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ABSTRACT: A new mathematic model of location optimization for displacement-based energy 
dissipative devices subjected to earthquake was proposed, expressed as a linear combination of 
three non-dimensional items which can assess both security and cosiness. Three performance 
indices were considered in this model. Five kinds of combination modes of the three indices in 
optimal function are then supposed. To obtain the optimal coefficients combination of the three 
indices, non-linear step-by-step time history analyses are carried out. This paper dealt with the 
response control when these dampers were optimally located for several building models with 
different number of stores and ground motions. Numerical analyses using genetic algorithms 
verify the validity and feasibility of the new objective function and some meaningful 
conclusions are given. 
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1 INTRODUCTION 

The technique of energy dissipation is a kind of passive structure control means. The basic role 
of passive energy dissipation devices is to absorb or consume a portion of the input energy 
brought by earthquake and wind, thereby reducing the structural response and protecting 
structural members. Energy dissipation devices are classified as displacement-based and 
velocity-based devices in the China Seismic Code. Metallic yielding and friction dampers are 
the most widely used displacement-based devices. Their force-deformation responses are only 
dependent on the relative displacement between each end of the device. These devices are 
applied in seismic control of all kinds of buildings broadly because they rarely need to be 
repaired after installed and have economical, simple conformation performance. 

When a structure with energy dissipation devices is designed, the optimal locations of the 
devices will have a significant effect on the reducing of response and achieving of desired 
design objectives. Commonly, it may be convenient to distribute the devices to every storey or 
one storey-interval. However, such a placement may be uneconomical and not the most 
effective means because installation of dampers may increase the stiffness of the corresponding 
storey and enlarge the responses of neighboring stories (Qu & Li (2008)). Therefore, the optimal 
design studies cause designers’ interest. In the past decades, many overseas scholars (Zhang & 
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Soong (1992); Milman & Chu (1994); Takewaki et al.(1999); )have contributed themselves to 
the research on optimal location of dampers in structures. Singh & Moreschi (2002) utilized 
genetic algorithms to study the layout and parametric optimization of viscous and viscoelastic 
dampers to achieve a desired performance. In the literature, many domestic researchers (Zhou et 
al. (1998)) have suggested different practical schemes for optimal design of velocity-based 
dampers. As displacement-based energy dissipative devices present highly nonlinear 
characteristics, the installation of such dampers in a structure will render it to behave non-
linearly even if all other structural members are designed to remain linear. Therefore, the 
analysis of structures with these devices must be done by a step-by-step time history analysis. It 
is an involved problem to determine the optimal design parameters of these devices with such 
nonlinear time history analysis method. Investigations are not enough and mainly focus on 
parametrical optimization. 

The main objective of this research is to study the optimal position of displacement-based 
energy dissipative devices with fixed numbers. A new mathematic model of location 
optimization for these devices subjected to earthquake is established. Three seismic response 
performance indices are considered in this model. To achieve the optimal coefficients of storey-
drift angle, acceleration and storey-displacement indices, this paper deals with the optimal 
location of the dampers for several building models with different number of stores and ground 
motions. Numerical analyses are illustrated to verify validity and feasibility of the model for 
structural control, in which a genetic algorithm is used. 

2 ANALYTICAL MODELING 

2.1  Force-Deformation Relationship Model of Displacement-based Devices 

The displacement-based devices are installed in series with bracings at the inter-storey of 
structures. The force-deformation model has often been expressed as the bilinear model. The 
combination of a damper and the bracing is called as the device-brace assembly. The initialized 
and the second stiffness of the assembly can be expressed as  
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Where  and  represent, respectively, the initialized stiffness and the second stiffness;  
are stiffness of the bracing.  

0dk 1dk bk

The combination stiffness of the assembly for friction dampers can be predigested as  

                                                bdb kk =0 ; 01 =dbk  (2) 

2.2  System Equations of the Controlled Structure 

The equations of motion of an N degree of freedom building structure with displacement-based 
energy dissipation devices subjected to earthquake can be written in the following form: 

[ ][ ] [ ][ ] [ ( , )] [ ( )] [ ][ ]db gm x c x g x x g x m x+ + + = −  (3) 

Where [ and represent, respectively, the N×N mass and inherent structural damping 
matrices of the structure; [

]m [ ]c
]x is the N-dimensional relative displacement vector with respect to 

the base; [ ]x and [ ]x are relative velocity and acceleration vector of N-dimension; [ ]gx is the 
seismic excitation; [ ( , )]g x x represents force matrix of the structure, which depends on the 
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]structural force-deformation relationship model; [ ( is force matrix of device-bracing 
assembly, which can be confirmed by hysteretic model of energy dissipation devices. 

)dbg x

3 OPTIMIZATION BASED ON GENETIC ALGORITHMS 

3.1  Objective Function 

How to bring forward an objective function is a core in optimal design. To design a structure 
with energy dissipation devices, the optimal location of dampers can make the performance 
indices be restricted within desired objectives as the number of dampers is limited. The optimal 
solutions are often different when the optimization formulations are diverse. For example, if the 
acceleration control is considered as the performance index, the optimal location can give a 
better limit for the acceleration. In the literature (Moreschi & Singh (2003)), several 
optimization formulations have been proposed with different indices. These indices all focus on 
the deformation of the structure, which should not be regarded as the only index to reduce 
especially for high-rise. It is a crucial problem to put forward an optimization formulation 
considering different indices of seismic responses and to confirm the combination of 
coefficients for all the indices. 

There are two main indices which can display the deformation of the structures, one is the 
storey-drift angle and the other is the largest displacement especially for high-rise (The Code 
2002). With the development of passive response control, storey acceleration should also be 
considered as a performance index. In the literatures, optimization formulation contained 
indices only reflect one aspect of seismic control, such as deformation, this result in an optimal 
control of deformation but may magnify acceleration quantities. A new optimization 
formulation is presented, expressed as a linear combination of three non-dimensional items, 
which include both security and cosiness. In order to avoid the optimal solution comfortable 
only for the special earthquake excitement, three seismic records are used for every kind of site 
in the step-by-step time history analyses. The optimization formulation can be written in the 
following form: 

max max max

0,max 0,max 0,max

a uZ
a u

θα β γ
θ

= + +  (4) 

Where maxθ and 0,maxθ  represent, respectively, the largest storey-drift angle of structures with 

and without additional energy dissipative devices;  and are the largest absolute 
displacement of structures with and without devices; and  represent the largest 
absolute acceleration of structures with and without devices;

maxu 0,maxu

maxa 0,maxa
α , β  and γ are weight numbers, 

which have different values according to the demand of application in engineering. The object is 
to minimize the function Z which means three indices of the structure are all restricted in 
general. 

3.2 Optimal Variable 

In the context of the problem of optimal location of dampers using genetic algorithms, optimal 
variables need to be confirmed. It is expressed as a matrix of position P consisting of 0 and 1, 
which indicate to locate a damper if the number is one. Premising a determinate number of 
dampers, the optimal variable shows different positions of number 1 and 0. The dimension of 
the positional matrix is decided by the level number of the structure. For example, if dampers 
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are located one at every of the second, third and forth floor of a 6-storey structure, the matrix of 
position can be written as follow: 

[ ]0 1 1 1 0 0P =  

System analysis and location optimization procedures are programmed adopting Matlab 
programming language. Programs based on genetic algorithms are utilized to obtain the optimal 
matrixes of position which can show the optimal placement of dampers. Then dampers are 
located as position matrixes P and step-by-step time history analyses are done to verify the 
effect of dampers’ placement on structural responses control. 

 

4 NUMERICAL ANALYSES 

In order to realize the different optimal locations of dampers to diverse structures at different 
type of sites, three structures represent low, moderate and high rise height separately are chosen 
in this paper. The positional optimization of displacement-based energy dissipative devices 
(yielding metallic dampers are considered) are processed according to different four site 
conditions. For each type of site, three earthquake records are selected having the close period 
with the characteristic one of corresponding site, shown in table 1. The maximum values of 
earthquake records are adjusted to 400gal. The parameters of genetic algorithms are taken as: 
the number of population is 20, the terminate generation of genetic operation is 300, probability 
of mutation is 0.2 and the probability of crossover is 0.8. 

Table 1. Earthquake records 

Site Number Records Station Component
1 San Fernando

（1971/2/9） 
0284 Santa Felicia Dam, CAL. EW 

2 Kobe(1996/1/17) Jma-Jma EW 

 
Ⅰ 

3 Imperial Valley 
(1979/10/15) 

0286 Superstition Mountain, CA N45E 

1 Imperial Valley 
(1940/5/19) 

El Centro array #9,180 NS 

2 Whittier (1987/10/1) Los Angeles-Obregon Park EW 

 
Ⅱ 

3 Tars Northridge 
(1994/1/17) 

Tarzana-Cedar Hill Nursery A NS 

1 Northridge (1994/1/17) Saticoy ST., Northridge, CA S90E 
2 San Fernando (1971/2/9) Hollywood Storage P.E.LOT, Los 

Angeles 
90 

 
Ⅲ 

3 Kern County (1952/7/21) 0453  Taft  Lincoln School Taf021 
1 Loma Prieta (1989/10/18) Foster City-Redwood Shores 00 
2 Ninghe Tianjin 

(1976/11/25) 
02001 Tianjin Hospital NS 

 
Ⅳ 

3 Loma Prieta (1989/10/18) Treasure Island 90 

4.1 Parameters of Dampers and Structural Buildings 

Three buildings are chosen to be analyzed. The ratio of structural damping is 0.05. Numbers of 
the yielding metallic dampers installed in the three buildings are two, five and ten, respectively. 
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Initial stiffness of the device-bracing assembly is 2.928×108N/m, 1.64×108 N/m and 8×108 N/m. 
The yield deformation of dampers is 4mm. 

Building 1: For a 6-storey shear building, the parameters are taken as follow: the mass is 
8.75×104 kg uniformly; the story stiffness are 1.464×108N/m in 1st and 2nd floor,  1.695×108N/m, 
1.401×108N/m , 1.401×108N/m and 1.112×108N/m from 3rd to 6th floor. The height of story is 
4.2m for 1st floor and others are 3.3m. The damping ratio is 5%. 

Building 2: A 12-storey shear building is considered. The properties of this building are taken as 
follow: the mass is 9.9×104 kg in 1st floor, 8.6×104 kg from 2nd to 11th floor and 6.6×104 kg in 
12th floor; the story stiffness are 4.2×107N/m in 1st floor and 8.2×107N/m for other floors; the 
height of the story is 3.1m except for the 1st story which is 4.2m. The damping ratio is 5%. 

Building 3: For a 20-storey shear building, the parameters are taken as follow: the mass are 
3×105 kg from 1st to 5th floor, 2.5×105 kg from 6th to 10th floor, 1.75×105 kg from 11th to 15th 
floor and 1×105 kg from 16th to 20th floor; the story stiffness are 4, 3, 2 and 1×108N/m 
correspondingly. The height of story is 3.6m uniformly. The damping ratio is 5%.  

4.2 Combination of Coefficients in Optimal Function 

After many calculations and optimal analyses of controlled structures, five kinds of combination 
modes of weight numbersα , β  andγ are proposed, shown in table 2. 

Table 2. Combination modes of optimal coefficients 

Modes α β γ Objective of optimization 

1 1 0 0 Considering storey-drift angle only, namely security 

2 0.7 0.1 0.2 Taking storey-drift angle as the main factor 

3 0.5 0.3 0.2 The weight of storey-drift angle is half for the importance 

4 0.1 0.7 0.2 Taking acceleration as the main factor 

5 0 1 0 Considering acceleration only, namely amenity 

4.3 Optimal Results 

Utilizing the above combination modes of optimal coefficients in the objective function, the 
optimal locations of three structures for four types of site are given in table 3 to 5, which are get 
by time history analysis.  

Table 3. Optimal locations for the 6-storey structure 

Site Modes 1&2 Mode 3 Modes 4&5

Ⅰ 1 2 1 2 2 6 

Ⅱ 1 2 1 2 1 4 

Ⅲ 1 2 1 2 2 6 

Ⅳ 1 2 1 2 1 2 

Annotation: The numbers in the table represent the optimal locations, for example, number 1 and 2 mean 
dampers are positioned at the first and second floor of the building. 
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Table 4. Optimal locations for the 12-storey structure 

Site Modes 1&2 Mode 3 Modes 4&5

Ⅰ 1 6 7 11 12 1 6 10 11 12 2 5 6 8 9 

Ⅱ 1 2 3 8 12 1 2 3 10 11 1 2 3 10 11

Ⅲ 1 5 10 11 12 1 4 5 11 12 3 4 8 9 11 

Ⅳ 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

These results shown in table 3 to 5 indicate that optimal solutions are the same for combination 
modes 1 and 2, as well as the modes 4 and 5. In other words, the controlled effect of structural 
response is the same for modes 1 and 2, or for modes 4 and 5. Concisely, combination modes 1, 
3 and 5 are taken as the representations for analysis and illumination. 

Table 5. Optimal locations for the 20-storey structure 

Site Modes 1&2 Mode 3 Modes 4&5 

Ⅰ 2 7 8 9 10 11 12 13 14 15 1 3 7 9 13 14 15 16 18 20 4 6 9 10 13 14 15 16 18 20 

Ⅱ 6 7 8 9 10 11 15 16 18 20 7 8 9 10 11 14 15 16 18 20 7 8 9 10 11 14 15 16 18 20 

Ⅲ 1 2 3 6 11 12 13 15 16 20 2 3 7 11 12 14 15 16 18 20 1 2 7 8 12 14 15 16 18 20 

Ⅳ 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

 (1) 6-storey building 

The optimal locations are uniform for different types of site when coefficients are assumed as 
combination modes 1 and 3. The dampers are positioned concentrated at the bottom of the 
structure. That is, it has no influence on the optimal solutions for the low building chosen in this 
paper whether amenity is taken into account or not as the security factor is considered. When 
the weight numbersα , β  andγ  are assembled as mode 5, the optimal solutions are uniform for 
site and  with dampers located at bottom and top of the building and dampers are positioned Ⅰ Ⅲ
at bottom and middle part for site . Ⅱ  

(2) 12-storey building 

For site , the optimal locations are almost the same, with dampers locating at bottom, middle Ⅰ
part or top of the building. Numbers of dampers at top part for the mode 3 are more than the 
result for mode 1 as the accelerator factor is taken into accounted, while it has more dampers at 
middle part for the mode 5. For site , the optimal locations are uniform forⅡ  the mode 3 and 5 
with dampers positioned at bottom and top. For site , devices are mainly placed at top, Ⅲ and 
the others are located at deflective middle and bottom. The results are accordant for three modes 
in site .Ⅳ  

(3) 20-storey building 

For site , Ⅰ most dampers are located at middle part if coefficients are taken as the mode 1 
combination, while positions deflect to middle and top for the modes 3 and 5. Considering site 

, the optimal solutions are almost the same for three modes. For site , dampers are placed at Ⅱ Ⅲ
bottom, middle part and top uniformly. It concludes that the optimal locations are uniform for 
all the three modes in site , witⅣ h each in a floor at the nether structures.  
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4.4 Structural Analyses for Different Optimal Modes 

The step-by-step time history analysis is utilized to obtain the responses of structures at four 
types of sites, when dampers are located in structures according to the optimal results with three 
modes of coefficients combination 1, 3 and 5. For the 6-storey building, the optimal results of 
the modes 1 and 3 can reduce more response of maximum displacement than the mode 5 for 
four types of site. As far as acceleration reduction is concerned, optimal results of three modes 
all have ideal control effect at site and . For site , the reduction of accelerator for every Ⅱ Ⅳ Ⅰ
storey are even when optimal locations are obtained at mode 1 and 3, and it is better than 
response reduction of the structure without energy dissipative devices. When objective function 
adopts coefficient combination of the mode 5, the optimal location results in magnify of the 
response at bottom, though the reduction of responses at top are ideal. 

As far as the 12-storey building is concerned, for site ,  and , the maximum of absolute Ⅰ Ⅱ Ⅲ
displacement is best controlled for the mode 3, and the maximum of storey-drift angle have 
been reduced well for the modes 1 and 3. The value of maximum of absolute acceleration are 
either enlarged or reduced at different stores for three modes. 

For the 20-storey building, as far as displacement reduction is concerned, the optimal results for 
the modes 1 and 3 are better than the mode 5. For site  and , middle part and bottom of Ⅰ Ⅲ the 
building can gain better control for the mode 3, and for the mode 1 middle part and top have 
better condition. On the contrary, optimal results of the mode 3 have better reduction at middle 
part and top for site . TakⅡ ing acceleration control into consideration, the mode 3 and 5 can 
give better optimal results, while accelerations are enlarged for site  and  when efficient Ⅰ Ⅲ
combination adopts the mode 1. 

As the space of the paper is limited, structural analysis results for different optimal modes will 
not be listed in detail here and only two envelope diagrams of the 12-storey building for 
different combination modes are displayed in figure 1. 

 

Fig 1. Envelope diagram of maximal displacement and acceleration (12-storey structure, site )Ⅰ  

5 CONCLUSION 

1) Generally, the optimal locations are different when coefficients of objective function are 
combined in different modes. For the five kinds of combination modes of coefficients, the 
modes 1, 3 and 5 are representative. Numerical results for three structural buildings at four types 
of site indicate that the combination mode as 0.5α = , 0.3β = and 0.2γ =  is the most logical 
one to obtain effective reduction in earthquake-induced responses, because both security and 
amenity are taken into consideration. 
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2) Optimal solutions are usually different for different sites. As far as the buildings presented in 
this paper are concerned, supplementary energy dissipation devices have the same positions at 
site Ⅳ whatever kind of mode is adopted. The dampers are all placed at bottom averagely. The 
objective function can be predigested as: max 0,maxmin /Z θ θ= . For site , the optimal locations Ⅱ

are the same when coefficients are taken as 0.5α = , 0.3β = and 0.2γ = , or as 1β = , 
0α γ= = . The objective function can be written as follows: max 0,maxmin /Z a a= . 

3）It has no influence on the optimal solution for the low building chosen in this paper whether 
amenity is taken into account or not as the security factor is considered for four types of sites. 
The dampers are placed at the bottom of buildings. However, it has great influence on high-rise 
buildings whether the acceleration factor is taken into consideration in the objective function or 
not. 
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