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Abstract

The main goal of this paper is to investigate the effects of recycled aggregates in geopolymer pervious concrete (GPC). The
usage of recycled aggregate (RA) in the construction field is getting more attention nowadays due to sustainable construction
methods. In this study, natural aggregates (NA) are partially replaced with recycled aggregates such as recycled concrete
aggregate and recycled brick aggregate (RBA) in geopolymer previous concrete. For preparing geopolymer, ground granu-
lated blast furnace slag (GGBS) was used in this investigation. Activators such as 12 M sodium hydroxide and sodium silicate
solutions were used to synthesize the geopolymer concrete in this investigation. The sodium silicate-to-sodium hydroxide
ratio was maintained at 2.5 throughout this study. Mechanical and durability properties of GPC were determined as per Indian
standards. The effects of RA in geopolymer pervious concrete were briefly investigated. It has been observed that durability
properties are affected by the incorporation of recycled aggregate (RA) in geopolymer concrete. The compressive strength
value of RC12 is less than that of GC12 and RB12 is less than that of RC12. The strength properties of structural beam ele-
ments were reduced due to the incorporation of recycled concrete and recycled brick aggregate in geopolymer concrete; at
the same time, the reduction always lies in acceptable ranges. Validation was done using ANSYS software. This paper leads
the utilization of recycled aggregates in GGBS-based GPC instant of NA at ambient curing condition.

Keywords Geopolymer pervious concrete - Ground granulated blast furnace slag (GGBS) - Recycled brick aggregate
(RBA) - Recycled concrete aggregates (RCA)

1 Introduction

Scarcity of natural aggregates is a major concern in the con-
struction industry due to its limited availability and also the
restrictions by the government in mining the aggregates only
for a certain depth citing environmental concerns. Hence,
there is a need to look for alternate aggregates for concrete
production. Also, there were concerns that most of the
lands were covered with concrete which make the surface
impermeable to rainwater into the ground. Also, construc-
tion waste worldwide accounts for 40% which is consid-
ered as construction demolition waste (CDW) (Mehta 2001;
Noushini and Castel 2016; Somna et al. 2011). From the
previous studies, the amount of CDW produced in Australia,
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China, and mainland accounts to be 44%, 40%, and 29%
respectively (Poon et al. 2012; Yuan et al. 2012; McDonald
1996). The enormous quantity of concrete waste formed can
be utilized as aggregates in concrete are a healthy conven-
tional management approach. In 2009, construction demo-
lition waste (CDW) was formed with almost 170 million
tons in the United States Environmental Protection Agency
reported (US Environmental Protection Agency (USEPA)
2009). Details reported that 56% of concrete waste was
available in total solid waste formed in Florida (Cochran
et al. 2007). Concrete developed using recycle aggregate
leads to reducing the concrete waste landfills and result-
ing protection of landfill areas (Akbarnezhad et al. 2013;
Akbarnezhad and Nadoushani 2015; Poon et al. 2004; Etx-
eberria et al. 2007; Limbachiya et al. 2012; Tangchirapat
et al. 2008). Previous studies showed the recycled concrete
aggregate (RCA) and recycled brick aggregate (RBA) were
possible sources of replacement of natural aggregate, but
the mechanical properties of RCA and or RBA are substand-
ard to conventional concrete (Khalaf and DeVenny 2004;
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Khalaf and DeVenny 2005; Limbachiya et al. 2000, Lotfy
and Al-Fayez 2015). Compressive strength was found to be
reduced in concrete fabricated using RCA/RBA aggregate
compared to NA-based concrete (Debieb and Kenai 2008).
When 100% of NA replacement with Recycled aggregate
in cement concrete which shows that 30% of reduction in
compression strength (Yang et al. 2011). Pervious concrete
is a mixture of coarse aggregates and cement. Due to fine
aggregate absence and need of voids content, the workability
decreases on fresh concrete (Meininger 1995; Ghafoori and
Dutta 1995; Babu and Babu 2017). To achieve the desired
strength and permeability, the successful void material must
be optimized. In previous concrete, the effective void content
usually varies from 15 to 35 percent. Monitoring the degree
of compaction effort as well as the aggregate ratios and prop-
erties will help reach the required void content (Varol et al.
2020) (Cetin 2013). The information of two types of research
was summarized that are reported pervious concrete having
exceptionally high water pollutant removal rates. Pervious
concrete removed 82 and 95 percent gross dissolved solids
in experiments conducted in Virginia and Maryland, respec-
tively. Increased void ratios increase penetration rates but
reduce compressive strength considerably. Porosities ranging
from 15 to 25% are suggested (Tennis et al. 2004). Water-
to-cement ratios of 0.27-0.30 are most widely used, accord-
ing to reports. Water and air will continue to flow through
the matrix into the subsoil beneath, leading to the porous
structure. Because of the pore sizes, pervious concrete not
only eliminates runoff but also serves as a barrier by rot-
ting and trapping pollutants (such as oils and debris) on and
inside the framework (Schaefer et al. 2006). The variation
and size of aggregate in the mix, the amount of water and
cement applied, and the degree of compaction all influence
the size of these pores. Pervious concrete pavements have
better hydraulic absorption than traditional concrete pave-
ments, resulting in quieter pavements. The porous nature
of the material contributes to superior hydraulic absorption
(Neithalath et al. 2006). Pervious fly ash-based geopolymer
concrete is higher compression strength compared to cement
binder-based conventional concrete (Tho-in et al. 2012). The
production of cement emits CO2 into the atmosphere, which
results in global warming. Every year, 7% CO2 is emitted
by cement factories all around the world (Mehta 2001). One
tonne production of cement releases one tonne of CO2 into
the atmosphere (Malhotra and Meht 2002). The production
of fly ash-based geopolymer requiring 60% less energy and
80% of CO2 emission compared with OPC production (Dux-
son et al. 2007) was estimated. Geopolymer concrete is one
such concrete in which the cement is fully replaced with
supplementary cementitious materials. Geopolymer is the
term introduced by Davidovits (1991). Ground granular blast
furnace slag-based pervious geopolymer concrete also shows
higher strength compared to geopolymer fly ash-based and
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cement binder-based pervious concrete (Malayali et al.
2019). Geopolymer concrete has the properties of high early
strength, admirable mechanical and durability properties
compared with cement concrete, respectively (Chindapra-
sirt and Chalee 2014; Malayali et al. 2020). Based on the
previous literature, it has been identified that there has been
limited work done on GGBS-based geopolymer pervious
concrete. Also, usage of recycled aggregate in geopolymer
pervious concrete is minimal. Hence, in this research, we
have studied the mechanical, durability, structural element
flexural properties and analysis done in ANSYS of GGBS-
based geopolymer recycled pervious concrete.

2 Materials Used

GGBS (ground granulated blast furnace slag) from a locally
available vendor was used in this investigation. Scanning
electron microscopy (SEM) was carried out in GGBS mate-
rial which shows particles having sharp edges (Celen et al.
2019) (Wen et al. 2019) which increases the binding nature,
and Fourier transform infrared spectroscopy was used to
identify the infrared spectrum of emission or absorption
of powder stage tested. Wavelength lies in the middle IR-
region silicon carbide element limited to long wavelength
2000 cm-1. Properties of coarse aggregate are identified
based on standard shown in Fig. 1. Building materials are
not having or very less natural radioactivity properties (Mavi
and Akkurt 2010) (Akkut et al. 2010) (Akkurt and Akyildi-
rim 2012). In this paper, three different nominal sizes of
coarse aggregates such as natural, recycle concrete aggre-
gate, and recycle brick aggregate (Akkut et al. 2006), such as
6 mm, 12 mm, and 20 mm, were used with the research work
properties, which are listed in Table 1. Demolished building
waste is divided into concrete and brick which is crushed in
a crusher to produce the required size utilized as aggregate
shown in Fig. 2. Recycled concrete aggregates and recycled
brick aggregates are also used as a replacement for natural
aggregates (Cetin 2015a, Book Chapter 55). The molarity
of NaOH was fixed at 12 M based on the previous work on
geopolymer concrete (Malayali et al. 2019; Malayali et al.
2020).

3 Mix Proportions and Casting

All pervious geopolymer concrete was produced with
GGBS and coarse aggregate ratio of 1:3. Ratios of
Na2SiO3/NaOH and alkali liquid were kept constant at
(2.5) throughout the investigation, and liquid-to-binder
ratio plays the main role in polymerization (Kilincarslan
et al. 2006). Three different aggregate sizes of 6 mm,
12 mm, and 20 mm were used for making geopolymer



Iranian Journal of Science and Technology, Transactions of Civil Engineering (2022) 46:77-89 79

- PR S

3pm EHT=2000kV  Signal A= SE1 I I N | P _
H WD=115mm  Mag= 300KX w0 0 w260 b0 1% ‘vs‘oo 1250 1000 7‘50 ‘ 0
(a) SEM Result for GGBS (b)FTIR Result for GGBS
Fig. 1 GGBS
Table 1 ‘f"ggreg“‘e Properties Natural aggregate Recycled concrete Recycled brick aggre-
characteristics aggregate gate
Size of the aggregate (mm) 6 12 20 6 12 20 6 12 20
Specific gravity 2.7 2.8 2.8 246 2.6 268 202 21 2.14
Density (kg/m3) 1580 1560 1490 1484 1404 1365 985 958 911
Impact value (%) 24.15 17.23 11.58 26.15 2535 2465 29.17 28.65 2658

Fig.2 Aggregates

RBA 6 mm size

RCA 20 mm size

NA 20 mm size

pervious concrete. Total numbers of mixes are nine, three ~ geopolymer recycled concrete aggregate concrete (RC),
with natural aggregate utilized geopolymer concrete  and three with recycled brick aggregate utilized geo-
(GC), three with recycled concrete aggregate utilized  polymer recycled brick aggregate concrete (RB) which
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cube cast 162 numbers, cylinder cast 135 numbers, and
beam cast 27 numbers a total number of samples 324 cast
(Fig. 3) and experiments done. The mix proportions and
their details are listed in Table 2.

4 Testing Methods
4.1 Strength and Durability Studies

Compressive strength, split tensile strength, and density
of the concrete are the major tests performed in this inves-
tigation. A compressive test was conducted based on the
guidelines given in IS 516 (1959), split tensile test was
measured by following guidelines given in IS 5816 (1999),
and density of concrete was measured based on the guide-
lines specified in ASTM C642-13 (2013). The compres-
sive strength depends on the aggregate size (Malayali et al.
2019). Voids in concrete specimens and the water perme-
ability were measured by the following methods presented
in IS 3085 (1965). Void ratio is calculated based on IS
2386-3 (1963) using Eq. (1)

Fig.3 Specimens casted

11— (W2 - WDX100

Vv
pwVol

D

where V is the void ratio, W1 is the weight of the speci-
men underwater in gms, W2 is the saturated weight of the
specimen gms, pw is the density of water, and Vol is the
volume of the specimen. After conducting the void ratio test,
specimens are placed over the apparatus, which measures
the permeability values of the specimens. Water absorption
plays an essential role in concrete (Malayali et al. 2020). The
water permeability coefficient is calculated by using Darcy’s
law with the help of Eq. (2)

Ko QL

" HAt &

where k is the coefficient of water permeability (cm/s), Q is
the quantity of water collected (cm?) over time 7 (s), L is the
length of specimen (cm), H is the water head (cm), and A is
the cross-sectional area of the specimen (cm?). The perme-
ability testing machine is shown in Fig. 4.

The samples water absorption tests were conducted to
determine the overall capacity of the untreated and treated
geopolymer concrete to absorb water. It was assessed in

Table 2 Mix proportions Specimen ID GGBS (Kg/m®) Recycled aggre- Natural aggregates NaOH Na2SiO3
gates (Kg/m?) (Kg/m3)
GCo6 450 Nil 1350 33 66
GC12 450 Nil 1350 33 66
GC20 450 Nil 1350 33 66
RC6 450 1360 - 41 105
RC12 450 1360 - 42 106
RC20 450 1360 - 43 107
RB6 450 1360 - 44 108
RB12 450 1360 - 45 109
RB20 450 1360 - 46 110

%
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Specimen

Fig.4 Permeability testing equipment

accordance with the Standard EN 13755 (2008). The speci-
mens were mounted in a container containing boiling water
(to extract dissolved gases) at a room temperature of ~22 °C
and a level hitting half the height after being dried to con-
stant weight in the early stage. After one hour, 3/4 of height
water is slowly applied and then after two hours to complete
immersion at the height of 25 +5 mm. After 48 h, the sam-
ples were separated from the water, wiped with a soft cloth,
and easily measured. The test was performed for five speci-
mens, and readings were obtained on average. The water
absorption percentage value is calculated using Eq. (3)

A= T 100(%)
== ‘ 3)

where A is the total water absorption (%), m,is the weight of
oven-dried sample in the air in gram, and m,, is the weight
of the sample saturated with water in gram.

Before conducting the sorptivity tests, the samples were
preconditioned for seven days at 500 °C, and these speci-
men edges were sealed with wax or organic compound
with 50:50 proportion. Sealing is essential to realize the
simplex flow of the specimen. Initial weight was measured
after waterproofing was done. The specimens were taken at
30 min, 60 min, 90 min, and 120 min, and the specimens
were wiped with the cloth to remove excess water. Now
the samples were weighed, and the sorptivity values were

(a) Flexural test Setup Two-point Load condition

P
P/2 P/2

le— 25mm 450mm 25mm |

500mm

e 150mm e 150mm e 150mm )

(b) Schematic diagramFlexural test Setup Two-point
Load condition

Fig.5 Flexural test setup

tabulated. Depending upon the velocities, the material
properties are defined. When the standard of concrete is
good in terms of density, durability, and homogeneity, then
the permeability speed is higher on the concrete surface.

5 Tests on Beam

The beam size of 100 x 100X 500 mm was fabricated using
beam molds and cured. A three-point loading method was
used to test the beam using a 500-kN loading frame. Dial
gauges of least count 0.001 mm were placed at the tension
face to measure the deflection along the length. Three num-
bers of dial gauges of least count 0.002 mm were placed to
measure the surface strains (Fig. 5a, b). A Brinell micro-
scope is a device used to measure crack width, and the least
count of the microscope is about 0.01 mm and measure scale
for reference measurement. Hydraulic Jack is used to apply
the load at the rate of 2 kN, and the deflection is measured
using dial gauges. After the first crack, the width of the crack
was measured for a 10-kN interval. The loading of the beam
was continued until the failure of the beam. Ultimate load,
critical load, and service load of the specimen were noted
by conducting the loading test, and the results are tabulated.

#

sty
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6 Experimental Results

The compressive strength, split tensile strength values, and
density are listed in Table 3. Under ambient curing, com-
pression strength shows higher GGBS-based geopolymer
concrete (Venkatesan and Pazhani 2016). The compressive
strength values range from 0.952 to 7.59. The best value
of compressive strength is observed in GC12 specimens in
which the void spaces are moderate; thus, the strength values
are reasonably good when compared to the other specimens.
At the same time, 6-mm aggregate containing GC exhibited
lower strength. This is due to the lower crushing strength
of those aggregates. The GC20 specimens exhibited lower
compressive strength value, which is due to the binder fail-
ure and reduction in contact points.

The second hardened property observed in this investiga-
tion is split tensile strength, which follows a similar trend of
compressive strength. GC specimens exhibited better split
tensile strength values than RC specimens. The addition of
recycled aggregate in geopolymer concrete significantly
reduced the strength values (Peng et al. 2020). At the same
time, the reduction in strength values is more than that of
RC specimens. This is due to the weak strength of brick
aggregate incorporation in geopolymer concrete.

The density of the previous geopolymer concrete ranges
from 1418 to 1848. Control specimens are having a density
value of 1848 kg/m3. The density value of RC is lower than
that of the control specimen. Aggregate size has not many
effects on the density value of the concrete. The addition of
recycled aggregates in the place of natural aggregate signifi-
cantly reduced the density values due to the adhered mortar
present in the recycled aggregates. The incorporation of recy-
cled brick aggregates also reduced the density values; at the
same time, aggregate size influences the density values. This
is due to the void area reduction in the concrete specimen.
From Fig. 6a, compressive strength and density values are
linearly related to the slope of 0.0043, and the R2 value is

Table 3 Hardened state test results of geopolymer concrete

0.3077. Split tensile strength results follow a similar trend to
the compressive strength values. The maximum value of split
tensile strength value is observed in the control specimen, and
the incorporation of recycled brick aggregates in the place
of aggregates reduced the strength properties. The relation
between density and compressive strength is shown in Fig. 6a,
and the equation formulated for this relationship is Eq. (4)

Y = 0.0043x — 1.9527. @)

Figure 6b depicts the split tensile strength results of PGC
contain RC and RB. A maximum split tensile strength is
observed in GC20 specimens. The addition of RB and RC in
geopolymer concrete reduced the split tensile strength proper-
ties. The ratio of compressive to split tensile strength value is
8.02% in GC20 specimens, which is 5 to 6% higher than that of
conventional concrete (Tangchirapat et al. 2008). GC exhibited
denser properties due to the strong interfacial bonding between
aggregates and geopolymer binder than that of an ordinary
binder. Soluble silicate in geopolymer concrete also enhanced
the geopolymer concrete properties (Sarker 2011).

The concrete specimens are tested at the age of 7 days, and
the values are plotted in Fig. 6¢, and it is evident that the com-
pressive and split tensile strength values are linearly correlated.
The relation between them is explained by the linear equation
from the plot. And the equation is Eq. (5)

Y = 0.6024x — 0.1598. 4)

7 Durability Results

7.1 Total Void Ratio and Water Permeability
Coefficient

The void ratio and water permeability of the GC speci-
mens are calculated by using Eq. (2). The void ratio of the

Specimen ID Compressive strength (MPa) Split tensile strength (MPa) Split tensile and compres- Density (kg/m®)
sion strength ratio 28 days
7 Days 14 Days 28 Days 7 Days 14 Days 28 Days
GC6 1.473 3.54 4.49 1.048 1.215 1.321 291 1848
GC12 2.04 6.86 7.59 1.332 1.443 1.644 4.62 1830
GC20 5.05 5.09 6.01 1.004 1.2 1.427 3.72 1792
RC6 1.251 2.51 3.95 0.556 0.958 1.014 2.48 1720
RC12 1.987 5.57 6.18 1.221 1.321 1.21 3.70 1735
RC20 3.245 425 5.11 0.352 0.725 1.002 3.06 1710
RB6 0.952 2117 3.21 0.452 0.758 1.001 2.11 1420
RB12 1.125 3.98 5.54 1.12 1.003 1.11 3.33 1450
RB20 1.129 2.99 3.95 0.215 0.558 0.997 2.47 1418
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Fig.6 a Relation between compressive strength and density of PGC
specimens. b Split tensile-to-compressive strength ratio. ¢ Relation-
ship between compressive strength and splitting tensile strength of

GC specimens varied from 23.19% to 28.36%. Void ratios
increase with an increase in aggregates size (Tho-in et al.
2012). The relationship between void ratio and permeability
coefficient of the specimens (Cetin 2015b) is represented in
Fig. 6d. In the case of using RB in PGC, the total void ratios
ranged from 21.57 to 27.12.

Water permeability values follow the same trend of the
void ratio, which ranges from 0.7 to 1.65. Low permeability
values are observed in GC specimens with RC aggregate or
RB aggregates. The relation between the void ratio and the
permeability values is described by Eq. (6)

Y =0.139x-2.213. ©6)

Water absorption results are calculated based on the
formula provided in Eq. (3) and listed in Table 4. Figure 7
depicts the results of water absorption values. From the
results, it is evident that the incorporation of recycled aggre-
gates boosted the water absorption levels due to the water-
absorbing property of recycled aggregates. An increase in
aggregate size causes increased water absorption levels due
to higher voids present in GC specimens (Celen and Evcin
2020).

Sorptivity results are given in Table 5. Figure 8
illustrates the differences in sorptivity values by using

Split Tensile Strength
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(d) Relationship between Water Permeability Coefficients and
void ratio

PGC at the age of 7 days. d Relationship between water permeability
coefficients and void ratio

Table 4 Water absorption results

Mix ID  Void ratio (%)  Water permeability =~ Water absorption

coefficients (cm/s)

GCo6 23.21 1.24 8.24
GC12 24.92 1.12 10.58
GC20 27.12 1.65 11.95
RC6 26.87 1.53 12.12
RC12 26.99 1.42 13.02
RC20 26.45 1.48 14.54
RB6 23.62 1.15 15.2

RB12 21.57 0.73 16.78
RB20 22.52 0.79 17.23

geopolymer concrete recycled aggregate and brick aggre-
gates. Sorptivity value increased in RC and RB specimens
due to their water absorption capacity values are high
in recycled aggregates compared to normal aggregates
(Roslan et al 2021). RCA and RBA aggregate properties
specific gravity and density are reduced compared with
natural aggregate properties which show voids supple-
mentary in RCA and RBA. Impact value of RCA and RBA
are elevated compared with NA, which shows the impact
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Fig.7 Graphical representation
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Table 5 Sorptivity test results
Mix id 30 min 60 min 90 min 120 min
GC6 6.014 6.013 5.174 4.521
GCl12 6.16 6.66 5413 4.67
GC20 6.872 6.873 5.85 4.87
RC6 7.123 7.332 7.554 7.556
RC12 7.032 7.115 7.254 7.361
RC20 7.001 7.325 7.412 7.365
RB6 8.152 8.256 8.736 8.825
RBI12 8.223 8.295 8.448 8.225
RB20 8.361 8.378 8.458 8.558
10 Sorptivity
Z
2
s
3

GC6 GC12 GC20 RC6 RC12 RC20 RB6 RB12 RB20
Specimen ID
m 30 min = 60 min = 90 min 120 min

Fig. 8 Graphical representation of sorptivity test

load-carrying capacity also low for RCA and RBA based
on these properties durability of RC and RB decreases
compared to GC (Luyt et al 2021).

RB 12 RB 20

GC 20 RC6 RCI12 RC20

RB6

8 Structural Element Fabrication
and Testing

Specimen ID

At the early stages of loading, there are no cracks visible
in the beams. When the load reaches the critical load, the
beam gets cracked, further loading increased the cracks, and
the crack width also was measured. Typical failure of the
beam happens in flexure mode. Deflection occurs at the mid-
span of the beam which is considered as a function of load
applied toward the beam specimen. The behavior of all the
specimens follows the same pattern. The critical load of the
beam is notified as Pcr, the deflection of the beam is noted
as Acr, and the crack width at the critical stage of the beam
is mentioned as War. Similarly, service stage values and the
ultimate stage values are with the subscripts of As and Au,
respectively.

From Table 6, it is evident that the cracking loads of the
beam specimens are reduced by adding RCA and RBA in
the place of natural aggregates in geopolymer concrete. The
cracking loads vs. deflection patterns are depicted in Fig. 9a,
b and c. During the loading of the specimens, all beams fol-
low the same degradation curves. The total deformation of
beam specimens and crack width maximum of 10 mm which
shows low impact strength value of recycled aggregate, so
crack width is high. The cracking load of the beam specimen
is noted by measuring the load value at which the first crack
formed, and the ultimate load is a load at which the beam
failed. Compared with GC beam specimens without recycled

Table 6 Test results of beam

- Beam Cracking stage values Service stage values Ultimate stage values
specimens
Pcr (kN) Acr Wer Ps (kN) As Ws Pu (kN) Au Wu
GC12 43 3.126 0.02 85 5.425 0.16 134 11.325 0.45
RCI12 40 2.016 0.02 81 4.156 0.18 103 10.856 0.45
RB12 33 1.535 0.03 65 4.123 0.17 95 9.658 0.37

@ Springer



Iranian Journal of Science and Technology, Transactions of Civil Engineering (2022) 46:77-89 85

aggregate, GC beam specimens incorporated with recycled
aggregate exhibited reduced cracking, highest service, and
ultimate load. This is due to the properties of recycled aggre-
gates in beam specimens.

9 Evaluation of PGC Beam Specimens using
ANSYS

ANSYS is civil engineering software that is used to evalu-
ate the properties of structural elements without perform-
ing experimental investigations. The following results are
attained from the ANSYS. The results are represented in

90
85
80
75
70
65
60
55
50

Service Load (kN)

GCI12

Table 7, which provides the ANSYS results of beam speci-
mens, which is close to that of experimental values.
Comparison of charts represented the variation between
experimental and analytical results (Kulali 2020). Cracking,
service, and ultimate load values are depicted in Fig. 10a,
b, and c, which shows the analysis results. Figure 11 shows
the deflection of cracking stage, service stage, and ulti-
mate stage beam, which shows deviation within the range
of —4.09%-4.56% within the allowable limit of 5%. Fig-
ures 12, 13, and 14 show the load of cracking stage, service
stage, and ultimate stage beam, which shows —3.16%—1.65%
deviation range compared to analysis and experimental
results, and it is evident that the variations between the
experimental and analytical results are negligible.

RCI12 RBI2

Specimen

(@) Cracking deflection of beam specimens

3.5

2.5

2
1.5 ’_‘

1
RBI12

GC 12 RC12

Deflection (mm)

Specimen ID

(b) cracking deflection of beam specimens

Ultimate load (kN)
140

130
120
110
100
90
80
70
60
50

Ultimate load (kN)

GC12 RC12 RB12
Specimen

(€) ultimate Load of beam specimens
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Table 7 ANSYS validation of

It Beam Cracking stage values Service stage values Ultimate stage values
results
Pcr (kN) Acr Wer Ps (kN) As Ws Pu(kN) Au Wu
GC12 43.02 3.014 0.024 83.6 5.365 0.175 136 11.339 0.45
RCI12 40.21 2.007 0.021 80.2 4.326 0.184 105 10.428 0.45
RB12 32.65 1.465 0.037 65.25 4.265 0.169 98 9.658 0.37
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Fig. 10 Total deformation
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10 Conclusions

The feasibility of using recycled aggregate and recycled
brick aggregate in geopolymer concrete has been analyzed,
and the following conclusions are drawn:

The results of these investigations suggested that the
incorporation of recycled concrete aggregates and brick
aggregates reduced the strength properties; at the same
time, the reduction in strength is an acceptable range.
Alkali activator in geopolymer concrete plays a vital role
in the strength properties, and aggregate size plays a sig-
nificant role in permeability properties.

The above-mentioned results suggested that the incorpo-
ration of recycled concrete aggregates and brick aggre-
gates in geopolymer concrete provides an acceptable
range of reduction in the strength properties.

The compressive strength of GC12, RC12, and RB12
is 7.59, 6.18, and 5.54, respectively. The compressive
strength value of RC12 is 19% less than that of GC12
and 27% less than that of RB12.

Comparison of experimental and ANSYS results of Critical Load
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Fig. 14 Comparison of experimental and ANSYS results of ultimate
load

e Similarly, the tensile strength of RC12 and RB12 is
reduced to 26% and 32% compared to GC12 specimens.
The reduction ranges between 12 and 32%, which is an
acceptable range of reductions. The ratios of tensile
strength to compressive strength ranged from 2.10 to
3.69, which were significantly higher than standard con-
crete.

e Due to the high void ratio, GC densities were lower
between 1418 and 1720 kg/m3, which were approxi-
mately 23 percent lower than those of conventional geo-
polymer concrete.

e The void ratio of RC12 and RB12 is 26.99 and 21.57,
respectively, which is 8.3% and 13% higher than that of
GC12 specimens.

¢ Geopolymer concrete beam specimens are without using
recycled aggregates having higher Pcr, Ps, and Pu than
that of PGC with recycled aggregates. The cracking load
of the RC12 beam is 6% less than that of the GC12 beam
due to the incorporation of recycled concrete aggregate.

e Service loads and ultimate load of RC12 are reduced to
4.9% and 23%, respectively. In RB12 beams, the crack-
ing load is 23% less than that of the GC12 beam. The
service and ultimate loads are reduced to 23% and 29%,
respectively.

e The observations made in this investigation suggested
that the strength properties of structural elements reduced
due to the incorporation of recycled concrete and brick
aggregate in geopolymer concrete; at the same time, the
reduction always lies in acceptable ranges. Validation
using ANSYS software is beneficial to understand the
behavior of structural elements constructed using geopol-
ymer concrete, and the analytical results are very closer
to the experimental values.
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