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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
sizes of rubber particles were obtained, then silica fume and polypropylene fiber were added to concrete
mixture that contained optimum size of rubber particles. In addition, compressive strength, dry unit
weight, velocity of ultrasonic wave, impact with drop hammer and gas gun device test were done. The
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

Sld sl o o Zajoel (1) (G52l Ss Sen g 3 Y5

(3) e 0398 § Seia¥ Sy (g5l i (loww ujralS (2) Sy
Ohon sk S sl o Slor S jselS

By diged 031l -3
el edal 1 Jgoz j0 alises slagyge;] cod iy sladiges ol

Sl 9 (K b Olwogas -4
aS 89 9 a8l yrals o o5 g e le o Sy olyd lidlL
5 cmlio Ghl5al o5 s SLE cpl iy o y0 40 4 Olyd oo

Soaiges Tl « S Sl angy ojluil 0,5] Caws 4 jglate
J3 led Cglie gesl o Stw¥ @lyd Sl olail 3 e Jels
2 Sw¥ Gl oS 0g o] 51 S mls 4 S b @llas iad sols
S wisls lis ss3 5l T 6,led Casglie (i yie o 375 o3l
5 et 0jy ik Cuglie slagygeil bl (o e el
Jsse 5 oo glsal some Sy oyl s @ jslite ) Sigul 2
yrodes 3-5 o3l yo S Slyd g9l 5 sl ((Seelins atmaninYl
59 sl U5 855 s 2 65 ol (Sl Shogs b 3 ol
S B3 il b S el 3] 5 Sl g sl 0aal 755 gla S
el 05,5 o ol 5 pgatte (59 5 (6 Lid Cuoglie o iy bglie 4
S8 s 55 e aile Sl Sy e ly sla b co oy g5 ol o
S e 9 3535 (o0 3L (g5 Il g S 5 B85 (55, 5 WS (o0 Jos ojle
yglse Gy 1) S S

Gy ond o5 i plouul i bl 4 KoY Sl og38l L
e slaoile o AT wil ged 0 Az g O 50 Conogas g plSociul
S 50,5 Alal jlamy oals SO i pizres g 485 A o Wb
oo JSbEe 22 sgu 13 48 J5ud BB Ly (glojle casslin lizmen
- oo ) Sl B3 gl s Casglie 2alS LY ool s 1wl
SFes s Sy oy &l cde 4145 S ey Al Ul

s aiges o3l 1 Jguar
Table 1 Size of concrete samples
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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. 4 Compressive strength of rubberized concrete in 3 sizes of
rubber particles
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Fig. 5 Compressive strength of rubberized concrete with silica fume
and polypropylene fiber
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Fig. 6 Dry unit weight 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.13 Dynamic strain of rubberized concrete with silica fume and
polypropylene fiber
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Fig. 9 Drop hammer device

Fig. 10 Head of hammer for genrating point load
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Fig. 15 Chamber for concrete sample in gas gun device
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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)
Rubberized concrete contained 40% rubber and silica fume
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Fig. 19 Penetration depth of rubberized concrete with silica fume
and polypropylene fiber
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Fig. 20 Crater average diameter of rubberized concrete with silica
fume and polypropylene fiber
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