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Abstract—Many synthetic additives have been using for improve 

cement mortar and concrete characteristics, but natural additive is a 

friendly environment option. The quantity of (2% and 4%) seashell 

powder has been replaced in cement mortar, and compared with plain 

cement mortar in early age of 7 days. The strain gauges have been 

installed on beams and cube, for monitoring fluctuation of flexural 

and compressive strength. Main objective of this paper is to study 

effect of linear static force on flexural and compressive strength of 

modified cement mortar. The results have been indicated that the 

replacement of appropriate proportion of seashell powder enhances 

cement mortar mechanical properties. The replacement of 2% 

seashell causes improvement of deflection, time to failure and 

maximum load to failure on concrete beam and cube, the same occurs 

for compressive modulus elasticity. Increase replacement of seashell 

to 4% reduces all flexural strength, compressive strength and strain of 

cement mortar. 

 

Keyword—Compressive strength, flexural strength, compressive 

modulus elasticity, time to failure, deflection. 

I. INTRODUCTION 

HE nanoparticles of cement paste has been reshaped, it 

caused improvement of compressive strength of concrete 

[1], [2]. Incorporation of minerals admixtures in ordinary 

Portland cement improves workability, mechanical properties, 

resistance under aggressive environment and setting time of 

concrete [3]-[6]. The modulus of elasticity of concrete is an 

important parameter to estimate the strain distributions and 

displacements [7]. There are many studies that investigate the 

elastic properties of different concrete types [7]-[9]. It has 

been reported that the wastes or industrial by-products are 

used to improve elastic properties of concrete [8], [10] and 

[11]. In this paper, the compressive strength, flexural strength 

and compressive modulus elasticity of cement mortar have 

been modified by replacement of seashell powder, to study the 

effect of linear static force on deflection and time to the failure 

of small beam.  

II. EXPERIMENTAL SETUP 

The OPC paste has been mixed with 50% of sand to 

measure accurate mechanical properties of OPC. The mixture 

design has been indicated in Table I. To study the effect of 

seashell powder on mechanical properties of OPC, 2% and 4% 

of seashell powder has been replace in cement mortar, and 

cubical molds (10cm × 10cm × 10cm) and beam molds of 
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(10cm × 10cm × 50cm) have been used, for measure flexural 

and compressive strength of specimens. 
 

TABLE I 

MIX DESIGNS OF THE SOLIDIFIED WASTES 

OPC Sand Oil palm shell ash W/C ratio 

(50%) 

(48%) 

(50%) 

(50%) 

(0%) 

(2%) 

0.4 

0.4 

(46%) (50%) (4%) 0.4 

 

The curing of specimens has been taken place at water 25 ± 

5°C for 7 days. The compressive and flexural strength of 

specimens have been measured based on ACI standard and the 

average value of three specimens selected for interpretation. 

For cubes and beams the appropriate graphs have been 

depicted for analysis of mechanical properties of cement 

mortar.  

III. RESULT AND DISCUSSION 

The mechanical properties of cement mortar are important 

factors in structure stability. The natural additive modify 

nanoparticle of cement mortar and controls mechanical 

properties of that. The agriculture waste materials improve 

sustainable development and minimize environment pollution.  

In the cubic specimens, the effect of replacement of 2% and 

4% seashell powder on cement mortar has been assessed. The 

force versus time to failure improves with replacement of 2% 

seashell in cement mortar, and negative effect of seashell has 

been observed with replacement of 4% (Figs. 1-3), the 

deflection of cement mortar has considerably been enhanced 

with replacement of 2% seashell in cement mortar and reduced 

with replacement of 4% seashell (Figs. 4-7), Addition of 

seashell did not substantially effect on static compressive 

modulus elasticity of cement mortar (Figs. 8-10). According to 

the [12], the pozzolans increase the mechanical strength of 

concrete. And [13], has been reported that fly ash did not 

change modulus elasticity of concrete. And it has been 

observed that the seashell did not change modulus elasticity of 

cement mortar. It can be concluded that the natural minerals 

mainly modify compressive strength, flexural strength, 

deflection and time to failure. From above observation it is 

possible to estimate strain and deflection of a cement mortar 

and concrete section, when natural additive has been used in 

mix design.  

 In the small cement mortar beam (Figs. 11-15), have been 

observed that the replacement of 2% seashell improve 

deflection, time to failure and maximum load to failure, and 

replacement of 4% seashell has negative effect on maximum 
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load to failure, time to failure and deflection of small cement 

mortar beam.  

 

 

Fig. 1 Force Vs time to failure for cubic specimen [14] 

 

 

Fig. 2 Force Vs time to failure for cubic specimen 

 

 

Fig. 3 Force Vs time to failure for cubic specimen 

 

 

Fig. 4 Force Vs deflection for cubic specimen [14] 

 

Fig. 5 Force Vs deflection for cubic specimen 

 

 

Fig. 6 Force Vs deflection for cubic specimen 

 

 

Fig. 7 Stress Vs strain for cubic specimen [14]  

 

 

Fig. 8 Stress Vs strain for cubic specimen 
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Fig. 9 Stress Vs strain for cubic specimen 

 

 

Fig. 10 Force Vs time for beam [14] 

 

 

Fig. 11 Force Vs time for beam 

 

 

Fig. 12 Force Vs time for beam 

 

 

Fig. 13 Force Vs deflection for beam [14]  

 

 

 Fig. 14 Force Vs deflection for beam 

 

 

Fig. 15 Force Vs deflection for beam 

IV. CONCLUSIONS 

• The appropriate proportion of a waste agriculture has 

been used as a natural additive, and showed acceptable 

effect on mechanical properties of cement mortar.  

• In the small cement mortar beam and cubic cement mortar 

specimens, the deflection, time to failure and maximum 

load to failure with replacement of 2% seashell has been 

enhanced.  

• Addition of seashell has not been effect on static 

compressive modulus elasticity of cement mortar. 

• Replacement of 4% seashell has negative effect on 

flexural and compressive strength of cement mortar.  

• From above observation it is possible to estimate strain 

and deflection of a cement mortar and concrete section, 

when natural additive has been used in mix design.  
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• The morphology of crack in this work has not been 

investigated.  
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