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ABSTRACT: Steel design codes are in the process of
evolution over the years. The design approach has been
changing over the years. The Indian codes now follow limit
state design approach in line with other inter-national
codes. The latest version of the Code of Practice for general
construction in steel, IS 800-2007 is based on Limit State
Method of design and it supersedes the previous dated
version of this code IS 800-1984 which is based on elastic
method, [6]. The design based on limit state method
involves many equations and parameters. Therefore the
design of steel structural members and connections involves
tedious equations. In this study, design tools using
microsoft excel spreadsheets and charts have been prepared
for the design of flexure members which will save the time
of engineer®s considerably. Similar tools have also been
developed for British Standards BS 5950-2000 and
American Standards AISC 360-2010.

I. INTRODUCTION

Iron, in its various forms, has been in usage since several
thousand years BC. The two great ancient Indian epics,
Ramayana and Mahabharatha, had shown the importance of
iron long back and being mostly used as weapons. The
Hittites Empire was the first user of iron dated 3 to 4
millenniums ago. There are many evidences of iron usage in
our country from the time of Indus Valley civilization. The
most important ones are the “Iron pillar, Delhi” and
“Howrah Bridge, Kolkata”. Recent construction is of the
Second Hooghly cable stayed bridge in Kolkata which
runs a total length of 823 meters and uses 13200 tonnes of
steel, [12].

Il. SIGNIFICANCE & OBJECTIVE

Steel design codes are in the process of evolution over the
years. The design approach has been changing over the
years. The Indian codes now follow limit state design
approach in line with other inter-national codes. Different
tools are used in the steel and offshore steel industry for the
design of steel elements. The need of such design tools
is required in situations of primary, secondary and
tertiary steel elements in the steel industry. The three kinds of
steel elements are the elements that support major, moderate
and minor equipment or loading and the final objective of the
work is To develop design tools for designing steel beams
for prominent code groups:

¢ Indian Standards

e  British Standards

e  American codes

Work methodology

The first section of this chapter incorporates the point by
point approach received for the outline of steel beams as
per different guidelines from the previous chapter and
utilizing it for making of design tools using spreadsheets.
The results have also been verified from staad checks
and comparison is made. The second part involves the use
of charts for the design of flexure members and
demonstrated with an example.

SPREADSHEET FOR DESIGN OF BEAMS AS PER AISC
360:2010

The design sheet made encourages the work of selecting a
fitting section for steel beam. To use this spreadsheet, the
steps are:

Stepl: If the user has to go for American Standards for
beam design, choose the ,, AMERICAN

CODE" option. A macro named ,american” come into
operation. In the drop down box a set of American wide

flange W sections will be displayed. Select any section.
" Rl

|C 2emwcoe BT DesignAs Perindian Code
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DesignAs Per Bitish Code:
DesignAs Per American Code

Fiéd?éééiéélééfibﬁ of American Code and American Steel
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48 vaibhavdsm - Modulel3 (Code) [=E=]
[(Generan =] [smerean =

Sub american()

' american Macro

Sheets ("Main Sheet").Select
Range ("I5") .Select
With Selsction.Validation
-Delete
+Add Typei=xlValidatelist, AlertStyle:=xlValidAlertStop, Operatori= _
xlBetween, Formulal:="=AS!SB$6:$BS278"
.IgnoreSlank = True
-InCellDropdown = True
.InputTitle = ""
.ErzorTitle = ""
.InputMessage = ""
.ErrorMessage = ""
+ShowInput = True
.ShowEzrzor = True
End With
Sheets ("Main Shest”).Select
Range ("I5") .Select

= - - - - s
Figure23. Visual Basic code for American macro

Step2: Click on the command ,,Design As Per British Code™.
Now the macro ,,American_design*

runs and user is taken to a new sheet ,,Design AC®. In this
sheet the section is matched from sheet

,,AS“ and properties are displayed.

8 vaibhav.xizm - Modulel3 (Code) === oy =
[General =] [Amercan_sesion =
Fry ey 5
* Zmerican design Macro
Sneses("Design ACY) . Select
Range ("C5") .Select
Ena sup
| E
= T I O

Figure24. Visual Basic code for American_design macro
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Step3: The user is required to fill the parameters along with
the grade of steel.
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Figure26. Input parameters to be filled by the user

Step4: After finishing the above work, a detailed result is
displayed indicating the status of the section. If the section is
unsafe revise the section.

|Grade oFsTEEL e =

Fr (ksi) %
Fu (ki) El
Efsi) 25000

Web Compact
flange Compact
Classofsection Compact
Actual Shear Va 33.72 150.00
e ] 99.73 aa359
Usage Factor !
|~
¢
. o
H AISCEq. F2
H
1
o
] «
e S, .

SpanLength 5 metre
Dead 1.2
load Factors
Imposed 1.6
Dead (kN/m »
LoadingUDL (kN/m)
Imposed  (kN/m) |1875
Designation WEX67 - I 72 in.*
Mass per length W 67 Ib/ft Iy 88.6 in.*
Depth of sectiond 9 in. Ix 3.72 in.
Width of section br 8.28 in. Iy 212 in.
Thickness of web tw 0.57 in. Zx 70.1 in.?
Thickness of flange tr 0.935 in. T 327 in.?
Areaof section A 19.7 in.2 Sx 60.4 in.?
Torsional constant ) 5.05 in.* Sy 1.4 in?
Warping constant Cw 1440 in.® Its 243 in.
bi/ 2t 4.43 - ho 8.07 in.
h{tw 111 -

Shear

Moment
LLdefl.
DL+LLdefl.

Actual Moment Mu 1659.60 18753
Allowable MomentMn 2771.24 256.65
{a)yielding 2771.24

(b) LTB 2378.67

{c) Flange Local Buckling -

(d) Web Local Buckling -

Usage Factor . o7sare

Actual Deflection LL{mm}) 10.79
Allowable Deflection LL{mm)
Usage Factor

Actual Defl DL+LL (mm) 21.57
Allowable Defl DL+LL{mm}) 20.83
Usage Factor
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Figure27. Excelsheet showing the adequacy of the beam

VERIFICATION OF DESIGN TOOL WITH STAAD
OUTPUT

DESIGN SUMMARY (ENS-METRE)

RESULT/ CRITICAL COND/ RATIC/ LOADING/
FX MY Mz LOCATION
FAIL DEFLECTION  @E 1.004 1
0.00 C 0.00 0.00 2.50
1 - B s I
I Y PROPERTIES |
[P | IN cMS UNTT |

1 s I | ===|== o
IMEMBER 1 * | AISC SECTIONS | 1
1 * | ST W8X67 1 1
|DESIGN CODE * | 1 1
| LRFD 2001 * ===
I bt PZ2=0.1150E+4

AX=0.1271E+3 |
|
|
|
|

RY=0.S5S387E+1 |
|
|
|
|
|

==2 AY=0.3310E+2
AZ=0.6659E+2
= PY=0.S5359E+3

| * |<==-LENGTH (M)=
RZ2=0.9438E+1

| 187.5 (RNS-METRE)
CAPACITIES
IN KNS METRE

Rt + 1 6 % R et |
| KL/R-Y= 92.82 | PNC=0.1723E+4|
| KL/R-2= 52.98 + Ll Ll pnc=0.0000E+0|
| UNL = 500.00 | PNT=0.2839E+4|
1 cB = 1.00 + 11 11 pnt=0.0000E+0]|
| BHIC = 0.85 | P nz=0.24415+3|
| PHIB = 0.90 + mnz=0.0000E+0|
| FYLD = 24.82 |LO LO MNY=0.117SE+3|
| NSF =  1.00 +-——t-——d———t-—m s e 4+=-==+--=|  mny=0.0000E+0]
| DFF = 240.00 -10.4 VN =0.4436E+3|
| dff = 238.99 ABSOLUTE Mz ENVELOPE vn =0.1500E+3|
|

(WITH LOAD NO.) |

Figure28. Staad result for beam design using American Code

DESIGN CHART PREPARATION FOR FLEXURE
MEMBERS

The design charts have been prepared using the Indian
Standard Code of Practice for laterally supported and
laterally unsupported beams. The procedure embraced is
represented diagrammatically and then showed with the
design examples given underneath.

Design Procedure for laterally supported beam

choosea section and
effective span of beam L

l

Calculate design bending strength and
design shear strength of the section

L

\
Check for V < 0.6Vg
2
L

Calculatedesign
factored udl W

Calculate reduced bending
strength

‘ Plota graph b:wlmw and span Length L ‘
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Design example

Beam Details

Beam span length = 1m Simply supported beam
Section used = ISLC 150

The section is assumed to be plastic. Solution:
Properties of ISLC150:

D=150mm

tw=4.8mm

Ze=93 X 10°mm° Zp=106.17 X 10°mm°

Stepl: Design capacity of section

d/itw=24.67 < 67¢

Md= Bb * Zp * fy/Ymo=24.13 kNm <1.2Z¢*fy/Ymo
(=25.36kNm) Va=(fy * h * tw)/(\/3 *Ymo)= 94.48kN
Step2: Check for V<0.6Vd

V=(4* Md)/L = 96.52 kN
Since V> 0.6 Vd the section fails in shear . And also V> Vd
Hence to calculate the maximum load the section can take

for the given length, V is taken equal to Vd .
Step3: Reduced Design capacity of section

B=1.0
Mfd = (Zp — Av*y)*fy / Ymo

=18 kKNm Mdv = 18 kNm
Step4: Calculation of factored uniformly distributed load W

W = (8% Mdv)/L2

W = 144 kN/m.

The entire design chart has been prepared in light of the
above example demonstrated

laterally Supported beams for ISLC sections

I
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Figure29. Factored load vs effective span length graph for
ISLC sections

Www.ijtre.com

Copyright 2020.All rights reserved.

7157



International Journal For Technological Research In Engineering

Volume 7, Issue 12, August-2020

Laterally Supported Beams for ISLC Sections
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Figure30. factored load vs effective span length graph for
ISLC sections

laterally supported beams for ISMC sections
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Figure31. factored load vs effective span length graph for
ISMC sections

Laterally Supported Beams for ISMC Sections

ISMC225
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Figure32. factored load vs effective span length graph for
ISMC sections

Laterally Supported Beams for 1SJC Sections
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Figure33. factored load vs effective span length graph for
ISJC sections
Design example
Beam Details

FE]
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Beam span length = 1m

Section used = ISLC 150

Ends are fully restrained against torsion and warping is not
restrained in both flanges. The section is assumed to be
plastic.

Solution:
Properties of 1SLC150:
D=150mm

tf = 7.8mm tw=4.8mm

ry = 23.7 mm Zp=106.17 X 10°mm°

Stepl: calculation of bending compressive stress

forp=11% 22 *E*[L+ 1*(LLT /ry)> 1°° (LLT /1y

2 20%(hf/tf )

for b = 1373.25 Nimm?
Step2: Calculation of parameters

ALT = (fy/fer,b ) =0.43
BLT = 05[1 + aLT(ALT — 0.2) + ALT 2= 0.62 XLT = 1/

[OLT + (DLT 2. ALT 2)0'5] =0.94

Step3: Calculation of design bending compressive stress

fod = XLT fy /Ymo

fod = 213.64 N/mm?
Step4: Calculation of design bending strength

Md = Bb Zpfod = 22.68 kNm

Step5: Calculation of factored uniformly distributed load W

W = (8% Mdv)/L2

W = 181.44 kN/m

The entire design chart has been prepared in light of the
above example demonstrated.

laterally unsupported beams for ISLC sections
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Figure34. factored load vs effective span length graph for
ISLC sections
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Laterally Unsupported Beams for ISLC Sections

ISLC225
ISLC250
ISLC300
ISLC350
1SLC20a [

Factored Load (kN/m)

§

\
\
\
\

250

.
E%-____
e
I:D 1 2 3

2 s G 7 ] 10 11
Effective Span Lengthi{m)

Figure35. factored load vs effective span length graph for
ISLC sections

laterally Unsupported beams for ISMC sections
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Figure36. factored load vs effective span length graph for

ISMC sections
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Figure37. factored load vs effective span length graph for
ISMC sections
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Figure38. factored load vs effective span length graph for
ISJC sections
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SUMMARY

From the design methods delineated in the second chapter,
the design tools have been developed. The outputs obtained
as per various tools are verified also with the help of other

ISSN (Online): 2347 - 4718

software packages or hand calculation using the standards.

I1l. CONCLUSION

The objective of this study demands the development of
design tools for three prominent standard code groups,
Indian Standard, British Standard, and American Standard.
Applying the guidelines discussed in second chapter
design aids using spreadsheets and charts are developed.
Soundly working of these tools are demonstrated by
carrying out an example which is being verified with the
help of staad output. Charts have been prepared for the
purpose of selecting steel sections straightforwardly. The
design tools are proven to be much significant and valuable.

SCOPE OF FUTURE WORK

Spreadsheet  development packages offer numerous
computational, diagraming, and charting devices that could
be used to handle numerous sorts of design aids with sensible
exertion. Using them to their fullest improves the nature of
design experience. These graphs have been demonstrated
profitable. Consequently effort should be made to produce
design aids utilizing spreadsheet requisition as a part of all
fields of civil engineering.
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