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Abstract 
This paper reviews the application of high-performance concrete (HPC) in the construction of dams, a 
critical infrastructure component for water resource management and power generation. The use of 
HPC provides enhanced durability, strength, and resistance to environmental factors, which are 
essential in the demanding settings of dam construction. This review synthesizes current research, case 
studies, and technological advancements in the field, offering a comprehensive understanding of the 
benefits and challenges associated with HPC in dam projects. 
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Introduction 
The construction of dams is a pivotal engineering endeavor, critical for water management, 
energy production, and flood control across the globe. These structures not only play a vital 
role in the socioeconomic development of a region but also in maintaining ecological 
balance. However, the demands placed on such infrastructure are immense, subjected to 
continuous environmental stresses and significant hydraulic pressures. In this context, the 
material used in the construction of dams is of paramount importance. High-performance 
concrete (HPC) has emerged as a transformative material in this sector due to its advanced 
properties which substantially enhance the performance and longevity of dam structures. 
High-performance concrete is not merely an improvement over traditional concrete; it is a 
specifically formulated material designed to meet the rigorous requirements of modern 
engineering structures. It includes modifications such as lower water-to-cement ratios, the 
inclusion of additives like silica fume, fly ash, and superplasticizers which enhance its 
properties. These modifications confer HPC with high compressive strength, significant 
durability, low permeability, and greater resistance to environmental conditions such as 
freeze-thaw cycles and chemical attacks. 
The use of HPC in dam construction addresses several challenges traditionally associated 
with concrete structures, such as cracking, seepage, and large-scale structural failure. The 
enhanced durability and strength of HPC extend the lifespan of dams, reduce maintenance 
costs, and increase safety by providing greater resistance to natural and anthropogenic 
stresses. Furthermore, the environmental impact of dam construction and maintenance is also 
mitigated through the reduced need for frequent repairs and replacements, aligning with 
modern sustainability goals. 
 
Main Objective 
The main objective of using high-performance concrete in dam construction is to enhance 
structural durability and longevity while optimizing economic and environmental 
sustainability. 
 
Properties of High-Performance Concrete 
High-performance concrete (HPC) stands out in the construction material landscape due to 
its exceptional properties tailored to meet stringent performance criteria that conventional 
concrete cannot achieve. This detailed exploration will cover the essential properties of HPC, 
underpinned by research findings that emphasize its effectiveness and versatility in various 
demanding construction environments such as dams, bridges, and skyscrapers.  
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HPC is renowned for its exceptional compressive strength, 
which generally ranges from 70 MPa to over 120 MPa, 
significantly surpassing the 20-40 MPa typically seen in 
standard concrete. The high strength of HPC is primarily 
achieved by optimizing the cementitious content and 
reducing the water-to-cement (w/c) ratio to below 0.35. This 
is often accomplished with the help of water-reducing and 
strength-enhancing admixtures such as super plasticizers 
and silica fume. Research indicates that the incorporation of 
about 15% silica fume can lead to a 30% increase in 
compressive strength compared to conventional concrete 
mixes. Durability is another critical attribute of HPC. It is 
designed to resist various forms of environmental 
degradation. HPC exhibits excellent performance in 
environments that undergo freeze-thaw cycles, often 
meeting the highest Department of Transportation standards 
for minimal scaling in road and bridge applications. Its 
ability to resist corrosion is also noteworthy, particularly in 
chloride-rich environments like those encountered in marine 
structures. By reducing permeability and enhancing the 
concrete's microstructure, HPC significantly lowers the risk 
of corrosion of embedded steel reinforcements. The low 
permeability of HPC is crucial for its durability. It typically 
features a permeability coefficient that is much lower than 

that of standard concrete, which helps in preventing the 
ingress of harmful chemicals that can induce deterioration. 
This property is especially important in the construction of 
hydraulic structures like dams, where water tightness is 
critical to maintaining structural integrity and operational 
safety. Workability is a property of HPC that despite its low 
water content, does not compromise its handling and placing 
qualities. The use of high-range water reducers or 
superplasticizers allows HPC to maintain a slump that 
facilitates easy pouring and compaction, even when intricate 
formwork is involved or when reinforcement density is 
high. Despite these impressive qualities, the high initial cost 
of HPC can be a concern. However, the long-term benefits-
such as reduced maintenance costs and extended lifespan-
often justify the investment, especially in structures 
requiring high durability and strength. In summary, high-
performance concrete offers a combination of high strength, 
enhanced durability, and superior workability that makes it a 
preferred choice for modern construction projects that 
demand the utmost in material performance. Continuous 
advancements in material science are likely to further 
enhance these properties, expanding the applications of 
HPC in the construction industry. 

 

 
 

Fig 1: Properties of High-Performance Concrete 
 

Advantages of High-Performance Concrete in Dam 
Construction 
High-performance concrete (HPC) has significantly 
transformed dam construction by offering several key 
advantages over traditional concrete. The unique properties 
of HPC such as enhanced durability, superior strength, and 
reduced permeability provide substantial benefits in the 
challenging environments typical of dam applications. One 
of the primary advantages of using HPC in dam construction 
is its exceptional durability. Dams are structures that must 
withstand harsh environmental conditions for extended 
periods. HPC’s enhanced resistance to aggressive chemical 
attacks, abrasion, and freeze-thaw cycles makes it ideal for 
such settings. For instance, HPC's use in the Three Gorges 
Dam in China demonstrated its ability to endure the 
immense hydraulic pressure and variable weather conditions 
over decades, which is crucial for reducing maintenance 

needs and extending the structure’s lifespan. The superior 
strength of HPC also plays a pivotal role. With compressive 
strengths often exceeding 100 MPa, HPC enables the 
construction of more robust and thinner structures, allowing 
for design optimizations that are not feasible with regular 
concrete. This high strength is beneficial not only in 
supporting the massive weight and water pressure in dam 
structures but also in enhancing the overall stability of the 
dam. The material's strength properties were crucial in the 
construction of the Hoover Dam Bypass, where HPC was 
used to handle large loads and provide long-term durability 
under fluctuating temperatures. 
Another significant advantage of HPC in dam construction 
is its low permeability. This property is critical in 
preventing water seepage, which can be detrimental to the 
structural integrity of dams. The permeability of HPC is 
substantially lower than that of traditional concrete, which 

https://www.civilengineeringjournals.com/ijhce/


International Journal of Hydropower and Civil Engineering https://www.civilengineeringjournals.com/ijhce 

~ 10 ~ 

helps in minimizing the risks associated with water 
infiltration that can lead to erosion and internal voids. The 
ability to form a denser and more cohesive matrix in HPC 
not only prevents water ingress but also protects the 
reinforcing steel from corrosion, further enhancing the 
durability of the dam. The use of HPC also contributes to 
sustainability in dam construction. By improving the 
efficiency of material use and reducing the frequency of 
repairs, HPC minimizes the environmental impact 
associated with construction and maintenance activities. 
Additionally, the longevity and reduced maintenance 
intervals associated with HPC mean fewer disruptions to 
local ecosystems and lower long-term environmental 
degradation. In conclusion, high-performance concrete 
offers several compelling advantages for dam construction, 
including improved durability, higher strength, and 
excellent impermeability. These properties not only enhance 
the structural integrity and reliability of dams but also 
contribute to more sustainable construction practices. As the 
demands on infrastructure continue to increase, the role of 
HPC in meeting these challenges becomes increasingly 
important, making it a critical material for future 
developments in dam construction. 
 
Challenges in Using High-Performance Concrete 
High-performance concrete (HPC) brings numerous benefits 
to the construction of critical structures like dams, yet its use 
is not without challenges. The implementation of HPC in 
large-scale projects such as dam construction involves a 
series of technical, economic, and practical hurdles that can 
complicate its broader adoption. 
One of the primary challenges in using HPC is its high cost 
relative to traditional concrete. The advanced materials 
required for HPC, such as superplasticizers, silica fume, and 
other high-quality admixtures, contribute significantly to the 
overall cost. For example, silica fume can increase the 
material cost of concrete by up to 20%, depending on the 
proportion used and the local market prices. This increase 
can have a considerable impact on the total budget of large-
scale construction projects like dams, where vast volumes of 
concrete are required. 
The complexity of designing and mixing HPC mixtures 
poses another significant challenge. Achieving the desired 
properties of HPC requires precise control over its 
composition and mixing procedures, which demands a 
higher level of expertise and stricter quality control 
measures than traditional concrete. The optimal use of 
admixtures and the strict w/c ratio must be meticulously 
managed to ensure the concrete’s performance. This 
complexity requires skilled personnel and can lead to 
variability in results if not properly managed, impacting the 
uniformity and integrity of the concrete structure. 
Moreover, the handling and curing of HPC require special 
attention. HPC is often more susceptible to early-age 
cracking due to its lower w/c ratio and higher cement 
content, leading to greater heat of hydration and thermal 
stress. Proper curing practices are essential to mitigate these 
issues, necessitating sophisticated curing methods such as 
steam curing or the use of insulating blankets to maintain 
the temperature within a safe range. Such requirements add 
to the complexity and cost of construction projects. 
Another challenge is the limited track record and familiarity 
among engineers and construction workers with HPC, 
especially in regions where it has not been widely adopted. 

The lack of experience can result in hesitancy to use HPC 
over tried and tested conventional concrete mixes, thereby 
slowing its acceptance in mainstream construction practices. 
Lastly, while HPC offers enhanced durability, its long-term 
performance under specific aggressive environments, such 
as highly acidic conditions or extreme mechanical stress, is 
still under study. The behavior of HPC over decades in such 
conditions needs ongoing research to fully understand its 
degradation mechanisms and to optimize its composition 
further. 
In conclusion, while high-performance concrete offers 
substantial advantages in the construction of durable and 
robust dams, the challenges associated with its cost, 
complexity in design and mixing, special handling and 
curing requirements, limited familiarity, and uncertain long-
term performance in certain environments need to be 
addressed. Overcoming these challenges requires continued 
research, education, and technological advancements to 
broaden the understanding and application of HPC in the 
construction industry. 
 
Conclusion 
In conclusion, high-performance concrete (HPC) represents 
a significant advancement in the field of construction 
materials, offering enhanced strength, durability, and a 
range of beneficial properties that make it particularly 
suitable for challenging projects such as dam construction. 
Its ability to withstand harsh environmental conditions, 
reduce permeability, and offer superior load-bearing 
capabilities translates into longer-lasting, more resilient 
infrastructure. However, the adoption of HPC also brings 
with it a set of challenges that must be carefully managed. 
The high initial cost, complexity in formulation and 
handling, stringent curing requirements, and the need for 
specialized knowledge and skills are substantial barriers that 
can hinder its widespread use. Additionally, the long-term 
performance of HPC in extremely aggressive environments 
continues to be an area requiring further research and real-
world testing. Addressing these challenges involves a multi-
faceted approach including continued technological 
advancements, greater investment in training for engineers 
and construction professionals, and more extensive field 
studies to better understand the long-term behaviors of HPC. 
With these efforts, the potential of high-performance 
concrete to significantly improve the sustainability and 
efficiency of construction projects can be fully realized, 
making it a cornerstone material in the future of large-scale 
infrastructure development. 
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