[ Downloaded from mcej.modares.ac.ir on 2025-08-02 ]

[ DOI: 10.22034/23.1.12 ]

R T e e
e Olas pdige

VET Ol oot s 5 o 053

S g s 9 (5 (S50 8 S Ao 3T (o 5
YU slos 3 Silaslo

bl Joromsl Loy & Sld 3 9mmme T S5l 03 3de (g3lateres (g har el

o355 dls bl 23T ol co3lum Ol e (gl 55 (g saeiils =)
BLLED) J;-\} ‘;;“3)"“‘" J\)T eK..iJ‘b cw.&y 9 f 0SS s c)[ibl.l..u' -Y
)Lw.aji aK..iJ‘b cw.&y 9 f 0 ISiSls c)[ibl.l..u' -y

o5y Aoty ol 35T oy ( wkige 5 b edSKEils Lkl ¥

* alizadeh.mh@riau.ac.ir
VEVOT G VEC AT il fek
S Al e ol Dl gl OLES pas p 58 5 Conle & a5 L oS n L2 55 e sl sl e 51 SanY 5 ald
o 5l il mlio 5 (BL5L allas 5,08 il G laoes JIL Cars s 25 LS S S Sl ol Sl i ealiad
Slaes = 05 S wdlsl 5 ol Olatle Cxis 53 (65,558 s c!La.a 5SS o s b ol anl gl C\)J Olale s
Dot 55 Sl 53 o sl (e 358 O (Sials 5 (SO sla S35 51 (5 0 20 ol Ll 0 s aied 5 S
S ghess b S Sl i Gadow cpl 3 sl Wl 1) 01 Ols e Slals ated 5 San¥ 035 6Ll b & Ail o el >
Sladgad &5 35 opl 4ol 4 S 15 aalllan 3550 Vb (sles ol 1 Olewn 3l (dhoosn b aded 3 5 o Sd0 5 ) laailaSen
@3ldas 5 Sl o 5 S 18 05 b s 1 (901ARS s ol 0wzl S0l cilises glado o L adid 5 SawY gl
R ol s i S 15 Klea L3S 5 (oolid sl ialesT sge ol S sle am s For gles o o S 15 51 0 Ko
it 5 S 03,8 BLSlsls 0L G ol gl el s plonil (SEM) s i 2801 s Sn o oS 5 i (65l
et Ol o o> Dol 5 el Dl Sladised e gl b opd o 008 Caplie L1585 (golid sl als sl on
0L el atle glacn S8 b ol anulS (g)lid Canslin 51 don YT i o gie jsbas ool § il amjs Por Oyl > S 23 S
53 e Asls 0L (6 g 3 Shee (Wb (sles 3 4l 535 Aoy V0 5 Lamme (slad 53wl o doss Vo SV Sl Ao

Lloy oo slis =YL slos — Slasls KoV - ais jo 5 —on (8ol O 59

yvAa


http://dx.doi.org/10.22034/23.1.12
https://mcej.modares.ac.ir/article-16-60019-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-02 ]

[ DOI: 10.22034/23.1.12 ]

OLKer 5 (s om il

ey At S3l  Se 5 Shes AKELST )

DLl frmes 5 Ol 6hds SV pams 03 O oS
3 sl ax g LB 2SO 5,0 5 25d 0 LK
D353 [5] das o gy S0l el 5 (SorLSS Osls s
Lol o3Il 5 Sl 4 e s b oandl on o S 5 aded
ey sl g gl Bl o Sl ol g s e slie Kl e
s ol aSyl Oy Ll5 e a5 sl (glosle 4l

258 13 s ealinal 5550 5 edd 3LSL Ak s
Olse a2 53 Of 5l eslizal cwind S35k slaely 5l S
salizal (Jl ol bl Oloses 5501 5 il ys cils 3,
53 (o8 o o 315 e (51) (slainds laailnSn S
16] 355 "(ASR) (oo L 2815 S0 ey o
ke 45 A ) 3 Sl JSte b (IS b
Jie Jgome Lo plo 281y g B Ll STy wlale
aind S das e 0l Sldlas [7] das Ol sty LIS
3oss e o slabsls 53 Ll o 558 55 B o3I &
350 etk W STy g8 25e 03 SIS WS s
03,550 VO 31 S o311 L i 535 51 [8] 5,8 L1 3 eslaxa
SB S eslimal 1 55 Oleww (3l Olge 4 Ol
v R T ) BE TS T S G E A RN E 1)
glado s b Bk Ald o ol o (g)Lhd Caslis
YPO 5 A A OF YA YV Cilise i 53 YO 5 Yo V000
ke it Ao ys Rl L s S 18 tlesl s s 5
O 03 (Al d ) dald 4 Cd (6 7S ()Lid eyl
OGSl e Cdia b el ey 035,08 5 YA OY WV
liod dens Yoo 900 O sl gl Gy 4 e 02
5 S bl s o sl gz gl caglie Sl
ol Obe 53 1) Jltie VL oys Ve atnd Sl
Ver BV ol L oasd 3 05 (glandlas 53 [10] coils
$33pe Y A0 N0 Kl lads s L0 S

A odalin s ool (sla 3T b s Ologer oSl

Adodo—
a3 0l sl 3 o 3 s Jsa 8L 5L lae 5l eslinad
o Sl il mlo 55 5 035 Coeal Sl S
S 52 3108 ol ol 4l (ol 21y, Ot Cis
&S (g3l50 5l sdamae oslatal (Jl A8 o SGS (oL s 4
L ees leS mle 5ol S8 LS Cod |y S Jas
0 S fame 5 ey A s S sl JLR
5 Blsl Ll e BBl 4 28 T (ls p S ames
bim 1) e o8 mle Ly el ml) Joe S 0 Jl-
IS s o a Dluls Sl sdoes eslinal [1] A4S
S oolgn o Sl ol COLSL g s pe 00 s sl
5 LS el a5 ald L) 1) sdoes ealinal LB
e 38 A1 (ol Dl QLIS ae ¢ 55 5 i
Saly S wly e Ol s 5y Slals KoY
Sl Mo A5l Slals pllas Sl sdoms slizal > ol
Sy Sl o e Sl il 5 KoY slees 2 05 S
S 0 5 35 e O (Sals 5 SO g S 5l &

el Jige O 5 Shas
ool Sl mbs 53550 Sl d@jlé o
ST A5 s 5 5uSs 5l ot sllae (S 5 SIS
Olotl s 3 e oy b pme s 4 1 2 500 (S5
SR L s e slse Sl eslinal [2] Conl e300 Lok
Ceglie Wil o ol (P 53 S Sl o 5o il
03 Soslie (oolid Caaslas Sl 5l e SAES 5 ()L
Lol sl slag sl Olatbe ciline wlae 5T 0
S 5 el pslie (25T 2l 53 Ypeme (2 S o s
Shdl el b Bl Bt 5 oS S~ Sl
R P N SRS PP
13, 4] cl (35T wdige 3 Lns S3 glls 5 Laedo

BT Ol s Sel 8 e 513 5T (5 me 55 B

1. Alkali-Silica Reaction
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Factory ISIRI Test

Component  Result(%) standard 389 Method

SiO2 21.11 Min20.5 Min 20
Al203 448 Max 5 Max 6
Fe203 391 Max 5 Max 6
1692
CaO 63.36 - -
MgO 1.48 Max 2.5 Max 5
SO3 2.58 Max 2.9 Max 3
Na20 043 - -
1695
K20 0.48 - -
LO.I 2.25 Max 2.9 Max 3
R 0.45 Max 0.7 Max 0.75
F.CaO 1.50 - -
1692
C38 52.8 - -
C28 21.0 - -
C3A<8 53 - -

Table 1. Chemical characteristics of Shahroud Type 2 cement
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Fig. 1. Rubber crumbs used in concrete
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Fig. 2. Granulation curve of sand and gravel used in concrete
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Fig. 3. Glass powder used to replace cement
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Glass Gravel ~ Gravel Size of Size of  Percent

wiC Water  rubber Powder Cement 3/4" 3/8" Sand Glass (I:lf gg;ts Type of  Rubber of Design

replaced renlaced replaced replaced  Rubber Symbol

(Microns) P (mm) replaced

(Kg/m’)
ROCO
0.41 175 0 0 425 509 253 958 0 0 - 0 0 (Reference
concrete)

0.41 175 19.5 425 3825 509 253 910 75 10 Fine 1-3 5 R5C10
0.41 175 19.5 64 361.5 509 253 910 75 15 Fine 1-3 5 R5C15
0.41 175 19.5 85 340 509 253 910 75 20 Fine 1-3 5 R5C20
0.41 175 39 425 3825 509 253 862 75 10 Fine 1-3 10 R10C10
0.41 175 39 64 361.5 509 253 862 75 15 Fine 1-3 10 R10C15
0.41 175 39 85 340 509 253 862 75 20 Fine 1-3 10 R10C20
0.41 175 15.5 425 3825 484 240 958 75 10 Coarse 5-10 5 D5C10
0.41 175 15.5 64 361.5 484 240 958 75 15 Coarse 5-10 5 D5CI15
0.41 175 15.5 85 340 484 240 958 75 20 Coarse 5-10 5 D5C20
0.41 175 31 425 3825 458 228 958 75 10 Coarse 5-10 10 D10C10
0.41 175 31 64 361.5 458 228 958 75 15 Coarse 5-10 10 D10C15
0.41 175 31 85 340 458 228 958 75 20 Coarse 5-10 10 D10C20

Table 2. Details of the mixing designs used in the research
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Fig. 4. Manufacturing, sampling, and curing processes of
specimens
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Table 3. Results of slump fresh concrete mixing designs
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Abstract

With the advancement of technology in the world, industrial waste has become one of the most important
environmental challenges. Deformation and reuse of these wastes is one of the ways to improve the sustainable
state of the environment. Glass and rubber are among the most widely used materials in the world, which due
to their nature have a lot of wastes. Waste tires cause a lot of environmental pollution due to their non-
degradable materials. The use of waste glass and rubber in the construction industry can be a good solution in
reusing waste materials. Concrete, on the other hand, is one of the most widely used materials in the
construction industry, and the addition of rubber and glass crumb to concrete can improve some of its
mechanical and dynamic properties. Of course, heat resistance of materials is one of the features that is
effective in the type of application. Adding waste rubber and glass to concrete, of course, depending on their
amount and size can increase the heat resistance of concrete to some extent.

In this research, the effect of replacing small and large aggregates with rubber and also glass powder with
cement in concrete at ambient temperature and high temperature has been studied. The size of rubber used in
concrete in two categories is 1 to 3 mm and 5 to 10 mm, which are replaced by fine-grained and coarse-grained,
respectively, with replacement values of 0, 5 and 10%. The size of the glass used is smaller than 75 microns
and it can be replaced with cement with 0, 10, 15 and 20% replacement values. Shredded truck tires and
powdered construction glass were used. In this study, cubic specimens were made into 15 x 15 x 15 cm
specimens and cylindrical specimens with a diameter of 15 cm and a height of 30 cm were made according to
the standards and processed for 28 days in optimal conditions. After processing, the number of cubic and
cylindrical specimens was subjected to compressive and tensile tests. A number of other samples were placed
in an electric furnace and heated to 600 ° C as standard. After removing the samples from the furnace, they
were naturally placed at room temperature for 24 hours and then they were tested for the Residual compressive
and tensile strength. The microstructure of concrete containing glass and rubber was examined by scanning
electron microscope (SEM). The results of this study showed that adding rubber and glass to concrete causes
a decreases compressive strength and increases tensile strength. The D10C10 design, which has the highest
compressive strength, has a resistance reduction of about 12% compared to the reference design. The highest
tensile strength of heated samples is related to D5C15 design, which is about 43% higher than the heated
reference design. By comparing the sum of heated and unheated samples, it can be seen that heat at 600 ° C
has reduced the compressive strength by an average of about 33%. In general, concretes made with 5%
replacement of rubber and 10% glass powder at ambient temperature and 15% glass powder at high
temperature showed better performance. Also, in the study of concrete microstructure, adhesion between
rubber and concrete was appropriate.

Keywords: Concrete - Glass powder - Waste Rubber - High Temperature - Residual Strength
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