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CHAPTER

Basic Design Concepts

1.1 Introduction

Concrete is one of the most common building material used for constructive civil engineering structures
and is essential in the infrastructure development of any nation. Concrete is used in the construction of various
types of structures which include buildings, bridges, piers, chimneys, pavements, dams, hydraulic structures,
conveying pipes, liquid retaining tanks/structures, assembly halls, auditorium, swimming pools, bunkers etc.
and the list goes on.

1.2 Types of Concrete

Plain Concrete

Concrete can be defined as a mass which is made from any cementing material and consists of sand,
gravel and water. Mixing of such naturally occurring materials along with a cementing material result in a partial
solid mass that can be molded in any shape and form, when wet, and which becomes hard on drying. Concrete
is being used as a building material probably from the last 150 years.

Concrete is a highly successful building material and has gained wide popularity because of the following
reasons:

1. Concreteis highly durable even under hostile environmental conditions.

2. It can be easily casted into any shape and size.

3. ltisrelatively cheaper and widely available.

The most important property of concrete is its compression resisting ability i.e. compressive strength,
which supersedes any other building material. At present we have concrete grades ranging from 5 MPa to
100 MPa.

The major drawback of concrete is that it cannot resist significant tension. The tensile strength of concrete
is about 10% of its compressive strength. Thus, the use of plain concrete as a building material is limited to
places where tensile stresses/strains never develop. For example pedestals, mass concreting in dams etc.

Reinforced Concrete

Concrete has gained so much importance and popularity because of the development of reinforced
concrete. Introducing the reinforcing bars in concrete makes the concrete an excellent composite building
material which can resist significant amount of tensile stresses/strains also. Construction of load bearing building
elements like beams, slabs etc. is made possible due to the reinforced concrete only. Steel bars embedded in
the tension zone of concrete make it able to take tension.
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In reinforced concrete, strain compatibility is assumed to exist i.e. there exists a perfect bond between the
concrete and steel bars so that strain in concrete is equal to the strain in steel at the interface of concrete and steel.

Moreover, since the failure of concrete is brittle in nature which takes place without giving any warning,
introduction of steel in concrete makes it a ductile material which gives sufficient warning before collapse.

Now tensile stresses occur either directly (e.g. direct tension, flexural tension) or indirectly (e.g. shear
which causes tension along the diagonal planes). Temperature and shrinkage effects may also induce tensile
stresses. At all such locations, steel is invariably provided which is in fact inevitable, that passes across the
tensile cracks. Insufficient steel causes propagation of cracks which can lead to complete failure.

Embedding reinforcing bars in compression zone of concrete increases the compressive strength of
member (e.g. In columns, doubly reinforced beams etc.).

Prestressed Concrete

Development of prestressed concrete took place along with the reinforced concrete. It is a high strength
concrete with high tensile wires embedded in concrete and tensioned before the application of actual working
load. While doing so, the concrete can be compressed to such an extent that when the structure is actually
loaded, there is almost no tension developed in the beam section. Prestressed concrete is frequently used
where, even a hair line crack is not admissible like, high pressure vessels, pipes, water tanks etc. and at
locations which are subjected to fatigue loading like long span bridges or rail sleepers etc.

1.3 Importance of Design Codes in the Design of Structures

Different countries have formulated their own codes for laying down the guidelines for the design and
construction of structures. These codes came into picture after a collaborative effort of highly experienced structural
engineers, construction engineers, academicians and other eminent fellows of respective areas. These codes are
revised periodically based on current research and trends (e.g. IS 456: 1978 and IS 456: 2000). Codes serve the
following objectives/purposes:

1. They ensure structural stability/safety by specifying certain minimum design requirements.

2. They make the task of a designer rather simple by making available results in the form of tables and
charts.

3. They ensure a consistency in procedures adopted by the various designers in the country.

4. They protect the designer against structural failures that are caused by improper site construction
practices i.e. codes have legal sanctity and one can have a stand on the basis of these design
codes.

Basic Indian Standard Codes for Structural Design
Some of the basic Indian Standard codes for reinforced concrete published by the BIS (Bureau of Indian
Standards) are:
1. 1S 4562000 Plain and reinforced concrete-Code of practice.
IS 875 : 1987 (Part-1 to V) Code of practice for design loads.
IS 1893 : 2002 Criteria for earthquake resistant design of structures.
IS 13920 : 1993 Ductile detailing of reinforced concrete structures subjected to seismic forces.
IS 1343 : 2012 Pre stressed concrete design
IS 3370 : 2009 Liquid retaining structure
IS 10262 Concrete mix design
IS 1642 Fire protection
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1.4 Hardened Concrete

After final setting time (10 hr) from mixing concrete is
assumed to be hard, from final setting time concrete starts gaining
strength up to very long time (1 to 5 years).

Compressive Strength

(a) Compressive strength of cube: It is the compressive
strength of cube of size 150 mm, subjected to uniaxial

Number of cubes

Basic Design Concepts

_— Very good quality control

«— Good

_— Average

compression after 28 days from day of casting.

(b) Characteristics compressive strength of cube: It is
the strength below which not more than 5% of the test
results are expected to fail.

Strength (N/mm?2)

Fig. Influence of quality control on the
frequency distribution of concrete strength

NOTE: Experimentally, it is found that probability distribution of concrete strength (for a particular concrete
mix as found out by compressive strength tests in laboratory on a large number of specimens follow normal/

Gaussian distribution.

fp = f,+ ks
k = 1.65 (for 5% of definition)
s = Standard deviation that depends
on grade of concrete
As per IS : 456-2000, clause 9.2.4.2
Assumed standard deviation
Grade of Concrete Assumed Standard Deviation (N/mm?)
M10 } 3
M15 o
M20 } 40
M25 .
M30
M35
M40 5.0
M45
M50

f, = Target mean strength
k = o0
k=0

for 0% of definition;
for 50% of definition;

22 4100 <50%
A

Probability density

Strength

Example-1.1

If the characteristics strength of concrete f_, is defined as the strength below

which not more than 50% of the test result are expected to fail, the expression for f_, in terms of mean

strength f,and the standard deviation ‘s’ would be
(a) f,— 0.1645s
(c) f;
Solution: (c)
We know that, fo="1,+ ks
for 50% of definition, k=0

: ft = fck

(b) f-1.645s
(d) f+1.645s
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Uniaxial compressive test, results of 100 cubes are listed below in increasing
order. What is characteristics strength of concrete 26, 26.5, 27, 27, 28.5, 29, 29.5, 30, ............... , 44.5
Solution:

As per definition, characteristics strength should be 29 N/mm? since f, is designated in multiple of 5.
So, f,, should be either 25 or 30, in this case 7 samples (7%) are below 30 N/mm? so, 30 cannot be
characteristics strength now, 25 is the characteristics strength of this concrete because zero sample
(0% < 5%) is below 25 N/mm?

f., = 25 N/mm?

(c) Characteristics strength of concrete: It is obtained by dividing characteristics compressive strength
of cube by a factor 1.5 to account for variation in loading condition (other than uniaxial compression)
and variation in shape of concrete (other than cube of 150 mm).

(d) Characteristics strength of cylinder: Uniaxial compressive strength of concrete can be determined
by using different types of shapes of specimen (cube, cylinder, prism).

e (Cylinder gives more appropriate result for uniaxial compressive strength because effect of
friction between machine plate and ends of specimen is least.
e Middle portion of cylinder remain unaffected of friction.

~I™ Region affected

Unaffected due | / on
H H by friction

to friction

300 mm

150 mm (fck)cube =1.25 (fck)cylinder

NOTE: In general, compressive strength of cube is used for characteristics strength of concrete for conversation
purpose.

(e) Stress-strain diagram of concrete under uniaxial compression:

e  Stress-strain diagram is non-linear.
e Maximum stress is corresponding to
0.002 strain (approximately). " | M50
e Ultimate strain lies between 0.004 to 0.006. é :
« Brittleness increases with increase in i . M30
grade of concrete. - M20
e Modulus of elasticity increases with i
increase in grade of concrete.
e Falling portion of stress-strain curve is
obtained by controlled strain machine. 0002 oooa  oo06 Strain

Grade of Concrete

Grade of concrete are based on characteristics strength. As per IS code (Amendment No. 4) the various
grades of concrete are
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M10
M15¢ Ordinary grade
M20

M25-M60] - Standard grade

M65-M100] - High strength concrete
where, M represents mix and number represents grade which is characteristics strength of 150 mm cube

Basic Design Concepts 5

at 28 days.
Ex: M20
Mix Characteristics strength (N/mm?)
NOTE " IS 456 : 2000 is not applicable to grade above M-60 (Amendment No. 4, May 2013)
m IS 456 : 2000 recommends the minimum grade as M-20 for reinforced concrete.
m Minimum grade of RCC and PCC used, depends on the exposure condition.
Exposure Minimum Minimum
Condition Grade (RCC) Grade (PCC)
Mild M20 -
Moderate M25 M15
Severe M30 M20
Very Severe M35 M20
Extreme M40 M25

Tensile Strength of Concrete

It is approximately 7 to 15% of compressive strength and stress-strain diagram is almost linear. Since,
tensile strength of concrete is ignored in design so, it has vary less importance however it may be used to
calculate cracking width and cracking moment.

(i) Directtension test: Practically it is difficult to perform direct tension test due to stress concentration
and non-homogeneity of material.

(ii) Flexure test:

T
—

«—
R

L
wlr=

\

w|r=

+ve

wlr=

+ve
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M f E
Flexural formula, Z - ==
I y R
PL
3 o
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e Third point loading is applied for pure bending condition.
e Value of Pis increased from 0 to value corresponding to which first crack develops.

e Corresponding to cracking load, bending moment is calculated in central portion and tensile
strength is calculated as shown above.

e |S: 456 provides a standard formula for flexure tensile strength/modulus of rupture as shown
above:

e |S: 456 provides a standard formula for flexure tensile strength/modulus of rupture as shown
below:

f,= 0.7f
Ll
N/mm?2 = N/mm?
(iii) Cylinder split test/splitting tensile strength of concrete: Owing to limitations of direct tensile strength
test of concrete, cylinder splitting test is performed which gives more uniform results. In this test, a
standard plain concrete cylinder (as used in compression test) is loaded on its sides along a diameter.

Failure occurs by splitting of the cylinder along the plane of loading. This type of loading produces
a uniform tensile stress across the plane of loading.

The splitting tensile strength () is obtained as:

Where, Pis the maximum load applied at failure, dis the diameter of the cylinder specimen, Lis the
length of the cylinder specimen.

Tension Compression
B e e
f, ol
/
fi .
Stresses on a vertical

2P1‘CdL diametral plane

Fig. Cylinder splitting test for tensile strength
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Remember |S 456: 2000 does not provide any empirical formula for splitting tensile strength () as it
does for modulus of rupture of concrete (f,). For normal density concrete, the splitting tensile
strength is about 2/3" of the modulus of rupture of concrete.

=)
Calculate cracking moment of plain cement concrete section of size
200 x 300 mm of M30 concrete.
Solution:
f, = 0.7y = 0.74/30 =3.834 N/mm?
MC/’ _ fCI’

3.834 N/mm? x

<
I

200 x (300)2
T mm

= 11502000 N-mm = 11.50 kN-m

Creep of Concrete

Creep of concrete is covered in more detail in forth coming chapters. At present, it is worth to note that
creep of concrete is having the following ill effects on concrete structures:

1. ltincreases the deflections of certain concrete elements like beams and slabs.
2. ltincreases the deflection of very long / slender columns.
3. It slowly transfers the load from concrete to reinforcing steel over a period of time.
4. It causes loss of prestress in prestressed concrete members.

1.2 ; .

duration of loading
1.0
________________________ .“_“"“““}r;s_tgr;taneous
o 08 .E unloadingy| _ recovery
b -
€ = creep
g 067 I creep| | yitimate fecovery
) ° strain | | creep strain
0.4
________________ residual
0.2- Instan- creep strain
’ taneous
strain
0.0 t t } } ;
0.000 0.001 0.002 0.003 0.004 0.005

Strai Time since application of compressive stress
rain

Fig. Influence of duration of loading (strain-controlled) Fig. Typical strain-time curve for concrete
on the stress-strain curve of concrete in uniaxial compression
Following factors influence the creep of concrete:
High cement content increases the creep of concrete.
High water-cement ratio increases creep of concrete.
Creep increases when aggregate content is low.
Itincreases when air entrainment is high in concrete.
Low relative humidity increases creep.

g s~ o=
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Small size/thickness of members show large amount of creep.
Early loading of concrete members increases creep.
Long term sustained loading increases creep of concrete.

Long term sustained loading on concrete at a constant stress results in creep strains and a
decrease in the compressive strength of concrete.

Creep Coefficient for Design

As long as stress in concrete does not exceed one-third of its characteristics strength, creep may be
assured to be proportional to stress.

Ultimate creep strain

6 = Creep coefficient = , ,
Instantaneous elastic strain

Age of Loading| Creep Coefficient (6)

7 Days 2.2
28 Days 1.6
1 Year 1.1

Intermediate value of creep coefficient may be interpolarated by assuming that the creep coefficient
decreases linearly with the log of time (in days). Thus, creep coefficient for age of loading at 15 days
0.6[logg 28 —10g10 15]
[logyp 28 —10g1g 7]
ie. 0 =C-6,-logt
Effect of creep can be reduced by:
(i) Using high strength concrete.
(i) Delaying the application of finishes, partition walls etc.
(iii) Adding reinforcement.
(iv) Steam curing under pressure.

0, = 1.6+

Shrinkage of Concrete

Concrete is having shrinkage property due to presence of cement.

Concrete undergoes volume changes as it changes phase from plastic to solid and this process is
called shrinkage.

Shrinkage is usually expressed as a linear strain (mm/mm).
Unlike creep, shrinkage strains are independent of the stress condition of the concrete.
Shrinkage is reversible to a greater extent.

The total shrinkage of a concrete depends upon the constituents of concrete, size of member and
environmental conditions etc.

For a given humidity and temperature, the total shrinkage of concrete is most influenced by the total amount
of water present in the concrete at the time of mixing and to a lesser extent by the cement content.

Shrinkage has detrimental effects on the serviceability and durability of concrete. Shrinkage has
been divided into five types as per different mechanisms:

(@) Chemical shrinkage (b) Autogenous shrinkage (c) Plastic shrinkage
(d) Drying shrinkage (e) Carbonation shrinkage

(a) Chemical shrinkage:

e Thisis due to the chemical reactions in concrete.

e Inthe plastic phase the chemical shrinkage results in overall reduction of specimen volume and
at a later stage it creates pores within the mix structures.
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1.14 Major Challenges for a Structural Designer

In order to design a structure economically , a structural designer faces the following challenges:

'

Q.1

Q.2

Q.3

Q.4

1. Analysing a structure on the basis of highly simplified structural analysis theories which are far
from actual material (steel, concrete) behavior.

2. Construction of structure by the unorganized sector of construction workers and there always exists

a possibility of human error.

3. Structure subjected to a completely unpredictable natural environment.

STUDENT'S ASSIGNMENTS

A reinforced concrete structures has to be
constructed along sea coast. The minimum
grade of concrete to be used as per IS 456 :
2000is
(@) M15
(c) M25

(b) M20
(d) M30
[GATE-2008]

The characteristics strength of concrete is

defined as that compressive strength below

which not more than

(@) 10% of result fail (b) 5% of result fail

(c) 2% of result fail (d) None of above
[GATE-1999]

The cylinder strength of the concrete is less

than the cube strength because of

(@) The difference in the shape of the cross-
section of the specimens.

(b) The difference in the slenderness ratio of
the specimens.

(c) The frictional between the concrete
specimens and the steel plate of the testing
machine.

(d) The cubes are tested without capping but
the cylinders are tested with capping.

[GATE-1997]

The flexural strength of M30 concrete as per IS
456 : 2000 is
(@) 3.83MPa
(c) 21.43MPa

(b) 5.47 MPa
(d) 30.0MPa
[GATE-2005]

Q.5

Q.6

Q.7

Q.8

In a random sampling procedure for cube
strength of concrete, one sample consist of X
number of specimens. These specimens are
tested at 28 days and average strength of these
X specimens is considered as test result of the
sample, provided the individual variation in the
strength of specimens is not more than =Y
percent of the average strength. The value of X
and Y as per IS 456 : 2000 are
(@) 4and 10 respectively
(b) 3 and 10 respectively
(c) 4and 15 respectively
(d) 3and 15 respectively

[GATE-2005]

The modulus of rupture of concrete in terms of
its characteristics cube compressive strength
(f,,) in MPa according to IS 456 : 2000 is

(a) 50007, (b) 0.7 F,,
(c) 5000,/fy (d) 0.7\fy

[GATE-2009]

The modulus of elasticity, £ = 5000,/fy, Where

fis the characteristics compressive strength of
concrete, specified in IS 456 : 2000 is based on
(a) Tangent modulus

(b) Initial tangent modulus
(c) Secantmodulus
(d)

d) Chord modulus [GATE-2014]

The target mean strength f__for concrete mix
design obtained from the characteristics
strength f_, and standard deviation ¢, as defined
in IS 456 : 2000 is
(@) f,+1.350
(c) f,+ 1.55¢0

(b) T, +1.450
(d) f ,+1.650
[GATE-2014]
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Q.9

Q.10

Q.11

Q.13

Limit state of serviceability of prestressed

concrete sections should satisfy

(a) cracking deflection and maximum
compression

(b) cracking only

(c) deflection and cracking

(d) deflection and maximum compression

Mild steel used in RCC structures conforms to
(@) 1S:432 (b) IS: 1566
(c) 1S: 1786 (d) IS : 2062

The value of ultimate creep coefficient for concrete
(a) increases with age of loading

(b) decreases with age of loading

(c) remains constant

(d) is taken as 0.0003

The cover to reinforcement in a RC beam shall
not be less than

(i) 25mm

(i) diameter of the bar (¢)

(iii)y spacing between the bars

(iv) 5mm

Which of the above statement(s) is/are true?
(@) (i) and (ii) (b) (i) only

(c) (ii)only (d) (i) and (iii)

Minimum grade of concrete that can be used in
structures as per IS 456: 2000 is

(@) M15 (b) M20

(c) M25 (d) M30

Which of the following reinforced concrete
design philosophy do not distinguish between
the different load cases?

(@) Limit State Method

(b) Working Stress Method

(c) Ultimate Load Method

(d) All of the above

RCC & Pre-stressed Concrete
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Q.15 The number of concrete cube samples required
to be taken for 35 m® of concreting work as per
IS 456 : 2000 is:
(@) 1 (b) 2
(c) 3 (d) 4
Q.16 Which of the following curve is NOT covered by
IS 456 : 20007
(a) Stress strain curve of concrete in tension.
(b) Stress strain curve for mild steel.
(c) Stress strain curve of concrete in
compression.
(d) Stress strain curve for cold worked steel.
Q.17 Flexure strength of concrete is determined as
(a) modulus of rigidity
(b) modulus of rupture
(c) modulus of plasticity
(d) modulus of elasticity
Q.18 Why are steel reinforcing rods used in concrete
beams
(a) tomake it carry compression
(b) to make it carry tension
(c) to make it carry tension as well as
compression
(d) none of these
Q.19 As per IS 456 : 2000, in absence of test data
approximate value of total shrinkage strain for
design may be taken as
(a) 0.004 (b) 0.001
(c) 0.002 (d) 0.0003
Q.20 Characteristics strength of concrete measured at
(a) 14 days (o) 28 days
(c) 91days (d) 7 days
STUDENT'S
> ANSWER KEY / ASSIGNMENTS
1. (d) 2. (b) 3. (0) 4. (a) 5. (d)
6. (d) 7. () 8. (d) 9. (c) 10. (b)
11. (b) 12. (a) 13. (b)  14. (b) 15. (d)
16. (@) 17. (b) 18. (b)  19. (d) 20. (b)






