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Abstract

The design methodology based on Limit State Method involves numerous equations and
parameters, which makes the design process a complex and tedious task. Also design being a
trial and error process is very repetitive in nature. Hence use of spreadsheets can reduce the
time and effort of a designer/engineer considerably. Because of the compactness and
flexibility, spreadsheets have become one of the best choices for an engineer, despite the
availability of number of mainstream design software packages.

Even though development of spreadsheets are very common now-a-days, not many
of them includes a detailed design procedure for multiple international codes. So the main aim
of this project is to prepare a Microsoft Excel Spreadsheet which will entail a detailed design
of Steel Columns for three different steel codes. The three steel codes being the Indian Steel
Code (IS 800-2007), the British Steel Code (BS 5950-2000) and the American Steel Code
(AISC 360-2010).

The result of this project will be a design tool, which can be conveniently used by an
engineer to check the design status of an column section and to strike a balance between

safety and economy.
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CHAPTER-1

Introduction

Steel due to its various advantages has been credited as a structural design material. High
strength/weight ratio makes steel a very attractive structural material for high-rise buildings,
long-span bridges, structures located on soft ground, and structures located in high seismic areas
where forces acting on the structure due to an earthquake are in general proportional to the
weight of the structure. Properly designed steel structures can have high ductility, which is an
important characteristic for resisting shock loading such as blasts or earthquakes.

Because of the above reasons, design of steel structures and its elements has become an
important aspect of structural engineering. Each and every element of a structure has its own
property and own design constraints. Each component plays its own role in withstanding the
applied load(s) and aids to the overall performance of the structure. Out of these various
structural elements, columns play a major role in the transfer of load(s).

This chapter focuses on the characteristics and behavior of steel columns, the
importance of spreadsheet as a design tool, the objective and scope of the present work and

finally a review of available literature.

1.1 Columns

Columns are vertical posts that hold the entire structure and protect it from lateral disintegration.
Their main function is to transmit compression pressure from all other structural members to the
footing. In the context of strength and stability, they should be the second strongest structural
component next to the underlying foundation. Designing a column requires accurate calculation
of the total loads of the structure in order to create a counterbalancing strength. If the net end

moments are zero, the compression member is required to resist load acting concentric to the
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original longitudinal axis of the member and is termed axially loaded column, or simply
column. If the net end moments are not zero, the member will be subjected to an axial load and

bending moment(s) along its length. Such members are called beam-columns.

1.1.1 Behavior of Beam-Columns

v Under uniform compression the column has to be checked for its design compressive

strength, as governed by the flexural buckling.
v" Members subjected to uniform flexure are checked for yielding and lateral torsional buckling.

v Under combined axial force and bending moment, the column has to be designed for two
types of failure condition.

e Material Failure

e Buckling Failure

v For a possible material failure, the section strength of the column has to be checked, whereas
for the buckling failure the column has to be checked for member strength as stated by
standard of codes.

v Behavior of columns largely depends on the end restraint conditions. The effective length of
a column and hence its overall member buckling characteristic is dependent on the end

condition.

1.2 Importance of Spreadsheet as a Design Tool

Steel design codes are constantly evolving over the years to meet the required performance of
the structural elements. The latest version of Indian Code of Practice for general steel
construction, IS 800-2007 is based on the Limit State Method. The design procedure has
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undergone a drastic change in comparison to the earlier design code IS 800-1984, which was
based on the Elastic Method of design. The same goes for the American Code of Specification
for Structural Steel Buildings and the British Standards as well. The latest version of the former
is AISC 360-2010 and that of the latter being BS 5950-2000. The design based on Limit State
Method involves numerous complex equations and parameters. Hence flipping the pages of the
design manual to look up a design strength parameter or a section size for a given load is

not only time consuming but also cumbersome for the engineer.

Despite the availability of many powerful structural design software packages that
seamlessly integrate analysis and design, spreadsheet applications are among the most widely
used computational tools in the world of engineering and science. Traditionally, engineers have
used spreadsheets to solve special and complex analysis and design problems that are not
addressed in commercial packages or to perform simple and repetitive tasks that would not have
been as efficiently accomplished if they were tackled otherwise. Spreadsheets are relatively easy
to learn and use, allow adequate flexibility for integrating text, graphics, and charts into the
solution document that they produce, and provide a powerful and user friendly platform for the

development of simple to fairly complex analysis and design applications.

1.3 Problem Definition

This project is an attempt to prepare a Microsoft Excel Spreadsheet for the design of steel
columns for Indian, British and American Steel codes. Which can be used for the following

purposes.

e To check the design status of a desired section.

e To strike the balance between a safe section and an economic section.

1.4 Detailed operation of the Spreadsheet

The following are the detailed operations of the spreadsheet, which depicts the interaction of a
user with the design procedure.
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e Selection of the appropriate Steel Code for the design
e Selection of a trial section
e Entry of load(s), end condition, span length and other design parameters

e Display of final interaction ratio and the design status

1.5 Scope of the Present Work

The scope of this project is limited to preparation of Microsoft Excel Spreadsheet for the design
of steel columns as per various major International codes. The design will be done for columns
subjected to combined axial load and bending moment(s) and a trial section will be checked

against the loading condition and the final design status will be displayed.

1.6 Flow of Work

The steps adopted to accomplish the present work are by:
e Development of Main Sheet which will hold the design code and section data in
Microsoft Excel 2010.
e Preparation of respective design sheets for different steel codes.
e Implementation of respective design methodologies in the design sheets.

e Comparison of the Excel Sheet results with the STADD-Pro V8i design results.

1.7 Review of Literature

In the field of spreadsheet development, designers have depicted the usefulness of spreadsheet
applications to produce useful design aids.( Elhouar, S. [2005] ).

In the field of study of design procedure for Indian steel code, many have explained the
detailed design steps involved. ( Subramanian, N. [2008] ).
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In the field of design aids of flexural members and beam-columns based on Limit State Method,
designers have, many have depicted the use of design charts. ( Kulkarni, R.B. [2011] ).

In the field of study of design procedure for British code, many have explained the

detailed design steps involved. ( Chanakya, A. [2009] ).

1.8 Layout of the Thesis

A brief overview of the work carried out in the thesis and organization of the same are

summarized below.

Chapter 1 presents the characteristics and behavior of steel columns, the importance
of spreadsheet as a design tool, the objective and scope of the present work, flow of work and
finally a review of available literature.

Chapter 2 presents the detailed design methodologies for the design of steel columns
as per the Indian steel code (IS 800-2007), the British steel code (BS 5950-2000), and the

American steel code (AISC 360-2010).

Chapter 3 deals with the implementation of the design methodologies in Microsoft

Excel spreadsheet.

Chapter 4 presents the comparison of Excel sheet results with the STAAD-Pro V8i

results.

Chapter 5 summarizes the results of the work and conclusion.
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CHAPTER-2

Design Methodologies of Various Codes

2.1 Introduction

Before implementing the design steps in the Excel spreadsheet, the design philosophies and
methodologies were rigorously studied. The governing design equations, interaction ratio
formulae, and numerous design parameters were analyzed and listed.

This chapter includes the detailed design procedure for design of steel columns as per
the Indian steel code (1S 800-2007), the British code (BS 5950-2000) and the American code
(AISC 360-2010).

2.2 Design Methodology of IS 800-2007

For designing a beam-column subjected to combined axial force and bending moment, the
following design procedure is followed.

2.2.1 Design Compressive Strength, Pqd

7.1.2 The design compressive strength Pd,of a member is given by:

Where,

Pd = Ac . fcd

Where,
Ac = effective sectional area as defined in 7.3.2, and

fcd = design compressive stress, obtained as per 7.1.2.1.
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7.1.2.1 The design compressive stress, f., of axially
loaded compression members shall be calculated using
the following equation:
LY
fa = rz mﬂz 3 =1fyf"fm5f;-'hl'mo
o+[o*-2*T
where
¢ = 0501 +a(h-02)+2A%
A = non-dimensional effective slenderness ratio
r
= 7= =1, (K) [wE
n*E
= Euler buckling stress = 4
Jec £ (I{I/r)
where
KL/r = effective slenderness ratio or ratio
of effective length, KL to
appropriate radius of gyration, r;
o = imperfection factor given in
Table 7;
¥ = stress reduction factor (see Table 8)
for different buckling class,
slenderness ratio and yield stress
s 2103
= lo+(0-2)"]
Ano = partial safety factor for material
strength.
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2.1.2 Design Strength in bending (flexure)

The factored design moment, M at any section, in a beam due to external actions, shall satisfy

M < Mud

Where,
Mqd = Design bending strength of the section calculated as given in 8.2

a) 8.2.1 Laterally Supported Beam

Mﬂ = ﬁbz pf:;I / Tmﬂ
To avoid irreversible deformation under serviceability

loads, M, shall be less than 1.2 Z f, /v, incase of
simply supported and 1.5 Z f, /¥, in cantilever beams;

where

B, = 1.0 for plastic and compact sections;
B, = Z/Z, forsemi-compact sections;

Z, Z, = plastic and elastic section modulii of the
cross-section, respectively;

% = yield stress of the material; and
Ymo = partial safety factor (see 5.4.1).

b) 8.2.2 Laterally Un-supported Beam

Md = ﬁbzpfbd

B, = 1.0 for plastic and compact sections.
= Z/Z, for semi-compact sections.

Z, Z. = plastic section modulus and elastic section
modulus with respect to extreme
compression fibre.

foa = design bending compressive stress,
obtained as given below [see Tables 13(a)
and 13(b)]
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foa =Xex Sy Moo

%7 = bending stress reduction factor to
account for lateral torisonal buckling,
given by:

|

< 1.0
. 0.5
¢LT " [d‘lfﬂ L ':I'I:T }

ILTE{

$r = 0.5[1+czu(i.u—ﬂ.2)+1”3]

o7, the imperfection parameter is given by:

o, = 0.21 for rolled steel section
o+ = 0.49 for welded steel section

The non-dimensional slenderness ratio, Ay, is given
by

hi= B ZfIM <12 Z17M,

" V
fcr.h

where

M_ = elastic critical moment calculated in
accordance with 8.2.2.1, and

extreme fibre bending compressive stress

fcr.h

corresponding to elastic lateral buckling
moment (see 8.2.2.1 and Table 14).

2 Fa N
Jan = L Ez 1+L bl
* T La/n R | 20\,

5
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2.1.3 Design Under Combined Axial force and Moment

Under combined axial force and bending moment, section strength as governed by material
failure and member strength as governed by buckling failure shall be checked in accordance
with 9.3.1 and 9.3.2 respectively.

9.3.1 Section Strength
9.3.1.1 Plastic and compact sections

[n the design of members subjected to combined axial
force (tension or compression) and bending moment,
the following should be satisfied:

(ﬂLT J{ﬂr < 1.0

L M!‘rd}r Mm‘lz

where
M, M

y, g

factored applied moments about the
minor and major axis of the cross-section,
respectively;

M, 4 M4, = design reduced flexural strength under
combined axial force and the respective

uniaxial moment acting alone (see
9.3.1.2);

N = factored applied axial force (Tension, T
or Compression, P);

N; = design strength in tension, T as obtained
from 6 or in compression due to yielding

givenby N, =A, f Y00

M,, M,, = design strength under corresponding
moment acting alone (see 8.2);
A, = gross area of the cross-section;

o,, 0, = constants as given in Table 17; and
Y.c = partial factor of safety in yielding.
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For standard I or H sections

forn<02 M, =M,
forn>02 M, =156M, (1-n)(n+0.6)
M,=11IM,(l-n)<M,

9.3.2 Overall Member Strength

Members subjected to combined axial force and
bending moment shall be checked for overall buckling
failure as given in this section.

Members subjected to combined axial compression and
biaxial bending shall satisfy the following interaction
relationships:

cC M M
Sk e
P.:I_-,- Md:.r Mdz

P Coy My o CuM,

where

Cyy. Ciny = equivalent uniform moment factor as per

Table 18;

applied axial compression under factored
load;

M, M, = maximum factored applied bending
moments about y and z-axis of the
member, respectively;

-
i

P,, = design strength under axial compression
as governed by buckling about minor (y)
and major (z) axis respectively;
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Md}., M,, = design bending strength about y (minor)
or z (major) axis considering laterally
unsupported length of the cross-section
(see Section 8);

K, =1+, -02n,<1+08n;
K =1+(A-02)n,<1+0.8n,;and

r

0.1A ¢ n, 0.1n,
=1- ; }
(CmLT il 025} (CmLT_ 0*25)

Kyp=1-

where

n, n, = ratio of actual applied axial force to the
design axial strength for buckling about
the y and z axis, respectively, and

C

m

¢+ = equivalent uniform moment factor for
lateral torsional buckling as per Table 138
corresponding to the actual moment
gradient between lateral supports against
torsional deformation in the critical
region under consideration.

2.3  Design Methodology of BS 5950-2000

For designing a beam-column subjected to combined axial force and bending moment, the

following design procedure is followed.

2.3.1 Design for Compressive Strength (In-Plane Buckling)

The compression resistance P, of a member should be obtained from the following:
a) for class 1 plastic, class 2 compact or class 3 semi-compact eross-zections:
P.= Agpc
b) for class 4 slender cross-sections:

P ™ Aeffpcs
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where
Aggr is the effective crozs-sectional area from 3.6;
AE

is the compreszsive strength, see 4.7.5;
[ o B

is the gross cross-sectional area, see 3.4.1;

The compressive strength p_ should be taken as the smaller root of:
(Pg—P NPy —P.) = PEP,

from which the value of p, may be obtained using:

B Pel.
2 ¢+{¢*2—PEF}-}G.S
in which:
3= p.*(n+1)pg

2
pg = (m2E/AZ)
where

Py is the design strength;

A iz the slenderness, see 4.7.2.

C.2 Perry factor and Robertson constant

The Perry factor 7 for flexural buckling under axial force should be taken as:

n = a(A—Agf1 000 but 7= 0

o
in which the limiting slenderness Aj should be taken as G.E{:‘TEEf Py) ’ .
The Robertson constant a should be taken as follows:

— for strut curve (a): a = 2.0;
— for strut curve (b): a = 3.5;
— for strut curve (c): a = 5.5;
— for strut curve (d): a = 8.0.
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2.3.2 Design for Flexural Strength (Lateral Torsional Buckling)

For lateral-torsional buckling. the buckling resistance moment M, should be obtained as follows:

a) for rolled I-, H- or channel sections with equal flanges, either using the general method given in ¢), or
alternatively using the simple method given in 4.3.7;

b) for single angles, as given in 4.3.8;
c) generally, except as given in a) or b), M}, should be determined from the following:
— for elass 1 plastic or class 2 compact crozz-zections:
My, = pySy
— for class 3 semi-compact cross-sections:
My, = pypZy: or alternatively
My, = ppSx eft
— for class 4 slender cross-sections:
My = pvZy ef
where
Pl is the bending strength from 4.3.6.5;
S, is the plastic modulus about the major axis;
Sier 15 the effective plastie modulus about the major axis, see 3.5.6;
Zy is the section modulus about the major axis;

Z, o¢¢ 1is the effective section modulus about the major axis, see 3.6.2.

The bending strength py, for resistance te lateral-torsional buckling should be taken as the smaller root of:
(Pg— PPy —Py) = NLTPEPY
from which the value of py, may be obtained using:

PEPy
Pp = 05
¢t (d’LTg —PEPy)

in which:
o o
PE = {?T‘E—-‘ALT')

i pyt(nrr* pg
2

where

py 1s the design strength;

At 1s the equivalent slenderness.

B.2.2 Perry factor and Robertson constant
The Perry factor ny r should be taken as follows:

a) for rolled sections:

Mt = arTLT—A10)/1000 but mr =0
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For segments of uniform eross-section the equivalent slenderness A; 1 should be taken as:
- e —
ALT = wvd, By
in which:
1

Wi _ o 025
[1+0.05(A/x)7]

The buckling parameter © and x the torsional index are given by:

— for I or H-sections:

(48202

Sl = v
VA“h,

x = 0.566h(A/N)05

2.3.3 Design for Combined Axial force and Moment

4.8.3.2 Cross-section capacity
The cross-section capacity mayv be checked as follows.

a) Generally, except for class 4 slender cross-sections:

N T
Ap, M, M_

In the case of cross-sections that are not doubly-symmetric, reference may optionally be made to 1.3,
b) Alternatively. for class 1 plastic or class 2 compact cross-sections, 4.8.2.3 may be applied.

¢} For class 4 slender cross-sections:

F M M
& By F gy
Agp, M M_

CE

where

A 13 the effective cross-sectional area from 3.6;
Ay is the gross cross-sectional area;
F. is the axial compression at the critieal location:

and the other svmbols are as detailed in 4.8.2.2.
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4.8.3.3 Member buckling resistance
4.8.3.3.1 Simplified method

The buckling resistance of a member may be verified by checking that the following relationships are both
satisfied:
F, m M, m_,;'l-f_f__

C

+
2. pFZx p:_._Z},

i ?'?'ELTMLT % ?’?‘i}.ﬂ(ﬂr}, -
Foy My Pz,
where
" i is the axial compression:

My, is the buckling resistance moment, generally from 4.3, but from 1.4 for single angle members;
MiT isthe maximum major axis moment in the segment length L governing Mj,;

M, is the maximum major axis moment in the segment length L, governing P

M,  isthe maximum minor axis moment in the segment length L, governing Py

. is the smaller of P and P

P..  isthe compression resistance from 4.7.4, considering buckling about the major axis only;

2.4  Design Methodology of AISC 360-2010

Unlike Indian and British Steel codes, AISC 360:2010 recommends two set of section
classification systems. For compression, sections are classified as non-slender element or slender-
element sections. For a non-slender element section, the width-to-thickness ratios of its
compression elements shall not exceed Ar from Table B4.1a. If the width-to-thickness ratio of any
compression element exceeds Ar, the section is a slender-element section. For flexure, sections are
classified as compact, non-compact or slender-element sections. For a section to qualify as
compact, its flanges must be continuously connected to the web or webs and the width-to-
thickness ratios of its compression elements shall not exceed the limiting width-to-thickness ratios,
Ap, from Table B4.1b. If the width-to-thickness ratio of one or more compression elements
exceeds Ap, but does not exceed Ar from Table B4.1b, the section is non-compact. If the width-to-

thickness ratio of any compression element exceeds Ar, the section is a slender-element section.
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2.4.1 Design of Members for Compression

The design compressive strength, ¢cPn, and the allowable compressive strength, Pn /Qc, are
determined as follows. The nominal compressive strength, Pn, shall be the lowest value obtained
based on the applicable limit states of flexural buckling, torsional buckling, and flexural torsional
buckling.

oc =0.90 (LRFD) Qc = 1.67 (ASD)

2.4.1.1 Flexural Buckling Of Members without Slender Elements

The nominal compressive strength, P, shall be determined based on the limit state of
flexural buckling.

Po=Fo Ag (E3-1)

The critical stress, F.p, 1s determined as follows:

KL [E F
(a) When — =471 |— (or =< 2.25)
r Fy F
5%
E. =[n.ﬁ5sﬁ ]E,. (E3-2)
s B E Fy :
{b) When == - 471 ||_ for —=2.25)
r V6 ke
F,=08T77F, (E3-3)
where

F, = elastic buckling stress determined according to Equation E3-4, as specified
in Appendix 7, Section 7.2.3(b), or through an elastic buckling analysis, as
applicable, ksi (MPa)

F = (E3-4)
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2.4.1.2 Flexural Buckling Of Members with Slender Elements

This section applies to slender-element compression members, as defined in Section B4.1
for elements in uniform compression.
The nominal compressive strength, Pn, is found out based on a net correction factor, Q.

For cross sections composed of only unstiffened slender elements, Q = Qs (Qa = 1.0). For
cross sections composed of only stiffened slender elements, Q = Qa (Qs = 1.0). For cross
sections composed of both stiffened and unstiffened slender elements, Q = QsQa. For cross
sections composed of multiple unstiffened slender elements, it is conservative to use the
smaller Qs from the more slender element in determining the member strength for pure

compression.

The nominal compressive strength, Py, shall be the lowest value based on the applicable
limit states of flexural buckling, torsional buckling, and flexural-torsional buckling,

Fa=Fopdy (E7-13

The critical stress, F,, shall be determined as follows:

KL E E,
(a) When — < 4.71 [m o5 < 2.25]
r iy Fe
oF
F,=0| 0658 % |F, (E7-2)
KL E F,
(b) When — > 4.71 or ok, > 2.25
F QF}I FE‘
E..=0877F, (E7-3)
where

F; = elastic buckling stress, calculated using Equations E3-4 and E4-4 for doubly
symmetric members, Equations E3-4 and E4-5 for singly symmetric mem-
bers, and Equation E4-6 for unsy mmetric members, except for single angles
with b/t = 20, where F, is calculated using Equation E3-4, ksi (MPa)

= net reduction factor accounting for all slender compression elements;

= 1.0 for members without slender elements, as defined in Section B4.1, for
elements in uniform compression

= (0,0, for members with slender-element sections, as defined in Section
B4.1, for elements in uniform compression.
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2.4.2 Design of Members for Flexure

This applies to doubly symmetric I-shaped members and channels bent about their major axis,

having compact webs and compact flanges as defined in Section B4.1 for flexure.

2.4.2.1 Yielding

Yielding
M, =M,= F,Z, (F2-1)

where
F, = specified minimum yield stress of the type of steel being used, ksi (MPa)

7, = plastic section modulus about the x-axis, in? (mm’*)

2.4.2 Design of Members for Combined Axial force and Moment

{a) Whﬁ:nizl}z
F;
M,
i_,_ﬁ ﬁ_i__’-" <1.0 {HI1-1a)
P 9\ M. M,
ib) Whenﬂa-:l}z
F
P M M
il —E+—2 <10 (H1-1b)
2 \ M, My

where
P, = required axial strength using LRFD or ASD load combinations, kips (N)
P. = available axial strength, kips (N)

M, = reguired flexural strength using LRFD or ASD load combinations, kip-in.

(N-mm)

M. = available flexural strength, Kip-in. {(N-mm)

X subscript relating symbol to strong axis bending

v = subscript relating symbol to weak axis bending

For design according to Section B3.3 (LRFD):

P, = required axial strength using LRFD load combinations, kips (N}

P. = 0, P, = design axial strength, determined in accordance with Chapter E,
kips (N)

M, = required flexural strength using LRFD load combinations, kip-in. (N-mm)

M. = 0p M, = design flexural strength determined in accordance with Chapter F,
kip-in. (N-mm)

b, = resistance factor for compression = 0.90

g = resistance factor for flexure = 0.9)
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CHAPTER-3

Implementation of Design Methodology
In Microsoft Excel Sheet

3.1 Introduction

The spreadsheet is divided into three main components. Main Sheet, Design Sheet and the
Section Data Sheet. The main sheet provides the available choices of design codes and a list of
corresponding steel sections. The design sheet holds the detail design parameter and equations
which finally shows the design status of the chosen section. Whereas the section data sheet

contains all the section properties and data which are linked to the design sheet via macros.

3.1.1 Main Sheet

This sheet is linked to the ‘Design Sheet’ via Macros, which facilitates dynamic calculation and

design for multiple sections. The main sheet provides the user options :

e To choose the required code,
e Required steel section as per the code,

e And the required design button, which will lead the user to the corresponding “Design

Sheet”
DESIGN | G010 |
Choose The Design Code Sections < ; Indian Design
(& INDIAH CODE 1SMB 350 = Design As Per Indian Code

(" BRITISH CODE
(" AMERICAN CODE

British Design

Design As Per British Code

Indian Steel Sections

British Steel Sections
Design As Per American Code

Fig 3.1: The Main Sheet
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3.1.2 Design Sheet

This “design sheet’ being linked with the ‘main sheet” as well as the “Indian steel’ section sheet
includes the data/information from these two sheets and performs broadly the following
operations:

e Entry of the Span of the column, factored axial load and bending moments.

e Provides an option to select the required end restraint condition.

e Calculation of the design strength of the specified column using the defined formulae.

e Comparison of the strength with the applied load and moments.

e And finally determination of the Interaction ratio.

In case the design fails for the chosen section, the user can go to the main sheet and choose
another appropriate section and redesign the column. The interaction ratio calculated at the end

of the design can be used to strike the right balance between safety and economy.

3.2 Use of Macros for dynamic linking for the Main Sheet

One of the best features of Microsoft Excel is the macros. Macros facilitate dynamic/run time
linking of data from cell to cell. When the user chooses the desired code, the active button
invokes an assigned macro, which creates a dynamic drop down list of steel sections

corresponding to the chosen code

Sub Indian ()

' Indian Macro

Sheets ({"Main Sheet™) .Select

Range ("I5") .Select

With Selection.Validation
.Delete
.Add Type:=xl1Validatelist, AlertStyle:=x1ValidAlertStop, Operator:=
x1Between, Formulal:="=IC!SB§&6:5BSOT™

.IgnoreBlank = True
I 11Dropdown = True

utTicle = "

rorTitle = ==
. InputMe=z=zage = "
.ErrarMessage = ™"
.ShowInput = True
.5howError = True

End With
End Sub

Fig-3.2: Macro for developing drop down list
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3.3 Use of Vb-editor to write codes for User-defined Functions

Another excellent feature of Microsoft Excel is the vb-editor (Visual Basic Editor). Number of
user-defined functions were created in order to link the section property (available in the section
data sheet) with the design sheet. The function checks each and every section available in the
section data sheet, against the section that has been entered by the user and by doing so assigns

the corresponding section parameter/property in the design sheet.

Function Zxvalue (Zx As S5tring)
Select Case Zx
Case "W44X335"™

Zzxwvalue = Range ("AC'KE") .Value
Case "W44X290™

Zxvalue = Range ("AC!K7") .Value
Case "W44XzZez"

Zxwvalue = Range ("AC!KS8") .Value
Case "W44X230™

Zrvalue = Range ("AC!KS") .Value
Case "W40X593"

Zrvalue = Range ("AC!'K10™) .Value
Case "W40X503"™

Zxvalue = Range ("AC!K11l"™) .Value
Case "W40X431"

Zrwvalue = Range ("AC!K12") .Value
Case "W40X397T"

Zrvalue = Range ("AC!K13"™) .Value

Fig-3.3: User-defined function in vb-editor
3.4 Section Data Sheet

As the name suggests this sheet contains the detailed description on various steel sections
available. This sheet is linked to the design sheet and depending on the steel section chosen in
the ‘main sheet’, the “design sheet’ includes the corresponding data from this sheet.

This sheet includes the following data :

e Mass per meter (kg/m)

e Depth of the section

e Width of flange

e Thickness of web and flange

e Gross sectional area of the sections
e Radii of curvature for both the axes

e Elastic section moduli and Plastic section moduli
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: : 5 : 5 Section Plastic | Radiusat
maszper | Depthof |Sectional Mcess Withhvar:| | Sroreneabioctie. | [Hetinsobeni=uon | fe e ek R
e e e Axis Axiz Axis Axis Axis Axis Axis
Designations Web Flange
K- Y-y K-X Y-y H-X Y-y K-
h A w tf (2] D Iyy e vy T I r
ke/fm mm cm2 mm mm mm cm* cm* mm mm cm’ o mm
ISWB 450 75.4 450 1011.5 .2 15.4 200 | 350576 17067 | 186.17 | 41.08 [ 1558.10 | 1760.59 | 140
ISWB 500 95.2 500 12122 EE) 14.7 250 |[52200.9 | 2987.8 | 20769 | 49.65 [ 209160 | 235135 | 15.0
ISWB 550 122.5 550 1433.0 10.5 17.6 250 [ 749061 | 3740.6 | 22863 | 51.09 [ 2723.90 | 3066.29 | 16.0
ISWB 600 1 133.7 600 170.38 112 21.3 250 106199 | 47025 | 24970 | 52.50 | 3540.00 | 398666 | 17.0
ISWB 600 2 145.1 600 184.86 11.8 23.6 250 115627 | 5298.3 | 25010 | 53.50 | 3854.20 [ 434163 | 180
ISHB 150 1 27.1 150 34.48 5.4 8.0 150 14556 | 4317 65.00 3540 | 19410 | 215.64 8.0
ISHB 150 2 30.6 150 38.08 g4 9.0 150 1540 460.3 62.90 3440 | 20530 | 23252 B.O
ISHB 150 3 346 150 4408 11.8 9.0 150 16356 | 4040 60.90 33.50 | 21810 | 25164 B.O
ISHB 200 1 373 200 4754 6.1 9.0 200 36084 [ 9671 | 8710 | 4510 | 36080 | 39723 0.0
ISHB 200 2 40 200 50.04 78 9.0 200 37218 | ooas | B550 | 4470 | 37220 | 41433 0.0
ISHB 225 1 431 225 5404 6.5 91 225 52795 | 13538 | o800 | 4960 | 46930 | 51582 10.0
ISHB 225 2 468 225 5066 BE 91 225 54788 | 13966 | o580 | 4240 | 48700 | 54222 10.0
ISHB 250 1 51 250 £4.06 6.9 87 250 77365 | 19613 | 10010 | 54090 | 618200 | s7873 10.0
ISHB 250 2 547 250 60.71 BE a7 250 79839 | 20117 | 10700 | 5370 | 53870 | 7OB.43 10.0
ISHB 300 1 SE.8 500 74.85 76 10.6 250 [ 125452 | 21936 | 12950 | 5410 | 83630 | 92168 11.0
ISHB 300 2 63 500 80.25 g4 10.6 250 [ 129502 | 22467 | 12700 | 5290 | Be330 | 96218 11.0
ISHB 350 1 67.4 350 85.91 B3 116 250 [ 191597 | 24514 | 14930 | 5340 [ 109480121355 | 120
ISHB 350 2 72.4 350 9221 10.1 116 250 | 198028 | 25105 | 14550 | 5220 [ 113160126869 | 120
ISHB 400 1 77.4 400 9B 66 g1 127 250 |[28o855| 27283 | 16870 | 5260 [ 140420155833 | 140
ISHB 400 2 822 400 10466 10.6 1727 250 |[28B255| 27835 | 1e5.10 | 5160 [ 144420162636 | 140
ISHB 450 1 87.2 450 111.14 58 13.7 250 39208 | 29852 | 18780 | 5180 | 174270 195505 150
ISHB 450 2 925 450 117.89 113 13.7 250 |403499| 3045 | 18500 | 5080 [ 179330203095 | 150
Fig-3.4: Section data sheet for Indian code
- jon properti
Please Enter The Required Parameters , Section properties :
Designation ISHE 2501 - I 77365 | cm
Span Length a0 [m Mass per meter 51 Kg/m Iy 19615 | cm'
Support Condition | Bodh ends faed Depth of section 250 mm £ 1081 | mm
(& Oneerd foed oee end pirned Width of section 250 mm ry 549 mm
(7 Oneend fad 2ee and free Thickness of web 5.9 mm Lo 6189 | cmd
(" Both ends pinned Thickness of flange 97 mm e B67B.73 | cm’
Factored Load =00 kN Area of section 64.96 e’ |Radius ofroot| 10 mm
Mx [max. at top/bat) 45 kiN-m
My (max. at top/bot) . m Enter the following Parameters
Ve QUvMAwith sign {1085 <1 T2 M with sipn {1521}
06
Fig-3.5: Indian Design sheet (parameters)
1 Design Compressive Strength of the member, P4 Non dimensional effective @ Effective Sectional Area
[As Per Clause 7.1.2) slenderness ratio, A s Per C1:7.3.2
Majas axis 033002 | 0576593856 4 95 E=
Minor axis 065597 | 0826857942
se:hnn Classification hfb Design Compressive
We Plastic 1
Design Compressive Stress, fod (Nfmm2 | Strength, Pd (kM)
Flange Semi-compact E : i Major Axis | 140603
Overall Semi-compact Major axis 2165833734 Minor Axis 1109848
Buckling Class e Minor axis 170.8498571
Major Axis b 034
Minor Axis c 0.45
Effective Slenderness Ratio
Major Axis 29.3308850%
Minor Axiz 58.28779599

Fig-3.6: Compressive Strength Calculation
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2 Diesign Bending strength mr.; member, Md Design Bending Stress
fas Per Clause 8.2.1.2 £ 8.2.2) AT
Dﬁlgn Banding Moment
_ Choosen Lateral Support Condition Stress Corresponding to M, (k-]
Laterally Unsupported w slactic lateral buckling L ATEE L
Weaker axis | 595356
Non dimensional slenderness ratio
» e kg
Weakeraxis | 0710055467
0,805645207
Fig-3.7: Design for Flexure
3 Design check under combined axial force and bending moment
{As Per Clause 9.5.1 & 9.3.2) L) L (Mt Mndylal + (Mz/Mndc*a2 Section Srength Status
16333 ) Q267 20702 PSS

a]-l Check for ‘Section Strength” as governed by 'Material Failure” -

n L Moz

0.338665051 1148246481 B7.04034191

13054 | 102623 | 008578

h}l Check for ‘Member Strength’ as governed by 'Buckling Failure’ =

[P/Pag + [gCmahlyiiba) + (LT M) | verall Messber Bucklingstabus |

[ EI9435765 Piss
Uniform Moment factor, Cry L PP+ (0 SKyComyMy My ¢ kM) Overall Member Bucklingstatus
Uniform Moment factor, Cme 0.84 [58ES1E801 PASS

Uniform Moment factor for LTB, CmLT 0.84

Fig-3.8: Design Check for combined Axial load and Moment

3.5.1 Results Obtained

A column carrying an axial load of 500 kN and moment in z-direction of magnitude 45 KNm, was
checked for its overall buckling capacity and section strength using IS 800:2007 in the Excel
sheet.

e Span of the column taken: 4.0 m.

e End condition: Both ends Fixed

e Lateral Support Condition: “Laterally Unsupported”
e Column section chosen: ISHB 200 (trial section)

e Axial compressive load: 500 kN

e Mx=45KkNm, My =0
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And following results were obtained:

e The design compressive strength was found to be 1406.93 kN and 1109.84 kN about
major and minor axis respectively. Both of these values are greater than the applied

compressive load.

e The design bending stress and the design bending moment were found to be 191.58N/mm2

and 118.57 kNm respectively.

e Finally the interaction ration was found out for the section. Which came out to be less than

unity, showing that the chosen section is safe.

3.6 Development of Design sheet for BS 5950-2000

This sheet was prepared by incorporating the design methodology of BS 5950-2000. The design
was carried out in 3 steps. First the In plane nuckiling capacity was checked, followed by the

lateral torsional buckling capacity and finally the capcity of the member under combined action of

axial force and moment.

Section Classification A
Web Plastic
Flange Plastic 90.09009009
Owverall Plastic
Buckling Class Robertson Constant
H-X Class b 3.5
¥-¥Y Class c 5.5
A 17.47565632
nx 0.254150518
ny 0.399379386
PE [N_fmmZ:l 249.2865403
D {Hifmma) 2888214219
LN 306.9232228

Fig-3.9: Design for In Plane Buckling
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Pc llerof P
Compressive Strength Pc (N/mm2) Pcx = Ag*pox | Poy = Ag¥poy phaiad £
and Poy
pCx 157.075908
2356.138613 | 2087.55949 2087 559489
poy 139.170633
FefPE -k e Squash Load Axial Force/Squash Load
3975 0.503144654
1.30060007 4
Fig-3.10: Design for In Plane Buckling (cont....)
Enter The effective lenghth ratio 0.7 :J Pb. bending strength
Effective Length, LE 7 Robertzon Constant 2059015158
Lo 0.79163059 T.0
A 90.09009009
Mb

B 1 403.155168

ALT 60.62036049

ALO 3495131263 ey S Gy

nLT 0179683335 [Clause B-4.8.3.3.1]

PE [N/mm2} 550.5741835 1.334235294
Tt 457 7515945 STATUS
LROSS-SECTION CAPACITY CHECK M My
[Clau=e B-4.8.3.2] {kNm) (kNm)

Focfhepy + M/ Mox + My /Moy

0334897

STATUS

PASS

S18.87 | 187.302

Fig-3.11: Design for Lateral Torsional Buckling and Cross section Capacity check
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3.7 Development of Design sheet for AISC 360-2010

Just like the british code, various design equations and formulae were incorporated while

preparing this sheet. First the compressive strength of the member is checked followed by the

strength of member in flexure and finally strength of member under the combined action of axial

force and moment.

Please Enter The Required

Parameters
Length of Column 14 ft.
Factored Load 400 kips
Mx 250 kip-ft
My 80 kip-ft

Grade of STEEL

A529 grades0 j

Fy (ksi) 50
Fu (ksi) 70
E (ksi) 29000

Section properties

Designation W14X99 . I 1110 in.*
Mass per meter W 99 Ib/ft Iy 402 in.*
Depth of section h 14.2 in. rs 6.17 in.
Width of section be 14.6 in. Fy 371 in.
Thickness of web tw 0.485 in. Z 173 in.2

Thickness of flange t 0.78 in. Zy 83.0 in.’
Area of section a 29.1 in.? Su 157 in.?
Torsional constant J 5.37 in.* Sy 55.2 in.
Warping constant Cw 13000 in® Mts 4,14 in.
b/ 2t 9.359 - ho 13.4 in.

hftw 23.5

Fig-3.12 & Fig-3.13: Design for American Code (Parameters)
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Pc = ¢cPn = design axial strength, determined in accordance with Chapter E

Section Classification Design axial strength for non-slender
Web Non-Slender a) section:-
Flange Non-Slender
Overall Non-Slender

Fcr, critical stress (ksi)

Pn =Fcr.Ag (kips)

47.362

1378.222

43.038

1252.406

KL/r

27.22852512
4528301887

P =gcPn = design axial
strength (dc=09)

In X-direction

1127.165 kips

In X-direction

Fe, elastic buckling stress (ksi)

Design axial strength for members with reduced effective width, be {in) -

386.033
b)

139573 slender elements:- Area based on effective width, be (in2) -

Slender Unstiffened Elements, Qs -

Slender Stiffened Elements, Qa -

Q = net reduction factor -

Fer, critical stress (ksi) Pn =Fcr.Ag (kips)

Pc =dcPn = design axial kips
strength (dc =09}
Fig-3.14: Design for Compressive Strength (without and with slender elements)
2 The design flexural strength, ¢bMn, in accordance with chapter F--
Section Classification
Web Compact nominal flexural strength, Mn in accordance Mn=Mp=Fy*Z
Flange Non-Compact with Yielding In X-direction | 720.8333 kip-ft
Overall Non-Compact In Y- direction | 34B.3333 kip-ft
KLfr
In ¥-direction 27.22852512
In ¥-direction 45.28301887

3 Design check for member subjected to combined flexure and axial force:-

Pi/Pc 0.355 a} For Pr/Pc>=0.2 Pr/Pc + [8/9)([Mry/Mcx J+(Mry/Mcyl)
W 250 kip-ft
Mry 20 kip-ft
Mo 720.8333 | kip-ft
Mey 3483333 | kip-ft
Interaction Rat| 0.931358 -

b) For PrfPc< 0.2 Pr/2*Pc + (Bf9){[Mry/Mox J+{Mry/Mcy))

Wiz 250
My B0
Mo 720.8333
Mey 348.3333
Interaction Rat -

Fig-3.15: Design for Flexure and Combined action of Axial force and Moment
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3.7.1 Results Obtained:

Verify if an ASTM A992 W14x99 has sufficient available strength to support the axial forces
and moments listed below. The unbraced length is 14 ft. and the member has pinned ends. KLx
=KLy = Lb=14.0 ft.

LEFD
P, =400 kips
M, = 250 kip-ft
M, = 80.0 kap-ft

Fig-3.16: Design Problem Data

And following results were obtained

e Section chosen W14x99 .

e The overall section classification for “compression” was found to be ‘Non-Slender’ and for
“Flexure” to be “Non-Compact’ .

e The KL/r ratio was found to be 27.23 and 45.28 along X and Y axis respectively.

e Pc = ¢@cPn = design axial strength, determined in accordance with Chapter E was found to
be 1127.165 Kips.

e The Nominal flexural strength, Mn in accordance with Yield was found to be 720.83 kip-
ft. and 320.33 Kkip-ft. X and Y axis respectively.

e The Pr/Pc ratio was found to be 0.355 (>=0.2) .

¢ Finally the interaction ratio was found to be 0.931 (Safe) .
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CHAPTER-4

Comparison of the Excel Sheet results
with the STADD-Pro V8i results
(For BS 5950-2000)

4.1 Staad Output:

ALL UNITS ARE — KN METE (UNLESS OTHERWISE NOTED)

MEMEER TARLE RESULT/ CRITICAL COND/ RATIO/S LOADING/
Fi MY MZ LOCATION
- 1 8T UC305X305X118 FAIL B3-4.8.3.3.1 1.346 2
2000.00 C 20_00 100.00 =
DESIGN DATA (units — kN,m) ES5550-1/2000
SBection Class 2 PLASTIC
Squash Load H 3975.00
Axial force/Squash load = 0.503
Z—z axis y—y axis
Compression Capacity - 23350.3 2066.4
Moment Capacity = 518.9 187.4
Reduced Moment Capacity : 298.6 IHY24
Shear Capacity = 1645.2 600.1
BUCELING CALCULATIONS (units — kN,m)

{axis nomenclature as per design code)

x—x axls Y-y axis
Slenderness H 51.538 20.075
Radius of gyration (cm) = 13.582 b AT 7 &
Effective Length = 7.000 7.000
LTE Moment Capacity (kMm) and LTB Length (m): 400.61, T.000
LTE Coefficients & Associated Moments (kNm) :
mbT = .00 = mHx = 1.00 HO = 1.00 HE LT 1.00
Mlt = 100.00 : Mx = 100.00 : My = 20.00 = My = 20.00

Fig-4.1 & Fig-4.2: Staad-pro Column Design data for BS 5950-2000
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4.2 Excel Output/data

The Required Parameters

Span Length 10 meter
End Support Condition Effectively restrained in both ends
{Mon Sway Case) i
End Support Condition Effectively restrained in both ends
(Sway Case) =

Factored Load 2000 kM-m

M 100 kM-m

My 20 kM-m

Grade of Steel | 5275 "= £
Design strength, py (N/mm2) 265 1.014982108

Squash Load Axial Force/Squash Load

3975 0.503144654
Section Classification A
Web Plastic
Flange Plastic 90.09009009
Overall Plastic

Fig-4.3 , Fig-4.4 & Fig-4.5: Excel sheet Column design data as per BS 5950-2000

4.3 Comparison Of Results

4.3.1 Staad
CRITICATL LoADS FOR EACH CLAUSE CHECEK {units— kM,m) :

CLAUSE RATTIO LCAD X VY Va Ma
BE-4.2.3— (%) G.017 1 - 10.0 - -
BE-4.2.3— (&) 0.001 1 = = 2.0 =
BS-4.3.6 0.250 1 - 10.0 - 100.0
BS—4.7 (C) 0.568 2 2000.0 = = =
BS-4.8.3.2 0.335 2 2000.0 10.0 2.0 100.0
BS-4.8.3.3.1 1.346 2 2000.0 = = 100.0

20.0
20.0

Fig-4.6: Staad-pro output of Critical clauses and the corresponding Interaction ratios
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4.3.2 Excel

BS-4.3.6 | 0.248043453

BS-4.7 0.95805653
BS-4.8.3.2 0.334897
BS-4.8.3.3.1 | 1.334235294

Fig-4.7: Excel Sheet output of critical clauses and corresponding Interaction ratios




Chapter 5. Result of the Project and Conclusion 33

CHAPTER-5

Result of the Project and Conclusion

5.1 Result & Conclusion

e In this project multiple International Steel deisgn methedologies were
implemented in spread sheet for the design of steel columns.

e The results of the spread sheet were succsessfully checked by comparing the
results with the Staad-pro V8i results.

e The comparision between these two reults was found to be satisfactorily

matching.




