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Concrete is the most widely used construction material in the world and testing of concrete specimens plays an important role in
assessing structural strength and durability. This study presents a detailed comparison between Destructive Tests (DT) and Non-Destructive
Tests (NDT) conducted on M20 and M25 grade concrete in which fine aggregate (sand) is partially replaced with Quarry Dust (QD) at 0%,
5%, 10%, 20%, and 30% by weight. Destructive tests included compressive strength and split tensile strength, while non-destructive tests
included the Rebound Hammer Test (RHT) and the Ultrasonic Pulse Velocity Test (UPV). Results demonstrate that replacing sand with 20%
quarry dust yields the highest compressive and tensile strengths for both M20 and M25 grades. A good correlation was found between
compressive strength, rebound number, and ultrasonic pulse velocity, confirming the reliability of NDT methods for concrete strength
assessment. Addition of quarry dust beyond 20% reduced workability and strength due to increased water absorption.

Concrete; Compressive Strength; Destructive Test; Non-Destructive Test; Quarry Dust; Rebound Hammer; Ultrasonic Pulse
Velocity; M20; M25.

Concrete is the most widely used construction material worldwide. It is a combination of cement, fine and coarse
aggregates, and water mixed in a particular proportion to achieve the required strength. Due to global infrastructure expansion
and increased construction activity, concrete is being used more frequently, driving demand for alternative materials that can
reduce cost while maintaining structural performance.

Quarry dust is a by-product generated during the crushing and processing of rocks and stones in quarrying operations. It
is a fine, granular material with particle sizes up to 4.75 mm, angular in shape, and possesses high silica content, strong binding
capacity, and good compressive strength. It is widely available in India and can serve as an economical substitute for natural river
sand, which is becoming scarce and expensive due to over-mining.

Structural health monitoring through non-destructive testing (NDT) has gained growing attention because it evaluates in-
situ concrete properties without causing damage to the structure. Methods such as the Rebound Hammer Test (RHT) and
Ultrasonic Pulse Velocity Test (UPV) are practical, portable, and cost-effective tools that complement destructive testing. This
study investigates how well NDT correlates with destructive test results for concrete mixes incorporating quarry dust as a fine
aggregate replacement.

The primary objectives of this study are: (i) to determine the compressive and split tensile strength of M20 and M25 grade
concrete with quarry dust replacement at 0%, 5%, 10%, 20%, and 30%; (ii) to assess non-destructive strength using rebound
hammer and UPV tests; (iii) to establish the correlation between DT and NDT results; and (iv) to identify the optimum percentage
of quarry dust replacement for maximum concrete strength.

Hamidian, Shariati, and Arabnejad Khanouki investigated the concept of non-destructive testing (NDT) for gathering
material properties of in-situ specimens without destruction. They combined Ultrasonic Pulse Velocity (UPV) and Schmidt
Rebound Hammer (SRH) tests to develop a joint health evaluation technique and concluded that a strong association exists
between compressive strength, SRH readings, and UPV values.

Bhosale and Salunkhe (2016) studied a correlation between destructive and non-destructive tests on M20, M25, and M30
grade concrete slabs. They found that combined use of rebound hammer and UPV yielded a higher correlation coefficient of
0.441 compared to 0.355 when only one method was used, demonstrating the value of integrated NDT approaches.
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Mulik et al. (2015) used the SONReb combined testing method on 60 concrete specimens ranging from 15 MPa to 40
MPa. They found a correlation coefficient of 0.789 for rebound number and 0.672 for UPV individually, which improved to
0.867 when both methods were combined.

Konapure and Richardrobin (2015) studied M20 and M25 grade concrete using 174 cubes and confirmed that the rebound
hammer gave more realistic results at early age of concrete. Average curves plotted between rebound number and destructive
strength gave the most reliable results.

Damodar and Gupta (2014) developed an ideal curve equation to predict compressive strength of M20, M25, and M30
grade concrete using the formula Y = (ab)*x, where Y is compressive strength, and established that OPC concrete gained 80%
of strength on the 1st day of accelerated curing compared to 50% for PPC and PSC cements.

Perumal (various) concluded that concrete achieves maximum compressive strength increase at 50% sand replacement
with quarry dust, with a 24.04% increase over control concrete for M20. Akshay G. et al. reported significant increases in
compressive strength, split tensile strength, and modulus of rupture when 40% of sand is replaced by quarry rock dust.

A. Materials Used

OPC 53 Grade cement (Zuari brand, conforming to IS 12269:2013) was used. Its physical properties include: fineness
2.67%, normal consistency 29%, initial setting time 91 min, final setting time 240 min, and specific gravity 3.15. Coarse aggregate
(20 mm crushed angular HBG metal) with specific gravity 2.60 and water absorption 0.5% was used. Fine aggregate (river sand
conforming to Zone-11 of IS 383) with specific gravity 2.52, fineness modulus 2.4, and water absorption 0.9% was used. Quarry
Dust with specific gravity 2.5-2.9, density 1750 kg/m3, and particle size up to 4.75 mm (angular to sub-angular) was used as
partial replacement for fine aggregate. Potable water free from oils, acids, and organic impurities was used for mixing and curing.

B. Mix Design

Mix design was carried out as per IS 10262:2009. For M20 grade: w/c ratio = 0.5, cement = 394.32 kg/m3, fine aggregate
= 697.33 kg/m3, coarse aggregate = 1089 kg/m3, mix proportion = 1:1.62:2.76. For M25 grade: w/c ratio = 0.45, cement = 440
kg/ms3, fine aggregate = 702 kg/m3, coarse aggregate = 1067 kg/m3, mix proportion = 1:1.59:2.425.
Five mixes were prepared for each grade with quarry dust replacing sand at 0% (control), 5%, 10%, 20%, and 30% by weight.
Standard cube specimens (150x150x150 mm) were cast for compressive strength and cylinder specimens (150 mm dia. x 300
mm) for split tensile strength tests. Specimens were cured at 27°+2°C and tested at 7 days and 28 days.

C. Testing Methods
Destructive tests: (1) Compressive Strength Test — cubes were tested using a Compression Testing Machine (CTM) as per IS
516. (2) Split Tensile Strength Test — cylinders were tested using plywood bearing strips as per IS 5816:1999.

Non-destructive tests: (1) Rebound Hammer Test — conducted as per IS 13311 (Part 2):1992. Six rebound readings were taken
on each specimen and averaged, with outliers removed per 1S 8900:1978. (2) Ultrasonic Pulse Velocity Test (UPV) — conducted
as per 1S 13311 (Part 1):1992. The direct transmission method was used with 50-60 kHz transducers and velocity V = L/T
(km/sec).

Workability was measured using the Slump Cone Test (IS 7320:1974) for all mixes at fresh state.

A. Workability (Slump Cone Test)
The slump values for M20 grade were: Control 60 mm, 5% QD — 58 mm, 10% QD — 54 mm, 20% QD — 50 mm, and
30% QD — 42 mm. For M25 grade: Control 65 mm, 5% QD — 54 mm, 10% QD — 48 mm, 20% QD — 44 mm, and 30% QD
— 40 mm. The gradual reduction in slump with increasing quarry dust content indicates that quarry dust reduces the workability
of concrete due to its angular particle shape and increased water absorption. All mixes showed a true slump pattern.

Mix Design QD % M20 Slump (mm) M25 Slump (mm)
Control 0 60 65
Mix 1 5 58 54
Mix 2 10 54 48
Mix 3 20 50 44
Mix 4 30 42 40

Table 1: Slump Cone Test Results
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Graph 1: Slump Cone Test Results

B. M20 Grade — Compressive and Split Tensile Strength (DT)

Table 2 presents the destructive test results for M20 grade concrete at 7 days and 28 days. The compressive strength
increased with quarry dust addition up to 20% (33.98 N/mmz?) and decreased at 30% (32.89 N/mm?). Similarly, split tensile
strength peaked at 20% QD replacement (7.95 N/mm2 at 28 days), representing a 5.16% improvement over the control mix (7.56
N/mm?). The 30% QD mix showed decreased strength due to higher water absorption which increased porosity in the hardened
concrete.

Mix QD % Ccs7d CS 28d STS 7d STS 28d
Control 0 19.40 33.57 3.15 7.56
Mix 1 5 19.65 33.68 3.25 7.66
Mix 2 10 19.99 33.79 3.65 7.69
Mix 3 20 20.10 33.98 3.98 7.95 v Peak
Mix 4 30 20.00 32.89 3.25 7.45

Table 2: Destructive Test Results — M20 Grade (N/mm?)
CS = Compressive Strength (N/mm?2); STS = Split Tensile Strength (N/mm?2)
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Graph 2: Destructive Test Results — M20 Grade (N/mm?)

C. M25 Grade — Compressive and Split Tensile Strength (DT)

Table 3 presents the destructive test results for M25 grade concrete. At 28 days, the compressive strength increased from
34.10 N/mmz2 (control) to 34.80 N/mm?2 (20% QD), showing a 2.05% improvement. The split tensile strength improved from 8.10
N/mmz2 (control) to 8.99 N/mm2 at 20% replacement, representing an 11% enhancement. Beyond 20%, strength decreased,
confirming that 20% is the optimum replacement level.

Mix QD % CS7d CS 28d STS 7d STS 28d
Control 0 19.90 34.10 2.151 8.10
Mix 1 5 20.10 34.10 2.25 8.25
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Mix 2 10 20.68 34.45 2.40 8.62
Mix 3 20 20.98 34.80 2.65 8.99 v Peak
Mix 4 30 20.75 33.90 2.55 8.33
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Graph 3: Destructive Test Results — M25 Grade (N/mm?)

D. Non-Destructive Test Results — M20 Grade (Rebound Hammer & UPV)

Table 4 shows the NDT results for M20 grade at 7 days and 28 days. The rebound hammer strength and UPV-derived
strength both increased with quarry dust replacement up to 20%, closely mirroring the destructive test trend. At 28 days, the UPV
strength for 20% QD replacement (34.01 N/mm?) closely agreed with the corresponding destructive compressive strength (33.98

N/mm?), confirming a strong correlation between DT and NDT methods.

Mix QD % RH No. 7d RH Str. 7d UPV 7d (km/s) RH Str. 28d UPV Str. 28d
Control 0 21.77 13.00 4.12 13.64 33.42
Mix 1 5 21.89 13.40 4.16 13.69 33.68
Mix 2 10 22.10 13.65 4.72 13.87 33.79
Mix 3 20 23.25 13.98 4.99 13.98 34.01
Mix 4 30 23.00 13.75 4.65 13.22 33.85

Table 4: Non-Destructive Test Results — M20 Grade (N/mm?)
RH = Rebound Hammer; UPV = Ultrasonic Pulse Velocity; Str. = Strength
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Graph 4: Non-Destructive Test Results — M20 Grade (N/mm?)

E. Non-Destructive Test Results — M25 Grade (Rebound Hammer & UPV)

Table 5 shows the NDT results for M25 grade. The rebound hammer and UPV results for 28 days show a good trend
agreement with compressive strength measured destructively. The UPV strength at 20% QD (33.9 N/mm?) is in close agreement
with the DT compressive strength (34.80 N/mm?2). The correlation further validates NDT as a reliable tool for strength prediction

of quarry dust concrete.

Mix QD % RH No. 7d RH Str. 7d UPV 7d (km/s) RH Str. 28d UPV Str. 28d
Control 0 23.80 13.80 4.16 13.64 34.30
Mix 1 5 23.25 13.25 4.12 12.70 33.00
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Mix 2 10 21.25 13.38 4.20 13.20 33.50
Mix 3 20 21.65 13.47 4.27 14.20 33.90
Mix 4 30 20.98 13.10 4.01 13.75 32.90

Table 5: Non-Destructive Test Results — M25 Grade (N/mm?)
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Graph 5: Non-Destructive Test Results — M25 Grade (N/mm?)

F. Discussion

The results consistently show that 20% quarry dust replacement is the optimum level for both M20 and M25 grades under
destructive and non-destructive testing. Beyond 20%, the increased water absorption of quarry dust increases the effective w/c
ratio, resulting in higher porosity and reduced strength. The rebound hammer and UPV tests both tracked this trend accurately,
confirming their reliability.

A reasonable correlation exists between compressive strength, rebound number, and UPV values across all mixes. The
sensitivity of the UPV test increases with concrete maturity — at 28 days the UPV strength values were within 1-2% of DT
compressive strength values for most mixes. The rebound hammer similarly gave reliable results especially at 28 days, with the
average error reducing from approximately 20% at 7 days to under 1% at 28 days, consistent with findings from Patil et al. (2015).

The addition of quarry dust reduced slump from 60 mm to 42 mm (M20) and from 65 mm to 40 mm (M25) at maximum
replacement, confirming that quarry dust reduces workability due to its fine angular particles. However, within acceptable
workability limits, quarry dust improves concrete density and strength up to 20% replacement.

Based on the experimental investigation on M20 and M25 grade concrete with quarry dust as a fine aggregate
replacement, the following conclusions are drawn:

1. The compressive strength and split tensile strength of both M20 and M25 grade concrete increased with quarry dust
replacement up to 20% and decreased at 30% replacement. The optimum replacement level is 20%.

2. For M20 grade at 28 days, the highest compressive strength (33.98 N/mm2) and split tensile strength (7.95 N/mm?) were
achieved at 20% QD replacement — improvements of 1.22% and 5.16% respectively over conventional concrete.

3. For M25 grade at 28 days, the highest compressive strength (34.80 N/mm2) and split tensile strength (8.99 N/mm?) were
obtained at 20% QD replacement — improvements of 2.05% and 11.0% respectively over conventional concrete.

4. A good correlation exists between compressive strength (DT), rebound hammer number, and UPV-derived strength (NDT)
for all quarry dust replacement levels. The UPV strength values at 28 days were within 1-2% of the DT compressive strength
values, confirming the reliability of NDT methods.

5. Workability (slump value) decreased steadily with increasing quarry dust content for both grades. Addition of quarry dust
beyond 20% leads to increased water absorption, higher porosity, and reduced concrete strength.

6. The use of quarry dust — an industrial waste material available at low cost — as a partial replacement for sand in concrete
reduces environmental pollution, lowers material cost, and contributes to sustainable construction practices.

The present study can be extended in the following directions:

1. Durability tests such as water absorption, rapid chloride permeability, and sulphate resistance can be conducted on the quarry
dust concrete mixes to assess long-term performance in aggressive environments.

2. The study can be extended to higher grade concretes (M30, M40, M50) and self-compacting concrete with quarry dust as a
fine aggregate replacement to evaluate performance across a wider strength range.

3. The combined effect of quarry dust with supplementary cementitious materials such as fly ash, GGBS, or silica fume can be
investigated for further strength and durability enhancement.

4. Mathematical regression models can be developed to predict compressive strength from rebound number and UPV values
specifically for quarry dust concrete, providing more accurate NDT-based strength estimation equations.

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 89|Page



Comparison of Destructive and Non-Destructive Tests on Conventional Concrete by Replacement of Fine Aggregate with
Quarry Dust
5. Microstructural analysis using Scanning Electron Microscopy (SEM) and X-Ray Diffraction (XRD) can be performed to

understand the interfacial transition zone between quarry dust particles and cement paste, and its influence on concrete
properties.
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