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This experiment used three types of waste materials: calcium carbide residue, fly ash, and recycled concrete aggregate to 

develop concrete paving blocks. The blocks had calcium carbide residue and fly ash as a binder without ordinary Portland 

cement (OPC) and combined with 100 % of recycled concrete aggregate. The concrete paving blocks were 10 × 10 × 20 cm 

and were formed using a pressure of 6 or 8 MPa. The binder-to-aggregate ratio was held constant at 1:3 by weight, while 

the water-to-binder ratios were 0.30, 0.35, and 0.40. The effects of the water-to-binder ratios and fineness of the binder on 

the compressive strength, flexural strength, abrasion resistance, and water absorption of the concrete paving blocks were 

determined and compared with those of TIS 827 and ASTM C1319 standards. The results revealed that by applying this 

procedure, we were able to produce an excellent concrete paving block without using OPC. The compressive strength of 

the concrete paving blocks made from these waste materials was 41.4 MPa at 28 days and increased to 45.3 MPa at 60 days. 

Therefore, these waste materials can be used as raw materials to manufacture concrete paving blocks without OPC that 

meet the requirements of 40 MPa and 35 MPa specified by the TIS 827 and ASTM C1319 standards, respectively.  

Keywords: calcium carbide residue, recycled concrete aggregate, concrete paving block, waste material, compressive 

strength. 
 

1. INTRODUCTION 

Concrete paving blocks are one of the most widely used 

construction materials in the world. Because they are easy to 

install, strong, durable, inexpensive, weather resistant, and 

fireproof, they are well suited for building roads, pavements, 

and car parks. One major advantage of using concrete paving 

blocks is that they can be re-assembled easily using many 

construction techniques so that they can be re-used or re-

arranged in different shapes or for different tasks rather than 

being used once and then destroyed, as is the normal practice. 

However, their quality depends on the composition of the 

base and sub-base layers that must be suitably formulated for 

different applications using a mixture of Portland cement and 

water with various types of fine aggregates. There are many 

types of concrete paving blocks such as the herringbone 

pattern, stretcher bond, and basket-weave. According to the 

ASTM C1319 standard [1], the compressive strength of 

concrete paving blocks should be greater than 35 MPa and the 

water absorption should be not more than 160 kg/m3.  

At the present time, the demand for concrete paving 

blocks is growing and contributing to increasing cement 

consumption. The cement production process causes both 

direct and indirect negative environmental impacts. 

Manufacturing one ton of cement involves heating the raw 

materials to around 1500 C and produces approximately 

900 kg of carbon dioxide (CO2) that is released into the 

environment [2] and becomes a major contributor to global 

warming. In addition, the cement production process creates 

a large amount of dust that affects the surrounding 

environment and natural resources. 
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Thus, to reduce the Portland cement consumption, it is 

advantageous to use substitute materials, such as fly ash or 

natural pozzolans. Additionally, previous researches have 

investigated the use or development of alternative binders that 

are more environmentally friendly and that can be used to 

replace Portland cement in concrete production [3 – 14]. 

Calcium carbide residue (CCR) is a waste product of the 

acetylene (C2H2( gas production process. Acetylene (C2H2( 

gas is widely used for welding in industry and ripening fruits 

in agriculture, while CCR, in the form of Ca(OH)2, is often a 

discarded factory waste because its high alkalinity affects 

landfills and the surrounding areas. Fig. 1 shows the amount 

of CCR discarded in a landfill between 2004 and 2015 by an 

acetylene gas factory in the central region of Thailand. 

Approximately 1.000 tons per month, or 12.000 tons per year, 

of CCR is sent to the disposal area. Previous research has 

found that CCR can react with pozzolanic materials to 

produce materials with cementitious properties [15]. 

Fly ash, or pulverized fuel ash, is the ash resulting from 

burning pulverized coal in coal-fired electricity power 

stations. It is a type of pozzolanic material primarily 

consisting of silica and alumina oxides that can be used as a 

cement replacement in concrete and can improve the 

properties of concrete [16 – 18]. For example, fly ash can 

increase the workability of concrete, decrease the effects of 

concrete segregation, reduce the heat of hydration and the 

permeability of water, and enhance the durability of the 

concrete. In addition to these benefits, fly ash increases the 

long term compressive strength of concrete. The use of fly ash 

as a cement substitute in concrete also decreases the amount 
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of OPC required. However, the amount of fly ash used as 

cementitious material in concrete is low when compared to its 

total production volume. The quantity of discarded fly ash is 

increasing, as is the resulting environmental pollution it 

causes in the areas surrounding the disposal sites. 

 

a 

 

b 

 

c 

Fig. 1. Disposal areas for calcium carbide residue, fly ash, and 

recycled concrete aggregate: a – calcium carbide residue 

disposal area; b – fly ash disposal area; c – recycled concrete 

aggregate disposal area 

Recycled concrete aggregate (RCA) is a product that is 

made by crushing waste concrete such as cut foundation piles, 

concrete construction/demolition debris, and other sources. 

Disposing of crushed concrete also produces some adverse 

environmental effects and entails a substantial cost. 

Approximately 60 to 75 percent the total volume of a concrete 

mixture is coarse aggregate. Therefore, utilizing RCA would 

not only reduce the area needed for waste disposal, but also 

offer a way to reduce the use of natural materials. However, 

RCA is not widely used in practice due to the lack of 

confidence in its quality and insufficient knowledge and 

understanding of its application. Thus, many researchers have 

conducted studies on the use of RCA in concrete, and their 

results have revealed that recycled concrete aggregate can 

reduce the mechanical and durability properties of the 

concrete [19, 20]. The drying shrinkage, creep, and water 

absorption of RCA concrete are also higher, and its 

compressive strength is lower. In addition, RCA has a higher 

porosity, the values of slump loss, Los Angeles abrasion (LA) 

test and aggregate crushing value (ACV) are also higher than 

those of natural stones [21]. Although, the properties of RCA 

may change in relation to its source, it still can be used in 

concrete. Poon [22, 23] suggested that pozzolanic materials 

can increase the compressive strength and durability qualities 

of concrete that includes RCA in its mixture. Most previous 

studies that have been conducted with RCA as the coarse 

aggregate in concrete have produced positive results. 

Conversely, it is less frequently used as the fine aggregate in 

concrete because of negative findings relating it to high levels 

of water absorption. Therefore, this research investigated the 

possibility of using finely ground recycled concrete aggregate 

as a substitute for crushed limestone dust in the production of 

concrete paving blocks.  
Due to the effects of waste materials on the environment 

and the demand for concrete paving blocks for construction, 

this study was focused on the development of a process using 

a mixture of three common wastes, CCR, fly ash, and RCA 

as the raw materials to produce concrete paving blocks. The 

purpose of the study was to investigate the alternative of using 

waste materials in concrete paving block production, 

employing CCR and fly ash as a binder without OPC and 

using RCA as the aggregate. The results of the study could 

contribute greatly to the effort of reducing environmental 

problems by decreasing the impact  related to cement 

production and giving value to these waste materials, thereby 

diverting them from landfills. Also, the paving blocks from 

these materials are not waste materials anymore because they 

do not contribute to the contamination of the Earth. In 

addition, the results revealed that this process not only 

reduced the amount of cement and natural aggregate needed 

but also reduced the cost of paving block production and the 

cost of waste management. Health problems and 

environmental pollution caused by these waste materials and 

from concrete manufacturing could also be reduced. 

Moreover, using a mixture of CCR, fly ash, and RCA as 

alternative raw materials for concrete paving block 

production can conserve natural construction materials for 

long-term use. Significantly, using less cement in concrete 

paving block production greatly reduces the amount of CO2 

released in the atmosphere resulting from the production of 

OPC. Overall, it can be seen that this approach can provide 

both economic and environmental gains. 

2. EXPERIMENTAL PROGRAM 

2.1. Materials 

The main materials used in this study consisted of 

calcium carbide residue (CCR), fly ash, recycled concrete 

aggregate (RCA), and water. 

2.1.1. Binders 

A mixture of CCR and fly ash was used as the binder to 

produce concrete paving blocks because a combination of 

these two materials has the potential to be used as a binder 

that provides features similar to those of OPC [3, 24]. The 

physical properties and chemical composition of CCR and 

fly ash are presented in Table 1 and Table 2, respectively. 
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The CCR used throughout this study was obtained from 

the disposal area of an acetylene gas factory in Samut 

Sakhon Province, Thailand (see Fig. 1 a). Since the CCR 

was received directly from the factory, it contained an 

excessive amount of water (approximately 50 %). 

Therefore, it was placed in a dry sunny area to allow the 

water to evaporate naturally for 3 – 4 days to reduce the 

water content prior to drying at a temperature of 110 ± 5 C 

for 24 h. The fly ash (FA) was collected from a thermal 

power plant in Mae Moh District, Lampang Province, 

Thailand (see Fig. 1 b). Although approximately 2.3 million 

tons of fly ash per year are used in Thailand as a pozzolanic 

material to produce concrete, it has not been used as a main 

cementitious material. Thus, using fly ash as an alternative 

to other cementitious materials would prove to be greatly 

beneficial. 

CCR and FA were mixed in a ratio of 30:70 by weight 

as reported by Krammart [25] to be the optimum ratio. Next, 

they were ground in a ball mill until less than 5 % of 

particles by weight were retained on a No. 325 sieve and 

designated as GCF.  

Table 1. Physical properties of the materials 

Properties 
Original Ground 

CR FA CCR FA 

Specific Gravity 2.32 2.34 2.47 2.39 

Retained on a Sieve No. 325, %  –  48.6 2.3 0.6 

Median Particle Size, d50 (microns)  –  32.3 8.6 9.2 

Table 2. Chemical composition of the materials 

Properties, % CCR Fly ash 

Silicon dioxide (SiO2) 4.3 44.6 

Aluminium oxide (Al2O3) 0.4 23.5 

Ferric oxide (Fe2O3) 0.9 10.4 

Calcium oxide (CaO) 56.5 13.8 

Magnesium oxide (MgO) 1.7 3.3 

Sodium oxide (Na2O) 0.0 0.1 

Potassium oxide (K2O) 0.0 2.6 

Sulfur trioxide (SO3) 0.1 1.2 

Loss on ignition (LOI) 36.1 0.8 

Table 3. Physical properties of the aggregate 

Properties River sand RFA 

Fineness modulus 3.07 3.27 

Bulk specific gravity 2.62 2.40 

Absorption, % 0.91 6.46 

Dry-rodded weight, kg/m3 1725 1485 

2.1.2. Fine recycled concrete aggregate 

Fine recycled concrete aggregate was obtained from 

cylindrical concretes, which were tested in King Mongkut’s 

University of Technology Thonburi Concrete Laboratory, 

Thailand. Their compressive strengths were between 25 and 

40 MPa according to the tests using swing hammer mills. 

The recycled aggregate that was obtained from the crushed 

cylindrical concretes was sieved to separate coarse 

aggregate from fine aggregate using a No. 4 sieve. The 

aggregate that passed through the No. 4 sieve was used as 

the material in the study (designated as RFA). The physical 

properties of recycled fine aggregate (RFA) obtained from 

the crushed cylindrical concretes, are shown in Table 3.  

2.2. Mix proportions and concrete paving block 

production 

The binders used for concrete paving block production 

in this study were divided into two groups i.e., ground and 

unground. The ground binder group used three different 

water-to-binder (W/B) ratio values, 0.30, 0.35, and 0.40, 

while the unground group used a W/B ratio of 0.35. 

However, both groups used the same binder to RFA ratio of 

1:3 by weight. The mix proportions for the concrete paving 

blocks are presented in Table 4. 

Table 4. Mix proportions of the concrete paving blocks 

Blocks I.D. 
Mixture Proportion, by weight 

W/B 
CCR FA RFA 

40GCF6/40GCF8 0.3 0.7 3 0.40 

35GCF6/35GCF8 0.3 0.7 3 0.35 

30GCF6/30GCF8 0.3 0.7 3 0.30 

35OCF6 0.3 0.7 3 0.35 

To produce the concrete paving blocks the concrete 

paving block mixtures were put into prepared molds with 

dimensions of 10 × 10 × 20 cm. The concrete mixtures were 

divided equally into three layers. The first two layers were 

tamped down using a 5 × 5 × 2 cm steel plate to compact 

them. After placing the third layer into the molds, the 

molded concrete paving blocks were compressed using a 

universal testing machine (UTM) at a pressure of 6 or 8 MPa 

(see Fig. 2). Next, the concrete paving blocks were removed 

from the molds and held at room temperature for 24 h. 

Finally, they were cured in water until the age of testing. 

2.3. Testing properties 

The compressive strengths of the concrete paving 

blocks were determined at ages of 7, 14, 28, and 60 days 

according to ASTM C140 [26]. Three samples were used to 

obtain the average value of the compressive strength at each 

age according to ASTM C39 [27].  

The water absorption values of the concrete paving 

blocks were investigated at the age of 28 days according to 

ASTM C140 [26]. The blocks were heated to 110 ± 5 °C for 

48 h and then allowed to cool at room temperature prior to 

being soaked in water for 24 hours. The water absorption 

was calculated by comparing the saturated and oven-dry 

weights of the blocks and determining the amount of water 

that had been absorbed. 

The flexural strength values of the 10 × 10 × 20 cm3 

concrete paving blocks were investigated using the three-

point bending test with a 15 cm span length at the ages of 7, 

28, and 60 days according to ASTM C293 [28]. Three 

samples were used to obtain the average value of the 

bending stress of the blocks. 

The abrasion resistance values of the concrete paving 

blocks were investigated by applying a rotating-cutter 

method at the ages of 28 and 60 days according to ASTM 

C944 [29]. The specimens were fixed in the holding device 

of the abrasion machine (rotating-cutter), and a normal load 

of 98 N was applied. The abrasion machine was then put in 

motion at a speed of 200 rpm. The test were conducted for 

12 min to determine the amount of mass loss. Three 

concrete specimens were tested to obtain the average value 

for each data set. 
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Fig. 2. Forming concrete paving blocks: a – concrete paving block 

mold; b – an universal testing machine was used to create a 

pressure of 6 or 8 MPa on the concrete paving blocks; 

c – concrete paving blocks 

3. RESULTS AND DISCUSSION 

3.1. Water absorption of concrete paving block 

Water absorption is one of factors that affects the 

durability of concrete. Concrete that have a high water 

absorption valve will have low chloride resistance and low 

sulfate resistance as well as low water penetration 

resistance. According to Table 5, 40GCF6, 35GCF6, 

30GCF6, and 35OCF6 concrete paving blocks had water 

absorptions values of 146, 154, 195 and 222 kg/m3 or equal 

to 7.04, 7.53, 10.21, and 12.47 % by weight, respectively. 

Therefore, 40GCF6 and 35GCF6 blocks are compatible 

with ASTM C1319 [1] in that their water absorption is not 

more than 160 kg/m3. Water absorption is dependent on the 

density of sample and when the densities increased, the 

water absorption values of the concrete paving blocks drops. 

Comparison of the blocks produced using the ground 

and unground binders (35GCF6 and 35OCF6) revealed that 

the blocks produced using the ground binder had 

substantially lower water absorption than those one made 

using the unground binder. This is due to the fact that the 

fineness of the binder had a direct effect on the water 

absorption values. Increasing the fineness of the binder 

increased the density of the concrete paving blocks. This can 

be understood because the concrete paving blocks will be 

denser, less porous, and have a lower water absorption 

values. In addition, because of the smaller particles, the 

pozzolanic reaction between the CCR and FA can reduce 

the porosity of the binder gel [30]. As a result, concrete 

paving blocks manufactured with an unground binder 

material will have higher porosity, lower density and 

fineness and a higher water absorption values than those 

manufactured with a ground binder. 

Additionally, increasing the forming pressure on 

concrete paving blocks from 6 MPa to 8 MPa slightly 

increased the density, but the water absorption values did 

not differ significantly. For example, the 40GCF6 concrete 

paving blocks that were made using a forming pressure of 

6 MPa had a density of 2075 kg/m3 and a water absorption 

value of 7.04 %, while the 40GCF8 paving blocks that were 

made using a forming pressure of 8 MPa had a density of 

2095 kg/m3 and the water absorption of 7.02 %. This result 

indicates that a water-to-binder ratio of 0.40 is sufficient to 

increase the density of concrete paving blocks and thus 

lower the water absorption values. The water absorption 

values of the concrete paving blocks were approximately 

7 – 13 %. These values were inversely related to the 

densities of the concrete paving blocks.  

Table 5. Water absorption of the concrete paving blocks at the age 

of 28 days 

Blocks 

I.D. 

Oven-dry 

W/volume, 

kg/m3 

Absorption/volume, 

kg/m3 

Water absorption, 

wt.% 

40GCF6 2075 146 7.04 

35GCF6 2045 154 7.53 

30GCF6 1914 195 10.21 

40GCF8 2095 147 7.02 

35GCF8 2045 158 7.73 

30GCF8 2015 163 8.09 

35OCF6 1775 222 12.47 

Note: 

xxOCFy = original CCR-FA with W/B 0.xx and y MPa for casting 

pressure 
xxGCFy = ground CCR-FA with W/B 0.xx and y MPa for casting 

pressure 

For example, 35GCF8 = concrete paving block using a ground CCR-FA 
mixture as a binder, a W/B ratio of 0.35, and a forming pressure of 8 MPa 

3.2. Effects of water to binder ratio on 

compressive strength 

According to Fig. 3, the results show that at 7, 28, and 

60 days, the 35GCF6 concrete paving blocks with a W/B 

ratio of 0.35 had compressive strengths of 21, 36.6, and 

42.4 MPa, respectively. These concrete paving blocks also 

had the highest compressive strengths because the pressure 

used during forming was sufficiently high (6 MPa) to 

increase the density and reduce the porosity of the blocks, 

as well as eliminate unwanted water [31].  

The 40GCF6 concrete paving blocks with a W/B ratio 

of 0.40 had compressive strengths of 20.5, 36.2, and 

40.8 MPa at 7, 28, and 60 days, respectively,  indicating that 

using an excessive amount of water resulted in decreased 

compressive strengths. The weakest compressive strengths 

were observed in 30GCF6 concrete paving blocks that were 

15.0, 26.5, and 29.6 MPa at 7, 28, and 60 days, respectively. 

This demonstrated that using an insufficient amount of 
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water in the concrete mixture resulted in unequal 

compression and a lower density of the concrete paving 

blocks, and thus, the corresponding compressive strengths 

were lower than those of the blocks using a W/B ratio of 

0.35. Therefore, a W/B ratio of 0.35 is considered to be the 

most appropriate ratio to enable the best compression for 

producing concrete paving blocks. It should also be noted 

that using a W/B ratio that is too low results in insufficient 

compaction and insufficient water for the concrete reaction. 

Likewise, the density and the compressive strengths in 

concrete paving blocks may be reduced because of the 

porosity caused by a W/B ratio that is too high. 

 

Fig. 3. Relationship between compressive strength and W/B ratio 

of concrete paving blocks formed at a pressure of 6 MPa 

Overall, the compressive strengths of the 40GCF6, 

35GCF6, and 30GCF6 concrete paving blocks increased as 

their curing ages increased. Additionally, the 40GCF6 and 

35GCF6 concrete paving blocks developed similar 

compressive strengths because they used W/B ratios of 0.40 

and 0.35, respectively. However, more water was expelled 

from the concrete paving blocks with a 0.40 W/B ratios than 

from the blocks using a 0.35 W/B ratio during the forming 

process. The expulsion of water during the molding process 

made the W/B ratio of the mixtures similar with respect to 

the water available for the concretion reactions. As a result, 

the compressive strengths of the concrete paving blocks 

using W/B ratios of 0.35 and 0.40 were not very different. 

Conversely, the compressive strengths of the 30GCF6 

concrete paving blocks using a W/B ratio of 0.30, resulting 

in a dry concrete mixture, were substantially different. This 

low W/B ratio led to low compressive strengths and low 

densities in the concrete paving blocks. Additionally, the 

compressive strength increases at different ages were less 

than those of the concrete paving blocks having W/B ratios 

of 0.40 and 0.35.  

The compressive strengths at 28 days of 40GCF6, 

35GCF6, 40GCF8, and 35GCF8 concrete paving blocks 

were 36.2, 36.6, 36.9, and 41.4 MPa, respectively, as 

presented in Table 6. It should be noted that the 35GCF8 

concrete paving blocks had an average compressive strength 

greater than 40 MPa (41.4 MPa). In addition, all of these 

compressive strengths are higher than the minimum 

requirement of ASTM C1319 that, states that the 

compressive strength should not be less than 35 MPa. 

Therefore, all of these samples of concrete paving blocks 

exceed the minimum requirement for compressive strength 

as defined by ASTM C 1319 [1]. At 60 days, the 

compressive strengths of 40GCF6, 35GCF6, 40GCF8, and 

30GCF8 concrete paving blocks were 40.8, 42.4, 41.8, and 

43.7 MPa, respectively. Thus, the test results for these 

concrete paving blocks are consistent with Thai Industrial 

Standard TIS 827 [32] that requires that the compressive 

strength of concrete paving blocks must be higher than 

40 MPa. 

3.3. Effects of fineness of binder on the 

compressive strength 

The 35OCF6 concrete paving blocks that were 

manufactured with unground binder had compressive 

strengths of 9.0, 18.7, and 23.6 MPa, at 7, 28, and 60 days, 

respectively, as presented in Table 6. The 35GCF6 concrete 

paving blocks that were manufactured with ground CCR-

FA had substantially higher compressive strengths of 21.0, 

36.6, and 42.4 MPa at 7, 28, and 60 days, respectively. This 

demonstrated that the fineness of the binder had a strong and 

direct effect on the compressive strengths of the concrete 

paving blocks. At 60 days, 35GCF6 concrete paving blocks 

had an average compressive strength of 42.4 MPa, while the 

average value of the 35OCF6 concrete paving blocks was 

merely 23.6 MPa, which is approximately 1.8 times lower. 

Because the unground CCR and FA had large particles, the 

reaction of the two materials was slowed, resulting in the 

lower compressive strength [3]. This finding supports the 

previous research of Sata et al. [5] that showed that grinding 

can enhance the compressive strength of concrete 

containing pozzolan. However, unground calcium carbide 

residue-fly ash could be used for Grade B concrete 

production because the Thai Industrial Standard TIS 59 [33] 

only requires a compressive strength of 17.5 MPa. 

Table 6. Compressive strength of the concrete paving blocks 

Blocks 

Compressive strength, MPa 

 – Percentage compressive strength 

7 days 14 days 28 days 60 days 

TIS-827 
40.0 – 1

00 

40.0 – 1

00 

40.0 – 1

00 

40.0 – 1

00 

45OCF6 
9.3 – 23 17.0 – 4

3 

21.3 – 5

3 

27.6 – 6

9 

40OCF6 
11.8 – 3

0 

17.5 – 4

4 

22.3 – 5

6 

28.8 – 7

2 

35OCF6 
9.0 – 23 14.2 – 3

6 

18.7 – 4

7 

23.6 – 5

9 

40GCF6 
20.5 – 5

1 

27.5 – 6

9 

36.2 – 9

1 

40.8 – 1

02 

35GCF6 
21.0 – 5

3 

27.8 – 7

0 

36.6 – 9

2 

42.4 – 1

06 

30GCF6 
15.0 – 3

8 

21.7 – 5

4 

26.5 – 6

6 

29.6 – 7

4 

40GCF8 
20.3 – 5

1 

27.9 – 7

0 

36.9 – 9

2 

41.8 – 1

05 

35GCF8 
21.2 – 5

3 

33.6 – 8

4 

41.4 – 1

04 

45.3 – 1

13 

30GCF8 
20.9 – 5

2 

26.6 – 6

7 

35.6 – 8

9 

43.7 – 1

09 

3.4. Flexural strength of concrete paving blocks 

The flexural strength of the concrete paving block 

specimens that exhibited the highest compressive strength 

in each group, i.e., 35GCF6, 35OCF6, and 35GCF8, were 

determined, and the results are presented in Table 7. It was 

found that the flexural strengths of the concrete paving 

blocks using ground binder were higher than those using the 
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unground binder. Moreover, the increases of the flexural 

strengths tended to correlate with increases in the curing age 

and compressive strengths. The flexural strengths of 

35GCF6 concrete paving blocks at 7, 28, and 60 days were 

3.6, 4.1, and 4.7 MPa, respectively, while those of 35OCF6 

concrete paving blocks were 1.5, 3.7, and 4.0 MPa, 

respectively. At the same ages, the flexural strengths of the 

blocks were approximately 11 – 20 % of their compressive 

strengths, and they gradually increased along with the 

increase of their compressive strengths. Thus, it can be seen 

that the different compressive strengths resulting from the 

forming pressures used in producing the concrete paving 

blocks had little effect on their flexural strength. In other 

words, increasing the forming pressure from 6.0 MPa 

(35GCF6 block) to 8.0 MPa (35GCF8) did not increase its 

flexural strength as a percentage of the compressive 

strength.  

Table 7. Results of the flexural strength test of the concrete paving 

blocks  

Blocks 

Flexural strength, MPa 

 – Percentage of compressive strength 

7 days 28 days 60 days 

35GCF6 3.6 – 17 4.1 – 11 4.7 – 11 

35OCF6 1.5 – 17 3.7 – 20 4.0 – 17 

35GCF8 3.5 – 17 4.4 – 11 4.8 – 11 

3.5. Abrasion resistance 

The results of the abrasion resistance tests of the 

concrete paving blocks at 28 and 60 days are presented in 

Fig. 4.  

 

Fig. 4. Loss of concrete paving block mass during abrasion 

resistance testing 

The 35GCF6 concrete paving blocks had mass loss 

values of 3.75 and 2.35 g at 28 and 60 days, respectively, 

while the mass loss values of the 35OCF6 concrete paving 

blocks were 6.90 and 5.10 g, respectively. The mass loss 

values decreased as the compressive strengths of the blocks 

increased with the increases of the fineness of the binder and 

the curing age. Therefore, increasing the fineness of the 

binder reduced the mass loss from abrasion. Likewise, the 

increased block age and high fineness of the binder might 

yield higher compressive strengths in addition to a lower 

mass loss [34]. Furthermore, the 35GCF8 concrete paving 

blocks had less mass loss than normal concrete paving 

blocks [35]. The 35GCF8 concrete paving blocks had an 

average compressive strength of 41.4 MPa and a mass loss 

value of 1.4 g over 6 min of testing at the age of 28 days 

while normal concrete paving blocks (43.5 MPa) had a 

greater mass loss value (4.1 g) from the abrasion assistance 

test.  

By considering the mass losses of 35GCF6, 35GCF8, 

and 35OCF6 concrete paving blocks in Fig. 5, it appears that 

increased compressive strength results in a decrease of the 

mass loss values. This result supports the research of Naik 

and et al. [36] that the abrasion resistance of concrete paving 

block depended upon its compressive strength. In other 

words, a higher compressive strength would result in a 

reduction of the mass loss. However, at compressive 

strengths ranging from 40 – 50 MPa, the experimental 

concrete paving blocks had slightly higher mass loss values 

than conventional concrete. 

 
Fig. 5. Loss of mass of concrete paving block from abrasion 

resistance test 

4. CONCLUSIONS 

After investigating the qualities of concrete paving 

blocks manufactured using a mixture of calcium carbide 

residue, fly ash, and recycled concrete aggregate, the 

findings were as follows: 

1. It is possible to use a calcium carbide residue-fly ash 

mixture as the binder and recycled concrete aggregate 

as the aggregate to manufacture concrete paving blocks 

without Portland cement. These blocks are 

environmentally friendly and convert waste materials 

into value-added materials. The compressive strengths 

of the resulting concrete paving blocks were increased 

as the curing age increased. In addition, finely grinding 

the binder resulted in a substantial increase of the 

compressive strengths of the resulting concrete paving 

blocks.  

2. Concrete paving blocks produced using a mixture of 

ground calcium carbide residue-fly ash as the binder 

and recycled crushed concrete as a fine aggregate with 

forming pressure of 6 and 8 MPa increased the 

compressive strengths from 42.4 MPa to 45.3 MPa. 

These values are higher than required under ASTM 

C1319 [1] (e.g., not less than 35 MPa). 

3. An unground calcium carbide residue-fly ash binder 

mixture is an appropriate material to produce Grade B 

concrete paving blocks that meet Thai Industrial 

Standard TIS 59 [33]. 
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4. The flexural strength values of the concrete paving 

blocks gradually increased with increases of the 

compressive strength and curing age and were 

approximately 11 – 20 % of the compressive strength. 

5. The loss of mass values from the surface abrasion of the 

concrete paving blocks decreased as the compressive 

strengths increased. In other words, the loss of mass 

was inversely related to the compressive strength. In 

addition, increasing the fineness of the binder also 

reduced the mass loss caused by surface abrasion.  

6. A W/B ratio of 0.35 and a forming pressure of 8 MPa 

for manufacturing concrete paving blocks were the 

most suitable values when using a mixture of ground 

calcium carbide residue-fly ash as the binder without 

OPC and recycled crushed concrete was used as a fine 

aggregate. 
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