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ABSTRACT:  
This report mainly focuses on measurements of deflection, strain and crack propagation in structures using 

digital image correlation (DIC) method. This is non-destructive evaluation system. In particular, monitoring the 

development of cracks is of large interest because their properties reflect not only the condition of concrete as 

material but also the condition of the entire system at structural level. In DIC sample is photographed using a 

high-resolution digital camera mounted on an optical microscope. The resulting displacement information 

reveals the average motion present from the centre of each of the small sub images used in the analysis, relative 

to the original position. These results show a great application potential of the DIC technique for various 

situations such as inspecting shrinkage-induced cracks in fresh concrete, masonry and reinforced concrete 

structures, and safety of bridges. 
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I.  INTRODUCTION 
The development of Digital Image 

Correlation (DIC) concepts in civil engineering field 

has become more and more attractive in the last 

decade and has received growing attention in 

academic and applied research. Digital Image 

Correlation (DIC) uses the principles of 

photogrammetry. DIC is used to track features in 

space and assign their position to a predetermined 

coordinate system. The measure is made by the 

comparison of an image series that is captured over 

fixed intervals of time. The technique can be used 

for many tests including compressive, tensile, 

torsion, bending loads for static and dynamics 

applications. The method can be applied from very 

small (micro) to large testing areas. 

 

II. MATERIALS  
Recycled waste glass is a promising material in 

construction due to: 

 Lightweight 

 Elasticity 

 Energy absorption 

 Sound and heat insulation  

 A viable solution to cut down the carbon 

footprints  

The following issues should be evaluated 

when considering the application of rubber 

aggregates Collection, processing and transport 

costs of scrap bottles. Reduction in the 

environmental costs of land filling and increase in 

landfill voids. By using,  design M25 grade of 

concrete with an aim of maximum utilization (in 

percentages) of glass as aggregates with other 

materials. Compressive strength of concrete, split 

tensile strength flexural strength of concrete are 

important factors which assessing the suitably of 

using the new concrete for structural applications. 

 

2.1  Glass : 
Non-recyclable waste glass constitutes a 

problem for solid waste disposal in many 

municipalities. The current practice is still to landfill 

most of the non-recyclable glass. Since the glass is 

not biodegradable, landfills do not provide an 

environment-friendly solution. Consequently, there 

is a strong need to utilize waste glasses. 

Traditionally, most non-recyclable mixed-color 

broken glasses are coming from the bottling 

industry. In addition, the recently initiated business 

of recycling mercury-containing fluorescent lamps 

also produces a large quantity of non-recyclable 

waste glass. 

The solubility of the glass is dependent on 

the grain size of the glass particles, increasing with 

the reduction of the particle size. When glass is used 

as finely powder material (size < 75 lm) the silica is 

quickly dissolved, reacting with free portlandite and 

acting as a pozzolanic material. On the contrary, 

when used as aggregate particles, glass grain suffers 
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a partial dissolution, mainly localized in its 

boundaries, which causes the formation of silica 

gels that can expand, causing high distress. In this 

same study it is observed that the glass expansion 

has a slower initial rate, growing in later ages. 

 

2.2Aggregate: 
Aggregates are the important constituents in 

concrete. They give body to the concrete, reduce 

shrinkage and effect economy. On the bases of size 

aggregate can be classified as fine aggregate and 

coarse aggregate. 

 

2.2.1. Fine Aggregate 

Table 1: Properties of fine aggregates 

 

2.2.2 Coarse Aggregate 

Table 2: Properties of coarse aggregates 
PROPERTIES CA: 10 - 20mm IS RECOMMENDATIONS 

Specific Gravity 2.86  

Flakiness & Elongation Index 14.7% & 34.82%  

Loose Bulk Density 1.41 kg/lit  

Water Absorption 1.37% 0.5 - 1% by weight of aggregate 

Impact Value 16.22% 

Impact & crushing values for concrete wearing 

surfaces should not exceed 30% and for other 

concrete works these values should not exceed 

45% and 50% respectively 

 

III. EXPERIMENTAL PROGRAMME 
An experimental program was undertaken 

which consisted of testing  glass, conventional 

aggregates (coarse and fine) and properties with 

fresh and hardened concrete specimens. The 

hardened concrete tests consisted of testing 100 mm 

× 100 mm cubes to know the compressive strength 

of concrete as per IS: 516 - 1959. Curing and testing 

of the concrete specimens were performed as per 

BIS guidelines. Further flexural strength of concrete 

will be determined as per IS: 516 - 1959 by testing 

beams of standard size 500 mm x 100 mm x 100 

mm. 

 

 
3.1  Proportion of materials 

 

PROPERTIES FINE AGGREGATE IS RECOMMENDATIONS 

Specific Gravity 2.89 - 

Fineness Modulus 3.05 
Fineness more than 3.2 is not allowed for 

concreting 

Moisture Content 2.83 - 

Loose Bulk Density 1.94 kg/lit  - 

Water Absorption 3.86% 0.5 To1% By weight of aggregate. 

Material finer than 75μ 2.85% - 



Puneet Jain. Int. Journal of Engineering Research and Application                                www.ijera.com 

ISSN : 2248-9622, Vol. 7, Issue 11, ( Part -5) November 2017, pp.61-65 

 

 
www.ijera.com                                   DOI: 10.9790/9622-0711056165                         63 | P a g e  

 

 

Table 3: Proportions of materials (for crumb rubber replacement) 
Mix 

no. 

Cement Fine 

aggregate 

Coarse 

aggregate 

Crumb 

rubber by 

weight 

(%) 

Water/cemen

t ratio 

Admixture 

(%) by 

weight of 

cement 

Compaction 

factor 

CR 0 1 2.11 2.92 0 0.40 1.5 0.9 

CR 4 1 2.03 2.92 4 0.40 2 0.9 

CR 5 1 2.00 2.92 5 0.40 2.2 0.9 

  

3.2 Final value for mix design (M25) 

(a) For control beam 

 

Table 4: Mix design values 
Water cement ratio 0.4 

Specific gravity of cement 3.11 

Specific gravity of sand 2.66 

Specific gravity of coarse aggregate 2.59 

Zone of sand 2nd (IS 383) 

Water absorption in coarse aggregate 0.5% 

Water absorption in fine aggregate 1% 

Cement 385 kg/m
3
 

Water 154 l/m
3
 

Fine aggregate 990.37 kg/m
3
 

Coarse aggregate 890.39 kg/m
3
 

Admixture 7.7 kg/m
3
   

 

IV. RESULTS AND DISCUSSION 
4.1 Tests Results 

Digital Image Correlation were elaborated and 

discussed. The resolution and application of the 

digital-image-correlation techniques are 

demonstrated in this report. The results show that the 

how crack propagating from one place to another 

place during applying loads. Using our self-

developed method, one can calculate the stresses, 

strains and also crack variation in concrete structures 

and the deformation evolutions can be visualized by 

means of the digital-image-correlation technique. 

The identification of crack development in structures 

forms an important study for investigating the 

earthquake resistance capability of the masonry 

structures. 

 

Table 5: Comparison of stresses for beams 

S No. Beam Type StaadPro Stress (N/mm
2
) MATLAB Stress(N/mm

2
) 

1 Control beam 14 days 7.707 6.5 

2 Control beam 28 days 8.667 6.75 

3 Beam with 25% glass waste 8.127 7.5 

 

4.1.1 Tests Results for beam with glass. 

 

 
  

 

V. CONCULSION  
In this work, the fundamental principles of 

the structural health monitoring by the Digital Image 

Correlation were elaborated and discussed. The 

resolution and application of the digital-image-

correlation techniques are demonstrated in this report. 

The results show that the how crack propagating 

from one place to another place during applying 

loads. Using our self-developed method, one can 

calculate the stresses, strains and also crack variation 

in concrete structures and the deformation evolutions 

can be visualized by means of the digital-image-

correlation technique. The identification of crack 

development in structures forms an important study 

for investigating the earthquake resistance capability 
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of the masonry structures. Traditionally, inspecting 

the structure and documenting the findings were done 

manually. The procedures are time-consuming, and 

the results are sometimes inaccurate. Therefore, the 

digital image correlation (DIC) technique is 

developed to identify the strain and crack 

propagation. This technique is non-destructive for 

inspecting the whole displacement and crack field. 

 

ACKNOWLEDGEMENTS  

I would like to express my deep gratitude to 

my supervisor Dr. PV Ramana for his invaluable 

guidance in my reserach. He was always there to 

listen and to give advice to me. He always 

encouraged me to explore my own ideas and gave me 

valuable suggestion when required. The valuable 

suggestion gave me a very good insight about the 

mathematics involved in my research problem and 

the physics behind it. 

His encouragement and useful suggestion 

made possible the successful completion of this 

research. His knowledge, patience, understanding 

made possible the successful completion of this 

thesis. I wish to recognize Department of NCDMM 

of Malaviya National Institute of Technology for 

providing the generous financial support. Also 

thankful to central library, MNIT, Jaipur. 

The help from NCDMM is countless. Also 

my sincere thanks to Prof. T.K. Dutta, Prof. M.K. 

Shrimali and Dr. S.D. Bharti, faculty MNIT for their 

valuable suggestions during the presentation level 

and all others who helped, supported me for the 

completion of this work. I would like to thank Mr. 

Kunal Bisht and Mr. Arigela Surendra nath Research 

Scholars for their valuable guidance. 

Finally, I would like to thank my parents for 

their continual support, encouragement and moral 

support to complete this work . 

 

REFERENCE 
[1] Dost M, Vogel D,Winkler T, Vogel J, Erb R, 

Kieselstein E 2003, How to detect Edgar Allan 

Poe’s ‘purloined letter’ - or: Cross  correlation 

algorithms in digitized video images for object 

identification, movement evaluation and 

deformation analysis. In Proceedings of SPIE 

Vol. 5048, Nondestructive Detection and 

Measurement for Homeland Security (USA: 

Bellingham, WA). 

[2] Raffard D, Ienny P, Henry J P 2001, 

Displacement and strain fields at a 

stone/mortar interface by digital image 

processing. Journal of Testing and Evaluation 

29(2): 115–122. 

[3] Tung S H, Kuo J C, Shih M H 2005, Strain 

distribution analysis using digital-image-

correlation techniques. Proceedings of the 

Eighteenth KKCNN Symposium on Civil 

Engineering-NTU29, Taiwan 

[4] Abdel-Qader, Ikhlas, Osama Abudayyeh, and 

Michael E. Kelly. "Analysis of edge-detection 

techniques for crack identification in 

bridges." Journal of Computing in Civil 

Engineering 17.4 (2003): pp. 255-263. 

[5] Cawley, P. and Adams, R.D., 1979, the 

location of defects in structures from 

measurements of natural frequencies, Journal 

of strain analysis, 14(2), pp. 49-57. 

[6] Gounaris, G. and Dimarogonas, A., 1988, a 

finite element of a cracked prismatic beam for 

structural analysis. Computers & Structures, 

28(3), 309-313. 

[7] Ostachowicz, W.M. and Krawczuk, M., 1990, 

Vibration analysis of a cracked beam. 

Computers & Structures, 36(2), 245-250. 

[8] Aktan, A.E., Ciloglu, S.K., Grimmelsman, 

K.A., Pan, Q. and Catbas, F.N. (2005). 

Opportunities and challenges in health 

monitoring of constructed systems by modal 

analysis. The 1st International Conference on 

Experimental Vibration Analysis for Civil 

Engineering Structures, Bordeaux, France. 

[9] Shih-Heng Tung 2010, Application of digital-

image-correlation techniques in analysing 

cracked cylindrical pipes 

[10] Neil N. Eldin,Ahmed B. Senouci (2011) Rubber 

tyre particals as concrete aggregate. 

[11] M. Mavroulidou et. al. , (2010) Compressive 

strength of concrete with rubber  

[12] Yixin Shao, Thibaut Lefort, Shylesh Moras, 

Damian Rodriguez (1999) Studies on concrete 

containing ground waste glass 

[13] Hild, F. and Roux, S. 2006 .Digital Image 

Correlation: from Displacement Measurement 

to Identification of Elastic Properties., The 

Authors, Journal compilation, Blackwell 

publishing Ltd, Strain 42, 69-80. 

[14] Chu T C, Ranson W F, Sutton M A, Peters W 

H 1985, Application of digital-image-

correlation techniques to experimental 

mechanics. Experimental Mechanics 25: 232–

244. 

[15] Dost M, R¨ummler N, Kieselstein E, Erb R, 

Hillmann V, Großer V 1999, Correlation 

analysis at grey scale patterns in an in-situ 

measuring module for microsystem 

technology. Materials mechanics – Fracture 

mechanics – micromechanics, (eds.) T. 

Winkler, A. Schubert, pp. 259–266, 

Berlin/Chemnitz. 

[16] Her-Yung Wang, Bo-Tsun Chen, Yu-Wu Wu 

2012, A study of the fresh properties of 

controlled low-strength rubber lightweight 

aggregate concrete (CLSRLC). 

https://www.researchgate.net/profile/Shih_Heng_Tung


Puneet Jain. Int. Journal of Engineering Research and Application                                www.ijera.com 

ISSN : 2248-9622, Vol. 7, Issue 11, ( Part -5) November 2017, pp.61-65 

 

 
www.ijera.com                                   DOI: 10.9790/9622-0711056165                         65 | P a g e  

 

 

[17] Wang Her Yung, Lin Chin Yung, Lee Hsien 

Hua 2012, A study of the durability properties 

of waste tire rubber applied to self-compacting 

concrete. 

[18] C.D. Johnson, Waste glass as coarse aggregate 

for concrete, J Testing and Evaluation 2 (5) 

(1974) 344–350. 

[19] C. Meyer, S. Baxter, W. Jin, Alkali-silica 

reaction in concrete with waste glass as 

aggregate, in: K.P. Chong (Ed.), Materials for 

a New Millennium, Proceedings of ASCE 

Materials Engineering Conference, 

Washington, D.C., 1996, pp. 1388–1394. 

[20] C. Meyer, S. Baxter, W. Jin, Potential of waste 

glass for concrete masonry blocks, in: K.P. 

Chong (Ed.), Materials for a New Millennium, 

Proceedings of ASCE Materials Engineering 

Conference, Washington, D.C., 1996, pp. 666–

673. 

[21] C. Polley, S.M. Cramer, R.V. de la Cruz, 

Potential for using waste glass in Portland 

cement concrete, J Materials in Civil 

Engineering, ASCE 10 (4) (1998) 210–219. 

[22] V.S. Panchakarla, M.W. Hall, Glascrete—

disposing of non-recyclable glass, in: K.P. 

Chong (Ed.), Materials for a New Millennium, 

Proceedings of ASCE Materials Engineering 

Conference, Washington, D.C., 1996, pp. 509–

518. 

[23] R.J. Detwiler, J.I. Bhatty, S. Bhattacharja, 

Supplementary Cementing Materials for Use 

in Blended Cements, Portland Cement 

Association, Skokie, IL, 1996, pp. 3–20. 

[24] ASTM Standards, Volumes 04.01 and 04.02, 

American Society for Testing and Materials, 

Philadelphia, PA, 1994. 

[25] I. Jawed, J. Skalny, Alkalies in cement: A 

review, Cem Concr Res 8 (1978) 37–51. 

[26] P.K. Mehta, O.E. Gjorv, Properties of Portland 

cement concrete containing fly ash and 

condensed silica fume, Cem Concr Res 12 

(1982) 587–595. 

 

 

Puneet Jain Partial Replacement of Fine Aggregate with Glass Using DIC Technique with 

Waste Materials for Investigation of Crack Propagation..” International Journal of Engineering 

Research and Applications (IJERA) , vol. 7, no. 11, 2017, pp. 61-65. 

 

 

 

 

International Journal of Engineering Research and Applications (IJERA) is UGC approved 

Journal with Sl. No. 4525, Journal no. 47088. Indexed in Cross Ref, Index Copernicus (ICV 

80.82), NASA, Ads, Researcher Id Thomson Reuters, DOAJ. 


