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Experimental investigation into the behavior of concrete containing waste tire
rubber, silica fume and polypropylene fiber subjected to impact loading
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ARTICLE INFORMATION ABSTRACT

Structures might be subjected to impulse loads such as impact loads in their usefull lifetime. Production
of new materials that are shown less vulnerable to sudden shocks and vibrations, is an issue that should
be considered. Concrete is a brittle material and when is exposed to dynamic loads, in addition to its
injury, it may cause damage to the environment due to disintegration. In this study, waste rubber
particles were replaced with fine aggregate in concrete mixture in 3 sizes, 0-1, 1-3 and 3-5 mm and in
volume ratio of 0%, 10%, 20%, 30%, 40% and 50%. First, with compressive strength test, optimum
Ductile concrete sizes of rubber particles were obtained, then silica fume and polypropylene fiber were added to concrete
Waste tire rubber particle mixture that contained optimum size of rubber particles. In addition, compressive strength, dry unit
Gas gun weight, velocity of ultrasonic wave, impact with drop hammer and gas gun device test were done. The
Drop hammer results show that, adding rubber particles to concrete mixture decreases compressive strength but
increases ductility. Also, silica fume because of pozzolanic properties increased adhesive in concrete
matrix, so the increased strength of concrete and polypropylene fiber increased the ductility of concrete.
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Fig. 1 Concrete fracture under loading (1) Static condition (2) Dynamic
condition
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Fig. 3 SEM picture, (1) Rubber in cement composite of concrete (2)
Rubber in cement composite of concrete with silica fume (3)
Polypropylene in cement composite of concrete
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Fig. 2 Rubber particles
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Fig. 7 Velocity of ultrasonic wave of rubberized concrete with silica
fume and polypropylene fiber
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Fig. 8 Dynamic modulus of elasticity of rubberized concrete with
silica fume and polypropylene fiber
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Fig. 5 Compressive strength of rubberized concrete with silica fume
and polypropylene fiber
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Fig. 11 Strain gages attached to rubberized concrete
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Fig. 12 Fracture of concrete under impact loading with drop
hammer
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Fig. 9 Drop hammer device

Fig. 10 Head of hammer for generating point load
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Fig. 17 Projectile used in impact with gas gun device
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Fig. 18 Concrete after impact with gas gun (1) Normal concrete (2)
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Fig. 19 Penetration depth of rubberized concrete with silica fume
and polypropylene fiber

Shaonh S g i 0090 (oY )3 (gol> i 3985 Gec 19 ST

60

d
n

N
o

Fy
n

Py
[=]

w
V.

Average crater diameter (mm)

w
o

0 10 30 40 50

20
Rubber particles (%)
Fig. 20 Crater average diameter of rubberized concrete with silica
fume and polypropylene fiber

el 0393 Siw¥ BI,3 (g9l o 00 ol Al s 1 Sile 20 S8
Olsnh SUIs

S 5 4o =6
Rl Sy ol gl O Gi..alia ‘Giaj.._e Sleogas dlio Q_ﬂ s
58S o Ly g 0l cwyp g p il SU 5 Lediw 0050 (Sl

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.21.2
https://mme.modares.ac.ir/article-15-4142-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.21.2 ]

Ve 9 (5 les )30 Sle

sl a0 WIIS)HL x5 phasg Jah Sl Ol 0393 (oilbd b Sy olyd sk Gmose)us) SIS (W) )3

[6] R. Cairns, H. Kew, M. Kenny, The use of recycled rubber tyres in
concrete construction. Final Report, The Onyx Environmental
Trust, University of Strathclyde, Glasgow, pp. 135-142, 2004.

[7] C. Albano, Influence of scrap rubber addition to Portland concrete
composites, destructive and non-destructive testing, Compos
Structure, Vol. 71, pp. 439-446, 2005.

[8] M. Aiello, F. Leuzzi, Waste tyre rubberized concrete, properties at
fresh and hardened state, Waste Manage, Vol. 30, pp. 1696-704,
2010.

[9] G. Skripkiunas, A. Grinys, Deformation properties of concrete with
rubber waste additives, Materials Science, Vol. 13, pp. 219-223,
2007.

[10]A. Sadrmomtazi, R. Zarshin, The effects of polypropylene fibers
and rubber particles on mechanical properties of cement composite
containing rice husk ash, Procedia Engineering, Vol. 10, pp. 3608-
3615, 2011.

[11]M. Turki, Microstructure, physical and mechanical properties of
mortar-rubber aggregates mixtures, Construction and Building
Materials, Vol. 23, pp. 2715-2722 , 2009.

[12]M. Rahman, M. Usman, A. Al-Ghalib, Fundamental properties of
rubber modified self-compacting concrete (RMSCC), Construction
and Building Materials, Vol. 36, pp. 630-637, 2012.

[13]H.J.F. DIOGENES, Determination of modulus of elasticity of
concrete from the acoustic response, IBRACON Structures and
Materials Journal, VVol. 4, pp. 792-813, 2011.

[14]AN. Dancygier,DZ. Yankelevsky, Response of high performance
concrete plates to impact of non-deforming projectiles,
International Journal of Impact Engineering, Vol. 34, pp. 1768-
1779, 2007.

[15]T.H. Almusallam, N.A. Siddiqui, Response of hybrid-fiber
reinforced concrete slabs to hard projectile impact, International
Journal of Impact Engineering, Vol. 58, pp. 17-30, 2013.

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

(% 0.5) hogn b S5 e

OGS ol j3 i A G e 0,55 Cepe V
(mS_l) L;’l)).i
SUg medle
ond iz g5 AF
AX

(M) o5 88l e s
Osley cuyo O
(kgm?) J&>

&ly-8

[1] L. Daudeville, Y. Malécot, Concrete structures under impact,
European Journal of Environmental and Civil Engineering, Vol.
15, pp. 101-140, 2011.

[2] T. Krauthammer, M. Zineddin, Structural concrete slabs under
localized impact, International Jurnal of Mpact Engineering, Vol.
34, pp. 1517-1534, 2007.

[3] M. Chakradhara Raoa, S.K. Bhattacharyya b, S.V. Barai,
Behaviour of recycled aggregate concrete under drop weight
impact load. Construction and Building Materials, Vol. 25, pp. 69-
80, 2011.

[4] W.J. Canwell, J. Morton, Comparition of the low and high velocity
impact responses of CFRP, Composites, Vol. 20, pp. 545-551,
1989.

[5] L. Feng, Study of impact performance of rubber reinforced
concrete, Construction and Building Materials, Vol. 36, pp. 604-
616, 2012.

180


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.21.2
https://mme.modares.ac.ir/article-15-4142-fa.html
http://www.tcpdf.org

