|_.I.

b

[ 1

—_—

Introduction

Concrete
Ingredients of Cancrete
Important Properties of Concrete

Advantages of Concrete

Concrete Mix Proportions

Reinforced Concrete

Steel Reinforcement

Loads

Methods of Design of Reinforced Concrete

ractice for RCC Desian

Principies or Werking Stress Method

—

Analysis of Singly Reinforced Sections

__

Secanned with CamScanner



1.0 INTRODUCTION

structures have become very common in Civil engineering construction
ablished as a universal building malterial because of its high COMpressiye

Concrete &

Concrete has establishec | |
ability to take any form and shape and resistant to fire and corrogjgp

strength, its adopt |
is very strong in compression but very weak

with negligible maintenance cost. Concrete
tension. Its low tensile strength is compensated by introducing steel reinforcement i,

in
the tension zone. Thus, the concrete is strenathened by steel and the resultant COMposite
wn as Reinforced Cement Concrete. Thus RCC is used extensively i,

mass is kno .
anks, dams etc. The design of these modery

construction of buildings, bridges,
reinforced concrete structures may appear to be complex. However, most of these

structures are the assembly of several basic structural elements suca as beams, columns,
slabs. walls and foundations. Accordingly, the designer has to learn the design of these
hasic reinforced concrete elements. The joints and connections are then carefully

developed.

1.1 CONCRETE
Concrefe is a composite material consisting of cement, aggregate and water in suitable
proportions. The chemical interaction between cement and water binds the aggregates in

io a solid mass. Fresh concrete will be plastic, so that it can be moulded to any desired
shape in the moulds and compacted to form a dense mass. Water has to be applied for
few days over the concrete surface soon after its setling because the hydration reactions
between cement and water continue for a longer period due to which hardening of concrete

seriod when conerete is kept moist during which concrete gains strength

takes place. This |
is called curing period. Hence. the strength of concrete increases with age. The process

of solidification of concrete from plastic stage is called setting while gaining of strength
alter setting is called hardening. Usually. setting completes within a maximum duration of
[0) hours, while about 90% of hardening is completed by 28 days.

The properties and quality of cement concrete are influenced by the properties of its

ingredients and quality control maintained during its making and curing.

1.2 INGREDIENTS OF CONCRETE

The main ingredient materials in concreie are:
(a) Cement
(b) Adggregates
(c) Water
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1 2.1 CEMENT

Cement is the binding material which is obtained by burning calcareous, siliceous
and argillaceous materials together in definite proportions at high temperature and
grinding the resultant clinker in to a fine powder. Various types of cements hawve
been developed for the use in different types of structures under different situations.

According to 1S : 456-2000, the types of cements and their suitability for a specific
situations are given in Table 1.1

TABLE 1.1: Types of Cements and their Suitability

==l

's.No. Type of Cement

Where Used ”

s.No. '_|s Code |
1o Ordinary Portland cement _ |||l
33 Grade | 1S: 269 | All general concreting wnrks_ _||

43 Grade 1S: 8112 Multi story structures !.

53 Grade 1S: 12269 Bridges, Tall structures, Prestressed |

| (Compressive strength of cement at 28 days in N/mm? is called as grade of cement)

concrete work

2. Rapid hardening cement 1S: 8041 Road works and repairs
| . : :
| 3 Low heat Porlland cement 1S: 12600 Mass concreting-Dams
| 4. Fort land slag cement 1S: 455 Marine structures H
| ¥ H - |
B Portland pozzolana cement |1S: 1489 General bulding works,
mass concrete, Marine structures
I 6. sulphate resisting Portland 1S: 12330 Marine structure foundations in
I |
cement sulphate bearing soils
l | :
| e | Hydrophnohic cement 1S: 8043 Swimming pools, floors of food
| processing plants |
| | | - i
| . 8. | High alumina cement 1S: 6452 Marine structures
| : | . -
Marine structures, construction of

i 9. Supersulphated cement 1S: 63909
| |

1.2.2  AGGREGATES

well gra'ded_

SEWEIS

Around 75% volume of concrete is occupied by the aggregates. Hence. the structural
behaviour of concrete is significantly influenced by the fype of aggregates used. The
aggregates used for the concrete should be durable, strong, hard. chemically inert and

e e e e e e e
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Aggregates whose particle size varies from 0.075 mm to 4.75 mm are called as fing

aggregate, Aggreqates with particle sizes more than 4.75 mm are called ag Coarse
aggregates. Usually sand is used as fine aggregate where as crushed rock and grave ig

used as coarse aggregate.
The nominal maximum size of the coarse aggregate shall be as large as possible but it

should be limited to 4 th of the minimum thickness of the member,

The various properties of aggregates like specific gravity, strength, tmughnessj
hardness. soundness, particle size distribution and grading should comply with

the IS code 15:383-1979.

Water plays an active role in the chemical process of hydration of cement and in curing
of concrete. Hence, the water used for mixing and curing of concrete should be clean
and free from injurious amount of oils, acids, alkalies. salts, organic matter etc, that
may be deleterious to concrete and steel. Drinking water is generally considered
satisfactory for mixing of concrete. Sea water should not be used for mixing and curing
because of presence of harmful salts in it. The PH value of water should not be less

than 6. The physical and chemical tests for water should be done as per 1S: 3025.

1.2.4  ADMIXTURES

Admixtures are added to the concrete before or during mixing, to modify one or more
of the specific properties of concrete in the fresh or hardened states. 15:9103-1979 lays
down the procedures for evolution of admixtures for concrete. The different types of

admixtures used are given below.

1. Accelerating Admixtures: These are added to concrete to increase the rate of
early strength development, which in turn facilitates earlier removal of form work.

Common accelerators are calcium chloride, fluosilicates and trietanlamine.

2. Retarding Admixtures: These are added to slow down the rate of setting of
cement. They are useful in hot weather concreting. Common types of retarders
are starches and cellulose products, sugar and hydroxyl-carboxylic acids

3. Water Reducing or Plasticizing Admixtures: The addition of plasticizer allows
grealer workability for civen water cement ratio or aiternatiuefy retains the
workability while reducing the water content. The basic ingredients of water
reducing agents are either lignosulphonate salts or polyhydroxy compounds.

4. Air-Entraining Admixtures: These are used to incorporate air in the form of
minute bubbles in concrete usually to increase workability and resistance to
freezing and thawing. Commonly used alr-entraining agents are animal and

ﬁ
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1.3

vegetable olls, natural wood resins and their sodium salts, alkali salts of sulphated
and sulphonated organic compounds,

IMPORTANT PROPERTIES OF CONCRETE

1.3.1

COMPRESSIVE STRENGTH/GRADE OF CONCRETE

The compressive strength of concrete is the characteristic compressive strength (fc) of
150 mm concrete cubes at the age of 28 days in N/mm#. The characteristic strength is
defined as the strength of material below which not more than 5% of the test results are

expected to fall.

IS 456-2000 specifies the characteristic compressive strength of 150 mm cube at the

age of 28 days in N/mm?, as the Grades of concrete varying from 15 to 80 N/mm

2

designated as M 15 to M 80. Based on the characteristic compressive strength (fe),
concrete is graded as given below :

TABLE 1.2 : Grades of Concrete (Table 2 of IS 456-2000)

|‘ Group

Ordinary concrete

Standard concrete

- m= ==

' High strength concrete

iGrade Designation| Characteristic Compressive Strength of
150 mm Cubes at 28 Days in_N.-'mrnE,_ fox
M 10 10 | ]
M 15 15 C A Al
M 20 20 e cperii |
M 25 25 S
M 30 30 | |
M35 35___ | B B
M40 40 o
M 45 45 |
M50 - |
R 3 55 | - - 513 _ _ |
" Meo0 | _ 60 _
 Me6s5 _ 65 :
M0 70 N
M ,_ : E
M 80 | 80 ]

In the designation of concrete mix,

characteristic compressive strength of 150 mm cubes dt 28 days in N/mm*.

M refers to the mix and the number to the

2
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-For reinforced concrete, the minimum grade of concrete to be used is M 20. For "-"ﬂl”it::ug
weather conditions, the minimum grade of concrete to be used for reinforced Concrege

is given in Table 1.3.
ncrete for Different Exposure Condilions

TABLE 1.3 : Minimum Grade of Co ke - U i B
i|"_ -- . | _ - —---' _ Ex_pnsure - ___—__I'_ Minimum Grade u'-f_ﬁ;ncre_Teji%-E‘j
|||| ) - Mid WS - M20 |
||i Moderate _ - b ____M 25 B o
||! Severe ) N M30 o
|I Very severe | . - M 3?_ o B
!| Extreme | M 40 opcac: |

1.3.2 TENSILE STRENGTH

The tensile strength of concrete is very low and hence it is not taken in to account in the
design of reinforced concrete. But it is an important property which affects the extent and
width of cracks in the structure. According to IS 456-2000. the tensile strength of concrete

can be calculated from the compressive strength using the following relation.

| e f Inl;l
for = 0.7 Jfy Nimm#
Where . is the characteristic cube compressive strength of concrete.

1.3.3  MODULUS OF ELASTICITY

Modulus of elasticity of concrete is an important property required for computation of
deflections of structural concrete members. In the absence of test data, the modules of
elasticity of concrete is related to compressive strength by the following relation as per
15 456 - 2000,

Ec =5000,/f, N/mm?

Where E_ is the short term static modules of elasticity in N/mm?2
1.3.4  POISSON RATIO

Poisson ratio varies between 0.1 for high strength concrete and 0.2 for Wl betiarat:
Usually it is taken as 0.15 for strength design and 0.2 for serviceability calculations.
1.3.5 SHRINKAGE

The property of decreasing in volume during the process of drying and hardening of
concrete is called shrinkage. Shrinkage in concrete may results in surface cracks
Shrinkage of concrete also influences the deflections of reinforced concrete members

e H
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1.3.6

e

It depends up o
P on the Ingredients of concrate and enviranmental conditions like

temperature and humidit
v. The 1S : 456- !
ST o T 56-2000 recommends the total shrinkage strain

CREEP

1.3.7

Creep is d
P efined as plastic deformation under constant load or stress, The creep

coeilﬁmem which is defined as the ratlo of ullimate creep straln to the elastic strain at
bl e 39‘35 of lﬂadings as recmnmmdvd hy 1S 456-2000 18 glven below,

B T M—

Age ] Loading - ‘Cruolll C"uofi'lulqnt ]
7 days g ?2 e \
1 year | P e e e = T N S SRy \

Creep of concrete considerably incxzases the deilections oi rr_lnforced concrete flexural
members. Higher the creep coefficient more will be the deflections. The value of creep
coefficient is useful in the calculation of time dependent deflections in reinforced concrete
members. ' |

WORKABILITY

The workability of freshly mixed concrete is that property which determines the ease
and homogeneity with which it can be mixed, placed, compacted and finished. A
workable concrete should not show any segregation (separation of constituents of
concrete in its plastic stage) or bleeding (rise of water in the mix to the surface when it

is compacted).

A workable concrete possesses required lubrication for handling concrete with out
segregation, can be placed in the forms with out loss of homogeneity, compacted with

minimum effort and shall be finished easily.
The factors which influence the wlorkabllity are : »
(i) - Water-Cement ratio
(ii) Type and grading of aglgregate.
(iti) Ratio of fine and coarse aggregate.
{iﬁ) Use of admixtures.

(v) Efficiency of mixing.
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1.3.8

Heavily reinforced sections in slabs, beams, walls,” |  Medium 50-100
| columns.

ilj Slip form work, pumped concrete : - Medium .- .75-100
| Trench fill. Insitu pilling =~ . | High - - 100-150

e . DESIGN AND DETAILING OF R.C. ELEME)
5 : TS
ability are : i

Recommended tests to measure work

il Sa e (i) Compacting factor tést

(iii) Vee Bee consistometer test
A Suggested ranges of workability of concrete in accordance of IS : 1199 are givey

(iv) Flow test

below. .
TABLE 1.4 WOrkablhty for Different Placfng Condlﬁuns (Clause 7.1 of IS 456- -2000)

|5 _ Placmg Conditions Degree of & Slump mm

| ' . £ 8 e Workability

| Blinding concrete, shallow sections, pavements using Very low (0.75-0.8

| pavers. | compaction factar)
! ]
| Mass concrete, lightly reinforced sections in slabs, ' Low : 25-75

| beams walls, columns, floors, Hand placed
| pavements, canal linings, strip footing

| Tremie concrete

UNIT WEIGHT

Very high | Based on flow test

1.4

The unit weight of concrete depends up on the type of aggregates and amount of
voids. The unit weight as specified by the IS : 456- 2000 for plain concrete and reinforced

concrete are 24 kN/m® and 25 kam respectively.

ADVANTAGES OF CONCRETE

The following are the advantages of ‘concrete due to which concrete is extenswely used
in construction industry.
1. Compressive strength of concrete is very high
Concrete can be moulded to any desired shape.
The materials for concrete are easily available,
It is easy to make.

It is durable

o Uk N

By proper proportioning of mix, concrete can be made watertight,

\ - .

gl i
s i—
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7. lts mono]ithic character gives it more rigidity.
It is fire resisting.
9. Its maintenance cost is practically nil.
10. Strength of concrete increases with age.
Disadvantages of Concrete: |
1. Tensile etrength of concrete is very low and hence plain concrete cannot be used
in S:Matlpns where tensile'.stresses are developed.

. 2. Strict quality control has to be maintained during production, placing and
compaction: o '
3. Curing has to be dqne for at least 14 days and hence. time_of-construction
increases. : '

4. Once the members caste with concrete, it is very dlfflcult to dismantle it.

The mix proportlons shall be selected to ensure the workablllty of fresh concrete
and when concrete is hardened it shall have the requtred strength durablhty and

The main objectiue of concrete mix proportioning is to select the optimum proportion .
of the various ingredients of concrete (cement, aggregate, and wates}, to attain the
required workablhty (when it is fresh) strength and durabil 1ty (when ;t 15 hardened) _

with minimum cost. It can be done in the following two ways.

1.h CDNCRETE MIX PHUPDRTIGNS
surface finish.
(a) Nominal mix concrete =
(b) Design mix concrete
1.5.1 NOMINAL MIX [:E]HBHETE

In nominal mix, the proportions of cement, aggregate and water are nommally adopted

Nominal mix conérete is used on smiall works for routine concrete construction and for
concrete M 20 and lower. However it requires high cement content. Nominal proportions
such as 1:2:3, 1:3:6 etc. have no significance for strength and durability. In these, the
quantity of fine aggregate is fixed irrespective of the cement content and the maximum

. size of aggregate. Hence, the variations in the quality of concrete produced are inevitable. .

The pronortions. of materials for nominal mix concrete prescrlbed by IS : 456 - 2000

are given in Table. 1.3.
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ble 9 of IS 456-2000) S

== “Jotal Quantity of Dry Aggregates | Proportion of Fine Aggregate | Quantity gf_ﬁa;;fl;; r
| by Mass Per 50 kg of Cement, kg | to Coarse Aggregate (by Mass) | 50 kg of Cemeny May -
60

Concrete
’L ms | 800 |
J - Generally 1:2 but subjected | o

/ to an upper limit of 1:1 172 _T\

TABLE 1.5 : Proportions for Nominal Mix Conq_r_e_tl?_{Ta_

480
and a lower limitof 1:2v2 | —— |
: ! 32 d

fl:' M 10
/ M 15 330 _—
f - i
| M20 250 s bl - , 30 |
—_— ——__—_—-——_—_-_.____\______‘_‘_H_‘_‘_“
adjl_xsted from Upper

Note: The proportion of the fine to coarse a'ggregates should be

limit to lower limit progressively as the grading of fine aggregates becomes finer and

the maximum size of coarse aggregate becomes larger.

Example : For an average grading of fine aggregété (Zone-II), the proportions shall be
1:1% 12 1:2%2’ for maximum size of aggregate 10 mm, 20 mm and 40. mm respectively,

The proportions for nominal mix concrete generally adopted in practice are given beloy,

Nominal Mix Proportions (Cement : Fin:
Aggregate : Coarse Aggregate],

]
Grade of Concrete

||
.rll'I

;I; MS f 1:5:10

|'| ; . B |
i M X

:;|' ?5 I 1 b 4 b 8

f M 10

L M 15 I ;

| ; , e W e R wit

I

f _ : :
{6 Lﬁ————————————@\L 1:1%:3 .
3.2 DESIGN MIX CONCRETE ‘HE_\——__“——'———\———;:_;_J

The process of mj i

St pmdxuizs;ﬁn consists of selecting optimum Proportions of cement. g

i " 3 i e grade of concrete with the required s e s
ility with minimunm St R quired workability, strength and
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1.6

(i) Minimum voids method
w[ii] Maximum density method
(iii) Fineness modulus method
(iv) Road research laboratory (RRL) method

(v) American concrete instifute {ACI] method
(vi) LS Code method

REINFORCED CONCRETE

1.

Reinforced concrete (RCC) is concrete that contains embedded steel bars, plates, or
fibres that strengthen the material.

Concrete has a high compressive strength and a low tensile strength. This led to the

~ invention of reinforced concrete, which is a combination of concrete and steel in which

steel provides the tensile strength lacking in concrete. In addition, steel can also carry
the compressive load as found in column structures.

The combination of concrete and steel in reinforced concrete produces a structural
element that take the advantage of each material. The high tensile capacity of steel is
used to overcome the low strength of concrete. On the other hand, the high resistance
of concrete against corrosive environment is used to protect steel, which is prone ’_to
corrosion. Also both concrete and steel are bonded together very well, thus able to
resist the load as a unit. This excellent bond is achieved by chemical adhesion between
two materials, the surface foughness and closely spaced ribs along steel.

To produce good reinforced con(:relte' élemenis, cdnérete and steel must be of good
quality. Mix design for concrete must be prepared such that the produced concrete
satisfies the workability, strength, and exposure condition requirements The steel is
produced in factory and normally in good quallty However, make sure that the steels
are clean and not corroded.

STEEL REINFORCEMENT

Steel bars are essentially used in the tension zone of flexural members of concrete to -
resist the tensile stresses as concrete is weak in tension and in compression members to

. increase the load carrying capacity.

Steel is used as reinforcement to take up the tensile stresses in RCC construction because
of the following reasons. .

(a) Its tensile strength is high

(b) "It can develop good bond with concrete.
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(c)
(d) ltis easily available.
SIGNIFICANCE/FUNCTIONS OF REINFORCEMENT IN R.C.C

The reinforcement in RCC serves the follcwing different types of functions.

It coefficient of expansion is neariy same as for concrete.

1.7.1

(i) To resist the bending tension in flexural members like slabs, beams and walls o

water tanks etc.
To increase the load carrying capacity of compression members like columng

(ii)

(iii) To resist diagonal tension due to shear.

(iv) To resist the effects of secondary stresses like temperature etc.

(v) To reduce the shrinkage of concrete.

(vi) To resist spiral cracking due to torsion. 5

(vii) To prevent the development of wide cracks in concrete due to tensile strains.

1.7.2  TYPES OF REINFORCEMENT

Reinforcing steel consists of bars usually circular in cross section. The following four
types of steel] reinforcement are generally used in reinforced concrete construction.

(a) Mild steel and medium tensile steel bars cenform:ng to IS : 432 {Part )

(b) HJgh vield strength deformed steel bars (HYSD bars)conforming to IS : 1786

(c) ~ Steel wire fabric conforming to IS : 1566.
(d) Structural steel conforming to Grade-A of IS : 2062

_ All reinforcement shall be free from loose mill scale, loose rust, oil, mud, and any other
substarices which reduces bond between steel and concrete. The grades of steel normally
used for reinforcement are Fe 250, Fe 415 and Fe 500. In mentioning the grade of
steel, Fe refers to ferrous metal and the number following it refers to sleecified guaranteed
vield strength in N/mm?. The stress strain curves for different grades of steel are shown

in Fig. 1.1.
Mild Steel Bars (Fe 250) : These plain bars of mild steel are of grade Fe 250 ee-nferming

to IS : 432 - 1982. It has well defined yield point giving yield stress of 250 N/mm¥ and

excellent ductility with high percentage of elongation at failure (> 23 %). The actual
" and idealized stress strain curve for mild steel is shown in Fig 1.1. The properties of

mild steel are given in Table 1.4.
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Grade |
Mild Steel

I+
Medium

tensile steel
|

-

ﬁpenf Stenl

| Grde -l |

T ey — -

M Inirodiatipn o i ﬁ,(} ﬂ. ﬂ-'ltl Pn‘nrr-‘;n'fm nf Wnrm;iu rm.-nm Mrﬁ.‘mﬂ

mir

TM}LH 1 (i ! Prmmrllnn nl Mild thaal (10 fma (Hn2, P’nrl-ll

IS Cm!ﬂ

15 432:1982
Part « |

IS 432-1982

Part - |

Part - |

IS 432-1982

Hnr Dinmnlnr
4 20 mm _

<20 mm
.20 to 50 mm

< 20 mm
20 to 50 mm

< 16 mm
16 to 32 mm

» 3? to 50 mm

Mln1mum led Minlmurn Mln Ultimate
Stress M/mm” (f,)|  Elongation % |  Stress N;v'mrnI
2150 23 410
o 2 "

220 23 370
215 23 | 370
150 20 530
340 20 540
330 ?.U B 510

High Yithi Slmnglh Defnrmcd Barﬁ (Fe 415 8 Fe .:00) Aﬁ the name 1ndlc:ates
these HYSD bars have high yleld sirength but the yleld point is not well defined. The
yield stress or characterlstic stress Is glven by 0.2 % proof stress, These bars possess
ribs, lugs or deformations on thelr surface due to which the'hor}d strength is improved,
The properties of HYSD bars are given in Table 1.6.

TABLE 1.6 : PrOpElrIIEJB of HYSD Barﬂ [IS 1?86 1985] T T
 Property | Fedts o FO800 . |
0.2% proof stress, rpl_n_thmmz 41?_ - 500

Elongation %, min 14.5 12,0

‘Ultimate stress, min N/mm?2

FIG 1.1 : Typical Stress-Strain Curves for Reinforcing Steels

Stress (N/mm?) ke

186 % more 1han actual

D 2% proof skress

10 % more than actual 0.2 %

proof stress

b s
0 Es =2 x 105 N/mm? (For all Steels)
mt—
gilieesiie iy sy |
0 ) B 12

16

Strain (Percent)

| %

20
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MODULES DF ELASTICITY OF STEEL

1.7.3

The module of elasticity of steel of all grades Is taken as 2 x 10° N/mm?2 (200 mfmnﬂ)_
1.7.4 lﬂ:ilIT WEIGHT OF STEEL _

Thl? unit weight of steel is 78.5 kN/m3 (7850 ka/m3), A quicker method 1o fing the

weight of bar of circular section is given by the following equation,

¢z
Weight of bar in kg/m = 622

Where ¢ = Diameter of the bar in mm
1.8 LOADS _ |

The reinforced concrete structures are designed to resist the following types of loads,

1.8.1

(i) Dead loads _
(i) Live loads or Imposed loads
(i;li} Wind loads
(iv) Earthquake forces
(v) Snow loads
(vi) Shrinkage, creep and Temperature effects,

(vi) Other forces and effects ' '
DEAD LOADS

Dead loads are permanent or stationary loads which are transferred to the structure throughout
their life span. Dead loads mainly due to self weight of structural members, permanent partitions,
fixed equipments and fittings. These loads shall be calculated by estimating the quantity of
each material and then multiplying it with the unit weight. The unit weights of various materials
used in building construction are given in the code IS : 875 (Part-1) - 1987. The unit weight
of commonly used building materials are given in Table 1.8, '

. TABLE 1.8 : Unit Welghts Common Building Materials
ﬁ—‘—— —_— ;—_.:—_ e —— e e e e
S.No.. Materia | i Unit Weight KN/m3
e L R AR
1. | Plain concrete 24
e———— ]
2. | Reinforced concrete 25
3. | Brick masonry , cement plaster i 20
4. | Stone masonry - ' 24
3. | Wood ; ' 8
———_._________________—___________________
6. | Steel 78.5
7 e e S
Floo_ri‘zs__h_____ e J 0.6 - 1.2
- _ ———— ——— ———e— B
e e e A Y EE
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1.8.2 LIV LOADS (08) MPosEp 1papg e

i

I

These are the |o;

e iy C:Z';dfoﬂsf?; cizmgles with respect (o thme, Live lomds or itnpesed Joads

i e mme:l)ﬂop'; ocetupylng the floor, welght of meovable pariitions,

AT U o . ; a,r e live lr:ful_f: fo be taken I dasign of bulldings have

i art - d')'- 1987, Some of the common live loneds used 1 the
g uildings are given in lable 1.8,

_T_ABLE 1.8 ¢ Livo loads on tloors (16 : 876, Pan-2)

_TypeofFloors [ Wnimum Live Load kHi/m? |
Floors in dwelling houses, tenements, hospltal wards, 2.0, I
hostels ahd dormitorie |
Office floors other than entrance halls, ﬂbors uf ﬁght _2‘.5 < 4,0 {’:_L!i, when separale
storage viork rooms facility Iy
provided, other vise 4.0)
3. | Floors of banking halls, office entrance halls and 3.0
reading rooms : '
4 | Shops, educational buildings, assembly buildings, G ...__-_.;;U___._.._.._..
restaurants Iy "y
'3 | Office floors for storage, assembly floor spéxce without . 5.0
fixed seating, public rooms in hotels, dance halls and
waiting halls
6. | Ware houses, work shops and factories
(a) Light weight loads 5.0
(b) Medium weight loads - 7.5
J (c) Heavy weight loads ' | - 10.0 .
J 7 "Garages (light-handling vehicles of weight < 25 kN) : 4..0
Garages (heavy- vehicles of weight > 25 kN) ' | 7.5
8. | Stairs, landings, Balconies and corridors for floors 3.0
mentioned in 1, but not liable to over crowdipg :
Stairs, landings and corridors for floors mentioned in 5.0
1, but liable to overcrowding and for all other floors - N -
‘ 9 Flat slabs, sloped roofs |
(a) Access provided . _ fad _' R .
(b) Access not provided e 0-?5_ ks
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1.8.3  WIND LDADS '
he horizontal load caused by the wind Is called as wind loads, |t depens up on fhﬁ
T Ie ,:,rof wind and shape and slze of the bullding, Complete detalls of o
veloc

|cula”n'
wind loads on structures are given In IS : 875 (Part - 3) - 1987, Brief Idea of

provisions is given below,

(i) Basic wind pressure V}, has to be picked uip depending upon the locality of th bulldy,

(i) To get the design wind velocity Vz the following expression shall be useq,
Ve = k1 ko kg Vy,

Where ' ki = Risk coefficient

n

= Coefficient based on terrain, height and structure sjze

)
1

k3 = Topography factor
(iii) The design wind pressure is given by
P,=o06v2 -
Where P, is in N/m?2 af height Z and V, is in m/sec. Up to a height of 30 m, the wind

pressure is considered to act uniformly. Above 30 m height, the wind pressure increases
1.8.4  EARTH QUAKE FORCES '

Earthquake shocks cause Mmovement of foundation of structires. Due to inertia additiong]
forces develop on the super structure. The impact of earthquake on structures depends
on the stiffness of the structure, stiffness of the soj] media, height and locafion of the
structure efc, Accordingly, the country has been divided into several zones depending
on the magnitude of the earthquake. Depending on the problem, one of the following
two methods may be used for computing the seismic forces,

(i) Seismic coefficient method.,

(i) Response spectrum method. ¥ &

The details of these methods are prescribed in S :
Building Code of Indja. |

1.8.5  SHOW LOADS
——==_onWUW LUADS

1893 ‘code 'and also in National

1.8.6 SHRINKAGE, CREEP AND TEMPERATURE EFFECTS

Shn’nkage, Creep and temperafure'{high or low) mhy produce stresses and cause
deformations like other loads and forces. Hence, these are also-considered as

.Scanned with CamScanner



@ Introductlon to R.C.C; and Principles of Working Stross Method

(117

loads which are time dependent. The safety and serviceability of structures are to
be checked following the stipulations of clauses 6.2.4, 5 and 6 of IS : 456 : 2000

and Part 5 of IS : 875,
OTHER FORCES AND EFFECTS

1.8.7
IS : 456 : 2000 stipulates the following forces and effects to be taken into account in
case they are liable to affect materially the safety and serviceability of the structures.
The relevant codes as mentioned therein are also indicated below
* Foundation movement (IS : 1904) '
* Elastic axial shortening ‘
» Soil and fluid pressures (IS : 875 - Part - 5)
. » Vibration '
e Fatigue
e Impact (IS : 875 - Part-5) _
e Erection loads (IS : é75 Part - 2)
e Stress concentration effect due to pomt of apphcatlon of load and the like.
1.8.8 ﬂJMBINATIGN OF LOADS | '
Load combinations have to be taken in accordance to the IS : 875 (Part - 5) - 1987
1.9 METHODS OF DESIGN OF REINFORCED CONCRETE | |

The aim of design is to decide the size of the member and amount of reinforcement

required, so that the structure will perform satisfactorily during its life period with

minimum cost. With an appropnate degree of safety the structure should

(i) Sustam all Ioads
(ii) Sustam the deformations during and after constructlon

- (iii) Should have adequate durability and
(iv) Should have adequate resistance to misuse and fire.
In any method of design of reinforced concrete structures the following are the common

steps to be followed:
(i) To assess the dead loads and other external loads and forces l:kefy to be applied

on the structure,
To determine the design loads from different combinations of loads,

(i)
(iii) To estimate structural responses (bendlng moment, shear force, etc.) due to the
~ design loads, . ¥

To determine the cross-sectional areas of concrete sections and amounts of

(iv)

remforcement needed.
Sy s s
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Many of the above steps have lot of uncertainties. Estimation of loads and evaluay,
of material properties are to name a few. Hence, some sultable factors of safeyy shoylq
be taken into consideration depending on the degrees of such uncertainties,
The following three methods have bgen 'deuei‘opr.-.'d Jor the design of m‘"f‘"ﬂed
concrete structures. - _

(a) Working stress méthoc} ' (b) -Ultimate load method -

(¢) Limit state method -

1.9.1  WORKING STRESS METHOD

Working stress method is based on elastic theory assuming reinforced concrete ag elas
) ; ; . : lastic

material. The stress strain curve of concrete is assumed as linear from zero.at the neutry)

axis to a maximum value at the extreme fiber | v

This method adopts permissible stresses which are obtained by dividing ultimate stregs

bya f.ac-tor known - factor.of safety. For concrete a factor of safety of 3 is used and foy
steel it is 1.78. This factor of safety. accounts for any uncertainties in g-s---+ -

....................................................

warlina lnade amd cancicar oo e )
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2.1 Introduction

2.2 Philosophy of Limit State Method

2.3 Limit States

2.4 Characteristic St'rength of Materials

2.5 Characteristic Load

2.6 Partial Safety Factors

2.7  Design Strength of Materials

2.8 I. Design Loads

0 00 0 0. 00 0 O

2.9 Differences between Working Stress Method & Limit Statz Method
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21  INTRODUCTION

—
rking stress method gih'g{_g.sksatisfact%
alistic at ultimateTstate of collapse,

tis unre .
ovides realistic assessment of safety, |t
ents at working loads. AN ideal method

of the structure but

[timate strength 01
d ,orientéd towards the

As discussed in the previous chapter, wo
performance of the structure at working loads; i

Similarly, while the Ultimate load method pr

does not guarantee the serviceability requirem

is the one which takes in to account not only the U
also the serviceability requirements. Limit sta
simultaneous satisfaction of all these reqUifements'

2.2  PHILOSOPHY OF LIMIT STATE METHOD oo
: s but whenit violates the

ecome unfit for use not only when it collapse e

such as deflections, cracking efc. A structure 15 sal to have
n the stmcturé as a whole or @ part becomes unfit for use,
fa structure is the condition of its being not fit

te metho

A structure may b
serviceability requiremen ts
reached its limit state, whe
during its expected life. The limit state ©
for its intended use. | ' .

he structure remains fit
against strength and serviceability
limit state in its life time. All the
design. The loads and strength of
ch (characteristic values), The

teristic values through the use

te method of design is to see.that t

oriod by assuring safety
ture will not reach the
be considered in the

d by probabilistic approa
derived from the charac

The philosophy of limit sta

for use throughout its life p

requirements i.¢. the struc

relevant limit states have to
materials are to be estimate

design loads and strengths are

of partial safety factors.

23 LIMIT STATES

Limit states are the acceptable limits for th
the structure before failure occurs. Many types o
fied. The two major limit states which are usua

e safety and serviceability requirements of
£ limit states or failure conditions can

be speci lly considered are the following.

(i) Limit state of colléﬁse

(ii) Limit state of serviceability

(i) Limit State of Collapse :

" [tis the limit state at which the structure is likely to collapse. The strﬁcture may collapse

due to rupture of one or more critical sections or loss of overall stability due to buckling

or overturning. This limit state may correspond to
(a) Flexure | '

(b) Compression

e |
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(c) Shear
(d) Torsion

(if) Limit State of Serviceabllity ;

Limit state of serviceability relate 1o the performance of the structure at weaking losos,
It is the limit state at which the structure undergo excessive deflection, which adueryely

affect the finishes causing discomfort to the users and ezcessive ¢ cracking which effacts
the efficiency or appearance of the structure, ‘This limit state may conresprmd to

(a) Deflection
(b) Cracking
(c) Other limit states (Vibrations, Fire resistance, I‘jumbi]ity)

All relevant limit states have to be considered in the des ign to ensure adequate degres
of safety and serviceability. The structure shall be designed on the basis of the most
critical limit state and shall be checked for other limit states.

CHARACTERISTIC STRENGTH OF MATERIALS

2.5

In Limit state design, design should be based on characteristic values for materizl
strengths and applied loads, which take into account the variations in the material
strengths and in the loads to be supported. The characteristic values shuuld be based
on statistical data if available; where such data are not available they 4z 5u:ld be based
on experience.

The characteristic strength of material is that value of the strength of the imaterial below
which not more than 5% of the test results are expected to fall.

For concrete, characteristic strength is compres:zive strength of 150mm cubes of 28

- days in N/fmm?2, below which not more than 5% of the test results are expected to fall

Concrete grades are specified based on this strength.

For steel, the minimum yield strength or 0.2% proof strength is taken as the Characteristic
strength of steel.

CHARACTERISTIC LOAD

The maximum working load that the structure has to withstand and for which it has to -
be designed is called Characteristic load. The characteristic loads are calculated based
on statistical analysis.

The characteristic load is defined as that value of load which has 95% probability of not
being exceeded during the life of the structure.
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The various loads acting on structures consist of dead loads, live loads, wind or
earches made

earthquake loads etc. These are discussed in sec.1.7. However, the res
“so far fail to estimate the actual loads on the structure. Accordingly, the loads are
predicted based on statistical approach, where it is assumed that the variation of the

loads acting on structures follows the normal distribution (Fig. 2.1)- |
l I r mean load. Accordingly,

Characteristic load should be more than the average ©
deviation for load)

Characteristic load = Average or mean load + K (standard
he actual load does _not exce
er cent of the cases.

ed the characteristic

The value of K is assumed such that t .
load during the life of the structure in 95 p

=] Mean value
o i
-0
[v']
=
o
=
°
) 4
[ = .
@
=
o
@
T-

'|- _ 4 .

-3 —2° -1 0 _1 : 2 _ 3 :
_ . | 164 & Vanahfeu._

& = Standard deviation

FIG 2.1°: Normal Dislributi_o_n Curve

26  PARTIAL SAFETY FACTORS

The design values are derived from the characte
safety factors, one for material strengths and the other for loads.
re based on statistical data.

ristic values through the us_é of partial

The characteristic values of loads as discussed in sec. 25a
It is assumed that in ninety-five per cent cases the characteristic loads will not be exceeded

during the life of the structures (Fig. 2.1). However, structures are subjected to
overloading also. Hence, structures should be designed with loads obtained by
multiplying the characteristic loads with suitable factors of safety depending on the
nature of loads or their combinations, and the limit state being considered. These factors

of safety for loads are termed as f)artial safety factors (¥ ) for loads.

Similarly, the characteristic strength of a material as obtained from the statistical apiaroach

is the strength of that material below which not more than five per cent,of the test

T — s —
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results are expected to fall. However, such characteristic strengths may differ from sample
to sample also. Accordingly, the design strength is calculated dividing the characteristic
strength further by the partial safety factor for the material ( Yy, ), where Y, depends on
the material and the limit state being considered.

DESIGN STRENGTH OF MATERIALS

Table 2.1 Partial safety factor for material strengths, y,, as per IS 456-2000

The design strength of materials is obtained by dividing the characteristic strength by a
factor known as partial safety factor. The partial safety factor takes in to account variation

- of material strength, local weakness etc.

The design strength of the materials, fg is given by

Desi ‘tr . characteristic strength
1 =
g} Ftengi partial safety factor
f
o= o=
Ym
Where f = characteristic strength of the material
Y, = Partialsafety factor appropriate to the material and limit state

being considered.
The value of partial safety factors materials as recommended by IS 456-2{)0{:] is given

in Table 2.1. \

Limit State of Serviceability

Material Limit State of Collapse
Steel 1.15 ' 1.0 ‘

i
Concrete 1.5 1.0

" the steel for reinforcemen

A higher value of partial safety factor for concrete (1.5) has been adopted because
there are greater chances of variation of strength of concrete due to improper
compaction, inadequate curing, improper batching & mixing and variations in pro;iert_ies
of ingredients. The partial safety factor for steel (1.15) is comparatively lower because
. »ment is produced in steel plants and commercially available in

specific diameters with expected better quality control than that of concrete.

Further, in case of concrete the characteristic strength is calculated on the basis of test

tandard cubes. But the concrete in the structure has different sizes.

results on 150 mm s :
To take the size effect into account, it is assumed that the concrete in the structure’.
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develops a strength of 0.67 times the characterlstic strength of cubes. Accordingly, i
the calculation of strength employlng the limit state of collapsé: the characterflstic strength
(f.x) 1s first multiplied with 0.67 (size effect) and then divided by 1.5 L:rm kcrr concrete)
to have 0.446 f. as the maximum strength of concrete in the stress bloc

2.8  DESIGN LOADS

e designed, are obtained
partial safety factor. The
of load, unexpected

ich the structure is tob

Design loads or factored loads, for wh
r known as

by multiplying the characteristic load with a factor cssment
partial safety factor takes in to account inaccurate a::cy
stress redistribution and variation in dimensional accu

The design load, Fy is given by e
I safety factor

Design load = charactenshc load * Part:a
'Fd = F. Yi .
Where F - characteristic load

R Partial safety factor épprdpriaté to the nature of loading and

limit state being considered. :

The value of partial safety factors for loads as recommended by IS 456-2N00 is given

in Table 2.2.
Table 2.2 Partial safety factors for loads, y; (Table 18 of IS 456-2000)

If Load Combination | _ Limit State of Collapse Limit State of Serviceability
_ DL LL wL DL L Wk
DL+LL | 15 1.5 S| 1.0 S
/ DL + WL ’1.5 or 0.9* — 1.5 1.0 R R
[f DL+LL+WL I 1.2 1.2 18 .. 1.0 0.8 08 . |.

* i i '
This value is to be used when stability against overturning or stress reversal is critical

28 DIFFEHEI\ICES BETWEEN WBRI(II\IG STRESS METHUD & I.IMIT STATE METHUI]

The differences between Working stress method (
WSM
ate mentioned in Table 2.3, ) and Limit state method (LSM)
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TABLE 2.3: leferencas between WSM and LSM
Limit State Method

{8.No, ; Werklng Slress Method

The stresses are obtained from design

¥ .‘ The Slresseg in an element is obtained
' : from the working loads and compared with

oad and compared with design strepgth.
_permissible stresses.

o

In this method, it follows pon linear stress

2. | The method follows linear stress-'strein" '
| relationship (plastic design) but linear strain

behaviour of both the materials
(Elast:c approach). relationship.

The material capabilities are not
underestlmeted as much compared WSM.

Partial safety factors are used in limit state

3, Material strengths are under estimated to
large extent. Factor of safety are used in

working stress method.
method.

4, WSM is stress based mefhed. LSM is strain based method.

5. | WSM substantially reduces the caloulation | LSM involves more calculation efforts due to

efforts due to linear stress strain behaviour. nonlinear stress behaviour.

Characteristic values (derived from
probabilistic approach which is mere realistic
| and reasonably accurate) are used in case
of LSM.

This method yields fo economical design.

6. |.Average or statistic velues are used for
loads and material strengths in WSM.

—7. . This method yields fo uneconomical design.

1 Define characteristic strength of c'o'ncrete, Explain what is meant by M20 mix.
| (Oct. 2005) .

2. State the methods of desngn of reinforced concrete structures. ' (MarcthApril. 2019)

3, Differentiate between Nominal mix concrete and demgn mix concrete.

4 State the loads to be considered in the design of reinforced concrete elements.
(March. 2006, 2010)

5, Deﬂne the term L!mlt state. Mention the different types of limit states,
(March/April. 2017 ; April/May. 2011)

Name the three methods recommended by IS 456 for the deslgn of R.C.C members.
(Oct. 2003)
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