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Abstract 
 

This study evaluates the feasibility of using crushed brick chips (BC) as partial replacements for natural stone 

aggregate in self-compacting concrete (SCC), addressing the scarcity of high-quality stone in Bangladesh. SCC 

offers significant advantages, including settling into the formwork without mechanical vibrations, which reduces 

labor costs and enhances surface finish quality. Different SCC mixes were prepared in this research based on the 

water-cement ratio of 0.40 and incorporated BC as a partial replacement of stone aggregate at 0%, 10%, 20%, 

and 30% by weight. Self-compactibility was assessed via EFNARC slump-flow tests in this study. The hardened 

concrete specimens were tested to determine key mechanical properties, such as compressive strength, splitting 

tensile strength, flexural strength, and modulus of elasticity. The Compressive strength reduced from 40.5 MPa 

(control) to 36.1 MPa (–10.9%), 28.8 MPa (–29.1%), and 25.8 MPa (–36.3%) for 10%, 20%, and 30% BC, 

respectively, at 28 days. Similarly, splitting tensile, flexural strengths, and modulus of elasticity exhibits 

reductions with higher BC content. A strong relationship was observed between different mechanical properties. 

The findings indicate that up to 10% brick-chip replacement yields SCC with acceptable flowability and 

moderate strength loss, offering a sustainable alternative to natural aggregates. 
 

Keywords: Self-compacting concrete; brick aggregate; compressive strength; splitting tensile strength; modulus 

of elasticity.  
 

1 Introduction 
 

Concrete stands as the most prevalent building material globally, valued for its widespread availability and 

adaptability. Achieving optimal mechanical properties in concrete necessitates precise placement and 

consolidation after mixing. Traditional concrete compaction methods, often involving mechanical vibrators, pose 

significant challenges, particularly in reinforced structures and regions with limited skilled labor (Goodier, 2003; 

Raja et. al, 2025). To overcome these issues, Self-Compacting Concrete (SCC) was developed. SCC, as its name 

suggests, does not require external vibration for compaction, offering numerous benefits over conventional 

concrete (EFNARC, 2002). 

 

The concept of SCC was first introduced by Professor Hajime Okamura in 1986, with the prototype developed in 

Japan at the University of Tokyo in 1988 by Professor Ozawa (Okamura, 1997; Okamura and Ouchi, 2003). This 

innovation aimed to enhance the durability of concrete structures (Ouchi et. al., 2008). SCC exhibits high fluidity 

and resistance to segregation, allowing it to be conveyed over long distances via pumping techniques (Bartos, 

2000). Its unique properties make it suitable for applications where uniform and smooth surfaces are critical 

(Okamura and Ouchi, 2003). The advantages of SCC extend to reduced labor and equipment costs, easier 

placement in congested rebar conditions, decreased noise pollution, increased construction efficiency, and a 

superior surface finish (Ozyildirim et al., 2019). Since its initial implementation in Japan in the late 1980s, 

SCC’s utilization and interest have expanded across various European countries and the United States, signifying 

its global recognition and benefits (Okamura and Ouchi, 2003; Ozyildirim et al., 2019). 

 

While SCC typically utilizes stone chips as aggregates (EFNARC, 2002), regions like Bangladesh and West 

Bengal, India, face limitations in the availability of good-quality natural stone aggregates. Consequently, burnt-

clay bricks are commonly used as a substitute aggregate in these areas (Safiuddin et al., 2011). Brick aggregates 

are frequently observed in the construction of rigid pavements, bridges, culverts, and buildings up to six stories 

tall in these localities. The increasing scarcity of stone aggregate makes the partial replacement with brick chips a 

practical and sustainable alternative for SCC production (Safiuddin et al., 2011). 
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SCC shares its basic constituents, cement, aggregates, and water, with conventionally vibrated concrete, but 

incorporates admixtures such as high-range water reducers and viscosity-modifying agents to tailor its 

rheological behavior (Prakash and Santhanam, 2007). The mechanical properties of concrete, such as 

compressive strength, splitting tensile strength, flexural strength, and modulus of elasticity, are strongly 

influenced by factors such as water-to-cement ratio and admixture content (ASTM C39, 2009; Kocab et al., 

2017). Although numerous studies have investigated SCC’s fresh and hardened properties (Bartos, 2000; Khayat 

et al., 2014; Grdic et al., 2008;  Ouchi et. al, 2008; Okamura and Ouchi, 2003; Raja et. al., 2025), the specific 

impact of partially replacing stone chips with brick chips on SCC’s mechanical performance particularly under 

local Bangladeshi conditions remains unexplored. 

 

Therefore, this study aims to evaluate the mechanical performance of SCC mixtures in which stone chips are 

partially replaced by brick chips. Specifically, the work examines the effects of varying brick-chip replacement 

levels on compressive strength at 7 and 28 days, splitting tensile strength at 28 days, flexural strength at 28 days, 

and the modulus of elasticity. By establishing the relationships among these mechanical properties, the research 

seeks to inform the development of sustainable and effective SCC mix designs suitable for regions facing natural 

aggregate shortages. 

 

2 Materials and Methodology 
 

2.1 Materials 

Two types of coarse aggregate: stone chips and brick chips of 12 mm down grade size were used to conduct this 

research. A combination of finely available sand (Local sand) and coarse sand (Sylhet sand) was used as fine 

aggregate. Locally available Ordinary Portland Cement (OPC) of type II (brand: Seven Rings Gold) was used as 

a binder. Potable tap water, free from impurities, was used for mixing and curing. To achieve the desired fluidity 

and workability, a superplasticizer (Mega flow−103) was incorporated with a recommended portion of 0.5−3% 

of the cement weight. The study determined an optimal water-cement ratio of 0.4 and a superplasticizer 

concentration of 1.4% of cement content after several trial mixes. 

 

2.2 Preparation of Specimen 

Precise and accurate measurement of all materials used in concrete production is crucial to maintain consistent 

proportions and aggregate grading across batches. This study utilized gravimetric batching for material 

measurement. The materials were proportioned at a ratio of 1:1.93:1.96 (cement: fine aggregate: coarse 

aggregate) for mixing. Mixing was done in a tilting-type machine at 15 to 20 revolutions per minute for 5 to 6 

minutes to achieve a uniform mass. The mixing sequence involved dry mixing coarse aggregate and fine 

aggregate for 1 minute, followed by adding cement and mixing for minute. Over 60 % of the water was added 

initially, with the remaining water mixed with superplasticizer and then poured into the mix. To evaluate fresh 

properties of concrete, the slump flow test was carried out according to (EFNARC, 2002). This test method is 

used to assess the horizontal free flow of SCC in the absence of obstructions. Concrete was poured into molds 

using a trowel within 10−15 minutes of removal from the mixer. No compaction was required due to the self-

compacting nature of the concrete. Cylindrical specimens, with dimensions 100mm in diameter and 200mm in 

height, were cast for compressive strength, splitting tensile strength, and modulus of elasticity tests. Additionally, 

measuring 150mm × 150mm in cross-section and 600mm in length, beam specimens were prepared for flexural 

strength tests. Molds were removed 24 hours later, with specimens carefully leveled for identification. Water 

curing was applied for 7 days and 28 days in a curing tank. 

 

2.3 Testing Programs 

Table 1 outlines the specimen matrix and associated standards for various tests, including compressive strength 

(ASTM C39), flexure strength (ASTM C293), splitting tensile strength (ASTM C496-04), modulus of elasticity 

(ASTM C39), and slump flow test (EFNARC, 2002). The curing age for all tests of mechanical properties is 28 

days, except the compressive strength test, with three specimens for each mix designation (SCCBA0, SCCBA10, 

SCCBA20, and SCCBA30). 

 

Table 1. Specimen matrix and corresponding standards 

 
Test Name Compressive 

strength 

Flexure 

Strength 

Splitting Tensile 

strength 

 Modulus 

of 

Elasticity 

Slum        

Flow 

Test 

Standards ASTM C39 ASTM C293 ASTM C496-04 ASTM C469 EFNARC, 2002 

Curing Ages 

(days) 

28 7 28 28      28 - 

No. of specimen 

SCCBA0 03 03 03 03 03 03 
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SCCBA10 03 03 03 03 03 03 

SCCBA20 03 03 03 03 03 03 

SCCBA30 03 03 03 03 03 03 
 

 

3 Results and Discussion 
 

3.1 Materials properties 

Table 2 presents the physical properties of materials, including fineness modulus, bulk specific gravity (SSD), 

unit weight, absorption capacity, normal consistency, and setting time of cement. The data includes values for 

coarse aggregates such as crushed stone and crushed brick, as well as fine aggregates like coarser sand, cement 

as Ordinary Portland Cement (OPC), with comparisons to reference values from previous studies. Various test 

standards (ASTM C136, ASTM C127, ASTM C128, ASTM C29, ASTM C187, ASTM C191, ASTM C109) 

were used to measure these properties for both coarse and fine aggregates and cement. 

 

Table 2. Physical properties of materials 

 
Properties of  
materials 

 
Unit 

Test 
Standard 

Coarse Aggregate Fine Aggregate  
OPC 

Crushed 
stone 

Crushed brick Coarser 
 Sand 

Fineness modulus - ASTM C136 7.14 6.72 3.11 - 

Bulk specific 
gravity –(Dry) 

- ASTM C127 2.84 1.78 2.57         - 

Bulk specific 
gravity –(SSD) 

- ASTM C128 2.85 2.06 2.62   - 

Unit weight kg/m3 ASTM C29 1530 914 1458   - 
Absorption 
capacity 

%
 

% 
ASTM C127 (CA) 
ASTM C128 (FA) 

0.33 
- 

15.30 
- 

1.83 
- 

- 

Normal 
consistency 

% ASTM C187 - - - 30 

Setting time min ASTM 
C191 

Initial 

Final 

- 
- 

- 
- 

- 
- 

110 
320 

Compressive 
strength 

MPa ASTM 

C109(2007) 

3 d 
7 d 

- 
- 

- 
- 

- 
- 

- 
- 

 

3.2 Fresh Properties 

Before assessing mechanical performance, the fresh properties of SCC must ensure self-consolidation properties 

described by EFNARC,2002. Table 3 represents the fresh properties of Self-Compacting Concrete (SCC) with 

varying percentages of brick aggregates (0 %, 10 %, 20 %, and 30 %) using slump flow tests as per EFNARC 

(2002). To achieve the target slump flow range, several mix proportion trials were conducted, and the most 

representative slump flow results are presented. Table 3 represents the proportion of 1:1.93:1.96 (cement: fine 

aggregate: coarse aggregate) as indicated in Section 2.2, but the cement content and superplasticizer dosage were 

adjusted to meet the flow requirements of the EFNARC flow series during the trial mixes. The deviation of each 

property compared to the base mix (SCCBA0) is also indicated. Table 3 shows that SCC mixes with 450 kg/m³ 

cement and 1.5 % HR–WR failed to achieve the target slump‑flow, regardless of brick‑aggregate (BA) content. 

Increasing the cement content to 500 kg/m³ and reducing HR–WR to 1.4 % enabled all mixes (0 %–30 % BA) to 

meet the EFNARC slump‑flow criteria. This optimized combination of higher cement and slightly lowered 

superplasticizer dosage effectively overcomes the flow resistance introduced by the angular, rough‑textured brick 

aggregates, ensuring reliable self‑consolidation in practical SCC applications. 

 

Table 3. Trial for selecting mix proportions of SCC 

 

Concrete type Coarse aggregates FA Cement Water 
HR-WR 

Remarks 

Stone chips Brick chips     

Units (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (%)  

SCCBA0 793.9 0 990.7 450 200.4 1.5 unsuccessful 

SCCBA10 714.2 67.5 946.9 450 212.4 1.5 unsuccessful 

SCCBA20 634.6 134.9 903.1 450 224.3 1.5 unsuccessful 

SCCBA30 554.9 202.4 859.3 450 236.2 1.5 unsuccessful 
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SCCBA0 762.5 0 927.7 500 219.6 1.4 successful 

SCCBA10 686.0 64.8 885.7 500 231.1 1.4 successful 

SCCBA20 609.5 129.6 843.6 500 242.5 1.4 successful 

SCCBA30 533.0 194.4 801.5 500 254.0 1.4 successful 

 

3.3 Mechanical Properties 

Mechanical properties of SCC, including compressive strength, splitting tensile strength, flexural strength, and 

modulus of elasticity, were systematically evaluated as stone chips were partially replaced with brick chips and 

shown in Figure 1. The compressive strength of control mixes (0% replacement) reached 40.5 MPa at 28 days; at 

7 days, these specimens exhibited 22.6 MPa, while mixes containing 30% brick chips dropped to 15.8 MPa. After 

28 days of curing, replacement levels of 10%, 20%, and 30% resulted in compressive strength reductions of 

10.9%, 29.1%, and 36.3%, respectively, relative to the control. Splitting tensile strength, measured at 28 days 

only, followed the same declining trend, with the highest tensile capacity observed in the unmodified concrete 

and proportional decreases as brick content increased. Flexural tests on SCC beams similarly showed a gradual 

reduction: maximum beam strength was 14.6 MPa for the control mix, decreasing to 7.3 MPa at 30% 

replacement. The static modulus of elasticity also diminished significantly, from 27.1 GPa in pure stone chip 

concrete to 20.3 GPa at 30% brick inclusion. 

 

Table 4. Mechanical properties of SCC 

 
Mix 

designation 

Compressive 
strength, f'c 

Flexural 
strength, fr 

Split tensile 
strength, fsp 

Modulus of 
elasticity, Ec 

28days                    7days 

 (MPa) (MPa) (MPa) (MPa) (GPa) 

SCCBA0 40.5 22.60 14.60 5 27.10 

SCCBA10 36.10(−10.90%) 18.10(−20%) 11.10 (−24%) 3.5 (−30%) 24.40 (−10.3%) 

SCCBA20 28.70(−29.10%) 17.40(−23.2%) 8.40 (−42.5%) 2.8 (−44%) 21.30 (−21.7%) 

SCCBA30 25.80(−36.30%) 15.80(−30.1%) 7.30 (−50%) 2.5 (−50.0%) 20.30 (−25.1%) 

Test Standard ASTM C39 ASTM C39 ASTM C293 ASTM C496−04 ASTM C469 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
(a) (b) (c) 

 

Figure 1. (a) Flexural strength and split tensile strength, (b) Compressive strength at 28 days & 7 days, and (c) Modulus of 

elasticity of SCC with several percentages of BA. 
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3.4 Relationships among Mechanical Properties 

 

 

 

(a) (b) 

 

Figure 2. Relationships of mechanical properties (a) Splitting tensile strength, Flexural Strength and Modulus of 

Elasticity with Square Root of Compressive Strength and (b) Flexural strength with splitting tensile strength. 

 

Modulus of elasticity, Ec = 2.349√f'c + 17.4 where Ec is in GPa.    

Flexural strength,           fr = 2.46√f'c + 4.2 where fr is in MPa. 

Split tensile strength, fsp = 0.82√f'c + 1.4 where fsp is in MPa. 

 

The relationships among SCC’s mechanical properties revealed distinct empirical correlations. The linear 

relationships between compressive strength (𝑓′𝑐) and different mechanical properties of concrete are illustrated 

in Figure 3. As compressive strength increases, the corresponding mechanical properties also increase 

proportionally. The flexural tensile strength shows the steepest trend, but the splitting tensile strength increases at 

a slightly lower rate with (𝑓′𝑐). This figure also highlights that compressive strength is a key predictor of other 

mechanical properties in concrete. Splitting tensile strength (fsp) versus compressive strength (f′c), followed by 

fsp = 0.82√f'c + 1.4 MPa, is higher than the ACI lightweight‐aggregate standard fsp = 63√f′c MPa, likely due to 

loading rate or casting inconsistencies. Flexural strength (fr) versus compressive strength (f′c), fr = 2.46√f'c + 4.2 

MPa, diverging from the typical fr = 0.62√f′c MPa relation, possibly because of mixed aggregates or loading 

nonuniformity. The relationship between flexural and splitting tensile strengths was fr = 3.86fsp MPa, suggesting 

fr is roughly 3.86 times of fsp; although slightly above the usual 60–80% lower modulus‐of‐rupture range, this 

remains acceptable. Regression analysis yielded the relationship Ec = 2.349√f'c + 17.4 MPa, positioning these 

hybrid mixes between pure brick aggregate concrete (3215√f′c MPa) and pure stone chip concrete 

(4700√f′c MPa). These experimental findings demonstrate that incorporation of brick aggregates in SCC 

indicates measurable reductions in both compressive strength and modulus of elasticity. This inverse relationship 

between sustainable material utilization and structural performance highlights a critical compromise that must be 

considered in mix design optimization. 

 

4 Conclusion 

Traditional concrete often exhibits uneven compaction, aggregate segregation, and insufficient flowability in 

complex formworks, necessitating extensive vibration and manual labor. In contrast, self-compacting concrete 

achieves full consolidation under its weight, eliminates the need for mechanical vibration, and delivers superior 

uniformity and durability in intricate geometries thereby enhancing efficiency and structural performance. In this 

investigation, natural stone chips were incrementally replaced with brick aggregate (BA) at 0%, 10%, 20%, and 

30% by volume to determine the optimum BA content. A constant dosage of 1.4 % High‑Range Water‑Reducing 

(HR–WR) admixture enabled all mixtures containing 0 % to 30 % brick aggregate to achieve EFNARC 

slump‑flow values. These results confirm that partial replacement of natural stone with up to 30 % brick 

aggregate satisfies the fresh‑state performance requirements for self‑compacting concrete. This study 

successfully demonstrated that Self-Compacting Concrete (SCC) can be produced by partially replacing stone 

aggregates with brick chips. However, the research consistently showed that increasing the percentage of brick 
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chip replacement negatively impacts the mechanical properties of SCC. Specifically, concrete made with 100% 

stone chips exhibited the highest strength across all tests. As brick chip content increased, there was a noticeable 

decrease in compressive strength, splitting tensile strength, and flexural strength. The variation in SCC strength 

between 7 and 28 days of curing was also observed. Furthermore, the modulus of elasticity, a measure of 

stiffness, was found to be maximal for mixes without brick chips and declined with increasing brick replacement. 

These findings collectively indicate that while brick chips can be utilized in SCC, their inclusion generally leads 

to a reduction in the concrete's overall mechanical performance. These findings also demonstrated that 

incorporating up to 10 % brick aggregate replacement produces self‑compacting concrete with satisfactory 

flowability and only a moderate reduction in compressive strength, thereby offering a viable and more 

sustainable alternative to conventional natural aggregates. 
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