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Abstract: Ultra-high-performance lightweight concrete (UHPLC) integrates the high strength and durability of UHPC with 
reduced self-weight through the use of lightweight fillers and aggregates. This review synthesizes recent advances in UHPLC 
mixture design, workability, mechanical properties, volume stability, shrinkage, thermal/fire performance, and environmental 
impact. Strategies to mitigate strength loss, shrinkage, and segregation are critically discussed. Key engineering applications 
are highlighted. Current limitations and future research directions are identified to guide the development of next-generation 
UHPLC systems with enhanced performance and sustainability. 
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1. Introduction

1.1 UHPC: Evolution and key features 

The evolution of cement-based materials from 
normal concrete (NC) to ultra-high performance 
concrete (UHPC) represents a significant milestone 
in structural engineering. Traditional NC, with a 
typical compressive strength of approximately 30 
MPa, primarily relies on coarse and fine aggregates for 
structural integrity. However, it is often characterized 
by relatively high permeability and a strong propensity 
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for cracking under environmental and mechanical 
stress. The emergence of high-performance concrete 
(HPC), with strengths up to 80 MPa, has been driven 
by a combination of factors. HPC is a multifaceted 
material system, characterized by optimized aggregate 
selection, the synergistic use of mineral admixtures 
(e.g., silica fume and fly ash), tailored water-to-binder 
ratios, and advanced mix design strategies aimed at 
enhancing strength, durability, workability, and long­
term performance [1]. These developments collectively 

contributed to significant improvements in mechanical 
and durability properties, paving the way for the 
subsequent evolution of UHPC. 

Building upon these innovations, UHPC further 
pushes the boundaries by integrating the principles 
of densified particle packing, nano-scale reactive 
fillers, and fiber-reinforced systems [2, 3]. As a result, 
UHPC achieves compressive strengths exceeding 150 
MPa, tensile strengths in the range of 5—15 MPa, and 
exhibits exceptional toughness and ductility [ 4]. In 
addition to its outstanding mechanical performance, 
UHPC demonstrates superior durability characteristics, 
including ultra-low permeability (< 10-12 mis), and high 
resistance to chloride penetration, carbonation, sulfate 
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