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Abstract. The purpose of the research is to develop information 

technology for designing systems for monitoring load-bearing structures 

elements of buildings and structures of a high responsibility category based 

on the information about on the construction site and engineering survey 

results to obtain the automatic mode of results required for the 

development of these systems. The article describes the procedure for 

developing  structural health monitoring (SHM) projects for the building 

and structures, based on the specific features of the development control 

and measuring system for building and structures and the engineering 

experience of designing these systems. The article presents the algorithms 

and macros that form the basis of the developed information technology, 

recommendations for determining the control parameters, the composition 

of the measuring equipment. The fundamentals of information technology 

development outlined in the article allow the development of algorithms 

and programs for the automated analysis of information about the 

construction and the construction site. The result of the analysis is the data 

necessary for the development of monitoring systems for buildings and 
structures of a higher category of responsibility. 

1. Introduction  

Currently in Russia, the number of complex construction of unique, high-rise, and long-

span constructions is growing. Preventing accidents at these constructions is an important 

government task. 

According to the results of the analysis of world experience it follows that at present the 

control of load-bearing structures is most efficiently performed using a system for 

monitoring the technical condition of objects, including automatic monitoring systems 

operating in continuous mode. 

According to the Russian Federation document [1] system health monitoring 

(hereinafter – SHM) must be installed on threatening objects, objects of complex design, 

unique objects. 

The development of automatic monitoring systems was researched in numerous works 

of Russian and foreign researchers [2-22]. An analysis of engineering practice shows that at 

present, automation systems for developing projects of SHM in the Russian Federation do 

not currently exist. 
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Automating of the SHM design for buildings and structures of a high responsibility 

category based on the data on the construction site and the results of engineering surveys 

will reduce the time needed to develop the system by optimizing the design process. 

To automate the development of SHM projects, it is necessary to develop an 

information technology for data collection and analysis about the construction object and 

engineering survey results, allowing the user to receive recommendations on the monitoring 

mode, the composition of the measuring equipment and its installation sites. 

2. Research method 

Based on the world experience in the development of SHM and automation methods [23] it 

was found that the most effective way to automate the development of SHM is to develop 

software blocks for data collection and analysis that function in the following main stages 

of SHM realization works: 

 data collection for the design features of the object and features of the construction 

site 

 determination of the monitoring mode; 

 determination of the threat model: the model of construction objects’ transition to 

a partially operable or emergency state due to the development of natural and man-

made processes leading to a dangerous changes in the stress-strain state of the 

structures and soils; 

 formation of a list for the vital structures that must be controlled using the 

monitoring procedure; 

 determination of the parameters that must controlled using the monitoring system 

and value ranges that correspond different operating conditions. 

 determination of the optimal measuring equipment composition and its installation 

sites location, 

and allowing the user to receive recommendations on the monitoring mode, the main threat 

models, the measuring equipment composition and location based on the information about 

the object and the results of engineering surveys. 

The logical work sequence of the blocks is integrated into the information technology of 

the development of monitoring systems for buildings and structures. 

Development of information technology requires the following tasks: 

 development of a questionnaires for the collection and subsequent analysis of 

baseline data about structure and the results of engineering surveys; 

 development of the data analysis block for constructions and an engineering 

surveys. 

 database formation for: 

o monitoring modes; 

o threat models; 

o measuring equipment. 

 development of a form for presenting results. 

The collection of data about the construction and construction site should be carried out 

electronically in the form of questionnaires. At the same time, the amount of data should be 

sufficient for the preparation of expert assessment of: 

 a purpose and design features of the construction ; 

 features of the construction site. 

To determine the automatic monitoring mode, an algorithm for analyzing information 

about the construction and the guidelines of the current regulatory documents (Fig. 1) was 
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developed. The realization result of said algorithm is the logical conclusion considering the 

monitoring mode with the reference to the regulation documentation. 

The main threat models for buildings and structures should be determined based on the 

analysis of a group of typical objects, considering: 

 constructive and architectural features of objects; 

 causes of accidents of similar construction objects; 

 analysis of engineering surveys and project documentation; 

 modeling results (mathematical or physical) of the load-bearing structures under 

operational load; 

 prediction of dangerous natural and man-made phenomena and processes. 

To determine the list of the most loaded structural elements to be controlled, a software 

macro was developed in the environment of finite element modeling, the algorithm of 

which is shown in Fig. 2 

The result of the macro is a location, stresses and displacement values of the nodes and 

elements of the model, the values constitute a fixed percentage of the allowed maximum 

values. 

The use of this macro allows in the automatic mode to determine the most loaded areas 

of structural elements, which is necessary to determine the control parameters, requirements 

for the measuring devices accuracy. 

The main parameters of the control of buildings and structures should be determined 

depending on the analysis of threat models and factors that have a significant impact on the 

supporting structures using finite elements model (hereinafter – FEM). 

The main criteria for the selection of control devices for inclusion in the monitoring 

system of supporting structures is the compliance of the measuring instruments with the 

following requirements: 

 reliability of measurements; 

 obtaining the actual values of the measured values with a given accuracy at 

minimum time and material costs; 

 the possibility of collecting, combining and processing information obtained from 

various measuring instruments in the composition of the monitoring system. 

Based on the analysis of various monitoring technologies and engineering experience in 

the development of SHM projects, it was determined that in order to obtain the most 

complete picture of the behavior of the load-bearing structures of a building under load, the 

complex application of the following types of control is necessary: 

 geodetic control methods to determine the change in the position of the object; 

 stress-strain state of the foundation and the above-ground parts; 

 ground base control;  

 the control of dynamic parameters (natural frequencies and modes of oscillation) 

of the structure.  

The composition of measuring equipment for SHM should be presented in the form of 

two lists determined on the basis of the analysis: 

a) basic threat models; 

b) features of the object and the construction site. 

At the same time, the list of measuring equipment for monitoring of the parameters 

defined using the key threat models will be the same for all objects of this type (for 

example, high-rise buildings). The composition of the measuring equipment for monitoring 

of the parameters is determined using the information about the structures and the 

construction site will be determined by the design features of the specific construction 

object and the results of engineering surveys carried out at the construction site. 
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Fig. 1. The algorithm for monitoring mode determination based on information about the construction 

site. 

 
The optimal implementation environment for the developed information technology are 

database management programs, in particular, MS Access is a convenient multifunctional 

platform for developing database management solutions, the main advantages of which are 

the wide possibilities for data storage and retrieval, the presentation of information in a 

convenient form and the automation of repetitive tasks. 

For effective finite element modeling, it is necessary to use a software package that 

should meet the following requirements: 

 verification – should be able to solve issues using geometrical and physical 

nonlinearity, and also be able to use a programming language to automate the 

construction and adjustment of design schemes; 
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 able to solve design issues and building and structures calculations; 

 can be exported the finite element model to other FEM systems to control the 

solutions obtained. 

The implementation of the information technology was carried out during the on the 

development of a SHM project (at the operation stage) at The Atomic Energy Pavilion at 

the VDNKh during construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The algorithm of the macro for the most loaded nodes and elements determination. 
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3. Conclusions 

The key features of the developed information technology allowed the development of the 

software for effective construction site and engineering survey results data analysis in order 

to automate the development of SHM projects for typical categories of construction objects. 

Due to the growth rate of the “I” (high) responsibility level of construction objects, the 

relevant objective in the area of this research is the further improvement of automation 

solutions for the SHM projects development for high-rise buildings and large-span 

buildings and structures. 
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