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Abstract.  This study predicts the strength of rotary brace damper by analyzing a new set of probabilistic 

models using the usual method of multiple linear regressions (MLR) and advanced machine-learning 

methods of multivariate adaptive regression splines (MARS), Rotary brace damper can be easily assembled 

with high energy-dissipation capability. To investigate the behavior of this damper in structures, a steel 

frame is modeled with this device subjected to monotonic and cyclic loading. Several response parameters 

are considered, and the performance of damper in reducing each response is evaluated. MLR and MARS 

methods were used to predict the strength of this damper. Displacement was determined to be the most 

effective parameter of damper strength, whereas the thickness did not exhibit any effect. Adding thickness 

parameter as inputs to MARS and MLR models did not increase the accuracies of the models in predicting 

the strength of this damper. The MARS model with a root mean square error (RMSE) of 0.127 and mean 

absolute error (MAE) of 0.090 performed better than the MLR model with an RMSE of 0.221 and MAE of 

0.181. 
 

Keywords:  rotary brace damper; passive energy dissipation; nonlinear response; MLR; MARS; damper 

strength 

 
 
1. Introduction 
 

1.1 General 

 
In the past decades, considerable research and development have been conducted and achieved 

in constructing safer and robust civil structures by applying energy-dissipating systems (Symans, 

Charney et al. 2008), which adopt different energy-dissipating devices, such as shear connectors 

(Shariati, Ramli Sulong et al. 2010, Shariati, Ramli Sulong et al. 2011, Shariati, Ramli Sulong et 

al. 2011, Shariati, Ramli Sulong et al. 2012, Ataei, Bradford et al. 2015) or dampers (Daie, Jalali 
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et al. 2011, Faris, Khalid et al. 2012, Jalali, Daie et al. 2012). In few cases, also they use advance 

concrete technology (Muhammad, Keyvanfar et al. 2015, Muhammad, Shafaghat et al. 2016) 

which is not in scope of this study. The structure in this technique is equipped with designated 

energy dissipating devices (EDD) in which a portion of energy that originates from ground 

vibrations is deflected. Dampers, which utilize metallic yielding for energy dissipation, are used 

extensively because these devices are more economical, insensitive to vibration frequency, and 

require minimal compared with other types of EDDs.  

Dampers are classified as shape memory alloys (SMA) and mass dampers based on their 

friction performance, metal (flowing), viscosity, and viscoelasticity. Dampers exhibit high energy 

absorbance, can be easily installed and replaced, and coordinate with other structure members 

(Heysami 2015). 

Moment-resisting frames, braced frames, and shear walls are examples of conventional lateral 

force-resisting structural systems used in seismic design. Other alternatives for resisting lateral 

loads have been successfully proposed in recent years, which include eccentric-braced frame and 

K-braced frame (Scholl 1984). Brace damper is another engineered alternative (Scholl 1984). 

Selecting a proper structure system to provide lateral force resistance is one of the most difficult 

tasks for structural engineers. Braced steel frames effectively provide lateral stiffness and strength.  

However, conventional concentric braced steel frames are brittle and do not result in lateral 

deformation. Properly designed ductile moment-resisting space frames provide adequate resistance 

to earthquake energy demands but result in excessive drifts, which in turn causes structural and 

non-structural damage during severe earthquakes, and require high quantities of construction steel. 

Integrating these two approaches to provide resistance to lateral forces would produce economical 

structures and effectively perform under lateral force loading conditions, such as earthquakes 

(Abdulrahman, Ismail et al. 2011, Imaduddin, Mazlan et al. 2013).  

Rotary dampers are simple dampening mechanisms, which can be incorporated to structural 

design and used in braced systems. Passive vibration isolation utilizes materials and mechanical 

linkages (Muhammad and Ismail 2012, Muhammad, Ismail et al. 2012, Hafizah, Bhutta et al. 

2014). The types of rotary dampers and available literature on the behavior of these dampers are 

numerous. Pranoto and Nagaya (Pranoto and Nagaya 2005) developed 2DOF-type and rotary-type 

shock absorber dampers by using MRF and the efficiencies of these dampers. Waleed et al. (Faris, 

Khalid et al. 2012) investigated the efficiency of a rotor-bearing system that contains composite 

and non-composite squeeze film dampers. A heavy off-road wheeled vehicle with a semi-active 

rotary damper was examined by Elsa and Holmanb (1999). A shear-mode rotary 

magnetorheological damper was proposed by Tse and Chang for small-scale structural control 

experiments. Other proposed rotary dampers include rotary oil damper by Umemura (1994) and 

rotary damper with improved connection between cap and housing by Kawamoto et al. 

(Kawamoto, Yamaguchi et al. 1993). A novel rotary damping mechanism was developed by 

Burgess and Clarkson for aerospace deployment systems. Imaduddina et al. studied the design and 

modeling review of a rotary magnetorheological damper. Noresson et al. (Noresson, Ohlson et al. 

2002) designed a electrorheological damper by using finite element analysis. Yazid et al. (Yazid, 

Mazlan et al. 2014) created a magnetorheological damper, which combines shear and squeeze 

modes. 

Rotary brace damper (RBD), which is an innovative supplemental lateral-load-resisting system 

suitable for discrete rehabilitation action, is proposed. The system is easily connected to existing 

frames through conventional construction techniques, such as high-strength bolts, turnbuckles, and 

pad eyes. 
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For seismic applications, an appropriate displacement-based device must generally exhibit (1) 

elastic stiffness that can adequately withstand in-service lateral loads, such as wind; (2) the yield 

strength of a damper, which exceeds anticipated in-service lateral loads, such that the device is 

activated only in an earthquake event; (3) high-energy dissipative capability; and (4) stable 

hysteretic force-displacement response, which can be modeled numerically (Azimi, Adnan et al. 

2014, Chan and Wong 2014, Azimi, Adnan et al. 2015, Faridmehr, Osman et al. 2015). This 

damper is believed to fulfill the criteria stated above. 

The strength prediction of this damper is important in investigating its behavior. Many 

researchers used the soft computing or statistical method for modelling (Schumacher and Shariati 

2013, Moghaddam, Soltani et al. 2015, Shariati and Schumacher 2015, Shariati, Schumacher et al. 

2015, Soltani, Moghaddam et al. 2015, Moghaddam, Soltani et al. 2016). Hence, soft computing 

methods are employed after a structural analysis of the damper is conducted. 

Multiple linear regressions method (MLR) is a method that enables additional factors to be 

included individually in the analysis to estimate the effects of these factors. The MLR is a useful 

method to measure the effect of various and simultaneous factors on a single dependent parameter. 

Simple regression omits parameter bias. Thus, multiple regressions are often vital even when the 

effect of only one of the independent parameters is analyzed.  

Multivariate adaptive regression splines (MARS) is a nonlinear and non-parametric regression 

method (Friedman 1991). The greatest advantage of MARS is its ability to explore the intricate 

nonlinear relations between a response parameter and predictor parameters. MARS can identify 

input parameters that significantly affect responses. MLR and MARS effectively handle prediction 

problems and have been successfully employed in civil engineering (Mohammadhassani, 

Nezamabadi-Pour et al. 2013, Mohammadhassani, Nezamabadi-Pour et al. 2013, Samui and Kim 

2013, Zhang and Goh 2013, Huang, Sheen et al. 2014, Mohammadhassani, Suhatril et al. 2014, 

Silva, Neves et al. 2014, Huang, Xu et al. 2015, Mansouri and Kisi 2015, McGann, Bradley et al. 

2015, Salazar, Toledo et al. 2015). A novel collection of the probabilistic strength of RBD models 

is proposed in the current study, which uses conventional MLR method and advanced machine-

learning methods of MARS to investigate the parameters that affect the strength of RRRB 

dampers. 

 

1.2 Damper description 
 

Fig. 1 shows the rotary brace damper. The parts are joined together using adopting joining 

methods. 

 

 

 

Fig. 1 Rotary brace damper (Kang and Tagawa 2013) 
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Fig. 2 Different damper conditions (Chan and Wong 2014) 

 

 

Fig. 3 Rotary brace damper with deformed shape 

 

 

1.3 Basic concepts of the damper 
 

The damper is built according to the concept of rotational friction and sliding (Fig. 2), when the 

frame is dislocated in the loading path, the damper rotate and slide along with the bracings, 

thereby allowing the bracings to move and pull and push to mitigate the base motion. 

 

1.4 Basic concept of damper in frame structure 
 

Various approaches have been adopted to install the damper to a frame structure. For instance, 

the damper could be installed with two diagonal bracings and two dampers, as shown in Fig. 3. 

When a frame structure is stimulated with a large force by a lateral external force, the top of the 

structure displaces horizontally as a result of this force. This horizontal motion will be resisted by 

the braced system. When the bracing is moved, it is subjected to compression and the damper 

dissipates energy. During an earthquake, the structural frame of a building, as shown in Fig. 3, will 
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be propelled from left to right repeatedly. Hence, energy is dissipated because the bracings are 

subjected to tension and compression. As depicted, the damper has simple components, thereby 

allowing ease of assembly and flexibility of arrangement. 

 

 

2. Methods 
 

2.1 Structural analysis 
 

The expansion of a precise analytical finite element (FE) model for the rotary brace damper has 

been used. The finite element method is a numerical technique employed to identify approximate 

solutions to boundary value problems for partial differential equations (Sinaei, Shariati et al. 2012, 

Azimi, Ponraj et al. 2015, Khorramian, Maleki et al. 2015, Shariati, Ramli Sulong et al. 2015, 

Alhajri, Tahir et al. 2016, Tahmasbi, Maleki et al. 2016). The general-purpose FE analysis 

program ABAQUS (Hibbitt, Karlsson et al. 1988) is used for this purpose. The material and 

geometric nonlinearities are both considered in the FE models using the standard material 

properties. The results of the primary finite element analysis were used to conduct soft computing 

analysis of this damper. 

 

2.2 Multivariate Adaptive Regression Splines (MARS) 
 

Friedman (1991) initially introduced MARS as a pliable method to organize relations, which 

are almost augmentative or interact with a few parameters. When data are sparse, MARS does not 

produce assumptions on the basic functional relation between dependent and independent 

parameters to assess the general functions of high-dimensional arguments (Friedman 1991, Samui 

and Kim 2013). MARS could estimate the contribution of the basis functions to allow the 

interactive and additive effects of predictors to specify a response parameter. To establish MARS, 

a base function (term) is fitted to preferable independent parameter intervals. Splines (sometimes 

referred to as piece-wise polynomials) generally consist of parts smoothly coupled together. The 

points of interface between parts are referred to as knots, which are indicated as t. Two-sided 

truncated power functions are used as spline basis functions, as characterized in Eqs. (1) and (2), 

An illustration is provided in Fig. 4 (q=1; t=0.5) 

 

 

 

Fig. 4 Basis function 
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where (q≥0) is the power to which splines are raised and specifies the degree of smoothness of the 

consequent function estimate; q=1 is used in the current investigation; and [ ]+ ensures that positive 

values are obtained.  

Interaction basis functions are produced by multiplying an available term with a truncated 

linear function, which involves a novel parameter. In this case, the MARS model is established by 

using both the available term and the generated interaction base function. Restrictions in searching 

for new basis functions may occur when a maximum user order is set. Eqs. (3) and (4) represent 

the formulas for the interaction basis function and general MARS function, respectively. 

  ( )  ∏ [  
       (  (  )   (  ))]                    (3) 

 ̂   ̂ ( )     ∑     ( ) 
 
                   (4) 

where Km denotes the number of truncated linear functions multiplied in the mth basis function. 

Km must not be larger than the maximum interaction in parameter Imax. Hence, before recreating 

the MARS model, Imax must first be specified. xv(m,j) is the input parameter that corresponds to the 

jth truncated linear function in the mth term; tm;j is the node value that corresponds to parameter 

xv(m,j); sm;j is the selected sign +1 or -1; ŷ is the dependent parameter, which is estimated by the 

MARS model; c0 is a constant; Bm(x) is the mth base function, which may be a single spline base 

function; and cm is the factor of the mth basis function. 

A two-stage process, which includes forward and backward phases, was used to construct the 

final MARS model. The forward stage was initiated with the base function h0 (x)=1. Nodes were 

selected spontaneously. To define a pair of basis functions, candidate nodes were placed within the 

range of each predictor parameter at random positions. The node and its corresponding pair of base 

functions are adopted at each stage by the model to significantly decrease the sum-of-squares 

residual error. The basis functions are added continuously until the maximum number of basis 

functions Mmax is achieved, (Friedman 1991). Mmax is set by a user as referenced in Friedman 

(1991) (Friedman 1991). The forward phase selection of the basis function results in a 

substantially complex and over-fitted model. Despite the poor predictive capabilities for a new 

database (testing data), the model fits well with the training data. 

 

2.3 Multiple linear regression 
 

MLR analysis, which is a deployment of the simple linear regression method, is utilized for the 

purpose of providing mathematical relation between a dependent output parameter and several 

independent expository parameters. The MLR is among the most commonly applied statistical 

approaches, particularly for the analysis of experiments where predictor parameters are controlled 

by the experimenter. The basic assumption in MLR, as in simple linear regression, is that the error 

term is usually spread with zero mean and unknown variance, independent of the expository 

parameters. Hence, the scatterplots of the residuals need to be examined against both the fitted 

parameters and the independent parameter to determine the suitability of an MLR model. MLR 

model is considered to be appropriate when no systematic pattern is exhibited by the scatterplots. 

A normal probability plot also needs to be constructed to investigate the normality of the 
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distribution of the residuals. The points in the plot will nearly pursue a straight line if the 

distribution is normal.  

The MLR is usually applied in a stepwise manner in which until a satisfactory model is 

achieved, the independent parameters are added to the model consecutively according to their 

importance. Hence, the key purpose of this regression method is to determine the important 

independent parameters among candidate parameters that impress a dependent parameter using 

analysis of variance (ANOVA), In ANOVA, the F statistic test asserts that no important relation 

exist between independent parameters and a dependent parameter (null hypothesis), whereas the t 

statistic test states that no relationship exists between an individual independent parameter and a 

dependent parameter (null hypothesis), The null hypothesis is refused should a p value be less than 

a particular importance level. For the F statistic, a p value less than the significant level indicates 

that at least one of the parameters in the model is important, while for the t statistic, a p value less 

than the prescribed importance level indicates that the evaluated independent parameter is 

important. Therefore, linear regressions are carried out in a stepwise manner until the model 

achieves the condition where the p value for all predictor parameters in the t statistic is less than 

the significant level. A reasonable importance level is conventionally 0.05 or less.  

 

 

3. Results and application  
 

In the investigation, rotary damper strength was modelled by applying the MARS and MLR 

models. Several parameters were selected as inputs for the applied models. Four different input 

compositions were used based on correlation analysis; the cross-validation procedure was applied 

for each model by apportioning the data into three subsets. The statistical parameters of the 

damper strength data were given for each set in Table 1. Datasets used in training and testing of 

each model are also provided in Table 2. Table 2 clearly shows that each dataset has various 

ranges, and D3 has higher Sx than the other datasets. 

In Table 2, M1 is model 1 and so on. A comparison between the MARS and MLR models was 

conducted in relation to root mean square errors (RMSE), mean absolute errors (MAE), and 

determination coefficient (R
2
) indexes. The RMSE and MAE are given as 

 

 
Table 1 The statistical parameters of strength damper data set (units mm) 

Data set xmean Sx Csx xmin xmax 

D1 1.124 0.601 -0.494 10-
14

 2.453 

D2 1.145 0.578 -0.334 10-
14

 2.356 

D3 1.145 0.623 -0.216 10-
14

 2.636 

xmean, Sx, Csx, xmin and xmax indicate the overall mean, standard deviation, skewness, minimum and 

maximum, respectively. 

 
Table 2 Data sets used for training and testing 

Cross validation Trainin data set Test data set 

M1 D1+D2 D3 

M2 D1+D3 D2 

M3 D2+D3 D1 
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Table 3 Comparison of the MARS and MLR models-Displacement input 

Statistics Cross validation Test data set 
Method 

MARS MLR 

RMSE M1 D3 0.257 0.321 

 M2 D2 0.227 0.335 

 M3 D1 0.216 0.328 

  Mean 0.233 0.328 

MAE M1 D3 0.171 0.251 

 M2 D2 0.150 0.263 

 M3 D1 0.150 0.258 

  Mean 0.157 0.257 

R M1 D3 0.830 0.783 

 M2 D2 0.845 0.741 

 M3 D1 0.871 0.767 

  Mean 0.849 0.764 

 

 

      √
 

 
∑ (                       )

  
              (5) 

    
 

 
∑ |                       |
 
   ,                    (6) 

where N represents the number of data, Strengthi,o is the observed damper strength values, and 

Strengthi,e is the estimate of the model. 

Table 3 presents the test results of the MARS and MLR models for input composition (1), 

The average efficiencies of the models showed that the MARS models are more accurate than 

the MLR models in terms of estimating damper strength. The foremost results were generally  

 

 

 

Fig. 5 Observed and estimated forces by the MARS and MLR models with displacement input-M3 dataset 
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Fig. 5 Continued 

 
Table 4 Comparison of the MARS and MLR models-Displacement and damper thickness inputs 

Statistics Cross validation Test data set 
Method 

MARS MLR 

RMSE M1 D3 0.226 0.311 

 M2 D2 0.206 0.314 

 M3 D1 0.200 0.307 

  Mean 0.211 0.311 

MAE M1 D3 0.162 0.240 

 M2 D2 0.132 0.242 

 M3 D1 0.144 0.246 

  Mean 0.146 0.243 

R M1 D3 0.868 0.756 

 M2 D2 0.873 0.722 

 M3 D1 0.890 0.753 

  Mean 0.877 0.744 

 

 

captured from the M3 model (D1 test dataset), while the M1 model (D3 test dataset) provided the 

worst results. The major cause for these results may be because the data range of the D3 test 

dataset exceeded those of the other test data (D1 and D2) limits (see Table 2), The maximum value 

(xmax=2.636) of the D3 test database is higher than those of the other test databases. Training with 

D1 and D2 datasets cause extrapolation problems for the models used in estimating high damper 

strength values. Standard deviation is also higher for the D3 test database than those of the others. 

The MARS model increased the RMSE and MAE accuracies of the MLR model by 41% and 64%, 

respectively. Damper strength assessments of the applied models are illustrated in Fig. 5 for the 

M3 models. The figures evidently show that the MARS model has less scattered assessments than 

the MLR model. 
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The test results of the MARS and MLR models in measuring damper strength are given in 

Table 4 for input combination (2). 

Similar to the former application, the MARS models performed better than the MLR models. In 

this case, the best results were also obtained through the M3 model but the M3 models also 

provided the worst precision. The MARS model enhanced the RMSE and MAE accuracies of the 

MLR model by 47% and 66%, respectively. Fig. 6 demonstrates the scatterplots of the applied 

models in measuring damper strength for the M3 models. 

The figures clearly show that the estimations of the MARS model are near the corresponding 

observed damper strength values than the MLR model. Comparison of Tables 5 and 6 indicates 

that adding damper thickness input increases the models’ accuracies. The RMSE of the MARS and 

MLR models were reduced by 10% and 6%, respectively. 

Table 5 compares the test results of MARS and MLR models in measuring damper strength for 

input composition (3). 

 

 

 

 

Fig. 6 Observed and estimated forces by the MARS and MLR models with displacement and 

damper thickness inputs-M3 dataset 
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Table 5 Comparison of the MARS and MLR models-Displacement, damper thickness and diameter inputs 

Statistics Cross validation Test data set 
Method 

MARS MLR 

RMSE M1 D3 0.142 0.215 

 M2 D2 0.120 0.219 

 M3 D1 0.120 0.228 

  Mean 0.127 0.221 

MAE M1 D3 0.099 0.165 

 M2 D2 0.083 0.186 

 M3 D1 0.087 0.191 

  Mean 0.090 0.181 

R M1 D3 0.948 0.882 

 M2 D2 0.957 0.860 

 M3 D1 0.961 0.859 

  Mean 0.955 0.867 

 

 

 

Fig. 7 Observed and estimated forces by the MARS and MLR models with displacement, damper 

thickness, and diameter inputs-M3 dataset 
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Table 6 Comparison of the MARS and MLR models-displacement, damper thickness, diameter, and plate 

thickness inputs 

Statistics Cross validation Test data set 
Method 

MARS MLR 

RMSE M1 D3 0.142 0.215 

 M2 D2 0.120 0.219 

 M3 D1 0.120 0.228 

  Mean 0.127 0.221 

MAE M1 D3 0.099 0.166 

 M2 D2 0.083 0.187 

 M3 D1 0.087 0.192 

  Mean 0.090 0.182 

R M1 D3 0.948 0.881 

 M2 D2 0.957 0.859 

 M3 D1 0.961 0.859 

  Mean 0.955 0.866 

 

 

The MARS models provide better assessments than the MLR models based on the above table. 

The MARS model enhanced the RMSE and MAE accuracies of the MLR model by 74% and 

101%, respectively. The damper strength estimates are shown in Fig. 7.  

The MARS model obviously provided better estimates compared to the MLR model as shown 

in the figure. An analogy of the average accuracies in Tables 4 and 5 reveals that adding diameter 

input to the models considerably increases precision in estimating damper strength. The RMSE of 

the MARS and MLR models were reduced by 66% and 41%, respectively. The model results in 

the test period are reported in Tables 6 for input composition (4), 

The results are similar to those of previous applications. The damper strength assessments of 

each model are illustrated in Fig. 8.  

 

 

 

Fig. 8 Observed and estimated forces by the MARS and MLR models with displacement, 

diameter, and plate thickness inputs-M3 dataset 
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Fig. 8 Continued 

 

 

Adding plate thickness input to the MARS and MLR models does not increase model accuracy, 

indicating that parameter is not effective on damper strength. The regression tree of the optimal 

MARS model for the D1 test dataset is given in Table 7. 

 

 
Table 7 Regression tree obtained from MARS in estimating damper strength for the D1 test dataset  

if (x3 <= 0.00018) then f1_1 = 0 

if (0.00018 < x3 < 0.00032) then begin 

p1_1 = (2*(0.00032) + (0.00018) - 3*(0.00025)) / ((0.00032) - (0.00018))^2 

r1_1 = (2*(0.00025) - (0.00032) - (0.00018)) / ((0.00032) - (0.00018))^3 

f1_1 = p1_1*(x3-(0.00018))^2 + r1_1*(x3-(0.00018))^3 

end 

if (x3 >= (0.00032)) then f1_1 = x3 - (0.00025) 

BF1 = f1_1 

if (x3 <= 0.00018) then f2_1 = -(x3 - (0.00025)) 

if (0.00018 < x3 < 0.00032) then begin 

p2_1 = (3*(0.00025) - 2*(0.00018) - (0.00032)) / ((0.00018) - (0.00032))^2 

r2_1 = ((0.00018) + (0.00032) - 2*(0.00025)) / ((0.00018) - (0.00032))^3 

f2_1 = p2_1*(x3-(0.00032))^2 + r2_1*(x3-(0.00032))^3 

end 

if (x3 >= (0.00032)) then f2_1 = 0 

BF2 = f2_1 

if (x2 <= 3e-005) then f3_1 = 0 

if (3e-005 < x2 < 5.5e-005) then begin 

p3_1 = (2*(5.5e-005) + (3e-005) - 3*(4e-005)) / ((5.5e-005) - (3e-005))^2 

r3_1 = (2*(4e-005) - (5.5e-005) - (3e-005)) / ((5.5e-005) - (3e-005))^3 

f3_1 = p3_1*(x2-(3e-005))^2 + r3_1*(x2-(3e-005))^3 

end 

if (x2 >= (5.5e-005)) then f3_1 = x2 - (4e-005) 

BF3 = f3_1 

y = 0.8708x + 0.1821 

R² = 0.8587 
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Table 7 Continued 

if (x2 <= 3e-005) then f4_1 = -(x2 - (4e-005)) 

if (3e-005 < x2 < 5.5e-005) then begin 

p4_1 = (3*(4e-005) - 2*(3e-005) - (5.5e-005)) / ((3e-005) - (5.5e-005))^2 

r4_1 = ((3e-005) + (5.5e-005) - 2*(4e-005)) / ((3e-005) - (5.5e-005))^3 

f4_1 = p4_1*(x2-(5.5e-005))^2 + r4_1*(x2-(5.5e-005))^3 

end 

if (x2 >= (5.5e-005)) then f4_1 = 0 

BF4 = f4_1 

if (x1 <= 1.5e-005) then f5_1 = 0 

if (1.5e-005 < x1 < 2.2e-005) then begin 

p5_1 = (2*(2.2e-005) + (1.5e-005) - 3*(1.9e-005)) / ((2.2e-005) - (1.5e-005))^2 

r5_1 = (2*(1.9e-005) - (2.2e-005) - (1.5e-005)) / ((2.2e-005) - (1.5e-005))^3 

f5_1 = p5_1*(x1-(1.5e-005))^2 + r5_1*(x1-(1.5e-005))^3 

end 

if (x1 >= (2.2e-005)) then f5_1 = x1 - (1.9e-005) 

BF5 = f5_1 

if (x1 <= 2.6e-005) then f6_1 = -(x1 - (2.6e-005)) 

if (2.6e-005 < x1 < 2.8e-005) then begin 

p6_1 = (3*(2.6e-005) - 2*(2.6e-005) - (2.8e-005)) / ((2.6e-005) - (2.8e-005))^2 

r6_1 = ((2.6e-005) + (2.8e-005) - 2*(2.6e-005)) / ((2.6e-005) - (2.8e-005))^3 

f6_1 = p6_1*(x1-(2.8e-005))^2 + r6_1*(x1-(2.8e-005))^3 

end 

if (x1 >= (2.8e-005)) then f6_1 = 0 

BF6 = f6_1 

if (x1 <= 2.2e-005) then f7_1 = 0 

if (2.2e-005 < x1 < 2.6e-005) then begin 

p7_1 = (2*(2.6e-005) + (2.2e-005) - 3*(2.5e-005)) / ((2.6e-005) - (2.2e-005))^2 

r7_1 = (2*(2.5e-005) - (2.6e-005) - (2.2e-005)) / ((2.6e-005) - (2.2e-005))^3 

f7_1 = p7_1*(x1-(2.2e-005))^2 + r7_1*(x1-(2.2e-005))^3 

end 

if (x1 >= (2.6e-005)) then f7_1 = x1 - (2.5e-005) 

BF7 = f7_1 

if (x1 <= 9.5e-006) then f8_1 = 0 

if (9.5e-006 < x1 < 1.5e-005) then begin 

p8_1 = (2*(1.5e-005) + (9.5e-006) - 3*(1e-005)) / ((1.5e-005) - (9.5e-006))^2 

r8_1 = (2*(1e-005) - (1.5e-005) - (9.5e-006)) / ((1.5e-005) - (9.5e-006))^3 

f8_1 = p8_1*(x1-(9.5e-006))^2 + r8_1*(x1-(9.5e-006))^3 

end 

if (x1 >= (1.5e-005)) then f8_1 = x1 - (1e-005) 

BF8 = f8_1 

if (x1 <= 4.5e-006) then f9_1 = 0 

if (4.5e-006 < x1 < 9.5e-006) then begin 

p9_1 = (2*(9.5e-006) + (4.5e-006) - 3*(9e-006)) / ((9.5e-006) - (4.5e-006))^2 

r9_1 = (2*(9e-006) - (9.5e-006) - (4.5e-006)) / ((9.5e-006) - (4.5e-006))^3 

f9_1 = p9_1*(x1-(4.5e-006))^2 + r9_1*(x1-(4.5e-006))^3 

end 

if (x1 >= (9.5e-006)) then f9_1 = x1 - (9e-006) 

BF9 = f9_1 

if (x1 <= 4.5e-006) then f10_1 = -(x1 - (9e-006)) 
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Table 7 Continued 

if (4.5e-006 < x1 < 9.5e-006) then begin 

p10_1 = (3*(9e-006) - 2*(4.5e-006) - (9.5e-006)) / ((4.5e-006) - (9.5e-006))^2 

r10_1 = ((4.5e-006) + (9.5e-006) - 2*(9e-006)) / ((4.5e-006) - (9.5e-006))^3 

f10_1 = p10_1*(x1-(9.5e-006))^2 + r10_1*(x1-(9.5e-006))^3 

end 

if (x1 >= (9.5e-006)) then f10_1 = 0 

BF10 = f10_1 

y = -2.8 +1.8e+003*BF1 -2.7e+003*BF2 -3.8e+003*BF3 +1.9e+004*BF4 -4e+004*BF5 +2.2e+005*BF6 -

1.7e+005*BF7 -8.4e+004*BF8 +3.7e+005*BF9 -3.2e+005*BF10 

*In this table, x1, x2, x3, and x4 indicate the displacement, damper thickness, diameter, and plate thickness 

inputs, respectively. 

 

 

4. Conclusions 
 

In this study, the strength of rotary brace damper was predicted with the use of the usual MLR 

method and progressive machine-learning methods of MARS. The analogy of MLR and MARS 

models indicated that the performance of MARS model is better compared to MLR models in 

predicting RBD strength. The effects of displacement, damper thickness, damper diameter, and 

plate thickness on damper strength were also investigated. Displacement was found to be the most 

effective parameter on RBD strength while the plate thickness had no effect. The results indicated 

that the RDB strength was successfully predicted by MARS using displacement, damper thickness, 

and diameter inputs. The MARS model increased RMSE and MAE accuracies of the MLR model 

by 74% and 101%, respectively.  
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