
ABSTRACT 

The construction industry is increasingly embracing the use of green 

concrete in construction. Therefore, nations aim to minimize greenhouse 

emissions, conserve natural resources, and limit landfill space that has 

contributed to the rise in demanding of the green concrete. Green concrete 

can be described as concrete with at least one component made from waste 

or by-product material that does not harm the environment and may have a 

high performance and sustainable life cycle. 

 The experimental work is generally divided into three groups. In the 

beginning, the reference concrete was designed according to the Department 

of Environment’s Design method (DOE method). The first group from 

reference concrete was designed with a mix proportion of 1: 2.62: 4.87 using 

275 kg/m3 of cement, the second group with a mix proportion 1: 2.38: 4.42 

using 300 kg/m3 of cement content and the third group with a mix proportion 

1: 1.99: 3.7 using 350 kg/m3 of cement content. While, the green concrete 

mixes for the first, second and third groups were produced with the same mix 

proportion for each group but with 35%, 40% and 45% of slag powder as 

partial substitutions from the weight of cement. 

The results are divided into four main parts: The first part shows the 

results of the properties of green concrete compared with reference concrete. 

So, the workability of green concrete is lower than reference concrete which 

needs superplasticizer addition to achieve the required slump. Regarding the 

strength, the green concrete strength with slag powder was lowered at an 

early age and develops with age. Also, the compressive strength at 28 days 

for 35% substitution was approximately similar to reference concrete, but for 

40% and 45% replacement, the compressive strength reduced by about 9.4% 

and 20.4% than reference concrete. As for the other properties at the age 28 

days for the green concrete with slag powder by 35%, 40% and 45% as 

substitution of cement, the splitting tensile strengths decreased by about 

5.7%, 11.7% and 15.3%; respectively, the flexural strengths decreased by 



about 10.2%, 12.3%and 16.9%, respectively, the static modulus of elasticity 

reduced by about 5.3%, 7.3% and 15.2%, respectively, when compared with 

the reference concrete for each percentage of the substitution. The ultrasonic 

pulse velocity for green concrete values decreased slightly compared with 

reference concrete mixes but showed acceptable results. 

The second and third parts from the results presented the CO2 emission 

and cost associated with production 1 m3 of reference and green concrete. 

Therefore, incorporating 35%, 40% and 45% of slag powder as cement 

substitution reducing CO2 emissions by about 24.7%, 28.7%, and 33.1%, 

respectively, and reducing the cost by about 16%, 16.8% and 17.4%, 

respectively, compared with the reference concrete for each replacement 

percentage. 

The fourth part includes the suggested mix design approach for green 

concrete, which contains seven equations for preparing the mix proportion 

and all equations with the coefficient of determination (R2) about 0.9 except 

equation for finding binder content with (R2) about 0.8. The suggested 

approach during mix design depends on the compressive strength, slump 

required and superplasticizer percentage added to the mix. The results show 

the ability of the proposed approach to achieve the compressive strength 

higher about 10% than the design compressive strength. 




