
Abstract 

The interest in a sustainable environment to preserve the raw natural 

resources and reduce of environmental pollutants resulting from the 

manufacturing processes become a major requirement that can be achieved 

in the field of construction materials technology engineering. 

This study deals with the behavior of sustainable cement mortar 

produced by adding ceramic waste powder (CWP) and Ground Granulated 

Blast Furnace Slag (GBFS) as a partial cement replacement for fiber-

reinforced mortar by jute fibers (JF) with using of nano-SiO2 produced 

chemically (from Waste Grain Barley WGB) and physically (from Grinding 

Ceramic Powder GCP) to improve the mechanical properties of the produced 

mortar. 

The experimental work consisted of mainly three experimental phases. 

The first phase focused on investigating the behavior of CWP and GBFS as 

a partial cement replacement with different proportions (20, 30, 40, and 50) 

% by cement weight to produce sustainable cement mortar. While the second 

phase clarified the behavior of JF on sustainable mortar produced from the 

first phase. The last phase showed the effect of using commercial nano-SiO2 

(NS), which has a purity of 99 %, and compared it to the physically produced 

nano-SiO2 by Grinding Ceramic Powder (GCP) and chemically produced 

from barley grain residues (WGB), in fixed additive rates, added to mortar 

produced in the second phase. 

The results explained the effectiveness of pozzolanic materials (CWP 

and GBFS) by replacing 25% of CWP and 25% of GBFS passing through 

sieve No. 325 (45 μm) with 50% of Portland cement, as the compressive 

strength decreased from (38.54 to 21.65) MPa. In addition to a decrease in 

the flexural strength from (7.21 to 4.06) MPa and a decrease in the splitting 

tensile strength from (2.46 to 1.39) MPa for the 28-day mortar water curing, 

this effect remained from the decrease to the late ages 56 and 90 days of 



curing. The additive of 1.5% JF by mortar volume showed an increase in the 

flexural strength up to 40 %, while the effect of these fibers on the 

compressive strength was very small. At the same time the splitting strength 

of the mortar improved from (1.89 to 2.39) after 28-day curing in water.  

The use of nano-SiO2 in mortar has a great effect on improving the 

mechanical properties by reacted with calcium hydroxide that formed as a 

result of cement hydration and the formation of a new bonding force (C-S-

H) that improves these properties. Commercial nano-SiO2 with 99% purity 

improved compressive strength from (23.27 to 35.59) MPa 28-days water 

curing as a result of the adding 2.5% by weight of cement. While, the GCP 

with an addition of 2.5% of the cement weight, affected the compressive 

strength from (25.84 to 27.48) MPa after 90-days of water curing due to the 

nano-ceramic containing 61% silica oxide. The behavior of WGB containing 

silica oxide about 82% had a greater effect compared to GCP, as it improved 

the compressive strength from (28.84 to 31.42) MPa after 90-days water 

curing. As for the other mechanical properties, it was the same behavior of 

compressive strength, and depending on the percentage of silica oxide that 

improved the mechanical properties. 

By studying the behavior of pozzolanic materials, fibers, and nano-

SiO2 commercial, physical or chemical, it reached to the production of 

sustainable mortar by reducing the cement content to half and providing the 

use of raw materials in addition to reducing the toxic gases polluting as a 

result of production processes by using waste materials and obtaining a 

sustainable cement mortar with the same mechanical and physical properties 

compared to reference mix. 




