
BUILDING STRUCTURES 
 

 

APPLICATION OF DIC METHOD FOR DETERMINING STRESS-STRAIN STATE OF 

FLEXIBLE REINFORCED CONCRETE SLABS 

 
1Bobalo T.V., PhD Associate Professor, 

taras.v.bobalo@lpnu.ua, ORCID: 0009-0000-9940-167X 
1Vytak O.P., postgraduate student,  

oleh.p.vytak@lpnu.ua, ORCID: 0009-0002-9396-330X 
1Lviv Polytechnic National University 

12 S. Bandera str., Lviv, 79013, Ukraine 
 

Abstract. The article is devoted to the application of the Digital Image Correlation DIC 

method for experimental determination of the stress-strain state of reinforced concrete slabs. 

Assessment of the bearing capacity and deformability of reinforced concrete structures is an 

important task in the design and operation of buildings and structures especially when strengthening 

existing structures is necessary. Traditional strain measurement methods using strain gauges and 

deflectometers provide point measurements which do not allow obtaining a complete picture of 

strain distribution over the entire surface of an element. 

The aim of the research was experimental determination of the stress-strain state of reinforced 

concrete slabs using the DIC method to assess their behavior before strengthening. A control 

specimen of a reinforced concrete slab with dimensions 2000×590×50 mm was manufactured from 

C30/40 concrete with 6Ø8 A500C reinforcement reinforcement ratio ρ=1.65%. Holes with diameter 

110 mm were made in the slab for future beam strengthening. A speckle pattern was applied to the 

end surface for DIC tracking. 

The tests were carried out on a UTEST hydraulic press according to a four-point bending 

scheme with working span L=1900 mm. A stereo DIC system with two digital cameras and Vic-3D 

software was used to record strains. Data from the DIC system were synchronized with load 

indicators. 

Complete load-deflection and load-strain diagrams were obtained. Characteristic points crack 

formation at P=2.4 kN f=14 mm yielding at P=8.6 kN f=66 mm ε=2.5‰ maximum P=9.81 kN at 

f=114 mm. Maximum tensile reinforcement straиi ns reached 9.85‰ which is 4 times higher than 

the yield limit. The DIC method provided visualization of strain fields and accurate recording of 

crack formation. 

The research results confirmed the high efficiency of the DIC method for comprehensive 

assessment of the stress-strain state of reinforced concrete slabs. The obtained experimental data 

will serve as a basis for comparison with the results of testing strengthened slabs. 

Keywords: reinforced concrete slab DIC method digital image correlation stress-strain state 

experimental research deflections strains crack formation. 
 

Introduction. The assessment of the bearing capacity and stress–strain state (SSS) of 

reinforced concrete structures is a fundamental task of structural mechanics, which is of critical 

importance both at the design stage of new buildings and structures and during the operation and 

strengthening of existing ones. This issue becomes especially relevant in the context of extending 

the service life of buildings, changing their functional purpose, or increasing operational loads, 

which requires reliable information about the actual stress–strain state of structural elements. 

Traditional methods of experimental research on reinforced concrete elements are based on 

the use of discrete measuring devices: strain gauges for recording deformations at specific points, 
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dial-type deflectometers for measuring displacements, micro-indicators for deformation 

measurements, and microscopes for recording crack widths. Such methods have significant 

limitations: point measurements do not provide a complete picture of strain distribution over the 

entire surface of an element; installation of devices requires direct contact with the investigated 

surface, which may affect the results; and the number of measurement points is limited by the 

physical possibility of placing the instruments. 

The development of digital technologies and computational tools has led to the emergence of 

non-contact optical methods for deformation measurement, among which the Digital Image 

Correlation (DIC) method occupies a leading position. The DIC method makes it possible to obtain 

full-field displacement and strain data on the surface of the investigated object by comparing digital 

images obtained at different loading stages. This provides the possibility of detailed analysis of the 

stress–strain state, visualization of crack initiation and propagation processes, as well as post-

factum analysis of experimental data. 

In the context of studying reinforced concrete slabs prior to strengthening, the DIC method 

provides a unique opportunity to obtain baseline data on structural deformability, which can 

subsequently be used to evaluate the effectiveness of strengthening measures and to verify 

numerical models. 

Analysis of Recent Research and Publications. The Digital Image Correlation method has 

found wide application in the study of building structures due to its unique capabilities. Yussof et 

al. [1] conducted a systematic review of the application of DIC in laboratory testing of structural 

elements, covering a wide range of components including beams, columns, slabs, walls, and 

composite structures. The authors emphasized the effectiveness of DIC as a metrological tool for 

accurate determination of surface strains and displacements. 

Kaufmann et al. from ETH Zurich [2] developed a systematic approach to applying DIC to 

reinforced concrete structures, including automated procedures for crack detection and 

measurement of crack kinematics. Their research demonstrated the ability to obtain highly accurate 

data on crack development, including crack width and relative displacement of crack faces. 

Sutton et al. [3], in their fundamental work on the theory and application of DIC, described 

the mathematical basis of the method and its practical implementation for measuring shape, motion, 

and deformation. This work has become classical in the field and laid the theoretical foundation for 

further research. 

Gencturk et al. [4] performed full-scale testing of a prestressed beam using a stereoscopic 3D-

DIC system. The results showed that the method provides highly accurate and detailed information 

about spatial displacements and strains that cannot be obtained using traditional techniques. At the 

same time, the authors noted certain limitations of the method, including sensitivity to lighting 

conditions and data loss due to speckle pattern detachment caused by concrete spalling. 

Fayyad and Lees [5] investigated the application of DIC for crack analysis in reinforced 

concrete elements under bending. The authors confirmed that DIC is a reliable tool for measuring 

crack opening and can be used as an alternative to traditional measurement methods. 

In studies of reinforced concrete slabs under bending, Adam et al. [6] conducted a series of 

tests on wide slabs subjected to one-way bending with different support conditions. It was found 

that the shear capacity of slabs does not significantly depend on the width of the element. 

In the research conducted by Blikharskyi [7], an improved methodology for concrete testing 

was proposed, based on existing standards, in which the DIC method was used for deformation 

measurements. 

Choi and Shah [8] studied deformation measurements of concrete under compression using 

image correlation and confirmed the applicability of the method for accurate determination of 

deformation behavior of cement-based materials. Destrebecq et al. [9] analyzed cracks and 

deformations in a full-scale reinforced concrete beam using DIC and demonstrated the possibility of 

detailed tracking of crack development processes. Pan et al. [10] performed a review of two-

30 _________________________________________________________________________________________________________
ISSN 2786-6696 Modern construction and architecture, 2026, no. 16, page 29-39

____________________________________________________________________________________________________________BUILDING STRUCTURES



dimensional digital image correlation for in-plane displacement and strain measurement and 

systematized existing algorithms and data processing methods. Corr et al. [11] applied DIC to 

analyze interfacial debonding properties in concrete and to study fracture mechanics. 

Vytak O.P. and Bobalo T.V. [12] investigated the effectiveness of strengthening reinforced 

concrete slabs by introducing additional monolithic reinforced concrete beams through bottom-side 

concreting. DBN V.2.6-98:2009 [13] provides the main provisions for the design and use of 

reinforced concrete structures, which can be applied in further research. Gehri et al. [14] developed 

an automated approach for crack detection and measurement based on DIC, enabling objective 

evaluation of cracking without manual intervention. Zhang et al. [15] studied the reliability-based 

analysis of flexural strength of reinforced concrete beams with hybrid reinforcement. Skar et al. 

[16] examined the application of DIC in structural health monitoring systems and demonstrated its 

potential for non-destructive evaluation. 

Despite the significant amount of research devoted to the application of DIC for reinforced 

concrete structures, issues related to its use for comprehensive assessment of the stress–strain state 

of reinforced concrete slabs at all stages of loading remain insufficiently studied, especially for 

comparison with the behavior of strengthened elements. 

Aim and Objectives of the Study. The aim of the research was the experimental 

determination of the stress–strain state of reinforced concrete slabs using the Digital Image 

Correlation method to evaluate their behavior prior to strengthening. 

To achieve this aim, the following tasks were formulated:  

1. To develop a methodology for applying DIC to reinforced concrete slabs. 

2. To manufacture experimental specimens with openings for future strengthening. 

3. To conduct tests with simultaneous recording of deformations using the DIC method. 

4. To obtain complete load–deflection and load–strain diagrams. 

To analyze the deformation behavior and failure mechanism of the slab. 

Research Methodology. Characteristics of the Experimental Specimen. For the experimental 

study, a control specimen of a reinforced concrete slab with overall dimensions of 2000×590×50 mm 

was manufactured. The working span during testing was 1900 mm, which ensured cantilever 

overhangs of 50 mm on each side for support on cylindrical bearings of the testing setup. 

The slab was made of normal-weight concrete class C32/40 in accordance with DSTU B V.2.7-

214:2009. The design characteristic compressive strength of concrete was fck,cube = 40 MPa. The 

actual characteristic compressive strength was determined by testing three control cubes on the day 

of specimen testing and amounted to 42.3 MPa, which corresponds to the design class. 

The longitudinal reinforcement of the slab was arranged as a flat reinforcement cage. The 

tensile zone was reinforced with six bars of 8 mm diameter of class A500C with an average spacing 

of 90 mm. The nominal yield strength was fyk = 500 MPa. The total cross-sectional area of tensile 

reinforcement was: 

As = 6 × 3.14 × 4² = 301.6 mm². 

The effective depth of the section was d = 31 mm, taking into account the concrete cover of 

15 mm and bar diameter. The reinforcement ratio was 

ρ = As / (b × h0) = 301.6 / (590 × 31) = 1.65%, 

which exceeds the minimum reinforcement ratio ρmin = 0.26% according to DBN V.2.6-

98:2009 [13] and DSTU-N B EN 1992-1-1:2010 [14]. 

The transverse reinforcement was made of 6 mm diameter bars of class A240C with a spacing 

of 200 mm. Its purpose was to ensure spatial rigidity of the reinforcement cage during concreting 

and to resist possible shear forces. 

A specific feature of the specimen is the presence of seven cylindrical openings with a 

diameter of 110 mm, arranged along the central axis of the slab. These openings are intended for 

subsequent strengthening of the slab with a reinforced concrete beam acting compositely. In real 

conditions, such openings are formed in an existing monolithic slab, which leads to its partial 

31_________________________________________________________________________________________________________
ISSN 2786-6696 Modern construction and architecture, 2026, no. 16, page 29-39

____________________________________________________________________________________________________________BUILDING STRUCTURES



weakening. After that, a reinforcement cage for the strengthening beam is arranged below the slab 

together with formwork, followed by concreting through the existing openings. 

The presence of openings reduces the effective height of the compressed concrete zone, 

thereby decreasing the bearing capacity of the slab. This makes it possible to determine the actual 

load-bearing capacity of the weakened structure before strengthening and to obtain baseline data for 

evaluating the effectiveness of future strengthening. It is important that the tensile reinforcement 

passes beneath the openings without interruption, preserving the integrity of the main load-bearing 

reinforcement. 

The main geometric characteristics of the specimen are shown in Fig. 1. 

 

 
Fig. 1. Geometric characteristics of the specimen 

 

Digital Image Correlation Method. The Digital Image Correlation (DIC) method is a non-

contact optical technique for measuring full-field displacements and strains on the surface of an 

investigated object. The operating principle of the method is based on comparing digital images of 

the surface obtained before and after deformation and tracking the movement of characteristic 

points or subset regions between successive frames. 

To ensure correlation, a speckle pattern is applied to the surface of the object. This is a 

random high-contrast pattern consisting of numerous black dots of varying sizes on a white 

background. The optimal dot size is 3–5 pixels in the image, with a coverage density of 

approximately 50–60%. 

In this study, a stereoscopic 3D-DIC system was used, consisting of two digital cameras with 

a resolution of 24 MP mounted on tripods at an angle of approximately 25° to the normal of the 

specimen surface. The distance from the cameras to the object was about 2000 mm. The use of a 

stereo system makes it possible to determine not only in-plane displacements but also out-of-plane 

displacements (deflections), as well as to compute three-dimensional strain fields. 

Image processing was performed using Vic-3D software developed by Correlated Solutions 

(USA). The software performs automatic stereo calibration of the cameras, image correlation with a 

resolution of up to 0.01 pixels, and computes displacement fields in three directions (u, v, w) as 

well as strain components (εₓ, εᵧ, γₓᵧ). 

Preparation of the slab surface for DIC measurements included the following steps: 

1. Cleaning of the side (end) surface. 

2. Application of a base layer of white matte lime paint. 

3. After drying, application of black dots using a stencil. 

4. Manual application of dots in hard-to-reach areas. 

This preparation took approximately 30 minutes and ensured a high-quality speckle pattern 

with coverage exceeding 50% (Fig. 2). 
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Fig. 2. Application of the speckle pattern on the end surface of the slab 

 

Testing Equipment and Experimental Procedure. The testing scheme corresponded to bending 

with two concentrated loads applied at a distance of 1/3L from the supports (Fig. 3). The slab was 

placed on two cylindrical supports, and the load was applied through a distribution beam at two 

points located symmetrically with respect to the midspan, spaced at 633 mm. Such a scheme 

ensured the presence of a pure bending region in the central part of the span. 

 

 
Fig. 3. Loading scheme of the slab under four-point bending 

 
The maximum bending moment is reached in the pure bending zone and remains constant over 

the central region with a length of 633 mm. The shear force in this zone is equal to zero (Fig. 4). 

 

 
Fig. 4. Diagrams of bending moments M and shear forces Q 
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Experimental tests were carried out using a universal hydraulic testing machine UTEST with 

a maximum load capacity of 400 kN in the laboratory of the Department of Building Structures and 

Bridges of Lviv Polytechnic National University. The supports were made in the form of steel 

cylinders with a diameter of 80 mm, which ensured hinged support conditions for the slab. The 

distribution beam also had cylindrical contact surfaces with the slab to ensure uniform load transfer 

(Fig. 5). 

 

  
Fig. 5. UTEST testing setup with the slab 

 
The load was applied in increments of 0.1 kN, with a hold at each step until deformation 

stabilization was achieved. After reaching the yielding stage of the reinforcement (strain of 

approximately 2.5‰), the loading rate was reduced to allow detailed recording of the development 

of plastic deformations. 

The DIC system was positioned perpendicular to the end surface of the slab at a distance of 

approximately 2 m. To ensure uniform illumination, two LED floodlights with a power of 100 W 

each were used, arranged symmetrically relative to the cameras at an angle of about 45° to the 

specimen surface (Fig. 6). 

 

 

Fig. 6. DIC system: two cameras on tripods, LED lighting, and a laptop with Vic-3D software 
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Results of the Study. As a result of the experimental research, complete stress–strain 

diagrams of the slab were obtained for all stages of loading (Fig. 7). 

 
Fig. 7. Load-deflection diagram of the control specimen 

 
The load-deflection diagram exhibited a typical nonlinear relationship. Crack initiation occurred 

at Pcr=2.4P_{cr} = 2.4Pcr=2.4 kN with a deflection of fcr=14f_{cr} = 14fcr=14 mm. Yielding 

occurred at Py=8.6P_{y} = 8.6Py=8.6 kN with a deflection of fy=66f_{y} = 66fy=66 mm and a strain 

of ε=2.5‰\varepsilon = 2.5‰ε=2.5‰. The maximum load reached Pmax=9.81P_{max} = 

9.81Pmax=9.81 kN at a deflection of fmax=114f_{max} = 114fmax=114 mm. 

The key points of the load–deflection diagram are presented in Table 1, which contains complete 

information on all stages of slab behavior. 

 

Table 1 – Key points of the load–deflection diagram 

Stage of slab behavior P, кN f, mm εs, ‰ εc, ‰ 
K, 

кN/mm 
Note 

Start of loading 0.09 0 0 0 — Undamaged slab 

Crack initiation (Pcr) 2.40 14 0.5 -0.15 0.171 
First crack in 

bending zone 

Crack stabilization 4.50 30 1.2 -0.35 0.150 
Crack system 

formed 

Onset of yielding (εy = 2.0‰) 7.80 55 2.0 -0.65 0.142 
Approaching 

yielding 

Reinforcement yielding (Py) 8.60 66 2.5 -0.85 0.130 
Yield limit 

reached 

Post-yielding 9.20 85 5.5 -1.30 0.108 
Intensive growth 

of deformations 

Maximum (Pmax) 9.81 114 9.85 -1.95 0.086 
Maximum 

bearing capacity 

Failure 9.50 125 11.2 -2.10 — 
Main crack 

formation 

 
A detailed analysis of slab deformation (Table 1) shows a reduction in stiffness from 

0.171 kN/mm at the initial stage to 0.086 kN/mm at maximum load, indicating significant stiffness 

degradation due to crack formation and plastic deformations. The deformation energy, defined as 

the area under the load–deflection (P–f) curve, is 760 kN·mm. 

The maximum strain in the reinforcement reached 9.85‰, which is four times higher than the 

yield strain. The concrete strain did not exceed 2‰. The DIC method enabled accurate identification of 

the yielding moment of both reinforcement and concrete (Fig. 8, a, Fig. 8, b). 
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a) 

 

 
b) 

Fig. 8. Relative strain of reinforcement and concrete: 

a ‒ in Vic-3D software; b ‒ summarized in diagram 
 

The strain field obtained using the DIC method in the Vic-3D software (the color scale 

represents strain magnitude from blue – minimum to red – maximum) clearly shows the localization 

of deformations in the zones of maximum cracking. The visualization in the Vic-3D software is 

shown in Fig. 9, a, while the photograph of cracks is presented in Fig. 9, b. 
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а) 

 

 
b) 

Fig. 9. Results of DIC-based crack analysis: 

a ‒ visualization in Vic-3D software; b ‒ photograph of the slab after failure with maximum cracks 

 

Conclusions. A methodology for applying the Digital Image Correlation (DIC) method in 

experimental studies of reinforced concrete slabs under bending has been developed and validated. 

The methodology includes preparation of the specimen surface for speckle pattern application, 

setup of a stereoscopic camera system, and synchronization of DIC data with load measurements 

from the testing equipment. 

A control specimen of a reinforced concrete slab with dimensions of 2000×590×50 mm, made 

of C30/40 concrete and reinforced with 6Ø8 A500C bars, was manufactured and tested. Complete 

load–deflection and load–strain diagrams were obtained for all stages, from the beginning of 

loading to failure. 

The key performance parameters of the slab were recorded: crack initiation at P=2.4 kN with 

a deflection of f = 14 mm; yielding of reinforcement at P=8.6 kN with a deflection of f=66 mm and 

a strain of ε=2.5‰; and a maximum load of P=9.81 kN at a deflection of f=114 mm. The maximum 

tensile reinforcement strain reached 9.85‰, which is four times higher than the yield strain. 

The DIC method provided visualization of the development of strain fields on the slab surface, 

identification of stress concentration zones, and precise determination of crack initiation and 

propagation. The non-contact nature of the measurements, the ability to obtain full-field data, high 

accuracy, and the possibility of retrospective analysis confirmed the effectiveness of the method. 
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The obtained experimental data on deformability and bearing capacity of the control specimen 

will serve as a basis for comparison with the results of tests on strengthened slabs and for evaluating 

the effectiveness of strengthening techniques. The data can also be used for validation of finite 

element numerical models. 

This work was supported by the National Research Foundation of Ukraine (Grant No. 

2023.05/0026). 
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Анотація. Стаття присвячена застосуванню методу цифрової кореляції зображень (Digital 

Image Correlation, DIC) для експериментального визначення напружено-деформованого стану 

залізобетонних плит. Оцінка несучої здатності та деформативності залізобетонних конструкцій 

є важливим завданням при проєктуванні та експлуатації будівель і споруд, особливо при 

необхідності підсилення існуючих конструкцій. Традиційні методи вимірювання деформацій за 

допомогою тензодатчиків та прогиномірів забезпечують точкові виміри, що не дозволяє 

отримати повну картину розподілу деформацій по всій поверхні елемента. 

Метою досліджень було експериментальне визначення напружено-деформованого 

стану залізобетонних плит методом DIC для оцінки їх поведінки перед підсиленням. 

Виготовлено контрольний зразок залізобетонної плити розмірами 2000×590×50 мм з бетону 

класу C32/40 та армуванням 6Ø8 A500C (коефіцієнт армування ρ = 1.65%). У плиті 

влаштовано сім отворів діаметром 110 мм для майбутнього підсилення залізобетонними 

балками із включенням у сумісну роботу. На торцеву поверхню плити нанесено спекл-

патерн (випадковий візерунок чорних точок на білому фоні) для забезпечення можливості 

відстеження деформацій методом DIC. 

Випробування проводились на гідравлічному пресі UTEST за схемою чотириточкового 

симетричного згину на робочому прольоті 1900 мм. Для реєстрації деформацій 

використовувалась стереоскопічна система DIC з двох цифрових дзеркальних камер 

(роздільна здатність 24 Мп) та програмне забезпечення Vic-3D. Дані з системи DIC 

синхронізувались з показниками навантаження від преса. 

За результатами досліджень отримано повні діаграми навантаження-прогин та 

навантаження-деформації. Зафіксовано характерні точки: тріщиноутворення при навантаженні 

2.4 кН та прогині 14 мм; досягнення межі текучості арматури (ε = 2.5‰) при навантаженні 8.6 

кН та прогині 66 мм; максимальне навантаження 9.81 кН при прогині 114 мм. Максимальні 

деформації розтягнутої арматури склали 9.85‰, що приблизно в 4 рази перевищує межу 

текучості. Метод DIC забезпечив візуалізацію полів деформацій та точну фіксацію процесів 

тріщиноутворення. 

Результати досліджень підтвердили високу ефективність методу DIC для комплексної 

оцінки напружено-деформованого стану залізобетонних плит. Отримані дані слугуватимуть 

базою для порівняння з результатами випробувань підсилених плит та верифікації числових 

моделей. 

Ключові слова: залізобетонна плита, метод DIC, цифрова кореляція зображень, 

напружено-деформований стан, експериментальні дослідження, прогини, деформації, 

тріщиноутворення. 
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