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Article Info  Abstract 

Article History: 
 The growing population has led to increased construction needs in the developing 

nations, with demands for better pedestrian and non-motorized pavement 
infrastructure. Such infrastructure requires low material strength, which offers an 
opportunity to utilize innovative binders from industrial waste. Therefore, this 
study explores concrete paving blocks with one-part alkali-activated binders 
(AAB), formulated using ground granulated blast furnace slag (GGBS), to create a 
substitute for conventional blocks with lower carbon footprints and economic 
advantages. GGBS was mixed with solid sodium metasilicate (SMS) and calcium 
hydroxide (CH) in three different SMS/CH ratios as 2.33, 1.50, and 1.00. M35 grade 
concrete mixes were employed to prepare the paving blocks, suitable for light 
traffic applications. Using standard techniques, the strength and durability 
characteristics of the blocks were evaluated under consideration of mechanical 
strengths, density, water absorption, resistance to abrasion, and strength loss 
under acid attack. These outcomes were then compared with those of traditional 
paving blocks. All AAB blocks achieved the specified requirements in strength and 
durability as per the standard. Most importantly, AAB-1 blocks, which were 
produced using 80% GGBS, 14% SMS, and 6% CH as binder, surpassed the strength 
and durability performances of traditional paving blocks. AAB blocks are eco-
friendly, with carbon emissions reduced by 59% and the cost of production by 15-
23%. AAB blocks typically address environmental issues and realize cost savings 
for sustainable construction in low-traffic pavement applications. 
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1. Introduction 

The need for construction across industrial, commercial, and residential areas has increased in 
tandem with global population growth. Governments in developing countries are promoting 
urbanization through various infrastructure and development projects. In India, which has the 
second-largest population, the significance of pavement infrastructure is rising due to insufficient 
facilities for pedestrians and non-motorized transport [1]. As a result, the demand for construction 
units like paving blocks is likewise growing in these regions. Concrete paving blocks, is a non-
reinforced pre-cast blocks used in diverse pavements like driveways, parking areas, paths, roads, 
streets, and industrial sites [2]. They are generally manufactured of cement, aggregates, water, 
admixtures, and color pigments. The production of concrete paving blocks is expected to increase 
further by 4.9 % worldwide from 2020 to 2032 [3]. This growing production of blocks brings up 
environmental concerns, as it indicates a heightened demand for cement. The energy-intensive 
processes of clinker production and calcination process involved in production of cement 
contribute to approximately 7–8% of total man-made carbon emissions [4]. For many decades, 
cement manufacturers have been producing blended cements to tackle issues like reduction in cost, 
energy use, and lowering carbon emissions. Portland pozzolana cement is identified as the most 
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popular type, making up about 70% of total cement produced in India [5]. Portland slag and 
composite cements are other recognized variants of blended cements. Despite these efforts, the 
cement industry is accountable for a very high carbon emission, which emphasizes the urgent 
requirement to develop alternative binders for the construction sector. An alternative binder using 
industrial by-products, such as alkali-activated binder (AAB), offers a promising way to 
significantly lower carbon emissions and has been vastly studied by researchers in the previous 
two decades. Therefore, the concrete paving blocks should be investigated using AAB and 
differentiate with the conventional blocks. 

The development of AAB involves activating solid alumino-silicate materials such as GGBS, fly ash 
(FA), and similar materials by alkaline liquid activators. Various liquid alkaline activator 
combinations are employed in the production of AAB, and due to the separate preparation of the 
alkaline solution, it is termed as two-part AABs [6–8]. In contrast, one-part AAB offers a new and 
exciting way to simplify the mixing process with a simple just-add-water approach. By minimizing 
exposure to toxic chemicals, this new technique not only enhances productivity on site but also 
provides safety [9–11]. The mixture consists of a stable alkali activator with a dry blend of alumino-
silicate precursor; water is the sole extra requirement for the manufacture of a binding paste. 
Relative to other alumino-silicate materials, GGBS, which is an industrial by-product, improves 
durability, reduces permeability, and shows improved mechanical properties [12–16]. This is 
mainly because GGBS has high reactivity and the presence of amorphous phases, which play a major 
role in the production of AABs. The significant presence of calcium oxide, silicon oxide, and 
aluminium oxide facilitates the formation of calcium aluminium silicate hydrate (C-A-S-H) gel 
during the production of AABs [17]. It is compatible with various activators, and it develops 
adequate strength under both ambient and water curing, in addition to exhibiting excellent 
durability properties. Such a property makes GGBS an excellent candidate material for one-part 
AABs. While sodium metasilicate (SMS) is a good activator for one-part AABs [18,19], it is with 
some limitations, such as rapid setting times, efflorescence, and cracking susceptibility [20–22]. 
Additionally, understanding the role of calcium hydroxide (CH) in alkali-activation system is 
essential, since the addition of CH along with the main activators is capable of enhancing the binder 
performance [23]. Research into these materials has the ability to upgrade sustainability, safety, 
and structural resistance in the construction industry; hence, an increased understanding of these 
materials will be capable of optimizing formulation as well as performance of AABs. 

Literature suggests that the strength and durability characteristics of concrete paving blocks were 
majorly investigated employing two-part AABs [24–29]. Recent work has highlighted the potential 
of various industrial by-products, such as GGBS, FA, and rice husk ash, in the production of high-
quality paving blocks. The mixture of sodium silicate (SS) and sodium hydroxide (SH) solutions was 
commonly adopted as liquid activators in two-part AABs for activation. Mahdi et al. [24] carried 
out a study on paver blocks using two-part AABs that incorporated rice husk ash from brick kilns 
along with a combination of SS and SH solutions. The paving blocks satisfy the requirements set by 
IS 15658–2021 [30], gaining compressive strength (CS) from 30.4 to 42.7 MPa, tensile splitting 
strength (TSS) in range of 2.2-3.2 MPa, and flexural strength (FS) in range of 4.1-7.6 MPa. The 
paving blocks showed water absorption ranging 3.8 to 5.6%, and the strength loss upon acid attack 
varied from 2.2% to 4.8% after 28 days. Previous studies [2] on concrete paver blocks that 
incorporated fly ash and GGBS found CS reaching up to 57.53 MPa in just 7 days, fulfilling M40 and 
M50 grades, with minimal water absorption and enhanced abrasion resistance. Paving blocks made 
with FA [31] demonstrated TSS between 3.0 and 3.8 MPa, along with impressive durability features. 
Under ambient curing conditions, Revathi et al. [25] obtained CS of 57.34-59.58 MPa and very low 
water absorption in the case of M30 and M35 grades using bottom ash and GGBS as solid 
precursors. Conversely, the application of one-pat AABs in the fabrication of concrete paving blocks 
has been the subject of some research. For instance, Rashid et al. [18] produced one-part AAB 
blocks with GGBS having CS of 19-28 MPa. The blocks were especially suitable for low-strength 
structural blocks. In another research by Jameel et al. [19], mixing FA, GGBS, recycled aggregates, 
and plastic yielded pedestrian blocks with FS ranging from 3.7 to 5.1 MPa and CS ranging from 13.2 
to 18.7 MPa. The blocks meet the durability requirement and lowered carbon emissions by 70%. 
Together, these results highlight the versatility and environmental-friendliness of one-part AABs 
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in the manufacture of concrete paving blocks. This demonstrates their ability to fulfill the structural 
requirements, environmental needs, and economy in the current construction practice. 

1.1. Research Significance 

In the context of concrete paving blocks, numerous research studies in the area of alkali-activated 
materials particularly focus on two-part AABs. There have been very limited investigations on the 
development of paving blocks using one-part AABs, particularly those designed for various 
pavement applications. Literature suggests that one-part AABs are considered safer than two-part 
AABs, as they eliminate the requirement of handling corrosive liquid alkaline solutions. Two-part 
systems need a separate liquid alkaline activator, which is extremely corrosive and requires strict 
safety precautions. On the other hand, one-part systems employ dry powder activators, which are 
blended in with the alumino-silicate precursor. This simplifies the handling process and reduces 
safety risks, which makes it a similar process to that of traditional concrete. Therefore, this 
investigation involves investigating the essential characteristics of concrete paving blocks 
prepared using one-part AABs. GGBS blended with solid SMS and CH was employed as a binder for 
the manufacture of concrete paving blocks. The activator ratio (SMS/CH) was kept at 2.33, 1.50, 
and 1.00 to prepare three different mixtures for paving blocks. The mix proportion of concrete was 
formulated to produce M35 grade paving blocks, which are suitable for pedestrian and low-traffic 
pavement use. The present research examined the fundamental characteristics of paving blocks, 
specifically their compressive strength, tensile splitting strength, flexural strength, water 
absorption, and abrasion resistance in accordance with the Indian standard code IS 15658–2021 
[30]. Additionally, an acid resistance test was performed to analyze the performance of the blocks 
under extreme acidic conditions. Environmental impact analysis and cost estimation were also 
carried out to establish the carbon footprint and cost of production of AAB blocks compared to 
conventional blocks. The resulting AAB blocks were found suitable for M35 grade paving 
application with low carbon footprint and additional cost benefits. 

2. Materials and Experimental Methods 

2.1. Materials 

2.1.1. Solid Precursor and Alkali Activators 

In this work, GGBS as an alumino-silicate precursor was used, while a combination of solid sodium 
metasilicate anhydrous (SMS) and calcium hydroxide (CH) was used as the alkaline activators. The 
GGBS with a specific gravity of 2.85 was supplied by Astrra Chemicals, Chennai, India. The SMS 
(Na2SiO3), in its granular form with a molar ratio of SiO2/Na2O=0.9, and the CH in fine powder form, 
containing Ca(OH)₂ with 96% purity and a bulk density of 2.21 g/mL, were sourced from Akshar 
Chem Exim Co. Pvt Ltd, Kolkata, India. 

2.1.2. Binders 

This experimental study was conducted on three one-part AABs used in the preparation of 
concrete paving blocks. All these binders consisted of 80% GGBS and 20% a blend of solid 
activators, as detailed in Table 1. According to the results of preliminary examination and prior 
research in this field [10,18,32], the activators were set on the basis of the weight of total solids at 
20%. Within this investigation, a supplementary activator was employed due to the limitations of 
GGBS activation using SMS alone. Prior research indicated that escalating the SMS content as an 
activator in one-part AABs raised several durability-related issues, including efflorescence 
formation and micro-cracks [20,22]. Therefore, the binders included 80% GGBS and 20% a mixture 
of SMS and CH as activators. The binders were prepared by homogeneously dry mixing GGBS with 
the appropriate blend of solid activators before use. A digital mechanical mixer was employed to 
mix the components for a period of 3-5 minutes to get a homogeneous mixture. The prepared 
binders were stored in sealed bags for subsequent use. Additionally, for comparative analysis of 
binder performance, Composite Cement (CC) was acquired from the market and utilized in this 
assessment. CC conforms to IS 16415:2015 [33], considered equivalent to 33-grade ordinary 
Portland cement (OPC), and primarily comprises OPC, FA, and GGBS. The CC sourced was a blend 
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containing 32.50% FA, 30.25% GGBS, and the remaining 37.25% OPC (neglecting gypsum content; 
data as per the supplier). 

Table 1. Composition of the binding mixture for binders in each 50-kilogram bag of binder 

Mix ID Binder mix ratio Mass proportions per 50 kg bag (in kg) 

GGBS SMS CH 

AAB-1 80% GGBS + 14% SMS + 6% CH 40 07 03 

AAB-2 80% GGBS + 12% SMS + 8% CH 40 06 04 

AAB-3 80% GGBS + 10% SMS+ 10% CH 40 05 05 
 

2.1.3. Aggregate and Water 

The river sand, available locally and adhering to Zone III of IS 383:2016 [34], served as the fine 
aggregate. Through laboratory experiments, coarse aggregates comprising 12.5 mm and 10 mm 
nominal sizes were combined in a 60 % to 40 % proportion to produce a well-graded coarse 
aggregate of 12.5 mm nominal size, in accordance with IS 383:2016 [34]. In line with the guidelines 
of IS 456:2000 [35], potable water was utilized for preparing test samples. 

2.2. Mix Composition and Preparation of Concrete Paving Blocks 

In light of the observed performance of various binders, concrete paving blocks were formed 
utilizing all these binders to conduct a comparative study. The mix proportion was formulated in 
accordance with the guidelines of IS 10262:2019 [36], with the objective of achieving a CS of 35 
MPa at 28-days for concrete paving blocks. The water to binder (w/b) ratio was modified for 
attaining the required workability. The concrete mix ratios were carefully determined, ensuring 
that all binders matched the specifications of 33-grade OPC. The final mix ratios settled on were 1 
part binder, 1.45 parts fine aggregate, and 2.65 parts coarse aggregate, with a w/b ratio of 0.40, 
based on initial lab tests. The maximum binder content was retained at 450 kg/m3, and the w/b of 
0.40 was set to achieve concrete mixes with zero to low slump and produce high-strength paving 
blocks. Table 2 elucidates the detailed mix proportions of the concrete blends used for 
manufacturing the paving blocks. The goal was to create M35 grade concrete suitable for paving 
blocks intended for light traffic, as specified in IS 15658: 2021 [30]. Additionally, the standard 
called for a minimum thickness of 60 mm for these M35 grade concrete paving blocks. For this, PVC 
molds of zig-zag pattern whose size was 265 mm x 120 mm x 60 mm were utilized to cast the pavers 
blocks (see Figure 1a). 

For the preparation of paving blocks, the provided proportions of binder, sand, and coarse 
aggregate were mixed for 2 minutes in dry form by a laboratory pan-type mixer. Next, the measured 
amount of water, as determined from the w/b ratio, was added to the mix, and further mixing was 
done for an additional 3-5 minutes in order to achieve a homogeneous concrete mix (Figure 1b). 
During mixing and casting operations, the temperature and relative humidity were kept at 27 ± 2 
°C and 65 ± 5%, respectively, within the laboratory environment. The concrete mix was poured into 
the PVC molds size 265 mm x 120 mm x 60 mm (shown in Figure 1c) immediately after preparation. 
These molds were compacted with a table vibrator. Post-compaction, the cast molds were covered 
by a damp cloth and kept in the lab conditions for 24 ± 2 h. Subsequently, the paving blocks were 
demolded (Figure 1d) and kept under water at 27 ± 2 °C temperatures in a curing tank until they 
reached the designated age for various evaluations. 

Table 2. Compositions of concrete mixes used in the production of paving blocks 

Mix ID GGBS 
(kg/m3) 

SS 
(kg/m3) 

CH 
(kg/m3) 

CC 
(kg/m3) 

Fine 
aggregate 
(kg/m3) 

Coarse 
Aggregate 
(kg/m3) 

Water 
(kg/m3) 

CC - - - 450 652.5 1192.5 180 

AAB-1 360 63 27 - 652.5 1192.5 180 

AAB-2 360 54 36 - 652.5 1192.5 180 

AAB-3 360 45 45 - 652.5 1192.5 180 
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Fig. 1. Concrete paving block production- (a) freshly prepared concrete, (b) PVC zigzag molds, 
(c) molds filled recently, and (d) paving units after removal from molds 

2.3. Experimental Methods 

2.3.1. Characterization of Starting Materials 

The chemical composition of GGBS was analyzed with the help of an X-ray fluorescence 
spectrometer (Rigaku NEX DE, USA). The mineralogical characteristics of GGBS were analyzed 
using an X-Ray Diffractometer (Shimadzu XRD-7000, Japan) with CuKα radiation at a scanning 
speed of 4° 2θ/min and sampling pitch of 0.02° to scan the GGBS powder sample in the range of 10° 
to 80° 2θ angle. For the determination of particle size distribution of GGBS and CH, a laser-
diffraction particle size analyzer (Horiba SZ-100, Japan) was utilized. In contrast, the particle size 
of SMS was determined using the sieving method due to its coarser size. Blaine's air permeability 
method, as per the procedure mentioned in IS 1727:1967 [37], was used to determine the fineness 
of GGBS, SMS, and CH. The sieve analysis for fine and coarse aggregates was performed in 
accordance with IS 2386 (Part I):1963 [38]. The specific gravity of aggregates was determined as 
per IS 2386 (Part 3):1963 [39]. 

2.3.2. Assessment of Binder Performance 

The efficacy of the binders was evaluated to verify their equivalence to 33-grade OPC. The testing 
protocols for the binders adhered to methodologies akin to those detailed in Table 3. Throughout 
the testing process, the ambient conditions of the laboratory were kept at a temperature of 27 ± 2 
°C and a relative humidity of 65 ± 5%. Potable water was employed during the preparation of paste 
and mortar specimens for these assessments. Paste and mortar mixes were prepared using a 
mechanical mortar mixer for casting molds.  

To assess CS, mortar mixtures were formulated using a proportion of 1 part binder to 3 parts sand, 
along with water according to the standard consistency. Specimens were cast into steel molds in 
the form of cubes measuring 70.6 mm, employing a vibration machine. A digital compression 
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testing machine was utilized for measuring the CS of all binders. All test samples were put through 
underwater curing using a curing tank until the designated age of the test. 

Table 3. Methodologies employed for assessing binder performance 

Name of test Sample Parameters obtained Methods 

Fineness test Binder Blaine’s fineness (m2/kg) IS 4031(Part 2)-1988 [40] 
Standard 
consistency test 

Paste Standard consistency (P %) IS 4031(Part 4)-1988 [41] 

Setting time test Paste 
Initial and final setting times 
(minutes) 

IS: 4031(Part 5)-1988 [42] 

Compressive 
strength test 

Mortar 
Compressive strength at 3, 7, 
28 days 

IS: 4031(Part 6)-1988 [43] 

Soundness test Paste Le-chatelier expansion (mm) IS: 4031 (Part 3)-1988 [44]  
 

2.3.3. Test on Hardened Concrete Paving Blocks 

The evaluations of concrete paving blocks' performance were conducted following the procedures 
described in IS 15658: 2021 [30]. Throughout all trials, the environmental conditions in the 
laboratory were kept at a temperature of 27 ± 2 °C and a relative humidity of 65 ± 5%. Visual 
inspection, assessment of shape, and measurement of dimensions were conducted on 08 paving 
blocks from each concrete mix, following the standard. The plan area of the pavers was established 
using Method 2 as per Annex B of the standard. 

The compressive strength (CS), tensile splitting strength (TSS), and flexural strength (FS) of the 
paving blocks were assessed at intervals of 3, 7, 14, and 28 days of curing, utilizing methods 
outlined in Annex D, Annex F, and Annex G of IS 15658:2021, respectively [30]. These tests were 
performed using a digital compression testing machine (AIM-317E-MU-1-T, AIMIL, India) using 
various test attachments. For each evaluation period, three samples were subjected to a 
compression test (Figure 2a), and the mean test result was recorded. The CS was obtained by taking 
the ratio of peak load (N) to the plan area of the blocks (mm²). The test result calculated was then 
adjusted using a recommended correction factor (k = 1.06, for 60 mm thick zig-zag paving blocks) 
to acquire corrected CS values across all test periods. 

Regarding the TSS, the paving block was positioned on the testing device such that the packing 
pieces were situated on the upper and lower surfaces, coming into contact with the supports of the 
split test fixture (Figure 2b). The sample was loaded until failure, and the TSS was determined using 
equation (1). 

𝑇 = 0.637. 𝑘. 𝑃/𝑆 (1) 

Where, T = TSS (MPa), P = failure load (N), S= cross-sectional area of the failure plane of the test 
sample (mm2), k = correction factor for block thickness = 0.87; for 60 mm thick paving blocks as 
per Annex F of the standard. 

To assess the FS, the paving block was positioned in a simply supported manner upon two solid 
cylindrical rollers, while a central force was exerted using a third roller, as depicted in Figure 2c. 
The sample underwent a load application until rupture, and the FS of the paving blocks was 
determined by equation (2). 

𝐹𝑏 = 3𝑃𝐿/(2𝑏𝑑2) (2) 

Where, Fb = FS (MPa), P = ultimate load (N), L = centre to centre length between two rollers (mm), 
b = mean width of block assessed from both specimen faces (mm), d = mean thickness assessed 
from both fracture lines’ ends (mm). 

The density of hardened paving blocks was ascertained by applying the mass-to-volume ratio on 
samples from each group after they had undergone 28 days of curing. The mean from three test 
samples was utilized to derive the densities for all paving blocks. Subsequently, the water 
absorption of these blocks was evaluated as per Annex C, IS 15658:2021 [30]. The blocks were 
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immersed in water for 24 ± 2 h, accompanied by heating in an electric oven set at 105 ± 5 °C. The 
test was conducted on three blocks from each mix type to find the mass loss (%) of the specimens.  

The abrasion resistance of paving blocks was done using the procedure recommended in Annex E, 
IS 15658:2021 [30]. A square sample measuring 70±0.1 mm cross-section and thickness of 50 mm 
was extracted from the broken test pieces of 28 days' flexural strength test. The sample was 
subsequently tested in a dry state using an abrasion testing apparatus. The test sample was loaded 
centrally with a load of 294±3 N. The revolution of grinding disc was set at 30 rpm and the disc was 
halted after one-cycle comprising 22 rotations. This test-cycle was repeated 16-times, with the 
square sample being rotated 90° clockwise and about 20g of abrasive powder was distributed over 
the testing path after every test-cycle. The abrasive resistance of blocks was determined as an 
average volume loss of test sample (mm³ per 5000 mm²). 

To assess the durability in an acidic environment, the hardened paving blocks, after 28-days of 
curing, were submerged in a 5% H2SO4 solution for the acid attack resistance test. Sulfuric acid 
(H2SO4) with 98% purity (manufacturer - Merk Ltd.) was sourced locally for this evaluation. The 
test procedure was adopted as described in earlier research [24]. Three paving blocks from each 
batch were immersed in an acidic solution, kept in a sealed container. The pH value of 2 for acid 
solution was maintained during the experiment. The samples were air dried in lab conditions of 27 
± 2 °C and relative humidity of 65 ± 5% for 72±2 h after immersion. The durability of the blocks 
was evaluated by quantifying the loss in CS of the paving blocks following acid exposure of 28 days. 

 
Fig. 2. Testing setup used for the (a) compressive strength, (b) tensile splitting strength, and 

(c) flexural strength tests, and the resulting failure modes for specimens under each respective 
test 

3. Results and Discussion 

3.1. Characteristics of Starting Materials 

The result of the XRF analysis of GGBS is shown in Table 4, which indicates that GGBS is a calcium-
rich material, containing 42.7% calcium oxide content. SiO2 and Al2O3 are other predominant oxides 
in GGBS, accounting for 31.2 % and 15.1 % respectively. Furthermore, XRD analysis (Figure 3) 
confirmed that the GGBS was largely non-crystalline, a characteristic suggested by the absence of 
distinct peaks usually associated with crystalline materials. A broad hump in the range of 25° to 
35° 2θ angle represents the amorphous structure of minerals present in it [45]. The particle size 
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distribution curves for GGBS and the solid activators are depicted in Figure 4. The median particle 
diameters (d50) were determined to be 13.85 μm for GGBS, 575 μm for SMS, and 11.75 μm for CH.  

Table 4. Chemical composition of GGBS 

Constituents CaO SiO2 Al2O3 MgO MnO SO3 TiO2 Fe2O3 K2O LOI 

(%) 42.7 31.2 15.1 5.71 1.63 1.19 1.11 0.68 0.46 0.26 
 

Blaine fineness tests yielded values of 420 m²/kg, 151 m²/kg, and 450 m²/kg for GGBS, SMS, and 
CH, respectively. The Blaine fineness values for GGBS, SMS, and CH came in at 420, 151, and 450 
m²/kg, respectively. This analysis indicates that the SMS granules are noticeably coarser, while the 
CH shows a much finer texture compared to GGBS. The properties of SMS, as provided by the 
manufacturer, are presented in Table 5.  

 

Fig. 3. XRD pattern of GGBS used in this study 

 

Fig. 4. Particle size distribution curves for GGBS, SMS, and CH 

Table 5. Properties of anhydrous sodium metasilicate 

Descriptions Results 

Na2O (%) 50-52 
SiO2 (%) ≥48 
Modulus 0.9 

Water insoluble < 0.3 % 
pH in 1% solution 12.6  0.2 

Bulk density (g/mL) 1.05  0.17 
 

The data suggest that SMS has a low SiO₂/Na₂O ratio of 0.9, which is considered beneficial, as a low 
modulus ratio indicates less polymerized silica and, thus, shows faster dissolution for the 
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production of GGBS-based one-part AABs [46]. The faster dissolution contributes to achieving the 
high early strength of the developed products. The physical attributes of fine and coarse aggregates 
used in the preparation of concrete paving blocks for all mixes are detailed in Table 6. 

Table 6. Fine and coarse aggregate characteristics 

Parameters Fine 
Aggregate 

Coarse  
Aggregate 

Remarks 

Sieve Analysis Sieve Size % Passing % Passing  
20 mm - 100 River sand of grading 

zone-III (conforms to 
Table 9 of IS 383:2016 
[34] and 
Graded coarse aggregate of 
nominal size 12.5 mm 
(conforms to Table 7 of IS 
383:2016 [34]) 

12.5 mm - 98.68 
10 mm 100 41.32 
4.75 mm 100 0 
2.36 mm 90.8 - 
1.18 mm 76.2 - 
600 m 62.3 - 

300 m 15.2 - 

150  m 0 - 
Specific gravity 2.64 2.78  

 

3.2. Performance of Binders 

The physical characteristics of all binders used for concrete paving blocks are as presented in Table 
7. The physical characteristics of CC, AAB-1, and AAB-2 comply with the minimum requirements of 
OPC 33-grade, making them appropriate to use in manufacturing paving blocks. On the other hand, 
AAB-3 gained a 28-day CS slightly below the minimum 33 MPa. However, it is noteworthy that all 
other physical properties of AAB-3 complied with the minimum criteria required. This suggests 
that despite its minor lag in CS, AAB-3 was still considered fit for incorporation in the concrete 
mixes for developing paving blocks.  

Table 7. Physical properties of some binders used in the current study 

Characteristics Requirements for 
OPC 33-grade 

(IS 269:2015 [48]) 

Binders 

CC AAB-1 AAB-2 AAB-3 

Fineness (m2/kg) ≥225 3482 351 5 358 4 3622 
Standard 
consistency (%) 

- 32 29 32 33 

Initial setting time 
(minutes) 

≥30 1346 55 5 76 2 884 

Final setting time 
(minutes) 

≤600 2888 285 6 328 7 420 4 

Compressive 
strength (MPa) 

(a) 3 days 
(b) 7 days 
(c) 28 days 

 
≥ 16 
≥ 22 
≥ 33 

 
22.220.8 
29.341.4 
38.520.5 

 
30.58  0.5 
35.8  0.9 
40.00 1.1 

 
24.79  1.6 
30.38 0.9 
35.121.2 

 
22.351.1 
26.061.2 
31.240.8 

Soundness (mm) ≤10 1.2 0.1 2.0 0.2 1.8 0.3 1.4 0.2 
 

The test results suggest the significance of the SMS/CH ratio in affecting the performance of AABs. 
An elevated SMS/CH ratio resulted in an increase in the CS of binders. This increment is associated 
with the development of strength-giving phases, such as calcium alumino silicate hydrate (C-A-S-
H) gels, from the hydration of the binders [8,21]. Apart from that, solid activator ratio reduction led 
to enhanced fineness, enhanced setting time, lower CS, and better soundness of AABs. This, thus, 
implies that the use of CH as an auxiliary activator is significant in enhancing fineness, retarding 
setting, and rendering binders sound. This improvement is likely attributed to the very fine particle 
size of CH, promoting better interactions within the binder matrix [47]. On the other hand, the 
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results also indicate that raising the proportion of CH in the mix adversely impacted the CS of the 
binders. Overall, the prolonged setting time and comparable CS of AABs suggested the suitability of 
binders to be used in making high-performance concrete paving blocks. 

3.3. Visual Aspect, Shape and Dimension 

The visual attributes, shape, and dimension of the produced paving blocks were examined based 
on the criteria outlined in IS 15658:2021 [30]. A general visual examination was conducted on 
individual paving blocks in order to assess their homogeneity and uniformity in form and 
dimension and, further, the inspection of the flatness and smoothness of their top surfaces. All the 
paving blocks produced in the duration of this research met the prescribed design requirements 
without showing any evident deficiency like cracks, delamination, or other serious defects that 
would compromise their structural integrity.  

Table 8. Concrete paving blocks and surface area measurement for all mix designs 

Block 
type 

Length, L, 
mm 

Width, 
W, mm 

Thickness, 
T, mm 

Aspect 
ratio 
(L/T) 

Arris/ 
Chamfer, 

mm 

Plan area 
(mm2) 

Wearing 
face area 

(mm2) 
Zig-Zag 
paving 
blocks 

265 0.5 120 1 60 2 4.4 0.2 5 0.05 29400 25930 

 

The color of AAB paving blocks was identified as white, whereas CC paving blocks were gray in 
color, as shown in Figure 5. The specific dimensions and surface areas of the paving blocks can be 
found in Table 8. It was noted that the tolerances for the length, width, and thickness of the blocks 
comfortably satisfied the requirement set by IS 15658:2021 [30]. According to the standard, the 
maximum aspect ratio for paving blocks should be 4; however, the aspect ratio of paving blocks 
developed here was around 4.4, which is due to the size of the mold used. 

 
Fig. 5. Visual appearance of CC and AAB paving blocks 

3.4. Mechanical Performances 

3.4.1. Compressive Strength 

The corrected CS of paving blocks was assessed at intervals of 3-, 7-, 14-, and 28-days post-casting, 
as depicted in Figure 6. The CS of all developed blocks demonstrated an upward trend with the 
duration of curing. The gain in CS with curing time is primarily because of the fast hydration and 
the resulting formation of strength-giving phases within the paving blocks. It is worth-noting that 
AAB-1 blocks, which composed a 14% SMS dosage and an SMS/CH ratio of 2.33, produced the 
maximum CS at all the ages. Specifically, after 28-days curing, the CS for paving blocks with solid 
activator ratios of 2.33, 1.50, and 1.00 was recorded at 51.08 MPa, 42.83 MPa, and 38.09 MPa, 
respectively. These outcomes show that the CS of AAB-1 blocks consistently surpassed that of the 
CC blocks throughout each stage of the curing process. Moreover, the data suggest that a reduction 
in the solid activator ratio (SMS/CH) led to a reduction in CS of AAB blocks. The trend may be linked 
to lesser evolution of strength-giving phases due to the decrease in SMS dosages; however, it is 
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significant that the strengths achieved remained considerably above the minimum standard 
requirement of 35 MPa for specified concrete mixtures in paving blocks [30]. In respect to AAB 
blocks, the binder's hydration starts with the dissolution of solid activators and GGBS particles, 
resulting in the generation of C-A-S-H gels. Previous research has indicated that C-A-S-H gels are 
the primary phase contributing to strength in AAB formulations with high-calcium solid precursors 
[7,49]. Therefore, the strength development observed in AAB blocks can chiefly be linked to the 
existence and development of these C-A-S-H gels. 

 

Fig. 6. Corrected compressive strength of paving blocks 

The incorporation of CH as a supplementary activator alongside SMS within the alkali-activation 
system proved advantageous, as there were no indications of efflorescence or shrinkage cracks in 
the specimens. Furthermore, the inclusion of CH not only facilitated strength progression by 
providing soluble calcium that interacts with silica and alumina to form C-A-S-H gel but also 
contributed in enhancing the hardened densities of AAB blocks, thus augmenting their overall 
strength [47]. The pace of strength development in AAB blocks superseded that of CC blocks. The 
percentages of strength attainment at 3, 7, and 14 days were recorded at 60%, 70%, and 82%, 
respectively, relative to their 28-day strength. Conversely, the AAB blocks demonstrated 
percentages of strength attainment at these intervals of approximately 65%, 74%, and 85%, 
respectively, when compared to their 28-day CS. The swift gain in CS observed in AAB blocks can 
be ascribed to the expedited evolution of C-A-S-H gels. This occurrence results upon the rapid 
dissolution of activators, along with the increased reactivity of GGBS [13,50]. This trend of rapid 
initial strength development is consistent with previous research, which noted that strength 
typically increases swiftly during the early stages of curing, followed by a deceleration in later 
phases [8,45]. The failure patterns of the paving block after compression test, displayed in Figure 
2 (a), were similar for both CC and AAB blocks. As vertical loads increased, we noticed lateral 
expansions in the blocks, which is in line with Poisson’s behavior [18]. 

3.4.2. Tensile Splitting Strength 

The TSS of the developed blocks over 3, 7, 14, and 28 days is presented in Figure 7. Similar to the 
result pattern seen in CS, a consistent increase in TSS with age of curing was seen. Notably, AAB-1 
blocks attained the peak TSS of 3.56 MPa at 28-days, considerably surpassing the figures noted for 
CC blocks and other AAB blocks. The development of early age strength, especially at 3 and 7 days, 
was less prominent regarding TSS compared to the improvements observed in CS. For CC blocks, 
data indicate strength increases of 36% and 60% at 3 and 7 days, respectively. Conversely, the AAB 
blocks showed average strength enhancements of 33% and 58% during these periods. The impact 
of SMS dosages and the solid activator ratio on split tensile strength mirrored the trend noticed for 
CS. Remarkably, the mean TSS of all the paving blocks satisfied the minimum mean TSS criterion of 
2.97 MPa, as outlined for M35 paving blocks in the standard IS 15658:2021 [30]. Nonetheless, it is 
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noteworthy that AAB-3 exhibited the lowest TSS, barely meeting the minimum threshold. The post-
test failure pattern, as depicted in Figure 2 (b), generally involves the blocks splitting 
approximately into two equal halves along their length. This mode of failure was consistently 
observed in both CC and AAB blocks. 

 
Fig. 7. Tensile splitting strength of paving blocks 

3.4.3. Flexural Strength 

The FS of the developed blocks assessed at 3, 7, 14, and 28 days is shown in Figure 8. With an 
increase in the curing period, both CC and AAB paving blocks developed a significant gain in terms 
of FS. Especially, the AAB-1 blocks have achieved a very high performance with FS of 8.44 MPa at 
28-days curing, which is a much higher strength than the CC blocks. However, like before in relation 
to TSS, the early enhancements in FS at both 3 and 7 days were less pronounced than the evident 
strides in their CS. In other words, CC blocks presented a 15% higher strength at 3 days and a 48% 
higher strength at 7 days.  

 

Fig. 8. Flexural strength of paving blocks 

The AAB blocks showed average increases of 19% and 51% over the same periods. The way SMS 
dosages and the solid activator ratio affect FS were consistent with their impact on compressive 
and split tensile strengths. It's noteworthy that the mean FS of all the blocks produced met the 
minimum average requirement of 3.85 MPa for M35 paving blocks, as outlined in IS 15658:2021 
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[30]. Figure 2 (c) illustrates that during the evaluation of flexural performance, the observed failure 
modes were characteristic of flexural failure, manifesting as distinct crack formations with the 
blocks nearly splitting into two halves.Figure 9 displays the correlation between CS and TSS, 
representing R² values for all paving blocks varying from 0.9284 to 0.9713. This indicates a strong 
concurrence, suggesting that an enhancement in CS is accompanied by a corresponding rise in the 
TSS of the paving blocks. Similarly, Figure 10 presents the association between CS and FS, 
exhibiting R² values ranging from 0.9433 to 0.9501. This again shows the strong relationship 
between these two properties. The positive trend evident in the linear regression for both scenarios 
clearly point to the fact that higher CS is linked with an improvement in TSS and FS, thus indicating 
a uniform trend throughout all the assessments. In similar research studies [19,24], linear 
relationships between CS with TSS and CS with FS were established for AAB-based concrete blocks. 
TSS and FS increase as CS increases, indicating interdependence between these mechanical 
properties. 

3.4.4. Relationship Between Mechanical Properties 

To obtain the relation between mechanical properties, a linear regression analysis was conducted 
to find the relationship between CS with TSS, as well as FS.  

 

Fig. 9. Correlation between compressive strength and tensile splitting strength 

3.5. Density and water absorption 

The densities of developed paving blocks were assessed based on mass-to-volume ratios, as 
displayed in Figure 11. The density of all paving blocks was found to range from 2490 to 2648 
kg/m³. Notably, the density of the CC paving blocks exceeded that of all other blocks. The slightly 
lower density of AAB blocks compared to CC blocks might stem from the lower specific gravity of 
AAB. Within the AAB blocks, the similar densities could be linked to the formation of phases that 
boost strength, along with the existence of finer CH particles in the concrete matrix [47,49]. An 
increase in SMS dosage was accompanied by a rise in bulk density. Furthermore, there was a clear 
link between the bulk density and the CS of the AAB blocks; higher density of paving blocks resulted 
in higher strength. Previous studies [24] also illustrated that the density of the AAB blocks varied 
from 2350-2400 kg/m³, similar to current study. The same linear relationship between the density 
of the AAB blocks and the CS was also found in a previous study [19]. 

Figure 11 presents the values of water absorption in prepared paving blocks. The outcomes show 
that the water absorption capacity for CC blocks was observed at 3.09%. This is significantly lower 
than that of all AAB blocks, with the AAB-3 block having the highest capacity at 4.95%. The result 
shows there is a clear reverse correlation between density and water absorption. The lower the 
density of the blocks, the higher is the tendency for water absorption. This is most likely because 
there are available small pores for water penetration in the concrete matrix. However, the findings 
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show that all the tested blocks met the water absorption requirements, set at 6% by IS 15658:2021 
[30]. In a similar study [24], water absorption of the order of 3.80 % was observed for FA-based 
AAB paving blocks, which is close to the present observed value. Also, a value of 2.85-3.03 % was 
observed for FA-GGBS-based paving blocks in similar research [2]. 

 

Fig. 10. Correlation between compressive strength and flexural strength 

 
Fig. 11. Water absorption and density of developed paving blocks 

For FA-Silica fume-based AAB blocks, a lower value of 1.98 % was observed in a past work [26]. In 
another instance [51], water absorption in cement pervious concrete for paving was found to be 
between 3.79% and 5.29%, a value very similar to this study. This indicates AAB blocks have low 
water absorption, therefore satisfying the regulatory standards. This conformity also reflects the 
performance of the blocks in various applications where water resistance is of great concern. 

3.6. Abrasion Resistance 

Figure 12 presents the findings of the abrasion resistance of paving blocks, conducted at a maturity 
time of 28-days. The average abrasion resistance, expressed as volume loss, ranged from 7522 to 
8906 mm³ per 5000 mm² across all paving blocks. It can be observed that all blocks showed 
abrasion resistance values below the permissible maximum value of 18,000 mm³ per 5,000 mm², 
which is a requirement for all concrete paving blocks according to IS 15658:2021 [30]. Among the 
different variations tested, the AAB-1 blocks demonstrated better abrasion resistance compared to 
the CC blocks and other AAB types. This indicates that lowering the ratio of SMS/CH in AAB blocks 
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led to a decrease in their abrasion resistance. The enhanced resistance to abrasion of AAB blocks is 
attributed to their compact microstructure and superior bonding with aggregate particles [24]. 
Furthermore, the integration of very fine CH particles within the alkali-activated matrix fortifies 
the interfacial bond, enhancing the linkage between the aggregate and the gel, subsequently 
elevating abrasion resistance. Earlier research [2,24] had shown the abrasion resistance of two-
part AAB blocks as ~10000-13000 mm³ per 5,000 mm², which is greater than that of the present 
study. In another similar study [26], better abrasion resistance of 2710 mm³ per 5,000 mm² was 
indicated for two-part FA-silica fume-based AAB blocks. The abrasion resistance values obtained 
in this work lies within these range. This indicates their potential utilization in pedestrian and low 
vehicular traffic applications. 

3.7. Acid Attack Resistance 

The result of acid resistance testing, which was carried out using a 5% sulfuric acid, is presented in 
Figure 12. The result indicated that CC blocks were much more adversely affected by acid exposure. 
Conversely, AAB blocks were much more resistant to acidic exposure, as depicted in Figure 13. The 
CC blocks suffered the most significant loss in CS, registering a loss of 5.52%. The AAB-1 blocks, 
however, reported the minimum loss in strength, which was 3.78%.  

 
Fig. 12. Abrasion and acid resistance of the produced paving blocks 

 

Fig.13. Visual appearance of the paving blocks after acid exposure at 28-days 

A previous study [2] has identified the higher acid resistance (~2.15%) of AABs produced with 
GGBS activated by a mixture of liquid activators. In another study [24] on FA-based AAB paving 
blocks, an acid resistance of approximately 4.50 % strength loss was found. These results clearly 
demonstrate that developed AAB blocks possess enhanced durability compared to CC blocks under 
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acidic environments. It highlights their prospective application in areas where resistance to 
chemical degradation is essential, especially in industrial settings like chemical plants, food and 
beverage plants, sewage and wastewater treatment plants, and manufacturing plants where acids 
are often used or spilled. 

3.8.  Summary of the Performance of AAB-Based Concrete Paving Blocks 

Table 9 presents a summary of major findings on the development of AAB paving blocks, while also 
providing a thorough comparison with performance data from previous scholarly studies 
conducted over the past few years. Notably, the results obtained from the current study revealed 
that concrete paving blocks, developed using GGBS-based one-part AABs, showed performance 
metrics that are not only comparable to but in certain instances may even surpass those observed 
in two-part AAB formulations that utilize a variety of solid precursors and activators in their 
composition.  

Table 9. Summary of AAB-based concrete paving blocks developed in recent years 

 

This research distinctly emphasizes the substantial potential inherent in the utilization of one-part 
AABs for the production of paving blocks, which can be manufactured through processes that are 
strikingly similar to those employed in the conventional production of cement-based concrete 
paving blocks. 

3.9. Environmental Benefits 

To assess the environmental advantages of one-part AAB blocks compared to traditional concrete 
blocks, it was essential to examine the environmental effects of the developed blocks. Therefore, 
the carbon footprint of all the components present in the concrete mixes was evaluated in forms of 
Global Warming Potential (GWP). The GWP assessment was constrained to the manufacture of 
blocks with the designed mix ratios, excluding other life cycle stages. The analysis presented 
employs a highly streamlined method to measure the ecological benefits of AAB blocks compared 

AAB 
type 

Solid 
precursor 

Activators 
& their 

ratio 

Curing 
method 

Paving 
block 
grade 

CS 
28 d 

(MPa) 

TSS 
28 d 

(MPa) 

FS 
28d 

(MPa) 

WA 
(%) 

Ref. 

Two-
part 
AAB 

 

FA-GGBS SS+SH, 1.5 Ambient M40 72.13 3.80 6.63 3.03 [2] 

FA-GGBS SS+SH, 1.5 Ambient M50 75.35 4.23 6.36 2.85 [2] 

FA-BKRHA SS+SH, 2.5 
Sundried 
(45 °C) 

M40 44.30 3.30 7.60 4.40 [24] 

FA SS+SH, 2.5 
Sundried 
(45 °C) 

M40 43.50 3.10 7.10 3.80 [24] 

BA-GGBS SS+SH, 2.5 Ambient M30 57.34 - - 0.76 [25] 

BA-GGBS SS+SH, 2.5 Ambient M35 59.58 - - 0.28 [25] 

FA 
SS+SH, 

1.25 
60 C M35 52.33 - 5.10 2.18 [26] 

FA-SF SH 60 C M35 47.54 - 5.07 1.98 [26] 

 FA-GGBS SS+SH, 2.5 70 C M35 41.60 4.70 6.80 5.50 [27] 

 FA SS+SH, 2.5 70 C - - - 3.80# 5.60 [31] 

One-
part 
AAB 

GGBS-FA SMS Ambient 
Pressed 

block 
18.70 5.10 - 2.90 [19] 

GGBS SMS Ambient 
Pressed 

block 
28.00 - - - [18] 

GGBS 
SMS+CH, 

2.33 
Water M35 51.08 3.56 8.44 4.01 Current 

GGBS 
SMS+CH,1.

50 
Water M35 42.83 3.12 6.68 4.20 Current 

GGBS 
SMS+CH,1.

00 
Water M35 38.09 2.98 5.78 4.95 Current 

BKRHA- Brick kiln rice husk ash, BA- Bottom ash, SF-Silica fume, SS-Sodium silicate solution, SH-Sodium 
hydroxide solution, WA-water absorption, Ref.-References, #7-days flexural strength. 
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to CC blocks. The GWP contributions of all ingredients in the binder, as well as the concrete mix, 
were computed based on established CO2-equivalent values (in kg CO2-eq/kg). The required data 
regarding GWP contributions of the materials were utilized from several previous studies [19,52–
56]. The subsequent GWP information was used for the evaluation: 

• OPC: The GWP of OPC is considerably high, mainly because of the calcination and significant 
energy expenditure during the production of cement clinker, and it is estimated to be 
approximately 0.85 kg CO2-eq/kg. 

• FA: It is an industrial by-product, obtained from coal combustion, it generally possesses a 
very less emissions about 0.01 kg CO2-eq/kg. 

• GGBS: Another industrial by-product that belongs to the steel industry, GGBS has a less GWP 
of about 0.07 kg CO2-eq/kg. 

• SMS: The manufacturing of sodium metasilicate is an energy-demanding process, typically 
resulting in a considerably high GWP, around 0.80 kg CO2-eq/kg.  

• CH: The production of hydrated lime is likewise an energy-demanding procedure 
necessitating limestone calcination similar to OPC, thereby possessing a higher emission, 
near 0.94 kg CO2-eq/kg.  

• Aggregate: As natural materials, fine and coarse aggregates are considered to have a very less 
GWP of about 0.05 kg CO2-eq/kg each.  

• Water: Since water is a natural resource, it essentially has a negligible GWP. 

Table 10. Global warming potential of paving blocks per cubic meter of concrete mix, expressed in 
kg CO2-eq/m3 

Mix ID OPC GGBS FA SMS CH Fine 
Agg. 

Coarse 
Agg. 

W Total 
GWP  
(T.G.) 

% GWP 
reduction* 

with respect 
to OPC as 

binder 
CC 140.57 9.61 1.47 - - 32.625 59.625 0 243.90 48.63% 

AAB-1 - 25.20 - 50.40 25.38 32.625 59.625 0 193.23 59.30% 
AAB-2 - 25.20 - 43.20 33.84 32.625 59.625 0 194.49 59.03% 
AAB-3 - 25.20 - 36.00 42.30 32.625 59.625 0 195.75 58.77% 

OPC 
(Ref.) 

382.50 - - - - 32.625 59.625 0 474.75 - 

* GWP reduction % = [(474.75-T.G.)/474.75]x100, Agg.- Aggregate, W-Water, Ref.-Reference binder 
 

Based on the aforementioned data, the GWP calculations were completed and displayed in Table 
10. The GWP assessment reveals the subsequent environmental impacts of the materials utilized 
in this research. Assuming identical mix proportions and employing OPC as the binder, the GWP of 
OPC-based paving blocks would amount to 474.75 kg CO2-eq/m3 (determined as shown in Table 
10). Relative to OPC-based blocks, the CC paving blocks exhibited a reduced overall GWP, 
approximately 49% less. When employing AAB paving blocks, the overall GWP has decreased 
further, reaching about 59% for all AAB blocks in comparison to those based on OPC, as shown in 
Figure 14a. Compared to CC paving blocks, the GWP was reduced by 10% in the AAB blocks. The 
difference in the ratio of SMS and CH equally has the same effect on GWP, as they have high and 
equal GWP values. The study shows that the one-part AAB paving blocks have lower carbon 
footprints and thus have environmental benefits compared to conventional paving blocks. 

3.10. Cost-Effectiveness 

In this research, efforts were undertaken to create concrete paving blocks by substituting 
traditional cement with one-part AABs. Additionally, other components like natural river sand, 
coarse aggregate, and water were consistently used across all binders. To assess the cost-
effectiveness of the paving blocks, only the expenses related to the binders were compared and are 
displayed in Table 11. The currency used in Table 11 is USD ($). The estimated unit costs of GGBS, 
SMS, and CH were 0.0291, 0.326, and 0.140 $ per kilogram, according to the current market rates 
in India. The cost of CC and OPC (33-grade) was approximately 4.372 and 4.547 $ for a 50 kg bag 
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from major manufacturers in India. These costs, however, differ greatly based on the manufacturer, 
location, shipping, and quantity of supply needed. The prices selected here are an average of the 
going rates for the materials' bulk supply on the market. A cost analysis was conducted and 
presented using this data for a designed binder quantity of 450 kg/m3.  

Table 11. Cost calculations for binders to produce paving blocks per cubic meter of concrete mix 

Mix ID Cost of binders’ ingredients 
per 50 kg 

Cost of 
binder 
per 50 

kg 

Total cost 
(T.C.) for 

450 kg/m3 
of binder 

% Cost reduction with 
respect to OPC as binder 

[(40.923-T.C.)/40.923]x100 GGBS 
(0.0291 

$/kg) 

SMS 
(0.326 
$/kg) 

CH 
(0.140 
$/kg) 

CC - - - $4.372 $39.348 3.85% 
AAB-1 $1.164 $2.282 $0.420 $3.866 $34.791 14.98% 
AAB-2 $1.164 $1.956 $0.560 $3.680 $33.116 19.08% 
AAB-3 $1.164 $1.630 $0.700 $3.494 $31.442 23.17% 

OPC 
(Ref.) 

- - - $4.547 $40.923 - 

[1 US$ = 85.77 INR (₹) in June 2025] 
 

The research indicates that the use of AABs can provide to an economic saving of costs by 
approximately 11-19% relative to CC. Furthermore, relative to 33-grade OPC, AABs can lead to an 
expenditure saving of approximately 15-23% (Figure 14b). Thus, concrete paving blocks can be 
built as economically using AABs, provided that everything else is equal. Thus, the paving blocks 
created offer a compelling option for producing budget-friendly and sustainable pavement 
solutions suitable for various uses, ranging from areas with no traffic to regions with low traffic. 

 

Fig. 14. (a) GWP reduction and (b) cost-effectiveness of developed paving blocks 

4. Conclusions 

In conclusion, the use of replacement binders, one-part AABs, particularly in the production of 
concrete paving blocks, is extensively addressed, and the test results indicate several benefits over 
traditional pavement blocks, as explained below:  

• The effectiveness of AABs as a binder in the production of concrete paving blocks is well 
established by the study results, wherein all AABs performed to or even surpassed key 
performance requirements, although AAB-3 had relatively lower compressive strength. 

• The research emphasizes the significance of the ratio of sodium metasilicate (SMS) to calcium 
hydroxide (CH) in the determination of binder characteristics, and that a higher ratio leads 
to improved strength and durability characteristics of blocks.  



Kumar and Sinha / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 
 

19 

• Several tests revealed that all AAB blocks had improved performance, better than that of 
regular blocks, in strength and durability, especially in compressive, tensile splitting, and 
flexural strengths, as well as their abrasion and acid resistance. Notably, AAB-1 paving block 
consistently outshines traditional concrete blocks when it comes to strength and durability.  

• The AAB paving blocks possess up to 59% lower CO2 emissions compared to their 
conventional paving blocks, along with a significantly reduced GWP. The cost analysis 
supports this as well, showing that making AAB blocks can lead to savings of 15% to 23% 
compared to traditional blocks. This makes them both environmentally friendly and 
economically efficient at the same time.  

Overall, the research outcomes indicate that the utilization of a one-pat alkali-activated binder is a 
superior method of producing durable and affordable concrete paving blocks. The products are 
environmentally friendly and very suitable for use in non-traffic to low-traffic pavement 
applications. 
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