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Preface





This text book on Reinforced Concrete Design has been written to impart in-depth knowledge to the students about the subject. Appropriate Indian standard guidelines, suitable illustrations, figures and solved numerical problems have been included. The design techniques generally used by the engineers have been discussed with suitable examples to provide basic knowledge to the readers. A sufficient number of questions are given at the end of each chapter to enable the students prepare for the examinations. An additional chapter explaining the concepts and applications of earthquake-resistant design of structures has been included in the text. The fundamentals of computer-aided design and drawing using suitable illustrations have been explained in the last chapter to enable the engineers to understand the practical applications of the subject. The book will serve the purpose of providing thorough knowledge to the students as well as practicing engineers in the subject. Though every care has been taken to avoid any errors, however, comments and criticism are welcomed from the readers.


The authors are especially thankful to their family and students for providing all support and help in this endeavour.


- Authors
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CHAPTER 1


Reinforced Concrete


1.1 Introduction



Concrete is the most versatile material used for the construction of buildings and structures. The concrete is a cohesive mixture made of cement, coarse and fine aggregates, water and other admixtures used for special functions or replacement of cement. Cement acts as a binder which binds together the ingredients of concrete in the presence of water, allows the setting and hardening reactions to occur resulting in the formation of a hard mass. The function of water is to allow the chemical reaction to occur which takes longer time causing first setting and then hardening of the concrete. The aggregates act as inert filler in the concrete mass and impart strength to it. Other admixtures commonly include water proofing materials, air-entraining agents or inert fillers like fly ash, granulated blast furnace slag, silica fume, alccofine, etc.


Concrete is very strong in compression but it cannot resist tensile stresses hence use of plain or unreinforced concrete is limited to non-structural components. When concrete is to be used in structural components (like slabs, beams, columns, stairs, foundations, etc.) of a building, it must be reinforced with suitable reinforcing material which is strong to resist tensile stresses. Steel is a material which is very strong in tension (as well as in compression) and is therefore commonly used to reinforce concrete by placing it at those sections of members where tensile stresses develop. Again, the two materials develop adequate bond to act together for resisting the compressive and tensile stresses. The tensile stresses are resisted by steel and concrete resists the compression making the composite material strong in tension as well as compression.


Reinforced cement concrete is a composite material comprising of concrete with steel bars placed in the form of suitable cage at the sections of members subjected to tension. The composite mass is moulded in formwork (made of steel or timber) in suitable shapes to construct the structural components such as slabs, beams, columns, stairs, foundations, etc.


The design of reinforced concrete structures involves the determination of suitable sizes of the members (beams, columns, slabs, etc.) and the quantity (number and diameter) of reinforcement bars appropriate to bear the stresses developed. The design of reinforced concrete structures is carried out by following the provisions laid down in Indian standard code of practice IS: 456 -2000. The loads, allowable stresses in concrete and steel and the methods of design given in this standard are followed for the design of structural elements.


The concrete in its fresh or raw state should possess adequate workability but segregation and bleeding should not occur in it otherwise the mass produced may not be homogeneous 







resulting in poor quality. Upon hardening, concrete should possess adequate strength and durability without any significant shrinkage which otherwise may lead to development of cracks affecting the strength.


This chapter provides an insight in to different materials used in making concrete, design of concrete mix, tests on fresh and hardened concrete and the properties of hardened concrete. The characteristics and types of steel reinforcements used in reinforced concrete are given to provide information to the designer. Various structural components of buildings are described to make the designer aware of the type of the elements involved.


1.2 Constituent Materials


1.2.1 Cement



Cement is the most versatile construction material used in concrete construction and is the backbone of modern construction industry. Cement was first of all used by Joseph Aspdin, a brick layer of Leeds in England. The colour of hardened cement was similar to the rock in Portland and therefore the cement was named as Portland cement. Depending upon the work specific requirements, different types of cement are produced as described below:


1.  Ordinary Portland cement: Ordinary Portland cement is the most common type of cement used in concrete construction. Three grades of ordinary Portland cement depending upon 28 days compressive strength (N/mm2) of cement (cement: sand:: 1: 3 mortar) are used as given below:


33 Grade ordinary Portland cement conforming to IS 269


43 Grade ordinary Portland cement conforming to IS 8112


53 Grade ordinary Portland cement conforming to IS 12269


2. Rapid hardening cement: This cement conforms to IS 8041 and contains larger quantity of tri-calcium silicate (C3S) and is ground finely enabling it to react faster with water resulting in rapid hardening. The rate of strength development during the initial period is much faster compared to that of ordinary Portland cement. Due to early strength development, it is used for structures subjected to loading during service life particularly in repair works of roads and bridges. Its initial and final setting times are the same as those of ordinary Portland cement. The compressive strength of rapid hardening cement is 16 N/mm2 after 1 day and 27.5 N/mm2 after 3 days for cube specimens made of cement: sand (1: 3).


3. Portland pozzolana cement: Very fine pozzolanic materials such as fly ash, volcanic ash or surkhi are blended with ordinary Portland cement or clinker in certain proportions to give Portland pozzolana cement. This cement generates less heat of hydration and can be used in mass concreting where otherwise cracks may develop in concrete. It offers resistance to sulphate environments and marine waters. The rate of strength development is slow in this cement but the final strength may be higher than that of ordinary Portland cement. This cement conforms to IS 1489 and its compressive strength is 22 N/mm2 after 7 days and 31 N/mm2 after 28 days for cube specimens made of cement: sand (1: 3). Initial and final setting times of this cement are the same as those of ordinary Portland cement.






4. Low heat cement: This cement conforms to IS 12600 and it contains lesser quantity of tricalcium silicate (C3S) and tri-calcium aluminate (C3Al) which helps in keeping the heat generated low. The strength is developed at a very slow rate in this cement. The initial setting time of this cement should be at least 60 minutes and final setting time should not be more than 600 minutes. This cement is normally used in mass concreting works such as dams and weirs.


5. Portland slag cement: This cement conforms to IS 455 and is manufactured by blending together the ordinary Portland cement with blast furnace slag. Due to the presence of slag, it can resist the sulphate attack and acidic environment. Upon mixing with water, it generates low heat of hydration. The compressive strength of this cement is 16 N/mm2 after 3 days and 22 N/mm2 after 7 days for cubes made of cement: sand (1: 3). This cement can be effectively used for construction under sea waters.


6. High alumina cement: This cement conforms to IS 6452 and is manufactured by burning a mixture of limestone and bauxite. Due to high content of alumina, it develops early strength quickly. It generates very large quantity of heat upon hydration and most of the heat is evolved during initial 8-10 hours. It is normally used for concrete construction in cold regions. It can resists the attack of chemicals particularly sulphates and chlorides present in the polluted and marine environments. Its initial setting time should be at least 30 minutes and final setting time should not be more than 600 minutes. Its compressive strength should be 30 N/mm2 after 1 day and 35 N/mm2 after 3 days for cube specimens made of cement: sand (1: 3).


7. Super sulphated cement: This cement conforms to IS 12330 and is resistant to sulphate attack and evolves lesser heat of hydration than ordinary Portland cement. This cement is used for concrete construction under the sea water or bridge structures and in chemical environment or concreting in sulphate bearing soils. The initial setting time of the cement should be at least 30 minutes and final setting time should not be more than 600 minutes. Its compressive strength should be 15 N/mm2 after 3 days and 22 N/mm2 after 7 days for cube specimens made of cement: sand (1: 3).


8. Hydrophobic cement: The hydrophobic compounds are blended with ordinary Portland cement while grinding the clinker. These compounds give water-retarding capacity to the cement due to the formation of a layer around the cement particles. While mixing, the layer of water retarding compound is broken. The strength of the cement is equal to that of ordinary Portland cement. This cement conforms to IS 8043 and it can be stored for a longer time.


9. Quick setting cement: In this cement, very small quanitiy of gypsum is added to accelerate its setting. It sets very quickly and its initial setting time is 5 minutes and final setting time is 30 minutes. It is used in under-water construction. It sets quickly due to the presence of alumina and it is ground very fine.


10. White cement: The white cement is manufactured by using pure lime and clay and is free of colouring compounds such as iron oxide, magnesia, etc. It is white in colour and possesses the same setting time and strength as those of ordinary Portland cement. It is costly due to use of selective materials. It is used for ornamental works and decorative purposes.






11. Coloured cement: A small quantity (usually 4-8%) of inert colouring pigment is blended with ordinary Portland cement to obtain the desired coloured cement. Commonly used colouring pigments are iron oxide, magnesia, chromium oxide, etc. Its properties are similar to those of ordinary Portland cement.


12. Air entraining Portland cement: In this cement, small amount of air entraining compounds such as oils, fats, resinous compounds and fatty acids are blended with ordinary Portland cement during the grinding operation. These compounds help in entraining very small air bubbles in concrete which improve its workability and thermal resistance. However, care should be taken to ensure that amount of entrapped air is less than 4% otherwise strength of concrete is reduced.


13. High strength Portland cement: For obtaining high strength concrete (such as prestressed concrete), the cement having higher strength is used. Its compressive strength is 23 N/mm2 after 3 days and 33 N/mm2 after 7 days for cube specimens made of cement: sand (1: 3). The initial setting time of cement is 30 minutes and final setting time is 600 minutes.


1.2.2 Aggregate


The aggregates used in concrete should be preferably natural aggregates and should be as per the requirements given in IS 383: 1970. The various sizes of coarse aggregates may be combined in suitable proportions to yield overall gradation conforming to Table 1.1 (Table 2 of IS: 383-1970) for a particular nominal maximum size of aggregate.


Table 1.1 Coarse aggregates.


[image: ]


The aggregates produced from blast furnace slag or crushed tiles or bricks and possessing adequate strength and durability can be used in plain concrete members. However the water absorption of these aggregates should be less than 10% and these should be free from any harmful ingredients particularly the sulphate (SO3) content should be less than 0.5%. The light or heavy weight aggregates can be used after referring to literature studies and assessing their suitability in the construction project.






Size of Aggregate


The nominal maximum size of coarse aggregate should not be larger than one-fourth of the minimum thickness of the member so that concrete can be easily placed around all the reinforcements and fills the corners of the formwork without any difficulty. Usually, 20 mm nominal size aggregate is used but larger size coarse aggregate may be used when flow of concrete in the sections is not restricted. If the members consist of thin sections or have reinforcement closely spaced, the nominal size of coarse aggregate may be reduced to 10 mm.


In case of heavily reinforced concrete members such as ribs, the nominal maximum size of coarse aggregate should be 5 mm less than the minimum clear distance between the main bars or 5 mm less than the minimum cover to reinforcement whichever is lesser. The batching of coarse and fine aggregates is done separately and generally volume or weight batching may be used depending upon the nature of the work.


The fine aggregate should conform to grading zones as given in Table 1.2 (conforming to Table 4 of IS: 383-1970).


Table 1.2 Fine aggregates.
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1.2.3 Water



Water is used in the mixing of concrete and its curing afterwards and hence it should be clean and should not contain any harmful matter such as acids, alkalis, salts, sugar, oils, iron compounds and organic materials which are deleterious to concrete or reinforcement. The water fit for drinking is considered to be satisfactory for use in concrete and its pH value should not be less than 6.


Indian standard IS 3025 (Part 22) specifies that 100 milliliter of water should not require more than 5 ml of 0.02 normal Na OH for neutralizing when phenolphthalein is used as indicator. IS 3025 (Part 23) specifies that 100 ml sample of water should not require more than 25 ml of 0.02 normal H2SO4 for neutralizing using mixed indicator. The average 28 days compressive strength of at least three 150 mm concrete cubes prepared with water to be used in concrete should not be less than 90 percent of the average of strength of three similar concrete cubes prepared with distilled water using the procedure laid down IS: 516-1970. The use of sea (saline) water for curing of concrete should be avoided due to the presence of harmful salts. Generally, the water used in mixing of concrete should be used for curing purposes.






1.2.4 Admixtures



Admixtures are the materials (other than cement, fine aggregate, coarse aggregate and water) which are added to concrete to improve its properties in fresh as well as hardened state. Admixtures generally influence the properties of concrete such as consistency, setting time, workability, coherence, air content, etc. They help in controlling bleeding and segregation of concrete due to uniform dispersion of cement paste in between the aggregate. The admixtures are of two types:


1. Chemical Admixtures: Chemical admixtures mainly consist of the following (IS: 9103-1999):


(a) water reducing admixtures such as poly carboxylic acid, sodium lignosulphonic acid, etc.


(b) super plasticizers include following compounds: (i) sulphonated melamine formaldehyde condensate; (ii) sulphonated napthalene formaldehyde condensate; and (iii) polycarboxylate.


(c) accelerators include nitrate, nitrite, thiocyanate and chloride salts;


(d) retarders include carbohydrates, lignosulphonates, soluble borates and zinc;


(e) air-entraining agents include synthetic surfactants like polyethylene oxides, vinsol resins or fatty acid salts which vary the surface tension of water.


2. Mineral Admixtures: Mineral admixtures consist of generally fine materials which are admixed in substantial quantities in concrete as partial replacement of cement. Mineral admixtures consist of the following materials:


(a) Cementitious admixtures: Cementitious admixtures are those which contain sufficient quantity of oxide, silicate or aluminosilicate of calcium and hydrate like cement such as ground granulated blast furnace slag (IS 12089).


(b) Pozzolanic and partially cementitious/pozzolanic materials such as class C fly ash, and


(c) Pozzolanic admixtures such as class F fly ash, silica fume, rice husk ash and metakaolin.


Admixtures are used to modify the following properties of fresh concrete:


1. The admixtures are used to increase the workability of fresh concrete without increasing the water-cement ratio.


2. They inhibit the segregation of aggregate.


3. They control the bleeding of concrete.


4. Admixtures control the initial setting time.


5. The admixtures increase the pumpability of concrete.


6. They reduce the shrinkage of concrete.


The admixtures modify the following properties of hardened concrete:


1. The admixtures decrease the rate of evolution of heat from concrete hardening.


2. The rate of development of strength during early age is enhanced.


3. The admixtures improve the durability of concrete.






4. The permeability of concrete is reduced due to use of admixtures.


5. The strength of concrete is improved due to use of admixtures.


6. Better bond between reinforcement and concrete can be ensured.


7. The abrasion and impact resistance of concrete is increased.


8. The expansion due to alkali-aggregate reaction in concrete can be controlled.


9. The corrosion of steel reinforcement in concrete is inhibited.


10. When used with old concrete, better bond can be ensured between existing and new concrete.


1.3 Concrete Mix


1.3.1 Grades of Concrete


The different grades of concrete are given in Table 1.3 having specified characteristic compressive of 150 mm cube at 28 days. The characteristic strength may be defined as the strength of material below which not more than 5 percent of the compressive strength test results on 150 mm cube at 28 days are expected to fall. In the symbol M20, M refers to mix and the number 20 indicates the specified compressive strength of 150 mm size cube at 28 days expressed in N/mm2. For high strength concrete having compressive strength more than 55 N/mm2, the literature and experimental results may be referred.


Table 1.3 Grades of concrete. 
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1.3.2 Concrete Mix Design


The Indian standard gives the guidelines for the proportioning of concrete mixes for general requirements of concrete construction using concrete production materials and other supplementary additives and admixtures. The mix proportions are designed to achieve specified characteristic compressive strength at certain age, workability of fresh concrete and durability. The following characteristics are to be considered for the mix design:


(i)grade of concrete


(ii)type of cement


(iii)Nominal maximum size of aggregate


(iv)minimum cement content


(v)maximum water-cement ratio


(vi)workability of fresh concrete


(vii)exposure conditions


(viii)maximum temperature of concrete at pouring


(ix)method of transportation and placing


(x)early age strength requirements


(xi)type of aggregate


(xii)maximum cement content


(xiii)type of admixture used.


Using the data provided, material characteristics and procedure laid down in IS: 10262 -2009; usually three trial mixes are designed and the test cubes are casted in the laboratory for each of the mixes. The compressive strength of concrete cubes is ascertained after testing at 28 days and the mix giving the maximum compressive strength is taken as the design mix of concrete to be used at the site for construction work.


1. Since the strength of the trial cubes may be less than the characteristic compressive strength of concrete; the concrete mix is proportioned for higher target mean compressive strength f1ck using the standard deviation provided for different grades of concrete under different exposure conditions using the relationship:
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Where


f1ck = target mean compressive strength at 28 days in N/mm2,


fck = characteristic compressive strength at 28 days (N/mm2) and


s = standard deviation (N/mm2).


The standard deviation for each grade of concrete can be calculated based on the test results of samples, significant changes in concrete materials, mix proportions, handling equipment and technical control and subsequent changes in mix proportions. Alternatively, if sufficient test results for a particular grade of concrete are not available, the standard deviation may be assumed as per Table 1.4 (Table 1 in IS: 10262 – 2009).






Table 1.4 Assumed value of standard deviation.
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Fig. 1.1 Free water-cement ratio versus 28-days compressive strength of concrete.


2. The relationship between compressive strength and free water cement ratio should be established for the type of cement, cementitious materials and the aggregate used in concrete production. If such data is not available, preliminary free water-cement ratio (by mass) for target compressive strength at 28 days may be selected from the available relationships (Fig. 1.1) or else may be chosen from Table 1.5 (Table 5 of IS: 456) for the specified exposure conditions. The free water-cement ratio selected above may be checked against the limiting water-cement ratio for the requirements of durability and lesser of the two values should be considered in design.






3. Large number of factors including shape, size and texture of aggregate; type and content of cement and cementitious materials, chemical admixtures, water-cement ratio, workability and the environmental conditions affect the water content of the concrete mix. The requirement of water in concrete is reduced with increase in size of aggregate, use of rounded aggregate, decrease in water-cement ratio and slump and the use of water repelling admixtures. The water demand in concrete increases with increase in cement content, slump, water-cement ratio, aggregate angularity, decrease in proportion of coarse aggregate to fine aggregate and increase in temperature. The maximum quantity of water required per unit volume of concrete may be determined from Table 1.6 (Table 2 in IS: 10262) for angular aggregate and slump varying from 25 mm to 50 mm. The quantity of water so determined may be decreased by 10 kg for sub-angular aggregate, 20 kg for gravel with some crushed particles and 25 kg for rounded gravel to produce the same workability. For workability other than 25-50 mm range, the quantity of water may be determined either by trial or can be increased by about 3% for every additional 25 mm slump or alternatively by using chemical admixtures as per IS 9103. The water content is reduced by 5% to 10% and 20% or more (IS: 9103) on use of superplasticizer in concrete. If local aggregates are used in concrete, trial testing of the concrete specimens is required for determining the water content.


Table 1.5 Minimum cement content, maximum water-cement ratio and minimum grade of concrete for different exposures with normal weight aggregate of 20 mm nominal maximum size.
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Table 1.6 Maximum water content/m3 of concrete for nominal maximum size of aggregate. 
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4. The quantities of cement and supplementary cementitious materials required per unit volume of concrete can be calculated from the free water-cement ratio and the quantity of water per unit volume of concrete. These quantities of cementitious materials should be checked against the minimum content required from durability considerations and the greater of the two values is adopted in design. The minimum cement content may be adjusted, if required, for maximum size of aggregate other than 20 mm as per Table 1.7 (Table 6 of IS: 456). The maximum cement content shall be as per IS: 456.


Table 1.7 Adjustment to minimum cement contents for aggregates other than 20 mm nominal maximum size.






	S. No.

	Nominal maximum
aggregate size (mm)

	
Adjustments to minimum cement contents
( given in Table 5 of IS 456), kg/m3






	(i)

	10

	+ 40





	(ii)

	20

	0





	(iii)

	40

	- 30









5. The aggregates of same nominal maximum size, type and grading will produce concrete of requisite workability provided a given volume of coarse aggregate per unit volume of total aggregate is used. The approximate values of aggregate volume are given in Table 1.8 (Table 3 of IS: 10262) for a water cement ratio of 0.5 which are suitably adjusted for other water-cement ratios. The volume of coarse aggregate per unit volume of concrete possessing same workability is dependent on its nominal maximum size and grading zone of fine aggregate. When concrete is to be placed in heavily reinforced sections or by pumping, the coarse aggregate content determined above may be decreased up to 10% ensuring that slump, water-cement ratio and strength of concrete are as per IS: 456.


Table 1.8 Volume of coarse aggregate per unit volume of total aggregate for different zones of fine aggregate.
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6. Coarse aggregate used shall conform to IS 383 and different sizes of coarse aggregates may be combined in suitable proportions to yield overall gradation conforming to Table 1.1 (Table 2 of IS: 383) for a particular nominal maximum size of aggregate.


7. Total quantity of coarse and fine aggregate can be estimated by determining the absolute volume of the cementitious material, water and chemical admixtures by dividing their mass by their respective specific gravity values, multiplying by 1/1000 and deducting the result of their summation from unit total volume of concrete. The values determined such may be 





 divided in to coarse aggregate and fine aggregate fractions by volume as per the coarse aggregate proportion determined above. The contents of coarse and aggregate are determined by multiplying with their respective specific gravity values and further multiplying with 1000. The fine aggregate should conform to grading zones as given in Table 1.2 (conforming to Table 4 of IS: 383).


8. Above determined mix proportions are checked by performing trial tests. The quantity of water and/or admixture is adjusted suitably if the measured workability of trial mix 1 is different from that taken in mix design. The mix proportions are recalculated after this adjustment keeping free water-cement ratio at already selected value which shall be designated as trial mix 2. Trial mixes 3 and 4 shall be prepared with the same water content as for trial mix 2 and varying the free water-cement ratio by ± 10% or suitably based upon experience. The concrete for field trials shall be prepared by actual method of production of concrete.


9. Prepare three 150 mm cubes and test them wet after 28 days of curing and check for the required compressive strength.


10. The mix design for obtaining the trial mixes can be performed as illustrated in the example below.


Example 1.1: Mix Design






	1.

	Design mix data:

	

	





	

	Grade of concrete

	:

	M 30





	

	Type of cement

	:

	OPC 43 grade conforming to IS: 8112





	

	Maximum nominal size of aggregate

	:

	20 mm





	

	Minimum cement content

	:

	320 kg/m3






	

	Maximum water-cement ratio

	:

	0.45





	

	Workability

	:

	100 mm (slump)





	

	Exposure condition

	:

	severe (for reinforced concrete)





	

	Method of placing of concrete

	:

	pumping





	

	Degree of supervision

	:

	good





	

	Type of aggregate

	:

	crushed angular





	

	Maximum cement content

	:

	450 kg/m3






	

	Chemical admixture type

	:

	superplasticizer conforming to IS: 9103





	2.

	Material test data:

	

	





	

	Cement used

	:

	OPC 43 grade conforming to IS: 8112





	

	Specific gravity of cement

	:

	3.15





	

	Chemical admixture

	:

	superplasticizer conforming to IS: 9103





	

	Specific gravity of coarse aggregate

	:

	2.68





	

	Specific gravity of fine aggregate

	:

	2.64





	

	Water absorption of coarse aggregate

	:

	0.5%











	

	Water absorption of fine aggregate

	:

	1.5%





	

	Free surface moisture of coarse aggregate

	:

	nil





	

	Free surface moisture of fine aggregate

	:

	nil





	

	The particle size gradation of coarse aggregate is given in table 1.9.
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