
Strength of Concrete



General Overview

The compressive strength of concrete is one of the most important and useful properties of concrete. In

most structural applications concrete is employed primarily to resist compressive stresses. In those cases

where strength in tension or in shear is of primary importance, the compressive strength is frequently

used as a measure of these properties. Therefore, the concrete making properties of various ingredients of

mix are usually measured in terms of the compressive strength.

It should be emphasized that compressive strength gives only an approximate value of these properties

and that other tests specifically designed to determine these properties should be useful if more precise

results are required. For instance, the indicated compressive strength increases as the specimen size

decreases, whereas the modulus of elasticity decreases. The modulus of elasticity in this case does not

follow the compressive strength. The other case where the compressive strength does no indicate the

useful property of concrete is when the concrete is subjected to freezing and thawing. Concrete

containing about 6 per cent of entrained air which is relatively weaker in strength is found to be more

durable than dense and strong concrete.

The compressive strength of concrete is generally determined by testing cubes or cylinders made in

laboratory or field or cores drilled from hardened concrete at site or from the non-destructive testing of

the specimen or actual structures.



Strength of concrete is its resistance to rupture. It may be measured in a number of ways, such as,

strength in compression, in tension, in shear or in flexure. All these indicate strength with

reference to a particular method of testing. When concrete fails under a compressive load the

failure is essentially a mixture of crushing and shear failure. The mechanics of failure is a complex

phenomena. It can be assumed that the concrete in resisting failure, generates both cohesion and

internal friction. The cohesion and internal friction developed by concrete in resisting failure is

related to more or less a single parameter i.e., w/c ratio.

General Overview

Factors affecting concrete strength

There are many relevant factors; some of the more important follow:

Concrete porosity: voids in concrete can be filled with air or with water. Air voids are an obvious 

and easily-visible example of pores in concrete. Broadly speaking, the more porous the concrete, 

the weaker it will be. Probably the most important source of porosity in concrete is the ratio of 

water to cement in the mix, known as the 'water to cement' ratio. This parameter is so important it 

will be discussed separately below.



Water/cement ratio: this is defined as the mass of water divided by the mass of cement in a mix. For 

example, a concrete mix containing 400 kg cement and 240 litres (=240 kg) of water will have a 

water/cement ratio of 240/400=0.6. The water/cement ratio may be abbreviated to 'w/c ratio' or just 

'w/c'. In mixes where the w/c is greater than approximately 0.4, all the cement can, in theory, react with 

water to form cement hydration products. At higher w/c ratios it follows that the space occupied by the 

additional water above w/c=0.4 will remain as pore space filled with water, or with air if the concrete 

dries out.

Consequently, as the w/c ratio increases, the porosity of the cement paste in the concrete also increases. 

As the porosity increases, the compressive strength of the concrete will decrease.

Soundness of aggregate: it will be obvious that if the aggregate in concrete is weak, the concrete will 

also be weak. Inherently weak rocks, such as chalk, are clearly unsuitable for use as aggregate.

Aggregate-paste bond: the integrity of the bond between the paste and the aggregate is critical. If 

there is no bond, the aggregate effectively represents a void; as discussed above, voids are a source of 

weakness in concrete.

Cement-related parameters: many parameters relating to the composition of the individual cement 

minerals and their proportions in the cement can affect the rate of strength growth and the final 

strength achieved.



These include:

1. Alite content

2. Alite and belite reactivity

3. Cement sulfate content

Since alite is the most reactive cement mineral that contributes significantly to concrete strength, more 

alite should give better early strengths ('early' in this context means up to about 7 days). However, this 

statement needs to be heavily qualified as much depends on burning conditions in the kiln. It is 

possible that lighter burning of a particular clinker could result in higher early strength due the 

formation of more reactive alite, even if there is a little less of it. Not all alite is created equal!

For a particular cement, there will be what is called an 'optimum sulfate content,' or 'optimum gypsum 

content.' Sulfate in cement, both the clinker sulfate and added gypsum, retards the hydration of the 

aluminate phase. If there is insufficient sulfate, a flash set may occur; conversely, too much sulfate can 

cause false-setting.

A balance is therefore required between the ability of the main clinker minerals, particularly the 

aluminate phase, to react with sulfates in the early stages after mixing and the ability of the cement to 

supply the sulfate. The optimum sulfate content will be affected by many factors, including aluminate

content, aluminate crystal size, aluminate reactivity, solubilities of the different sources of sulfate, 

sulfate particle sizes and whether admixtures are used.

If this were not already complicated enough, the amount of sulfate necessary to optimize one property, 

strength for example, may not be the same as that required to optimize other properties such as drying 

shrinkage. Concrete and mortar may also have different optimum sulfate contents.



In addition to the compositional parameters considered above, physical parameters are also important, 

particularly cement surface area and particle size distribution.


