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1.1 Introduction:
StructuICL_l , Eng:‘necr;‘n(?

! R
Ana{ysis Design
(SoMm, sA) (Rcc, PSC, Steel)

- Equn?ibﬂ'um - Saf'ety
‘Compatfbi)p{y - Serviceability
- Energy - Durability
- Economy
- Asthetic
i) Safely:

A structure must be safe with appropriate Fqclor of safely
[Fos] For Boodir79 thot may come on V't dur/'ng its ¢ntended life.

ity Serviceabi lity:
A structure should provide the service for wbich itis

constructed.

ipDurability -

A structure sheuld _sustain Iocnd:'ng for Which it was designed
and should perform well with safely and serviceability upto
its whole 1/'fe

Durabihity without serw‘ceaba‘my or fess ™maigin of safely [Fos]

ivshas no meaning

v Econo my:
Design and construction aof any structure should be
economical withoyt GFFectmg safety, serviceability and durabf'h't\y,

v Asthetic:
IF huge investment is 1nvolved in des:gn and construction



of a structure Ethen asthetic also plays an fmportant role.

Ex. Considering a beam:
iy Safety: Reinforcement 1's provided

iy Serviceability: Doubly reinforced secHon i'nstead of singly
reinforced secHon to reduce depth of section.

iy Durab:iihj:Nomincu cover, selechion of material.

') Ecanomy : Mono lythic casting of beam and slab designed as
T-sectlion.

v Asthelic: Hatf round sectien instead of rectongulor sechon.

1.2 Cement Conciete:

Ttis a mixture of binding material [cement], fine aggregats
[8and], Ccoarse aggrejate, water and admixture 1'n proper p7oportion

ke achieve concrete oF desired properties al fresh state and
hardened state.

1.2.]) Cencrele M r.
@ Nominad Mix:
~ Based on experience.

- Mixing may be by weight or by volume. By weight 1s
preferable

‘G)uor)h[y of water is not fixed It ) s provided as per sjte
requirement.
-Nominal mix is allowed for MS to M20.
| c | ra CA
Mio 1 3 6
M15 1 2 4
Mao { 1-5 3



b>Desgign Mix:
- Based on calculation as per 1510262 (2009)
- Proportioning must be by weight.
-Quantity of water is also fixed.
- Design mix is allowed For M10 to M100.

1.2.2 Fresh Concrete:
Workability s the most important property of fresh concrete

which /s simply defined as “Ease to woerk with”

Sr. | Degree of e | Slump | Compacting Vee-bee
No. Workab”l}y . Factor (ési'erp)f

- Road Construction. ,
1. Very low ‘ - 0.75- 0.8 10-20
- Shallow Section. |

- ‘Mass concrehng.

- La‘ghfly reinforced section
- Heavily reinforced seckion
- Concreb Ng by concrete

2. Low 25.795 0.8-0-85 5-10

3- Medium 5o0-10o0 ©085-0.92 g9 -5

pump.
4. High - Piling 100-150 0.92-above -
*5_ Very High - Tremie pipe concrebmj. - C.92-above o
* Tremie Pipe Concret ing;
— Hopper
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* Workability of Concréte can OF TNEasyred Oy jolOWING Trethods,
1. Slump test 3. Vee-bee Tes}

2.Compacting factor Test 4. Flow Test
1.2.3 Hardened Conciele.
After final setting kHme, concrete s assumed to be bard and
it keeps on 9aining strength for very long time [1to 5yeqrs]

ay Compressive Strength o F Cube:
This 15 the compressive sH’engH') of cube Size 150mm
subjected to uniaxial compression after 28 days frem day of
cf'astl'ns.

by Characlenstic Compressive  Strength of Cube:
Tt is the sbreng[—h below which not more than s ¢, test
results are expected to fall.

No. of ‘
Cubes

Strength.

/,t !

KS

)ft:‘)tck + KS



frequency 1
of

Cube

—L x 100 £5%

\‘. — Streng th

foo  h J
Area under curwe rep¥esenils number of cubes.
k=165 (for 5% oF definition)

| ¢/, of definition | K
0% co
84 1.65
509, 0

S = Standard deviation #hat depends on qualiQ.' contro).

Ex. Uniaxial compression test yvesulls of 100 cubes are listed
below in rincreasinNg order. Find fk
26, 26.5, 26.5, 27, 27.5,
28, 28.5, 29, 30, 30.5.
o S p =
~isiss s =2, 42 5N/mm?2
=  As per definition, fe should be 28 N/mm?2. Since, for
always designatec) in multiple of 5, so answer sheuld be
25 Nfmm? or 30 N/mm?2
In this case, B samples (more than 5% ) are beloww
30N/mm?, 50 30 N/mm? can not be for
Now. 25N/mm? can be considered as fox becauge zero
test results (less than 57.) is below 25N/mm?

= fek = 25N/mm?*



© Charactenistic Compressive Skrength of Cancrete:

It is obtained by dr‘v:drng characlteristic compressive .
$hengl—boF cube by a factor 1.5 to account for variation in
shape of concrele [other than cube] and variation I'n Loading
condition [okber than Uniaxial comp ression].

* Note:
¢ Factor 1.5 used here is nat partial FoO.S.

e For general conversaHon, characleristic strength of
concrete represents value obtained from charactérstic

Skrength oF Cube.

1.2.4 Comparison belween Cube and Cylinder:

B T I e

T IR R AFfected by frictian J ! L
S06mm Un aF fecled | '\“ /,4\ A rb{}~¢tcd
S P”CHOU ; ,"/ l‘\_. Pr,(‘jo()
/_t/_L‘\ T v ' 7
b—150mm— _
Cylinder : Cube
What should be used RV ! X
X ‘ v

Rcl-u@,”\y Used .

- Uniaxial compressive s»trengm of concrete can be determinal
by using different shapes of spacimen.(Cube, cylinder, prism,
etc)

f(ube = 1.25 f( linder

- Cylinder gives more appropriate m:ults Por uniaxial
compressive strength of concrete because eftect of Friction

between machine plates and speumen, is almost nil (zero),



* Nolte— —

- Cube of smaller size (assuming 100mm) gives more strength
Hhan standard culbe,

- A smaller qjh‘ndﬁ" also 8ive5 hfyber Styenyl—h e
standard od'fhder, provided ratio of height to diareter
remains conskant

-These results are eocpen'mE‘ntaI-

1.2.5 Stress -Stra'n dfagmm of Concrete under
Stress
4

Strain
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- Stress- strain diagram is nen-linear.

- Initial porkion of skress-sbrain diagram can be considered as
linear.

-Maximum compressive stress is eorrespondir\9 to approx strain
0.002

~-Ulbhmate strain lies bebween 0.004 to 0.006

-Modulus of elostici'by increases with increase in gmde ofF
cencrete.

- Brittleness increases with increase in Srade of concrete
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1.2.6 Grade of Concrele .
M -925
Mix T i Characteriskic compressive sbrerpkh

(N /mm?)
M5-Mgc —— Nominal Mix
M16-M1C0 —— Design Mix |as per ammendment @]

1.2.7 Tensile Shength of Concrete.
- Tks approw‘mal-elﬂ 10%. (7% tol57.)of the compressive
Strength.
- Skress-strain dfagmm s almost Iineqr.
- Ratio of compressive strength to tensile sbrengbh increases
with increase i(n Srade of concrele.
- Since tensile -S‘L'rensth aF concrete s ;ﬁnored in ReC structure

so it has very less importance. However, ik iIs calculated
to determine crockiry mamenl |



1. Direct Tension Test :
Practically, it g very difficult ko PerForm direct tensian test
because force never remains perFech, oxial Fension due ko

non- homogeniky of concrete.

2. Flexyre Test

e | | 11-0
I_JJL
AN

& L3 L3 WETE e
~I50k- 600 - {50k b
| | Prism
|| PL/3 |
/ @ et
! |
| )
| f
® 5
| Q)
Flexyre Formula:
Mo F_E
I~ 5 R
ot il
Per bz fer

bD3 /12 D/o
fcr - ??

- 3 point load mg s c.f:plu'ed for pure bé‘ndir79 condition
(Flexure).

-Value of P \s increased from O ko value C’orrf’Spondmsbo
which 13t crack develops in extreme kension fibre.

- Correspondu‘n9 to cracking load, bendmg moment is
calculated in cenltral perkion and tensile Shen9 Fh is
calculated as illustraled above.



- IS 456 provides standard formula for flexure bensile
Sl'rengkh/Modulus ofF Ruplure

/ECT: ST RN ka' N/mm?.

Ex. A PCC beam of section size 200x300 mm is made up of
M30 concrete . Calculalte Crackm\g mament of sectron.

By Flexyre Formula., ] ®
Mc‘r fcr 300 e

T | | s
for= 0oadfx @ Fico= e

Fer=07J030 =3834N/mn?
- bD3_ 200x3003

=

_— — -

12 12

¢ mm*

dE A50X )0
H:DIQ = 150mm

Mer _ 3.834
450x)66 150
Mgy = 11.502 kN-m

3. Cylinder Split Test:

- A line J.oadmg along lengl'h is applied at dt'ometr/"ca)\ly
QﬂdPofnl‘S

- Due ko this loadinﬁ, Cylinder splits into Fwo partks.

/[flf’fU'(“ > /;y’fﬁd &er SP]“ > direct



1.2.8 Shrmkage" of Concrel*ei
Concrete has shrinkage Pmpe:hj due ko presence 6 F cerment.
IS 456 provides a standard value of Shrtnk09e strarn of
concrete for des;’gn of RCC skrycture.

=008,
-3x10%
1.2.9 Durobih‘l'j:
Eyposwe ‘ Minimurm Minrmum Minimum  Maximum
s Description Grade of Nominal Cement W/c
Condition Concrete cover  content ratio
Mild - Protected from rainfall M20 20mmT 300 k9/m3 055
Moderate . Subjected to normal M25 somm  300kglm> 0.5
mmf‘al}
-Permanently submergtd
in normal water
- Foundation in non
aggressive soil.
Severe ~Enasid aPea M 30 . AL S 45
ever ] m \
v .-Subjected ko Hea vy a ™ J o
rainfall

- Permanently submerged
in sea woter
-Rlternote drymﬂ and
welt |'r79 in Noermal waler
- Occasional Freezihg.
Ver - Subjected to sea sproy o 5omm  340kg/m3  0.45
Severe (Alternale dfyi'ng and
wetting in sea water)
- Permanent fréf’zanﬁ.



Exposure Minimum Minimum Minimum Mazimum

o Description Gyade of Nominal  Cement Wi/c
Condition Concreke Cover Content ratio
- Tédal zone ;
Extreme - Supjected to aggvessive M5O Fsmm | 360kgim -4
chemicols
¥ - This can be reduced to i5mm for re:‘nﬁorcff)9 bar dl'q,lz;nrr)
¥¥ - This can be reduced to 40mm less -

for grode of concrete M35 of h:gber.

1.2.10 Creep of Concrele:

Itvs a FEime dependent strain in concrete due to susltajned
[oadmj (permanent !loadv'ny) . Dead load and pre Sf)’é‘é‘sflz?
force are the examples of permanent loadfng,

The exack mechanism of creep in concrele I's sti)l Aok
Pu”y understood . Tk is ,9enera1’y attrbuted ko internal
movement of absorbed waler, viscous flow or slidrng between
the gel particles, mojsture loss and the growth r'n mjicro-cracks.

Stress| Skain 4

Ultimate
C:eep

strqin

Creep strain

|
\
|
\
\
J
B o e e o v

Instanta-
~Nepus

Elastic strai

train t-’—103r~3 Time

s i sy 3 s

Ela-s tic Stiain  Creep
Strain _
(Plastre-strain)

Ultimate Creep Strain -
Instantaneous Elastic Stmin

Creep coefficient (@) <



/-}36 of concrele at the 6
time of Roadmg

28days 1.6

* Note: —
- Higher value of 6 represents high€r creep strain

-Ultimate creep strain is more if load is applied at

Early age of concrete.

1.2.11 Modulus of 'Ela:sttcic‘y -

S tress 5

=Strain

1. Initial Tangent Modulus (IT):

It is defined as slope of tangenf drawn at a point of
start of stress-strain dragmm.%is is also called as dynamic
modulus of elqg‘l;;'cffy which i's used for analysis due to
dynamic Ioadrng_ It s caleulated usrrl? Resomance

Freq uenc\y test.

2.Secant Modulus (3):
It is definedas slope of line corvnecll"r)j point oF

start of stress- strain dfdgram to point with skress 31_rd of



ultimale stress. It is also called as static modulus of
elasti c-ity‘. IS456 provides standard formula for this
meaedulus of elasbi‘c:'ly.,
Ec= 5600 for  N/mm?
This is also called as short term vodulus of
elasticity and it is pot :‘n(orporah'ny effect of creep.

After €Hec[ of creep.
_ _Ec _ 5000 f

1+ e 1 +0

3. Tangent Modulug (T):
It isdefined as slope of tangent drawn at any point
of skress- skrain du‘qum-It s used in Tncremental oad
analysis.

1.2-12 Acceptance of Concrete:
1.2.12.1 Acceptance Criteria of Sample: ‘
« Specimen — 1 Cube
« Sample — Set of 3 cubes casted from Same
concrete alb same Fime,

Quantity of Concrele No.of Sample
1- 5m3 1
6-15m3 2
16 - 30 3 3
31 - 50m3 4
51- above 4 + 1 sample Ffor each

additicnal 50 ™°,



1 Sample

Compressive Streng th

x z
of specimen J
Coempressive strength of  X+y+z
Sample B 3

Sample 1s acceptable only if compressive strenglth of
no individual specimen (x,Y,Z) is fal)rng beyond + 15%
of compressive strength of sample (ﬁ;ﬂ)

1.2.12.2 Acceptance Criteria of Concrete

V= 100m3
Day h Day 1 l Day 2 ' Day 3 ' Day 4
éuant')ly 20m’ 35m3 25m° 20m®
No. of Sample 3 4 3 3
Sample Number. Wﬁwx*-; E’ 9 101112 13

* fer H(0.825x Standard
> Marimum deviation)

‘J:(k+3

Avg»oF 4 consecutive
and non- overlappn'ng

Trn addition ko above crilteriaq, COMPressive Strengt-h
of no indrividual sample (1to13) should be less than

)cck =3



Grade of concrete S

M10- M15 3-5
M20o -M 125 4.0
M30 - M50 5.0

Step2: Take value of water cement ratio corresponding lo
target mean strength from graph given in SP23

| Special Publication]
Sbre'ngf‘h |

0-3 W/c ratio

wW/c ratio should not be more than value cblained from
above jmph and corresponding to exposure condikion.

Step3: Take maximum watler content from Table 2 of
1S10262, c0rrespor)di‘r)3 ko nominad ize of coarse
aggregal'e and slump 25-50mm)

Neminal Size ¢F ™Maximurm Water
Coarse Aggrfgatf’ Content
10omm 205 kg9/m3
20mm 186 kg/m?>

40mm 165 kg/m3



#Note:

-Maximum Limitk of water content s imposed ko
prepare economicaland durable concrelte with 20w
shymkage-

-As nominal size of C.A. increases, water requirement
decreases because kolal surface area of Larger size
coarse aggyeyaie 's less than as of smaller Size C-A.

- For each additicnal 25mm Slump., above values
are 'hereased bj - 1

- Above values are reduced by 5-10°/. for plasticizers
and 20°% for super-plasticizers,

- Maximum Limit of plasticizers and Super-plasH -
-cizérs are 1¢, and 2%, oF quan[-;'ty oF cement
Y‘GSPE’CL'I"VGIj .

Step4: Calculate Cement content:

Ww
w/ce

Weight of Cement =

This value should not be less Ehan ™Minimum
cemenlt content correspond:‘n3 to exposyre condition.

StepS' Take proportion of volume of CA. in volumegR Fo tad

aggregate (FA-+CA.) from Table 3 of 1510262 for
wi/c rabio 0.5

Coarse Aqq ate .
Proportion = YolLume of Coarse 9g9req (fcr' wicso.5)
Voelume ofF Totad ﬁggregote
(Finest)
Nommal Size oF CA. Zonelv Zonelll Zonell Zonel
iomm 0-50 0.48 0.46 0.44
20 mm 0.60 0.64 0.692 0.60

40 mm 0.15 0.33 0.1 0. 69



For wic ratio other tharn 0.5, above values are
modified as given below —
t 0.01 in proportion for each F0.05 in w/ ratio.

*Step 6. Calculate CIuOnHl“y of FA.and Cc.A.

Total volume of concrete = 1 M3

(> Volume of concrelte mass—= |- air content

N(, _ WC _ WC

(b) Volume of Cement = — = e

(c) Volume oF Waler = Ww
1000

Wodm

(d) Volume of Admixture =
x 1000

S

adm

ey Volume oF Tolal oggreﬁate = (a)-(b+c+d)

(F) Neught of Coarse Aggregqte;\/olume of CA.XDensily
= proportion x (€) x S.p x 1000

WWYWVW—\/\/
Volume ofF C-A
Volurme of TA.

% proportion =

S Volume of CA. = proportion x vol. of T.A

(g) Weight of Fine Nggregate = Velame of FA xDensily
=[1-proportian] x (e) x Spp X 1000.



Ex. M40, CAz 20mm, Severe exposure, slump 100 MmMm .19
plasticizer , Sc= 3.15, Scplen = 2. F4 , Sqqm = 1.145, FA of
zonel, Air content 1.5,
—
Step|: "Targel- Mean Strength :
fr= fextKs
404+ 1.65 x5
=|fi = 4825N/mm? |

Step2° W/c ratio:

Wic= 04 .- -Tfrom SP23, fy=48.25 N/mm? |
This is 2ess than 0.45 (severe) so it s OK,
={W/c = 0-4

Step3: Weight of Water:
Ww =186 kg/m3 [me Table2 of 1510262 ,CA=20
‘™mm
For 100mm slump,
Ww= 186+ 186X
100
Ww=197.16 kq/m?
For use of plasticizer
Ww= 19716 - 197.16 x-S
loo
Ww = 181.37 kg/m3
This value is maximum Limit, s& kaking

é{wwz 179 ks/ﬁri)'s] S e e B oeSE e ¥ RS S ke [BOS’e.d on G:CpGrIA‘GDCG’J

Step4: Cement Content:
Wez Ww . 170 _ 405 kg[ms'

w/c 6.4
This is grea ler than 320 kg/mﬁ (Severe) So, ik s OK.

':?,’]Wc =4 TG kg/m‘g—]




SkeE 5. Proportion:

Proportion= 0-6 - [from Table 3 of 1510262

CA-=20mm & zone IJ
For w/c =0.4,

| proportion = 0.6+ (@2 x0.01D)= 0.€2
—slsroportion = 0.62 m

W/ proporbiab
0. 60
T 0.0

+ 0. G
- 0-62

Step 6: Quanlitj of F.A. and C-A.

Totad Volume of Concrete: 1 m3

(a) Volume of concrete mass= 1- air content

1-5
1= X —
100
= 0.985 3
() Volume of Cement= We 425 _ - oi35m]
Sextco00  3.15x1000
(ﬁ)Vounhe of Waler= N w = 170 = OW?OYﬁB
loGo 1000
@) Volume of Admixture - Wadm = Ak We
Sadm X 1000 Sagm <1000
425
= e joo
1145 x1600

= 00037 m3 .
(e) Velume of Toltal Hggrega_te = (@) —(b+c+d)

~ 0.985 — ( 06135+ 0170+ 0-003F)
- 0.6763m3



#) Neight of CCA= Wcp= proportion x (€) x Seax 1600
= 0.62x0.6763x 2.74Xx1000
Wicp = 1148.89 kg
(g) Weight of FA = Wgy= [1-proportion] x ce) x Sepq 21000
=[1-0-627%x0.6763x 2-74 x1000
Wea= 704.16 kg.

= Fipad Resull =

C © FA . CA W L Adm.
1 m? 425 1 0416 L 1148811 130 . 4.25
Ratio 1 ¥ 1.65 | 2.0 T 0.4 1 0.01
Per bag 50 . 82.5 % 135 * 20 * 0.5
ol )
Cement

Ex. Calculate Standard deviation for the data given below.

Sa&?m Cubel Cube2 Cubel C:;zs,j;:rg:g (-xi) (X-x)
1 20.5 24.0 22.5 28.5 -2 4.41
) I8 5 292.5 1q.0 20.0 0.2 0:-04
3 14.5 205 21.5 20.5 ~0.3 0.09
4 29.0 23.0 945 22.92 -2.0 4.0
L3 18.5 24-5 21.5 20.5 -0.3 ¢.09
6 22:5 23.5 23.0 23.0 -2.8 1.84
g 24.0 23.5 21.5 23.0 -2.8 7.84
& 22.0 18.5 1q.% 20.0 0.2 0.04
9 16.5 16.5 14.0 5.3 4.9 24,04
10 13.0 15.0 \7.0 15.0 S.2 27.04

% =202 S =15.4



Standard deviabon.

S = > (x-x)*
(n=1)

- ’ 5.4 - 2.85
(10-1)

% Note=- -
Tesk data of minimum 30 samples s required

to colculate standard devigbion.

3| 5=12.85

1.3 Reinforcement:

Any material that can take Lkension ™may be used as
rein forcement . For e.q. steel, copper, aluminium, plastic kbre
bamboo etc. Steel is ymost preferable because of Foll owing
reasons —

iy Economical than othér metals.

iy High tensile Strenjih

iy Coefficient of thermal expansion s compgrable
ko as of concete,



1.3.1 Size of Reinforcement:
Diameter
¢
8
10
12
16
10
25
28
32
36
40
45
So

Ex. Provide 20mm ard 12mm dra. bars

1285 Mmm?
= Asp= 1285 m m<

Actual Area
20.27%
50.26
78.54

113. ¢q
201- 06
314 .15
490.87
615. 15
804.24
1017.87%
1256.63
1590.43
1963.49

® 4-20¢ +1-129
@ 3-20¢ + 4-12¢

Ex. Khat will be the dia of bars if 3bars are allowed for

Ast= 1450 mm?

ARrea of 1-bar =

@ 3-25¢

1450

3

@ 2-28¢ + 1-20¢

Approx Area.

30
50
5
110
200
314

4.qQ0 or

600

800
1000
1250
leoo
2000

- 483.33 mm~

500

for steel area



1.3.2 Grade of Slee|:
Yreld Stress.

'Fei_(%'_SQﬁ—’Wh‘d Stee)
Fe 415 |

Fe 500} Y &R

Fe SOOE;_D::_E_,"Duct‘\"I i l:y ‘
Fe 550

Fe €600

Recent
Develo p rnent

1.3.3 Types of Sl(’(“)i
1. Mild Steel.

E
/ R '\ =
C)
Fob 5/ -

o0.5” C;guge length

Al
'
1

\
\
!
[
1
|
|
|
!
{
[
!

'

{

-

0.25
(approx)
0A —> Linear

A — Preportional Limit

AB —— Non-dinear

8 — clasktic Limit

C’—— Upper Yicld Point

¢ — sLower Yield Poinkt (Yield Skress)
cD - Yield Plateau
DE ~Skrain HOrdenf’r)3

E —— Ulbrmate Point

F —— Fracture Point




g. HYsD/cTD/ TOR
HYSD — Hn‘gh Yield Skrength Deformed
CTD — (Cold Twisked Deformed.
TOR — (Name of Company)

Stress Stress
4 A

~
-
-~
—— - - v —— ———

Y A : "
027, ©-14 ¢00.18 Strarin
0.602

Capprox)

- Ik is obtayned by s};rcu'mnﬁ mild steel beyond yield
plateau by Sfrefcbi‘nj and h/\)dsh'n\g at parbeular
temperature anad afier bhat unloading 1s done. Abeve
process of straining eliminates yield plateay from
Stress-strain d fagram
~HYSD skeel s less duchile than miid steel
-In absence of definite yield point. @-27. procf stress
is considered ag 3f'e)c° Skress

3. Thermo Mechanically Treated Bars (TMT)
-These bargs are made by applying thermal and
mechanical process 31‘mu)taheous-)j on sleel,
- Ihis combination Process makes the steel relqtf\/eb

MCre Corresion resistant.
- TMT bars are relaHvelj more ductile than HYSD

- TMT bars bave all relevent Fealyres of RYSD.



TMT Bar

% Note:

- AS carbon ®/, increases, strengt'h increases ano
c)um'lfly decreases .




2. Limit State Melhod

21 Introduction:
In this rmethod of design, a structure shall be designed o

wi khstand SGFG’.y all loads liable o act ap 1t throc.ljh ks Aife.
1t shall also gal-u'sFy all S‘Grviceab//;ty rec,uf'remenfs suchas

limitation an deflectioy and C'rack'r'nj.ﬂm's acceptance limit
for safely and ser\//'ceabii/z}; requirement before fajlure occurs

is Limit State.

2.2 Tgpes of Limit Stale:

A> Limik Stale of Callapse
1. Flexuyre
2.Shear
3. Tersion
4.Campression.

ByLimit Stale of Serw'c€abi//tb,j
1.Deflection
2.Cracl<mg
3. Vibration

2.3 Design Strengbh of Matenal - |
This 15 the .strqubh which is considered for design of

Struckure.

1 Concrete:
Characteristic Strgpgkb

s @y _ il 1.
DGSISf) sk ensth Partial F.0s.

o. 6‘7Fc5~_

S
- o.4s‘fck..
o Llab, Cube, uniaxial Zoadar?‘c} - 7 fck

e Lab, beam ,any lcading - = 0. 67 Fex
= Site, beam, ony eading * 0.45fck




2> Stee) :
Characleristic Shfenfzi-h
Parbal F.O.S.

Desng N Sh’ength T

-

115
x O.87fj
> fy

e« lab, bars, tension-
o Fac[—orj, bars, tensiocn — 0*87fj

% Note:

- Parbad F£O-S. wilkth malerial s considered e actount
For variabecp n quaﬂ:‘}y control

- Partial F.0.S is higher han as OF Steel because
quality control of concret is inferror than skeel.

- Ultimate Strengfh of cencrele js considered as
charackeristic strength for concrete while yeld slbress
of steel is taken as characleristic Sl‘rengl-h for stec. This
is because wultimalte 8£r6179}-h ’'s obltained at very 57‘91')
strain which /s not pessible in Ciyil erg;neeri’rg
Structures.

" T

fu:):('k [‘""“m q~/ :'
g A ;

—

|
f/ ] i

. _fo\l? >
| (a pproX)
(Possible in Crvi] Stictures) — ( Nol possible in Civi) Sbucty res)

~ 1 1 1 r




2.4 Desigh Load:
Itis the foad for whith shuclture Is desjgned.-

Design Load = Characleristic Lecad x Partiad FO-S.
s Characteiistic Lload:
It means that value of lead which has 95, probability

cf neot be:‘ng exceeded dunng Irfe oF structure.

* Pavtial F.OS.

" Laad Limit Siake of Collapse |Limil Stale oﬁSZrEAc(-’aby;/Ty_1
Combinations. DL LL WL/EL DL L WLIEL
TDL + LL 15 15 " o | 1o | -
DL+ WL/EL ' 15/0.9 = 15 ro | - 10
DL+ LL+ WLEL 12 12 | 12 1o | o8 8
¥ Note:

- Design wind Joad and clesigr) earthquake load are
never considered on a skruclyre Simultanéousiy.

- Parbial F.0.S. of Limit State of Collapse is higher than ag
of Limit Shale of Servicéab:hty becauyse S’OFeky Is maore
imporlant than Se'rviceabi')itj.

- Factor 0.9 is taken with DL if DL is providing SFabih't)
aga\nst 3):‘d:’ns and ove‘tmm'h\y.

T st

fii, \

\
| \
———] | N |




Resloring Forc'e‘/Moment > 1.4

Disturbing Force/ Mament '

- IF retaining wall 15 safe in s)id:‘ng and e,verfumifc/
with Qo0*, of its weighf then «f must be mare Safe

with 100 Weyj,ht.

Ex. Caltulate Des;‘gn moment of bearm which s Subjecl’fd to
moment due te different andfnj; as gjven belenw
DL —> 10ckNmM
LL -  50kN'm
WL—e  T0kN-mM
EL—— 200kN-m

= Combinalticns:
DL+ LL = 1.5X1004+1.5x50 = 225kN m

DDOL+ EL = 1.5 x100+ 1.5x200 = 450kN m

So, des-fgn BM s 45¢ kN and ciitical fead combination
15 DL+EL



2.5 Limit State of Coliapse of Flexure:
2.5.1 Assumptions.

1> Plane section remains plane after bend 'nq- Ik means
strain variation cver cross-section is Linear

(@) Piane secl-lon remains (b) Piane section no Jcmger
plane aFrer bendmg remaibs plane afker
bendir)_j

2y Maximum compressive skrain 1n cancrele is limijed o
0.0035

3»Stress-strain dr“qgrqm of concrete 1s as given below

Stress Skress
4 Idealised

fek oo ! T R . For Cube
: — For concrete
\—Chorad‘erib‘ﬁc Curve

0.6F k- --

0’67fck

PastiatFos |/~

'
‘
|
\

\_Dejp‘gn Curve

qu:ubo la

DO Ol — o= < in msen v

]
¥
¥
i
e ‘ & Skrain
o 3 @] ( '8
8 %brom 6 8
G o
‘P o ) W
& Ui

* Note:
Rny variation of stress-strain curve ofF concrele can
be considered provided thal musk comply with
expenmental results



43 Tepsile stren9l—h of concrele is ijncred

5> Stress -strain dlaymm of Steel under compression and
tension is as given below.

eMild .
SEress Skress
1 Actual T a Tdealised

/‘{:\ 'fy J’ o "/ A Chara ctecfl's tic
08~ Hve

f[ f \——Design Curve

5 ‘
Esz 2x10° N/mm?>

 /_‘, . ;
L’ — i .
Skain g Streu D
e
O
© 0.8%f
Strain
> Strain =287y =0.00108
Es
e HYSD:

Non-linear /__J’dc—,“ahs€d

N Characteristic
cCyrve

A Desism Curye

Es= Q/"<1O'5 N/mm?

. ——

0.000 087/ Strain
002 087/

Eg 0.002+ Lgs?i{’
= 0.0038 (Fe4l15)

= 0.0042 (Fe500)



€ Maximum slrain 'ntensSion steel at the Lime of
failure should Not be less than (o.oorz+ L"é;"lfy)
S

% Note! -
~-Maximum Uimit of maximum strain of tepsion Steel
ab the Limeof failure is not defined because steel
(s véry ducltile as compgred to concrete.
~ Minimum mit of maximum strain of tensien steel
at the ime of Failure (o.oo:)_-!» 0'§7Py) is defined for
S

Full utilization of strengt—h of steel (087 f’y)

Based on above assumpltions:

from similar triangle

Xu,1im OA _ ocC
AB cn
/ Autrm d - 7%9_»‘77)
l

00035 0.0024 O-8Tfy

, " 3
i 0.87f Ay, tim= 0053d (Fe 250)
= 0002+ \‘,j_

= 0484 (Fe415)
z0.46d (Fe500)




2.5.2 Analysrs of Slress Block:

-, 0.00: , 045}
¥ B el c' . B Sfek e 13
—”‘A, | H
A I ’
7(4,- g i A
; 2
_V_Z —-:’_'{- -___-;E
Skrain Stress Block

" From Sktrain dmﬁromJ

O’A' R 0'8‘ WVW\/-\/WM

A'D B¢’ 2°Parabcla

—_ 1
OK _ _ Xa
0,002 ©.0035 . CG
OA'= %I’u e
‘ Lh,sia___.h-_g, a-
Now ,AB'=0'B- 07’ 2 R —. Y —l
T Ay - i’rq
F A AN N A A A AN A A A AN AL
, e
I e o
A R = 3 ’ru

Area oF Stress Block = Areaq of CADO + Areacf ABCDA

= 32_ x Area oF OADEC+ Area of ABCDA

-

x .g_’:tu'x 0.45 fek + qu70\45[‘ck

SUIN

Area of Styess Block =036 fei X

- A
Positlon ¢fFCG. from top fibve - 'Y 'f‘ﬁ\zj?:

Ar+Az2
Grosste) (345 +(3r Erurassio) (32 3-47)
- - O~36F(k9((, |

Position of C-G from top Fibre = 0.42%y



Ex. Calculate totcd pJ'ObCLb')ily of failure oF RCC Skructyre as per

IS45¢
ﬁ -
Prob- of Prab. OFTY)(IILC’HCL(’ p"Ob- el
. . Materied sltrength above "Matericd
Totad P'robabml}./_ strengbh ch. s l:??'ngt“h strengli belo
i%izfre = below Ch.strevyﬁ,%— 5 + ch.SL'rength
% x
Prob of foad Probofload — p, 0" o Joad

above ch . Jead

belcw ch. lead above ch. foad

=(0.05x 0.95) +(©95x0.05) 4 (0:65x0.05)

Totad Pr@bab:'h'ty of fallure =0.09%5

) 134,23 %1063 der
A x Or

= 9AEX107 0 4 5405642
[erder=-2] only one digit

2.6 Important Points of LSM:
- Favlure is based on pn'nc:‘pal strain Hﬁé’ory

* Saf'ety s checked at ultimate Lecad while Se)'v;'ce’abih‘h'j
1s checked at Sei‘vrce/wo:km\g Lead

- LSM gwves a smaller section dimensicn with rmore
amount of reinforcernent as compaqred te WSM

- LSM 15 econemical tharn WSM
- _Deslgr) tecad n LSM is ultimate foad (char foad x Partial F‘O.S)

while characreristic foad is considered as cle;(gn load
for WISM.



S.SRWW Reinforced Rec%amguim Section

31 Introduction:

If reinforcement is provided in bension zone only then
section 1s classifi'ed as smgle reinforced.
3.2 Posttion of Neutral Axis:

ey —i

0.0035 0.45 Fek

| 3 I

/

e
,\___—_-¢—--._ —— — e el

e e = N
L| Ast /

e o o — =

L L%_J O~87Fj
20.0094 '8E"7‘f:,

For position of N.A.

E=T
0.36 fex Xy b = 0-87Fy Ast Cifdr‘dyv
é = Volume of Shape
o= 087Fy Ast c = Aréaof
" 03€ fep- b Stress block

From above expgession, it Is clear Fhat position of NA s
directly proportional to khe amount of Steel 'n kensien,

3.3 Types of Section:

Based on amount of tension steel in section, three types of
section are defined.

1} Balanced Section:

Amount of steel (n section s such that strain in concreke
(s 0.0035 and strain n tensjon steel s ©.002+ 0@’7}3! ot

‘ y =

Fne time of fFailure . g

0.C035
Zy=y,); €c=00035 fc=045F«k
Por e r e e ool b 0.8FF
€ = 0.002+ J
Asty : Eg
© ¢ o

000 _ 8 fj F;: 0-87@

Ly Ay, lim



2y Under Reinforced Section. - §
Rmaount of steel insection is such that strain in concre
(s 0-00355 and strain n tension steel s 3reatcr than
O 002+ 087;3 > at the trme of PO”UI’P.

. Go3s
s
] —I h7./(7- Ec= 0.0035 fc: O.Q_sfck
%y
__.,_‘__._—_ _—__Jr/’i:{- 0.002+ 0879‘)’
- T + . 7/ es > ES
sy
o' % W o {s= 087FF
;- e /X% [ ] f:s j
S 0.87 [y
[ See Q+ﬁn¢< Ay < Xu,bim
700024 O 8Ffy
Es

' *Com!gav(lﬂy farlure slrarn profile of balanced and under
reinforced seckion:

c.ca3s
7F’ ,
Zu e 1 | ‘
Ay im| ’/ —Balanced Xu< Xy, i m
/” //
Under Q/F’\;J“‘“7“
i /ﬁ— | 0.87f

- 6002+ Tsl
£

* Shifkin position of NA- due to y,‘etdmg of Steel:

T T T oA -\Shif‘k in position of NAdue to
& Agt 5 ' y,eldinﬂ of Steel
cte N AT ‘
- ooo‘l+9§:’—};‘
- 0. 5

S



0.0035 045 fck

/
0.002 /
/

Y | W L
4

- For strain profile T and IT net tensile force is Same
because stress in Fension steel remains constant (0.8%4)

- Compressive force for strain profile III is maore than
Cempressive force for strain profiie 1r

-Te maintain tensile Force equal to compressive ferce
NA shiffs upward and Fined strain profile becomes IV

330ver Reinforced Sechon
Amount of steel in section I's such that strain in concrete
is occe3zs and strarn 'n ténsion Steel is less Fhan
0.002 + %_, at the Hme of faiiure.
s

¢.0035
€C: O'OOSS
J)c = O45F('.k
0-87F3

Qs < 0.002+4

Es

F5<0.87fj

Ly 72Xy, 0im ~“(byCOmPa;'n"nﬁ failure Strarn
profile of balanced gover
reinforced Sech'On)



% Note: - S

| ,;'/ | g ) j&\\ o ’/,,.
E:oooﬂoﬁﬂy ‘N':--k//

- Seckion QJ\/UCLyj Fails due to Crushing of concrete n LSM,
- Steel nevet fails (fracture) it always yirelds.

- Types of failure;

iyUnder R/F Tension failure

— Se(‘ohdarj comp- failure

iiyOver R/p Compression failure

——»Pn'mary cCoOMmp. failure \

- Over-reinforced seckions are nok permilled because
failure s britble and suddern (withaut warninﬂj

- Under reinforced seckiong are preferable beccu.uc
L‘he}j give su FFicient worn:ng beforce Failure and ?

|
show ducltile Ffailure. ‘

0.003S i

|

o L ower R |
'9\_

v Under RIF I

|

AUndErRIF > oner R/F
- Tn ander reinforced section , defleclion and crockmj
are more than over reinforced section,

- PrachoJlj, all flexure Seclions are under
rein forced in LSM




3.4 Moment of Resistance of Section:

—bh —m 0.003S o 45 fek

002
o [ )

e oo = [~ ﬁif;""’—"“’ LA
A st

o & o | | hz7BT
BO'COQ-}- M

S

MR = C xLA ¢ TXxLA

1y Balanced Section:
MR = Cx LA
= 036 Fery gimm'b (d=0.42 Xy, 0im)
= 0148 fex bd? (Fe250)

= 0.138 fck bd? (Fe415)

=0.133 fexbd® (Fe 500)
MR:de2 = Nlu,k.‘m‘

MR= TxLA
Mu,timn= 087 fy'ASt ~{d= O‘4Q'Xu,1\‘m)

For Asik of balanced section:
cC=T
0-36 Fexe %y tim PE= 0.87 Fy'Ast,g.-m

F(k’
Ast;hm‘i 0414 (‘f‘j‘) ’XQ'Q"m‘b

2) Under Reioforced Seckon .
MRZ=CXLA 2 MR=0.36fck Aub (d-0-42 %)

MR=TxLA=> MR- 087 fj-f}st (d-0-42%y)



3> Over Rein for(ed SecHon’
MR= c xLA
MR = Q36 fck Xy-b (d-0-42 %y)

MR = T x LA
MR fsp Ast (d-0.42%¢)
where,
fst<0.87Fy

3.5 Types of Problem:
AS /-'\no.lg $Is "
1.Position of NA.
9.MR of Section
3.Ast required for balancecal Section.

B> D-esicj N
I.Seckieon size s given anc Ast is 1o be calculated
2.Section size and Ast both are to be calculated

3.5.0 Pasibion af NA:

Always equate net compressive force and net tengrle
Force of section o gel %y and compare Tt with Xy, gipy:

Ex. Delermine the posilion of N-A. for the given secdion.,

300 —
- Ma2co
) Fe 250
L aast
O C oo

= for F’o&%l—-*rdn af NA> C=T=> 036 fckxy'b =087 f:,-f\st
036 X 20% Xy x 300= ¢-8BFX250X 4 x 2;r_ﬂ_.,(.zs'z
2, =197 7 1mm
Now s oy, 0im= 0.53¢ = .53 X500 = 265 MM

& k.. o, “~ -~ = = o L e ’ » vasm " b



3.5.2 Momenl) of Resistance of Section:
Use procedure as illustrated in section 3.4

Ex. Calculate MR.of given seckion

=400 — |0> Asi-: 3-25¢
T > Ask = 8 - 254
M25 . |
700 Fe415 't Asi For batanced seclion,
L Ast
O cCo

=
> Ast= 3-25¢
For pasibien of NA.
C=T
036 fekXu b = 0-87 FgAst
0 36x25 xXyx 4002 0.81%x415x 5x.§x257’

Zy=147.65mm
Now,
Ay pim<= 048 d
T0-48x7F00
Xy,0im = 336 mm
Since. Xy <%Xy,tim SO Seckion /s under reinfayced

Moment of Resistance:
From cempression side,
MR = CxLA
=036 fek®y b (d-0-42%)
=0-36x25 X14F.65x 460 = ( 7CQ -0 42 x |47F€5)
MR=339.19 kNm
From tension side,
MR=T xLA = 087 fy Ast - (d-0 42%y)
= 081x4)5x 3x Ly 25"« (Foo- 0-42x147%.65)
MR= 239,19 kN .



s Agt= 8-25¢
For positron of NA .
c=T
0.36 fck X' b = 087 fy Asy
0.36x25x Hy*x 400=0-87 X4 5% & x ;Ex ns >
Xg= 393.84 MM

Since Au>Xuy,lim 30 section is oyer yeinforced
Exact position of NA for this Section wil) lie
between Xy, 1im (336 mm) and 393.84mm  becanse

stress in tension Steel will be less Fhanp 0'87{7'
Stnee cver reinforced sections are Nok permitted

so we are not intrested in calcuwlation of exact
positionof NA and MR of section

iy Ast for balanced seckion

ﬂst: 0 414 (%) ';((.lrplm b

25
=0 — 336 x 400
0414 x YT X 6

Ast,1im= 3351.90mm?2

Ex. A recl:ongulm under reinforced section of effechive size
(300 x 500)™m™ s reinforced with 3-16¢ of Fe4d1s . M2
concre e

Assume sbra:‘ghf Line instcad of parabolla for
stye-skrain curvecof concrele and partia] FOS. = 14

ay Calculate pasition of N.A. w.r.t- exlreme comp. filyie

b Calcylate diffeience between depth of N.A calaula led
as per I545¢ and part @) of thisS problem,



Area of Stress
block

=3 (2t 3%) 067 fex

.—.7L e e e e —— - o

Aveaof Stress block = 0.4785 £, %

as Position of NA:
c=T
0.4%85 Pck Xy b= 087 Fj'qjt

= Apgepp = 5 (08+cCD) BC

0:4985%x20x %, 30 - 0.87x 41'5>c3><{1-t—><)6l

= XLuz 15.85mm.

by Position ¢f NA as per 15456
c=T

036 ek Ny b = 08%F Fy Ast

0-36x20x ¥ * 300~ 0.8Fx 415 x 3/\5:_,( 16%

= Xu= 100. 82 mm.

= So,diffeience = 100.82 -75.85

¢

25 mm.,



Ex. In the de’s;’gn of beam bj LSM n flerxure as per 18455,
det the maximum strain Iimited to 00025, For Hnys
sitauokion, consider a vecta ngujqr sethion oF effeckve 3ize
(250 x350)mMm - A’St: 1S500mm*, Fe 250 and M30

a Position cF NA- for balanced sectHon

b> At the Limmit stGdoF cellapse of Flexure, calculate

force acting on <empression zone of secfion.

Si:reS:;J
045(:,'( """""" I T
I .
| |
' |
[ |
| | :
| .'
f |
o 0 Sxi“fam
o
S 3
M N
%
e 0.0025
Ar—— R o - :
/ f Fram STm: far tncmg)e
Lo, fipm / ‘ Ay i d -~ q”»i!‘m
1V t - ‘
Ao ad 00025 o002 4 287fy
r Es
| R7¢ 0.002 -
=0.0024 2871y "5 o002y 2877250
Es 2x1 oS
= Zugim=156. 59 mm,
’_..Q‘f.‘_giﬁ. ~ ~ from S t_fCl\'Y) dl’CLgrcl ™
OA' - O'B'
: A'D' B¢




o'A' _ g

0002 00025

.

o[z = X
Now. A'8'= O0'B'-0'A’

- - 4
= %y —S"Xq

‘gz X4
RE= T

Area of stress block — AOADo + AP«BCDA

- 2
3 Aoapeo * Aagepa

- %(s—izq x0.45 ﬁck) + (% x 0-45 Pck)

Area of stress block = 0.33 fck Xy -
For position of N-A-
o
0-33 F(k Ay b = 087 fjASf
0:33x30x Xy X250 = 087 x250x 1500

Ayz131.81mm

Since Ay<Xu,fim S0 s€cliorn s under Y€INforced

C=033FfckZy'b
=0:33x 30X 131.81x 250

= C=326 kN



3-5.3 -D(*‘S)’gn of Sir)gfy Rernforced P"(‘“‘“?E)LLIOI Section.
Casei:Section Size 15 given and Ast is to be calculated:

Stepl:  caleculate design/factored /Ultimate 8M by multiplying
partiql F.0.S to Sehu’ce/ \Norking lﬁgnd/‘n&) moment .

Step?2: Calculate My gm of given seckion.
Mu,gim= @bd?2
Where,Q=0148 fk (FRe 250)
0138 Fck (Fe4d15)
=0.133 [k LFe500)

Sl€P3 IF BMu) Mu,i[m H’)er) dGUb,j felﬂFGr(‘éd section I's

designed
P BMu<My,pim then singly under reinforced section
'S desfgr)-ed.

BMy=z= MR

BMyz 036 fek Xu b (d-0-42%u)

Ty 2?7

For Ast: c¢c=T
0‘363/"‘(_[(7@.1 b= 087 ia/\s‘
Ast = 77

.’-\»W\/'W\,’WVWW\’V“/\/ VNV Y NN TY )

Alternabively, o
Y 05 fck hd );\_J 4.6 BMu J

Ast= =—g — o '--‘}E(L bd?2

e AAANAN AN S CAAA NN AANRNFCA SN N A, ne I

Stepd:  Asy calculatecd above should be within permissible §imit
M> L o (To prevent anysudden feilure and
bd fy forductility)
) . .-As[',k{n') (O\/er FC?‘ﬂfUrffd
Ast < Miormum i.4‘/-°'€‘] yoss areq (Problem "”COVY\pach‘or))



Ex. Design critical section of RCC beam of overall size
(3sox 7 5s0)mm, subjeclted lo Uive Load of 30kN/Mm over ap

effective simply supported span 6 m E ffective cover 50mm.
M30, Fe 415,

] 30kN/m B e

€m

Stept*  Factored [Ultimate BM:

DL=0-35x0-75x1x25 = 6-56kN/m
LL= 3ckN/m

Total Factored foad = 1.54(6.56 +30) = 54 .84 kN/m
2
BMumid-span) = "\’gl
54.84x 6*

]

BMu = 246.78 kN'm

§f€EQ.' Mu,y|~m '
Mu,pim= 0138 fkbd?

2
=0.138 x30x350 x (750-~50)
Mu,1imz Fl0o.01 KN M

Step3:  Since BME< Mug/m S0 seclion 1s des;’gr)ed as singly
under reinforced sectron

BMQZMR
BMu=06.36 fck Xq'b Cd- 042 2y)

24¢. '48?('06:0-36?(30 XZux3so x(T0O ~ Q-4Q~'Xu>
=7 Au= 99.16 mm

For Ast> c=T
©- 36 F(k 'Xq‘b 10‘8‘7 FSASf
6-36X30 x99.16 x 350 = 0-8F X415x Agy >,

~ S



Alternatively.

0-S fck bd [ J 4.6 BMy J
Ast = —— | 1 - 1 —
’ fj Fek bd2

_ 0.-5x30x 350x7oox 1 ﬁ,4‘6><9_46'f;8x\06".
415 30X 350 % 7;01

A= 1057.73 mm>

Step4: Permissible 1) miks.

0.85 Q50X 700
Y

Ast,min > 501 81 mm*

Bok Y. o fore b
sAst,tim= OAM(H) A

004y« 305} q9.16 x 350
4)
= 3519.4 mm*
*0-04hD=0-04 X 350x 750= 10 Soomm™

Ask, min 7

Ast < Mipimum

Asi- < 3519.4mm?

In 3eneraﬁ , 60-70 ™mm clc Spacing 1's sufFficrent for
comfortable concreking,

S e e  a Y SR RS S gt W e e
T—A—T é Fornominal stze of
=32MmMm m
- 2.50mMmM | ¢= (‘4\_&2335 G_gg’regafe e
50+ \q;q:\, k5B M —\@ ( Minimum clear spacin
~ 1 —_— = 204 5mMm
~—350 MM+ 60-70

N A ANANAAAANAARR A A A~

For Shars »¢/¢ spacing=250/2 = 12smm
4Abarg . C/¢ spacing =250/3 = 83.33™Mm

5-bars, (/¢ spacing = 250/4 = 62.5STMNIM

6 bars 5 C/c Spacl"ng £ 250/5= 50mm ( Nel DT(’\QC/CLb,E)



Ast= 1038 mm?2
s 2-280
- 2-25¢ +1-12¢
« 4- 20
© 2-20¢+3-16¢ .

r—* Note:

- Reinforcement isalways provided simme brically
¢n beam cross-section,

f

|
Qo eO
w—Line of Symmetry

-Seckion never becomes over reinforced even if
more Steel is given than cQlculated . provid ed
given Skeel vs Less than Ast,l|“m_

Ay-----t---=--=}-——Ast = 1038 Mm?

Luslim === == |-~ Ast,trm = 5519 mm?




Casell: Section sizeé and Ast both are to be calculalted,
Stepl’  Calculate factored/Ultimate /[ Design BM.

Slep 2. A ssume surkable valye of -k_i)_ ratio
@

( Lateral BUCk'lfngu )o.3<_5_< 0.7 (Uneconomical)’

GE:O\S for €xam

step3:  Calculate d required for balanced seckion
BMy= Mu.aim
BMu= Qbd?2
& Re

Stepq. Provide d su:’bably h@her than cal culated above and
calculate b accordz’ngfd

Step 5 Seckion size  provided is step4 is 1@,:96, than Yﬁqut"red -
Stepz ., so provided section s under reinforced

«—beal— F—Dprov—f
] T
Step3 :
Cl{“d Step4 dProv
J l
B
BMus Mudim BMu < Mu.iim

Asi .:*_\O-Sﬂkkﬁ_[‘ ‘\/E
9 fex bd?

Step6:  Asp calculated aboye should be within permyssible dimits



Ex Des.’gn a p’n\g(j re1 nforced rec(omju{ar sccHon for service
BM 200kNmM  M30, Fed415,effective cover somm
=

Stepi1: BMy= 1.5%x200= 300N m

Step2: Assume ab_:o.g

Step3: d° required for balanced section
BMu=Mu,tim
BMu:O-,38fck bd?

300 x 106= 0. 138 x 30 X O—de
dz=525.27mm

Step4: F’rovidmg. d= €0OMM
b- 0:-5d= 300™MM

D=d +effective cover
=600+ 50
D=€50mMm

StepS:  Asi. Requ ired

O-Sf(kb(’) [ f “-GBMU‘(/
Ast T - f1e
"fj [ck bd*

o'5xzox300x600[ \/( 4.6 x 300x)0° ]
— 1-—- - 2

415 30 x300X600

Ast=1576.56mm?

SteBG.‘ PermiSsible [imit:

s : .85 . 085 x 300XE600
Ast.min 3 DE3 Ast,min & —

bd fj 415

Asi,min > 368-67mMm*




Fee
eAst,oim® 0-414 <Ty~) ')(w,lim b
Ast £ Minimum = 0.414 x (@)Kcuﬁlgmé'oox 300
45

= 2585.15mm? .
>0.04bD= 0.04x300x §50 = F800TMM

Ast= I576.56mMm?2 -

Providée (@ 2-3249
® 3-28¢
#) 2-25¢ t+2-20¢
@ 2-289 4 2-169



A.D@ubiy/ Reinforced Redangul’ar Sectis

4.1 Introduction:
IFr remforcerment rs provided in tension and coMpression
Zone oF secHon then such section is called as daublj

reinforced. It (s provided 'f seclion Size i's restricted (b 1
both) and BMy> My pim

4.2 Analysis of Doublj Reinforced Section:

F—b—= 0:0035 045 Fek
o o Id e 7 =it
Ast % /
d
Ast
1 M o > 087Hhy

> 0-002+ M

Es
For position of N.A.
£=T
CetCs=T
[0-36 fek Aub-Asge *045fc k] + Fsc-Asc =0.87 fy-Ast

036 fek xyb +(fsc-045fck) Asc =0.87 fy-Ast
From obove expression %u cannot becalculated

without knowing fsc Since. fsc depends on Esc SO Es¢
) befng calcalated  from strain dfagmm as follows.

€sc _  0.0035
Ky~d' Ky
Xy-d' .
éSC = Ya > 00035

Irn above cal culodion,xy depends on fsc and fsc depend,
on €s¢ - Stnce €Ese also depends onZy 30 this rsacytlic
problem which can be solved by T €sc

Xy

Hial and erroronly. s



4.3 Pasition of Neutral A xi(s:

4-3.1 Balanced Sectign:

—b—! 0.0035
(v} Q ' "Zq: ’)(u‘},"m’: 0 SSd (FeZSO)
Ase | e Xtimg
g 0. 48d (Fe415)
- -"’,,i__,_,,._,.. ,,,,,,,,,,,
| 046d (Fes
1 o | 500
@ o ¢ /

432 Under Reinforced Section:
Stepl: (ol culate Zu, 8 m and assume Xuy= Xu,tim

Step 2. Caltedate €sc

x
G = [ -i— d)o 0035
. U

Step 3 Take fs¢ from stressstrain diagram of stee) under
compyession , corresponding te €s.

WSS fevel | Fetis Fesoo

- B SL-Lam Stress Stram Stress
0.8 fyq 0.-00144 | 288.7 0-00174 | 3497.8

. 0.85fyd 0. 00163 306-7 0.00195 369.€

| 090fyd | 000192 | 3248 | 0.00226 | 3913 |
| 0-95 fyq | 0.00241 | 342.8 0.00 277 413.0
;o.%'sﬁyc) .0.009'76 351.8 0-003i2 423.9 »?
i t.0 fyd ] 0.00 380 360.9 0«0041"4" 7*25’74:8 ]




Skep 4. -

StepS:

¥ Note: S
- fyd —= Design yield stress = 0.87fy

- IF Esc lies between values of above table then
Fsc is caledlated by tinear interpolation.

Wp——> Ny

Esc— fsc
xlﬁ—'}. 32

Y24

O

YSC: Ji+ (IGSC’"‘Yt)

dr’rectly muitl‘pljfng €sc o Eg

- IF €5¢ i's less than 0.00144 and 0.001%4 for Fe415
and Fe 500 respeotf'vely Fhen FSC I's Caﬂ(ula{ed by

Equate net compressive force to net kensile force of
section ko calculate pesition of N.A.

c=T
Ce+Cs=T
O36FckXyb + ( Fsec-9:45 fck) Asc = 0.87 ;\j'A:Sf
Xy= ??

IF %y of step4 is noltequal to Xy, then assume u,-u, of

step 4 and  repeat step 2 to step 4.



E’T. CCL’(‘CL'Q['G’ PO'S"f j'or) OF NA

w—3 60—* _
r 0 oQ IGO
' 4-16d M3Z0
s | Fe415
5-25¢ |
] o oo:)?‘lise

ISt Trial:
Xy(= Xu,pim= 0-484d
=048x (700-60)
= Xu; =307.2mm

x(0.0035

= €sc = 0.0028]

F_C_«,c: Jit i&__‘_H_|) (»Esc"f-)

9_‘1" g

6.0038 - 0.00276
ﬁ)csc =352.23 N/mm?*
C =T
0-36Fcikc Xub+ (fse-045Fck) Asc=0-87 <{:9~As't

-351.8
:351,3+(360‘q )(0.0028”-0-00 276)

0-36X30x X X 560+ (352.23~ 0-45X30)x 4> = x16°

= 0.8 Tx415 x 5><I4Ex 252
= Xu=157.85Mm Xy, (307.2mm)

Se.second Tral s rquired.



1”9 T, al-

= Xy, = Xu = (57-85mm

E. {M)‘0.00KS
oC X
' Ua

- IS7.85-60 . 0.G055

15%.89

=€ 0.00217

fse= Y1+ (iz_j: (€Esc - X1)
= 324.8 +(34Q'8~3Q4'8 )(o,oom'?-o.OOMQj
0.00241- 000192
Sfsc=33397 Nlmm?
Now, CZT
036 fepe X b 4 CFse-045/[ci) Asc = 087 fyAst
0. 36 x30%xXyx 360 + C333.Q?~o.45x30)x4x'_2_t w1 §2

= 0.83X 415x 5x 4Ex25"

= Xu=161. 67 mm <Xy, (157.85mm)
So, 79 tral s required\
Few more trials are required for vefaH‘VGLy closer to exact

position of N-A. Assuming Yu=160mMmM as an approximate
Position of NLA. o reduce calculation effort.



4.4 Moment of Resistance of Sectign:

?EUC.:& n) (h-p) B¢ hyrgo =

VT L =AW
P=th

hyztro =R
a4qyy clog woedy
e £ RN —h = 92204 INIFTDAIUSOD
- I2N JO VOHIS od

PDPLS UDASUS | MOt NN

i
|

" ;
D -— 0 ! O 0
Qamv.o'umvH hmip et et

\_C\Uv wnﬁ\ﬁv‘ukaﬂv © - u,m,,\w..T
(Prot-0-p)q Px Y2980 =¥
N.(d!N.U $ sjfﬁv“
TN F AN Z AN

2 PIS uo 1 g5 o4l wtorf NIN




Ex Calcwlale ™MR of sectian 9iven N previous example.

Xy= 160 MM
A.‘7
SAyz 160MNM

€sc* (‘Z%) eEs

= (160-60\,pn.0035
8o

€5 0.00218

Fse= it (;hhi‘) (Esc—x4)
Lo — X,

_ 342-8- 324.
_3Q4.8+( i (00028 - 0.00192)
0.009_4I~O-00}q2

> Fsc=334.62 Nipmy

MR :MQ‘-'—M"?L
TG xLA;+ CorlA,
=036fcx Xy b (d-0.42xy)+ (ﬁ(v- 0-45 fek)Ase Cd~d’)

=0:36X30x160x 360 x (640~ 0.42X80)

¥+ (3349.62 —0-45%30)x 4 x%x,sz x (640—60)

=S MR. =506. | kNm™M



4.5 Design of Doubly Reinforced Pectanju/ar Section:
Doubly reinforced sections are designed If sectian size is
restricled. It means., sechion size IS known and Steel js to be
des;‘gned

Step1: Calculate design/factored / ultimate bendfn(? Maoment.

Step 2: Calculate My,1im of given section.
Mu,tim = dez

Step3: TIF BMuy < Mu,iim then smgly under reinforced seckion
Is designed.

Ao, = 05 Fex bd [“ﬁ“ 4.68Mu]
St Fj for bd?

If BMy >My,1im then doubly reinforced balanced seckion
s desl9ned.

{a fremee .
aQ Q ' 0 0 ,
I ASC ’X{i\‘m : A-C E
Ngl - A _— s+ | . __-+___E. s g

1 Ast Ast | Astq
o oo o o :

.
o -

Balanced 1 IT -
Section.

Step4: (Calculate Ast,

Asty = Ast,iym = ©.414 (%—)'Xu,hm' b
J

Step5: Calculate Moment resisted by Sechion II
BMu = MR = MR, + MR,
MRy= BMu ~Mutim - (MRiz Mu,tim)



Step 6: Calculate Astz
MRy = T, XLA,
BMy — Mu,lim= 0.87 Fy AS};Z (d_d‘)

Ast,=??
Sfﬁ’p 7: Calcu?afe ASC
C2: T2
( fs¢ -0.45Fck) Agc= 0.87 ,Ey Ast, -
Asc: 43

Step8:  Asc @and Asp calculated abeve should be within
permissible {imits.
Asc¢,min =No value
Asc,max = 0:04bD
Ast, min = No need to check

Ast,max =0 04 bD



Ex. Design a section for Factored BM 110kN'm if size Is restricted
to 250 x 380 mm. Effective cover 50mm, M20, Fed415.
o -
Step1: 9{BMu = 110 kN-m |

Step 2: Mau.jim = C.138 f¢p bd?
= 0-138 x20 x 250x (380-50)
=Mu,tim = 75.14 anﬂ
Since, BMy> Muy,1im So doubly reinfrced balanced section

is desighed.

Step3: Ast,= Ase,lim= 0.414 [Z5 ) Xy 4in b

f

0. 414 x( 20)7« 0.48 x 330x 250
415

fi

=>Ast;= 790.1 mrﬂnﬂ

Sl:ep4: MRQZ BMQ‘ Mu,!.m
=110 -75.14
=|MR,= 34.86 kN'm

Skep5: ™R,z Ty x LA,
= 0.87 fy Ast, * (d-d")
MRy =0.87 x415 xAsp, x (330-50) = 54.86 x166
= [Ast, = 344.8 mmﬂ

Step 6. Xy,jm= 948d = 0.48x 330

?q,,ﬁ'm: 158-4— mim

. = f =2 A - )
€y = <M1_Ci) K6.0035 = (’584 S);(O.OOESS

Ly rm 158.4

€5 =0:-00239 -



fsc= Y + é& (Ese=%1)
X, - p &

34 2.8-324.
= 324.8 + <\——«~34 ke
0.00241-0.00192

) (0.0023g-0.00192)

fsc = 342.06 N/mm?
Now, (=T,
(Fsc=045f) Asc = 087 Fy Ast,
(342.06- 045x20)xAsc = 0.87 X 415 x344.8
= |As¢c= 373.77 mm?2

SL’EPT A_Sf: A5t1+ AStz = 7‘701+3448

As 1134.<7mm:}

Asc = 373.77mm?

" Asc.rmax = Ast,may = 0-64bD = 0.04x 2 50% 380
= 3800mm?*

i

{

=iy Prowdmy Ast= 2-25¢ + 1-16¢

ASC:@ = 2-20¢

Compression steel 15 increased by more amount than
¢ncrease (n tension stee| to make section under-reinforced

because fs. < 0.87fy

X Note :

€xpressions.

mild Steel.

-If reduction of concrete area due to presence of stee| is not
considered then term 0.45f. Asc 5 removed from al)

= 1IF table of fsc (6 not givenin examination then assume
fsc between 0.75fy to 0.8Fy for HYSD and 0.87f, for




5, meged Section

5.1 Introduckion;
Flonged seckion is economical and efficient than rectcmgu}ar
section so wherever possible, rectanqular section is replaced by

Planged section.

NA G |

el

|
| oo

A
LA,
MR,

]

b -

—————
'

5.2 Types of F)anﬂed Section.
A section is considered as Flanged if there js No relative
movement between flange and web.

/f////

N\

N

/.

Not a flanged section

because of relative movement

between flange and kleb

be—>bg >b—
*r'F’Clngt"
N______ o . |
‘‘‘‘‘‘‘‘ " Web (Rib,
Ast
C o

— Az (economical)
< LAs
< MR (efficient )

TR - —

wwww L/

Strain

Flcmgfd section because of
mono tithic caSHnﬂ




o
g
S, W —— Y

- ;';‘:' . 7;'//'
L
G //////////4/// //// /7////7/

Porch subjected

5.3 EFffective Flange Width:
If width of Plange is excessive

to H099:r)9 B8-M.

then a part ofF /:Iange only

provides compressive force so effechvye Flcmﬂe width s calculated.

5.3.1 TIsolated Plonge Seclion:

e b -~
by —
DfI ]' : ! A—F’qnge
a |
4 Web
| e

bf‘: Minimurm

“T! Section

)
T
b3
¥
NP AN NANANAMNNAANNANANANANA NN

Where Lo is distance between po

- T—— o
r——bf—»;
|
|
d
l | [« B ]
—+ bwl*—
0.5 (e
i) Le +4 + bw
bf: Minimum ©
iy b

“L’- Section

int oF zero moement

i | ' Le/—; f
| @ | % | /é\ | m
e T - ey e

o = Leff L= O7Leff



5-3.2 Beam-Slab

b

B

Floor Syslem:

s T kS ¥ FrorttorRe phpmslel A s Rl B
' " ' | ' { \
; | & 2 :
) - b : ] :
: b : ¢ (‘ L ___L—é
! L = N '
b e e e — e~ ¥ Losoacmsimesmd’ L iscms oo amneaa I P S T _1'
b,
b | D A
: Oy '
I_F LT T Ll ! lj
|
————b bt b. At b ¥ b ke
bus t B < o, 3 bu 4 b
T~ Section: g 'L'- Section?
; Lo o j S
s — 4w +3D
N 6 o 12 F
bf: Minimum b, = Minimum
wbi 4 b, 4 ba . bs
L 2 + wt n 194 2 -+ bw

Calculate e ffective width of ;%nye for an isolated T-beam

Spaning over Simpj supported eflective span 8m. Sechion

details are given below.

R s 4 S —

x
200
| }

700
e o
A400—+
'-)-—Q°—‘ 4+ bw = i + 400 = 1400 MmMm .
, __l_t:_+4 8000 4 4
b;: ™Minimum b 20 00

Wiy b= 2000mm lb - 1400mm




Ex. Calculate effective )C)ange width of continuous beam over
effective span 30m.Seclion delalls are grven below

= \ } 100mm

| k ' |
e ol = e
2000 456 2500
Y A3
= J‘ [o + by + G'Df - e ¥x30X10 4+ 400+ 6x100-=4500mm
' &
bf: Minimum b
b . b, _ 2000 2500 _ 2650mm.

m: 2650 mm|.

5. 4 Anolyms of Flcmged Section:

5.4.1 Balanced Section:

'XL;Tu,fim
Neooo A

Xu= Ay, pyyp= 0:53d (Fe 250)

0.484d (Fe 415)
046d (Fe500)



5.4.2 Under Reinforced Section:

5.4.2.1 Neutral axis is in Flange: (¥u< Dy)

= by ~ 0.0035 045 fek
i —C
}’
“N‘“T““”“"““ ’J'A
d LA
J oAsoto —-'—"hLT

For posikion of NA.
E=T
0-36 fex Xu-bp = 0.87fy Ast
= Xq=7?7 < Dy

Now,
MR = C XLA
MR = 0.36 fox Xy by - (d- 0427y)
MR = Tx LA
MR - 0‘87 Fj ASt (d- 042':((4)
TF NA [lies

in flange then flanged section behaves
as rectanqular section.

54.2.2 Neutral axzis is in heb: (®(>Dy)

Casel: ¥y >Dy and Dpxg %x
S Sy
7

Casell: Xy > Dy and Dp 2 =%,
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Ex. Calculate MR oF a beam section spomng over Simply Supported
effective span 9m . Section details are given below.

——9o000——m>
1
150
14
700 M25
Fe 500
6-32¢
Q (@]
=300 —»
by
: | ] 0o
by =Minimum 5 T 2000 T4

=1358.82 mm
iy b=2000mMmmM

bf: 135882 mm

br <~ 1358 mm

Step2:  Assuming NA is in Flange (%, < Dy)
el
036 fex Xy by = 0.87 Fy Ast
0-36 X 25 x ¥, x 1358 = 0.87x 500x 6x ZTEX 30%

Xu=171.75mm > Dy (150mm)
So assumpticn is wrong

Step3: Now, assuming NA is in Web (¥¢>D,)and Dy g%yq
=7
0-36 feie Xy by + 0:45 £ Dy(bp-bw) = 0.87 fy Ast
036 X25x¥yx 360+ 0-45x 25x 150x (1358~ 300) = 0.87x500
x Ox gxsf
Xy= 116. 19 ™mm <Dy (150mm)
So assumption /s wxong.



Step4. Now, aS'Summg NA 15 in web (%y>Dg)and Dg 2337'&‘
C=T
Ci+Co =T
0.36 feg Xy bw + 045 fcx yf'(bf—bw) = 087 fy-Ast
0-36X25 X2, x 300+ 0-45x25x (015 %y +0.65x150)(1358~300)
= 0.87x 500 € x ‘%cxggz

[Yu: =209.25m mJ> Dg (150 mm)

__3{_:(u: 89.68mm < Df (150 MM).

Ye= O 15y+ 0. 65Dp = 0.15%x 209.25 + 065X 1504
jF - 12888 minm

Steps: MR = MR, + MR,
= C, xLA; + C,xLA,
MR = 036 Fck Zu bw (d -0.42%y)+ 045 f Yr (bf-b»\))(d* %)
= 0.36x25x209.-25¢ 300X ( 700 - 0-42x209.25)
+0.45%x 25 x 128 88 x(1358-300) < (700~

128&8
)

<

MR = 1320.77 kN-mJ




Ex Des:gn a seckion 31‘ven below for ultimate BM 650 EN-mM.

This section 1s used in ¢ simply supported beam of
effective span of Tm

b———1500 ———

¥
IOO
+

M20
650 Fe 415
J o e
4CO—>
= lo 7000
. + by = +400=1207. 69
lo 4 7000 +4
bf = Minimum b 1500
iy bz1500MmM
b= 1207.69mm
bf ~ 1207mm
Step1: :>i§Mu: 650 kN-TJ
Step2: Xy, hinm T ©48d
' —0.438x 650
:;I'x.,,g,~m: 312 mm
Since  Xy,uim>Dp § Dy < %’Xu.ﬂim

Mu,gym = Case I oF 5.4.2.2
= C,xLA, % CoxLA,
Mu,tim = 0:36f ) Xuybw (d-0-42 %, ) m) +0.-45f Dy (bf~bw)
« (d- -Dr)
=z 0.36x20x 312X Q00«( €50~ 06.42x312)

g
+0:45 x20x 100 x (1207~ 400) x (650~ 2=

';#Mu/,(”m: C?OQ 1 kM‘m ]




Step3: Since BMy<Mutimy 50 singly under reinforced section
is c\esl‘gned.

Skep 4: ASSUJ’Y)H’79 Zy = D; - 100Mmm
MRs= C x LA (5:4.2.1)
MR,y = 0.36 fex Tu‘b} (d~-O-4Q7(’u)

= 036x20x 100 x 1207 x (650~ 042x100)
—|MR,; = 528.37 kN-m

; 7
Step5:  Since MRy<BMu< My, im so assuming Xy= 3 Dy

MR, = C,xLA; + C, x LAzrm (caseI of 5.4.2.2)

MR,

t

036 fck Zy b (4-0422) + 045 fe Dy (by-bu) (d- 2% )

0-36X20X -5‘,7-x 100 x 400 % (650~ Otdix%moo)

L, 100
+ 045x20% 100 x (1207 - 400) x (650~ ~2°

=>IMR,=806.7 kN-™.

Stepé:  Since MR{<BMu< MR,
For exact pasitionoF NA
BMy= MR  (caseTof 5.4.2.2)
BMy= CxLA, + Cy xLA2

BMy= 0:36f.1 Zy-bw (d=0-42%¢)+ 0-45 fr) Yy (b[— bw) (d- —H;F)
650><UO€: 0.36X20 x Xy Xx 400X (650 — 042xXy)

+ 0-45%x20 x[o-'IS»D(u +(o-65xtoo)J’< (120‘7 -400)

1 65X100
K[GSO__(OISTL“FO )J
2

Xu= 155 .26 mm > D,f (160mm)
and %’Xq: €66.549mMmm < D/ (10omm)




For Astk : e2T
C|'+CZ:T
036 fck Xu b +0.45 fy yp - Cbp-bw) = 0.87f,Asy

0.36x20x 165.26X400 + 0-45x zov[(o-15x155.26)+(o-65x1oo)]

x(1207-400)
= 0.87x415 xAst .

={Asp=3019.5mm? ]

Fx. Design the section given below fer faclored BM 40kN-m

M25, Fe 415
50 200 50
5

le -
| e | o

fso
-

300

40 _1{-—-—-0 c e © |7 850

o

= EqunvaJG‘fH Section:
300 o bf.: 300mMmM
A ~
[ 50 Df: s50mMmMmMm
7 ] =360MmM
— | =100
360 300 b,z 100 mmM
P o o (o} o "50

Stepl: FBMy= 40 kN-mj

;zlg_o_g; 2y, 1im= 948d
- 048 % 360

:>Bu,1|'rn: 172.8 MmMim




Since ’1q,1|m>Df and Dr < %Tu,ﬁm
Mu,tirn= CixLA, + C;xLA, —(CaseI of 54.2.2)
Mu, dimn = 036 fep Xy, tim bw (d =042 X4 1im)

+ 045 f Dg '(b[-byu) (d- %)

= 0:36x25x172.8x 100 x (360~ 042x172.8)
+ 045x25x bo x (300 - 100) x (360~ %’)

qﬁu,_p,m = 82.39kN'm

Step3. Since BMy<Mu,iim sfn&lﬂ under reinforced scehon is
designed.

Step 4. Hssumif)ﬁ Zyz Dy = 50mm
MR, = CXLA oo o (5.4.2.9)
MRy = 036 fex Xy by (d-042%)
= 036x25x 50x 300 x (360- 042x50)
={MR, = 45.76 kN'm

Steps:  Since BMu< MR, Hhen NA s ip F)ange and section
behaves as rectangular section

L= O5fubd 4.6BMy |
Ast fg [‘— | - )((k b/d‘lj

-~

ngQ5x300x5€o \ | 4.6><4OX106
415 25 x300x 3602

= |As = 394,04mm2J !




6. D@Sign of Beam

6.1 Introduction:

In previous chapters. analysis and design of section were

covered. Tn Hhis chapter, des:'gn of compleie beam is \9oi'n9 to be
discussed.

6.2 Effective SPa e

Portion of bearm thal effect| ve/y participates in bend ;‘0\9 IS
called effective span.

fee Loverall —
NN Y Y Y Y YN Y XYY Y Y Y Y X
R i

6.2.1 S,»mply 'SUppOYLG’CJ BFGM/S’Obf

d

7 7

b L, S S

D Le+d

Leff = Minimum b,

b
(\i) T,*- Lc‘+




6€.2.2 Continuous Beam.

CaseI: If swupport width s fess than % then Leff is
same as  §.2.1

—

Le - by~
iy Le+d
, L Lefpf= Minimum
b1§l)2< T’ZS ert P —g—' + LC+ %

Case IT: TF support width s more than _II-BC or 600 MM
whichever (s smaller then Leﬁ is colculated as follows.

/
]
]
.z
b i b Le
Leﬁ s L Leff = Le

= Minimum ¢ a
ivLle + .2
whe 2




Caselll: Tf beam i1s continuous over Roller - rocker beon’ng Ehen

Leff is c/c distance beltween bearm9s

::‘ Leff |
I }
l_@_i
V/
v
6.23 Canlilever:
-__/V____T
Id LeFIL: LC+ =

| i ke A

&.2.4 ng,‘d Frames:
Lepf is CJc distance between columns

_—————

|

gy - =

I

1

|

|
e—L -
; g !
| |
| 1

) '
frer~ por -~ -

. |
| |
\ [ |
' |
of— Lo b |
| f | |
i | f
! ‘ |
| {
| ! |
7777 77777 777




6.3 Longi tudinal Re/nf@rcemen[ .

6.3.1 Lonyitudmal Tension Reinforcement:

Ast, min 5 e85 ('To prevent sudden failure
od Fy and for ductility

Ast,max = 0.04bD ---- -(Prob)em 'n compa cHon)_

€32 Lengitudinal Cempression Reinforcement .
Asc.rnn = No value, but atleagst 2- bars must be
provided in cempression zone for ductility
and to hold stirrups

Asc.max = 0.04bD ----- (Problem rn compqch’on)

6.33 Side Face Reinforcement:

SRR Yy rC racks
R( - I =z - //:‘:7:/*1_,(_ SR
| 4

} | e/ W P S

D>750m t j ‘ 6// <

M loa%eD | 2 - g —

1T i . e

S5 I s
.o.,f i /11 il il B AN AR S IR < S -~ S Y S /;‘4

5i % 500 ~—— 8ide face reinforcernent .

For D>750mm, 01% of qross web area is ,orovided as
side face reinforcement, equa”_y diskributed on both faces
with 5parmy not mare than 300mm . Lt is provided to
take care of yhn’nk‘dje of concrete ajcmy 170:’79 iFudinad direction
(vertical cracks) and (lateral bucklr'nﬂ.



6.4 Minimum Nominal Cover:

1 h——w———p——
g ® 00O
Effeclivad B it o oo e ey phu --—'CG Line
(‘over‘jI ”Tclearcover/ | 0 o000 IEFFechve
Mominal cover cover

~-Minimum neminal Cover is governed by Foilowmﬁ critena,
1. Type of Structural Member (Beam, slab, Fooh‘ng, etc.)
2. Exposure condition (Mild, moderate,elc)
3. Fire resistance in terms of hours (30 min to 4hrs)

Slab Beam Column Fooh‘ng
IS 456 20 20 40 50
Sp34 20 25 40 50

or dia.of bar whichever iI's 3rea}er.

6.5 Maximum Permissible Crack Widk, in RCC Structtse:

Exposure CondibHon ‘Maximum Permissible
crack widbth
« Mild (Cracks are not - 0.3MmMmMm
harm Ful)
- Moderate ¢ Severe 0.2Mmm

CCracks are harmbful)
« Very Severe § Exlbremc 01 mm



6.6 Horizontal Spacing of Rern force ment :
§£.6.1 Minimum Horizontal Clear Sp()(-)'l)f];
Maximum of }’oHome . |
1) Dra.of bar if bars are of equaf dia.
2) Dia.of larger dra. bar 'F bars are of unequal dra.
3) Neminal size of coarse agg rega}e + 5mm

6.6.2 Maxirmum Herizonladl CJc Spcm"ng:

Fe 250 —= 300MM) 0.0035
Fe 415 —= 18omm |
Fe 500 5 bl
€ ! —_— f50MmmMm.
Fe 415 S
Fe 500

L

-0.002 +




610 Tolal Deflection oF Beany:

ATOLCU = é’% + ATemp‘ " Ashrink(lgf‘ + ,,\_AC‘re(JP-

7 TT S,

Short leim Lor)9 term
short term moduius of Lonj term Moﬁlulus of
Elasticity is used Elagéicity is used.

: |

611 Deflection Criteria.
6 11.1 Defleclian Limits:

»The Ffinal defleckion due to all foads '»'nc!udmg the effect
of temperodure , creep and shnnkage and measured From
the cast level of the supparts sf Fleors, roofs and cther
horizental rmembers shauld not normoJlj exceeq

Legt
250
This Aimit@bon /s based on crack fimitakion wilth
which code s very much concerned and to avord pscytodogica
fear of accupants or affect the appearanceof structure

(Deadload +Live Load + Creep + Temp.+ Shrinkage)

2y The deflection n‘nclud'fl? Hhe effect oF Femperclture, Creep
and shrinkage occuring afler erection of partilions and
be application of finrshes, should naol rnormally ewxceed

Lept

er 2om hichever 1s less
350 I m w hever 15 S$S .



P Qqsl-ed Leve] .

—_———

77

DL+ Parlirtions + Finjishes

LL+ temp .+ Creep + Shrinkage

L
(7> st Qomw)

€112 DeFlection Conlral:
Exact cadculation of deflection and k'e@ping It wikhin
permissible Iimils need Lot of calculotion.IS4S56 provides
a simpliFied approach to keep defledtion of beam within
permissible firmits.
If ﬁ ratio satisfies ;Co'/cwmﬁ conditions Mhen beam
is safe ?n deHeelion,

Supporlt cendition values .
Canliiever q
Simply Supported 20
Continuous 26

L
;H < ki ky k3 kg (value)
where, ki = Mod 1 ficahion factor.

Ky = Depends on Span
=1 (upto 10m)

-_10 (b"*’jc’”d A
Span(m) NA for cankileyer

Ko = Depends an </ of Tension ReinforCement.

fs= Stress fevel of Stee|l - 0‘58@ Ast,recr
ASt:pmvidCd



kg 4
2.0 1 T T S PPN -~
Fs=120N/mm?
/"MSN/mm""
N A 1<70Nlmm2
G de=ssoms o gt r g Ty
+ -
o) 3.0%

°/. of tension reipforcement.

Kz 2> Depends on % of Compression Reinforcemeni:

Ksx lr
1.5 1
4
+-3
1.2

A

1.0

TP,

\
i

0

0.05 1.60 1.50 200 2.50 3.00

%/ of Compression Reinforcement

Kq > Depends on Ratio of Web width fo Flange Width:

Ky 1

Jofy o tm sk T s ol e o vy

0.8

o1 4

¥

0.3 1:0

hWeb widbth
qunge wid th




* Note:

«l—gﬂ-— e K-y K, K3 K‘] (Va’uf)

d s LCH
KiKy, K3z Kg (value)

- Since Kq (s bigher for rectangular secHon se depth
requirement to sakisfy deflecHon criteriq is tess for
recl-angulor Section than Flanged secHon . It meang
f’ﬂnge seckion produces more deHecHon .

= As </ of compression reinForcement rncreases, Ky
increases 1 means depth require menk to sakisfy
defleckion criteria decreases In other wardg k;ybcr
% of compression reinforcement produces Less
deFlection.

- Higher 3rade of stee produces mare defleckron,

Fe 250

By 81 > 91 > 63
Fe 415
Fe 500 8 Dgoo >Dys> D yqg
pal A/

L 0&7F Fj
- 0002 +
S




€12 Designof Simply Supported Singly Reinforceq Beamof
Rectanqular Sectrian:

Stepi:

Step2:

Step 3.

Step4:

Assume Suitable value of dé rof o

(Laternl Buckh’ng) 0.3 < dﬁ < 0% (uneconamical)

;s’_ =0 ( for exam)

Assume suitable value of o based on Fo)iomm9 criteriq
«Thumb rule:

15 10

«Deflection c¢riteria:

L eft

< Kiky k3 Ky (value)

Where, ky—depends onspan
K, =1 (because % of tension rei/nforcement
s nel known)
K3z 1 (Singly reinforced)
Kyz1 (R(‘('IOF)HUJOH’)
Select suitable value of d based on above bwo criterig
ond calculate b and D accordc"nsij.
* Note:
Sincé Lep s net kpovwn 30 Lcimr or Ccle

distance belween supports can be used af bhe
place of ey 11 above calculation for

pro‘hminory des;’gn.

Calculate effective span.

Caleculate DL and des;'gn B8.M,



Step 5. Calcwlate d’ required For balanced section

Step6:

Stept:

Step 8

BMuz My, tim -

BMuz Qbd?

= d :??

d’ calcuwlated here should be less Hhan assumed n
step2. otherwise seleci d su{tab’j ha"‘gher than
calculated here and repeat Skep3, Step4 and Steps:

Since section size provided in Step2 is Larger than

required in step 5 so provided sechion is ynder
reinforced,

Asp = S2fekkbd [ [ 4.6BMy
fj }‘\(kbd2

Ast calculated above should be within permissible fimils

Provide side face rernforcement ' F reéquired.

Skep @ Apply check for defleclion.




Ex. Design a simply  supported si‘nglj rein forced beam of

re(-l‘aﬂgu.m?‘ SeclHon Spanmn_9 cver clear Span t1m and

e

on another side. It i's subjected to supermposed LL-of

resh'n? on 400mm Hhick wadlen one side and Scormm

30kN/m. M30, Fe Goo, Severe exposure,

ep 1. -dL: 0-S (Assume)

tep2: Effective depth’

e Thumb ruie.

L
: 10
11.45 x)03 11.45x10°
IR R g DR
15 10

= 76%3.33 < d< 1145mmM
eDeflecl-ion Crilena:

L
= < K Ky K3 Ka (value)

11.45x 03 1 ‘
1-4 X'O__<< o ) (1) €1) (1) (20)

d i11.45

> d>655.51(mm.
Providing d=800mm
. bz 0.5d = 460mMm }

d Lig |

oy
,Lf_45mm (severe)

D= d +allewonce For reinfarcement+  Clea v cover

=800+ 30 + 45
Cassumed)  (Severe)

~peersm |



Step3:  Effective span
whetd = 11+08= 11.8m
Leff = Mimmum{_o bI*L+_g:o4+11+05_1‘45m

2

=.>’Le f= 1145 m:l

Step4: Loadm9 - DL,LL and PFactored B M.
DL= 04X 0.875x1x25 = 8- 75kN/m
LL = 30kN/m

Toled Factored locad=Wy= 1'5x(8F5+30)=- 58 125kN/Im
Wy l?
8
58-125 x(11;492
8

BM(—l(mid—Span):

—

BMuy= 952.54 EN-mM ]

Steps: 9’ required for balanced seckion
BMau= Mu,prm
BMy = €133 febd ?
952.54 x 168 = 0.133x 30 % 400 xd 2
={d=7T72.54mm <800mm = ok7

Step6:  Asp chwred.

Aoy = O:Sfekod ,_j1_ 4.6BMy
TR fek ba?

0-5x30x4060%x 800 | _ f,_ 4 6x ?59.54x/o€]
440 30X400 x800%

Ast =3308.75mm?*

Stept. Permissible [ymiks for reinforcerment.

bq fy 400x 800 $00




Ast ,rmin 7 544 mm*

| Fck
« Ast < Mipimum{ ™ Ast, jim*= OAM(E)%%“m b

2041942 30y 0.4&800x400
500
Ast 1im = 3656.45mm?7*
iy 0.04bD =0.04 x 400x 800 = 14060 MM,
Ast < 36 56.45mm?,

Emv,'d 1Ng 4-32¢ +1- 164»7

Step 8. Side Face reinforcerment: Ast= 0-1%bD
Ast=0-001%x400x 875
Ast = 350mm?
Atleast 2-bars on each side face are required to sabisfy
Taximum . spacing criteria (306 mm)
Provvding 2-12 ¢ on each side face.
Step 9:

Deflection Check:

K,-_10 —
, 1.4 = Ky=087

P Ast

ko= Depends on /4 of Tension reinforcement
—2—_ X100
bD

N 4><§—x3Q2+ 1x 62

X100
A00 X85
Pe= 1.067,

o= O-58 fj Ast, req
Ast ,provided

- 1 .
= 0-58 x500x% 0598

4 x ;«Exszi—k 1x T g ?



Befatiing.

Fs= 28072 N/mm?

Koz 0.85 ---—---~<From graph 4 of IS456 Pi=1.06Y,
Fs=280.72 N/mm?
Kz=1 ---- (‘Si‘ngl\\! rel'nforced)
Kg=q -+~ (Rectongu,l’or)
Now,
Le
—Tﬁf< K' K?. K3'<4 (VO'UG)
11.45 x103
< 0087Tx085x1x1Xx (20)
800
14.51 < 14.99 ---. OK.
kr—A400MmmM-
'y
2-12¢ d
\ / 8Fsmm
A-32+1-16
45mr% b 0eo o }

)



T Shear

7.1 Shear stress variation over Rectangu!ar Section of Li‘neorlj
Elastic Homogencous material :

oy —t

th

Sbee:L i

&
‘,/~ —
Yy Z \{
h 4 4
BMD
FBD of (@) FBD of @
WX 21’ ,rqb’
‘C]‘ Y Y Y YYD V C1 S:_:‘.__.‘: @ ?#‘Cz
: fo T B - s
! ' M2 >M,
““ax < Cq
wl
Only vertical equilibrium Only horizental equilibritm
is represented (s represented.
FBD of (3).
. For rotational equ thbnum,
T T 2T,
We are interestedin caleulabion of T;
Since, T,=T, T, 1S ber’hﬁ calculated as
- =

follows -




for horizontal équr’hbn‘um of @

C,=Cy+ T, (b-dx)=0

VAY

Ib~
b _
bz :/7 . VAY
PIPRR. S ,—fﬂ-__
iz V= SF om seckion
Y= destance of CG. of halch portion From NA
I- MI of sechon
bz Width of seclien abt level Y’
[o-(2-y)]- ]2 - (227Y)]
. V1?2 ) |2~ (T
Y bd3 )
12
—b—™
. _ 6V d12 ., 1
( = s -] =
3 d3 l) J ’\‘:___ _la = L5 Tamg
l = Tmag
At y=1 » Tay=0
v

dt'y'.Z.O s ‘[132% bd-JxS‘[av‘g




7-2 Shear-stress Variation

W NS ——— % |

Xg=q- ——-—-4--%3

-_L.-—--------<')(2

Wpcaln B B B0 g

Cconcrete be love
NA 1s cvracked
So, T1=T,=0
It means shear
Stress iIs zero

—%k Conclusion:

over Pectanjujar Section ofF RCC:

%, Parabolic (upte NA)

N/
A

\
5
\

RPN . (.

Rectangular (upte kension RI/F)

T |
| !
| |
\ |

|
4 |
]

ST ..+ SO "

K1Y

Xg - S— —T X
T, et Ty T S S
SRS SRS———

Concrele belovo NTA vs cracked so,
entire force will be [aken by steel cm/j.
It vmeans difference of 7,427, below
(NA) X,-X, and Xz-Xs remains constant

So shear stress alse remains constant-

fibre o NA and

Shear stress varialbion aver rect'angumr seckhon of
RCC beam Sub_jf’cl‘fd to sq‘ggc'ng BM is pgrabolic from top

remains constant uplo kension reinforcemmy




7.3 Types of Crack:

73.1 Flexure Crack :
Tt develops duelo Plexure stress anly.

I P
' L L : e
#‘{}Efﬁhﬁ‘,r — Flexure crack
: 5 \\\ ‘
- - ~~.  BMD
®

S

7.3.2 Shear Crack:
T+ develeops due to shear stress only.

\ Rv(
® h
= _ . BMD |\ ——
A
|
- | ALas° |y
e ==
, SFD %




7.3.3 Flexure Shear Crack:

It clevelops due bo combined effect of fexcre and shearstress

...... A -5 - --- - = ———--| Flexure Shear
o [N | e
A5

/ZD\\ ' \ #:45."{\\ :

BMD *
R
m
e )
SFD o
74 Shear TransFer Mechanism:
WX
(Y Y Y Y Y Y Y XYY Y YYY YY)
Stirrup — l
P s Ve
2
Va/T ¥ Vs
7 1\)“\:‘
k L dvy
wi
2 \
!
T «—¢ T‘ G—T
T «—C B—T 7

All forces are away from sectjon.
Total Shear Resistance of section= (Vc‘*vaﬁ\)d)"r Ve

Vez Shear resistance offered by uncracked concrete.

\)qy: Vertkical camponent of resistance cffered by agyrey(z,l’r
rnterlocking.



Vd=2NEYr RESHLUNCE O JUl S oy 101 H'LLLUH)GZI reNsion KIF
by dowel actflon

Vs = Shear resistance offered by shear reinforcement.
GOmb.‘nCd ef‘FCCt of first 3-components (VC+ Vay+ Ud)

is shear resistance of section wWithout shear rernforcement

Its value is chd Where, e 15 desqyn&hear S}P’f’l’@fhcﬂ
concrete and its value s \9[%’(\ 'n Table 19 gF IS 456 (Pg’.fj')

corresponding te grade of concréte and y, of fangi tudinal
tension reinforcement

1.5 Critical Section foi Sheqr.

Tt (s that section where chance of fqilure due to shear 15

MaxXimurn.

) F
+ |

Vimay Viey \ﬁ

IF Suppart reaction provides compression bo the end of
member then critical seckion for sheagr s at a distance 'd’
From face of of support-

N YN NV YN Y OY Y )

5 ]

*—Crilical.




Critical 4

F.6 Nominal Shear Stress:
IS 456 provides uniformm stkress £ Shear Stress oisty/-

bubon instead of as disscussed in 7.2

7-6.1 Beam of Uniform Depth:

Vu
Nominal Shear Stress = TV = —g‘cr



7.7 Design ob Section 1or oncar.

Step 1. Calculate des/‘gn/ facfor’t’d/ Gllimate shear ferce ot
crikreal seckion.

Step2 - cCaleulate Nominal Shear Stress.

My
Vy + — ¢
Ty = u - p ang

where Tc,mar s ™Mazimum Sheqr 8tcapacity of sechor
with shear reinforce™ent its value is 3o‘ven in
Table 20 of IS 45¢ (Page 73) correspondiryg to 9maﬂe of

concrete.
p A 0.63\/_»{:: N/ rmm?
, . : on Stze 1S Increqled -
IF Ty > Te, gy DEN sectio d

step3: Take valueof of T, from Table 19 of I5 456,
co rrespond(‘r?9 to 3'rade of concrete and % oF
tension reinforcement .
T is modified as &7, For member subjected lo
axiad compPression,
5 Pu

> % ~7—x
¢ F(kAﬂ

5: N},‘nimum
Yiyp 115

TC 'LS mod "‘\F,'ed QS k’.?c For" 670b %h l‘('k nNess

k- 13 DL 150mm
=~ 1.6 -0.002D (50 < D < 300

- 1.0 300mm<LD




S o S e

Step 4. IFE v < 2 then pominad Shear
stirrup 1s provided in prr’morj membprs qnd ne
shear stivrup is provided (P member &f minecy

{Mpoy tance (linte))

Asy
bs,

2-Leg

“~4—Le§

ﬂsv=QX(g—;X¢l) Asy = 4'{§x¢2)

I$: _li < TV < TC then nomingj S'heaf &‘t;)‘mp
2

'S Provn'ded _,’n al [:ypey of ™mMember.

Ag v 5 04

b8y 087};\/

If Te < Ty < Ty, hen shear reinforcement

E desl;‘cfned for shear force (‘T‘V"Tc)bd

Step 5° Shear reinforcement s provided by follewing
three wcysa
(1) Inclined Shirrup.

,
i, ///} VUS ea) C)_H_.]_(_A__.,SL d( n1+((‘59C)
x g,
= -




b) vertical stirrups

—*

T

T Vug = 087 fy Asvd

@) Bent-up Bars:

6-20¢ *-20¢

?eNote.'
- Nol more than 50 of shear force taken by shear

reinforcement E(TV—“ZC)de /s assumeol to be taken
by bent #up bars

Bent up bars are always provided with sheqr
stirrups  so shear stirups are designed For
maximum  of  following shear forces.

2

e (Tv-T7,)bd — COpau"ty of bent-up bars.




“asC 4 C'QSC; __D

v
- 200kN 200kN
\’qc 30kN S0kN
Shear force laken by 200 -30 =~ 170k N 1 F0 kN
Shear RJF
Capacily of benl-up 556 kN 4 0kN
bars
1+0 170-4 0= 130kN
Shear force laken by = = 85 kN
Stirrup

_ e—sh |oc £ 457 (prefendly a5'-60°)

115 N/ %
- f 's nol assurmed tey be more Hhan “* .mm, ,
J | de oF steel, This Limiltati'en is

e aPf g™
irrespective of g o b wdth,

a‘mposed 5.9) control

e Fe 250 —/m 250 N/mm™

s Fe 415

& 2
s Fe 500 —> 415 N/mMmmnm* .

‘bhle Spa.c.i’hg of stirrups
. as per Stf’P@

. Asv > 0'4)(

5., < Minrmum b Sy o€y

vV o<

oqsd and d for v(-’ftr'c"qﬁ ﬁ
inch ned stiyryP Tt‘spa‘hve}

step 6. Maximum pPETINISS

e 300 MM



. 13
*EBx Design 4~1e33eo( ve ngyads 3867 rups for section 9rven bedow

which is subjected O ultimade shear ferce 1000 EN.

+ 500
Vzzzzz227.3
5 -25¢
M30
1500 Fe 500 .
21-25¢
| &2 { o
Stepl: VYu= 1000kN
3
Step 2 Ty = Yy - M_,
bd S500X1400

Tv= 143 N/mm? (< Tmgr=3-5 '\'/me

Step3’ P = % x 100

= 21 X.(I;-—CXQ.S?'X 1006

_ |
Soo0 )(]400 Tab)'e ,q QF
- “ IS456
= 9 0. F5\
Pt- = 1.47F%, = e 7 I m PG

Step4: Since T, > T, so shear RIF is deffgneo{ for
SF:(ZV—’ZC) b ¢
=(1-43~ 0-75) x 500X 1400
SF=%476 kN,
StepS: (D — S, (1)
Neo of degs (1) —s  Su (1)
ﬂfsum"ﬂg 4 - 1?33“j -8 ¢
o.87 fJAsv'C’

Vus -

Su



41€ x:oB =

—

0-8Fx415x 4 xgrgx FLIPIR

Sy -

Sy= 213.5 mm
Step 6 5’;)0(1"08:
» 21T .5TNM

Agv S 0'4.
bs, 7 0.81}3

= Sy £35¢2.9¢

™mm
S, = Minimum

e 07549 = 1050Mm™™

« 300 MMM

' g ) cf
Providing 4-legged 817 ¢ @ =200 c/e

kEx. Design shear veinforcerment  for sectron §iven below
which is sLtbjecl't"d e Wor‘k"nj load Shear Foree

— 500 r—secHon
™M 20 '1““ *20((2
Eoco |
\ Fe=500> . -
| 4-20% XK= 4s | : V
o7 S5 _ |
1
z-w?)‘ 4-20p
_—
Step1© Vu -~ 1.5 x 260 = 300kN
T, o= Y 300X10°
¥ a - —
o 3ocox 6§30

p—

s
T,= 161 N/mmt:t < G.max (2.8 Nimm =)



- Ast

step3  Pe -
bd
Cax Zx 00”
s - 4 x 100
300 X606
Pi’ it 035%
-0.35%. ¢ M20)

(From Tabie 149 Pe

¥ -, = o~39 N/ mm?
s desggned for

> 7T SO seclron

SF :(-TV—TC) bd
:(1-67-—o~3q)x

Step4.  Since Tw

300X600

SF- 230.4 kN

St '
tepS: Capacity of benl-up bars
Asv'S‘nd

= 087 f»j-
-~ 087 xXA15X ng_x 20 %K sin4s”

- 160-41 kN
,Ben‘r-up bars are always pmvfdé‘d IS - strrups
5o, Stirrups should be designed foy TnaIIMUM o
f@!\owm\?,
(TV_TC)bc) . 230-4 _
, . = " - 415.2kN
® (Ty"_ Tc)bd o (QPGClity QF benkt Uup = 230.4_)60‘4
bars
= 69.99kN
Assuming 2 Pegged 8¢
Vug s _0‘87 fy'ASV d
= |
= Ive 6.87x415 X re
9-";‘--)€2C>2)f6oc)

115 2 x 103

Sy= 189, 6 4 MM




S . TET GE M

Asv 0-4
5, < Minimum | B5, = 0&17,

= S, <302.4mMMm

~

« 0750 = 0F 5 X600 =ASO ™My

e 300 M™MM

= Provn'dfng 2‘963966) 8¢ @ 175 mm (Jc.

“ ea v in
* €x. Design Shear reihforcement for the gbec m given

) o -
of chapter 6. Assurne Q~SQ¢, bars are cur arled

cr.
before criticed Section for sheqr.
A—400—
M30
Fe4oo
gee Waz 58 125 kN/my
Lepf = 1145
4-324+1- 144 Ff e
ot Supportwidth:4oo¢500mm_

-}

|
|
|
1
goo :
|
[
|
I
|




Ver ¢(2=1m) *

— L 125x11-4
= 28 o =] ~— 58.125

Ner = 294.64 kN

3
_ 2F4.64 X |0
Step2; Ty Vu = y 4 = 085 N/mm? <., mgx
od GeXEe0 (5.5 Nimm?*)
Steps: p,= il X100

bd

= 2xTC . 302 1x T€ 162
4&3 S 4><

—

S . X100
400 x 800

P = 056 [From Table 19 of 15456]
t Pe=o-56 %4 § M30

Stepa:! Sipce

Ty 7 Te 30 shear reinforcement s designed
for SF= (T,- T/)hd
= (0.85-0. 52)x 400800
SFz 105. 6 kKN
Steps: As;umin&) 2-fegged fo ¢
.87 fy Asy d

Yuss ——8M

Sy

3 GRTI x4I15% Q_XT_C.XIOQ—XQOO
wsex(o” = = -4

Sv

= Sy = 49-q6h’)m
K N .'
Ot‘?Bm’m dia should bave taken for ™ore
appropnate result.



‘m "’Jug--.\_}‘
" " 4Qq-67’Y)m

» Asv 0.4 "
SV - ™Minimum —b_b—v 2 m\; = Sy < 354.<)t§mn)

e 3OO MMM

ZO0 MmC/¢

pfOV‘fdl‘f)ﬁ 2716'\3960, -(OCF @

x Note:
Spacing o
because <shear

£ shirrups 1S increased P middle ;oofhc‘mtS
force I's Less as compared o SUpporS.

!

/ 7

78 Reason cf ¢, max -

pe e P - e e 5 ]\ l
» E2Y -y
\‘

]

’ J
— — gy
ca) Inclined co) Reveisad of o Vertical Stirups

Stirrups stress



o) Nﬁ@ﬂ)@/ <<§?a Detailin

8.1 Introduction:

SuFfreient bond is required between yeinforcemen
and concrete to prevent relative m™movermen b qnd
proper ole Fdr’/f’ng of reinforcement Js requircol for Ful
ubilization of member strength without any premeaedyre

Failure.

3.2 Types of Bond:
I Flexure Bond

2. Ancho rage Bond,

8 2.1 Flexure Bond:
Tt develops due to variction of BM along tength

of reinfercement.

@ ‘67
|
| |
L ' !
< 5 , |
o 2 7 TR [ AR T A e i i 5 D D O
' ) | PR AP s
- L :
At section ©- @
M:TXL.A, 2o v seam WL

AL section @_@
MtdM= (T+HdT) x LA . ... ... @

From @_. @



FcRp oF KF -

¢
TS e il QQ ' T
TW e

P_—,da:/——'ﬁ
=F=0
o - GedT) - TN TP AT O
| | ,E\_.‘\—/‘/ = T cNYCE ple 2

d*;:?(nrfdwdﬁf = LA

dM - T (nitd) =LA

dx
damM .,
T= 5, Ocd) LA
,_’—_‘{/_ .
= (nred) LA

T calculated above should e Jess Hxan

bond sl~rengl‘h (designp b end stress)
Faycement gcand concrete

T)eszgn bond siress (de)
Moo M25

Value of

ermfssfb/f’

¥
rein

betwe€r

M3zo M35 M 4o
Grade of concrete 5 abo:/;e

Thd U\)/mm2) V2 1-4 13 -4 I-q

_ Above values ‘are corresponding to plain bar

under tension

- Above values are enbanced by 60 for

deformed bars.

0 (LS LLD

Plain bar De formed bar
(HYSD)




Z25% 3-3
-Above values are | M34aiazd by 2¢% for bar under

com)p ression.

Ex. Calculate design bond siress For bar of Fedis undes
compression 10 M 30 concrete,

T Ty V5x125%x1.6 = 3 N/mm2

/( HYSD
comp.

* Note:

In case ¢f bond farlure, bnhe mast economical way
o make it safe i's by providing vnore nurber of bacs
oF smaller dia. instead of 21€3% number of bars of
90,9€r dra. for same amcunt cf steel

g.2.2 A nchorc\l99 Bond:

'r’_'_"\l_ﬁ-—-
Anchoraje (L)
‘d———————-a-»
Anchoragr . . . .
beﬂq —— e e o =

== IC>1
This bond stress develops around bar {o provide

proper ahchomge so that rern forcement attains its
desigred stress.

In above F;’g., L is provided for anchorage of
re(n forcement only 5O bond Stess araund Hhe R/FE 1N
this fength /s anchorage bond (Mme BM varjation rn th,
portion)




83 Development Leoytﬁt
Minimum fenghkh of reinforcement reguired to be
embeded 10 concrete for development of permissible
stress of reinforcerment (o@ypj)

T=Thd
o l (b
1 B— st

Y], o

T fsp = Tod (T4) L4

g = Fst ¢
4 Ty
Ld - 0 37 chp
4 Thg

Ex. Compare Ld ofF bar ¢f Fe250 and Fe 415 ot samediq
ernbeded in same concrele,

and
= e Fe 250
1g- 0870y $ . oB87¥es0x$ _ s45v¢
e Fe 415

= Myﬁ - 0 8Fx415%xd 56.41 ¢
) -e—_—_—_— s

‘I

HYSD
So development fength of HYSD bar s f'thn‘qb\])
higher than as of mild steel, IrrespectHve of dia of

bar and grade of concrete,



’ : 8-1§
Ex. Apply check For bond dagle, support 10 beam of exampie

of ehapter 6. Assume 2- 32¢ bars ar€ curtarled betore

UpPOFL, F—400—=*
- ™M3a, FeSo0O
800 Lefp = 1146 m
Support width = 400m ™M ¢ s60Mmm
4-32+1-16 Severe expO3UTrE,
+ | 00000
_ I
lg- <875 ¢ _ o087xScoxgs
HYSD

Ldaz 1asomm
M.z MR of section at mid of simple support wi bh

2-326 +1-16¢

For pasition cf N-A
C=T
036 'Fck : b= 0.-87% Fj Ast

' 1T ”
T 3274 \74———)()6)
0.36 x30% Xy x400C O- 7 X 5OO>((2><4(3 3

.(q: 182 2 mm

M, - Cxpp = 036



-

. -6
Ve sEoat moid of  STMpIFGHfPO Yt g

- Wu Left
- 2
58125 x11-45
- 2
V= 332. 76 kN
N O w
13NV
Ldé % 'L_fLD
vV
1:3x 569,45 x10°
K450 < : oy
332.96x|063
ko = -FT4.€8 mm
| ® Note *

‘ 0
L, tepryesents Mo vequirement of

N ol (’Op
egava vaiu ent begond centrecf support-

| ertensSion of reinforce

I —_— -

criteria, reinforcement Must be

I additiontoc @bove for @ distance ot less than

nte kpe support

exktended
li) = bld _ 1450 _ 483.33mMM
3 3 - 3

b= 400mm



,-‘3_‘:' - (b-clear cover - 543)* 8¢ + X,

483.33 = (400-45 T5%32) + 8x324+x,

Eever)

X2z 32.33 ™ m

Prov idl'n\g X, = 40mm

*Note
- For Ly >0 :% and b’ of above e;rpre.?S‘)‘Or) arc
veplaced by Lo and b respectively.
2

Ly = TE* clear cover ~ 54) + 8P X,



10. Compression

Membe r

Gt ber which
COmpres'Sron member 1S a sfrucl*uraj mEem C

is primarily subjected to axial com

s yertfcal then termeol as  column olherwise Struk.

P ression. IF ortenkation

10.2 Classi Fication of Colymn:
10.2.1 Based on Typc—' of Steel:
1y Tred Column.
95 Spl’rcl”j/ Heh’caﬂj rein forced column.

s> Composite column.

'\/k
Laterad
ties ‘«
J‘, \
L Gre stee|
’ ACore + 2ok Aj’foss
) Tied Column Z)Sp;ra’/j//‘fehcafb ;fomposiiz" Columr)

RIF column



102.2 Based an Type of lood:'ng,

1y Concentrr'co,}fj Loaded:
Load is- placed at CG. of section.

2 Axially Loaded:
Load is placed ak an eccenbricity wikhin 5. ol

Lakeral dimension.
53 Axvial load with uniaxiad mMoment:
Load s placed at an eCcer)f')’/'C;}y about raxss
Orvhy,
43 Axrial load with Biaxiad Moment:
Load is placed al an eccentricity about both

axis.

~Y Y
*y | , v
f [ : :
| | i 5y
| ' : ; @
! ’ DS f’
..... ——?—----—41 _-1---10.-??-91 P N ‘:L_g > L _-‘r.~I_:‘x
e -
f © 05H ! : !
| ' ' ’
I [ ahoul '
(N | 5
(2) (3) #)

Ny

Eﬁ‘é‘— Braxial

'zg .E%? E%——Lhﬁnaqra}

—Axially Loaded

A\
NN




L
|

X- axis is considered as Major
Rl i
: axis beamus€ T, is 37’6’&16’7‘
|
|
A R Bk Y- axis — Minor a=xrs,
[
|
!
. A ;' Le[l[
Slenderness _ :
D> b Qr;kl”o - Lat’eraf Dfmfns’on
III >Iw
)\1 - Lef-f. X
D
A - Le ,j N AN TN NN T,
y= = .
«—Stee)
For Legr, = Lf’Ff’j = Leyr .
Mnae = 2t s
maz - | D .
€ast Laleral Dimenegron PedeTa N
. ]
alf
)\qu \< 3 Pfdf&l‘aj Fooh”nj
3 < /\mqfl < 12 Short Column

12 < Amax LO”’Q X P



10.5 Effecbhhve Length OF "UeTU™ N

Tt is the distance between Point of contraHexur
ot point of zerO moment. Tn obher words,

Xen?kh oR

column that effectively participates in buck-lm9 IS
0

cadled effective length of column,

Support
Conditron

T77 77
v =

Theore bical

Le[»f =10 Ly nSUppoyf(’d

Legp = 07 L unsupported

Leps = 0.5 Lunsuppo rted

Lefp = 10 Lunswppoited

Re ccommended .

LEF‘F -1.0 LunSUPPOItQ‘

Lep = ©-8 Lunsuppota

LeH' =0.65 LG«WSUPPOYI?C/

Leps = 12 Lunsupporiey

Leps = 15 Lunsu;:porte?‘



Ex Calculate effective tength of an electric pole caryying

Letr =20 Lunsupported

Leﬁf = 20 Lunsuppoxleol

Lef»f

\/

2.0 Lunsupport&i.

= 2.0 Lunsupported

wi're In

one direckiop at top and embeded I'n ﬂorge sSize Foundedron

alb bottom.

——

WiS/

About y- axis;

i

LCH: 2.0L

777

Y-azis

-y

About Z- Qxis

T

M

Lepp=

I

rd

b

—




o May also ‘be different aboul different asxes
olumn supported by walls from two oppoSite
about different

Lunsuppo;t

For ex. a €
sides has di Ferent [unsupporteo)

axes-

0.4 Codal Provisions.
1049 Maximum Permissible Z'@"??“T'
o La-ieraflj restrained af ends
Lunsupportec! ¥ 60b

°La=t€chlj Nnot- restrained at ends

160b*
Lunsupported :lb D

1042 Minimum FEccent n"(l'lfy .

Every column must be designed  For minimum
eccenkricily o account Per construckronal oefects ano

makerial (mperfection. 1%
Y S
Q@x
) . = LunSuppO'ted " b 0Y® x|S
€ mip = Maximurn Soo T30

e DO MMM

104.3 Lcngl'[ud«'naj Reinforcerment:
- Minimurm 0:8° oF 97058 area .

' %) v, due fo
- Maximurnn 6% of grosS area (Practically 47 U

Qoppmj)

- Minimuns dia. 12mMm.

- Mimmurn <4bars For YE’Cbamgqur calumn and

6 for circular column,

- Minimurm nominal cGver <40 aAr dia . of bar

whichevey s greater. This can be redyced to 25mm
for bardia. 12mm and section dimension 200vHm oy
less



- Minimum 0.15% of gggss. grea for pedestal ol
should Mol exceed

- Maximum spacing along peripher’
500 MM .

=

' P 300mm

-

Fsoomn,

10.4.4 Transverse Reinfercement:
buckling ot lc)ngftudmal? reinforcement.

- To prevent
- Por confin
- To hold fongiruduno,l
- To enhance resistance aﬁa

ement of concrete, |
cernforcernent ak position.

N3k shear ano korsion.

10.4.4.{ Lateral Ties:
> ¢ﬂong,maz/4
cb; Maximury)

e ErmM

eLeast Laterad dimMeENSion

S < MiImUm e 16 Prong.min
e 300MMmM
10.4.4 .2 SpiraJ/Heh’caJ Re/'nPOrcementf
- Spirally reinforced columns are more »di;b”e QO(;S
it Joad carrying capacily s 5+ higher than £eltma
w th latere) Lies
= Concrete of spirally

o Friaxied compression. |
;s considered oS spirally reinforced i

Fred,

reinforced columo 'S subjeofed

-~ A column
')Co?lovvo'r)g condiklaon Py satis



volume€ ot S,D!-I’O.l Q/P

Volum € of core

\Y

236 F e [ A
fy 74?“')

Dez D-2 % clearcover

Volume of spirad per piteh
~Te 2. _~

Volume of core per pitch

— % 2 .
= = O xpikch
4 C P ic

C\'S >/ M axc MU dF '(0ﬂ9,a‘r>ax/4
’GH))\\

e 15 ™MM

S/p)}.(h = MM MU I
P i

l¢

i 3 ‘ ‘Q')"T\)Y)
S/P’“h ; Man !77(_”*,")[



10-5 Assumptions.
1. Assumption 1 to 5 of limit state of colfapseof Flexyrp

are applicable for compression member also.

2. For aa:ra,llj loaded column, MAXCMUnn cOMPTessive strarn in

all Fibres s fimitedto o0.002.
NN
3. For column subpjected to axied boad with bending nd eoh}re\
* i N Co S
section is under compression, max(mum strain nerece |
Limited to 0.0035- 3.th of compressive strain oF fLeast comp.

4
fibre. P P
| Ao

B

10.002 0.0035-0715¢€

loaded Shert Column.
pu: PUQ
P. + Ps

[0-6 Concentrically
Pu '

-
- —

—

= foAct fscAse

= fo (Ag=Asc) + foc Asc
4.__./\,\__]_
‘ Pu = FCA9+(FS(‘ fc)'ASC




pt stra? 0-002°° T
'¥C: 045 Fck

1Csc: 0-87f3 (Fe 250)
0.79 fy (Fe41S)

0’745& ( Fe SOO)

Now> ‘
Py = O A5 Fex A(3 4- (075 '{j ~ O 4‘5Fck) ASC

For SP""OL/‘ RIF

Pu = 1.05[ o askax AT (o075hy ~0-.45 Fe) A;J

is yerl nforced

ze <450 ¥4 501N
Load

£x. A RCC short column of s7
with 4-20¢ of Fe 415 Ca'culaie concenkric workling

carying capa city of colurmn by l"gr)or-{nj veduckron o F
conerelte ared due to presence of steel. M2o concrete,

7 Mew
Py = 0.456 fck ‘Ag + 0‘75{‘}/ -Asc

- 0 45x20x 450x450 t o0-75x 4 1SX4XEXQOQ
4

Pu = 0213 63kN
, P 2213.6
Working Leads —24< 221365 _ 449575 kN.
- 1S

0.7 Axially Loaded Short Column.
1t 1s obtqrned bj reduc_["r\g ZC)CIO( Carryy‘ng CQPCIC“;V of
Zoncentmallj loaded columr by oppro’):.imaipfj 10°/, 10
ccount far e((pr)tn'cf'(‘ of 1o thi o
ad with ’
dimension, / e

Pu= 04 f‘ck"qg t (0.61[y—o04 Fe) -Asc
For spiral R/P |

pq: 1.05 *| o- ‘
[o 4 Fere Ag * (067 fy-0-4 hk)"“fsg]



Ex. Calculate axial foad @irypg capacity of sectjon SO0 X 600m™™
yeinforced with 8-20¢ oF Fe 415. M20 concrete.
>

Pu= 04 fo A9 4 ( 0-67f3 ~ 0-4fcx) Asc

204 x20 x 400XE00

Pyu= 3078 78 kN

10.8 Design o Axially Loaded Short Columo!
i. Section size (5 9«'ven and steel s to be de‘sngne(j.

+ . 9.Section size and steel both ar€ iy e SEipR.

Fx. Design the veinforcement of a SPv"raNJ reinforced column of
dia. 450mm). Tt is subjected to factored axiad load 3000kN
LU”SUPporh’d 3.4m™M, P“’)f)(“d S'UP'POI!LC’d at both ends M25.

Fe 415, Mild exposurt

3
Slenderness Ratio, A= Leph | BHRIG
‘ D 450

A=F.55< 12

So, ¢column 's short

3
. Ggx10° 450
Lunsuppofftd : p _34 4 = 21.8mn

350 SO0 30

€min = Maximum 500

020

_ 6.05D (22:5mM™M)
€min =218 %

So, colummn is axially loaded.

Now . |
Py = 1.05[ 0 4Fahgt (067 fy~ 04 fer) -Asc)

3000x(0° = I»OB[(O%I x25 x T n50%) 4(6:-65x415- 04 )(25‘);(/%
4 .



Transverse reinforcement .

) _ 8
Cbg > Maximunod 4)10”9 ma’x/4 = = mm
0’6’ mm
Assurning ¢g = 3rom
Dez D-2 clear covey
—460- 2X40
Dec=370mm
Now -
VO’Ume of SpnoJ per piteh : 0.36 F(kg _/53 -1)
vo’um{’ OP COre pEYr pltch - {j )q(}
><<P5 xrt (& De- 453) 0.36 Pex (43 q)
> ) : Tt/ ,DCL
X D¢ xp|tch
4
1‘ l
g*xrtx (3%0 —8) 0.36x25 450"
: 2 x 5—:’__0'2— ‘
A41\8

370 ?_7( Pyteh

Piteh < 5117 mm

Dra-ghould be such that this value must b
s F5S MM

° D(_

5

e "nore than 25mm

S/ p\’t’ch < MinrmMmum _
h _ 370 ,

.25 My

S/p)k(h) Max mym {

. 3¢5 =3x8 =24mn,

Pyo\/idiﬂj spival of 843 @ S6mr <¢/c



_ 10 -/13
Ex. DGSIgr) rccfangujar 3qg(‘dm60F column subjecteo] fo

)COCfOde ariod load 4000FN- L‘-’nfu'oporfcd c 34m., pin
connected at one end anol Pixeol at another end, Fe41s
ancl M20

7 In general, 1-2° of gross area is provided ar Longitud-
nal reinfgrcement. C’on._?i‘deu’n\? 1.5% as IOOjii‘ud(‘naﬂ Rl p

Forthis prablem.

Seckion size is required to classify column as atrl"m”j
clion size (s not &Nown 3o

toaded shoil column. Since S€
deod short column,

a ssuming column as axicdly foa

S('eg [~ Gross area’ e
Py = 0.4;*('( A9+ (0'67/:j- 0-'4fCl.<)'A5C

o A < 1:5
4000x003; O.4qx20x Ag'f (0.6F%x415 -0 4120)"@%»‘\&

- A3 = 331929.594mm™M

Assuming Djy=1.25 = (Preferably 1 to3)
bD = Ag
bx1.25k = Ag
b= 515-31 mr)

Section Size smalklerthan this value resulls inko h"yhﬁa

7. of sleel,
A;,sum:’nj b= 506 MM
D= 125b= 1125x500= €25Mm.
{‘—‘ B:Q—)( Stendernegs raflo -
:' Ao Lefr
U PR b )

_ a.8x 3.4x10C
= 06X 247

' 500
' ) Ac 5.44 <12
A an.hp,nk\nnﬂ'LfMJ__J ")O’é '

(= W




10-14
Crmim.x = Mazimiyn,171 ef- NS uppaybea) . D
500 6
*20mm

= Mamxi N — = 27.635mm
dxEMa SO0 30 )
e 20MmMm
€min,y = 29.63 Mmm < 0:05D (31.25Mmm)
A Luns rt b
em«'r),j: ’Nlaommum “ w = SO
‘ SA0 30
@20 Mmm
: | 3.4 x103 506
¥ ) ] - .
= Mazi mum sog t 3o © 23,48
* 20 Mm
e. . _ . .
Ry = 23.4¢€7< a.05h ( 25 mMmm)
Se column I's axicdly foaded.
N’OVU,

Puz 04 FCk'Aj + (067 Fj_ 0-4afy) Asc

do0oxI0’ = 04 X 20X 500XE2T t (0-6F <415 ~ 0 4726)
c

=9 Ajc: 5554 .52 m ™

Ableast 3-bars cp ecach face ( totad &-barg) are
requ(red to 50}1‘3!:3 maximum spccu‘rpﬁ CrilerIC .(30QmMM)

=2 Pyowvid "")\9 4+ 39 ¢ + Z ‘28¢

Trans verse RIF
'¢long,ma:r/4 = %7: = dMmm

*EYTTY)

« Least flateral dimension= S00mny,
Slpitch < Minimum § , 1¢ Prong,min= 16x28 =448 mm

¥ = Maximym



rﬂ" Circelar  Column ,.'_

g?”‘L) Helical {un‘Pormm_nL \ ‘ll\‘, \ =
R (e |
) !
p = rcc(o LHCK'UM? ‘,1‘43‘ ' ) N‘
_ i\ " /€0
bri= Desiyo a coccular coluny =4 I p

Alamoder Ymamn  sechipcted -0 g,,,_c{
_of lagdkad - TR cofumm £o haens)
B ;{rra_f Boos . s cAuser, TS 3m g a,\g[> Ch oﬂ%uttvwk

| '
}7 - 'MLGP _fotsedten) ot potin. erds  bulb gt ek :Et‘ ] oo
- ‘"”Ku""t ”‘faJ"D . Qse Mag Concrefes X e s » _

. vi;_Ag:i':/ -7?@0 cLa_-'( ’_‘ i w*\ir 5:—3“/_ = f,u(fDM
/, : _77;7” ok _;; - 1=t1asokn /L,: I+ §" X 1R0F = lgcm(@ | B

o I’T' — T);:mem :f 'kﬁs ,\,;‘,w) T chart
o ) e ac ety

‘Frm, 9;(.940.1{56 L I3D. ;Ia,b{ﬂ__ H s |
. stdre the. Column 'bb’[;‘-‘—”—t@’& hatd &0 m:\:ﬁm d}
boh onds  Luk st cerfreius) aqaint

;__, aﬂjmkmym_,r b= J.°L - SECL

; qme;u_%mm "7%*—'"_'—-‘ = 5 A la,

:—:_;_:_w _,___.He"ﬂe.__.i_.-’; G _a s/&ﬁrt_ tolurn - . .

B don 0 ot . SO =
Lot pmvedfedil P - KL

Hq = h . L = 135663 F mom—.

|°25€63 > 20 R o




= %—51LQIW s j{d diet, - foad
e Py = [’WCO"{ u\%c t 0463 4‘4 ' ) . =0

e — o

M ot RRMAID- _" |08 (o ‘TXJTX(LKGGA g - »h}r a"?*"”{‘xﬂkj
___37_.,253 oS hse = Ygos3)-Ic

— T ke = 193’

—Jarcendeye el = 10X ke ) x g3
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it Slak

1.1 Introduction: |
Slab is a struckural YNember of which one

dimenSionis YETY small as compared to other bwo

dimensions and piimaritly subjected ko bending .

-2 classiFication of Slab:
A) Based on Shape:

1. Rectangular
2. Cireular

5. Trfangulqr

A Any other S’the'

B> Based on 8t>ndv'n9 behaviour,
] One—woj slab.

2. Two- way Slab.

¢y Based on Type of Construction -
1. Slab/solid Slab.
2. Flat slab.
3. Slab with opening.
4. Waffled Slab.
ps Based an ype af loading.
I. Subjected to point Joad (Bridge slab)
2. Subjecled to UDL



11.3.1 One -Way Slab: | -
If hending in ane-dirélion 1s very Sigmf-maj)(

than cther otrthe gonal direction Ethen Slabis
han |

classiFred as one-yway. )
e & .
Ay Rectangular slab supported frorm opposite ge

Az/_.f////J/////./ /7

66X 4 X

rrTTTTT 77T 77 /7T

r slab Supporfeol Fro
, ivrespeckive O

m OPROS e C’df?@
F?ecl-angufa r dimension

'S C‘«’WOjS one-woy

By Rectangular slab supported from oll four edges.

S 27722727 c4 7)) [l sl 2P .
N\ f Aspect Iutio
\ / iy

N 10x3 A 3

R A Smay =333 >2
N c il ar = 33

N :

\ o , .

N L/ SO, ONewac
\ / J et e g
TATT T CT 77 J777 776277 77 72777 /7{

\ | Smaz /

A Tecbmvg\,d;qr slab Supportﬁd From all 4-31des
is tonsidered as one way /F aspect rato 's movethano



11-3
a_g pe(-{ YO},’O s 494.@62@ FFCC#(!VC‘ Spa r)—-

Shorter effective Spen

L
_— & | >2
Lx

¥ Note-

Rspect ratio /s vadid only for VecMn_c]uIar slab
suppoited From all Ffour sides.

11.3.2 TVUO-VUO_y Slab |
If bending 1s compqarable 'n two-orthogonal directis
then such slabs are called as é-wo-»wqy slabs
A rectangular slab (s classifed as Fwo-wany besed on
Foltowing oo - cond i Hens.
1) Aspect Ratio:

2> Suppo rt—fng condibon

It aspect ratioc €2 and recmnguz}ar\ slab 1S supportef

From all 4-sides. then only reckangqular slabs are clars'fied
as Hmo»—way,

LLLLLLLLICL 21770 Lps

Smax
L 5 _
Aspfct Tatio = —t & a2 < 2
Lo e

So, Twoway



-,)(—’(H‘Cﬂ (ODIIO" . : v | f

o Dr[IF rectargar fwe way slab 13 supported From alf
{ AN ) ) ’ ’

a-sicdes with ehorter Span upto 35m @ laad 733

uplo 3 kN /me then _Eff_ﬁ yabie should be less than
: | 4
values 9iven bhelow.

Supporting condition Fe 250

.S:‘mp[j supported 35
o Contfhuoues i 5. 8% 40 = 32
* Note-
*Fe 250 ¢ Fe 415
D D
> D > Left > D> Leff



One way slab is d&IVREY by cons 'dering a skrip of
unit width.

Stepi: Assume saitable value of o' for preliminary design

fepr
4 < Ky ¥y K3 Kq (value)

K, = depends on span

Ko= {.0g ( Correspondfnj Fo gf’n'erculj
provided %, of Fensyon R/p
Kgz=
=l (Sl‘ngly RIF)
Kq = (Reclangujar)

Calculate D b‘y assumi ()3 sullable value cf ﬁF‘FE’CHVF
covey .

Ste . . 5
P2 catculate EFfeckive span.
Steps. calculate DL and design BM, Use BM co-efficient
For continuous slab.
5Eep4’.

Calculate d' required for balanced seckion.
BMu: N’q’glm
= BMu=-z Qbdg?
E o d:??
where, b-1000 mm

a eca)ylated here should be less bthan d’ ass umeg

in Stepl otherwise d suitably hagher than calculates
here and repect Step 2 to Step 4.

Steps: Since, d orowided s greater than d regyjred
in Stkep 4 so SecHon 1S under reinferced

Agh = 0-5fck bq [,, \)1_ w]
fy

fek bat

_ wWhere,. . bz10n0 mm



St_eps ﬂjé Ca/‘(_u’af‘ed QDUV T 210w 11Ul LN AT20 LN 210, )

Stept: Provide disirbution refinforcement

Step8: Rernforcernent detail INg-

Ast Ast - Ast
2. 2 Abl‘ 2~
DA S RIS
e " & —
— R Y VN —
/:04L 0-15L "05L 0.15L © 15L

2 Pt \‘ O £
T e e Ly Uk
S + + . / )
- A A ad : b
’/j o st CAst ';/J .
4 ' - § , ‘

NS

e N T T o
~—~——

'\-‘M

BEx Dc‘srgn the slab 9iven below. LL TS Gk:/m , FF 6€5mm
: nit werght of FfloorF: 02kN/m>, M20, Fe 415,

iR e ¥ J (FP) - equa)spa

slab s continuous ©OVE? 4 -equalspPans.

mild exposure ,




Step 1 Depth

et <« Ky K3Kg (value)

d
g 2026
AIXI0 < (1) €1:25) D 1) ( >
. .

a> 14 6.8 M

Pr55Urning d=150mm

v

o cletir cover

t 20mm ,
(mild expostir®

) F}c——ﬂ-'ﬁ L 9%

D= 4 + allowance /:OV + clear cover

RIF
- 150+ 10 + 20
cassuvmed) ¢ mild exposure)
D= 180mm
Step2: Is 456 doesnt provide Lepy ofor all types OFSuppoyH—nj
conadiHons. ans,‘dermj Siroply SUPpoy}-cd Qs o rea¥est
Similar
A‘uppoytmg condition for the p'yef?SenE cQse
leff = Mimmum | Letd = At e1s =4asm
] bl b = O_—QT g Q.2 =4
_‘LL°+?L = &4 4 ¥ =7Em
LcH - 4.15m
777»-//
: / // —FF Self werghé_: O I8X1x1x25
= 45kN/m?
Jab
2.

FE.=0.065%x22 = 1.93kN/m™
Fixed Load = 593 kN/m*




., N-y2
Facfored f\)red Load 19319533‘(4 +1.93) = 8.89 kN )m2

“Factored Non-Fixed load = 1-5x6 = 9 kN)m ™~
+ e 2
BMu = +,"9'_ Welepr + % W Leps
2 i ) ) 3 Pl
- 19) 4+ — X g x(4.15)
BMG = 2836 KNm Csaggmg)
BMG = - Lwerey - 1wyl
M 16 VELett = o Wap Legy
=- L« 889x(4.15)7> Lxgx (4157
s g

=-32.53 kNm
BMy = 32.53 kNm (Hogg"nj)

Stﬁpﬁl ;)'Vequfred for balanced section.
BMg = Mugim
BMJ: 0138 Fee ba ?
32.53x10%- 0138420 x 10Oox d&

d=-108 56 mm < t50mm (0k)

Steps: Ast required

i 4.6 BM(:_
- et [, [} 70T

ffj fekbd
-~ O.-5X20x1000X |50 3 4.6 x 282 ¢ x10°
415 te 20X1000y Jé()’.

+
Asg = 566.46 mm™
| 3‘1‘mffa‘f'j

= z
AsL = £61.48mry




Lo ls Ast,min= O 12 72BDT
=012x)l xtoocex )80
160
sk, minz= 216mm?*
g p 's not very Significant
Difference between Asl and Ag 'y 9

So provid in? Asp For both,

AS; T 661 . 48 mm?*

A&SUmIng (P: 10rnmmm

; s (00O
.S‘Pacmg - m‘

[{eloX @)

_— T T———

A‘Sg/rtlzl ¢,9,

- 1000

—_— .o N8I3 mm
E61.48/ Tp10"

Providing top @ (o0
Step 7: Distribution Steel
Ast . min= 0124 bD = 216mm?*
ASSumin\g ¢ =8mm

100 O
MO‘ OF er*

Spa c(ng -

R 1000 _
ASE, min / A P*

|0CO

-, T232.91mm
216[ 448

prow'dfnj Sd)@ 200 mm c¢



oY T TTT oty

,JLDV\U; verat ) 1)3 , @9,0
) 0
lo@ 200 ¢ 015L 015 A 0.\ 015

_,~_§,, —_—— ~__q

16@ t00 C/¢ 10@ 200 ¢i¢

8dE 200 ¢/c

>y -} [ IE— - -
L7 L -
£ 3
7 10@100¢/c
o le@200¢/c
’//'/ v//‘,,’//!
’ g /l
4 .
: LCH»’ =L =4.15m
015L  o05L c-15L  0.15L

200 MM
c/c




12. foundation

12} Introduction:

foupdaticn 1s a chryctural
Jevel that trans Eers tpad of superstructure to the Soi |

S’th'ely :

element below ﬂyouno’

Foundation

L —

Shallow (footing) Deep
_. Isolaled PTle
_» Combi ned
Strap — well
E Raft | Med
2.2 Description o€ Different types of foating.

12.2.1 Isolated Foofi‘nji
If one fooling is For ©One Column/waﬂ then 't 1s

feymed as 7solated Fooh‘f'w?.lb may be square, rectangd,
circulay inplan and of Gh/form thickness, stepped or

Slope a in elevadion,







W =

IQ 2(2, Comb"neo‘ i'OC) r’f!ﬁLUl
Tr i meldfd N Followi}j)j two cases-

are closely spaced and their (sclated

Case I- IF columns
n combined PooHn9

Footmgs are ove'rlappl'r)9 the
is Pref'@rab'e‘

overlapping

acedlat tland boundasy ther i kS
ned with (Solafed -FeoH‘ng
pressure dis tribution for

CaseIr: IF column /s pl
solafed Footf'nﬂ is comb
of other column Fo 91‘1"‘ de""’qu

( e(‘cnom"ca—} a’é‘.ﬂ? N :

“ Land bouma'j___,, >

—

\—,
=l

-

{
| ¥ Note: }
~For ur/form pressure on soil below footing,
resdlétant of all foads must pass (—hrougb CG of plan-

arca of Fcoh"ry.



[ zero upwaQrd pressure Frorm .S"Oi/ (No Pr",l‘!;:‘r)9 COndo)
or NAN- . ’
esultant muet pass through middie third of plan areq.
Y 4 L
This is also called a: Middle Third Rule
L
—
!
I T
. e )
| |
" O

Ex. Caleulate mazx;wmum and mini mum pvessure exertee by
I' - I . 7A. N
) o 14 b of plan area (3x4)m This Fcoh:}f;
Scil on Fcolmf asE D This fooking
‘ Fin azicd food 2000kN an
is Suppor | |
aboul shorter side, at its base.

Senax/min A T
= 20C0 400 A
3x4 3x43 2
2

Oy = 216.67 kNim?

Omin = 116.67 kN/m?



yisrons:- (soT™"
(2.4 Codal Pro slab phickpess s slat Hod
_Miniou™ ver > such t
| . nomiﬂad coV . S\hchdd he sul
. |
S on of o birg © JSt be s tiskied
5) L
_pimer ondibiC m
follew N9 P
_ /
PCe

Az

0.45Fck A
9)
An here: J% * =

,/ Ye \U”
M'a 4--”jT
q Az
J i
O S A
]
T\\ //




J 2T nY D o TR rete s éth( nced b J‘A\l
because concrete of rhdy

€Qion @ 5 ('C‘ﬂ/[ff)ed ] ’
e o 9 EJ concrefe

im T T e e B

)%
NE)
I
ol
0 |
X |
[®)
|670
[
i

~
o
r

f

r= 045 fp | A=
4 A

= for= 21.6 Nlmm?

0-45x30x 1.6

12.5 Design of Recl-an\gular Isolated Footmg of uniform

thickness Suky‘ecl-ed toe Axral Load:
p

B

L>p
a >h ke




2Iepit. |ake€ W (€l R¥ S
U . - el (SBCY of so
Sl’f‘pﬂ} Take sa Fe b<>ar(n9 (CerCl(l‘hj (3B O ol
Step3: Take self wegb} of /:ootl'r)j and backFill as 10% of
axial working load. ( hased on €rperience)

Step4. Calcylate plan area required for footing base slab.

| 5
ArE’q: \P:;;‘

Step5: prgvide dimension of Fooﬁry in sucha way that
overhanﬂ on both sides of column Should ke oppmﬂma@
€qual

Apmvic)éﬂ = A requ{red

Step 6. calculate upward scil pressure on base slab.

W, < Py o-1F < SBC

A provided

o01P
Wnet . WO 'q provndcd

P+0O AP 0. 1P

Aprov. Aprov,

{

_ O"‘P/'Hprov)ded P
Y w Whoetz
. ' e Aprovided

\
!

%Cmmwnek

Step 8 Calculate factored Net upward pressure.

Wu = 1.5 Wnet



ONE Wwrgre v ==

for one WY shear

olun’m/WO“”'

Stepq. Design for s ab a distance

et cak seckan

 Fory ffg.ﬂf Pt e

LA e

Oneway Shear < K
S tress

Load on Str1P < o o3
Reslsh’ng aréeq

i Wu[(%‘d%‘] < KT

— C
1x d

d' re urred
Abhove expresston s used lo calculate d q
to prevent ope way shear farlure
k Note:
1 and

N ;o =1l k‘,:

y | tension
Te corresponding to 0.2% cf ﬁoog'tudma’

relrn fercement .

—

Step Lo Design for punchr’nj/l*wo way shear-

Critical section for punrh/nj Shear 's ataq
dislance dy/5  From [qce oF colump.




% % o-wayshear _ kg 005 o
d "z o~
e gtress

— ~
- o = Resisting area
:' %bi}bm ) +d)cb*d)] o
\“ ] N Pu ""’U[(a <\<B 0-254f
- 2 [ca+rd>+(brd)] ©
a1 ° 6.5 b/q
where, k-{?: R 1
/?J:_mching SF N\)
wu f \
Punching_ P~ wiJcatd) cord ]
SF
where,
Pu: 1-6P ’p/\J\/\/
depl';) S
Note: ng shear then
* - : fails in punching Shear . eated.
TF ‘FOO[Y'”S On’j St'f’P O IS Yep

' and !
suffrcrently increased rePe




2 -1%
Ex. Design an isolafed featrion@26f uniform Hhickness for
column of section Sizee (3ooxsoo)mm. Coalymn s Subjf’cred
lo factored axiad foad 1800 kN. SBC = 130 kNIm?*, M25,Fed15
e fFective caver F5mr).

=
Step I = Pu _ 890 _ y550kN
1-S -5
Step2’ SBC =130 kKN/m?
Step3 Selfwlt. = 0-1P = 120kN
. PrOAP 12200 +'20 _ 2
Ste . P ee——— Jod 2 e 10 TS
P Areq S8 C 130y

Steps \orov'd|09 x4 m

Steps:  wo PAO1P L Z
Aprovided

9F %0 . Yo kM /1= VOUON
\2
w - P (200
-Sq”ep'-l.‘ net - ———— - T2~ = 100kN/nm#
Apmwded 3 X4

Step8. Wy= A4 B5Whnet~ 'S0 kNIM*

Stepq. One way shear
Te= 032 N/mny?

=320 kN/m2*

Now, One way shear stres < kT

< &
vl [524)

-_ 7

1x g
150 [ (205 _ d) "”J
.
— - <LIx320
[ xd

cd >0.558m
~ .. .. d>s5858™mm ,



D= A+ effective cover = €§0o+%5

el z TS5 mMmm
providing d=600mm ©* ¢
5(—€p 10 Twao “meay Shear -

0.3

« 05+ Dblg zo.5¢ /0.5:1.1
KB: ™MINTiMmum

*q

kB:]

025 ek = 025725 = 125sNImm™ < 1250 kN/m?

< % o 25Ffck

Two-way shear stress

Py —Wu [(a*d) Cb+d3]

2 [ca+d’)+cb+dlj -d

0.25 chk

< F®

180¢C -~ \sc.[(0-5+0~6) ( 0'3+0‘€)] ~ \x1250

‘3 2
2 [ co-5+0.6)+ (0 540.6) |~06

= 688.12 < 1250 GK
Step 11 Design for Bfﬂd’njt
. Longer Ouerhangz
L-a %
W, (——?_ )

-
.

- " 2
150 % [Li_s)

-—

2—
BMmgrz 229.68 kNm

My, (o = 0138 fck hd *
! 2.
- 0.138 X25X1000% 600 =>Mu, lim=1242knm

fL . ‘i . . awma AN 1. AN i~



At 2 05 Fek bd [‘ _Fm)
’ Fj Fer bd? ]

= 05 x25x1008 x600 [1_\[1 4.6 X229.68x]0F
A415 25x1000 xéoolj

Ast = 1093. 87 mm?
NOM),

Ast,min= 612% b'D

100

Ast,min = 810 mrm
Ast= 1093.8F mm?*

Assuming ¢= 16 mr

Spacing = 1000
No . of bars

1060
AS]: /TC/4©2

1000
1093 .87/ IT , 1g*
4

| f

Spacing: 183.80mm
Prov:'d/nj 6@ 1F5™mmc/c .

Shorter Overhang £
B-b\ ™
2 Wy ( 2 )
BMmaar = — 7
2

3-0.3) *
150&( " )

2

BM max =136.68 kN

(I

Mu,tem = 1242k N-m



Ast = 0-5hebd [1_"1_ 4.6 BMmas ]

Fj feic b'd?

_ 0.5x25X1000X 600 [\ f1 4.6 %X 136.6&X10°
415 2L5x 1000 x 60602

Ast = 642. F8 mm* < Ast,min ( 81omm?)

So pwvidiﬂj Ast,min
Ast = 810 mm?
Assum’m9 ¢ =12Mmm

1000 ' . \Yelvle}
No. of Bars  Osk/Tgxgr

Spa(:'ng o

{000
810 /1t 127
A4

il

139. 63 MM’

&pauﬁg
provfdu‘ng |Q¢v@125mﬁ) elc

Step 12 Reynforcement Del‘oih'nj:

0

g @0.0F barS per meter xdastance ) +i

t

1009  dristance) 41
Spocfhg '

:<loc>o AR
125 |

N =33baxs

. |
Mes M1 (11T T (\Mé):zmg?‘mb‘w

nT—nC - 33‘—2?:qulr5

NC%OFerS iy outer band = ——;— = =




b Y [—

16p@ 175 C/c



I'f. Working StrE€s Method

I7-1 Introduction:
N SM design of RC¢ member is the oldest me thod of
de,rllgn. Main adazran#ages of WSM are ﬂol!owirl?
b Less deMHection due to .Iaryf’r section Size
ib Less crack widkh due to lower stress FPevel of steel,

: : nsize,
iy Low % of gteel becatss® of fa’:gff sectio

* Note >
L LSM is econemical Fhan WSM. J

172 Assumptions .
+ Plane section remains plane aFter ber)oh‘r)g.
= Tensile strengkh of conerete is ignored,
280_ '
30¢ pe
- Both materials are assurned bo be Aineaily <lastc.

- Modular rabio 1's

Sétﬁ&ﬂl 4P
Fck """""
P e missih
Permiss | |
Shress ~ Linear

Strar’n



i7.3 Permissible Stiess of Matesiqq
A> Conciele:

Grade Oce Ocbe Tt
M10 2.5 3.0 3,5
MIs s s
D - 2.8
o 3.9
™ 30 .
™M 35 9. o "t o
M 40 10.0 3.0 4.4

0o = Permissible stress under direct eompressan
' ' re 85y
Cepe= Permissible  stresg under bending comp on.

o, = Under Lension.

B> Steel (o3;)

Types of Skress Fe 250 Fedl5 Fe500
< Tension;
¢ < 20mm 140 230 275
¢ >20mm (30 230 275
s Compression 130 190 190
¥ Note -

~7 )(.k fo respe.
- Ore and 0.y, Qre Qpproximately 7(1'” and 3 P

~ Above values qre 'ncreased by 33.33 % for strtctyre
5tlb‘)(’(‘[‘ﬁ‘(9 o wind lecad er carthquake foaq




179 Use of Mjfﬁ_: Ratio:.
T [ Pz PC+PS

’-—_—> | =P FC /‘\c + ')Cs'H‘S o ’\(")

‘Crom strain compabiblliby.

€y = €
T PR
fs . Fe
Es Ec
o o
e °v Fs: -%5- fe
Fs:mfc """ G

from Gy and (1)
P: FCAC+®FC)A5

= P—= F(_Ac+ f((MAS)

- Prom above expression, it is clear that area of stee) can
be converted into equivcﬂerﬁ area of concrete by mulkip-
’_\,fhs modular ratio to area of steel.

fx. Compare modular ratic of WM with sheyt Lecm and 1029
termm modular rakio. M30 concrete cind creep coelficient 1.6

=

e IA/SM
280 280
m= ——= = ——= Q.73
30che  3X1p 43
eShorl Term :
m= Es . 2x07
Ee s000450 |7
= LO")S/ TErrh
5
m= i = *2—)-19,—_:—— = 1898
E. e SoooY30
{416

Since  m of WSM [res betiween »,s'hort tfm’)‘}‘ 1003: Lerm

L 2 = ae W% AR



fncorporattnNg the effecl ¢f ¢y eep

175 Analysis of Singly Reinforced Section:

7.5

Pasition of ”Fufraﬂ Axis

|

d

Strain Equivalent L

SectHon

tq
12p)

For pPogition of NA

C=7T
t q

rn

x o As - @

= %"Taxcaxb:

From skress diagram:

ca _ ta/m
Xa d*'Xq

S Ca= [ Xa \, ta _____
(o\dc\) m @

fFromd) and Gi)
N X E-‘C( _ . i
= 4 %”Ca—oe) 1 x b=z ta Ast

. b Za 129 - mAst (d- Xa)
= Maoment of arca of Mament o T aiea of 1tnsiop

cemp.zene apeut zone aboul NA.

N A
Abeove expression shows that position of NA can be
drrectly calculated by equating moment of are @ of comp,
and tension zene about NA. This cannot be Applied rn L5

B Asaen AFOT a0 masv o &



T WSM steel s converted info concrele so above
expression is valid.

)7.5 .2 Typc’s of Secltion:
Basecl on Quantity of steel present (0 sectior, three @pes of
Sections are defined.
D Balanced Seclion:

Amountof steel Insection s suck that cencreke and
skeel both attawn their permissible skress Sl’mul}aneow\’y'

CIPR ~ T — -/62_ bC

Caz Gche &Cl:

W

Has X

= Z(‘: kd

¥ Note:

Position of NA for balanced sectivn (Z:) depends on
g9 qde cF stee) Oﬂ{y-




2) Under Reinforced Sechon:

Amount ol steel in secHon /s such that stee)
attains 1ts permiss/ble stress hefore concrete.

- Farlure of under rernforced seckion (s Fension
Faiiure

- PglUnder rernforced seckion 9;\/’83 suFficrent
warinsng before failure so it is preferable.

3> Over Reinfosced Secljon:
Avrmount of skeel in seckion is such Hhal conerele
attains iks permissible Skress before stee|

77 7 O¢ be
// / /
Yy
V4
/
V.

Ca= %be lta<Tsi

= ”/’/4 1(1 >D(C
Astg §
0O O 0 f
/
< st
Ost i
™

_ Pailure of over reinforced section is compy=iia

failure
~Failure of over rveinforced section sydden
¢ without Warninjy so It is undesivable.



¥ Compau/'rzg fallure stress diagvam of al | three types of

section,
O¢be
o Under reinferced
c / over reinferced
_ﬁ,’_ _____Bczlcmced
Ost R

R
N

Ast m Ast ,’ :
c e '-;;I_.l 7 <
ta
Equiva.len} ™
Seckion,
MR=C xLA
:-21— xXq « Caxb (d=- :_a
MR = TxLA
= baxAst « (d- 7304

1> Balanced Section -
Mkbaj = (xLA

- & b _ X
= 2 K x Oy, X ( d T)

X(kc))x bcxb (d kd)

:J.xk(’ __\) b bdl
k.

2
1 ‘ 2
G~ e b

M-

|



VMR, = TxLA
= Ty A (d- K2

- k
= Ost « Ast (' - g)d
MRy = Ot Ast-(jd)
Jﬁt’b jd = LA of balanced section .

2> Under Reinferced Section.
MR= C xLA
g 4
:éx ’ZaxCa Xb (d"' -—5‘

Ca canbe calculated fror skress CJ'IC@TOMQA

follows —
G
.
Yo Ca ‘_{C_( Dst
d st ™
igs_ﬁ
o
MR- TTxLA

= o5 Ast (d- i_a) (Preferable)

3> Qver Reinforced S(“(“lr'on.
MR= CxLA
= 31_" Xq x Tepe xb(d- %(3_) (Pyeferable)
MR- TxLA
- toxAq . (d- Xa
ax sy (4 3)



tq can be calculated from stres; d:’agrom as fellows:
Oche

’Z-Cl é - (d—')(q
[ d ar T ™ e

e

la .

™ .7
o
& =

17.6 Axial Load Carvying Capa('?)\y af Colummn.

71'.%

PShort = 'Pc + P5

—
pS"C‘)L = OZQAC‘+ GSC.ASC
= T (AS—ASC) 1+ Tsc Asc
S Pshor-t = o-CC‘Aﬂ + (0s5¢-0cc) Asc
o o
o o NO\/O,
P‘-Ong = Cr- Psho;t
where, Cr= Reduction coefficient
- Lerr
Cr= 125 - 28k
* Nolke: .

- Modulg r ratio of compressjory steels 1-5 Hmeg
modular raprg of tension steel Thi's enhancement is
done ko take care afCrf’f’p effect of conciele

m = ).5m
where ,m = ﬂ
SGEbC




Ex Calculale equivaiml area of section ,3"»"(-‘/« below,

b

al B

=

L

A(‘-q d bd“\‘ (FYW-Y)'AS,{..

~
-

v . Calculate

iy Positionaof criticad N-A.

Y‘,f—\,wf—\/\. v

2 = | ]
Ast ™M Ast
-1)A
§13 9_2—"51: M Ast —Ast

iy Ast requived for balanced stction.

iiiy MR of baPCtr)(ed Section,

‘IV) J? /\,5£

Slress of concrel—e and

ie

& 1 NIR
v TF Agp is 5.00¢ the calculate
+ 450
M20O
o Fed15,
Ast
#L o000
> LB = 280 - 280 - 13.33
30che 3x7
L. Mmc o 1383X7
me+t 13.33 x 7 230
= 88
Y &= d

- 0.288 X700

Kez 201.6 mmy

6 3-20¢ then caleculate MR cdgo cal ¢ ulate
stee| For BM 100 kNm. (WSM

Special)



(2i) E&T

3 *Ze x Ope *b = U510 Ast

1l 0016x 7x450= 230 x Ast
2

Ast = 1380. 33

J

(i) MR, , = 5 kK j- Ocpe bd *

- s 0-288) 2
,%' x028& (‘ 3 x F X456 X700
MRMJ 20092 kN-m™M
&) For position of N-A.
b-%q -Za - v As (d-xa)
2

Z
450 ;’f_& = 18:33x3x [T x 20" (700~ %a)

Za=131-F4mm

Since Xg< Xe 50 section /s under rf’lnﬁoraod_

MQ: Tx LA

= Os¢ Ast'(déx_cz)
s

171.°F
=~ 230x 3x 4Ex 202« ( #o0- 3 4)

MR= 139.32 £Nm

CQ/
BM= Res/stagnee of seclion
—C
BM = ¢ xLA
100 kN 17 Bm = 5',7?0-(4" b(d- ;)

6
(00X (0" = 3l,( 171,774 x Cq x50
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Prom stress diagram:

~ _é}»:z’a v [Ffoo~ 17F1.%
{(g % < e ) m (Q . (_——\\9}('3'33)( 4 .03

19).7 4

)

be. = 165 23 N/mmY

V)
For position af NA .

b- > %L: T Asp - (d- Ra)

2
450¥% = 13.33x SK%XQle ( 700-X )

Xa < 2]2-@06”7”7

Since, Xa> X. SO Secltion I's over 'r(’r‘mforppc/

MR- CxTA = 5 Xa Ocpeb (d-Xa)

MR- 210.93 kN-m



STAIRCASE

e Width-1to2m, Steps — 3 to 12 nos., T+2R =500, T*R = 40000 to 42000
e Residential
= FLOOR
o T=250to 300 oo cone | wone |
o R=150to0 180 “ 1 1 1
e Public = ,y.-T + \

o T=250t0300

o R=120to 150 {a}

WIDTH PLAN

i
L
L 4
R ———
i P — 1

Wit S sipmayben
i A .
1.8MmM — public burldlr)g

Minimurm Steps=3 Nos

{b)
™Maximum S(e,os: 12 Nos. ‘waist siab’
type
Tread
250MmMm
I00mMmMm
Riser: " ‘f’. ,
2150 mm Residential type
<150MmmM Public
]
£==1 ‘isolated
=] tread slab’
R =

1 ¢
{:} 10 mm overiap

Fig. 121 Atypical flight in a staircase



12.2 TYPES OF STAIRCASES

12.2.1 Geometrical Configurations

A wide variety of staircases are met with in practice. Some of the more common
geometrical configurations are depicted in Fig. 12.2. These include:

e straight stairs (with or without intermediate landing) [Fig. 12.2(a)]
e quarter-tum stairs [Fig. 12.2(b)]
¢ dog-legged stairs [Fig. 12.2(¢)]
s open well stairs [Fig. 12.2(d)]
» spiral stairs [Fig. 12.2(e)]
o helicoidal stairs [Fig. 12.2(f)]
¥
v
{a) straight stairs {b) gquarter-tum siairs
4
UP >
| : }
“*+ ug &
{c) dog-legged stairs {d) open-well stairs

precast_ | -

b’Bad!':‘ ,{i n' /\\
z-...____\' ff/'\, PLAN VIEWS
)
T’\ " central /’

"\ post

-— —r?

T §

{e) spiral stairs {f) helicoidat s»tairsn h



STAIRCASE SPANNING LONGITUDINALLY

W
¥ = X or T m (whichever is less)
y =¥ or 1 m {whichever is less)
——
r——=effective span (I )—————
CX ix G v Ly,
< Rl - - o
geing
A MPsiey / ‘.
¢ 2
4 z
- A
landing-- Janding 2 g
4 7 g
7 4
/) A
1 ) 7 2
’ .
7 L
p C
2o teraay S s l P
L - 1
{a) transversely spanning landings —— Leff= ¢lc distance biw
/— landing supports
| }
i o {
i a
landing... 4 ianding
™ i X £
i - H
z |
- J
! -
: i
p: 7o G N X e e g l‘:

{b} landings supporied on three edges

Fig. 12.5 Special support conditions for longitudinaily spanning stair slabs



W= S x RXT xBx25

12.3.1 Dead Loads

The components of the dead load to be considered comprise:

o self-weight of stair slab (tread/tread-riser slab/waist slab);

o self-weight of step (in case of “waist slab” type stairs);

e self-weight of tread finish (usually 0.5 — 1.0 KN/m’)
The unit weight of reinforced concrete for the slab and step may be taken as 25kN/m’
as specified in the Code (Cl1 19.2.1).

12.3.2 Live Loads

Live loads are generally assumed to act as vniformiv distributed loads on the
horizontal projection of the flight, ie, on the ‘soing’. The Loading Code
[IS 875 - 1987 (Part II)] recommends a uniformly distributed load of 5.0 KN/m° in w oo

general on the going, as well as the landing. However, in buildings (such as T - fer
residences) where the specified floor live loads do not exceed 2.0 KN.or. and the

staircases are not liable to be overcrowded, the Loading Code recommends a lower b=

live load of 3.0 KXN/m- [Fig. 12.6{a)]. ] FTrN/m?

~_[50 xN/m?  ingeneral
' ] 30 kKN/m~  when overcrowding is unlikely ’ '5’ ™,
Wy =13kN

ek "‘ = BM,

\ e

S adionl B Md
HBM, s BM,
(a) (b

Fig. 12.6 Code specifications for live laads on stair slabs

Further, 10 the case of stucturally independent cantitever stzps. the Loading Code
requires the tread slab to be capable of safely resisting a concentrated live load of
1.3 KN applied to the free end of each cantilevered tread [Fig. 12.6{b}].

It may be noted that the specified live loads are characreristic loads: these loads as
well as the characteristic dead loads should be multiplied by the appropriate load

Jactors in order to provide the jcrored loads required for “limt state design’.

In the case of stairs with open wells, where spans partly
crossing at right angles occur, the load on areas
common to any two such spans may be taken as one-
half in each direction as shown in Fig. 18. Where flights

/—BEAM
Doy ' W
N ~ THE LOAD ON AREAS
CUMMON TO TWO
|5 - SYSTEMS 7O 8E

W HALF IN EACH
L

Fii, 18 LoApmG oN STAIRS wirs Orex WeLLS
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#  waist slab
thickness

- INCORRECT
< {bar in tensio
through at the |
tendercy to ¢

under

effective span

>(> =
-

_esign a (“waist slab” fvpe) dog-legged staircase for an office building. given the

Y

w

@

Howring data:
te ght between floor = 3.2 m;
riser = 160 mm tread = 270 mm:
width of flight = landing width=1.25m
live load =5 0 kN/'m’
finishes load = 0.6 kN oy’

Assume the stairs to be supported on 230 mm thick masonrv walls at the outer edges
of the landing. parallel to the risers [Fig. 12.13(a)]. Use M 20 concrete and Fe 415
steel. Assume mild exposure conditions.

SOLUTION
e Given: R=160mm T=270mm = VR>+7? =314 mm

Effective span = c'c distance between supports = 5.16 m [Fig. 12 13{a)].
Assume a waist slab thickness =5160/20 =258 — 260 mm.

. ) basedon €xpenence
Assuming 20 mm clear cover (mild exposure) and 12 § main bars,

effective depth 7=260-20-12/2=234 ;m_
The slab thickness in the landing regions may be taken as.w as the bending
moments are relatively low here. D
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Loads on going [Ref. 12.13(b)] on projected plan area: )
(1) self-weight of waist slab @ 25 % 0.26 x 314270 =736 KN/m"

(2) self-weight of steps @ 25 x i é 0 16) =200

(3) finishes ( ) =0.60

(4) live load (given) =500
15.16 KNt

— Factored load = 15.16 x 1.5=22 74 {N/'m*
Loads on landing
(1) self-weight of slab @ 25 % 0.20 = 5.00 KN/nr*

(2) finishes @06
(3} live loads @ 5.0
1060 KN

= Factored load = 10.60 % 1.5 = 15.90 N/m"

Design Moment [refer Fig. 12.13(b)]
Reaction R =(15.90 x 1.363)+(22.74 x 2.43)/2 =4933 kN'm
Maximum moment at midspan:
M, = (4933 » 2.58)— (15.90 x 1.365) x (2.58 — 1.365.2
—(22.74) x (258 - 1.365)°2
=069.30 KNm/m
Main reinforcement . Mu.tim?= 0-138 fbd?
93010 ; 2
=12 = 0138 x20x1000X 234
‘ 4_ 1265 N /jPa

Mu,!.'m: 15112 kNm 3 So, Mu<Myiim

ol Ast:°'5ﬁkbd2[‘_ |- Acen
f Faxbd2

: 3 C
Nmn’/fb ’ :
2 piit - 0.5SX20X100&x234 [ ‘J‘ 4.6X69.3%10"

113x103 4s 20%10 0 0x234*
Required spacing of 12 ¢ bars= —_"—  — 127
PR ¢ 892 = Asit= 892Zmm?
. . 201x10° L
Required spacing of 16 pbars = — " =925 mm {to be reduced slightly to

892
account for reduced effective depth)
Provide 16 ¢ @ 220c/c
Distributors
(st Irega = 0.0012 bt (for Fe 415 bars)

=0.0012 x 10° % 260 = 312 mm*m
spacing 10 ¢ bars = 78.5+10% /312 =251 mm
Provide 10 ¢ @ 250c/¢ as distiibutors




