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ABSTRACT

One of the most widely used and applicable solutions
for limiting the damages of earthquakes to steel
structures is using Metallic Yielding Dampers as a type
of passive devices to dissipate the received energy.
Maintaining a proper balance in the design of these
devices is a delicate matter as each of the different types
have advantages and disadvantages. In this research,
different types of metallic dampers are compared using
finite element simulation which is performed by means
of ABAQUS package. Modeling process is described
and verified by comparing the results to a previously
published experimental paper on the subject. For
assuring more accuracy a mesh convergence analysis is
performed to determine the suitable mesh size.
Afterwards, cyclic and pushover analysis are performed
on each damper and results are presented and discussed.
Effective stiffness and damping of each damper, both
general and average, is extracted using proper equations
and finite element results. Finally, for deeper
understanding of dampers behavior, internal forces of
the dampers are derived and compared. It was shown
that design equations are fairly accurate. As the height
of the dampers increases, their effective stiffness and
damping reduces and the dampers behavior leans
towards flexural behavior. Based on cyclic and
pushover analysis, Steel Plate Dampers (SPD) have the
highest stiffness and energy dissipation. Also, SPD and
Double Pipe Dampers (DPD) are the most suitable to
reach a demanded stiffness, damping and have the most
stable performance. At the end of the paper, a list of
conclusions is presented.
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1. Introduction

Achieving higher rotation capacity and
ductility concurrent to maintaining highest
possible rigidity in beam to column
connections of steel structures is one of the
most challenging problems in design process
of steel buildings with moment resisting
frames. This means, ductile rigid connections
must have the ability to provide sufficient
strength and rotation capacity at the same
time [1]. Although steel moment resisting
frame (MRF) structures are designed in a
way that large inelastic deformations during
earthquakes occur in the main structural
members [2], the most significant issue in
this type of connections is low rotation
capacity compared to high resistance [1].
This causes sudden fracture at the junction of
the beam flange to the column before the
formation of a plastic joint in the beam [1].

Although many buildings were designed to
withstand total collapse and as a result saved
many lives during the Northridge (1994) and
Kobe (1995) earthquakes [3,4], large number
of steel structures became damaged in their
structural members [5]. These damages were
mostly concentrated on the beam to column
welded connection, which was due to the
brittle fracture of the welded joint [6]. After
the mentioned earthquakes, many studies
were conducted on beams with reduced
cross-section [6, 7] and side plates [8] as the
most widely accepted alternatives to former
beam to column connection types. The
mentioned elements maintain beam to
column connection in the elastic state, until
plastic joints, which are the main source to
increase the energy dissipation capacity, are
created in the beam [1, 9, 10]. Since seismic
design of these connections is based on the
rotation capacity of the joint, and after
earthquakes happen the connection area is

supposed to enter the plastic state,
maintenance and restoration of such
connections are not easily applicable or
feasible [6]. Therefore, searching for
alternative solutions, one of which is using
damage-control equipment, is suggested to
overcome this problem.

One of the most prevalent solutions is using
Metallic Yielding Dampers (MYDs). These
dampers use inelastic deformations to
dissipate energy after reaching the yielding
point [11]. Using these types of beam to
column connections have many advantages
such as stable hysteretic behavior, low
sensitivity of connection to ambient
temperature  changes, high long-term
reliability and low implementation cost. Steel
Slit Dampers (SSD) were first introduced by
Oh [12]. Various experimental and numerical
studies on SSD dampers [1,6,12,13,14] show
that these dampers provide suitable rotational
behavior, high energy dissipation, efficient
and economical implementation, and at the
same time prevent major damages to the
beams. However, there are two problems
with the function of these dampers which are
excessive shear in damper struts and also
buckling of the damper struts [15,16], as
shown in Figure 1, and as a result, possibility
of brittle strut fracture.

In order to eliminate these problems, in
addition to increasing stiffness of these
dampers, these devices were improved by
changing the shape and configuration. These
changes improved SSDs behavior against
imposed  stresses, by reducing the
simultaneous effect of bending and shear
stress. In this regard, Metallic Yielding
Dampers (MYDs) with other shapes and
configurations were presented and studied by
many researchers [17-21].
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In addition, hybrid dampers are presented in
different combination and configurations by

a. buckling of the damper legs model
examined by Ma et al. [26].

many researchers in recent years [22-25].

b. buckling of the damper legs model
examined by Tagawa et al. [27].

c. buckling of the damper legs model examined by Lee et al. [28].
Fig 1. The buckling of SSD damper legs.

Although, this is only a part of the studies
conducted on Metallic Yielding Dampers, the
vast number of studies shows the practicality
and demand of Metallic Yielding Dampers
performance improvement against seismic
loadings. Therefore, different dampers with
different shapes and behavior, each of which
had its advantages and disadvantages
compared to previous ones, were presented
by researchers. Steel Plate Added Damping
and Stiffness Elements (ADAS) [29], Dual-
Pipe Damper (DPD) [30], Shear-and-Flexural
Yielding Metallic Dampers (SAFYD) [31],
Steel Panel Damper (SPD), Steel Slit Damper
(SSD) and Steel Shear Panel Dampers
(SSPD) [32], are in this category. However,
structural engineers are always faced with the
difficulty of choosing one type of structural
system over another. Metallic Yielding

Dampers are no exception in this regard and
there are not many researches comparing
different MYDs at the same time. Since there
are many types of these systems, comparing
different types simultaneously, from several
aspect and perspective, will give the
designers the benefit of having enough
information on how these dampers behave
and help them reach a conclusion based on
their structures’ demand.

2. Introduction and Confirmation of
Materials Behavior

The numerical analysis in this research has
been conducted with the powerful ABAQUS
package [33]. The material used in the
modeling process is ST37 which is a
structural mild steel with a yield stress equal
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to 241 MPa. Mechanical characteristics of
ST37 steel are presented in Table 1. For
modeling the steel, three linear behavior with
combined plastic hardening is considered.
The article by H. A. Amiri et al. [35] on
Block Slit Damper has been used to verify

and confirm the behavior of materials and the
modeling process. Geometrical
characteristics of the models and the loading
protocol used by Amiri et al. are shown in
Figure 2 and Table 2.

Table 1. Mechanical characteristics of ST37 steel [34].

Steel Material Modulus of elasticity Yield Stress Ultimate Stress Elongation
(MPa) (MPa) (MPa) (%)
ST37 200 241 403 29.8
50
40 = Loading rate = 1 mm/sec o

[= H -

Displacement (mm)

-a1

-50

a. Geometrical parameters of specimens
studied by Amiri et al. [34].

b. Loading protocol used by Amiri et al. [34].

Fig 2. General characteristics of the verification models.

Table 2. Geometrical dimensions of the models studied by Amiri et al. [34].

Specimen h b, ho/b;
S1 80 14 5
S2 80 17.5 4
S3 80 20 35
S4 80 2333 3
S5 80 28 25

b, t ho/t  h,=hy ry, Iy
6.3 20 35 8 10,5
7.87 20 35 9 10,5

9 20 35 10 10,5
105 20 35 11 10,5
125 20 35 13 10,5

Cyclic and pushover analysis were conducted
to confirm the behavior of materials on the
reconstructed sample S5. Results of cyclic,
pushover analysis and deformation of this
sample are shown in Figures 3-a to 3-e.
Comparing the diagrams of cyclic and

pushover with the results of the article by
Amiri et al., shows that the behavior of
materials and the constructed model in the
cyclic analysis is in good consistency with
results of the mentioned research. Also,
equivalent strain distribution results from the
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finite element analysis show a very similar
failures mode compared to the laboratory
specimen, as the removed paint on the
experimental specimen represents places
with higher strains, similar the green edges
on the equivalent strain counters output from
the finite element model (Figure 3-d and 3-
e). For displacements larger than 50mm in

Force kN
o

30 -20 -10 0 10 20 30
Displacement mm

a. The diagram of the cyclic loading of the
reconstructed model.

400

300
z
X

8 200
S
Lo

100

0

0 10 20 30 40 50
Displacement mm

c. Force-displacement graph of the
reconstructed model.

pushover analysis, struts internal force is
turned into pure tension and afterwards a
tensional failure occurs. Since the purpose of
Figure 3-c is demonstrating that the pushover
curve covers cyclic graph, data for
displacements larger than 50mm gives no
additional information in this regard and thus
was removed.

300

(e) Test Specimen #5

200

100

Force (kN)

-100

-200

300 b o . ------ FE analysis results
_30 20 IS T [ — Experimental results

b. results of the research model of Amiri et al.
[34].

1}

d. Deformation of the numerical model of the
S5 sample.

e. Deformation of laboratory model sample S5 [34].

Fig 3. Results of modeling verification.
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3. Models Introduction and Analysis
Method

3.1. Design Equations

Six types of Metallic Yielding Dampers,
namely, Steel Plate Added Damping and

127

Metallic Dampers (SAFYD), Steel Panel
Damper (SPD), Steel Slit Damper (SSD) and
Steel Shear Panel Dampers (SSPD) are
simulated and analyzed, using ABAQUS
finite  element  package. Figure 4
demonstrates general schematic geometry,
shape and parameters of the aforementioned

Stiffness Elements (ADAS), Dual-Pipe dampers
Damper (DPD), Shear-and-Flexural Yielding
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Fig 4. General geometrical characteristics and schematics of damper types.
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The design equations of each damper type
are presented separately in the following. The
design equations of ADAS dampers are given
out in Equations 1 and 2 [35,36]:

M, =nlf bt’ /4] (1)
V,=2n(M, /H)=n[f bt’/2H] Q)

The design equations of DPD dampers are
given out in Equations 3 to 5 [30]:

A, =0.0001[4.75D —8.2](D /t) 3)
K, =3156(L)(D/t)™* 4)
P =K, ,*A 5)

The design equations of SAFYD dampers are
given out in Equations 6 to 8 [31]:

Vy =Vys +Vyf (6)
v, =0t /12, //3) ™
V, =0t /L5H)( ) ®)

The design equations of SPD dampers are
given out in Equations 9 to 13:

H=H -t )
H =H -2a, (10)
Z =(t?)/a (11)
M, = zf, (12)
V, = (nbt’f,)/(2H) (13)

The design equations of SSD dampers are
given out in Equations 14 to 16 [1,6,15]:

H' =h+2r’/H, (14)
h=H-2@a+r) (15)
P, =min{nf b%/(2H").2nf bt /3v3}  (16)

The design equations of SSPD dampers are
given out in Equations 17 to 19 [32]:

v, =(f, /\3),)b, +2t,) (17)
K, =G/H) )b, +2,) (18)
Up :Vy/Kd (19)

Geometrical parameters in Equations 1 to 19,
are demonstrated in Figure 4, in detail. Also,
fy 1s steel yield stress, Py is equivalent force
at yielding displacement, A, is yielding
displacement of the damper, V, is total
yielding capacity of the damper, Vs is
yielding shear force of damper struts, Vyr is
yielding shear force of damper flange, V,, is
plastic shear capacity of the struts section,
M, is plastic bending capacity of the struts
section, n is number of struts, K, elastic
stiffness of the damper, Ky is theoretical
shear stiffness and U, is yielding stage
deformation. For each of the six damper
types, three heights, namely 15, 21, 27cm are
designed based on the design equations.
Geometrical dimensions of all eighteen
models are presented in Table 3.
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Table 3. Geometrical dimensions of models.
Steel Plate Added Damping and Stiffness Element Models
Model H;, cm Hcm b, cm by, cm tcm L,cm B, cm t, cm N
ADASI5 15 13 6 2.3 1.5 18 10 2 4
ADAS21 21 19 8 2.3 1.1516 18 10 2 4
ADAS27 27 25 8 2.3 1.8 18 10 2 4
Dual-Pipe Damper Models
Model Hicm H;nD Lem tem L,em  Bycm t, cm ) )
DPD15 15 13 8 0.894 26 10 2 - -
DPD21 21 19 8 1.092 40 10 2 - -
DPD27 27 25 8 1.262 50 10 2 - -
Shear-and-Flexural Yielding Metallic Damper Models

Model H;cm Hcm brcm trcm b, cm t; cm L,cm B, cm t, cm
SAFYD15 15 13 8 1.59 6 0.36 18 10 2
SAFYD21 21 19 8 1.93 6 0.36 18 10 2
SAFYD27 27 25 8 2.21 6 0.36 18 10 2

Steel Panel Damper Models
Model H;cm Hcm b cm tcm a, cm L,cm B, cm t, cm n
SPD15 15 13 8 1.19 1 18 10 2 4
SPD21 21 19 8 1.49 1 18 10 2 4
SPD27 27 25 8 1.73 1 18 10 2 4
Steel Slit Damper Models

Model H, cm Hcm bcm tcm acm rcm L,cm B, cm t, cm
SSD15 15 13 0.79 3 1.5 2 18 10 2
SSD21 21 19 1.44 3 1.5 2 18 10 2
SSD27 27 25 2.12 3 1.5 2 18 10 2

Steel Shear Panel Damper Models

Model H;cm Hcm brecm trcm b, cm ty cm L,cm B, cm t, cm
SSPD15 15 13 8 0.3 12 0.3 18 10 2
SSPD21 21 19 8 0.3 12 0.3 18 10 2
SSPD27 27 25 8 0.3 12 0.3 18 10 2

3.2. Analysis Method and Mesh Size
Convergence Analysis

Metallic Yielding Dampers are often installed
at the plastic hinge formation locations which
is either in braces or at both ends of the
beams (Figure 5-a and 5-b). This placement
of the damper in these parts of the structure
leads to its optimal behavior, prevents
damage to the main members, and also

provides replacement circumstances of the
damper in case of damage. As shown in
Figure 5-c and 5-d, under the cyclic loading,
the Metallic Yielding Dampers will be
subjected to bending and shear. Therefore,
for the purpose of optimizing the simulation
process, structural models are reduced to the
demonstrated state in Figure 5-d, which is a
suitable structural model to study the
behavior of dampers in both situations.
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Cyclic Load Direction

<

@ Brace Connection %

Cyclic Load Direction
9o 0wz
Beam to Column
Connection
%% G

a. Metallic Yielding Dampers in bracing
system.

b. Metallic Yielding Dampers as beam to
column connection.

Tension or Compression Due
to the Cyclic Load

Cyclic Load Direction

c¢. Schematics brace damper.

d. Schematics of beam to column connection
damper.

Fig 5. Position of the Metallic Yielding Dampers in the structure.

In this research, the FEMA461 standard
loading protocol [37], which is described in
Table 4, is used for loading the models.
Effective stiffness in each cycle of loading is
shown by Keff, and effective damping in
each cycle is shown by the Beff. These
parameters are obtained from Equations 20

and 21 [38]. In these equations, |[F+| and |F-|
are the forces related to |A+| and |A-| which
are maximum and minimum displacement in
each loading cycle, respectively. Also, in
Equation 21, Eloop is the dissipated energy
in each cycle or the inner surface of the
force-displacement graph in each cycle.

Table 4. Loading protocol based on FEMA461 [37].

Displacement (mm)

No. of Cycles

1.5
2.03
2.94
4.12
5.77
8.06
11.28

15.79
22.06
31.25

two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
two Cycles
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K, = (||:* A"

+[Fp /e

B,, =(2/n)[E,, /K, (

+|a7) (20)

A+

+|A’

)] (21)

For all dampers except SSD, quadratic
hexagonal elements and for SSD dampers,
quadratic tet elements are used. To capture
the flexure and shear effect, three and in
some cases four layers of elements are used
in thickness. Boundary conditions are set in
accordance with Figure 5-d with the upper
and lower flanges fixed in all directions
except the loading direction in the upper
flange. Loads are applied in accordance with
Figure 5-d. In order to determine the suitable

mesh size for all models Mesh Convergence
Analysis is used. For instance, in SSD and
SPD damper types, default mesh size
proposed by the ABAQUS was reduced by
one unit at each stage of the analysis, and for
each stage pushover analysis was conducted.
Results of these series of analyses are
presented in Figure 6 and for explicit
comparison, relative difference of both shear
and bending to larger mesh size is given in
Figure 7. The aforementioned results show
that for meshing with a dimension of less
than 4 mm, the changes in the SSD and SPD
model results are less than 1 and 2%,
respectively, which is very low.

Mesh 2 mm Mesh 3 mm
Mesh 4 mm Mesh 5 mm
—————— Mesh 6 mm Mesh 7 mm
Mesh 8 mm Mesh 9 mm

120

e
o

o
o

Base Shear (kN)

0 10 20 30 40
Displacement (mm)

Force (KN)

--------- Mesh 3 mm Mesh 4 mm

Mesh 5 mm Mesh 6 mm

Mesh 7 mm Mesh 8 mm
120

80 =
40
0
0 10 20 30 40
Displacement (mm)

a. Pushover results of SSD model with the
different mesh size.

b. Pushover results of SPD model with the
different mesh size.

Fig 6. Pushover results for mesh convergence.

=
[$)]

=
o

(S

Relative Difference to Larger
Mesh (%)

Mesh Size (mm)

Relative Difference to Larger
Mesh (%)

2 4 6 8
Mesh Size (mm)

a. Relative difference of shear to larger mesh
size in the SSD model.

b. Relative difference of shear to mesh size in

the SPD model.

Fig 7. Results of mesh convergence analysis.
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4. Numerical Analysis Results

4.1. Cyclic
Graphs

and Pushover Analyses

Force-displacement graphs of the models
with cyclic analysis are given in Figure 8.
Based on these graphs, it can be concluded
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that loops created by the SPD type dampers
are larger than other dampers, which
indicates a higher level of energy dissipation
in this type of damper. Also, when dampers
height is increased, inner area of their cyclic
diagrams which represents energy dissipation
performance decreases.

ADAS15-C DPD15-C
----- SAFYD15-C SPD15-C
SSp15-C - ---- SSPD15-C

0
Displacement mm

ADASZ1-C DPD21-C
--------- SAFYD21-C SPD21-C
SSD21-C_ ----- SSPD21-C

400
300
200
100

Force kN
o

-100
-200
-300
-400

-40 -20 0 20 40

Displacement mm

a. Cyclic diagram of the models with a height

b. Cyclic diagram of the models with a height

of 15 cm. of 21 cm.

ADAS27-C DPD27-C

--------- SAFYD27-C SPD27-C

SSD27-C ----- SSPD27-C
400
300
200
Z 100
3 0
£ -100
-200
-300
-400

-40 -20 20 40
Displacement mm

c. Cyclic diagram of the models with a height of 27 cm.

Fig 8. Cyclic analysis results.

All the simulated dampers were examined
under a pushover load, results of which are
shown in Figure 9. The 5 tons yield strength
is conveniently observable in all diagrams of
the dampers. Also, the issue of the reduction
of the area under the force-displacement
diagram in these diagrams confirms the
results of cyclic loading. In all models of the
dampers, the SPD type dampers have the
highest area under the graph, which shows
the suitable hyper-elastic behavior and

energy dissipation. Meanwhile, the SSPD
type dampers have higher initial stiffness
than other dampers. However, their stiftness
is severely reduced at the final stages of
pushover loading. In contrast to all the other
dampers, which have a monotone process,
the DPD dampers get a decreased and
increased slope in the hyper-elastic stage of
the force-displacement diagram, which show
different and almost unpredictable behavior
of this type of damper in the forces beyond
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its yield strength. Also, results show that this
type of damper has the lowest internal shear,
which is almost equal to zero and
insignificant compared to other dampers. It

half of the pipe will get pressured and the
other half will be under tension. In a way this
behavior is associated with the tensile
performance of parts of the pipes under each

is assumed that when applying rolling force cycle of loading and needs further
to a pipe, perpendicular to its axis, almost investigation.
ADAS15-P DPD15-P ADAS21-P DPD21-P
——————— SAFYD15-P SPD15-P ------- SAFYD21-P SPD21-P

SSD15-P — = — = SSPD15-P

0 10 20 30 40 50
Displacement mm

SSD21-P

- — — — SSPD21-P

0 10 20 30 40 50
Displacement mm

a. Pushover diagram of models with a height

of 15 cm.

b. Pushover diagram of models with a height

of 21 cm.

SSD27-P

ADAS27-P
——————— SAFYD27-P

DPD27-P
SPD27-P
- — — — SSPD27-P

0 10 20
Displacement mm

30 40 50

c. Pushover diagram of models with a height of 27 cm.

Fig 9. Pushover analysis results.

4.2. Effective Stiffness and Damping
Comparison

Effective stiffness of the dampers is
essentially the slope of the Force-
Displacement graph (Figure 8) and is
extracted based on Equation 20. Diagrams of
the effective stiffness of the dampers are
shown in Figure 10, which show that by
increasing the height of steel dampers, their
effective stiffness decreases. This was
observed in the enlarged Force-Displacement

graph (from Figure 8). In general, effective
stiffness graphs become almost stable at the
final stages of loading. DPD and ADAS
types of dampers showed the highest and
lowest effective stiffness in the initial loading
cycles, respectively. But the significant point
is that the effective stiffness curve of the SPD
type damper has become horizontal around
the 15th cycle onwards and even shows a
slight increase, which brings its curve higher
than the other dampers. This phenomenon
indicates that this type of damper maintains
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its coherence in long earthquakes and
demonstrates a better function in respect to
stiffness. Also, stability of the -effective
stiffness of this type of damper can be
considered as a capability and advantage in

respect of lifetime of the structure. Based on
these observations, SPD and DPD types of
dampers can be a good choice to create an
effective stiffness suitable for buildings
during an earthquake.

60

- = == ADAS15-C
DPD15-C
SAFYD15-C
SPD15-C
SSD15-C

30 — — - — SSPD15-C

20
10 =

0 2 4 6 8 10 12 14 16 18 20

50

40

Keff kN/mm

Cycle No.

- - - - ADAS21-C
DPD21-C
SAFYD21-C
SPD21-C
SSD21-C
- - - = SSPD21-C

B
o

Keff kN/mm
w
o

N
o

0 2 4 6 8 10 12 14 16 18 20
Cycle No.

a. Effective stiffness diagram of models with
a height of 15 cm.

b. Effective stiffness diagram of models with
a height of 21 cm.

S
o

n
o

Keff kN/mm
8

=
o

- - - - ADAS27-C
DPD27-C
SAFYD27-C
SPD27-C
SSD27-C

- - - - SSPD27-C

100 12 14 16 18 20
Cycle No.

0 2 4 6 8

c. Effective stiffness diagram of models with a height of 27 cm.

Fig 10. Effective stiffness comparison.

Effective stiffness of the dampers is averaged
during the whole cyclic analysis and the
average effective stiffness of the dampers is
shown in Figure 11. According to these
diagrams, it can be concluded that DPD
damper has the highest average effective
stiftness and ADAS has the lowest.

Effective damping curve of the studied
models for each cycle is extracted using
Equation 21 and is shown in Figure 12-a. The

mentioned diagram has a lot of fluctuations
and not many direct deductions can be made
from it. Also, as demonstrated in figure 12-b,
energy dissipation of DPD and SPD dampers
are higher than other dampers and it is the
lowest for ADAS dampers. Furthermore, the
average effective damping and accumulated
effective damping parameters are derived for
the loading period, which is shown in the
Figures 13 and 14, respectively.
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Fig 12. Effective damping and energy dissipation of models with a height of 21 cm.

Based on these diagrams, compared to other
dampers, SSPD and SSD damper types have
the highest and lowest average effective
damping, respectively. Standard deviation of
the average damping of SSD damper with a

height of 15 cm with a value of 0.028 has the
lowest amount among all dampers, which
indicates more stability of the effective
damping rate during the loading process in
this type of damper. As the height increases,
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average effective damping of the dampers
also decreases, which, like the effective
stiffness, indicates that in the process of
designing dampers, for achieving higher
stiffness and damping, a minimum height
should be considered. Based on these
observations, implementation of SSD damper
is a suitable choice to achieve a certain

amount of damping in a building. Also,
accumulated damping diagram indicates that
the overall damping performance during an
earthquake stays almost stable in one type of
damper with increasing the height. Among
the studied models, SSPD and SSD dampers
have the two highest accumulated damping.
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Fig 13. Average effective damping comparison.
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4.3. Internal Forces of Dampers

In the next step, shear force and bending
moment of the constituent members of
dampers were extracted and investigated.
Based on the extracted maximum shear force
and bending moment of the dampers, which
are shown in Figures 15 and 16, it can be
concluded that by increasing the height,
dampers behavior leans towards flexural
behavior. The SPD type dampers have the
highest shear force, and SSD type dampers
have the highest bending moment among all

dampers. However, considering the DPD
model, it becomes clear that this type of
damper has the lowest internal shear and
flexure, which are insignificant compared to
other dampers and almost equal to zero. This
issue can be explained based on the suitable
deformation of this type of damper, and its
tolerance against forces resulting from
displacement in the form of tensile in the
central arc. Deformation and equivalent
strain distribution of all dampers is shown in
Figure 17.
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Behavior of steel under tensile is more
predictable than its behavior under bending
and shear and as Figure 15 and 16 indicate,
DPDs behavior is mainly tensile based.
Therefore, the DPD type damper with
elliptical deformation is mainly affected by
the tensile force. In contrast to this, other
dampers behavior is mainly dominated by
shear, bending and buckling rupture of the

dampers struts which makes their behavior
more unpredictable. Therefore, behavior of
DPD damper can be attributed to its suitable
configuration compared to other dampers. At
the same time, in cases of SSD, SAYYD, and
SSPD dampers local buckling was observed
in the studied models (Figure 17), which
seems to be the source of weaker behavior of
these dampers.
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5. Conclusion

According to the findings of this research,
the following results can be presented:

- According to the cyclic diagram of
dampers, SPD and DPD dampers have a
higher energy dissipation level than other
dampers.

- In the pushover analysis, the 5 tons yield
strength was observable in all dampers,
which indicates the relatively high accuracy
of the dampers design equations.

- In the pushover analysis, SPD damper has
the highest response to uniform displacement
among dampers, which indicates its high
stiffness and energy dissipation compared to
other dampers.

- As the height of the dampers increases, their
effective stiffness and damping is reduced.

- Compared to other dampers, the SSPD and
SPD dampers have the highest and lowest
average effective damping, respectively.

- SSD damper with a height of 15 cm shows
the most stable effective damping. Also,
among the studied models, SSPD and SSD
dampers have the highest cumulative
damping.

- As the height of the dampers increases,
shear behavior decreases, and flexural
behavior becomes more dominant.

- In the SSD, SSPD, and SAFYD dampers,
the issue of flange buckling is the main
weakness.

- DPD and ADAS dampers show the highest
and lowest effective stiffness, respectively.

- SPD dampers show an increase in effective
stiffness at the last stages of loading, which

indicates its suitable behavior and
performance in long earthquakes.

- SPD and DPD dampers have a higher
energy dissipation level than other dampers.

- SPD damper has the highest response to
uniform displacement among dampers, which
indicates its high stiffness and energy
dissipation compared to other dampers

- DPD damper resists the forces imposed on
it, in the form of a tensile with a suitable
deformation, which is a more ductile and as
such, it has a more predictable behavior
compared to other dampers.

- Based on the last five points, SPD and DPD
dampers are good choices to reach a target
effective stiffness for a building during an
earthquake.

- In general, it seems possible to reach the
demanded stiffness, damping, and cohesion
of the damper in the loading process by using
SPD and DPD dampers. Also, the main
advantage of these dampers is their suitable
behavior at lower heights, which mitigates
the buckling problem, and at the same time
has the least protrusion from the ceiling and
visibility in the architectural space.
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