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5.1} INTRODUCTION

In thejfield of Structural Engineering Works, the Structural Steel Construction has a vast

dying this unit, you should be able to

determine the moment of {esistance, shear resistances of standard steel-sections,

L determine axial load capacity of standard R.S.J. for various values of its
slenderness ratio, and

4 know the advantages of making built-up sections for columns and beams for
getting an economical solution.

GENERAL INTRODUCTION TO STRUCTURAL
STEEL

Steel ha} been fqund tob

5;2 {

¢ a very useful material of construction primarily from the
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consideration of its high strength in tension, compression, bending, shear, torsion, ete. as
compared to that of other commonly used materials like concrete, timber etc. It is, therefore,
being adopted for the construction of various structures like bridges, factory buildings,
chimneys, etc. from a very long time. Steel has a very important advantage that its modulus of
elasticity Es is also much higher than those of other construction materials. This property helps
to improve the stiffness characteristic of the steel beams as compared to beams of other
materiais which may have same moment of inertia.

One of the major problem, the steel structure suffers from is its corrosion in saline atmosphere.
A number of coatings and paints have been developed and used to protect the steel from
corrosion. Another problem for steel structure is its inadequate resistance to fire. At higher
temperatures, beyond about 350 °C the members undergo large amount of bending and
distortion rendering them unfit for functional requirements. Concrete has much better
resistance to fire if adequate cover to the reinforcement is suitably provided. Hence for
fire-prone factory buildings, members of the steel structures are generally encased in concrete
giving a benefit of improved resistance to fire as well as corrosion.

5.2.1 Thin Walled Sections

Steel is a very malleable material and thin sheets/plates as well as small size round/square rods
can be drawn by various processes. Sections in the form of I sections, Channel (C) sections,
Angle (L) sections and various other sections which can be drawn in the rolling-mill are calied
as Rolled Structural Steel Sections and are very useful in Civil Engineering Construction.
A typical I section and channel section is shown in Figure 5.1 where it can be noticed that
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Figure 5.1: A Typical Sections

internal corers of the elements are rounded off 50 as to make smooth curved profile from the
point of view of ease of rolling processes. The top and bottom horizontal plates are calied as
‘flanges’ and the vertical plate joining the flanges is called as ‘web’ of section. Reter various
other available sections in the ‘ ‘Handbook for Structural Engineers-Structural Steel Sections™
published by BIS (Bureau of Indian Standards). It is also to be observed that as compared to
overall dimensions, B breadth of flange and D depth of the cross-section, the thickness of
flanges/web are quite small and as such actual area of section is much less than (B x D). This
enables to get larger vaiues of radius of gyration as compared to those of rectangular sections,
Details of the vatious sections are discussed later in this chapter.

5.2.2 Types of Structural Steel
For a major part of steel conStruction, two types of structural steel are used in pracﬁce.
@) Structural Mild Steel, |
b) High Tensile Structural Steel.

-

General specification for these as recommendeqd in some of the relevant codes of practice of
the India Standards Institution (1.S.I) are given below. L.S. 800/1984 recommends general
construction in steel structures and design aspect for the same. This code also refers to various |
other codes of steel construction related with material including the fasteners like rivets bolts,
and welding. - '

Structural Mild-Steel

Structural mild steel is the most widely used steel for general construction. Minimum tensile



strenfth is 410 N/mm? and percentage elongation as recommended in 1.S. specifications should Introduction to 1
not b less than 23% over a gauge length equal'to 5.65 VA o where Ao is the cross-sectional ~ .  Structural Steel Construction |
area pf standard tension specimen. \

Twolimportant categories of structural mild steel are given below:

1) L.S.226-1976 provides the specifications for a standard quality structural steel
designated as Fe 410-S. It is recommended that it should have minimum
guaranteed yield stress of (a) 250N/mm” when thickness of plate elements are
upto 20 mm and (b) 240 N/mm~ for element thickness between 21 to 40 mm.
Connections by rivets/bolts can be done for any thickness of the elements.
Welding is, however, permitted for elements less than or equal to 20 mm for this
category.

2) 1.S. 2062-1984 provides specifications for weldable Structural Steel designated -
as Fe 410 WA, Fe 410 WB and Fe 410 WC. This steel is of ‘‘Fusion Welding
Quality Steel’’ suitable for welding its elements of all thickness and is : \
particularly useful for structures such as gantry girder. Railway bridges etc. . ‘
which are subjected to dynamic loads and impact. The guaranteed minimum S
yield stresses is required to be 250 N/mm” for element thickness upto 20 mm
and 240 N/mm” for element thickness greater than 20 mm.

3) Hot rolled steel rivet bars as specified in 1.S.1148/1973 with minimum tensile
strength of 410 N/mm* at 23 % elongation and with minimum
shear strength = 330 N/mm?

High Tensile Structural Steel

The [high tensile structural steel is a special class of steel meant for improving not onlv the
mechanical strength but also the resistance to corrosion. This is achieved by adjusting the
cherhical composition in which proportions of carbon as well as one or more alloying elements
are feduced.

+ 4) Metal arc welding as per 1.5.816/1969 for general construction in mild-steel.
h

o

1) 1.5.961/1975 presents specifications for the following two categories of high
tensile steel for which minimum % elongation should not be less than 20%.
Thus, it is observed that ductility is not much reduced while significant
improvement in strength is achieved.

Destﬂlatidn of Steel Specifications
0

“Fe 370 HT This high tensile steel can be used when fabrication of structure is
« carried out by methods other than fusion welding technique. Ultimate
tensile strength is 570 N/mmz. Guaranteed minimum yield stress should
not be less than 330 N/mm? for elements of thickness upto 28 mm and

340 N/mm~” for thicknesses between 29 to 45 mm.

'Fe 340 WHT This can be used when fabrication of structure is conducted by using
fusion welding technique. Ultimate tensile strength is 540 N/mm? -
Guaranteed minimum yield stress is

i) 350 N/mm2 for plate thickness between 6 to 16 mm. -
i) 350 N/mm2 for plate thickness between 17 to 32 mm
iii) 330 N/mm? for plate thickness between 33 to 63 mm

The minimum ultimate shear strength = 370 N/mm?®
2) High Tensile rivet bar as per LS. 1149/1982

' 523 Ductility

The ductility of steel even with a minimum of 20 % of elongation is a special characteristic of

all the above referred structural steel. At the time of failure of a steel structure due to the

unekpectedly high loads, it does not collapse immediately due to its property of high

duclility. It undergoes very large amount of plastic deformations and has a large capacity to

absgrb lot of energy transmitted through such deformation caused by these unexpectedly heavy

loags. Since the plastic deformation occurs over a long period of time, it gives sufficient

waring in term of time (required to turn away) to the occupants before the actual collapse

takds place. -
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Reinforced concrete structures cannot be as ductile as steel structures since concrete by itself,
is a brittle material. However, certain amount of ductility can be built in the reinforced
concrete structures also by providing suitable % of steel reinforcement with its correct layout -
in various members and specially at joints, :

5.2.4 Flexibility in Construction

One more important aspect of steel structures is its flexibility in construction and is of great

practical advantage over concrete/timber structures. During or after construction if any

addition, extension or alterations are required, it is easier to do in structural steel construction

by providing additional connections by welding extra plates or members directly to existing

joints or members. This helps to increase the flexibility in modifications of the structural

system any time during or after construction. , !

5.3 NECESSITY OF STRUCTURAL STEEL SECTIONS

The purpose of this chapter is to introduce to you various types of siructural steel sections
which can be used either directly as members of the structure or in a suitable combination of
two or more sections or with plates to form a built up section of a member which will
satisfactorily cater to its functional requirements. In this connection the first question that
comes to our mind is why is it at all necessary to develop such forms of structural section.

Since steel is very strong as compared to other materials of construction, its area of
cross-section required to resist axial loads, shear, bending or twisting moment will be
substantially smaller as compared to the area of cross-section of other construction materials
like concrete, timber, etc. Considering a member subjected to axial compression load the
overall-dimension b and d of rectangular section of the member will be relatively very small.
However, such small dimensions of cross-section makes it slender and thereby it has a low
value of radius of gyration about weakest centroidal axis of the section. Hence, a rectangular
section is not advisable to be used as column from buckling consideration. This is because the
radius of gyration of a section depends on values of moment of inertia (I) about weakest axis
in the section and this value is going to be low for a solid square/rectangular steel section.

If a beam of rectangular cross-section is used for a span of about 6 meters or more, a minimum
base width in the range of 60 to 100 mm will be generally required from the consideration of

i) Physical stability of member at erection stage so that it does not overturn
side-ways.

ii) Adequate bearing area required to be pfovided over the supports based on load
transferred at these bearing areas.

In this situation when the magnitude of applied loads are low, the depth of the beam so
obtained based on consideration of

a) Moment of resistance, and

b) Shear resistance

is not too high. However, the deflection of such rectangular beams will be quite hi gh and may
go beyond the values of permissible deflection. Further, in case of steel beams where
compression face or flange is not laterally supported at certain spacing along its span, the
permissible bending compressive stress reduces and the reduction depends on

i) moment of inertia (fyy ) of the compression zone of the section, and

i) the effective length between available lateral supports for the compression zone.
Generally, lateral restraint exists at the end supports of beam by virtue of
connections.

For beams of rectangular section the permissible bending compressive stress will be quite low
when spans are as large as stated above and beam will buckle in the compression zone at
relatively low values of 1oads unless it is laterally supported at a number of points along its
span-length, In order to overcome this problem, it is necessary to have such sections like / or
channel section within web and flanges so that moment of inertia I'x and Iy are large even with
smaller cross-sectional area. With the property of malleability of steel, the structural steel
sections are generally designed and produced wherein minimum.required thickness of flange .
and web could be provided so that maximum lateral dimensions B and £ as showu in



Figure .1 and 5.2 can be achieved. Larger the values of B and D, larger are the values of the Introduction to
radius ¢f gyration about the relevant axes. In the case of design of structural steel column, the ~ Structural Steel Construction
radius ¢f gyration about the weakest axis can thereafter be maximized by combining two or

more sgctions (i.e., two or more legs) by suitable connection through plates/angles.

(a) Beam to Channel (b) Beam to Beam
Figure 5.2: Connection Details

The built-up member so formed will therefore, have larger radius of gyration and hence it will
permit lprger permissible unsupported height as a column member even though the axial stress
is samejIn special cases, where, column height required is very high, individual legs (two.or
four) ofjthe columns are separated with later spacing to improve the moment of inertia (M.I) of
the crosg-section of the column as a whole. Lateral restraint is also provided to the individual
legs of the column by means of diagonal or/and horizontal ties (braces) in the structural system
so that ljigher axial stresses can be permitted and thereby the design can be made economical.
Similar feasoning is true for large span girders, where built up section can be developed and
then if rgquired, the lateral restraints provided for compression flange to see finally that overall
cost of the system is minimum. Members used for providing lateral restraints are termed as
braces, Battens or lacings and will be explained later in this chapter.

5.4 COMMON STRUCTURAL STEEL SECTIONS

From th¢ viewpoints of ease and convenience of rolling steel-sections, the internal square
corners gre rounded off to provide smooth curved profile. Referring to Figure 5.1 of I section
and charnel section, the web is of uniform thickness (fw) in the central portion (A1) of its total
depth A.JAt the junction of the web with flange, the internal corner is smoothened by providing ~
an arc ofjcircle of radius | at its root. The thickness of the flange plate of the I section is
uniformly reduced from the junction of its web toward its two edges so that average thickness
() of the flange is at a distance (b — fw)/4 from the free edges (i.e. the toe of the flange). In the
case of 4 channel section, the thickness of the flange plate is reduced uniformly from the inner
face of web to the free edge of flange and the average thickness = is at a distance of

(b —tw)/] from the free edge. At the free edges or “Toe” of flanges for I or channel section,
another §mooth curve is provided by an arc of circle of radius r2 as shown in Figure 53.

v —
1 | —/ U’

- . b e
l.i/“:; . *:’_éijl

(a) Equal Pngie (I, is minimum) (b) Unequal Angle = (¢) Two Unequal Angles (l.fs minimum)
' - Figure 5.3: Angle Sections

The angle section shown typically, also shows the rounding off of the inner square corner into
an arc of ircle of radius 77 and the toe (at free edges) by an arc of circle of radius 2. Both legs

of the angle are of same thickness. The lengths of two legs could be equal {(equal angle section)
-or unequdl angle section. .
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5.5 PROPERTIES OF STEEL-SECTIONS INCLUDING
DETAILS OF BOLTED CONNECTIONS

Figure 5.2 shows a typical I-section presenting a few typical dimensions in the details of
connection of web of one I-beam (secondary beam) supported on web of other I-beam (main
Beam) by cleat angles. This is called as web to web connection where top level of flanges for
both the beams in a given floor is same. This is a commonly observed connection for beams in
a building floor,

* The manufacturer of structural steel sections provides the required data for various sizes and

shapes of the “rolled steel joist-section” manufactured by him. This data includes thickness of
various elements, moment of inertia and radius of gyration about 1mportant axes, and so on.
For the purpose of various types of structures like

1) temporary sheds,’
if) light duty industrial structures, and
iii)  heavy duty industries, the beams of I-seéﬁon of same depth are manufactured
with its elements of different thicknesses. Following is the nomenclature for
some of the categories of I-beams and channels available as recorded in the 1.S.]
Hand book for “Structural Engineers”
5.5.1 Categories of Standard Beams
Beams of I-Section ,
1) I.S.J.B. Indian Standard Junior Beams,
2). LSL.B. Indian Standard Lightweight Beams,
3) 1.S.M.B. Indian Standard Mediumweight Beams,
- 4) 1.S.W.B. Indian Standard Wide-flange Beams,
5)  LS.H.B. Indian Standard Heavyweight Beams,

‘Beams of channel section have similarly three standard categories:

iy LSJC.,
ii) LSL.C and
iii) LSM.C.

For a given depth of beam as we consider varieties JB to HB the width of beam is increased, Ix
and ly are also correspondingly increased. Details of various dimensions of a few typical
I-sections and Channel Sections of depth 200 mm are presented below in Tables 5.1 for ready
reference. The designation of any beam say 1.S.M.B. with an overall depth of 200 mm is
indicated as ISMB 200. the depth of beams generally manufactured are in the range of 75 mm
to 600 mm. These steel beams which are readily available and manufactured by rolling process
are termed as “Rolled Steel Joists”. The typical details of I-section and channel section along
with their connection details with other beams are shown in Figure 5.2.

5.5.2 Strength of Standard Beam in Flexure and Shear

Table 5.1 also presents computed values of Moment of Resistance (M.R) and Shear-Resistance
(S.R) of the structural mild steel section based on the values of maximum permissible bending
compressive stress ( G ) and average shear strees (T ). For structural mild steel, the yield stress
(fy ) being 250 N/mm”, the permissible bending compressive stress depends on various factors

h ,
such as L:g_ tl , {L , and so on as indicated in Figure 5.1 and 5.2. However, generally when
y w ' ; ~

i)Leg_ < 40,ii)h—l < 85, iii) and iv) -Q-.<_85,v)-€£ <2,
ry tw tw tw

The values of ( O ) is nearly equsal to (0.66£,) = 165 N/mm? = 16.5 kN/cm?

If section modulus about X axis ( Zx ) is in units of cm3, MR= o0xZx=16.5x2Zxin kN cm
units if the compression flange is laterally supported continuously. However, even if the
compression flange is supported at a spacing less than (40 xry ), the M.R as computed above
is only slightly reduced within less than 5%.

v



+ Thep rmissible avgrage shear stress (T) for beams with unstiffened web is lntroducﬁon.to
04 fy# 100 N/mm®, The S.R. of section is T x tw D where D is the overall depth of the I or Structural Steel Construction
channdl section. '

Referring to Figure 5.2 it is noted that for making a connection of a beamn B) perpendicular to
another beam B2, when the top level of the two beams is to be the same, the top flange of
beam B along with small portion of web, needs to be cut over a certain length for a small
depth R1. There is a small clearance between the webs of beams Bi and B2. This distance (¢)
is, thergfore, indicated in Tables 5.1. However, the cleat angle (CL) has its faces in contact
with thie ' webs of the two beams for making connection by riveting, bolting or welding. the
dimengions upto centre-line of bolt holes are given by (g) and (g1).

Table 5.1: Properties of Structural, Steel Sections Y.

fy =250 N/mm?
Weight/m (kg) 9.9 19.8 254 283 373 22.1 61.6 121 |
Seftional Area (cm?) 12.64 25.27 | 3233 36.7 475 28.2 792 156.2
Depth of Section h =D in 200 200 200 200 200 | 200 400 600
(mm)
Widfh of flange B = by 60 100 100 140 200 75 140 210
(mm) .
Avg.tﬂ,ickness of flange (¢7) 5 7.3 10.8 9 9 114 16 20.8
(mm) :
Thickhess of web £, (mm) 34 54 57 6.1 6.1 6.1 - 8.9 12
\/I.I.(cm4 ) -Ix 780.7 1696.6 | 2235 2624 3608 1\819 20458 | 91813
| -do - Iy. 17.3 - 1154 150 329 967 140 622 2651
rRadii bf gyration (cm) -« 7.86 8.19 832 8.46 871 '8.03 16.15 | 24.24 |
-do- oy 1.17 2.13 2.15 2.99 4.51 2.23 2.82 4.12
Modulfof section (Cms) -Zx 78.1 169.7 223 | 2625 360.8 1819 1022.9 3060
-do- -Zy 58 23.1 30 47 96.7 263 889 2525
IRadius (mm) \
at Root -("}) 5 9.5 11 9 9 11 14 20
’ at Root -(r2) 1.5 3.0 55 45 4.5 55 7.0 10
( MR. =06 Z« For steel Jy =250 N/mm? (o = 0.66 Sy =165 kN‘/cm2 when laterally supported
continvously )
n kNm units 12.88 28 36.8 43 595 | 30 168.5 | 504.5
§R. =t D ¢ for unstiffened web = 04 5H = 100N/mm? or 10kN/cm?
in kN units 68 108 114 122 122 122 356 720

Connection details in Figure 5.2 indicates all dimensiods in mm

hi1| (Straight Part) 1795 1657 | 1527 | 158.8 | 15856 | 1502 | 3344 | 1597
ho 10.25 17.15 | 23.65 | 20.6 20.8 249 | 328 | 4515
c 320 | 420 | 435 | 455 | 455 | 76 | 595 1.5
g 30 55 55 80 140, 40 80 140,
1 00y | (100 ;
g1 (min) 45 50 60 55 55 60 | 70 80
max sige (flange rivets) in 6 16 16 2 | 2 | 22 25,
mm (32 | R NEY))

11
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5.53 Angle Section

) Angle section is popularly adopted as either a tension member or a compression member in

roof trusses. As a compression member of longer length, two unequal angle sections are
combined-as shown in Figure 5.3 (¢) and are generally found to be economical, since the
minimum M.], (Iyy) for the combination of two angles is much higher than twice the minimum
M. for an individual section. For a single angle with equal or unequal legs, generally Iyy about
centroid (C) happens to be the minimum value of 1.

For two angles connected on opposite face of gusset plate, the clearance between the angles is
equal to the thickness (fG) of the gusset-plate. When both these are equal angles (Ix) at the
revised position of centroid (C1) happens to be the minimum. For the combination for unequal
angles, Iy, and 1,” should be computed independently to determine the minimum value. In this
case axes, (X and Y) pass through the centroid (C) of the combined section.

The properties of available equal and unequal angles as also of combination of such two 'angles
with different values of their clear distance (IG) are given in various Tables in, 1.S.I. Handbook
for Structural Engineers. The size of angle is denoted by its dimensions A, B and £ indicated in

- Figure 5.3. The minimum size of angle for structural purpose is 50 x 50 x 6 mm where

numbers indicate dimensions (A x b x £). Generally, minimum thickness of angle used is 6
mm; 5 mm thickness may also be adopted in areas which are not directly exposed to humid
atmosphere and the maximum size of equal angle used in practice is 200 x 200 x 18 and that of
the unequal angle is 200 x 150 x 18.

SAQ1
i) State three different types of cross-sections popularly used as’_rolled steel section.
ii) Why thin-walled sections are preferred to solid rectangular/square sectjions. -
, 1if)  Write down the following values for ISMB- 300 and ISMC 300.

a) Areain cm2

b) Ir incm®

¢) Iyin cm?

d) Radius of gyration rxin cm
e) ryincm

iv)  a) Considering solid square cross-section of the same areas of ISMB-300,
determine the values (a) to (e) referred above:

~ b) Considering an equivalent rectangular section (B’ x D ") Cotresponding to
(D ") above, with depth (D ) of beam equal to twice its breadth (B "),
determine the values (a) to (e) referred above.

5.6 CONNECTIONS OF STEEL MEMBERS

For fabrication of structural steel building frames, the structural steel memibers are required to
be connected to each other by means of steel plates and angle cleats using rivets, bolts or /
welding. The joint can be a rigid joint or a pinned joint and need to be properly designed for
the internal forces acting on it as deterimined from a proper analysis.

1-6d

-‘-— Head ‘.
Md’—"r_ ) t_L.‘
‘ 1A N
Plate A ‘Shank ¥ ///j/ /1 B
i Y v 77775
~ P A . o .
\NANANRX ¢ _ x‘(”m f%,m;d by
¥ pneumatic- hammer
—~{d=- Plate B i
(a) Before riveting - (b] After riveting

Figure 5.4 (a) (b) : Button-headed Riveted Joint



5.6/{1 Riveted Connections

Steal used for rivets should be ductile bar which is machined to form a head on one end as
shodn in Figure 5.4 (a). The length of the shank is proportional to the diameter of shank. For
makiing a connection of two steel plates A and B, initially a hole is drilled in the two plates.
the diameter (d”) of the hole is (1.5 mm to 2 mm larger than the diameter (d ) of the shank. The
rivet is heated uniformly to a cherry red colour in a temperature range of about (600° to 1000
°C) bnd the shank in its red hot condition is passed through the plate - holes leaving an angular
gapflearance of about 1 mm. The head in contact with the plate A, is held in a supporting
fixture and projected part of shank beyond plate B is given large number of rapid blows by
meaps of a pneumatic hammer whose inner hammering face has a profile similar to the head of
the givet. Thus, after hammering the shank, it is forced to expand lateral to fill up the clearance
in the plate and similar head is simultaneously formed on hammer side as shown in Figure 5.4
(b). Ihis process is a‘mixture of heating and forging. Details of riveted joints are discussed
latesin a separate unit. . ’

The jgeneral range of diameter of rivets used is 12 to 30 mm with a minimum pitch of

2.5 % (diameter of rivet). An approximate empirical relationship between nominal diameter (d)
in mym of the rivet and the thickness (#) in mm of the plates connected together can be stated as

follgws. N

d=6V

Fromp the design consideration, rivets are subjected to shearing as well as bearing stresses due
to axﬁal load in the plates. The strength of a rivet depends upon whether the connection is done
manpally or through power driven machines. Further, the quality of connection done in the
worlshop is superior to that carried out on the site of construction. Accordingly the permissible
valugs of stress in mild steel rivets are specified in I1.S. Code (1.8-800) and are given below in
Tablg 5.2.

a

i " Table 5.2 : Maximum Permissible Stresses in Rivets

Bearing on Axial
Type of Rivets Shear Bearing on | connected parts of | Tension
, Rivet plates/member ‘
(Nmm?) |  (Nmm?) (N/mm?) (Nfmm?)
/ Power driven rivet E }

i) shop v . 100 300 T 1.2fy 100

- il) Field 920 270 : 1.2fy 90

Hand-driven rivet 80 250 Sy 80

(fy} is the yield stress of the connected parts

In cge rivets are formed of high tensile steel rivets, the above referred values can be increased
as refommended in 1.S. 1148-1973.

5.6.2 Bolted Connections

Bolt are manutactured from mild-steel or high tensile steel and consist of a hexagonal head at
one ¢nd and a shank which is-partly a plain round bar near the head and partly a threaded one
as shbwn in Figure 5.5. A nut is threaded internally to suit the external threads on the shank.

_ The g¢onnection of the two plates A and B needs an over size hole to be predrilled in them in
corrdct alignment and bolt is passed through the hole. Waders are generally used on the other
side pf plate B as shown in Figure 5.5 where nut is tightened by spanner against the pressure of
bolt lread on the connected plate A, A washer can also be placed under bolt head if required.

Bolt-head
A Washer
T -—— ' |: :

+ —

= —

Plate. B
Nut-

—] le— Dia. at root

I’?igure 5.5: Bolted Connectionf

Washer

Introduction te |
Structural Steel Construction
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Boited connections are simpler to make as compared to riveted ones as neither heating nor
forging (heavy pressure) is needed in making the connection. Further, easy dismantling of joint
and its reassembly, whenever necessary, is possible only under bolted type of connettion.

- The drawback of bolted connection is that the clearance provided for the bolt in oversize hole

. made in connected plates/members remains permanently and to this extent the joints are loose.
Such joints are therefore not suitable for construction of vessels storing liquids or gases,
Riveted or welded joints are suitable in such cases, though welded ones are idea for the

purpose.

The maximum permissible stresses in bolts (other than high tensile friction grip bolts) are
given below in Table 5.3 -

Table 5.3 : Maximum Permissible Stresses in Bolts

Shear Stress | Bearing Stress (Permissible) Permissible.
(Permissible) on Axial Tensile
Type of Bolt on Actual Stress'at
SLNo. Shank Area |ActualShank | Connected | b . ¢
Diameter Parts
(N/mm") 2 N/ 2) Thread
(N/mm?) (N/mm (N/mm*® )
7 1) |Closely fitted bolt with 100 300 1.2fy 120
close tolerance and )
tured bolt
2) (Black bolts (clearance in 80 250 Sy 120
holes about 1.5 mm)

5.6.3 Welded Connections

Welding consists of joining two plates A and B (Refer Figure 5.6) of steel by establishing a
metallurgical bond, between their junction faces A and B, through application of heat or
pressure. The surface A and B to be joined are reduced to liquid state and then allowing the
liquid at the surface of contact to solidify into one homogeneous mass AB. The small hump (5)
- shown dotted in Figure 5.6 (b) is an extra or excess portion of welding to ensure that weld is
- penetrated inside to the full extent and is -then machined off to make it look like a single plate.

" Varjous methods of welding processes are discussed later in a separate unit (Unit 7). There are

two types of joints.
. /

| A, ,B° ~
L . A _
<A N~z
| A B A
" (a) Before Welding " (8 After Webding

1) Butt-jolnt

This is a joint, where the two plates are butted at their ends. These plates are aligned along'a
given straight line (AB), as shown in Figure 5.6. The specification of welding is such that
butt-joint is stronger than parent metal ‘under axial tension, Permissible stresses in direct™
tension or compression at butt- weld is 0.6 fy = 150‘N/mm2 for mild-steel.

|

ii) ﬁllet Joint

When two plates meet at right angle the welding can be done along the lunwon edge, either
on one side or on both sides. The contact length (?) in cross-section of the weld-material with

Figure 5.6: Welding (Butt-weld)

(1)

Figure 5.7 : Fillet-Weld



plate is called as the leg of the weld or the size of weld, while the central perpendicular - e Introduction to
X Structural Steel Construction

lehgth (#), as shown in Figure 5.7 which bisects the included angle between the two plates is
cdlled as throat of the weld.,

e throat plane along ({) makes an angle of 45° with each plate if the plates meet at right
ahgle. This throat length (£) is given by ¢ =1 cos 45°

The throat plane is the weakest section of weld and is under shear.

his shear force is developed by virtue of axial forces in the plates in direction perpendicular
o the shaded cross-sectionof plates. The permissible shear stress on a section through throat
tane (£) can be taken as 110 N/mm? (1100 kg/cmz)‘ Thus, the shear strength/min along length
f weld is given by the permissible value of shear strength/mm run of weld = 110 x I cos 45°

/min, where size of web (I) is in mm.

5.7 BUILT-UP SECTION FOR COLUMN MEMBERS

Compression strength of a column or axial load capacity P of a column depends on following
two factors.
D Area of cross-section (A) of the column

2) Permissible axial compressive stress (G)

| The permissible compressive stress is influenced by the buckling characteristic of the column
which is based on its slenderness ratio (A) .I€ 1, is the effective true length/height of a column
(length between points of zero bending-moments as explained in 1.S.800 in Table 5.5 and
clause 5.2 and (7,,,) is the minimum or least radius of gyration of its cross-section (A) the

~ slenderness ratio is given by

A=t

rm

There is an inverse relationship between o, and A. LS. code provides a table showing values
of 6, carresponding to various values of A as reproduced in Table 5.4 for structural steel
having yield stress of 250 N/mm’ along with other grades also.

1t is therefore, to be noted that smaller the slenderness ratio (A) of the column, higher is its
pennissible axial compressive stress and in turn higher its axial load capacity. In the case of
normal buitdings where effective height le is upto about 3.5 metres, single I-section of category
ISMB can be tried when it carries medium axial load. If the effective height is more, upto,
about 5.5 meters, a wide flange beam of category. ISWB or ISHB as shown in Figure 5.8 (a)

]‘—— B———' [.—- Battens or lacing —-\

. 2y e
f‘—B“’i ![_ —[:,
PSS ' Lo d
e L1000 iind
S A '
Y Batten /lacing. | ~ ¢ . . -
(a) LS'H.B.  (b) 4Angles area (c) 2 Channeis area (d)Z-'!-Sectionorea'
(LA - (2A > LA - l2Ag)

Figure 5.8 : Various Types of Built-up Section

can be tried since these cross-section, having larger width of the flange, will have higher
values of least radius of gyration (ry = rmin). Hence, even with large heights upto about 5.5 m,
slenderness ratio is not severely increased. Refer Table 5.1 giving properties of section, to note
the values of 7y for ISMB 200, ISWB 200 and ISHB 200. :

Sometimes, in the industrial structure of special functional use, the effective height of column
Is quite large in the range of 8 to 12 metres even though the axial load carried by it is quite Tow
tn the range of 200 to 400 kN, In such cases it is required to provide low area of cross-section
of column which should have large value of least (minimum) radius of gyration (7,,).



Lavie .4 : Permissible Stress gac (MPa) in Axial Compression for Steels with Various Yield Stress

IS : 800 - 1984 (Clause-5.1.1)

[ Yield Stress = f

|

240

260

320

—— 220 Jo 230 250 280 1* 300 30 | 360 | 380 | 400 | 420 | 450 | 480 | S0 | 540
Ttin

10 132 | 138 | 144 | 150 | 156 | 168 | 180 | 192 | 204 | 215} 227 | 239 | 251 | 269 | 287 | 305 | 323

.20 131 | 137 | 142 | 148 | 154 | 166 | 177 | 189 | 201 | 212 | 224 | 235 | 246 | 263 | 280 | 297 | 34

30 128 | 134 | 140 | 145 | 151 | 162 | 172 | 183 | 194 | 204 | 215 | 25 | 26 | 251 266 | 280 | 295

40 124 | 120 | 134 | 139 | 145 | 154 | 164 | 174 | 183 | 192 zo;' 200 | 218 | 231 | 243 | 255 | 267

50 s | 123 | 127 | 132 | w6 | ws | 153 | w61 | 168 | 176 | 183 | 190 | 197 | 207 | 216 | 25 | 29

60 ur | ous | s f o122 | 126 | 133 | 139 | 146 | 152 | 158 | 163 | 168 | 173 | 180 | 187 | 193 | 189

0 102 | 106 | 109 | 112 | 115 | 120 | 125 | 130 | 135 | 139 | 142 | 147 | 150 | 155 | 160 | 164 | 168

80 93 96 98 01 | 103 | 107 | ut | s [ ous | 120 | 124 | 127 | 129 | 133 | 136 | 139 | 141

90 85 87 88 90 92 95 98 101 | 103 | 105 | 108 | 109 | 11t | 114 | 16 | 118 | 119

76 78 79 80 82 84 | 86 88 90 92 93 94 | 96 97 99 100 | 101

100
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a slenderness ratio of less than 90'is preferred. However, if the same is not possible Intreduction to
upto about 120 is fairly acceptable, as the section of columns for which, (A > 120), Structural Steel Construction
are genefally uneconomical. In such a situation, 4 angles braced together to form an open box

section ap shown in Figure 5.8 (b) would be a suitable solution. The sizes of the angles can be

) provide the required area for a permissible compressive stress as high as 100 N/mm

and corrgsponding least radius of gyration can be achieved by choosing suitable values of

overall djmensions B and D, as shown in Figure 5.8 (b). )

When the axial loads are high in the range of 600 to 800 kN and in the column height is in the
same range of 8 m to 12 m as indicated above, instead of 4 angles, two channels placéd at a
suitable distance (¢) as shown in Figure 5.8 (¢) could be useful. In this case even though there
may not be much variation in the value of (A) and hence the permissible axial stress, the size of
section cpn be suitably chosen from category of ISMC, to suit the required increased area.

Generallj
its valueg

Further, if the axial load is quite heavy such as that observed in the heavy workshop columns
supporting loads from gam;ryigirders etc, it may be advisable to build up column section with
two heavy I sections as shown in Figure 5.8 (d).The bracing systems for providing lateral

'to individual members of the built up column is done either by using a system of
ure 5.9 (a) or battens Figure 5.9 (b).

restraints
lacing Fig
The battens/lacings divide the total height of column into smaller unsupported
memberstlengihs (fm) which is the effective length for individual member of the buiit-up
section of column.

“Top face
Y

End
batten

Lacings

{plates or onglesi:
Batten-
. plates

N /T

Im (e}

|

“

A
LTS

.‘
-
e
€

(a) Columns with Lacdings
(b) Columns with Battens
Figure 5.9 : Elevation of Built-up Sections

Note : Mpment of Inertia of an area A of any element about an axis K 'K * parallel to axis KK .
passing through the centroid of area of the element is given by

where, d T the perpendicular distance between axes KK and K 'K

SAQ 2 ;
Ddermine the minimum radius of gyration of the cross section in following

Figure 5.10 (a) to (e). referring “‘1.S.I. Handbook for Structural Engineers’’ and draw

thg direction of its critical axis in the relevant Figures.

a) L.S. Angles 100 x 100 x 8 .

b) 2 angles 100 x 100 x 8 connected as shown in Figure 5.10 (a) with 10 mm thick

gusset plate.

c) 2 angles 100 x 100 x 8 with star-shaped connection as shown in Figure 5.10 (b). 17
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—-H"-wm'm 400
(@) . —
‘omm — 400 (e
A §W | ek e
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Figure 5,10 (a) to (e)'
d) 2 ISMC 400 connected as shown in Figure 5.10 (c) and (d).

e) Referring to Figure 5.10 (¢) and (d) determine the dimension ¢’ and ¢
respectively so that radii of gyration about X and Y axes are equal.

) 4 angles 110 % 110 x 15 forming box-section as shown in Figure 5.10 (e)

4] 2 unequal angles 125 x 95 x 6 with (i) longer legs back to back with a gap of
gusset plate thickness fg = 6 mm; (ii) shorter legs back to back, with a
gap =6 mm ,

N.B.:  Refer pages 104, 105 of 1.S.I Handbook for Structural Engineer.

5.8 BUILT-UP SECTION FOR BEAM MEMBERS

Simply supported beams with standard rolled I-section or channel section subjected to vertical
downward loads develop tensile stresses at bottom fiber and compressive stresses at top
fibers.The beam having equal flanges develops equal stresses in tension and compressive
flange. Compression flange is weaker than tension flange due to lower permissible stress in
compression flange by virtues of effects of lateral buckling. The permissible bending tensile -
stress is adopted as. ~

Gb, = 0.66 fy
For mild steel of grade Fe 250.
o,, = 165 N/mm? or 16.5 kN /cm?

The permissible bending compressive strength (Gbc) depends on effective unsupported length
of compression flange of the beam for a given moment of inertia Iyy(c) of the compression
flange. A value, equivalent to slenderness ratio of the compression flank is to be computed and
the permissible bending compressive stress (Ghc) has somewhat similar inverse relation with it.

In view of this aspect of lateral buckling of beams of I section in the horizontal plane, it is
necessary that area of compression flange is required to be more than that at tension flange.
For beams of larger span (more than 5 metres) additional plates are.connected to flanges
forming what is called a compound beam. Figure 5.10 (a) shows that width By of compressions
flange needs to be larger than the width B> of the tension flange.
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Figure 5.11 : Built up Section of Beams

In gase of a simply supported gantry-girder, apart from the vertical bending moment on the
girder, compression tlange is also subjected to horizontal bending moment due to horizontal
fordes transferred through crane girder. In such cases an additional channel section with its
well horizontal, is connected to the top flange of the I beam as shown in Figure 5.11 (b). This
chahnel section not only adds to bending compressive strength of the beam for resisting the
cal load but also provides independent tension and compression flange for horizontal
ing. The design of the section of a gantry-grider should be such that resultant maximum
ressive siress in the channel due to combination of vertical B.M. and horizontal B.M

and is then terimed as plate girder as shown in Figure 5.11 (c). The web-plate and flange
platek can be connected by rivets through connecting angles as shown in Figure 5.11 (c) or by
fillet|weld directly as shown in Figure 5.11 (d). The depth of plate girder can be very high.
Howgver, it is controlled, by thickness of its weh, For deep plate girders the thin web is likely
to bukkle under vertical concentrated loads and is therefore, required to be stiffened by
providing vertical stiffeners (of angle sections, generally) at spacing equal to about 1.5 times
the d¢pth of web. For very deep plate girder, it is further necessary to provide horizontal
stiffefiers also at levels above neutral axis (i.e., in compression zone).

5.9 COMMON LOADS ON STEEL FRAMES OF
FACTORY BUILDING

The eptire economics of any building design, depends on how much correctly we are able to
estimdte the realistic loads expected on the structure. In the case of indusirial structures, many
times ferraces are used to store the raw materials or finished products. The area earmarked for
a certdin functional use is converted for some other functional use in course of time. When the
loads ¢n floor changes due to different functional use, the design also requires to be changed.
Hence, initial planning of various units of an industry need to be well thought and got
correcjed by experts in the field. Bureau of Indian Standards provides I.S. 875 of 1987 on
loading standards. It has five parts and provides quite an exhaustive information of various
types &f load which can occur on structures depending on the functional use of the floor.

The five parts of the loading standards, (LS. 875-1987) are as follows:
" i) Parf (1) : Dead Loads \ C

This provides self-weight of large number of maierials like brick, stone, concrete, glass panel,

t A.C. sHeets etc. which are normally used in construction., .
- ’ .19 -




Detailing of Steel Construction it) Part (2) : Imposed Load

Imposed load includes the loads due to persons occupying the floor area along with weight of
furniture or equipment proposed to be placed on the floor. The imposed loads on sloping roof
or curved roof are also included. In the case of workshop have electric overhead cranes, the
impact load to be transferred from crane-hook to various members of structures are also
‘indicated in this part.

iii) Part (3) : Wind Loads

Wind pressure depends on the followihg factors ;
1) critical or design wind velocity in the region,
2) shape and size of structure, and
3) nature of ground area near the structure,

Hence, design wind speeds in different regions on the map of India are presented in this part.
The actual pressure coefficient indicated on roof also depends on slope of roof and direction
’ (in plan) of the wind.

Depending on the dynamic characteristic of tall and slender structures, like steel chimneys,
tower structures, etc. the procedure of computing dynamic loads are given. The eftective
equivalent static load can also be determined by using this part.

iv) Part (4) : Snow Loads

In cold climatic regions where temperature falls below 0 C the collection/depositing of snow
on structures is required to be considered and the corresponding load is indicated here.

"v)Part (5) : Special Loads & Load Combination

The effect of temperature loads is indicated in this part. In arriving at the design values of
B.M,, S.Fand A.F. at a section, it is necessary to combine the effects of various loads. The
earthquake loads are considered as an alternative to the wind loads and worst or more severe of
these two will be considered for the design.

' SAQ3

i) Determine the Working moment of resistance (M.R.) in KNm units or working
bending strength of ISMB 400 and ISMC 400. Refer standard Tables, in the L.S.
Handbook for Structural Engineers.

A i) For the gantry girder shown in Figure 5.11 (b), where the I beam is ISMB 600,
and channel is ISMC 300, determine the safe moment of resistance (M.R) in
kNm units of the built-up section under v;:rtical load alone. If permissibie
bending com})ressive stress is 80 N/mm~ and permissible bending tensile siress
is 160 N/mm~,

iii)  Determine M.R. for vertical loads if the section is simultaneously subjected to a
horizontal B.M. equal to 10 % of vertical B.M. ’

-

5.10 SUMMARY

Structural steel sections are thin walled members and generally in the shape of I, channel, L
(angle) and T sections.1.S. Handbook for Structural Engineer presents the data of details of all
the available sections where the section modulus and radii of gyration are also indicated. The
value of permissible stresses (G, T ) in plates, rivets, boits are given in 1.5.800. The permissible
stress in axial compression (Ga ¢ ) Of columl_l is highly influenced by the sienderness ratio (A) of
the column and can range from 150 to 30 N/mm, Larger the sienderness-ratio smaller is the
permissible axial stress and hence buckling is possible at loads much lower that yield loads zloads .
Built-up sections for column and beams are thus required so as to improve the permissible

20 qompressive stress (Op¢ ) under axial 1oad, The safe load is Gac X (area of section).

AY
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3 case of long span beam, the compression flange should be restrained against lateral Introduction to .
orizontal) buckling by either embedding the same in concrete slab or by providing Structural Steel Construction :
niformly spaced supporting members coming from adjacent stiff- members. Based on the

rrmissible bending compressive stress, the safe M.R. = G5 X (section modulus).

"Oﬁ’a

511 KEY WORDS
Flanges ~: Top/Bottom elements of I section
eb : Vertical element between horizontal flanges

G4 e :  Permissible axial compressive stress in a compression

member or column
o7 P Computed axial compressive stress in column
member =
net

7S Permissible bending compressive stress

ol ¢ Permissible bending tensile stress

Fx . Radius of gyration of a section about X axis

Radius of gyration of a section about Y axis

Elastic Moment of Resistance =6 x Z
Shear Resistance = T x A, where A, is the area of web.
Horizontal tie-plates provided in a built-up column

Inclined ties provided in a built-up column. These tie
plates are provided to reduce the effective length of
individual members of the built-up column.

D.L. :  Dead Load acting on member which includes
a) self weight

b) loads of flooring

¢) floor finish

d) wall loads etc.

L1 :  Load on the member which can be shifted from one
location to other = Live Load + other furniture and
equipment.

5.12 ANSWERS TO SAQs

SAQ1
Angwer for all questions can be obtained by referring to sections (5.3), (5.4) and (5.5.)
Him:

i) Area of cross-section of ICTMB = 56.26 cm2

i) Equivalent square section 7.5 X 7.5 cm
iti)  Equivalent Rectangular section (B" x D’ )=(5.3x 10.6 cm ) wheré ' = 2 B’
}

a)  Centroid C of the angle section 100 x 100 x 8 is given by ¢x = 2.76 cm. Refer
L.S.I Handbook (p-10). Considering moment of inertia about various axes X,Y, u
and v, it is noted that lux is maximum and Ivx is minimum, uu and vv are
therefore the principal axes of the section.

1..=1, =584cm

Figure 5.12 (a) Area=A = 15.39 cm?

min

21
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b)

c)

_ = \min
I, I A
Ty, = P = 195 cm

This direction VV makes an 45° with X axis as shown in Figure 5.12 (b) when
two 100 X 100 x 8 angles are connected back to back on opposite sides of a
gusset plate ‘

2A =2x1539 = 30.78 cm?; C, = 2.76 cm

For a single 100 x 100 x 8 with centroid (C1) are individual axes. However, for
combined section, the centroid shifts to a new position (¢) which is midpoint of
centroids ¢1 and ¢2 and principal axes in this case of combined section are x and
y through C as shown in Figure 5.12 (¢). X axis coincides with X] and X2 axes,
however, Y axis is independent.

L= 1, + I =2x(145.1) = 2902 om’
- 2] ot
I, = 2[1y1 +A(C, + 0,5)] cm

= 2[145.1 + 1539 (3.26)2] = 61731 cm*

617.31

Radius of gyration, r, = 3078 = 4478 cm
NETEN
r, = = = N= =r =307 cm

*T 247 A
Hence, minimum or critical radius or gyration is (rx) about x axis (where
rx= 307 cm)

Figure 5.12 (a) (b) and (¢)

Starred connection of two angles 100 X i 00 x 8.

The position of two angles is shown shaded in Figure 5.12 (¢) so that gusset
plate thickness of 10 mm can be placed alternately in X and 1 directions. The
centroids of individual angles are at C1 and C2 while centroid of combined
section is a C1 which is an intersection of Axes XX, ¥Y, UU and UV, The UU
axis of both angles passes through their individual centroid C and merges which
UU axis of the combination V axes of individual sections are shifted to VV
i\jx_is, the shift given by distance (d) where d = V2 (0.5 + Cxx) cm units = 3.26
2 cm,

The shift of X1 and to X axis is 3.26 cm.

Similarly shift of ¥ axis to Y axis is 3.26 cm.

I, = 2[1w + A(3.2)2] = 617.31 cm®
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T = Iy = 4478 cm

r, = ‘lz—lﬂ = 3.88 ¢m

wm T T 2A

Iuv
r, = N2

144 ZA
where, I,, =2 (58.4 + 1539 x 3267 X 2)

=770.93 cm*

N TT093 S
rw= N5 a35 = 5004 cm ;

Fmin= Fux = 3.88 ¢m = critical radius of gyration

@) (i) For two channels ISMC 400 as shown in Figure 5.12 (¢) referring the
Handbook for Structural Engineers (Page-6).

SAQ3
Itlis to be noted that bases on permissible bending compressive stress the required B.M
cd4n be computed. Similarly, based on permissible bending tensile x-stress that value of

saffe B.M. can also be computed and safer of the two will be the desired M.r. of the
septioft.

i) 168.78 KNm-124-4 kNm
i) 403.85 kNm {y = 23.13 cm)
iii 219.5 kKNm.
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