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Abstract  
 

Ultra-High-Performance Concrete (UHPC) has redefined the strength limits of cementitious materials 

over the past two decades. This brief communication synthesizes experimental studies reporting record-

breaking non-proprietary UHPC mixes developed since the mid-2000s. The focus is on mix designs that 

achieve compressive strengths ranging from 200 to 300 megapascals (MPa) and direct tensile strengths 

of up to 15 MPa (flexural strengths of up to 45 MPa). The key parameters that contribute to these 

strengths are systematically examined, including cementitious content, silica fume proportion, 

supplementary powders, fine sand gradation, superplasticizer dosage, and steel fiber type and volume 

fraction. The influence of curing regimes, ranging from ambient conditions to extended steam and high-

temperature treatments, is also compared. The findings of the study substantiate that particle packing 

optimization, low water-to-binder ratios (0.16–0.22), and strategic fiber reinforcement are pivotal to 

attaining exceptional performance. These findings offer a concise evaluation of the current state of 

UHPC strength achievements and indicate future innovations, including nano-modified binders, 

advanced fiber geometries, and sustainable cement replacements that have the potential to further 

enhance strength and durability. 
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Introduction 

Ultra-High-Performance Concrete (UHPC) is a 

sophisticated class of cementitious composite 

distinguished by compressive strengths that frequently 

exceed 150 MPa and augmented tensile capacity 

achieved through fiber reinforcement (Kravanja et al., 

2024).  The extant studies that were reviewed herein 

were identified through a systematic literature search 

that employed keywords such as "Ultra-High-

Performance Concrete," "non-proprietary UHPC," 

"extreme compressive strength," and "fiber 

reinforcement." From 2005 to 2025, publications were 

prioritized, with an emphasis on experimental works 

reporting compressive strengths above 200 

megapascals (MPa).  

Conventional proprietary UHPC formulations 

have demonstrated compressive strengths of 150–200 

megapascals (MPa) and direct tensile strengths of 5–10 

MPa under optimized curing conditions (Graybeal, 

2006; Kravanja et al., 2024). However, research over 

the past two decades has increasingly focused on 

developing non-proprietary UHPC mixtures capable of 

surpassing these limits through refined particle packing, 

the use of supplementary cementitious materials, and 

innovative curing techniques. This brief communication 

offers a concise synthesis of experimental UHPC 

mixtures reported since 2005 that have achieved record 

mechanical properties, particularly compressive 

strengths ranging from 200 to 300 megapascals (MPa) 

and tensile strengths nearing 15 MPa. The emphasis is 

placed on laboratory-developed, non-commercial 

mixes, highlighting their mix proportions, curing 

regimes, and resulting performance.  

By consolidating these benchmark achievements, 

this study offers a focused reference for researchers 

seeking to advance UHPC mix design, optimize curing 

strategies, and expand the structural applications of this 

high-performance material. 

UHPC Mix Designs Achieving Ultra-High 

Strengths 

A series of seminal studies have demonstrated the 

potential of non-proprietary UHPC mixes to exceed 

conventional strength limits.  

Wille et al. achieved compressive strengths above 

200 MPa under ambient curing conditions by 

optimizing particle packing and using 25–30% silica 

fume with fine quartz powder and low water-to-binder 

ratios (~0.22). When reinforced with 2–2.5% steel 

fibers, these mixes reached direct tensile strengths of 

12–15 MPa, indicating that fiber geometry and 

distribution are as critical as fiber dosage (Wille et al., 

2011, 2012).  

Shin et al. (2018) further advanced the 

understanding of compressive strength, reporting 341 

MPa in a quartz-rich UHPC mortar through multi-stage 

heat curing (5 days steam + 1 day dry heat) at a very low 

water-to-binder ratio (~0.17). While tensile 

performance was not the primary focus of this matrix-

only mixture, it did establish an upper limit for 

compressive strength.  

Rong et al. (2020) developed an RPC-type UHPC 

that achieved 250 MPa compressive strength when 

specimens were first steam cured and then exposed to 

300 °C, illustrating how aggressive post-curing can 

significantly enhance matrix densification. However, 

improvements in tensile capacity were modest. Other 

studies have demonstrated that approximately 30% 

silica fume replacement, optimized fine sand gradation, 

and steel fiber reinforcement at approximately 2% 

volume consistently yield compressive strengths of 

200–250 megapascals and tensile strengths of 10–15 

megapascals (Kravanja et al., 2024; Ullah et al., 2022). 

 In extreme cases, steel fibers have demonstrated 

compressive strengths exceeding 800 MPa under 

laboratory confinement (Rong et al., 2020), although 

these outcomes remain experimental outliers. As 

demonstrated in Figures 1, 2 and 3, the compressive 

and tensile strengths of UHPC mixes reported in key 

studies are illustrated. The key parameters governing 

record UHPC strength are also demonstrated, as are the 

effects of curing regimes on UHPC compressive 

strength. 

The role of steel fibers in the control of crack 

initiation and propagation in ultra-high-performance 

concrete (UHPC) is of critical importance. The presence 

of these elements serves to bridge microcracks, delay 

crack opening, and provide post-cracking ductility. In 

particular, the presence of twisted or deformed fibers 

has been shown to enhance pull-out resistance, leading 

to the formation of multiple fine cracks rather than a 

single, wide crack. This crack-arresting mechanism is a 

primary reason UHPC achieves higher tensile capacity 

and enhanced durability compared to plain high-

strength matrices (Wille et al., 2014; Yoo et al., 2020; 

Yoo & Banthia, 2016). 
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Figure 1. Compressive vs. Tensile Strength (Based on Cited Studies). 

 
Figure 2. Key Parameters Governing UHPC 

 
Figure 3. Effect of Curing Regimes on UHPC Compressive Strength 
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Discussion 

A review of the extant literature reveals several 

principles that consistently underpin record UHPC 

performance. Initially, the utilization of remarkably low 

water-to-binder ratios (0.16–0.22) in conjunction with 

elevated cementitious content and the incorporation of 

silica fume replacement at a ratio of 20–30% results in 

the formation of a dense, high-strength matrix. 

Secondly, the absence of coarse aggregate, along with 

the incorporation of fine quartz sand or powders, has 

been demonstrated to enhance particle packing and 

homogeneity. Thirdly, curing regimes have been 

demonstrated to play a decisive role in the mechanical 

behavior of the materials. Ambient curing has been 

shown to yield compressive strengths of approximately 

200 megapascals (MPa), while extended steam or high-

temperature treatments are required to exceed 250–300 

MPa. 

Tensile performance is contingent upon the degree 

of fiber reinforcement. The tensile strengths of straight 

or twisted steel fibers, when present at approximately 

2% by volume, have been observed to be in the range of 

10–15 megapascals. It has been demonstrated that the 

deformation of these fibers enhances their resistance to 

pull-out and augments their strain-hardening capacity. 

Higher fiber volumes have been shown to enhance 

tensile strength; however, they can also compromise 

workability and slightly reduce compressive 

performance. Therefore, achieving an optimal balance 

of fiber type, volume, and dispersion is imperative for 

attaining both high strength and ductility in UHPC.  

For instance, while the incorporation of silica fume 

has been demonstrated to enhance matrix densification 

and compressive strength, it concomitantly reduces 

workability, thereby necessitating higher dosages of 

superplasticizer. Conversely, an elevated fiber content 

has been shown to enhance tensile capacity; however, it 

concomitantly reduces compaction efficiency, resulting 

in the formation of voids that can impede compressive 

performance. 

Conclusion 

Recent experimental studies have demonstrated 

that non-proprietary UHPC can reliably achieve 

compressive strengths ranging from 200 to 300 

megapascals (MPa) and direct tensile strengths of up to 

15 MPa, provided that optimal mix design and curing 

strategies are employed. The following factors must be 

considered: low water-to-binder ratios (≤0.22), 20–30% 

silica fume incorporation, optimized particle packing, 

and ~2% steel fiber reinforcement. While ambient 

curing can yield strengths of approximately 200 

megapascals (MPa), the application of extended steam 

or elevated temperatures is necessary to exceed 250 

MPa. 

These benchmark results indicate that the 

performance of UHPC can be systematically enhanced 

through mix proportioning and curing optimization. In 

the future, advances in fiber technology, 

nanomodification, and sustainable binder alternatives 

are expected to further expand the mechanical 

capabilities and practical applications of UHPC. 
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