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ABSTRACT

Steel stacks are smoke releasing slender and tall structures constructed for various power plant or oil and gas
industries. Steel chimney are subjected to static and dynamic loadings. Static analysis is carried out by static
wind loading and dynamic analysis is carried out by considering both seismic loading as well as dynamic wind
loadings. Geometry of a steel chimney plays an important role in behavior of structure under lateral loading.
This is because geometry is the important for the stiffness parameters of the chimney. However, the basic
geometrical parameters of the steel chimney (e.g, height of chimney, diameter at top, etc.) are associated with
the corresponding site conditions.

Present study deals with investigate the effect of height to base diameter ratio and top to base diameter ratio on
behavior of self-supported steel chimney. A total of 49 number of steel chimney configured with seven different
heights and top diameter of chimney are selected and analyzed for wind loadings and seismic loadings as per
Indian standards (IS: 6533 part2) and IS 1893(part 4). The effect of geometric parameters on self-supported steel
chimney is found out using STAAD Pro Vi8 and MS-Excel.
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I. INTRODUCTION

Chimneys are very important industrial
structures for discharged waste harmful gases at
higher elevation in atmosphere. These structures are
tall, slender and tapering with circular cross-
sections. For construction different materials are
used such as concrete, steel or masonry. Steel
chimneys are ideally suited for process work where a
low thermal capacity required and short heat-up

period. Also, steel stacks are economical up to 45m
height. Fig-1 shows a cantilever steel chimneys
located in a power plant.

Geometry of a steel stacks plays an
important role in behaviour of structure under lateral
loading. This is because geometry is primarily
responsible for the stiffness parameters of the
chimney. However, the basic geometrical parameters
of the steel chimney (e.g, height of chimney,
diameter at bottom, etc.) are associated with the
corresponding actual site conditions.

g A
Fig — 1 Cantilever steel chimney

1.1. Proposed Work
This work is focused on effects of Flue duct
opening and Geometrical Parameter like height to
base diameter, top to base diameter ratio. For various
number of steel chimney configurations with
different heights of chimney are selected and
analysed for wind loadings and seismic loadings as
per Indian standards (IS: 6533 part2) and IS
1893(part 4).
e  Chimneys are considered to be fixed at their
support. Soil flexibility is not considered in the
present study
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e  All chimneys considered here are of single-flue
type

e Uniform thickness is considered over the full
height of the chimney.

e Diameter of flared base of the chimney were
kept constant for all the cases

e Only wind load and seismic load are taken into
consideration for analysis

I1. ANALYSIS OF STEEL CHIMNEY

Analysed self-supported steel chimney as
per Indian Standard IS 6533 (Part 1 & 2):1989
through an example calculation. A typical chimney
to be located at Mumbai is taken for the example.
The chimney is first analysed for static wind load,
seismic loading, and Dynamic wind load for mode
(1, 2, and 3), Design lateral wind, and check for
possible resonance

2.1. Assumptions

1. The wind pressure varies with the height. It is zero
at the ground and increase as the height increases.
For the purpose of design it is assumed the wind
pressure is uniform throughout the height of the
structure.

2. The calculation purpose of static wind. It is
assumed that the load (projected area multiplied by
the wind pressure) is acting at the centre of pressure.
3. The base of the stack is perfectly rigid and the
effect of the gussets and stool plate on the deflection
and the stresses in the stack is not considered. This is
applicable only for manual calculations.

4. There are no additional lateral movements from
the duct transferred to the stack and suitable
arrangement has to be provided to absorb this
movement from the duct.

5. Earthquake causes impulsive ground motions,
which are complex and irregular in character,
changing in period and amplitude each lasting for a
small duration. Therefore resonance of the type as
visualized under steady-state sinusoidal excitations
will not occur, as it would need time to build up such
amplitudes.

6. Earthquake is not likely to occur simultaneously
with maximum wind or maximum flood or
maximum sea waves

2.2. Description of selected steel stacks/chimneys

1. Type of stack = circular self-supporting
industrial steel stacks

2. Heights of stacks: 30 m ,35m,40m,45m ,50m
,55m,60 m (short stacks)

3. Variation in top diameter for each stack for
fixed value of base diameter will be in the
following ratios (ratio Db/Dt): 0.45, 0.48, 0.5,
0.53, 0.56, 0.59 and 0.63

4. Height to base diameter ratios (h/Db): 6, 7, 8, 9,
10, 11, 12

5. Number of chimneys: 49

Type: unlined single flume.

Flare height: one third of total height.

Thickness of chimney shell = 16mm (constant
for all stacks)

9. Base: Medium

10. Location: Mumbai

11. Wind speed: 44 m/s

12. Material: Mild steel

o N

2.3. Permissible stress

The material of construction of chimney should
conform to IS 2062:2006

Yield stress of the steel: F, = 250MPa

The minimum permissible stress in compression due
to above load combinations for circular chimney with
construction material mentioned above is given in
table-3, 1S 6553(part2): 1989 as a function of:

hever= Effective height for consideration of buckling
D= mean diameter of the chimney at the level
considered

T=thickness at the level considered

Maximum permissible stress in tension:

Permissible stress in tension: fallow tension = 0.6fy
=150 MPa (Ref: 1S-800: 1984; Clause: 4.11)
Maximum permissible stress in shear: f qonsn = 0.4 f,
=100 MPa

(For un-stiffen web as per Ref:-1S-800:1984; Clause:
6.4.2)

2.4. Loading

Static and Dynamic wind response includes dynamic
force, dynamic moment and corresponding
deflections Calculations are done by using excel
sheets. Sample calculation results for chimney are
shown below.

o  Self-weight of chimney

Let level h be the distance from the top of chimney to
the level considered

G; =weight of the part of the chimney above the level
considered

A, = area of the steel section at the level considered.
Mass density of the material used for chimney =78.5
kN/m?

Weight of the (platform+ access ladder+ helical
strake+ rain cap + etc) is assumed to be 20% of the
self-weight of chimney shell

e Static Wind Load Calculation

A static force called as drag force, obstructs an air
stream on a bluff body like chimney. The distribution
of wind pressure depends upon the shape and
direction of wind incidence. Due to this a
circumferential bending occurs and it is more
significant for larger diameter chimney. Also drag
force creates along-wind shear forces and bending
moments.
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According to IS: 875(Part 3)-2015-Code of Practice
for Wind Loads

Design wind speed (Vz) = Vb x k1 x k2 x k3 x k4
Basic wind speed (Vb)

Probability factor (k1)

Terrain Roughness and height factor (k2)
Topography factor (k3)

Importance factor for the cyclonic region (k4)

Design wind pressure (Pz) =0.6 x Vz

Shape factor for steel (C) =0.7

Static force = C x Pz x area of segment

e  Seismic Effect

For seismic analysis, chimney is behaved like a
cantilever beam with flexural deformations. Analysis
is carried out by following one of the methods
according to the IS code provision,

1. Response-spectrum method (first mode)

2. Time-history response analysis.

3. Modal-analysis technique (using response

spectrum)

For chimneys which are less than 90m high called as
short chimney, response spectrum method is used.

e Response-spectrum method

This method consists of three steps such as,

I. Fundamental period

I1. Horizontal seismic force

I11. Determine design shears and moments

The fundamental period of the free vibration is
calculated as,

T=C
T |EsAg

Where,

CT = coefficient depending on slenderness ratio of
the structure

WT = total weight of the structure including weight
of lining and contents above the base,

A = area of cross-section at the base of the structural
shell

H = height of the structure above the base

Es = modulus of elasticity of material of the
structural shell

g = acceleration due to gravity

SHEAR AND MOMENT

According to IS: 1893 (Part 4)-2005 Code of Practice
for Earthquake Resistant Design of Structures
Design static seismic base shear (V) = C, A, W Dy
Where,

C,= Coefficient of shear force depending on
slenderness ratio

Ah = Design horizontal acceleration spectrum value
W= Total weight of structure

D,= Distribution factors for shear

Design static bending moment (M) = Ah W h DM

Where DM= Distribution factors for shear

h = height of Centre of gravity of structure above
base

e Dynamic Wind Load Calculation

Design wind load should take into consideration the
dynamic effect due to pulsation of thrust caused by
the wind velocity in addition to the static wind load.
Wind load is a combination of steady and a
fluctuating component. Due to turbulence effect the
Wind load varies in its magnitude.

Dynamic coefficient for the 1st mode: ¢, = ==

Coefficient of dynamic influence corresponding to
the above value of dynamic coefficient for unlined
chimney
Coefficient of dynamic influence corresponding to
the above value of dynamic coefficient for unlined
chimney: 1.617 (ref. table-5, 1S-6533 Part-2:1989)
Coefficient which takes care of the space correlation
of wind pulsation speed according to height and
vicinity of building structures: [2]
vi= 0.7 (ref. table-7, 1S-6533 Part-2:1989 for 30m
height and & =0.0066)
The fundamental mode shape ordinate of the
chimney at height from ground is taken from
(STAAD PRO) software for respective mode
Calculation of deduced acceleration:

¥y Xjoy Yig Pstatic my

E£=1 Yazﬁ: MI:

Where

Y; and Yj = relative ordinates of mode shape
corresponding to the centres of jy, and kg, zones in the
ith mode of oscillation

r = nos. of zone into which the chimney mk=
coefficient of pulsation of speed thrust for the centre
of the k" zone

e Total design lateral force

Total design lateral force (Py), bending moment (M)
and deflection (k) due to wind load should be
calculated from static and dynamic calculations
corresponding to the i™ mode of natural oscillation
and summed up according to the following formulae:

[2]

—_—

- 2
P = Py + Z[Pd}rn k)
\ i=1
—
s
2
Mk = Mst k + Z(Md}rn k}
\ i=1
—_—
5
2
Yk = Vstx t Z [Yd}rn k)
\ i=1
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Where: Pgy and Pgy,x = The static and dynamic
wind load acting at mid-point of k" zone, respectively
Mgt and Mgy« = Bending moment due to static and
dynamic wind pressure acting at k™ zone,
respectively

Ystk and Ygyn k = deflections due to static and dynamic
wind pressure respectively at the k™ zone i respect
to the original position

s = number of modes of oscillation.

e Check for Resonance

Fundamental period of vibration for this chimney: T
Fundamental frequency of the vibration: f = 1/T
Stroughal critical velocity: v, =86.50 m/s (ref.
clause A-3, 1S-6533 Part- 2:1989)

Basic wind velocity: V, =44 m/s

V4 =49.28 m/s (at 30m)

Velocity (stroughal critical velocity) range for
resonance:

Viesonce UL = 0.8 V4 =39.42 m/s

Viesonce LL = 0.33 V4 = 16.26 m/s

Self-supporting chimney, checking for resonance
shall be carried out if the critical velocity V., as
determined is within the range Vesonce LL t0 Vesonce
LL

2.5. Result and Discussion

49 selected chimneys with different dimensions as
explained in the previous section were analysed for
dynamic wind load as per IS 6533 (Part-2): 1989
using MS- EXCEL to calculate base shear, base
moment and deflection at top for each chimney as
follows

Table -1: Base moment (kNm) of the chimney for
different top-to-base diameter ratio and height to
base diameter ratio

Db

063 | 059 | 0% | 0% | 050 | 048 | 048
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Chart -1: Base moment of the chimney as a function
of top-to-base diameter ratio

Table -2: Base Bending stress (MPa) of the chimney
for different top-to-base diameter ratio and height to
base diameter ratio

Dt/Db
0.63 0.39 0.56 (.53 0.50 0.43 045
i 141 6.96 6.90 6.20 3.87 5.58 532
7 108 | 1021 | 963 5.11 .65 V] 784
— 8 1548 | 1464 | 1388 | 1320 | 1258 | 1202 | 1132
Db 5 145 | 2031 | 1925 | 1832 | 1756 | 1684 | 16.19
10 711 | 560 | 2444 | 2335 | 2236 | 2L4B | 0467
11 3358 | 3151 | 3042 | 807 | 177 | 1660 | 1534
12 4095 | 3879 | 3688 | 3507 | 3362 | 324 | 0%
LATERALDESIGN WIND BENDING STRESS
450
400
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Chart -2: Base bending stress of the chimney as a
function of top-to-base diameter ratio

Table -3: Shear force (kN) of the chimney for
different top-to-base diameter ratio and height to

base diameter ratio

Dt/Db

063 | 059 | 056 | 053 | 050 | 048 | 045

6 | 14708 | 13066 | 13295 | 12604 | 12051 | 11663 | 1020

h 7| 18064 | 17040 | 16319 | 15582 | 14921 | 14319 | 137.13
— | 8 | 2943 | 20883 | 19934 | 190.88 | 183.04 | 17599 | 169.60
Dh 9 6358 | 5097 | 23007 | 2889 | 2034 | U2 | AR
10 | 29849 | 28365 | 27176 | 26070 | 250.65 | 186 | 23351

1| 33458 | 31909 | 30554 | 29311 | 28133 | 27071 | 26108

1] 3703 | 3415 | 33830 | 32418 | 31034 | 20081 | 28033
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Chart -3: Shear force of the chimney as a function
of top-to-base diameter ratio

Table -4: Deflection at top (mm) of the chimney for
different top-to-base diameter ratio and height to
base diameter ratio

Db
063 | 059 | 056 | 053 | 050 | 048 | 045
b B | 8F | O3 ) 99 | 1050 | 1009 | 1
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§
g
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Chart -4: Deflection of the chimney as a function of
top-to-base diameter ratio

I11. CONCLUSIONS
From above analysis it is found that the
base moment increases with the increase of top-to-
base diameter ratio almost proportionally. The rate
of increase in base moment is slightly less for lower
value of height-to-base diameter ratio.

Www.ijera.com

Maximum bending stresses and base shear
in the chimney also calculated and presented in
Chart- 2 and Chart-3 for different height-to-base
diameter ratio and top-to-base diameter ratio. This
chart also shows similar results, i.e., that base stress
and base shear increases with the increase of top-to-
base diameter ratio

Maximum deflection in the chimney also
calculated and presented in Chart- 4 for different
height-to-base diameter ratio and top-to-base
diameter ratio. This chart shows that deflection
decrease with the increase of top-to-base diameter
ratio
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