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Several self-centering systems have been developed 
and tested so far, and all of them confront problems. 
Several problems like stress relaxation, elongation  
capacity and high post-yield stiffness are some of the 
problems, which should be addressed. The aim of this 
study is to find a solution to these problems. To this 
end, a new pre-compressed self-centering system has 
been proposed, tested and studied. Pre-compressed 
springs have been used to provide the required restor-
ing force. Since the spring is under pressure and it has 
a high elastic capacity, the problem related to limited 
elongation capacity no longer exists. The experimental 
result indicates that the proposed self-centering brace 
has complete self-centering behaviour and low post-
yield stiffness. The proposed self-centering system 
produces less secondary stiffness compared to other 
systems. The effect of secondary stiffness on the drift 
and base shear was studied. Results of the numerical 
models indicate that high secondary stiffness does not 
decrease the drift of the structure, it only increases the 
base shear. Therefore, to attain an economical design, 
using the proposed self-centering system with slight 
secondary stiffness is suggested. 
 
Keywords: Bracing, earthquake, pre-compression, self-
centering, spring, steel structures. 
 
CONVENTIONAL lateral load-resisting systems are usually 
used to save lives during earthquakes1,2. However, less 
attention is paid to the performance of the structures.  
After a moderate earthquake, there is not much loss of 
lives, but cost of repair of the structures is high. A study 
on post-earthquake structures shows that if the residual 
drift is more than 0.6%, the cost of repair becomes higher 
than the cost of re-building the structures3. In addition, 
the performance of a structure after earthquake is impor-
tant, because it is expected that some structures such as 
hospitals and schools continue to function after the earth-
quake. These concerns have led to the emergence of the 
performance-based design method. In this approach, a 
structure is designed so that it behaves as expected. The 
design of structures for immediate operation after an 
earthquake has its own requirements. One of the essential 
requirements is the elimination of residual drift. 

 To address the design requirement of structures, self-
centering systems have been proposed by various re-
searchers. The ordinary lateral force-resisting systems 
such as moment frame and braced frame have rectangu-
lar-shaped hysteretic cycles which dissipate a considera-
ble amount of energy during structure excitation, but they 
are prone to residual drift after an earthquake. Erochko et 
al.4 concluded that buildings with a ductile steel yielding 
system are prone to experience more than 0.6% residual 
drift. Therefore, these types of structures need a self-
centering system. Some of the self-centering systems 
have been briefly discussed by Filiatrault et al.5. 
 A structure equipped with the self-centering system has 
the following advantages: 
 The self-centering system prevents the structure from 
experiencing residual drift after the earthquake. 
 Due to elimination of residual drifts, the P–Δ effect 
which is a cumulative effect of drift is also eliminated. In 
other words, the self-centering system makes the struc-
ture return to its original position after each cycle and 
prevents cumulative drift in the structure. 
 Some researchers have used pre-tensioned cables to  
re-centre the various types of structures6–11. For re-
centering, the cables should simultaneously satisfy three 
conditions. (i) Cables should have sufficient elastic  
capacity to remain in the elastic range under imposed  
deformation. Since the elastic strain of cables is limited, 
their length should be sufficient to supply the elastic  
demand. (ii) Pre-tensioning force should be high enough 
to overcome friction (yield) force. To develop sufficient 
pre-tension force, a portion of the elastic capacity of the 
cable should be used. (iii) Since cables are tension-only 
elements and cannot bear pressure load, and an earth-
quake is a reciprocating motion, the development of a 
mechanism to induce just tension in the cables regardless 
of movement direction is necessary. 
 Several self-centering systems have been proposed and 
tested by researchers for a braced frame. A friction spring 
seismic damper has been studied by Filiatrault et al.12. In 
his model, the pre-compressed spring returns the structure 
to its initial configuration, but its elastic elongation  
capacity is not sufficient and corresponds to 1% storey 
drift. Another self-centering system has been developed 
by Zhu and Zhang13. Their main energy-dissipating com-
ponent has been made of super-elastic Nitinol wires; 
however, the axial load capacity is not sufficient.  
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Christopoulos et al.14 have developed a mechanism in 
which energy is dissipated by friction and pre-tensioned 
tendons are applied to return the structure to its initial 
shape. Although the elongation capacity of applied ten-
dons was 2.3%, they just remained in the elastic range up 
to 2% storey drift. In larger drifts, when the frame is 
loaded beyond the cable elongation capacity, the cable 
gently fails. So, the self-centering characteristic is lost 
and the frame system is converted to a friction-only sys-
tem. Therefore, frame strength decreases. To address this 
weak point, another mechanism has been developed15, in 
which an intermediate element is applied to double the 
elongation capacity. Although applying the intermediate 
element doubles its length, it complicates the fabrication 
procedure and requires special care in construction and 
assembly16. 
 In most of the current self-centering mechanisms, the 
pre-tensioned cable is used to self-centre the structure17. 
To achieve full self-centering characteristics, the pre-
tension load of the cable should be greater than the  
friction slip (yield) force14. In the design process, the pre-
tension force of the cable is deemed slightly greater than 
the friction slip force and stress relaxation of the cable is 
not involved in the design procedure. Previous studies 
have shown that the amount of stress relaxation is high 
enough to affect the performance of the structure during 
its life. Bazant and Yu18 have demonstrated how stress re-
laxation caused problems in a box girder bridge. 
 In several studies, stress relaxation of steel has been 
evaluated at constant temperature and constant strain; 
however, studies on bridges around the world have proven 
the weakness of these assumptions. Stress relaxation is a 
viscoplastic phenomenon which is affected by variation 
in temperature. For example, at 20°C, it lasts 100 years to 
lose 13% of its initial pre-stress force, whereas it takes 
just 4 years to lose the same at 40°C. A study of the  
Koro-Babeldaob Bridge indicated that the pre-stress load 
loss of its cable was approximately 50% over 19 years19. 
Therefore, in usual building structures where pre-stressed 
cables may be exposed to sunlight or varying tempera-
ture, intensification of stress relaxation is expected. To 
overcome this problem, two solutions are available. 
 The first solution is increasing the pre-stress force to 
remedy stress loss due to relaxation. Increasing pre- 
stress force compensates the lack of pre-stress force over 
time. However, it stiffens the structure and also induces 
greater forces in other elements and makes the structure 
experience higher acceleration during the earthquake and  
increases post-yield stiffness12,20,21. So, increasing pre-
stress force is not a rational and economic solution. 
 The second solution is the continuous inspection of 
pre-stressed cables. In this case, stress relaxation of the 
cable should be controlled continuously such that the pre-
stress force becomes slightly more than the friction slip 
force. Owing to cable embedment in the wall and high 
maintenance cost, this is not a good solution. Conse-

quently, cable stress relaxation is still a problem that 
should be studied comprehensively14. 
 To address these drawbacks and restrictions, in this 
study a compression spring is used instead of the tension 
cable. The spring acts in compression and owing to its 
high elastic capacity, a short length of spring (compared 
to the cable) can easily provide the shortening capacity. 
Using some disc springs in parallel and in series to  
self-centre the system is another solution22–25, whereas a 
large contact friction force between disc springs will  
result in small residual deformation26. However, stress  
relaxation needs to be studied in more detail in the future. 
 Here, a new pre-compressed self-centering braced 
frame is introduced. Its characteristics have been  
extracted by experiment and its effect on behaviour of the 
structure is studied numerically. It has been designed 
such that its hysteretic behaviour has a lower post-yield 
stiffness compared to other self-centering braces. This 
design does not affect the drift, but it reduces the base 
shear. 

Mechanism of the pre-compressed self-centering  
brace 

The proposed self-centering system uses pre-compressed 
springs for returning the structure to its original position. 
Since friction has stable energy dissipation, it is used for 
dissipating earthquake-induced energy27. Since the springs 
is presumed to be only in compression, providing a  
mechanism which keeps it always compressed, regardless 
of the direction of motion of the structure, is necessary. 
Mechanism of the proposed brace shown in Figure 1, 
keeps the spring in compression when the brace is sub-
jected to either tension or compression. 
 The spring is pre-compressed by force P and placed 
between two end plates. The end plates are in contact 
with the inner and outer elements (but not welded to 
them). A friction device is used to dissipate energy  
(Figure 1 a). 
 Then a force T is applied to the brace, the inner  
element initiates to move to the right side while the  
applied force T overcomes the total value of the pre-
compression force P plus the friction force F (T = F + P). 
In this condition, the stiffness of the brace reduces to  
the axial stiffness of the pre-compressed springs (Figure 
1 b). 
 Now, the brace is under the load T with displacement δ 
to the right. To make the inner element return to its origi-
nal position, the friction device should start moving to the 
left. To this end, a load 2F should be applied to the fric-
tion device in the opposite direction. In other words, 
while the brace is unloaded up to 2F, the inner element 
initiates to move to its initial position and the axial stiff-
ness of the brace is equal to the axial stiffness of the  
pre-compressed spring (Figure 2). Then, force T is 
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Figure 1 a–c. Mechanism of pre-compressed self-centering brace. 
 
 

 
 

Figure 2. Flag-shaped response of self-centering brace. 
 

 
 
applied to the brace in the opposite direction and the 
brace will show the same behaviour (Figure 1 c). 
 This self-centering mechanism which is applied in the 
brace is composed of two tubes. One in the other and the 
pre-compressed spring is located between the two tubes. 
To dissipate earthquake-induced energy, a friction device 
is used. The friction device includes two contact plates 
welded to the inner and outer tubes. When relative  
motion occurs between the inner and outer tubes, initially 
friction dissipates energy. The compression force bet-
ween the two friction plates is provided by pre-tensioned 
bolts. 

Spring axial test 

To supply the required characteristics of the spring as 
specified by EN 10089 51CrV4, an ultra-heavy industrial 
spring was used28. This spring has been tested in the  
laboratory and Table 1 shows the test results. 

Design of brace for a given load 

For greater axial loads, a stronger spring should be  
designed and used in the brace. For strong earthquakes, 
the axial load induced in lateral load-resisting elements is 

much more than that of the tested spring. Therefore, to 
provide greater force and deformation, a spring with a 
larger dimension should be designed, fabricated and used. 
Based on DIN 2090 (ref. 28), capacity and axial stiffness 
of a compression spring are determined as follows 
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where τ is the induced shear stress, k the axial stiffness, 
Dm the mean coil diameter, if the number of active spring 
turns, G the modulus of elasticity in shear, and ψ and ε 
are shear coefficient and elasticity coefficient dependent 
on b/h. 
 For a greater load such as a load 300 kN, two points 
should be taken into account. First, dimensions of the 
tested spring, b, h and D shall be 3.3 times the tested 
spring. Second, to provide a low axial stiffness, it should 
be assumed four times. 
 It should be noted that in order to prevent longer spring 
from buckling, lateral supports must be provided at  
specific places28–30. 
 In this study, since a single convenient spring was not 
available, to prepare the brace for the test, 12 springs 
were used in two different combinations and two speci-
mens were fabricated and tested. 

First specimen 

In the first specimen, 12 springs were applied in parallel. 
The stiffness and ultimate capacity of this combination 
are as follows 
 

 assembly tested spring12 12 27 324 kN,P P= = × =  (3) 
 

 assembly tested spring
kN kN12 12 0.386 4.63 .
mm mm

k k= = × =  (4) 

 
Twelve springs were placed between two end plates 
which were used to pre-press the springs. Therefore, they 
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Table 1. Characteristics of the spring 

         Dimensions (mm) Experimental results (ultimate values) 
 

b h D Length Axial force P (kN) Deformation (mm) Axial stiffness (kN/mm) 
 

11.8 13.5 50 305 27 70 0.386 

b and h are dimensions of the rectangular cross-section of the spring and D is external coil diameter of the spring. 
 
 

 
 

Figure 3. Pre-compressed spring inside two steel elements. 
 

 
 
should be able to carry the pre-compression force. Also, 
the end plates and pre-pressed springs were located inside 
the self-centering element such that the former was in 
contact with either the inner or outer element when there 
is relative motion between the elements. Thus, the end 
plates should be able to carry the ultimate compression 
force of the springs within all support conditions. To 
achieve this goal, the cross-section of the end plate was 
calculated and fabricated. 
 Since the springs are in compression, to prevent them 
from bucking and misalignment, lateral support was pro-
vided by a rod placed concentrically inside the springs. 
The ends of the rods were attached to the end plate on 
one side and were free to move on the other. The initial 
length of the spring was 305 mm. To provide the pre-
compression force, the springs were pre-pressed up to 
30 mm, and placed inside two steel tubes (Figure 3). 
 The end plates located inside the steel tubes act as a 
guiding element. While relative motion between the two 
steel tubes initiated, the two end plates prevent misalign-
ment of the steel tubes and guide them to move along the 
axis of the specimen. During relative motion, to minimize 
friction between the end plates and the steel tubes, their 
contact surfaces were shaped into a semi-circle. Thus, the 
friction is minimized and the contact surfaces behave as a 
guiding element. 
 For energy dissipation, two friction devices were used 
symmetrically on both sides of the self-centering element 
(Figure 3). 
 To fabricate the friction device, two plates were 
welded to two steel elements at both sides and a friction 
pad was used between the welded plates (Figure 3). To 
provide the compression force, four high-strength bolts 

M20 pre-stressed were used. Four standard holes in one 
plate and a long-slotted hole in the another plate were 
created to allow relative movement between the two 
plates. To dissipate energy, four friction pads of 5 mm 
diameter were used in the specimen. 
 
Axial test of the first specimen: In the next step, the 
prepared specimen was tested under axial loading. In the 
specimen, 12 springs act in parallel. For the self-
centering action, the springs were pre-stressed up to 
110 kN. To achieve full re-centering behaviour, the pre-
compression force should be able to overcome the fric-
tion force. Therefore, the friction force should be lower 
than 110 kN. Consequently, the specimen was tested  
for two different values of friction: 60 and 110 kN  
(Figure 4). 
 As seen in Figure 4, the brace is pushed up to 25 mm 
and it shows full self-centering behaviour for both fric-
tion capacities. As expected, the rate of increase in  
specimen capacity after yielding for both tests is propor-
tional to the axial stiffness of the springs (4.6 kN/mm). 

Second specimen 

In the second specimen, 12 springs were used; four 
springs in series in three parallel positions (Figure 5). 
 The stiffness and ultimate capacity of this combination 
are as follows 
 

 assembly tested spring3 3 27 81 kN,P P= = × =  (5) 
 

 assembly tested spring
3 3 kN kN0.386 0.289 .
4 4 mm mm

k k= = × =  (6) 
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Figure 4. Hysteretic behaviour of the first specimen under quasi-static loading for two friction capaci-
ties: 60 and 100 kN. 

 
 

 
 

Figure 5. Quasi-static axial test of self-centering brace. 
 

 
 
The stiffness of the assembly becomes equal to 3/4 of a 
single spring, i.e. the ultimate capacity of the assembly 
becomes three times the capacity of one spring while  
it tolerates a deformation up to four times the ultimate  
deformation of the spring. 
 Other components of the second specimen such as fric-
tion device, end plates and lateral supports of the springs 
were the same as in the first specimen. The overall length 
of the specimen was 230 cm. It was composed of two 
steel elements with rectangular tubular of different sizes. 
One of the tubular steel elements was smaller than the 
other one and it was located inside the bigger one that 
was fitted concentrically. Twelve springs and two friction 
devices at the two opposite sides of the brace completed 
the device. The two plates were welded to two steel ele-
ments on both sides and a friction pad was used between 
the two plates. To provide the compression force, four 
pre-stressed bolts were used and to allow relative move-
ment between the two plates, standard holes in one plate 
and a long-slotted hole in the other plate were made. 
 In the specimen, 12 springs have been used for the  
action of self-centering. Since three springs are in parallel, 
according to eq. (3), the ultimate axial capacity of the  
assembly is 81 kN. These springs are pre-loaded up to 
P = 39 kN. To achieve full re-centering behaviour, the 

pre-compression force should be able to overcome the 
friction force. Therefore, the friction force should be 
lower than 39 kN. This specimen was tested for two  
different values of friction capacity: 17 and 39 kN. 
 As seen in Figure 6, the brace is pushed up to 50 mm 
and it shows full self-centering behaviour for both fric-
tion capacities. As expected, the rate of increase in brace 
capacity after yielding for both tests is proportional to the 
axial stiffness of the springs. Since the axial stiffness of 
the springs is 289 N/mm, as seen in Figure 6, for a 
50 mm displacement, there will be 14.5 kN increase in 
axial load. 
 The axial stiffness of the spring is proportional to its 
length and consequently different values of post-yield 
stiffness of the brace can be achieved. Thus the compres-
sion spring is capable of providing different values of 
post-yield stiffness. 

Numerical modelling 

To study the effects of post-yield stiffness on the beha-
viour of structures, three buildings with different number 
of stories, 4, 8 and 12 were used. Other characteristics of 
the buildings such as storey height, bay width, gravity 
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Figure 6. Hysteretic behaviour of the tested frame under quasi-static loading. 
 
 

 
 

Figure 7. Secondary stiffnesses of five frames. 
 
 
loading, seismic loading and storey plan were the same. 
Each building was designed in full compliance with the 
governing design requirements of ASCE7-16 (ref. 31). 
 The storey plan is of five bays in two orthogonal direc-
tions. Four diagonal bucking restrained braces (BRBs) 
located along the perimeter of the structure provided the 
lateral stiffness in each direction. All storeys are of con-
stant height of 3.5 m and the span of all bays is 6 m. 
 Beam-column connections are assumed simple (non-
moment resisting) in the design. 
 The loads used in the design of the structure are as  
follows: Distributed live load, partition load and snow 
load are assumed to be 2, 1 and 1 kN/m2 respectively.  
Also, SS and S1 are assumed to be 2.4 and 0.83 respec-
tively. Site class D is used for design. The assessment 
process begins with R = 8, Cd = 5 and Ω = 2.5. 
 Since BRB frames are distributed symmetrically in the 
plan, the accidental torsion can be neglected and a 2D 
frame will be able to represent the behaviour of the struc-
ture31. 
 The structure is of six frames in the X-direction. The 
frames located in axes A and B, including BRBs, are  

designed with similar elements, while other frames (1 to 
4) are hinged. Consequently, the lateral stiffnesses of the 
frames A and B are similar and equal to half the lateral 
stiffness of the entire structure in the X-direction. Also, 
due to assigning rigid diaphragms at storey levels and 
uniform distributed loadings on the diaphragms, the  
effective masses of the 2D frames located in axes A and B 
are similar and half the effective mass of the entire struc-
ture. Consequently, the periods and mode shapes of the 
2D frame located in either axes A or B and the entire 
structure become similar. 
 Numerical modelling is intended to study the effect of 
post-yield stiffness on the drift and the base shear of the 
structure. Since dynamic behaviour of the 2D frame  
located in axis A and that of the entire structure are simi-
lar, this 2D frame is able to reflect the behaviour of the 
entire structure. As a result, the 2D frame located in axis 
A is chosen for further analysis. 
 The structural analysis software selected for the study 
is the Open System for Earthquake Simulation (Open-
Sees). To model the elements, the fibre element that  
allows plasticity to spread throughout the elements is 
used. 
 To assess the effect of post-yield stiffness of the self-
centering brace, BRB is replaced by a self-centering ele-
ment32 and the frame is studied for four different values 
of secondary stiffness. Therefore, the frame is studied in 
five different models. In the first model, the frame with 
BRB is studied. In the second model, BRB is replaced by 
the corresponding self-centering brace in which second-
ary stiffness of the self-centering brace is equal to that of 
the BRB. In the third, fourth and fifth frames, secondary 
stiffness of the self-centering element becomes 2, 4 and 8 
times that the self-centering element of the second frame. 
Figure 7 shows the force–displacement plots for the  
models. 
 To perform nonlinear seismic analysis, a nonlinear  
response history was used. In this regard, seven ground 
motions were selected from actual recorded events  
(Table 2). 
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Figure 8. Storey drift of five frames with 4, 8 and 12 stories under dynamic loading. 
 
 

Table 2. The selected ground motion records 

Record no. Earthquake Station Magnitude 
 

1 Superstition Hills Poe road (temp) 6.5 
2 Friuli Tolmezzo 6.5 
3 Imperial Valley Arcelik 7.5 
4 Taiwan (Chi-Chi) TCU045 7.6 
5 Loma Prieta Capitola 6.9 
6 Landers TCU045 7.6 
7 Northridge Poe Road (temp) 6.5 

 
 

Table 3. Base shear (kN) of five frames under dynamic loading 

Storey First frame Second frame Third frame Fourth frame 
 

 4 2427 2163 2659 3469 
 8 4057 4400 4654 6977 
12 6282 7088 7279 8054 

 
 
 To observe the effect of secondary stiffness on drift 
and base shear, the models were subjected to seven scaled 
records. Due to the use of a suite of seven ground  
motions, the average of responses was utilized to  
compare the behaviour of the structures. 
 As seen in Figure 8, generally, with increase in the 
secondary stiffness of the self-centering elements, storey 
drift decreases. However, the reverse can be seen for the 
top four storeys of the 12-storey frame. As a result,  
increasing secondary stiffness does not always help to 
decrease storey drift. Christopoulos et al.33 studied the 
seismic response of self-centering SDOF systems and 
concluded that increasing the secondary stiffness of the 
system does not lead to a reduction in storey displace-
ment. Zhang et al.34 have shown that small positive  
secondary stiffness has relatively less influence on the 
displacement of the SDOF system. Hu and Zhang35 have 
studied the effect of post-yield stiffness on partially self-
centering SDOF systems. Table 3 shows that an increase 
in secondary stiffness of the self-centering system  

increases the base shear. Consequently, using a self-
centering element with high post-yield stiffness is not 
recommended, because it induces greater force in force-
controlled elements. 
 Huang et al.36 showed that for low-rise buildings high-
er cost of self-centering brace can be compensated for 
lower earthquake-induced losses to the building, provided 
that the force control elements of the self-centered frame 
and that without a self-centering system are the same. A 
review of previous studies shows that most of the self-
centering systems are proposed with high secondary stiff-
ness. However, the present study proposes low secondary 
stiffness for self-centering systems because it is more 
practical and economical. 

Actual size brace with low post-yield stiffness  

To show the novelty of the proposed self-centering brace, 
an actual size brace is designed based on the experimen-
tal results. To this end, it is assumed that the overall 
length of the brace is 6 m and it should tolerate an axial 
force 600 kN. A pre-compressed spring with length 4 m 
can be placed in the brace. Moreover, to guarantee  
the self-centering behaviour of the brace, the pre-
compression force should not be smaller than the friction 
force. Therefore, friction should bear 300 kN and the 
spring should be pre-compressed at least up to 300 kN. In 
addition, the pre-compressed springs will tolerate a great-
er force and deformation while the brace initiates motion. 
So, half the ultimate capacity of the spring is suggested to 
be used as the self-centering force and the rest is used for 
the post-yield phase. Two of the designed springs are 
used in parallel (eqs (1) and (2)). The axial stiffness of 
these two springs in parallel is as follows 
 

 eq
kN kN3.185 6.39 ,
cm cm

k n= × =  (7) 

 
where n is the number of springs in parallel. 
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Figure 9. Axial behaviour of the actual size spring. 
 
 
 Figure 9 shows the expected behaviour of the spring 
under axial load. 
 The spring is pre-compressed up to point A to provide 
the required self-centering force and when it experiences 
deformation up to point B (i.e. 7 cm axial deformation), 
its axial force reaches 172 kN (Figure 9). Therefore, the 
axial force of the brace in the post-yield phase increases 
from 600 (600 = 300 + 300) to 644 kN (644 = 300 + 2 × 
172). In other words, the axial force of the brace increas-
es by approximately 7% in the post-yield phase. 
 Post-yield stiffness of the proposed self-centering 
brace is smaller than that of a steel BRB. For convention-
al steel braces, post-yield stiffness is 3% of the initial 
value37. A BRB of length 6 m with Fy = 24 kN/cm2,  
designed to yield at 600 kN, should have a cross-sectional 
area equal to 25 cm2. Therefore, post-yield stiffness of 
this BRB is 
 

 secondary
2 7 25 kN0.03 0.03 25 .

600 cm
EA ek
L

×= = × =  (8) 

 
Under deformation of 7 cm, the axial force of the BRB 
increases to 25 × 7 = 175 kN. Consequently, secondary 
stiffness of the proposed self-centering brace is even 
smaller than that of BRB, and it is practical and economi-
cal to be applied. 

Conclusion 

Usually, pre-stressed cables are used to provide restoring 
forces for the self-centering mechanism that makes the 
structures return to their original position after every 
loading cycle. The pre-stressed cable confronts three 
problems: first, stress relaxation that causes restoring 
force of the cable to decrease over time; second, the low 
elastic capacity of cables that necessitates long cables  
for satisfying the allowable drifts, and third, the self-
centering system produces high post-yield stiffness. 

 In this study, to remove the above-mentioned draw-
backs, a pre-compressed self-centering mechanism has 
been proposed and tested. A pre-compressed spring has 
been used to act as a restoring force. The behaviour of the 
spring under quasi-static loading was tested in the labora-
tory. Experimental results and analytical calculations 
proved that the proposed compression spring has low 
secondary stiffness. 
 The effect of post-yield stiffness of the self-centering 
system on the drift and base shear was examined. The  
results of numerical modelling indicate that post-yield 
stiffness does not affect the drift but increases the base 
shear considerably. Accordingly, it was concluded that 
the self-centering system with small secondary stiffness 
is better than that with high secondary stiffness. 
 Numerical examples show that the secondary stiffness 
of a self-centering system affect the base shear, and con-
sequently, the internal forces in the structural elements. 
As a result, for equal drift, the proposed mechanism that 
has a small secondary stiffness produces less force in 
structural elements compared to self-centering systems 
with high secondary stiffness. This characteristic of the 
proposed self-centering system makes it cost-effective. 
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