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Abstract— An attempt was made to utilize the Egg Shell 

Powder (ESP) as a partial replacement for cement in concrete. 

ESP is a finely divided powder resulting from the grinding of 

cleaned and oven dried egg shells. The properties of ESP 

were found by the standard test procedures. It has more lime 

content so it can be effectively replaced for cement. Egg 

shells are known to have good prospects in minimizing the 

usage of cement. M20 grade concrete specimens were casted 

from 0 - 20% replacement of cement by ESP. The 

compressive strength of concrete varied from 27.96 N/mm2 

to 10.73 N/mm2 respectively, after 28 days of curing. The 

splitting strength of concrete varied from 5.05 N/mm2 to 3.19 

N/mm2 respectively, after 28 days of curing. The flexural 

strength of concrete varied from 4.91 N/mm2 to 3.28 N/mm2 

respectively, after 28 days of curing. The mechanical strength 

properties satisfy the regulations, reinforcing the safety and 

suitability of utilizing the ESP in concrete. Based on the study 

10% replacement was found to be optimum. 
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I. INTRODUCTION 

Chicken eggshell is a waste material from domestic sources 

such as poultries, hatcheries, homes and fast food joints. 

Eggshell Powder (ESP) has not been in use as a stabilizing 

material and it could be a good replacement for industrial 

lime, since its chemical composition is similar to that of lime1. 

The generalized egg shell structure, which varies widely 

among species, is a protein matrix lined with mineral crystals, 

usually of a calcium compound such as calcium carbonate. 

Egg shell is a biomaterial containing 95% by weight of 

calcium carbonate in the form of calcite and 5% by weight of 

organic materials, such as Al2O3, SiO2, S, Cl, Cr2O3, MnO2. 

Cement is considered as the backbone of infrastructural 

development activities. A recent survey in India says that 4 

million tonnes of cement are consumed per annum. In the 

production of cement one ton of it   release one ton of Co2 to 

the atmosphere. This causes environmental degradation. To 

minimize the pollution and to reduce the usage of cement in 

the construction activities it was replaced with egg shell 

powder in suitable proportions. . In this study, an attempt was 

made to utilize the ESP as a partial replacement for cement in 

concrete and to test the strength properties of the concrete, so 

as to check the suitability of the ESP as a partial replacement 

for cement in concrete. 

II. EXCREMENTAL PROGRAMME  

 

Figures 1 and 2 show the images of egg shells and ESP. The 

egg shell was collected, washed and dried well in sun light. 

Then, dried egg shell was reduced to powder form. The 

physical characteristics of ESP, cement and sand were found 

by the standard test procedures (IS 27203-7). M20 grade 

concrete specimens were casted with the partial replacement 

of cement with ESP. The size of the cube is 150 mm X 150 

mm X 150 mm. The size of the cylinder is 100 mm dia and 

150 mm length. The size of the prism is 100 mm X 100 mm 

X 500 mm. The compressive strength, split tensile strength 

and flexural strength of the specimens after 7 days, 14 days 

and 28 days of curing were found by the standard test 

procedures and values were compared with that given in IS 

456 8 requirements.  

 
Fig. 1: EGG SHELL 

 
Fig. 2: ESP 

III. RESULTS & DISCUSSION 

The properties of the materials were found by the standard 

test procedures. Table 1 shows the physical properties of the 

OPC cement. Table 2 shows the physical properties of the 

fine aggregate. Tables 3 and 4 show the physical and 

chemical properties of the ESP. Based on the above tables the 

ESP contains more quantity of CaO.  

Sl. 

No 
Property Result 

Permissible Limit as 

per IS: 12269 - 1987 

1 
Normal 

Consistency 
34% ----- 

2 

Setting times 

Initial setting 

time 

Final setting 

time 

 

37min. 

350 

min. 

 

Not less than 30 min. 

Not more than 600 

min. 

3 Specific gravity 3.21 Not less than 3.15 

4 

Fineness of 

cement 

by 90 micron 

sieve 

4 % 

retained 
Not more than 10% 

Table 1: Physical Properties of Cement 
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Sl.No Properties Experimental Value 

1 Specific gravity 2.52 

2 Fineness modulus 2.82 

3 Bulk density 1800 kg/m3 

Table 2: Physical Properties of Sand 

Sl.No Property Result 

1 Normal Consistency 24% 

2 Initial Setting time 72 hrs 

3 
Fineness of ESP by 90 micron 

sieve 

6% 

retained 

4 Specific gravity 1.45 

Table 3: Physical Properties of ESP 

Sl. No Property Result(%) 

1 CaO 50.7 

2 SiO2 0.09 

3 Al2O3 0.03 

4 MgO 0.01 

5 Fe2O3 0.02 

6 Na2O 0.19 

7 P2O5 0.24 

8 SrO 0.13 

9 NiO 0.001 

10 SO3 0.57 

11 Cl 0.219 

12 LOI 47.8 

Table 4: Chemical Properties of ESP 

IV. LOI-LOSS OF IGNITION 

M20 grade concrete cubes were casted from 0% to 20% 

replacement of cement by ESP and compressive strength of 

the cubes after 7 days, 14days and 28 days curing were tested 

in the Compression Testing Machine. The compressive 

strength of concrete varied from 27.96 N/mm2 to 10.73 

N/mm2 after 28 days of curing. Figure 3 shows the graphical 

representation of compressive strength of the ESP concrete 

the various replacement levels. 

 
Fig. 3: Compressive Strength of the concrete cube after 7, 

14 and 28 days of curing 

 The splitting strength test was carried out by the 

Compression Testing Machine. Figure 4 and 5 show the 

experimental setup of the tests. The splitting strength of 

concrete varied from 5.05 N/mm2 to 3.19 N/mm2 after 28 

days of curing. Figure 6 shows the graphical representation 

of split tensile strength of the ESP concrete the various 

replacement levels. 

 
Fig. 4: Compression Test 

 
Fig. 5: Split Tensile Test 

 
Fig. 6: Split Tensile Strength of the concrete cube after 7, 14 

and 28 days of curing. 

 The flexural strength test was carried out by the 

beam testing machine. Figure 7 shows the experimental setup 

for the flexural test. The flexural strength of concrete varied 

from 4.91 N/mm2 to 3.28 N/mm2 after 28 days of curing. 

Figure 8 shows the graphical representation of flexural 

strength of the ESP concrete the various replacement levels. 

The mechanical strength properties comfortably satisfy the 

regulations, providing the safety and suitability of utilizing 

the ESP in concrete. Base on the study 10% replacement was 

found to be optimum. 

 



Feasibility Study on Eggshell Powder Concrete (ESP Concrete) 

 (IJSRD/Vol. 6/Issue 12/2019/200) 

 

 All rights reserved by www.ijsrd.com 734 

 
Fig. 7: Experimental setup for Flexural Test 

 
Fig. 8: Flexural Strength of the concrete cube after 7, 14 and 

28 days of curing 

V. CONCLUSION 

Currently there is huge demand for cement. When using the 

ESP as a partial replacement to cement; it will definitely 

reduce the usage of cement. Egg shell is the waste material 

which is polluting the environment and which is converted as 

an innovative and useful construction material. The egg shells 

contain more amount of CaO. The strength properties of the 

concrete specimens were tested. From the results, 10% 

replacement of cement by ESP was found to be optimum for 

cement concrete. So, this can be used in making concrete 

which can be utilized in the construction of single storey 

building, partition walls and also used in foundation. 

REFERENCES 

[1] Croft C.P., D. McGeory and D.H. Carlson, 1999. 

Physical Geology, 8th Edn. McGraw Hill Companies 

Inc. New York, pp: 48-56. 

[2] L. Arias, R. Quijada, M. Yazdani-Pedram, P. Toro.," 

Patent Appl. US", Universidad de Chile, invs. J, 2006-

068185-A1, (2006). 

[3] Indian Standards IS: 2720 [part – I] (1972), Preparation 

of dry samples for various tests, Bureau of Indian 

Standards, New Delhi. 

[4] Indian Standards IS: 2720 [part – II] (1973), 

Determination of water content, Bureau of Indian 

Standards, New Delhi. 

[5] Indian Standards IS: 2720 [part – III] (1980), 

Determination of specific gravity, Bureau of Indian 

Standards, New Delhi. 

[6] Indian Standards IS: 2720 [part – IV] (1975), Grain size 

analysis, Bureau of Indian Standards, New Delhi. 

[7] Indian Standards IS: 2720 [part – XXVIII] (1974), 

Determination of dry density of soils in place by the sand 

replacement method, Bureau of Indian Standards, New 

Delhi. 

[8] Indian Standards IS: 456 (2000), Code of practice for 

plain and reinforced cement concrete, Bureau of Indian 

Standards, New Delhi. 


