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Fig. 1. Test device
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Fig. 2. Samples before conducting compressive strength
test
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(oS e p S5hS) labslone b Y g

Designation Slag CaO Rubber PET LP W/B SP
TIHPGC-CAM 990 110 - - 1100 0.2 16
TIHPGC-CAM (10%R) 990 110 29 - 990 0.2 22
TIHPGC-CAM (20%R) 990 110 59 - 880 0.2 22
TIHPGC-CAM (30%R) 990 110 89 - 770 0.2 26
TIHPGC-CAM (40% 990 110 117 - 660 0.2 28
TIHPGC-CAM (50% R) 990 110 147 - 550 0.2 30
TIHPGC-CAM (10% P) 990 110 - 82 990 0.2 22
TIHPGC-CAM (20% P) 990 110 - 167 880 0.2 22
TIHPGC-CAM (30% P) 990 110 - 251 770 0.2 24
TIHPGC-CAM (40% P) 990 110 - 335 660 0.2 26
TIHPGC-CAM (50% P) 990 110 - 418 550 0.2 28

Table 1. Mix design components (kg/m?)
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Fig. 3. Compressive strength results of TIHPGC-CAM
specimens containing: (a) scrap tire powder; (b) PET

powder


http://dx.doi.org/10.22034/24.6.81
https://mcej.modares.ac.ir/article-16-73417-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/24.6.81 ]

315 B s 3403 Lg;l..»’l).l.?- g ©sla

v P Sl &l Sl WL s Shee (e 55 R 4 s

oo 4l Syt S5 L Sl S ab aw b
Lok i 2lee oSes [ (SUpd o5 el 5 SAS
53 e3lial 3550 PET o350 3 Sz 35 Ao s Sl
il sdins OLES gadse ol 23l ialS TIHPGC-CAM
Gl 53 ehids il pFpSIRe S ol
23 PET L o3 g b Sy 135 O3 TIHPGC-CAM

SeenS dasd O a5 &S s e 0L (0) S
4 o3swp SawY 5 (sl TIHPGC-CAM  (glad yoi
TIHPGC- (sladi sal I i doys Vo 35d hagie 5 4b
Olassl glyls SawY j3y 54 PET 54 5= CAM
S g ol 4 S PET jop 4 o 50 6y
S S5 A 5 05 Joote ) (65 e XS k8 Ll e
b s L mamed StV o S Ol L cod |
Olipe ialS ol & 5,03 PET 34 & oo Ologwr yea
Slatised ulpls 2pdr G2 il 03 SF AL, 5 S
SasenS alasd 5s 035 3 Sz 55 L TIHPGC-CAM
PET 55 L gladisel 4 Cans VL O i lyls
ol el VL gl K sdas Ol S dizes
st TIHPGC-CAM (slasisui &5 das o OLES ¢ 550
TIHPGC-CAM (slad yoi & Cod oSV Slasls 5y
sl 1 k;jjgfjﬁ uf.,bj,a £ a>b PET 54 s>
L S

o b St Ll &S das e 0l K3yl
sl TIHPGC-CAM  (slad yui 3 70+ 4 /\+ 3| PET
ATl 5o A O - R sl ) gl e
sladoss el o 0L Ls sl olie
Sl s I L it ol Gl Sl
S U sl e e RS sl S 3L il

A 0

SteS 5550 6-F
25 g Jlas 4) | K5 (6500 Jlased (V) SCs
Sl b (Cwl Sla= L v A0 B Ol uis—L 15 ge
23g il gladss (g5l TIHPGC-CAM  (glad 5ol

Dlges ol 3l as e Ol 1) PET L essu 3 Sz

AF

Coslie o VL A S 0L e () S
TIHPGC- slai 505 53 (JKul Ko Tv0 Jslas (228
sl ol 0dalia PET L 65 50 3 Sz 5550 05 CAM
5> JISal e V/E Jslan ¢ 238 Canslin o30S ¢ e s
el 03 8 03 g b Sz 35 100 (55l (lad el
Ny sl Ol peiies Gl a0l mls ol
S ol T 5o 5 S S sl SBLL

S Vo0 3 e

TIHPGC-CAM (laci yoi (228 Canslin (b3l mls £ 803
0550 3 Sz o5 (0 PET s (L1 ¢ Jals

(a) PET
= 8
g 7 [6.05
2 6 |-T——536
5 [ = 5.23
D 493 371
% 4 H—— = =
&
23N B B B B
%) 2 e —— — — ‘—— - S
=

1

0 10 20 30 40 50
Powder (%)
= Rubber

= 8
g
= 6
2
g s
7 4
&
Z 3
-
&2

1

0 10 20 30 40 50

Powder (%)

Fig. 4. Tensile strength results of TITHPGC-CAM
specimens containing: (a) PET powder; (b) scrap tire
powder
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Fig. 5. Stress-deflection curves of TITHPGC-CAM specimens containing: (a) scrap tire powder; (b) PET powder
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Abstract:

In research conducted about the development of HPC/UHPC using geopolymer technology, only the activation of
aluminosilicate materials using expensive and risky sodium-based activators has been discussed. In such research,
the effects of replacing aggregate with tire and PET powders in UHPC/HPC developed with geopolymer
technology have not been investigated. In addition, the development of HPC/UHPC heat insulation using tire and
PET powders has been neglected. The high percentage of aggregate replaced with tire and PET powders has not
been considered. This means that the development of eco-friendly heat insulation with HPC using tire and PET
powders can be a new path for future research. The use of this concrete can help minimize the problems related to
polymer waste in the environment as well as environmental problems related to cement production. Previous
research has not explored the development of heat-insulating HPC/UHPC using materials activated with calcium
oxide. Moreover, the effects of substituting high proportions of sand with PET and tire powders on the mechanical
and thermal properties of high-performance geopolymer concrete have not been investigated. This study addresses
this issue and examines the development of heat-insulating high-performance geopolymer concrete with materials
activated by calcium oxide. A new mixing method also has been developed for better compaction of TIHPGC-
CAM containing tire and PET powders. For research purposes, 10%, 20%, 30%, 40%, and 50% of the aggregate
have been replaced with tire and PET powders. The compressive strength, four-point bending, and tensile strength
tests were performed to determine the mechanical characteristics of the concrete. The porosity of the samples and
water absorption percentage also were tested. SEM analysis was performed at 91 days of age to study the
microstructure of the specimens. Finally, the thermal performance and thermal conductivity coefficient were
tested to determine the thermal properties of the TIHPGC-CAM. Mechanical tests conducted on TIHPGC-CAM
samples containing varying percentages of tire or PET powder revealed a reduction in compressive, bending, and
tensile strengths compared to control samples. The optimal replacement percentage was found to be 10% tire
powder, resulting in the highest bending, compressive, and tensile strengths of 8.1 MPa, 102.0 MPa, and 5.1 MPa,
respectively. Similarly, the highest compressive, bending, and tensile strengths of 105.0 MPa, 8.6 MPa, and 5.4
MPa were achieved in TIHPGC-CAM samples containing 10% PET powder compared to other replacement
percentages. The lowest tensile strength was for TTHPGC-CAM specimens containing 50% tire powder at 1.4
MPa. In fact, the densest geopolymer matrix was recorded in the samples without scrap tire and PET powders.
Fracture energy analysis of TIHPGC-CAM samples revealed that the highest fracture energy was achieved in
samples containing 10% tire powder or PET powder. Compared to the control sample, the fracture energy of
TIHPGC-CAM samples containing 10% PET powder increased by 1.43 times, while samples containing 10% tire
powder showed a 1.07 times increase in fracture energy. The thermal conductivity tests revealed that
incorporating 50% tire powder resulted in the lowest thermal conductivity of 0.34 W/mK, representing a 70%
reduction compared to the control sample. Similarly, the inclusion of 50% PET powder yielded a thermal
conductivity coefficient of 0.48 W/mK, which was approximately 60% lower than that of the control sample.

Keywords: Scrap tire; PET; Thermal conductivity; Geopolymer concrete.
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