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Abstract— In this paper the structural behavior of the steel
chimney in seismic zone Il has been investigated as per IS
codes. Steel chimneys are economical for height upto 45m.
There are many standards available for designing self-
supporting industrial steel chimneys: Indian Standard IS
6533: 1989 (Part-1 and Part-2), Standards of International
Committee on Industrial Chimneys CICIND 1999 (rev 1),
etc. Geometry of a self-supporting steel chimney plays an
important role in its structural behaviour under lateral
dynamic loading. There is a need to develop a cost effective
construction technique either by up gradation of
conventional technique or by applying new technique.
Therefore we optimize the cost of chimney by using software
The MATLAB programming which is use for the
optimization purposes. Follows the simulation methodology
at the particular software package and finally are presented
the results of the analysis. The results will be obtained from
the above cases are compared. Finally, the Optimization Cost
obtained for 4 segments, 8segments are then compared with
Conventional Cost for deciding the Construction cost.
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. INTRODUCTION

Chimneys, as we know them today, are a tall slender structure
which fulfills an important function. They had a humble
beginning as household vents and over the years, as vents
grew larger and taller; they came to be known as chimneys.
In this paper 45m. above height steel chimney is designed. A
commonplace smokestack to be situated at Sangamner,
Maharashtra India for a leave vent release of 100000 m®/s
initially, are presented the assumptions used for modelling,
i.e. geometry, support conditions and loading calculations.
Steel smokestacks are composed considering dead load, wind
load and seismic tremor stack. Geometry of a self-supporting
steel stack assumes a vital part in its auxiliary conduct under
parallel dynamic stacking. This Steel Chimney is having
steady external distance across and thickness is differing
through and through in four stages. External measurement is
2 m, thickness of best fragment shell is 12mm, and that of
second, third and fourth portion it is 14mm, 18mm and 20mm
separately is taken for the model with optimization.

Present study attempts to justify these design,
analyses and optimization of steel chimneys with various
geometrical configurations.

Il. OBJECTIVE OF INVESTIGATION

1) The primary aim of this paper is to develop an
understanding of optimal design of Steel chimney
structure.

2) The objective of paper is to minimize the overall
construction cost of Steel chimney structure.

3) To study the Design Self-supporting flared cantilever of
steel chimney as per Indian standard

I1l. METHODOLOGY

Optimization is a specialty of getting the best outcomes under
given conditions. In configuration process, engineers need to
take numerous innovative and administrative choices at a few
phases. A definitive objective of all such choice is either to
limit the exertion required or to expand the coveted
advantage.

A. Formulation of Optimum Design Problem

The general three phases considered in the optimum design
of any structure are:

1) Structural modeling.

2) Optimum desigh modeling.

3) Optimization algorithm.

In structural modeling, the problem is formulated as the
determination of a set of design variables for which the
objective of the design is achieved without violating the
design constraints. For the optimum design modeling, Study
the problem parameter in depth, so as to decide on design
parameter, design variables, constraints, and the objective
function. In the search for finding optimum design starts from
a design or from a set of designs to proceed towards optimum.
For economic design of steel chimney, optimization
methodology and above parameters are discussed in the
following sections.

In optimization of a design, the design objective
could be simply to minimize the cost of production or to
maximize the efficiency of production. An optimization
algorithm is a procedure which is executed iteratively by
comparing various solutions till an optimum or a satisfactory
solution is found. With the advent of computers, optimization
has become a part of computer-aided design activities. There
are two distinct types of optimization algorithms widely used
today

In design of Steel chimney structure, the objective
function is taken for minimizing the overall cost of
construction. Structurally, a chimney is designed for its own
weight, wind pressure or seismic forces and the temperature
stresses. Its own weight cause direct compression in the
section which increases towards the base. The wind pressure
tends to bend the chimney as a cantilever about its base,
causing compression on leeward side and tension on
windward side.

Here we consider large-scale nonlinear optimization
problems, i.e., problems with nonlinear objective and/or
nonlinear constraints which are sufficiently smooth with
hundreds to hundreds of thousands of variables. The general
formulation can also include linear and box constraints as
stated below: min x (x) subjectto lg < (x) <ug IB<Bx<uB
Ix < x <ux There are two main approaches for solving NLP.
It is good to understand their very distinct features. The

All rights reserved by www.ijsrd.com 156



Optimal Design of Steel Chimney
(IJSRD/Vol. 6/Issue 08/2018/035)

easiest for a comparison is to look at how the inequality
constraints are treated and how the solver approaches the
optimal solution (the progress of the optimality measures:
optimality, feasibility, and complementarity). Inequality
constraints are the hard part of the optimization because of
their “twofold nature”. If the optimal solution satisfies strictly
the inequality, i.e., the optimal point is in the interior of the
constraint, the inequality constraint doesn’t influence the
result and could be removed from the model. On the other
hand, if the inequality is satisfied as an equality (is active at
the solution), the constraint must be present and could be
treated as an equality from the very beginning.

Most of the existing solvers (such as e04vh, e04uc,
e04us) in the NAG Library are based on the activeset
sequential quadratic programming method (or just SQP).
Such a solver needs to solve at each iteration a quadratic
approximation of the original problem and it tries to estimate
which constraints needs to be kept (are active) and which can
be ignored. A practical consequence is that the algorithm
partly “walks along the boundary” of the feasible region
given by the constraints. Iterates are thus early on feasible
w.r.t. all linear constraints (and a local linearization of the
nonlinear constraints) which is preserved through the
iterations. The complementarity is satisfied by default and
once the active set is determined correctly and optimality is
within the tolerance, the solver finishes.

B. Loadings & Load Combinations

As per IS: 6533 (Part 2), the following load causes are to be

considered while designing the stack

1) Load case 1 = Dead load + wind load (along X direction)
+ Imposed load

2) Load case 2 = Dead load + wind load (along Y direction)
+ Imposed load

3) Load case 3 = Dead load + Imposed load + earthquake
load

C. Structural Modeling

In optimal design of Steel chimney the aim is to minimize the
overall construction cost under constraints. This optimization
problem can be expressed as follows:

Minimize f(X)

Subject to the constraints
gi(X)<0 i=1,2,....p
hj(X)=0 =1,2,....m

Where, f(X) is the objective function and

gi(X), hj(X) are inequality & equality constraints
respectively.

D. Optimum Design Modeling

1) Design Variables

h= Height of chimney structure,

X= Thickness of segment,

E. Design Constraints

1) Actual eccentricity (E) should be less than allowable
eccentricity (Ea).

Actual eccentricity, E = %

Where, M = moment; (N.m)
W = Weight of chimney segment

T
W= 7 [(D)? — (d)?] x 10 x78500 N
21

Allowable eccentricity, Ea = 5

Where, I =equivalent Moment of Inertia.
I==[(D)*(d)*]
A =Equivalent cross section area.
i

A=710D)? - (@7

D= Diameter of shell.
M is sum of moments due to all horizontal forces acting on
chimney structure and i.e.is due to wind pressure. It is
calculated about base of segment. W is weight of chimney
segment calculated for per m height.

g(l)=E—-Ea<0

2) Maximum compressive stress should be less than

allowable compressive stress.

i W =~ MD
Compressive stress, ¢ =—+—

Where, Direct stress = %

Bending stress = %
Calculated compressive stress should be less than allowable
compressive stress. As per IS 800:2007; allowable
compressive stress for steel is 81MPa.
W MD
g@)=(zﬁuﬁj—81<o
3) Maximum shear stress should be less than allowable
tensile stress.

1.05P
Shear stress, fg,; = L

Tdtop. TtopA
Calculated shear stress should be less than allowable
compressive stress. As per 1S 800:2007; allowable tensile
stress for steel =100Mpa.
1.05p1

8(3) = jadtop. TtopA
4) Bearing capacity criterion.
Maximum pressure intensity should not exceed the safe
Bearing capacity of soil.
S.B.C of soil is taken as 180kN/m?

g(4) = Pmax—180 <0

—100<0

Inequality constraints
g1(X) Eccentricity.
g2(X) | Maximum compressive stress.
ga(X) Maximum Shear stress.
ga(X) Maximum Bending stress.
gs(X) Bearing capacity criterion.

Table 1: Design Constraint

F. Objective Function

The objective function is a function of design variables the
value of which provides the basis for choice between alternate
acceptable designs. In structural designs the objective
function is usually cost minimization.
The cost function f (cost) is:

f (cost) = Cs*Wst
Where, Cs is the unit cost of Steel in Rs/kg.
Wst is the weight of Steel in kg.
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Fig. 1. Optimtool Window Table 3: Case (II) Costé:ec;?]p;a:]rtlson by Taking Eight (8)
& 2500000
IV. RESULTS & DISCUSSION
.. . . 2000000 /
A. Optimization for Chimney B}
The programs developed were applied to obtained optimal 3150"0"0
solution for 45 m-height Steel Chimney. Optimal values are E 1000000 —e—Conventional Cosf|
obtained for two cases which include segments of different z / =#8=Optimal Cost
heights as mentioned below and compared with conventional 500000 &
values.
1) CASE (I) 4 segments of 15m, 10m, 10 and 10m. o 10 o 20 - w0
2) CASE (Il) 8 segments of 7.5m, 7.5m, 5m, 5m, 5m, 5m, Height of segment in (m)

5m, and 5m.
Sr : Segm | Total Total 0
. Hﬁ'g Segm ent | Optimu | conventi % .
t savi
N (m) ent Lengt | m Cost | onal cost ng
0 h (m) (Rs) (Rs)
911696 | 1011594.
1 15 0-15 15 99 96 9.87
469712 | 527626.6 | 10.9
2 | 25 | 15-25 10 84 0 7
411413 | 469474.7 | 12.3
3| 35 | 25-35 10 05 0 6
352815 | 411204.5 | 14.1
4 | 45 | 35-45 10 90 0 9
Table 2: Case (1) Cost Comparison by Taking Four (4)
Segments
3000000
2500000 #
I_:; 2000000 //
g 1500000 /
= 1000000 —— Convationa
= I cost
= 500000 .(/ -
0
0 20 40 60
Height of segment (m)

Graph 1: CASE (I) Comparison of Optimum &
Conventional Cost

Graph 2: CASE (II) Comparisons of Optimum and
Conventional Cost

B. Total Cost Comparison

Graph is plotted which shows total cost of chimney obtained
by optimization. In each case i.e. by taking 4 and 8 segments,
total cost is plotted and compare it with conventional cost. As
numbers of segment goes on increasing, more optimum

values we get.
3000000

X
. 2500000 —— Conventional Cost for 8

2000000 Segment

P A
1500000 / '{%
) 522l
1000000 7
0 10 ;f)

== Optimal Cost for 8
Segment

Total Cost in Rs.

—#—Conventional Cost for 4
Segment

500000

o] Optimal Cost for 4

Segment

30 40 50
Height of Segment (m)

Graph 3: Height of Chimney Vs Total Cost for Two Cases

V. CONCLUSIONS

The work is exhibited for ideal plan of 45m Steel fireplace
structure. While doing advancement two cases are
considered, separating complete 45m fireplace into Case (1) 4
sections, Case (I1) 8 fragments, Optimum qualities for cost,
steel are then contrasted and the ordinary qualities. It is
uncovered from the diagrams plotted for each case that the
ideal qualities are getting more exact as number of sections
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continues expanding. Ideal plan indicates add up to rate cost
sparing of 11.37% in the event that (1), 14.91% in the event
that (11),. This demonstrates advancement is more practical as
quantities of section continue expanding.
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