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1 Introduction 

In the last few decades, high strength concrete (high strength concrete) has developed 

continuously. Nowadays it is possible to use concretes with a compressive strength so high that 

ten years ago most researchers would consider being impossible to achieve (even in 

laboratory). Such evolution has been possible due to a better understanding of concrete micro-

structure and behavior; this knowledge made possible a better use of the materials involved in 

concrete’s production, and the utilization of new materials (addictions such as silica fume, fly 

ashes, and especially, the superplasticizers). 

This evolution in the concrete technology has been followed and sometimes demanded 

by engineering projects which submit the concrete to higher tensions in order to achieve higher 

(buildings and bridges), lighter (bridges and offshore structures) or slender structures (bridges), 

for instance. 

The referred evolution has been followed (or more accurately, powered) by the scientific 

community connected to civil engineering. Following the international interest in this material, 

this work intends to spread information about high strength concrete to Portuguese engineers. 

The aim is to make a state of the art on high strength concrete about this technology in 

Portugal. To do so, in first place, there is a report on some of the most important applications of 

this material; buildings, bridges and some special structures are briefly described, and it’s 

explained why high strength concrete was chosen. Afterwards, it’s made a review on the 

production of this material; most used products and its selection criteria, and the benefits they 

provide to concrete are summarized in this chapter. About the production there is not much to 

say, since it is very similar to normal strength concrete (normal strength concrete). 

High strength concrete has several different properties from the normal strength 

concrete. Therefore, its mechanical behavior is described in a general way (different materials 

may be used in high strength concrete production, providing sometimes very different behavior). 

To characterize its behavior, it’s preferred to make reference to international standards 

(especially the EC2 and the CEB/FIP MC-90).  

High strength concrete member’s structural behavior tends to be distinct from normal 

strength concrete; engineers must be aware of elements behavior in order to make an 

appropriate design. The behavior of structural elements is related trough references to several 

experimental studies and its conclusions.  

During the investigation, and especially the writing of the thesis, there was an important 

work of selection of the information to transmit. Hopefully, this selection has been an 

appropriate one. 
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2 High strength concrete 

2.1  “State of the Art”  

This chapter intends to present some important achievements in the production of high 

strength concrete and its utilization. The presented projects are amongst the most important, but 

several others are not referred not because they are less interesting, but due to a lack of space 

to do so. 

Some of the reported utilizations of high strength concrete are motivated by the 

aggressive environment were the structure is located. Sometimes, the great strength achieved 

is not taken in account in the structural design (because the concrete has not yet designed and 

tested); considering its strength could sometimes lead to more economical solutions. 

2.1.1 Bridges 

The first reported case of high strength concrete utilization in Portugal happened in 

1963, in Ponte da Arrábida, an arc bridge with a 210m span located in Oporto. The maximum 

concrete strength acquired was 58MPa. 

Located in Portugal Ponte Vasco da Gama is the longest bridge in Europe in the year 

it’s finished, 1998 (17,2km). Its main span is 420m. The concrete used must had 20% fly ashes 

and a water to binder (w/b) relation under 0,35; these requirements were adopted to assure a 

life-time of the structure of 120 years. The project required a concrete from the class C35/45, 

according to EC2, but with the above stated requirements the mean compressive strength of the 

applied concrete was from 62MPa to 77MPa, with a maximum strength of 112MPa. 

Important worldwide bridges in high strength concrete are Pont de Normandie, with the 

longest span in tyrant bridges (856m), finished in 1994, and Viaduc de Millau, with the biggest 

pile in the world. The first used a concrete with a mean compressive strength of 79MPa, and the 

other the required concrete was a C60/70. 

The bridge over the Zwickaeur Mulde must be referred because the utilization of a high 

strength concrete allowed the designers to achieve a bridge with 39m of span with a 1m high 

superstructure. 

2.1.2 Buildings 

Most of high strength concrete applications are on high-rise buildings. The reason is 

significant reduction of the columns size, something that may result in a great economical 

advantage, especially in places were construction area is very expensive (were most high-rise 

buildings are located). Sometimes the reason to choose high strength concrete may also be the 

durability or the construction speed. 

In the Lisbon harbour management center, the chosen concrete had to grant a 50 year 

life-time to the structure. Since the building is so close to the sea, the used concrete had a low 

w/b ratio and high SF content in order to assure the demanded durability. These characteristics 
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provided also a strength to the concrete which was over the demanded in project (C35/45 in 

project, obtained 89MPa mean compressive strength). 

Petrona Towers were the highest building in the world until the finishing of Taipei 

Finantial Center in 2003. In both buildings the applied concrete had over 70MPa mean 

compressive strength. 

2.1.3 Other structures 

In Portugal, the utilization of white concrete in a subway station in Lisbon (Estação do 

Rato) led to a concrete with 63MPa.  

Worldwide, high strength concrete has been used several times in offshore platforms, 

such as Hibernia or Heidrun. In these platforms a low-weight high strength concrete was used to 

assure a maximum buoyancy of the structure, as well as a good durability (in a very aggressive 

environment, due to high content of clorets and wave and iceberg impact).  

2.2 High strength concrete production 

2.2.1 Process 

As said before, almost no differences to normal strength concrete can be found. The 

most significant is the quality control, which as to be much more thorough in high strength 

concrete. There is also a curing process (autoclave) sometimes used in pre-cast members that 

enhances concrete strength; however, this process is not necessary to obtain high strength 

concrete. 

2.2.2 Materials 

About the materials, one can distinguish four that are indispensable to high strength 

concrete production: cement, water, aggregate and superplasticizers. However, most of the 

times, other addictions are used, especially the silica fume, fly ashes and granulated 

blastfurnace slag; these advantages grant better properties to concrete and may allow a less 

expensive way to achieve the expected strength. Other important aspect of concrete is the air 

retained on it, which  

2.2.2.1 Portland Cement 

This cement is the most used variety in concrete technology, especially because 

aluminate cement as a main disadvantage: it looses strength as it get’s older.  

The evolution of the cement itself has allowed greater strength to concrete, because 

grain size has got smaller (form 100m2/kg in 1950 to 400m2/kg in 1998) and its constitution 

changed, having nowadays more C3S, one of the components which grants more initial and 

long term strength to concrete. Has a disadvantage of this fact, shrinkage also increased 

because C3S is one of the elements which are more exothermic. 
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The cement chosen also decides the amount of water necessary. High strength cement 

demand more water, especially in high dosages.  

2.2.2.2 Aggregate 

Aggregate can represent 60% to 80% on the final volume of concrete. So, its 

mechanical properties will influence the concrete’s properties. In high strength concrete this 

statement is also true, and aggregate can very often limit the concrete’s final strength. In high 

strength concrete, bond failure (when the interface zone of concrete and aggregate particles is 

the first to break) is very often  

The most important aggregate properties to concrete production are the following 

� Shape – the shape of coarse aggregate is essential to warrantee a good bond to 

cement paste; therefore, it is advised to use irregular shapes, except lamellar 

(this shapes causes stress concentration in its sharper side). In fine aggregate, 

the optimal shape is the round one; this shape minimizes the need of water (less 

surface, less water adsorbed), and the concrete is easier to be fluidised. 

� Size – it’s recommended to limit the coarse aggregate size to 25mm, or even to 

15mm; this criteria is due to the fact that smaller aggregates are more 

homogeneous (the aggregate brittles through its weaker zone; smaller sizes are 

poorer in these weaker areas), and smaller grain sizes are related to higher 

surface ratings, maximizing the bond surface. The size of fine aggregate is 

slightly higher to the size commonly used in normal strength concrete, mainly to 

reduce the water consumption. 

� Mechanical properties (stiffness and strength) – the coarse aggregate must have 

strength and stiffness similar to the desired concrete; too higher or too smaller will 

reduce the final concrete strength, because there will be a stress accumulation in 

the concrete or in the aggregate; however, high strength concrete can be 

produced with low strength aggregates (like light weight aggregates), but there 

has to be an increase of cement’s dosage to compensate poor aggregate’s 

strength. About the fine aggregates there are no recommended criteria of 

selection due to these properties. 

� Cleaning status – in the production of high strength concrete it is essential that all 

aggregates are well clean, without any trace of clay or organic material. 

� Mineralogy – it’s not very well documented, but can influence the bond resistance 

of the aggregate and the alkalis-silica reaction. The best aggregates are the 

basaltic and siliceous, but limestone often offers good concrete properties; an 

experimental study is always indispensable.  

2.2.2.3 Water 

Although water is one of the major elements in concrete, without which is no hydration 

occurs, but it is also the less studied element (about its constitution). Several standards only 
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require that water must be good to human consumption so it may be used to produce concrete. 

However, these criteria may not be adequate since water may contain hidro-carbohidrates 

which could harm concrete’s properties. 

The influence of water is better documented in the w/b ratio. Higher ratios are 

connected to more porous concretes, which have smaller compressive strength; smaller ratios 

provide higher strengths (to the limit of w/c=0,26, the limit of cement hydration). 

2.2.2.4 Air 

As said before, a concrete has always air. When using air inducers, this air maximizes 

the concrete’s fluidity; if it is a result of concrete mixture that imprisons air, the sizes of the air 

bobbles are up to 2mm and are harmful to concrete’s resistance. 

2.2.2.5 Adjuvants 

As E374-1993 standard, these materials are introduced in concrete in dosage up to 5% 

of concrete’s total weight. 

There are several types that can be used according to the particular needs. Without 

these materials, it would not be possible to achieve so high strengths, because there would be 

no way to reduce the w/b ratio under 0,4, maintaining a good workability. The most commonly 

used are the superplasticizers, since they are the adjuvants that allow more effective rising of 

concrete’s strength.  

There are many others adjuvants, as said, used depending on the need. To quote a 

few: air incorporators and viscosity controllers. 

2.2.2.5.1 Air incorporators 

This material enhances concrete’s workability and durability (especially to frost/defrost 

action). Since they work by increasing concrete’s porosity, high dosage can result in a decrease 

of concrete’s strength. Nevertheless, they are described to be, after the superplasticizers, the 

most important contribution to high strength concrete. 

2.2.2.5.2 Superplasticizers 

This material is indispensable to high strength concrete production. Without 

superplasticizers there would be no way to get the w/b ratio under 0,4, and so, to achieve the 

high strengths reported above. Superplasticizers allow reducing the water amount in up to 25%, 

with the same workability. 

There are several superplasticizers, with different actions in concrete. The most 

effective (and most recent), are the co-polymers. Its action is based on its two function groups:  

one of the groups attracts the cement, the other attracts the water. Cement particles combined 

with superplasticizers react to water as ions, demanding less water amounts between them. 

Since superplasticizers allowing to reduce the w/b ratio, the porosity is reduced, what 

provides higher strength to the concrete, and also higher durability (clorets do not penetrate so 

easily in concrete) and smaller creep and shrinkage. 
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2.2.2.6 Addictions 

It is possible to produce high strength concrete without any addiction. But it is certainly 

cheaper to do so while using them. Concrete’s strength is related to w/b ratio, which can be 

lowered with superplasticizers; it’s also related to concrete dosage, that can be increased; 

however, addictions are usually cheaper than the stated materials, or, if not, provide such 

enhancements to concrete structure that prove to be economical to use (fly ashes in the first 

case, silica fume in the second). 

The action of addictions in concrete can be described as one of the following, or both: 

� The addiction particle size is so small that occupies the spaces between 

concrete’s particles. This effect provides a less porous structure to concrete, with 

benefits to durability and strength. 

� The addiction is rich in silica, which reacts with CH (calcium hydroxide, concrete’s 

weaker component both in strength and chemical stability); this reaction results in 

CSH (calcium silicate hydroxide), that has greater strength than CH; CSH is also 

a bigger compound, what produces a similar effect to the described above. Other 

positive effect is the improved aggregate to cement paste bond, since addictions 

are smaller than cement and occupy space around the aggregate that’s usually 

occupied by water. 

The most commonly used addictions are the silica fume, fly ashes, concrete 

blastfurnace slag and several natural pozolanes. In a general way, the benefits granted to 

concrete are: w/b ratio reduction; higher durability; less hydration heat, which reduces shrinkage 

and higher strength. 

Silica fume, being the most expensive addiction, is the one that most enhances 

concrete’s strength. Fly ashes and blasfurnace slag are cheaper than cement, being used 

usually to reduce cement’s dosage, but with several good consequences. 

2.3 Mechanical characteristics 

These characteristics depend a lot on the used materials and its proportions. 

Nevertheless, one can define them in a general way as follows. 

2.3.1 Elastic 

2.3.1.1 Workability 

Usually, high strength concrete has a workability as good as normal strength concrete.  

2.3.1.2 Strength 

2.3.1.2.1 Compression 

Compression resistance is usually the most important characteristic in concrete. It is 

common to define the concrete only by its compressive strength, also because it is related to its 
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internal structure, as well as every other characteristics. Therefore, other concrete’s 

characteristics can be deduced by its compressive strength. 

2.3.1.2.1.1 Eurocode 2 

In eurocode 2, the higher concrete class is C90/105. in the portuguese annex this class 

is elevated to C100/115. 

2.3.1.2.2 Tensile 

In Eurocode 2 the nominal tensile strength is given as follows:  

( )( )101ln12,2 cmctm ff +×=  Equation 1 

2.3.1.3 Elasticity module 

This module is also related to concrete’s structure, and hence, to it’s compressive 

strength. However it can be very different in the same strength, due to the used aggregate. 

CEB/FIP Model Code 90, as well as other consulted authors, defines the elasticity module 

according also to its aggregate, but eurocode lacks to do so, presenting the following equation 

( ) 3,01022 cmcm fE =
 Equation 2 

2.3.2 Long term 

Both creep and shrinkage are referred on eurocode to be smaller as concrete’s strength 

increases. 

2.3.2.1 Shrinkage 

In a general way, high strength concrete has a higher autogeneous shrinkage than the 

observed in normal strength concrete. This is due to the fact that almost all the water in the 

admixture is used in concrete’s hydration. 

But the drying shrinkage is significantly smaller: since the water is consumed in the 

hydration, there is not much size variation due to drying. 

Despite what’s said above, concrete’s shrinkage should be tested for each dosage, 

since each addiction grants different properties to concrete. 

2.3.2.2 Creep 

Because high strength concrete is less porous than normal strength concrete, it 

presents smaller creep. It is referred to be possible to achieve creep up to 50% smaller in 

structural elements with high strength concrete than with normal strength concrete. 

As in normal strength concrete, the creep is also related to concrete’s age at the time of 

the stress application, and to the level of stress in concrete. 
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2.3.2.3 Durability 

As said before, high strength concrete tends to have higher durability due to its less 

porous structure. 

2.3.2.4 Fire resistance 

High strength concrete presents an explosive expansion in presence of high 

temperatures. The water inside the concrete as it gets warmer makes more pressure to the 

concrete, causing it to burst in temperatures of about 450ºC. This fact is harmful, since the 

reinforcements may get exposed to fire, decreasing the structure’s global resistance. 

2.4 Structural Elements 

High strength concrete is most used in columns, because it allows to significantly 

reducing its size. 

The main aspect different to normal strength concrete is the spalling of reinforcement 

coverage in stress farm from the theoretical maximum (70% of maximum). This fact must be 

taken in account in the design of concrete columns, and can be minimized with an appropriate 

reinforcement design. 

High strength concrete beams have proven to be more ductile than normal strength 

concrete, allowing also reducing the element’s size. 

3 Conclusions 

High strength concrete, although it is a highly studied material, is far from being well 

known. That is due to the several ways one can use to achieve the desired strength. 

Using high strength concrete can originate members behavior distinctive to normal 

concrete’s behavior. Such must be taken in account in the design of the structure. 

In Portugal, its use is not very common, specially because there are not many buildings 

and bridges with stresses that justify its use. 

 


