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A simple concrete - based structure model is proposed by developing it from nano to macro structure. In this model, the 

structure is divided into four levels and each level is represented by a parametric model. The parameters of the four based 
structures are identified, in terms of elastic modulus (EM) and poisson’s ratio at any time period (t) at Calcium silicate hydrates 
(CSH), cement paste, mortar and concrete levels. Then, by integrating the proposed model with Bazant – Baweja (B3) model, the 
compressive strength (CS) and EM of concrete at different curing periods is estimated. Further, it is analyzed and validated by 
other international models such as B3 model alone, Comite Euro – International Du Beton (CEB) model and Indian standards (IS) 
method. Few tests were done to investigate the CS of concrete with the inclusion of 25% fly ash (fa) and varying ratios of waste 
foundry sand (WFS) – 0, 25, 50, 75 and 100%. The results are compared with the obtained values by other models and validated 
with the experimental results. It is found that the proposed model (PM) i.e., Multiscale modeling (MS) can be used reliably integrated 
with the other models and builds the interaction between the various matrix to estimate and study the strength parameters of the 
concrete. MS is a new technique which is based on the mathematical formulation, it doesn’t require any earlier data about the 
mechanical properties of the concrete except the intrinsic values of the cement-based materials and mix details to evaluate the 
strength of the concrete. 
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Highlights: 

 Mathematical modeling is used for describing the compressive strength of concrete 
 The model is used to predict the elastic modulus of concrete from microstructure 
 Compressive strength of concrete was estimated using prediction models  
 Proposed model requires only the mix design details and intrinsic properties     

 
1. Introduction 

 
As it is well known that concrete is a 

heterogenous material varying with length scales in 
the multiscale modeling [1]. In multiscale modeling 
there are four levels which consist of CSH phase, 
large portlandite (CH) phase, mortar and concrete 
phase also termed as microscale to macroscale. 
CSH (calcium silicate hydrates) is one of the major 
parts in the microscale, which mainly deals with two 
categories in the nanoscale namely, low density (LD) 
and high density (HD) based on the size of the 
particles [2]. The origin of creep and can also be 
studied by understanding the growth of the 
nanostructure of concrete. To evaluate the creep of 
concrete the strength parameters are the important 
factor. They have investigated that the establishment 
of creep is due to the reorganization of CSH 
particles, firmly packed densities present in the 
cement paste matrix [3]. The porosity of gel is 
occurred due to the hydration of particles in which 
there is an increment in water – cement ratio (w/c). 
Nanoindentation tests were carried out by sub 
stoichiometries w/c varying between 0.15 to 0.40. It 
showed a good correlation between the 
microstructure and mechanical properties of 
concrete [4]. In this paper, it mainly focuses the 
determination of elastic modulus and poisson’s ratio 
at each level where the chemical constituents can  

 be identified. The cement – based homogenized 
models are adopted to develop the micro level to 
macro level [5]. The creep of shotcrete by using 
multiscale was studied and investigated to 
determine the basic creep of concrete [6]. 
Macroscopic creep tests were carried out to know 
the viscous properties of creep at finer scales. 
Further, the proposed model was validated to the B3 
models. Due the hardening effect of inclusion, the 
CSH phases are improvised to the macroscale level. 
It can be improved by taking the curing temperature 
into account as one of the important factors in the 
compliance of creep other than T˳=20°C. From the 
observation, it was stated that the relative humidity 
and the degree of hydration plays a vital role in the 
magnitude and direction of creep. Using waste 
products with varying w/c ratios in the production of 
concrete, there was a development in the durability 
and strength properties of concrete [7-16].  
Researchers have studied on the strength factors 
and effects due to the abrasive action by utilizing 
waste foundry sand with varying ratios. From the 
observation, it was noted that the compressive 
strength of concrete gave the best results at the age 
of 28 days with 15% of WFS [17]. They had 
investigated the behavior of concrete by replacing 
WFS with cement during the production of concrete. 
Several tests were conducted and also by adopting 
the B3  
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When the sand can no longer be reused in the foundry, it is removed from the foundry and this high quality silica sand in 

large volumes is used in making concrete as partial replacement of fine aggregate. In this paper investigations were carried out 
on the mechanical properties and durability studies of concrete by adopting silica sand and fly ash during the formation of 
concrete where, flyash is used as a partial replacement material of cement. Silica sand (SS) or foundry sand (FS) is incorporated 
(0%, 25% and 50%) along with fly ash (FA) in different proportions (0% and 25%) with water – cement ratio (w/c) as 0.5. The 
outcomes indicated that the inclusion of FA and SS improved the compressive as well as tensile strength of material. The study 
reveals the feasibility of using spent foundry sand as a partial replacement of M-sand and also that full factorial design method 
is a reliable tool to arrive the conclusion that the FA and SS can be replaced with 25% effectively. The statistical software was 
used with full factorial design to predict the values and to validate the results with true values. 
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Highlights:  

 Full factorial design was adopted to evaluate the strength of concrete 
 Mechanical and durability of concrete was studied to know the behavior of concrete 
 Compressive and tensile strength of concrete was estimated using Minitab17 statistical software 
 The regression equation was derived for the various strength of concrete using by products  

 
1. Introduction 

 
Concrete is one of the most essential 

material utilized in the development of structures, 
which mainly consists of cement, fine aggregate, 
coarse aggregate and water. Utilization of waste 
byproducts has become a common part in the 
production of concrete to develop the sustainability 
and durability of the structures [1, 2]. The river 
sand is used as the fine aggregate which is in high 
demand in the present scenario. To overcome this 
scarcity, waste byproducts are introduced during 
the manufacturing of concrete. The high – volume 
fly ash concrete was found to be more durable and 
effective in the construction industry when 
compared with the concrete made up of ordinary 
Portland cement. The usage of fly ash in the 
cementitious material was considered between 
50% to 60% of its mass [3]. Many researchers 
have studied on the waste byproducts which are 
likely to be utilized as the fractional swap material 
for the normal sand such as offshore sand, shore 
sand, quarry dust, washed soil, waste foundry 
sand, fly ash [4, 5]. Fly ash is used as one of the 
byproducts in the construction industry, which is 
obtained from coal from the thermal power plants. 
Many researchers have done the study on 
developing the strength of concrete and showed 
that the material act as a valuable product which 
can be used as a replacement material [6]. An 
experiment was carried out using the stone dust  

 under various curing methods such as hot water, 
autoclaving and in normal condition. It was 
observed that under autoclave up to 40% 
replacement of stone dust gave the similar 
compressive strength results when related with 
conventional mix [7]. Strength and durability of 
concrete were evaluated by using the crushed fine 
aggregate, bottom ash and fine recycled aggregate 
as a sandy material during the production of 
concrete. From the investigation, it was found that 
usage of stone dust and bottom ash gave the 
higher strength in concrete, better resistant to 
chloride ion penetration and performing in low 
drying shrinkage [8]. Sewage sludge ash was used 
in the making of concrete. Based on the strength, 
several tests were conducted in mortars with the 
usage of sewage sludge ash and it was observed 
that 25% and 50% gave lower results with the other 
references which showed a constructive result 
related to the pozzolanic activity [9]. Many 
researches have also studied on the bottom ash to 
estimate the performance of concrete [10, 11]. 
Bottom coal ash was used in the concrete as a 
replacement with varying proportions. It was noted 
that 50% of bottom ash gave the satisfactory 
compressive results and it can be used for the 
structural application [12]. The effect of waste 
foundry sand was studied to know the micro – 
structural properties and durability parameters. It 
was observed that there was a good resistance to 
carbonation and chloride penetration by adopting  
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