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Limit state method of design

Limit State Method

IS 456 Standards for Beams and Slabs and Columns
Effective span

A. Simply supported beams and slabs (lefr)
1 O
e ¢
v/ "’ i @ ¢

Here, I = clear span
w = width of support O
d = depth of beam or slab K
B. For continuous beam Q
(i) If width of support < 1/1 o@span
2
o [,b+w
[y = minimum ]
: .

(i) If width o 1/12 of clear span

(a) Wh fixed other end continuous or both end continuous.

www.jkchrome.com www.jkchrome.com www.jkchrome.com

Page 2 of 61



www.jkchrome.com www.jkchrome.com www.jkchrome.com

(b) When one end continuous and other end simply supported

[, +w/2

[_ =minimum
@ {fc+df2

C. Cantilever

(i)

D. Frames

istance

(a) The final deflection due to all loads including the effect of temperature, creep
and shrinkage and measured from as cast level of the support of floors, roofs
and other horizontal members should not normally exceed span/250
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(b) The deflection including the effect of temperature, creeps and shrinkage
occurring after erection of partition and application of finishes should not
normally exceed span/350 or 20 mm which ever is less.

(i) The vertical deflection limit may generally be satisfied if
(a) Basic span to effective depth ratio for span upto 10m is

span

Types of Beams: effective depth O
For cantilever — 7 Q

For simply supported — 20 .
For continuous — 26 @
(b) For span > 10 m effective depth

_ (span)’ @

10=2
Where 'A' is span to effective d io for span upto 10m.
(c) Depending upon the%ension feifforcement the value 'A' can be modify by
multiplying a factor cal cation factor (MF+)

171

effective dep
where,

" reaof steel required

Areaof steel provided

(d) Depending upon area of compression reinforcement, value (A) can be further
modified using a modification factor (MF2)

span
A= ifF._ b MF:

effective depth =
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(e) For flanged beam : A reduction factor is used

(f) Deflection check for two way slab:

Support Condition Span/overall depth
Mild Steel | Fe 415/Fe 500

Simply supported | 35 28

Continuous 40 32 O
Slenderness limit Q

1. For simply supported or continuous beams @ 'S
60b

2. where, Ip = Clear span O
b = Width of the section K

and, d = Effective depth

[, A minj

g {10[1—
3. For cantilever bea d
A, 0.8

1. Minj temwsion reinforcement
X tension reinforcement = 0.04 bD
m compression reinforcement = 0.04 bD
re, D = overall depth of the section
ere, D > 750 mm, side face reinforcement is provided and it is
qual to 0.1% of gross cross-section area (b x D). It is provided
equally on both face.
Maximum spacing of side face reinforcement is 300 mm.
6. Maximum size of reinforcement for slab/beam is 1/8 of total
thickness of the member
7. Nominal cover for different members
Beams — 25 mm
Slab — 20 to 30 mm

WN

o
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Column — 40 mm
Foundations — 50 mm
8. Moment and shear coefficient for beams/slabs

One way slab

(i) Ly/Lx ratio is a2
where, Iy 5, length of longer span
horter span

supported only on two edges.

Design of One way slab
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Steps of design

| no

™

(ii) Slab is supported on es.

Two way slab

¢ -'-O..
v |
n

(i) Ly/Lx ratio is more’

Design of two w ¢

1. Gra a g method
Itis or corners not held down position.
| ely simply supported case.
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1
W, = WoowW,
N 1+7"
(i)
“J
(ii) Moment in x-dir Ctl\ 8
Moment i ec 3

(i) Sh e
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Ol | .
At shorter edge (Vx) Q&
O

3

At longer edge (Vy)

v oand v
where, the values of * * are read from table

(b) I.S. code method
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My=awl: M =oawl

The values of % and a, read from table (page 91, IS : 456-2000)
Shear, torsion & Bond and Development length

A. LIMIT STATE OF SHEAR

1. INTRODUCTION
RCC structures are generally subjected three type of shear stre Qly

S
Flexural shear, punching shear and torsional shear. Diagonal t@arises in the
section due to the shear forces which results in formation of cra in concrete
as concrete is weak in tension. Hence, limit state of she y sttbe checked in
design of section. Shear reinforcement is provided i 46 of vertical stirrup
or bent up bars.

Following are the major mechanism in whic failure takes place:
(i) Diagonal Tension: At the support of ported beam, bending stresses
are zero and the shear stresses are um. Thus, tensile stresses generated
along a plane inclined at 45° to t% |. As concrete is weak in tension,

5°.

cracks start to develop at an ae

Diagonal
r tension cracks

&

Ty

I

(ii) Flexural Shear: This type of cracks occurs due to large bending moment and
small shear force. Cracks are normally inclined at 90° to the horizontal.
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1 A

a Flexure-shear crack Flexure cracks

(iii) Diagonal Compression: This type of failure also takes place @h
diagonal tension in heavily reinforced section. It is characterised by ing of

concrete.

NOMINAL SHEAR STRESS @ ¢

The average shear stress can be calculated usingsthe wing formula:

Vi
Ty :b—d

Where,

V. = ultimate shear stress a t@ion
) &
b = width of the sectio

ion

Where,

B = inclination of flexural tensile force to the horizontal.
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M, = factored bending moment at the section.

Bond, Anchorage and Development Length

Bond stress (rbd)

.
2pd

'FM=

Where V = Shear force at any s@%

d = Effective depth oft seCti

> p = Sum of all perlme einforcement
=n-7(¢) <

n = Number ofir rcement

2= di of reinforcement

sible bond stress

As per IS 456 : 2000
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M1s5 ( M20 | M25 [ M30 | M35 [ MsO
WSM | 0.6 0.8 0.9 1.0 1.1 1.2
LISM | — 1.2 1.4 1.5 ¥ 4 1.9

« These Value of bond stress is for plain bar in tension.
« For deformed bar the above value should be increased by 60%.
« For bar in compression the above value should be increased@

G
@0

Development Length (La)

0 8
. 9 Q0

] 6~ ___i:A_ et . [ = A ’
(4] 0 (. - — = }—‘ pr it
ﬂ For W5M <Q:l

L. =
d 4-1,,
-0.87f1.
Ld=uFarL§
4.7,

Shear stress

eneous beam
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po— ) ——- ¥
i N 1 G A R A S 2h 4R S5y
1 i TlE\ e =
D J \ T
NA-- -] S S ’ AT
| f 7 M
/ My —
‘ / ' v BM
' P
~ashon SHhsar sireus et e
orl)

Aisinbulion

where, O
g = shear stress at any section *

V = shear force at any section @

AY = Moment of area of section above the poiltof Gensideration

| = Moment of inertia of section K
_w
. O
(b) For Reinforced cogc%
\

2 As per IS 456 2000
» “/ ]‘
\ -~ ] .
S A R S Tk L L
[} I | | - - - AS per clasic theory
= | o i )
" ] Vv
v o=
| ! b;;,l
Secton Shoar siress
aisinbution
(i) Shear stress above NA
www.jkchrome.com www.jkchrome.com www.jkchrome.com
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I’r T 7 V 2
=—-(x; -y =—-x.at v=0

(ii) Shear stress below NA

_r
bid

Nominal shear stress, :
V C)

q

E'F = —

bd

Design shear strength of concrete () without shear @ce‘ment as per IS
456: 2000 “c depends on

(i) Grade of concrete
(i) Percentage of steel, @
A
=—Zx100
P bd :
Where, . \ l
Ast = Area of steel
*

b = Width of the

d = Effecti thof the beam
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WSM LSM
g M20 M25 M 20 ( M 25
0 <0.15 | 0.18 0.19 0.28 0.29
0.25 0.22 0.23 0.36 0.36
0.50 0.30 0.31 0.48 0.49 @
0.75 0.35 0.36 0.56 0.57
1.00 0.39 0.40 0.62 0.

@ *
Maximum shear stress ‘== with shear reinforceniént

M15 M20 M40 & above
LSM 2.5 2.8 4.0
WSM 1.6 1.8 1 2.3 2.5

Ty # To. . \ l 0
Minimum shear rei for%t (As per IS 456 : 2000)
4
A
T@I r both WSM and LSM
7

5f A
Sp.g—j;' ST
b

Ay 04

where,

Asv = Area of shear reinforcement
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Sv = Spacing for shear reinforcement

Spacing of shear reinforcement

Maximum spacing is minimum of (i), (ii) and (iii)
5, = 2175 f, Ay

0) b

(i) 300 mm

(iii) 0.75 — For vertical stirrups

d — Forinclined stirrups

where, d = effective depth of the section

Cnitical section for dasign shaar

|

-

i
)
.

)

*

O

.
—
. e
- _
-
»
- 1
:
y
g

(a) Critical sectio at d from the face of the support

www.jkchrome.com www.jkchrome.com
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<—Tank wall : \
| —
l |
‘ ! ' : 9 P )
L Secondary
. ) < beam
i I I S
E = Main beam

X Floor slab
O water tank

.
‘/

— Bracket

X
f\[+ RC Column

(m) 0
L 2
(b) Critical section X-X X ace of the support

The above provisions arebapplicable for beams generally carrying uniformly
distributed lo re the principal load is located beyond 2d from the face of
the support.
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(d-d.)~d Holding bars
- - 1
=t ¥
| > =8
| Lelsds, &> ¢
| [ | |
| \4, 1

— — E e % |
e Vertical stirrups  Tension reinforcement O
Shear force Vs will be O

Resisted by shear Reinforcement provided in 'd' length @&m,

V.= a Ag, o for WSM
SF

where, Asy = Cross-sectional area of st@

Sv = Centre to centre spacing of stifrup

a )
ﬁu{&]%(ﬂ.sgs{; 1

Inclined stirrups: o s%f bars bent-up at different cross-section:

. d
V.=43 --(sine +cosa)| — | for WSM
.

. d
Ve, =Ag - (0.87 f)(sin ¢ + cos ) < LSM

o

Bent up Bars:

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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« Single or a group of bent up bars are provided at

distance V2a=+2jd from support.

Generally bar should not be bent up beyond a distance |/4 from the support.
Where | = length of span.

B. LIMIT STATE OF TORSION

1. INTRODUCTION

In RCC structures generally torsion is accompanied by flexure a It
occurs if the line of action of force does not passes through thé s entre.
Torsion is divided into two categories:

(i) Primary Torsion: Developed due to eccentric Ioadin@

(ii) Secondary Torsion: Torsion is induced in the ctuke due to rotation of a
member which depends on torsional stiffness éf.the‘tmember.

1. DESIGN OF TORSION O
O

Torsion induces shear stress in which causes warping of non-
circular section. Diagonal tension devel in the section which causes torsional
cracking in the section. Torsiopal st th is improved by providing longitudinal
and transverse reinforcement. §he longitudinal reinforcement helps in reducing
cracks through dowelgac ile transverse reinforcement helps in resisting

shear stresses.
As per IS 456 th ct af topsional stresses is divided into

*

Ve = Equivalent shear force

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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V. = Shear force
Tu = Torsional moment
B = Width of the section

The equivalent nominal shear stress is calculated by dividing the equivalent
shear force divided by area of the section.

2.2. Longitudinal reinforcement

The longitudinal tension reinforcement should be designed to ¢ lent
bending moment of

M, =M, + M, @‘

Where,

M. = Flexural moment @
D
1+—
el 7
T, ( - ) c\)Q
&

| value of M exceeds the numerical value of My, compression
inal reinforcement is provided to resist the bending moment equal
t Mu)-
he reinforcement should be provided close to the corners.
« If the depth of the section exceeds 450 mm, the area of reinforcement
equal to 0.1% of web area should be distributed equally on both faces.

2.3. Transverse Reinforcement

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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As per Is 456, transverse reinforcement is provided in the form of two legged
closed hoops. The area of transverse reinforcement is obtained by the following
formula:

T.HSL' VHSV
Agy = +
b,d,(0.87f,) 2.5d,(0.87f,)
Subjected to a maximum value of ‘-"—;%;‘r’ﬂ
871,

Where, O
Tu = Torsional moment Q

Vu = Shear force @ *
sv = Spacing of shear reinforcement

b1 = centre to centre distance between corner in direction of width

ds = centre to centre distance between in the direction of depth
b = width of the member \ C(

fy = Characteristics strength o@ einforcement

Tve = equivalent nomiga stress

Tc = shear strength of conerete
¢

Note: The distrib f transverse reinforcement should be such that the
Xty;
r
spacing s e aminimum valueof x;, *  or 300 mm where x1 and y1 are
short imension of stirrup.
www.jkchrome.com www.jkchrome.com www.jkchrome.com

Page 22 of 61



www.jkchrome.com www.jkchrome.com www.jkchrome.com

7777777777777, -
2 ,
e n
0/
4 o
/ A a7
/
4
4 4
2 A1
o777 577 v
[¢——— b, ——» O

A

— O
i d

y1 = d1 + Diameter of longitudinal bar + Diameter off st

Design of Beam & Design of slabs

Design of Beam &O

Design stress-strain curve at IWt

£
85 }-

7w = Partial factor of safety for concrete = 1.5

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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fa = design value of strength

For steel
£,
/s 1.15

Singly Reinforced Beam

0451,
e RS 00035 a )
1 ' | i
[ 5 V- .

X " 002 ‘ 20,301, X
| n / -: |
o P J =% |
het ittt { 5SS, B ‘ : - ) 42x,,)
‘ . . (__‘ ! '
- - {0 B7Y \

0.8/!

Strass Diagram

| =% U:,.;__l;)’ O
Sachon Stram [.'hilfJ"J:!‘&
1. Limiting depth of the ne ; (Xu, lim)
700
Xy g = d

Her ffective depth of beam

ctual depth of neutral axis (Xu)
0.87 f .4,

0.36 f..b
2. Leverarm=d - 0.42 Xy
3. Ultimate moment of resistance

C=T=X =

L

www.jkchrome.com www.jkchrome.com
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Some special cases

1. When Xu < Xujim
It is an under-reinforced section

M, =036 f.bX, (d—-0.42X)
or M, =087 f,4,(d—042X)

2. When Xy = Xujim
It is balanced section
M,=036f.bX, (d-042X,,)

or M,=0.87f,4,(d-042X )
3. When Xy > Xujim

It is over reinforced section. In this case, keep Xy limite
moment of resistance of the section shall be limi
resistance, (My,im)

Doubly Reinforced Section

o

HCHON Strait Dhagram

iting depth of neutral axis

1. For actual depth of neutral axis (Xu)

www.jkchrome.com www.jkchrome.com
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C=T=C~+C,=T
¥
0.36 f.bX, + (f,, —0.45 )4, =0.87 f,4,

1. Ultimate moment of resistance

M, =036f.bX,(d—042X ) +(f, —045f.)4_(d—d,)

location of compression steel (fsc)

T-Beam @ *

1. Effective width of flange
Discussed in WSM

2. Limiting depth of neutral axis
Y. = 700 O
' 0.87 f +11 I]!]
Singly reinforced T-Beam C)Q

Case-1: When NA is |n

where fsc = stress in compression steel and it is calculated by QDe

i.e., Xu< Dt

- !
T & i
: ] D,
MNA JY

|

a

' ()
(a) for Xu
www.jkchrome.com www.jkchrome.com www.jkchrome.com
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0.87 1.4,
= <
“036fb, 7

(b) Ultimate moment of resistance

M,=036f.b,.X (d-042X)
or M, =087 f.4.(d—042X,)

¥

Case-2: When NA is in web area (X, > Dy) O
R g ) VA0
0.0035 0

1
. b, — —el he - _ R
| A @;’[ ]

= .?
NA | ; o
L ._.‘
ol b, be T = 087A,
Sectione . Suuess Dagram

Case (a) when X, > fa%

3
D.o<_X

S 77

ie., ange in less than the depth of the rectangular portion of stress

or actual depth of neutral ais

0.36 f..b,x, +0.45f.(b, ~b,)D, =0.87 f, 4,

1. Ultimate moment of resistance

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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-— b, —o 0451, ..“" ‘W"L 045,
‘l' ‘ 0, | —*—“:)
LS Tt T (R e
d / : : :
mwpmmmnnnnnd _-1".'._/. : " ’
Aﬁ‘ Eo‘l -: ‘

T, = 087 1A, ek « = 0.87 }
section Strass Diagram Section Stn_-v,G

D
M,=036f,b,x,(d-042x,)+045f (b, —b)D; (d— Tf] ¢
Df
M, =087f4,(d=0425)~087 [ 4, | d-—
_0367by,  _0457:(,-b)D;

0871, - 0.87f,
Special Case (2): When Xu > Df and @
3
D, >—X
0:

(by-b,)

Parabolic pottion 1

As 12000

(bs =%aw) Ds portion of flange is converted into (br — bw)ys section for which stress
is taken constant throughout the section is 0.45 fex.

As per IS 456 : 2000

¥,=0.15X,+0.65D, <D,

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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1. For actual depth of neutral axis

0.36 fub, X, =045/, (b, —b, )y, =0.87f 4, +0.87/.4,
or036f.b X +045f, (b, —b )y, =087f 4,

by~ b,)
fo— D, — 0451, '-( : - §
i = ‘] .'
|
Cy v .
/ : ' T
B S LLIMUL | - T
: !
A‘i ' '\-J;»E
! o9 o — . o
T, =087 1A, o 6_‘0 87 1, Ay,
Sectan  Stress Dhagram CoonN  Strass Diagram

M, = 0.36fub,, X, (d - 0 82 X NO W5 (by - bw)y,( : Y_Zt]

M, = 0.87f K;A = 0.42X,) + 0.871, Ay, (d- %

A ckwau A B O“Sfc“ (b' = bW)y'
‘ 0.87f, | and | 0.871,
DESIGN OF SLAB
One way slab
(i) Ly/Lx ratio is less than 2
www.jkchrome.com www.jkchrome.com www.jkchrome.com
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where, Iy = length of longer span
Ix = length of shorter span
(ii) Slab is supported only on two edges.

Design of One way slab

Steps of design

is more than 2
supported on all edges.
Design of two way slab

1. Grasoff Ranking method
It is used for corners not held down position.
It is purely simply supported case.

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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(iii) Shear force

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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At shorter edge (Vx)
I?;=1-wfx < ’:
3
2

At longer edge (Vy)

u.'fx 3 H'f;

"ﬁ('fx = r:.r ' ¥ ¥
(a) Pigeauds method: 8 -8

v oand v
where, the values of * ¥ are read from table

(b) I.S. code method

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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My=awl; M =awl

The values of % and a, read from table (page 91, IS : 456-2000)
Design of Column & footings

Design of Column

Working Stress Method

Slenderness ratio (A) O

P effectivelength Q
least lateral dimension @ *

If A > 12 then the column is long.

Load carrying capacity for short column O

P=c A _+oc_A,

L1

where, Ac = Area of concrete, CQC

Osc Stress in compressi ee
2
Occ Stress in concrete
Ag Total gross ¢ ecflondl area
Asc Area of cOmpression steel
Load iig capacity for long column
cAse + T de)
where,

Cr = Reduction factor

www.jkchrome.com www.jkchrome.com www.jkchrome.com
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I
C =125-—"L
4

I
or C,=125-—<
1601,

where, leff = Effective length of column

B = Least lateral dimension

imin = Least radius of gyration and

1. = [—
N4

where, | = Moment of inertia and A = Cross-section

Effective length of column

Effective length of Compression Memb

www.jkchrome.com

O

@0

Degree of End Restraint of tical value | Recommended value
compression membaers of Effective Length | of Effective Length
) () (iv)
Effectivaly held In positgon ' 0.50/ 0.65/
and rastrained against j
rotation In both end —
———— 0.70/ 0.80/
- 1.00/ 1.00/
ke
rotation
www.jkchrome.com www.jkchrome.com www.jkchrome.com
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restrained against rotation at ona
e&nd, and at the other restrained
agalnst rotation but not held In
position

& _

. —

Degree of End Restraint of Symbol | Theoretical value | Recommended value

compression members of Effective Length | of Effective Length
) () (i) (iv)

Effactively held in position and ERs] 1.00/ 1.20/

Effective held In position and
restrained agalnst rotation in ona
and, and at the othar partially
restrained agalnst rotation but not
held in position

Degree of End Restraint of
compression members

Recommended value
of Effective Length

0

(Iv)

Effactively held In position at one end
but not restrained agalnst rotation,
and at the other end restrained against
rotation but not held In position

2.00/

Effectively held In position and 2.001/
restrainad against rotation
but not held In position ndPre

against rotation at the other

2.00/

Column with hel inforcement

Strength column is increased by 5%

se T %ce4e) for short column

C (Oscdse +0ecAc) for long column

Longitudinal reinforcement

(a) Minimum area of steel = 0.8% of the gross area of column

www.jkchrome.com
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(b) Maximum area of steel

(i) When bars are not lapped Amax = 6% of the gross area of column
(ii) When bars are lapped Amax = 4% of the gross area of column
Minimum number of bars for reinforcement

For rectangular column 4

For circular column 6 O
Minimum diameter of bar = 12 mm Q

Maximum distance between longitudinal bar = 300 m *
194}

Pedestal: It is a short length whose effective lengt e than 3 times of

lest lateral dimension.

Transverse reinforcement (Ties) O
1
- - 7 P K
@=maximum- 4
6 O

where Pran = dia of rfain al bar

¢ = dia of bar for transversgyeinforcement

2
Pitch (p)
east lateral dimension
¢ =@uinim 169,
300 mm

where, @min = minimum dia of main longitudinal bar
Helical reinforcement

(i) Diameters of helical reinforcement is selected such that
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A

G.Sﬁ[—g—]}f—‘*i ﬂ
AC‘ f__v VC‘

(ii) Pitch of helical reinforcement: (p)

(a) p# T5mm

®) p3 <do

(©) p< 3¢, O
(d) p< 25mm O
where,

4
dc = Core diameter = dg — 2 x clear cover to helical rgi @ent

Ac = Gross area
T 2
=5 @
dg = Gross diameter Q
Qe)

Vh = Volume of helical rginfarc in unit length of column
*
¢n = Diameter of steel ing the helix
R 4

7 =[$]@m‘k )

1 :;’ ) M —y

——
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dh = centre to centre dia of helix
=dg — 2 clear cover - ¢n

¢n = diameter of the steel bar forming the helix

O

Some others IS recommendations @ ¢
(a) Slenderness limit
(i) Unsupported length between end restrains times least lateral dimension.
(ii) If in any given plane one end of colu strained than its unsupported
length

100B° < >
S O

D

(b) All column should d for a minimum eccentricity of

[
_ 4
e .. =maxi 0 30
20 mm

Li e method

lenderness ratio ()
effective length

if _least lateral dimension
A<12 Short column
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1. Eccentricity

[ . BorD
e ;. = maximums+ 500 20
30mm
If Emin = 005D then it is a short axially loaded column.

where, P, = axial load on the column
2. Short axially loaded column with helical reinforcement
P =04f,4.+0.67f A,

3. Some others IS code Recommendations
R =105(04f,4.+0.67f 4:) O
(a) Slenderness limit

4
(i) Unsupported length between end restrains # 60 i @t lateral dimension.

(ii) If in any given plane one end of column is unfestrained than its unsupported

100B°
length # D &
(b) All column should be design&%ﬂ mum eccentricity of
s O
€ i —INAXIMUM | 500 43
20
Concentrically L C8lumns
Where e = : column is truly axially loaded.
P, =0 ~0.75f .4,

ing/Foundation
INTRODUCTION

Foundation is important part of any superstructure. It transfers load from
superstructure to soil.
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Bearing capacity of soil

Bearing capacity of soil governs the dimensions and depth of foundation. Under
no case the loading on foundation can be greater than bearing capacity of
foundation

(A) Gross Bearing capacity: Total bearing capacity at based on foundation

which includes weight of foundation, super structure load, earth lying ove
footing.

(B) Net Bearing capacity: It can be defined as follows O
Net bearing capacity= Gross Bearing capacity - W O
W= weight of soil at level of footing before trench was r@‘ogfooting

Depth of foundation

following formula must be use to find the depthigf fondation
6 H= P [l-sln¢ 2
4

K 1+sing
p = Bearing capacity of fo@

y = Density of soil
¢ = angle of repbse

H= Depth of,fou ion
L 4

Based it can be into two parts

(i) foundation- if total depth (D) of footing is less than width (B) of
f tion then foundation is called shallow foundation.

(ii) Deep foundation- If total depth (D) is less than width (B) of foundation than
foundation is called deep foundation.

Nominal cover as per IS 456:200
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Member Mild Moderate Severe Very severe Extreme
(mm) (mm) (mm) (mm) (mm)
Foundation | 40 50 50 50 75

DESIGN OF FOOTING

Let's take an example to understand important aspect of footing

Example: Design a square footing using LSM for a column load of
bearing capacity, density of soil is 150 KN/m? and 20 kN/m?. Ug

Dimension of column= 500 x500 mm
Sol.

Axial load P71 = 1000 kN

Weight of footing P2 = 0.20 x P; = 200 kN O

Note = P2 can be assumed to 10 to 20%

Total load = Pt =1200 kN Q
(i) Area of footing reqU| 0
Area = P1/qo

go = bearing capacityjof seil

m square footing is provided

ided = 16 m? > Area required
(ii) Net soil pressure
Wo =P1 /A= 62.5 kN/m?

For LSM design wao = 1.5 x wo = 93.75 kN/m?
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1.5 — Partial factor of safety

(iii) Check for bending moment

r
<

T —— W ——————

X
Ax'_
I
-
NI
+})
| e
o
|
|
!
!

il

As per our design Q&
a=b =500 mm O
L=B=4m L 2

{In case of rectangular fo‘ ing a, b, L, B}

will not be sa

for 1 m wi about xx

(305

1
:WUDXEX(B—b)z

_93.75x1

MUK 8

(4-0.5)
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= 143.55 kNm
Moment about y-y

For 1 m width

M,, =W40x1x[L;d][L;aJ

2

(L-2)

Muy=w4o"1

O

8
4-0.5)° 0
My, = 93.75x (4795 _ 143.55 kum

8 .
= 143.6 kNm,

In case Mux and Myy comes differently then tak&gnaxignum value

(iv) depth of footing @
depth(d) = (% Q

For 1 m width
1436 =« 10
B Jﬂ.13ﬂx3 100N, 26 mm
*
Assume eff epth 250 mm and overall depth = 300 m
MNote - Critic ction for bending moment is at face of column
(v) Ch hear

séction for one way shear is at Q from face of column
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————— . ——

Lyz(B—;E]-d

Vix = Wao x Ly and Viy = Wao x L«

Nominal shear t, = '"”‘ 1. @
Tc = permissible shear stress Q
Tc = 0.29 — for M30
Vi =93.75x 103 x 1x[(4\ 0.3]=

-d

= 13594 kN 4

ForB=Tm

ot safe in shear increasing depth (G) of footing to 600 mm
Vy =93.75 x 108 x 1x[(4-0.5)/2-0.6]=
=107.81 kN

Tv=0.17 < 1. — safe
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now so new depth of footing = 600 mm
overall depth of footing = 660 mm

(vi) Check for punching shear / two way shear

2

Za 3
d/2
3

b| [b+d| [B Q

Note —

Critical section for pusw Is at d/2 for five of column all-around
Pnet Pu Wu a + (b

+

Pret=1.5xP - d)(b+d)

Net punching force

ing shear stress = : — .
Cross - sec tion area of resisting section
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~ 1.5x1000 % 10% - 93.75(0.5+0.6) (0.5 + 0.6) x 10°

fvp = 2[(0.5+0.6)+(0.5+0.6)| xd

= 0.49 N/mm?
Tp = Ks x0.25 ff,

ks=0.5+Bc

= 0.5+ (b/a) O
=05+1=1.5 O

maximum possible value of ks =1 so @ P
ks =1

Tep = 1.36 N/mm? > 1., — safe

sod =600 mm O
D = 660 mm Q&
(v) Area of steel

20-12 1000 x 660 = 72 mm? for 1m width

100

(3) Total area of steel

=L x Agt = 4 x 560 = 2240 mm?
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Total no of bars for 16 mm ¢
n=2240/[(1/4)x16%]=12

(4) number of central bend

_12x2

= =12
1+1) Q
~ (=B for width all value remains same

2
~ for width all value remains same

(5) check for bearing

P, 1.5x1000x10’ O

—

axb  500x500

= 6 N/mm? Q
& (480
F, <0.45f, ?}%

Prestressed Conchgte *

Introduction

is defined as a method of applying pre-compression to control

sses resulting due to external loads below the neutral axis of the

tension developed due to an external load which is more than the

ermissible limits of the plain concrete.

« Prestressed concrete is basically concrete in which internal stresses of a
suitable magnitude and distribution are introduced so that the stresses
resulting from the external loads are counteracted to a desired degree.

Terminology
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1. Tendon: A stretched element used in a concrete member of structure to impart
prestress to the concrete.

2. Anchorage: A device generally used to enable the tendon to impart and
maintain prestress in concrete.

3. Pre tensioning: A method of prestressing concrete in which the tendons are
tensioned before the concrete is placed. In this method, the concrete is
introduced by the bond between

steel & concrete.

4. Post-tensioning: A method of prestressing concrete by tensioning thettendgns
against hardened concrete. In this method, the prestress is imparte rete
by bearing G

Materials for prestressing concrete members Q
1. Cement: The cement used should be any of the foIIo@ 4

(a) Ordinary Portland cement conforming to IS
(b) Portland slag cement conforming to IS4
more than 50%.

(c) Rapid hardening Portland cement cﬁ
C

the slag content should not be

to IS8041.

(d) High strength ordinary Portlagd onforming to 1IS8112.

2. Concrete: Prestress concre gUikes concrete, which has a high compressive
strength reasonably early a ith gomparatively higher tensile strength than
ordinary concrete. Th the members shall be air-entrained concrete
composed of PortIan? , 1ine and coarse aggregates, admixtures and
water. The air-entrajning f@atlire may be obtained by the use of either air-
entraining Portland @emept 9r an approved air-entraining admixture. The
entrained air con all be not less than 4 per cent or more than 6 per cent.

ete

cement content of 300 to 360 kg/m3 is prescribed for the
equirement.
er content should be as low as possible.

- High tensile steel, tendons, strands or cables
High strength steel should contain:

e 0.7100.8% carbons,
« 0.6% manganese,
e 0.1% silica
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Why high grade of concrete & steel?

« Higher the grade of concrete higher the bond strength which is vital in pre-
tensioned concrete

« Also, higher bearing strength which is essential in post-tensioned concrete
as well as in pre-tensioned concrete

o Creep & shrinkage losses are minimum with high-grade concrete.

« Generally, minimum M30 grade concrete is used for post-tensione
grade concrete is used for pre-tensioned members

o Thelosses in pre-stress members due to various reasons are erally in
the range of 250 N/mm? to 400 N/mm? Q

« If mild steel or deformed steel is used the residual stres@ sses is

either zero or negligible

Advantage of Prestressed Concrete 4

« The use of high strength concrete and steeli ssed members
results in lighter and slender members t osSible with RC members.

« In fully prestressed members the me free from tensile stresses
under working loads, thus the whole@s ction is effective.

« In prestressed members, dead loads e counter-balanced by
eccentric prestressing.

« Prestressed concrete memBer poSses better resistance to shear forces
due to effectof compres sthesses presence or eccentric cable profile.

« Use of high strength eteland freedom from cracks, contribute to
improving durabi er aggressive environmental conditions.

« Long span struct@igeSiare possible so that saving in weight is significant &
thus it will be,economic.

« Factory pr ts age possible.

o Prestregse bers are tested before use.

o Prestr ncrete structure deflects appreciably before ultimate failure,

i ample warning before the collapse.

strength is better due to small variations in prestressing steel,

ommended to dynamically loaded structures.

Dis ntages of Prestressed Concrete

« The availability of experienced builders is scanty.

« Initial equipment cost is very high.

« Availability of experienced engineers is scanty.

« Prestressed sections are brittle

« Prestressed concrete sections are less fire resistant.
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Classifications and Types

Prestressed concrete structures can be classified in a number of ways
depending upon the feature of designs and constructions.

1. Pre-tensioning: In which the tendons are tensioned before the concrete is
placed, tendons are temporarily anchored and tensioned and the presiress
is transferred to the concrete after it is hardened.

2. Post-tensioning: In which the tendon is tensioned after the concigte

hardened. Tendons are placed in sheathing at suitable places
member before casting and later after hardening of concret

Tensioning Devices Q

« Mechanical devices: The mechanical devices ge uged include
weights with or without lever transmission, gear amsmission in
conjunction with pulley blocks, screw jacks out gear devices
and wire-winding machines.

« Hydraulic devices: These are simplesigne
prestressing force, extensively used I0ning devices

« Electrical devices: The wires aregle y heated and anchored before

placing concrete in the maqul ISynethod is often referred to as thermo-
prestressing and used for io of steel wires and deformed bars.

« Chemical devices: Expam ment are used and the degree of
va
e

expansion is controll ing the curing condition. Since the
expansive actiog C hile the setting is restrained, it induces

tensile forces in s and compressive stresses in concrete.
Prestressing Syste ¢

1. Prete system: In the pre-tensioning systems, the tendons are first
between rigid anchor-blocks cast on the ground or in a column
ould types pre-tensioning bed, prior to the casting of concrete in
Id. The tendons comprising individual wires or strands are

tched with constant eccentricity or a variable eccentricity with tendon

nchorage at one end and jacks at the other.
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Tendon

Anchorage il lack

- - 3 L "
’ -/ i
Heam with straght tendon O

Fig. | Prestressing s)‘slcm@ *
2. Post-tensioned system: In post-tensioning, the nit is first cast by

incorporating ducts or grooves to house the te n the concrete attains
sufficient strength, the high-tensile wires are ioned by means of jack bearing
on the end of the face of the member and e@ by wedge or nuts.

Most of the commercially patented

ssing systems are based on the
following principle of anchoring :

« Wedge action producingla frigtiGnal grip on the wire.

« Direct bearing fron the ri bolt heads formed at the end of the wire.
. Looping the wii® concrete.
Methods:
¢

« In prestressed concrete member steel plays an active role. The stress in
steel prevails whether the external load is there or not. But in R.C.C., steel
plays a passive role. The stress in steel in R.C.C members depends upon
the external loads. i.e., no external load, no stress in steel.
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In prestress concrete the stresses in steel is almost constant where as in
R.C.C the stress in steel is variable with the lever arm.

Prestress concrete has more shear resistance, where as the shear
resistance of R.C.C is less.

In prestress concrete members, deflections are less because the eccentric
pre stressing force will induce couple which will cause upward deflections,
where as in R.C.C., deflections are more.

« In prestress concrete fatigue resistance is more compared to R.C.
because in R.C.C. stress in steel is external load dependent wherefas

P.S.C member it is load independent.

« Prestress concrete is more durable as high grade of concretd

which is denser in nature. R.C.C. is less durable.

« In prestress, concrete dimensions are less because external

reactions on column & footing are less

resses are

counterbalanced by the internal stress induced bﬁre’s ng. Therefore

as a whole the quantity of concrete is reduce
about 60t 70%. R.C.C. is uneconomical f
dimension of sections are large requirin

Pretension member

%#and steel reduced by
ng'$pan because in R.C.C.
orgoncrete & steel.

ost-tensioned member

In pre-tensioned prestress conc
is tensioned prior to that of cop

Concreting is done first then wires are
tensioned and anchored at ends. The
stress transfer is by end bearing not by
the bond.

Suitable for long span bridges

In pre-tensi
straight

rizontal. Placing them in
d position is difficult.
wire’s can be kept with
ally. Since cables can not be
similarly to B.M.D. structural
advantages are less compared to that of
post-tensioned.

The post-tensioning cables can be aligned
in any manner to suit the B.M.D due to
external load system. Therefore it is more
economical, particularly for long span
bridges. The curved or inclined cables can
have a vertical component at ends. These
components will reduce the design shear
force. Hence post-tensioned beams are
superior to pre-tensioned beams both
from flexural and shear resistances point

Prestress losses are more compared to
that of post-tensioned concrete.

Losses are less compare to pre-tensioned
concrete
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Analysis of Prestress Member
Basic Assumptions

1. Concrete is a homogeneous elastic material.

2. Within the range of working stress, both concrete & steel behave elastically,
notwithstanding the small amount of creep, which occurs in both the materials
under the sustained loading.

3. A plane section before bending is assumed to remain plane even aft
bending, which implies a linear strain distribution across the depth

member. b

« Prestress Concrete is one in which there have been intrc@ internal
stresses of such magnitude and distribution that stresse ulting from

given external loading is counter balanced to a d@dgree.

Analysis of prestress and Bending stress
Following are the three concepts of analysis
1. Stress concept analysis O
2. Strength concept analysis
3. Load balancing method Q
Stress concept Method- 0
Following are the two' nalysis

Case-(i) Beam provided v‘w a concentric tendon:

the direct compressive force induced is given by, A
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If due to dead load & external loads, the bending moment at the section is M,
then the extreme stresses at the section due to bending moment alone
M

fo=2=
S

i Z

_P M

Hence final stress at the extreme topedge 4 £ and stress at the exti€m
P M

bottomedge 4 Z

Case—(ii): Beams with eccentrics tendon: O

Y YN NN N Y NN NNV Y

Cross Sect P,Pa M
of Be ) o - A Z . ‘7
Direct otress Due Stress Due Stress Due
Slress 1o Eccentricity 1o Externa) to External
Due o ol the Bending Bending
Prostress Prestress Moment Moment
P
= 4+ —
(i) Direct stresses due to prestressing force A
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_Pe
= +_
(i) Extreme stresses due to an eccentricity of the prestressing force Z

M
=+

(i) Extreme stresses due to bending moment A

Final stresses

_P_Pe M
Stress attop fibore 4 Z Z O
P Pe M Q
=_+___

Stress at bottom fibore 4 Z Z @ &
By providing an eccentricity to the tendon, a hoggi t (P.e.) is developed

which will produce stresses, which will counter stresses due to external
bending moment.

Strength Concept method- g‘o
Consider a beam of length | prov endon at an eccentricity e. Suppose

the beam is lying on the groundgse. béam is not subjected to any external
load. Hence there is no external bentling moment on the beam.

) 4

The following equal forces are existing

(i) The P-force which is the tension in the tendon.
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(ii) The C-force which is the compressive force acting on the concrete.
Stresses in concrete are produced entirely due to C-force.
In the absence of any external bending moment the C-force and P-force act at

the same level. Line of action of P-force is called the P-line. The P-line is nothing
but the tendon line itself. The line of action of the C-force is called the C-line or

and the C-line coincide.

Suppose the beam is subjected to a bending moment M, then the G i
shifted from the P-line by a distance 'a’ called lever arm. Q

M M

= = —
. %3

Extreme stresses in concrete are given by

_C N Cxeccentricitvof C
Load Balancing Concept- K
Prestressed Beam with Bent T@

o

IV — ‘_T‘ &
2P sinfl
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By providing bent fendons, the tendons will exert an upward pressure on the
concrete beam and will therefore counter act a part of the external downward
loading.

Considering the concrete as a free body. We find an upward force 2P sin 6.
The net downward load at the centre will be (W-2P sinf)

The axial longitudinal force provided by the tendon = Pcos6 = P {since al

B Pcosd _P O
Direct stress on the section A A < : ’

A (W —2Psinf)l . wi .
Net BM, 4 8
P M
+

Where, w = dead load per unit length of theQ. treme fibre stress 4 Z

It may be realized that the profile of thﬁr hould follow the shape of the
bending moment diagram for thégi nal loads in order it may offer
considerable and effective upw rce®: For e.g., if the loading on the beam is
a uniformly distributed load, th€ te may be provided along a parabolic

profile.
L 2
Tendon with Parabolic
L 2
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(Y YN N XNV

ATTITTTITT 1T Q%
W, per unit run

l.oads Transmitted 1o Bea

-

\ f
Load I@ted 1o Tendon
2

Let | be the span of thefdgam,and h be the dip of the cable.

The cable will exgrt an ugward udl = we/m on the beam, but the cable will be
subjected to udl of wc per unit run.

Let V and vertical and horizontal components of P.

The cable is an absolutely flexible member, therefore BM at every section of
cable is zero. Hence BM at the centre of the cable is
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Since dip of the cable is very small, we can make approximation

cosa =1 and Pcosa =P

Now consider the beam, it is subjected to O

(i) External load w per unit length

(ii) Upward udl transmitted by the cable = wc per unit Ie@ *

Net UDL =w — wc

_ (w— Wc);z

Net BM at the centre 8 O
_P_NetBM, K
Extreme stresses 4 Z : < \

Losses of Prestress

*
The steel wires of a pr

eSsed concrete member do not retain all the
preliminary prestregs. A a

In amount of loss of prestress always takes place.

g

Losses may bg c ed as follows:
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Types of Losses Losses in Losses in posttensioned member
pretensioned
member
1. Loss of prestress
during tensioning
process due to
friction. No Loss Pokx
{a) Loss due to No Loss Fua
length effect
(b) Loss due to No Loss Pykx + par)
curvature effect
(c) Loss due to both Here,
langth and curvaturs Po = Prestressing force at the jacki
effect K = Wobble friction factor
15 x 10 per meter < K < 50 & 10 ¢
mater.
a = Cumulative angle in radians ¥Wfough
which tangent to the rofjle has turned
betwaen any two pol r consideration.
u = Coefficient o rves
= 0.25t0 0.5
Types of Losses | Losses in Lo ensioned member
pretensioned
member
2. Loss of prestress | No Loss
at the anchoring
stage

--'effective slip of the wire,
| = Length of the tendon.

Es = Young's modulus for tendon wires

= Es/Ec

fc = Original prestress In
concrate at the level of steal

Types of Losses tensioned Losses in posttensioned
mber member
3. lossof p
occurring Sub-
sequently
(3%107)E, 2x10°
Here, log,(T+2)
Es = Youngs modulus for Here
tandon wire T = Age of concrete at the time
of transfer of stress (In days)
(b) L ¢om-f. ¢m-f.
due to creep to Here, zaro
concrete m = Modular ratio it all the bars are tensioned at

same tima
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(c) Loss of stress m- fe Al

due to elastic Here 75 e,

shortening of f- = Initial stress | subsequent

concrete in concrete at the |tensioning
level of steel.

(d) Loss of stress 1 to 5% of initial |1 to 5% of
due to creep of steel | prestress. initial prestress
or loss due to stress

. (_,O

@0

J
3
™
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