 3l (s e L8, b 03,5 oo o clil 5k
4 Wy e S5 foalitls slagl] IS alisl> |l se
5 a0 Sy skl e 55 sl sl o ol olgie

" Glp Olse eole (pl 5l a5 Djo (nl 4 gl a8 S



v gBylgeo L8, Yy AY ale AYAD Hlesl ¥ o)lels FF wle (o j buxo g ol yos W Ayl [ Y

[11]

[12]

[13]

[14]

[15]

[16]

[17]

DesRoches, R., Delemont, M., "Seismic
Retrofit of Simply Supported Bridges Using
Shape  Memory  Alloys",  Engineering
Structures, 2002, 24, 325-332.

Ghassemieh, M., lranmanesh, A. H., "Finite
Element Analysis of Framed Strcutures Using
Shape Memeory Alloy Braces Subjected to
Seismic Loadings", ASME/ASCE/SES
Conference on Mechanics and Materials,
Baton Rouge, LA, US, 2005.

Abolmaali, A., Treadway, J., Aswath, P., Lu,
F.k., McCarthy, E., "Hysteresis Behavior of t-
stub Connections with Superelastic Shape
Memory Fasteners”, Journal of Constructional
Steel Research, 2006, 62 (8), 831-838.
Motahari, S. A., Ghassemieh, M., "Multilinear
on E-Dimensional Shape Memory Material
Model for Use Instructural Engineering
Applications”, Engineering Structures, 2007,
29, 904-913.

Ghorbani-Renani, 1., Velev, N., Tremblay, R.,
Palermo, D., Massicotte, B., Léger, P.,
"Modeling and Testing Influence of Scaling
Effects on Inelastic Response of Shear Walls",
ACI Structural Journal, 2009, 106 (3), 358-
367.

Brocca, M., Brinson, L. C., Bazant, Z. P,
"Three-Dimensional Constitutive Model for
Shapememory Alloys Based on Microplane
Model", Journal of the Mechanics and Physics
of Solids, 2002, 50, 1051-1077.

Czaderski, C., Hahnebach, B., Motavalli, M.,
"RC Beam with Variable Stiffness and
Strength”, Journal of Construction and
Building Materials, 2006, 20, 824-833.



Journal of Civil and Environmental Engineering
Volume 46, Issue 2, Summer 2016

EXTENDED ABSTRACT

Utilizing Pretension SMAs with Memory Effect Characteristics in
Concrete Structure

Mehdi Ghassemieh*, Maryam Saberdel Sadeh, Mahnaz Mostafazadeh

School of Civil Engineering, University of Tehran, Tehran, Iran

Received: 23 August 2015; Accepted: 02 June 2016

Keywords:
Shape memory alloys, Shape memory effect, Pretension, Concrete shear wall

1. Introduction

Shape Memory Alloys (SMA) are smart and novel materials that exhibit variable stiffness and strength
associated with their different polycrystalline phases. The Shape Memory Effect (SME) and Superelastic Effect (SE)
are two distinct properties that make SMA a smart material. Shape memory effect (free recovery effect) means that a
large (pseudo-) plastic deformation can be reversed by heating. If the going back is prevented by, e.g., concrete, a
stress in the SMA results (constrained recovery effect) [1]. A Superelastic SMA can restore its initial shape
spontaneously even from its inelastic range upon unloading.

The specific objective of this study is to investigate the effect of ordinary and pretension SMAs with memory
effect behavior in concrete shear walls separately. For this purpose, we analyzed concrete shear walls with different
percent of SMAs and steels under monotonic loading in ABAQUS Finite element. Two different concrete shear
walls, one reinforced with ordinary SMA together with steel rebars and the other with pretension SMA with steel
rebars, have been analyzed. The seismic behavior of the two concrete structure models has been compared in terms
of their load against displacement.

2. Methodology

2.1. SMA parameters

In this study, the SMA characteristics in ABAQUS are introduced as "user implemented material” in FORTRAN
subroutine. Mechanical behavior of SMA which represented by Brocca et al. [2] was used for SMA’s modeling, see
Fig. 1.
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Fig. 1. Mechanical behavior of SMA (memory effect) [1]
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2.2. Parameters of the model

Analysis was undertaken on a concrete shear wall model with similar geometry and mechanical properties of the
experimental model conducted by Ghorbani-Renani et al. [3]. Geometry and mechanical properties of material used
in the experimental model are given in Table 1.

Table 1. Geometry and mechanical properties of material

Mechanical properties

Geometry properties

Steel Concrete
Y n E. Y n E. fe Thickness  Length  Height
(KN/m?) (GPa) (KN/m®) (GPa)  (MPa) (m) (m) (m)
78 0.3 21 28 0.223 29.14 28.3 0.2 1.3 2.7

3. Results and discussion

In this paper, lateral response of model subjected to increasing monotonic loading and then unloading was
recorded. The load was applied at the top of the wall in the lateral direction. In analysis concrete wall utilizes the
SMAs with memory effect, after unloading takes place; the SMA rebars are heated in order to recover the residual
deformations.

Two different reinforcement were used for analysis first concrete shear wall with ordinary SMA and steel rebars,
second concrete shear wall with pretension SMA with steel rebars.

Table 2 shows the comparison of the results obtained from models without SMA’s pretension and with SMA’s
pretension.

Table 2. Comparison between model results

87.5%steel 75%steel 62.5%steel  50%steel 37.5%steel 25%steel 12.5%steel
100%Steel & f& & & & & & 100%SMA
0, 0, 0, 0, 0, 0,
125%SMA o oo\ 3T5%SMA  50%SMA 625%SMA 75%SMA 87.5%SMA
Without Res.'d“;' 3.42 341 3.37 3.33 3.26 3 241 1.09 0
SMA’s stralp (%)
pretension _Maximum 1.633 1585 1531 1.482 1.437 1.389 1.342 1.299 1.251
stress (MPa)
With Residual - 3.49 3.48 3.43 3.37 331 3.25 3.11 225
SMA’s strain (%)
. Maximum
pretension - 4.479 4.481 4.499 4.477 4.45 4.423 4.394 4.354

stress (MPa)

As shown in Table 2, replacing steel reinforcement by SMA caused reduction in residual displacement (in both
models) and it lead to decrease the strength of concrete shear wall in models without SMA’s pretension but in
models with pretension SMA replacing steel reinforcement by SMA until 50% increase the concrete shear walls
strength and replacing more than 50% lead to decreasing strength of models.

From the results obtained, using pretension SMA with memory effect instead of ordinary SMA with memory
effect in concrete shear wall causes strength and residual displacement of shear wall to increase.

4. Conclusions

Analysis results showed that although using ordinary SMAs with memory effect characteristic in concrete shear
walls caused decrease in residual displacement, they also caused decrease in wall's strength as well. On the other
hand, since concrete is weak in tension, using pretension SMAs instead of ordinary SMA caused increase in wall's
strength and decrease in residual displacement. Therefore, utilizing pretension SMAs with memory effect
characteristics in concrete shear wall instead of ordinary one can decrease residual strain after unloading and
improve concrete behavior in tension, to some extent.
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