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d of Structural Engineering Works, the Structural Steel Construction has a vast 
. Structural Steel Construction has certain advantages over Reinforced Concrete 
tion. In this unit you will he given clear ideas about h e  need of the various available 
steel Sections as rolled by manufacturers in India, giving also the details of fasteners 
or weld associated with this type of construction. The properties of the material in 
sion, compression, and hending are presented in tahular manner. The use of built-up 
rmed by Inore than one standard steel section is also highlighted. 

structural steel frame for workshop huildings having a facility of crane-girder is 
features like roof-trusses, gantry girder as also wind-girder and 
sisting horizontal wind loads. - 

u should be able to 

t determine the moment of esistance, shear resistances of standard steel-sections, f 
determine axial load capacity of standard R.S.J. for various values of its 
slenderness ratio, and 

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

I 

ENERAL INTRODUCTION TO STRUCTURAL 

Steel ha heen found to he a very useful material of co~~struction primarily from the 



Detailing of Steel Coust~ction consideration of its high strength in tension, compression, bending, shear, torsion, etc. 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, 
chinmeys, etc. &om a very long time. Steel has a very important advantage that its inodulus 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 
materials 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 paiuts 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 O C  the members undergo large amount of bending and 
distortion rendering them unfit for functional requirements. Concrete has much bctter 
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 f i e  as well as corrosion. 

5.2.1 Thin Walled Sections 
Steel is a very malleable material and thin sheetslplates as well as small size roundtsquare rods 
can be drawn by various processes. Sections in the form of I sectiops, Channel (C) sections, 
Angle (L) sections and various other sections which can be drawn in the rolling-mill are called' 
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 

I Area rn b u d  

(a) ISeetion (b) C h a d  Section &+iX&c~angular Section 
Figure 5.1: A mica1 Sectiolri 

internal corners of the elements are rounded off so as to make smooth curved profile from the 
point of view of ease of rolling processes. The top and bottom horizontal plates are called as 
'flanges' and the vertical plate joining the tlanges is called as 'web' of section. Refer various 
other available sections in the "Handbook for Structural Engineers-Structural Steel Sections" 
published by BIS ( ~ k e a u  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 
flangestweb are quite small and as such actual area of section is much less than (B x I)). This 
enables to get larger values of radius of gyration as compared to those of rectangular sections. 
Details of the various sections are discussed later in this chapter. 

5.2.2 Types of Structural Steel 
For a major part of steel codstruction, two types of structural steel are used in practice. 

a) Structural Mild Steel. 

b) High Tensile Structural Steel. 

General specification for these as recommended in some of the relevant codes of practice of 
the India Standards Instihitioil (I.S.1) are given below. I.S. 80011984 recommends general 
construction in steel structures and design aspect for the same. This code also refers to vanous 
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 



!r 
2 th is 410 Nlmm and percentage elongation as recommended in 1,s. specifications should Introduction to 

less than 23% over a gauge length equal to 5.65 4A o whereAo is the cross-sectional Structural Steel Construction I I 

f standard tension specimen. 

~ w o ~ m ~ o r t i u l t  categories of structural mild steel are given below: 

1) I.S. 226-1976 provides the specifications for a standard quality structural steel 
designated as Fe410-S. It is recommended that it should have minimum 

2 guaranteed yield stress of (a) 250Nlmm when thickness of plate elements are 
upto 20 mm and (b) 240 N1mm2 for element thickness between 21 to 40 mm. 
Connections by ;ivets/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) I.S. 2062-1984 provides specifications for weldable Structural Steel designated 
as Fe 4 10 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 
yield stresses is required to be 250 N/mm2 for element thickness upto 20 mm 

2 aud 240 Nlmm for element thickness greater than 20 mm. 

3) Hot rolled steel rivet bars as specified in I.S.114811973 with minimum tensile 
2 strength of 410 Nlmm at 23 % elongation and with minimum 

shear strength = 330 ~ l m m ~  

4) Metal arc welding as per I.S.81611969 for general construction in mild-steel. 

I J3ig$ Tensile Structural Steel 

The high tensile structural steel is a special class of steel meant for improving not onlv the 
mec anical strength but also the resistance to corrosion. This is achieved by adjusting the 
che ical composition in which proportions of carbon as well as one or more alloying elements 
are duced. I 1) I.S.96111975 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. 

Des ation of Steel C Specifications 

This high tensile steel can be used when fabrication of structure is 
carried out by methods other than fusion welding technique. Ultimate 

2 tensile strength is 570 Nlmm . Guaranteed minimum yield stress should 
not be less than 330 N/mm2 for elements of thickness upto 28 mm and 
340 N1mm2 for thicknesses between 29 to 45 mm. 

I FerwHT This can be used when fabrication of structure is conducted by using 
fusion welding technique. Ultimate tensile strength is 540 N/mm2 
Guaranteed minimum yield stress is 

I ll i) 350 N/mm2 for plate thickness between 6 to 16 mm. 

I I ii) 350 N/mm2 for plate thickness between 17 to 32 mm 

I * I iii) 330 N/mm2 for plate thickness between 33 to 63 mm 

I The minimum ultimate shear strength = 370 Nlmm 2 

I High Tensile rivet bar as per I.S. 114911982 

I 543 Ductility 
I 
I 

i 
ce the plastic deformation occurs over a long period of time, it gives sufficient 



Detailing of Steel Collqtructioll Reinforced concrete structures Cannot be as ductile as steel Structures sillce concrete by itself, 
is a brittle material. However, certain amount of ductility can be built in the reinforced 
concrete structures also by providing suitable 5% of steel reinforcement with its correct layout 
in various members atid specially at joints. 

5.2.4 Flexibility in Construction 
One more important aspect of steel structures is its flexibility in coiistructioli and is of great 
practical advantage over concreteltimber structures. During or after construction if ally 
addition, extension or alterations are required, it is easier to do in struztural 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. 4 

5.3 NECESSITY OF STRUCTURAL STEEL SECTIONS 

The ptupose of this chapter is to introduce to you various iypes of structural steel sections 
which call be used either directly ;$ members of the structure or in a suitable combiliation 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. hi this connection the first question that 
comes to our mind is why is it at all necessary to develop such forms of structural section. 

Sirice 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, e k .  Considering a inember subjected to axial compressioii 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 i t  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 squarelrectaugular 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 consideratioli of 

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

ii) Adequate bearing area required to be provided 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, arid 

b) Shear resistance ! 

is not too high. However, the deflection of such rectangul.ar beams will be quite high and may 
go beyond the values of permissible defledion. Further, in case of steel beams where 
compression face or flange is not laterally supported at certain spacing along its spxil, the 
permissible bending compressive stress reduces arid the reduction depends 011 

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

ii) 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 arid beam will buckle in the compression zone at 
relatively low values of loads uriless it is laterally supported at a number of points along ils 
span-length. In order to overcome this problem, it is necessary to have such sectiolis like I or 
channel section within web and flanges so that momelit of inertia ZX and Iy are large even with 
smaller cross-sectional area. With the property of malleability of steel, the structural steel 
sectiolls are generally designed and produced wherein minimum.required thickness of flange , 

and web could be provided so that maximum lateral dimensiotis B and D as shown in 
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1 and 5.2 can be achieved. Larger the values of B and D, larger are the values of the 
gyration about the relevant axes. In the case of design of structural steel column, the 
gyration about the weakest axis can thereafter be maximized by combining two or 
tions (i.e., two or more legs) by suitable connection through plateslangles. 

Structural 
Introduction to 

Steel Construction 

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

-up member so formed will therefore, have larger radius of gyration and hence it will 
rger permissible unsupported height as a column member even though the axial stress 
[n special cases, where, column height required is very high, individual legs (two or 
he columis are separated with later spacing to improve the moment of inertia (M.1) of 
-section of the column as a whole. Lateral restraiilt is also provided to the individual 
e column by means of diagonal orland horizontal ties (braces) in the structural system 
gher axial stresses can be permitted and thereby the design can be made economical. 
:asoning is true for large span girders, where built up section can be developed and 
quired, the lateral restraints provided for compression flange to see finally that overall 
e system is minimum. Members used for providing lateral restraints are termed as 
attens or lacings and will be explained later in this chapter. 

:OMMON STRUCTCTRAL STEEL SECTIONS 

viewpoints of ease and convenience of rolling steel-sections, the internal square 
re rounded off to provide smooth curved profile. Referring to Figure 5.1 of I section 
nel section, the web is of uniform thickness (tw) in the central portion (hl) of its total 
i t  the junction of the web with flange, the internal corner is smoothened by providing 
circle of radius r i  at its root. The thickness of the flange plate of the I section is , reduced from the junction of its web toward its two edges so that average thickness 
: flange is at a distance (h - tw)/4 from the free edges (i.e. the toe of the flange). In the 
channel section, the thickness of the flange plate is reduced uniformly from the inner 
eb to the free edge of flange and the average thickness = is at a distance of 
from the free edge. At the free edges or "Toe" of flanges for I or channel section, 

mooth curve is provided by an arc of circle of radius r2 as shown in Figure 5.3. 

r d e  (Iv is minimum) (b) Unequal Angle (c) Two Unequal Angles (Iv is minimum) 
Figure 5.3: Angle S e c h m  

section shown typically, also shows the rounding off of the inner square corner into 
ircle of radius rl and the toe (at free edges) by an arc of circle of radius r2. Both legs 
le are of same thickness. The lengths of two legs could be equal (equal angle section) k angle section. 



Detailing of Steel Cowtruetion 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 important axes, and so on. 
For the purpose of variok types of structures like 

i) temporary sheds, 

ii) light duty industrial structures, and 

iii) heavy duty industries, the beams of I-section of same depth are manufacturd 
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 I.S.1 
Hand book for "Svuctural Engineers" 

5.5.1 Categories of Standard Beams 
Beams of I-Section 

1) I.S.J.B. Indian Standard Junior Beams, 

2) I.S.L.B. Indian Standard Lightweight Beams, 

3) I.S.M.B. Indian Standard Mediumweight Beams, 

4) I.S.W.B. Indian Standard Wideflange Beams, 

5) I.S.H.B. Indian Standard Heavyweight Beams, 

Beams of channel section have similarly three standard categories: 

i) I.S.J.C., 

ii) I.S.L.C, and 

iii) I.S.M.C. 

For a given depth of beam as we consider varieties JB to HI3 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 I.S.M.B. with an overall depth of 200 mrn 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 connectiori 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 ( o ) and average shear strees (z ). For structural mild steel, the yield stress 

2 
(fy ) being 250 Nlmm , the permissible bending compressive stress depends on various factors 

such as h, nl, fL, and so on as indicated in Figure 5.1 and 5.2. However, generally when 
ry tw tw 

R 1 D 
i lb  < 40,ii)- < 85,iinand iv) - 1 8 5 . ~ ) ~  < 2 ,  

r~ tw tw tw 
The values of ( F) is nearly equal to (0.664 ) = 165 ~ l m m ~  = 16.5 kNkm2 

3 If section modulus about X axis ( Z x  ) is in units of cm , M.R = a x ZX = 16.5 x ZX in 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 x ry ), the M.R as computed above 
is only slightly reduced within less than 5%. 



shear stress (2) for beams with unstiffened web is 
The S.R. of section is 2 x twL) where D is the overall depth of the I or Structural 

Table 5.1: Properties of Structural, Steel Sections ?- 

Introduction to 
1 Steel Construction 



~ e t a i h n ~  of Steel 5.5.3 Angle Section 
Angle sectiol~ 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 sectiorls are 
combined as shpwn in Figure 5.3 (c) and are generally found to be economical, Since the 
minimum M.I., (Iyy) for the combination of two angles is much higher than twice the minimum 
M.I. 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 I. 

For two angles connected on opposite face of gusset plate, the clearance between the angles is 
equal to the thickness ( t ~ )  of the gusset-plate. When both these are equal angles (1x1 at the 
revised position of centroid (CI) happens to be the minimum. For the combinatioli for unequal 
angles, Ix', 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 combinatioil of such two angles 
wi* different values of their clear distance ( t ~ )  are given in various Tables in, I.S.1, Handbook 
for Structural Engineers. The size of angle is denoted by its dimensions A, B and t 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 t). Generally, minimum thickness of angle used is 6 
rnm; 5 mm thickness may also be adopted in areas which are not directly exposed to humtd 
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. 

SAQ 1 
i) State three different types of cross-sections popularly used as.rolled steel section. 

ii) Why thin-walled sections are preferred to solid rectan@lar/square sections. ' 

*, iii) Write down the following values for ISMB- 300 and ISMC 300. 

a) Area in cmL 

- b) PX in cm 4 

c) Iy in cm 4 

d) Radius of gyration rx in cm 

e) ry in crn 

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 ') Corresponding 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 rllembers 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 deternilled from a proper analysis. 

x ~ a d  formed by 
pneumatic- hammer 

l a )  Before riveting ( b l  After riveting 

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



Introduction to 
Structural Steel Construction 

igure 5.4 (a). The length of the shank is proportional to the diameter of shank. For 
otlnection of two steel plates A and B, initially a hole is drilled in the two plates. 

cc of about 1 inm. The head in contact with the plate A, is held in a supporting 

consideration, rivets are subjected to shearing as well as bearing stresses due 
le plates. The strength of a rivet depends upon whether the connection is done 
ugh power driven machines. Further, the quality of connection done in the 

is superior to that carried out on the site of construction. Accordingly the permissible 
stress in mild steel rivets are specified in I.S. Code (1.S-800) and are given below in 

Il (fy) is the yield stress of the connecttyl parts 

, 

e rivets are formed of high tensile steel rivets, the above referred values can he increased 
ommended in I.S. 1148-1973. 

5.6.1 Bolted Connections 

Table 5.2 : Maximum Permissible Stresses in Rivets 

r F y 2 - -  Bolt- h a d  , 

Type of Rivets 

1- 

Power drivel1 rivet 
I) s11op 

11) Field 

Hand-driven r~vet 

A I !  1 4  
I Washer 

i I1 I! II I 

-4 L Dia. at root 

il > 

Figure 5.5: Bolted Connectiod 
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D U w  of Steel C ~ ~ ~ ~ o l l  Bolted connections are simpler to make as compared to riveted ones as neither hieating nor 
forging (heavy pressure) is needed in making the connection. Further, easy dismantlipg of joint 
and its reassembly, whenever necessary, is possible only under bolted type of conntktion. 
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. 
~ ive ted  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 Ln Bolts 

o o ~ e l y  amd bolt with 1 IM 1 300 1 U. 1 120 1 
close tolerance and 
turned bolt 

Sl.No. 

1 80 1 250 Black bolts (clearance in 
holes a b u t  1.5 mm) 

Permissible Shear Stress 

5.6.3 Welded Connections 

Bearlng Stress (Permlssihle) 

Type of Bolt 

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 applicatioil of heat or 
pressure. The surface A and B to be joined are reduced to liquid state and then allowillg the 
liquid at the surface of contact to solidify into one homogeneous mass AB. The small hump (j) 
shown dotted in Figure 5.6 (b) is an extra or excess portion of weldiiig to ensure that weld is 
penetrated inside to the full extent and is then machined off to make it look like a single plate. 

(Permlsslble) Axial Tensile 
on Actual Stress at 

Varjous methods of welding processes are discussed later in a separate unit (Unit 7). There are 
two types of joints. - 

c 

-- 
(a) Mort Wddtql (b) Abler Wddlaa, 

Figure 5.6: Weldlog (Butt-weld) 

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 smnger than parent metal under axial tension. Permissible stresses in direct' 
tension or compression at butt- weld is 0.6 fyr 150 ~ / m m ~  for mild-steel. 

F i p n  5.7 : Fillet-Weld _ 
ii) Fillet Joint 
When two plates meet at right angle, the welding can be done along the junction edge, either 
011 one side or on both sides. The contact length ( I )  in cross-section of the weld-material with 
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throat plaiie along (1) makes an angle of 45'with each plate if the plates meet at right 
e. This throat length (t)  is given hy t = I cos 45O 

throat plane is the weakest section of weld and is wlder shear. 

weld is given by tlie permissible value of shear strengthlmm run of weld = 1 10 x 1 cos 45O 
L 

Compression strength of a column or axial load capacity P of a colum~i depends on following 

1) Area of cross-section (A) of the column 

The permissible compressi;e stress is i~itluenced by the bucklitlg characteristic of the column 
which is based oti its slenderness ratio (h) .If l,is the effective true lengthheight of a column 
(length hetween points of zeroliending-moments as explained in I.S.800 in Table 5.5 and 
clause 5.2 and (r,) is the minimum or least radius of gyration of its cross-section (A) the 
slenderness ratio is given by 

There is an inverse relationship between a,, and h. I.S. code provides a table showing values 
of 0,. cnrres1)onding to various values of ha s  reproduced in Table 5.4 for structural steel 
having yield stress of 250 ~ / r n r n ~  along with other grades also. 

It is therefore, to he noted that smaller the slenderlless ratio (A) of the column, higher is its 
pennissible axial compressive stress and in turn higher its axial load capacity. I11 the case of 
normal buildings 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) 

Battens or lacing 

( 0 I .  S:H. B. ( bl  4,Angles area ( d  1 2- '1- Section area 

Figure 5.8 : V d w s  'LLpea of B&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 = rn;n). Hence, even with large heights upto about 5.5 m, 
slellderness ratio is not severely increased. Refer Table 5.1 giving properties of section, to note 
the values of l j  for ISMB 200, ISWB 200 and ISHB 200. 

Somerimes, in the industrial structure of special functionaI use, the effective h&ght of colullln 
: is quite large ill the rulge of 8 to 12 metres even though the axial load c;irried by it is quitelow 

in the of 200  to 400 m. In Such Cases it is required to provide low area of cross-secti~n 
which sllould have l ~ e  value of least (minimum) radius of gyration (rm). 



able 3.4 : IJerinissible Stress (3ac (MPa) in Axial Compression for Steels with Various Yield Stress 
IS : 800 - 1984 (ClauscS.1.1) 

Yield SBCSS = f, 
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slenderness ratio of less than 9 0 % ~  preferred. However, if the same is not possible 
to about 120 is fairly acceptable, as the section of columns for which, (h > 120), 
uneconomical. In such a situation, 4 angles braced together to form an open box 
wn in Figure 5.8 (b) would be a suitable solution. The sizes of the angles can be 
ide the required area for a permissible compressive stress as high as 100 N/mm 2 

ing least radius of gyration can be achieved by choosing suitable values of 
011s B and D, as shown in Figure 5.8 (b). 

variation in the value of (h) and hence the permissible axial stress, the size of 
tably chosen from category of ISMC, to suit the required increased area. 

a1 members of the built up column is done either by using a system of 

which is the effective length for individual member of the built-up 

'Too face 

(a) Columns with Lacings 
(b) Columns with Battens 

Figurn 5.9 : Elevation of Built-up Sections 

ment of Inertia of an area A of any element about an axis K 'K ' parallel to axis KK 
ough the centroid 01 area of the element is give11 by 

where, d ' the perpendicular distance between axes KK and K 'K " 

SAQ 2 f 
ermine the minimum radius of gyration of the cross section in following 

5.10 (a) to (e). referring "I.S.I. Handbook for Structural Engineers" and draw 
ection of its critical axis in the relevant Figures. 

a) 1 I.S. Angles 100 x 100 x 8 

2 angles l(M1 x 100 x 8 connected as shown in Figure 5.10 (a) with 10 mm thick 
gusset plate. 

2 augles 100 x 100 x 8 with star-shaped connection as shown in Figure 5.10 (b). 

Introduction to 
Structural Steel Construction 
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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) Refemng to Figure 5.10 (c) and (d) determine the dimension c' and c 
respectively s o  that radii of gyration about X and Y axes are equal. 

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

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

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

5.8 BUILT-UP SECTION FOR BEAM MEMBERS 

Simply supported heams with standard rolled I-section or channel section subjected to vertical 
downward loads develop tensile stresses at hottom 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 permissihle stress in 
compression flange by virtues of effects of lateral buckling. The permissihle bending tensile 
stress is adopted as. 

For mild steel of grade Fe 250. 

o,, = 165 ~ / m m ~  or 16.5 kN / cm2  

The permissible bending compressive strength (abc) depends on effective unsupported length 
of compression flange of the beam for a given moment of inertia Iyy@) of the colnpression 
flange. A value, equivalent to slenderness ratio of the compression flank is to be  computed and 
the permissible bending compressive stress ( a c )  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 BI of compressions 
flange needs to be larger than the width B2 of the tension flange. 
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(1 ) R e v e t e d  L ( 2 )  W e l d e d  
( c )  P l a t e  GI rder 

Rgure 5.11 : Built up Section of Beams 

Id directly as shown in Figure 5.1 1 (d). The depth of plate girder can be very high. 

es self-weight of large number of materials iike brick, stone, concrete, glass panel, 



Detailing of Steel Construction ii) parf (2) : I m p e d  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 slopirig 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 following 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 d,ifferent regions on the map of India are prese~ited 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 effective 
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 OC the collectionluepositilig of snow 
on structures is required to be considered and the corresponding load is indicated here. 

V) Part (5) : Special Loads & h a d  Combination 

The effect of temperature loads is indicated in this part. In arriving at the design values of 
B.M., S.F and 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. 

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

ii) 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 se'ction under vertical load alone. If permissible 
bending com ressive stress is 80 ~ / m r n '  and permissible bending terisile stress f is 160 Nlmm . 

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

Structural steel sections are thin walled members and generally in the shape of I, channel, L 
(angle) and T s~tions.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 ( 5 ,  ) in plates, rivets, bolts are given in I.S.800. The permissible 
stress in axial compression (& r ) of column is highly influenced by the slenderness ratio (h) of 
the column and can range from 150 to 30 Nlmm, Larger the slenderness-ratio smaller is the 

ield loads permissible axial stress and hence buckling is possible at loads much lower that 
2 '  

Built-up sections for column and beams are thus required so as to improve the perinissihle 
c~mpressive stress @bc ) under axial load. The safe load is Cat x (area of section). 

\ 



long span beam, the compression flange should he restrained against lateral 
1) buckling by either embedding the same in concrete slab or by providing 
spaced supporting members coming from adjacent stiff- members. Based on the - 

issible hellding compressive stress, the safe M.R. = 06, x (section modulus). 

Introduction to 
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dl1 KEY WORDS 

F ~ ~ F P  : TopIBoltorn elements of I section 

dkh : Vertical element between horizontal flanges 

Permissible axial compressive stress in a compression 
member or column 

: Computed axial compressive stress in column 
P 

member = - 
A,, 

Permissible bending compressive stress 

: Permissible bending tel~sile stress 

Radius of gyration of a section about X axis 

: Radius of gyration of a section about Y axis 

: Elastic Moment of Resistance = 5 x Z 

s.P. : Shear Resistance = T x A, where A,, is the area of web. 

.&ens : 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. 

: Dead Load acting on member which ii~cludes 

a) self weight 

b) loads of flooring 

Y c) floor finish 

d) wall loads etc. 

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

5.12 ANSWERS TO SAQs 

An wer for all questions can be obtained by referri~~g to sections (5.3). (5.4) and (5.5.) I 
i) Area of cross-section of ICMB = 56.26 cm 

2 

1 ii) Equivalent square section 7.5 x 7.5 cm 

# iii) Equivalent Rectangular section (B' x IY ) = (5.3 x 10.6 cm ) where D' = 2 B' 
i 

a) Centroid C of the angle section 100 x 100 x 8 is given by cx = 2.76 cm. Refer 
I.S.1 Handbook (p-10). Considering moment of inertia about various axes X,Y, u 
and v, it is noted that Iurt is maximum and lvu is minimum, uu and VV are 
therefore the principal axes of the section. 

Figure 5.12 (a) Area = A = 15.39 cmL 
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This direction W makes an 45" with X axis as shown in Figure 5.12 (b) when 
two 100 x 100 x 8 angles are connected hack to hack on opposite iides of a 
gusset plate 

For a single 100 x 100 x 8 with centroid (CI)  are individual axes. However, for 
combined section, the centroid shifts to a new position (c) which is midpoint of 
centroids c i  and c2 and principal axes in this case of co'mhined section are x and 
y through C as shown in Figure 5.12 (c). X axis coincides with xl and 12 axes, 
however, Y axis is independent. 

617'31 - 4.478 cm Radius of gyration, r, = - - 
I 30.78 

Hence, minimum or critical radius or gyration is (rx) ahout x axis (where 
r~ = 3.07 cm) 

Figure 5.12 (a) (h) and (c) 

Starred connection of two angles 100 x ; 90 x 8. 

The position of two angles is shown shaded in Figure 5.12 (c) so that gusset 
plate thickness of 10 mm can he placed alternately in X alld I' directions. The 
centroids of individual angles are at C I  and C2 while centroid of comhliled 
section is a C i  which is an intersection of Axes XX, 'IY, UU and U". The UU 
axis of hoth angles passes through their individual centroid C and merges which 
UU iutis of the cdmhination V axes of individual sections are shifted to \V 
axis, the shift given hy distance (4 where d = fi (0.5 + Cxx) cm units = 3.26 
fi cm. 

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

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



SAQ 

11 where, I,, = 2 (58.4 + 15.39 x 3.2t1~ x 2) 1 

I r~nin = ruu = 3.88 em = critical radius of gyratioll 

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

: noted 
~mpute 
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bases c 
milarly, 

In permissible bending compr, 
based on permissible bending 

zssive stress 
tensile x-su 

the 
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: required B.M 
that value of 

safer of the two will he the desired M.r. of the 

168.78 kNm-124-4 kNm 




