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Abstract. The study of Bayesian updating of truss structures using The Open System for 

Earthquake Engineering Simulation (OpenSees) can not only promote the application of 

Bayesian methods in structural engineering, but also provide a strong support for structural 

health monitoring in practical engineering. This paper proposes a method of Bayesian updating 

of truss structures using OpenSees to improve the accuracy of structural analysis and prediction. 

Based on OpenSees, a finite element model with a truss structure as an example is established, 

the basic parameters such as nodes, units, material properties and boundary conditions are 

defined, and the prior distributions of the initial parameters are set by empirical judgment. After 

collecting observational data such as structural response, Bayes' theorem is utilized to combine 

the a priori distribution with the observational data to update the parameter estimates. The 

posterior estimates of the parameters are obtained by constructing the likelihood function and 

applying the Monte Carlo method to sample from the posterior distribution. Numerical 

simulations are performed using the updated parameters, and the simulation results are compared 

with the observed data to verify the accuracy and reliability of the model. Finally, structural 

damage identification is performed based on the updated model. The methodology in this paper 

provides a systematic framework to dynamically update and optimize the truss structural model 

by continuously incorporating new data, significantly improving the prediction's accuracy and 

reliability. 
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1.  Introduction 

As a common form of engineering structure, truss structure is widely used in bridges, buildings, towers 

and other fields. It has the advantages of light structure, clear force and convenient construction. 

However, with the increase of service life and the change of external environment, truss structure will 

inevitably be damaged and degraded. The reliability of the project is crucial, and it is of great 

significance to protect people's lives and properties and improve the quality of construction. Over the 

years, numerous major accidents have been caused by structural damage at home and abroad. For 

example, in 2018, the Morandi Bridge located in Genoa, Italy, collapsed during a rainstorm, resulting 

in multiple deaths and injuries [1]; in 2013, the Rana Plaza building in Bangladesh suddenly collapsed 

during its construction, resulting in the deaths of more than 1,100 people [2]; and in 2020, a residential 

building located in Tongling, Anhui Province, suddenly collapsed, resulting in the deaths of seven 

people [3]. All these accidents show that structural deterioration and inadequate maintenance are one of 

the major causes of building damage. Therefore, timely and accurate assessment of the health status of 

truss structures is of great significance to ensure structural safety and prolong service life. 
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In recent years, with the development of computer technology and sensor technology, Structural 

Health Monitoring (SHM) technology has been widely applied and studied [4]. By monitoring and 

analyzing the dynamic response of the structure, the location and degree of damage of the structure can 

be identified. The Bayesian updating method in the SHM technique has gradually attracted the attention 

of researchers because of its ability to effectively combine the a priori information and the new 

observation data to improve the accuracy of parameter estimation [5]. For example, Song Chaolin 

proposed a Bayesian updating method for probabilistic models in the optimization study of large-span 

cable-stayed bridges, where random variables are defined based on a priori knowledge, and the posterior 

updating of the variables is continuously performed to grasp the structural state more accurately [6]. 

Bayesian updating of structures is beneficial for improving the reliability and safety of engineering. 

Meanwhile, the Open System for Earthquake Engineering Simulation (OpenSees) as an open source 

finite element analysis software, is widely used in civil engineering [7]. Its powerful modeling and 

analysis functions provide a powerful tool for health monitoring and assessment of truss structures. By 

using OpenSees for finite element modeling of truss structures, the response of the structure under 

different loading conditions can be simulated, thus providing the necessary data support for Bayesian 

updating. 

This study will take a case study of a super-static structure as an example, aiming to combine the 

OpenSees finite element analysis software and Bayesian updating method for damage identification of 

truss structures. A simple regularity investigation is carried out by establishing a finite element model 

of the truss structure, simulating its dynamic response under different loading conditions, and updating 

and identifying the structural parameters by combining with the Bayesian updating method in order to 

explore a more optimal solution for optimizing the truss. 

2.  Methodologies 

2.1.  Bayesian update 

The research background of Bayesian updating stems from Bayesian statistics, which is a statistical 

inference method based on Bayes' theorem [8]. Its core principle i.e. we combine a priori probabilities 

with observed data in order to compute a posteriori probabilities. Nowadays, Bayesian updating can be 

used to monitor the system state in real time, adjust the control parameters, and predict the future system 

behavior, which is important for monitoring engineering structures and so on. 

And the application of Bayesian updating in engineering structures has significant value, which can 

be used to combine sensor data and prior knowledge to monitor the health state of the structure in real 

time and predict possible damage. By continuously updating the estimation of structural health state, 

abnormal behavior of the structure can be detected in time and corresponding maintenance measures 

can be taken to prolong the service life of the structure and reduce the maintenance cost, which helps to 

more accurately assess the reliability level of the structure. At the same time, it helps to find more 

economical, safe and reliable structural solutions in the design stage, and to improve the efficiency and 

quality of the design.  

2.2.  Likelihood function 

Likelihood Function is a fundamental concept in statistical inference used to measure the likelihood of 

an observation occurring for a given parameter value [9]. The likelihood function plays a central role in 

parameter estimation and model selection. For a parameterized statistical model, the likelihood function 

is a function of the observed data as a parameter, reflecting the relative likelihood of different parameter 

values given the observed data. 

Formally, if we have a set of observations 𝐷 = {𝑥1, 𝑥2, . . . , 𝑥𝑛} , and a parameter vector 𝜃 , the 

likelihood function 𝐿(𝜃;𝐷)  is defined as: 

𝐿(𝜃; 𝐷) = 𝑃(𝐷|𝜃) = 𝑃(𝑥1, 𝑥2, … , 𝑥𝑛|𝜃) (1) 
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In this expression, it is the observations' joint probability or probability density given the parameters. 

Importantly, although is called a "likelihood function", it is not really a probability distribution, but 

rather a function of the parameters . 

2.3.  Monte Carlo 

In Bayesian updating, the computation of posterior distributions of parameters often involves complex 

integrals and exploration of multidimensional spaces. The Monte Carlo method is an effective numerical 

computation technique that utilizes random sampling to approximate complex integrals and probability 

distributions [10]. The method estimates the probability distribution of parameters by simulating a large 

number of random samples. In Bayesian updating, Monte Carlo methods are commonly used to sample 

from the posterior distribution to characterize the parameters' uncertainty. This paper explores the kernel 

of the methodology i.e., Bayesian updating of hyperstatic truss structures using Monte Carlo methods 

via OpenSees. This study entails specifying the structure to be studied, converting the actual structure 

of the truss into a mathematical model using OpenSees, defining the damage scenarios that need to be 

estimated, and generating a large number of random samples based on the probability distribution of the 

problem, which are generated using a normal distribution. Then, each random sample is simulated to 

obtain the corresponding results, the results are statistically analyzed, and the acceptance of new samples 

is considered based on the response of the true values. 

3.  Experimental results and discussion 

3.1.  Research Objects and Overview 

In this paper, the case selected for the research object is shown in Figure 1, which consists of 8 nodes 

and 15 rods, and the member numbers are all reflected in Figure 1 . Define the damaged rod stiffness, 

rod 3 and rod 13 obey the uniform distribution U (0.56,1.54) and U (0.28,1.26), respectively, and the 

known stiffness of each rod is shown in Table 1.  

 

Figure 1. Subjects of experimental study 

Table 1. Stiffness of each rod 

rod 1 2 4 5 6 7 8 9 10 11 12 14 15 

EA/105kN∙

m2 
1.4 1.33 1.4 1.47 1.47 1.54 1.26 1.12 1.05 1.12 1.05 1.26 1.54 

3.2.  Finite Element Modeling of Truss Structures Based on OpenSees 

(1)model 

The model data were processed using OpenSees software, and the truss structure's node coordinates, 

boundary conditions, material properties, and applied loads were defined by Tcl script. Loads were 

applied to different locations of the truss structure, and different loads were applied to the same locations 

to monitor the Bayesian updating of the damaged bars at different points under the loads. 

(2)Correlate parameters and point displacements 

The parameters of the truss structure model are updated and calibrated by the observed measurement 

point displacement data, thus improving the accuracy and reliability of the model. By continuously 

collecting and analyzing the measurement point displacement data, possible damage or deterioration of 
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the structure during use can be detected, so that timely maintenance measures can be taken to extend the 

structure's service life. 

(3)Updating parameters 

Updating the parameters can help identify the actual performance of the structure, including material 

properties, member stiffness, etc. 

(4)Creating models that simulate real-life situations 

In the modeling and analysis of truss structures, there may be uncertainties in parameters such as 

material properties, geometric dimensions, and boundary conditions. Through Monte Carlo method, a 

large number of random samples can be generated to model these uncertainties, thus reflecting the actual 

structure more comprehensively. 

3.3.  Research Methodology Processes and Laws 

Loads were applied to different locations of the truss structure and different loads were applied to the 

same locations to monitor the Bayesian updating of the damaged bars at different points under load. The 

collected data samples were then counted using excel and histograms were created to observe the data 

samples more clearly. 

This investigation did not obtain a clear pattern gap when different loads were applied at member 

node 8 under relative error. Thus, it was changed to absolute error by varying the load size, and it was 

seen that the larger the value of load adopted, the better the optimization effect. As shown in  Figure 2 ,  

Figure 3 , Figure 4 , the displacement effect is shown for the cases of 100kN, 10kN and 1kN vertical 

force applied respectively. Comparing with the 10kN and 1kN cases, the optimization effect is better in 

the 100kN case, not only in terms of the acceptance rate but also in terms of the statistics such as the 

mean value of the histogram. 

 

Figure 2. Optimization effect under 100kN load 
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Figure 3. Optimization effect under 10kN load 

 

Figure 4. Optimization effect under 1kN load 
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Following the application of 100kN vertical force at node 8, comparing the other updates of different 

node displacements on the damaged rods, it is found that node 4 of this component is optimized best for 

both rods 3 and 13. As shown in  Figure 5 ,  Figure 6 ,  Figure 7 , the optimization effect of nodes 3, 4 

and 6 on two rods respectively. 

 

Figure 5. Effect of node 3 on two-rod optimization 

 

Figure 6. Effect of node 4 on two-rod optimization 
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Figure 7. Effect of node 6 on two-rod optimization 

Finally, under the absolute error to replace the load added to the node location, monitoring node 4, 

found that loading at node 3 for a more optimal solution. 

Therefore, this investigation adopts loading 100kN vertical force to node 3 and monitoring node 4 as 

an example to monitor the updating effect on the two rods, and using OpenSees to run again to provide 

the update of the real displacement situation of the relevant nodes through actual testing, comparing the 

sample mean and standard deviation, it is obvious to find that this solution has a better updating effect 

on the lower chord rod 3, while the updating effect on the inclined rod 13 is not good, and the subsequent 

should be replaced. Other loading schemes, such as applying loads in different directions, should be 

used to seek a better updating effect on the inclined rods. Meanwhile, the deeper investigation can be 

combined with the structural mechanics solver, and the principle of virtual work can be applied to better 

understand the internal force and displacement of the truss. 

4.  Conclusion 

The Bayesian updating method can effectively utilize the observation data to update the parameters of 

the truss structure model and improve the accuracy of the model. This helps structural health monitoring 

and damage identification, and provides an important reference for structural design and maintenance. 

This paper shows how to build a truss structure model in OpenSees and optimize the model 

parameters by combining the Bayesian updating method. It also shows the process of exploring the 

Bayesian updating of more optimal solutions and discovering the simple law with a truss structure as an 

example, mainly with the loading to node 8 scheme. In the relative error case, the vertical load is defined 

at node 8 and the load size is changed, and no obvious difference is found; in the absolute error case, 

the vertical load is defined at node 8 and the load size is changed, and it can be seen that the larger the 

value of the load is adopted, the better the optimization effect is. Absolute error case, the 100kN vertical 

load is defined at node 8, monitoring different points displacement, can be found in which node 4 on the 

optimization of the two rods is the best; 100kN vertical load is defined at different nodes, monitoring 

point 4, can be found that the load acts on node 3, point 4 displacement on the two rods displacement 

optimization is the best; loading 100kN vertical load to node 3, monitoring node 4,3 rods optimization 

better. 

Proceedings of  the 2nd International  Conference on Functional  Materials  and Civil  Engineering 
DOI:  10.54254/2755-2721/91/20241071 

39 



 

This investigation process can be extended to future work on more complex structural systems and a 

wider range of application scenarios. 
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