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Abstract. Reinforced concrete structures are widely used nowadays.in different fields of 

applications due to the number of its remarkable properties. The optimal technique for its 

mechanical characteristics` estimation is an important theoretical and practical issue. Recently there 

is the common practice to use the Digital Image Correlation method for reinforced concrete 

structures analysis. The main purpose of this work is to carry out the thorough theoretical research 

of DIC method, to identify its advantages and disadvantages. The detailed review of existing 

theoretical scientific investigations and experimental works is presented in the paper. Main 

prerequisites of this method application are investigated and perspectives of its further development 

are outlined. The conclusion that the DIC method is strongly recommended for further usage and 

development because of its high accuracy and simplicity of experimental application was made. 
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Introduction. Reinforced concrete structures are the most used currently on both Ukrainian 

and international construction market [1-3]. Moreover, reinforced concrete is one of the most 

common construction material for agricultural, industrial and hydro technical structures [4], which 

high popularity could be explained by the number of advantages, including the following [5]: 

‒ high durability, as protected steel does not change its properties during exploitation and the 

concrete strength even increases over time; 

‒ illimitable amount of structural and architectural forms which could be created; 

‒ comparatively low maintenance, operation and care costs as well as low level of capital 

expenditures, due to local materials use; 

‒ rather good resistance to atmospheric, fire, seismic and dynamic loading. 

Above listed properties of this artificial material are possible to achieve because of synergic 

composite character of reinforced concrete as the construction material. Thus, as in reinforced 

concrete elements concrete works for compression when reinforcement is intended for the 

perception of tensile forces, the material itself should be considered as the complex system of 

complimentary components [6]. Obviously, both its mechanical properties as well as its behaviour 

under the load are much more complicated than those for classical natural materials. 

Therefore, the optimal technique for its mechanical characteristics estimation is an important 

theoretical and practical issue [7, 8]. 

The analysis of experimental data for RC elements usually requires thorough measuring of 

stress-strain parameters. As was affirmed in works of Chu T.et al., 1985 [9] and B. Pan et al., 2009 

[10] one of the most appropriate techniques is the method of Digital Image Correlation (DIC). This 

method has already become one of the most commonly used in various fields of application 

including infrastructural, agricultural and industrial constructions, material science etc. 

Problem formulation. Considering the fact of increasing demand in reliable approach to 

reinforced concrete elements testing, in this article the Digital Image Correlation Method is investigated, 

as this method is currently prevailing in construction scientific research and practical experiments.  
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Aim of work. The main purpose of this work is to carry out the thorough theoretical research 

and literature review of DIC method. Objectives of the study also include identification of its 

advantages and disadvantages, major application prerequisites and further development perspectives. 

Analysis of scientific research. Digital Image Correlation Method (DIC) is commonly used 

in studies of building structures stress-state as one of the non-interferometric methods [11]. It has 

been widely discussed in the number of scientific papers [11-16] as one of the most appropriate 

techniques for combining the theoretical approach with controlled accuracy parameters and 

experimental data for in-depth analysis of the structure. Thus, the reliable model of the construction 

element behaviour could be obtained for further numerical computations or practical usage.  

In general, DIC method could be characterised as an optical measurement with digital image 

processing and numerical calculations [9, 10, 12]. Its wide availability could be accounted for both 

great amount of special software as VIC-2D (Correlated Solutions Company, [13] and ARAMIS 

(GOM Company), as well as simplicity of its usage; it requires only the digital camera with high 

quality digital matrix and special pattern of chaotically placed black dots on the investigated 

surface. An example of the principal scheme of DIC method for cylindrical specimen, tested for 

tension is given on the Fig. 1 (Photo by Institute of materials and mechanics of Machines Slovak 

Academy of Sciences, [14].  

Fig. 1. Cylindrical specimen, tested for tension with the use of 3D digital image correlation method 

(Photo by Inst. of materials and mechanics of Machines Slovak Academy of Sciences, [14] 

As was stated by Schreier H. W., 2003 [15] the method is based on comparison of relative 

displacements of surface points taken in a specific step and allows to define both relative deformations 

components xx  and yy  to produce the complete field of displacements and deformations in the 

measurement area. The principal scheme of strain field formation is demonstrated on the Fig. 2 [16]. 

As was confirmed by Kovalchyk, 2012 [17] the DIC method has performed itself to be 

significantly reliable with simultaneous simplicity of its experimental implementation. 

In addition, the 3D DIC method on the binocular stereoscopy basis should be noted as the 

appropriate one for 3D and curved surfaces, when the 2D DIC, in contradiction, only allows to 

measure deformations on a plane and a rounded surface [18, 19]. 

Methodology and analysis of application DIC. The high accuracy of results, which could be 

obtained with this method and the possibility of multi-parameter modeling and analysis of the RC 

element behavior under the load was confirmed in the number of experimental probations both in 

Ukraine and abroad [5, 20-27]. 

For example, such technique enabled authors in [20] to produce rather convincing strain-state 

diagrams, taking into account the wide range of parameters. The multi-parameter type of experiment 

was also conducted by A. Santos et.al, 2015 [21], where with application of Digital Image Correlation 

an experimental evaluation of the size effect in concrete elements was performed.  

28
_________________________________________________________________________________________________________

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 78, page 27-33

____________________________________________________________________________________________________________BUILDING STRUCTURES



The heterogeneous character of strain changes was observed by Saldaña H. A. et. al., 2015 [22] 

with the use of Digital Image Correlation Method for axially loaded concrete elements. The 

experimental approbation of DIC was also performed for crack formation evaluating in the study of 

Koval M.P. and Molkov Yu. V., 2018 [5] and in comparison with classical technique its high 

preciseness was admitted. Similar work of Fayyad T. M. and Lees J. M, 2014 [23] presented the results 

of experimental investigation of small-scale reinforced concrete specimens in three-point bending, 

where the DIC method provided the circumstantial visualization and quantification of the reinforced 

concrete fracture properties.  

Fig. 2. The principal scheme of strain field determination with the use of DIC method 

(Photo by LaVision [16] 

Except the bended elements with rectangular cross-sections (namely, reinforced concrete beams), 

possible applications for such optical method could be the RC elements, subjected to compression, as 

well as structures with more complex stress-strain state. For instance, in further research of Koval P.M. 

et. al. [18] this optical method was also approbated during the concrete cubes experimental testing. 

Another example of such application could be experimental tests presented in Phd thesis of 

Davydenko O.O, 2016 [24]; in the paper author showed that the correlation method is an optimal 

approach for investigation of stress-strain state and bearing capacity of circle cross-section RC 

elements subjected to transverse load. 

The paper of Junhwa Lee et.al, 2019 [25] proposes a static stress estimation method for concrete 

structures by solving an optimization problem through DIC method. Reliability of obtained results was 

experimentally validated and proposed method efficacy was demonstrated. 

High accuracy and versatility of the method enables also to use it for more complex structural 

composites such as RC beams reinforced with composite materials, as was shown in the number of 

works [26, 27]. 

Although there is the number of obvious advantages of Digital Image Correlation Method, there 

are still certain issues, which need to be considered when choosing such approach for experimental 

investigation. Thus, a number of scientists of recent years have conducted studies tended to 

development of DIC method with the purpose of increasing its accuracy [28-30]. For example, the 

study of Forsey A. and Gungor S., 2016 [28] was aimed to identify the most appropriate technique for 

images converting. It was shown that the bicubic spline based in-house demosaicing method 

outperformed the other methods in terms of accuracy and aliasing suppression. Sjödahl M., 2019 in his 

work [29] makes an attempt to improve the method by investigation the new complex correlation 

function as combination of the pure intensity correlation function, the gradient correlation function and 

the Hessian correlation function and managed to reduce the random error by half. According to 

Tomicevic Z. et. al., 2013 [30] uncertainty levels during the correlation process could be reduced by 

introducing a mechanically-based regularization, providing the so called “educated guess” for the 

displacement. As a result, significant simplification and error reduction could be obtained.  

Another important tendency in scientific community is towards more practical implementation of 

DIC method for its further usage outside the laboratory [31, 32]. For this purpose, it is necessary to 
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reduce the influence of various external real-conditions factors on the experiment. For elimination of 

external negative impacts, such as noise, lighting conditions, pattern alteration, sample shape changes, 

etc. software search in expanding concentric rings from the initial position along with the Newton’s 

approximation method could be used. [31]. The separate attention should also be given to the case, 

when the local buckling occurs. As Hild F. and Roux S., 2012 stated in [19], the correlation residuals 

can be used to detect it and a more detailed analysis is needed. Remarkable work has been conducted 

recent years in National Physical Laboratory (Teddington, United Kingdom), where the refinement of 

the technique has been developed, aiming to enable its use for in-situ measurements, outside the 

laboratory. Another course includes enabling DIC to be used over a period of time without permanent 

set up usage as well as its application in hard to reach areas [32]. 

Results and perspectives for further research. The detailed review of existing theoretical 

scientific investigations and experimental works is presented in the article. On the basis of 

conducted research and thorough analysis it could be affirmed that the method makes it possible to 

identify parameters of fracture and material models for reinforced concrete elements and also to 

validate numerical simulations. DIC method enables to bridge the gap between experimental and 

theoretical modelling of the RC structures` stress-strain state. With its use more complex and more 

representative tests might be performed to identify material parameters.  
It is important also to admit that Digital Image Correlation method in many cases is the 

unique possible approach to measure 2D- and 3D-displacements of object surfaces and even in the 
bulk due to small sizes of resolutions measured and reasonable simplicity of its` usage in practical 
situations. In the number of works, except the experimental investigations with the DIC method, 
also the approach is made to implement such technique to real conditions outside the laboratory. It 
could be strongly recommended to further develop this field of research with subsequent increase in 
accuracy of results and reducing possible external impacts on obtained data. 

In regard to future perspectives, it could be assumed, that development of new and more 
powerful imaging systems and improving the principle experimental scheme will cause the increase 
of interest to DIC method and new fields of application formation. 

Conclusions. Digital Imaging Correlation (DIC) is a technique which could ideally suit to the 
study of crack formation, development and material deformation and other RC elements` 
parameters in real-world applications, as it has performed itself as reliable, accurate and 
comparatively low cost method. 
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Анотація. Залізобетонні конструкції широко використовуються в наші дні в різних 
практичних галузях, причиною чого є ряд позитивних властивостей, включно з наступними: 
висока міцність, стійкість властивостей захищеної арматурної сталі під час експлуатації, висока 
стійкість до атмосферних, високотемпературних, сейсмічних та динамічних навантажень, 
порівняно низькі витрати на обслуговування, експлуатацію та догляд, а також низький рівень 
капітальних витрат через використання місцевих ресурсів. Оптимальна і ефективна методика 
оцінки механічних характеристик залізобетонних конструкцій є важливим теоретичним та 
практичним питанням. Останнім часом наявна поширена практика використання методу 
цифрової кореляції зображень (ЦКЗ) для аналізу залізобетонних конструкцій. Основна мета 
даної роботи - провести ретельне теоретичне дослідження методу ЦКЗ, виявити його переваги 
та недоліки. У статті подано детальний огляд існуючих теоретичних наукових досліджень та 
експериментальних робіт, на основі яких встановлено основні позитивні параметри даного 
методу та аспекти його використання. Досліджено основні передумови застосування методу 
ЦКЗ та окреслено перспективи його подальшого розвитку. Детальний літературний огляд 
експериментальних робіт, в яких використовувався метод ЦКЗ засвідчив перспективність його 
використання для дослідження тріщиностійкості залізобетонних елементів, їх наружено-
деформованого стану, фізико-механічних характеристик матеріалів, а також,- 
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багатопараметричного моделювання поведінки залізобетонних елементів під навантаженням. 
На основі проведого аналізу зроблено висновок, що метод кореляції цифрових зображень 
настійно рекомендовано до подальшого використання та удосконаленя з огляду на високу 
точність та простоту проведення експериментальних досліджень. Крім того, метод цифрової 
кореляції є найдільш доцільним підходом для синхронізації експериментального та 
теоретичного моделювання деформівних процесів в залізобетонних конструкціях. Доцільними 
напрямками подальших досліджень є подальше удосконалення методики для підвищення 
точності результатів та зменшення можливих зовнішніх впливів на отримані дані.  

Ключові слова: цифрова кореляція зображень, залізобетонні конструкції, моделювання, 
точність, властивості матеріалів, експериментальні дослідження. 
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Аннотация. Железобетонные конструкции широко используются в наши дни в различных 
практических областях, причиной чего является ряд положительных свойств, включая 
следующие: высокая прочность, устойчивость свойств защищенной арматурной стали при 
эксплуатации, высокая устойкость к атмосферным, высокотемпературным, сейсмическим и 
динамическим нагрузкам, сравнительно низкие расходы на обслуживание, эксплуатацию и уход, 
а также низкий уровень капитальных затрат в связи с использыванием местных ресурсов. 
Оптимальная и эффективная методика оценки механических характеристик железобетонных 
конструкций является важным теоретическим и практическим вопросам. В последнее время 
распространенена практика использования метода цифровой корреляции изображений (ЦКИ) 
для анализа железобетонных конструкций. Основная цель данной работы - провести тщательное 
теоретическое исследование метода ЦКИ, выявить его преимущества и недостатки. В статье 
представлены подробный обзор существующих теоретических научных исследований и 
экспериментальных работ, на основе которых установлены основные положительные параметры 
данного метода и аспекты его использования. Исследованы основные предпосылки применения 
метода ЦКИ и намечены перспективы его дальнейшего развития. Детальный литературный 
обзор экспериментальных работ, в которых использовался метод ЦКИ показал перспективность 
его использования для исследования трещиностойкости железобетонных элементов, их 
напряженно-деформированного состояния, физико-механических характеристик материалов, а 
также, - многопараметрического моделирования поведения железобетонных элементов под 
нагрузкой. На основе проведенного анализа сделан вывод, что метод корреляции цифровых 
изображений настоятельно рекомендуется к дальнейшему использованию и 
усовершенствованию, учитывая высокую точность и простоту проведения экспериментальных 
исследований. Кроме того, метод цифровой корреляции является наиболее целесообразным 
подходом для синхронизации экспериментального и теоретического моделирования 
деформационных процессов в железобетонных конструкциях. Целесообразными направлениями 
последующих исследований является дальнейшее совершенствование методики для повышения 
точности результатов и уменьшения возможных внешних воздействий на полученные данные. 
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