
PREPARED BY

Mr. B RAMU , Asst. P rofessor, 

Department of Civil Engineering



CO
CO STATEMENT (After the completion of course the student will 

be able to)
TAXONAMY

CO1 Design and detailing of reinforcement of an interior panel of a flat slabCreate

CO2 Design a circular bunker with the detailing of reinforcement Create

CO3 Design a concrete chimney with detailing of reinforcement. Create

CO4 Design a concrete chimney with detailing of reinforcement. Create

CO5
Design and detailing of the reinforcement in the various members of 

the cantilever and counter fort retaining walls.
Create



UNIT -I

Design of a flat slab (Interior panel only)

UNIT -II

Design of concrete bunkers of circular shape ï(excluding staging) ïIntroduction to 

silos

UNIT -III

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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ÇIntroduction
VConcreteslabsomecasesbe supportedby directly by columns without the use 

of beams orgirders

Typesof flat slab

ÁFlatplate
VThey are flat slabswith flat soffit

VSuchslabshaveuniform thicknesssupportedon columns

VTheyareusedfor relatively light loads,asexperiencedin apartmentsor similarbuildings.

VFlatplatsaremosteconomicalfor spansfrom 4.5mto 6m

VThistype of slabarealsoestheticallyappealing



ÁFlatSlabWith DropPanel
VDropis a localthickeningof the slabin the regionof column

VStructural Advantages

ωincreaseshearstrengthof slab

ωincreasenegativemoment capacityof slab

ωstiffen the slab and hence reduce deflection

ÁFlatSlabWith ColumnHead

VColumnheadis a localenlargementof the columnat the junction with the slab

VStructural Advantages

ωincreaseshearstrengthof slab(punchingshear)

ωreducethe moment in the slabby reducingthe

clear or effectivespan



ÁFlatSlab WithDropPanel andColumnHead

VBothecapital(columnhead)anddrop panelis calledflat slabwith drop panelandcolumn 

head

VA flat slabmayhaverecessesformed on the soffit so that the soffit comprisesa seriesof 

ribs in two directions( waffle Slabs).



Å Flatslabswith capitals,drop panels,or both. Theseslabsare verysatisfactoryfor 

heavy loadsand long spans.

Å Althoughthe formwork ismoreexpensivethan for flat plates,flat slabswill require 

lessconcreteandreinforcingthan would be requiredfor flat plateswith the same 

loadsand spans.

Å Theyare particularly economicalfor warehouses,parkingand industrial buildings, 

andsimilarstructures,whereexposeddroppanelsor capitalsare acceptable.



Benefitsof flat slab



Å Themain disadvantageis their lack of resistanceto lateral loadsdueto wind and 

earthquakes.Lateralload resistingsystemssuchasshearwalls are opennecessary

Å Whenthe loadsor spansor both becomequite large, the slabthicknessandcolumnsizes 

requiredfor flat platesor flat slabsare of suchmagnitudethat it is moreeconomicalto use 

two-way slabswith beams,despitethe higherformwork costs.



ÇLoadtransfer in flat slab
V .



Å If the slab is supported only by the columns,the slabbehaveslike a two way slabwith 

an essentialdifferencethat all the load is carriedin both directionsto accumulateit 

at the columns.

Å wherebroadstripsof the slab centeredon the column linesin eachdirection serve thesame function asthe 

beams

Å for columnsupportedconstruction,100percentof the applied loadmust be carried in eachdirection, jointly 

by the slaband its supportingbeams???????????.



ÇPracticalAnalysisof FlatSlab

ÅAccordingto ESEN19921-1, AnnexI, I.1.1, Flatslabsshouldbe analyzed usinga provenmethod of analysis, suchas 

grillage(in which the plate is idealizedasa setof interconnecteddiscretemembers),finite element, yield line or 

equivalent frame. Appropriate geometric and material propertiesshouldbe employed.

ÅBut, in this chapter,we will seethe two most practical methods offlat slabanalysiscalled

1. Directdesignmethod

2. Equivalentframemethod

1. Directdesignmethod

Slabsystemdesignedby the direct designmethod shall fulfil the following conditions:

a) Thereshallbe minimum of three continuous spans in eachdirection,

b)Thepanels shallbe rectangular,and the ratio of the longer spanto the shorter spanwithin a

panelshallnot be greater than 2.0



c)It shallbe permissibleto offset columnsto a maximumof 10percentof the spanin the 

direction of the offset notwithstanding the provisionin (b)

d)The successivespanlengthsin eachdirection shallnot differ by more than one-third of 

the longer span.Theendspansmaybe shorterbut not longerthan the interior spans,and

e) Thedesignlive load shallnot exceedthree times the designdeadload.

Note:Applicableto gravity loadingcondition alone(andnot to the lateral loadingcondition)



ÁTotaldesignmoment for a Panel

Strips in flat slab for 
moment calculation. 
Thisis then repeatedon 
the other direction

Example of panel 
(boundedwith readcolor)



ÅThereforethe total moment on the selected panelis:

ÅThistotal panel moment shouldbe dividedthrough the panel.How?????

Distributionof Totalpanelmoment

Now, It isnecessaryto know what portions and proportionsof thesetotal moments are positiveand what portion and 

proportionsare negative.

Where

???





ÁThetotal panel momentdistribution for exterior and interior spanlooksasshownbelow

ÁThen thosemoments(+Mand ςM) shouldbedistributed acrossthe panelwidth (Column strip and Middlestrip moment).How????

Distribution of +M and -M for Column Stripand Middle Strip

ÁIt isbetter to know the columnstrip andmiddlestrip criteria's1st .

ÁCriteriafor columnand middle strip asper ESEN-1992(Nextslide)



Å Therefore,basedon the abovecriteria, the selectedpanelshownin slideno 12,for the given 

strip direction will havethe following strips to be consideredfor the distribution of 

moments.



Å Criteriafor moment distribution betweencolumnstrip andmiddle strip

Beamto slabstiffness 
ratio.
(nobeam)

Torsionalstiffness



ÅIf there isa beam, a portion of column strip Mu in beamsis asshown intable below

Transfersof moment to column

ÅUnbalancedmomentsof the slabshould resistedby the column. Thecolumn momentsare then obtained asfollows:

V Exteriorcolumn

The moment to be transferred from a slab to an edge column is 0.3Mo.This is then divided between the columns above and 

below the slab in proportion to the columnflexural stiffness.

VInterior column

Forinterior columnunbalancedmoment resultingfrom an unevendistribution of live load. Thetotal unbalancednegative 

moment at the joint is thus

Thisvalueis then divided for columnabove andbelow the slab basedon there flexural stiffness



Axial force on column

Axial forceon columncanbe obtained thetributary areaeasily or by adding theshearforceof the panel 

joining at thecolumnin onedirection (x or y axis)obtainedby theaboveequation

Where:
qDu& qLu = factored dead and live loads on the longer span 
ǉΩDu = factoreddead loadson the shorterspan
L2 & ln = the values of the longer of the adjacent spans 
[Ω2 & ƭΩn = the valuesof the shorterof the adjacentspans
0.65 = the fraction of static momentassigned to negativemomentat interior portion

Shearforceon each span

Where:
F=total load onthe spanin kN =qDu + qLu



Alternatively!!!

Accordingto EBCS-1995,for flat slabonly, the slabmoment,the panelshearforceand total 

column momentcanbe summarizedasshownin table below:





Example1.

Y

x



Solution
Preliminaryslab thickness selection
Á Assume

ÁSpanto depth ratio

ÁClearcover



Let,

ÁTotaldepth

Actionsanddesignloads
Á RCSlabselfweight

ÁFloorfinish

ÁTotaldeadload

ÁLiveload

ÁDesignload
V Serviceabilitylimit state

V Ultimate limit state



Analysisof BM,Shearforce,Axial
Panel-5

1. Stripalongx, axisB-B

Á Totaldesignmoment

Á Distribution of total panelmoment
Thepanel in interior panel. therefore,

Á Distribution of moment along width (column 
andmiddlestrip)



Á Distribution of momentalong width (columnand middlestrip)
V Positivemoment- Columnstrip

V PositivemomentςMiddle strip

V Negative moment- Columnstrip

V Negative momentςMiddle strip

Thereisno beam.Therefore,
, it means

Thisvalueshouldbedividedboth sidesof middlestrip basedon there stiffnessratio 
In this casewe have equalspan, that isequalstiffnessratio, then this value shouldbe 
Dividedequally

Thereisno beam.Therefore,
, it means

Á Shearforce

V Forinterior 
support:

=178.4kN

In this case all the 
panel are similar in 
spanlength. S0,F 
areequal in axis2, 3, 
B &C.Hence,

V For1st interior 
support:

=214.1kN

V Outersupport 
column:

=160.6kN



2. Stripalongx, axisC-C

g

Á All the geometry are similar with strip along x, 
axis B-B. Therefore, design results are 
summarizedasshownbelow

=178.4kN



g

3. Stripalongy, axis2-2

Á All the geometry are similar with strip along x, 
axis B-B. Therefore, design results are 
summarizedasshownbelow

, =178.4kN

4. Stripalongy,axis3-3

Á All the geometry are similar with strip along x, 
axis B-B. Therefore,designresultsare 
summarizedasshownbelow

, =178.4kN



Summaryof bending momentfor panel-5-per strip

BM alongX-axisstrips BM alongY-axis strips

Divisionof middle strip and columnstrip



Summaryof bendingmoment for panel-5-per meter width

BM alongX-axisper meter width BM alongY-axisstrips per meter width



SlabShearforceSummeryaroundpanel-5



Á Designthe sectionreinforcements forBM
Requirements

, 0.0013x1000x209)
, 271.7)

ὃ = 0.04ὼ1000ὼ209= 8360άά2

ί,άὥὼ

)

)

}

ÁCheckadequacyof the section 
(ConsiderMmax 1st)

=лΦлтнтғлΦнфрΧΧhY

ÁRevise the deflection requirement 
(Considermaxpositive moment/ max span 

Moment)

Á Reinforcement

<

Á Spacing

c/c Spacing  
Take:

c/c



<

Modification factor for steelarea provided

It implies, thinner slabthicknessis possible. Soyou can
useanother trial depth. Forexamplecheckthe flowing
depth.

then,d=117 for minor$ ρπτ ςυ φ ρς ρτχȣȣȢÔÁËÅD=160
axis

d=129 for major
axis

Á Reinforcement

Á Spacing

c/c SpacingTake: 320mm

c/c

39

Nowthe section depthD=160mmisOK

Note:
When the section depth is 
changed,the designaction
forces shall also be revised 
accordingto the new
section  
depth.
But, for now we are going 
to assumethe previous
designforceconservatively.



Á ConsiderM=36kNm/m

Á Reinforcement

Á Spacing
8

c/cSpacing Take: 125mm

c/c

Á ConsiderM=12kNm/m

Á Reinforcement

21

Á Spacing

>400mm

c/c Spacing Take: 410mm 
c/c

All the rest other bending moments are less than 12kNm/m 
Therefore,youcanuse the minimumrequirementssimply 
shownabove.

All theabove works are for minor axisonly by taking in to 
accountthe effectivedepth of 117mm.Hence this work should 
be repeated for majoraxiswith effectivedepth of 129mm.



Detailingreinforcement for panel 5



Designthe slabfor shear
ÁPunchingshear
Thecritical perimeter should befound iteratively, but it is 
generallyacceptable to checkat Columnface,d and2d

Effectivedepth of slabin x direction:

Effectivedepth of slabin y direction:

Averageeffectivedepth of the slab

Contributoryarea

C6

ὼ 2
Ὠ= 1 60ī25ī

12
= 129άά

ώ 2
Ὠ= 160ī25ī12ī

12
= 117άά

ὩὪὪ 2 2
Ὠ =

(Ὠ¿¿ὼ+Ὠώ)= 129+117= 123άά¿



Á Reinforcementratio along x axis

Á Reinforcementratio alongy axis

a. Checkthe shearat the perimeterof the column
V Punchingshearstress,

If support reaction is 
Concentric,

Our columnis interior column.Hence,

Forinterior column.



V Maximum punchingshearresistancealongcontrol section considered

b) Checkthe shearat U1,the basiccontrol perimeter ς(2d)

V Punchingshearstress,

V Punchingshear resistancewithout punchingshearreinforcement

╔Ὠ ╤▫Ὠ 1800ὼ123

╥╔Ὠ 356 .85ὼ1000
╥ = ♫ = 1 .15 = 1 .85╜╟ὥ

250
ɜ= 1ī

25
= 0 . 9

╥╡Ὠ,άὥὼ= 0.5ὼ0.9ὼ11.33= 5.0985╜▬ὥ

╥╔Ὠ=1.85╜▬ὥԜ╥╡Ὠ,άὥὼ=5.0985╜▬ὥééé..╞╚

╔Ὠ
╥ = ♫

╥╔Ὠ

1╤ Ὠ
xx123

╔Ὠ
╥ = ♫

╥╔Ὠ

1╤Ὠ
= 1 .15

356 .85ὼ1000

3345 .66ὼ123
= 0 .867╜╟ὥ



ⱬ■=ã0.00772ὼ0.00613 =0.00688Ԝ0.02é..╞╚

▓=1+ã200

111
=2.34>2,◄ὥ▓Ὡ▓=2

╡Ὠ,╬
╥ =0.12ὼ2ὼ(10000ὼ0.00688ὼ25)1/ 3= 1.334╜▬ὥ

is required.
Checkcomplete!!!

c) Checkthe shearat U1,the basiccontrol

perimeterς(d)

xx123

is required.



Design of Storage Bins 

Bunkers and Silos



Design of Bins - Bunkers and Silos :: Introduction

BINS (IS Code - IS : 9178)

Rectangular (Pyramidal Hopper) Circular (Cone)

Shallow

Deep

Shallow

Deep

ÅStorage Containers for 

Industrial purpose

ÅStocking of Ores, Minerals, 

Coal, Coke, Cement, Food 

Grains for future processing 

or disposal.

By BK Pandey, Structural Section, MECON Ranchi.



BINS (IS Code - IS : 9178)

Re r)ctangular (Pyramidal Hoppe Circular (Conical Hopper)

Shallow

Deep

Shallow

Deep

Bunkers Silos

By BK Pandey, Structural Section, MECON Ranchi.

Design of Bins - Bunkers and Silos :: Introduction



Rectangular (Pyramidal Hopper)

Shallow

Deep

Bunkers

Design of Bins - Bunkers and Silos :: Introduction

By BK Pandey, Structural Section, MECON Ranchi.



Rectangular (Pyramidal Hopper)

Shallow

Deep

Bunkers

Design of Bins - Bunkers and Silos :: Introduction

By BK Pandey, Structural Section, MECON Ranchi.



Circular (Conical Hopper)

Shallow

Deep

Silos

Orifice /Opening

By BK Pandey, Structural Section, MECON Ranchi.

Design of Bins - Bunkers and Silos :: Introduction



By BK Pandey, Structural Section, MECON Ranchi.

Design of Bins - Bunkers and Silos :: Design Considerations

1. Filling the Bunker ï* Mechanical *

Å Feed and Loading arrangement at the top.

Å Conveyor / Tripper Conveyor Feed

Å Bucket Elevator Feed

Å Other Mechanical Considerations.

2. Emptying the bunker *
Å free flow from Bottom opening or orifice

Å avoid Material Arching, Make use mechanical

vibrator.

Å Plan orifice locations to overcome discharge 

problem.

1. Stocking of Material
Å Bunker Hopper + Wall system to be designed 

strong enough to stock the material for the 

required duration.

Å 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.

Design of Bins - Bunkers and Silos :: Design Considerations

4. Provision of Wearing Surface ï* Use of 

liner plates and ease of Maintenance

Å Rubber Liner, SS/MS Plates, Grating

Å Bricks or Tiles

5. Minimum Slope of Trough
Å 50 to 60 degree Wall slope.

Å Consider Corner Angle for Pyramidal Bottom.

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

7. Method of Support
Å Bunker supporting Beam Arrangement.

Å Bunker Supporting Beam Connections with

Portal Frames of Building.

Å Battery of Bunkers ïCommon Beams, 

Continuous, Multi Span Beams.



By BK Pandey, Structural Section, MECON Ranchi.

Design of Bins - Bunkers and Silos :: Design Considerations

8. Materials of Construction & Method 

of Construction
Å MS Welded Construction as per IS:800-1984,

IS-814,

Å MS Plates/Sections IS:2062 Gr-A.

Å 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
Å Building Frame Loading as per IS-875 (Dead +

Live + Wind), IS-1893 (Eq. Load) and IS:9178

( Material Density and Angle of repose).

Å Working stresses as per IS:800-1984.



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

Granular Mass

Angle of Repose, A and Angle of Internal friction

Heap of free 

flowing 

materialA

Angle of Rupture, B and Plane of Rupture B1

B = 45 + A/2
B andA are in degrees

2

B2

1

Plane of Rupture

Plane of Rupture

By BK Pandey, Structural Section, MECON Ranchi.



B1

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

Granular Mass ïPressure Calculation

ÅRankines Theory ïCase 1
ÅIncompressible, homogeneous, granular, 

cohesion less, particle of mass hold 

together by friction on each other, 

indefinite extent of mass.

Åpv = Y. h

Åph = K.Y.h

ÅPn = m .Y. h

Where,

Y = Volumetric or bulk Density.

K = Rankineôsfactor = (1- sin ø) / (1+sin ø)

m = cos 2 a+ K . sin 2 a

ÅJansen Theory ( Recommended by

IS:9178) ïCase 2
ÅFriction on the wall predominant and

certain quantity of the contents will be

carried on the walls due to wall friction.

ÅRefer IS:1893 part 1 page 14 for formulae.

B1

1

2

B2

Plane of Rupture

By BK Pandey, Structural Section, MECON Ranchi.



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

Granular Mass ïPressure Calculation

ÅJansen Theory ( Recommended by 

IS:9178) ïCase 2

ÅPressure Distribution Pz

Z

h

Filling

Pressure

Emptying  

Pressure

Mn(0.75h 0r

1.2 d )

By BK Pandey, Structural Section, MECON Ranchi.

d = dia



By BK Pandey, Structural Section, MECON Ranchi.

Design of Bins - Bunkers and Silos :: Analysis of Bunker

Forces : Shallow Rectangular

W2

W3

P1

fig 1. Page 6 

W1 = Y.a.h1 : P1 = K.Y.h1.h1/2 

W2 = Y.a.h2/2 : P2 =K.Y.h1.h2

W3 = Y.b.(h1+h2) : P3 =K.Y.h2.h2/2

Refer : IS 9178 (Part II)
Find Hb by taking moment about O

P2

P3

h2

Hb Hbô

Haô

A

W1

h1

B

O Hc C

Rv

a 2b

and Hc abt B.

Haô= P1/3 : Hbô= 2P1/3



Design of Bins - Bunkers and Silos :: Analysis of Bunker

Forces : Shallow Circular

Refer : IS 9178 (Part II)

fig 1. Page 14

h1

h2

A

B

O

r1

r

ph

Hoop tension Wall = Ph. r

Hoop tension Hopper = Pn. R1. coseca

TL Longitudinal tension = Wt / (2. pi . 

r1. coseca)

Wt = Total weight at c-c

c c

Support  

for ring 

Beam

By BK Pandey, Structural Section, MECON Ranchi.



Design of Bins - Bunkers and Silos :: Design Methodology

Å Bunker Layout ïJVSL Stock House

ÅBunker Structural Components

ÅBunker Beam Wall Component

ÅWall or Web plate

ÅVertical Stiffeners

ÅHorizontal Stiffeners

ÅBottom Flange or Trough Beams

ÅTop Flange + Floor Beams

ÅHopper Component

ÅSkin Plate or Sheathing Plate

ÅRibs Beams/Angles

By BK Pandey, Structural Section, MECON Ranchi.



DESIGN OF RCC CHIMNEY



INTRODUCTION

ậA chimneyis a structure for venting hot flue 

gases or smoke from boiler, stove, furnace or 

fireplace to the outsideatmosphere. Chimneys are  

typically vertical,or asnearaspossible tovertical,to 

ensurethatthegasesflow smoothly,drawingair into 

the combustion in what is known as the stack, or  

chimneyeffect.Thespaceinsidea chimneyis called 

a flue. Chimneysmay be found in buildings, steam  

locomotives,ships and industries.



TYPES OF CHIMNEYS

Brick chimney

RCC chimney

Steel chimney



BRICK CHIMNEY

ậBrick Chimneys are constructed with Brick & 

Mortar, with some additive. Being the best in 

the industry for long time, it has many 

disadvantagesoverourpre-castChimneys.

STEEL CHIM NEY

ậSteel Chimneys are constructed with steel plates 

converted to Rolls or Pipes,with Stay wire,etc.



RCC CHIMNEY

ậRCC Concrete Chimneys are constructed like a 

Concrete building - Steel/Iron Rods & Cement 

Mortar. Due to varying atmosphere and Air 

Moisture, these chimneys get cracks and 

damagesveryeasily.Recovering thesechimneys 

is very expensive. Because of rich Iron rods 

inside the wall (Condense Water formation 

affectedtheSteelinsidethewall).



SPECIFICATIONS OF RCC 

CHIMNEY

A reinforced concrete chimney is generally

circular in shapewith a rigid concreteshell cast 

with a rich concretemix of M-20 to M-25 grade

and provided

reinforcement

with longitudinal 

and horizontal

vertical

hoop

reinforcement. A fire brick lining 100 to 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 surfaceof the

concreteshell.



DESIGN FACTORS

ậReinforced concrete chimneys are designed to 

with stand the stresses developed due to 

following factors,

Selfweightof chimney 

Wind pressure

`Temperaturestresses



SHAPE FACTOR
Ratio of height to base 

width

0-4 4-8 8 or over

Crosssectionalshapeof 

chimney

Shapefactor

Circular 0.7 0.7 0.7

Octagonal 0.8 0.9 1.0

Square(wind perpendicular 

to diagonal)

0.8 0.9 1.0

Square(wind perpendicular 

to face)

1.0 1.15 1.3





DESIGN OF RCC CHIMNEY

A concrete chimney 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/m2.Thickness of fire brick lining
=10cm.Temperaturedifferencebetween the inside and outsideof shaft

=750C.permissiblebearing pressureon soil at site=150KN/m2.

Adopt M25gradeconcretemix and steelFe415and designthe following,

ậ Basesectionof chimney

ậ Foundation for the chimney 

SOLUTION: 

PERMISSIBLE STRESSES: 

ůcbc=8.5N/mm2

ůst =230N/mm2 

m =11



ậLOAD:

Weight of chimney= ( ×́4.2×0.3) ×80×24 =7600KN

Weightof fire brick lining (10cm thick)

Totalwind loadabovebase

=(×́3.8×0.1)80×20

=1920KN

= [(0.7×1.5×(4+5)/2×80)]

=375KN

Acting ata heightof 40mabovebase,

Totaldeadloadabove base(W) = (7600+1920)=9520KN 

Bendingmomentat base due towind load,

(M) = (375×40) =15000KN.m

Eccentricity (e) = (M/W) = (15000/9520)

=1.575m.



REINFORCEMENTS:

Providing reinforcement of 1% of the cross sectional area, 

Ast(r) =0.01(ˊ×4600×400)

=57805mm2

Using 25mm diameter bars, 

Ast(p) =(×́252/4) =491mm2

Numberof bars = (57805/491)

=120

Provide 120 bars of 25mm diameter bars 

Ast (p)= ((ˊ×252/4)/120)×1000

=58800mm2

ts=(Ast(p)/ˊdm)

= (58800/(×́4600))

` =4mm



ậ ANALYSIS OF STRESSESAT BASE SECTI ON:

e=R× [(tc-ts) ((sin2Ŭ/4)+ ((ˊ-4)/2))+ (m×ts×ˊ)/2]

[(tc-ts) {sinŬ+ (-́Ŭ) cosŬ} +×́m.ts.cosŬ] 

Where,

e=1575mm,  

ts=4mm,

tc=400mm, 

R=2300mm,

Ŭ=anglesubtendedby theneutralaxisat thecentre.

Assumed until the value of calculated eccentricity coincides with actual 
value e=1575mm.



TRIA L 1:

AssumeŬ=700

e= [(400-4) ((sin1400/4) + (-́700)/2) + (11×4×ˊ)/2] 
[(400-4) ((sin600+ (-́700) ×cos700) +×́11×4×cos700]

e=1742mm>1575mm.

Hencereducethevalueof Ŭ.

TRIA L 2:

AssumeŬ=600

e= [(400-4) ((sin1200/4)+(ˊ-1.047)/2)+(11×4×ˊ)/2]
[(400-4) ((sin600+(ˊ-1.047)cos600)+ˊ×11×4×cos600]

e=1586mm=1575mm.

Hencethevalueof angleŬ=600 

Usingthevalueof Ŭin loadequation,

W= [2Růc/ (1+cosŬ)] [(ts-tc) {sinŬ+ (-́Ŭ) cosŬ} +ˊm×ts×cosŬ] 

9520×103= [2×2300ůc/ (1+cos600]

[(400-4) {sin60+(-́1.047)×cos600}

+×́11×4×cos600]



Stressesin concrete,

ůc=3.75N/mm2<8.5N/mm2  

Stressesin steel,

ůs=m.ůc×[R (1-cosŬ)/R (1+cosŬ)]

=11×3.75× [(1-cos600)/ (1+cos600)]

=13.75N/mm2<230N/mm2

Thestresses in concrete andsteel arewithin safepermissiblelimits.

DESIGN OF HOOP REINFORCEMENT:

Shear at the base of chimney =375KN 

Mean diameter at base =4600mm

Using 10mm diameter hoops at 200mm centers 

A t=((ˊ×102/4)/200)×1000=79mm2



Stressesin steel(ůs) = (H×S/ (1.6×A t×d)

= (375×103×200/(1.6×79×4600))

=129N/mm2<230N/mm2  

Hencestressesarewithin permissible limits.

ậ TEMPERATURE STRESSES (COMBINED EFFECT OF 
WIND LOADS, SELF WEIGHT &TEMPERATURE):

ậ compression zone (leewardside):

Providinganeffectivecover of 50mm tosteel 

tc=400mm

ts=4mm

atc=350mm  

a=0.875

p= (ts//tc) = (4/400)

=0.01



T=750 

Ŭ=11×10-6/0C  

m=11

Ec= (Es/m)

= (210×103/11)

ůc=3.75N/mm2

ůc[1+(m-1)p]

[(k'/2)-mp((a-k')/k')]

= Ec×a×T×Ŭ 

(1+ ((a-k')/k'))

=3.75× (1+10×0.01)

0.5k'-(11×0.01(0.875-k')/k')

(210×103×0.875×75×11

×10-6/11)  

[1+ ((0.875-k')/k'))]

k' =0.70


