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ABSTRACT 

 
The effect of ground motions in building might be decreased by adding the seismic isolation system. 

In buildings that are isolated by this system of isolation, it should be getting back to their initial place 

by controlling the deformations and displacements especially peak deformations and it should have the 

possibility to restore the deformations.   

Civil engineering has lots of smart materials that may handle this case optimally and behave very well 

in a range of engineering applications, like shape memory alloy (SMA). These materials have several 

properties such as superelastic characteristics and the effects of shape memory. 

This paper compares the effectiveness of the friction-viscoelastic dampers (FD) with that of the re-

centering SMAs by conducting Nonlinear Time History analysis to an isolated reinforced concrete 

building with different three heights (eight, twelve, and sixteen stories), considering two cases: the first 

case is base isolation system (lead Rubber Bearings LRB+ Flat Sliding Bearing FSB) with additional 

Rotation Fiction Damper FD, and the second case is base isolation system (LRB+FSB) with additional Re-

SMAs. The periods, displacements, and shear forces distribution considering different building height for 

each system are compared.  

The results show a significant improvement in the building performance by using recentering (SMAs) 

with isolation system in terms of reducing Displacements (on average 7%) and Drift (on average 16%) 

compared to the use of FD, with increasing building’s heights, it restored successfully the building to the 

original place after the ground motion. Also, using the characteristics of the recentering damping devices 

SMAs is efficient for decreasing displacement and lateral deformation in the level of the isolator, and this 

will help in reserving isolation efficacy and protecting the superstructure when increasing the elasticity of 

the structure.   

 

 

Keywords: Seismic isolation, Shape memory alloys, Super elasticity, Friction- dampers, Smart 

Material, Recentering, Residual displacement, Drift 
  

                                                           
(1)

 Candidate doctoral in the Structural Earthquake Engineering Department - Higher Institute of Earthquake 

Studies & Research, University of Damascus, Damascus, Syria. engalaabarmo@yahoo.com 
(2)

 Professor in the Structural Earthquake Engineering Department - Higher Institute of Earthquake    Studies & 

Research, University of Damascus, Damascus, Syria.  hala.hasan@damascusuniversity.edu.sy 
(3)

 Professor at Structural Engineering Department-civil engineering- University of Damascus, Damascus, Syria. 

maykousa@hotmail.com     

https://www.researchgate.net/profile/Hala_Hasan3
mailto:engalaabarmo@yahoo.com
mailto:hala.hasan@damascusuniversity.edu.sy
mailto:maykousa@hotmail.com


عادة التمركز من خلائط ذاكرة الشكل م.الكوسا. م. برمو د. م. حسن د.   الاستجابة الزلزالية للمباني المعزولة مع إضافة أجهزة التخميد وا 

 

210 
 

 

 

عادة التمركز  الاستجابة الزلزالية للمباني المعزولة مع إضافة أجهزة التخميد وا 
 FD  الاحتكاك الدوراني ومخمدات SMAsمن خلائط ذاكرة الشكل 

 

  (1)م. علاء برمو
 (3)ميادة الأحمد الكوساد. م.                     (2)د. م. هاله توفيق حسن

 

 الملخص
يمكن تخفيض انتقال حركة الأرض الناتجة عنن النزلازل إلنل المنشننت عنن طرينق إضنافة أنزمنة العنزل الزلزالينة لهناك ويجنه أن تكنون أجهنزة 

منشن  إلنل العزل المستخدمة في المباني المعزولة زلزالياً قادرة علل النتحكم بالتشنوهات والانتقنالات وخاانة العزمنة ولهنا قندرة كافينة علنل إعنادة ال
ات قعه الأساسي بعد حدوث الزلازل. يوجد في الهندسة المدنية الكثير من المنواد الذكينة التني يمكنن اسنتخدامها فني العديند منن مجنالات التطبيقنمو 

 من أهم هذه المواد حيث تملك العديد منن الخانائص الممينزة مثنل المروننة الفائقنة وتن ثيرات ذاكنرة  (SMA)الهندسية. تعتبر خلائط ذاكرة الشكل 
 الشكل.

-Re) منع فعالينة اسنتخدام مخمندات خلائنط ذاكنرة الشنكل  (FD) فني هنذا البحنث تنم مقارننة فعالينة اسنتخدام مخمندات الاحتكناك الندوراني 
SMAs) ) عننادة تمركننز عننن طريننق اجننراء التحليننل الننديناميكي اللاخطني للسننجل الزمننني لمبنننل خرسنناني معننزول عننند القاعنندة مننع كن جهزة تخمينند وا 

ك واخنذ بعننين الاعتبنار حنالات الدراسنةى الأولنل اسنتخدام نزنام العنزل الأساسني ثالعننوازل (اً نينةك اثننا عشنرك سنتة عشنر طابقنختلفنة ثثماارتفاعنات م
منع   LRB(ك والثانية باستخدام نزنام العنزل الأساسني ثFD( بإضافة مخمدات الاحتكاك الدوراني ثFSBمع الافائح الاحتكاكية   LRBالمطاطية 

FSB مخمنندات خلائننط ذاكننرة الشننكل ( بإضننافة(Re-SMAs) جننراء المقارنننات مننع المبنننل ب ساسننات تقليديننة مننن حيننث ثالنندورك ك الانتقننالاتك وا 
 الطابقيةك قوة القص القاعدي( واخذ بعين الاعتبار ارتفاع المبنل لكل نزام عزل. الازاحات

عنادة تمركنز منع نزنام العنزل الأساسني SMAsوأزهرت النتائج الفعالية الكبيرة لاستخدام أسلاك خلائط ذاكنرة الشنكل ث  ((FSBمنع  LRB( كن جهزة تخميند وا 
%( مقارنننة مننع اسننتخدام مخمنندات 16%( والازاحننات المتبقيننة ثبمعنندل 7العننزل مننن تخفننيض الانتقننالات ثبمعنندل  فنني تحسننين أداء المبنننل فننوق نزننام

عادة المنش  لمكانه الأساسي بعد حدوث الزلزال وذلك لFDالاحتكاك ث  (.  اً شر طابقاثنا عشرك ستة ع ثمانيةكحالات ارتفاع المنش  ث( وا 
المتبقيننة علننل مسننتو  طننابق العننزلك والننذي  والازاحنناتمفينند للننتحكم فنني الانتقننالات   Re-SMAsكمننا أن اسننتخدام مخمنندات إعننادة التمركننز 

 سيساعد في الحفاز علل كفاءة نزام العزل وحماية المنش  عند زيادة مرونته.
 

(، الم ونط  الائئةط ، المخمط الا اكاكرئر ط ، المطوا  الار ط ،   طئ ا SMAsالعزل الزلزالي، خلائط  اارط ا اللطرل  : المفتاحيةالكلمات 
 المكبة  ، الإزاائلا ال ئبة  . الكم رز، اكنكةئكلا
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1. INTRODUCTION 
Designing the Seismic isolators is 

always done with a small horizontal 

stiffness, but a balance must be achieved 

in practical isolation systems between the 

extent of force limitation and the 

acceptable relative displacements across the 

isolation system during earthquakes, [17]. 

Therefore, the use of the seismic isolation 

system in structures has a major positive 

role for buildings which are resistant to 

earthquakes [3]. 

According to the principle of structural 

dynamics, seismic isolators are required to 

have much smaller lateral stiffness than 

that of the protected superstructure. 

Although adding stiffness or damping at 

the isolation level is not suggested from 

the viewpoint of protecting the 

superstructure [18], small stiffness and 

damping may result in excessive 

deformation at the isolation level towards 

the earthquake attack direction. 

In practical applications, the allowable 

deformation space for isolation system is 

usually limited by the adjacent structures 

or foundations. In fact, as reported in the 

Northridge earthquake [19], Increasing the 

period and the  flexibility to isolated 

structures consider the most important 

features of seismic isolation systems that 

leads to the exclusion risk of the 

phenomenon of tinnitus, additional to rises 

the drift ratio. [11], and this drift can be 

reduced by increasing damping through 

the addition of seismic dampers of 

structure with seismic isolators 

[5],[20],[21]. SMA is one example of 

smart materials that exhibit several unique 

characteristics such as shape memory 

effect, super-elasticity, and energy 

dissipation features. Due to these 

characteristics, Shape Memory Alloys 

have widely attracted attention in passive 

control of structures in recent years [20].  

 In a series of publications that studied 

the effectiveness of SMA materials for 

use in seismic applications, they also 

studied the implementation of various 

states of SMA materials for the use of 

special dampers in structures. They 

proposed different recentering or 

dissipating devices based on 

experimental results. Ma and Cho [21] 

presented a re-centering SMA damping 

devices which consists of two groups of 

SMA wires and two springs, functioning 

as energy dissipating and re-centering 

groups, respectively, the studies of using 

SMA damping devices in the base 

isolation system of buildings are getting 

increasing attention. For example, Ponzo 

et al [22], compared three different 

isolation systems through shaking table 

tests and found that the SMA damping 

devices is better than the counterparts. 

2. RESEARCH SIGNIFICANCE 
 The significance of this paper springs 

out of studying the efficiency of shape 

memory alloy (SMA) damping devices 

to raise the efficiency of frictional 

seismic isolation systems for structures 

by adding a re-centering force to seismic 

isolation and reducing the remaining 

displacement for them, thus ensuring the 

sustainability of their effectiveness 

through the superelastic behavior of 

shape memory alloy (SMA), especially 

on tensile. 

3. RESEARCH OBJECTIVE: 
Studying the effectiveness of using 

recentering shape memory alloys 

Damping Devices (SMAs) in base 

isolation system of multi-story isolated 

structure, and comparing them with 
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using rotational friction dampers (FD) 

with the base isolation system. 

4. RESEARCH METHODOLOGY: 
▪ A summary and review of previous 

researches. 

▪ A theoretical overview and modeling to 

isolation and damping devices 

(LRB+FSB), (FD, SMAs) used in the 

research. 

▪ Analytical study using the SAP2000-

V22 program and results: 

 

o Modeling and studying the isolation 

concrete building Figure (2) with the 

same specifications of the reference 

study as Tracy [11], (with different 

three heights (8, 12, and 16 stories, by 

using El-Centro earthquake Figure (1) 

for the nonlinear time history analysis 

with considering two cases: 

 1- Base Isolation system (LRB+FSB) 

with FD. 

 2- Base isolation system (LRB+FSB) 

with Rc-SMAs. 

▪ Results 

 

 

Figure (1): Shows El Centro Earthquake Waves 

 
Figure (2): plan of the studied building 

 

5. TYPES OF SEISMIC 

ISOLATION BEARINGS 

AND RECENTERING 

DAMPERS: [1],[2] 
The quality of the bearings used in 

any seismic isolation system structure is 

the reason of its success, which is 

supposed to provide horizontal flexibility 

and damping required in addition to the 

Re-centering force. 

5.1. TYPES OF SEISMIC 

ISOLATION BEARINGS: 

There are two categories of modern 

seismic isolation systems for the base: 

1) Electrometric bearing 

system: 

One of the most important rubber 

bearings used in isolation structures is 

low or high damping rubber bearings or 

low damping natural rubber with lead 

core (LRB). 

2) Sliding Bearing systems: 

Based system for energy dissipation 

on the friction generated between the 

composite material which usually 

consists of high-strength oily or gummy 

materials known as "PTFE" (Poly tetra 

fluoro ethylene), and sliding surfaces of 

steel (stainless steel). 

5.2. SEISMIC DAMPERS AND 

RECENTERING DAMPERS: 

[5] 

The seismic isolation devices are usually 

manufactured typically to dissipate the 

energy and to control the maximum 

movement of the isolation device. In 

spite of this, we still need the 

complementary mechanisms of the 

insulation system (dampers) to dissipate 

energy, recentering isolation devices and 
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to reduce the displacements. Here are 

some types of dampers: 

5.2.1. ROTATION FRICTION 

DAMPERS (FD): [5] 

This device as shown in Figure 3 (a, b), 

is designed to dissipate seismic energy 

and protect buildings from structural 

damage during moderate and severe 

earthquakes. 

Rotational friction damper (FD) is also 

used with other insulation systems such as 

(LRB) or (FPS) and others, as 

complementary dampers to control the 

Isolation deformation, and for the 

formation of a hybrid isolation systems. 
 

 
(a) 

 
(b) 

Figure (3): (a) damper (FD) and (b) its 

place in the construction within isolation 

system. 

5.2.2. Shape memory alloys: 

SMAs are a class of metal materials, 

which have excellent super-elasticity 

when the environmental temperature is 

above the phase transformation threshold 

[23]. This feature is attributed to the solid-

to-solid transformation between two 

crystallographic phases, namely, austenite 

and martensite, which makes SMAs able 

to undergo large strains (8% - 10%) 

without leaving permanent deformations 

in the material. They can recover their 

initial shape at the end of the 

deformation process, instinctively (called 

super-elasticity) or by heating (called 

shape memory effect) as shown in 

Figure (4). 
 The most appropriate characteristic of 

SMAs which is used in passive control of 

structures is superelastic behavior in 

which the material can recover large 

deformations of order of 8 percent while 

producing flag-shaped hysteresis. 

 The second feature of the SMA is the 

shape memory effect. When the material 

is in Martensite form, the application of 

stress leads to the twinning of 

Martensite. The detwinning process 

begins by removal of stress and some 

residual strain will be remained at zero 

stress, that can be recovered by heating 

the material above a specific 

temperature. Other desirable 

characteristics of SMAs are high energy 

dissipation capacity, stability of 

hysteresis loop, and high fatigue 

resistance. Added to all those 

characteristics, the relatively high 

stiffness and strength make SMA a 

promising material for control of 

structures in severe earthquakes. 

 
(a) 
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(b) 

Figure (4): Stress-strain curves for 

SMAs: (a) super-elasticity effect; (b) 

shape memory effect. [23] 
 

Because most civil engineering 

applications of SMA are related to the use 

of bars and wires, a one-dimensional 

phenomenological model is often 

considered suitable due to several merits, 

including large re-centering strain, good 

energy dissipation, high fatigue life, and 

outstanding corrosion resistance,  

Nitinol/FNCATB SMA is widely fined in 

current seismic application research [24]. 

The superelastic behavior of the 

Nitinol/FNCATB wires can only be 

availed beyond a certain temperature 

range. A decrease in temperature is 

equivalent to an increase in stress for the 

SMA. Consequently, with decreasing the 

value of the ambient temperature, a lower 

level of stress triggers the phase 

transformation. The beneficial aspect of 

the super-elasticity can only be attained at 

elevated temperatures, at which the 

Austenite phase is stable. 

These are important considerations for 

designer because the operating 

temperature needs to be reasonably high 

to retain such effect. 

The temperature range between which 

the super-elasticity can be made use of are 

(0–40) degrees for Nitinol. For the 

FNCATB, the lower temperature range is 

as low as (− 62) degree and the higher one 

is much above the ambient temperature. 

These ranges show that the working 

temperature range for FNCATB is of 

much higher magnitude than the Nitinol 

[24]. So, FNCATB SMA wire is selected 

to fabricate the Re-centering Damping 

Devices. Many researchers have 

proposed uniaxial models for SMA. 

Figure (5) shows the 1D super-elastic 

model of SMA material [Ghassemieh, 

2012] executed in the computer model. 

 This model describes the constitutive 

behavior of superelastic SMAs at a 

constant temperature. The model requires 

6 material parameters. The parameters 

used to define the material model are 

austenite to martensite starting stress 

(σam-s), austenite to martensite finishing 

stress (σam-f), martensite to austenite 

starting stress (σma-s), martensite to 

austenite finishing stress (σma-f), 

superelastic plateau strain length (εL), 

and modulus of elasticity (𝑬𝑨). 

The SMA model represents an 

idealized behavior for SMA material 

where no strength degradation occurs 

during cycling and the residual 

deformation is taken zero at the end of 

each cycle. A further assumption is that 

austenite and martensite branches have 

the same modulus of elasticity (β = 1), 

and such simplifications generally have a 

negligible effect on the response. 

 

 
Figure (5). Stress-strain relationship of the 

superelastic SMA material. [26] 
The important parameters of the 

model are listed in Table (1). [24] 
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Table (1) Numerical value of the 

parameters for the modified G-C model. 

FNCATB  Nitinol  Parameters 
5.1 × 1010 9.8325×1010  E  N/m2 
4.1 × 1010 7.3744×1010  Em  N/m2 

0.15 0.08 εm  
0.095 0.05 ε1  

7.4 × 108 14.49 × 107  σy N/m2 
8.232×108 2.36 × 1008  σ1 N/m2 

6 1 n  
0.0187 0.019 α 
0.0001 0.001 c  

300 900 a  
0.95 0.08 ft  

 

where:  

E is the elastic modulus of Austenite, 

Em is the elastic modulus of the pure 

Martensite 

in the wires. 

σ implies axial stress. 

ε is the strain 

α is a constant that control the slope 

The coefficients f , c, a are material 

constants controlling the recovery of the 

elastic strain during unloading. 

6. MODELLING OF DAMPERS 

AND ISOLATORS: 

6.1. LINEAR MATHEMATICAL 

MODEL FOR NATURAL RUBBER 

BEARINGS (NRB) [Michael FEMA 

451]- [2],[15]: 

  Figure 6 shows the modeling for natural 

rubber bearings and the relationship 

between the force and the displacement. 

 

 
Figure (6): Mathematical Model for Rubber 

Bearings (NRB) 

𝑲𝒆𝒇𝒇   = Effective stiffness at design 

Displacement. 

𝑪𝒆𝒇𝒇     = Effective damping coefficient 

Associated with design Displacement. 

 

𝑷(𝒕) = 𝒌 𝒆𝒇𝒇 ∙ 𝑼(𝒕) + 𝑪𝒆𝒇𝒇 ∙ 𝑼̇(𝒕)   (𝟏 − 𝟏) 

 

 
Figure (7): hysteresis Loop of Rubber 

Bearings. [1] 

The characteristic of strength (Q) 

is effectively equal to the yield 

force (Fy), of the lead plug. The 

yield stress of the lead plug is 

usually taken as being around 

10MPa. The effective stiffness 

(𝒌𝒆𝒇𝒇) of the LRB, at a horizontal 

displacement (D) being larger than 

the yield displacement (Dy) may be 

defined in terms of the post-elastic 

stiffness (kd) and the strength 

characteristic (Q), with the 

following equation Figure (7) [1]: 

 
K2 = 𝜶𝑲 = (F-FY) / (D-DY)              (1-
2) 

𝑲 =
𝑭𝒀

𝑫𝒀
    

 

𝑲𝒆𝒇𝒇 =
𝑭

𝑫
= 𝜶𝑲 +

𝑸

𝑫
 ∶  𝑫

≥  𝑫𝒀 (𝟏 − 𝟑) 
 

The energy dissipated for one 

cycle of sliding, with amplitude (D), 

Figure (7), can be estimated as: 

 
𝑾 𝑫 = 𝟒𝑸(𝑫 − 𝑫𝒀 )                    (𝟏

− 𝟒) 
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𝑰𝑭𝑫 >> 𝑫𝒀, 𝑻𝒉𝒆𝒏: 𝑾𝑫

≈ 𝟒𝑸𝑫   (𝟏 − 𝟓) 
 

The effective percentage of 

critical damping provided by the 

isolator, Figure (7), can be 

obtained from: 

 

𝝃𝒆𝒇𝒇 =
𝟐𝑸(𝑫 − 𝑫𝒚)

𝝅𝑫(𝑸 + 𝜶𝑲𝑫)
             (𝟏

− 𝟔) 

6.2. MODELLING OF FLAT  

6.3. SLIDING BEARINGS: 

For Spherical Bearings: [1] 

𝑭(𝒕) =
𝑾

𝑹
𝑼(𝒕) + 𝝁𝑾𝑼 ̇           (𝟏 − 𝟕)      

 

Flat Sliding Bearings, Figure (8-a) : 

𝑹 → ∞  :               
     𝐅(𝐭) = 𝛍𝐖 𝐬𝐢𝐧 𝐔 ̇                    (𝟏 −
𝟖)  
Where: 

µ:  Coefficient of friction for the 

sliding. 

W: Total seismic forces. 

(𝑼) ̇    : Continued reference Figure 
8(b):  

  𝒔𝒊𝒏(𝑼̇) = {
−𝟏    𝑼̇ < 𝟎
+𝟏   𝑼̇ > 𝟎
 𝟎     𝑼̇ =  𝟎

 

 
(a) 

 
(b) 

Figure (8): (a) Flat Sliding Bearings, 

(b)Friction Response. [1] 
 

● Bearings do not increase natural 

period of structure; but they limit the 

shear force transferred into the 

superstructure. 

● Supplemental self-centering 

mechanism are required to prevent 

permanent isolation system 

displacement. 

6.4. Rotation Friction Dampers (FD): 

Modeling of friction damper as spring 

form (Plastic Wen link [14], Figure (9). 

 

 

Figure (9): the power relationship - 

transmission of the damper (FD) 

The force in the Rotation Friction 

Dampers (FD) are determined in, 

Figure (9), by the following equation: 
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𝑭 = 𝒓𝒌𝒅 + (𝟏 − 𝒓)𝒚𝒛              (𝟏 − 𝟗)  [14] 

Z: hysteretic variable where -1 ≤ z ≤ 1, 

the initial value of z is zero. 

F: force,  

d: deformation, 

K: Stiffness,  

y: Yield force,  

r: Yield ratio. 

6.5.  Basic recentering shape memory 

alloys Damping Devices: [24] 

The superelastic stress-strain behavior 

of SMA wire restrainer is discussed with 

reference to the plot in Figure (5). The 

superelastic stress-strain behavior has 

been characterized by different 

phenomenological models. Among these, 

the Graesser- Cozzarelli model which has 

been widely employed for studying the 

dynamic behavior of SMA. However, in 

order to accommodate larger strain at 

which further hardening like behavior due 

to Martensite transition occurs, the G-C 

model is extended by Wilde et al. The 

modified model is then expressed as: 
𝒅𝝈

𝒅𝒕
=

𝑬 [
𝒅𝜺

𝒅𝒕
− |

𝒅𝜺

𝒅𝒕
| (

𝝈−𝜷

𝒀
)

𝒏
] 𝒖𝑰(𝜺)𝑬𝒎 (

𝒅𝜺

𝒅𝒕
) 𝒖𝑰𝑰(𝜺) +

(𝟑𝒂𝟏
𝒅𝜺

𝒅𝒕
𝜺𝟐 + 𝟐𝒂𝟐𝒔𝒊𝒈𝒏(𝜺)

𝒅𝜺

𝒅𝒕
𝜺 +

𝒂𝟑
𝒅𝜺

𝒅𝒕
) 𝒖𝑰𝑰𝑰(𝜺) ……………….... (1-10) 

 

in this expression, σ refers to axial 

stress, ε is the strain, E is Modulus of 

elasticity of Austenite, Em is the elastic 

modulus of the pure Martensite in the 

wires. The variable (t) is the pseudo-time 

to define the stress/strain rate. The 

parameters ( a1, a2, a3) are constants to 

control the curvature associated with the 

phase transition. These constants are 

selected so that the slopes of the function 

defined by the last term in Eq. (1-10) at 

strain levels (ε1, εm) are consistent with 

the slopes observed in the experimental 

force-deformation behavior of the SMA. 

The smoothness of the loop is ensured by 

the selection of the slope at strain (ε2). 

The functions uI (ε), uII (ε), uIII (ε) are 

described as(ε): 

 

𝒖𝟏(𝜺) = (𝟏 − 𝒖𝑰𝑰(𝜺) − 𝒖𝑰𝑰𝑰(𝜺)  (1-11.a) 

 

𝒖𝑰𝑰(𝜺) = {
𝟏       |𝜺| ≥ 𝜺𝒎

𝟎    𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
 ….…       (1-

11.b) 
𝒖𝑰𝑰𝑰(𝜺) =

{
𝟏        𝜺

𝒅𝜺

𝒅𝒕
> 𝟎 𝒂𝒏𝒅𝜺𝟏 < |𝜺| < 𝜺𝒎

𝟎                                    𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
    (1-

11.c) 

 

The term 𝑬𝒎 (
𝒅𝜺

𝒅𝒕
) 𝒖𝑰𝑰(𝜺) in Eq. (1-10) 

describes the martensite elastic behavior, 

activated as the strain which is higher 

than εm, from austenite to martensite the 

strain at which the transformation is 

completed. The transition of the slope 

from Ey to Em is obtained by adding the 

third/last term in Eq. (1-10), and 

evaluated during loading and in the strain 

range ε1 < ε < εm. The parameter β is the 

one-dimensional back stress, the 

evolution of which is described as: 

𝜷 = 𝑬𝒂 {𝜺𝒊𝒏 𝒇𝟏|𝜺|𝒄𝒆𝒓𝒇 (𝜶𝜺) [𝑯 (−𝜺
𝒅𝜺

𝒅𝒕
)]}. 

………………………………. (1-12) 

 𝜺𝒊𝒏 represents the inelastic strain, and it 

is defined as 

𝜺𝒊𝒏 = {𝜺 − (
𝝈

𝑬
)} …..……………….... (1-13) 

The parameter α is a constant that 

controls the slope and is given by 

𝜶 = (𝑬𝒚/(𝑬 − 𝑬𝒚)).…………….. (1-14) 



عادة التمركز من خلائط ذاكرة الشكل م.الكوسا. م. برمو د. م. حسن د.   الاستجابة الزلزالية للمباني المعزولة مع إضافة أجهزة التخميد وا 

 

218 
 

where 𝑬𝒚is the slope after yielding, 

The function erf (.) and H (.) is the unit 

step function defined as 

𝐞𝐫𝐟(𝒙)  =
𝟐

√𝝅
∫ 𝒆−𝒕𝟐𝒙

𝟎
𝒅𝒕 …….……. (1-15) 

𝐇(𝐱) = {
𝟏           𝐱 ≥ 𝟎
𝟎           𝐱 < 𝟎

 …….…...... (1-16) 

The coefficients f, c, a t are material 

constants controlling the recovery of the 

elastic strain during unloading. At present, 

the SMA component is in the form of 

wires, which are subjected to cyclic axial 

loading, and therefore the restoring force 

in the restrainer is expressed as 

𝑭𝑺 = 𝑨 ∗ 𝝈..…………………...… (1-17) 

where A is the total area of the wire 

restrainer and σ is the axial stress in the 

bar. The behavior during tension and 

compression is assumed to be identical in 

this model. 

Superelastic SMA behavior is possible 

to simulate in finite element software 

SAP2000 as described. Figure (10), by 

adding two link properties and assign 

them to two link elements in parallel. A 

multi-linear plastic link using the Pivot 

model is used to define the hysteresis 

loop, and a multi-linear elastic link is used 

to shift the hysteresis loop away from the 

origin (see Fig.10.a), input cosine wave 

excitation, hysteresis curve of the damper 

is obtained (see Fig.10.b). As can be seen 

from (Fig.10.b), the shape of hysteresis 

curve presents flag, which shows that the 

method can approximately simulate re-

centring SMA Damping Devices, which 

calibrated in [25], 

 
(a)  

 

(b) 
Figure (10): Schematic diagram of the 

superelastic SMA, (a)Schematic diagrams of 

element models, (b)Hysteresis curve of 

recent ring SMA damper[25] 

7. ANALYTICAL STUDY: 
   Studying the dynamic behavior of 

Shape memory alloys SMA re-centering 

damping system, which acts in tension, 

nonlinear time history analyses were 

performed, Figure (1), El Centro 

earthquake was selected for Time 

History analysis to understand the 

seismic performance of the studied 

building. 

The computational model of the 

structures was developed using the 

modeling capability of the software 
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(sap2000-v22). The building was studied 

using several heights (eight, twelve, and 

sixteen stories), to understand the seismic 

behavior of structure with SMA re-

centering damping system. Four analysis 

methods were used to determine 

performance of a multi-story building 

isolated and that was done by using 

isolation systems (Rubber and Flat Sliding 

isolators) (FSB+LRB)), and the addition 

of the dampers and re-centering SMA 

Damping Devices at the base of the 

building: Shape memory alloys FNCATB 

(SMA) (SMA+FSB+LRB) and compared 

with the performances of the rotation 

friction dampers (FD+FSB+LRB) and its 

impact on structure response. 

7.1. The study cases: 

Figure (11) shows the studied building by 

Combination of Rotation Friction 

Dampers FD, lead rubber bearings LRB 

and Flat sliders bearings FSB. 

 

Figure (11): Response mechanism of 

combined isolation system 

(FD+LRB+FSB) 
 

Figure (12) shows the studied building by 

Combination of recentering Shape 

memory alloys Damping Devices, rubber 

bearings and flat sliders bearings. 

 

 

 
Figure (12): Schematic view and idealized 

hysteresis of isolators: (a) LF(LRB+FSB) 

and (b) Re-SMA. 

Where: 

 Mb: is the mass of the isolator base. 

ẍg: is the ground acceleration. 

LF: LRB+FSB 

x: is the relative displacement vector of 

the superstructure relative to the base 

mass. 

𝑭𝒚: Yield force 

Dy: Yield displacement 

𝜷 : ratio of unloading and loading 

stress. 

𝑲𝟏: elastic stiffness 

𝑲𝟐 : Post-elastic stiffness 

𝑬𝒎: the elastic modulus of the pure 

Martensite in SMA wires. 
 

7.1.1. PROPERTIES OF 

MATERIAL AND STRUCTURS 

USED: 

Eight storied tall, bay reinforced 

concrete was considered in this study. 

(Figure (13) and (2)) [11], the story 

heights are 3m, columns dimensions: 

50X50 cm, dimensions of Beams: 70X30 
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cm, Solid slab thickness 15 cm, loads of 

coverage: 3 kN / m², live loads: 3 kN / 

m². 

The required material properties like 

mass, weight density, modulus of 

elasticity shear modulus and design values 

of the material used can be modified as 

per requirements or default values can be 

adopted Beams and column members 

have been defined as ‘frame elements’ 

with the appropriate dimensions and 

reinforcement. Soil structure interaction 

was not been considered.  

Slabs were defined as area elements 

having the properties of shell elements 

with the required thickness. 

In our case, the slabs have been 

modeled as rigid diaphragms and, in this 

connection, the center of rigidity (mass) 

and center of gravity of the building are 

considered the same in order to neglect 

the effect of torsion. 

Properties for Lead Rubber bearing (LRB) 

used in this study as follows: 

Effective horizontal stiffness: keff = 825 

kN / m 

Effective Damping: Ceff = 67.140 KN. 

Sec / m Yield strength: fy = 54.43 KN 

Properties for FLAT SLIDING 

BEARING (FSB) Friction force equal to 

10% of dead load: 

 F (t) = µW F (t) = 0.10WD, 

The numerical value of the parameters 

for FNCATB(SMA), listed in Table (1). 

properties for Rotation Friction 

Dampers Figure (9) used in this study as 

follows: 

Stiffness, k=15000 kN/m   →    

F=150kN→     Yield force, 𝑭𝒚=15 kN 

Yield ratio: r=0.00001, Yield exponent: 

e=20. 

 

(a) 

 

(b) 

 
(c) 

Figure (13): (a): Plan View of Symmetrical 

Building Shown by the distribution of seismic 

isolators and dampers, (b): The rotation 

friction dampers at the base of the building 

(FD), (c): The Shape memory alloys SMA re-

centering Damping Devices at the base of the 

building (SMA). 

7.2. Analytical results:       

7.2.1. Starting analysis with 

case, eight-storied building, 

and comparisons: 

 By analysis results, we found the values 

of: (Period), (Displacements) Figure 
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(15), (drift) Figure (16), and (Base shear) 

Figure (17), 

The values of Period for the building with 

height 8 stories, as isolation cases: 
❑ T(Fixed)=0.7 sec   

❑ T(FSB+LRB) =1.9 sec   

❑ T (FD+LRB+ FSB) = 0.9 sec      

❑ T (SMA+LRB+ FSB) = 1.89 sec  

 

 
Figure (15): Stories displacements of the 

building with height of 8 stories 

The results in Figure (15): show that, 

the use of (RE-SMA) with isolation 

systems (FSB+LRB), work to reduces 

displacements (about 40%), and the use of 

(FD) with isolation systems (FSB+LRB), 

work to reduce displacements (about 

25%), in comparison with using isolation 

systems (FSB+LRB). 

 
Figure (16): Floor drift ratio of the building with 

height of 8 floors 
 

  The results in Figure (16): show that, the 

use of (RE-SMA) with isolation systems 

(FSB+LRB), work to increases drifts (about 

7%), and use of (FD) with isolation systems 

(FSB+LRB), work to increase drifts (about 

45%), in comparison with using isolation 

systems (FSB+LRB). This is because the 

increase in the rigidity of the isolation 

system brings the building closer to the 

fixed building. 
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Figure (17): Base shear of the building with 

height of 8 floors 

The results in Figure (17): show that, 

the use of (RE-SMA) with isolation 

systems (FSB+LRB), work to increase 

Base shear (about 28%), and use of (FD) 

with isolation systems (FSB+LRB), work 

to reduce Base shear (about 8%), in 

comparison with using isolation systems 

(FSB+LRB). 

 

Therefore the results in Figs.15,16 and 17 

show the values of inter-floors drift, 

displacements and Base shear for eight-

floor building with four different isolation 

cases, (Fix), (FSB+LRB), (FSB+LRB+ 

RE-SMA), (FSB+LRB+FD), and the 

results show that, the use of recentering 

SMA Damping Devices (RE-SMA) with 

isolation systems (FSB+LRB), works well 

at reducing both drifts (on average 29%), 

displacements (on average 20%), and 

increases the Period (from 0.9 to 1.89),  

but it has a negative effect about Base 

shear, because it increases it (on average 

38%), in comparison with the use of 

rotation friction dampers (FD) with 

isolation systems (FSB+LRB). 

7.2.2. Complete analysis with 

increasing the floors to 12 and 16, 

and comparisons the results: 

 

Figure (18): the change in base shear with 

increasing the height of the building to cases 

of isolation (LRB, FSB, FD, SMA) 

 

Figure (19): the displacements in the last 

floor with increasing the height of the 

building to cases of isolation (Fix, LRB, 

FSB, FD, SMA) 
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Figure (20): Drift with increasing the height 

of the building to cases of isolation   

(Fix, LRB, FSB, FD, SMA) 

 
Figure (21): Max Drift with increasing the 

height of the building to cases of isolation 

(Fix, LRB, FSB, FD, SMA) 

The Figure (18, 19, 20, 21) show the 

results which indicate effectiveness of the 

use recentering Shape memory alloys 

Damping Devices (RE-SMA) in isolation 

systems (FSB+LRB), and increasing the 

flexibility of the structure (increase the 

structure height) for several parameters, 

Base shear, Displacements in the last 

floor, Drift and Max Drift Compared with 

Allowed Drift. 

In the 12-floor building, the results 

show that, the use (RE-SMA) with 

(FSB+LRB) reduces the inter-floor drift 

(on average 24%), reduces the 

displacements in the last floor (on average 

2%), increase Base shear (on average 38% 

(negative effect)), The Max Drift is less 

than allowed drift (on average 20%) 

while the max drift with (FD) less than 

allowed drift (on average 40%), All these 

results are in comparison with using 

(FD) in isolation system (FSB+LRB) 

  Also, in the 16-floor building, the 

results show that, using (RE-SMA) with 

(FSB+LRB) reduces the inter-floor drift 

(on average 10%), reduces the 

displacements in the last floor (on 

average 3%), increases Base shear (on 

average 40% (negative effect)), the Max 

Drift is less than allowed drift (on 

average 30%) while the max drift with 

(FD) less than allowed drift (on average 

10%), All these results are in comparison 

with using (FD) in isolation system 

(FSB+LRB). 

8. RESULTS: 
1- In this paper, the efficiency of 

superelastic behavior of shape-

memory alloys (SMA) is verified in 

seismic response reduction of 

structures, so shape-memory alloys 

could be effectively utilized for 

seismic design of structures with the 

purpose of protecting building 

structures against earthquakes 

corresponding to several seismic 

hazard levels.  

2- Using recentering Shape memory 

alloys Damping Devices (RE-SMAs) 

with hybrid isolation system (LRB + 

FSB) at the base of the structure has 

a significant impact in improving the 

performance of isolated structure 

comparing with the use of rotation 

friction dampers (FD) with (LRB + 

FSB), in terms of reducing 

Displacements (on average 7%), 

Drift (on average 16%) with 

increasing height of structure from 8 
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to 16 floors, but it has a negative 

impact on the Base shear which led to 

an increase in the Base shear (on 

average 30%), because the damping 

capacity to (RE-SMAs) is less than the  

(FD), but it is compensated by the re-

centering. 

3- Although the results show that 

promise for implementing the 

superelastic behavior of shape-

memory alloys (RE-SMAs) in seismic 

isolation, still further works are 

necessary to confirm the numerical 

simulations and the analytical results 

experimentally. 

4- The results of displacement show that 

the displacements are increased (on 

average 17%) with the period and with 

the floor-height from 8 to 16 floors in 

the base isolated building by (LRB + 

FSB) comparing with fixing building 

because the effectiveness of the 

isolation system decreases for high 

structures. 

5- The case of base isolation system 

(LRB + FSB) with additional FD, is 

more effective for a sixteen-floor-

height building, and the case of base 

isolation system (LRB+FSB) with 

additional Re-SMAs, is more effective 

for an eight-floor-height building. 

6- The effectiveness of hybrid isolation 

system (LRB + FSB) in reducing the 

base shear and drift of the structure 

isolated decreases with increasing the 

flexibility of structure. 

7- Therefore, the results imply that, in the 

event of earthquakes, due to the 

excellent super-elasticity of 

recentering Shape memory alloys 

Damping Devices (RE-SMAs), the 

replacement or refurbishment of the 

isolation system will not be necessary. 

 

6. RECOMMENDATION: 

Although the results suggest promise 

for implementing the superplastic 

behavior of shape-memory alloys (SMA) 

in seismic isolation, further works are 

necessary to confirm the numerical 

simulations and the analytical results 

experimentally. 
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