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ABSTRACT

Energy dissipation and vibration reduction technology is always a research
hotspot in engineering vibration control. Considering the rapid repair of the structure
after earthquake, energy-dissipative column(EDC) has been introduced and attracted
attention as a new type of energy dissipation component. However, the effectiveness of
seismic response mitigation of EDC in three-dimensional structures has not been
verified. Based on this, a steel structure model with EDCs is established using the finite
element software SAP2000. In this paper, the seismic performance of the steel frame
structure with EDCs is analyzed, the effectiveness of shock absorption of the steel
frame structure with EDCs is validated, and a recommended design method of EDC is
put forward. Based on the proposed method, the steel structure model arranged with
bidirectional EDCs is designed. The seismic performance of steel frame structure with
bidirectional EDCs and steel frame structure with bidirectional oil dampers are
compared. The results indicated that the steel frame structure with bidirectional EDCs
has higher seismic performance than the steel frame structure with bidirectional oil
dampers, which verifies the availability of the proposed design method for EDC. In
addition, the effectiveness of bidirectional vibration absorption of steel structure with
bidirectional EDCs is also demonstrated.

Keywords: energy-dissipative column(EDC), steel structure, seismic performance

1. INTRODUCTION

As an extreme natural disaster, the occurrence of earthquake may cause serious
casualties and property losses. Since the 21st century, earthquake disasters have been
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frequent. For example, the 8.0-magnitude Wenchuan earthquake on May 2, 2008 killed
more than 60,000 people, injured more than 300,000, left 10,000 missing and caused
economic losses totaling 845.2 billion yuan. The structure designed based on the
traditional seismic method does not have the ability of self-regulation, and in the face of
the great uncertainty of the earthquake disaster, the structure may not meet the safety
requirements, the introduction of structural vibration control technology is an effective
method to solve this problem (Yan Weiming 1997).

Dusicka (2007) proposed the concept of connecting column frame (LCF) system,
which consists of two columns connected with replaceable connecting rods and a
secondary frame. Before the main beam yields, the system functions can be quickly
restored by replacing the damaged connecting rods. Malakoutian (2012,2013a)
proposed the performance-based design theory of connection column frame system
based on the three performance level objectives of connection column frame LCF
system. In 2012, the European research program introduced and studied a new system
with energy-consuming components, called FUSEIS 1 (Dougka 2014; Dimakogianni
2012; Dimakogianni 2015; Karydakis 2008). FUSEIS 1 was applied to a two-
dimensional plane framework. The numerical results of the energy-consuming
framework system show that this kind of anti-lateral system can not only reduce the
functional damage to buildings, but also accelerate post-earthquake repair. Fussell
(2013) proposed that connecting column frame LCF system is suitable for middle and
low-rise buildings. Malakoutian (2013b,2016) analyzed and studied the performance
parameters used to evaluate the seismic response of LCF system, including response
correction coefficient, system super-strong coefficient and deformation amplification
coefficient, and gave the recommended values of the performance parameters.
Palazzo (2015) proposed a new hysteretic damper, namely energy-dissipative column
(DC), which consists of two or more adjacent vertical steel members connected by
continuous x-shaped low-strength mild steel connecting rods. DC works as an energy-
dissipative damper by dissipating seismic energy through the nonlinear deformation of
X-shaped steel plates. Castaldo (2016) established the finite element model of 10-layer
plane frame with DC based on SAP2000. Comparing the nonlinear time-history
analysis results of the frame with DC and the pure frame, Castaldo evaluated the
additional damping provided by DC. The results show that DC can improve the global
failure mechanism of the whole frame, avoid the occurrence of structural weak layer,
and avoid the occurrence of plastic hinge in the main frame. Based on OpenSees, a
simplified model for simulating hysteretic behavior of CEDC in energy-dissipative
columns was proposed (Li 2017). Li (2018a) proposed a new type of continuous
energy-dissipative column system (CEDC). In 2018, Li (2018b) introduced the energy-
dissipative column (EDC) into the concrete frame. The simplified numerical model of
concrete frame system (EDC-mf) with energy-dissipative column is established by
using the aggregate mass shear model of concrete frame and the finite element model
of energy-dissipative column.

So far, the numerical research on the application layer of EDC is only limited to
the two-dimensional multi-degree of freedom system. The effectiveness of energy
dissipation column applied to the plane frame has been fully verified, but the application
of energy dissipation column in the three-dimensional structure remains to be studied.
Based on 3d structure model, this paper researches the working state of EDC in three-
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dimensional structure and the damping effect.

2. Method

The research object in this paper is an eight-story steel administrative building
located in the campus of Tohoku university of technology in Sendai, Japan (Cao
2012),as shown in Fig. 2.1. In order to improve the seismic performance of the
structure itself, 8 oil dampers were installed on each floor, 4 in east-west direction and
4 in north-south direction, and a total of 56 oil dampers were installed (Funaki 2001;
Kawamata 2000; XIE Liyu 2015)

Fig. 2.1 Administrative building in Tohoku university of technology

2.1 Establishment of sap2000 finite element model

2.1.1 Establishment and verification of sap2000 model with original structure

In this paper, Sap2000 finite element model is established based on the design
parameters of the building itself and the standard parameters of the components used.
The X-axis (EW-direction) of the established model contains 10 spans, each span is
4.8m long and the total length is 48m.The Y-axis (NS-direction) of the model contains
three spans, respectively 2.1m, 5.4m and 2.1m, with a total width of 9.6m. The
structure consists of 8 floors. The height of the first floor (including the second floor) is
set as 8 meters, forming a large space layer with a hollow bottom. The height of the
three to eight floors is 3.8 meters, and the overall height of the structure is 30.8 meters.
The parameters of key components of the model are defined and valued according to
the standard design parameters of actual building components. The dimensions and
material property parameters of main building components (main beam, column, floor
slab, oil damper and support) are shown in Table 2.1~2.5.The concrete material used
for the floor slab is C50, and the standard compressive strength of the corresponding
cube block is 50MPa.The steel used for beams, columns and other components is
manufactured in accordance with the Japanese industrial standard Rolled steel for
building structures (JISG3136-2005).
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Table 2.1 Dimensions and material properties of main beams

Story

Main beam (EW-direction)

Main beam (NS-direction)

Size (mm)

Material

Size(mm)

Material

| 650%250%16%25

SN490

| 800x300x16x28

SN490

| 450x250%x12x%x22

SN490

| 600x300x12x25

SN490

| 450%x250x9x%19

SN490

| 600x300x12x22

SN490

| 450%x250x9%19

SN490

| 600x300%x12x22

SN490

| 450%x250x9x%19

SN490

| 600x300%x12x19

SN490

| 450%x250x9x%19

SN490

| 600x300x12x19

SN490

Tlo|~N|o|o|h|w

oof

| 450x250x9%x19

SN490

| 600x300%x12x19

SN490

Table 2.3 Dimensions and material properties of main columns and floors

Outer frame column

Inner frame column

Floor

Size (mm)

Material

Size (mm)

Material

Thickness (mm)

Material

Box 450x40

SN490

Box 250%x16

SN295

100

C50

Box 450x28

SN400A

Box 200x12

SN295

100

CS50

Box 450x25

SN400A

Box 200x12

SN295

100

C50

Box 450x22

SN400A

Box 200x12

SN295

100

C50

Box 450x22

SN400A

Box 200x12

SN295

100

C50

Box 450x19

SN400A

Box 200x12

SN295

100

C50

Box 450x19

SN400A

Box 200x12

SN295

100

C50

oof

100

C50

Table 2.4 Performance parameters of oil damper

Dimensions and performance parameters of oil dampers

Story

Damping coefficient (KN-m/s)

Stiffness (KN/m)

1

180.4

1913

3-8

102.9

1093.65

Table 2.5 Dimensions and material properties of oil damper supports

Story

Size (mm)

Material

1

Circular tube 267.4x18

SN490

3-8

Circular tube 216.3x12

SN490

Table 2.6 Material properties of steel

Type

Steel

Yield point (MPa)

Tensile strength (MPa)

Yield ratio (%)

Ductility ratio (%)

SN490

2325

2490

<80

217

SN400A

2235

2400

<80

217

SN295

2197

2295

<80

=17
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The finite element model established is shown in Fig. 2.2.

Fig. 2.2 The finite element model of original structure

SAP2000 is used for modal analysis of the model, and the modal information of
each order of the model is obtained. The first five frequencies of vibration modes of the
structure are shown in Table 2.7. Table 2.8 shows the comparison between the
dynamic characteristics of the structural model and the recognition results. It can be
seen from the table that the first-order frequency of the model in the Y-axis is 0.815Hz,
and the second-order frequency is 2.391 Hz. The main resonance frequency is in good
agreement with the recognition results, and the first-order error is only 1.1%, and the
second-order error is 5.8%.The first-order frequency of the model in the X-axis is 0.868,
and the second-order frequency is 2.518. The main resonance frequency is in good
agreement with the identification results, and the first-order error is only 1.5%, and the
second-order error is 7.9%, which is within the acceptable range. Obviously, the
dynamic characteristics of SAP2000 model are consistent with the results of structural
identification. Therefore, it can be considered that the finite element model can better
reflect the dynamic characteristics of the real structure, and the reliability of the model
has been verified.

Table 2.7 The first five frequencies of vibration modes of the structure

, Mass participation coefficient of mode (%)
Mode | Frequency(Hz) | Period(s) X-axis V-axis Z-axis
1 0.815 1.228 0 72 39
2 0.868 1.152 74.6 0 2.2
3 0.907 1.102 0 1.8 31
4 2.391 0.418 0 8.5 4.5
5 2.518 0.397 8.1 0 0.2
Table 2.8 Comparison of model dynamic characteristics and recognition results
Mode _ X-axis . Y-axis
First-order | Second-order | First-order | Second-order
The resonance
Frequency(Hz) ::]e(z)%l:ncy of the | 0.868 2.518 0.815 2.391
Identified resonance | 0.855 2.734 0.806 2.539
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frequency

Error (%) 15 7.9 1.1 5.8

2.1.2 Arrangement of EDCs on steel frame and sap2000 model establishment

In this paper, a simplified analysis model is adopted to simulate EDCs (Li 2018b),
as shown in Fig. 2.3. In this model, the boundary column is simulated by column
element and the bottom is hinged. The energy-dissipative mild steel connecting rod is
simulated by the combination of 0 length unit in the middle and its end rigid beam. Rigid
connecting rods located at each floor position are simulated by beam elements to
coupling the horizontal displacements of the two side columns. Because the simplified
analysis model does not need to establish shell element model of mild steel connecting
rod accurately, it is convenient for practical modeling and can greatly improve the
efficiency of simulation. Moreover, the force-displacement curves obtained by the
simplified model are highly consistent with the experimental results (Li 2018b).Based
on the advantages of this simplified analysis model, this paper adopts this model to
simulate EDCs.

Kinematic mechanical model is adopted to define the shear behavior of O length
unit of energy-dissipative linkage. The force-displacement diagram of the mechanical
model is shown in Fig. 2.4. Kinematic model is based on the common dynamic
hardening behavior of metals. Its bearing capacity and displacement show a linear
relationship of multiple segments. After yielding, the stiffness of the mild steel
connection element is the post-yielding stiffness. Specific force-displacement
relationship can be defined according to yield displacement and yield bearing capacity
of mild steel connecting rod. In this paper, post-yield stiffness ratio is 0.05.

Rigid connecting rod
—Elastic column

Steel beam
U:

Fig. 2.3 Analysis model of EDC
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Fig. 2.4 Mechanical model of energy-dissipative connecting rod element

The original structure is elongated, 48m in EW-direction, 9.6m in NS-direction,
and 5 in aspect ratio. Since NS-direction is the weak direction of the structure, EDCs
are arranged in NS-direction only. The EDC is adopted to replace the original structural
column, considering the integrity of the structure and the convenience of engineering
operation, and only replaces the four angular columns on the side truss of the structure.
The structural column of the original frame adopts box section, which is replaced by H-
section column. The strong axial direction of H-section is along the X direction. Ignoring
the distance between H-shaped column limbs and the energy-dissipative connecting
rod used for connection, the H-shaped column section was determined by taking half of
the inertia moment of the box column section according to the consistent principle of
the inertia moment of the column sections before and after replacing it. And the
dimensions and materials of the corner column sections of the layers before and after
replacing are shown in Table 2.9. In the frame structure, 4 EDCs are arranged along
the NS-direction to replace the original structural corner columns, as shown in Fig. 2.5.

Table 2.9 Dimensions and material properties of corner column and EDC limb
Frame corner column

Story Corner column Energy-dissipative column limb
Section size(mm) Material | Section size (mm) | Material
Box 450<450<40x40 | SN490 | H 350X450<40x40 | SN490
Box 450x450x28><28 | SN400A | H 350x450x28<28 | SN400A
Box 450<450x25x%25 | SN40OA | H 350x450<25%25 | SN400A
Box 450<450x22x22 | SN400OA | H 350x450x22x22 | SN400A
Box 450x450x22x22 | SN400A | H 350X450x22x<22 | SN400A
Box 450<450<19x19 | SN40OA | H 3504501919 | SN400A
Box 450<450><19x<19 | SN400OA | H 350x450<19<19 | SN400A

0N O~ W

Fig. 2.5 The finite element model of structure with EDCs
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In order to prevent the column bottom from plastic hinge failure, the column
bottom adopts the form of hinged structure. The distance between the two legs of the
EDC is 1.5m to ensure that it can provide sufficient lateral stiffness relying on the frame
effect formed by the two legs. Energy-dissipative connecting rod element is used to
connect the legs. The rod in the same layer is arranged with equal spacing. The height
of each story is 8m. The distance between the rod is 800mm and 9 are arranged. The
height of three to eight floors is 3.8m, and the distance between the rods is 760mm. 4
rods are arranged in each floor. The two column legs are connected at the position of
each story by rigid connecting rod. The section size of the rigid connecting rod and the
material are the same as the EDC legs of this story. Both ends of the connecting rod
are hinged to realize the shear force and lateral force transfer between the two column
legs. The local structure between the limbs of the EDC is shown in Fig. 6.

|

Fig. 2.6 The local structure of EDC limbs

2.2 Finite element model analysis of the steel frame with EDCs

2.2.1 Parameter setting of structure with EDCs in each working condition

The performance of energy-dissipative linkage element depends on two key
design parameters: initial stiffness (elastic stiffness) k and vyield displacement.
According to the yield displacement of common metal dampers (LIU Wei-qing 2016;
Zhu Xudong 2011; Zheng Jie 2015), 5 groups of parameters are set for the yield
displacement: 0.5mm, 1mm, 2mm, 3mm and 4mm. The initial stiffness k before yield is
determined by the stiffness ratio k/ki of the equivalent lateral stiffness ki to each floor of
the structure. The stiffness ratio is set with 9 groups of parameters: 0.1, 0.15, 0.2, 0.25,
0.3, 0.35, 0.4 and 0.45. Therefore, there are a total of 45 sets of performance
parameters for energy-dissipative connecting rod elements, that is, there are a total of
45 sets of EDC configuration conditions, as shown in Table 2.10
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Table 2.10 45 groups parameter setting of EDCs

45 groups of performance parameters for energy-dissipative connecting rod elements

Yield Stiffness Yield Stiffness Yield Stiffness

Condit- | displace | ratio k/ki | Condit- | displace | ratio k/ki | Condit- | displace | ratio k/ki

ion -ment ion -ment ion -ment
(mm) (mm) (mm)

1 0.5 0.1 16 1 0.4 31 3 0.25

2 0.5 0.15 17 1 0.45 32 3 0.3

3 0.5 0.2 18 1 0.5 33 3 0.35

4 0.5 0.25 19 2 0.1 34 3 0.4

5 0.5 0.3 20 2 0.15 35 3 0.45

6 0.5 0.35 21 2 0.2 36 3 0.5

7 0.5 0.4 22 2 0.25 37 4 0.1

8 0.5 0.45 23 2 0.3 38 4 0.15

9 0.5 0.5 24 2 0.35 39 4 0.2

10 1 0.1 25 2 0.4 40 4 0.25

11 1 0.15 26 2 0.45 41 4 0.3

12 1 0.2 27 2 0.5 42 4 0.35

13 1 0.25 28 3 0.1 43 4 0.4

14 1 0.3 29 3 0.15 44 4 0.45

15 1 0.35 30 3 0.2 45 4 0.5

2.2.2 Seismic effectiveness analysis of structure with EDCs

The finite element model analysis was carried out under the action of Japan 311
earthquake. The minimum values of inter-story shear envelope value and inter-story
displacement envelope value were selected as the selection criteria, and the working
conditions with better seismic performance were selected as working conditions 11, 19
and 28.The maximum inter-story shear of pure frame structure is compared with that of
working conditions 11, 19 and 28, as shown in Table 2.11.

Table 2.11 The maximum inter-story shear reduction rate

The maximum inter-story shear(kN)
Story | Pure Condition | Reduction | Condition | Reduction | Condition | Reduction
frame 11 rate 19 rate 28 rate
1 9128 6413 29.7% 6408 29.8% 6408 29.8%
3 8631 5259 39.1% 5340 38.1% 5340 38.1%
4 8000 5025 37.2% 4985 37.7% 4985 37.7%
5 7060 4668 33.9% 4580 35.1% 4580 35.1%
6 5754 3968 31.0% 3909 32.1% 3909 32.1%
7 4098 2790 31.9% 2757 32.7% 2757 32.7%
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[ 8

| 2171

| 1380

| 36.4%

| 1377

| 36.6%

| 1377

| 36.6%

It can be seen from the table that, compared with the response results of the pure
frame structure, the maximum inter-story shear of the structure with EDCs can
decrease by more than 30% under three working conditions, indicating that the EDC
can well reduce the internal force of the structure.

The maximum inter-layer displacement reduction rate of working conditions 11,
19, 28 and pure frame structures are compared, as shown in Table 2.12.

Table 2.12 The maximum inter-story displacement reduction rate

The maximum inter-story displacement
Story | Pure Condition | Reduction | Condition | Reduction | Condition | Reduction
frame 11 rate 19 rate 28 rate
1 0.008529 | 0.005381 | 36.9% 0.005455 | 36.0% 0.005455 | 36.0%
3 0.008664 | 0.005290 | 38.9% 0.005378 | 37.9% 0.005378 | 37.9%
4 0.009663 | 0.005781 | 40.2% 0.005897 | 39.0% 0.005897 | 39.0%
5 0.009396 | 0.005804 | 38.2% 0.005710 | 39.2% 0.005710 | 39.2%
6 0.008192 | 0.005166 | 36.9% 0.005082 | 38.0% 0.005082 | 38.0%
7 0.006520 | 0.004236 | 35.0% 0.004165 | 36.1% 0.004165 | 36.1%
8 0.004185 | 0.002755 | 34.2% 0.002731 | 34.7% 0.002731 | 34.7%

The table shows that, compared with the pure frame structure response results,
the inter-story displacement reduction rate of the structure with EDCs can reach more
than 35% on average. The reduction rate of the fourth story which is the weak story can
reach 40%. It indicates that the EDC has a good control effect on the interlayer
deformation of the structure under the action of earthquake.

2.3 Recommended design method for EDCs

The design of a frame structure with EDCs is based on setting reasonable
defense targets and performance requirements. In the real situation, a trade-off needs
to be made between defensive objectives (performance requirements) and economics.
The code for seismic design of buildings introduces the content of performance design
and classifies structural damage into 5 levels, i.e. basically intact, minor damage,
moderate damage, severe damage and collapse. For civil engineering, compared with
the bearing capacity of components, structural deformation can better reflect the overall
performance of the structure, especially the performance of the structure in the elastic-
plastic stage.

The maximum interlayer relative deformation of the structure is used as the
overall performance index of the structure, and the corresponding relationship between
the performance index of the structure and the five failure levels (performance levels) is
obtained, as shown in Table 2.13. In the table, [Aue] and [Aug] represent the elastic and
elastic-plastic story-drift of the structure. For steel structure, [Aue] and [Aup] are 1/250
and 1/50 respectively. And for reinforced concrete frame structure, [Aue] and [Aup] are
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1/550 and 1/50 respectively.

Table 2.13 The corresponding relationship between the structural performance level
and the maximum story-drift

Failure levels . .
(Performance basically minor moderate severe collapse
levels) intact damage damage damage P
Maximum ~ _ >
story-dift <[Au,] 1.5~2)[Au,] | (3~4)[Au,] | <0.9[Au] [Au,]

2.3.1 Hypothetical arrangement of EDCs

The design method for EDCs proposed in this paper is based on the specific
arrangement of EDCs. According to the arrangement of EDCs above, the hypothetical
arrangement of EDCs is given, as shown in Table 2.14.

Table 2.14 Hypothetical arrangement of EDCs

Form Replace structural column
Location Corner or side columns
Designed by moment of inertia:
Column limb section :% X Structural column section
moment of inertia
Column limb spacing About 1.5m
Number of energy-
dissipative linkages About 4 at standard story
per story
Rigid connecting rod The same as the column limb
section section

2.3.2 Recommended design process

Based on the specific arrangement of energy-dissipative connecting rod, the
recommended design value is given through the analysis of damping performance
parameters of the structure with EDCs. It is suggested that the value range of the ratio
between the initial stiffness of energy-dissipative mild steel and the equivalent lateral
stiffness of the structural layer is 0.1-0.25. The yield displacement dy can be the yield
displacement of common mild steel damper 0.5mm, 1mm, 2mm, 3mm and 4mm. And
when the greater the stiffness value of mild steel connecting rod, the yield displacement
value shall be correspondingly small.

For a three-dimensional spatial structure, based on the arrangement of EDCs
assumed in table 2.14 and the parameter analysis conclusions above, this study gives
the proposed design method of EDCs. The design process is shown in Fig. 2.7.
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dy of energy-dissipative unit

v
End

Fig. 2.7 The recommended design process of EDCs
3. EXAMPLE

Based on the proposed method, the steel structure model arranged with
bidirectional EDCs is designed. In the next step, the seismic performance of steel frame
structure with bidirectional EDCs and steel frame structure with bidirectional oil
dampers are compared.

3.1 Design of structure model with bidirectional EDCs

3.1.1 The establishment of steel structure model with bidirectional EDCs

Taking the 311 earthquake as the designed ground motion, the EDCs in the EW-
direction of the structure are designed with the seismic performance target that the
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reduction rate of the maximum story-drift under the earthquake is more than 30%. Four
EDCs are used to replace the four side columns of the structure. The arrangement of
energy-dissipative connecting rods is in accordance with the assumed arrangement (in
the same direction as NS), that is, 4 energy-dissipative connecting rods are arranged in
each story (9 energy-dissipative connecting rods are arranged in the first empty story).
The design performance parameter of the energy-dissipative mild steel connecting rod
is yield displacement 1mm, and the initial stiffness is 0.15 times of the equivalent lateral
stiffness of the floor.

The steel structural model with bidirectional EDCs is shown in Fig. 3.1. There are
4 EDCs in EW-direction and NS-direction respectively, and there are 8 EDCs in total.

(a) Three view drawing (b) Three-dimensional filling diagram
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(c) Perspective drawing

Fig. 3.1 Steel structure model with bidirectional EDCs

3.1.2 Modal analysis of the steel structure model with bidirectional EDCs

The modal analysis of the steel structure model with bidirectional EDCs is carried
out and the modal information of each order of the structure is obtained. The first three
vibration modes of the structure are shown in Fig. 3.2. It can be seen from the figure
that, after the arrangement of bidirectional EDCs, the first order mode of the structure
changes from Y-axis (NS-direction) translation mode to X-axis (EW-direction)
translation mode, and the second order mode of the structure changes from X-axis to
Y-axis translation mode, and the third order mode of the structure is still torsion around
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the Z-axis.

(c) Third-order mode (Z-axis torsion mode)

Fig. 3.2 The first three modes of the steel structure model with bidirectional EDCs

The basic dynamic characteristics of the steel structure with bidirectional EDCs
and pure frame structure are compared, and the resonance frequency of the structure
is shown in Table 3.1.
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Table 3.1 Comparison of dynamic characteristics between the steel structure with
bidirectional EDCs and pure frame structure

Frequency of the structure (Hz)
Model pure frame the steel structure with
structure bidirectional EDCs
1 0.79785 0.79033
2 0.84773 0.81575
3 0.89455 0.92973

It can be seen from the table that, compared with the pure frame structure, the
fundamental frequency of the steel structure with bidirectional EDCs slightly increases
in the Y-axis and decreases in the X-axis, which is because the arrangement of the
bidirectional EDCs causes changes in the stiffness of the structure in all directions.

3.2 Comparison of seismic performance of steel structure with bidirectional EDCs
and steel structure with oil dampers

Nonlinear time history analysis is carried out for steel structure with bidirectional
EDCs and steel structure with oil dampers (structural model is shown in Fig. 3.1 (a) and
Fig. 2.2.)

3.2.1 Nonlinear time history analysis

The 311 earthquake, 20110407 aftershocks measured at the site where the
structure is located and the typical seismic wave EI Centro wave which is applicable to
the site (type | site) are selected as time-history analysis conditions. All the three time-
history working conditions adopt two-way ground motion input mode. Among them, the
311 earthquake and 20110407 aftershocks directly adopt measured ground motion as
input, and El Centro wave modulates amplitude according to the 7-degree rare
earthquake standard (PGA220gal). The seismic amplitude of X-axis and Y-axis input is
220gal and 187gal respectively. The three time-history conditions are shown in Table
3.2.

Table 3.2 Nonlinear time history analysis working conditions

Working PGA (gal)
condition Earthquake wave X-axis Y-axis
1 311 earthquake 354 258
The site measured
2 20110407 aftershocks 176 289
3 El Centro wave 220 187
3.2.2 Result

The damage degree of the structure in the earthquake disaster can reflect the
seismic performance of the structure. The story-drift of the structure is selected as the
damage index (Zhou Kui 2011; Yan yan 2016). Under three working conditions, the
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envelop values of story-drift of the structure with oil dampers and the pure frame
structure in EW-direction and NS-direction are shown in Fig.3.3 and Fig.3.4.
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Fig.3.4 The maximum story-drift of the structure in NS-direction

It can be seen from the figure that the maximum story-drift response values of
EW-direction and NS-direction floors of the structure with EDCs under the action of
three ground motions are significantly smaller than the corresponding values of the
structure with oil dampers, indicating that the seismic performance of the structure with
EDCs is better than that of the structure with oil dampers. At the same time, the
effectiveness of EDC is proved, and the feasibility and effectiveness of the proposed
design method of EDC are also verified.

4. CONCLUSIONS

In this paper, the general finite element software SAP2000 is used to set up a
steel structure model with EDCs. The seismic performance of steel frame structure with
EDCs is analyzed, which verify the effectiveness of shock absorption of single-direction
EDC in three-dimensional structure. And the recommended design method of EDC is
proposed. A steel structure model with bidirectional EDCs is designed by the proposed
method. It is found that the seismic performance of steel frame structure with
bidirectional EDCs is higher than that of steel frame structure with oil damper after
nonlinear time history analysis. The effectiveness of the design method of EDC has
been proved, and it is illustrated that the steel structure with bidirectional EDCs has
two-way damping effectiveness at the same time. Due to the basic functions of the
finite element software, the exit mechanism of components after damage failure is not
defined, so the structural response obtained by this analysis may be smaller than the
actual response. The definition of exit mechanism of energy dissipation components
after damage failure can be studied by means of secondary development software.
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