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Abstract: 

Optimal placement of viscous dampers is essential for improving the seismic 

performance of high-rise buildings. However, existing metaheuristic algorithms often 

fail to achieve rapid global convergence because their lack an adaptive mechanism 

that can respond to structural behavior. This study proposes a dynamic target-oriented 

krill herd algorithm (DTOKH) for optimizing viscous damper placement in high-rise 

buildings subjected to seismic loads. The introduced dynamic search mechanism 

adaptively adjusts the population’s inertia weight according to the structural dynamic 

response, thereby enhancing the global convergence of the algorithm. The 

effectiveness of DTOKH is verified using three high-rise building examples, with 
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inter-story drift angle adopted as the key seismic performance index. The results show 

that, compared with other optimization methods reported in the literature, DTOKH 

achieves better global search. Further analysis of the placement schemes reveals 

distinct damper distribution patterns among different structural systems. In shear and 

frame structures, dampers are mainly concentrated in regions with large inter-story 

drift. In truss structure, however, due to more complex modal characteristics, dampers 

need to be widely distributed across the lower, middle, and upper floors. 

Keywords: damper placement, dynamic search mechanism, target-oriented krill herd, 

high-rise buildings 

 

1. Introduction 

Buildings are becoming taller and more complex, which places greater demands on 

their ability to resist various external loads, especially seismic loads (Zhu et al. 2011; 

Zheng et al. 2019; Wen et al. 2002). During an earthquake, ground motion transfers a 

large amount of energy to structures. Even relatively weak seismic motions may cause 

severe structural damage and numerous casualties (Park et al. 1985; Hancock and 

Bommer 2006; Yamada et al. 2025). To reduce the inelastic energy dissipation 

demands of structural frame systems, viscous dampers are widely used in both new 

and existing structures because of their strong adaptability, easy installation, and 

simple design (Lee and Taylor 2001; Domenico et al. 2019b; Pollini 2023). However, 

damper placement plays a crucial role in seismic design and requires a balance 

between cost-effectiveness and seismic performance. The complex structural 

characteristics of high-rise buildings further increase the difficulty of optimizing 

damper locations (Mcnamara and Taylor 2003; Pei et al. 2025). 

Numerous studies have investigated the optimal placement of dampers 
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(Constantinou et al. 1998; Takewaki 2000a; Singh and Moreschi 2001; Lavan and 

Dargush 2009; Domenico and Ricciardi 2018). Over the past few decades, a series of 

analytical methods have been developed (Zhang and Soong 1992; Wu et al. 1997; 

Shukla and Datta 1999; Lavan and Levy 2006; Elias and Matsagar 2018). For 

example, Gluck et al. (1996) used linear quadratic regulator theory to determine the 

optimal location of additional dampers in multilayer structures. Takewaki (1997) 

derived an optimality criterion for damper location, which can be applied to any 

structural system modeled by the finite element method. Shortly thereafter, Takewaki 

(1998) proposed a more practical steepest descent search algorithm, which has been 

widely used to identify optimal damper placement under various optimization 

objectives (Takewaki 2000b; Takewaki 2009; Akehashi and Takewaki 2020). Beyond 

analytical methods, gradient-based optimization methods have attracted attention for 

damper placement in more complex engineering structures because of their simplicity 

and low computational cost (Garcia 2001; Chen and Wu 2001; Garcia and Soong 

2002; Cimellaro and Retamales 2007; Daniel and Lavan 2014; Wang and Mahin 2018; 

Domenico et al. 2019a; Ou et al. 2025). For instance, Lavan and Levy (2005) derived 

the constrained gradient expression and then adopted a gradient-based optimization 

algorithm to solve the optimal design of viscous dampers in irregular shear frames 

under yield conditions. Attard (2007) employed a gradient-based optimization 

algorithm to optimize the placement of viscous dampers for controlling inter-story 

drift, post-yield curvature, and plastic damage in steel structures. Other extensions, 

such as interpolation functions (Pollini et al. 2017), mixed-integer programming 

methods (Kanno 2013), and semi-analytical gradient methods (Domenico et al. 2022), 

have also been proposed. However, as the number of stories in high‑rise building 

increases, the search space expands rapidly, and gradient-based approaches tend to 



4 

converge prematurely. 

In recent years, metaheuristic algorithms have become effective tools for damper 

placement because of their strong global search capabilities, independence from 

gradient information, and suitability for parallel computation (Movaffaghi and Friberg 

2006; Caicedo et al. 2021). For example, the genetic algorithm (GA) has been applied 

to optimize damper placement in a 20-story benchmark building (Wongprasert and 

Symans 2004), a steel moment-resisting frame (Apostolakis and Dargush 2010), an 

11-story frame (Babaei et al. 2023), and an 8-story planar reinforced concrete frame 

(Xu et al. 2024), significantly improving structural seismic performance. However, 

GA may suffer from premature convergence. Sonmez et al. (2013) employed an 

artificial bee colony (ABC) algorithm to optimize both the arrangement and size of 

viscous dampers, thereby improving the seismic performance of planar frame systems. 

However, the ABC algorithm is sensitive to parameter settings and has limited local 

exploitation capabilities. Amini and Ghaderi (2013) proposed a hybrid ant colony and 

harmony search algorithm (AntHS), which alleviates stagnation by quickly locating 

promising regions in the search space, but at the expense of high computational cost. 

Similarly, the firefly algorithm (FA) has been shown to be effective for determining 

the size and location of dampers in pedestrian bridge, but its global search 

performance tends to decline in high-dimensional problems (Miguel and Lopez 2015). 

Other metaheuristic methods, including coral reef optimization with substrate layers 

(Salcedo-Sanz et al. 2017), the bat algorithm (BA) (Çerçevik et al. 2021), particle 

swarm optimization (PSO) (Ayyash and Hejazi 2022), and NSGA-II multi-objective 

optimization (Liu et al. 2024), have also been explored and shown promise in various 

optimization scenarios. Despite these advances, the high-dimensional damper 

placement problem still faces two persistent challenges. First, the curse of 
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dimensionality causes an exponential increase in the search space. Second, the rapid 

variation in feasible solutions makes fixed algorithm parameters less suitable. These 

challenges highlight the need for a more efficient global optimization method for 

determining the optimal placement of dampers in high-rise buildings. 

The target-oriented krill herd (TOKH) algorithm is a recently developed 

metaheuristic for discrete search problems (Cheng et al. 2024). By integrating 

crossover operator and an improved local mutation and crossover (ILMC) operator, 

TOKH achieves a good balance between exploration and exploitation, and offers 

strong scalability, which makes it a suitable basic algorithm. However, its stability and 

search performance still need improvement for optimal damper placement problems. 

Building on this, we propose an enhanced framework called DTOKH, which 

incorporates a dynamic search mechanism into TOKH. This mechanism adaptively 

adjusts the population inertia weight according to the maximum inter-story drift angle, 

thereby tracking rapid changes in feasible solutions and efficiently identifying feasible 

damper configurations. Unlike traditional adaptive inertia weight strategies that adjust 

search behavior based on iteration progress, the proposed dynamic search mechanism 

uses structural dynamic response as a feedback signal to guide population 

convergence. This mechanism is more targeted and leads to better seismic 

performance of the resulting damper placement scheme. By combining the dynamic 

search mechanism with TOKH, the proposed DTOKH framework accelerates 

convergence while maintaining a global search for feasible damper configurations. 

The rest of the paper is organized as follows. Section 2 presents the problem 

statement, and Section 3 describes the DTOKH algorithm and its dynamic search 

mechanism. Three examples of damper placement in high-rise buildings and 

algorithm comparison results are presented in Section 4. A brief discussion and the 
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conclusions are presented in Sections 5 and 6 respectively. 

 

2. Problem statement 

This section presents a detailed formulation of the damper placement optimization 

in structures. Section 2.1 establishes the structural dynamic model based on equations 

of motion, which are typically solved using time-history analysis. Section 2.2 then 

formulates the optimization problem for determining the optimal damper placement.  

 

2.1 Structural system 

Optimal damper placement requires evaluating the structural response under 

different damper configurations and feeding the results back into the optimization 

algorithm for iterative search. The structural response can be obtained from the 

dynamic analysis of the story model, in which the design variable represents the 

damper distribution over the stories. 

In general, the force generated by a linear viscous damper is determined by its 

instantaneous relative velocity, which can be expressed as: 

 ( ) ( )eqF t c u t= −  , (1) 

where ceq is the equivalent damping coefficient, and ( )u t  is the relative velocity. 

   The equation of motion for a typical structural system with viscous dampers 

installed can be written in matrix form as (Adhikari and Woodhouse 2001):  

 ( ) ( ) ( ) ( ) ( )gt t t t+ + + = −
ZMu C C u Ku MIx , (2) 

where M, C, and K are the mass, damping, and stiffness matrices, respectively. CZ is 

the additional damping matrix contributed by the dampers. ü(t), u̇(t), and u(t) denote 

the acceleration, velocity, and displacement vectors of the main structure, respectively. 

xg̈(t) is the ground acceleration, and I is the influence coefficient vector, consisting of 



7 

0 or ±1, depending on the absence or presence of damper forces or their reactions in 

the corresponding degree of freedom. Eq. (2) is typically solved using classical time-

history analysis methods, such as the Newmark-β method and the Wilson-θ method. 

 

2.2 Optimization problem 

After establishing the structural model, the next step is to determine the optimal 

locations to reduce the dynamic response under external excitations such as ground 

motion. The objective of this study is to determine the optimal placement of viscous 

dampers in high-rise structures to minimize the maximum inter-story drift under 

ground motion. This is a discrete optimization problem, where the damper 

configuration is represented as: 

 X = (x1, … xi …, xn),  (3) 

where X is the design vector and xi denotes the number of dampers installed on the i-

th floor (i = 1, …, n). Here, n is the total number of stories. 

   The time variable t ∈ [0, T] describes the duration of the seismic excitation and is 

used only for evaluating the structural response, rather than as a design variable. 

Design constraints, such as the total number of dampers and displacement limits, are 

expressed as g(X) ≤ 0. 

    The worst-case inter-story drift angle (Cai et al. 2014) is defined as: 

 max
1
0

( , ) max ( , )i
i n
t T

T t 
 
 

=X X
, (4) 

where T is the duration of the seismic motion. i(X, t) is the inter-story drift angle of 

the i-th floor under configuration X at time t. max(X, T) is the maximum inter-story 

drift angle within the time interval [0, T]. The objective function is then given by 

 max( ) ( , )f T=X X . (5) 
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And the optimization problem can be expressed as: 

 min ( ) subject to ( ) 0f g 
X

X X . (6) 

Since X is the design variable, this formulation minimizes the scalar objective f(X) by 

considering the maximum drift over the entire response history. 

   Optimizing viscous damper placement in high-rise buildings is a complex, high-

dimensional, and non-convex optimization problem. As the number of stories 

increases, the search space grows exponentially, while the seismic response evaluation 

remains computationally expensive. In addition, the dynamic coupling between the 

dampers and the structure introduces strong nonlinearity. Effective solution methods 

should therefore adjust the search strategy in real time to account for the evolving 

dynamic response of high-rise structures under ground motion. Adaptive tuning of the 

search parameters not only improves exploration of the solution space, but also helps 

avoid premature convergence to local optima. These characteristics motivate the 

development of advanced metaheuristic algorithms combined with dynamic search 

mechanisms. 

 

3. DTOKH algorithm for optimizing viscous damper placement 

To address the high dimensionality, non-convexity, and large search space 

described above, this section presents the DTOKH algorithm for solving Eq. (4). 

DTOKH enhances the original TOKH algorithm by introducing a dynamic search 

mechanism. Before presenting DTOKH in detail, the basic principle of the TOKH 

algorithm is first reviewed. 
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3.1 TOKH algorithm 

TOKH algorithm is an improved krill herd algorithm inspired by the natural 

behavior of krill swarms. During the optimization process, the krill herd converges to 

the best candidate solution through three movements (Gandomi and Alavi 2012): 

i) movement induced by surrounding krill, 

ii) foraging action, and 

iii) random perturbation. 

The Lagrangian model of these three movements in a D-dimensional search space 

is expressed as (Abualigah et al. 2017) 

 i

i i i

d

dt
= + +

X
N F D , (7) 

where id

dt

X
 is the speed of each krill individual, reflecting the changes in the 

population during the iteration process, and iN , iF , and iD  indicate the motions 

induced by surrounding krill, foraging action, and stochastic perturbation of the i-th 

krill individuals, which can be obtained using Eqs. (8), (10), and (12), respectively. 

The motion iN  is approximated according to the target swarm, local swarm, and 

excluded swarm. For krill i, this motion is modeled as (Abualigah et al. 2017) 

 
new max old

i i n iN = +N N , (8) 

where 

 
arglocal t et

i i i= +   , (9) 

and 
maxN  is the maximum induced rate, n  is the inertia weight of the movement, 

old

iN  is the last induced movement, local

i  and argt et

i  are the local and target effects, 

respectively (Abualigah et al. 2017). 
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The foraging action of iF
 
is influenced by the current location of the “center of 

food” and previous experience. The model of the i-th krill is (Abualigah et al. 2017) 

 
old

i f i f iV = +F F , (10) 

where 

 
food best

i i i= +   , (11) 

and 
fV  is foraging speed, 

f  is the inertia weight, food

i  is the food attraction, best

i  is 

the effect of the best fitness, and old

iF  is the last foraging motion (Abualigah et al. 

2017). 

    Physical diffusion iD  is affected by the diffusion rate. The model is expressed as 

(Gandomi et al. 2013) 

 
max

i D=D  , (12) 

where maxD  and  are the diffusion speed and random vector within the range [−1, 1], 

respectively (Gandomi et al. 2013). 

Based on these three movements, the location vector of a krill during the interval t 

to t + Δt is expressed as (Wang et al. 2016) 

 ( ) ( ) i
i i

d
t t t t

dt
+  = + 

X
X X , (13) 

where t is the current interval and Δt is the scale factor of the speed vector. 

   In addition, a crossover operator and an improved local mutation and crossover 

operator are introduced into the TOKH algorithm to enhance the algorithm 

performance. The Lagrangian model of crossover operator is expressed as (Cheng et 

al. 2024) 

 c best sub( ) ( )i i i = +  − −  −X X X X X X , (14) 

where Xc, Xi, Xbest, and Xsub denote the “cross krill”, “current krill”, “best krill”, and 
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“suboptimal krill” respectively.  and  indicate different random variables in the 

range of [0, 1] follow a normal distribution. 

In the improved local mutation and crossover operator, the population accelerates 

towards the superior of the “center of food” and “best krill”. Algorithm 1 provides the 

pseudocode of the improved local mutation and crossover operator. 

Algorithm 1：Pseudocode of the improved local mutation and crossover operator. 

Begin 

if   Xbest is better than Xfood 

         Xcross = Xbest 

else 

         Xcross = Xfood 

end if 

for j = 1 to d do 

         if rand ≤ 0.5 then 

             Wi(j) = Xcross(j) 

         else Wi(j) = Xcross() 

         end if 

end for j 

         Obtain the individual fitness value Wi 

if Wi is better than Xi then 

Xi = Wi  

end  

End 

In Algorithm 1, Xbest denotes the “best krill”. Xfood indicates the “center of food”, can 

be expressed as 1

food

1

n

i i

i

n

i

i

f

f

=

=



=







X

X  , where n is population size and fi represents the 

fitness of the i-th krill. d is the decision variable. Xi(j) is the j-th variable of solution 

Xi. Wi is the offspring. j is a random integer number between 1 and d obtained from a 

uniform distribution, and rand is a random variable in the interval (0, 1) obtained 

from a uniform distribution. Since the number of dampers is a discrete variable, the 

continuous position vector generated by the metaheuristic algorithm is floored to the 
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nearest integer in this study. 

Although TOKH provides strong global search capability, it lacks a mechanism for 

dynamically adjusting population convergence according to the structural vibration 

response. This limitation increases the risk of premature convergence when solving 

the optimal damper placement problem in high-rise buildings. 

 

3.2 Dynamic search mechanism 

   This subsection presents the principle of the dynamic search mechanism and 

explains how the population inertia weight is adjusted adaptively based on the 

structural response. 

The key to adaptive parameter adjustment is to update the inertia weight  

dynamically according to the maximum inter-story drift angle. The implementation is 

as follows: 

 max minmax( , )te   −=  , (15) 

 
1

min max min

1

( ) 1
t t

t

 
   

 

−

−

 −
= + − −  + 

 , (16) 

where  is the inertia weight. max is set to 1.0, and min is set to 0.1. t is the current 

iteration number, and  is the decay rate of  with min = 0.01 and max = 1. The 

parameter  controls the variation of . When the algorithm enters the later stage of 

the search and t ≈t-1,  tends toward max. This corresponds to a more conservative 

search behavior and promotes local exploitation around the current solution. The 

parameter  denotes the maximum inter-story drift angle obtained by the 

metaheuristic algorithm.  is a small positive constant introduced to avoid division by 

zero. 

Although adaptive parameter adjustment has been widely studied in swarm 
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intelligence algorithms, most existing methods focus on generic search control and are 

not explicitly linked to structural response. In contrast, the proposed mechanism is 

designed specifically for seismic structural optimization and uses structural dynamic 

response feedback to guide the search for damper placement. By updating the inertia 

weight according to the current maximum inter-story drift angle, the mechanism 

effectively balances global exploration and local exploitation. This adaptive strategy 

improves both optimization efficiency and accuracy, and it is well suited to 

determining the optimal placement of dampers in high-rise buildings. 

 

3.3 Implementation procedure 

   Based on the above analysis, the computational procedure of DTOKH algorithm for 

determining the optimal damper locations is summarized as follows. 

Step 1: Initialization.  Set the generation counter to t = 1. Randomly initialize the 

population P of NP krill individuals. Specify the foraging speed Vf, maximum 

diffusion speed Dmax, and maximum induced speed Nmax. 

Step 2:  Fitness evaluation. Evaluate the fitness of each krill individual according to 

the objective function in Eq. (6). 

Step 3: Motion calculation. Use Eq. (8) to calculate the motion induced by other 

individuals, use Eq. (10) to calculate the foraging motion, and determine the physical 

diffusion using Eq. (12). 

Step 4: Crossover operator. Cross the “best krill” and “suboptimal krill” using Eq. 

(14). 

Step 5: Population fine-tuning. Use Algorithm 1 to fine-tune the krill population and 

evaluate each krill based on its updated position. 

Step 6: Position update. Update the positions of the krill individuals in the search 
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space. 

Step 7: Inertia weight update. Update the inertia weight according to Eq. (15). 

Step 8: Iteration. Repeat Steps 2–7 until a stopping criterion is satisfied. 

Step 9: Output the best result. 

   Fig. 1 shows the flowchart of the DTOKH algorithm, with the proposed dynamic 

search mechanism highlighted in red boxes. 

 

Fig. 1 Flowchart of DTOKH algorithm 

   Based on these analyses, the complete pseudo code of the DTOKH algorithm can be 

described as shown in Algorithm 2. 

Algorithm 2: Pseudo code of the DTOKH algorithm 

Begin 

Step 1 Initialization: 

Set the generation counter to t = 1; initialize the population P of NP krill 

individuals randomly; set foraging speed Vf, maximum diffusion speed Dmax, 
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and maximum induced speed Nmax. 

Step 2 Fitness evaluation: Evaluate each krill according to its position. 

While t < Max number of function evaluations do 

for i = 1:NP (all krill) do 

Step 3 Motions calculations: 

i) Other individuals induced, can be obtained from Eq. (8), 

ii) The foraging motion, can be determined from Eq. (10), 

iii) Physical diffusion, can be replaced from Eq. (12). 

Step 4 Crossover operator: Cross the “best krill” with “suboptimal krill” to generate a 

“cross krill”.  

Step 5 Population fine-tuning: The krill population is fine-tuned using Algorithm 1. 

Step 6 Update krill position in the search space with Eq. (13). 

Step 7 Update the inertia weight by dynamic search mechanism. 

end for i 

Sort the population and find the current best. 

t = t + 1; 

Step 8 Repeat or end while. 

Step 9 Output the best result. 

End 

 

4. Numerical examples 

   This section evaluates the effectiveness of the DTOKH algorithm in optimizing 

damper placement in high-rise buildings through three numerical examples. In 

subsection 4.1, DTOKH is applied to a 22-story shear structure to demonstrate its 

basic utility. Subsection 4.2 further analyzes the reasons for the effectiveness of the 

proposed method using a 20-story frame structure. Subsection 4.3 evaluates the 

performance of DTOKH in optimizing the damper placement in a 26-story truss 

structure. Moreover, DTOKH is compared with methods reported in the literature, 

including GA (Wongprasert and Symans 2004), ABC (Sonmez et al. 2013), AntHS 

(Amini and Ghaderi 2013), BA (Çerçevik et al. 2021), PSO (Ayyash and Hejazi 2022), 

political optimizer (PO; Askari et al. 2020), and TOKH (Cheng et al. 2024). The 

parameter settings for these algorithms are listed in Table 1. The population size for 
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all algorithms is set to 30. To improve statistical reliability, each algorithm is run 

independently 30 times, and the initial damper configuration is randomly generated. 

To ensure a fair comparison, the same random initialization strategy is used in each 

independent run. 

The Kobe (January 17, 1995: EW), El-Centro (May 18, 1940: NS), and Tangshan 

(May 18, 1940: EW) earthquake records are used as input motions, where EW and NS 

denote the earthquake directions. Detailed information on these ground motions is 

given in Table 2. The optimization objective is to minimize the maximum inter-story 

drift angle for each structure. 

 

4.1 22-story shear structure 

In the first example, a structural designer aims to install viscous dampers on eight 

floors of a 22-story shear structure, as shown in Fig. 2. The first-order natural period 

of the structure is 3.04 s. The dynamic response is governed by Eq. (2), and the 

structural parameters are listed in Table 3. The structure has an inherent damping ratio 

of 0.05, and each viscous damper has a damping coefficient of 1.08 × 108 N·s/m. The 

objective is to install eight viscous dampers in the structure, with no more than one 

damper per floor. Dampers can be installed between any two adjacent floors, except 

between the ground and first floor. 

 

Fig. 2 22-story shear structure 
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Table 4 summarizes the damper arrangements obtained by DTOKH and seven other 

metaheuristic algorithms under the three seismic inputs. Considering search 

performance, DTOKH shows the best performance under the Kobe and El-Centro 

waves, with both its optimal and average results outperforming those of the other 

algorithms. This demonstrates the robustness of DTOKH under seismic excitations. 

For the Tangshan wave, the PO algorithm achieves the best performance. Although 

DTOKH is not the most efficient method in terms of computational cost, its search 

stability and solution quality remain competitive. In terms of damper distribution, 

DTOKH concentrates dampers on floors 1-8 under the Kobe wave, on floors 1-5 and 

9-11 under the El-Centro wave, and on floors 1-5 and 14-16 under the Tangshan wave. 

These results indicate that differences in seismic spectral characteristics influence the 

optimal damper placement. Overall, DTOKH demonstrates competitiveness in both 

solution quality and stability, confirming its effectiveness for damper placement 

optimization in the 22-story shear structure. 

Fig. 3 illustrates the iterative processes of the eight algorithms under the three 

ground motions. Since time-history analysis dominates the computational cost, the 

number of function evaluations (NFE) is used as the horizontal axis in the 

convergence plots to ensure a fair comparison among algorithms with different 

numbers of internal evaluations per iteration. Under the Kobe and El-Centro waves, 

DTOKH converges to better final solutions, indicating a more effective balance 

between exploration and exploitation. Under the Tangshan wave, PO achieves the best 

convergence performance. Nevertheless, DTOKH remains highly competitive and 

outperforms most of the other methods. These results show that DTOKH has robust 

optimization capability under different seismic excitations. 
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Fig. 3a Kobe wave 

 

Fig. 3b El-Centro wave 
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Fig. 3c Tangshan wave 

Fig. 3 Iterative progress of each algorithm for the 22-story shear structure 

Fig. 4 compares the inter-story drift angles of different control schemes for the 22-

story shear structure under three ground motions. The uncontrolled scheme exhibits 

the largest inter-story drift angle, highlighting the significant dynamic response of the 

structure without damping control. In contrast, the DTOKH-based placement scheme 

reduces the maximum inter-story drift angles by 30% to 53% under the three seismic 

inputs, compared with the uncontrolled case. In addition, the drift angles under the 

DTOKH scheme are more uniformly distributed along the height of the structure, 

outperforming the TOKH arrangement in both reducing and balancing the inter-story 

drift. This result demonstrates the potential of DTOKH for optimizing damper 

placement in high-rise shear structures. 
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Fig. 4a Kobe wave 

 

Fig. 4b El-Centro wave 
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Fig. 4c Tangshan wave 

Fig. 4 Envelope diagrams of inter-story drift angle for the 22-story shear structure 

In this example, an ablation study is conducted to examine the effect of the 

dynamic search mechanism. Specifically, the proposed mechanism is integrated into 

PSO to form DPSO, which is then compared with PSO and DTOKH. As shown in Fig. 

5, both DTOKH and DPSO outperform the corresponding basic algorithms in terms 

of global search performance. These results indicate that the dynamic search 

mechanism contributes to improving optimization performance. Although TOKH is 

used as the current basic algorithm, the proposed mechanism is not limited to TOKH 

and can also be extended to other population-based optimization algorithms such as 

PSO. 

   

Fig. 5a Kobe wave          Fig. 5b El-Centro wave      Fig. 5c Tangshan wave 

Fig. 5 Ablation study of the dynamic search mechanism 
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4.2 20-story frame structure 

The model in this example is a five-span, 20-story frame structure (Lewei et al. 

2014), as shown in Fig. 6. The structural parameters are listed in Table 5. The first-

order natural period of the structure is 2.85 s, and the inherent damping ratio is 0.05. 

The objective is to install 15 viscous dampers in the structure, with no more than one 

damper per span, which means that the total number of dampers on each floor does 

not exceed 5. Each viscous damper has a damping coefficient of 2.1 × 108 N·s/m. 

 

Fig. 6 20-story frame structure 

Table 6 presents the optimal damper placement and corresponding results obtained 

by the eight methods. DTOKH performs competitive in terms of both optimal and 

average values, demonstrating robustness and global optimization capability. 

According to the Wilcoxon rank sum (WRS) test, the optimization obtained by 

DTOKH are statistically significant when compared with those of the other 

algorithms. Although DTOKH is not the most computationally efficient method 

among the compared approaches, it achieves a good balance between solution quality 

and stability. In terms of optimal damper placement, DTOKH places dampers 

between floors 6-12 under the Kobe wave; under the El-Centro wave, the dampers are 

distributed across floors 3-12; and under the Tangshan wave, the dampers are 

concentrated between floors 3-12 with a more uniform distribution. Overall, the 
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results for the 20-story frame structure verify the efficient global search performance 

of DTOKH in solving the optimal placement for high-rise buildings. 

Fig. 7 illustrates the iterative processes of the different algorithms under the three 

ground motions, and shows their convergence behavior. The horizontal axis is NFE, 

and the vertical axis is the maximum inter-story drift angle. Under the Kobe and El-

Centro waves, DTOKH converges more rapidly to lower objective function value, 

indicating strong global search capability and a good balance between exploration and 

exploitation. Under the Tangshan wave, although its advantage over the competing 

algorithms is less pronounced, DTOKH still maintains competitive convergence 

behavior throughout the optimization process. In contrast, TOKH and PSO exhibit a 

faster initial descent under certain conditions, but they are also more prone to 

premature convergence. Overall, Fig. 7 highlights the robust global optimization 

performance of DTOKH and its superior over the other methods under different 

ground motions. 

 

Fig. 7a Kobe wave 



24 

 

Fig. 7b El-Centro wave 

 

Fig. 7c Tangshan wave 

Fig. 7 Iterative progress of each algorithm for the 20-story frame structure 

Fig. 8 compares the inter-story drift angles of different placement schemes for the 

20-story frame structure under the three ground motions. Compared with the 

uncontrolled scheme, the DTOKH-based scheme reduces the maximum inter-story 
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drift angle by 60.22%, 74.55%, and 71.48% under the Kobe, El-Centro, and Tangshan 

waves, respectively. In addition, compared with the TOKH scheme, DTOKH achieves 

smaller drift angles and a more balanced structural response. These results 

demonstrate the effectiveness of DTOKH in reducing dynamic effects and optimizing 

damper placement in high-rise frame structures. 

 

Fig. 8a Kobe wave 

 

Fig. 8b El-Centro wave 
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Fig. 8c Tangshan wave 

Fig. 8 Envelope diagrams of inter-story drift angle for the 20-story frame structure  

Fig. 9 26-story truss structure 
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4.3 26-story truss structure 

   The example considers a 26-story truss structure with a first-order natural period of 

2.11 s and an inherent damping ratio of 0.02, as shown in Fig. 9. The structural 

properties are listed in Table 7. The structure is equipped with 30 viscous dampers in 

total, and the number of dampers on each floor does not exceed the number of spans 

on that floor. Each viscous damper has a damping coefficient of 1.08 × 108 N·s/m. 

Table 8 presents the optimal damper placement results for the 26-story truss 

structure. Under the Kobe wave, DTOKH obtains a competitive solution, although its 

stability is lower than that of GA. Under the El-Centro wave, both the optimal and 

average values of DTOKH are competitive, and the algorithm also shows good 

computational efficiency. Under the Tangshan wave, DTOKH maintains excellent 

solution quality and competitive stability despite its relatively high computational cost. 

These results indicate that DTOKH has strong global search capability under different 

seismic excitations. It is also noteworthy that the optimal placement schemes under 

the three ground motions differ significantly.  

Fig. 10 shows the iterative process for each algorithm under the three ground 

motions. Under the Kobe and El-Centro waves, DTOKH converges faster than the 

other algorithms and achieves better final solutions, which reflects its strong global 

search capability. Under the Tangshan wave, the convergence speed of DTOKH 

decreases, but it still avoids premature convergence to local optima. These 

observations demonstrate the scalability and global convergence of DTOKH for 

solving the damper placement problem in high-dimensional design spaces. 
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Fig. 10a Kobe wave 

 

Fig. 10b El-Centro wave 
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Fig. 10c Tangshan wave 

Fig. 10 Iterative progress of each algorithm for the 26-story truss structure 

   Fig. 11 compares the inter-story drift angles of the three damper placement schemes 

for the 26-story truss structure. Compared with the uncontrolled scheme, the DTOKH 

-based scheme reduces the maximum inter-story drift angles by 75.68%, 75.26%, and 

67.64% under the three ground motions, respectively. This demonstrates its excellent 

ability to control structural deformation. In addition, compared with the TOKH 

scheme, DTOKH produces smaller inter-story drift angles, especially in the middle 

and upper floors. These results confirm the effectiveness of the DTOKH algorithm in 

designing damper placement schemes for high-rise buildings and highlight its 

practical value in improving seismic performance. 
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Fig. 11a Kobe wave 

 

Fig. 11b El-Centro wave 
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Fig. 11c Tangshan wave 

Fig. 11 Envelope diagrams of inter-story drift angle for the 26-story truss structure 

 

5. Discussion 

This study proposes and validates the Dynamic TOKH (DTOKH) for optimizing 

damper placement in high-rise buildings. The main innovation of the proposed 

method, compared with other damper placement optimization approaches, lies in its 

ability to adaptively adjust the population search range according to the structural 

dynamic responses, thereby enabling rapid convergence toward floors with larger 

response demands. A sensitivity analysis of the key parameters of DTOKH is 

performed for the Kobe wave in Example 1, as shown in Fig. 12. The results indicates 

that the proposed method remains stable under parameter variations, with output 

errors controlled within 5%, which demonstrates the robustness of the algorithm with 

respect to the selected parameter values. Tests on three high-rise structures show that 

DTOKH has robust global search ability and good engineering applicability. Overall, 

DTOKH is able to provide feasible damper placement schemes for different structural 

types and improve seismic performance. 
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The optimal damper configurations obtained for the shear and frame structures are 

mainly concentrated in the lower and middle stories. Specifically, in Example 1, the 

shear structure shows an optimal distribution from the first to the eighth floor, while 

in Example 2, the frame structure shows an optimal distribution from the fifth to the 

twelfth floor. For the truss structure, DTOKH identifies effective configurations 

across both low and high floors, indicating its advantage in handling complex high-

rise structures. 

Although these results are promising, several limitations remain. The stability of 

DTOKH decreases as structural complexity increases, and the dynamic search 

mechanism also reduces computational efficiency. In addition, this study focuses only 

on optimizing the inter-story drift angle and does not fully consider other important 

response indices, such as peak acceleration or frequency response. Finally, the present 

study is limited to structures in the elastic phase. Future work should extend the 

method to elastoplastic phase and reduce the computational burden through parallel 

computing, surrogate models, or adaptive stopping strategies. 

 

Fig. 12 Sensitivity analysis of DTOKH parameters 
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6. Conclusions 

    This study proposes a DTOKH algorithm for optimizing the placement of viscous 

dampers in high-rise buildings, in which a dynamic search mechanism is integrated 

into the TOKH algorithm. The effectiveness and efficiency of the proposed method 

are demonstrated through three high-rise structural examples. It is found that: 

(1) From the optimization results of Cases 1-3, DTOKH shows strong global 

convergence compared with the other algorithms reported in the literature, owing 

to its dynamic search mechanism. The damper arrangements identified by 

DTOKH also provide better seismic performance.  

(2) From the envelope diagrams of Cases 1-3, the damper arrangements determined 

by DTOKH produce a more balanced dynamic response than those obtained by 

TOKH. Compared with the uncontrolled structure, the DTOKH configurations 

reduce the maximum inter-story drift angle by approximately 30% to 75%. 

(3) Based on the damper arrangements in the three cases, it can be concluded that for 

shear and frame structures, the optimal configurations are concentrated in the 

middle and lower stories, whereas for truss structures, the optimal configurations 

are distributed over a wider range of stories. 

In summary, DTOKH provides an effective and practical method for optimizing 

damper configurations in high-rise buildings. However, the proposed dynamic search 

mechanism reduces computational efficiency. Improving computational efficiency 

while maintaining or further enhancing search performance remains an important 

direction for future research. 
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Table 1 

Parameters settings 

Algorithm name Basic parameters 

DTOKH 
max = 1, min = 0.1, max = 1, min = 0.01, Other parameters are the 

same as TOKH. 

TOKH 
The maximum induced speed Nmax = 0.01, the foraging speed Vf = 0.02, 

the maximum diffusion speed Dmax = 0.005.

 

ABC Perturbation coefficient  ∈ [-1, 1], Limit = 100. 

PO Party switching rate  = 0.1 to 0. 

BA Loudness A = 0.95, pulse rate r = 0.5, and scaling factor  = 0.1. 

GA 
Roulette wheel selection, single point crossover with a crossover 

probability of 1, and a mutation probability of 0.01. 

PSO 
An inertial constant = 0.3, a cognitive constant = 1, and a social 

constant for swarm interaction = 1. 

AntHS 

Pheromone evaporation rate = 0.7, Pheromone update weight = 0.001, 

Initial Pheromone values = 0.1, Harmony Memory Considering Rate = 

0.75, Pitch Adjusting Rate = 0.2. 

 

 

Table 2 

Three earthquake records 

Earthquake name Date Time step (S) Duration (S) 

Peak ground 

acceleration 

(cm/s2) 

Kobe January 17, 1995 0.02 30 619.2 

El-Centro May 18, 1940 0.02 30 341.7 

Tangshan May 18, 1940 0.01 20 65.9 

 

 

 

 

 

 

 

 

 

 

 



44 

 

Table 3 

Model parameters of 22-story shear structure 

Floor Story height (m) Mass (kg) Stiffness (N/m) 

1 4.5 3.02×105 3.19×108 

2 4 3.02×105 3.19×108 

3–8 4 2.92×105 2.25×108 

9–14 4 2.55×105 1.58×108 

15–19 4 2.23×105 1.35×108 

20–22 4 2.00×105 1.30×108 

 

 

 

Table 4 

Optimization results for the 22-story shear structure 

Earthquake 

wave 

Design 

Variable 
DTOKH TOKH ABC BA GA PSO AntHS PO 

Kobe 

NFE 2450 1627 1010 303 666 1970 440 785 

Optimal 

value (10-1) 
4.22 4.35 4.47 4.65 4.58 4.66 4.45 4.43 

Mean (10-1) 4.25 4.41 4.73 5.08 4.90 4.88 4.60 4.63 

Std (10-1) 0.050 0.060 0.41 0.46 0.61 0.27 0.33 0.34 

WRS test ~ 0.016 0.00 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 
1-8 1-7,9 1-6,13-14 1-6,21-22 1-5,13-15 

1-4, 

12-14,17 
1-7,9 

1-6, 

12-13 

El-Centro 

NFE 1869 1246 5738 2130 600 3064 1202 1630 

Optimal 

value (10-1) 
5.20 5.28 5.28 5.63 5.28 5.42 5.62 5.20 

Mean (10-1) 5.27 5.41 5.52 5.92 5.56 5.52 5.70 5.33 

Std (10-1) 0.12 0.18 0.42 0.29 0.34 0.14 0.11 0.16 

WRS test ~ 0.013 0.00 0.00 0.00 0.00 0.00 0.090 

Optimal 

placement 
1-5,9-11 1-4,6,9-11 

1-4,6,9-

11 

1-3,  

9-

11,15,21 

1-4,6,9-

11 

1-3,5, 

9-11,13 

1-4,6,8-

10 

1-5, 

9-11 

Tangshan 

NFE 1290 755 1854 2576 505 2070 476 976 

Optimal 

value (10-1) 
5.50 5.64 5.54 5.67 5.55 5.65 5.80 5.50 

Mean (10-1) 5.59 5.65 5.68 5.97 5.66 5.91 5.86 5.55 

Std (10-1) 0.11 0.040 0.15 0.27 0.14 0.29 0.13 0.080 

WRS test ~ 0.017 0.00 0.00 0.00 0.00 0.00 ~ 

Optimal 

placement 
1-5,14-16 1-8 

1-5,13, 

15-16 

1-5,8, 

15-16 
1-6,14-15 

1-4, 

9,12,15-

16 

1-6,9-10 1-5,14-16 
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Table 5 

Model parameters of 20-story frame structure 

Floor Story height (m) Mass (kg) Stiffness (N/m) 

1 3.6 3.03×106 3.19×109 

2–5 3 2.92×106 2.25×109 

6–10 3 2.55×106 1.58×109 

11–15 3 2.23×106 1.35×109 

16–20 3 2.00×106 1.30×109 

 

 

 

 

Table 6 

Optimization results for the 20-story frame structure 

Earthquake 

wave 

Design 

Variable 
DTOKH TOKH ABC BA GA PSO AntHS PO 

Kobe 

NFE 2440 450 608 1718 2797 2024 526 1565 

Optimal 

value (10-1) 
5.01 5.12 5.15 5.19 5.19 5.13 5.25 5.13 

Mean (10-1) 5.12 5.13 5.16 5.28 5.24 5.15 5.31 5.15 

Std (10-1) 0.17 0.050 0.060 0.10 0.080 0.060 0.090 0.070 

WRS test ~ 0.030 0.024 0.00 0.00 0.024 0.00 0.024 

Optimal 

placement 

6(4),7(3), 

8,11-12 

2(2),3(2), 

6(5),11,13

,15,16(3) 

1(2),2(3), 

6(5), 

11-14,16 

2(3),3(2), 

5,6(5),9, 

15(2),16 

2(3),3(2), 

5,6(5),9, 

15(2),16 

2,6(5),7, 

12,13(3), 

14(2), 

15-16 

1-3,5,6(4), 

7,11(2), 

12,14-16 

2,6(5),7, 

12,13(3), 

14(2), 

15-16 

El-Centro 

NFE 930 950 810 2576 833 666 526 2450 

Optimal 

value (10-1) 
3.14 3.29 3.30 3.38 3.31 3.33 3.31 3.17 

Mean (10-1) 3.15 3.30 3.31 3.42 3.35 3.37 3.34 3.20 

Std (10-1) 0.060 0.070 0.070 0.11 0.10 0.090 0.080 0.080 

WRS test ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 

3,6(3),7-9 

11(2),12 

6(5),7(5), 

8(3),9(2) 

4(2),6(5), 

7(5),9(3) 

2,4,6(5), 

7(3),8-9, 

10(2),11 

2,4,6(5), 

7(3),8-9, 

10(2),11 

6(5),7(2), 

8(2),10, 

11(2), 

12(2),14 

2,4,6(5), 

7(3),8-9, 

10(2),11 

3,6(3), 

7-9 

11(3) 

Tangshan 

NFE 1948 2236 2791 606 636 2332 526 1145 

Optimal 

value (10-1) 
4.36 4.38 4.44 4.47 4.66 4.37 4.43 4.72 

Mean (10-1) 4.38 4.40 4.45 4.52 4.72 4.42 4.50 4.73 

Std (10-1) 0.050 0.050 0.030 0.070 0.080 0.090 0.13 0.020 

WRS test ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 

3,4,6(3), 

7(3),8(2), 

9(1), 

11(3),12 

6(3), 

11(5), 

12(4), 

13(3) 

2,6,10, 

11(5), 

12(4), 

13(3) 

1-2,6(2), 

9(4), 

11(3), 

12(3),14 

2,6(2),8, 

11(5), 

12(4), 

13-14 

6(4), 

11(4), 

12(4), 

13(3) 

2,4(2), 

6(3),9(3),

10,11(3), 

12(2) 

6(4), 

11(5), 

12(4), 

14-15 
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Table 7 

Model parameters of 26-story truss tower 

Floor Story height(m) Mass (kg) Stiffness (N/m) 

1 4.29 12.18×103 10.50×106 

2–4 3.60 8.12×103 7.17×106 

5–7 3.60 5.80×103 5.30×106 

8–10 3.60 4.14×103 3.93×106 

11–12 3.60 2.96×103 2.90×106 

13 4.06 2.28×103 2.33×106 

14–16 3.60 1.75×103 1.86×106 

17–18 3.60 1.52×103 1.77×106 

19–20 3.60 1.32×103 1.70×106 

21 3.95 1.10×103 1.47×106 

22–24 3.60 0.92×103 1.28×106 

25–26 3.60 0.80×103 1.25×106 
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Table 8 

Optimization results for the 26-story truss tower structure 

Earthquake 

wave 

Design 

Variable 
DTOKH TOKH ABC BA GA PSO   AntHS PO 

Kobe 

NFE 1224 1797 2108 2212 600 2165 2671 2715 

Optimal 

value (10-1) 
2.84 3.08 3.48 4.34 3.89 3.25 4.49 3.45 

Mean (10-1) 3.52 3.86 3.65 4.76 3.98 3.74 4.80 3.79 

Std (10-1) 0.71 0.82 0.31 0.40 0.15 0.54 0.25 0.31 

WRS test ~ 0.00 0.045 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 

1(2),2-

8,9(4),10, 

11(2), 

12(2),13, 

14(2), 

15(2), 

16(2), 

17-21 

1(12), 

2(4), 

3(2),4(2), 

5-14 

1(4), 

2-9, 

11-15, 

16(3), 

17(2), 

18,20, 

21(2),22, 

25,26(2) 

1(5),2-6, 

8-9, 

11,12(2), 

13,14(2), 

15(3), 

16-17, 

18(2), 

20,23, 

25,26(2) 

1(3), 

2-10, 

12,14, 

16-20,24 

1(2),2-8, 

9(4),10, 

11(2), 

12(2),13, 

14(2), 

15(2), 

16(2), 

17-19, 

21,25 

3,5-6, 

7(2),9(4), 

10(2),11-

12,14(4), 

15,16(2), 

17-19, 

21,22(2), 

24(2), 

25-26 

1(3), 

2-15, 

16(2), 

17(3), 

18-22, 

25,26(2) 

El-Centro 

NFE 496 820 2940 2255 766 2698 1276 2175 

Optimal 

value (10-1) 
2.69 2.84 2.73 3.41 3.18 3.80 3.04 3.34 

Mean (10-1) 2.84 2.91 2.98 3.49 3.37 3.95 3.19 3.37 

Std (10-1) 0.17 0.058 0.17 0.11 0.21 0.28 0.12 0.050 

WRS test ~ 0.046 0.033 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 

1(2),2(2), 

3(3), 

4-5,6(2), 

7(2),8, 

9(2),10(2)

,11,12(4), 

13-19 

1(3),2(2), 

3-5,6(3), 

7-12, 

13(3),14, 

15(3), 

16(2), 

17-19,24 

1(2),2(2), 

3(3), 

4-5, 

6(2),7(2), 

8,9(2),11, 

12(4), 

13-19, 

26(2) 

1(5),2(3), 

3-6, 

8-10, 

12,14-17, 

23,25(3), 

26(4) 

1(3),2, 

3(2),4-9, 

11-12, 

14-18,22 

2-8,9(3), 

10(2), 

11(5), 

12(2), 

13-17, 

18(2),20, 

22-24 

1(2),2-3, 

4(2),5, 

6(2),7(2),

9(2),10(3)

,13,14(2), 

16-17, 

18(2),20, 

22(2),23, 

25(2),26 

1(4), 

2(5), 

3(2),4-6, 

8-11, 

13-16, 

25(4), 

26(4) 

Tangshan 

NFE 2780 548 2920 2718 566 898 2476 2215 

Optimal 

value (10-1) 
3.60 3.66 3.98 4.94 5.01 3.89 5.03 4.55 

Mean (10-1) 3.84 3.97 4.04 5.68 5.18 4.61 5.47 4.72 

Std (10-1) 0.25 0.38 0.040 0.51 0.27 0.76 0.43 0.18 

WRS test ~ 0.28 0.00 0.00 0.00 0.00 0.00 0.00 

Optimal 

placement 

1(5), 

2-4(2), 

5-8, 

9(2), 

10-17, 

18(2), 

20-21 

1(2),2(3), 

3(4),4(2), 

5-6,7(3), 

8-15, 

16(2),17, 

19-22 

1(4),2(3), 

3-6,7(3), 

8-13, 

14(2), 

15(2), 

16-17, 

18(2), 

19,25 

1(3),2(2), 

3,4(2), 

5-6,7(2), 

8-10, 

11(3), 

12-15, 

16(2), 

17-19,21, 

24,26 

1(3),2(2),

3(2),4-9, 

11-12, 

14-16,18, 

20 

1(2),2(2),

3(2), 

4-6,7(2), 

8-9, 

10(3),11, 

12(3), 

13(2),14, 

15(2), 

16-20 

1(2),3(2), 

4(3),5(4), 

7(2), 

8-9,12(3), 

15(2), 

16(2), 

17,18(2), 

20(2), 

25(3) 

1(4), 

2(3), 

7(3), 

8-12, 

14(5), 

15(5), 

16, 

18(3),24 

 


