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Abstract — High-Density concrete (HDC) is commonly used 

for radiation shielding of nuclear reactors/power plants and 

other structures like counter weights, coating of off-shore 

pipelines, medical facilities, and industrial facilities where 

radioactive materials are used or stored. High-Density 

concrete is designed by using heavyweight aggregates such 

as hematite, barite, magnetite and so on. Integral part of this 

study is replacing the normal coarse aggregate by 

heavyweight aggregate (Barite), and using recycled glass 

powder (RGP) as a partial replacement to fine aggregate 

(natural river sand) from 0% to 60% by volume of fine 

aggregate (FA) at 20% intervals. Five series of concrete 

mixes with a total number of 80 specimens (cubes and 

cylinders) of the same compressive strength of 30 MPa (M30 

grade) are produced, casted, and tested as per the 

requirements of Engineering Standard codes. For all the 

casted concrete specimens, the density, compressive strength, 

splitting tensile strength, and workability are being tested, 

determined, and analysed at the curing ages of 7 & 28 days. 

This comprehensive investigation aims to provide valuable 

insights into the relationship between barite coarse aggregate 

and density as well as the compressive and split tensile 

strength of HDC, and the effects of RGP on physical and 

mechanical properties of HDC. The findings from this 

research will contribute to a deeper understanding of the 

optimization of HDC mix designs, enabling the development 

of more resilient and durable concrete structures in various 

applications. From this experimental study, it is observed that 

the use of barite coarse aggregate instead of normal aggregate 

in concrete leads to a significant increase in density and 

workability of HDC as well as its compressive and split 

tensile strengths. Similarly, the use of RGP as a partial 

replacement to fine aggregate up to a certain limit, causes a 

significant increase in compressive and split tensile strengths 

of HDC. 

Keywords: High Density Concrete, Barite, Recycled Glass 

Powder, Compressive Strength, Split Tensile Strength, 
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I. INTRODUCTION 

A. General 

High-density concrete, also known as heavyweight concrete, 

is a type of concrete that is formulated to have a significantly 

higher density than regular concrete. This is achieved by 

using heavyweight aggregates, which are materials with a 

specific gravity greater than that of normal aggregates. One 

common type of heavyweight aggregate used in high-density 

concrete is barite. 

 Barite (receives its name from the Greek word 

“barys” which means “heavy”) is a mineral composed of 

barium sulphate (BaSO4), and it is the most commonly used 

heavyweight aggregate in the production of heavyweight 

concrete. Barite has a high density (as it is composed of 

relatively heavy elements, particularly barium and sulphur), 

and a higher specific gravity, often exceeding 4.0, which is 

exceptional for a non-metallic mineral, that makes it an ideal 

choice for imparting heavyweight properties to concrete. 

Heavyweight concrete using barite type coarse aggregate is a 

specialized construction material that offers exceptional 

density, strength, and radiation shielding properties. When 

barite is used as a coarse aggregate in heavyweight concrete, 

it results in a concrete mix with a much higher density than 

traditional concrete, which offers several advantages when 

heavyweight concrete is used in various application. 

 The applications of heavyweight concrete using 

barite type coarse aggregate range from nuclear facilities and 

medical institutions to infrastructure and offshore 

engineering, where the unique characteristics of heavyweight 

concrete are crucial for ensuring safety, stability, and 

performance. One of the primary applications of heavyweight 

concrete is in creating barriers or shields against radiation in 

nuclear facilities and medical institutions (radiotherapy 

treatment rooms). The high density of heavyweight concrete 

with barite provides effective shielding against radiation, 

making it an essential material in the construction of nuclear 

power plants, medical radiation therapy facilities, and other 

structures where radiation protection is crucial. 

 In addition to its density, the physical and 

mechanical properties of heavyweight concrete with barite 

aggregate also provide benefits. The high workability and 

compressive strength of heavyweight concrete make it 

suitable for applications where structural integrity and 

durability are paramount. 

 When producing heavyweight concrete using barite 

aggregates and recycled glass powder, certain factors must be 

considered to achieve the desired performance. The mix 

design, proportioning, and placement techniques should be 

carefully considered to ensure that the properties of the 

heavyweight concrete meet the specific requirements of the 

intended application. Proper consolidation and curing 

practices are also vital to maximize the performance of 

heavyweight concrete with barite aggregate and recycled 

glass powder. 

 The use and incorporation of recycled glass powder 

as a partial replacement to fine aggregate in concrete offers 

sustainable, pozzolanic and many other benefits such as 

improved workability, cohesiveness, environmental friendly, 

and reduced water content requirement. However, the main 

potential challenge associated with the use of recycled glass 

powder in concrete is the risk of alkali-silica reaction that 

may cause expansion and cracking of concrete over time. 
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II. OBJECTIVE OF THE STUDY 

The primary objective of this study is the characterization of 

‘Barite crushed stones’ which is locally available in Gujarat 

state of India, and is used as heavyweight coarse aggregate in 

high-density concrete. While the main objective of this study 

is to investigate the effects of ‘Barite crushed stones’ and 

‘Recycled Glass Powder’ on physical and mechanical 

properties such as density, workability, and compressive 

strength as well as splitting tensile strength of M30 grade 

high-density concrete (HDC). 

III. METHODOLOGY OF THE STUDY 

The following flowchart represents the methodology of this 

experimental study. 

 
Fig. 1: Flowchart of Methodology 

IV. MATERIAL AND METHODS 

A. Materials 

The base materials used in this experimental study for 

preparation of the concrete mixes are ordinary Portland 

cement (53 Grade OPC), complying with IS 269 - 2015, 

natural river sand (NRS), recycled glass powder (RGP), 

barite coarse aggregate obtained from APCO Mineral 

Industries-Ahmedabad, and water. 

B. Cement 

The cement used in this experimental work is ordinary 

Portland cement (53 Grade). Its properties are tested as per IS 

4031 & 4032: 1988, and results shown in Table 1. 

Sr. No. Description of Test Results 

1 Fineness of cement 356 m2/Kg 

2 Specific gravity of cement 3.15 

3 Standard consistency 33.75% 

4 Initial setting time 130 mints 

5 Final setting time 160 mints 

6 28 days Compressive strength N/mm2 

Table 1: Properties of Cement 

C. Aggregates 

Fine aggregate i.e. natural river sand and recycled glass 

powder are used. The recycled glass powder (RGP) is used as 

a partial replacement to fine aggregate (natural river sand) 

from 0% to 60% by volume of fine aggregate (FA) at 20% 

intervals. The barite crushed stone of graded angular shaped 

and size of 20 mm as per IS 383-2016 is used as coarse 

aggregate for high-density concrete (HDC), while the normal 

coarse aggregate of the same class, shape and size is used for 

conventional concrete mix. All the laboratory tests of 

aggregates with respect to material like bulk density, specific 

gravity, water absorption, impact value test, sieve analysis 

and fineness modulus are conducted as per Indian Standard 

codes. 

Sr. No. Properties of F.A. Results 

1 Particle shape Rounded 

2 Particle size 4.75mm 

3 Specific gravity 2.67 

4 Water absorption 1% 

5 Fineness modulus 2.89 

Table 2 (a): Physical Properties of Fine Aggregate (Natural 

River Sand) 

Sr. 

No. 

Properties 

of F.A. 

(80% 

NRS + 

20% 

RGP) 

Results 

(60% 

NRS + 

40% 

RGP) 

Results 

(40% 

NRS + 

60% 

RGP) 

Results 

1 
Particle 

shape 
Rounded Rounded Rounded 

2 
Particle 

size 
4.75mm 4.75mm 4.75mm 

3 
Specific 

gravity 
2.60 2.53 2.46 

4 
Water 

absorption 
0.93% 0.80% 0.73% 

5 
Fineness 

modulus 
2.775 2.671 2.521 

Table 2 (b): Physical Properties of Fine Aggregate (NRS + 

RGP) 

IS 

Siev

e 

Size 

(mm

) 

Mass 

retaine

d 

(gm) 

Cumulativ

e mass 

retained 

(gm) 

Cumulativ

e % of 

mass 

retained 

(%) 

Cumulativ

e % of 

mass 

Passing 

(%) 

4.75 0 0 0 100 

2.36 108 108 10.8 89.2 

1.18 114 222 22.2 77.8 

0.60 422 644 64.4 35.6 

0.30 274 918 91.8 8.2 

0.15 80 998 99.8 0.2 

Total 998 - 289 - 

Table 3: Sieve Analysis of Fine Aggregate (Natural River 

Sand) 

Fineness modulus =    
(𝐒𝐮𝐦 𝐨𝐟 𝐂𝐮𝐦𝐮𝐥𝐚𝐭𝐢𝐯𝐞 𝐏𝐞𝐫𝐜𝐞𝐧𝐭 𝐑𝐞𝐭𝐚𝐢𝐧𝐞𝐝)

𝟏𝟎𝟎
  

               = 289/100 = 2.89 (Zone II Sand). 

CONCLUSION
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Sr. 

No. 
Properties 

Barite Coarse 

Aggregate 

Results 

Normal 

Aggregate 

Results 

1 
Specific 

gravity 
4.09 2.72 

2 
Bulk 

density 
2080 Kg/m3 1570 Kg/m3 

3 
Particle 

shape 
Angular Angular 

4 Particle size 20mm 20mm 

5 Colour White Black 

6 
Water 

absorption 
0.53 % 0.63 % 

7 
Impact 

Value 
7.72 11.82 

Table 4: Physical Properties of Barite & Normal Coarse 

Aggregates 

 

IS 

Siev

e 

Size 

(mm

) 

Avg. 

Mass 

of three 

sample

s 

retaine

d 

(gm) 

Cumulativ

e mass 

retained 

(gm) 

 

Cumulativ

e % of 

mass 

retained 

(%) 

Cumulativ

e % of 

mass 

Passing 

(%) 

20 0 0 0 100 

16 56 56 5.6 94.4 

12.5 497 553 55.3 44.7 

10 61 614 61.4 38.6 

4.75 383 997 99.7 0.3 

Total 997 - 222 - 

Table 5: Sieve Analysis of Barite Coarse Aggregate 

 Therefore, the barite coarse aggregate used in this 

experimental study is a “Graded Aggregate” of Size 20 mm        

[IS: 383- 2016, Table 7]. 

Compound Percentage % 

Fe2O3 0.06 

MnO 0.12 

MgO 0.30 

BaSO4 95 

Al2O3 0.30 

CaO 0.12 

SiO2 1.23 

L.I or LOI 0.6 

Total (%) 97.73 

Table 6: Chemical Composition of Barite Coarse Aggregate 

in Weight % 

 
Fig. 2: Barite Coarse Aggregate 

 
Fig. 3: Bulk Density Test of Barite Coarse Aggregate 

 
Fig. 4: Impact Value Test of Barite Coarse Aggregate 
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Fig. 5: Impact Value Test of Barite Coarse Aggregate 

 
Fig. 6: Sieve Analysis of Barite Coarse Aggregate 

D. Water 

Portable laboratory tap water was used for concrete mix. In 

addition, the water r should be clean and free from impurities 

such as chemicals, oils, salts, or organic matter. 

E. Concrete Mix Designations & Proportions 

Five series of concrete mixes and their proportions are 

designed and calculated for 28 days’ compressive strength of 

30 MPa (M30 Grade) as shown in Table 7 & 8.  

 

Sr. 

No

. 

 

Mix 

Designati

on 

Recycle

d Glass 

Powder 

Size 

Recycle

d Glass 

Powder 

Dosage 

No. 

of 

Cube

s 

 

No. of 

Cylinde

rs 

1 Mix A - - 8 8 

2 Mix B - - 8 8 

 

 

3 

Mix C     

Mix C1 <1mm 20 % 8 8 

Mix C2 <1mm 40 % 8 8 

Mix C3 <1mm 60 % 8 8 

Total Specimen 40 40 

Table 7: Concrete Mix Designation of M30 Grade & 

Number of Specimens 

For each curing ages of 7 days & 28 days of each concrete 

mix design, a total number of 4 cubic and 4 cylindrical 

specimens are casted, cured, and tested. 

Sr. 

No

. 

Mix 

Designati

on 

Cemen

t 

(Kg/m

3) 

Water 

(Kg/m

3) 

F.A. 

(Kg/m

3) 

C.A. 

(Kg/m

3) 

1 Mix A 450.53 202.74 636.2 1659.4 

2 Mix B 450.53 202.74 636.2 1103.6 

3 

Mix C     

Mix C1 450.53 202.74 619.5 1659.4 

Mix C2 450.53 202.74 602.8 1659.4 

Mix C3 450.53 202.74 586.2 1659.4 

Table 8: Mix Proportions for M30 Grade Concrete 

Where, 

Mix A = (Cement + NRS + Normal Aggregate + Water). 

Mix B = (Cement +NRS + Heavyweight Aggregate + Water). 

Mix C = (Cement + (NRS + RGP) + Heavyweight Aggregate 

+ Water). 

 Mix C1 = (Cement + (80% NRS+20% RGP) + 

Heavyweight Aggregate + Water). 

 Mix C2 = (Cement + (60% NRS+40% RGP) + 

Heavyweight Aggregate + Water). 

 Mix C3 = (Cement + (40% NRS+60% RGP) + 

Heavyweight Aggregate + Water). 

 NRS – Natural River Sand, RGP – Recycled Glass 

Powder, F.A. – Fine Aggregate, C.A. – Coarse Aggregate. 

F. Specimen Specifications 

The Cube Size 150 mm x 150 mm x 150 mm 

The Cylinder Size 
150 mm diameter, 

300 mm height 

V. TESTS ON FRESH CONCRETE 

The slump test and compacting factor test are carried out as 

concrete workability tests on fresh concrete mixes in this 

experimental study. 

A. Slump Test 

Concrete slump test is carried out based on IS 1199-Part 2: 

2018. This test is the most commonly used method of 

measuring the consistency of concrete which can be 

employed either in the laboratory or site work. It is not a 

suitable method for very wet or very dry concrete. Table 9 

shows the results of the slump test of each concrete mix. 

Sr. 

No. 

Mix 

Designation 

Slump Value (measured to the 

nearest 5mm) (mm) 

1 Mix A 85 

2 Mix B 105 

 

 

3 

Mix C  

Mix C1 110 

Mix C2 115 

Mix C3 110 

Table 9: Slump Test Results of Concrete Mixes 
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B. Type of collapse: True slump. 

1) Compaction Factor Test 

Another workability test method is concrete compaction 

factor test, which is carried out based on the principle of 

determining the degree of compaction achieved by the 

standard amount of work done by allowing the concrete to 

fall through a certain height. This test is carried out as per IS 

1199-Part 2: 2018. Compaction factor test is adopted to 

determine the workability of concrete, where the nominal 

maximum size of aggregate does not exceed 40mm and is 

primarily used in laboratory. Table 10 shows the results of the 

compaction factor test of each concrete mix. 

Sr. 

No. 
Mix Designation Compaction Factor Value 

1 Mix A 0.87 

2 Mix B 0.99 

3 

Mix C  

Mix C1 0.99 

Mix C2 0.99 

Mix C3 0.98 

Table 10: Compaction Factor Test Results of Concrete 

Mixes 

 
Fig. 7: Concrete Slump Test 

 
Fig. 8 (a): Concrete Compaction Factor Test 

 

 
Fig. 8 (b): Concrete Compaction Factor Test 

VI. TESTS ON HARDENED CONCRETE & RESULTS 

A. Weight Density Test 

For density measurement of conventional and high-density 

concrete, cubes’ masses are measured using weighing 

balance.  

 Density = Mass / Volume    (1) 

Where, volume of cube = 0.003375 m3 (as cube side is 0.15 

m). 

Sr. 

No. 

Mix 

Designation 

Avg. Mass of 

4 Cubes (Kg) 

Avg. Density of 4 

Cubes (Kg/m3) 

1 Mix A 8.70 2577.8 

2 Mix B 10.98 3252.7 

 

 

 

3 

Mix C   

Mix C1 10.93 3237.5 

Mix C2 10.88 3224 

Mix C3 10.80 3200 

Table 11: Mass & Density of Hardened Concrete Cubes 

 
Fig. 9: Graphical Representation of Density of Hardened 

Concrete Cubes 
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B. Compressive Strength Test 

The compressive strength test is carried out based on IS 516: 

1959, Part 1. The result and values of compressive strength 

of concrete at the end of different curing period (7 and 28 

days) are given in Table 12. From the tests result it is 

observed that the concrete mix (Mix C2) specimens has more 

compressive strength value when compared with other 

designated concrete mixes. 

Sr. 

No. 

Mix 

Designation 

7-days Avg. 

Compressive 

Strength of 4 

Cubes 

(MPa) 

28-days Avg. 

Compressive    

Strength of 4 

Cubes 

(MPa) 

1 Mix A 21.23 31.63 

2 Mix B 25.62 35.56 

 

 

3 

Mix C   

Mix C1 27.58 36.53 

Mix C2 29.25 40.28 

Mix C3 28.19 38.02 

Table 12: 7 days & 28 days Compressive Strength Tests’ 

Result 

 
Fig. 10: Graphical Representation of 7 days & 28 days 

Compressive Strength Tests’ Result 

 
Fig. 11: Compressive Strength Test 

 
Fig. 12: Compressive Strength Tested Specimens 

C. Split Tensile Strength Test 

Split Tensile Strength test is performed on cylindrical 

specimens of curing ages of 7 days and 28 days as per IS 

5816:1999, Indian standard for splitting tensile strength of 

concrete-method of test.  

Tensile strength of concrete can be given by formula, 

𝑻𝒔= 
2P

πdl
 

Where,  

 P = maximum load in N applied on the specimen.  

 l = Length of specimen (mm).  

d = Cross section dim. Of specimen (mm). 

 The result and values of compressive strength of 

concrete at the end of different curing period (7 and 28 days) 

are given in Table 13. From the split tensile strength tests 

result it is observed that the concrete mix (Mix C2) specimens 

has more split tensile strength value when compared with 

other designated concrete mixes. 

Sr. 

No. 

Mix 

Designation 

7-days Avg. 

Compressive 

Strength of 4 

Cubes 

(MPa) 

28-days Avg. 

Compressive    

Strength of 4 

Cubes 

(MPa) 

1 Mix A 2.14 3.64 

2 Mix B 2.61 4.21 

3 

Mix C   

Mix C1 2.85 4.38 

Mix C2 3.30 4.69 

Mix C3 3.06 4.47 

Table 13: 7 days & 28 days Split Tensile Strength Tests’ 

Result 
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Fig. 13: Graphical Representation of 7 days & 28 days Split 

Tensile Strength Tests’ Result 

 
Fig. 14: Split Tensile Strength Test 

 
Fig. 15: Split Tensile Strength Tested Specimens 

VII. CONCLUSION 

Based on the results of experimental investigations carried 

out on the high-density concrete (HDC), the following points 

are concluded: 

 The use of barite coarse aggregate instead of normal 

aggregate in concrete leads to a significant increase in the 

density and workability of HDC as well as its 

compressive and split tensile strengths. High-density 

concrete produced using barite coarse aggregate, has 

more Compressive and Split tensile strengths when 

compared to normal/conventional concrete. 

 Similarly, the use of recycled glass powder (RGP) as a 

partial replacement to fine aggregate up to a certain limit, 

causes a significant increase in workability as well as 

compressive and split tensile strengths of HDC. The 

most ideal dosage of RGP to optimize the compressive 

and split tensile strengths of HDC is 40%. Excessive 

dosage of RGP in concrete, may cause a decrease in 

workability, density, and strengths of high-density 

concrete. 

VIII. FUTURE SCOPES 

 As high-density concrete (HDC) is widely used 

worldwide in nuclear power plants as well as 

radiotherapy treatment rooms to shield radiation, 

therefore, it is crucial to focus the future studies on 

determining the gamma-rays, X-rays and any other type 

of rays’ attenuation coefficients of HDC produced using 

barite coarse aggregate. 

 Also, an investigation and further study on the durability 

of high density concrete as well as on contribution and 

effectiveness of recycled glass powder for radiation 

shielding properties of HDC is required to be held. 
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