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ABSTRACT

High-strength lightweight concrete (HSLWC) has emerged as a competitive alternative to normal weight concrete, combining high strength with reduced weight,
ideal for specialized structural applications. This paper reviews the key aspects of HSLWC, including density, compressive strength, workability, durability,
shrinkage, and fire resistance, highlighting findings from multiple studies. Key areas like the influence of lightweight aggregates (LWA), admixtures, and
rheological properties on the performance and stability of HSLWC are discussed. Through this review, we aim to provide an overview of the current advancements
in HSLWC and suggest future research directions for enhancing its performance and practical applications.

1. Introduction

High-strength concrete has traditionally been associated with normal weight compositions, yet recent advancements highlight the potential of lightweight
concrete to achieve similar strength levels. By reducing the self-weight, high-strength lightweight concrete (HSLWC) offers applications in large
structures where weight reduction is advantageous, such as in high-rise buildings and marine platforms. This paper reviews developments in high-strength
lightweight concrete, particularly focusing on mechanical properties, durability, rheology, and fire resistance, essential for its application in real-world
structures.

2. Literature Review
2.1 Density, Compressive Strength, and Specific Strength

Zhang and Gjgrv (1991) presented an early exploration of HSLWC's mechanical properties, noting that lightweight aggregate (LWA) strength is a limiting
factor. The study showed that HSLWC could achieve compressive strengths up to 102.4 MPa with specific strength of 0.055 MPa/kg/m3.

2.2 Stability and Workability from a Rheological Perspective

Chia, Kho, and Zhang (2005) highlighted the unique challenges in maintaining the stability of fresh lightweight aggregate concrete (LWC) due to the
upward movement of LWA particles, contrasting with the behavior of normal weight aggregates. They found that proper rheological adjustments,
particularly using Bingham's model for yield stress and plastic viscosity, could mitigate segregation issues, enhancing the workability of HSLWC.

2.3 Elasticity, Shrinkage, and Creep

Lopez et al. (2004) studied the shrinkage and creep of HSLWC and noted that HSLWC has a lower shrinkage at an early age due to internal curing effects
from water stored in the LWA, which compensates for water loss under dry conditions. This characteristic provides HSLWC with resilience against early
shrinkage cracking. Further research by Zhang, Li, and Paramasivam (2005) showed that incorporating silica fume can significantly reduce shrinkage in
HSLWC, demonstrating the impact of supplementary cementitious materials in enhancing concrete durability.

2.4 Water Absorption, Permeability, and Chloride-lon Penetration
Studies by Liu, Chia, and Zhang (2010) indicated that although HSLWC tends to have higher porosity than its normal weight counterpart, its transport

properties, such as permeability and chloride-ion penetration resistance, are comparable when high-quality paste matrixes are used. These findings suggest
that high-quality LWA and well-designed cementitious matrices can improve the durability of HSLWC in aggressive environments.
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2.5 Fire Resistance

The fire resistance of HSLWC has been a major focus due to the tendency for explosive spalling observed in high-performance concrete at high
temperatures. Research by Bilodeau et al. (1995) and Hoff et al. (2000) demonstrated that incorporating polypropylene fibers reduces the spalling of
HSLWC under hydrocarbon fire conditions. This approach has become standard in fire-resilient HSLWC applications.

3. Conclusion

High-strength lightweight concrete presents unique advantages in reducing structural weight while maintaining high strength and durability. While the
internal curing effects of LWA offer benefits in shrinkage and creep behavior, challenges remain in optimizing the concrete's resistance to segregation
and fire spalling. Future research should continue focusing on advanced admixtures, alternative aggregate types, and rheological adjustments to fully
realize the potential of HSLWC in broader structural applications.
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