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Abstract 
This research article explores the biaxial strength characteristics of newly developed high-performance 

concrete (HPC) mix designs. Given the increasing demands for durable and sustainable construction 

materials, this study aims to assess the structural integrity and performance of HPC under biaxial stress 

conditions. Several concrete mixtures were formulated with varying proportions of supplementary 

cementitious materials (SCMs) and innovative admixtures. The biaxial strength tests were conducted 

using a specially designed biaxial testing machine. The results suggest that certain mix designs, which 

integrate industrial by-products such as fly ash and silica fume, show significant improvements in 

biaxial strength, demonstrating potential for both structural applications and environmental 

sustainability. 
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Introduction 
In the realm of civil engineering and construction, high-performance concrete (HPC) has 

emerged as a pivotal material due to its superior mechanical properties, enhanced durability, 

and increased resistance to environmental degradation. Traditional concrete compositions are 

often limited by their mechanical performance under complex loading conditions, which can 

lead to premature structural failure. As modern constructions demand materials that can 

endure higher stresses and exhibit longer lifespans, the development of innovative concrete 

mix designs has become increasingly crucial. 

The incorporation of supplementary cementitious materials (SCMs) such as silica fume, fly 

ash, and ground granulated blast-furnace slag (GGBS) has been shown to significantly 

improve the properties of concrete. These materials not only contribute to the sustainability 

of concrete by utilizing industrial by-products, but they also enhance its mechanical and 

durability characteristics. Among these improvements, the enhancement of biaxial strength is 

particularly important for structures subjected to multidirectional stresses, such as those 

found in high-rise buildings, long-span bridges, and complex architectural forms. 

 

Main Objective 

The primary objective of this study is to assess the biaxial strength of various innovative 

high-performance concrete mix designs that incorporate different proportions and 

combinations of SCMs. 

 

Materials and Methods 
The concrete mixes investigated included Ordinary Portland Cement (OPC), fly ash, silica 

fume, ground granulated blast-furnace slag (GGBS), superplasticizers, and varying 

aggregates. Water-to-cement ratios and chemical admixtures were adjusted to optimize the 

workability and strength. Five different mix designs were prepared, varying primarily in the 

type and proportion of SCMs and admixtures used. 

Biaxial strength testing was conducted using a biaxial testing machine which applied 

simultaneous horizontal and vertical pressures. The deformation and failure modes were 

recorded, along with any microstructural changes observed via electron microscopy. 
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Results 
 

Table 1: Biaxial strength results for high-performance concrete 

mix designs 
 

Mix 

Design 

Silica Fume 

(%) 

Fly Ash 

(%) 

GGBS 

(%) 

Biaxial Strength 

(MPa) 

Mix A 10 20 0 32.5 

Mix B 5 15 10 35.0 

Mix C 0 25 5 30.0 

Mix D 8 0 12 37.5 

Mix E 10 10 10 40.0 

 

Discussion 

Mixes with higher silica fume content, specifically Mixes A 

and E which contain 10% silica fume, show stronger biaxial 

strengths of 32.5 MPa and 40.0 MPa, respectively. This 

suggests that silica fume enhances the concrete's density and 

mechanical strength due to its particle size and pozzolanic 

activity, which refines the microstructure of the concrete. 

On the other hand, the mix with the highest percentage of 

fly ash (25% in Mix C) shows a relatively lower strength of 

30.0 MPa. This indicates that while fly ash has beneficial 

properties, its effectiveness can depend heavily on its 

proportion and the presence of other SCMs. However, when 

fly ash is balanced with silica fume and GGBS as in Mix E, 

the highest strength of 40.0 MPa is achieved, pointing to a 

synergistic effect when these materials are combined. The 

presence of ground granulated blast-furnace slag (GGBS) 

also appears to have a positive impact on strength, 

especially in mixes like Mix D, which has 12% GGBS and 

shows a strength of 37.5 MPa. This mix does not include fly 

ash, which may highlight GGBS's strong performance in the 

absence of fly ash or in different combinations with silica 

fume. From this data, Mix E, which combines equal parts of 

silica fume, fly ash, and GGBS, emerges as the most 

effective composition, indicating that a balanced approach 

to incorporating SCMs can optimize concrete's biaxial 

strength. This optimal mix can be particularly suitable for 

structural applications where enhanced mechanical 

properties are crucial, such as in complex load-bearing 

structures. These results underscore the importance of 

optimizing SCM proportions to enhance the mechanical 

properties of concrete, suggesting that strategic formulation 

of HPC can meet specific engineering requirements while 

also potentially improving sustainability through the use of 

industrial by-products. 

 

Conclusion 
The analysis of the biaxial strength of various high-
performance concrete (HPC) mix designs reveals a 
significant relationship between the incorporation of 
supplementary cementitious materials (SCMs) and enhanced 
mechanical properties. The study indicates that silica fume, 
fly ash, and ground granulated blast-furnace slag (GGBS), 
especially when used in balanced proportions, contribute 
synergistically to improve the biaxial strength of concrete. 
Mix E, which utilized an equal blend of these SCMs, 
demonstrated the highest biaxial strength, highlighting the 
potential for optimized SCM blending to significantly 
enhance concrete performance. This suggests that 
meticulously designed HPC mixes can meet the demands of 
modern construction, particularly in applications requiring 
materials capable of withstanding complex stress 
environments. Future research should focus on refining 
SCM proportions to further maximize strength and 

exploring the long-term durability of these optimized mixes 
under real-world conditions. 
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