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Abstract. The work presented in this paper includes material characterisation and an investigation of suitability
in seismic dampers for two commercially available NiTi-alloys, along with a numerical analysis of a new damper
system employing composite NiTi-wires. Numerical simulations of the new damper system are conducted, using
Brinson’s one-dimensional constitutive model for shape memory alloys, with emphasis on the system’s energy
dissipation capabilities. The two alloys tested showed some unwanted residual strain at temperatures higher than
Af, possibly due to stress concentrations near inclusions in the material. These findings show that the alloys are not
ideal, but may be employed in a seismic damper if precautions are made. The numerical investigations indicate
that using composite NiTi-wires in a seismic damper enhances the energy dissipation capabilities for a wider
working temperature range. 
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1. Introduction

The work presented in this paper is a part of the EU 6th frame STREP project WIND-CHIME, which

aims to develop cost effective seismic dampers to protect historical monuments during earthquakes.

The structures in question are often located in areas that experience large shifts in temperature, demanding

the dampers to perform optimal within a wide working temperature range. 
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In the recent years increasing attention has been given to the use of shape memory alloys (SMAs) as

members in seismic control schemes (Saadat, et al. 2002, Janke, et al. 2005). In particular, research

considering the NiTi-alloy as an actuator in seismic control devices has received attention due to the

materials unique thermomechanical properties. One example of this is the EU project MANSIDE,

which resulted in a seismic damper for civil structures and bridges (Dolce, et al. 2001). 

NiTi has received this attention because of its unusual properties shape memory effect (SME) and

pseoudelasticity (PE). SME is the ability of the material to recover to its predetermined shape after

being subjected to large deformation (ca. 8%) (Funakubo 1987, Duerig 1990). The recovery is induced

by heating the material above a threshold temperature. PE represents SMA’s ability to recover from

large deformations purely by unloading. Both SME and PE are the results of diffusionless phase

transformations in the material induced by temperature variation and stress. At temperatures above the

threshold temperature Af (austenite finishing temperature), the structure of the material is 100%

austenite. If it is subjected to sufficient stress, martensite will gradually develop until the material

structure is 100% martensitic. Martensite created in this way is often referred to as stress induced

remove paragraph insertion martensite (SIM). The material will return to the austenite phase when

unloaded (Funakubo 1987, Duerig 1990). By subjecting SIM to additional stress it will continue to

deform elastically before plastic deformation is developed due to dislocations. If the material is cooled

below the threshold temperature Ms (martensite starting temperature) from an initial austenite phase,

martensite will gradually develop as the temperature is reduced. The structure will be 100% martensitic

when the ambient temperature sinks below the threshold temperature Mf (martensite finishing temperature).

This is called thermally induced martensite (TIM). For a more detailed review of the characteristics and

accelerations in SMA research, reference are made to the book by Auricchio, et al. (2001). 

Most seismic dampers found in the literature are designed to function at practically constant

temperature (Clark, et al. 1995, Dolce, et al. 2001, Han, et al. 2005). Little emphasis has been put on

control schemes that focus on the challenges with changing working temperatures. In this paper, two

commercially available NiTi-alloys are characterised and tested for suitability in seismic devices. In

addition, design principles for a new damper system are proposed and investigated numerically. The

objective of the system is to effectively perform as an energy dissipation device when subjected to load

in an environment with varying temperatures. To accomplish this multiple NiTi-wires of different alloys will be

employed in a damper. Different NiTi-Alloys exhibit optimal energy dissipation capabilities at different

temperatures. By taking advantage of this, the general idea is to optimize the damper dissipation capacity for

the entire working temperature range. The work presented cover material testing of commercially

available NiTi-Alloys and numerical analysis of the new damper system. 

2. Characteristics of commercially available NiTi-alloys 

In order to get a realistic view of the new damper systems performance, a series of investigations on

commercially available NiTi-alloys were conducted to obtain metallurgical and mechanical characteristics. Two

NiTi-alloys, designated AF5 and AF30, were chosen based on threshold temperatures and expected

Table 1 Chemical composition of the two NiTi-alloys, at %

 Ni Ti C 

AF5 50.0 49.7 0.27 

AF30 49.2 50.6 0.27 
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behaviour accordingly. Table 1 shows the chemical compound of the materials. 

The alloys were heat treated in order to influence the phase transformation temperatures and ensure

presence of the pseudoelastic effect at room temperature. The AF5 and AF30 materials were heat

treated at 575 oC and 450 oC for one hour respectively and air-cooled. DSC measurements were

performed to establish phase transformation temperatures. Table 2 shows these temperatures, here Rs

and Rf denotes transformation start and finish temperatures for the R-phase. Fig. 1 shows the

dependence of the phase transformation temperatures as function of the heat treatment temperatures for

the AF5 material. 

Table 2 Phase transformation temperatures of the as-received and heat treated materials 

As  Af  R's  R'f  Ms  Mf  Rs  Rf

AF5, as-received -60°C -33°C -72°C 

AF5, 575ºC, 1 hr. -5°C 4°C -40°C -52°C -9°C -23°C 

AF30, as-received -60°C -37°C -71°C -92°C 

AF30, 450ºC, 1 hr. 30°C 41°C 16°C 27°C -53°C -67°C 43°C 24°C 

Fig. 1 Transformation curves as a function of the heat treatment (1hr, air cooled) temperature for the AF5 material

Fig. 2 (a) Microstructure of the AF5 material. (b) SEM backscattered image showing a Ti-carbide inclusion in
the AF5 material
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2.1. Metallurgical characteristics

Investigation by Optical Microscopy, of the as-received materials, reveals a very fine microstructure

with a typical grain size of less than 10 μm for both the AF5 and AF30 materials. The microstructure of

the AF5 material is shown in Fig. 2(a). A large number of second phase particles (inclusions) with elongated

morphology are present in both materials. These observations are confirmed by Scanning Electron Microscopy

(SEM) investigations. A SEM backscattered image shows the inclusions in the AF5 material in Fig. 2(b). By

performing EDS analyses it is established that the inclusions are generally Ti-carbides. These may be

recognized by their gold-like colour. 

Size distribution of the second phase articles is established by an Automatic Image analysis. The sizes

of the measured surfaces are 6 mm2
 and 0.26 mm

2
 at 40 and 500 times magnification respectively. Due

to the stretched morphology both minimum and maximum diameter are measured. The investigations

show an average size in the elongated direction of 1.9 μm, and 0.9 μm in the transverse direction. The

inclusion density is measured to be on average 5500/mm
2
. The two alloys exhibit approximately the

same inclusion characteristics. 

2.2. Mechanical characteristics 

The mechanical characteristics were investigated by performing tensile tests at various temperatures.

The tests were conducted with a servo hydraulic tensile testing machine, and the specimen temperature

controlled with a heat chamber capable of temperatures in the range -150 oC-250 oC. Displacement was

registered using an extensometer. The length of the specimen wires were 200 mm, and the diameter 2 mm.

Several testing procedures were performed to capture the material behaviour in a best possible manner: 

1) Loading and unloading with a maximum elongation of 5% in the temperature range -10-70 oC with

temperature steps of 10 oC. 

2) Cyclic testing with varying amplitude at a temperature where the material showed a closed stress-

strain loop. Specimen wires in this procedure were subjected to 10 training cycles prior to testing. 

3) Loading and unloading with a maximum elongation of 7% in a temperature range covering all

threshold temperatures of the materials. This was conducted to establish parameters for numerical

analyses.

The first two procedures were performed with a sinus shaped strain control with a frequency of 0.02 Hz,

while the last procedure was performed with strain controlled ramping at 100 mm/min. The wires were

slightly pre-tensioned to avoid initial buckling of the wires. 

2.2.1. Testing results

Fig. 3 shows the stress–strain curves for the AF5 and AF30 materials. For temperatures lower than Af

(4 oC and 41 oC for the AF5 and AF30 materials respectively), a residual strain is present, the residual

strain is decreasing as the temperature increases towards Af . This is due to retained martensite in the

material, and may be eliminated by heating. The AF5 material exhibits the lowest residual strain at 10 oC,

while the AF30 material does so at 40 oC. At temperatures higher than Af , the residual strain increases

for both materials. The critical transformation stresses increases approximately linear throughout the

temperature range with the exception of a drop at 70 oC for the AF5 material. This decrease indicates

that the working temperature has exceeded MD. MD is the temperature where plastic deformation takes

place before martensite development. 

Fig. 4 shows the cyclic stress–strain curves for the AF5 and AF30 materials at varying strain amplitude. The
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materials were pre-strained to avoid buckling of the wires during testing. 2.5% pre-strain for the AF5

material and 1% for the AF30 material. The wires were subjected to a 10 cycle training prior to testing.

As the strain amplitude increases, the amount of energy absorbed increases for both materials. Fig. 5

shows the energy development as a function of maximum strain. 

Fig. 3 Stress - strain curves for the AF5 and AF30 materials at various temperatures

Fig. 4 Cyclic stress - strain curves for the AF5 and AF30 materials

Fig. 5 Energy levels at varying strain amplitudes for the AF5 and AF30 materials
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3. Constitutive models

Deformation of shape memory alloys are divided into two parts, elastic deformation of austenite or

martensite and deformation caused by crystallographic transformations, i.e., transformation from austenite to

martensite, or transformation between martensite variants. The deformation is dominated by the latter

part, making transformation kinetics a governing factor. For this reason it is common to divide

constitutive models into a mechanical part, to govern the stress-strain relations, and a kinetic part to

govern the transformations. In the following, superscripts M', M and A, denotes twinned martensite,

detwinned martensite and austenite, respectively. Symbols σs and σf  denotes critical stress for starting

and finishing transformations, respectively. 

3.1. Constitutive equation

Brinson (1993) developed a one dimensional constitutive model for SMA based on the work of Tanaka

(1986) and Liang & Rogers (1997). The stress-strain relations are governed by the constitutive equation

(1)

where , ,  and  are the time derivatives of stress, strain, martensite fraction and temperature,

respectively. The parameter D represents the elasticity modulus, Ω the transformation tensor and Θ the

thermo elastic tensor. 

The original models of Tanaka and Liang & Rogers do not take into account the difference between

stress induced martensite and thermally induced martensite. 

Consequently their models can not describe SMA behaviour for temperatures below Ms (Brinson

1993). By separating the two types of martensite so that

(2)

where the subscripts “S ” and “T ” denotes stress induced and temperature induced martensite respectively, it is

possible to describe the material behaviour in the temperature range Mf < T < Ms. Inserting Eq. (2) into Eq. (1)

gives, after some calculations, an equation that is able to describe any behaviour for all temperatures: 

(3)

here the subscript “0” indicates initial values of the variables. 

3.2. Kinetic relations

At temperatures T ≤ Ms  the critical transformation stresses σs
M'→M 

and σf
M'→M 

are constant and may be

treated as material constants (Brinson 1993). By combining this with the cosine model proposed by

Liang & Rogers (1997), and the assumption ξ = ξS + ξT  one gets Brinson’s transformation equations for

SMA:
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The parameter CM is a material constant and represents the slope in the critical stress – temperature

curve (C – T curve) for forward transformation. ξSM denotes the initial value of martensite fraction

when transformation starts. Eq. (4) describes transformation from austenite to detwinned martensite. It

is valid for temperatures T ≥ Ms and in the stress range

. (5)

To describe transformation from twinned martensite to detwinned martensite the equation

(6)

is used. The above equation is valid for temperatures T < Ms and 

. (7)

When T > As no twinned martensite exists so that ξ = ξS. When mechanically unloading the material the

so called reverse transformation from detwinned martensite to austenite will occur and can be described

by the equation 

(8)

ξM denotes the initial value of martensite and the parameters aA and bA are material parameters and are

obtained from the previously defined material parameters, Af, As and CA;

(9)

where CA denotes the slope in the C – T curve for reverse transformation. Eq. (8) is valid for 

(10)

Eqs. (5), (7) and (10) indicate the transformation strips for Brinson’s model, i.e., the region between the

critical stresses where transformation may occur (Tanaka 1986). 

3.3. Effect of non-constant material parameters 

Until now the elasticity modulus of the material during phase transformation has been assumed to be

constant. In reality both the austenite and martensite phases exists and the elasticity modulus is

dependent of the martensite fraction (Brinson 1993). To describe this Liang and Sato & Tanaka suggested the

following rule of mixture (Brinson 1993)

. (11)
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D'(ξ ) = DMA. (12)

The parameters DA and DM are the elasticity modulus for SMA when it is 100% austenite and 100%

martensite, respectively. By combining Eqs. (3) and (11) a general expression for Ω(ξ), considering

non-constant elasticity modulus, may be derived: 

(13)

In the above equation, the working temperature is considered constant so the term ΘΔT is zero for this

derivation. Eq. (13) can easily be modified to consider the change of working temperature if necessary.

Assuming forward transformation and letting ξmax denote a known value of the martensite fraction at a

given level of deformation εmax, the stress σmax in this point can be calculated from Eq. (4) if the

temperature is above Ms, or from Eq. (6) if the temperature is below Ms:

(14)

where σcr denotes  if T > Ms and  if T < Ms.

The starting stress σmax for any reverse transformation with arbitrary ξmax can be calculated from Eq. (8):

. (15)

The starting point of forward transformation and the end of reverse transformation have identical conditions:

ξ0 = 0, σ0 = σmin and ε0 = εmin. A general expression from Eq. (13) which works for both forward and

reverse transformation (to any degree of transformation) can be written: 

. (16)

The derivative of Eq. (16) thus becomes: 

. (17)

4. Analysis results

Numerical analyses are conducted on four different damper systems to predict the behaviour of seismic

dampers containing composite NiTi-wires. The AF5 and AF30 materials presented in chapter 2 are

used in the compositions. Olsen (2006) conducted a series of tests on the AF5 and AF30 materials, for a

temperature range covering all phase transformation temperatures listed in Table 2. The objective of

these tests was to establish material parameters for use in the numerical analyses of the dampers. The

parameters are presented in Table 3. Here the transformation strain (εL) is introduced. 

Each damper system consists of three parallel coupled wires and is exposed to a deformation

controlled load cycle. The average stress is calculated using the Finite Element Method (FEM) with one

dimensional truss elements; this is shown in Eq. (18). 
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(18)

where σi represents the stress in each element. The dissipated energy is calculated through the integral 

(19)

which is approximated through the rectangular rule: 

. (20)

V is the volume of the body, and n is the increment number in the numerical simulations. 

Three working temperatures are chosen to cover the temperature dependent properties PE and SME

and three deformation levels are considered for each damper. The maximum strain for each cycle is

chosen according to the martensite fraction of the AF5 wires. The control values are = 0.5, = 0.75

and = 1. Martensite fraction in the AF30 wires will differ due to a shorter transformation strain εL.

Table 4 shows the maximum strain for each level and temperature.

In Table 5 it can be seen which temperature dependent effects are present in the different damper

systems at the different temperatures. At T < Af
AF5 < Af

AF30  the wires experience SME and partial PE,

when Af
AF5 < T < Af

AF30 both SME and PE are present, while when Af
AF5

< Af
AF30

< T all wires exhibits PE.

springs, dashpots and spring-dashpot combinations are used to represent pseudoelasticity (PE), shape

memory effect (SME) and the PE-SME combination respectively. SME is used to describe the apparent

plastic deformation in the wires. 

4.1. Damper 1

Damper 1 is composed of three AF5 wires. Fig. 6 shows the stress–strain curves of damper 1. The

average critical stresses where forward transformation starts (σcr
A→M

) are 382 MPa at T = 0 °C,

544 MPa at T = 25 °C and 700 MPa at 45 °C. The amount of energy is plotted against temperature in

σavg

Σσi

3
--------                    i, 1 2 3, ,= =

Edissipated σ ε( )
0

ε
max

∫ dε
loading

σ ε( )
0

ε
max

∫ dε
unloading

–⎝ ⎠
⎛ ⎞V=

Edissipated
1

2
---

n 0=

N

∑ σn σn 1++[ ]Δε
loading

1

2
---

n 0=

N

∑ σn σn 1++[ ]Δε
unloading

–
⎝ ⎠
⎜ ⎟
⎛ ⎞

V=

ξ max

AF5
ξ max

AF5

ξ max

AF5

Table 4 Deformation levels for each working temperature

Temperature
εmax ( = 0.5) εmax ( = 0.75) εmax ( = 1)

0 °C 3.25 % 4.60 % 6.00 % 

25 °C 3.55 % 4.90 % 6.20 % 

45 oC 3.80 % 5.10 % 6.45 %

ξ max

AF5

ξ max

AF5
ξ max

AF5
ξ max

AF5

Table 3 Material parameters for the AF5 and the AF30 material

Material DM [MPa] DA [MPa] CM [MPa/°C] CA [MPa/°C]  [MPa]  [MPa] ε
L

AF5 14000 62188 8.03 7.34 72.72 296.86 0.0534

AF30 21784 56730 4.27 8.80 64.27 394.20 0.0466

σ s

M ′ M→
σ s

M ′ M→
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Fig. 6 Stress - strain curves for Damper 1 at different temperatures (a) T=0 °C, (b) T=25 °C, (c) T=45 °C

Fig. 7 Dissipated energy as a function of (a) temperature and (b) ξmax

AF5

Table 5 Systems and working temperatures considered in the study

 Temperature Damper 1 Damper 2 Damper 3 Damper 4 

0 °C 

25 °C 

45 °C 
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Fig. 7(a). It is interesting to note that the energy dissipated decreases linearly with the temperature from

T = 0 °C. The dissipation energy decreases is of 13%, 13% and 9% at T = 0 °C to 45 °C when 

= 0.5, = 0.75 and = 1, respectively. When increasing the martensite control value from

= 0.5 to = 0.75 the energy dissipated increases accordingly, but when increasing additionally

to  = 1 there is little change in the energy level. This effect can mainly be explained by the change

in the elasticity modulus as the forward transformation evolves. Fig. 7(b) show the dissipated energy

plotted against . The level of energy dissipation increases linearly until ≈0.8 and peaks at 26.89

J when = 0.9.

4.2. Damper 2

Damper 2 which consists of three AF30 wires exhibits a similar behaviour to Damper 1. The stress,

however, is lower than that of Damper 1 (see Fig. 8). The critical stresses where transformation starts

(σcr
A→M

) are 286 MPa at 0 °C, 414 MPa at 25 °C and 477 MPa at 45 °C. In this case the energy

dissipation increases linearly from T = 0 °C until its maximum at T = 35 °C, which lies between As and

Af , and decreases linearly after the peak (Fig. 9a). Also for this damper there is an upward shift in the

amount of energy dissipated when altering the martensite control value from =0.5 to =0.75

and nearly no difference between the two cases =0.75 and =1. But since maximum martensite

fraction for AF30 is approximately 0.9 when =0.75 the transformation strain is approximately

equal for the two latter load cases. Fig. 9(b) shows the of dissipated energy as a function of . The

energy level increases approximately linearly up to its maximum 32.32 J at =0.8 before it decrease

slightly towards =1. 

ξmax

AF5

ξmax

AF5 ξmax

AF5

ξmax

AF5 ξmax

AF5

ξmax

AF5

ξmax

AF5 ξmax

AF5

ξmax

AF5

ξmax

AF5 ξmax

AF5

ξmax

AF5 ξmax

AF5

ξmax

AF5

ξmax

AF5

ξmax

AF5

ξmax

AF5

Fig. 8 Stress - strain curves for Damper 2 at different temperatures (a) T=0 °C, (b) T=25 °C, (c) T=45 °C

Fig. 9 Dissipated energy as a function of (a) temperature and (b) ξ max

AF5
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4.3. Damper 3

Damper 3 is a composite damper which consists of two AF5 wires and one AF30 wire. When combining

different materials in a parallel damper configuration the properties of the material which is represented

with most wires will dominate the damper behaviour of the damper. At T = 0 oC a combination of SME

and PE-SME is present and from Fig. 10(a) it can be seen that some degree of spring-back is present in

the damper. This effect is due to the PE-SME combination in the AF5-wires at this temperature. At

T = 25 °C and T = 45 °C the damper experience complete PE which can be ascribed to the two AF5-

wires and all three wires respectively (see Fig. 10b and Fig. 10c). When damper deformation is controlled by

the condition =1, there is a break in the curve at the end of the upper plateau (see Fig. 10). This

break is due to the linear deformation of the AF30-wire in the damper configuration after the transformation is

finished. The average critical stresses where forward transformation starts (σcr
A→M

) are 350 MPa at T = 0 °C,

499 MPa at T = 25 °C and 626 MPa at T = 45 °C. The dissipated energy for this damper configuration

is nearly constant in the temperature range 0 °C - 35 °C before it decreases slightly when T > 35 °C (see

Fig. 11a). From Fig. 11(b) it can be observed that the level of dissipated energy increases linearly with

 when < 0.7. The curve flattens slightly from = 0.7 until its peak value 28.44 J, at 

= 0.9, before it decreases. 

4.4. Damper 4 

Fig. 12 shows the stress–strain curves for damper 4, which is composed of one AF5-wire and two

AF30-wires. At T = 0 °C a residual strain is present in the damper, and some level of reverse

ξmax

AF5

ξmax

AF5 ξmax

AF5 ξmax

AF5 ξmax

AF5

Fig. 11 Dissipated energy as a function of (a) temperature and (b) ξmax

AF5

Fig. 10 Stress - Strain curves for Damper 3 at different temperatures (a) T=0 °C, (b) T=25 °C, (c) T=45 °C
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transformation occur at this temperature (see Fig. 12a). At T = 25 °C and T = 45 °C the damper experience

complete PE which can be ascribed to the AF5-wire and all three wires respectively. The break in the

curve on the upper plateau for the load case =1, is a consequence of the AF30 transformation

strain being shorter than the AF5 transformation strain, thus leading to linear deformation of the AF30-

wire (see Fig. 12c). The average critical stresses σcr
A→M

where forward transformation starts are 318

MPa at T = 0 °C, 456 MPa at T = 25 °C and 552 MPa at T = 45 °C. The energy dissipation, for the

current damper configuration, increases with temperature up to 35 °C where the maximum value is

reached and decreases for temperatures above 35 °C (see Fig. 13a). The effect of changing the

martensite control value on the level of dissipated energy is plotted in Fig. 13(b). A linear increase in

energy dissipation is evident until = 0.8 is reached. 

ξmax

AF5

ξmax

AF5

Fig. 13 Dissipated energy as a function of (a) temperature and (b) ξmax

AF5

Fig. 14 Stress - strain curves showing the effect of changing (a) elasticity modulus, (b) transformation strain,
(c) critical transformation stress and (d) CM/CA - ratio

Fig. 12 Stress - Straincurves for Damper 4 at different temperatures (a) T=0 °C, (b) T=25 °C, (c) T=45 °C
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4.5. Parameter study 

In this section the effect of the key damper material parameters is investigated. The simulations are

conducted on a single wire at 45 °C. A total elongation of 10% is applied to make sure that complete

transformations are achieved in all simulations. The parameters studied are: the elasticity modulus,

forward transformation strain (εL), critical stresses (Δσ M'→M
= Δσ f

M'→M −σs
M'→M

) and the slopes of

the C–T curves, CM and CA. Values used for these parameters cover a wide range of commercially

available NiTi-alloys. 

Fig. 14(a) and Fig. 15(a) show the effect of altering the martensite elasticity modulus DM. The

austenite elasticity modulus is kept constant in this study. The results show that a decrease in DM from

60000 MPa to 20000 MPa leads to a drop in energy dissipation of 16% (Fig. 15a). It also results in a

shortening of the reverse transformation strain (lower plateau in Fig. 14a). From Fig. 15(a) it is

interesting to note that the level of dissipated energy increases rapidly up to DM ≈ 10000 MPa, and

slowly increases toward DM = DA. Changing the transformation strain, εL, pose great significance on the

damper behaviour. The size of these loops is strongly influenced this parameter, as can be seen in Fig.

14(b). There is a drop of 82% in dissipated energy, when changing εL from 0.06 to 0.02 (see Fig. 15b).

Fig. 14(c) displays the stress-strain curves for the case of changing σs
M'→M

.  In all the analyses the

critical stress σ f
M'→M

is kept constant as 250 MPa. There is an upward shift in the transformation

plateau as σs
M'→M  

increases. This leads to an increase in dissipated energy of 32%. From Fig. 15(c) it

can be observed that the dissipated energy increase linearly with σs
M'→M  

until σs
M'→M  

125 MPa, after

that the curve then takes on a slightly S-shaped form. Fig. 14(d) displays the effect of CM. CA is kept

constant at 6 MPa/°C and CM  is altered in such a way that the CM - CA ratio is 1/3, 2/3 and 3/3. Altering

Fig. 15 Effect on dissipated energy of changing (a) elasticity modulus, (b) transformation strain, (c) critical
transformation stress and (d) CM/CA - ratio

Fig. 16 Comparison of dissipated energy for the different dampers (a) as a function of temperature and (b) as
a function of ξmax

AF5
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CM  has a significant effect on the stress-strain response; the upper transformation plateau shifts upward

while the reverse transformation strain shortens when CM is increased. The difference in dissipated

energy between the cases CM/CA = 1 and CM/CA = 1/ 3 is 82%. From Fig. 15(d) it may be seen that the

energy dissipation is increasing linearly with CM.

5 Discussions and summary 

A seismic damper’s primary task is to repeatedly dissipate energy subjected to a structure during

seismic activity. In a shape memory alloy based damper this means that the material must be able to

sustain multiple loads without loosing its dissipation capabilities. The AF5 and AF30 materials tested

in this work produced unwanted residual strain during testing. This unwanted effect is probably due to

stress concentrations around the largest inclusions, which agrees well with observations made on steel,

where inclusions larger than 10 μm are detrimental to the material behaviour (Atkinson and Shi 2003).

The inclusions observed here are less than 10 μm but may influence the behaviour since the stress

concentrations around them can nucleate martensite during loading. The presence of residual strain also

deteriorates the re-centring capabilities of the materials. To circumvent the residual strain, the wires

have to be trained and pre-strained. A 10 cycle training leads to losses in energy absorption of 21% and

6% for the AF5 and AF30 materials, respectively, compared to the absorption levels of wires in

untrained condition. 

In order to optimize damper design, numerical analyses are vital. The numerical analyses made in this

work, showed that the composition of the damper materials influences the damper’s dissipation capabilities.

Fig. 16a compares the energy absorption levels of the different dampers. The figure shows that dampers

with homogenous wires experience the highest dissipation level at temperatures between As and Af.

Within this temperature range, however, residual strain will be present reducing the dampers re-centring

capabilities. This implies that it is desirable to use materials which experience pseudoelasticity when

functioning in any working temperature, i.e., in this case, the AF5 material. However, Fig. 16(a) also shows

that the damper with homogenous AF30 wires exhibit the best dissipation capabilities, but since AF30

has a Af  of 41 °C the re-centring capabilities are limited to high temperatures only. This indicates that to

ensure re-centring and desired dissipation, a balance between material types has to be employed. Fig.

16(b) shows the variation of energy dissipation as a function of . The energy level reaches its

maximum in the range 0.8 < < 0.9, which indicates that it is not optimal to let the wires be

deformed until complete martensite transformation has occurred. 

5.1. Summary 

As a part of the EU-supported project, WIND-CHIME, two NiTi-alloys have been experimentally

tested and characterized both metallurgical and mechanical. In addition, design principles for a new

damper system have been proposed and numerically investigated. The studies show that the two alloys

may be used in a damper if precautions, such as pre-straining and training, are made. However, the

alloys exhibit unwanted residual strain when exposed to a 5% elongation. The two particular alloys are

therefore not considered to be ideal in a seismic damper. 

The numerical investigations of the new damper system show that when employing two different

materials in a damper, the material with highest Af  should dominate the damper configuration. Such a

configuration exhibits the highest energy dissipation level for the working temperature range used in

ξmax

AF5

ξmax

AF5
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this study. The parameter study shows that the material parameters have a great effect on the damper

behaviour, thus being of great importance in the material selection process. 
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