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Abstract— In this reports an experimental procedure to 

investigate beam moment of resistance behavior by using 

copper slag as partial replacement of sand in M-30 grade 

concrete. The compressive strength test results of concrete 

were obtained by adding copper slag to sand in various 

percentages ranging from 0%,20%,40%,60,80% and 100%. 

All specimens were cured for 7, 28 days before compression 

strength test, and after test compressive strength are used for 

analysis of the beam. There are three major companies who 

produces the copper slag as by products of their plants, 

Sterlite, Birla Copper and Hindustan Copper. According to 

global slag by Nikhil supekar In India only sterlite company 

Tuticorin produces 400000 tonnes of copper per and approx. 

800000 tonnes of copper slag is generated per year. 
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I. INTRODUCTION 

Copper slag, which is the waste material produced in smelting 

and refining process of copper metal in refinery plants, has 

low cost and its application as a fine aggregate in concrete 

production have many environmental benefits such as waste 

recycling and solves disposal problems. . It has been observed 

by previous different studies that up to 80 % replacement, CS 

and FS can be effectively used as replacement for fine 

aggregate.CS is a glassy granular material with high specific 

gravity. We know India is second largest populated country 

in the world.As the population of India is growing rapidly day 

by day, the industries are also growing rapidly. The use of 

copper slag in cement and concrete provides potential 

environmental as well as economic benefits for all related 

industries, particularly in areas where a considerable amount 

of copper slag is produced. 

For analysis of Beam – A beam is structural element, 

that primarily resist loads, applied laterally to the beam axis. 

Its mode of deflection is primary by bending. The loads 

applied to the beam result in reaction forces at the beams 

support points. The total effect of all forces acting on the 

beam is to produce shear forces and bending moment within 

the beam, that in turn induce internal stresses, strain and 

deflections of the beam. So here we can understand that beam 

is mainly depends on bending moment and shear forces 

which are responsible for the deflection and strain of beam. 

Thus we are using moment of resistance for the comparing 

the normal concrete beam and CS concrete beam using by 

standard IS CODE 456 – 2000. 

II. MATERIALS 

A. Cement: 

Cement is classified by mainly strength in three grades 33, 43 

and 53. For this study Ultra tech 53 grade ordinaryPortland 

cement is used. This cement is the most widely used in the 

construction industry in India for high strength and heavy 

structures. 

B. Fine Aggregates: 

The sand particles should be free from any clay or inorganic 

materials and found to be hard and durable. For this study 

locally available river sand is used as a fine aggregate which 

belongs to zone-2. Sands are divided mainly in four zones by 

its size distribution. The four grading zones indicated in this 

standard are meant to cover the use of the natural sands 

available in the country. For zone1 and zone 2 IS code 380-

1970 sieve analysis specifications are shown by below table: 

IS 

sieves 

IS passing percentage of fine aggregate for 

zone I and II (IS 380-1970) 

Zone I Zone II 

10 mm 100 100 100 100 

4.75 

mm 
90 100 90 100 

2.36 75 100 60 95 

1.18 55 90 30 70 

600 35 59 15 34 

300 08 30 05 20 

150 00 10 00 00 

Table 1: IS code 380-1970 sieve passing percentage of fine 

aggregate 

C. Coarse aggregate:  

Coarse aggregate is gravel which have been crushed and 

sieved. These vary from 5 to 50 mm. Coarse aggregates of 

10mm and 20mm size is used for the study which is taken 

from locally suppliers. Percentage passing in sieve analysis 

for single sized aggregate by IS code 380-1970 are shown 

below table:  

IS Sieve 

size 

Percentage passing for single sized 

aggregate 

20 mm size 

aggregate 

10 mm size 

aggregate 

20 85 100 - 

16 - - - - 

12.5 - - - 100 

10 0 20 85 100 

4.75 0 5 0 20 

2.36 - -  05 

Table 2: IS code 380-1970 sieve passing for single sized 

sieve. 

D. Copper slag: 

Slag that is quenched in water produces angular granules 

which are disposed of as waste or utilized as discussed in this 

thesis.  Slag from that is mechanically concentrated before 

smelting contained mostly iron oxide and silicon oxide. It is 

procured from local consultancy company from Raipur, 

Chhattisgarh 
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E. Water: 

Free from any sulphate, chloride, oil, grease and salt material 

normal drinking water is used for the preparing concrete mix. 

F. Additives: 

Sikament 170 SWPsuper plasticizer is used for the improving 

the workability of the concrete.  

III. METHODOLOGY FOR THE STUDY 

A. Fineness modulus: 

Fineness modulus of coarse aggregate, fine aggregate and 

copper slag we found that the fineness modulus of copper slag 

is greater than the fine aggregate and less than the coarse 

aggregate respectively 3.4, 2.94 and 6.7 . 

B. Specific gravity: 

For the Specific gravity of the cement we use the le-chatelier 

flask method. Normally specific gravity of ordinary portland 

cement is 3.15, and by pycnometer test the specific gravity of 

sand and copper slag are found to be 2.64 and 3.34, here we 

can see that copper slag is high specific gravity, glassy 

granular material. Specific gravity of coarse aggregate for 

20mm and 10mm size are found to be 2.76 and 2.68. 

C. Concrete mix proportion: 

We used cement:sand:coarse aggregate ratio 1:1.81:3.07 for 

the prepairing concrete. 

M

ix 

Es 

Cem

ent 

(kg/

m3) 

Coars

e 

aggre

gate 

(kg/m3

) 

Fine 

aggre

gate 

(kg/m3

) 

W/c 

(kg/

m3) 

Cop

per 

slag 

(kg/

m3) 

Ad 

mixt

ure 

(kg/

m3) 

 

M 

30 
389 1196 704 0.45 0 1.9 

C

S 

20 

389 1196 564 0.45 140 1.9 

C

S 

40 

389 1196 458 0.45 282 1.9 

C

S 

60 

389 1196 282 0.45 458 1.9 

C

S 

80 

389 1196 140 0.45 564 1.9 

C

S 

10

0 

389 1196 0 0.45 704 1.9 

Table 3: showing the quantity of materials used by weight. 

D. Slump Test: 

While performing the slump test, to calculate the water 

content for copper slag concrete, the moisture content and 

absorption of the ingredients were also considered. And to 

achieve this, approx. water cement ratio was 0. 45 and we 

found slump value is 25 to 50. 

E. Compressive strength: 

The resistance of a material to breaking under compression is 

called compressive strength. Cube of size 150 mm × 150 mm 

× 150 mm were used and tested at 7 and 28 days of curing in 

water under controlled laboratory conditions. Three samples 

were tested at each curing stage. Table shows average 

compressive strengths of concrete tested. 

Mix 
Compressive strength 

7 days 28 days 

Normal M30 26.5 36.85 

CS 20 35.84 46.96 

CS 40 28.23 37.6 

CS 60 29.52 42.32 

CS 80 28 35.17 

CS 100 22.18 32.02 

Table 4: shows the compressive strength of CS concrete. 

 
Graph 1: shows compressive strength concrete for different 

percentage of CS 

F. Analysis of beam by moment of resistance: 

When a beam bends under load, the horizontal fibres will 

change in length. The top fibre will become shorter and the 

bottom fibres will become longer. the most extreme top fibre 

will be under the greatest amount of compression while the 

most extreme bottom fibre will be under the greatest amount 

of tension. 

G. Characteristic strength of concrete:   

For analysis of beam we used compressive strength of CS 

concrete determined by the test. We are assuming width of 

beam 150 mm and length of the beam 5m.(for simply 

supported beam). 

Thus depth of the beam, d =
5000

20
  = 250mm (For 

analysis we assume 250mm is effective depth) 

 b = width of the beam = 150mm (assumed)Mr= 

moment of resistance 

Mr = 0.138×fck×b×d2  

(Here we are using Fe 415 steel) 

fck = characteristic strength 

In limit state method by is 456 – 2000 standard value 

for maximum moment of resistance is: 

Steel Max or limiting moment of resistance 

Mild steel 0.149×fck×b×d2 

Fe 415 0.138×fck×b×d2 

Fe 500 0.133×fck×b×d2 
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Mix 

With respect to 28 Days 

Compressive 

strength 

Moment of 

resistance 

Normal 

M30 
36.85 47.67 

CS 20 46.96 60.75 

CS 40 37.6 48.64 

CS 60 42.32 54.75 

CS 80 35.17 45.50 

CS 100 32.02 41.42 

Table 5: shows moment of resistance for assumed section 

beam for different percentage of CS concrete. 

 
Graph 2: shows the MOR of concrete beam using different 

percentage of CS. 

H. Calculation for the steel requirement: 

For Fe 415, xu,max= 0.48d 

= 0.48×250  = 120mm 

xu,max= 
0.87 × fy × Ast

0.36 ×𝑓𝑐𝑘 ×𝑏
 

Mixes 

28days compressive 

strength 

ForCS concrete(fck) 

Steel area for the 

beam Ast 

mm2 

M 30 36.85 661 

CS 20 46.96 843 

CS 40 37.6 675 

CS 60 42.32 760 

CS 80 35.17 631 

CS 

100 
32.02 575 

Table 6: Steel requirement for beam section, by using CS 

concrete 

IV. CONCLUSION 

1) In CS concrete workability of the concrete increases with 

the increase in copper slag percentage. 

2) When 20% of fine aggregate is replaced with copper slag 

the compressive is 35.58% which is highest, and upto 

80% of replacement compressive strength is higher than 

the normal mix concrete strength. 

3) In bulk concreting replacement of fine aggregate with CS 

is used, cost of the concrete is reduced. 

4) Moment of resistance of the beam is related to the 

characteristic strength of concrete thus for 20% 

replacement of copper slag moment of resistance is 

higher and also, 40%, 60% and 80% replacement CS 

concrete moment of resistance are greater than normal 

mix concrete. 

5) Steel requirement for the CS concrete is varied same as 

the moment of resistance, it is higher for 20% 

replacement CS concrete and also greater value upto 

80% replacement.  
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