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 (см. рис. 2) при испытании на растяжение при изгибе. рассматривая графики 
зависимости прогибов в центре балки от значений растягивающих напряже-
ний, можно отметить практически полное совпадение полученных кривых.

 
                                   а                                                                       б

рис. 7. опытные образы железобетонных перемычек перед испытанием (а) и ха-
рактер разрушений после испытаний (б)

рис. 8. зависимости деформаций растяжения железобетонных перемычек от уров-
ня напряжений �Vtf – �Htf : �x — 1-я серия испытаний; �¡ — 2-я серия испытаний

рис. 9. зависимости прогиба железобетонных перемычек от уровня напряжений 
�Vtf – f: �x — 1-я серия испытаний; �¡ — 2-я серия испытаний
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Выводы. анализ результатов испытаний позволяет сделать вывод о том, 
что использование щебня из бетонного лома в железобетонных конструкциях 
вполне допустимо и не требует серьезных корректировок в расчетах физико-
механических характеристик полученного материала, во всяком случае, для 
бетонов низких классов.
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I.M. Bezgodov., A.A. Pakhratdinov., E.V. Tkach

STRESS-STRAIN PROPERTIES OF CONCRETE MADE OF THE CHIP  
OF CRUSHED CONCRETE

Abstract. The use of crushed concrete scrap, the volume of which is quite essential, 
is constrained by the regulatory framework and poor studies of stress-strain characteristics 
of concrete. In order to solve this problem it is necessary to conduct comparative experi-
ments with the aim of obtaining the strength and deformation characteristics of concrete, 
which will allow determining the possible list of structures for industrial and civil objects.

Tests were carried out on the assessment of prism strength, modulus of elasticity, 
coefficient of lateral deformation, the maximum compression strain, tensile strength in 
bending as well as tests of reinforced concrete beams produced of the same composi-
tions for evaluation of failure load, strain and deflection diagram construction with the 
aim of identifying distinctive characteristics of strength and deformation characteristics 
of concrete obtained of crushed concrete waste in comparison with the characteristics of 
concrete made of granite macadam.

The results of the investigation show that the use of crushed concrete waste in rein-
forced concrete structures is quite allowable and there is no need in serious adjustments 
in the calculations, especially for concretes of low grades.

Key words: crushed concrete scrap, strength, deformability, bending stress, deflection

References
1 Golovin N.G., Alimov L.A., Voronin V.V., Pulyaev S.M. Povtornoe ispol’zovanie — odno 

iz napravleniy resheniya ekologicheskoy problemy pri proizvodstve izdeliy i konstruktsiy iz 



33Designing and detailing of building systems. Mechanics in civil engineering

Проектирование и конструирование строительных систем. Проблемы механики в строительстве

betona [Recycling — One of the Directions to Solve Ecological Problems in Producing Prod-
ucts and Structures from Concrete]. Beton i zhelezobeton — puti razvitiya : sbornik trudov 2-y 
Vserossiyskoy (Mezhdunarodnoy) konferentsii po betonu i zhelezobetonu (g. Moskva, 5–9 
sentyabrya 2005 g.) [Concrete and Reinforced Concrete — Ways of Development : Collec-
tion of Articles on the 2nd All-Russian (International) Conference on Concrete and Reinforced 
Concrete (Moscow, September 5–9, 2005)]. In 5 volumes. Moscow, Informpoligraf Publ., 
2005, vol. 5, pp. 194–203. (In Russian)

2. Balakshin A.S., Voronin V.V. Maloshchebenochnye betony na osnove otkhodov beton-
nogo loma [Low-Crushed-Stone Concrete Based on Concrete Scrap Waste]. Promyshlen-
noe i grazhdanskoe stroitel’stvo [Industrial and Civil Engineering]. 2009, no. 9, pp. 47–49.  
(In Russian)

3. Voronin V.V., Alimov L.A., Balakshin A.S. Maloshchebenochnye betony na shchebne 
iz betonnogo loma [Low-Crushed-Stone Concrete Made of Concrete Scrap]. Tekhnologii bet-
onov [Concrete Technologies]. 2010, no. 3–4, pp. 28–30. (In Russian)

4. Bezgodov I.M., Levchenko P.Yu. K voprosu o metodike polucheniya polnykh dia-
gramm deformirovaniya betona [To the Issue of the Method to Obtain Complete Diagrams of 
Concrete Strain]. Tekhnologii betonov [Concrete Technologies]. 2013, no. 10 (87), pp. 34–36. 
(In Russian)

5. Bezgodov I.M. O sootnoshenii prochnostnykh i deformativnykh kharakteristik betona 
pri szhatii, rastyazhenii i rastyazhenii pri izgibe [On the Correlation of Stress and Strain Prop-
erties of Concrete under Compression, Tension, and Bending Tension]. Beton i zhelezobeton 
[Concrete and Reinforced Concrete]. 2012, no. 2, pp. 2–5. (In Russian)

6. Bezgodov I.M. K voprosu otsenki predel’noy otnositel’noy deformatsii betona pri szhatii 
dlya razlichnykh klassov betona [On the Issue of Estimating Ultimate Concrete Strain under 
Compression for Different Concrete Grades]. Beton i zhelezobeton [Concrete and Reinforced 
Concrete]. 2015, no. 5, pp. 9–11. (In Russian)

7. Golovin N.G., Pakhratdinov A.A. Prochnost’ szhatykh zhelezobetonnykh elementov, 
izgotovlennykh na shchebne iz betona [Strength of Compressed Reinforced Concrete Ele-
ments Produced of Crushed Concrete]. Stroitel’stvo i rekonstruktsiya [Construction and Re-
construction]. 2014, no. 6 (56), pp. 101–106. (In Russian)

8. GOST 10180-90. Betony. Metody opredeleniya prochnosti po kontrol’nym obraztsam 
[Russian State Standard GOST 10180-90. Concretes. Methods for Strength Determination 
Using Reference Specimens]. (In Russian)

9. GOST 948-84. Peremychki zhelezobetonnye dlya zdaniy s kirpichnymi stenami. Tekh-
nicheskie usloviya [Russian State Standard GOST 948-84. Reinforced Concrete Lintels for 
Brickwall Buildings. Specifications]. (In Russian)

10. GOST 8829-94. Konstruktsii i izdeliya betonnye i zhelezobetonnye sbornye. Metody 
ispytaniy nagruzheniem i otsenka prochnosti, zhestkosti i treshchinostoykosti [Russian 
State Standard GOST 8829-94. Reinforced Concrete And Prefabricated Concrete Building 
Products. Loading Test Methods. Assessment of Strength, Rigidity and Crack Resistance].  
(In Russian)

11. GOST 24452-80. Betony. Metody opredeleniya prizmennoy prochnosti, modulya up-
rugosti i koeffitsienta Puassona [Russian State Standard GOST 24452-80. Concretes. Meth-
ods of Prismatic Compressive Strength, Modulus of Elasticity and Poisson’s Ratio Determina-
tion]. Moscow, Standartinform Publ., 2005, 12 p.

12. GOST R 52544-2006. Prokat armaturnyy svarivaemyy periodicheskogo profilya 
klassov A500S i V500S dlya armirovaniya zhelezobetonnykh konstruktsiy. Tekhnicheskie us-
loviya [Russian State Standard GOST R 52544-2006. Weldable Deformed Reinforcing Rolled 
Products of A500C and B500C Classes for Reinforcement of Concrete Constructions. Speci-
fications]. Moscow, Standartinform Publ., 2006, 19 p. (In Russian)

13. SP 63. 13330. 2012. Betonnye i zhelezobetonnye konstruktsii. Osnovnye polozheni-
ya. Aktualizirovannaya redaktsiya SNiP 52-01-2003 [Requirements SP 63. 13330. 2012. Con-
crete and won Concrete Constructions. Design Requirements. Updated Edition of SNiP 52-
01-2003]. Moscow, FAU «FTsS» Publ., 2012, 161 p. (In Russian)

14. Beton na rubezhe tret’ego tysyacheletiya : мaterialy 1-y Vserossiyskoy konferentsii 
po problemam betona i zhelezobetona (9–14 sentyabrya 2001 g., g. Moskva) [Concrete on 
the Cusp of the Third Millenium : Materials of the 1st All-Russian Conference on the Problems 
of Concrete and Reinforced Concrete (September 9–14, 2001, Moscow]. In three books. Mos-
cow, Assotsiatsiya «Zhelezobeton» Publ., 2001. Book 3 : Sektsionnye doklady. Sektsii III–VII 
[Reports of Subpanels III–VII], pp. 1732–1742. (In Russian)



34 ISSN 1997-0935. Vestnik MGSU. 2016. № 10

10/2016

15. Rekomendatsii po ispytaniyu i otsenke prochnosti, zhestkosti i treshchinostoykosti 
opytnykh obraztsov zhelezobetonnykh konstruktsiy [Recommendations on Tests and Estima-
tion of Strength, Rigidity and Crack-Resistance of Engineering Samples of Reinforced Con-
crete Structures]. Moscow, 1987, 36 p. (In Russian)

16. Maksimova I.N., Makridin N.I., Simakov M.V. Struktura i konstruktsionnye svoys-
tva betona [Structure and Structural Properties of Concrete]. Regional’naya arkhitektura i 
stroitel’stvo [Regional Architecture and Construction]. 2008, no. 2, pp. 22–27. (In Russian)

17. Bezgodov I.M. O povyshenii predela prochnosti i deformativnosti betona pri rasty-
azhenii [On Increasing the Tensile Strength and Deformation Limit of Concrete]. Beton i zhe-
lezobeton [Concrete and Reinforced Concrete]. 2012, no. 1, pp. 5–8. (In Russian)

18. Chumachenko N.G., Koren’kova E.A. Promyshlennye otkhody — perspektivnoe 
syr’e dlya proizvodstva stroitel’nykh materialov [Industrial Waste — Promising Waste for Con-
struction Materials Production]. Promyshlennoe i grazhdanskoe stroitel’stvo [Industrial and 
Civil Engineering]. 2014, no. 3, pp. 20–24. (In Russian)

19. Schneider U., Leonovich S. et al. Recommendation of RILEM TC 200 — HTC: Me-
chanical Concrete Properties at High Temperatures — Modeling and Applications. Part. 1: 
Introduction — General Presentation. Materials and Structures. 2007. Vol. 40. Issue 9.  
Pp. 841–853. DOI: http://dx.doi.org/10.1617/s11527-007-9285-2.

20. Kasai Yoshio. Studies into the Reuse of Demolished Concrete in Japan. EDA/RILEM 
Conference “Reuse of Concrete and Brick Materials”. Japan, 1985.

A b o u t  t h e  a u t h o r s :  Bezgodov Igor’ Mikhaylovich — research worker, Moscow State 
University of Civil Engineering (National Research University) (MGSU), 26 Yaroslavskoe 
shosse, Moscow, 129337, Russian Federation; +7 (495) 946-03-41; ibezgodov52@yndex.ru;

Pakhratdinov Alpamys Abdirashitovich — postgraduate student, Department of Con-
struction Materials, Moscow State University of Civil Engineering (National Research 
University) (MGSU), 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; al-
pamis-85@mail.ru;

Tkach Evgeniya Vladimirovna — Doctor of Technical Sciences, Professor, Department 
of Construction Materials, Moscow State University of Civil Engineering (National Re-
search University) (MGSU), 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federa-
tion; ev_tkach@mail.ru.

F o r  c i t a t i o n :  Bezgodov I.M., Pakhratdinov A.A., Tkach E.V. Fiziko-mekhanicheskie 
kharakteristiki betona na shchebne iz droblenogo betona [Stress-Strain Properties of Con-
crete Made of the Chip of Crushed Concrete]. Vestnik MGSU [Proceedings of Moscow State 
University of Civil Engineering]. 2016, no. 10, pp. 24–34. (In Russian) DOI: 10.22227/1997-
0935.2016.10.24-34


