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Unit II 

Properties of fresh and hardened concrete 

Introduction, Workability, Testing of concrete, Factors affecting, Rheology of concrete, 

Compressive & Tensile strength, Stress and strain characteristics, Shrinkage and temperature 

effects. Creep of concrete, Permeability, durability, thermal properties & micro-cracking of 

concrete. 

Properties of Fresh Concrete: 

Fresh Concrete can be easily molded into any designed shape in construction.  It can be 

prepared on the spot and may give a wide range of properties from easily available raw 

materials. 

The different properties of Fresh concrete. 

 Workability. 

 Setting. 

 Segregation. 

 Plastic Shrinkage. 

 Thermal Shrinkage. 

 Thermal Expansion. 

 Water Cement Ratio. 

Workability: 

Workability, in the simplest language, is the ease with which freshly prepared concrete can 

be transported and placed for the job and compacted to a dense mass. 

The fresh concrete which may be expected to give the best results must possess the property 

of workability. This is the most important property of concrete. 

Fresh concrete should be capable of spreading and uniformly without inducing any 

segregation of the aggregates. 

A workable concrete should have a right balance between the plasticity and mobility for a 

particular job in particular place.  To develop such a balance, you must select the right type of 

aggregates, proper proportioning of cement, sand, coarse aggregates, and water, and a 

thorough mixing of the constituents. 

Besides plasticity or consistency and mobility, the third most important aspect considered to 

define workability is the ease with which the freshly placed concrete can be compacted 

without developing any defects. 
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Workability Tests: 

Since workability depends on a number of factors, no single test is thought to be suffic ient to 

express this property of fresh concrete. For quality construction, the following three tests are 

required to be carried out. 

 Slump test. 

 Compacting factor test. 

 V-B Consistometer test. 

Slump Test: 

This test is already described here in details. Please, visit it for more details. Slump Test gives 

us an idea of about the consistency of the mix. 

Compaction Factor Test: 

This test is developed in the UK by Glanville. In this test samples of concrete are weighed first 

when concrete is partially compacted, and then after full compaction. 

Then, the samples are compacted using specified techniques and apparatus. 

The ratio between partially compacted weights to the fully compacted weight gives a 

measure of compaction factor. It is always less than 1. 

The reliability of this test has been questioned by many peoples. But still, for very stiff and 

dry concrete, this test is often considered to be a good indicator of workability.  

V-B Consisto-meter Test: 

This test is developed by Bahrner in Sweden. In this test samples of fresh concrete is taken in 

a metallic cone and compacted by a specified vibrator to an ultimate shape of a flat 

cylindrical mass. 

Total time taken for this process, in seconds, is recorded. This is called V-B time and gives a 

measure of compatibility of the concrete. 

This test is useful in determining the workability of concrete mixes with aggregates size up to 

20 mm. It is expensive as compared to Slump Test and Compaction Factor Test and is used 

mostly in precast concrete works. 

Setting: 
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When concrete changes its state from fresh to hardened then this process is called setting. 

And the time required to complete this process is known as Setting Time of Cement.  

Setting time depends on the type of cement, aggregates etc used in concrete-mix. For 

increasing or decreasing the setting time Admixtures is used. 

The setting time for Portland cement is about 30 – 45 minutes. 

Segregation: 

The separation of concrete ingredients from each other is known as segregation. This can be 

caused due to excessive vibration in concrete mixer machine or falling concrete from more 

than 1-meter height. 

Plastic Shrinkage: 

This is the shrinkage that the fresh concrete undergoes till it sets completely. It may be also 

called initial shrinkage. This can be due to excessive loss of water from the concrete due to 

evaporation, bleeding, and soaking by formwork. 

Excessive shrinkage at initial stages may develop cracks. Therefore, all precautions should be 

taken to avoid excessive loss of water. 

Thermal Shrinkage: 

This may be due to falling in temperature of concrete-mix from the time it laid to the time it 

sets completely. Due to change in temperature, some shrinkage may be expected. 

Sometimes, It may be negligible on its own account. 

Thermal Expansion: 

In massive concrete works, when the upper layers are laid before the lower layers have 

completely set, there may arise a phenomenon of thermal expansions – in the lower layers. 

This is because the heat of hydration gets accumulated in those layers and may attain 

magnitudes beyond acceptable limits. 

Water Cement Ratio: 

The compressive strength decreases, in general, with increasing water cement ratio and vice 

versa. Hence, when minimum water is used just to ensure complete hydration of the cement, 

the resulting concrete will give maximum compressive strength on proper compaction. 

Following are the properties of hardened concrete: 
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1. Strength of concrete 

2. Concrete Creep 

3. Shrinkage 

4. Modulus Of Elasticity 

5. Water tightness (impermeability) 

6. Rate of Strength gain of Concrete 

1. Strength: 

The strength of concrete is basically referred to compressive strength and it depends upon 

three factors. 

1- Paste Strength  

2- Interfacial Bonding  

3- Aggregate Strength 

1. Paste strength: 

It is mainly due to the binding properties of cement that the ingredients are compacted 

together. If the paste has higher binding strength, higher will be strength of concrete.  

2. Interfacial bonding: 

Interfacial bonding is very necessary regarding the strength. Clay hampers the bonding 

between paste and aggregate. The aggregate should be washed for a better bonding between 

paste and aggregate. 

3. Aggregate strength: 

It is mainly the aggregate that provide strength to concrete especially coarse aggregates 

which act just like bones in the body. Rough and angular aggregate provides better bonding 

and high strength 

Factors affecting Strength of concrete: 

Following are the factors that affect the strength of concrete:  

1. Water-Cement ratio  

2. Type of cementing material  

3. Amount of cementing material  

4. Type of aggregate  

5. Air content 

6. Admixtures 
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1. Water-Cement ratio: 

It is water cement ratio that basically governs the property of strength. Lesser the water 

cement ratio, greater will be strength. 

2. Type of cement: 

Type of cement affect the hydration process and therefore strength of concrete. 

Amount of cementing material: it is the paste that holds or binds all the ingredients. Thus 

greater amount of cementing material greater will be strength.  

3. Type of Aggregate: 

Rough and angular aggregates is preferable as they provide greater bonding. 

4. Admixtures: 

Chemical admixtures like plasticizers reduce the water cement ratio and increase the strength 

of concrete at same water cement ratio. Mineral admixtures affect the strength at later stage 

and increase the strength by increasing the amount of cementing material. 

Workability is often referred to as the ease with which a concrete can be transported, placed 

and consolidated without excessive bleeding or segregation.  

OR 

The internal work done required to overcome the frictional forces between concrete 

ingredients for full compaction. It is obvious that no single test can evaluate all these factors. 

In fact, most of these cannot be easily assessed even though some standard tests have been 

established to evaluate them under specific conditions. 

In the case of concrete, consistence is sometimes taken to mean the degree of wetness; 

within limits, wet concretes are more workable than dry concrete, but concrete of same 

consistence may vary in workability. 

Because the strength of concrete is adversely and significantly affected by the presence of 

voids in the compacted mass, it is vital to achieve a maximum possible density. This requires 

sufficient workability for virtually full compaction to be possible using a reasonable amount 

of work under the given conditions. Presence of voids in concrete reduces the density and 

greatly reduces the strength: 5% of voids can lower the strength by as much as 30%.  

Slump Test can be used to find out the workability of concrete. View Procedure of Slump Test 
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Factors affecting concrete workability: 

i. Water-Cement ratio 

ii. Amount and type of Aggregate 

iii. Amount and type of Cement 

iv. Weather conditions 

1. Temperature 

2. Wind 

v. Chemical Admixtures 

vi. Sand to Aggregate ratio 

i. Water content or Water Cement Ratio 

More the water cement ratio more will be workability of concrete. Since by simply adding 

water the inter particle lubrication is increased. High water content results in a higher fluidity 

and greater workability but reduces the strength of concrete. Because with increasing w/c  

ratio the strength decreases as more water will result in higher concrete porosity. So, the 

lower the w/c, the lower is the void volume/solid volume, and the stronger the hardened 

cement paste. Also See: Rate of Strength Gain of Concrete 

Increased water content also results in bleeding, hence, increased water content can also 

mean that cement slurry will escape through the joints of the formwork (Shuttering). 

ii. Amount and type of Aggregate 

Since larger Aggregate sizes have relatively smaller surface areas (for the cement paste to 

coat) and since less water means less cement, it is often said that one should use the largest 

practicable Aggregate size and the stiffest practical mix. Most building elements are 

constructed with a maximum Aggregate size of 3/4" to 1", larger sizes being prohibited by the 

closeness of the reinforcing bars. Also See: Effects of Different Aggregates on Properties of 

Concrete 

Because concrete is continuously shrinking for years after it is initially placed, it is generally 

accepted that under thermal loading it will never expand to it's originally-placed volume. 

More the amount of aggregate less will be workability.  

 Using smooth and round aggregate increases the workability. Workability reduces if 

angular and rough aggregate is used. 

 Greater size of Aggregate- less water is required to lubricate it, the extra water is 

available for workability 

 Angular aggregates increases flakiness or elongation thus reduces workability. Round 

smooth aggregates require less water and less lubrication and greater workability in a 

given w/c ratio 
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 Porous aggregates require more water compared to non absorbent aggregates for 

achieving some degree of workability. 

iii. Aggregate Cement ratio 

More ratio, less workability. Since less cement mean less water, so the paste is stiff.  

iv. Weather Conditions 

1. Temperature 

If temperature is high, evaporation increases, thus workability decreases.  

2. Wind: 

If wind is moving with greater velocity, the rate of evaporation also increase reduces the 

amount of water and ultimately reducing workability.  

v. Admixtures 

Chemical admixtures can be used to increase workability. 

Use of air entraining agent produces air bubbles which acts as a sort of ball bearing between 

particles and increases mobility, workability and decreases bleeding, segregation. The use of 

fine pozzolanic materials also have better lubricating effect and more workability. 

vi. Sand to Aggregate ratio 

If the amount of sand is more the workability will reduce because sand has more surface area 

and more contact area causing more resistance. The ingredients of concrete can be 

proportioned by weight or volume. The goal is to provide the desired strength and 

workability at minimum expense. A low water-cement ratio is used to achieve a stronger 

concrete. It would seem therefore that by keeping the cement content high one could use 

enough for god workability and still have a low w/c ratio. The problem is that cement is the 

most costly of the basic ingredients. The dilema is easily seen in the graphs below. 

Concrete Bleeding 

Bleeding in concrete is sometimes referred as water gain. It is a particular form of 

segregation, in which some of the water from the concrete comes out to the surface of the 

concrete, being of the lowest specific gravity among all the ingredients of concrete. Bleeding 

is predominantly observed in a highly wet mix, badly proportioned and insufficiently mixed 

concrete. In thin members like roof slab or road slabs and when concrete is placed in sunny 

weather show excessive bleeding. 
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Due to bleeding, water comes up and accumulates at the surface. Sometimes, along with this 

water, certain quantity of cement also comes to the surface. When the surface is worked up 

with the trowel, the aggregate goes down and the cement and water come up to the top 

surfa e. This for atio  of e e t paste at the surfa e is k o  as Laitance . I  su h a ase, 
the top surface of slabs and pavements will not have good wearing quality. This laitance 

formed on roads produces dust in summer and mud in rainy season.  

Water while traversing from bottom to top, makes continuous channels. If the water cement 

ratio used is more than 0.7, the bleeding channels will remain continuous and unsegmented. 

These continuous bleeding channels are often responsible for causing permeability of the 

concrete structures. While the mixing water is in the process of coming up, it may be 

intercepted by aggregates. The bleeding water is likely to accumulate below the 

aggregate. This accumulation of water creates water voids and reduces the bond between the 

aggregates and the paste. 

The above aspect is more pronounced in the case of flaky aggregate. Similarly, the water that 

accumulates below the reinforcing bars reduces the bond between the reinforcement and the 

concrete. The poor bond between the aggregate and the paste or the reinforcement and the 

paste due to bleeding can be remedied by re vibration of concrete. The formation of laitance 

and the consequent bad effect can be reduced by delayed finishing operations.  

Bleeding rate increases with time up to about one hour or so and thereafter the rate 

decreases but continues more or less till the final setting time of cement. 

Prevention of Bleeding in concrete 

 Bleeding can be reduced by proper proportioning and uniform and complete mixing.  

 Use of finely divided pozzolanic materials reduces bleeding by creating a longer path 

for the water to traverse. 

 Air-entraining agent is very effective in reducing the bleeding. 

 Bleeding can be reduced by the use of finer cement or cement with low alkali content. 

Rich mixes are less susceptible to bleeding than lean mixes.  

The bleeding is not completely harmful if the rate of evaporation of water from the surface is 

equal to the rate of bleeding. Removal of water, after it had played its role in providing 

workability, from the body of concrete by way of bleeding will do good to the concrete.  

Early bleeding when the concrete mass is fully plastic, may not cause much harm, because 

concrete being in a fully plastic condition at that stage, will get subsided and compacted. It is 

the delayed bleeding, when the concrete has lost its plasticity, which causes undue harm to 

the concrete. Controlled re vibration may be adopted to overcome the bad effect of bleeding.  
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 Segregation in concrete 

Segregation can be defined as the separation of the constituent materials of concrete. A good 

concrete is one in which all the ingredients are properly distributed to make a homogeneous 

mixture. There are considerable differences in the sizes and specific gravities of the 

constituent ingredients of concrete. Therefore, it is natural that the materials show a 

tendency to fall apart. 

Segregation may be of three types 

1. Coarse aggregate separating out or settling down from the rest of the matrix.  

2. Paste separating away from coarse aggregate. 

3. Water separating out from the rest of the material being a material of lowest specific 

gravity. 

A well made concrete, taking into consideration various parameters such as grading, size, 

shape and surface texture of aggregate with optimum quantity of waters makes a cohesive 

mix. Such concrete will not exhibit any tendency for segregation. The cohesive and fatty 

characteristics of matrix do not allow the aggregate to fall apart, at the same time; the matrix 

itself is sufficiently contained by the aggregate. Similarly, water also does not find it easy to 

move out freely from the rest of the ingredients.  

The conditions favorable for segregation are: 

1. Badly proportioned mix where sufficient matrix is not there to bind and contain the 

aggregates 

2. Insufficiently mixed concrete with excess water content 

3. Dropping of concrete from heights as in the case of placing concrete in column 

concreting 

4. When concrete is discharged from a badly designed mixer, or from a mixer with worn 

out blades 

5. Conveyance of concrete by conveyor belts, wheel barrow, long distance haul by 

dumper, long lift by skip and hoist are the other situations promoting segregation of 

concrete 

Vibration of concrete is one of the important methods of compaction. It should be 

remembered that only comparatively dry mix should be vibrated. It too wet a mix is 

excessively vibrated; it is likely that the concrete gets segregated. It should also be 

remembered that vibration is continued just for required time for optimum results. If the 

vibration is continued for a long time, particularly, in too wet a mix, it is likely to result in 

segregation of concrete due to settlement of coarse aggregate in matrix. 
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Hydration in concrete 

Concrete derives its strength by the hydration of cement particles. The hydration of cement is 

not a momentary action but a process continuing for long time. Of course, the rate of 

hydration is fast to start with, but continues over a very long time at a decreasing rate In the 

field and in actual work, even a higher water/cement ratio is used, since the concrete is open 

to atmosphere, the water used in the concrete evaporates and the water available in the 

concrete will not be sufficient for effective hydration to take place particularly in the top 

layer. 

If the hydration is to continue, extra water must be added to refill the loss of water on 

account of absorption and evaporation. Therefore, the curing can be considered as creation 

of a favorable environment during the early period for uninterrupted hydration. The 

desirable conditions are, a suitable temperature and ample moisture. 

Concrete, while hydrating, releases high heat of hydration. This heat is harmful from the 

point of view of volume stability. Heat of hydration of concrete may also shrinkage in 

concrete, thus producing cracks. If the heat generated is removed by some means, the 

adverse effect due to the generation of heat can be reduced. This can be done by a thorough 

water curing. 

 Air Entrainment 

Air entrainment reduces the density of concrete and consequently reduces the strength. Air 

entrainment is used to produce a number of effects in both the plastic and the hardened 

concrete. These include: 

1. Resistance to freeze–thaw action in the hardened concrete. 

2. Increased cohesion, reducing the tendency to bleed and segregation in the plastic 

concrete. 

3. Compaction of low workability mixes including semi-dry concrete. 

4. Stability of extruded concrete. 

5. Cohesion and handling properties in bedding mortars.  

 

Tests on Concrete 

SAMPLING :The first step is to take a test sample from the large batch of concrete. This 

should be done as soon as discharge of the concrete commences. The sample should be 

representative of the concrete supplied. The sample is taken in one of two ways:  

For purposes of accepting or rejecting the load: Sampling after 0.2 m3 of the load has been 

poured. 
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For routine quality checks: Sampling from three places in the load 

a) Concrete Slump Test 

This test is performed to check the consistency of freshly made concrete. The slump test is 

done to make sure a concrete mix is workable. The measured slump must be within a set 

range, or tolerance, from the target slump. 

Workability of concrete is mainly affected by consistency i.e. wetter mixes will be more 

workable than drier mixes, but concrete of the same consistency may vary in workability. It 

can also be defined as the relative plasticity of freshly mixed concrete as indicative of its 

workability. 

 

Tools and apparatus used for slump test (equipment): 

1. Standard slump cone (100 mm top diameter x 200 mm bottom diameter x 300 

mm high) 

2. Small scoop 

1. Bullet-nosed rod (600 mm long x 16 mm diameter) 

3. Rule 

1. Slump plate (500 mm x 500 mm) 

Procedure of slump test for concrete: 

1. Clean the cone. Dampen with water and place on the slump plate. The slump plate 

should be clean, firm, level and non-absorbent. Collect a sample of concrete to 

perform the slum test. 

2. Stand firmly on the foot pieces and fill 1/3 the volume of the cone with the sample. 

Compact the concrete by 'rodding' 25 times. Rodding means to push a steel rod in and 

out of the concrete to compact it into the cylinder, or slump cone. Always rod in a 

definite pattern, working from outside into the middle. 

3. Now fill to 2/3 and again rod 25 times, just into the top of the first layer. 

4. Fill to overflowing, rodding again this time just into the top of the second layer. Top up 

the cone till it overflows. 

5. Level off the surface with the steel rod using a rolling action. Clean any concrete from 

around the base and top of the cone, push down on the handles and step off the foot 

pieces. 

6. Carefully lift the cone straight up making sure not to move the sample.  

7. Turn the cone upside down and place the rod across the up-turned cone. 

8. Take several measurements and report the average distance to the top of the sample. 

If the sample fails by being outside the tolerance (ie the slump is too high or too low), 

another must be taken. If this also fails the remainder of the batch should be rejected.  
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b) The Compression Test 

The compression test shows the compressive strength of hardened concrete. The 

compression test shows the best possible strength concrete can reach in perfect conditions. 

The compression test measures concrete strength in the hardened state. Testing should 

always be done carefully. Wrong test results can be costly. 

The testing is done in a laboratory off-site. The only work done on-site is to make a concrete 

cylinder for the compression test. The strength is measured in Megapascals (MPa) and is 

commonly specified as a characteristic strength of concrete measured at 28 days after mixing. 

The o pressi e stre gth is a easure of the o rete s a ility to resist loads hi h te d to 
crush it. 

Apparatus for compression test 

Cylinders (100 mm diameter x 200 mm high or 150 mm diameter x 300 mm high) (The small 

cylinders are normally used for most testing due to their lighter weight)  

1. Small scoop 

2. Bullet-nosed rod (600 mm x 16 mm) 

3. Steel float 

4. Steel plate 

Procedure for compression test of concrete 

1. Clean the cylinder mould and coat the inside lightly with form oil, then place on a 

clean, level and firm surface, ie the steel plate. Collect a sample. 

2. Fill 1/2 the volume of the mould with concrete then compact by rodding 25 times. 

Cylinders may also be compacted by vibrating using a vibrating table. 

3. Fill the cone to overflowing and rod 25 times into the top of the first layer, then top up 

the mould till overflowing. 

4. Level off the top with the steel float and clean any concrete from around the mould.  

5. Cap, clearly tag the cylinder and put it in a cool dry place to set for at least 24 hours.  

6. After the mould is removed the cylinder is sent to the laboratory where it is cured and 

crushed to test compressive strength 

Rheology of concrete  

Rheology is the science of the deformation and flow of matter, and the emphasis on flow 

means that it is concerned with the relationships between stress, strain, rate of strain, and 

time. Publication of accessible introductory texts has helped to overcome perceptions of the 

difficulty of rheology with its often mathematically complex relationships. Flow is concerned 

with the relative movement of adjacent elements of liquid and in shear flows liquid elements 

flow over or past each other, while in extensional flows elements flow towards or away from 
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each other. In a shear flow imaginary parallel layers of liquid move in response to a shear 

stress to produce a velocity gradient, which is referred to as the shear rate, equivalent to the 

rate of increase of shear strain. Elongational or stretching flows are rarely found in cement 

systems but there may be some elongation at the entry or exit of a pipe. They will not be 

considered further here. The rich variety of material behavior can be characterized in various 

ways, of which the flow curve showing how shear stress and shear rate are related is very 

common, but equally data may be presented as the variation of viscosity (the ratio of shear 

stress to shear rate) with shear rate or time. 

Relation between Compressive and Tensile Strength of Concrete 

Compressive Strength 

The main measure of the structural quality of concrete is its compressive strength. This 

property of concrete is commonly considered in structural design. Depending on the mix 

(especially the water-cement ratio) and time and quality of the curing, compressive strength 

of concrete can be obtained up to 14,000 psi or more. Commercial production of concrete 

with ordinary aggregate is usually in the 3,000 to 12,000 psi range with the most common 

ranges for cast-in-place buildings from 3,000 to 6,000 psi. On the other hand, precast and 

prestressed applications often expect strengths of 4,000-8,000 psi. 

 

 

Tension-Strength 

Although concrete is not normally designed to resist direct tension, the knowledge of tensile 

strength is used to estimate the load under which cracking will develop. This is due to its 

influence on the formation of cracks and its propagation to the tension side of  reinforced 

concrete flexural member. Shear, torsion and other actions also produce tensile stresses to  

the particular section of concrete member. In most cases member behavior changes upon 

cracking. So tension strength of concrete is also considered in proportioning concrete 

member. This strength is of interest in designing of highway and airfield slabs as shear 

strength and resistance to cracking are very important to sustain such loading. The tensile 

strength of concrete is relatively low, about 10 to 15% of the compressive, occasionally 20%.  

Test for Compressive Strength 

 

Generally, tests for this property are made on cylindrical specimens of height equal to twice 

the diameter, usually 6x12 in. impervious moulds of this shape are filled with concrete during 

the operation of placement as specified by ASTM C172, “ta dard Method of “a pli g 
Fresh Co rete , and ASTM C31 “ta dard Method for Maki g a d Curi g Co rete Test 
Specimens i  The Field . The yli ders are oist-cured at about 70 degree F, generally for 28 

days, and then tested in the laboratory at a specified rate of loading. The compressive 

strength obtained from such tests is known as the cylinder strength fc' and this term is mainly 

used in design purposes. 
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Test for tensile strength 

 

The tensile strength of concrete can be measured by radically different tests, namely flexure, 

direct tension and splitting, and the resulting values of strength are not the same. A direct 

application of a pure tension force, free from eccentricity, is very difficult. A direct tension 

test, using bond end plates, is prescribed by the U.S Bureau of Reclamation. In flexural 

strength tests, a plain (unreinforced) concrete beam is subjected to flexure using symmetrical 

two-point loading until failure occurs. 

 

 

British Standard BS 1881: part 118:1993 and ASTM C78-94 prescribed third point loading on 

150 by 150 by 750 mm beams supported over a span of 450 mm. The modulus of rupture is 

determined from this test. In splitting tension test, a concrete cylinder, of the type used for 

compression tests, is placed with its axis horizontal between the platens of a testing machine,  

and the load is increased until failure by indirect tension in the form of splitting along the 

vertical axis takes place. 

 

 

Factor affecting the relation between tensile and compressive strength  
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A number of factors affect the relation between two strengths. These are 

 

a) Aggregate 

 

The relation between the flexure strength and compressive strength depends on the type of 

coarse aggregate used, except in high strength concrete, because the properties of aggregate, 

especially its shape and surface texture, affect the ultimate strength in compression very 

much less than the strength in tension or cracking load in compression. The behavior was 

confirmed by Knab. In experimental concrete, entirely smooth coarse aggregate led to lower 

compressive strength, typically by 10 percent, than when roughened. It seems that the 

properties of fine aggregate also influence the ft/fc´ ratio. The ratio is furthermore affected 

by the grading of aggregate. This is probably due to the different magnitude of the wall effect 

in beams and in compression specimens: there surface/volume ratios are dissimilar so that 

different quantities of mortar are required for full compaction.  

 

b) Age 

 

age is also a factor in the relation between ft and fc´: beyond about one month, the tensile 

strength increases more slowly than the compressive strength. So the ft/fc´decreases with 

time. This in aggrement with the general tendency of the ratio to decrease with an increase in 

fc´. 

 

c) Curing 

 

The tensile strength of concrete is more sensitive to inadequate curing than the compressive 

strength, possibly because the effect of non-uniform shrinkage of flexure test beams are very 

serious. Thus air-cured concrete has a lower ft/fc´ ratio than concrete cured in water and 

tested wet. 

 

d) Air-Entrainment 

 

Air-entrainment affects the ft/fc´ ratio because the pressure of air lowers the compressive 

strength of concrete more than the tensile strength, particularly in the case of rich and strong 

mixes. The influence of incomplete compaction is similar to that of entrained air.  

 

e) Light-weight concrete 

 

Light-weight concrete conforms broadly to the pattern of the relation between the ft and fc´ 

for ordinary concrete. At very low strength (300psi) the ratio ft/fc´ can be as high as 0.3, but 

at higher strengths it is the same as ordinary concrete. However, drying reduces the ratio by 

some 20% so that in the design of light-weight concrete a reduced value of ft/fc´ is used. 
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f) Method of Test 

 

As stated above, the tensile strengths of concrete measured by different tests, produce 

results of varying value. Incidentally, the value of the compressive strength is also not unique 

but is affected by the shape of the test specimen. So the numerical value of the ratio of the 

tensile strength to the compressive strength is not the same. For these reasons, in expressing 

the ratio of the tensile to compressive strengths, the test method must be explicitly stated. If 

the value of flexural strength is of interest, a factor relating the splitting strength to flexural 

strength needs to be applied. 

Stress and strain characteristics 

A typical relationship between stress and strain for normal strength concrete is presented in 

Figure 1. After an initial linear portion lasting up to about 30 – 40% of the ultimate load, the 

curve becomes non-linear, with large strains being registered for small increments of stress. 

The non-linearity is primarily a function of the coalescence of microcracks at the paste-

aggregate interface. The ultimate stress is reached when a large crack network is formed 

within the concrete, consisting of the coalesced microcracks and the cracks in the cement 

paste matrix. The strain corresponding to ultimate stress is usually around 0.003 for normal 

strength concrete. The stress-strain behaviour in tension is similar to that in compression.  

The descending portion of the stress-strain curve, or in other words, the post-peak response 

of the concrete, can be obtained by a displacement or a strain controlled testing machine. In 

typical load controlled machines, a constant rate of load is applied to the specimen. Thus any 

extra load beyond the ultimate capacity leads to a catastrophic failure of the specimen. In a 

displacement controlled machine, small increments of displacement are given to the 

specimen. Thus, the decreasing load beyond the peak load can also be registered. The strain 

at failure is typically around 0.005 for normal strength concrete, as shown in Figure 2. The 

post peak behaviour is actually a function of the stiffness of the testing machine in relation to 

the stiffness of the test specimen, and the rate of strain. With increasing strength of concrete, 

its brittleness also increases, and this is shown by a reduction in the strain at failure.  
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Figure 1. Stress-strain relationship for ordinary concrete 
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Figure 2. Complete stress-strain curve including post-peak response 

It is interesting to note that although cement paste and aggregates individually have linear 

stress-strain relationships, the behaviour for concrete is non-linear. This is due to the 

mismatch and microcracking created at the interfacial transition zone.  

Understanding the post peak response of concrete 

Co rete elo gs to a lass of aterials that a  e alled “trai  – softe i g , i di ati g a 
reduction in stress beyond the peak value with an increase in the deformation (as against the 

strain hardening behaviour commonly exhibited by metals like steel). Figure 3 shows 
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different types of material behaviour. 

 

Figure 3. Different types of material behaviour (post peak response) 

Although the ductility of concrete is several orders of magnitude lower than steel, it still 

exhibits considerable deformation before failure. In conventional testing machines, where 

the test is performed under control of loading rate, a sudden failure of the specimen occurs 

as soon as the maximum load level is reached – the machine gives small increments of load to 

the specimen and the resultant deformation is measured, as a result, when the incremental 

load goes over the maximum level, the specimen fractures suddenly. This is depicted in Figure 

4. In order to obtain the entire stress-strain graph, inclusive of the post peak region, 

deformation or strain controlled test must be performed.  
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Figure 4. Modes of testing – Green indicates load control, red indicates displacement control  

A displacement controlled test is possible using a machine with a servo valve, in a closed 

loop. As shown in the schematic diagram in Figure 5, the machine compresses the concrete 

specimen at a constant displacement rate of the specimen – the LVDT on the specimen 

provides feedback to the controller, which then indicates to the servo valve the degree of 

piston movement to be provided (to keep the specimen displacement constant). In this way, 

the load response of the specimen is continuously studied as it undergoes incremental 

displa e e ts. Failure o urs he  the ra ks i  the spe i e  gro  to a  u sta le  size.  
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Figure 5. Closed loop servo controlled test system 

 

 

Creep of concrete 

Definition: 

Concrete creep is defined as: deformation of structure under sustained load. Basically, long 

term pressure or stress on concrete can make it change shape. This deformation usually 

occurs in the direction the force is being applied. Like a concrete column getting more 

compressed, or a beam bending. Creep does not necessarily cause concrete to fail or break 

apart. Creep is factored in when concrete structures are designed. 

Factors Affecting Creep 

1. Aggregate 

2. Mix Proportions 

3. Age of concrete 
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1. Influence of Aggregate 

Aggregate undergoes very little creep. It is really the paste which is responsible for the creep. 

However, the aggregate influences the creep of concrete through a restraining effect on the 

magnitude of creep. The paste which is creeping under load is restrained by aggregate which 

do not creep. The stronger the aggregate the more is the restraining effect and hence the less 

is the magnitude of creep. The modulus of elasticity of aggregate is one of the important 

factors influencing creep. 

It can be easily imagined that the higher the modulus of elasticity the less is the creep. Light 

weight aggregate shows substantially higher creep than normal weight aggregate. 

2. Influence of Mix Proportions: 

The amount of paste content and its quality is one of the most important factors 

influencing creep. A poorer paste structure undergoes higher creep. Therefore, it can be 

said that creep increases with increase in water/cement ratio. In other words, it can also 

be said that creep is inversely proportional to the strength of concrete. Broadly speaking, 

all other factors which are affecting the water/cement ratio are also affecting the creep.  

3. Influence of Age: 

Age at which a concrete member is loaded will have a predominant effect on the 

magnitude of creep. This can be easily understood from the fact that the quality of gel 

improves with time. Such gel creeps less, whereas a young gel under load being not so 

stronger creeps more. What is said above is not a very accurate statement because of the 

fact that the moisture content of the concrete being different at different age also 

influences the magnitude of creep. 

Effects of Creep on Concrete and Reinforced Concrete 

 In reinforced concrete beams, creep increases the deflection with time and may be a   

critical consideration in design. 

 In eccentrically loaded columns, creep increases the deflection and can load to 

buckling. 

 In case of statically indeterminate structures and column and beam junctions creep 

may relieve the stress concentration induced by shrinkage, temperatures changes or 

movement of support. Creep property of concrete will be useful in all concrete 

structures to reduce the internal stresses due to non-uniform load or restrained 

shrinkage. 

 In mass concrete structures such as dams, on account of differential temperature 

conditions at the interior and surface, creep is harmful and by itself may be a cause of 

cracking in the interior of dams. Therefore, all precautions and steps must be taken to 
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see that increase in temperature does not take place in the interior of mass concrete 

structure. 

 Loss of prestress due to creep of concrete in prestressed concrete structure 

  PERMEABILITY OF CONCRETE 

If concrete is impermeable, corrosive agents cannot penetrate and attack it. Concrete 

basically has two types of pores, which determine permeability. These are capillary pores 

(with a diameter varying between 0.01 to 10 micron) in the cement, paste which coats the 

aggregates and larger micro voids, between 1 mm to 10 mm, which are caused by faulty 

compaction of fresh concrete. 

When voids are interconnected because of their larger number and size a continuous link is 

formed, which makes the concrete permeable. 

FACTOR’S CONTROLLING PERMEABILITY 

There are three major factors which determine the permeability in concrete. 

    (a) Water cement ration, 

(b) Compaction and curing. 

fig.1. Each factor is equally important, if one of these factors is not controlled, the result will 

be increase, in permeability. 

It can be shown that permeability increases as water cement ration increase.  Typically, at a 

water cement ratio of around 0.4, permeability is practically nill.  
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PERMEABILITY REDUCED BY SUPERPLASTICISERS 

As per tests were carried out to determine the effect of superplasticisers on water 

per ea ility   size u es ater stored for 8 day s i  li e – saturated water at 230C 

and subjected to water pressure on one face. 
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Concrete Durability 

Definition 

The ability of concrete to withstand the conditions for which it is designed without 

deterioration for a long period of years is known as durability. 

OR 

Durability of concrete may be defined as the ability of concrete to resist weathering action, 

chemical attack, and abrasion while maintaining its desired engineering properties. 

Durability is defined as the capability of concrete to resist weathering action, chemical attack 

and abrasion while maintaining its desired engineering properties. It normally refers to the 

duration or life span of trouble-free performance. Different concretes require different 

degrees of durability depending on the exposure environment and properties desired. For 

example, concrete exposed to tidal seawater will have different requirements than indoor 
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concrete. 

Concrete will remain durable if: 

 The cement paste structure is dense and of low permeability  

 Under extreme condition, it has entrained air to resist freeze-thaw cycle. 

 It is made with graded aggregate that are strong and inert 

 The ingredients in the mix contain minimum impurities such as alkalis, Chlorides, 

sulphates and silt 

Factors Affecting Durability of Concrete 

Durability of Concrete depends upon the following factors:  

Cement content 

Mix must be designed to ensure cohesion and prevent segregation and bleeding. If cement is 

reduced, then at fixed w/c ratio the workability will be reduced leading to inadequate 

compaction. However, if water is added to improve workability, water / cement ratio 

increases and resulting in highly permeable material. 

Compaction 

The concrete as a whole contain voids can be caused by inadequate compaction. Usually it is 

being governed by the compaction equipments used, type of formworks, and density of the 

steelwork 

Curing 

It is very important to permit proper strength development aid moisture retention and to 

ensure hydration process occur completely 

Cover 

Thickness of concrete cover must follow the limits set in codes 

Permeability 

It is considered the most important factor for durability. It can be noticed that higher 

permeability is usually caused by higher porosity .Therefore, a proper curing, sufficient 

cement, proper compaction and suitable concrete cover could provide a low permeability 

concrete 
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Types of Durability of Concrete 

There are many types but the major Concrete Durability types are: 

1. Physical durability 

2. Chemical durability 

Physical Durability 

Physical durability is against the following actions 

1. Freezing and thawing action 

2. Percolation / Permeability of water 

3. Temperature stresses i.e. high heat of hydration 

Chemical Durability 

Chemical durability is against the following actions 

1. Alkali Aggregate Reaction 

2. Sulphate Attack 

3. Chloride Ingress 

4. Delay Ettringite Formation 

5. Corrosion of reinforcement 

1. External Causes: 

a. Extreme Weathering Conditions 

b. Extreme Temperature 

c. Extreme Humidity 

d. Abrasion 

e. Electrolytic Action 

f. Attack by a natural or industrial liquids or gases 

2. Internal Causes 

a) Physical 

 Volume change due to difference in thermal properties of aggregates and cement 

paste 

 Frost Action 

b) Chemical 
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 Alkali Aggregate Reactions 

i. Alkali Silica Reaction 

ii. Alkali Silicate Reaction 

iii. Alkali Carbonate Reaction 

 Corrosion of Steel 

 Thermal properties of concrete 

Thermal Properties 

The thermal properties that influence temperature rise and distribution in a concrete 

structural member are thermal conductivity, specific heat, thermal diffusivity, and mass loss.  

Thermal conductivity is the property of a material to conduct heat. Concrete contains 

moisture in different forms, and the type and the amount of moisture have a significant 

influence on thermal conductivity. Thermal conductivity is usually measured by means of 

steady state  or tra sie t  test ethods. Tra sie t ethods are preferred to easure 
thermal conductivity of moist concrete over steady-state methods, as physiochemical 

changes of concrete at higher temperatures because intermittent direction of heat flow. On 

average, the thermal conductivity of conventional normal strength concrete, at room 

te perature, ra ges et ee  .  a d .  W/ -°C. 

Specific heat is the amount of heat per unit mass, required to change the temperature of a 

material by one degree and is often expressed in terms of thermal (heat) capacity which is 

the product of specific heat and density. Specific heat is highly influenced by moisture 

content, aggregate type, and density of concrete. The variation of specific heat with 

temperature used to be determined through adiabatic calorimetry until 1980s. Since the 

1980s, differential scanning calorimetry (DSC) has been the most commonly used technique 

for mapping the curve in a single temperature sweep at a desired rate of heating. 

Unfortunately, the accuracy of the DSC technique in determining the sensible heat 

contribution to the apparent specific heat may not be particularly good (sometimes it may be 

as low as ±20 percent). The rate of temperature rise in DSC tests is usually 5°C·min − . At 

higher heating rates, the peaks in the DSC curves tend to shift to higher temperatures and 

become sharper. For temperatures above 600°C, a high-temperature differential thermal 

analyzer (DTA) is also used to evaluate specific heat. 

The thermal diffusivity of a material is defined as the ratio of thermal conductivity to the 

volumetric specific heat of the material. It measures the rate of heat transfer from an 

exposed surface of a material to inner layers. The larger the diffusivity, the faster the 

temperature rise at a certain depth in the material. Similar to thermal conductivity and 

specific heat, thermal diffusivity varies with temperature rise in the material. Thermal 

diffusivity, can be calculated using the relation 
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α=k/pCp 

Where α is thermal conductivity, pis density, and  Cp is specific heat of the material. 

The density, in an oven-dry condition, is the mass of a unit volume of the material, 

comprising the solid itself and the air-filled pores. With increasing temperature, materials 

such as concrete that have high amount of moisture will experience loss of mass resulting 

from evaporation of moisture due to chemical reactions. Assuming that the material is 

isotropic with respect to its dilatometric behavior, its density (or mass) at any temperature 

can be calculated from thermogravimetric and dilatometric curves  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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