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CO STATEMENT (After the completion of course the student wil TAXONAMY
be able to)

Design and detailing of reinforcement of an interior panel of a flai Create

@022 Design a circular bunker with the detailing of reinforcement Create
@ ekl Design a concrete chimney with detailing of reinforcement. Create
@08 Design a concrete chimney with detailing of reinforcement. Create

Design and detailing of the reinforcement in the various members

CO5 . .
the cantilever and counter fort retaining walls.

Create



UNIT -

Design of a flat slab (Interior panel only)

UNIT -II

Design of concrete bunkers of circular shapé (excluding staging)i Introduction to
silos

UNIT -l

Design of concrete chimney (excluding seismic loads)

UNIT -IV

Design of circular and rectangular water tank resting on the ground

UNIT -V

Design of cantilever and counter forte retaining wall with horizontal back fill only.
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C Introduction

V Concreteslabsomecasede supportedby directly by columns without the use
of beams orgirders

Typesof flat slab

A Flatplate

V Theyareflat slabswith flat soffit
V Suchslabshaveuniform thicknesssupportedon columns

V Theyare usedfor relatively light loads,asexperiencedn apartmentsor similar buildings.
V Flatplats are mosteconomicalfor spansfrom 4.5mto 6m

V Thistype of slabare alsoestheticallyappealing
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- Flat Slab resting
directly on columns




ArlatSlabwith Drop Panel

VDropis alocalthickeningof the slabin the region of column
\&ructural Advantages

w Increaseshearstrengthof slab

w Increasenegativemoment capacityof slab

w stiffen the slaband hencereducedeflection

AFlat Slabwith ColumnHead

V Columnheadis a local enlargementof the columnat the junction with th
\&ructural Advantages
wincreaseshearstrength of slab(punchingshear)
w reducethe momentin the slabbyr
clearor effective span

".
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» Flat Slab with drop panels

clah

* Flat slab with column head
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A FlatSlab WithDrop Panel and ColumnHead

V Bothecapital(columnhead)anddrop panelis calledflat slabwith drop paneland column
head

« Flat slab with drop panel

V Aflat slabmayhaverecessedormed on the soffit sothat the soffit comprisesa seriesof
ribsin two directions( waffle Slabs).




A Flatslabswith capitals,drop panels,or both. Theseslabsare very satisfactoryfor
heavyloadsandlong spans.

A Althoughthe formwork is more expensivethan for flat plates,flat slabswill require
lessconcreteand reinforcingthan would be requiredfor flat plateswith the same
loadsand spans.

A Theyare particularly economicalffor warehousesparking and industrial buildings,

and similar structures,where exposeddrop panelsor capitalsare acceptable.




Benefitsof flat slab

*» Flexibility in room layout
«  Introduce partition walls anywhere required

*  Change the size of room layout
*  Omit false ceiling

<+ Saving in building height
* Lower storey height will reduce building weight

« approx. saves 10% in vertical members
* reduce foundation load

+»* Shorter construction time

+ flat plate design will facilitate the use of
big table formwork to increase productivity

++ Ease of installation of M&E services
« all M & E services can be mounted directly on

the underside of the slab instead of bending
them to avoid the beams

« avoids hacking through beams

Conventicnal




A Themaindisadvantageis their lack of resistanceto lateral loadsdueto wind and

earthquakes.Lateralload resistingsystemssuchasshearwalls are opennecessary

A Whenthe loadsor spansor both becomequite large, the slabthicknessand columnsizes
requiredfor flat platesor flat slabsare of suchmagnitudethat it is moreeconomicalto use

two-way slabswith beams,despitethe higherformwork costs.




C Loadtransferin flat slab

\ Column Strip
Structural Behaviour of Flat Slab Column Strip~__ N
Middle Strip ~— em

PN

Deflected Shape

f__'_..»-»Cqu/mn Strip

q_é{'_ _Middle
Strip




A If the slabis supportedonly by the columns,the slabbehavedike atwo way slabwith

an essentialdifferencethat all the load is carriedin both directionsto accumulateit
at the columns

A where broad strips of the slabcenteredon the column linesn eachdirection serve thesamefunction asthe
beams

A for columnsupportedconstruction, 100 percentof the applied loadmust be carriedin eachdirection, jointly




C PracticalAnalysisof FlatSlab
Adccordingto ESEN19921-1, Annexl, 1.1.1, Flatslabsshouldbe analyzed using proven method of analysis suchas
grillage(in which the plate isidealizedasa set of interconnecteddiscretemembers).finite element, vield line or

equivalentframe. Appropriate geometric andmaterial propertiesshouldbe employed.
ABut, in this chapter,we will seethe two most practicalmethods offlat slabanalysiscalled

1. Directdesignmethod

2. Equivalentframe method

1. Directdesignmethod

Slabsystemdesignedby the direct designmethod shallfulfil the following conditions:

a) Thereshallbe minimum of three continuousspansin eachdirection,
b)Thepanelsshallbe rectangular,and the ratio of the longerspanto the shorter spanwithin a

panelshallnot be greaterthan 2.0




c)it shallbe permissibleto offset columnsto a maximumof 10percentof the spanin the
direction of the offset notwithstanding the provisionin (b)
d)Thesuccessivespanlengthsin eachdirection shallnot differ by more than one-third of

the longerspan.Theend spansmay be shorter but not longerthan the interior spans,and

e) Thedesignlive load shallnot exceedthree timesthe designdeadload.
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A Totaldesignmomentfor a Panel

Column Column

lB ' LC 'r Ext strip

La
T ”

Panel | 1/ /// '//// 7 la Stripsin flat slab for
L, / / %‘ ECakumn momentcalculation.
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|
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AThereforethe total moment on the selected panels:

,&I'histotalp_i _________ i_._._iu_._.z_._- .......

Distribution of Total panelmoment

poo faceof colv

My

Where
M, = Total mom

wlyl,
Where

1ent on panel

w = Distributed load on panel

l, = length span in the

l, = span length

irectionof M,
transvers to [4

l, = clear span extending fromface to

or wall but

pitals, brackets
> 0.650

Now, It is necessaryto know what portions and proportions of thesetotal momentsare positive and what portion and

proportionsare negative.




Interior Panel

* If a slab was completely fixed at the end of each
panel, the division would be as it is in a fixed-end
beam, two-thirds negative and one-third positive,

as shown in Figure.

e This division is reasonably accurate for interior
panels where the slab is continuous for several
spans in each direction with equal span lengths and

loads.

Exterior Panel

* The relative stiffnesses of the columns and slabs of exterior panels are of
far greater significance in their effect on the moments than is the case

for interior panels.

* The magnitudes of the moments are very sensitive to the amount of
torsional restraint supplied at the discontinuous edges.

* This restraint is provided both by the flexural stiffness of the slab and by
the flexural stiffness of the exterior column.

A
| 0.35M,

V M,
y

Interior span

-

0.65M,

0.35 to 0.63 M,

0 to 0.65 M,

ool S,

—_— v

0.65 to 0.75 M,

Exterior span

| 0 T
|74 M, N

T e

—3

[

Distribution of Total Factored Static Moment, M , in an Exterior Span

3)

(4)

(2) Slab without Beams

(5)

Factored

Moment

(§)] Slab with between Interior Supports Exterior Edge
Exterior Edge = Beams between Without With Fully
Unrestrained All Supports Edge Beam Edge Beam Restrained
Interior 075 0.70 0.70 0.70 0.65
Negative
Factored
Moment
Midspan 0.63 0.57 0.52 0.50 0.35
Positive
Factored
Moment
Extenor 0 016 0.26 0.30 0.65
Negative




AThetotal panelmomentdistribution for exterior and interior spanlooks asshownbelow

Distribution of +M and -M for ColumnStripand Middle Strip

Alt is better to know the columnstrip and middle strip criteria’s 1t .

ACriteriafor columnand middle strip asper y'y i
0.35 to 0.63 M, +
4l o AT — Jooem
A
M, N

0 to 0.65 M, M,
0.65M,

AThenthose moments(+Mand ¢M) shouldbe distributed acrossthe panelwid* =" mtin ==t Baidllmtadn o mmmmmid H1meAnAn

.
- 4 v

0.65 to 0.75 M,

Exterior span Interior span




L4 L4

._ - middle strip
A Therefore,basedon the abovecriteria, the selectedpanelshownin slideno 12,forthe given
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strip direction will havethe following stripsto be consideredfor the distribution of

moments.




A Criteriafor momentdistribution between columnstrip and middle strip

TABLE 13-4 Percentage Distribution of Midspan Positive

Factored Moment to Column Strip

Gt 05 10 20
(afl()z/fl) =) 60 60 60
(ap1ylty) = 1.0 90 75 45

Moment to Column Strip

TABLE 13-3 Percentage Distribution of Interior Negative Factored

ol 05 1.0 20
(apbylty) =0 75 75 75
(aptat) = 10 90 75 45

Moment to Column Strip

TABLE 13-5 Percentage Distribution of Exterior Negative Factored

2318 0.5 1.0 2.0
(ap6:l6y) =0 B, = 100 100 100
B, =25 75 75 75
(apby/t)) = 1.0 B, = 100 100 100
B, =25 90 75 45

7 Beamiosiabstifinass
af = b —— mdiiw.ar = 0 for flat
E S(ﬂb lﬁ@ahﬁfﬁ m)
g = LaC ., Torsionastiffness
" 2E

C= 2-<1 - 0.63%) 3
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Af there isabeam, aportion of columnstrip Mu in beamsis asshown intable below

upbr/fy Distribution coefficient
0 0
>1.0 0.85

Transfersof momentto column

AUnbalancedmomentsof the slabshouldresistedby the column. Thecolumn momentsare then obtained asfollows:
V  Exteriorcolumn

The momento be transferredfrom a slabto an edge columns 0.3Mo. Thisis then divided between the columns above and

below the slabin proportion to the columnflexural stiffness.

V Interior column

Forinterior columnunbalancedmoment resultingfrom an unevendistribution of live load. Thetotal unbalancednegative

moment at the joint is thus

(gpu + 0591, ) €265 qput(€})
3 8

M = 0.65

= M, = 0.07[(gp, + 0.5¢.,)6:6; — aputs (€5)°]

Thisvalueisthen dividedfor columnabove andbelow the slab basedn there flexural stiffness




Where;

gou& quu=factoreddead and live loads on the longer span
j f2="factored dead loadsonthe shorterspan

L2 & In =the values of the longer of thadjacent spans

[ 2@ f nQthe valuesof the shorterof the adjacentspans

0.65=the fraction of static momentassignedo negative momentat interior portion
Shearforceon each span

Position Shear
Outer support: Column 045 F Where:
Wall 04 F

F=totalload onthe spanin KN=qgpu+ qLu

Near centre of end span —_
First internal support 0.6 F

Centre of interior span —

Interior support 05 F

Axialforceon column

Axialforce on columncanbe obtained thetributary areaeasilyor by adding theshearforce of the panel

joining at thecolumnin one direction (x or y axis)obtained by the aboveequation




Alternatively!!!

Accordingto EBC3.995,for flat slabonly, the slabmoment,the panelshearforceand total

column momentcanbe summarizedas shownin table below:

Position Moment Shear Total column
moment

Outer support: Column - 004 F/ 045 F 0.04 F /¢

Wall - 002 F¢ 04 F —
Near centre of end span + 0.083 F ¢ — —
First internal support - 0.063 F ¢ 0.6 F 0.022 F7¢
Centre of interior span + 0.071 F ¢ — —
Interior support - 0.055 F ¢ 05 F 0.022 F ¢
These moments may not be redistributed. Assume 3, = 0.8.
F = Total load on span (in kN)
¢ = Effective span in the direction under consideration = (l’, —-;h‘.)




Two way Shear in Flat Slab

* Flat plates present a possible problem in transferring the
shear at the perimeter of the columns.

* There is a danger that the columns may punch through
the slabs.

o As aresult it is frequently necessary to increase column
sizes or slab thicknesses or to use shear heads. Shear
heads consist of steel | or channel shapes placed in the
slab over the columns




10 {2 R a
Examplel. o | | .
S ":|:13 LH.'H Li':l:w L'l:us"-IE .
Design by DDM flat plate supported on I I
columns 450 mm square, for a Live Load S | o5 | -
= 3 kN/n?, Floor Finish = 1 kN/m” use | | B
M20 and Fe415. Assume clear cover = 20 D i e S5t B
mm. Effective Column Height = 3.35m.
Bay spacing in X and Y direction = 5m ¢/c o & Pé
CP M it B {8
* Interior Panel P5 — []ts cs cr -
* Corner Panel P7
F1 P2 F3
Y A 2 e dee - -

T hbays @ 5 m c/c




Solution
FHiminaryS RIDUEGHORSS SAREIEH)
A /suime

_ _ fck _ 25 _
Concrete grade = 500 then,p, = 1000 — 11000 — 0.158

A Spasto. septh.ratio. p < po

= Span todepth ratio

Structural System [ Concrete highly stressed Concrete lightly stressed
2=1 5%
p = 0.5%
Slab supported on columns without 1.2 17 24
beams (flat slab) (based on longer span)

A Clearcover
1 1  5000mm

d 24 24
= Clear cover

= 208mm

nominal concrete cover = max {Com fire, Cnom}

Cn()m = Cmin + ACdev

Chmin = max {Cbond, Cmin, dur,10}
ACdev = 10 mm




Leit, @ = 12mm both axis
Chom = 25mm

A Tiedt@gien

D=d+ Cpom + 20 = 208 + 25 + 2x12 = 257mm, .....

ARt RS gl tadls
A RCIrbsslifivedggtit
24kN kN
A FISoHffishms = &% m2
= Floor finish
A Toiéﬂfﬂeadload

iy LTQEFJ)Qﬁ“d load

kN
DL =6.24— + =7.24—
m

A Qﬁ%%ﬂfbﬂd

Segm@eabllltyhmlt state

,)éswymﬁgllmlt state

v Serviceability limit state
w=DL+LL="724+3= 10.24’;—"‘;’
v' Ultimate limit state

take D = 260mm, ....

w=1.35DL +1.5LL = 1.35x7.24 + 1.5x3 = 14—.274—’__‘;—1«;I

thend = 209mm




f BM, Shearforce, Axial
Panel-5

1. Stripalongx, axisB-B

ll=5m. l2=25+25=5m

ce C7 5 0.45 0.45 455
—_—— J— f— ; m
A Tol’aldé'5| nenoment 2 2
= Totaldes:gnmoment
A Distributidsief toted parermessht 84 TN

©panelén interior paneBtherefore,
Distribution of total panel moment

The panel in interior panel. therefore,

W__ 9000

M,
0.65M,
= ¥

Interior span

A Distibuticrsof Jromanik aiang wiekho@Ehmn
and¥hid@l68Mp)= 0.65x184.7 = 120.06kNm
Distribution of moment along width (column

and middle strip)

)

=
.Idl — — — — S—

L2

3 bays @ 5 m c/c

6 -

ra -




A Distribution of momentalong width (columnand middle strip)
V Positivemoment- Columnstrip

TABLE 13-4 Percentage Distribu Positive |
Factored Moment tofColumn Strip |
0, i i 75 There These&eama DERsTefbrgrefore,
2 s : I
ED 60 60 60 ) ap = Oltrmﬁ%‘ﬁs arq 1—2 =0
1
(ap1bofty) = 1.0 90 75 45 +M = 60%x64.645 = 38.787kNm

V Positivemoment¢ Middle strip
+Mpy = (100 — 60)%x64.645 = 40%x64.645 = 25.858kNm
THisswalve shoudtibe dividket borth sutkasof middle strip bassetion there stiffnessratio
I this aszewe have ezunad i)  tHatls equid| stiffnessratio, tihen tthis value shouiitibe
DYvidtkelexpedlyy
+MMS,b0th side = 12.929kNm

V Negativemoment- Columnstrip
TABLE 13-3 Percentage Distribution of Interior Negative Factored

Moment to(Column Strip There Tshes@isdd bEasTefoRerefore,
e 05 10 20 a = oltiM5BRss a L_p
(antett)) = 0 75 75 75 ] lh

—M¢s= 75%x120.06 = 90.045kNm

((1“6/2/61) = 1.0 90 75 45

V Negativemoment¢ Middle strip
—My¢= (100 — 75)%x120.06 = 25%x120.06 = 30.015kNm
_MM'(' bath cide— 15kNm

A Shenrforee

F=lxl,xw

F =5x5x14.274

F =356.85kN

V' Foriintevior
S

V1£804BIN=178.4kN

A thhis caseall the
panel are skmikarim
span length. S F
are equal in axis2, 3,
B, 8 @. Hdihaee,

V' For 1 iimteyior

Supp@t;

¥23401&N=214.1kN

VY Outer sugpontt
colummm;
¥16006#BlF=160.6kN

My otit stae




2. Stripalongx, axisGC

A4 = 5m, l, =2.5+2.5=5m
c6 C7 0.45 0.45
k' Allthe georaetry’Ate similawita strip 1BRGX,
" Mldmmepretionse aisigh vatuRrkigalong x,
Sufh Brii 7 BeAs BV AP I FESUlts are

summarized as shown below

+MMS,bOEhSidB: 12 929kNm
_MCS: 75%?612006 = 90045kNm

:E%"M)m side= 15kNm

V=0.5F=178.2kN

IE.Sm

2 C3

3 bays @ 5 m c/c




3. Stripalongy, axis2-2

A4 = 5m, I, =2.5+2.5=50m
ce C7 0.45 0.45
A Alf'tﬁeﬁef)r?etryg’é?e_similaf/vitlz strip4aﬁc")r’nmgx,
" BlUdmmermgioree aiBaigh yatuRiigr@/ong X,
Sfn BriiZBeae e Aesigp gsults are
summarized as shown below
+M = 60%x64.645 = 38.787kNm
+M s poth side= 12.929kNm
—M 78 B 120.06 = 90.045kNm

b W — 4 31 AT ¥ - -— N . _9=0 al
=My both side — tokNm,— V=0 5F=178.4kN

4. Stripalongy, axis3-3

e —— = — —lt= i
13 T4 s

ly=5m, [,=25+25=5m
c6 C7 0.45 0.45
A KlfiﬁeEeBr?et?ySé?}e_simila?wi;th sztrﬁld Sa?c%g,
" Alshergepratiorse sy itisirp along X
SR Brii JBase RSB psults are

summarized as shown below
+ M= 60%x64.645 = 38.787kNm

+MMS.bOth side — 12.929kNm
—M =1 7 120.06 = 90.045kNm

ny A 7y BT d
_IFIMS.bOth side— 1OKIVII,

V=0 5F=1784kN—

3|
E / :7 E]L‘
3 v // < &3
B — B
2.5m|2.5m
c c3
=1 3 53
|
3 bays @ 5 m c/c
|
| |
e == 1233
j 1
|
: ‘ P 3
| ! 12
:]L 3 E:}_ 10 + )
l /V/ =)
s I [Pt / 5
es 51 x —
C - ————— . .
2.5m 2.5m
e o Ea—

3 bays @ 5 m c/c




Summaryof bendingmomentfor paneks-per strip

| T
[
[ \.\ I A —— I —-—"7

—90. 0O45kNm ‘ —90.045kNm \ Ig 1"-, o \\ Ig
= SR = . | o | 2 =
=% 1] - - III| E |II 5 - J §
e L SRR ! % ! §

_+38.787kNm L / / /

—30KkNm —30&Nm | o ,-"If —+ |'/ o |f
S Sl = 8 | 5 | 2 |
— 2|\ A\ A i
+25.85kNm \ \
—90.0SKkKNmMm | —90. dasSkNm ‘ \"'IT \\"-. \\\\ |
Bl i e — — \ 2 \| & =
- e i ‘ 5 s
e E -'I‘i .'I E
| +38.787kNm / 5 /’ / 3
L | | o
BMalongX-axisstrips . . N BM along Y-axisstrips
[ - (5/4)+(5/4)=
R o M T Divisionof middle strip and columnstrip




Summaryof bendingmomentfor panel5-per meter width

| | | |

i 1 —36kNmMm/m ‘ ‘

T [+as. sknm/m | T ] /

“
o
g |
:
~
:
|
|
|
|
S |
W WNHOE—
w Wz T —
B
|
|
|
|
|

W WNYOE—
|

W WS ST+

W WpNFE 0T+

[ —12kNfn/m J —12kNm/m ! /
| +10. 34kNm/m ] _____ . \
| —36KNm/m | | —36MNm/m \ \
\,’/ / / | /
| | +15. SkNm/m | ‘ | |

WS ST+

wwppo g —
W fWpNET—
wfwpp9 -
|

BM along X-axisper meter width BM along Y-axisstrips per meter width




SlabShearforce Summervaround panets

L

17B.4kN

214.1kN

214.1kN

—'1.)"-
z

AxisB & C

—

178.4kN

— 3

-4

214.1kN

[

214.1kN

-3

Axis 2 & 3

— %

-4
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Requirements

2/3
0.0TSf%b,d

A.\',Il’lin = min .f_rk
0.0013b,d
As max = 0.04A.

f'om:’;xllnqg?ﬁ(.%g%)z;;f 1000x209, 0.0013x1000x209)

2T
Asjnu'n = m1n{279, 2717)

Acin = 27L.7mm"

AChelkar ategayoy Bfeseséiaion
(([Considemas 15)

_ My  36000Nmm/mm
=n Fahdd T F1A.83x BPIEX h Y

9. 00040000 W29 8360a a ©

Ui a7

H=0.0/2/<0.295...... OK

main (principal) reinforcement

3h
400mm

Smax = mln{

)gmﬂx = min{3x260,400)
Siax = 400mm

secondary reinforcement

, {3.5:1
SI'I'IE.‘[ e mln

450mm

)Smax = min{3.5x260,400)
Sinax = 450mm

bar diameter

20mm

§ = max.ymaximum size of aggregate+Smm

fmfn = max{lz, "‘1‘0, 20}
Sinin = 40mm

AReRisstea miefemsaraeqiinempit
(CovsiRirnRxpesihie MoMent/ mammmonen:)

Moment). __ M 0x B 15500Nmm /mm _ 00313
"~ feqbd?  11.33x (209mm)?

A RefhfSrcement 2k

* Reinforcement
p=[1+V1-2x00313]
p = 0.00083
<flg =0.00083x1000x209 = 173.22mm?*
As<BPacing. so. take A, = Ay uin = 271.7mm?

11.33
434.78

" Spacing
A, 217.7

g =a—S= 113 = 1.92 ... taken, =2
c/c gy— (nx@) 1000 —24 976
ThRe: n, — 1 - 1 - mm
&e Smax -+ oS0, take S = Sy 0. = 400mm
¢/cSpacing S + 0 =400+ 12 =412

Take:

P12c¢/c410 ... ... oo cev e e




_ _ \;'ff:k o \f?S o
<Concrete grade = 500 then,py = 1000 — 1000 —

= 0.005
p = 0.00083 <p,

3/2
=K{11+1.5 T Lo +3_2J_;;k[p° —1J —lifp<p0
P P

sdiater tiEiatovstsel A P adng ~ V")

= 283.66,

= | mg —~ R~

Modification factor for steel area provided
Agreq = 173.22, Ag provided= 226
It implies, thinney slabthicknessis possifle Soyop,can

sreq/ s Frov ided—

yse another trial depth. Forexamplet&&Kkthe flowing
GEDAS3. 66x1.42 = 405.22,

d : 5000 12.33 <K& 209
T 77.9° 405.22° 7 '

St i gliks, thitine? sldb$hidRFLER8 Sd QA onBinea
“Use another trial depth. For example cheoc_lﬁgqoflj%mg
atigpth.

M 14 span max B 15500Nmm,/mm

K =Reﬂ51fbﬁlerﬁem33x (117mm)2 Note:
k

<0.295.............0
= Reinforcement

1.33

p=[1+V1-2x010]—

434.78

=0.10

When thesection depthis
changedthe designaction
forcesshallalso berevised
accordingto the new

< p=0.00275 section
A, s@@&*’f@woonn — 321.75mm? depth. |
. »  But, for now we aregoing

As > Ag min v oo S0, take A; = 321.75mm” ) assumehe previous

n Spacing designforce conservatively

A 21,75
cfgSSﬂaclilgIaieézamr& 2.84 ... .. taken, = 3
oo @s 113
1000 — (n,x®) 1000 —3 x12

5 = = =321.33mm

3 ng 3

?{ Simax e OK

¢/c Spacing S + ® = 317.33 + 12 = 329. 33 Take: 320mm

012c¢/c320...............

P&m/w-ﬂ{elsecﬁdﬁ eI

.
+3.80H 20T —1)2‘—43.77

Mmrai—nmx
\/fmcxbx(}. 295

D=104+2546+12=147......lakeD=160 then d=117forminoraxis
d=129for majoraxis

“Structural System K Concrete highly stressed | Concrete lightly stressed
2=1.5%
p = 0.5%

Aereq = 321.75, A
Aereq/As,providedz 0.949

=43.77x1.054 = 46.13,

&l ~

s,provided —

f:

d =

339
500

S00x0. 929 0%

4550

T3 = 98.63 <117 ....OK

Now the section depth D=160mm is OK

Slab supported on columns without 1.2 17 “ 24
beams (flat slab) (based on longer span)




A @anamma%mm/m

_ Mupax _ 36000Nmm/mm

fcdb}g 11}%}31: (1E7mm}2

p=[1++v1-2x0232] —=

434.78
p=0.007
A, = 0.007x1000x117 = 819mm?

As ‘Sf.;a@lng ..S0,take A, = 819mm?
8‘ Spacing
_ A _ 819

=7.247 ... ... taken, =8

T, 113
0—-—8=12
050338%?09—”&@12499' = 113mm
q < Smax

Ac Q@m&deahdqla?kllli&/m 5 Take: 125mm
P12 c/c125mm ..
M %nmmﬁ-‘ﬂZkNm/m
Mmar _ 12000Nmm /mm
zfcdbd’ T 11.33x (117mm)2 0.0776 < 0.295 ... e

= Reinforcement
p=[1++V1-2x0.0776]
p=0.0021

11.33
434.78

=0.232<0.295 ............ ...

Ok

Ok

A Speging
Ay 2717
Bag0gm~ 113 ot akems =3
1000—(ngxd) _ 1000-3%12
= 482mm>400
C/CSIOa@H’rQTakeMOmzn mm>400mm
& Smax - ..S0,take S = 400mm

¢/c Spacing S + (Z) =400+ 12 = 412Zmm Take: 410mm

Rl the/fetidteibendingmomentsare lessthan 12kNm/m

Therefore,you canusethe minimumrequirementssimply
Hbthe set\rther bending moments are less than 12kNm/m

Therefore, you can use the minimum requirements simply
Alavye sleve- worksare for minor axisonly by taking in to
accountthe effective depth of 117mm.Hencethis work should

Kl idiseziiaversrarigisr iy itin eHed s Rode B ek itggmea.

account the effective depth of 117mm. Hence this work should

| PP TPl W I PO P RPITI PR T TTL 1 Y © o PP PoAeT | Y S, e T s PO eeY
Mo TCepCUulcU JUT TV UWATS Wil Cjjeiuive UCpUT V) 2L 71T,

A, = 0.0021x1000x117 = 245. 7mm*
A; < Agin eoe e S0, take A; = Ag ppin =

271. 7mm?




Detailingreinforcementfor panel5




Designthe slabfor shear
A Punchingshear

Thecritical perimeter should befound iteratively, but it is
generallyacceptableto checkat Columnface,d and 2d

Beam shear
faces

Punching shear perimeters,
(load within deducted from Vi)

Effectivedepthl%f slabin x direction:
@ 160302505 == 129474

Effectivedepth of slabin y direction:
Q1600 253 12 2= WD

Averageeffective depth of the slab

Q7 (a3, 1293037117 53 4 0 .

22

2

Contributoryarea

D.45m
0.45rm
Sm
(1”111@ e 1tll
Ldta PPl |
R R T :
R R o
[ ——
_Q\ R
‘,’::f'ﬁ; :\\\ / : P ane
o g | f|'| pr R
i\ ,
AV —
L \%‘/ > »

am




A RRiNICEMEnt AdGodMIgNis
As ,provided — 904mm
904

Wf'éﬁ"ré atlo aI ngy axis
' EH‘I orcementratio alo y axis

791
Ply = Toooxize ~ 000613

a. Checkthe shearat the perimeter of the column

a. Ghegk th ar@atthe perimeter of the column
v" Punching shear stress, Vg,

v,
Vea =B 53 ,5¢'_1+;!1:""\J’:,jr %

|‘F§H Bﬁ 'F%?‘&R{hfé

nnr\nnrrlr"

(6) For structures where the lateral stabilty does not depend on frame acfion befween the
slabs and the columns, and where the adjacent spans do not differ n length by more then 25%;
approximate values for may be used. >

Our colurvolamedgteribres|ferceiéheel- 15

Eor interior colufForifie 2@l RC2 = 1800mm |

p=14 L B=1,15

Figure 6.21N: Recommended values for §

- internal column

- edge column

er column




from the contributary area _ VA4 _ w__ “‘
Via = 14.274x5x5 = 356.85kN T~ P35 5= LA e —118881Fac

vV  Maximumpunchingshearresistancealongcontrol section considered
Maximum punching shear resistance along control section considered

Vedmax = 0OV f V=1 - £, /250 3= 1L %E ® 99

250
Yataizn O-D005 901923335 .03 Hhidt pa

VEd < VRd max 798
tB) eckthe shearat the basiccontrolperimeter d

Zz

V Punchingshearstress,
v' Punching shear stress, Vg4

- ﬂ'i?'apo U; = 2C1 + 2C2 + 4md %¥x22350 + 2x450 + 4xmx123
t d) Uy = 3345.66mm
_ _¥pa — o 1z 356.85A000 _ ’
Ve "@T@‘ 1.38 50k co. s = - 867MPJES

V Punchingshearresistancewithout punchingshearreinforcement
v" Punching shear resistance without punching shear reinforcement

Veae = Crao K (1004 £, i kiOg 2 (V

min

+k,a,, )




k:1+4% <20 d inmm

A =P, p. <002 0y =Ay/(bd) and pr. = A./(bd)
% A00062ER006E3 =0 00SBYR. 028 ... /oK

Crac=018/y,/=0.18/1.5 =0.12
kl - 01

’ o NEd},r Neg.,
Oy = (Ouy + 0.,)2 Ocy = = and o, = ’
cp ( cy cz) Y Acy Acz

you can takea ., = 0 when
there is no normal forces

v/ M%M@W@Wﬁ&ﬁ%ﬂ%

Vgq = 0.867Mpa < Vg, .1.33Mpa

isrequire¥o shear reinforcement is required.

Eheekmpletelt’

c) Checkhe shearat Ul.the basiccontrol

perimeterc(d)
U;=2C1+2C2+ 2nd =
2aWF ) + 2x450 + 2xmx123
U, =2572.83mm

VEd
V = e
Ed B Uld
118 356.85x1000
' 2572.83x123

= 1.2967MPa

Via = 1.296Mpa < Vp,.1.33Mpa
.w.....No shear reinforcement




Design of Storage Bins
Bunkers and Silos




Design of Bins - Bunkers and Silos :: Introduction

AStorage Containers for
Industrial purpose

BINS (IS Code-1S:9178)

AStocking of Ores, Minerals,
Coal, Coke, Cement, Food
Grains for future processing

or disposal.
Rectangular (Pyramidal Hopper) Circular (Cone)
Shallow Shallow
Deep Deep

By BK Pandey. Structural Section. MECON Ranchi.



lan of Bins - Bunkers and Silos :: Introduction

BINS (IS Code - IS : 9178)

ctangular (Pyramidal Hopper) //Circular (Conical Hopper)\

A 4

A 4

Shallow

Shallow

Deep

Deep

N

S—

By BK Pandey. Structural Section, MECON Ranchi.




sign of Bins - Bunkers and Silos :: Introduction

Rectanqgular (Pyramidal Hopper
gular (Pyramidal Hopper)

A 4

Shallow

Deep

By BK Pandey. Structural Section, MECON Ranchi.




sign of Bins - Bunkers and Silos :: Introduction

Rectanqgular (Pyramidal Hopper
gular (Pyramidal Hopper)

A 4

Shallow

Deep

By BK Pandey. Structural Section, MECON Ranchi.




sign of Bins - Bunkers and Silos :: Introduction

O

D

Circular (Conical Ho%pfr)

A 4

Shallow

Deep

Orifice /Opening

By BK Pandey. Structural Section, MECON Ranchi.




Desian of Bins - Bunkers and Silos :: Design Considerations

1. Filling the Bunker T * mechanical *
A Feed and Loading arrangement at the top.
A Conveyor / Tripper Conveyor Feed
A Bucket Elevator Feed

A Other Mechanical Considerations.

2. Emptying the bunker *

A free flow from Bottom opening or orifice

A avoid Material Arching, Make use mechanical
vibrator.

A Plan orifice locations to overcome discharge
problem.

1. Stocking of Material

A Bunker Hopper + Wall system to be designed
strong enough to stock the material for the
required duration.

A Proper application of Design Theories based
on geometry of bunker + Nature of material to
be stocked + type of filling and emptying.

By BK Pandey, Structural Section, MECON Ranchi.




Desian of Bins - Bunkers and Silos :: Design Considerations

4. Provision of Wearing Surface T * use of
liner plates and ease of Maintenance
A Rubber Liner, SS/MS Plates, Grating
A Bricks or Tiles

5. Minimum Slope of Trough
A 50to 60 degree Wall slope.
A Consider Corner Angle for Pyramidal Bottom.

6. Guarding Against Over Loading
A Application of Load Cells at support point.

7. Method of Support

A Bunker supporting Beam Arrangement.

A Bunker Supporting Beam Connections with
Portal Frames of Building.

A Battery of Bunkers i Common Beams,
Continuous, Multi Span Beams.

By BK Pandey. Structural Section, MECON Ranchi.




Desian of Bins - Bunkers and Silos :: Design Considerations

8. Materials of Construction & Method

of Construction

A MS Welded Construction as per 1S:800-1984,
1S-814,

A MS Plates/Sections 1S:2062 Gr-A.

A SAIL-MA or High Yield Stress Wieldable
Structural Steel may turn out to be economical
for large span bunker beams spanning more
than 9 m.

8. Factors of Safety and Working

Stresses
A Building Frame Loading as per 1S-875 (Dead +
Live + Wind), IS-1893 (Eq. Load) and 1S:9178
( Material Density and Angle of repose).
A Working stresses as per 1S:800-1984.

By BK Pandey. Structural Section. MECON Ranchi.



Design of Bins - Bunkers and Silos :: Theory relating to
Granular Mass

Angle of Repose. A and Andle of Internal friction

Heap of free

flowing
A material
1

2
Angle of Rupture, B and Plane of Rupture B
B=45+A/2 B2

B and A are in degrees

Plane of Rupture

By BK Pandey. Structural Section. MECON Ranchi.



Design of Bins - Bunkers and Silos :: Theory relating to
Granular Mass 1 Pressure Calculation

ARankines Theory i Case 1 1
Ancompressible, homogeneous, granular, ¥ Plane of Rupture
cohesion less, particle of mass hold ) 2
together by friction on each other,

indefinite extent of mass.

Apv=Y.h B
Aph =K.Y.h

APn=m.Y.h B2
Where,

Y = Volumetric or bulk Density.
K=Ranki faddrs (1-sin @)/ (1+sin 2)

m=cos?2 a+ K.sin? a —
AJansen Theory (Recommended by I -
1S:9178) 1 Case 2 17
Acriction on the wall predominant and l l l

certain quantity of the contents will be
carried on the walls due to wall friction.
ARefer 1S:1893 part 1 page 14 for formulae.

By BK Pandey, Structural Section, MECON Ranchi.




Design of Bins - Bunkers and Silos :: Theory relating to
Granular Mass 1 Pressure Calculation

Alansen Theory (Recommended by
1S:9178) 1 Case 2

APressure Distribution Pz

d = dia Emptying

Pressure
h
Mn(0.75h Or
1.2d) Filling
Pressure
Z

By BK Pandey. Structural Section. MECON Ranchi.



Design of Bins - Bunkers and Silos :: Analysis of Bunker
Forces : Shallow Rectangular

Ha 6
A A >
W1
1 \
. P1
| Hb | H b qp2
B A
[
h2 Rv \ P2
a 2b , P3

Refer : 1S 9178
fig 1. Page 6

W1 =Y.ahl:P1l=K.Y.n1l.h1/2
W2 =Y.a.h2/2 : P2 =K.Y.h1.h2

(Part 1) Find Hb by taking moment about O
and Hc abt B.

Ha=®sP1/3: Hb®2P1/3

W3 = Y.b.(h1+h2) : P3 =K.Y.h2.h2/2 By BK Pandey. Structural Section. MECON Ranchi.



Design of Bins - Bunkers and Silos :: Analysis of Bunker
Forces : Shallow Circular

§ A Support
for ring
Beam
hl r
B
rli
h2 ¢ 7
Hoop tension Wall = Ph. r
¥ o Hoop tension Hopper = Pn. R1. cosec a
TL Longitudinal tension = Wt/ (2. pi .
Refer : 1S 9178 (Part Il) 1 cosegc a) (2.
fig 1. Page 14 '

Wt = Total weight at c-c

By BK Pandey. Structural Section. MECON Ranchi.



Design of Bins - Bunkers and Silos :: Design Methodology

A Bunker Layout T JVSL Stock Hous

A Bunker Structural Components

ABunker Beam Wall Component

AWaII or Web plate

AVertical Stiffeners

AHorizontal Stiffeners —

ABottom Flange or Trough Beams

ATop Flange + Floor Beams

AHopper Component

ASkin Plate or Sheathing Plate
A Ribs Beams/Angles

By BK Pandey. Structural Section. MECON Ranchi.



DESIGN OF RCC CHIMNEY

v



INTRODUCTION

a Achimneyis a structure for venting hotflue
gaser smoke fronboiler, stove, furnace or
fireplaceto the outside amosphee. Chimneys are
typically vertical,or asnearaspossible tovertical,to
ensurethatthe gasedlow smoothly,drawingair into
the combugionin what is known as the stack, or
chimneyeffect. The spacansidea chimneyis called
aflue. Chimneysmay be found in buildings, steam
locomotivesships and industries.



TYPES OF CHIMNEYS

Brick chimney

RCC chimney

Steel chimney



BRICK CHIMNEY

a Brick Chimneys are constructed with Bri€k
Mortar, with some additive. Beintihe best in
the industry for londgime, it has many
disadvantagegverour pre-castChimneys.

STEEL CHIM NEY

a Steel Chimneys are constructed with steel plates
convertedo Rolls or Pipeswith Stay wire etc.



RCC CHIMNEY

a RCCConcrete Chimneys are construcli&d a
Concretepuilding - Steel/lron Rod& Cement
Mortar. Due to varyingatmosphere and Air
Moisture,thesechimneysgetcracks and
damageywery easily.Recoveringhesechimneys
IS veryexpensiveBecausef rich Iron rods
Inside thewall (Condensé&Vaterformation
affectedthe Steelinsidethewall).




SPECIFICATIONS OF RCC
CHIMNEY

A reinforced concrete chimney is generally
circular in shapewith a rigid concreteshell cast
with arich concretemix of M-20to M-25 grade
and provided with longitudinal vertical

reinforcement  and horizontal hoop
reinforcementA fire brick lining 100to 150mm

thick Is provided inside the concreteshell with
an air gap of 80 to 150mm thick to reducethe
temperaturegradientfrom the interior surfaceof
fire brick lining to the exterior surface of the
concreteshell



DESIGN FACTORS

a Reinforced concrete chimneys are desigoed
with standthe stresses developeldie to
following factors,

Selfweightof chimney
Wind pressure

“Temperaturetresses



SHAPE FACTOR

Ratio of heightto base 0-4 4-8 8or over
width

Crosssectionakhapeof Shapdactor

chimney

Circular 0.7 0.7 0.7
Octagonal 0.8 0.9 1.0
Squargwind perpendicular 0.8 0.9 1.0

to diagonal)

Squardgwind perpendicular 1.0 1.15 1.3

to face)




4.0
3.6

80.0

4,2

DETAILS OF R.C CHIMENY



DESIGN OF RCC CHIMNEY

A concretechimney of height 80m with external diameter of the shaft
being4m at top and 5m at bottom is required in a placewhere the
wind intensity is 1.5KN/me.Thicknessof fire brick lining
=10cm.Temperaturedifference betweenthe inside and outside of shaft

=79C.permissiblebearing pressureon soil at site=150KN/ne.
Adopt M25grade concretemix and steelFe415and designthe following,

a Basesectionof chimney
a Foundationfor the chimney

SOLUTION:

PERMISSIBLE STRESSES
Uep=8.5N/mnz

Ust=230N/mm

m =11



a LOAD:

Weight of chimney= (" x4.2x0.3) x80x24 =7600KN
Weightof fire brick lining (10cmthick) = ( %3.8x0.1)80x20
=1920KN

Totalwind loadabovebase = [(0.7x1.5%(4+5)/2x80)]
=375KN

Acting ata heightof 40mabovebase,
Totaldeadloadabove baséWV) = (7600+1920F9520KN
Bendingmomentat base due taind load,
(M) = (375x40) =15000KN.m
Eccentricity (e) =(M/W) =(15000/9520)
=1.575m.



REINFORCEMENTS:

Providing reinforcement of 1% ¢iiecrosssectionaharea,
A«r)= 0 . &4b@E0<400)
=57805mm
Using 25mndiameter bars,
A«p) = ( x25/4)=491mm
Numberof bars =(57805/491)
=120

Provide 120 bars of 25mohameteibars
Ast(p)=  &2862/4)/120)x1000
=58800mm
ts=( Ast (p)/  dm)
= (58800/( %x4600))
" =4mm



a ANALY SIS OF STRESSESAT BASE SECTION:

e=Rx[(tt) ( (s i 2 WY (mxtx ) /| 2]
[(tct){ si @UE o s+t cos U]

Where,

e=1575mm,

t==4mm,

t=400mm,

R=2300mm,

U = a nsgblteerdedby the neutralaxisatthecentre.

Assumeduntil the value of calculated eccentricity coinciaath actual
valuee=1575mm.




TRIAL 1
AssumeU = 7 0
e=[(400-4) ((sin140/4) + (_ -7M)/2) + (11x4x" ) | 2 ]
[(400-4) ((sin60+ ( -700) xcos70) + x11x4xcos70]
e=1742mm>1575mm.
Hencereducethevalueof U .
TRIAL 2:
AssumeU = 6 0
e=[(400-4) ((sin120/ 4 )-*q47)/2)+(1¥4x" ) | 2 ]
[(400-4) ((sin60+ (-1.047)cos60) +x11x4xcos60]
e=1586mm=1575mm.
Hencethevalueof angleU = 6 0
Usingthevalueof Uin loadequation,
W=[ 2RE1+cqg@sty) $i Wk os Ulxtxe 6 mU]
9520x10=[2x2 3 0/Q1#cos60]
[(400-4) {sin60+ ( -1.047)*xcos60}
+ X11x4%xc0s60]




Stresses concrete,
01c=3.75N/mm2<8.5N/mm:2

Stressem steel,

Us=mR{lec osU) / R (1+cosU)]
=11x3.75¢< [(1-cos60)/ (1+cos60)]
=13.75N/mm<230N/mm

Thestressem concrete andteel aravithin safepermissibldimits.

DESIGN OF HOOP REINFORCEMENT:
Shear athe baseof chimney=375KN

Mean diamete at base =4600mm
Using 10mmdiameterhoopsat 200mmcenters
A= ( (x10/4)/200)x1000=79mm



Stresse steel( di= (HxS/ (1.6<Axd)
= (8375x1(3x200/(1.6x79%4600))
=129N'mme<230N/mm2
Hencestressesarewithin permissibldimits.

a TEMPERATURE STRESSES (COMBINEDEFFECT OF
WIND LOADS, SELFWEIGHT &TEMPERATURE):

a compressionzone (leewardside):
Providingan effectivecoverof 50mm tosteel

t.=400mm

t=4mm

at.=350mm

a=0.875

p=(ts/t;) = (4/400)
=0.01



T=7>
U=11x10-6/0C
m=11
E=(EJ/m)

= (210x10¥/11)
0.=3.75N/mm2

UJ1+(m-1)p] = ExaxTxU
[(K'/2)-mp ((a-k)/K)] A+ ((ak)/K))

(210x10:%0.875<75x11
3.75¢ (1+100.01) = x106/11)
0.5k-(11x0.01(0.875K)/k")  [1+ ((0.875K)/K))]

k'=0.70



