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Fig. 2. Samples before conducting compressive strength
test

TIHPGC-CAM (sladi so5 05 5 bylse 5l slid i,
PET ;35 500 5m 8 Sz 35 551>
azy)@y)aﬁ_ﬁ-gt_;yﬁ:l_,.a&db@l.xiaau.ul
S LS b gloe i35 ¥ e 4y oS s LPET L
¥l alse B pan 4 oS Olyy Bsb 5 ol 0355
}a:J.S;L")'\)Q}ugﬁﬂw.unbublﬁ;@;
el 3 Kpd Ols, SelS b s b s slge s aids ¥
& PET L o5 b Sl 5o 5y 000 GV 2o L -
YU A esls o3l 5 A Lol S bglss 4 sl
b dels] O’}r-“f(i-’

) s 1y Gt ol 53 eslinad 5550 Slab sl - b
o el 63 g b Sz S PET (glas g das o OLES
[ZXINYATINA EIVA CEVA DT PEESN(5 JREVN R
Slasled 5 conl ol osls OLES 53l 5 5o e Ao LS
s Jla S glab s 05l 0L ¢l S 5 4P s R
il o oslizul cdten PET b 05 4 b St

mw -y
oL glie s V¥
olas (V) s 1) Jaalesl 51 L sladisas (g lid s slis
“\'Md‘

BEYVR VPP AP POV NE-CHME L PSR I\ I -3
Cuslis 55 (PET) oV 5 ol b 5 eagmp Sa
s e il |y TIHPGC-CAM o clad yoi (g Lad
FeXe N Kl 6 s e 0L beesls e 5 5
oS a Sy o b bahS e l0e 5t
ol osls zalS TAY 500 KT Ol golas e glis
P Om caems Ll s a4 Wil e ceglie RalS
Al Sl 855 e Sl 5 S

sl RSB imes MUKl ek
S 4 e oS Aas e 0L 1 PET oy L bawlaSn
‘_;\f_'/.vvjo\‘ XV AV A Q\J'.:.a oogulid Cwslas
st Ll o700 5 80 X T e e Sl

ezl Jsde 5 JBs il Jds 4 PET oy o

AY



(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. 4. Tensile strength results of TIHPGC-CAM
specimens containing: (a) PET powder; (b) scrap tire
powder
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Fig. 6. Fracture energy of TITHPGC-CAM specimens
containing: (a) PET powder; (b) scrap tire powder
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Fig. 7. Thermal conductivity of TTHPGC-CAM
specimens containing: (a) tire; (b) PET
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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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