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'INTRODUCTION

Design of a building consists of two parts viz. (i) functional design and (ii) structural design. The first
part consists in planning the building to serve its requirements taking into account ventilation, lighting,
aesthetic view etc. The structural design consists in proportioning various elements of the building such.

that loads acting on it are transferred safely to the ground and at the same time unnecessarily excess
material is not used.

For transferring the loads to the ground various materjals, like asbestos sheets, tiles, bricks, cement
concrete, reinforced concrete, steel, aluminium are used.

However, main body of the Ppresent-day struc-
tures consists of R.C.C or steel. In tall structures composite construction of steel and concrete is also
commonly used.

1.1 COMMON STEEL STRUCTURES

Steel has high strength per unit mass. Hence it is used in constructing large column-free structures, The
following are the common steel structures in use:

- Roof trusses for factories, cinema halls, auditoriunis etc.
. Trussed bents, crane girders, columns etc., in industrial structures.
- Roof trusses and columns to cover platforms in railway stations and bus stands,

. Single layer or double layer domes for auditoriums, exhibition halls, indoor stadiums etc.
- Plate girder and truss bridges for railways and roads.

- Transmission towers for microwave and electric power.
. Water tanks. .

. Chimneys etc.

0 O\ VbW N

1.2 ADVANTAGES AND DISADVANTAGES OF STEEL STRUCTURES
The advantages of steel over other materials for construction are:

1. It has high strength per unit-mass. Hence even for large structures,

the size of steel structural
element is small, saving space in construction and improving aesthe

tic view.
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2 ' Design of Steel Structures

lity and high durability. ] o
§‘ Istpt:sda:fszzdst?—z:ﬁg; is another important advantage of steel structure. Since standard sections

of steel are available which can be prefabricated in the workshop/site, they may be kept ready

by the time the site is ready and the structure erected as soon as the site is ready. Hence there is

fot of saving in construction time.

4. Steel structures can be suEﬂgtﬁéﬁéd'it"any later time, if necessary. It needs just wglding ad-

iti ections. -
dBl;'l(l)Jl;;i; bolted connections, steel structures can be easily dismantled and transported to other

i ickly. / .
6 ;;‘t;:xgrs amy taken care, it is the best water and gas resistant structure. Hence can be used for
making water tanks also.

7. Material is reusable.
The disadvantages of steel structures are:

1.- Tt is susceptible to cofrosion. . o ‘
2. Maintenance cost is high, since it needs painting to prevent corrosion.

3. Steel members are costly.

1.3 TYPES OF STEEL

i i 1l percentage of manganese, sul-
- firon and carbon. Apart from carbon by afidmg smal tage :
S;leel 151;‘; allllti)r}lllso chrome nickeland copper special properties can be imparted to iron and a variety of
Is)tel:i,src):an lr;e prociixce‘d. The effect of different chemical constituents on steel are generally as follows:
(i) Increased quantity of varbon and manganese imparts higher tensile strength and yields prop-
o s ) 1d
" et t + ductility, which is more difficult to we 1 ‘ .
ii) ;rri:::al;:d l;Jvlv;hur and phosphorus beyond 0.06 percent imparts brittleness, affects weldabil-

ity and fatigue strength. ] . .

(iii) (tthrome a.ngdunickel impart corrosion resistance property to steel. It improves resistance to
high temperature also. . . ' .

(iv) Aggitionp:tl: a small quantity of copper also increases the resistance to corrosion.

B hi \ . i iti i Is are manufactured to be used as
y g y a.tyu' g chemical CompOSltIOD various types of stee .

tru(s:::lura:lmember tubes plpes sheets, Sﬂ'ipS, reinforcements for R.C.C, IlVetS,bOltS, nuts and for
S s 3 s s f

welding.
i i y! their properties presented. The structural steel
‘ mainly structural steels are ciscussed and ]
?slttllllésstc::r::;d for tl'}lle manufacture of rolled steel sections. These rolled steel'sections are used to form

steel frameworks required in the stractures.

Structural steel may be mainly classified as mild steel and high tensile steel.
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Structural steel is also known as standard quality steel. Its requirements have been specified in IS
226-1975. This steel is also available in copper bearing quality in which case it is designated as Fe
410-Cu-S, where 410 refers to ultimate tensile strength of 410 Mpa (= 410 N/mm?).

This is also known as grade E250 steel in which 250 refers to 250 Mpa yield strength. E300 (F ¢-440)
and E-350 (Fe 490) steels are also manufactured.

In high tensile steel mechanical properties and resistance to corrosion are enhanced by alloying with
small proportions of some other alloys or increasing the carbon content. Standards of high tensile
steel are covered in IS 961-1975. Weldable quality steels which are recommended by IS 2007 are
designated as E410 (Fe 540), E450 (Fe 570)D and E450 (Fe 590)E. As per IS 800-2007, the structural

steel used in general construction, coming under the purview shall conform to IS 2062 i.e., to weld-
able quality steel.

Structural steel other than those specified under mild steel and high tensile steel conforming to weldable
quality may also be used provided that the permissible stresses and other design provisions are suitably
modified and the steel is also suitable for the type of fabrication adopted.

Steel (ordinary quality) that is not supported by mill test result may be permitted to be used for unim-
portant members, where their properties such as ductility and weldability do not affect the performance
requirements of the structure as a whole.

In this book mild steel (structural steel-standard quality) and high tensile steel of weldable quality (con-
forming to IS 2062) are considered for the design.

1.4 PROPERTIES OF STRUCTURAL STEEL

The properties of steel required for engineering design may be classified as

(i) Physical Properties
(ii) Mechanical Properties.

(i) Physical Properties: Irrespective of its grade physical properties of steel may be taken as given
below (clause 2.2.4 of IS 800-2007):

() Unit mass of steel, p.= 7850 kg/m’.

(b) Modulus of elasticity, E = 2.0 x 10° N/mm?.

(c) Poisson’s ratio, #=10.3.

(d) Modulus of rigidity, G = 0.769 x 10° N/mm?>.

(e) Coefficient of thermal expansion, a,= 12 x 107/°C.

(ii) Mechanical Properties: The following are the important mechanical properties in the design:

(a) Yield stress f,.
(b) The tensile or ultimate stress f,.
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4 Design of Steel Structures

¢) The maximum percentage elongation on a standard gauge length and
%) Notch toughness. '

1 for notch toughness, the other properties are determined by conducting tensile tests on samples
Exctp the plates, sections etc. IS 800-2007 gives mechanical properties of different types of structural
Cui? zducts in its Table 1.1. Table 1.1 gives mechanical properties of structural steel conforming to IS
S 62 ihich are used for the design in this book. -

‘Taple 1.1 Mechanical properties of structura! steel conforming to IS Code 2062
18 :

RS

Yield Stress in N/mm?® Uitimate

Grade/ Tensile Strgss in Percent?ge
S]. No Classification 1 < 20 min ¢ =20-46 mm 1> 40 mm N/mm Elongation
T E250 (Fe 410W)HA 250 240 230 410 23
! £250 (Fe 410W)B 250 240 230 410 23
R 250 (Fe 410W)C 250 240 230 410 23
. £300 (Fe 440) 300 290 280 440 2
p £330 (Fe 490) 35¢ 330 320 490 2
. £410 (Fe 540) 410 390 380 540 20
’ £450 (Fe S70)D 450 430 420 570 20
¢ E450 (Fe S90)E 450 430 420 590 20

Noles: . ) L o . © ic origi -sectt cimen.
\ o; ."cmmge ciongation shail be taken over the gauge length 5.65 [Sd wher, S, is original cross-sectional area of the spe
TR

s non-proportional, 0.2 percent proof siress is taken as yield stress.

2. {f elongation !

1.5 ROLLED STEEL SECTIONS

Like concrete, steel section of any shape and size cannot be cast on site, since steel n.eeds very high

ture to melt it and roll into required shape. Steel sections of standard shapes, sizes and length
[empell;:d in steel mills and marketed. User has to cut them to the required length and use required sec-
e mf  the steel framework. Many steel sections are readily available in the market and are in frequent
o (:1 such steel sections are known as Regular Steel Sections. Some steel sections are not in use com-
(:;Tﬂa; but the steel mills can roll them if orders are placed. Such steel sections are known as Special

Sections.
various types-of rolled steel sections manufactured are listed below:

i) Rolled steel I-sections (Beam sections)
(ii) Rolled steel Channel se.ctions
(iii) Rolled steel Angle sections
@) Rolled steel Tee sections
(v) Rolled steel Bars
(vi) Rolled steel Tubes
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(vii) Rolled steel Plates
(viii) Rolled steel Flats
(ix) Rolled steel Sheets and Strips.

Steel tables give nominal dimensions, weight per metre length and geometric properties of various
rolled steel sections. :

1.5.1 Rolled Steel I-section
The following five series of rolled steel I-sections are manufactured in India:

(a) Indian Standard Junior beams — ISJB

(b) Indian Standard Light Beams — ISLB

(c) Indian Standard Medium Beams -~ ISMB

(d) Indian Standard Wide-flange Beams — ISWB
(¢) Indian Standard Heavy Beams — ISHB.

Figure 1.1 shows a typical I-section beam.

These sections are designated by the series to which they belong; followed by depth (in mm) and weight
per metre run e.g. ISMB 500 @ 0.852 kN/m. It may not matter much if weight per metre length is not
written in case of ISIB, ISLB and ISMB sections, since there is ohly one standard section for a speci-
fied depth. But in case of ISWB and ISHB sections weight per unit length should always be specified

since for the same depth in these series more than one sections are available with different weight and
properties e.g. : ' '
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6 Design of Steel Structures

ISWB 600 @ 1.423 kN/m
ISWB 600 @ 1.312 kN/m
ISHB 450 @ 0.855 kN/m
ISHB 450 @ 0.907 kN/m.

- 4.5.2 Rolled Steel Channel Sections

These sections are classified into the following four series:

) Indian Standard Junior Channel I8SIC

(b) Indian Standard Light Changel —-ISLC

(c) Indian Standard Medium weight Channel — ISMC
(d) Indian Standard Special Channel — ISSC.

- Figure 1.2 showsa typical channel section.

Widt

h
l‘_b“—'|

o
%

Depth=h —>|T*—

{1 : o Web

g Flahge

Figure 1.2 Rolled steel channel section.

| Rolled steet channel sections are designated by the series to which they belong, followed by depth (in
1 mim) and weight (in KN/m). ¢.g. ISMC 300 @ 0.351 KN/m.

I

b

1.5.3 Rolled Steel Angle Sections .
T.he.se are classified into the following two series:

(a) Indian Standard Equal Angle — ISA
(b) Indian Standard Unequal Angle — ISA.

Figure 1.3 shows typical sections.
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TN
t

—f Lea—

L Long Leg

A4
I o Short Leg

(2) Rolled steel equal angle. (b) Rolled steel unequal angle.
Figure 1.3

Thickness of legs of equal and unequal angles are same. Rolled steel equal and unequal angles are des-
ignated by their series name ISA followed by length and thickness of legs e.g:

ISA150 150, 12mm thick or  ISA 150 x 150 x 12
ISA 150 115, 10 mm thick or ISA150x115x10.

1.5.4 Rolled Steel Tee Sections
Following five series of rolled steel sections are available:

(a) Indian Standard Normal Tee bars — ISNT

(b) Indian Standard Heavy flanged Tee bars — ISHT
(c) Indian Standard Special Legged Tee bars ~ ISSLT
(d) Indian Standard Light Tee bars ~ ISI'T

(¢) Indian Standard Junior Tee bars - ISJT.

A typical Tee section is shown in Fig. 1.4.

These rolled steel sections are designated by the series to which they belong followed by depth and
weight per metre length. e.g: ’

ISNT 60 @ 53 N/m
As per IS 808-1984, the following T-sections have also been adopted:
(a) Indian Standard Deep legged Tee bars - ISDT

(b) Indian Standard slit Medium weight Tee bars — ISMT
(c) Indian Standard slit Heavy Tee bars from I-sections — ISHT.
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' Figure 1.4 Rolled éteel T

1.5.5 Rolled Steel Ba7s

Rolled steel bars are classified into the following two series:

(a) Indian Standard Round bars —ISRO
(b) Indian Standard Square bars ~ISSQ.

Rolled steel bars are designated by ISRO followed by diameter in case of round bars and ISSQ followed
o ee .

by side width in case of square bars e.g:
ISRO 16
ISRQ 20.

1.5.6 Rolled Steel Tubes

dﬁignated by their nominal bore sizes. In each size there are three classes, namely

These sections are Heavy. The difference is due to difference in their thicknesses. Hence their cross

. . and y 3
ngt.xt,nlzl{edmm ses are also different. For example, a 40 mm tube has 3 types and their sectional
sectional properti .
properties are as giveD below:

. ter Thickness Weight per ) MI4 K
Nogil Dg;;er Class in mm m Length  Area mm mm mn
Bore i
" Light 290 319N 414 107x10° 16.]
483 Medium 3.25 354N 450 1173 % 1303 16.0
40 ' Heavy 4.05 435N 563 i39x 10 15.7

. lled Steel Plates |
1R.cs)ll?ed I:::el plates of the following thicknesses are available:

5 6.8, 10, i2, 14,16, 18,20, 22, 25, 28, 32, 36,40, 45, 50, 56, 63, 71, 80 mm.
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They are rolled in the widths

160, 180, 200, 220, 250, 280, 320, 355, 400, 450, 500, 560, 630, 710, 800, 900,- 1000, 1100, 1250,
1400, 1600, 1800, 2000, 2200, 2500 mm.

These plates are designated by ISPL followed by length, width and thickness. e.g
ISPL 2000 x 1000 x 6.

1.5.8 Rolled Steel Strips

Rolled steel strip is designated as ISST followed by width and thickness. These sections are available in
the following width and thickness: .

Width: 100, 110, 125, 149, 160, 180, 200, 220, 250, 280, 320, 355, 400, 450, 500, 560, 630, 710, 800,
900, 1000 mm.

Thickness: 0.8,0.9, 1.0, 1.1, 1.2, 1.4, 1.6, 1.8,2.0,2.2, 2.5, 2.8, 3.2, 3.5, 4.0, 4.5 mm.

It may be noted that thickness of stripé is less than 5 mm. Rolled steel strip is designated as ISST, fol-
lowed by width and thickness e.g:

ISST 250 x 2.5 mm.

1.5.9 Rolled Steel Flats

Flats differ from -trips in the sense that the thickness of flats is S mm onward and their width is limited.
Flats of the following width and thickness are listed in IS Handbook.

Width: 12, 16, 20, 25, 32, 40.’ 50, 63, 80, 100, 125, 160, 200, 250 mm.
Thickness: 5, 5.5, 6,7, 8, 9, i‘O, 11, 12, 14, 16, 18, 20, 22, 25 mm.

They are designated by width followed by letters JSF and thickness e.g
80 ISF 10 means, 80 mm wide Indian Standard Flat of thickness 16 mm.

1.6 SPECIAL CONSIDERATIONS IN STEEL DESIGN
The following special considerations are required in the steel design:

1. Size and Shape

2. Buckling

3. Minimum Thickness
4. Connection Designs.

1. Size and Shape: Steel is manufactured in steel mills and is available in certain shapes and sizes,
Hence the member of a steel structure should be designed to consist of any of the available sections or a

combination of them. For example, a beam section may be a standard I-section or it may consist of built
up sections as shown in Fig, 1.5.
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The following:three types of connections are commonly used:

(a) Riveted Connections
(b) Bolted Connections
(c) Welded Connections.

Howe‘}cr now-a-days riveted connection is being given up. IS 800-2007 recommends use of welded

connection. But bolted connections are required when various components are fabricated separately and
are assembled at the site to get required structure.

1.7 LOADS

 Various loads expected to act on a structure may be classified as given below:

(a) Dead Loads (DL)

(b) Imposed Loads (L)
(c) Wind Loads (WL)

(d) Earthquake Loads (EL)
(e) Erection Loads (ER)
(f) Accidental Loads (AL)
(g) Secondary Effects.

the choice of the section of a member is governed by the shape of the other member and the
times the ¢ '

Some n the two members.

type of the joint befwee

. ideration: The permissible load per unit area in steel is r.nuch higher as comparedb to
; 2 BuCkh:lg Colns s in concrete. Therefore, for the same load, the cross sectional area of a steel member
= permissible value

allor. As the members in a steel structure are more slender, thefclomp rﬁfioﬁl,m ;I:t]’lell; i:r:;f:: (a) Dead Loads: Dead loads include the weight of all permanent construction. For example, in a build-
is smaller. As : there are chances of lateral bucklin,
ckling. In case of beams, the;

e g0 b _ ici Y ing weight of roofs, floors, floor finishes, wall, beams, columns, footing, architectural finishing materi-
structulre a.r:l hableAso'a steel member consists of a number of thin plates, the stability of each part is to . als etc., constitute dead load. These loads may be assessed by estimating the quantity of each material
special problems.

g ccount for buckling phenomenon, codes specify that part of sections be taken as and then multiplying it with unit weight. The unit weight of various materials in a structure are given in
. be considered. To " IS-code 875 (part I). It gives a exhaustive list. For example, under the heading ‘brick masonry’ it has four
il ineffective. : '

types like common clay bricks, engineering bricks, glazed bricks and pressed bricks. Under the heading
plain concrete there are 10 groups. The commonly used values are listed in Table 1.2.

: h hickness: Corrosion needs special consideration in steel design. If very thin R ROl
i g Thic t of corrosion may result into a large percentage reduction in effective area. Hence

used, a small amount >~ thicknesses to be used in structural members. For the members di- | It.is to be noted tha? under dead loafi self weight of the structure Peing designed also should be .included.
i design practice specify mmm;u;rll rekmesse thickness is to b used: Since, without design, the self weight is not known, this is estimated from reference to similar other
it : owing minimum C : .
i rectly exposed to weather the following
fully acoessbl for cleaning and painting — 6 mm. Table 1.2 Unit weight of important building materials
| (a) I y a . d painting — 8 mm b A 4
I ) ible for cleaning and painting i : SL.No.  Material Unit Weight
: ‘ () If nOt: ccesﬁ::imﬁons do not apply for rolled steel sections, tubes and cold foge]glght gauge ) i N h 0.130 KN/m
! ¢) The above ification for minimum thickness. sbestos sheets . m
i 2 sections. However IS 800-2007, has dropped the specifica 2 Mangalore tile with battens 0.785 kN/m:
. . . 3 Terrazo paving of floors 0.236 kN/m'
: . : re not paving
: d for Designof Connections. A steel design is not complete if the following connections a p Plain concrete 24 KN/m?
! 4. Need for ' 5 Reinforced concrete 25 kKN/m?
; designed: 6 Brick masonry 20 kN/mz
" . : : d for a member 7 Cement plaster 20 kN/m
. hetween various standard sections selecte c g X 3
a) Connections be K . dation etc.) of the structure. Granite stone masonry 24 kN/m
gb)) Connections between various members (like beam, column, foundati ) . gran 2K
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12 _ Design of Steel Structures

structures or by empirical formulae based on past experience. After comx?leting th.e de:s_ign it. may be
calculated and compared with estimated value. If the difference is substantial, redesign is required. For
majority of structures, it is not found necessary to redesign.
(b) Imposed Loads: 1S 800-2007 groups the following loads as imposed loads:
“(i) Live load
(ii) Crane load
(:ii) Snow load
(iv) Dust load
(v) Hydrostatic and earth pressure
(vi) Impact load
(vii) Horizontal loads on parapets and balustrades.

(i) LIVE Loaps (LLY: The loads which keep on changing from time to time are called live loads. Qc.xm-
mon examples of such loads in a building are the weight of the persons, weight of n30vable Pamum,
dust loads and weight of furniture. These loads are to be suitably assum.ed b)./ the designer. It is one of
the major loads in the design. The minimum values to be assumed are given in IS 875 (part 2)-1987. It
depends upon the intended use of the building. These values are.prese{ned t:or square metre of floor area.
The code gives the values of loads for the following occupancy classification:

(a) Residential buildings—dwelling houses, hotels, hostels, boiler rooms and plant rooms, garages
(b) Educational buildings

(c) Institutional buildings

(d) Assembly buildings

(¢) Business and office buildings

(f) Mercantine buildings

(g) Industrial buildings, and

(h) Storage rooms.

The code gives uniformly distributed load as well as concentrated loads. The structures are to Pe inyes-
tigated for both uniformly distributed and worst position of concentrated loads. The one which gives
worst effect is to be considered for the design but both should not be considered to act simultaneously.

In a particular building, live load may change from room to room. For example, in a hotel or a hostel
building the loads specified are,

bANET Aait
UDL Concentrated Load
2

(a) Living rooms and bedrooms 2 kN/m2 1.8kN

i 3 kN/m 4.5 kN
(b) Kitchen

ini 4 kN/m? 27kN
(¢} Dining rooms ) ST
(d) Office rooms 2.5 kN/m R

5 kN/m? 45kKN

(¢} Store rcoms 2 i
(fy Rooms for indoor games 3 kN/m2 .
(g) Bathrooms and toilets 2 kN/m2 —kN
(B ) Corridors, passages, staircases etc., and 3 kN/m2 4.5 N at outer odee
(i) Balconies 4 kN/m 1.5 kN concentrated at outer edg
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Table 1.3 Minimum live load to be considered
SLNo. - Occupancy UDL Load Concentrated
1 Bathrooms and toilets in all types of building 2 kN/m? 18kN
2 Living and bedrooms 2 kN/m_2 1.8 kN
3 Office rooms in .
- (i) Hostels, hotels, hospitals and business building with . 2.5 KN/m? 2.7kN
separate store
(if) In assembly buildings 3 kN/m? 4.5kN
4 Kitchens in .
(i) Dwelling houses 2 kN/m? 1.8 kN
(i) Hostels, hotels and hospitals 3 kN/m? 4.5kN
5 " Banking halls, classrooms, X-ray rooms, operation 3 kN/m? 45KN
: rooms
6 Dining rooms in ;i
(i) Educational buildings, institutional and mercantile 3 kN/m? 27kN
! buildings
(ii) Hostels and hotels 4 kN/m? 2.7kN
7 Corridors, passages, staircases in
(1) Dwelling houses, hostels and hotels 3 kN/m? 4.5kN
(ii) Educational institutional and assembly buildings 4 KN/m? 4.5kN
(iif) Mercantine buildings 5 kN/m? 4.5kN
8 Reading rooms in‘libraries
(i) With separate storage 3 KN/m? 4.5kN
(ii) Without separate storage 4 kN/m? 4.5kN
9 Assembly areas in assembly buildings
(i) With fixed seats 5 kN/m? Co-
(i) Without fixed seats 5 kN/m? 3.6 kN
10 Store rooms in educational buildings 5 kN/m? 45kN
11 Store room in libraries 6 KN/m? for 4.5kN
a height of
2.24 + 2 kN/m? for
every 1 m
additional height
12 Boiler rooms and plant rooms in
(i) Hostels, hotels, hospitals, mercantile and industrial 5 kN/m? 45kN
buildings :
(ii) Assembly and storage buildings 7.5 kN/m? 4.5kN

Some of the important values are presented in Table 1.3 which

necessary more than these values are to be assumed.

Live loads to be considered on various roofs are presented in Table 1.4,
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metre width of the roof slab and 9 kN uniformly dis-

tributed over the span of any beam or truss or wall.
metre width of the roof slab and 4.5 kN uniformly

distributed over the span of any beam of truss or

1.9 kN uniformly distributed over any span of one
wall.

Minimum Live Load Megasured on Plan
3.75 kN uniformly distributed over any span of one

less 0.02 kN/m? for every degree increase in slope over

For roof membrane sheets or purlins — 0.75 KN/m?
10 degrees

Live Load Measured‘on Plan Area

1.5 kN/m?
0.75 kKN/m*

(b) Access not provided except for
Sloping roof with slope greater than

Table 1.4 Live loads on various types of roofs
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Subject to a minimum of 0.4 kN/m?
Subject to a minimum of 0.4 kN/m?

(0.75 - 0.52 &%) kN/m?

Curved roof with slope of line

(ii)

=~

obtained by joining springing point

to the crown with the

i

o

where

horizontal, greater than

10 degrees

height of the highest point of the structure measured

h=

from its springing and

chord width of the roof if singly curved and shorter
of the two sides if doubly curved. Alternatively, where
structural analysis can be carried out for curved roofs
of all slopes in a simple manner applying the laws of

statistics, the curved roofs'shall be divided into mini-

!

mum 6 equal segments and for each segment imposed

load shall be calculated appropriate of cach segment as

given in (i) and (i)
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Note: T The loads given above do not include loads due to snow, rain, dust collection, etc. The roof

shall be designed for live loads given above or snow/rain load, whichever is greater.

Note: 2 For special types of roofs with highly permeable and absorbent material, the contingency of
. roof material increasing in weight due to absorption of moisture shall be provided for.

However in multi-storeyed buildings chances of full imposed loads acting simultaneously on all floors

is very rare. Hence the code makes provision for reduction of loads in designing columns, load bearing

walls, their supports and foundations as shown in Table 1.5,

Table 1.5 Reduction in live loads on ﬂoors.in
design of supporting structural elements

Number of Floors (including Reduction in Total

the roof) to be carried by Distributed Live
Member Under Consideration Load in Percent

1 0

2 10

3 : 20

4 30

Sto 10 40

Over 10 50

(i) CRANE LoADS (CL): These loads include loads from cranes and other machines acting on the struc-

ture. The loads may be taken as per manufacturers/suppliers data. In the absence of specific indications
they may be taken as given below (IS 800-2007, clause 3.5.4).

(a) Vertical loads + full impact from one crane or two cranes in case of one behind another opera-
tion plus vertical load of other cranes in the bay.

(b) Horizontal thrust one crane only or two in case of one behind another operation in the bay.

(c) In case of multibay multicrane gantries only, two bays of building cross sections may be
considered. :

(d) The longitudinal thrust on a crane track rail shall be considered for a maximum of two loaded
cranes on the track.
(¢) Latera] thrust and longitudinal thrust acting across and along the crane rail respectively, shall

be assumed not to act simultaneously. The effect of each force, shall however be investigated
separately.

(ili) SNow LoaD: 1§ 875 (part 4) deals with snow loads on roof of the buildings. This load is to be

considered for the buildings to be located in the regions where snow is likely to fall. The snow load acts
vertically downward.

It may be expressed in kN/m>2. The load on the roof due to accumulation of snow is obtained by the
expression

S"—'ﬂSO
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Table 1.6 Horizontal loads on parapets and balustrades
where )
P—— d on plan area of roof, - . . . Sl No. Usage Area . . kN/m
p ; Shape coefficient, and 1 Light access stairs, not more than 600 mm wide 0.25
S = Ground snow load. _ . K 2 Light access stairs, more than 600 mm wide 0.35
0 at any-place-depends on the critical combination of the maximum dep th of undis- 3 Al other stairways (except those subject to overcrowding) 0.75
Ground §n-ow'load' 1 :,i? snowfall and its average density. These values for different regions may be 4 In place of assembly such as theatres, schools auditoriums, stadiums 2 25
turbed aggreg? O 3 A‘i/ealanches Study Establishment, Manali (H.P) or from Indian Meteorological . . g buildings | ike‘yy to be overcrowded » Stadiums 2.
obtained fro% Sn:‘:Ma:hamshtra) The shape coefficient depends upon the shape of roof. IS 875 (part ' .
A . . . O M
i Depm cth Pvu:mes for some of the common shapes. When the slope of the.roof is more than 60° this
: 4) gives ﬂtl?oebe considered. _ (vii) HORIZONTAL Loaps Parapets, balustrades and their Supporting structures shall be designed for the
foad s no fs should be designed for the actual load due to snow or for the live load, which- horizontal forces acting at the hand rail or coping level. These Joads may be considered to act vertically
It may be noted that roofs ) also but not simultaneously with the horizontal forces. The values given in Table 1.6 are minimum val-
Vver is more Severe. ) . . j ues and where values for actyal loadings are available shalj be used.
; ¢ ives ice load on wires also. Such loads are to be considered in the design of overhead . _ .
-‘f“ IS 875 (part 4) gveS towers in the zones subjected to snowfall. The thickness of ice deposit around . .
: ical transmission tow . i the structure. The mass (c) Wind Loads: The force exerted by the horizonta] component of wind is to be considered in the de-
‘ electrica 3 and 10 mm depending upon the location of the stru ;
)y i be taken as between 3 an 3 3 : ideri ind force on wires and sign of buildings, towers etc The wind f i
: wire may L may be assumed as 0.9 g/cm” (9 kN/m’). While considering the wind force
density of ice
I

bles. the increase in diameter due to ice deposit shall be taken into consideration.
cables, the

' A of these provisions is given below:
Loap: In areas prone to settlement of dust on roof (e.g: steel plants, cement plants) provision '
t{iv)dDUtSlT ad eqlllivalent to probable thickness of accumulation of dust may be made..
or dust lo

(i) Using colour code, the basic wind pressure ‘¥’
sTATIC AND EARTH PRESSURE: IS 875 (part 5) gives specifications for considering such loads, . pickup the value of Vs depending upon the locati
(v) Hypro

ign of structures partly or fully below ground level, the. pressure exerted by sqil or watejr or (ii) To get the design vgind
In the dwgnd(:;] accounted on the basis of established theories. All foundation slab§ and other footings
bell Sh:‘ljl ?:watir pressure shall be designed to resist a uniformly distributed uplift equal to the full
subject . : !
ift hydrostatic pressure. | .

"’ Loap: For structures supporting moving loads suitable additional allowance of load should .
t(,v‘zxf:g:;; incm;sing imposed load. For example:

e

is shown in a map of India. Designer can
on of the structure, :
velocity ¥, the following expression shall be used:

Vl=kl k2k3 Vb

where k= Risk coefficient

ky = Coefficient based on terrain, height and structure size
ky = Topography factor

TImpact Allowance, (iii) The design wind pressure is given by
Percent, Minimum _ )
‘ Structure 100 ’ F, =06V
| — es supporting lifts and hoists I =T ‘5 . . | A . =
; (a) For fram _ ) ing lifts and hoisting apparatus 40 where P, is in N/m? at height # and V, in m/sec. Uptoa height of 30 m, thé wind pressure is considered
(b) For foundations, footings and piers supporting li ' b to act uniformly. Above 30 m height, the wind pressure increases,
x For supporting structures and foundations for light machinery, shafts or motor units
} © o tting structures and foundations for reciprocating machinery or power unit 30 (d) Earthquake Loads: Earthquake shocks cause movement of foundation of structures. Due to inertia
: (d) For suppd . o head cranes 25 additional forces develop on superstructure. The total vibration caused by earthquake may be resolved
| (€) For girders supporting electric wire near 10 into three mutually petpendicular directions, usually taken as vertical and two horizontal directions.
i () For girders supporting hand operated cranes : The movement in vertical direction do not cause significant forces in superstructue, But movement in
‘ horizontal direction needs special consideration.
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. . fth-
sity of vibration of ground expected at any location depends upon the magnitude of earth
The inten: 4

depth of focus distance from the epicentre and the strata on which the structure stands.
quake, d€ ’

of the structure to the ground vibration is a function of the foul.ldation, sml,‘?lzefand ?:;e.
The respoﬂifon and the duration and intensity of ground motion. IS 1893 gives the details of suc
of construc

I 0ns 3 1 due to
f IS ctures Standl 0! not s l conSId l‘ably O] Slld app € lab y
' [¢) Jigil ng' n-SOllS whlch Wlll ettle ( € ) (- rec

i i ived from seismic coefficients, which is
ismic accelerations for the design may be arrivex :
emquake{h'leh;tsizxz?acceleraﬁbn due 1o earthquake and acceleration due to gravity. For the purpose of
deﬁn;lizisng seismig forces, India is divided into five zones.

f the following two methods may be used for computing seismic forces:
One o.

) Seismic coefficient method.
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(1) ImpAcT AND CoLLisions: Common sources of impacts are

* Vehicles

* Dropped object from cranes, lifts etc.
¢ Crane/ lift failures

* Flying fragments.

IS 875 (part 5) gives requirement for estimating impact from collision of vehicles with structures. It
is to be assumed that the vehicle strikes the structural elements at a height of 1.2 m in.any possible
direction and at a speed of 36 kmph. The fictitious vehicle shall be considered to consist of two masses
my =400 kg and m, = 12000 kg which during compression of the vehicle produce an impact force in-

creasing from zero, corresponding to the rigidities ¢; = 10,000 kN/m to €3 =300 kN/m.

thod Safety railings may be designed to brotect the structures against such collisions.
i spectrum method. . -
(ii) Response | |

. i i i ilding Code of India. After

S ted in IS:1893 and also in National Building :

‘! The detail:nhOf thel:e ggt(?(;dsGa;\e/:::;f;t ot}IIlndia has realized the importance of structural ‘des1gn based
Cojace -3 rinc;u:ei:mic for'::es and has initiated training of the teachers of technical institution on a large
on consid®

scale (NPEEE)'

. ! is be
um i ly small structures for which no analysis
ber of cases of less importance and relative L ¢
There areel:tglfq?mke forces provided certain simple precautions are taken in the construction. For example
made for

(ii) ExeLosions: The following types of explosions are to be looked into the designs:
« Internal gas explosion
* External gas explosion
* Boiler failures

+ High explosions (dynamite).

IS 875 (part.5) gives codal requirements for internal gas explosions. The last type of explosion given

T d m deSlgnmg air Iald Shelters.
blacm S In ver tlcal panels Of Steel a-nd R.C.C. ﬁmnes- ab()ve 1s to be COJ d
Prowdmg g nsiaere

ing for ight mateils,
- ((13 Avoiding mud and rubble masonry and going for light materials (iif) FIRe: IS 875 (part 5) specify that extraordinary loads during fire on escape routes and loads on an-

other structure from structure failing during fire should be considered. To find thermal effect during fire

f loads during erection compared to the types of supports and.types of loads after erec-' any one of the following methods may be used:
different types 01 10

i i art of the structure do not fail during
. i ibility of engineer to see that the structure or parl . : _

U 3;;?:; of st:ch failures are reported-and in all cases engineers are held resp(?nlsi:::&sm]l)r;r;i
: e i i d impact of hoisting equipment cause specia .
b . terials, equipment and 1mp : S : !
! erectiot Sﬁ?ﬁ a.(:lfir?;lposed li\l load during erections shall be considered along with tt;e :lpec:;l ;:J:;s
::‘ i B . . - a su
! 1?::’ l;lgs, Special provisions shall be made including temporary bracing to take care o

| i i rts and
I tion Loads: Prefabricated or precast members are subjected to different types of supports an

i 2 ‘ ) (e) Ereg 1 3

\

\

» Time temperature curve and required fire resistance (minutes) or
* Energy balance method.

(g) Secondary Effects: The following types of secondary effects should be looked into the design:

+ Differential settlement of foundations
* Differential shortening of columns
* Eccentric connections

. :i duﬂng erecﬁon.
|

Jental Loads: 18 875 (part 5) gives certain guidelines to take care of the following accidental
i (f) Accldem® e

* Rigidity of joints differing from design assumptions.
loads on the structures: . . . . . .
: 02! Thus a designer has to look into various loads likely to act during the life of the structure. He has to look
\ () Impact and collision into the following codes:

- i d
(i) E?(ploswns an 1. IS 875: Code of practice for structural safety of buildings.
(iii) Fire- 2. IS 1893: Criteria for earthquake resistant design of structures.

bability of occurrence of such loads may:be quite less but if it occurs the conscguences are 3. IRC — Standard specifications and code of practice for road bridges.
The pro

{
|
Li severe.
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i i i dards organisations.
: bridge rules framed by railway design and stan ‘
‘;' :?j;’; 1y Criteria for blast resistant design of structures for explosions above ground.

1.8 LOAD COMBINATIONS

. 1. ouc combination of the loads is necessary to ensure the required safety and economy in the de-
A.;dkl:;;ing in view the probability of
si
ir acting together .
@ tﬂ;e; fh"::p.;)gsitifn in relation to other loads and severity of stresses or deformation caused by the
¢
¢ combination of various loads.

Th recommended load combinations by IS 875 are as given below.
e

1 DL 7 DL+IL+EL
2 DL+IL 8 DL+IL+TL
3 DL+WL 9 DL+WL+TL
4 DL+EL 10 DL+EL+TL
5 DL+TL 1l DL+IL+WL+TL
6 DL+IL+WL 12 DL+IL+EL+TL
Where
pL =Dead Load IL =Imposed Load
wL = Wind Load EL = Earthquake Load
and L =Temperature Load. |
When snow load is present on roofs, replace imposed load by snow load for the purpose of above
Note: WBeZ >/
load c‘,m})matlons.

1.9 sTRUCTURAL ANALYSIS

is i i loped in the members of the structures.
tructurd alysis is necessary to find the internal forces develoj ; .
3 !an ir}xltsernal forces for design are axial forces and moments. IS code permits the following
The

methods of analysis:

@® Elastic Analysis

) piastic Analysis
© pdvanced Analysis
@ Dynamic Analysis.

ic Analysis: Itis based on the assumption that no fibre of the :?ember has yielded for the design
(la) jl::d stress is linearly proportional to strain. The analysis may be in two stages.
03
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Stage 1-First Order Analysis: It is based on the loads acting on undeformed geometry of the structure.
Redistribution of 15% of peak moment is permitted by code.

Stage 2-Second Order Analysis: It is based on the deformed (large deflection theory) Shépe of the

structure. IS 800 permits use of amplification factors (as given under clause-4.4.3.2) instead of second
order analysis.

(b) Plastic Analysis: In this method it is assumed that when every fibre at a section reaches yield stress
a plastic hinge is formed. After hinge is formed, it is assumed that the member rotates freely at the plas-

tic hinge without resisting any additional moment. However its resistance to moment remains constant
(Mp). This is called first order plastic analysis.

Code permits second order in elastic analysis by any of the following methods:

(i) Distributed plasticity method
(i) Elastic — plastic hinge method
(iii) Modified plastic hinge method.

(c) Advanced Analysis: For a frame with full lateral restraints, an advanced structural analysis may be
carried out, provided the analysis can be shown to accurately model the actual behaviour of that class of
frames. The analysis shall take into account the following: '

(i) Relevant material properties
(ii) Residual stresses
(iii) Geometric imperfections
(iv) Reduction in stiffness due to axial compressions
(v) Second order effects
(vi) Erection procedure
(vii) Interaction with foundation.

For further details Annexure B of IS 800-2007 may be referred.
(d) Dynamic Analysis: Dynamic analysis is to be carried out in accordance with IS 1893 (part I).
1.10 DESIGN PHILOSOPHY

The aim of design is to decide shape, size arid connection details of the members so that the structure
being designed will perform satisfactorily during its intended life. With an appropriate degree of safety

(a) Sustain all loads expected on it.
(b) Sustain deformations during and after construction.
(c) Should have adequate durability.
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: isuse and fire.
(d) Should have adequate rsls 1Stazc;;\(;);:;temate load paths to prevent overall collapse under ac-
& an

i be stal ; ists in idealizing the structure, quantifying
(¢) Structure should ! f design consists in idealizing
cidental loading. Analytice memofooﬁnd member forces and sizing the members based on

expected l(?ads, carrymgsani )t(lslfre are limitations in precisely mode'lling the structure, v;{otrk&
possible fallur'e ime'na. gaction of failure condition. The design philosophies used are liste
ing condition is kept as a .

i ylained:
below in the order of their evolution and they are briefly explaine

(i) Working Stress Me.thod w Sh?nd
(i) Ultimate Load Design (ULD)
(iii) Limit State Design (LSD).

s the oldest systematic analytical design method. Though IS 800-

(i) WORKING Si'REss o ermits use of this method wherever LSD cannot be conveniently
. 0 _

2007 insists for the limit state design,

edored . o considered linear till the yield stress. To take.: care of uncertamt.les
S a fraction of yield stress, the ratio of yield stres's tf’ working
members are sized so as to keep the stresses within the per-

In this method stress strain rel : o
in the design, permissible stress 15 kepThe
- stress itself known as factor of safety.
missible value. Thus

yield stress

permissible stress = factor of safety

d combinations ate considered and increase of permissible stress by 33% is permitted
The following load combina

when DL, LL and WL are copsidered:

Stress due to DL+ LL < permi§sil')li S;:::S
Stress due to DL+ WL < permissible STeS b e streac
Stress due to DL+ LL+WL< 1.33 permis:

The limitations of WSM

i are:
The limitations of working stress method

factor of safety times the working !oad is the failure }ola:jd, which

allviti h more, because a material can resist tl}e lqad aﬁer yie appears
is not true. Actua!ly. it is oouc stru’cmres just formation of a plastic hinge is not the failure
at a fibre. In the lndete@mTted till some more hinges are formed resql,tlng into collaPse
criteria, sinc;}ilt Ca-tg rizztsuzzuﬁm of moments gives rise to the additional load carrying
mechanism. Thus the

capacity. . .
2. It gives unecenomical sections.

1. It gives the impression that
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Advantages of WSM

1. This method is simple.
2. This is reasonably reliable,

3. As the working stresses are low, the serviceability requirements are satisfied automatically.

(i) ULriMATE LoaDp MetHoD: The limitation of working stress method to assess actual load carmry-
.ing capacity, made researchers to develope ultimate load method, which is also known as load factor
method (LFM). When applied to steel structure it is referred as plastic design method. In this method
a section is said to have formed plastic hinge when all the fibres yield. After that it continues to resist
load which has caused plastic hinge but will not resist any more load. But structure continues to resist
further load till sufficient plastic hinges are formed to develope collapse mechanism.

In this method safety measures are introduced by suggesting a load factor, which is defined as the ratio of
design load to working load. The suggested load factors as per IS 800:1984 were as shown in Table 1.7.

Table 1.7

SL. No. Working Load Minimum Load Factor
I Dead Load 1.7

2 Dead Load + Imposed Load 1.7

3 Dead Load + Wind or Seismic Load 1.7

4 Dead Load + Imposed Load + Wind or Seismic Load L3

Advantages of ULD

L. Redistribution of internal forces is accounted.
2. It allows varied selection of load factors.

Disadvantages of ULD

It does not guarantee serviceability performance. To account for this IS 800:1984 suggested limitations
on deflection. However it did not guarantee other serviceability limits like instability and fatigues etc.

Finally it was felt to suggest more comprehensive method to take care of design requirements from

(i) Limrr State DesiGn: It is the comprehensive method which will take care of both strength and
serviceability requirements. IS 800:2007 suggests use of this method widely and restrict working stress
method only wherever LSD cannot be applied. This method is thoroughly explained in chapter 2.

Example 1.1

Find the design load for an interior column of ground floor of an eight-storey building for the following
data:
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(i) Heightof each floor =35m

(ii) SpaCing of columns ¢/c in each direction = 38m ,
(iii) Live {oad on roof =15 kN/m2
(iv) Live Joad on each floor =2.5 kKN/m
) Thickness of R.C. slab =120 mn;
(vi) Dead weight of floor finish =1 kN/r'n
(vii) Weight of wall and beam =10.8 KN/m
How much s design load on the column of 5th floor?
Solutior:
(@) On column of first floor
Characteristic Loads:
Dead Loot: ,
Weight of RC.slab= 0.120 x 1 x 1 x 25 =3.0 KN/m
Weightoffoorfinish = 1 kNl:;n/z .
Total dead load oD floor =4 kN/m’ | ) 2
; ble to assume each interior column takes load from an area = 3.8 X 3.8 = 14.44 m
R r::m floor =4 % 14.44 = 57.76 KN

Dead Jord of wall and beam:

msanable to assume each
pLofwall and self weight ofbeam =10.8 X 7.6 =82.08 kN
=82.08 +57.76

=139.84 kN

Itis

Total dead load from each floor

uding self weight of column, load from each floor is say 150 kN.
Inclu

Dead Joad on ground floor column of eight-storey building,
=150 x 8 = 1200 kN.

Live lotd:

Live load from top storey = 1.5x3.8 x3.8 =21.66 kN
e

Li Joads from each of other floors =2.5 x 3.8 x 38=36.1kN
ive ;
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Reductions are to be made in live load while calculating load on columns, since all floors may not be
fully loaded at a time. For this reduction factors as presented in Table 1.5 are to be used. Figure 1.6
shows the percentage reductions to be applied to live loads from different floors while finding live
load on ground floor column and Table 1.8 shows the characteristic loads to be considered.

50% lz— Roof
Y ®
50% ® 7th Floor Column 7th Floor
50% @ 6th Floor Column 6th Floor
0,
40% ® Sth Flf)or Column Sth Floor
0,
30% ® 4th Floor Column 4th Floor
0,
20% (0] 3rd quor‘ Column 3rd Floor
Y 1!
10% [©) 2ad Floor Column 2nd Floor
0% @ 1st Floor Column
: - 1st Floor
T (0] Ground Floor Column
Percentage f
Reduction Storey

Number

Figure 1.6 Percentage reduction for LL while finding
set for ground floor column.

Tablé 1_.8 Characteristic loads for LL

Column of Load to be Reduced Load to be Considered
Floor . LL Load in kN © inkN in kKN

8th (Roof) 21.66 0.50 % 21.66 =10.83 10.83

7th 36.1 0.50 x36.1 =18.05 18.05

6th 36.1 0.50 % 36.1 =18.05 18.05

Sth 36.1 040x36.1=14.44 ' 21.66
4th . 36.1 0.30 % 36.1=10.83 25.27

3rd 36.1 0.20x36.1=7.22 28.88

2nd 36.1 0.10x36.1 =3.61 32.49

1st 36.1 0 36.1

2. =191.33 kN
Thus,

Characteristic dead load = 1200 kN
Characteristic live load =191.33 kN
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26 Design of Steel Structures
Design Load =15DL+15WL »
=1.5(1200+191.33) =~
ﬂ L =2087.0 kKN° Answer 2
‘ Load on colymn rof_Sthvﬂ_oor; _ |

i Dead Load = 150 kN from each floor above it.

PRINCIPLES OF LIMIT STATE DESIGN

i  There are 3 floors above it.
‘ Dead load in column of 5th floor = 150 x 3 =450 kN.
Figure 1.7 shows percentage reduction to be considered for load on 5th floor.

Aim of a design is to see that the structure built is safe and it
structure may become unfit for use not only when it collap
requirements of deflections, vibrations, cracks due to fati

sign various limiting conditions are fixed to consider a structure as fit, At any stage of its designed life

(120 years for permanent structures), the structure should not exceed these limiting conditions. The de-

sign is based on probable load and probable strength of materials. These are to be selecteq on probabil-
istic approach. The safety factor for ea

ch limiting condition may vary depending upon the risk involved.
It is not necessary to design every structure to withstand exceptional events like blast and earthquake.
In limit state design risk based evaluation criteria is included. Thus the philosophy of limit state design
method is to see that the structure remains fit for use throughout its designed life by remaining within

serves the purpose for which it is built. A
ses but also when it violates the serviceability
gue, corrosion and fire. In this method of de-

_ the acceptable limit of safety and serviceability requirements based on the risks involved.
} LL from roof (8th floor) =21.66x(1-0.2)=17.328 kN | .
LL from 7th floor =36.1 x(1-0.1)=32.490 KN 2.1 DESIGN REQUIREMENTS
; LL from 6th floor . g 0-1 K Steel structure designed and constructed should satisfy the requirements regarding stability, strength,
i Total LL =17.328 + 32.490 + 36.100

, serviceability, brittle fracture, fatigue, fire and durab
~85.918 KN quirements (IS 800-2007, clause 5.1.2):

! ~. Design load on column of 5th floor = 1.5 X450 + 1.5 x 85.918

ility. The structures should meet the following re-

(A) Remain fit with adequate reliability and be able to sus

tain all loads and other influences expe-
~803.877 kKN Answer rienced during construction and use,
i (B) Have adequate durability under normal maintenance.
i r (©) Do not suffer overall damage or coll

apse disproportionately under accidental events like explo-

sions, vehicle impact or due to consequences of human error to an extent beyond local damage.

. The catastrophic damage shall be limited or avoided by appropriate choice of one or more of
Questions the following:
(a) Avoiding, eliminating or reducing exposure to hazards, which the structure is likely to
] : 1. Explain the adva.ntageé z\pd disadvantages of using steel structures. sustain.

2. Explain what is structural'stegl. List out the important properties of such steel.
3. Explain the specia! considerations required in the design of steel structures.
4. Explain briefly various types of loads to be considered in design of steel structures.
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(b) Choosing structural forms, layouts and details and’designing such that:
(i) the structure has low sensitivity to hazardous conditions and
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(ii) the structure survives with only local damage even after serious damage to any one
individual element by the hazard. -
(c) Choosing suitable material, designing and detailing procedure and construction proce-
dure as relevant to the particular structure.

- i idered di i i ' floor or roof area of 70 m?
e is considered disproportionate, if more than 15 percent of Fhe
e col::ist that level and one adjoining level either above or below it, under a load equal to 1.05
collaps(imes the dead load, 0.33 times temporary or full imposed load of perma:ment nat.u.re and 0.33
x Oigwind load acting together. To avoid disproportionate collapse, the following conditions should
times

be sa!iSﬁed:

ildi tively tied together at each principal floor level and each column
% ’I::ull):l ;:lzgfzg?:lfyb;efg : posi)t,ion. Thegse ties may be steel members such as -beafns which
fnay be designed for other purposes or the shear connectors' which connect floor with beams
and columns, These connections should be f:a.pable of resisting:
(i) expected tensile force subjected.to a minimum of 75 KN.
(ii) one percent of the maximum axial comprt’:sswn in _t?le column. N )
) All column splices should be capable of resisting a tensile _forf:e .equal to the large:
tored dead and live load from the floor above or below th_e sl?llce. e
© Lateral load system to resist horizontal loads should be distributed throughout the building
irections.
d ;;:;lryo:rxi gz?tlsillizflld be effectively anchored in the direction of their spans either to each
) other or directly to the support.

(£ above provisions are not made design should be checked for disproportionate collapse.
a .

2.2 LIMIT STATES

.o+ ctates are the states beyond which the structure no longer satisfied the spef:iﬁed pedomce re-
Lu.nlt S/ents. The various limit states to be considered in design may be grouped into the following two

major categories:

@) Limit state of strength
®) Limit state of serviceability.

@ Limit state of strength: .

Jimit states, prescribed to avoid collapse of structure which may endanger the safety of life and
m;eny are grouped under this category. The limit state of strength includes:
propetp

(i) Loss of equilibrium of whole or part of the structu.re.
(ii) Loss of stability of structure as a whole or part of it.
(iid) Failure by excessive deformation.
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(iv) Fracture due to fatigue.
(v) Brittle fracture.

(b) Limit state of serviceability:

The limit state of serviceability include:

(i) Deformations and deflections adversely affecting the appearance or effective use of structure
or causing improper functioning of equipment or services or causing damage to finishings.
(ii) Vibrations in structures or any part of its component limiting its functional effectiveness,
(iii) Repairable damage or crack due to fatigue.
(iv) Corrosion. '
(v) Fire.

2.3 ACTIONS (LOADS)
The actions to be considered in a design are:

(1) Direct actions experienced by the structure due to self weight and external actions.
(2) Imposed deformations such as that due to temperature and settlement,
IS 800-2007, classified various actions in the following three groups:
(a) Permanent Actions (Qp): Actions due to self weight and fixed equipment etc.
(b) Variable Actions (Q,): Actions during construction and service stage such as imposed
loads, wind loads and earthquake loads etc.

(c) Accidental Actions (Q,): Actions expected due to explosions and impact of vehicles etc.

Characteristic Actions (Q,)

The characteristic actions (Q,) are defined as the values of di
exceeded with more than 5 percent probability,
actions by statistical analysis,

fferent actions which are not expected to be
during the life of the structure. One can work out these
in all special cases, subject to minimum values specified in codes.

In the absence of statistical analysis, the loads

presented in IS 875 and other special codes may be con-
sidered characteristic loads.

_Design Actions (Loads)

Noting the importance of safety in civil engi ieering structures and the uncertainties involved in the
analysis, design and construction, code specifies taking design actions as partial safety factor times the
characteristic actions. The partial safety factors specified by code for limit state of strength and service-

ability differ. The partial safety factors for loads are as given in Table 2.1 and design load Q,isto be
found as - '

0= 7 Out
p

where 3, is partial safety factor for kth load.
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o Table 2.2 Partial safety factors for materials Yon
: Table 2.1 Partial safety factors for loads, 77 for limit state ' [Table 5 of IS 800-2007]
I aple =
: 1 1 of15 §00-2007] — iti i
: ‘* , [Table 4o it State of Strength Limit State of Serviceability SI. No. Definitions Partial Safety Factor
| 1 | WL/EL AL PL LL WL/EL 1 Resistance, governed by yielding (7,,,) 1.10
DL __li___ ' —_— 2 Resistance of member to buckling ( Vo) 1.10
[ Accom- Acco.m- 3 Resistance governed by ultimate stress (7,,,) 1.25 -
’; ; /| i Leading  panying ‘
1 Combination Leading ~ panying o 4 Resistance of connections Shop fabrication Field fabrication
: om A, 1.0 1.0 . -
‘ : 1.5 1.5 L.05 N 0.8 a) Bolts-friction type 1.25 1.25
‘ +CL - 10 08 08 : VP Yoy - v
’ gi: ILi @ 12 12 1.05 U ‘_ y N _ b) Bolts-bearing type 7,, 1.25 1.25
WLEL 1.2 12 0.53 1? AT I - 1.0 ¢) Rivets-7,,, 1.25 1.25
\E 1.5 = S ’ X : d) Welds-y, 1.25 1.50
i DL+ WLEL 09) . ,
i 12 12 = ¥ B - [
’ ' DL+ = (09) 1.0 = - - - o . . . . .
1.0 0.35 0.35 - 2 arrangement. Elastic analysis may be used to find deflection. Design load for this se is the same
LL+AL g ysis may gn purpo
DL+ — as characteristic load (i.e. partial $afety factor % = 1.0) except when apart from DL, LL, CL and some
' NOIES: e of 07 DListo be considered if DL causes hiihl" :“lf'e f°’gl;.::ds:f$l°.:tymd 100 valpsjs to o congist more imposed loads are considered (Refer Table 2.1).
1. Lower ili ainst overturning while designin, - QE4 C . ) .
; conm'bum_‘[‘:::' s&bl:hl?n;ix ;t::i,avg&fh Wind Load, CL = Crane Load, AL = Accidental Load, ER = Erection Load and The deflection limits specified by IS 800:2007 are as shown in Table 2.3 [Refer next page].
5 2. DL=Dead '
: ¢ Load.
L= Batipsk 2.6 OTHER SERVICEABILITY LIMITS

i 4 DESIGN STRENGTH

Apart from deflection requirement, the design should also satisfy the following serviceability limits:
b he strength value of a material for design, the following uncertainties should be accounted:
‘ In using the $7*° :

- (a) Vibration limit
ility of unfavourable deviation of material strength from the characteristic value.

" (b) Durability consideration
@ POSS% i1 favourable variation of member sizes. ) (c) Fire resistance.
i () Poss-l:-l:ilg ::tt: ::faVOurable reduction in member strength due to fabrication and tolerances, and
! © POSS;ﬂ‘ainty in the calcylation of strength of materials. : Vibration Limit
i (d) Une . f materials by a partial safety factor %, Though most of the structures are designed for strength and then checked for deflection limits, some of
it 5 §00-2007, recommends reduction in the strength o the structures need check for vibration limits. The structures the floors of which support machineries,
| Her-‘c;ié seined 5 _ the flexible structures (with height to effective width ratio exceeding 5:1) etc., should be investigated
+ whic S . S for vibration under dynamic loads. In such cases there are possibilities of resonance, fatigue failures.
Vm = ie S d
"8, Von IS 800-2007 gives a set of guidelines to take care of vibration limits in its Annex C.
‘ —ultimate stren, -. ! " .
: where S, 1! gth | Durability Considerations
1: and ;- design strength _ The following factors affect the durability of a steel structure:
| . .
| as shown in Table 2.2.
; Triese values 41

_ (a) Environment

N LIMITS ‘ (b) Degree of exposure

2.5 DEFLECTIO (c) Shape of the member and the structural detail
(d) Protective measures

(¢) Ease of maintenance

limits are specified from the consideration that excess deformations do not cause damage to

Deﬂe?ﬁonD flections are to be checked to adverse but realistic combination of service loads and their
finishing. D¢

it
,
i
1
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{able23 Deflection limits
ﬂ .
[Table 6 in 1S 800]
Maximum
T_v.pe.of Deflection Design Load Member Supporting Deflection
@ ® 2 ) G
Live load/ Purlins and | Elastic cladding Span/150
Wind load Girts 1 Brittle cladding Span/180
Live load | Elastic cladding Span/240
Simpie span 1 Brittle cladding Span/300
Live load Cantilever | Elastic cladding Span/120
span Brittle cladding Span/150
Live load/Wind load Rafter Profiled Metal Sheeting Span/180
K] supporting Plastered Sheeting Span/240
b=
“ S Crane load
k (Manual operation) Gantry Crane Span/500
'3‘:' " Crane load KJ
H (Electric operation up
it 2 10 501) Gantry Crane Span/750
v: : a Crane load (Electric
‘f ? operation over 507) Gantry Crane Spar/1000
| 5 { Elastic cladding Height/150
= Masonry/Brittle cladding Height/240
No cranes Column ( Crane (absolute) Span/400
Relative displacement
= Gantry between rails supporting
g Crane + wind (lateral) crane 10 mm
= Gantry (Elastic cladding;
pendent operated) Height/200
Column/ Gantry (Brittle cladding; cab
Crane + wind frame |_ operated) Height/400
’ Elements not susceptible to
cracking Span/360
! - Floor and Elements susceptible to
b 8 Live load Roof cracking Span/360
) 5 Elements not susceptible to
) 1 cracking Span/150
£ |
2 Elements susceptible to
g Live load Cantilever cracking Span/180
g ) Elastic cladding Height/300
° = Wind Building { Brittle cladding Height/500
§ J Inter-storey St(?rey
51 wind drift - height/300
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A designer should refer to the IS code provisions given in section 15 of IS 800-2

007 and also to special-
ised literature on durability. - and also to special

Fire Resistance :

.Asteel_structure should have sufficient fire resistance level (FRL) specified in terms of minutes depend-
-ing upon the purpose for which the structure is used and the time taken to evacuate in case of fire. For

detailed specifications a designer may refer section 16 of IS 800:2007 along with IS 1641, IS 1642,
IS 1643 and any other specialised literature on fire resistance.

2.7 STABILITY CHECKS

{Xﬁer de.signing. a structure for strength and stability, it should be éhecked for instability due to overturn-
ing, uplift or sliding under factored loads. In checking for instability disturbing forces should be taken

as design loads and stabilising forces may be taken as design loads (factored loads) with lesser factor of
safety (0.9) as specified in Table 2.1.

A structure should be adequately stiff against sway and fatigue also.

. In the chapters to follow now onwards, design principles are made clear from the point of limit states

?f strength and deflections. In most of the buildings these are the predominant limit states, but in all
important and special buildings, a designer has to ensure that other limit states are not exceeded. "

Quaestions

—

. Explain the principles of
(a) Working stress method of design
(b) Ultimate load design.and
(c) Limit state design.

2. Explain how limit state method differs from working stress method of design.

3. Explain how limit state design differs from ultimate load design.

4. Explain the following terms
(a) Partial safety factor for loads
(b) Partial safety factor for material strength.

5. Distinguish between
(a) Factor of safety and partial safety factor
b) Characteristic loads and design (factored) loads.
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BOLTED CONNECTIONS

As steel structures are to be formed by connecting available standard sections there is need for designing

the following connections:

(a) different sections to form the required co
angles, channels, I-sections etc.)

(b) different members at their ends (e.g. secondary beams to main beams, beams to columns,
columns to footing or members of trusser etc.).

mposite section of 2 member (e.g. connecting plates,

The design of connections is very important because the failure of joint is sudden and catastrophic.
The following three types of connections may be made in steel structures:
(a) Riveted

(b) Bolted
(c) Welded.

In this chapter brief introduction.is given to riveted connection and detailed design procedure is ex-

. plained for bolted connections. The design of welded connections is explained in chapter 4.

3.1 RIVETED CONNECTION

Riveting is 2 method of joining together pieces of metal by inserting ductile metal pins called rivets into
holes of pieces to be connected and forming a head at the end of the rivet to prevent each metal piece
from coming out. Figure 3.1 shows connecting two plates by riveting,

Rivet holes are made in the structural members to be connected by punching or by drilling. The size of
rivet hole is kept slightly more (1.5 to 2 mm) than the size of rivet, After the rivet holes in the members
are matched, a red hot rivet is inserted which has a shop made head on one side and the length of which
is slightly more than the combined thicknesses of the members to be connected. Then holding red hot
rivet at shop head end, hammering is made. It results into expansion of the rivet to completely fill up the

rivet hole and also into formation at driven head. Desired shapes can be given to the driven head. The
riveting may be in the workshops or in the field.
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Riveting has the following disadvantages:

(a) ltis associated with high level of noise pollution.

(b) It needs heating the rivet to red pot.

(c) Inspection of connection is 2 sklll?d work.

(d) Removing poorly instglled rivets is costly.

(e) Labour cost is high. 8 . )
Production of weldable quality steel and introduction of higl} strepgth ﬁ‘lctlotl:l gnfp blc:(l)tls; :(Ii{f:n(l}llc ;Z;
replaced use of rivets. Design procedure for riveted connections is same as .at ord s

t that the effective diameter of rivets may be taken as nvet. holt? diameter instead o
::eiegf rivet. Hence riveted connection is not discussed further in this chapter.

3.2 BOLTED CONNECTIONS

A bolt is a metal pin with a head formed at one end and shank threflded at the other in Trde.r tgl re;:a;t\:i
a nut. Bolts are used for joining together pieces of metals by inserting them through holes in the

and tightening the nut at the threaded ends. Figure 3.2 shows a typical bolt.
Bolts are classified as:

(a) Unfinished (Black) Bolts
(b) Finished (Turned) Bolts ‘
(¢) High Strength Friction Grip (HSFG) Bolts.
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Bolt Head

ominal Diameter

e :
1 J Nut
1 “hank | QThﬂead

" Figure 3.2 Bolt and nut.

Unfinished/Black Boits

These bolts.are made from mild steel rods with square or hexagonal head. The shank is left unfinished i.e.
rough as rolled. Though the black bolts of nominal diameter (diameter of shank) of sizes 12, 16,20,22,24,
27, 30 and 36 mm are available, commonly used bolt diameters are 16, 20, 24, 30 and 36 mm. These bolts
are designated as M16, M20, M24, etc. IS 1364 (part 1) gives specifications for such bolts. In structural
élements to be connected holes are made larger than nominal diameter of bolts. As shanks of black bolts
are unfinished, the bolt may not establish contact with structural member at entire zone of contact surface.
Joints remain quite loose resulting into large deflections. The yield strength of commonly used black bolts
is 240 N/mm? and ultimate strength 400 N/mm?. These bolts are used for light structures under static loads
such as trusses, bracings and also for temporary connections required during erections.

Finished/Turned Bolts

These bolts are also made from mild steel, but they are formed from hexagonal rods, which are finished
by turning to a circular shape. Actual dimension of these bolts are kept 1.2 mmto 1.3 mm larger than the
nominal diameter. As usual the bolt hole is kept 1.5 mm larger than the nominal diameter. Hence toler-
ance available for fitting is quite small. It needs special methods to align bolt holes before bolting. As
connection is more tight, it results into much better bearing contact between the bolts and holes. These

bolts are used in special jobs like connecting machine parts subjected to dynamic loadings. IS 3640 cov-
ers specifications for such bolts. -

High Strength Friction Grip (HSFG) Bolts

The HSFG bolts are made from high strength steel rods. The surface of the shank is kept unfinished as
in the case of black bolts. These bolts are tightened to a proof load using calibrated wrenches. Hence
they grip the members tightly. In addition nuts are provided by using clamping devices. If the joint is
subjected to shearing load it is primarily resisted by frictional force between the members and washers.
The shank of the bolt is not subjected to any shearing. This results into no-slippage in the joint. Hence
such bolts can be used to connect members subjected to dynamic loads also. The successful introduction
of HSFG bolt resulted into replacement of rivets. IS 3747 specifies various dimensions for such bolts

"and for their washers and nuts. Commonly available nominal diameter of HSFG bolts are 16, 20, 24, 30

and 36 mm,
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3.3 CLASSIFICATION OF BOLTS BASED ON TYPE OF LOAD TRANSFER

on the basis of load transfer in the connection bolts may be classified as

(2) Bearing Type
.. (b) Friction Grip Type.

» afinished (black) bolts and finished (turned) bolts belong to béaring' type since the)f tt.ansfef shear
grce from one member to other member by bearing, whereas HSFG bolts belong to friction grip type

since they transfer shear by friction.

pdvantages of HSFG Bolis Over Bearing Type Bolts
HSFG bolts have the following advantages over unfinished or finished bolts:

1. Joints are rigid i.e., no slip takes place in the joint.

2. As load transfer is mainly by friction, the bolts are not subjected to shearing and bearing

stresses. . e )
3. High static strength due to high frictional resistance.

4. High fatigue strength since nuts are prevented from loosening and stress concentrations avoided

due to friction grip. '
5. Smaller number of bolts result into smaller sizes of gusset plates.

pisadvantages of HSFG Bolts
The following are the disadvantages of HSFG bolts over bearing type bolts:

1. Material cost is high. :

2. The special attention is to be given to workmanship especially to give them right amount

of tension.
3.4 ADVANTAGES AND DISADVANTAGES OF BOLTED CQNNECTIONS_ .

The following are the advantages of bolted connections over riveted or welded connections:

. Making joints is noiseless.

. Do not need skilled labour.

. Needs less labour.

. Connections can be made quickly.

. Structure can be put to use immediately.

. Accommodates minor discrepancies in dimensions.
. Altefations, if any, can be done easily.

. Working area required in the field is less.

G0 N ANV R WD
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The disadvantages of unfinished (black) bolt connections are listed hére. However it may be noted that

most of these disadvantages are overcome by using HSFG bolts.

1. Tensile strength is reduced considerably due to stress concentrations and reduction of area at

the root of the threads.

2. Rigidity of joints is reduced due to loose fit, resulting into excessive deflections.
3. Due to vibrations nuts are likely to loosen, endangéring the safety of the structures.

3.5 TERMINOLOGY

The following terms used in the bolted connections are defined below:

L. Pitch of the bolts (p): It is the centre to centre spacing of the bolts in a row, measured along the
direction of load. It is shown as ‘p’ in Fig. 3.3.

2. Gauge Distance (g): It is the distance between the two consecutive bolts of adjacent rows and
is measured at right angles to the direction of load. (Ref. Fig. 3.3)

— € e
— P }
g
P P
€ ja— e
Figure 3.3 Pitch, gauge distance and edge distance.
3. Edge Distance (e): 1t is the distance of centre of bolt hole from the adjacent edge of plate (Ref.
Fig. 3.3).
4. End Distance (e): 1t is the distance of the nearest bolt hole from the end of the plate (Ref.
Fig. 3.3).
5. Staggered Distance: 1t is the centre to centre distance of staggered bolts measured obliquely on

the member as shown in Fig. 3.4.

e | p |

Pl
_

,JTUJ

Figure 3.4 Bolt distance in étaggered bolts.
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3.6 1S 800-2007 SPECIFICATIONS FOR SPACING AND EDGE DISTANCES OF
BOLT HOLES

1. Pitch ;p’ shall not be less than 2.5d, where ‘d” is the nominal diameter of bolt.
2. Pitch ‘p” shall not be more than . .
(a) 16¢ or 200 mm, whichever is less, in case of tension members [Fig. 3.5},

P = 16t or 200 mm, whichever is less

i

(b) 12¢or 200 ram, whichever is less, in case of compression members where ¢ is the thickness
of thinnest member (Fig. 3.6).

P =12t or 200 mm, whichever is less

max
| gl
P = —r
; & & +
Figure 3.6

(c) In case of staggered pitch, pitch may be increased by 50 percent of values specified above
provided gauge distance is less than 75 mm.

3. In case of butt joints maximum pitch is to be restricted to 4.5d for a distance of 1.5 times the
width of plate from the butting surface (Ref. Fig. 3.7).

i
— T 1

t r

it B T s _ . H.RREE % [ 1
P g b

I LJ . L] . L] i L] LJ . . * % J'

Pimax S per clause 3¢ and p; ,, as per clause 2a or 2.

Figure 3.7 p,,,, for butt joints.
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4. The gauge length ‘g’ should not be more than 100 + 4¢ or 200 mm whichever is less.
5. Minimum edge distance shall not be

(2) Less than 1.7 x hole diameter in case of sheared or hand flame cut edges

(b) Less than 1.5 x hole diameter in case of rolled, machine flame cut, sawn and planed
. edges. o
6. Maximum edge distance () should not exceed

(a) 12r€, where e= ’%)- and ¢ is the thickness of thinner outer plate
¥y

(b) 40+ 4¢, where 1 is the thickness of thinner connected plate, ifexposed to corrosive influences

. 7. Apart from the required bolt from the consideration of design forces, additiona] bolts called

tacking fasteners should be provided as specified below.

(2) If value of gauge length exceeds after providing design fasteners at maximum edge dis-
tances tacking rivets should be provided
(1) At 32 ¢or 300 mm, whichever is less, if plates are not exposed to weather
(ii) At 16 ¢ or 200 mm, whichever is less, if plates are exposed to weather.

8. In case of a member made up of two flats, or angles or tees or channels, tacking rivets are to be

provided along the length to connect its components as specified below:

(a) Not exceeding 1000 mm, if it is tension member

(b) Not exceeding 600 mm, if it is compression member

This situation is shown in Fig. 3.8
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3.7 TYPES OF BOLTED CONNECTIONS

Types of joints may be grouped into the following two:
(a) Lap joint
————{b)-Butt joint
(a) Lap Joint |
" Itisthe simplest type of joints. In this the plates to be connected overlap one another. Figure 3.9 shows
a typical lap joints.
(b) ButtJoint

In this type of connections, the two main plates abut against each other and the connection. th mafg:
by providing a single cover plate connected to main plate or by double cover platgs, one on either si
connected to the main plates (Ref. Fig. 3.10).

Pt _ & —E—h — .p
PTw P il

T | .

I o o ©

! P | ’ P
P 1 0 P | © Q

' !

I o jo o

i [

(2) Single line bolting (b) Double line bolting

(¢) Chain Bolted (d) Zig-zag bolted

Figure 3.9 Types of lap joints.
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(2) Single cover butt joint

(b) Double cover butt joint

Figure 3.10 Butt joints.
3.8 TYPES OF ACTIONS ON FASTENERS

Depending upon the types of connections and loads, bolts are subjected to the following types of
actions:

(2) Only one plane subjected to shear (single shear)
(®) Two planes subjected to shear (double shear)
(c) Pure tension

(d) Pure moment

(e Shear and moments in the plane of connection
(f) Shear and tension. '

These cases are shown in Fig. 3.11.

3.9 ASSUMPTIONS IN DESIGN OF BEARING BOLTS

The following assumptions are made in the design of bearing (finished or unfinished) bolted connections:

1. The friction between the plates is negligible

2. The shear is uniform over the cross-section of the bolt

3. The distribution of stress on the plates between the bolt holes is uniform
4. Bolts in a group subjected to direct loads share the load equally

5. Bending stresses developed in the bolts is neglected.

Assumption 1 is not correct because friction exists between the
But this assumption results on safer side in the design.

Actual stress distribution in the
bolt holes. But with increase in |

plates as they are held tightly by bolts.

plate is not uniform in working conditions. Stresses are very high near
oad the fibres near the hole start yielding and hence stresses at other parts
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44 Design of Steel Structures Bolted Connections 45

start increasing. At failure, the stress distribution is uniform and the ultimate load carrying capacity is
given by the net area times the yield stress. .
The fourth assumption is questionable. The bolts far away from centre of grav.ity f’f bolt groups are
subject to more loads. In the ultimate stage all rivets have to fail, till then redistrfbutu?n of load \'wll be
taking place. Hence the assumption is not completely wrong. IS 800-2007 permits this assumption for | ﬁ\
0-
0-

| short joints (distance between first and the last bolt in the direction of load being less than (5 x d)). For
| ong a reduction factor has been recommended for finding the strength of joint. )
! [
P !
: s e o
i 7]
i P4_
‘ i l P
T —
) (e) Bolts subject to shear and tension (D) Joint subject to shear and moment in its plane
(a) Shedr plane on thread i '
Figure 3.11 (continued)
£
p—1— :- I J ——F
imy g
, 'ﬂ_ 3.10 PRINCIPLES OBSERVED IN THE DESIGN
P d ' |
l ’::\-j The following principles are observed in the design of connections:
P 1 P ‘ ’ :
P "
) n l 1. The centre of gravity of bolts should coincide with the centre of gravity of the connected
w \ members,
(b) Two planes subject to shear 2. The length of connection should be kept as small as possible.
T l 3.11 DESIGN TENSILE STRENGTH OF PLATES IN A JOINT
ainn i i . . i B
- - | : Plates in a joint made with bearing bolts may fail under tensile force due to any one of the following:
ri P [
}I:I 1. Bursting or Shearing of the edge (Fig. 3.12).
JSis=)) it 2. Crushing of Plates (Fig. 3.13). -
i LL_, * 3. Rupture of Plates (Figs. 3.14 and 3.15).

(c) Bolts in direct tension (d) Bolts resisting pure moment

The bursting or shearing and crushing failures are avoided if

the minimum edge/end distances
IS 800-2007 recommendations are provided. & 668 88 per

Figure 3.11 Actions on fasteners.
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46 Design of Steel Structures

If the minimum distances are ensured in a

joint, the design tensile strength of plate in the joint is the
strength of the thinnest member against rupture. This strength is given by

]:1,; - 0.9A"fu
Yl

|
' |

P | O< P
|

where
Figure 3.12 Bursting or shearing of plates.

Ymi =pattial safety factor for failure at ultimate stress = 1.25
Ju=ultimate stress of the materia]

| 4, =net effective area of the plate at critical section, which is given by
; 2
| ’ Psi
8 . | A, =|b-ndy+y £t |,
- oM — " [ B 24&_]
% | where
‘1. k | ; b =width of plaie
4 Figure 3.13 Crushing of plates. 7 =thickness of thinner plate in joint
}\' : . dy =diameter of the bolt hole (2 mm in addition to the diameter of the hole, in case of directly
!;j ‘ punched holes)
' ! & =gauge lengths between the bolt holes (Ref. Fig. 3.14)
. || g i R : Ps =staggered pitch length between lines of bolt holes
g P ; " =number of bolt holes in the critical section
| ‘ - i =subscript for summation of all inclined legs
j It may be noted that, if there is no staggering, p.; = 0 and hence,
Figure 3.14 Rupture of plate. 4n= (b~ ndo)t, which s the critical section shown in Fig. 3.14.
| 3.12 DESIGN STRENGTH OF BEARING BOLTS
i ‘ The design strength of bearing bolts under shear is the least of the following:
] y g—,_ T\\ l d, (a) Shear capacity (strength)
| & & t ‘1~ () Bearing capacity (strength)
I3 N
| Z, e b ""(a) Shear Capacity (Strength) of Bearing Bolts in a Joint
% . g—’ /:F . Design strength of the bolt, ¥, is given by !
I & NS 14 :
= | 1.4 Vagy = -2
y Vb ~
: Figure 3.15 Joint with staggered pitch. j'yVhere Vst nominal shear capacity of bolt and ¥mp = partial safety factor of material of bolt. '
L Downloaded From : www.EasyEngineering.net
i

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

48 Design of Steel Structures

In the above expression ¥, is givenby -

V —-f“—b(n,, Anb +nx Asb)

nsb—‘/g

where, _
fup = ultimate tensile strength of the bolt
n,, = number of shear planes with threads intercepting the shear plane
n, = number of shear planes without threads intercepting the shear pla.né
A, = nominal shank area of the bolt, and

A, = net shear area of the bolt at threads, may be taken as the area corresponding to root diameter
of the thread.

Ay = %(d -0.9382p)” , wherep is pitch of thread
=0.78 % 42 for ISO threads.

Note: In Fig. 3.11(a), per bolt, n, =1 and n;= 0 and in Fig. 3.11(b), per bolt, n, =1 and n,= 1.

Reduction Factors for Shear Capacity of Bolts
The code suggests the use of reduction factors for shear capacity in the following situations:

(i) Ifthe joint is too long

(ii) If the grip length is large
(iii) If the packing plates of thickness more than 6 mm are used.

" (i) Reduction Factor for Long Joints ()

If the distance between the first and the last bolt in the joint (/;) measured in the direction of load exceeds
15d, the shear capacity ¥, shall be reduced by the factor §; given by '

I3
J
£y =1.075-0.005 ¥
subjected to the limits 0.75 < f;; < 1.0, where d is-nominal diameter of bolt.
(ii) Reduction Factor if Grip Length is Large (f3,)

If the total thickness of the connected plates' exceed 5 times the diameter 4 of bolts, the design shear
capacity ¥, shall be reduced by '
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8d
Ag = 3d+1, +l,

subject to conditions maximum value = By, where Ip=grip length = total thlckness of the connected plates.
In no case I, be greater than 84.

(iii) Reduction Factor if Packing Plates are Used (,6;,k )

If packing plates of thickn ' : - e
by a fact frp . ckness more than 6 mm are used in the joint, thgn shear capacity is to’be reduced

Bk=1~0.0125 [
where £, = thickness of the thicker packing in mm,

Thus bearin i in s is 2.
g capacity of the bolts in shear is. —\/“? (s Anp + 1, A ) Big Bok
(b) Bearing Capacity of Bolts (Vaps)
" IS 800-2007 suggests the following procedure to find bearing strength of bolts:

np

Vd =
dapb
Vmb

where Vips =design bearing :strength

Vups =nOminal bearing strength
and ¥ab =partial safety factor of material = 1.25 (Table 2.2).
Nominal shearing strength may be found from the following relation:

Vnpb = 2.5 Kb dff;l

where X, is small —_ ——-0 Ju
b smaerof3d 3, 25fulO

in which e, p = end and pitch distances.
dg = diameter ofhole. _
Jub» £, = ultimate tensile stress of the bolt and plate,

d = nominal diameter of the bolt,

!=summation of the thickness of the connected pl
_ ne plates expsriencing bearing stress in th
If bolts are counter sunk; it is to be reduced by the half depth of counter sxﬁkmg " same direction
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313 DESIGN PROCEDURE WITH BEARING TYPE BOLTS SUBJECTTO
" SHEARING FORCES

Determine the design joi i i i diameter
hed i i t. Then select connection with suitable

i ign (factored) action acting on the join . .

‘ bo1 ltst Detjmiie the stre)ngth of connection and ensure that design strength is not less than the

! of the -

5 SR S

design action. The following information is useful in the design of joint:
esign action.

(1) Diameter of bolt hole:

i i 22 24 30 36
- Nominal size of bolts (@) inmm 12 14 16 2<2> 2N
piameter of bolt hole (dp) in mm 13 15 18 ; . >
:J 'j Quter diameter of washersinmm . — - 30

j .

(2) Area of bolt at root (4,,,):

Ap=078 Ay

Fp
where Ay, = area of bolt at shank = i d

rties of materials of bolts:: Commonly used bolts have the following material properties (IS
(3) Properties.
1367):

\=
‘%

Grade 46  f,,=240MPa  f,, =400 MPa
Grade 48  f,,=320MPa  f,, =420 MPa
Grade 5.6  f;5=300MPa  f,, =500 MPa
i Grade58  f,=400MPa  f;,=520 MPa

(4) Properties of rolled steel sections: These values have been shown in Appendix.

3.14 EFFICIENCY OF A JOINT

i - i i jon. It is usually expressed
i tis defined as the ratio of strength of joint and strength of solid plate in tension.

o in percentage. Thus,

| i Strength of joint

1 efficiency 7 = Strength of solid plate

. . d
gth of solid plate is less in yielding compared to tearing of solid plate. For example, consider

Stren, . !

" Fe415 plates. :

" /,=250 Nimm® £, =410 N/mm

Fo=ll %y=125

'.‘ - Downloaded From : www.EasyEngineering.net
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Design strength of solid plate per unit area

(2) in yielding is —215—10 X 1=227.27 N/ mm?
(b) in rupture is O'SIL;S“O x1=295.2 N/mm?

Hence strength of solid plate is governed by its strength in yielding,
Strength of joint is the smaller of strength in shear and strength in bearing,

Example 3.1

Find the efficiency of the ap joint shown in Fig. 3.16. Given: M20 bolts of grade 4.6 and Fe 410 (E 250)

Solution:

. For M20 bolts of grade 4.6,

diameter of bolt, d=20 mm

diameter of bolt hole, dj = 22 mm

~ Ultimate strength Jub =400 MPa
- Partial safety factor, =125

For Fe 410 (E 250) plates,

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net
5?2 Design of Steel Structures

Ultimate stress, f, =410 MPa

Partial safety factor, J,; = 1.25

Strength of plates in the joint:
Thickness of thinner plate, £ =20 mm
Width of plate b= 180 mm
There is no staggering pg; =0
Number of bolt holes in the weakest section =3
~ Net area at weakest section
A,=[b—ndy+ 0]
— [180 — 3 x 22] x 20 = 2280 mm’
Design strength of plates in the joint

091, 4, _0.9%x410x2280
Ty 1.25

Tdn

= 673056 N =673.056 kN.
Strength of Bolts:
Total number of bolts = 6
(i) Design Strength in Shear:
Number of shear planes at thread », = 1 per bolt.
Number of shear planes at shank n, = 0 per bolt.

Total n, =1 x 6 =6 and total n,=0.

Ay =0.78% 54’—(13 = 0.78><%x202 =245 mm’

There are no reduction factors i.e. £;= G, = B =1

Nominal shear strength,
Vnsb = 'j—j}"—;— (nn Anb +n Asb)

_400 (6% 245+ 0) = 339482 N =339.482 kN
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Design strength in shear,
3 v 339.
Vp = 2L =230482 1 ss6kN
Pmb 25

(ii) Design Strength in Bearing:
Nominal strength
Vapt, =2.5 Kydt f,

where K5 = least of the following:

e 30
= 04545
® 32 "3x2 ,

)4 60
—-025=——-0.25=0.6591
®) 3d, 3x22
fu 400
Zub - 7~ 0.9756 -
9 "0
(@ 10

Note: Edge distance provided is less. Hence it is critical in this case.
K= 0.4545 '

"« Vopp =2.5 % 0.4545 x 20 x 20 x 410 = 186345 N per bolt

Vipp 186345
Design strength = ;—p =
mb

=149076 N

. Design strength of joint=6 149076 = 894456 8 N
' = 894.456 kN
Design strength of bolts in joint=271.586 kN < T,,.
Strength of joint = 271.586 kN.

Efficiency of Joint:

" Area of solid plate = 180 X 20 = 3600 mm”,

Design strength of solid plate

f 250
=—y~xAg ==—x3600=818181.8 N=818.182
'Vmb 1.1
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Strength of joint
Strength of solid plate
_271.586
" 818.182

Efficiency of the joint = x100-percent

x100=33.19%

Example 3.2
Find the efficiency of the joint, if in the above example instead of lap, butt joint is made using two cover
plates each of size 12 mm and 6 numbers of bolts on each side.

Solution: ] _
In this case strength of plates and strength of bolts in bearing are same as in example 3.1. Strength in
shear is different, since in each bolt a section in root and another section at shank resist shear. Thus in

this case total number of section resi_sting shear at shank n, =6

T
Ay —%dz =%><202 =314.16mm’, 4, =078 7 o =245 mm’

= % (nn Anb + 1y Asb)
400

B

=774795 N
=774.795 kN

Nominal shear strength

(6x245+6x314.16)

Design shear strength = 7714'27595 =619.836 kN

=894.456 kN

Design strength in bearing (see example 3.1)

Design strength 6fboltr =619.836 kN
Design strength of plates T;,, = 673.096 kN

Note: Since total thickness of cover plates = 2 x 12 =24 mm which is more than thickness of the
plates, strength of plates is the strength of main plates only.

Design strength.of joint = 619.836 kN

Design strength of solid pla =$i0—><180><20=818182 N =818.182kN

619.836
) fioint = x 100
Efficiency of join 818.182

=75.76% Answer
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Example 3.3

‘/:‘:)t(snk;r shell is made.up of 14 mm thick Fe:415 plates. If the joint is double bolted lap joint with M 16
olts of grade 4.6 at distances of 50 mm, determine the design strength of the joint per pitch width. Is it

a safe design if the internal diameter of bolt is 1 m and steam pressure is 1.2 MPa?

Solution:

Since tbe‘ boiler is subjected to boop tension, the pitch of joint is as shown is Fig. 3.17. In such cases
strength is worked out per gauge width of joint and checked for safety and efficiency.

Strength of Plate per 50 mm width:
Diameter of bolts d'= 16 mm.
Diameter of bolt hole dj = 18 mm.
Strength of plate per 50 mm width:
t=14mm, b=p=50mm, fu=410 MPa
No. of bolts in double bolted joint per 50 mm width n = 1
“+ 4y =(50 -1 X 18) X 14 = 448 mm?
Design strength of plate per 50 mm width.

_ 0.9x410x448
n = ———————=132250 N=132.250 kN

3 1.25

Strength of bolts per 50 mm width:

Since it is lap joint, sh 1 = i i
— p j car planes at shanks = 0. As there are two bolts per pitch width considered

]
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_ N2
Area of bolt at roots'= 0.78X 1 (16)

= 156.83 mm’
400 ‘
. Ultimate strength Vs = Nl (0+2x156.83)
=72436 N

Vush _ % = 57949 N =57.949 KN

Pmb

. Design strength, Vo =

Design strength in bearing:
Ultimate strength in bearing per bolt:
K, is least of the following:

(a) 3% , since ‘e’ is not given; assume that sufficient edge distance is provided and hence
0

it will not decide Kl,

® P 02522 _025=06759 °
3d, 3x18 .

© Lfﬂ'L:%%:O.wss
u

@ 1.0.
K, =0.6759.

Ultimate bearing strength of each bolt
=25K,dtf,
=25x0.6759 % 16 x 14 x 410 = 155187 N =155.187 kN
As there are two bolts, design strength of bolts in bearing = 2 X 155.187 = 310374 KN > V4,
Design strength of bolts = 57.949 kN. '

Strength of joint per 50 mm width is lesser of design strength of bolts (57.949 kN) and strength of

plate (132.5 kN).
Design strength of joint = 57.949 kN per 50 mm width.

To check the safety of joint:
P D

r

2t

Action of applied force is a hoop strers =
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where P, is applied pressure and D is diameter of boiler.

©_1.2x1000 5
| Toxid = 42.857 N/mm
.+ Force per 50 mm length =42.857 x 14 X 50
=30,000 N
=30kN

Factored design action - | 5 x 30 = 45 |
Design strength = 57.949 kN > Design action.

_ Hence the design is safe. Answer

'-_r.Example 34
;A»Check the safety of the joint, if in the example 3.3, zig-zag 'bolting,ié used as shown in Fig. 3.18

\ ~|50mm je—  —! 50mm |~

2 2
« o 1 —— i
. N o s
2 ) ’/ ) -
Figure 3.18

7 Solution: _
Consider the strength of joint per 50 mm width as shown in the figure.
d=16 mm Sdp=18mm  r=14mm

“Number of bolts per 50 mm width =2
Design strength of plate:

It should be checked along section (1)~ (1) and (2) - (2) as shown in Fig. 3.18.

Net cross sectional area resisting tearing along

@) Section (1) = (1) Ax; = (b~ ndp)t = (50~ 1 x 18) x 14 = 448 ram®
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2
(b) Section (2) - (2), Any = [b —ndy + Zf—":lt
8i

2
=|50-2x18+2x 40 x14
4x25

= 644 mm?
Section (1) — (1) is weaker.
Hence plate strength

7 =O.9x448x%=132250 N

=132.250 kN

Strength of bolt per 50 mm width of joint:
a) In shear=57.949 kN

b) In bearing = 155.187 kN (As in previous example)

3l ~ Strength ot joint = 57.949 kN

Design action =45 kN

Design strength (57.949 kN) > Design action (45 kN)
Design is safe.

Example 3.5

" uséd.

Solution:

For M20 bolts of Grade 4.16,
d=20mm dy=22mm £, =400 N/mm?.
For grade Fe 410 plates, Ju =410 N/mm?,

i " Downloaded From : www.EasyEngineering.net

Find the maximum force which can be transferred through the double covered butt joint shown in Fig.
3.19. Find the efficiency of the joint also. Given M20 bolts of grade 4.6 and Fe 410 steel plates are
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OO 06 imensions i

[ 40] 60 160 | 40| All dimensions in mm
Figure 3.19

Nominal strength of one bolt in shear (double shear)

S (o7 2 P4

=28 IxZd? +0.78x 2 42
N 4 )
400 n

=——(1.78)xZ 202
(L78)

V3
=129143N
Design strength of one bolt in double shear

12
120143 =103314N
1.25

Design strength of joint in double shear

=6x103314=619886 N = 619.886 kN
Strength of bolts in bearing:

K is the least of the following:

e b Jup
—,=—=0.25242 1,
3dy " 3d, £ 0

. For bolts at section (3) — (3), its least of

40 60 400
) -0.25,—, 1.
3x22 3x22 410 10
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ie., Ky =0.6061 . '
For bolts on section (2)—(2) and (1)—(1), ‘e’ is large. Hence
K = Kj> =0.6591, which is governed by 3%0— -0.25
Nominal strength of six bolts in bearing
=3(2.5%0.6061 X 20 x 16 X 410) +3 (2.5 x 0.6591 x 20 x 16 x 410)

= 1244957 N
Design strength in bearing — 1244957
1.25
=995965 N

=995.965 kN > 619.886 kN
Strength of bolts in the joint = 619.886 kN and strength of each bolt = 103314 N
Strength of plate:
It is to be checked along all the three sections. .
Now, £ = 16 mm (least of the thicknesses of cover plates and main plate)

f, =410 N/mm?

(a) Atsection (1) —(1)

L 09f,4, 09x410(200-22)x16
a5 125

=840730 N

(b) At section (2) - (2) _
When this section fails, bolt in section (1) — (1) also has to fail. Hence strength of plate-at section
@-2

0.9x 410 (200 -2x22)x16

" = +103314
! 1.25

=840133N
At section (3) - (3)

T, = Plate strength + strength of 3 bolts

0.9%410(200-3x22)x16
- 1.25

+3x103314

=942851N
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< Strength of plate in the joint = 840133 N

=840.133 kN

’

= Strength of joint = 619886 kN

-~ Maximum design force that can be_ transferred safely = 619.886 kN.

*. Permissible force at working condition = 61. 19'§86 =413.257kN - Answer

Design strength of solid plate = 250%200x16 _ 127272 N
_ 1.1

=727.272 kN

- Efficiency of the joint = 619.886 x 100 = 85.23%

727.272 answer

.Example 3.6

Two cover plates, 10 mm and 18 mm thick are connected by a double cover butt joint using 6 mm cover

plates-as shown in Fig. 3.20. Find the strength of the joint. Given M20 b
ey ] en olts of grade 4.6 and Fe 415

6 mm cover plate .
I8 mmplate = fT—, =i < i /Packmg plate
A\ [ rz T 1 /rﬁqmmz\—l 0 mm plate
— 1
g i S
L 6 mm covgr plate Tacking rivet

. [} ‘ =

i 40

. © a1 0% L LE7S
I 60
) ® @ I o ® _’L
= ¢

[0] 0] [0] ®
.' 40 ©

1401 60 40|

All dimensions in mm

Figure 3.20
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Solution: . . . . .
Note: Strength of tacking rivets are-not to be considered in the design.

In this connection packing plate of 8 mm thickness is to be used. Hence there shall be reduction in the
n . .
shear strength of bolt. The reduction factor is.given by

B = (1-0.0125 1)
=1-0.0125x8=0.9

. Nominal shear strength of one bolts in double shear

£ 4 ﬂ' 2
—p bl 1xZ 420782 a
—ﬂpkjg[lx4d 20 4

_ =0.9xﬂ(1.78)x%x202

3
= 116228 N
Design shear strength of one bolt in shear

116228
T 125

=92982.6 N

Design shear strength of 6 bolts in the joint
=6x92982.6 =557896 N

=557.896 kN
Strength of bolts in bearing:
K, is the minimum of
e P g5 du 10
3d,’ 3d, 1.
20 o 25, @9, 1.0
e _ 3x22° 3x22 410

K, =0.6061.

Nominal strength of one bolt in bearing = 2.5 K}, dt f,
=2.5%0.6061 x20x 10 x 410

=124250.5N
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Note: Thickness of thinner plate = 10 mm

<. Design strength of a bolt — 12?2% = 99400 N

Design strength of 6 bolts in bearing = 6 x 99400
=596400 N.

'=596.4 kKN > 557.896 kN
- Strength of bolts in connection - 5 57.896 kN.

Strength of plates in the joint = Strength of thinner plate at weakest section.

« Design strength of plate

_094, f, 0.9x[200-3x22]x10x410
\ 1.25

=395568 N

=395.568 kN < 597.896 kN

Design strength of the joint= 395 568 kN Answer

Example 3.7

Design a lap joint between the two plates each of width 120
and the other is 12 mm. The joint has to transfer a design
Use bearing type bolts.

mm, if the thickness of one plate is 16 mm
load of 160 kN. The plates are of Fe 410 grade.

Solution:

Using M16 bolts of grade 4.6,

d=16mm dy=18mm and Jfup= 400 N/mm?
Strength of a bolt:

Since it is lap joint bolt is in single shear, the critical section being at the root of bolt.
Nominal strength of a bolt in shear= Jib 1x0+0.78x ~ 42
B 4
=200 0.78x ZEx16?
B 4
=36218 N.
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64 Design of Steel Structures.

36218

Design shear sirength =28974 N.

Minimum edge distance to be provided =15x%x18=27 mm

- Minimum pitch to be provided =2.5% 16 =40 mm.

Providing ¢ = 30 mm, p =40 mm,

30 40 400

t 25, — and 1.0.°
Ky is leas of3 T 3x18 210

ie., K;=0.4907
Nominal bearing strength - 3 5 x, dt £,
| =2.5%0.4907 x 16 X 12X 400
=94222N

Design bearing strength = 2141222?2 =75378 N

Design strength is lessor of shearing strength and bearig strength.
Design strength of a M16 bolt - 28974 N
=28.974 kN

Hence to transfer a design force of 160 kN,

No. of bolts required —
28 974

Provide 6 bolts. They may be provided in two rows with a pitch of 40 mm as shown in Fig. 3.21.

/— 12 mm plate

16 mm plate—\
/

\

(o]
©
[o]

T
|
I
|
!
!
1
1

[*~S

| 30] 40 | 40 |60}

Figure 3.21
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Check for the strength of plate:

0.94, /, _ 0.9%(120-2x18)x12x410

T, =
T 125

|

=297562 N = 297.562 kN > 160 kN safe.
—~Example 3.8

Design a single bolted double cover butt joint to connect boiler plates of thxclcness 12 mm for maximum
-efficiency. Use M16 bolts of grade 4.6. Boiler plates are of Fe 410 grade. Find the efficiency of the

jOlﬂt

Solution:

d=16mm dy=18mm f,; =400 N/mm?
f,=410 N/mm? =12 mm

.. Since it is double cover butt joint, the bolts are in double shear one-section at shank and another at
""" root.

—— Nomina] strength of a bolt in shear

=@(1x 16> +1x 0.78x = x16*
BT z

= 82651 N
.- Designstrength in shear = ——— =66121 N | ' (@

Assume bearing strength is more than it. To get maximum efficiency, strength of vlate per pltch width
-+ Should be equated to strength of a bolt.

7 To avoid failure of cover plates, the total thickness of cover plates should be more than the thxclmess
= .of main plates. Provide cover Pplates of 8 mm thicknesses.

. §= Design strength of plate per pitch width

. _0.9x410(p-18)x12
‘ B 125

' =35424 (p-18) ®)
Equating (a) to (b) to get maximum efficiency, we get,
: 3542.5 (p - 18) = 66121
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-66 Design of Steel Structures

p=36.67mm.
Minimum pitch = 2.5 x 16 = 40 mm.
Provide bolts at p = 40 mm.

“Check for strength of bolt in bearing:

. . e p Jub
t f —, =———025 ==, 1.0
K is the minimum o 34, 34, 7,

Assuming sufficient ‘e’ will be provided
K, =0.4907

Design strength of bolt in bearing

_ 2.5%0.4907x16x12x400
- 1.25

=75372 N> 66121 N

Hence, the assumption that bearing strength is more than design shear is correct.

Since pitch provided is slightly more than required from strength consideration of the plate, the |

strength of plate is more than the strength of the bolt.
- Design strength of joint per 40 mm width = 66121 N.
Design strength of solid plate per 40 mm width

_250x40x12 _ hong1 N
1.1 .
Maximum efficiency of joint 109091
= 60.61% Answer

~ 3.5 ECCENTRIC CONNECTION WITH BEARING BOLTS WHEN LOAD IS IN
THE PLANE OF GROUP OF BOLTS ’

If the line of action of the load does not pass through the centre of gravity of group of bolts, the connec- |-

tion is known as eccentric connection. There are two types of eccentric connections.

(a) Line of action of eccentric load is in the plane of group of bolts [Fig. 3.22].
(b) Line of action of the eccentric load is in the plane perpendicular to the plane of group of bolts

[Fig. 3.23].
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'IIJ'he eccefltric lo;;i P may be replaced by load P acting through centre of gravity of bolts plus moment
X e acting on the joint. In the connection shown in Fig. 3.22 bolts are subjected to di

: . 3. to direct

and shear force developed to resist moment P x e. ! Snhe

In the eccentric connection shown in Fi j i
g. 3.23 bolts are subjected to direct she ion i
developed to resist bending moment. o eac ension i bolts

Case (a) is discussed in this article whereas case (b) is discussed after presenting codal provisions for

L\ tension capacity of bollts and codal specifications for the design of bolts subjected to shear and tension.

Consider the eccentric connection shown in Fig. 3.22 which is subjected to factored (design) load P at

- an eccentricity ‘e’. This load s equivalent to

(a) An axial load P and
{(b) amoment Pxe,

: Let 1 be the number of bolts in the bracket connection.
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| I Y=

Figure 3.23

Direct shear force in a bolt F = % and it acts in vertical direction.
n

It is assumed that the bracket is rigid and therefore the force in the bolt'd}le to moment will dgfeiri(iln 1;1;(;1;
its radial distance from the centre of gravity of the bolts and will act at right angles to the radia
-shown in the figure.

Fyecr, or Fp=Kr-

whete X is the constant of proportionality.

K can be found by equating resisting moment to applied moment. Thus
ZFZ r=P-e
Y Kr*=P-e

P-e
K—-—E’—rz-
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The resultant of F and Fy act on the bolt. If *6” is the angle between F. 1 and F, then the resultant F is
given by '

F=R?+F} +2F, Fyc050

- It may be noted that farthest bolt is subjected to maximum force-

Example 3.9

- Abracket plate bolted to a vertical column is loaded as shown in Fig. 3.24. If M20 bolts of grade 4.6 are
- used, determine the maximum valueof factored load P which can be carried safely.

T~

| P (Load per bracket plate)

f

10 mm plate

ez

ISMC 300

Figure 3.24

- For M20 bolts of grade 4.6, d=20 dp=22 mm . £, =400 N/mm?
" For rolled stecl sections, f, =410 N/mm®

¥ Thickness of web of ISMC 300, is

= 7.6 mm [Refer steel table].
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gince this is a lap joint between bracket plate and web of ISMC 300, the bolts are in single shear.
Design strength of bolts in shear '

= %x%(o.ﬁix%xzoz )
=45272 N
gtrength in bearing against 7.6 mm web of ISMC 300:
K is the least of
-5231;, %—o.zs, f':’ , 10
ie. least of 12(:(_220 . 3522 —0.25, :—(1)% 1.0
ie. K, =0.96212

Design strength of a bolt in bearing

1
=——X25k, dt
1.25 vty

=Lx2.5x0.96212x20x7.6x410
1.25

=119919 N> 45272 N
Design strength of a bolt is =45272 N
Force in extreme bolt:
Direct shear force Fj =—§ =0.2P

Centre of gravity of bolted connectioh is at the centre of central bolt.

For four bolts, r = J80% +60% =100 mm.
For central bolt r =0

Y r? =4x100% +0=4x100x100

For extreme bolf r = 100 mm.

. . _ Pxexr _ Px250x100
Force due to bending moment in extreme bolt = 2,‘2 = 4%100x100

=0.625P
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Angle between the two forces is given by, 6 where cosf = 80 =06

_ 100
Total shear force-on extreme bolt

= \/( 02P)” +(0.625P)" +2x0.2Px0.625Px 0.6
= PJ(0.2)° +(0.625)° +2x0.2%0.625% 0.6

=0.76199 P
Equating it to strength of bolt we get

0.76199 P = 43272
P=59413 N

P=59413kN Answer
- Total factored load on bracket =2 P=2 x 59.413 = [18.426 kN

3.16 DESIGN OF BEARING BOLTS SUBJECTED

TO ECCE
THE PLANE OF BOLTS NTRIC LOADING IN

Let ‘n’ be the number of bolts, uniformly spaced at a distance P- The force in a bolt is proportional to

its distance from the neutral axis. Thi i :
sirglaf utral axis. This maximum force in the extreme bolt should not exceed the bolt

Average force per unit depth at'extreme end

Maximum force

Total force above the neutral axis

Total force below neutral axis is also equal to F and acts in the opposite direction. These two forces form
nt. Let M be the factored applied moment. Then

M=Force x Lever arm

So——— L Tpp
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,Dll [ ] T 1 : ¥4
. 4 -
p F
— 9
]
[ np
= np
s (tp
[ ]
— ¢
P
— ¢ F
p i
@0 == i R
Figure 3.25
. 6M n-1
n=——
Vp n
6M
n= |—
p

This approximation is on safer side.

{here are two vertical lines of bolts, a value of 2V is used and ‘n’ obtained is the number of bolts re-
{fquired in each row. After arranging the bolts, the connection is checked for its safety.

gxample 3.10
A bracket is bolted to the flange of a.column as shown in Fig. 3.26, using 8 mm thick bracket plate.

Using M20 bolts of grade 4.6 design the connection.

Solution:

Flange thickness of ISHB 300 @ 577 N/m is 10.6 mm. Thickness of bracket plate is 8 mm. Hence
hickness of thinner member in the connection is 8 mm. For M20 bolts of grade 4.6,

j=20mm dy=22mm f,; =400 N/mm®
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i 300 kN
I 350 mm

8 mm bracket plate

ISHB 300 @ 577 N/m

250 mm

Figure 3.26 Load on each plate of bracket

For the rolled section f, = 410 N/mm?

Bolts are in single shear.

Design strength of a bolt LX@Q(O +0’78x%x202)

125 3
ie, Vg=4522N '
Strength of bolt in bearing:

Kyistheleastof ¢ p

, 0.25, Ju and 1.0
3d0 3d0

u

Adopting two rows of bolting, with edge distance of 55 mm and pitch of 50 mm (>2.5 dp), Ky is the
least of ‘

S 30 525 400 410
3x22" 3x22 410 :

ie, _ K, =0.5076

Vapp = —1——x2.5x0.5076x20x8x410= 64972 N
1.25 :
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Design strength of bolt, V=¥V =45272 N
M= 300 x 350 KN-mm = 300 x 1000 x 350 N-mm.

Number of bolts required per row
6M
n=
2xVp
/| }6x300x1000x350 ~11.79
2x45272x50

Provide 12 bolts in each row as shown in Fig. 3.27.

Distance of extreme bolt from centre of gravity of bolts

r =702 +275% =283.77 mm

% =4[26‘,(x,-2 +y,-2)]

i=]

= 4[6x 702 + 252 + 752 +125% +175% +225% + 2752]

= 832600 mm?
Fl
—{ 70 | 70 I«——
F
9 — @ —:
50 N
. [0)] d)go
50 H
e o) o
50
275 —. ® 0]
50
—_ ® ©
50 ‘
Lo le Yool
o) o)
0 o)
o) o)
o) o)
e o)
® ®
Figure 3.27
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Force in extreme bolt due to bending

Direct shear force

- Per _ 300x1000x350x283.77
> 832600
F,=35786.5N
tan 9= 25 o
% =0 =75719 Hence cos 6= 0.24668

A= 300x1000

=12
Ix12 500N

Resultant force on extreme bolt

Design is safe.

" According to IS 800-2007, clause 10.3.5, nominal tension capacity of bolt T,
n

=R+ Ff+ 2 F F, cos@
=12500% +35786.52 + 2x12500x35786.5% 0.24668

=40714N <V,

Hence provide 24 M20 bolts as shown in Fig. 3.27.

- 3.17 TENSION CAPACITY OF BOLTS

5 is given by,

T =09 fip 4, < it Asb Vb

mo

- and design capacity T, is given by

Tdb = M < ’/-Vb A-‘b
7mb ymo
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where )

fop = ultimate tensile stress of bolt

L= yield stress of the bqlt

A = net area of the rest of bolt and

A:b = shank area of the bolt.

For ordinary (bearing-bolt) bolt of grade 4.6,

fup =400 N/mm? £, = 240 N/mm”

2 2
= A A, =24
4,=0.78 ’4Zd " ‘42

Si

Yup =125 Yo=1.1
Hence,
0.9x400x0.78(%]d2 240x(%)d2

- <
Ty = 125 1.1

=176.432 d* < 171,360 d*
o Ty =171.360

Thus yield stress criteria governs the tension capacity i.e.

7T 2
40x —d
2 4

T =77

If T, is factored tensile force, the design criteria is Ty < Ty

3.18 DESIGN CRITERIA FOR BOLT SUBJECTED TO COMBINED SHEAR
AND TENSION

According to IS 800-2007, clause 10.3.6, a bolt required to resist both design shear force ¥, and design
tensile force 7}, at the same time shall satisfy

2 2
Yo | B | <10
Vay Ty

where V5 — design shear strength and T, — design tensile capacity of bolts.
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3.19 DESIGN OF BEARING BOLTS SUBJECTED TO ECCENTRIC LOADING

CAUSING MOMENT IN THE PLANE PERPENDICULAR TO THE PLANE
OF GROUP OF BOLTS

This type of connection is shown in Fig. 3.23, Referring to Fig. 3.28, let P be factored load at 4n eccen-

ed to a direct shear force P and moment M=Pxe.

- If there are “#” number of bolts in the connection, direct design shear force on each bolt is given by

V"b =—

“on

_ The moment causes tension in top side and compression in the bottom side. On tension side, only bolts
resist load but on compression side eritire contact zone between the columns and the connecting angle
- resist the load. Hence the neutral axis will be much below in these connections. It is assumed to lie at a

* height of %th of the depth of the bracket, measured from the bottom edge of the angle..

"~ The variation of the force is as shown in F ig. 3.28(c).

—The tensile force in a bolt 7}, is proportional to its distance y; from the line of rotation.

hi7

Figure 3.28
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Tbi“)’i

= ky;, where k is constant.

p=Tb
i

Total ;1;(;ment of resistance M’ provided by bolts in tension.
2
M'=27izi Yi =zk}’i

7.
=k2y?=—y”%2y.-2
H

M’y
Tbi - )
* Yi
Total tensile force in bolts
M 'Z Vi
T=N71.=
21 Y 7
For equilibrium,

total tensile force = total compressive force

' Taking moment about neutral axis,

2k
M=M +C37_
n
=M1 E———Zy'z
21 z}’i_
M= M
o Yy
or 1+E‘i_2‘
i Yi ]

Tensile force Tz, in extreme bolt can be found.
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This equation gives the moment resisted by the bolts in tension from which the maximum tensile force
in the extreme bolt 7, can be calculated, Then the design requirement is

2 2
Vo | o[ e <10
Vao T

Step 1: Select nominal diameter ‘4 of bolts,
Step 2: Adopt a pitch (p) of 2.5d to 3d for bolts,

Steps to be followed in the design:

Step 3: Bolts are to be provided in two vertical rows. Number of bolts necessary in each row is com-

puted from the expression,
oM
n= [——
( i 4 ) p

where M is the moment on the joint and V' is the design strength of bolt.

. Step 4: Find the direct shear and tensile forces acting on the extreme bolt. If it is HSFG bolted con-

nection add prying force (Ref. Fig. 3.23) to direct tensjon. Check whether the interaction formula is
satisfied.

- Example 3.11

Design a suitable bolted bracket connection of a ISHT-75 section attached to the flange of a ISHB 300

" 2t 577 N/m to carry a vertical factored load of 600 kN at an eccentricity of 60 mm. Use M24 bolts of
" grade 4.6. [Ref. Fig. 3.28] .

Solution:

For M24 bolts of grade 4.6,

d=24mm dy=26mm £, =400 N/mm? £ =240 N/mm?
For rolled steel section, £, = 410 N/mm?

Thicknéss of flange of ISHT 75 (from steel table) = 9 mm.

For ISHB 300 @ 577 N/m, thickness of flange = 10.6 mm

Thickness of thinner member = 9 mm.

Design strength of bolts in single shear = ]—;— 400 ( 0+ 0.78x34[—_x 247 J

53

=65192N
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Design strength of bolts in bearing:

Minimum edge distance € = 1.5 x dy = 1.5 X'26 =39 mm
Minimum pitch p =2.5 4= 2.5 x 24 = 60 mm

Providing € = 40 mm and p = 60 mm,

K, is minimum of ——, -2--0.25, Jib pnd 10

3dy” 3d, Ju
40 60 400
i ini of ——, ——-0.25,— and 1.0
L. M O 26" 3% 26 410
K,=0519

Design strength of bolts in bearing against 9 mm thick web of Tee section

l -

125 X2.5xkbdlf;,

[\

x2.5%0.519%x24x9x410

—_—
S|-
w

=91925 N> 65192 N
Design strength of bolts V=¥ 4= 65192 N

Design tension capacity of bolts
_ 090fub An ’ fyb Asb

ylll 7ma

db

240x % x 24

=9&<i@x0.78xzx 242 <
125 4 1.1

101624 N< 98703 N

- Typ =98703 N
Using two rows of bolting, approximate number of bolts required in each row

1 6
"TNanp

Provide 6 bolts in each row as shown in Fig. 3.29.

6x600x 100060 _

2x65192x70

h =40 + 60 x 5 =340 mm.
h 340

7 7 :
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600 kN —
60jmm

0040.
|

e 5x60 340

o { o
] ° i
) ° |40

Ta

All dimensions in mm

- Figure 3.29 (Example 3.11)

 ie., neutral axis lies between 1st and 2nd bols,

y of second bolt = (40 + 60) - 48.57 = 51 .43 mm

BoltNo. 2 3 4 5 P

yinmm 5143 11143 171.43 231.43 291.43

Since there are two rows of bolts Y y=2x857.15mm

Y54 =2 x 182941 mm?
~. Total moment resisted by bolts 1n tension

oM - 600x1000x60
14 2h S 14 2X340 2x857.15
21y )2 21 2x182941

!

=31.2577 x 10° N-mm
. Tensile force in extreme bolt due to bending moment

7 My _312577x108
= o

—————x29143=
z}’iz Ix18941 x291.43=24897N

81
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_ Table 3.1 Typical average value for coefficient of friction (1) [Table 20'in IS 800-2007]
600x1000 '
Direct shear force V= v - 59000 N SI. No. Treatment of Surface 1y
1 Surface not treated 0.20
2 T 2 B 2 Surface blasted with shot or grit with any loose rust removed, no pitting 0.50
_ con formula = | 2 | +| 22 ' i 3 Surface blasted with shot or grit and hot-dip galvanized 07
. Chec_k_by interactio/IonPly = | Va Tap ) 4 Surface blasted with shot or grit and spray-metallized with zinc 0.25
{ (thickness 50~70 ym)
5000 )2 (24897 )2 i 5 Surfaces blasted with shot or grit and painted with ethylzinc silicate coat 0.30
= — | 4] —— :
= (thickness 30-60 ym)
(65192 pI103 ) _ 6 Sand blasted surface, after light rusting 0.52
—0652<1.0 7 Surface blasted with shot or grit and painted with ethylzing silicate coat 0.30
- ) / . (thickness 60-80 pm)
Hence the bolts are safe. Provide bolts as shown in Fig. 3.29. 8 Surface blasted with shot or grit and painted with alkalizinc silicate coat 0.30
' ' (thickness 60-80 ym)
3.20 SHEAR CAPACITY OF HSFG BOLTS , . 9 Surface blasted with shot or grit and spray metalled with aluminium 0.50
. o (thickness > 50 ym)
: . . g ioned and then pro- | i
. f high tensile steel which are pretensione o 10 Clean mill scale 0.33
As statod in Adt. 3., eSGa ihe b(iitsazzd:{:nc;gresistance to shear force is mainly by friction. N 11 Sand blasted surface 0.48
 vided with nuts. The nuts are clamp. : i 12 Red lead painted surface X
: s of HSFG bolts. They are parallel shank and waisted shank type. Parallel(s;:anlztylpe
. e - ' . ] i
HSrG b ltwo m:iesi ed for no-slip at serviceability loads. Hence they slip at higher loads an , Sa ; ‘
TISFG bolts atre 1ti gtl; load. Such bolts should be checked for their bearing strength at ultimate ?i ) B Theslip resistance should be taken as
into bearing at ultima - o T : d herice there is no need to
Waisted shank HSFG bolts are designed for no slip even at ultimate load and he v, = Vast
check for their bearing strength. ) Pmf
- ; i | shear ca- .
: f the following expression for finding nomina | B 4
IS 800-2007 (clause 10.4) recommenfis e bolts: - Wwhere g, =1.10, if the slip resistance is designed at service load (parallel shank HSFG)
pacity of HSFG (parallel shank or waisted shank) : / N/ | . .
: V= oKy Fo I = 1.25, if the slip resistance is designed at ultimate load (waisted shank HSFG).
It may be noted that the reduction factors specified (Art. 3.1 1) for bearing bolts hold good for HSFG
where, N ified in Table 3.1 © bolts also. :
N : icti lled slip factor) as speci ollg .
K= Caclficient odfgiction (c2 P . . . istance to the slip. £ For commonly used HSFG bolts (grade 8.8), yield stress S = 640 N/mm? and ultimate stress
n,; = number of effective interfaces offering frictional resistance ' Vo 7 =800 Nimm?
[Note: n,= 1 for lap joints and 2 for double cover butt joints] I Example 3.12
DR (7 & . N
K, = 1.0 for fasteners in clearance holes | | ; | _ A '
h in oversized and short slotted holes and for long slotted holes loaded perpen- £ . Determine the shear capacity of bolts used in connecting two plates as shown in Fig, 3.30, if
= 0185 for fastent:,rst ] S (i) Slip resistance is designated at service load
dicular to the slot. | B (i) Slip resistance is designated at ultimate load
=0.70 for fasteners in long slotted holes loaded parallel to the slot. |3
Fy=Minimum bolt tension at installation and may be taken as 4, fo 1 8 Given:
: 7 o (1) HSFG bolts of grade 8.8 are used.
A_; =net area of the bolt at threads | = 0782‘1 (2) Fasteners are in clearance holes.
e (3) Coefficient of friction = 0.3.
Jo=proof stress = 0.70 £,

Downloaded From : www.EasyEngineering.net
) L t
Downloaded From : www.EasyEngineering.ne



http://Easyengineering.net
http://Easyengineering.net

TR

Downloaded From : www.EasyEngineering.net

84 Design of Steel Structures

Solution:

For HSFG bolts of grade 8.8,

fop=800 N/mm®

For fasteners in clearance holes K, = 1.0
Coefficient of friction y,=0.3 (given)
Nominal shear capacity of a bolt
' Ver = Ko
where Fo=0.7fip Anb
= 0.7x800%0.78x X 20 = 137225 N

n, =2, since it is double cover butt joint
" ¥,y =03%x2x 10X 137225

=82335N

(i) Design capacity of one bolt, if slip resistance is designated at service load

_82335 _ 74850 N

1.1

Design capacity of joint = 6 X 74850, since 6 bolts are used
= 449099 N

=449.099 kN
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(ii) Design capacity of one bolt, if the slip resistance is designated at ultimate load

= 82i§ =65868 N.
1.25

¥ . Design capacity of joint = 6 x 65868
| I =395208 N
= 395.208 kN

¥ Incase (i), bearing strength at ultimate load should be checked. If it is low that will be the governing
.. factor.

3.21 TENSION RESISTANCE OF HSFG BOLTS

§: The expression for nominal tension strength of HSFG bolts is also same as that for bearing bolts. i.e,

Tnf= Ogﬁzb An < ybA.rb Z’i

yma
09f, 4 faoA
nd hence : Ty= 09/udy g2
) ymb yma
Fsihere 4, = net tensile area as specified in various parts of IS 1367, it may be taken as the area at the
. d2 :
of the thread = 0.78 "T
Agp = shank area.

Yy =125, Ppo=11
Jus for bolts of grade 8.8 is 800 MPa and f}, = 640 MPa.

22 INTERACTION FORMULA FOR COMBINED SHEAR AND TENSION

Dolts are under combined action of shear and axial tension, the interaction formula to be satisfied is

2 2
Yo} |5

<1.0
Var Ty
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_ 3.23 PRYING FORCES ' : S L=l Jﬁ_—f;
Al In the design of HSFG bolts subjected to tensile forces, an additional force, called as prying force 0 is _ »
Al to be considered. These additional forces are mainly due to flexibility of connected plates. Consider the ‘ B=2 for non-pretensioned bolts and 1 for pretensioned bolts
— \, -connection of a T-section to a plate as shown in Fig. 3.31, subject to tensile force 2T, . =15
;_ m | o r‘aﬂl _ b, = effective width of flange per pair of bolts.
-t 4

Jo=proof stress in consistent units

Ty + Q*:t
t = thickness of end plate.

Note that prying forces do not develope in case of ordinary bolts, since when bolt failure takes place
contact between the two connecting plates is lost (Ref. Fig. 3.32).

1N

T ety
.

|1
N’“]
+
!Ql
T

Figure 3.31

As tensile force acts; the flange of T-section bends in the middle portion and presses connecting plate] .

; near bolts. It gives rise to additional contact forces known as prying forces. During late 80s and early] % H 7?
Lo 90s lot of research works were published regarding assessing prying forces. IS 800-2007 has accepted§. -
g the following expression Figure 3.32
: :” 4 .
| , Qzl_v{Te é’zf_f_b_t] Example 3.13
o 2, 271,1 n -
. _ e ;Thejomt shown in Fig. 3.33, has to carry a factored load of 180 kN. End plate used is of size 160 mm x
! S - ;-140 mm X 16 mm. The bolts used are M20 HSFG of grade 8.8. Check whether the design is safe.
il 0 = prying force - Solution:
| 9T = total applied tensile force .~ Assuming 8 mm weld and edge distance 40 mm,
i e B
1,= distance from the bolt centre line to the toe of the fillet weld or to half the root radius for a rofledf - I, = 160 88— 40= 24 mm
section. :
1 = distance between prying forces and bolt centre line and is the minimum of either the end dis} =Ll f%
4 < Y

tance or the value given by:
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| : B _7/— 160 x 140 x 16 mm Tension capacity of the bolt= 909 Ju Ay lf;"SA"”
| r+0 ] L 09x800x0.78x 2 x20°
L _ E SR - 125
160 mm t . =180 L. = 141145 N > 1224309 N
T |' ' | Hence the design is safe,
L 16 mm plgte 11
Tf +Q <———L[ ] -L L_-, ‘
¢=40 mm > Example 3.14 -
- |- ] ' { . A bracket is- made by welding a 20 mm thick, 150 mm wide plate to a 12 mm thick plate as shown in -
L jslill?:;(’) tg St)l;x;:kn;ess of fillet weld being 8 mm. This is to be connected to the flange of the column
Figure 3.33 o N/m. Using M24 HSFG bolts of e 8.8 desi : .
g - |E-coeffcient of friction, 1= 0.48, grade 8.8 design the bolted connection, assuming :
For plates, f=0.7f,, f,=410MPa and f,=250 MPa,f,;, =800 MPa ' L '
o - | 600 kN
o s L=11x16 I—M =26.34 < edge distance | Ei} - 250 mm ¥
S _ V250 : :
s 1,=2634mm & : R
; . B ) 12 mm plate :
Prying force is given by, 5 =l i - [ o
0= I—V[Te » ﬂﬂfob;f“} | ~rs15{% ﬁ)/o ;'ISZ:G 355 - 4035
2, 27112 YH@STTNm g g : |
=1. i ts. s /
Now, B= 1.0, for pretensioned bol Ll ‘ 40470%9+40=710 ¥
n=15 KL
_ 5| 8 1d
| Jo=0.7x 800 = 560 MPa i R
I Ll 70 : -
i : be =140 mm, (= 16 mm. 3 . - 150 mm wide 12 mm plate
| ! ‘
! 4 Al H
| : 24 1x1.5x56Gx140x16 b 40 J
| . Q=—=—|90000- > il =
! 2%2634 27x26.34x 24 J_\__U | A
=324309N . |
Tension to be resisted by the bolt Figure 3.34
T=T+(Q=90000+32430.9 = 1224309 N
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Solution:
For M24, HSFG bolts of grade 8.8, d= 24 mm, /,, = 800 MPa, £, = 640 MPa

Design shear strength of bolts
1
Vay =155 #1 ™ ky Fo
Hp= 0.48,n,=1k, —-1.0 for fasteners in clearance
LYY
Fo = Anpfo=0-78 x 7 X247 x 0.7 800
=197604 N

1
Vasr =1—2—x0 48x1x1. 0X197604 75880 N

Since there are two rows of bolts in the connection, number of bolts required per row when

p =70 mm and taking V="V, weget
' M

(2v)xp

_ [6x600x1000x250 _
TV 2x75880%70

Provide 10 bolts in each row with edge distance 40 mm as shown in Fig. 3.34.

n=

1 T 2
Tensile capacity of bolts = I;g X 0.9.% fp % x 0.9 x 800 x 0.78 x 4 x 24
L

nb = 1_2_5
=203250

When there is no load, the bracket is held on to the column by compression developed due to the :
bolt tension. This phenomenon continues even after the load is applied. Hence the interface of area
150 x 710 mm may be considered as a plane in the monolithic beam. The stress diagram is as shown o .

Fig 3.34. 2 eo
. 6M 6 x 600 x 10” X
i bending stress = Rl heliAbdd ‘St
N EYET Y bd>  150x710?
=11.9 N/mm?

70
Bending stress at 40 + —2— =75 mm from top fibre

=11.9x% B55-75) _ g 39 N/mm?
355

10.64 N/mm?

9
- Average stress = 122_9-3—

This average bending stress could be considered as tension in the bolt.
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- Tension in extreme two bolt = 10,64 x '1 50 x 75
’ =119744 N

I,= ——“92744 =59872 N

1 Prying forces:
- Plate width = 150 mm and thickness = 12 mm

150
lv=-2——6 8-40=21 mm

 For the connecting plate, J,=410MPa, f,=250 MPa

,1x0. S
vk =11x12% %E=14.14<edgedistance

» I, =1414mm
B= 1.0, for pretensioned bolts

b=150mm, f,=0.7, f;=0.7x 800 =560 MPa
- t=12mm
Prying force Q is given by
I 4
2, 271, 12
. 194
- 21 59872_1X1.5X560X1501ﬂ2
2x14.14 27x14.14x 21
=44354 N.

Total tensile force in the bolt

T, =59872 + 44354 N

=104226 N
Tension capacity Ty = 1 ! i
¥ =125 * 09w An =55 x09x800x0.78 x 7 x 247
=203249 N
Direct shear in the bolt = 500x1000 30000 N
2x10
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2 2
oY) [ ) (30000 2+ 104226 \
Vg Ty 75880 ) | 203249 _
=0419<1.0 ‘
The design is safe. +
* % *
Questions

1. Write short notes on
(a) Riveted connection.
(b) HSFG bolts.

2. Distinguish between
(a) Black bolts and turned bolts.
(b) Bearing bolts and friction grip bolts.

3. Discuss the advantages and disadvantages of
(2) Riveted connection and bolted connection.
(b) Bearing bolts and HSFG bolts.

(c) Black bolts and turned (finished) bolts.

4. Explain the following terms:
(a) Pitch of Bolts
(b) Gauge Distance
(c) Edge Distance
(d) Staggered Distance
(e) Tacking Bolts.
5. List the.assumptions made in the design of bearing bolts.

6. Two plates 16 mm are to be joined using M20 bolts of grade 4.6 in
(a) Lap joint.
(b) Butt joint using 10 mm cover plates.
Determine the bolt value.

7. If the joint specified in Question 6 is made with M20 HSFG of grade 8.8, find the bolt value. Take }-

coefficient of friction = 0.48.

8. An angle section 8 mm thick carrying 120 kN factored load is to be connected to a gusset plate I
(lap joint) using M20 bolts of grade 4.6. Find the number of bolts required and sketch the con- §~

nection details.

9. The plates of a boiler are 10 mm thick, connected by M16 bolts of grade 4.6 at 2 spacing of

50 mm. If it is lap joint, determine the efficiency of the connection. ~ -
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10. Find the maximum force which can be transferred through the double covered butt joint shown in
Fig. 3.19. Find the efficiency of the joint also. M24 bolts of grade 4.6 and Fe 410 plates are used.

11. Two cover plates, 10 mm and 20 mm thick are to be connected by double cover butt joint using’
8 mm cover plates (similar to refer Fig. 3.20). Find the strength of the joint, if M16 bolts of grade
4.6 and Fe 415 plates are used.

12. Find the safe load P carried by the joint shown in Fig. 3.35. M20 bolts of grade 4.6 are pro-
vided at a pitch of 80 mm. The thickness of the flange is 6.1 mm and that of the bracket plate is
8 mm. :

Note: Safe load = Factored load
1.5
— T [
209 mm —
N
_ o T 5
/ |
-+ |
80 mm < O l| @ %
I |o o :
I
1 o | 5
— | ° 1 ©@
- |
40‘; — 120| 1|11m [p—

I
|'
|

]
Figure 3.35

13. The dimensions of a plate, bracket bolted to the face of the stanchion are shown in Fig. 3.36. De-
termine the resultant stress in the most heavily loaded bolt of the group, allowing both tensional
and direct shear. The bolts used are M20 of grade 4.6.

- [Hint: Moment = 50 cos 45 x 250 kN/mm; Horizontal component 50 cos 45° kN causes horizontal
shear while vertical component 50 cos45° causes vertical shear. Finally resultant of 3 forces are
to be found.]

14. Design the bolted connection shown in Fig. 3.28, if P =400 kN and e = 250 mm. Use M20 bolts
of grade 4.6. '

15. Design the bolted connection specified in Q.No. 14 using M20 HSFG bolts of giﬁe 8.8
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WELDED CONNECTIONS

Welding consists of joining two pieces of metal by establishing a metallurgical bond between them. The
. elements to be connected are brought closer and

acetylene flame alongwith weld rod which adds metal to the joint. Afier cooling the bond is established
between the two elements. ' )

the metal is melted by means of electric arc or OXy-

In this chapter advantages and disadvantages of welded connections are discussed and different types of
welded connections are explained. After briefly explaining IS 800-2007 specifications for welded con-
nections the method of designing welded connections and bracket connections is illustrated with examples.

4.1 ADVANTAGES AND DISADVANTAGES OF WELDED CONNECTIONS

The following are the advéntages of welded connections:
L.

2. The absence of making holes for fasteners, makes welding process guicker.
3.

Due to the absence of gusset plates, connecting angles etc., welded structures are lighter.

Welding is more adaptable than bolting or riveting. For example, even circular tubes can be
easily connected by welding,

- It is possible to achieve 700 Ppercent efficiency in the joint whereas in bolted connection it can

reach a maximum of 70-80 percent only.

. Noise produced in welding process is relatively less.
. Welded connections have good aesthetic appearance.

. Welded connection is airtight and watertight. Hence there is less danger of corrosion of steel

structures and welded connection is preferred for making water tanks.

- Welded joints are rigid.
. There is no problem of mismatching of holes in welded connections whereas in bolted connec-

tions mismatching of bolt holes creates considerable problem.
Alterations in connections can be easily made in the design of welded connections.

The following are the disadvantages of welded connection:

1. Due to uneven heating and cooling, members are likely to distort in the process of welding.
2. There is a greater possibility of brittle fracture in welding.
3. Awelded joint fails earlier than a bolted joint, if the structure is under Jatigue stresses.
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4. The inspection of welded joints is difficult and expensive. It needs non-destructive testing.
5. Highly skilled person is required for welding.

6. Proper welding in field conditions is difficult.

7. Welded joints are over rigid.

4.2 TYPES OF WELDED JOINTS

There are three types of welded joints:

1. Butt weld
2. Fillet weld
3. Slot weld and Plug weld.

4.2,1 ButtWeld
Butt weld is also known as groove weld. Depending upon the shape of the groove made for welding butt
welds are classified as shown in Table 4.1.

Table 4.1 Types of butt weld

SL.No.  Type of Butt Weld Sketch

(@

Square butt weld, on one side

9
YodZs)
9% )

(b) Square butt weld, both sides
(c) Single V butt joint 5 J
(d) Double V-butt joint g f

) Single J-buit joint

(e) Single U butt joint ﬁ
f
!

(g) Single bevel butt joint

Note: Similarly there can be double U, double J and double bevel butt joints.

4.2.2 FilletWeld
Fillet weld is a weld of approximately triangular cross-section joining two surfaces approximately ! ;
right angles to each other in lap joint, tee joint or corner joint. Figure 4.1 shows typical fillet welds.
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—] J-—
Root — e Legsize
Leg size
.
L (@) . (b)

Figure 4.1 Typical fillet welds,

& —When the cross-section of fillet weld is isoceles triangle with face at 45°, it is known as a standard fillet
‘weld. In special circumstances 60° and 30° angles are also used.

A fillet weld is known as concave fillet weld, convex fillet weld or as mitre ﬁllet weld depending upon
BN the shape of weld face, [Refer Fig. 4.2]

T ~—1 [~ [~
1 -t f
= SEpla ) T
{a) Concave (b) Convex (c) Mitre
s - size ¢ - throat thickness

Figure 4.2 Types of fillet welds.

2.3 Slot Weld and Plug Weld
igure 4.3 shows a typical slot weld in which a plate with circular hole is kept w1th another plate to be
ined and then fillet welding is made along the periphery of the hole.

gure 4.4 shows typical plug welds in which small holes are made in one plate and is kept over another
ate to be connected and then the entire hole is filled with filler matenal
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( | [ URLITHITAD" | l

O

Figure 4.3 Slot weld.

- ) . — ]

Figure 4.4 Plug welds.

e e

4.3 IMPORTANT SPECIFICATIONS FOR WELDING

listed below:
4.3.1 ButtWeld

J and double bevel butt welds may be generally regarded as complete Penetratmn butt weldls). cenas

The effective throat thickness in case of incomplete pem‘atr'atlon butt w'eld sl‘xall e tal e? ”
the minimum thickness of the weld metal common to tht.a parts JOlneq, excludmg'r_emforc;(;n;axglég),_
the absence of actual data it may be taken as 5/8th of thickness of thinner material (IS 800-! 969).
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2. The effective length of butt weld shall be taken as the length of full size weld.

3. The minimum length of butt weld shall be four times the size of the weld.

4. If intermittent butt welding is used, it shall have an effective length of not less than four times the
| weld size and space between the two welds shall not be more than 16 times the thickness of the thinner

“f-part joined.

¥-:4.3.2 Fillet Weld

1. Size of fillet weld:

4 = () The size of normal fillet weld shall be taken as the minimum weld leg size.

(b) For deep penetration welds with penetration not less than 2.4 mm, size of weld is minimum
leg size + 2.4 mm.

| B (c) Forfillet welds made by semi automatic or automatic processes with deep penetration more

than 2.4 mm, if purchaser and contractor agree,
§ = mininum leg size + actual penetration

2. Minimum size of fillet weld specified is 3 mm,

To avoid the risk of cracking in the absence of
= preheating the minimum size specified are

For less than 10 mm plate 3 mm
For 10 to 20 mm plate 5 mm
For 20 to 32 mm plate 6 mm
For 32 to 50 mm plate 8 mm

. Effective throat thickness: It s1_1a11 not be less than 3 mm and shall not generally exceed 0.7/

(or ¢ under special circumstances), where ¢ is the thickness of the thinner plate of the elements
being welded.

Requirements of welds and welding shall conform to IS 816 and IS 9595, as appropriatg. S(())n;) gg 1;1; ,
portant specifications regarding butt weld, fillet weld and plug and slot welds as per IS 800- _

1. The size of butt weld shall be specified by the effective throz«ft' ‘thickness. In case of a coglplgizf
pene:tration butt weld it shall be taken as thickness of the thinner part joined. Double U, double V, dou

If the faces of plates being welded are inclined to each other, the effective throat thickness
shall be taken as X times the fillet size where Kis as given in table below:

Angle between fusion faces
Constant K

60°-90°
©0.70

91°-100°
0.65

101°~106°
0.60

107°-113°
0.55

H4°-120°
0.5

- Effective length: The effective lepgth of the weld is the length of the weld for which speci-
fied size and throat thickness exist. In drawings only effective length is shown. While welding

length made is equal to effective length plus twice the size of the weld, Effective length should
not be less than four times the size of the weld.

*5. Lap joint: The minimum lap should be four times the thickness of thinner part joined or 40 mm

whichever is more. The length of weld along either edge should not be less than the transverse
spacing of welds. '
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6. Intermittent welds: Length shall not be less than 4 times the weld size or 40 mm whichever
is more. The minimum clear spacing of intermittent weld shall be 12¢ for compression
joints and 16¢ for tensile joints, where ¢ is the thickness of thinner plate joined. The inter-
mittent welds shall not be used in positions subject to dynamic, repetitive and alternating
stresses. N

]

4.3.3 PlugWelds

The effective area of a plug weld shall be considered the nominal area of the hole. . ) : “AHT\i' 73/4:
: |

4.4 DESIGN STRESSES IN WELDS A Figure 4.6

SR ‘r_g et

Butt Welds

! }_ 3. In members subject to dynamic loading, the fillet weld shall ‘
Ex Butt welds shall be treated as parent metal with a thickness equal to the throat thickness, and the stresses ‘ leg length equal to the thickness of plati veld shall be Of full size (Fig. 4. 7) pith its

i shall not exceed those permitted in the parent metal.

Fillet Weld, Slot or Plug Welds % \
Design strength shall be based on its throat area and shall be given by % s % N

| , r_ fun : Desirable Acceplable (Reduced throat lhlckness)
____y - Not acceptable
m Figure 4.7

Ju

where, fun ==
"5 4 End fillet weld, normal to the direction of force shall be of unequal size with throat thlckness

1, =smaller of the ultimate stress of the weld or of the parent metal. _ not less than 0.5¢ as shown in Fig. 4.8. The difference in the thickness of weld shall be negoti-

" %, =1.25 for shop welds ated at a uniform slope.

= 1.5 for field welds.
i oy 4.5 REDUCTION IN DESIGN STRESSES FOR LONG JOINTS
The following provisions are made in the code for the fillet welds applied to the edge of a plate or section:

If the length of the welded j joint J; is greater than 1501, where ¢ is throat thi
_ ckness, the desi
1. Ifa fillet weld is to the square edge of a part, the specified size of the weld should generally be weld . shall be reduced by the factor Femeiyef

v at least 1.5 mm less than the edge thickness (Ref. Fig. 4.5) 0.2
b Ln=12-—2~L<10

150¢
Example 4.1
( ; ' S_———— @ ? ] ot ‘A 18 mm thick plate is joined to 2 16 mm plate by 200 mm long (effective).hutt-weld. Det
: g S strength of joint if J ~
Figure 4.5 (i) adouble V butt weld is used
. (ii) a single V butt weld is used
5 If filei weld is to the rounded toe of a rolled section, the specified size of the weld should gen- - Assume that Fe 410 grade plates and shop welds are used.

erally not exceed ¥%th of the thickness of the section at the toe (Fig. 4.6).
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b1
T AT : ‘

h/b=1/2 or flatter

Force E - - o = - Force

Figure 4.8

Solution:
Case (i): Double V butt weld joint

Since in such case complete penetration takes place, throat thickness = thickness of thinner plate

t=16 mm.
Effective length L, = 200 mm
f, =410 N/mm?, since it is shop weld %,,, = 1.25

Effective area of weld = effective length X throat thickness

L.t 3
Design strength of weld = —"’—f‘-/ll—_—
, -
L 200x16x410/3 _ (000
1.25
=605.987 kN Answer

Case (ii): Single V butt weld joint

. __ . . 5
Since penetration is not complete, effective throat thickness ¢ = 3 x16 =10 mm.
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. L
Design strength = M
yMIV

200 10 x 410/+/3
—— o =378742N

r

=378.742 kN Answer

. Example 4.2

 Design a suitable longitudinal fillet weld to connect the plates as shown in Fig. 4.9 to transmit a pull

" equal to the full strength of small plate. Given: Plates are 12 mm thick; grade of plates Fe 410 and weld-
. _ing to be made in workshop.

Solution:
Minimum size to be used = 5 mm

Maximum size =12 ~ 1.5 = 10.5 mm

. Use s =10 mm fillet weld
f,=410 N/mm?, Ymw=1.25, thickness of plate = 12 mm, breadth of plate = 100 mm

4,

Ymo

Full design strength of smaller plate =

5, =250 MPa, 7, =11

- Full design strength =12x100x 215—10 =272727N
Let effective length of welds be L, '
Assuming normal weld, throat thickness

t=0.7%x10=7 mm
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L !
Désign strength of weld = 7, ,t-["—x—
& " B12s

=L, XTX—=

e
1.25

410
B
Equating it to the strength of plate, we get

L, x7xﬂ9x—l—~272727
1.25

N
L, =2057 mm

Provide effective length of 105 mm on each side.

Example 4.3

A tie member of a roof truss consists of 2 ISA 10075, 8 mm. The angles are connected to either side
of a 10 mm gusset plates and the member is subjected to a working pull of 300 kN. Design the welded
connection. Assume connections are made in the workshop.

Solution:
Working Load = 300 kN
Factored Load = 300 x |.5 =450 kN

Thickness of weld:

(i) At the rounded toe of the angle section, size of weld should not exceed = % X thickness
5= % x & =6 mm
(ii) At top (Ref. Fig. 4.10) the thickness should not exceed
- s=t-15=8-15=65mm.
Hence provide s = 6 mm, weld.

£ 450

Each angle carries a factored pull o - = 225 kN.

Let L, be the total length of the weld required.
Assuming normal weld, # = 0.7 X 6 mm
Design strength of the weld =, o x——
& gh _ w! J3 125

=L, x0. 7x6x£x—l——

J3 125
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Equating it to the factored load, we get
410 1

L, X0.7X6X—=X—— =225x10°
312
L,, =283 mm.
Centre of gravity of the angle section is at a distance 31 mm from top.

—— Let L, be the length of top weld and L, be the length of lower weld. To make centre of grav1ty of weld
to coincide with that of angle,

= Ly x31=L, (100 - 31)

69
Li=—=L
=372

ie. LZ(QHJ 283
31

" or L,=87 mm.

L, =195 mm.

Provide 6 mm weld of L = 195 mm and L, = 87 mm as shown in the Fig, 4.10.

ISA 10075, 8 mm

Fillet at rounded end

C

Figure 4.16

* Note: In case the length available at the sides becomes insufficient, end fillet weld also may be pro-
vided. The length of end fillet should be the same on either side of centroidal axis of the angle, so that
" neutral axis of the weld and the section coincide (Fig. 4.11).
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106 _ Design of Steel Structures Welded Connections : 107
. T N 10 mm
f
]
i 17 \
R (1 1o N
; I
; il - - I 200 mm
I _ . Pl 17
= Figure 4.11 o weld RN
- ' . 3
‘ Example 4.4 . ' 8 mm weld
| Figure 4.12

[ : Design the welded connection to connect two plates of width 200 mm and thickness 10 mm for 100 per-
cent efficiency.

Area of the slot weld required = 128, =339.5 mm?

_ ; Solution: . o, 189.37
:% Lg::[ | Strength of plates = 7*‘; j:y = ZOOX:2XZS0 =454545N : _ Provide two slot welds of size 10 mm x 17 mm as shown in Fig, 4.12,

7] {[ Minimum size of weld = 5 mm. Example 4.5

| Maximum size = 10 — 1.5 = 8.5 mm. A:ti:;3 tmé;t;:exl') cox.lsist;l of two ISMC 250. The channels are connected on either side of a 12 mm thick
i Use 5 = 8 mm weld. lg,:slimifed t(; y gglﬁlnm . § welded joint to develop the full strength of the tie. However the overlap is to

gl Effective length of fillet welds =2 (200 -2 x 8)

L,, =368 mm. Solution:

Throat thickness £=0.7 X 8 For ISMC 250, [From steel tables}

Design strength of fillet welds = Lwt% Xz 1 ’ Thickness of web = 7.1 mm
mw :
Thickness of flange = 14.1 mm
410 1
=368x0.7xX8X——=x——=390256 N i = 2
B 125 Sectional area = 3867 mm
Tensile design strength of each ch _Agfy 3867x250
Slot welds are to be provided to resist a force of = 454545 — 390256 = 64289 N gth of each channel = 1 1 878864 N
" Strength of the slot weld = Jom i—- Weld thickness:
7”1“’ ‘\/gym“, .
’ Minimum thickness = 3 mm.
410 2
= =189.37 N/mm* Maxi thi =7.1-15=
Bx1.25 . faximum thickness =7.1 -1.5 = 5.6 mm

Provide s = 4 mm weld.

Downloaded From : www.EasyEngineering.net

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net F Downloaded From : www.EasyEngineering.net

108 Design of Steel Structures 1 Welded Connectionis 109
Throat thickress, f=0.7x4=2.8 mm T~ _
Strength of weld = L,¢ 5 T g B Y P
410 1 : e
=L, X2.8X-—=X—— ) =
L,x2.8x% 7155 1=
Equating strength of weld to tensile strength of the channel, we get
LWX2-8><:4.—12XL=878804 i
J3 125 3
L, = 1658 mm. -

Since allowable length is limited to 400 + 400 mm it needs slot weld. The arrangement can be as
shown in the figure with two slots of length ‘x’. Then
400 + 400 + (250 — 2 X 30) + 4x = 1658
x=167 mm. Lo

(as 2s length of weld will be in effective at each term)
Provide x = 185 mm as shown in Fig. 4.13.

[ e 7y Figure 4.14
— - o0 | .
30
— | 250 3 PT) - ) .
ISMC 250 b Z_g ’tll‘lhe stress u; the weld due to twisting moment is the maximum in the weld at the extreme distance from
;—I v e centre of gravity of the group of weld and acts in the direction perpendicul i or Tt
> : to
- 604 maximum stress due to the moment . peip arto the radius vector. The
L \ '
. Gusset Plate - M
IZZ
Figure 4.13 |

liere 7,4 is the distance of the extreme weld from the c.g. of.the group.

4.6 ECCENTRIC CONNECTION - PLANE OF MOMENT AND THE PLANE OF

=I,+1, the polar moment of inertia. The vector sum of the stress is ¢ = J ‘112
WELDS 1S THE SAME . _

+ q22 +2¢,q, cos8
or the safe design it should be less than the resistance per unit area,

o . . . wvalent t
Figure 4.14@) shows a typical case. The eccentric load P is equivalent to spesranea ey B 2
(i) a direct load P at the centre of gravity of the group of weld and o sin6
(i) atwisting moment P X e. =4

. s =qg; +g;cosb
Let a weld of uniform size be provided throughout and 7 be the effective throat thickness. If‘d is the ; 9y =41+ 9g;cos

depth of weld and b’ is the width as shown in the figure, the direct shear stress in the weld is . Vm
P x Ty
4 " brd)
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110 Design of Steel Structures

Example 4.6 o d
Determine the maximum load that can be resisted by the bracket shown in Fig. 4.15, by fillet weld of

 size 6 mm, if it is shop welding.

T SN
Y P
|<_1|40 240 mm
I
o —x
320 19
I
1 |
I
Y .
Bottom right corner
\_/\
Figure 4.15

Solution:
Size of weld = 6 mm.

Throat thickness =0.7 X 6 =4.2 mm
Consider the area of the weld which has channel shape and has width 4.2 mm throughout.
Total area of weld =320x 4.2 + 140 x 4.2 x 2
= 600 x 4.2 mm’

Due to symmetry, centroidal x-x axis is at the mid height of vertical weld. Let centroidal y-y axis be

at a distance X from the vertical weld. Then

146x4.2x70x2
600x4.2

= =32.67 mm

=-113x4.2x3203+140x4.2x1602x2

I

= 41574400 mm*
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1, =320x4.2(32.67)* +2[%x1403 x4.2 +4.2x140(70—32.67)2]

= 4994080 mm*
Iy =1 +1,,= 46568480 mm*

Fnas = 1607 +(140-32.67)2 =192.66 mm.

160

tanf=———_ 0=156.15°
140 -32.67
Eccentricity of load from the centre of gravity of weld

_ =240+ 140 - 32.67 = 347.33 mm.
- Let Pbe in kilo newtons.

Direct shear stress ¢; = 00 S 000
) Total area  600x 4.2

& . =0.3968 P N/mm?

—— Shear stress at extreme edge due to torsional moment

_ Pxexrp,,
s | 92 7

z

_ Px1000x347.33x192.66
46568480

=1.4370 P N/mm?

Resultant stress = Jq,z + q% +2q,q;, cos®

= P\/0.39682 +1.4370% + 2% 0.3968x1.4370x cos 56.15

X =1.69046 P
Weld can resist a stress of — _fi‘.x _l_ = _41“0 =189.37 N/mm?
3125 f3x125

Equating maximum stress to resisting stress, we get,

1.69046 P = 189.37

P=112kN Answer
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1 112 Design of Steel Structures Welded Connections 13
Example 4.7 . : . In this case 0 = 56.15°
In the exa.mple 4.6, if the load is 100 kN inclined at 30° to vertical in clockwise direction, check whither . gy =19.841 + 91343 sin 56.15° = 95.701 N/mm?
| the weld is safe. : , - |
, 1\: : Solution: _ | ¢, =34.365 + 91.343 cos 56.15 = 85.245 N/mm
izontal component of load= 100 sin 30° 1 : —
5 The horizontal compo - “ g=v95.701" +85.245% =128:162 N/mm>
i
X . u . o fo 17 410 1
{ * . t=100 $30° = 86.6 kKN . : Resistance capacnty =X X —
B The vertical componen o = \/5 125 \/5 125
hts b .
R Twisting moment on the joint=—50 X 160 + 86.6 x 347.33 . i 2
! = " =189.37 N/ > 128.
| 2207877 kNt o mm” > 128.164 N/mm
’ R (e -~ Hence the weld is safe.
i, | | 3
: ~50x1000 : L
i Direct shear stress in horizontal direction = 50—;512—0—— % Example 4.8
i : “The 10 mm thick bracket plate shown in Fig. 4.17 i i
b B 2 } 2 ¥1g. 4.17 is connected with the flange of column ISHB 300
= ' =19.841 N/mm = 7 N/m. Find the size of the weld to transmit a factored load of 250 kN, e
- .. 866x1000 '
- Direct shear stress in vertical direction = — _—
i 2520 ¥
4 _ =34.365 N/mm’
. 22078.77x10°
Log ; isti =2 x192.66 250K
: Maximum shear stress due to twisting moment 46568480 N
o = 913.343 N/mm’

The maximum resultant shear act at bottom right corer as shown in Fig. 4.16.

34365 N/mm?*

91.343 N/mm?*
0
1Z( 19.841 N/mm’®

Figure 4.16

* All dimensions in mm

Figure 4.17
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114 Design of Steel Structures

Solution: o _ " enical_
Let ‘¢’ be the throat thickness of the weld required and X be the distance of c.g. of weld from v
weld. Then _

Area of the weld =400 ¢+ 180t x 2 =760 ¢

5= 2X180X90 ) 63 mm.

760t
s 4
1 =L 54003 x7 +180¢x200% x 2 = 19733333 mm
12 i
. 2
I,, = 400tx42.63% +2[$xtx1803 +180¢% (90 - 42.63)° }
bid
=2506737t mm*
% I,=22240070¢ mm*

Distance of extreme point of the weld from c.g.

=
o= \ﬁ)oz +(180~42.63) =242.63 mm

200

e 14559
180—42.63

tan 0

6=55517°

Eccentricity e = 120 + 180 — 42.63 = 257.37 mm.
: 3
250x10° _ 328.95 N/mm?
760t t
Maximum shear stress due to twisting moment

Pxexr,  250x10°x257.37x242.63
LETT T 222400701

2z

701.950 N/mm?

Direct shear stress =) =

g =+’ + 4¢3 +2g,q, cos®

2 -
~ \[{328.95)2_‘_(701.95) ,,32895 T01950 oo
== t ; ;

_ 928656
t
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 Ifa weld is subjected to axial stresses, comp
~ simultaneously with shear, IS 800-2007 has made the following provisions:
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Resistance of the weld = ixL = ﬂg xL
37125 3 125
= 189.37 N/mm?
Equating maximum shear to it, we get 9281'656 =189.37

t=4.904 mm

4.904
Size of normal fillet = 07 =7.005 mm

Provide 8 mm fillet weld. Answer

. 4.7 COMBINED AXIAL AND SHEAR STRESS

ression or tension due to axial force or bending moment

Fillet weld: The equivalent stress f, shall satisfy the following:

Se=AfE3gt <

Su
V3
where f, — axial stress, direct or due to bending.

and g —shear stress due to shear force or tension,

y Check for combination of stresses need not be done for:

(a) side fillet welds joining cover plates and flange plates, and f 1
(b) fillet welds where sum of normal and shear stresses does not exceed /f, wd = = X——

\/i YI"W .

.o Butt Welds

¢ Check for the combination of stresses in butt weld need not be carried out provided that

(a) butt welds are axially loaded.

(b) in single and double bevel welds the sum of normal and shear stresses does not exceed the de-
sign normal stress, and the shear stress does not exceed 50 per cent of the design shear stress,

"~ 4.8 ECCENTRIC CONNECTION-MOMENT AT RIGHT ANGLES TO THE PLANE

OF WELD '

Figure 4.18 shows the typical case in which P is the factored load at an eccentricity ‘¢’. Let & be the ef-

fective depth of fillet weld. Fillet welding is on both sides of bracket plate. Hence if throat thickness is
‘t’, effective area of the weld = 2hr.
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t - throat thickness

0
Figure 4.18
Then,
direct shear stress g = L
' 7 2ht
bending stress at the extreme edge of the weld
M_ Pe _6Pe
A 2
~(2m?) 2
6
Equivalent stress
2 f;l
fo=NP 43 s =—
‘ 3 P

For the purpose of finding the effective depth  required, first depth requ.ired for bending only may be
found. To take care of shear also, increase this value by about 10 percent i.e.,

’ 6M
K=
2t fwd

and herice try, h=1.1%".
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K Example 4.9

Design a suitable fillet weld forl the bracket shown in Fig. 4.18, if working load P =100 kN and eccentric-
ity e= 150 mm. Thickness of the bracket plate is 12 mm and the column‘used is ISHB 300 @ 618 N/m.

. Solution:

kkkkk Load = 100 kN

b - . Factoredload, P=100x1.5=150 kN
Thickness of flange of ISHB 300 @ 618 N/m is 10.6 mm.
| ». Minimum size of weld = S mm.

Use 8 mm weld on each side of bracket plate.

-- Throat thiékness, t=0.7 x 8 mm.

- Resistance of weldf, ;= —flx-l— _410 x—l- =189.37 N/mm?.

VB ¥ B 125

A ¥ .
= - Depth of weld required to resist bending alone = 4= A f()—xw =252.3 mm
i 2x0.7x8x189.37

. About 10 per cent extra depth is to be provided.
Let k=280 mm.

Check for the stresses:

. P 150x10° - 2
v/ - =47.83 N/
irect shear stress ¢ - 2xtxhk  2%0.7x8x280 R

3

* . Bending stressf=£= 6M2 =6x150X10 x1520
Z  2uxh*  2x0.7x8x280

=153.744 N/mm?

o Nf2+3g7 =153.7447 +3x 47,832
=174.6 N/mm?® < 189.37 N/mm?
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18 Design of Steel Structures

ARy

A by -

P43

Solution:

|

7 Assuming normal fillet welds,
throat thickness of flange welds = 0.7 X 10'="7 mm

throat thickness of web welds =0.7 x 5=3.5 mm

. ) 2
Total throat area of weld =165 x 7 X 2 +250 X 3.5 x 2 = 4060 mm

l 4
NE L, =165x7x200% X2+EX3'SXZSO_3 x2=101514583 mm

e lBending moment to be transferred is = P x 250 kN-mm, if P is factored load in kN

=P x 250 x 1000 N-mm.

; Consider flange weld which is subjected to maximum stress

_ Px1000

| q, = N/mm?
3 Y4060

=0.2463P N/mm?
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Due to bending,

_ 250x1000P

= X200
101514583

dp

= =0.49254 P N/mm®

v a=ya? +qf = P\02463% +0.49254 = 5507 p

~ Equating it to design stress %x% , we get 0.5507 = 410 x—L

N

P=286.57kN
:j [Note: y,, for field weldé = 1.5]

. Working load that can be permitted is, jy = il 286.57 =191.04 kN

15 15 Answer

Questions

.~ 1. What are the advantages and disadvantages of welded connections?
- 2. Neatly sketch the following welded connections:
(2) Butt weld (groove weld) —single ¥, double ¥
(b) Fillet weld
(c) Slot weld
(d) Plug weld.
Two 12 mm thick plates are joined by 160 mm long (effective) butt weld. Determine the strength
of joint if
(a) Single Ubutt weld is used.
(b) Double U butt weld is used.
4. Design a suitable longitudinal fillet weld to connect 120 x 8 mm plate to 150 x 10 mm plate to
transmit a pull equal to the full strength of small plate, Assume, welding is to be made in the field.
5. A tie member of a roof truss consists of 2 ISA 9060, 10 mm. The angles are connected on the
cither side of 12 mm gusset plate and the member is subjected to a factored pull of 350 kN.
Design the welded connection. Assume welding is to be made in the workshop.

6. Two plates 180 mm wide and 8 mm thick are to be connected by welding, using shop welds,
design the connection,

»
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7. Abracket plate is welded to the flange of a column section ISHB 300 @ 577 _N/m as shown in
Fig. 4.14. If width of weld is 200 mm, depth 260 mm and eccentricity from the face of column
is 80 mm, determine the size of the weld to support a factored load of 165 kN. I

8. Design a suitable fillet weld for the bracket shown in Fig. 4.18, if it has to transfer a factored
load of 200 KN at an eccentricity of 160 mm. Use shop fillet welds. N

9. Design a column bracket shown in Fig. 4.20 to take a load of 160 kN at an eccentricity of
200 mm. The size of the web welds should be half the size of the flange welds.

\/\

__./—T W=180 kN
Ji=—200 mm—» : '
140
ISHB 350 [

@TONmE oM 450 i‘[’
e

.

Figure 4.20
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DESIGN OF TENSION MEMBERS

Tension members are also known as tie members. The formof a te
- extent by the type of the structure of which it is a part and by th
-iember of the structure. In general the section should be comp
centration it should be so arranged that as large portion of it as p
The common shapes used are shown in F ig. 5.1.

nsion member is governed to a large
e method of joining it to the adjacent
act and in order to minimize stress con-
ossible is connected to the gusset plates.

[

Figare 5.1 Shapes of tension members.
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122 Design of Steel Structures

5.1 DESIGN STRENGTH OF A TENSION MEMBER

- The design strength of a tension member is the lowest of the following:

(a) Design strength due to yieldihg of gross section Ty

+oe{b)-Rupture strength of critical section, T, and

(c) The block shear T,

" 5.1,1 Design Strength Due to Yielding of Gross Section
This strength is given by

where, f,= yield stress of the material
A= gross area of the cross-section

Ymo = partial safety factor for failure in tension by yielding = 1.1.

5.1.2 Design Strength Due to Rupture of Critical Section
As explained in chapter 3, this strength for plates is

B _094,1,
Ymi

dn
where A, net effective area at critical section
2 R
Dsi
=|b-nd,+) It
{ - )> 4g; }

For threaded rods and bolts

0.9
Tdn = Anfu
Vmi

where A, =net area at the threaded section.

= %(d ~0.9382p)*, where p is pitch of thread
= 0.78 = 4% for ISO threads .
4

Single Angle [Ref. Fig. 5.2]
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-~ w w
- uD v R o |
—_— W e
bi=w+w,—1t b=w
Figure 5.2

As the effectiveness of i i i

o of dutstanding leg is less, the design strength as governed by rupture at net section
’ Tdn £ 0.’9Am_-f;‘ + ﬂAgofy

A: Vmi Ymo
/ where, A,.=net area of the connected leg
f-— Ag, = gross area of the outstanding leg

aid £=14-0.076 (EJ 5 bs Jitmo 54
= ! fu Lc fy}’ml

-_..ﬁ{’here w = outstanding leg width.
: by = shear leg width, as shown in Fig. 5.2.
and L, =length of the end connection, that is, the distance between outermost bolt in the end joint

measured along the load direction or length of the weld along the load direction
t= thickness of leg. .

‘ **:For preliminary design IS code recommends the following formula:

T, = %4ty
Vml

= (.7 for three bolts

= 0.8 for four or more bolts along the length of connection or equivalent weld length.
'ggwever, if it is difficult to find equivalent weld length, designers have to judge this,

R
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124 Design of Steel Structures

Other Sections .
The rupture strength, 7, of the double angles, channels, I-sections etc., may be calculated by the same

equation as for single angle, but with b taken from the farthest edge of the outstanding leg to the nearest §

bolt/weld line in the connected leg.

5.1.3 Design Strength Due to Block Shear

plane and tension on a perpendicular plane along the fastener. This type of failure is known as block

| ' Downloaded From : www.EasyEngineering.net
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| _Example 5.1

f):gtenn.ine the design tensile strength of the plate 130 mm x 12 mm with the holes for 16 mm diameter
bolts as shown in Fig. 5.4. Steel used is of Fe 410 grade quality. =

f s L/— Critical section
. L
1

At the connected end, failure of a tension member may occur along a path involving shear along one |

§ 1 2
| ol 30 T _____ o
T 60 ] 130

..o

I

|

|

[

P . i ’ .

35 l4 __?3

Y

fe—35 —rfa—— 60 ——m]

failure.

(I % o i
T T
Edeee 9 | ¥ M

— — —— I |
! e

- -t

= ,

(a) ®)
Figure 5.3

Referring to Fig. 5.3(a), shear failure occurs along 1-2 and 3-4 whereas tension failure occurs along 2-3. ;

Referring to Fig. 5.3(b), shear failure occurs along 1-2 and tension failure along 2-3.

IS 800-2007, recommends the following block shear strength T, if bolted connections are used. It shall

be smaller of

Tdb = A"gf)’ + 0'9Amfu
\/37,,,,, Ymi

or
0-9‘4vn uoy A’gfy

T =
@ \/3 Yl Vino

where,
Agand 4y, = Minimum gross and net area in tension [2-3 as shown in Fig. 5.3].

Note: The block shear strength, Tz, shall be checked for welded end connections by taking an approp!
ate section around the end weld.
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Aand 4, = Minimum gross and net area in shear (1-2, 34 in Fig. 5.3(a), 1-2 in Fig. 5.3(b))

Figure 5.4
olution:
Strength of the plate is the least of
(a) Yielding of gross section
={b) Rupture of critical section
c) The block shear strength
(a)-From consideration of yi¢lding:
4, f,
Td —_ 87y
o

‘Now, 4, =130 X 12 = 1560 min’, 4:-250N/mm2, ¥o=1.1

_ 1560250

e 11 =354545 N =354.545 kN

(b) From the consideration of rupture along the critical section:

Critical section is having two holes.
Diameter of holes = 16 + 2= 18 mm.

A, =(130-2x 18) x 12 = 1128 mm?

Strength of membc;r from the consideration of rupture
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; _094,f, _09x1128x410
| dn — =

i . Yl 1.25

= 332986 N = 332.986 kN

(c) Block shear strength:

A =2X(35+60)x 12=2280mm’ A, =60x 12 =720 mm’

4, =(35+60-15x18)x12x2=1632 mm* 4,,=(60- 18)x 12 =504 mm

The block shear strength is the least of the following two:

' . 094
(M Ty = [—-——A\/‘E % e infu ]
. 3))1;10 ml

_1140%250 0.9 x816x 410
J3x1.1 1.25
=1350570 N = 350.570 kN.

| ' Af,

! . (2) Tdb i, 0'9Avnfu + /ng

; \/g}’m] Ymo
=350570 N =350.570 kN

Tdb =44 1 784 kN
Strength of plate = 332.986 kN

Example 5.2

angle

(a) if the gusset is connected to 90 mm leg.
{b) if the gusset is connected to 60 mm leg.
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A single unequal angle ISA 9060, 6 mm is connected to a 10 mm gusset plates at the ends with 5
nos. of 16 mm bolts to transfer tension [Ref. Fig. 5.5]. Determine the design tensile strength of the |
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o
/ ISA 9060, 6 mm

i

- N | v —r

| 3 Given: £=50 mm, if 90 mm leg is connected, by=w + wy —1

bz

=30 mm, if 60 mm leg is connected

Figure 5.5

Solution:

(2) 90 mm leg is connected to gusset:

o (i) Strength as governed by yielding of gross section:

£ A, f.
; Td &7y
- o Ymo
Ag = 865 mm? (from table)
_ 865x250
Ty = T - 196364 N=196.364 kN.

(i) Strength as governed by tearing at critical section:

Net area of connected leg = A= (90 7 E) x 6 = 522 mm?®
2
Gross area of outstanding leg = Ago= ( 60 — é) x 6 = 342 mm?
2

B=14-0076x " x T2 b
¢ L

u c

w = length of outstanding leg = 60 mm
w;= 50 mm

by =60+50-6=104 mm
L,=4x50=200 mm
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60 250 104
14-0.076 X —X ——X—
p= 0.07 6 410 200

~1.159 < Jix Zmo 5 7
y Ym
Hence f=1.159
09Ancj;l 9f)

Tdn
Vmi Fmo

_09x522x410  1.159x342x 250
= 1.25 1.1

" =244180 N = 244.180 kN.
(iii) Block shear strength
Failure may take along section 1-2-3. ;
dy=16 + 2 = 18 mm, tearing length in tension = 90 — 50 = 40 mm
Ay —230x6—l380mm2 A, =(230-4.5%18)x6= 894mm2
A ¢ =40 6 =240 mm’ Am-(40 0.5 x 18) X 6 = 186 mm?

Block shear strength is smaller of the following two values:

(a) Td i A"gf;" 4 =2 lm/ 0. 9‘4!”1/;1
J—y,no 7m.
_1380%250  0.9x186x410
J3x11 1.25
=235985 N =235.985 kN
or
A
®) Tp= 094, fu + 'Sf)'
ﬁ)’ml Ymo
0.9%x894x410 240x250
= +
J3x1.25 1.1

=206913 N = 206.913 kN
Tz =206.913 kN

Thus, when 90 mm leg is connected to gusset, the strength of the plate is the least of 196.364 kN,

244.180 kN ‘and 206.913 kN, i.e.,

Strength of the plate is 196.364 kN Answer
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(b) When 60 mm leg is connected to gusset plate:

(i) Strengthyas governed by yielding of gross area
ng= 196.364 kN as in case (a)

(ii) Strength as governed by tearing at critical section:

Net area of connected leg = = [60 - g) x6= 342'm2

Gross area of outstanding leg = (90 = E) X 6 =522 mm’>

p=14-0076x 2 xTr B
s t f. L
w=90mm w;=30mm
by=90+30-6=114 mm
= L,=50x4=200 mm
= : - £=14-0076x E 359 14
_ _ 6 410 200
1004 < Ju 7me 7
. ¥ }lm[
B=1.004
Tdn=0.9,4,,cf,, Fhgly
Vmi Vmo
- _0.9x342x410  1.004x522%250
. 1.25 11

= : = 220069 N = 220.069 kN

(iii) Block shear strength:

Tearing length in tension = 60 — 30 = 30mm

A,z =230 % 6 = 1380 mm” Av,, (30— 45x18)x6 894mm
Ay;=30% 6= 180 mm’ = (30— 18) X 6 = 72 mm?
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'Block shear strength is the smaller of the following two values:
. [}
Aefy  094,f, :
(a) Tdb _ g/ ) + fﬂf; . _
) ‘/577710 7ml
_1380x250  0.9x72x410
Bxll 125

=202332 N=202.332 kN

0'9Avxfu + _Afgf)"
Ymo

(®)

_09x894x410 180x250
J3x1.25 1.1

=193277 N = 193.277 kN < 202.332 kN

Strength of member is the least of 196.364 kN, 220.069 kN and 193.277 kN. i.e..,

Strength of member =193.277 kN Answer

Example 5.3

Instead of single angle, if two angles are used in the connection as described in example 5.2, determine the ,

design tensile strength

'(a)- if two such angles are connected'to the same side of the gusset plate through the 90 mm leg.
(b) if two such angles are connected to the opposite sides of the gusset through 60 mm leg.

Solution:

These two connections are shown in Fig. 5.6.

It may be noted that according to IS 800-2007 formulae, the double angle strength would be twice

that of single angle as obtained in example 5.2. Earlier code used to give strength more than double.
If tacking bolts are provided or not there is no change in strength of tensile member. These provisions
‘have been confirmed by test results and finite element results. These are some of the major changes
suggested inIS 800-2007.
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E _Qétemline the design tensile strength of 160 x 8 mm plate with the holes for 16 mm bolts as shown in
. :_Iig 5.7. Plates are of steel, grade Fe 415,

. l|40] 40| 30
2
® 25
160 mm @2 25
o, 25
1 25
30
! l
Figure 5.7

olution:

(a) Strength from the consideration of yielding

_4gf,  160x8x250
Yoner B 11

Tye =290909 N =290.909 kN
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(b) Strength from the consideration of rupture along the critical section:
. 2
=tb—ndy+ ) |t
Z 4g;

b=160mm, dy=16+2=18mm, p,;=40mm, g=25mm

S

- (i) Along section 1-1-1-1:
A;=(160-3 x 18) 8 = 848 mm’ =

(ii) Along section 1-1-2-2-1-1: : -

2
160 4x18+ 2249 |+ 8 = 960 mm?
4x%x25 .

(iif) Along section 1-1-2-3.2-1-1: | ;;..:‘

40-- x8=1072 mm’
x25

[160 5x18+

A, to be sclected is 848 mm”

094, f, 0.9x848x410
Tdn = =

Vmi

=250330 N

=250.330 kN.

Strength of plate = 250.330 kN. Answer

Example 5.5

Determine the tensile strength of a roof truss member 2 ISA 9060, 6 mm connected to the gusset plate of
8 mm thickness by 4 mm weld as shown in Fig. 5.8. The effective length of weld is 200 mm.

Solution: _ 5
Gross area of angles, 4, = 2x 865 = 1730 mm? "“

6
Area of the connected leg, 4,.= ( 0- —-)x 6=1044 mm”

6
Area of the outstanding leg, Ag, = 2(60 - —Z-)X 6= 684 mm?
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4 mm weld
———TTTTT
T[ _ —— 200.mm — _
ISA 9060, 6 mm -\ r \ — Area under shear
\ -~
90 _ B «A;'ea under tension
‘/J_Area under shear

— - e W 2
4 mm weld
Gusset plate

[-—60—.[

Figure 5.8
(i) Strength governed by yielding
4.1, 1730x250
=B X 393182 N =393.182 KN
Vo 1.1

(i) Strength of the plaie. in rupture at critical section:
. 1, = 3uthe 0.9f;‘A,,c BA ofy
Ymi Ymo
w ty b

u W

Now, =14~ 0076x SREE
t

Inthiscasew=90mm,t='6mm,f)-,=250MPa,j:,-'=41(_)MPa,b_,=w=90mm,Lw'=200mm.

 Be14-0076x 205250, 90
6 410 1200

=1.087 whichis <| Zu¥mo | o
f YM/

B=1.087, since f,

=410 N/mm?, f, =250 N/mm?, Ymo = 1.1 and
}'ml '—'125
Hence - 0.9%x410x1044 1.087 x 684 x 250
Y 1

=477168 N =477.168 kN
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(iii) Strength governed by b_lock shear:
One shear leg and one tension face failure can occur. There are two angles.
' _ 2
~_Area under shear, Avg_=Av,, =2 x 200 x (4 + 4) = 3200 mm
2
Area unider tension at failure = 4,, = 4, =90 x 2 x 4 =720 mm".

3200%250  0.9x720x 410
T fBxll 125
= 632435 N = 632.435 kN

or
T = 0941y Aty
Bx125 Vo
_ 0.9x3200x410 + 720250
T JBx12s 1.1
=709025 N = 709.025 kN

. Block shear strength7,,, = 632.435 kN
Strength of tension member = 392.727 kN

Answer

5.2 DESIGN PROCEDURE

The following d&sign procedure may be adopted. . . ]
1. Find the required gross area to carry the factored load considering the strength in yielding. i.e.,

i W

u

d,=—4 =4
§ (f y / 7mo) f:\’
where 7, = factored tensile force.

2. Select suitable shape of the section depending upon the type of structurle ax:ld the locatior of
. the member such that gross area is 25 to 40 per cen't more than 4, calculated.
3. Determine the number of bolts or the welding required and arrange.
4. Find the strength considering:
(a) ‘Strength in yielding of gross area '
(b) Strength in rupture of critical section and
(c) Strength in block shear.
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Usually, if minimum edge distance and minimum pitch are maintained, strength in yielding is
the least value, hence the design is safe if Ag provided > Ag required.

5. The strength obtained should be more than factored tension. If it is too much on higher
side or the strength is less than factored tension, the section may be suitably changed and

b checked.

6. IS 800-2007 also recommends the check for slenderness ratio of tension members as per the
- Table 5.1.

| _Table 5.1 Maximum values of effective slenderness ratios

- [From Table 3 of IS 800-2007]
Member

| 2 Max. Ur

| S A tension member in which a reversal of direct stress occurs due to loads other than 180

wind or seismic forces
Ty A member normally acting as a tie in a roof truss or a bracing system not considered 350
effective when subject to possible reversal of stress into compression resulting

) from the action of wind or earthquake forces
3 Members always under tension other than pretensioned members 400
X Tension members, such as bracings, pretensioned to avoid sag, need not satisfy the No limit
e maximum slenderness ratio limit '

sign a single angle section for a tension member of a roof truss to carry a factored tensile force
225 kN. The miember is subjected to the possible reversal of stress due to the action of wind. The

§-ffective length of the member is 3 m. Use 20 mm shop bolts of grade 4.6 for the connection.

. Solution:
. From the consideration of yield strength, gross area of the angle required = 2%%@ =990 mm?
- Try ISA 10075, 8 mm which has gross area Ay =1336 mm>. (TT)

" Number of bolts required;
d=20mm .. dy=22 mm

~~Strength of one bolt in single shear

0+ % x202x0.78
_a00( 4

3 125

=45272 N

§ . Adopting edge distance e = 40 mm; pitch p = 60 mm,
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40 60 05549 14 ie.,K,=0.606.

K, is smaller of —10- %0 __¢25,
b 18 S O 322 3% 22 410

V. =L %2 5%0.606x20x8x400=77568N
b =1 25

Bolt value =45272 N.

225x1000 ~5

Number of bolts required = 45272

Provide the bolts as shown in Fig. 5.9.

QI

—] 40 J—L,=60x4=240 mm —»}

Figure 5.9

Checking the design:

(a) Strength against yielding:

mo

(b} Strength of plate’in rupture:

8
Area of connected leg 4, = (100— 22~ —?:)XS =592 mm?

. ' 8 ’
_Area of outstanding leg 4, = (75 -3 )x8 =568 mm?

75 250 (75+40-8)
=14-0076 2 x 20
p=14 8 410 (40+4x60_4x22)

=1.094
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PR
 ayr ) Ymi Vino

SO 0.9x
| 59 - 410><592+L206x 568x250
) 1.25 1.1
. =330442 N > 225000 N

: OK.
-—(c) Strength against block shear failure

4yg=(40+60x 4) §=2240mm’® A, = (40 + 60 x 4 4.5 x 22) X 8 = 1448 mm?

- A=(100-40)x § =480 mm* A, = (100~ 40— 0.5 x 22) x 8 = 392 mm?

- Strength against block shear failure is smaller of

_ Aty L0941,

t - \/5}’ mo Ymi
2240250  0.9%392 x 410
N = + =
ﬁxl.l 125 409642 N

;and %.}.M

3V Vo
_ 0.9x1448x410 480250
= +
V3x1.25 1.1
=355879 N

Ty5= 2355879 N > 225000 N.
0K

-Hence safe.

-Check for maximum ! : r- least radius of gyration = 12.7 mm (from steel table)
r

I 3000
=22 956
r o127 <350

Hence 0.K.,
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e P

—f40 =— 60x4=200 —+

‘O o

I
iy L

w =50 mm
b, =50+ 35~-8 =77 mm

— 50

4

8 mm

12 m
L.=60x4=24) mm

Figure 5.10

Downloaded From : www.EasyEngineering.net

138 : . Design of Steel Structures Design of Tension Members 139
Example 5.7 Checking the design:
Design a double angle tension member connected on each side of a 10 mm thick gusset plate, to carry a) Strenoth aga: . Ag Sy 1876x250
an axial factored load of 375 kN. Use 20 mm black bolts. Assume shop connection. @ ng against yielding = K ST T 426364 N >375x1000
- Solution: : : ‘
. s o1l 1.1x375%1000 2 o 0.K
Area required from the consideration of yiclding = —os0 =1650 mm~. (b) Strength of plate.in rupture:
“Try 2 ISA 7550, 8 mm thick which has gross area = 2 X 938 = 1876 mm?. Area of connected leg,
AHC = 2(75 -22 —E)XS =784 m_rnz
Strength of 20 mm black bolts: 2
Area of outstanding |
400 1 ng leg,
(2) In double shear = [%x 20% + 0.78x%x202]x % o & g
3L Ag0=2x(50——)x8
=103314 N. 2
(b) Strength in bearing: =736 mm?
. w Jfy b
Taking e = 40 mm, p = 60 mm, ﬂ=1-4—0-076><7x7‘—xL_5
40 60 400 u e
K is smaller of , -0.25,—,1.0
3x2273x22 410 =14—0076xﬂx2—52x 77
ie, K;=0.606 8 410 240
1 =1.307
Vipp = EX 2.5%0.606x 20x8x400 = 77568 N
097,4 A.,f
T, = w’ine goJy
Bolt value = 77568 N N T
375000
Number of bolts required = ———=4.83 0.9%410% 784
- 736x250
77368 ST 1307 T = 450062> 375000 N
Provide 5 bolts in a row as shown in Fig. 5.10. '
O.K.

{c) Strength against block shear failure:

Per angle:

4y = (40 + 60 X 4) x 8 = 2240 mm?

Ay =(40+60X 4~ 4.5 x 22) x 8 = 1448 mm>
A =(75-35)x 8 =320 mm? '
Ay =(75-35-0.5 X 22) x 8 = 232 mm?

Strength against block failure of each angle is the smaller of the following two values:
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1) = A"g-f;’ + 0.9% 4 1y
\/5}’,,,0 CVmi

2240%250 0.9x232x410
= +
JxL1 1.25

=362410N

(ii) _ 094ty | Aty
\/5 XVl Vmo

0.9x1448x410 320%250
= +
V3x1.25 11

=319515N
- Strength of two angles against block failure =2 x 319515 > 375000

oK.

Hence use 2 ISA 7550, 8 mm with 5 bolts of 20 mm diameter.

5.3 TENSION MEMBER SPLICE

If a single piece of required length is not available tension members are spliced to transfer required
tension from one piece to another. The strength of the splice plates and the bolts/weld connecting them
should have strength at least equal to the design load. When tension members of different thicknesses
are to be connected, filler plates may be used to bring the members in level. The design shear capacity
of bolts carrying shear through a packing plate in excess of 6 mm shall be decreased by a factor (clause
10.3.3.3 in IS 800-2007)

Bo=1-00125 1,
where 1, = thickness of the thicker packing plate.

Example 5.8

Design a splice to connect a 300 X 20 mm plate with a 300 X 10 mm plate. The design load is 500 kN.

Use 20 mm black bolts, fabricated in the shop.

Solution:
Let double cover butt joint with 6 mm cover plates be used.

Strength of Bolts:
d=20mm, dy=22 mm,ﬂpk= 1-0.0125x10=0.875
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Strength in double shear = 4, (Z *+078% 42 | _Ju
4 4 J3x1.25

2
=0.875x1.78x(%]x410x——

V3125

=90400 N
Strength in bearing:

Letedge distance = 40 mm and pitch 60 mm be used. Then K, is smaller of -5~ _P__ 0.25, _f_;é;, 1.0.

40 60 400 3dy " 34, Ju

? 3x22’ 3x22 _0'25, m,l.o 1.e., Kb =0.606

- Strength in bearing against 10 mm plate

ie

=2.5K, dif,x——
Ymb .

=2.5x0.606x20x10x410xL
: " 1.25
=99384 N < 105897 N
Bolt value = 90400 N

500x1000 _

90400 2,3

[ Provide 6 bolts on each side of the joint as shown in Fig. 5.11
j Check for the strength of plate:

* (i) Strength against yielding of gross section

=4 f, _ 300X10x250

» _ = 681813 N > 50000 N
- (ii) Strength against rupture: Vo -
4,= (309 -3 X 22) x 10 = 2340 mm?
_094,f,  0.9%2340x410
le_: - -

Yt 125

= 690768 N > 500000 N

0.K-
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Packing plate
) 20 mm
I\‘ ST T L [
Y I 1 1 r j
=1 T T
10 mm plate
L
1T 2 0
. i e ® —
1
: 110
. . 3, 0 e — 300
3 110
- - = : ® ® —
\ 5 40 0
40| 60 |6
Figure 5.11

(iii) Block shear strength
(a) Along 1-1-2-4-5-1:
Ay =2 (40 + 60) X 10 = 2000 mm*
A,,=2(40+ 60— 1.5 X 22) x 10 = 1340 mm*
Ay =220x 10 =2200 mm?
A, =(220-2 % 22) X 10 = 1760 mm?

Y SR YW
X] db
\/57"10 Ymi

3 2000x250+ 0.9 x1760 x 410

=781984 N

NI%E T 125
4
or Tp= M+ ol
x/ngl "y"'o
_ 0.9x1340x 410+ 2200% 250 _ 728381 N

J3l2s L
(b) Along 1-1-2-3-4-6-1:
A= (40+60)x 10=1000 mm®
A, = (40+ 60— 1.5x22) x 10 = 670 mm?
A= (220 +40) X 10 =2600 mm®
A= (2602 x 22) x 10 = 2160 mm*
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STy =
% Bx11

. 09%x670x410 + 2600 x 250

= 768848 N

1.25

or Tdb

SECSR

5.4 LUG ANGLES

: lug angles are (clause 10.12)

- Y3 x125
- Block shear strength is 705100 N > 50000 N

L .. Provide an extra bolt in the caver plate on packing material [Ref. Fig 5.11]

=17051
1 00N

Hence O.K.

Lgngth of .the .end connection of a heavily loaded tension member may be reduced by using hig angles
?@}e'shown in Fig. 5.12. By using lug angles there will be saving in gusset plate, but it is upset by addi-
+ tional fasteners and angle required. Hence nowadays it is not preferred. IS 800-2007 specifications for

/:/ Lug angle

u
L\

Main member-Angle

Main member-
Changnel

L
5\

\—Lug angle

®)
Figure 5.12
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1. The effective connection of the lug angle shall as far as possible terminate at the end of the

member. g

2. The connection of lug angle to main member shall preferably start in advance of the membe

to the gusset plate.

3. Minimum of two bolts, rivets or equivalent welds be used for attaching lug angle to the gusset.
4. If the main member is an angle

(a) the whole area of the member shall be taken as the effective rather than net'effective section
(i.e., with reduction for outstanding leg area). The whole area of the member is the gross
area less deduction for bolt holes.

(b) the strength of lug angles and fastener connecting lug angle to gusset plate should be at
least 20 percent more than the force in outstanding leg.

(c) the strength of the fastener connecting lug angle and main member shall be at least 40% -

more than the force carried by the outstanding leg.

" 5. In case the main member is a channel and like:

(a) as far as possible should be symmetric.
(b) the strength of fasteners connecting lug angle to the gusset should be at least 10% more

A tension member of a roof truss carries a factored axial tension of 430 kN. Design the section and its
connection

(a) without using lug angle
(b) using lug angle.

Solution:

Tensile force in the main member = 430 kN. Considering the strength in yield, gross area required
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o Ky=04545

Strength in bearing:

Cegin=1.5x20=30mm  p; =25%20=50 mm

~+x Let e=30mm p=50mm

30 50
3x22° 2x22

400

Then K} is smaller of -
410’

1.0

T, =2.5% 04545 20x 10 x 400 _ 25720 N.
Bolt value = 45272 N, 125

Note: In case of single shear, bolt value is usually governed by value in single shear.

(a) Connection without lug angle:

' Number of bolts required = 430000
- 45270

Provide 10 bolts.

9.5

o than the force in outstanding leg. 5 Length of connecti
4 . 1] L. = =
i (c) the strength of fasteners connecting lug angle and main member shall be at least 20% more 15d=15x20 :c;gon,m;l 9%50=450 mm
i than the force in outstanding leg. . )
L.>15d. 1t is long connection.
Example 5.9

By =1.075-0.005 42i00 =(.9625
Shear strength of bolt (after reducing for long connection)
=0.9625 X 45272 = 435743 N

430000
435743

No. of bolts required = 9.87

Hence 10 bolts are sufficient.

. A f, A, %250 A1, 190 :
is venb,430x1000-= 8Jy 8" 7 Yield str =_gl=__3x_25_9— J
given by, _ ] strength 1 T~ 432500 N> 430 10° N. Hence O.K.
Ag=1892 mm
) Rupture strength:
Select ISA 100100, 10 mm which has
. 10 .
A4, =1903 mm’ A"”=(100_?_22)x 10=730 mn’
Using 20 mm diameter black bolts, Agy= (1 00— %) % 10 = 950 mm?>
Strength in single shear: 95) 250 13
ﬁ=l.4’—0.076(—_)x_x__0= Ly
7 =078x Ex20tx 8w L5 N 10)7 410 " asg 278> 0T <
4 5125 y Yal
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-~ B=12728

: . . 0x250
Stcength in upture = 3LXIX410 12728 %95 - 490305 N
1.25 1.1
Block shear strength: '
- - 2 4 = — 2
Ay = (450 +30) x 10 = 4800 mm?, 4, =70 x 10 =700 mm

A, = (480 — 9.5 % 22) x 10 = 2710 mm?, 4, = (70- -223) x 10 = 490 mm?

4800% 250 490x 0.9 x 410
+

Y3 xl.1 1.25

0.9%x2710x 410 700 X 0.9 X 250

J3x1.25 1.1
.. Block shear strength = 605057 N

Hence strength of angle is 432500 N > 430 x 10° N. Hence O.K.

=774485 N

- Block shear strength =

or = 605057 N

(b) Connection with lug angle:
Gross area of connected leg = Gross area of outstanding leg
Load is shared equally.

i, Loadin outstanding leg = Load in connected leg - 430 _ 151y,
2

Lug angle is to be designed to-take a load of = 1.2 x 215 = 258 kN.

258x1000
250/1.1

Gross area of lug angle required — =1135mm?

Provide ISA 100100, 6 mm.

A4, provided = 1167 mm?
0.9%(100+100-10—22)6x 410

The strength of lug aﬂgle in rupture, =

1.25
= 297.562 N> 258000 N.
Bolt value:
In single shear=45272 N
In bearing = 2.5%0.4545%20x 6x400 43632

1.25
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Design of Tension Members

Bolt value = 43630 N

Number of bolts required = 225X1000 _; o
43630

——  Provide 6 bolts,

Design force for connected leg=14x215kN

Number of bolts required to connect lug angle with main angle = w -
Provide 7 bolts. 43630

- [Block shear strength may be checked. It is safe.]
. The connection detail is shown in the Fig. 5.13,

Connection of main angle to gusset plates:
Force to be transferred = 215kN -
Bolt value for this is 45272 N.

No. of bolts required = 212000 _

45270
Provide 5 bolts,

. Required length of gusset plate

=30+(7-1)x50=330 mm (compared to 480 mm required without lug angle)

ISA 100 100, 10 mm

Gusset plate

Figure 5.13

147

=6.89
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148 Design of Steel Structures

Questions

. Explain the different modes of failure of tension members.

. Write short note on block shear failure.

. What is a lug angle? Illustrate with sketch. Why lug angles are used?

. Write short notes on tension member splices.

. Determine the tensile strength of the plate 160 mm X 10 mm with the holes for 24 mm bolts as

shown in Fig. 5.14.

6. Determine the tensile strength of a roof truss diagonal 100 x 75 x 10 mm. The longer le'g is
connected to the gusset plate with 20 mm diameter bolts in one row. Number of bolts used is 6,
the edge/end distance = 30 mm and pitch = 50 mm.

7. A member consists of a single angle ISA 150 X 75. Ttis to be connected to the gusset plate by two
rows of 20 mm diameter bolts at 2 pitch of 80 mm with a stagger of 40 mm. The first line of bolt is
located at their centres 50 mm from the back of the angle while the second row is located at 60 mm
from the first row. The tensile force (working) is 200 KN. Calculate the thickness of angle.

8. Design a tension member to carry a factored force of 340 kN. Use 20 mm diameter black bolts
and a gusset plate of 8 mm thick. ‘

9. A tension member of truss consists of a single angle ISA 125 X75 X 10 mm carrying a factored

load of 300 kN, if 20 mm diameter bolts are used. Design the connection to a gusset plate using

a lug angle.

(S - A
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'DESIGN OF COMPRESSION MEMBERS

_-.Many structural members are in compression. Vertical compression members in buildings aIe'cailed

§-~columns, posts or stanchions. Compression members in trusses are called struts. The jib of crane which

carries compression is called boom.

| _Whatever care taken by the engineers to transfer load axially unexpected eccentricity of load is unavoid-

.zable due to imperfection. This eccentricity causes lateral bending moment which results into bending

--¢ompressiqn also. As the axial compression increases the lateral defiection increases resulting into ad-

- ditionai bending stresses. A stage of instability is reached at a ioad much below crushing strength of

- compression members. This phenomenon is called buckling of columns. Because of buckling tendency

“the load carrying capacity of columns is reduced considerably. The load carrying capacity depends upon
..the end conditions and also on slenderness ratio of the column sections.

In this chapter. different buckling_ classes based on possible imperfections in the column is discussed.
Then the method of determining effective length depending upon end conditions is presented. Finally,
finding design stresses in compression members based on slendemness ratio, as accepted by IS 800-2007

s illustrated. Many examples are solved to illustrate design of different compression members and
method of splicing them. g

6.1 BUCKLING CLASS OF CROSS-SECTION

Imperfections of fabrication resulting into accidental eccentricity largely depends upon the cross-section
of the compression members. Based on such imperfection buckling tendency varies. IS 800-2007 di-

vides various cross-sections into four buckling classes a, b, ¢ and d as shown in Table 6.1. (Table 10 in
1S 800) '
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Table 6.1 Buckling class of cross-sections

{Refer Table 10 in IS 800}
Cross-Section Limits Buckling About Axis Buckling Class
m 2 3) @
Rolled I-Sections hbe>1.2:
1< 40 mm z-Z a
vy b
z-z b
40 mm <f,< 100 mm oy B
W)
7 z-z b
tr< 100 mm ¥y ¢
2z d
{r> 100 mm oy d
Welded I-Section tr<40 mm z-z
: - yy
} [ 1—1}) ) : ? [ & 1} : c
z-z
fe—pudll e L/ | =
TN K / YN e y>40mm »y d
— 1 ="
[y -y
Hollow Section _
PU— Hot rolled Any a
@ Cold formed Any b
Welded Box Section Generally Any b
! (except as below)
l'_'—"‘——_— (,
| i Thick welds and
“{ ] L bity<30 2z c
A e S kit <30 oy c
—
Channel, Angle, T and Solid Sections
Any c
Any ¢
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Design of Compression Members 151

} 62 SLENDERNESS RATIO

_ [éndemess ratio of a column is defined as the ratio of effective length to corresponding radius of gyra-
tion of the section. Thus

——

LY

l
slendemess ratio = < =
ror

where, L =actual length of compression member

n I, = KL, effective length

r = appropriate radius of gyration.

6.2.1 Actual Length

s the centre to centre distance of compression member between the restrained ends. In Fig. 6.1,

i column is restrained at ends 4 and B in both y-y and z-z direction. At C it is restrained in z-z

Jirection only. Hence its actual length in y-y direction is 6 m while-in z-z direction it is equal to

-4C = 3 m only.
— B
nd I |
= 3m —_—
- % Pl B TR :
l 3m —y

N
<

Figure 6.1

l62.2 Effective Length

:Tl_ie eﬁ'ecftive length K1 is calculated from the actual length L, of the member considering the rotational
ad relative translational boundary conditions at the ends. IS 800-2007 recommends the following:

(2) If end conditions can be assessed:

] ‘_W»here the boundary conditions in plane of buckling can be assessed the effective length KL can be
calculated on the bases of Table 6.2 (Refer Table 11 in IS 800).
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152 Design of Steel Structures Design of Compression Members 153 .
(b) Compression members in trusses: | Table 6.2 Effective length of prismatic compression members
. .. Refer Table 11 in IS
(i) In the case of bolted, riveted or welded trusses and braced frames, the effective length, E{ffi in IS 800] .
KL, shall be taken as 0.7 to 1.0 times the actual length, depending upon the degree ofend § Boundary Conditions Schematic Effectt
3 . . ¢ ve
: restraints provided. | 3 At One End At the Other End Representation Length
— (ii) For buckling in the plane perpendicular to the plane of truss, the effective length may be §~ “ranslation Rotation | Translation Rotation
taken as actual length. M 9 :
= o @ ® @ ® ©
{¢) In frames:
In the frame analysis, if deformed shape is not considered (second order or advanced analysis isnof . . J X ’
used), the effective length depends upon stiffnesses of the members meeting at the joint. The methoy Restraine Restaiged Free Free 2.0L
of finding effective length factor K are shown in Aanex D of IS 800. One can use the graphs giveni '
the annexure. .

, (d) In case of stepped columus: Restrained Free Free Restrained

: Expressions for finding effective length factor for various stepped columns are presented in IS 8()

: annexure D2 and D3.

. Restrained F strai
€.2.3 Approgpriate Radius of Gyration 5 ee Restained  Free 1oL
| Appropriate radius of gyration means the radius of gyration of compression member about the axis of :

0o buckling. For example, in case of column shown in Fig. 6.1, when length of the column is taken 6 m, the
radius of gyration about z-z axis should be considered. For buckling about y-y axis, the length of column
is 3 m and radius of gyration about y-y axis is to be considered. The maximum slenderness ratio govems
the design strength. If the length of the column to be considered is the same for buckling about any axis, . )

Kl Restrained Restrained Free * Restrained

- naturally the governing slenderness ratio is -——. 122

; l Tmin

{ 6.3 DESIGN COMPRESSIVE STRESS AND STRENGTH )

5‘ : Kestrained Restrained Restrained Free : 08I
The design compressive stress, f; of axially loaded compression members shall be calculated using the o
following equation: (]

| foit, fy

| fu=—r" s S e Y

l ¢+k¢2_/12) Vmo

‘ . Restrained Restrained Restrained Restrained 0.651

S

%’ ‘ ' . Note: L is the unsupported length of the compression member.
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‘ 154 _ - Design ¢.7f Steel Structures Design of Compression Members 155

| here ¢=0.5[1+a(A~02)+ 4 : S : i . )
r w ¢ [ . ( . _) ‘ ] - 1 -_ it falls under buckling class ‘b’ for buckling about z-z axis and under class ‘¢’ for buckling about y-y axis.
‘ ;{ A= non-dimensional effective slenderness ratio : §. Fromsteel table ryy=r,,= 54.1 mm.
il 2
ih . [KL] i 7E  7*x2x10°
it 1 T - Jee = 7= 7 =641.92 N/mm?
_— = |22 oL KL 3000
1} o \ 7E r sa1)

. : ; S . '
| ‘ .. = Euler buckling stress : ; . Non-dimensionalised effective slenderness ratio

! o= imperfection factor, given in Table 6.3 A 7
' . 250
¥no = 1.1 for Fe 415 steel. » _ _ J=1}f—y=,/m=0.624
e . cc -

‘ The design compressive strength P, of a member is given by }  Forbuckling class b

1\ ) - L_t_'. - . £l

- Py=A,f, . =034, .

' o S $=05[1+a(i-02)+ 4

where 4, effective sectional area, which is the same as gross area if bolt holes are filled with bolts. De » =0.5[1+0.34 (0.624 - 0.2) + 0.624%]
ductlons for bolt holes may be made only if the holes are not fitted with bolts. - =0.767

B Table 6.3 Imperfection factor: o =) oo fg= -—l'-/}’L
A ! B 2 72\
B Buckling class a b ¢ -d ¢+ (¢ A7)

1 4 021 034 049 076 = _ 250/1.1

0.
0.767+(0.7672 ~ 06247
Example 6.1

Determine the design axial load capacity of the column ISHB 300 @ 577 N/m if the length of column .
is 3 m and its both ends pinned.

_ =187.36 N/mm?
Strength of column
_ _ Py=A, f,4=7484 x 187.36
Solution: o = 1402237 N
! For rolled steel sections, o

=1402.237 kN
£,=250 N/mm®, £,=410N/mm’ and E=2x 10° N/mm’.
: . Working load = 100,287 934.8
. For both end pinned columns, g 15 =934.823kN Answer
KL=L=3 mm. ‘_..@-.4 I.S. TABLES FOR DESIGN STRESS
For ISHB 300 @ 577 N/m.
‘ b =300 mm, bf= 250 mm, £,= 10.6 mm, 4, = 4 = 7484 mm? For the benefit of users tables are given in IS 800-2007 (Refer Table 9) to find design stress Jea if ﬁ is
1o detenm d f
4 b 12 and <40 mm N ned for all the four (a, b, ¢ and d) classes of buckling. The tables are reproduced here for the ben-
| _ by : eﬁt of readers of this book (Table 6.4). It may be verified that in the above problem K _3000 =579
' d Hence according to Table 6.1 (Refer Table 10 in IS 800) d from the Table 6.4 ©)fog=1714.
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160 Design of Steel Structures

6.5 SHAPES OF COMPRESSION MEMBERS

Since the design stress in compression member decrcas'es w.ith the least radius 9f i}l'r:lt.;:n,'rt;lie; ?:I:lzr;
should be proportioned to have maximum moment of .mema for th? same section Sibl.e his cen be
hieved by concentrating the area away from centroid of the sectlfm. Afs far as possibl ey
?c“”‘ld’have approximately the same radius of gyration about any axis. This requirement 15 e y
St'mul tubes. Due to difficulties in making end connections, they were not comoﬂy used .ea:her. ut
zg:v:;ys dm.a to improvements in welding technology tubular sections ?:e getting po;:}llanzeas ;of::
ression members. Next best shape may be square tubing. Among I-sections ISHI.B sec 1;)::5.“ up ol

P X olumns, since they have better r, ;; values for the same area of cross—sectlonsl. If built up 1
o as:lred sn'e:ngthening should be made by connecting plates on flanges so as .to increase rzlva ue
:vrgizzs lower compared to r,,, (Ref. Table 6.1) value. In rolof mxstszsd anfd namu?;iz?e;o:;e:z ;:;grees :focn
i . It is preferable to use equal angles instead of uneq .
tlonrfﬂ:;a;‘rescsoixxxncx;l (s):gx :Z:liesl thavI; higher r;, valuec: for the same cross sectional areas. Various shapss of
Iclcl)emmonly used compression members are shown in Fig. 6.2.

Fxample 6.2

i f the
In a truss a strut 3 m long consists of two angles ISA 100100, 6 mm. Find the factored strength of .
member if the angles are connected on both sides of 12 mm gusset by_
(i) one bolt
(i) two bolts o
(iii) Welding, which makes the joint rigid.
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Design of Compression Members 161

Solution:
From steel table for a ISA 100100, 6 mm,

area = 1167 mn’; C,, = C, = 26.7 mm,
= rp=7,,=30.9 mm.

Figure 6.3 shows the details of the member.

v / 12 mm gusset
i
N TN_1SA 100100, 6 m
Z — z
K .
—~ 6 T
= Figure 6.3

;;rzz of the member is the same as r,, of single an,
{. . into doubling of I, and area.

0

gle, since the z-z axis for both is the same, resulting

7 =30.9 mm.

' "-;:":'1”, =2 [1,,, of one angle + Area of one angle x (C,, +6)7].
' “ From steel table, L, of one angle =]113x 10*

i 1y of the member = 2[1 11.3x10* +1167x(26.7 +6)21

=4721723 mm*

. 1 i
) - y _ \/4721723 o/
0] ) A 2x1167

¥, 1S governing the strength of member.

4. Case (i): Whena single bolt is used

“r=r,,=30.9 mm

{+KL=1=3000 mm.

KL 3000 —o7
r 309
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162 : Design of Steel Structures

The member befongs to buckling class ¢ (Ref. Table 6.4)

Hence referring to Table 6.4(c), for KL =97, corresponding to f; =250 MPa,
r

) f€47_=121—110(121—-107)

=111.2 N/mm*.
Pa'erfcd
=2x 1167 x 111.2 =259541 N.

ie. Py=259.541 kN Answer

Case (ii): When two bolts are used

" The effective length is reduced. It may be taken as 0.85 times actual length.
KL =0.85 x 3000 =2550 mm.

Hence in this case —K—L-E—S—O-—SZ 5
r 30.9
From Table 6.4(c), for steel with fy =250 N/mmz,

fea for —K—L 80 is 136 N/mm®

for KL g0 is 121 N/mm?.
r .

Linearly interpolating, f.; for i, =82.5is
r
Soq =136— 2;Sx(136 -121)
10
=132.25 N/mm?
P; =2x1167x132.25
=308672 N =308.672 kN Answer

Case (iii): Rigid joint by welding
Effective length KL = 0.7 X L = 0.7 x 3000 = 2100 mm

KL _2100 _ o

r 09
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Design of Compression Members
From the table, £, ; values are

% KL
2 for T=60 fcd =168 N/mm2

i KL :
—=70 [y =152 N/mm?

KL
For — =67.96, f, =168~ 71'%(168 ~152)
=155.26 N/mm?
Py=2x1167 % 155.26 =362386 N
=362.386 kN Answer
T*'Example 6.3

e, E 250).

y
|
e 140 — 30020
]

: 1
N T

20 [
N
ISMB 400
400 mm 3 — — 3
|
_—20 L

—

]
T
| \— 300x20
v

Figure 6.4
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Determme the load carrying capacity of the column section shown in Fig. 6.4, if its actual length
1 4.5 m. Its one end may be assumed fixed and the other end hinged. The grade of steel is Fe 415
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164 Design of Steel Structures

Solution:

For ISMB 400, .
h =400 mm, bf= 140 mm, f= 16 mm, I,=20458.4 x 10" mm

I,=622.1x 10 mm*, Area="7846 mm”
Buckling class: Built up section. Hence it belongs to class ‘c’.
Sectional Properties:
I,=20458.4 x10%+ 2 x 300 X 20.x (200 + 10)?
= 733784000 mm*
(Note: ML of plate about its own axis neglected)

1,,=622.1x10° +I]5x20x3003x2
= 96221000 mm*

[)1l' < [Z:

Buckling about y-y axis govemns the design.

A =7846 + 2 X 300 X 20 = 19846 mm®

r . .wz@.& mm
TN 19846

Effective length KL = 0.8 L = 0.8 X 4500 = 3600 mm.
3600

. KL
Slenderness ratio —r— = géa =51.70

. K 51.70
Referring to Table 6.4(c), for —=>l

Sfeq =183 %(183—168)
=180.45 N/mm’
Py =Af,,= 19846 x 180.45
=3581210N
=33581.210 kN. -
Load (working load) carrying capacity of the column = 2%12 =2387.474 kN
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- 6.6 DESIGN OF COMPRESSION MEMBERS

“The following are the usual steps in the design of compression members:
1. Design stress in compression is to be assumed: .
For rolled steel beam sections the slenderness ratio varies from 70 to 90. Hence design stress

* may be assumed as 135 N/mm?. For angle struts, the slendemess ratio varies from 110 to
130. Hence design stress for such members may be assumed as 90 N/mm?, For compression
members carrying large loads, the slendemess ratio is comparatively small. For such members
design stress may be assumed as 200 N/mm2.

£y

2. Effective sectional area required is 4 =
. cd

3. Select a section to give effective area required and calculate r,,; .
4. Knowing the end conditions and deciding the type of connection determine effective length.
5. Find the slendemess ratio and hence design stress f.; and load carrying capacity P,

.. 6. Revise the section if calculated P, differs considerably from the design load.
~Thus the design of compression member is by a trial and error process, :

Example 6.4

~-Design a single angle strut connected to the gusset plate to carry 180 kN factored load. The length of the
“strut between centre to centre conneetion is 3 m. :

V) Solution:
Assuming 1., = 90 N/mm?,

3
4 189x10 = 2000 mm?

© TiyISA 9090, 12 mm, which has 4 = 2019 mm?

Fanin =Ty = 17.4 mm.

Assuming the strut will be connected to the gusset plate with at least 2 bolts (Note: Strength of 20 mm
bolt in single shear is about 45 kN) '

KL =0.85L = 0.85 x 3000 = 2550 mm

AL = 25_5Q =146.55
r 17.4

From the Table 6.1(c),

for £, = 250 N/mm?

when E =140, f,,= 60.2
r

when K 150, £,;=59.2
r

<. when K 146.55
r
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Jea=584~ 655 (584 -52.6)=54.6 N/mm?

0
Py= A f,4=2019 x 54.6 = 110239 < 180000 N

Hence revise the sc_:g:tion.

Try ISA 130130, 8 mm.
Area provided = 2022 mm?, r=r,,=25.5

KL 2550
T 255

=100

o fog= 107 N/mm®
P4=2022 x 107 = 216354 > 180,000 N. OK.

Provide ISA 130130, 8 mm.

Example 6.5
A column 4 m long has to support a factored load of 6000 kN. The column is effectively held at

both ends and restrained in direction at one of the ends. Design the column using beam sections and
plates.

Solution:

Assuming f,;= 200 N/min?,

. .
Area required = EO_QZOX%_ =30000 mm>

Using ISHB 450 @ 907 N/m,
Area provided = 11789 mm?, width of flange = 250 mm.
Area to be provided by plates = 30000 — 11789 = 18211 mm?.

Selecting 20 mm plates, breadth required ‘b’ is obtained from,

2b5%x20=18211

b=4553

Provide 20 mm x 500 mm plate.
Check for overhang:

500~-250 O.K.
20

Overhang =12.5<12¢t (Clouse 10.2.3.2 in IS 800)

Downloaded From : www.EasyEngineering.net
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~ Total area provided
A, =11789 + 500 x 20 x 2
=31789 mm?

5= For ISHB 450 @ 907 N/m

I, =40349.9 x 10* mm*
1,,=3045 x 10* mm*
For the section selected,

1, =40349.9 x 10*+ 2 x 500 x 20 (225 + 10)2
=1507.994 x 10® mm?

1, =3045x10* +2><1-12—><20><5003

=447.1167 x 10° mm*
” V4 31789
=118.6 mm
~ Effective length XL = 0.8 L = 0.8 x 4000 = 3200 mm,
: KL _ 3200

=——=26.
r 118.6 5%

tfr=trof Isection +20=13.7+20=31.7 <40 mm.
- It belongs to buckling class c for buckling about y-y axis,
From Table 6.1(c)
., 69
foa = 224——5(224— 211)

=214.9 N/mm?

P, =Ae_f¢d= 31789 x214.9
.=6831456 N
=6831.456 kN > Factored load

Hence safe,
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6.7 LACED AND BATTENED COLUMNS

To achieve maximum value for minimum radius of gyration, without increasing the area of the section,
a number of elements are placed away from the principal axis using suitable lateral systems. The com.
monly used lateral systems are

(a) lacing or latticing
(b) battening.

Perforated cover plates are also used for this purpose. However IS 800 do not give any specifications
for the design of such plates.

6.7.1 Lacings
Rolled steel flats and angles are used for lacing. One can use single lacing or double lacing system
(Fig. 6.5). ' :

The object of providing lateral system is to keep the main members of the column away from principal
ones. In doing so, the lacings are subjected to shear forces due to horizontal forces on columns.

AVAY

Lacing on
Face B

Lacing on
Facc A

Lacing on
Face B

Lacing on
Face A

Preferred Lacing
Arrangement

Preferred Lacing
Arrangement
(A) Single Laced System (B) Double Laced System

Figure 6.5 Laced column.
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6.7.2 Battens :

Instead of lacing one can use battens to. keep members of columns at required distances. Figure 6.6
shows the use of batten plates. -

_FL" 'b!".
o 0 o o
o 0 o ¢
© O o o
0 © o O
c
1
o o o dl-
0 0 o ¢
) o G
o o o d
J ]
_l_/l,__ 1'
| 1 |
T 1 : ]
!
2 ] z
|
i
:

|
|-
!

. Figure 6.6 Battened column.

6.8 DESIGN OF LACED COLUMNS
1§ 800-2007 specifies the following rules for the design of latticed columns:
1. As far as possible, the latticing system shall be uniform throughout.

2. Ir single laced system the direction of lattices on opposite faces should be shadow of the otﬁer.
It should not be mutually opposite.
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1, In bolted/riveted construction, the minimum width of lacing bars shall be three times the
' mminal diameter of the bolt/rivet.

|

| | L
i 4 The thickness of flat lacing bars shall not be less than Eth of its effective length for single
l - 1 i for double lacings.

[ lzcing and @x of the effective length for g

5, Lacing bars shall be inclined at 40° to 70° to the axis of built up member. - here. 7

§. The distance between the two main merr}bers ShOl:lld be kePt 50 as to get ryf‘ Iy W ‘,S (ﬁ‘
is the radius of gyration about weaker axis and r,, is the radius of gyration of stronger axi
i r (Fig. 6.5). )

7 ﬁmﬂr:;:;:fg (:f%acing) bars shall be such that the maximum slendemes_s of the main

' member between consecutive lacing connection is not greater than 50 or 0.7 times the most

unfourable slenderness ratio of the member as a whole. . . . "

8. The lacing shall be designed to resist transverse shear ¥, =2.5% of axial force in columns.

st
—t shear force.
there are two transverse parallel systems then each system has to resist 2 she:

i j i = bending shear + 2.5% column force.
column is subjected to bending also, ¥, = ben : /
13. gﬁtf::tive length of single laced system is equal to the length betweefl the inner end fastener.
. For welded joints and double laced, effectively connected at intersection effective length may
betaken as 0.7 times the actual length.

11. The slenderness ratio % for lacing bars should not exceed 145.

i ided with end tie plates.
 Laced compression members shall be provi : )
‘ g The effective slenderness ratio of laced columns shall be taker.l as 1.05 times the actual maxi
1l . mum slenderness ratio, in order to account for shear deformation effects.

" Example 6.6

i : ia] factored load of
Wi . column with two channels back to back of length 19 m to carry an axial

ER mﬁ; l;f:: column may be assumed to have restrained in position but not in direction at both ends

i (hinged ends)-

i Solution: ’
! Assumingfcd'—'BSN/mm

14001000

2
iod = ———— =10370 mm
Arearequired = — 3%

Ty 21SMC 350 @ 413 N/m.
Areaprovided = 2 X 5366 = 10732 mm?

r,=136.6 mm
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Distance will be maintained so as to get Ty >z

actual KL _ 1X10000

r 136.6
Since it is a laced column

=73.206

KL =1.05x73.206 = 76.87
r

From Table 6.1(c),

fod =152—61'—§7(152—136)

=141.0 N/mm?

Load carrying capacity = 10732 x 141.0
=1513.297x 10
=1513.297 kN > 1400 kN

Spacing between the channels:

Let it be a clear distance ‘@,

Now: I, = 2 x 10008 x 10* =20016 x 10* mm*

2
i =2[430.6x104 +5366(5+24.4) ]
2
Equating 1,101, we get
d 2
2 430.6x104+5366(5+24.4) =20016x10*

d z
ie, (5+24.4] =178483

d=218.4mm

Provide d'= 220 mm as shown in Fig. 6.7.

Lacings: Let the lacings be provided at 45° to horizontal,

Horizontal spacing of lacing = 220 + 60 + 60

1

171

OK.

=340mm  [Note: g=60is gauge distance]

Vertical spacing = 340 tan 45° x 2

=680 mm
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e :ngjie: ) | Use 60 ISF 14
=== ==5 7\- - i Sectional area = 60 x 14 = 840 mm?,

= ! B KL 480. .
N 7 m Vertical , e qs% =118.97<145 _
P spacing '

Strength of 20 mm shop bolt:

l. Lo 7 F
: = S - z 400
e L S (a) in singie shear = 0.78x Vi 202 x =45272 N
; >~ Lacing system K:6—0 220 I V3x125
b /B'\_/ o
(a) Cross-Section ! ot Edge distance = @. =30
spacing 2
{b) Elevation K= 30 0.4545
| 8 T
Figure 6.7
(b) Strength in bearing = 2256 4t/
1.25
Least r of one channel = r,, = 28.3 | - 2:5%04545% 20x10x 400
: 125
% of channel between lacing = 680 _ 24.03<50 O.K. '=101808 N
g 5 Bolt value = 45272 N
Transverse shear to be resisted by lacing systems = —Xx 1400x10° =35000 N .
100 . 17500
Number of bolt required = —— = 0,387
i 35000 w212
3: Shear to be resisted by each lacing systems = — = 17500 N. Provide one bolt.
) Check for the strength of lacing:
;. ' 1
: ing = (220 + 60 + 60) ———=480.83 mm .
Length of lacing = (220 + 60 + 60) T %=118.97
Minimum thickness of lacing = Ilo— % 480.83 A flat belongs to buckinsg class c.
foa=94.6- % (94.6-83.7)
=12.02 mm.
Use 14 mm flats = 84.82 N/mm?
Minimum width of lacing, if 20 mm bolts are used = 3 x 20 = 60 mm. Load carrying capacity in compression = 84.82 x 60 X 14 = 71251 N
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[ 11. The effective depth of end b itudi )
. . 17500 pth of end battens (longitudinal .
FOI'CC in laclng - s_‘17n_4§_ =24749 N < 71251 N | the Centroids of main members. ( 4 na 1)’), Sha“ not be ICSS than the dlstance between

12. Effective depth of intermediate battens shall not be less than

Safe. %th of above distan

: 13. Inno case the width of battens shall be | i - g
Hence provide 60 ISF 14 flats at 45° and connect them to centre of gravity of channels with one bolt § - the batten. It is to be noted that th: eff: cfiisetg:;ttlr(: f.: ?:“Mdtll: ?lfone member in the plane of
“6£20 mm nominal diameter. = distance between the outermost fastnore en shall be taken as the longitudinal

p : 14. The thickness of battens shall be not less than ! i

. —th .

6.9 DESIGN OF BATTENED COLUMNS e connecting lines of rivets, bolts o welds, of the distance between the innermost
' _ _ 15. The length of the weld connectin. batt

IS 800-2007 specifies the following rules for the design of battened columns: the depth of batten plate. At least i nea tl?i?dpl?fh?\:;l:;dn;;:ﬁ); Splll:EeI;Ottbe liss tganfl:}?lf
at each end of this

1. Batten plates should be provided symmetrically. edge.

2. At both ends batten plates should be provided. They should be provided at points where the T
member is stayed in its length. ’ ' Example 6.7
3. The number of battens should be such that the member is divided into not less than three bays.
As far as possible they should be spaced and proportioned uniformly throughout.
4. Battens shall be of plates, angles, channels, or I-sections and at their ends shall be riveted,

L ,:I_)esign the built up column of example 6.6 using battens instead of lacing system

bolted or welded. Solution:
5. By providing battens distance between the members of columns is so maintained that radius ~ }__ = The design of column is same as i i : :
~of gl;ration about the axis perpendicular to the plane of battens is not less than the radius of . 12 the previous example i.c., use 21SMC 350 @413 N/m
gyration about the axis parallel to the plane of the batten (r,,, > r,,, in Fig. 6.6). / with clear spacing of 220 mm, &L _ L1x 10000 =80.52
6. The effective slenderness ratio of battened columns shall be taken as 1.1 times the maximum / r 136.6
actual slenderness ratio of the column, to account for shear deformation. - Distance between centres of channels § = 220 + 60 + 60 = 340 mm
7. The vertical spacing of battens, measured as centre to centre of its end fastening, shall be  }
such that the slendemness ratio of any component of column over that distance shal! be neither | - Design of battens:
greater than 50 nor greater than 0.7 times the slenderness ratio of the member as a wholeabout  §. V )
its z-z axis. = Let Cbe the spacing of battens, longitudinally.
8. Battens shall be designed to carry the bending moments and shear forces arising from trans- | Radius of gyration of one channel = 28.3 mm
verse shéar force ¥, equal to 2.5% of the total axial force. B ¢ .
9. In case columns are subjected to moments also, the resulting shear force should be found and T E) <30 e, C<1415.

“then the design shear is sum of this shear and 2.5% of axial load.

10. The design shear and moments for batten plates is given by " It should also satisfy the condition,

e _ve . 2 € |
V, = " and M= . v at each connection. - 283 7x80.52  ie, C< 1595,
where, Let us select C = 1200 mm.
= i 25
v, tr.ansverse shear force as defined in 8 and 9. o ¥, =22 1400x10° = 35000 N
C = distance between centre to centre of battens longitudinally. 1
N= m.m.lber of parallel plafles. . . . %,C_35000%1200
S = minimum transverse distance between the centroid of the fasteners connecting batten to ' YTNS T 2x3a0 61765 N
the main member. '
M= Vi C _ 35000x1200

N %2 =10500000 N-mm
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Size of battens:

Effective depth of end batten % 268.8 mm and also £ 2 x 100 mm.

Provide 270 mm depth for end battens, overall depth = 270 +2 % 35 =340 mm.

For intermediate battens it is « %x 270 mm and ¢« 200 mm

Provide depth = 210 mm
Giving edge distance of 35 mm,

Overall depth = 210 + 2 x 35 =280 mm

1
Thickness of battens & —56 %340

£6.8

Use 8 mm thick plates.
Check for stresses in batten plates:

61765 o I
= =27.57N/mm” < = X777 OK.
Shear stress 7808 511
Shear stress < 0.6 x permissible stress
) 6M _ 6x10500000 <[L
Bending stress = Ei = _——__—8 < 2807 L1 x 1.2
= 100.45 < 22727 N/mm’ OX.

Obviously end plate satisfies these requirements since it is deeper.

Connections:
It is to be designed to transmit both shear and bending moment.

Using 20 mm bolts,
A T 2 400
Str le shear =0.78—x20" X—=———
ength in sing 4 \/5 ”

=45272N
Strength in bearing is much higher.
Bolt value = 45272 N.

78125

f bolts ired = ———=1.72
Number of bolts require 15272

Let us provide 3 bolts to take into account stresses due to bending also.
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*. Force due to moment in extreme bolt = ——

/ Force due to moment in extreme bolt = 2" — 10500000x100

splices:

Kfthe ends are not milled
l forces. The columns baving milled ends
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Check:

Force in each bolt due to shear =

78125
3 =26042 N

Let the pitch be ﬂ =105 mm
2

Mr
pre

1052 + 1052 000

Resultant force in extreme bolt = 26042 + 500007 > 45272 N

= Try 5 bolts as shown in Fig, 6.8,

i.e. Force in each bdlt due to shear = M =15625N
5

- =42
3,2 2[50 4100 000 N

Resultant force = /156252 + 420002

=44812N < 45272 N
Provide the bolts as shown in Fig. 6.8.

6.10 COLUMN SPLICE

(1) those having ends cut by ordinary method
(ii) those having the ends cut and milled. .
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fe——— 4]0 ———}

/
e | ISMC 350 @ 413 N/im
/|
z . L] j— T
501, .
_ 501, 8 mm . 270 mm
0], thick g
& . . - l
35 -
1200 mm {\ L=
20 mm bott
— —— 201
35 . 1 !
. 8 mm . 270 + 2x35 = 340 mm
- . thick .
' rs
e 210 —>
244 \ s 244

Figure 6.8
The various types of column splices used are shown in Fig. 6.9. The situations in which they are used are:

. . ided.
When the columns are of the same size, milled ends are provide . _
23 When columns are of slightly different sizes, filler plates are used. Load is transferred partially
by bearing. _ ‘ ' . )
" () When the columns are of considerably different sizes, bearing plates are used.

6.11 DESIGN OF COLUMN SPLICES

The following procedure may be used in the design of column splices.

(1) Column splice plates may be assumed to act as short columns of zero slenderness ratio i.e.

assume [,y = % and calculate required area.
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Figure 6.9 Column splices.

. ;(2) Width of splice plate is taken equal to that of flange of column and the required thickness
7 calculated.

L (3) For the selected diameter of the bolts, the bolt value is computed and the number required is
found. ' .

_(4) Ifthe moment and shear force are also acting in addition to axial load splice plates are provided

- to flanges as well as to web. Splice plates attached to flanges are designed to resist additional

axial load equal to ﬂ, where a s the distance between centre to centre of flange splice plates.
a

The web splice plates are designed to resist maximum shear force.
(5) When bearing plates are to be provided to join two columns of unequal sizes the following
steps are to be used for the design of bearing plates.

(i) Bearing plate may be assumed as short beam to transmit the axial load to the lower column.

(ii) Axial load of the column is assumed to be taken by flanges only. Thus the load transfer is
as shown in Fig. 6.10.

Hence maximum moment in bearing plate = Ea

The thickness ‘" of bearing plate required is given by %btz f.=M or t= oM

bs

3 250
Where £, = design bending stress = ):f—’ = Ti- 227.27 N/mm?

mo
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; Example 6.8

milled.

Solution:
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A column section ISHB 300 @ 577 N/m is carrying a factored axial load of 600 kN, a factored moment
of 30 kN-m and a factored shear force of 60 kKN. Design a suitable column splice. Assume ends are

Since the ends are milled, 50% of axial load is transferred through bearing and splice plates transfer

_n - Boltvalue =45272 N

the remaining 50% of the load.

Load to be transferred by splice plate = 300 kN
i.e., load to be transferred by each splice plate = 150 kN
Assuming the thickness of splice plate 6 mm, for the calculation of lever arm,
a=300+6=306 mm.

=98.04 kN

30x10°
Force in cach plate due to moment =—30_6_

Total load in each splice plate = 150 + 98.04 = 248.04 kN _

For rolled steel section, fy =250 N/mm?.

248.04x10°
250/1.1

Width of splice plate = width of flange = 250 mm.

Area required = =1091.376 mm?

=4.365mm

. ired 1091.376
1 = ——
Thickness requ 250
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: Strefxgth in single shear =0.78x Z:x 202 x— 400 __ _ 45272 N
: 4 V3x1.25°

-Strength in bearing is much higher, if more than minimum specified edge distance is provided

E . 248.04x10°
Number of bolts required = ==~~~
- . 45272 >4

= Provide 3 bolts on each side of web.

) To resist shear, splice plates are provided on each side of web.

Maximum shear force = 60 kN.

* Yield strength of the web [clause 8.4.1 in IS 800] = 222 250 _; 2
2 i =—==-—==144.3 N/mm
: V3 3

. Area of plates required = 416 mm?

60x10° _
1443

= Area of each plate = 208 mm?. Use 6 mm plates as shown in Fig. 6.11.

60x10° _

- Number of bolts required = =
45272

1.33

Provide 2 bolts. Using 6 mm web splice the arrangement may be made as shown in Fig. 6.li

o
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Example 6.9

An upper storey column ISHB 300 @ 577 N/m carries a factored load of 1200 kN and a factored moment
of 12 kN-m. It is to be spliced with lower storey column ISHB 400 @ 806 N/m. Design a suitable splice,

Solutmn
Assummg that column load is transferred by flanges only,

Load on each flange = % =600 kN.

Distance between the flanges of ISHB 300 @ 577 N/m =300 — 10.6 = 289.4 mm

387.3-289.4
2
=48.95 mm [Ref. Fig. 6.12]

Distance a =

{ 289.4 mm 4’

‘ 600 kN

387.3 mm
\—————’—’L__—______
600 kN

600 kN

600 kN
289.4 mm

. a
387.3 mm ——»T

Figure 6.12

Moment on bearing plate = 600 x 48.95 kN-mm
Width of bearing plate = Width of flange
=250 mm

2
Design bending stress = f—) 20

}/IIIO

Equating moment of resistance to bending moment, we get,

=22727 N/mm?

éb;z fos =M
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Distance between the flanges in ISHB 400 @ 806 N/m = 400 — 12.7 = 387.3 mm.
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1
Exzso 12 X227.27 = 600x 48.95x 10°

1=55.69 mm

==~ Adopt 56 mm thickness,
Splice Plate:

—"- Column endsare milled for completc bearing. Hence splice plates are designed for 50% of load

fo.:iﬁ 1200

& Load on splice plates = = = 600 kN.
Load on each splice plate = 300 kN.

. Assumingi6 mm thick plates, distance between splice plates = 400 + 6 = 406 mm.
12x10°
40

.=~ .. Load due to bending = =29.6 kN

- Hence, Total load = 300 + 29.6 = 329.6 kN
= Width of splice plate = Width of column
T =250 mm.

_ 329.6x1000

Thickness of splice plate =
250%x227.27

4 :

Provnde 6 mm plates.

ﬁ * Bolts: Using 20 mm bolts
o Strength in single shear = 0.78 x = x202 ﬂx—l— =45272
4 125 e

Bearing strength is higher as long as minimum end distance is maintained.
Bolt value = 45272 N.

329.4x1000 _

5 No. of bolts required =

According to clause 10.3.3.3,

ﬁpk: 1 —00125 tpk
=1-0.0125x50=0.375
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Shear capacity of bolt = (0.375) 45272
=16977TN
Number of bolts required to connect splice plate with ISHB 300 @ 577 N/m

_329.4x1000
T 16977

=19.4

Provide 12 additional bolts, 6 on each side in the filler portion.

The details of connection are shown in Fig. 6.13.

| “T__- ISHB 300 @ 577 N/m
1 NN @
25(?:mm
t! |
[} |'l °o L~ Filler plate
—1| 1SHB300 [ 35 o o
L1l @577N/m 14— i o I o
41 H—t  50x4 — 2 \\
(o]
| ” 1 over plate
35 o !} o)
56 b d
35 o~ - - -
os 1 55 ° _||I [}
[} T 35 © . ©
U s
il .
1 ISHB 400 @ 806 N/m
ISHB 400 o A .
@806 N/m 25qlmm
I
|
LL—-\_/L L p—
(a) Elevation (b) Side view
Figure 6.13

6.12 COLUMN BASES

Column bases msmit the column load to the concrete or masonry foundation blocks. The column bas¢ §:

spreads the load on wider area so that the intensity of bearing pressure on the foundation block is within
the bearing strength. There are two types of column bases commonly used in practice:

1. Slab Base
2. Gusseted Base.

6.12.1 Slab Rase

These are used in columns carrying small loads. In this type, the column is directly connected to the base
plate through cleat angles as shown in Fig. 6.14. The load is transferred to the base plate through bearin

Downloaded From : www.EasyEngineering.net

Design of Compression Members 185
[i [;— Column
' Vg
| - /— Cleat Angle
H Base Plate
L — VLF’{;;’/- R.C.C Foundation
IR TR
S A L a,
n W q"A .
b
¥
o] | fo)
o- o]
[—— g —
2N ' Slab Base

Figure 6.14 Slab base.

-6:12.2 Gusseted Base

'flf?r.oolumns c;mying heavy loads gusseted bases are used. In gusseted base, the column is connected to
base plate'through gussets. The load is transferred to the base partly through bearing and partly through
-gussets. Figure 6.15 shows a typical gusseted base connection. ' -

»6.13 DESIGN OF SLAB BASE

:'éhe de'si.gn of slab base consists in finding the size and thicicness of slab base. In the procedure given
vlow it 15 assumed that the pressure is distributed uniformly under the slab base. -

po- 8

Sizg of Base plate:
(1) Find the bearing strength of concrete which is givenby =0.45 £,

.. {2) Therefore, area of base plate required = » where P, is factored load.

&
451

3) Select the size of base plate. For economy, as far as possible keep the projections a and b
equal, ' a
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S
— gusset plate
Figure 6.15
Thickness of Base Plate:
(1) Find the intensity of pressure
ki

W= —————
Area of base plate
(2) Minimum thickness required is given by

. 2.5%(a* 0362 ,, i

s fy

>tf

where
t,= thickness of base plate

and I =thickness of flange.

The above formula may be derived by taking & = 0.3 and using plate theory for finding bending
moment.
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-~ Connections:

' ,..i(l) Connect base plate to foundation concrete usin
chor bolts.

.. (2) If bolted connection is to be used for connecting column to b
= thick angles with 20 s berte g Col ase plate, use 2 ISA 6565, 6 mm

= '.(3) If weld is to be used for connecting column to base check the weld length of fillet welds.

g four 20 mm diameter and 300 mm long an-

B
| Example 6.10

"*Design aslab 'ba,ke for a column ISHB 300 @577 N/m carrying an axial factored load of 1000 kN, M20

j .'“_:Eéhcrete is used for the foundation. Provide welded connection between column and base plate

~ Solution:
" Bearing strength of conerete = (.45 Tk

- =0.45%x 20 = 9 N/mm?
Factored load P, = 1000 kN.

3
Area of base plate required = 1000x10°

] = 111111 mm?
Provide 360 x 310 size plate.

Area provided = 360 X 310 = 111600 mm?.

_1000x10° 2
== 111600 =8.96 N/mm
"Projections are
360-300
a=——_=

30 mm
3102250
b=2""20 39
> 1
5 2 0.5
2.5x8.96(3o ~0.3x30 )x1.1
250

Loty =

=7.88 mm.

_Thickness of flange of ISHB 300 @ 577 N/m is 10.6 mm.

‘Provide 12 mm thick plate.
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Connecting 360 x 310 x 12 mm plate to concrete foundation:

Use 4 bolts of 20 mm diameter 300 mm long to anchor the plate.
Welds: Properly machined column is to be connected to base plate using fillet weld.
Total length available for welding (Ref. Fig. 6.16)

=2(250 + 250 — 7.6 + 300 ~ 2 x 10.6) = 1542.4 mm.

410 1 2
Str of weld = —=x——=189.37 N/
ength € 7125 'mm

Let ‘s’ be the size of weld. Then effective area of weld =0.7 s L,
where L, is effective length.
The design condition is 0.7 s L, x 189.37 = 1000 x 10°
sL,=7543.8

Using 6 mm weld, L, = 1257 mm.

After deducting for end return of the weld at the rate of twice the size of the weld at each end.

Available effective length = 1542.4 — 2 X 6 x No. of returns (CEANERA)
=15424-2%x 6% 12
=1398.4 > 1257 mm.

Hence 6 mm weld is adequate.
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.14 DESIGN OF GUSSETED BASE

L. Area of base plate — Factored Load

- 045 £,
= 2. Assume various members of gusset base.

(a) Thickness of gusset plate is assumed as 16 mm

Size of ; -

® one voerttil:;lgll;snietgzﬁl °e azs‘um ed such that its vertical leg can accommodate two bolts in
- esponding to thi . . ‘

be provided. P g to this leg the other leg is assumed in which one bolt can

(¢) Thickness of angle is kept apprdximately eqixél to. the

oot b ,.{-.. " };: i

thickness of gusset plate.

width

Solution:

o =20 N/mm?

4= B _3600x10°

= =770 2

4
Selecti
e ect?ng ISA 150185, 15 mm angle and 16 mm thick gusset plate (Fig. 6.17)
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I
0o o ;o
| 0 0.0
. use
ISA 1504RR15 mm

©

16 mm gusset plate

=== Anchor bolts
20 mm cover plate

®

Normal
cleat x Py

®

JSHB 350
@ 710 N/m,_ x

y Ph
| | |
| N =857 NNm
| g —

|
d=350+2x20+2x16+2x115=652 mm

Figure 6.17

Minimum width required =350+ 2 x20+2x 16 +2x 115

=652 mm.
'Use 700 mm wide plate.
400000
Length of base plate = =571 mm
Provide 700 x 600 mm plate.
3600x10° _ 2
Pressure under base plate = 00600 8.57 N/mm

700—(350+20><2+16><2+2><15)

a

2
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BM at section X-X per mm width

2
= 8.57x12—24— = 65886 N-mm

H_ At section Y-Y, bending moment [Note: Per mm width P = 8.57 x 350 N}

Z
My =857x 22 T g 5753504 29, 16415
: 22 2 2

= 106482 N-mm
Design moment = 106482 N-mm.

Bending strength = f—y = ZLIO =227.27 N/mm?

71"0

Equating moment of resistance to bending moment we get,
1.2x %xlxtz X227.27=106482

t=48.4 mm.
Use 56 mm base plate of size 700 x 600 mim.

Assuming ends of columns are faced for complete bearing, the connection between gusset plate and
column will be designed for 50 percent of axial load.

Design load = 0.5 x 3600 = 1800 kN.

1800

~ Load on each splice = = 900 kN.

Using 24 mm shop bolts,

Strength of bolt in single shear =0.78x % x 242 x 50g X L=
4 V3125

=65192 N.
Strength in bearing is higher.
Bolt value = 65192 N.

900x10°

No. of bolts required = 220X10” _3'g
65192
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/\[\_,/

|
l
|
|
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=o o!o Ol
o o!o olo o|lO o
o olio o}o Oio ©
|
|
Figure 6.18

i |
Provide 16 bolts as shown in Fig. 6.18, for connecting column to gusset plate. Use another 8 bols to
connect cleat angle to gusset plate.

*

Questions

1. With neat sketches explain different types of the following:
(a) splices .
(b) base connections. | N |
2. Determine the load carrying capacity of a strut made with ISA 10075, 10 mm, if its length is
' 2.8 m in the following cases of end connections: ,
(a) one bolt used

(b) two bolts used
(c) welded rigidly to gusset plate.

. i
3. Determine the load carrying capacity of a strut made with 2 ISA 7575, 6 mm, back to back i
. the length of member is 3.0 m and welded to a 12 mm gusset plate.
. . < af
4. An ISMB 150 is used as a column. It is laterally supported in the plane of the rgajors.::; : az;
. height 2.5 m and in the plane of minor axis at a height of 4.5 m. The ends may be as
hinged. What will be the allowable load on the column?

Downloaded From : www.EasyEngineering.net

Downloaded From : www.EasyEngineering.net

Design of Compression Members

193

5. Determine the allowable compressive load which the member shown in Fig. 6.19 can support

if the member is having 5.5 m effective length. Assume E 250 (Fe 415) grade steel.

6. Design a double angle strut to carry an axial factored load of 240 kN. The length of strut is
* 3.0 m. Bolted connections are to be used to connect it to 12 mm gusset plate.

7. A column 5 m long, has to support a factored load of 3600 kN. The column is held effectively
-at both ends and restrained in direction at one end. Design the column using beam sections
and plates.

8. A column of 9 m effective length has to support an axial factored load of 1500 kN. Design the
column which shall consist of two channels placed back to back at suitable spacing. Design
also single angle lacing system.

9. Design a built up column consisting of two channels placed toe to toe. The column carries an

axial factored load of 1600 kN. The effective height of the column is 10 m. Design the lacing
also.

10. Design the column given in example 6.9 using battens instead of lacing system.

11. A column section ISHB 350 @ 710 N/m is carrying a factored load of 800 kN, a factored mo-
ment of 30 kN-m arid a factored shear of 80 kN. Assuming ends are milled, design a suitable
column splice.

12. ‘An upper storey column ISHB 300 @ 577 N/m carries a factored load of 1200 kN and a fac-
tored moment of 12 kN-m. It is to be spliced with lower storey column ISHB 350 @ 710 N/m.-
Design a suitable splice.”

13. Asteel column ISHB 250 @ 537 N/m suppotts a total factored load of 1600 kN. Design a slab
base for the column. The column is supported on a pedestal made of M20 concrete.

14. Design a gusseted base to carry an axial factored load of 3000 KN. The column is ISHB 450 @
855 N/m with two 250 x 22 mm cover Plates on either side. The effective height of the column
is 5 m. The column is to rest on M20 concrete pedestal.
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13. A steel column ISHB 250 @ 537 N/m supports a total factored load of 1000 kN. Design aslab
‘ base for the column. The column is supported on a pedestal made of M20 concrete.

Jart i 0 kN. The column is ISHB 450 @
ien a gusseted base to carry an axial factored load ot" 300 > colurt
* ];;SS lfllllm fvl;th two 250 X 22 mm cover plates on either side. The effective height of the column

i¢ 5 m. The column is to rest on M20 concrete pedestal.
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DESIGN OF BEAMS

| - Beam is a structural member with length considerably larger than cross sectional dimensions subject

§—10 lateral loads which give rise to bending moment shear forces in the member. Purlins which rest be-

_tween the trusses and support roof sheets are beams. For this, angles or channels are commonly used.
| Tsections are used in water tanks to support steel plates. In buildings, I-sections are commonly used as
} beams. For heavier loads I-sections with additional plates connected on flanges are used. If still heavier

| -sections are required built up sections like plate girders are used.

ed on the lateral supports to compression flanges there are mainly two types of beams viz., (a) Later-
ally supported beams and (b) Laterally unsupported beams.

1 If the compression flanges are laterally supported by flooring, it is mainly subjected to bending and
- “shear. If the compression flange of beam is not laterally supported, the lateral buckling of the compres-
--sion flange reduces the load carrying capacity of the beam.

In this chapter the design of both type of beams is presented based on limit state consideration as recom-
mended by IS 800-2007.

PLASTIC MOMENT CARRYING CAPACITY OF A SECTION

§-Consider the cross section of a simply supported beam where the bending moment is maximum for the
} given loading. Within the elastic limit the stress varies linearly from compression to tension as shown
- in Fig. 7.1(b). As the load is gradually increased stresses increase proportionately till extreme fibre is
““subjected to.yield stress. Then extreme fibre yields (Fig. 7.1(c)). For simplicity of analysis, stress strain
. 10 steel is assumed as shown in Fig, 7.2, in which strain hardening part of the curve is ignored and it
is assumed that after yield point is reached fibre goes on yielding without resisting any additional load.
“Hence according to theory of plastic analysis highly stressed fibre once yields is not capable of resisting
.y moment. But interior fibres are not yet yielded and hence additional loads are resisted by unyielded
| Dortion of the section. As the load is gradually increased one by one fibre reach yield stress and stop re-
{ Sisting additional load. Figure 7. 1(d) shows partially yielded case. However resistarice to load continues

: till all fibres are yielded as shown in F ig. 7.1(e). After this condition the section will not resist further
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YN . . Let the area of the section in compression be A, in tension be 4, and total area 4. Equating the horizon-
- r ? ' T " tal forces for the equilibrium condition, we get
i @ 4 f,=4,f,
o
‘ L U fy b b ) 4
i ——/ - I A=y
L e N | :
BN Sl N , 1 “Denoting the section where stress changes the sign as plastic neutral axis, we can conclude plastic neu-
R Z_ 4 /é — “tral axis divides the total area into two equal parts. Obviously such section is at mid depth for symmetric
o ~~sections as shown in Figs. 7.3(a and b). For unsymmetric sections it is to be found from the condition that
Zﬁ [1/] TA=d= A This is shown in Fig. 7.3(c).
7’ 5 fy 5 2 _
( |
(b) (© . (d) (e) B _ —~ T v 77 % v ] J_
Figure 7.1 T L ’gl/, g Ve
a2 //,// — A2 e — N — A
led formation of N 7/44///_/ '3 L R y ly -
: s ion yield is called formation of -~ IS
. . _This condition when all fibres at a section ylt’: . - S oy Y o ¥ votem e
mom'ent ‘due tZﬁm ir::issesl:glg ige rotation at section will take place without resisting additional mome{xt W / // . //// A2 i e, I , 2
glatsttlll(;ltlnu:)g;;ent c‘:)rresponding to yielding of all fibres is resisted. This moment capacity 1s called plastic | - l / //g// s / |
u .
moment capacity-of the section and is denoted as Mp. L o 1z o T)
. ; ] i low: 3 : .
i of a section can be easily derived as given be
The expression of M, ] Figure 7.3 Plastic-neutral axis.
— Plastic moment capacity may be found by taking moment of horizontal forces about pléstic N-A. It may
~ ,/ ol on; N be noted that the total moment of resistance is additive of moment resisted by compressive forces and
[l — L StraifiiEesTE 8 tensile forces, since the moments are having same sign (clockwise or anticlockwise). Three examples

are solved to illustrate the method of finding M|, and hence Z, (Ref. Ex 7.1) M,=f1,Z).

For standard rolled sections it is found that Z, is of the order of 1.125 to 1.14 times Z,, for I secticns and
about 1.7 to 1.8 for channel sections. If these rolled sections are treated as the sections with rectangular
Smasst 7 parts, it is possible to determine Zp values but they will be slightly on higher side. Indian rolled steel
sections consist of sloping flanges, fillets at junctions and rounded edges. The author and K.V, Promod
considered all these complexities in the shapes and determined plastic modulus of rolled steel sections
and standard builtup sections and have brought out Steel Tables published by IK International Publish-
0 - ing House.

Strain —— It may be noted that due to formation of one hinge the beam need not fail in all cases. In case of deter-
Figure 7.2 ‘ ‘inate structures formation of first hinge itself canses collapse of structure, since in this case it goes on

Iotating without resisting additional load. _
If we consider a propped cantilever highly stressed section is at fixed end (Fig. 7.4) and hence plas-
fic hinge is first formed here. After the formation of first hinge beam behaves like simply supported
beam and it resists further increase in load, till one more hinge is formed. After formation of this
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/— Hinge

(a) Formation of first hinge

;

Hinge Hinge

{b) Collapse mechanism

Figure 7.4

hinge the collapse mechanism is formed i.e. rotation of beam takes place without resisting any more
load.

In: case of fixed beam subject to symmetric loading, end hinges may form simultaneously. After that
bedm start acting as a simply supported beam for further load and fails only after one more hinge is
formed in the middle portion. Figure 7.5 shows this case.

A frame fails only after collapse mechanism is formed. This type of analysis, known as plastic analysis
is usually, taught to the students in a separate course.

;Hinge Hinge
(a) Formation of earlier hinges
Hinge Hinge Hinge
» ®
(b) Formation of collapse mechanism

Figure 7.5
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“Example 7.1

‘ ;‘jDeterrnine the plastic moment capacity and plastic section modulus of

- (a) the rectangular section of size b X fabout z-z axis as shown in Fig. 7.6(a).
f— (b) the I-section about z-z axis as shown in F ig. 7.6 (b).

T (c) theI-section about y-y axis as shown in Fig. 7.6(c).

/,
— 2 —————— =
T e
i b | | f} [
{a)
[«—140—»]
J =/ = f’
124 = F
- TS —
300 mm z--H{ 7
Fz --—
_J_ = F, e
/,
®
12.4 mm
'f £
140 mm = ! F, J_
F, e—fm— F, =151
2 7 2
i ; 15T
fe——— 300 mm ——+} T
©)
Figure 7.6
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(a) Rectangular section:

Due to symmetry plastic neutral axis (axis of equal areas) is at mid depth.

b
F=—2—tfy

t

The distance between tensile and compressive forces = 5°

' {
MP:FX—Z_

b ! 1 7,
=—tf,—==bt"f,
2 f’z 4 /s

M
7 = p oLy

P f_v 4

(by I-section — About z-z axis:
Plastic N-A is at mid depth. When plastic hmgc is formed
forces in flanges,

Fy=140x 124 xf,

forces in the webs
F= % (150-124)x7.5f,
Distance between F forces =300 — 12.4 =287.6 mm

Distance between F, forces = 150 — 12.4 = 137.6
M, =F, x 287.6 + F, x 1376

=140x124 f, x287.6+%x137.6><7.5f), x137.6

= 499274 f, + 710016 £,
= 570275.6 £,
Z,=570.276 X 10° mm’.

49274

—=_ " x100=87.5%1
570276

[Note: Contribution of flanges =
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I-section about y-y axis:

Fy=140% 124,
F,=2752x15§,
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stic N-A is in mid depth. Let F; be force in flange of size 140 X 12.4 mm and F, be fo
2 x 12.4) x 7.5 mm. Then ’ roe i web of

o 1
_Distance between F force = - 70 mm

§ Distance between F), force = 1—25 =3.75 mm

M,=140% 12.4><j;,x70+275.2><7.5j3,>< 3.75
= 121520 f,+ 7740 f,= 129260 f,

_.{Note: Contribution of flange is
. 1292

Example 7.2

M
Z,=—L£ =129260 mm’
f,
2/

12152gxloo =94%]

‘Determine the plastic moment capac1ty and plastic modulus of section of the unsymmetric section
shown in Fig. 7.7.
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202 Design of Steel Structures
Soiution:
Total area = 100 X 10 + 200 X 10 + (200 — 20) X 10 = 4800 min?
A, =4 =%00=2400mm2

Plastic N-A is at a depth ‘&’ from top fibre where & is given by
100 x 10 + (k- 10) x 10 = 2400
h =150 mm

When plastic hinge is formed, one half is subjected to compressive stresses f and another half to
tensile stresses f. Taking moment of all such forces about plastic NA, we get

(150-10)

M, =[100x10x(150;—5)+10x(150—10)

50-10 )
+10x(50~10) £—§—2+200x10_(50—5) 1y

= 341000 f)-, mm? Answer

M 3
7 =—+=341000 mm Answer

p
¥

7.2 CLASSIFICATION OF CROSS-SECTIONS

When the plastic analysis is used, the members should be capable of forming plastic hinges with suffi-
cient rotation capacity without local buckling. Hence it is necessary to see that plate elements of a cross
‘section do not buckle locally due to compressive stresses before plastic hinges are formed. The local
buckling can be avoided before the limit state is achieved by limiting the width to thickness ratio of eac.h
element of a cross section subjected to compression due to axial force, moment or shear. On this basis
IS: 800-2007, classifies various cross sections as follows (clause 3.7):

1. Class 1 (Plastic) Cross-Sections: These sections can develop plastic hinges and have the rota-

- tion capacity required for failure of the structure by formation of plastic mechanism. The sec-

tions having width to thickness of ratio of plate elements shall be less than that specified under
class 1 as shown in Table 7.1 belong to this class.

2. Class 2 (Compact) Cross-Sections: Such sections can develop plastic moment of resistance,
but have inadequate plastic hinge rotation capacity for formation of plastic mechanism, due to
local buckling. The sections having width to thickness ratio of plate elements between those
specified for class 2 and class 1 shown in Table 7.1 belong to this class of sections.

3. Class 3 Cross-Sections (Semi Compact): These are the sections in which the extreme fibre in
compression can reach yield stress, but cannot develop the plastic moment of resistance, due to

Downloaded From : www.EasyEngineering.net

Class of Section
Class 1 Class 2 Class 3
Compression Element Ratio Plastic | Compact | Semi-compact
m @ 3) @ )]
| Outstanding Rolled section b/t 9.4¢ 10.5¢ 15.7¢
element of Welded section b/t 8.4e 9.4¢ 13.6¢
_ [Internal element ]
of Compression due to b/t 293¢ 33.5¢
. - 42¢
;(;r:gessmn Axial compression bty . Not applicable
‘Neutral axis at mid-depth an, 84e 105¢ 126¢
105.0¢.
If r, is negative: dn,, ¢
84¢ 145 126.0¢
I‘;VZI; gcf,:n ; llatr; 42 105.0¢ :,+ irz42
. ut 2 & P (2
woction If 7, is positive: |  d, N BESEY Hen
but > 42¢
Axial compression Not applicable 4¢
Web of a channel ' dan, 42¢ ¢ 42¢
Angle, compression due to bending (Both b/t 94¢ 10.5¢ 15.7¢
criteria should be satisfied) dn 9.4¢ 10.5¢ 15.7¢
Singie angle, or double angles with the i 15.7¢
© |components separated, axial compression an Not applicable 15.7¢
(All three criteria should be satisfied) (bta)/t 25¢
Outstanding leg of an angle in contact back- gy
to-back in a double angle member o4e 10.5¢ 15.7¢
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local buckling. The sections having width to thickness ratio in the range between those shown
for class 2 and class 3 in Table 7.1 belong to this class. ’

4. Class 4 Cross-Sections (Slender). The cross sections the elements of which buckle locally even
before reaching yield stress belong to this category. They are having width to thickness ratio
more than those specified for class 3 (ref. Table 7.1).

18 800-2007 considers the design of members belonging to class 4 (slender sections) as beyond its scope
-and hence in this book also that is treated beyond the scope. For the design of such sections reference

~“may be made to IS 801.

- —»’:»Table 7.1 Limiting width to thickness ratio
{ Table 2inIS 800 (Clauses 3.7.2 and 3.7.4)
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{Table 7.1 Continued]

Outs.tanding leg of an.angle with its back in i 94¢ 1056 | 15.7¢
continuous contact with another component

Stem of a Tjsection, rolled or cut from a rolled i, 84s 94¢ {8.9¢
I- or H-section _

Circular hollow tube, including welded tube

subjected to: D/t 428 528 1466
(a) moment . Dt .

(b) axial compression Not appiicable 888

Notes:

|. Elcments which exceed semi-compact limits are to be taken as of slender cross-section.

2 £=250 )7

3. Webs shall be checked for shear buckling in accordance with 8.4.2. when dit > 67&, wheie, b is the width of the elerent (may
be taken as clear distance between lateral supports or between lateral support and free edge, as appropriate), / is the thickaess of
clement, d is the depth of the web, D is the outer diameter of the clement (see Figs. 2, 3.7.3 and 3.7. 4). :

4. Different elements of a cross-section can be in different classes. In such cases the section is classified based on the least
favourable classification.

5. The stress ratio ry and r; are defined as:

Actual average axial stress (negative if tensile)

_ Actual average axial stress (negative if tensile)
Design compressive stress of overall section

I'l—

Design comprassive stress of web alone

7.3 DESIGN PROCEDURE

1. A trial section is selected assuming it is going to be plastic section (class 1 section)
2. Then it is checked for the class it belongs.
3. Check for bending strength
4. Check for shear strength
5. Check for the deflection.
1f any check fails the section is revised.

7.4 BENDING STRENGTH OF A LATERALLY SUPPORTED BEAM

If 4 < 67 £.15800-2007 considers two cases one with design shear strength less than 0.67 and other with

d .
design shear strength more than 0.6V, where Vis design shear. When 5 > 67 &, shear buckling of web
is likely to take place. For such case Ref. Art. 10.5. w

(a) If V< 0.6V,
The design bending strength M, shall be taken as:

My=5,Z, f, x_l- <12Z, f,% L for simply supported beam
© Vmo e

no

<1.5Z, 2 for cantilever beam

mo
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f 'v%here_

B, = 1.0 for plastic and compact sections

= _ZL for semi-compact sections.

== 4

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

(b) 7> 06V,

I such cases,
My=My,

-where M, is design bending strength under high shear. This reduced value is recommended to account
for the effect of higher shear on the bending strength of the sections. My, is to be calculated as given
" pelow (clause 9.2.2 in IS 800-2007):

(a) Plastic or Compact Section:

Mgy =My (Mg ~Mg) <122, f, x——

mo

- “where

M,;=Plastic design moment of the whole section.
¥V = Factored applied shear force.
V= Design shear strength.

M= Plastic design strength of the area of the cross-section excluding the shear area, cons1dermg
partial safety factor ¥,,,. (For finding shear area ref. Art. 7.5)

(b) Semi-Compact Section
Z.fy
Vo

Mdv=

7.5 SHEAR STRENGTH OF A LATERALLY_SU_PPORTED BEAM
The design shear strength of a section is given by (clause 84 of IS 800-2007):

4, Fyw oL
B Imo

Vy=
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206 _ Design of Steel Structures Design of Beams 207
3 where A, = shear area Table 7.2 Deflection limits
and  f,, =yield strength of the web.
e shear area may be calculated as given below: . Maxim
Th » y g Deflection Design Load Member Supporting D:;;::;:::
. ; J 2) 3) @ ®
“(a) 1 4nd channel sections: - : ©
(i) Major Axis bending: : | ( ( {;yedload/ Purlins and { Elastic cladding © Spaw/150
Hot-Rolled: 4,= ht,, /ind Joad Girts Brittle cladding Span/180
Welded: 4, = dt,, - Live load . { Elastic cladding Span/240
PPN : P i ) imple span | Brittle cladding Span/300
(ii) Minor ]?::;s bend;:eg(i. L o= Live load Cantilever [ Elastic cladding Span/120
Hot ro OIgWE Scep tf ) i ’ ) ] span Brittle cladding Span/150
. : . J lee. load/Wind load Rafter . { Profiled Metal Sheeting Span/180
(b) Rectangular hollow sections:of uniform thickness: 8 supporting  { Plastered Sheeting Span/240
_ s Crane load
Ah ey (Manual operation) Ganl Cra
() Loaded parallel to depth (h): 4, = 7~ 8 Crane load i e Span/500
= (Electric operation up
=
I to 507) Gantry Crane S
- . 4b - . pan/750
(ii) Loaded parallel to width (3): 4, = ~— £ Crane Joad (Electric
b+h . é operation over 50r) Gantry Crane Spam/1000
(iii) Circular hollow tubes of uniform thickness: 4, = ="' _.. & ( { Elastic cladding Height/150
z Masonry/Brittle cladding Height/240
(iv) Plates and solid bars: 4, =4 No cranes Column Crane (absolute) Span/400
i . Relative displacement
g J Gantry - between rail i
8 . s supporting
where, K Crane + wind (lateral) crane 10 mm
A = cross section area Gantry (Elastic cladding;
. 1 . . : pendent operated) Height/200
b = overall breadth of tubular section, breadth of I-section flanges ‘ 2 i )
: . \ olumn/ Gantry (Brittle cladding; cab
d = clear depth of web between flanges . (Siie + wind frame operated) Height/400
h = overall depth of the section ' [ Elements not susceptible to
. . cracking Span/300
t;= thickness of the flange and c J g Floor and Elements susceptible to
t,, = thickness of the web. ; £ ive load Roof cracking Span/360
%0 > Elements not susceptible to
: : i J cracking Span/150
7.6 DEFLECTION LIMITS @ R Elements susceptible to
: , N £ Live load Cantilever  \ cracking Span/180
Deflection limits should be checked biefore accepting a design. In special situations the other serv- 1S Elastic cladding Height/300
iceability limits like vibration limit, durability considerations and fire resistance also should be - . )
: & Wind Buildin, Brittle claddi i
checked. 8 I s rttle cladding Height/500
‘ 3 Wind nter storey Storey
The deflection should be calculated by elastic theory for working load condition. The maximum deflec- | —— : - height/300
tion in the beam should not exceed the limits specified in Table 7.2 (Table 6 in IS 800-2007).
Downloaded From : www.EasyEngineering.net Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

Twr——

Downloaded From : www.EasyEngineering.net

208 Design of Steel Structures

Example 7.3 ) o
A roof of a hall measuring 8 m X 12 m consists of 100 mm thick R. C. slab supponed2 on ste.el I-beams
spaced 3 m apart as shown in Fig. 7.8. The finishing load may be taken as 1.5 KN/m” and live load as

1.5 kN/m2. Design the steel beam.

Solution: .
Each beam has a clear span of 8 m and takes care of 3 m width of slab. Hence the load per metre

length of the beam is as follows:

Weight of R.C. slab=0.1 x 1 X3 x25=7.5 kN/m
Finishing load = 1.5 X 3 = 4.5 kKN/m

Self weight (assumed) = 0.8 KN/m

Downloaded From
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- Total dead loa-ld =12.8 kN/m.
Liveload=1x3 x 1.5=4.5 kN/m.

- Factored dead load = 1.5 X 12.8 = 19.2 kN/m
factored live load = 1.5 X 4.5 = 6.75 kKN/m

<. Total factored load = 25.95 kN/m.

Assuming width of support = 0.3 m,

Effective span=8 + 0.3=8.3 m.
2
. Design moment, M = %

25.95x832"
IO =223.46 KN-m

=107.69kN

] 25.95x8.3
Design shear force ¥V = A W

M
<. Section modulus required = 7— X Vmo
Y

223.46%10° x1.1
z, =22230X0 1.1
? 250

. Tty ISMB 400 which has Z, = 1176.163 x 10° mm?,

=983224 mm

The properties of the section are as follows:
Depth of section # = 400 mm
Width of flange b = 140 mm -
Sectional area 4 = 7845.58 mm?
* Thickness of flange 1;=16.0 mm
Thickness of web £, = 8.9 mm
Depth of web d=h -2 (h,)
=400 - 2(32.3) =333.4 mm
Moment of inertia about z-z axis
1,,=20458.4 x 10* mm*
Elastic section modulus Z, = 1022.7 x 103 mm?*

. 140
Outstanding leg of comp. flange, b= > = 70
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Section Classification:

v
250 250\
e=|— =|— =10
f 250)

Hence the section is classified as plastic section:
Weight of the section = 0.604 kN/m.
Assumed weight = 0.8 kKN/m.

Difference is not much. Hence the design is continued with moments and shears calculated as earlier. |

Check for shear strength:

Design shear V= 107.69 kN
Design shear strength of the section

V =f—yx—1—xshear area
¢ 1.1

NG
_Jy
)
=2—qui%x400x8 9

3

=467128 N =467.128 kN > 107.61 kN

xLxhxt
1.1

Hence the section is adequate.
0:6 ¥;=0.6 x 467.128 = 280.277 > 107.61 kN
Hence it is not high shear case.

Check for moment capacity:

=138.2 which is less than 67 €, since e = 1.

Zef.
Hence, M, =5, Z, vy — <12

= Ve
mo

B, = 1.0 since it is plastic section.
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M, =10x1176. 163><103><21—519<12><10227><103 215:)

=267.310 x 10° < 278.918 x 10°
s My =267.310 x 10° N-mm = 267.310 kN-m.

. Check for deflection:

F-“=Total working load = 12.8 + 4.5 = 17.3 kN/m.
: = =17.3 N/mm
JL ’

" ~-Maximum deflection

3 5 wL4
384 EI

go5 . 1713x(8300)"
384 2x10° x20458.4x10*

=26.127 mm.
. Permissible deflection for a beam in building (Ref. Table 7.2) = L = 8300 =27.67 mm
300 300
Hence deflection is within the permissible limit.
Provide ISMR 400.
Example 7.4

Dmin asimply supported beam of effective span 1.5 m carrying a factored concentrated load of 360 kN
atmid span.

Sqution:

Maximum moment occurs at mid span and is given by

WL 360x1.5
S =135 kN-m =135x10° N-mm

Z, required is obtained from the relation 5y —Z—" =M
Ymo
: 6
or _ 7 = 135x10
Fo250

x1.1=594.0x10° mm?>
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Select trial section as ISMB 300 which has Z, = 651.731 x 10° mm’.
The sectional properties of ISMB 300 are
Overall depth k=300 mm.
Width of ftange b = 140 mm
Thickness of flange #; = 12.4 mm
Depth of web d=h—2 (¢ +77)
=300-2 (12,4 + 14)=247.2 mm
Thickness of web #,,= 7.5 mm

I, = 8603 x 10* mm*
Z,=573.6x 10° mm*
Z,=651.73 x 10° mm"

Self weight of beam = 0.4336 kN/m.
Factored weight = 1.5 x 0.4336 kN/m

s b= Centre to centre distance of flanges

_300_-1—221=2938mm

1.5
Additional factored moment due to self at=1. 5% 0.4336 x —8—— =0.183 kKN-m

Total factored moment
M=135+0.183 =135.183 kN-m.

1.5
Factored shear force due to self weight = 1.5 x 0.4336 x -5 < 0.488 kN

360
Total factored shear force on section = —2— +0.488 = 180.488 kN

f 140
_22_ = 250 =1, overhangb =—
5 250

b _140h _seac94e

1 124

d 2472
t

Section classification:

=32.96<84¢

w

It is classified as a plastic (class 1) section:
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3 1"_"'*Shear capacity of the section;

" 5o
—=X—Xhxt

; B Pmo "
e =20 xﬁx300x7 5

- G

=295.235 x 103 N = 295.235 kN

Vd=

Section is adequate to resist shear
0.6 V,;=0.6x%x295235=

V>06 7,
. Moment capacity of the section:
" Since V> 0.6 ¥;and section belongs to plastic category, ' )

177.145 kN

*Mdv =Md_ﬂ(Md_Mfd)"<— 1.228_6,><

Lci2z,px -t

mo mo

1
=651.7x10° ><250><ﬁ=148.114x106 N-mm

Ymo

'Md=pry

W_Now pry_x

1
122, ;% o= =12 x 573,57 x 10° x 250 x ﬁ =156.428 x 10° N-mm

M, =148.120 x10°

g _, 2=(2><180.448
v, 295.235

. A
~1) =0.05

Since it is double symmetric section , Jors My be obtained from Table 14 of the code.

Referring to Table 14, by double interpolation we getf.,, = 888.2
From Table 13 (a),
88.2
=204.5 - —= (206.8 — 204.
Jod 705 (206.8-204.5)
=204.77
My = fog X A=204.77 x 5626 =1.15204 x10° N-mm
Mg, =148.114 x10° - 0.05 (148.114 x 106 ~1.15204 ~ 105)
=140.77 x 10° N-mm

=140.77 kKN-m > 1375.190 kN-m. Hence O.K.
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214 Design of Steel Structures

Maximum deflection corresponding to working load

W 360x10°x1500°
T 48EI 48x2x10° x8603x10*
=1.68 mm< 1300
300
Hence section is adequate.
Use ISMB 300 as beam.

7.7 WEB BUCKLING STRENGTH

Certain portion of beam at supports acts as column to transfer the load from beam to the support.
Hence under this compressive force the web may buckle [Ref. Fig. 7.9]. This may happen under
a concentrated load on the beam also. The load dispersion angle may be taken as 45°. Hence
there is need to check for web buckling. However, the rolled section are provided with suitable
thickness for web so that web buckling is avoided. In case of built up sections it is necessary to
check for buckling of web and provide web stiffeners (which is explained in the chapter on plate

girder).

Hence as per IS 800-2007, effective web buckling strength is to be found based on the cross-section of

web
=(b +m) 1y

Where b, = width of stiff bearing on the flange and n, = %h , where A is the depth of section.

Fop=(b1+n) 1,1,
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..zwhere F_4, — web buckling strength

“and f is the allowable compressive stress corresponding to the assumed web column.

" “Effective length = 0.7d of web column

1 5
ry =4/~ of web
A4

1
I‘Z(bl )ty ¢
(bl +nl)tw

j Effecti ]
.. Slenderness ratio = M 0.7d- — =25 —
r t

> w w

Corresponding to this slenderness ratio from Table 9 of IS §00-2007 (Table 6.4 in this book) buckling
stress f, can be found and hence

Fogy=(b) + ny) t,,f. may be found.

7.8 WEB CRIPPLING
}{ear the support. wel;» of the beam may cripple due to lack of bearing capacity as shov)n in the
Fig. 7.10. The crippling occurs at the root of the radius. IS 800-2007 has accepted the followjng
formula to find crippling strength of web [Ref. clause 8.74). '

Fo=(b+m)t, i
where, 7mo
by = stiff bearing length

ny= lefngth obtained by dispersion through the flange to the web junction at a slope 1:2.5 to the plane
of flange ’

Jyw = Yield stress of the web.
In the design F,, > Load transferred by bearing,

The care is taken in fixing the web thickness of rolled steel sections to avoid such failures. Hence if
rol}ed steel s.ection is selected as a beam section there is no need to check for this failure. However when
built up sections are selected the web should be checked for this local failure.

Example 7.5

Check the section selected in example 7.3 for web buckling and web crippling if stiff bearing is over a
length b; = 75 mm,

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

ey

1

Downloaded From : www.EasyEngineering.net

216 Design of Steel Structures

Solution:
Section selected was ISMB 400.

End reaction = End shear = 107.61 kN.
Stiff bearing at ends = 75 mm.
From steel table,
t,, = 8.9 mm, #;=16.0 mm,
radius at root = 14.0 mm.
Depth of section h = 400 mm.
Depth of web = h; =334.2

Check for web buckling:

b 2.5x3342

Slendemess ratio =A=25 T =93.88

w

8.9

Since cross section of web is rectangle, it falls under buckling class C.
Hence from Table 9.c of IS 800-2007 (Table 6.4) we get,

3.88

fe=121- =55 (121-107) = 115.568 N/mm”

400
ny = —2— =200 mm
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: ¢ ~ Web buckling resistance of the section,
chw=(bl +nl) Llc

=(75 +200) x 8.9 x 115.568 =282.852 x 10° N = 282.852 kKN > 107.61 kN

1 Hence the section is safe against web buckling.

- _Check for web crippling:

Flange thickness = 16.0 radius at root = 14.0
ny=25(hy)=25x328=82 mm,
Strength of web against web crippling

! 1
Fw =(b_l'+n2) by fyw>< ™

: 1
=(75+82)89 x 250 x T =317.568 x 10°N

=317.568 kN > load transferred by bearing in this case (107.61 kN).
Hence safe.

Example 7.6

. Determine the uniformly distributed load carrying capacity of the welded plate girder shown in Fig. 7.11,
when it is used as a cantilever beam of 4 m effective span and check it for shear, deflection, web buck-
ling and web crippling. Assuming stiff bearing length-as 100 mm.

Solution:

Section Moduli

I, =1i2[200 x 832’ — 184 x 800° | =1748.173 x 10° mm’*

6
z,=te BIDXID _ 45 338 x10° e
Vo (@) .
2

Plastic N-A is at mid depth. Hence stress is £, (comp) in top half and £ (tensile) in bottom half

M, = (200X 16 X 816+ 400 16 x 400) f,

M
Z =—2=5171.200 x 10° mm?

e
I
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Section classification:
€=1
Ll = ey _ 12.5,  between 9.4¢ and 13.6¢
W
—d— = @ =50 <84 e
t, 16

It belongs to semicompact class of section.

Trial section: .
Assuming V< 0.6 V3
1 . Z, 1
My=B2Z,f,—="52,f,—
d /fb pf_v}}mo Zp 7 y}’mo
.1
= Ze Jy
) ])I)IO

_ 4202.338%250 _ g55 768105 N-mm = 955.0768 kN-m
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Let factored udl be w kN per metre length. Then,

= Equating it to M we get
' 8w =955.0768
w=119.385 kN/m.
Shear V:‘ wL =119.385 x4 = 477.538 kN.

Check for shear:
Overall depth

A=800+16 + 16 =832 mm

1 250 1

Vd = \/g
=1746.747x 10° = 1746747 kN > V

0.6 V;=286523kIN>V
Hence calculated M;, is correct.

Check for deflection:
For a cantilever beam

a wL?
8EI,

119.38x1000

w= working load =
' 1.5x1000

=79.587 N/mm.

5 19.587x(4000)"
8x2x10° x1748.173x10°

4000

300

=728 mm<
Hence safe.
Check for web buckling:

Since it is builtup section, # = depth of web plate = 800 mm.

Slenderness ratio1 = 2.5 tﬁ =25 x % =125
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Since the cross section of web is rectangle, it belongs to buckling class C.

From Table 9(c), f,=83.7 - % (83.7-74.3)

=76.65 N/mm?

F,3,=(by+m) 1, [.=(100 +416) x 16 x 76.65
=632.822 x 10°N
=632.822kN>V

Web is safe.
Check for web crippling:
In this case m=251
1
F,=(bi+2515) f, —1,
ymo

=(100+2.5x16)x 250 I\1—1x16
=509.09 x 10° N

Hence safe. =509.09 kN> ¥V

We conclude that the load carrying capacity (factored) is 119. 38 kN/m.

7.9 DESIGN OF BUILT UP SECTION

When moment to be resisted is heavy, available rolled sections may not be sufficient. In such cases built
up beams are used. In bolted beams the area of tension flange is reduced by bolt holes and hence the
actual neutral axis moves up and I, value changes. However in the design practice, the neutral axis is
still regarded as at the symmetric axis. The design procedure is illustrated with example.

Example 7.7

Design a simply supported beam of 10 m effective span carrying a total factored load of 60 kKN/m. The
depth of beam should not exceed 500 mm. The compression flange of the beam is laterally supported by

floor construction. Assume stiff end bearing is 75 mm.

Solution:
L =10 m = 10000 mm, w =60 kN/m
Trial Section:

wl? _ 60x10°

Maximum BM, M =T

=750 x 10° N-mm.

=750 kN-m
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750%10% x1.1
250

M}’mo -

y

Z p required =

= =3300 x 10°> mm°.

| Since depth restricted is 500 mm, select ISMB 450 and suitable plates over flanges

| . Z, of ISMB 450 = 15534 x 10°

' Z,to be provided by cover plates '

['w =(3300 - 1553.4) x 10°
=1746.6 x 10° mm®

oo IfA iS t.h area i i p i
- : p C are Of cover plate on each Slde tel]Slle fOl‘ce and compressive f01 CES (leve 1
‘ .. ) g loped at the time

- If the distance between the two plates is ‘d’, plastic moment resisted = A,1,4d.
f,d.

Hence the additional Z, provided by the cover plates may be taken as

A4, f,d
z, ofplates=—ixizﬂ

y Y mo 1.1
A, d
ﬁ: 1746.6x10°
Taking d=450+¢ = 450 mm.
1746.6x10>x1.1 B
weget 4 =————— "~ =4769, .
p 450 9.5 mm
Provide 220 x 20 mm plates on either side. .
Check for shear:
Y mem] 250 1
Vy="Lx——xhxt, === x-—x450
N &N

=555.044x 103 N = 559.044 kN
V= 60X!22 =300 kN

Hence section is safe in shear.
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Check for moment capacity:

Section classification: Outstanding element of compression flange:

b 1504 _

— 43<94cand

i

d _450-2(17.4+15) N
t 94

Hence plastic section.
Now 0.6 v;=0.6 X 559.044 = 0.333.026 > V
Z, f.
My=tox 20 10z, L

/mo mo

Z 1 p
rly = (Z p of Isection+Zp of plates) S
7"10 7’710

=[1553.4><103 +220x20x(450+20)]x%

=823.0455 x 10° N.mm

I, =1, of ISMB 450 + [, due to plates

d 2
r 4 z
=30390.8 x 107 + 2 ><Ap (2)

=30390.8 x 10* + 2 x 20 x 220 (225 + 10)?
=789.888 x 10° mm*

1n®
28 = 78988100 374033 rum
255+20 1
. 12Z,F, = 12X 3224033 X 250 X — =879.28 x 10% N-mm
mo b
. - My =823.045x10°>M Hence O.K.
: J Check for deflection:

Working load = f% KN /m = 40 kKN/m = 40 N/mm

swI

8= S5amL,
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__ . 5x40x(10000)* _320
= 384x 2 X 10° x 789,884 x 10° - M
- Ifelastic cladding is assured, permissible deflection is,
= L 10,000
1 (Table 6 of IS 800), — =———=41,
(Teb b 240~ 240 4167 mm
.- Hence safe.
Check for web buckling:
by =379.2 mm.
hy 379.2
A=25—=25x""=
| " 94 100.85
- From Table 9.c of IS 800-2007 :
P 4504+ 2% 20
ny = = =490/2
2
- 0.85 '
foq =107 (107 - 94.6) = 105.929 N/mm>

10

2y : Fogy = (b1 +n) 1y fog = (75 + %J 9.4 x 84.05

=318.634 x 10° N > 300 kN.
Safe.
Check for web crippling:
1
F. = (b, + 2.51f)f), —1,

mo
=[175+2.5% (17.4 + 20)] 250 xli X 9.4
1
=573.614 x 10> N > 300 kN

Hence safe.

Design of connection between flange plates and flange:
Bolts/yvelds Joining the plates and flange are to be designed for the horizontal shear- at that level.
Shear stress at the level of plates and flanges
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Fo_

= EZ:‘(“.")

~300x10°
150% 789.884x 10

=2.506 N/mm’

(220x20x 225)

If bearing type bolts are used, strength in single shear = —% x9.78 %d 2x Tizg
Using 16 mm bolts . )

1
1.25

Strength in single shear = 4—09><0.78><%><162 X

3

=28974 N

Strength in bearing is more, if minimum specified edge distances are provided. There are two bolts
in a pitch distance (one on either side of web). Hence shear force per pitch length = shear strength of
2 bolts
ie, p X (150 % 2.506) = 2 x 28974
p=154.16 mm

Provide 16 mm bolts at 150 mm c/c.

[Note: As per elause 10.2.3.2 in IS 800-2007, the distance between the centres of any two adjacent
fasteners in a line lying in the direction of stress shall not exceed 16 or 200 mm whichever is less in
tension members and 12 ¢ or 200 mm whichever is less, in compression members).

7.10 DESIGN STRENGTH OF LATERALLY UNSUPPORTED BEAMS

Beams are normally used so as to bend about major (z-2) axis rather than to bend about minor (y-y) axis,
since they have higher value of moment of inertia about that axis. In such cases when the compression

flange is not supported, it has a tendency to bend in the lateral direction with twisting. [Ref. Fig. 7.12.]

Bending of compression flange with twisting reduces the load carrying capacity of the section.

To reduce the effect of lateral buckling beams are invariably provided with restraints at ends and some
intermediate points. Restraint against torsional rotation at supports may be provided by

(a) building the beam into the walls or

(b) web or flange cleats or

(c) bearing stiffeners acting in conjunction with the bearing of the beams or

(d) lateral end frames or external supports providing lateral restraint to the compression flanges at

the ends.

Intermediate lateral supports are provided by bracing system or by connecting to an independent robust
post of structure. Such restraint should be capable of resisting 2.5 per cent of the maximum force in the
compression flange and should be connected closer to compression flanges.
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1S 800-2007, specify that the member may be treated as laterally supported in the following cases:

(a) Bending is about the minor axis _
(b). Section is hallow (rectangular / circular) or solid bar and
(¢) Non-dimensionalised slendemess ratio % is less than 0.4, where

N7

\¢ fcrb

’ZLT 7

The elastic criti<.:al buckling stress ;. is to be found considering torsional and flexural rigidities of the
member as sp'efnﬁed by clause 8.2.2.1 in IS 800-2007. For different beam sections; considering loading,
suppon conditions and non-symmetric section shall be more accurately calculated using  the method
given in Annex E of IS code. For prismatic members made of standard rolled I-sections and welded
-doubly symmeetric I-sections. IS 800 gives values of,; based on the values of slenderness ratio and the
tio of 2. in Table 14 (Table 7.3). |
I

Taking imperfection factors o= 0.21 for rolled steel sections and a;7=0.49 for welded steel section.
18 800 has prepared Tables 13.a (Table 7.4a) and 13.6b (Table 7.4b) for the benefit of users to determine
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Design of Steel Structures

Table 7.6 [Refer Table 16 in IS 800]

Restraint Condition

Loading Condition

At Support At Top Normal Destabilizing
) @ &) @
(a) Continuous, with lateral (i) Free 3.0L 7.5L
restraint to top flange (i) Lateral restraint to top 2.7L 7.5L
flange 24L 4.5L
(1i1) Torsional restraint 24L 3.6L
(v) Lateral and
torsional restraint
(b) Continuous, with partial (i) Free 2.0L 5.0L
torsional restraint (ii) Lateral restraint to top 1.8L 5.0L
flange 1.6L 3.0L
(iii) Torsional restraint 1.4L 241
({iv) Lateral and
torsional restraint
(c) Continuous, with lateral (1) Free 1.0L 2.5L
and torsional restraint (ii) Lateral restraint to top 0.9L 2.5L
flange 0.8L 1.5L
(iti) Torsional restraint 0.7L 1.2L
(iv) Lateral and
torsional restraint
.. L
(d) Restrained laterally, (i) Free 0.8L 1.4L
torsionally and against (ii) Lateral restraint to top 0.7L 1.4L
rotation on plan flange 0.6L 0.6L
(iii) Torsional restraint 0.5L 0.5L
L (iv) Lateral and
(/ torsional restraint
Top restraint conditions
(i) Free (1i) Lateral restraint to (iii) Torsional restraint (iv) Lateral and
top flange torsional restraint
R ,
ko T
2 <L
<]
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Design of Beams

In between the lateral resﬁ'aints, the effective
the length of the segments,

For cantilever beams of projecting I i
: . g length L, the effective length L, -0 be
in Table 16 in IS 800 (Table 7.6) for different support conditiit:s. LT e staltbe tak'en e shown

Example 7.8

An I.SMB 500 section is used as a beam overa g
maximum factored uniformly distributed load
torsion but compression fiange is laterally unsupported.

Solution:

For ISMB 500,

overall depth 4 = 500 mm

width of flange b = 180 mm

Thickness of flange =172 mm

Thickness of web = 10.2 mm

hy=35.2 mm ]
Effective length for torsional buckling = 6 m.

KL _ 6x1000
=) =I70.45,whereKL=eﬁective]ength
h
22302906
typ 172
From Table 14 of IS 800 (Table 7.3), we get
Jorp values as shown below:
h
——> 25 296 30
&%
i
le
l
170 1367 X 1213
17045 ... o
180 1271 v 1122

T h KL .
© get the value for y =29.6 and - =170.45 it needs double linear interpolaticn.

Downloaded From : www.EasyEngineering.net
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232 Design of Steel Structures

' ding to +-=29.6
First get the values at X' and Y corresponding ‘f

KL . h
To get the value at & { " 170, ; 29 ]

f b~ 6 ———(1 6./" )—l .53N/IIH“.

KL h
To get the value at Y(—’— =180, —= 29.6}

—4'6 = 39 N/mm?
e =127.1— 127.1—112.2)-113.
fcrb 5 (

To get the value at O. : | ’
3995 1595 ~113.39)=122.119 N/mm”~
./('I'b = 1225-5»?(‘4233 . )

2
Referring to Table 13(a) in IS 800 [7.4(a)], for f, = 250 N/mn’,
wefind fy=773 N/mm? for f,,5 = 100
and f4=106.8 N/fmm’” for f,; = 150.

Forf.»=122.12,
22.12

(106.8-77.3)
50

£ =713+

= 90.35 N/mm*

Section classification: ]
1780

&=\250 =0

Width of outstanding leg, » = 180/2 = 90 mm.

b = X =523<%4e
2

-
i

d=hy+2r=4241+2>11 =458.1 mm
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Hence it belongs to class 1 (plastic) category.
. My=By Z, foa
By=1, Z,=2074.7x 10 um®, f,,=90.35 N/mm?
M;=1%2074.7 x 10° x 90.35 = 187.449 x 10° N-mm
= 187.009 kN-m

2
If udl w is in KN/m, then % =M,

2

w x%: 187.009

w=41.655 kN/m. _ Answer
Self weight = 86.9 kg/m = 86.9 x 9.81 = 852 N/m '

=0.852 kN/m.
Factored self weight = 1.5 x 0.852 = 1.278 kN/m.
Super imposed ud/ that beam can carry

=41.665 - 1.278 = 40.377 kN/m

[Note: Checks may be applied for shear, deflection, web buckling and web crippling to ensure that the
+ above load can be carried safely.] ' :

7.12 DESIGN OF LATERALLY UNSUPPORTED BEAMS

Design is possible only by trial. First  fpa 18 to be assumed to find required Z, of the section. After select-
ing the trial section, calculations are made to find moment carrying capacity of the section, If the section
selected is not adequate larger section is to be tried. If the section selected is having moment carrying
capacity too high, resulting into uneconomical section, lower section is to be tried. For the selected sec-
tion all checks are to be applied. If any check fails new section is to be tried.

7.13 DES!GN OF PURLINS

Purlin is a member which rest between roof trusses and supports rooi sheeting [Fig. 7.13]. I-sections
channels, angles, cold formed C or Z-sections are commonly used as purlins. The purlins are spaced on
main rafter of trusses such that the sheets overlap on them. For A.C sheets the overlap of at least 150
mm is to be ensured. Hence one can see in most of the building purlins are spaced at 1.35 m to 1.40 m

when A.C sheets are of length 1.65 m.
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234 Design of Steel Structures

Purlins are connected to main rafter of the trusses with their web normal. Cleat angles are used for the
connection. Hence the z-z and y-y axes of purlins are also inclined to vertical and horizontal. If © is the
inclination of main rafter to the horizontal then the component of dead load and live load on purlin
in directions normal and perpendicular to sheeting are #cos® and W sin @ respectively.

Wind load is always taken as normal to the rafter. Hence it is having bending only about z-z axis of
purlins.

In case of channel and angle sections the force is not acting through the shear centre. Hence there is
destabilizing effect of forces acting in y-direction of the purlins.

The bending of purlins takes place about both y-y and z-z axes. Hence the purlins are subjected to biaxial
bending. It is a desirable point to think whether one can assume that sheets take the component of force
in the direction of sheet and design the purlins for bending about z-z axis only.

The effective length of purlins may be taken as centre to centre distance between the supports and as-

* sume that purlins act as beams. However many times continuous purlins are also used. In case of simply
2 - 2

supported purlins bending moment is WL while in case of continuous purlins it may be taken as wl |

where w is the load intensity. 10
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4 /7.14 DESIGN PROCEDURE

' - The following procedure is to be followed.step by step in the design of purlins

(D Resolve: the factored forces parallel to and perpendicular to sheeting,
- (2) Determine moments and shear forces about z-z and y-yaxes (M,, F,, M, and F,
l .

(3) TO account f b. . R N € A
. e or biaxial bending, the required value of section modulus about z-z axis may be

.M, d M,
Z, =2y, +25— L

> b7,
where,

Ymo is partial safety factor for material = 1.1,

dis the depth of trial section and,

b is the breadth of trial section.

;"he second term in the. expression above makes an approximate relation between Z_ and Z
u;c; d and.b vaflues will be: k.nown only after a section is selected, first trial sectionl;: selectléy&
‘and Z,, required is found. If it is sufficient proceed further otherwise try another section

‘ (4? Check the section for shear capacity, for which the following expressions can be used

where, 4,.=ht,
(5) Compute the design capacity. of the section in both axes.

Zp Jy
My, =—F2<127, Jy
;’IIIO }Img

Z, 1,
Mg, =222 JSI'SZQ'L

v
/ mo /" mo

(6) The design should satisfy the following interaction formulﬁ:

M, y
—+ <1.0
Mdz dy

Downloaded From : www.EasyEngineering.net
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(7) Apply check for deflection. - :

(8) Check for wind suction: When dead load and live loads are predominant, top flange of purlin
is under compression. But this flange is laterally restrained by sheeting. Hence for those loads
analysis as laterally restrained compression flange was adequate. But when wind suction acts,
bottom flange will be in compression which is not restrained laterally. Obviously in this case
wind suction along with dead load only should be considered as critical load. Considering
torsional buckling M, and M, should be found and the interaction formula should be checked.

Example 7.9

Symmetric trusses of span 20 m and height 5 m are spaced at 4.5 m centre to centre. Design channel
section purlins to be placed at 1.4 m distances to resist the following loads:

Weight of sheeting including bolts =171 N/m?

Live load =0.4 kN/m?
Wind load =12 kN/mz, suction
Solution:

Height of truss = 5 m Span of truss =20 m
Slope of main rafter of symmetric truss

tane=lio o 6=26565

Design for DL + LL:
D L from sheeting = 171 N/m”
Self weight of purlins = 125 N/m?.
Total dead load = 171 + 125 = 296 N/m? = 0.296 KN/m”
Live load=0.4 KN/m?
Factored DL + LL is )
= 1.5 (0.296 + 0.4)
= 1.044 kN/m®
=1.044 x 1.4 = 1.46 KN/m, vertically downward

(assumed)

Load normal to sheeting
= 1.46 cosB = 1.46 cos 26.565
= 1.306 kN/m

Downloaded From : www.EasyEngineering.net
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Load in the direction parallel to sheeting

= 1.46 sin 6 = 0.653 N/m.

Bending moments are:

— 4.5

M, = 1.306XT =3.306 kN-m

: = 4.5

M, = 0.653X—8~ =1.653 kN-m
Shear forces are:

F, =1.306x%=2.939kN

= F, =0.653x%=1.469 N

Try ISMC 100 section.

d=h1+2r;=64+2x9=82mm b=50mm
. 3.306 x 10° i
z, requ1red=—1—0—><1.1+2.5xﬁxﬂx—10-x1.1
2 5 250

=42.185 10° mm
Zp, of ISMC 100 is 43.825 x 10° mm®. Hence adequate.

Check for shear:
Sy o1 250 1
Vyp =2 x——xht,, = "= x—x100x4.7 = 6167
2= G = X X100 47 =6I6TIN> F,
Sy o1 250 1
Vg, =x——x(2bt; |= S x—x2x5
N ) 5 0x7.5

=94412N>F,

Section is adequate to resist shear.

Design capacity of the section:

Section classification:

b
—=—52=6.67<9.4
t, 15

d 82
—=£—=17.45<42
t, 4.7

Downloaded From : www.EasyEngineering.net
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Hence it is plastic section.

_Z,f, 43.8x10°x250

LM, 1 =9.955%10° N-m
ymo
. =9.955 kN-m
M. = Zp)'fy 1
dv 4
" e

From steel table, Z,, = 14208.25 mm’>

_g DA s PUE o
My =2y, = 1420825 “ =5 =3.229 x 10° N-mm
=3229 kN-m
M, M, 3306 1653 —og4a 3l
M, M, 9955 3229 .

Check for wind condition:

At this stage live load is not to be considered since wind force is suction and hence critical load condi-
tion is when there is no live load.

For this condition of loading: -
Factored DL. = 1.5'>_< 0.4135 = 0.620 kN/m, vertically downward.

[Note: Though DL reduces net moment about z-axis, it increases moment about y-axis. Hence load
_ factor should be taken as 1.5.]

Wind load=1.2 kN/m® = 1.2 x 1.4 = 1.68 kN/m

Factored wind load = 1.5 x 1.68 = 2.52 kN/m, suction wind load acts normal to sheeting,

Load nonpal to sheeting = —2.52 + 0.620 cos 26.565°
_ 1.965 kN/m = 1.965 kN/m outward
Load parallel to sheeting= 0.620 sin 26.965°

=0.277 kN/m

2
M, =1.965><4—'85—

4.974 KN-m

4.5°

M, =0277x === 0.701 kN-m.
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My, for laterally unsupported compression flange is to be found.

Effective length of simply supported beam with destabilizing loading (since load do not act through
‘shear centre) = 1.2 L = 1.2 x 4500 = 5400 mm.

r= 19.2 mm
A= -ké.— l()o_ =362.42 > 350
— r, 149 ‘
-~ Hence revise the section (Ref. Table 5.1)
| Try ISMC 125. For this ry= 19.2 mm
A= ———5400 =281.25 O.K.
- 19.2
- =R PP
| P -

... From Table 14 of IS 800 (Table 7.3), £, is to be found by double linear interpolation. From the table

LENEEN
W i 14 1543 16
A
¥
280 126.9 X 111.9
28125 0
290 1223 Y 107.8

143
CALX £, = 1269~ == (1269 -111.9) = 116.18 N/mm*
1.43 g
ALY, fp= 1223~ == (1223~ 107.8) = 111.93 N/mm

1.25
A0, /oy = 116.18 - === (116.18 - 111.93) = 115.65 Nimm”

From Table 13 (a) in IS 800 (Table 7.4)

15.65

=0 (106.8 —77.3)=86.53 N/mm?

S =773+

Downloaded From : www.EasyEngineering.net
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My =By 25 foa = 1% 77.2 X 10° X 86.53

=66.8 x 106 N-mm = 66.8 kN-m

M, =2.593 kKN-m (as found earlier).

M. M, 4974 0701
et Tt Al ARk I |
M, M, 668 2593
Hence the section ISMC 125 is adequate.
Check for Deflection
L,=4164 % 10* mm*;, w= 1306 kN/m = 1.306 N/mm.
_ S5 w_ s 1306x4500°
T384" EI 384 2x10°x4164x10°
= 8.4 mm.
issible deflectior L1500 4
Permissible deflection = 150~ 150
Hence safe.

Provide ISMC 125 as purlin.

Example 7.10
Design an I-section purlin for an industrial building to support a galvanized corrugated iron sheet roof.
Given:

Spacing of the trusses =50m

Spacing of purlins =1.5m

Inclination of main rafter to horizontal =30°

Weight of galvanized sheets taking into account laps and connecting bolts = 130 N/m?
Imposed snow load = 1.5 KN/m?

Wind load = 1.0 kN/m?, suction.

Solution:
DL = 130 N/m?, spacing of purlins = 1.5 m

Downloaded From : www.EasyEngineering.net
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. DL ﬁer metre run of purlin =130 x 1.5 =195 N/m
Imposed load = 1.5 kN/m?
Imposed load per metre run of purlin = 1.5 x 1.5 =2.25 kKN/m.

Factored vertical load = 1.5 (DL + LL)

=1.5(0.195+2.25)=3.668 kN/m

- . Component of load normal to sheets

w, = 3.668 cos 30° = 3.177 kN/m

-~ Component of load parallel to sheets

w, = 3.668 sin 30° = 1.834 kN/m

" Design for DL +IL

L2 2
M=t =3.177x%=9.928kN-m
M= w, [ 5

=1.834X=-=57311N-mm

Y
F,=3.177x==7.943kN

F,=1.834 x%: 4.585kN

M
Z,, required = M Vo + 2.5 xix—yyi
b
¥y >
Trying ISMB 150,
d=150-2(18.05) = 113.9 mm
b =80 mm
, 9.928 x 10° 113.9 5.731x10°
Z,, required = 250 x1.1+2.5x% WXT x 1.1

=133.438 x 10° mm®
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Z,; of ISMB 150 is 110.476 x 10° mm’. Hence not sufficient.

Try ISMB 175.
:1'15 ' d=175-2(20.25) = 134.5 mm
. b =90 mm
) 9.928 x 10° 1345 5.731x10°
.szrequlred=-—§—50—><l.1+2.5x % X-————250 x1.1

=137.894 x 10> mm’.

Z,, of ISMB 175 is 166.076 x 10° mm’. Hence adequate.

Check for shear: ;
.1 250 1
V, = —ht ="=x—=x175%5.5
“J3y., 3Ll
=126.295x10° N> F, .
1 250 1
deZ-ﬁXIX(thI)='\7§—X'ﬁX2X90X8.6
=203.122 x 10°N>F,
Hence adequate.

Design capacity of the section:

Section classification:

90
];, =250 .. € =1, length of outstand = 7 =45

—b—=—4—5—=5.23<9.4

, 86

41385 _51a5<84
iy g5S

Hence it belongs to plastic'(category 1) section.

Z,.f, 10x166.076 x10° x 250
X
Vo 1.1
=37.745 kN-m.

_ 6.
Mdz= ﬁb =37.745 x 10° N-mm

122, f, 145.3 x 10° x 250
e o
o

Now, =39.627 x10° N-mm
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My, =37.745 kN-m

_ 3
Zp}, =32094.02 mm”.

_ 250 .
Myy=32094.02 x < =7.294  10° N-mm

=7.294 kN-m.
M, M, 9928 57l

o=+ —t=
M, M, 37745 129

=1.049 slightly more than 1.

Hence adequate.

" Check for wind condition:

* Dead load component in z-direction reduces wind effect, but its component parallel to sheeting
(y-direction) increases the stresses. Overall effect on purlin is to increase the stresses. Hence load
factor 1.5 is to be used.

Factored DL = 1.5 x 0.195 = 0.292 kN/m, vertically downward.
Factored wind load = 1.5 WL
=1.5x 1= 1.5 kN/m, suction.
It acts normal to sheeting.
Load normal to sheeting =— 1.5+ 0.292 X cos30° = — 1.247 kN/m
= 1.247 kN/m, outward.
Load parallel to sheeting = 0.292 sin30°
=0.146 kKN/m.

2
M, =1.247x % =3.897 kN-m

2
M, = 0.146><—58— =0.456 kN-m .
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My, is to be found for the I- section with unsupported compression flange.

Since load acts through the shear centre the effective length of simply supported beam
L=5m= 5000 mm
r= 18.6 mm

1L 300 _oge
186

From Table 14 of IS 800 (Table 7.3 in this book), /3 is to be found by double linear interpolation.

h

Z— 20 20.35 25

i

14

260 98.8 X 81.3

268.8 0

270 94.7 Y 77.9
AtX, fop =98 8—@(98 8- 81.3)=97.58 N/mm’
ALY, f,, =947~ 92 (94.7 -77.9) = 93.52 N/mm”

AtO, fc,,,_9758—8—§-(97 58-93.52) = 94 N/mm’

From Table 13 (a) in IS 800 (Table 7.4 in this book)
foa =705 +% (77.3-70.5) = 73.22 Nimm®

Since it is plastic section, )
My =1%x2Z, Xf,,d—166076x103><7322—12160><10 N-mm

=12.160 kN-m.
Mdy =7.294 kN-m as found earlier.
M M, 33% 0 456

M, M, 12160 Y7294°
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" Hence adequate.

-_ Check for Deflection:

L=1272 % 10* mm*

- w=3.668 kN/m. as found for (DL+LL) case

=3.668 N/mm
5wt 5 3.668 x 5000*

O 3.608x5000°
7384 Bl 384 2x10° x1272x10°

=11.73 mm.
L 5000
 Permissible deflection = 50" —15 =33.33mm>11.73 mm, hence safe,

Provide ISMB 175 as purlin.

7.15 SIMPLIFIED METHOD FOR THE DESIGN OF ANGLE PURLINS

As per IS 800-2007, angle purlins should be designed for biaxial bending. However IS 800-1984 and

- present British code permit design of angle purlins by assuming that load normal to sheeting is resisted

by purlin and load parallel to sheeting is resisted by sheeting, provided the following condmons are
fullfilled:

(a) Roof slope is less than 30°

*(b) Width of angle leg perpendicular to sheeting >

(c) Width of angle leg parallel to sheeting > L, 45
' 60

In‘the above situations,
in the direction normal to sheeting and L is the spacing of trusses.

WZOL, where W, is total load

Thus the problem is treated as uni-axial bendmg The specifications about minimum leg sizes are based
on limiting deflections. Hence in this method of design there is no need to-check for the deflection. Un-
fortunately this simplified method is not included in IS 800-2007.
Example 7.11
Design angle purlin for the following data by simplified method:

Spacing of trusses = 3.5 m. '

Spacing of purlins = 1.6 m

Weight of A.C. sheets including laps and fixtures = 0.205 kN/m?

Live load = 0.6 kN/m”
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Wind load=1 kN/mz, suction

Inclination of main rafter of truss =21°,

Solution:
Frial section:
ini depth = A B0y 78 mm
Minimum depth =55~ 25
L 3500
Mini idh= — = —— =58,
mnimum wi 60 %0 58.3 mm
Let us try ISA 9060, 6 mm thick.

Dead Load: (
Weight of.AC sheets with overlap and fixtures = 0.205 KN/m?
‘ =1.6 % 0.205 = 0.328 kN/m

Live load = 0.6 x 1.6 = 0.96 kN/m

Total vertical downward load = 0.328 + 0.96

=1.288 kN/m

Factored (LL + DL) normal to sheeting = 1.5 x (1.288) cos 21°
' =1.804 kN/m

Factored (DL + WL) normal to sheeting = 1.5 (0.328 cos 21° — 1.0) = —1.04 kN/m = 1.04 kN/'m
outward.

Live load + Dead load is critical.

wr: 1. 3 .
M = =1804x35x35

=2.210 kN-m
fo10 10

For ISA 9060, 6 mm thick,

60
L =10.0 between 9.4 and 10.5
t{, 6
-0
6
Hence it belongs to class 3 (semi compact) section.

-tli = 15 between 10.5 and 15.7

For such section,
PoZpdy _Zely

My
},Ino },’no
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“For ISA 10075, 6 mm
L Z,=115 x10° mm’,

=y 2 1LSx10° 250

= M . =2.875 x 10 N-mm

= =2.875 kN-m > M,
-Hence ISA 10075, 6 mm is suitable as purlin.

7.16 DESIGN OF GRILLAGE BEAMS

ngh rise buildings are built with steel columns encased in concrete. Such columns '
‘ . k carry very heavy
loads and they need special foundation to spread the load to soil. The foundation consists of one tier or

n}:’ore tires of I-section beams. Such foundation is called grillage foundation. Figure 7.14 shows a typical -
two tier grillage foundation.

.’l:l!e grillage beams are unga%nted and encased in concrete with minimum cover of 100 mm beyond the
gd.ges of stt.ael beams. A minimum clear space of 75 mm should be maintained between the flanges of
idjacent grillage beams so that concreting can be done properly. To maintain spacing tie rods are used.

The column load is transferred to top tier of grillage beams through a base plate.
Let the length of grillage beam be L and the length of plate in this direction be ‘a’as shown in Fig. 7.15.

Maximum moment occurs at centre of beam

Ifd beam carries a total load P, pressure under beam is f and on it is P
L a

m=-LL L Paa
L 2 4 42 4
_P(L—a)

T8

Maximum shear occurs at distance ‘a’from the centre of the beam and its value is

The grillage beams should be designed for the above moment and shear. It should be checked for web

mppling. The design procedure is illustrated with the example below:
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P=2000 kN .
Z 3 =1SMB 450
- J : 16 =1ISMB 225
L = =~ 100 mm
[ 3500 |
=R=
= = ~
100 mm — =S .
;:J H = 3 |t Separators
; FH /= :
H
— 3500
H
— M
H = N
11
100
mm

Figure 7.14 Steel grillage foundation
Example 7.12

Design a two tier grillage foundation for a column carrying 2000 kN load. The size of base plate is
800'x 800 mm. Safe bearing capacity of the soil is 200 kN/m”.

Solution:
Load from column = 2000 kN

Self weight of footing, say = 200 kN
.~ Total load on soil = 2200 kN
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$BC of soil = 200 kN/m?

Area of footing required = Zzﬂq =11m?

Provide 3.5 m x 3.5 m footing,

Design of beam in upper tier:

L=35m, a=08m

Factored load =2000 x 1.5 = 3000 kN

3000 (3.5~ 0.8)

Factored M= =1012.5 kN-m

Factored shear foice V = 3000%:—

_3000(3.5-08)
2x35
=1157.142 kN

Section modulus required is given by

- <107 3
250 x 1,1 =4455 x 10° mm

Mo
sz = 'j_.“ Yo ™

)
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Providing 3 beams,

4455%10°

Zp of each beam = =1485%10°> mm’

Use ISMB 450 which has Z, = 1553.4 x 10° mm’.
Check for clear spécing:
Width of flange of ISMB 450 = 150 mm

800-3x150

Clear spacing = =116.67 mm > 75 mm

Hence adequate.
150
Section classification: Outstand of leg b= = =75
b .73 _431<105 and
L 174

450—2(17.4+15)<
9.2

< %
L,
It belongs to class 1 (plastic) category.

_IxZ,f, 1x1554.347 x10° x 250
- yma 11

My =353.033 x 10° N-mm

=353.033 kKN-m
" 1612.5
Moment to be resisted by each beam = — =337.5 KkN-m

M, > 337.5. Hence the section is adequate.

Check for shear:
. Vd:ﬁ.xLxhxtw=éqxl—lix450x9.4

\/5 yl"o ‘\/5
= 555044 N = 555.044 KN

Shear to be resisted by each beam

1157.142

4 =385.714kN <V,

Hence safe.
Design capacity:
0.6v,=0.6%x555044=333kN<V

Bending strength should be checked for high shear condition (clause 9.2.2).
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= plastic design strength of the area of the cross-section, excluding the shear area, considering
partial safety factor y,,,,. '

= plastic design strength of flanges only.

eferring to Fig. 7.16, we get

My =f:|'Af(h_’f)xL

mo

=250%x150%17.4 (450 - 17.4)xﬁ

=256.61x10% N-mm =256.61 kN-m

2 2
4 385. .
p’: - 11 = u_l =0.152
_ 555.044

!
My, =My—f(My—M ) <122, f, x—

mo
=353.045-0.152 (353.045-256.61) < 1.2x1350.7x10° x 250><i
1.1

=338.387 kN-m < 368.37 kN-m
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M, =338.387 kN-m _ /"
M, =338.387 > M of each section

Hence safe..
Check for web crippling:

Now, &;

=800 mm, f,=94mm
t;=174 mm and ry=15mm
Since dispersion takes place at to edges, ny =2 x 2.5 (h)) = 2x25%354,

9.4 % 250

=[800+2 % 2.5 (35.4)] T

sz (bl + n2) twf:v T
3000
=2087.227 x 10° N> = Hence O.K.
Design of beams in lower tier:

M—E(L a)=3000 =1012.5kN-m

35-08
8

(L-a) 3000(3.5-0.8)
2L 2x35
Beams are to be placed in a width of 3.5 m under upper tier. Clear spacing required is 75 mm. Assum-

¥ =3000 =1157.142 kN

ing 16 beams in this tier.
Hence clear spacing is sufficient.

M for each beam = -1-%2—63 281 kN-m

V for each beam = =72321kN

1157.142.
16

63 281x10°
250

zZ, requu'ed x1.1= 278436 mm’

y

Provide ISMB 225. Hence Z,, provided = 348.271 x 10° mm®. b= 110 mm.

3500-16x110
15

- Clear spacing = =116 mm > 75 mm. Hence O.K.

Check for shear: —

1

v, Iy xhxt, =35:0><-1—><225x6.5=191.903><103 N
NG J3 Ll

1
/ma

=191.903kN>V
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Adequate and also 0.6 Vy>V.

‘heck for moment:
tstanding leg = % =355
: b 55
i ] b3 _466<94
= t 118
= d_25-2(118+12)
& t 6.5 =21 <u

Hence it is plastic (class 1) section.

Md=1XZpryx

Fmo

i .

—— =1 x348.271 x 10 X 250 x —
] 1.1

=79.153 x 10° Nemm > 63.281 KN-mm

“‘Hence adequate.

gCheck for web crippling:

by =800 mm, £,,= 6.5 mm

“4=11.8 mm and ) = 12 mm

“ Since dispersion takes place at two edges,

hy =25.85
250
F, =[800+2 x2.5(25.85)] x 6.5 W
3 0 3
=1372.756 ¥ 10° > x 10° N

Hence adequate.

Thus the grillage foundation consists of 3 ISMB 450 in upper tier and 16 ISMB 225 in lower tier.
~ Each beam is of length 3.5 m. Cover plate provided is of size 800 mm x 800 mm. .

Questions

1. Distinguish between laterally restrained and unrestrained beams.
2. Determine the plastic modules of section of I-section and channel section shown in Fig. 7 17

. about z-z axis. If the shear area of the section is neglected, what percentage of plastic modulus
of the section is reduced.
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| 180 |
I ] fe—100 —»{ ; .
Ny 8.6 mm
- ‘I_OEmm
= ] v
l 17.2 mm
(a) (b)
Figure 7.17
50 kN 50 kN 50 kN
315m | 30m ] 3.0m | 3.0m
T
f 123m |
Figure 7.18

Design the main floor beam shown in Fig. 7.18. The beam is laterally restrained. Check for
shear and deflection.

. Ahall measuring 15 m X 6 m consists of beams spaced at 3 m c/c. R.C.C. slab of 120 mm is cast

over the beam. The imposed load is 4 KN/m?. The beam is supported on 300 mm wall. Design
one intermediate beam and check the design for deflection, web buckling and web crippling.

. Design a simply supported beam of 9 m effective span carrying a load of 40 kN/m. The depth

of the beam should not exceed 450 mm. The compression flange of the beam is laterally sup-
ported. Assume stiff end bearing is 80 mm.

. Design a beam of 5 m effective span, carrying a uniform load of 20 kN/m, if the compression

flange is laterally unsupported. Assume 1,=250 MPa.

. Design a channel section purlin for the following data:
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Spacing of trusses =4.0 m
Spacing of purlins = 1.8 m
Weight of sheets = 100 N/m?
Weight of purlin = 100 N/m

Live load = 0.5 KN/m?

Wind load = 1.5 kN/m2, suction
Inclination of main rafter = 20°,

8. Design an I-section purlin for an industrial building to support a galvanized corrugated iron
sheet. Given: ’
Spacing of the trusses = 6 m
Inclination of main rafter = 30°
Spacing of purlins = 1.5m
Weight of corrugated sheeting = 130 N/m?
Live load = 0.6 KN/m?
Wind load = 1.8 kN/m?, suction.
Yield stress of steel = 250 MPa.

9. Design angle iron purlin for the following data assuming bending in the direction of sheeting
is resisted by sheets:
Spacing of trusses =4.5m
Spacing of purlins = 1.5 m
Weight of A.C. Sheets = 0.171 kN/m?
Live load = 0.56 kN/m?
Wind load = 1.2 kN/mz, suction.
Indication of main rafter to horizontal = 25°,

10. Design a two tier grillage foundations for a column carrying 1600 kN load. The size of the
base plate is 700 x 700 mm. Safe bearing capacity of the soil is 200 kKN/m?.
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8. Design an I-section purlin for an industrial building to support a galvanized corrugated iron
sheet. Given:
Spacing of the trusses = 6 m
Inclination of main rafter = 30°
Spacing of purlins = 1.5 m
Weight of corrugated sheetmg = 130 N/m?
Live load = 0.6 kKN/m®
Wind load = 1.8 KN/m? , suction.
Yield stress of steel =250 MPa.

9. Design angle iron purlin for the following data assuming bending in the direction of sheeting
is resisted by sheets:
Spacing of trusses = 4.5 m
Spacing of purlins = 1.5 m
Weight of A.C. Sheets =0.171 KN/m?
Live load = 0.56 kN/m
Wind load = 1.2 KN/m? , suction.
Indication of main rafter to horizontal = 25°.

10. Design a two tier grillage foundations for a column carrying 1600 kN load The size of the
base plate is 700 x 700 mm. Safe bearing capacity of the soil is 200 KN/m”.
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_DESIGN OF BOLTED BEAM CONNECTIONS

/

Beams are connected to main beams or to the columns. Design of these connections are more important
mce failure of connection is more catastrophic than the failure of beam section. In this chapter different
types of beam connections are explained and designed.

 '.1 TYPES OF BEAM CONNECTIONS

_@ccording to the degree of rotation permitted in the connection beam connections are classified as:

A— 1. Stmple Connection or Flexible Connection: Ip this type of connections no restraint is imposed
for rotation. In other words, the connection is designed to transfer the end shear-only.

: 2. Moment Resistant or Rigid Connection: In this the joint is designed to resist end shear as well

* as moment. Such supports may be treatéed as fixed ends, since they do not permit any rotation
at the ends.

~ 3." Semi Rigid Connection: In this type rotation of end is partially restrained. In other words, the

" connections are designed to transfer shear and part of fixed end moments.

Simple beam connections may be further classified as:

(i) Framed connection
(ii) Unstiffened seated connection
(iii) Stiffened seated connection.

(i) Framed Connections: When end shear to be transferred is less, it is possible to connect the beam to
main beam or to the column using cleat angles as shown in Figs. 8.1(a) and (b). If the flanges of beam
to be connected are at the same level, the flanges of connecting beam are cut as shown in Fig. 8.2. This
will not pose any structural problem, since at the end of simply supported beams moment is zero and
shear strength depends mainly on the strength of web.

(i) Unstiffened Seated Connection: When shear force is larger the depth of cleat angle required for
framed connection may be more than that can be provided in the available space. In such cases seat
agles are connected to the column over which beam rests. At top cleat angles are provided to prévent
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- S——
—4 _>_¢_ <«+— Web cleat f < $4 e
7715 '9'-4)' Beam } $¢ e
—dg b ; S e
F )
g T «—Beam :
(a) Beam connected to beam
i
___/l,\._|__/1~__ —
n Jl SEaai 32
" >4 < b4 b
. —d |- e I b o
{ -
—a (b4 b4 e
| E —
L <—— Stanchion " ;

(b) Beam connected to stanchion

Figure 8.1 Framed connection.

(E—

e

-4
44

- -

Figure 8.2 Framed connnection if flanges are at the same level.

i

"Downloaded From : www.EasyEngineering.net

Downloaded From : www.EasyEngineering.net

Design of Bolted Beam Connections 259

lateral displacement of the beam after positioning it over seat angle. Figure 8.3 shows a typical such
nnection. :

T -

A} —
{ p ~+— Flange cleat & &
i l A 4 4
i A
i | A\
l A . Beam
| & +
: [ g FWJ ¢ &
i ~— Seat angle
L4 4 1 I R p—
J Stanchion

!
Figure 8.3 Unstiffened seated connection.
(ili) Stiffened Seated Connection: If shear force to be transferred in the beam is still large, the seat

angle may fail. To strengthen it, a stifferier angle may be provided as shown in Fig. 8.4. Such
connections are known as stiffened seated connection.

|
A——4, 4
!
| b - -
N ] :
¥ $ 7
. ; :
4 i<— Seat angle é( 5 5
4 . Stiffener <D— —(D
4 angles <D— _(D
4 | €§} 4o
| \ Packing
A—it, Lt

Figure 8.4 Stiffened seated connection.
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1
|

*Rligesten

The moment resistant connections may be further classified as

(i) Clip-angle or split beam connection

Gusset plate

(ii) Bracket connection Ple~~
<o
(i) Clip angle connection: This type of connection can be used at the end, if the moment to be trans- <+ ¢
ferred in the end is small. Figure 8.5 shows a typical clip angle connection. : ﬁ
N EFFTTES)
I T ] i
Al 4 P ) o ! oo
L cl i A b (Split beam section) - C°l“lm“ :'
'p angle Flange clip - X I
tep 1 2 o ¢ X < ) Beam -
f LQ_\ .\ S ‘ b b sh l d
ld<gv2 €ﬁ = x{_—|||1||
) _an 2 : ; Column : - = I -
L = I l <79 [ oo oo
RED SO’ ¢ ® - s
Clip angle ’ 4lbo
A—A— At L dl 4D
\ E e ™~ Flange clip ! | ¢
S — At (Split beam section) ’ i s Gusset plate
/ 2 .
(b) Split beam connection I
(a) Clip angle connection R N
Figure 8.5 Figure 8.6 Bracket connection.

(ii) Bracket connection: If the moment to be transferred through the connection is large such connec- { Example 8.1

tions are used Fig. 8.6 shows a typical bracket connection. An ISLB 300 can'ymg udl of 50 kN/m has effective span of 8 m. This is to be connected to the web of
girder ISMB 450. Design the framed connection using 20 mm black bolts.

8.2 DESIGN OF FRAMED CONNECTIONS USING BOLTS

Solution:
The bolts connecting web of beam to cleat angles are in double shear. The number of bolts required to

1. Connection of cl le wi :
transfer end shear should be determined. They may be accommodated in a single or double row depend- onnection of cleat angle with the web of secondary beam:

ing upon the availability of depth of web. Strength of M20 bolts in double shear

The bolts connecting cleat angle to the main beam or columns are under single shear. They are to be ‘ A Jub Ll 1 x(1+0. 78) %202
designed to resist end shear. 3 Vb 4

The size of cleat angle depends on the number of rows of bolts provided. Minimum edge dis- . - 400 _l_xl 78x 2~ ><202
tances and spacing decide the size. Thickness of cleat angle should be so selected that the strength V3128

gi Sc;lgenat angle per pitch width is more than the strength of a bolt. Example 8.1 illustrates such 103314 10° N = 103.314 kN,
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Strength in bearing over web of ISLB.300:

Providing an edge distance e = 40 mm and pitch p = 60 mm, we find
40 60 s 40
3x22° 3x22 4107

Now t=1¢,=6.7 mm

K is the minimum of 1.0.

K, = 0.606,

Strength in bearing = 2.5Kp dt £, :
: 7 mb

=2.5%0.606x20x 6.7><410><—1~
1.25

=66587 N = 66.587 kN
Bolt value = 66.587 kN

End reaction = 50 % % =200kN
Factored reaction ¥ = 1.5 x 200 =300 kN

No. of bolts required = 3000 =4.500
66.587

Provide 6 bolts in two rows.

2. Connection of angle with web of girder:

Thickness of web of girder (ISMB 450) = 9.4 mm
Strength of bolt in single shear
Jwy Lo, 78x2d”

J3 125

=@x—l—x0.78x%

-3 125

=45272 kN

%202 =45272 N

Strength in bearing is more than it.
Bolt value = 45.272 kN.

300
45.272

=6.6

No. of bolts required =

Provide 4 bolts in each angle at 50 mm spacing [Note even with this spacing strength of bolt in bear

ing is more than strength in single shear].
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g Design of cleat angle:

¥ To keep the bearing strength on cleat angl . )
% angle is given by ® at angle greater than strength in single shear, thickness of cleat
' _4
25Ky dt fyxm= by 1 2
Fmb \/5 Vb *0.78x 4 X d

25x0606x20xzx410x#=ﬂ 1 2
125 \/5 125><078><4><20
B =456 mm,
~ Use 6 mm thick angle.

. Provide ISA 15075, 6 mm angle with 150
~ be provided in it g mm leg on secondary beam so that, two rows of bolts may
¥ Depth of angle required on secondary beam = 40 + 60 + 60 + 40 = 200 mm

Depth of angle requlred on main beam (girder) = 40 + 50 + 50 + 50 + 40 = 230 mm,

Provnde 230 mm long cleat angle as shown in Fig. 8.7.

8.3 DESIGN OF UNSTIFFENED SEATED CONNECTIONS

In this type of connection, the seat angle over which beam

; . rests is bo|
angles are bolted in the field. The following procedure may be fzno\lvtz‘;lt;tt:z (::,1:;1 10 shop and cleat
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it

1. The end reaction F is considered uniformly distributed on the outstanding leg of sc.at angle
over a length *b”. The length *’ is such that web crippling of beam does not occur. This length
may be calculated as,

5. The seating angle is connected to the stanchion in the workshop. Compute the number of bolts
required.

6. Connect a cleat angle at the top by two bolts in either leg.'Thc diameter of bolts should be equal
~ to the diameter of the bolts used to connect the seating angle. ‘
b=B—J§h2 subject to a minimum of %

] :%xample 8.2
. L/ F jé_n ISMB 450 is to be connected to the flange of a column ISHB 300 @ 618 N/m. The end reaction
where _—fp ‘. ' tfransmitted by the beam is 120 kN. Design an unstiffened seated connection. Use M20 black bolts.
in which, F = shear force at working load ’ Solution:
Jf,=pemmissible bearing stress in the member - Shear force at working load = 120 kN.

Z 2 _
=0.75£,=0.75x250 = 187.5 N/mm® for standard steel - For ISMB 450, (=94 mm, 4 = 174 mm
h, = Depth at root of fillet from extreme fibre of flange ) . ,

hy;=354mm
F 120 x 10
. _ B=——=——"" _=6809
2. Select a trial section for seat angle. . St 1875x94 .
3. Provide a clearance of 10 mm between the beam and the column. Compute the distance of end ‘ ‘ ' N 2
reaction from the critical section which is at the end of root of fillet (4,) from extreme fibre of 5 b=B-3 h, , subject to a minimum of —

flange [Ref. Fig. 8.8]. Calculate the bending moment M at the critical section xx.
=68.09- 3 x35.4, subject to a minimum of 34.05 mm

= 6.78, subject to a minimum of 34.05 mm
b=34.05 mm [Ref. Fig. 8.9]
Try ISA 150115, 12 mm.

ry =11 mm,

Critical section x-x is at

=12 + 11 =23 mm, from the back of the angle.

Centre of gravity of load is at
34,
=10+ 5 =27.03 mm
Factored force =1.5x 120 kN.

Factored moment = 1.5 % 120 (27.03 ~ 23) = 724.5 kN-mm

' =724.5 x 10* N-mm
4. Assume the length of the sating angle to be equal to the width of the flange of the beam.

. . Le f seatin, le =Wi
Compute the moment of resistance of the seating angle, which should be greater than bending ngth of scating angle = Width of flange of beam
moment. =150 mm
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266 Design of Steel Structures

Z,of rectangular section of width *5’, thickness ‘7’ [Ref. Fig. 8.10]

Area in tension

l b

ARV A /'/' / //, A{_ ) ] 1
e oy P L S R S S A N R =y '
4 Fi=9 4 - 3
Py, T Fo=5
Area in compression
Figure 8.10
1 ¢ bt
M, ==—bxtxXf, X—=—1,
I 2 4 5
A _ bt
P4
Z, - 2 g
b, = 2rfe 250, 0250 1017 gshq

= —X
Fwp 1257 4 125

Equating it to applied moment, we get
7500 7 =724.5 x 10>
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_ £=10.099 mm
Hence try 10 mm thick ISA.

" Strength in single shear =0.78x %dz Jup o 1

3125

=O.78x%x‘202x@x——1——

3125

=45272x 10° N

Strength in bearing is more than it if minimum edge distance and pitch are maintained.

Bolt value =45.272 x 10° N
1.5x120
45272

Provide 4 M20 bolts in two rows.

Number of bolts required = =3.97

Hence use ISA 150115, 10 mm thick angle so that 2 rows bolts can be provided (Fig. 8.11).
Connect top cleat angle ISA 10075, 10 mm with 2 field bolts of M20 in either leg of angle.!

Bolts connecting seat angle to column: M20 shop black bolts are used.
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268 Design of Steel Structures

8.4 DESIGN OF STIFFENED SEATED CONNECTION

If end reaction to be transferred is more, the thickness of seat angle required will be larger than the avail-
able thickness or the number of bolts required in the vertical leg may be too many to be accommodated

--inthe-available width. Hence it is not possible to provide unstiffened seated connection. In such situa-
tions the seat angle needs stiffening from below by one or two angles.

In this case the beaﬁng length ‘b’ is measured from the end of the stiffening leg.

The stiffening leg should have sufficient bearing area. Its thickness may be kept not less than the web
thickness of the supported beam. To avoid local buckling, the ratio of outstanding leg length to its thick-
ness should be less than 16.

The bolts in the column should be checked for direct shear and stress arising due to moment as ex-
plained in problem 8.3.
Example 8.3

An ISMB 500 beam transmits an end reaction of 250 kN to the web of a column ISHB 300 @ 577 N/m.
Design and sketch a stiffened seated connection. Use M24 black bolts.

Solution:
Bearing length required from crippling consideration:

F _ 250x10°

=——=————=130.72mm
j;,t“, 187.5%10.2

b=B- 3 hy=B~ J3(37.96)=130.72 - /3 (37.96)

=64.97 mm

0.72
= 13—2— =65.36 mm

N |

b=64.97 mm.

Provide a clearance of 10 mm. °
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Length of outstanding leg of seat angle = 64.97 + 10 =74.97 mm
Use ISA 9060, 10 mm with 90 mm leg as horizontal outstanding leg = 90

Outstanding leg 80

Thickness “E =8<16

- . . 3
Bearing area of stiffening angle required = 2510‘%9— = 1333.3 mm?

Provide 2 ISA 8080, 10 mm as stiffeners.

Bearing area provided = 2 (80 - 10) x 10 = 1400 mm? >1333.3 mm?
Hence adequate.

Design of Bolts Connecting Stiffening Angles to Column

The distance of end reaction of the beam from end of stiffener éngle

b 6497
e~ 2.
5 2 32.49 mm

269

- 10=80 mm.

K.

The distance of end reaction from the face of web of column=e =90 + 10 -32.49 = 67 51. mm

Bending moment about the face of the web

=67.51 x 250 =16.878 x 10> KN-mm = 16.878 kN-m
M=1.5x16.878 =25.316 kN-m

Factored Shear V=15x%x250=375kN
Strength of M24 bolts, shop driven in single shear

Factored Moment

Vo =0.78><%><242 <300, 1

J3 125
=65192 N.
Taking e =45 mm, pitch p = 70 mm.

Ky is least of — > 0 025, 20 1

3x(24+2)" 3x(24+2) " 410’

K, =0.577
Bearing strength on 7.6 mm web of column

Ty = 2.5><0.577x24xllx2%1_0

=86300 N
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ISA 10075,10 mm

; - 1 (Nominal cleat angle)

10 mm clearance

ISMB 500

™ 1549090, 10 mm

Fiiter
plate

d
/::: -\\\ 10
P ISA 8080. 10 mm
L

ISHB 300@577 N/m

() Sectional Elevation

=T ==

Figure 8.12
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Figure 8.13

Downloaded From : www.EasyEngineering.net

Design of Bolted Beam Connections

Bolt value in shear Vg =65192N
Tensile strength of M24 bolss:
0901, 4, A

s
<
Pmb Ymo

4,=0.78 %dz =0.78x%x242 =352.864 mm>
_ 090x400x352864 w1

Tensile strength <
1.25 4 1.1

= 101625 < 98703 N
Hence tensile strength T, = 98703 N

Number of bolts:

6M
Z(Vsb )p

Providing bolts in two rows at 70 mm pitch number of bolts per row =

_ [6x25316x10°
2x65192%70 -
=408

Provide 4 bolts in each row as shown in the Fig. 8.13.

3
Direct shear force on each bolt = M

V,,=46875 N

Assuming centre of gravity of fiexural forces at .:. from bottom side,

300
7

=42.86 mm

~ | >
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72 Design of Steel Structures

i.e., neutral axis lies below first bolt which is at distance 45 mm from the lower edge of stiffener angle.

Bolt No. 1 2 3
y 2.14 72.14 142.14

4
212,14

Since there are two iows of bolts
Ty, =2%428.56

Ty? =2x70415.92

e M 24.098x10°
' T 2h Ty, . 2x300_ 2x428.56
1+ — 1+ X
21 3?2 21~ 2x70415.92
=20.528 x 10°

Tensile force in extreme bolt

_ MY 20.524x10°x212.14
T2 2x70415.92

Iy

=30922N

Check by interaction formula

Vo) (L) (46875 (30922
V| \Tw ) “\es10z) T\ 98703 )
=0615<10

Hence safe.
Use stiffener of length 370 mm with 4 bolts of 24 mm size on each side.

8.5 DESIGN OF SMALL MOMENT RESISTANT CONNECTIONS

If the moment to be transferred is small, clip angles may be provided to transfer moment zind web angles

to transfer shear [Ref. Fig. 8.14]. Hence the design consists of:

() Design of clip angle connections
(b) Design of web angle connections
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e, Clip angle
1 JL&

2

o
&~

=
J
f—— 0 —
—

b

J’\_U I r Clip angle
(@)

Figure 8.14

;.(a) Design of clip angle cornection

5_: )] Force at -, pP= % . Bolts should be capable of resisting this force in tension

(i) Moment in the leg of angle.
Referring to Fig. 8.14(b),
If, point of contraflexure is assumed at 0.5 (g - 7).
' M=05P g-D.

More conservatively point of contraflexure may be assumed at 0.6 (g — 7) from bolt,

Then M=06P(g—1).

Taking length of clip angle / = width of flange of beam connected, design moment of angle

This should be more than M.
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If thickness required is more than available the thickness is to be built up with addition of plates

or split I-sections may be used as shown in Fig. 8.15.
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274 ' Design of Steel Structures

(iii) Design of connection between clip angle and beam (2-2):
The bolts are subjected to shear force of

Connection is to be designed to resist this shear force.
(B) Design of web angle connection: It is same as design of framed connection (Fig. 8.2)

The design procedure is illustrated with the example betow.

Example 8.4
Abeam ISMB 300 transmits an end shear of 120 kN and a moment of 20 kN-m to the flange of a column

ISHB 300 @ 577 N/m. Using 20 mm dia shop bolts design suitable end connection.
Solution:
Factored end moment M= 1.5 x 20 =30 kN-m
Factored end shear ¥'=1.5 x 120 = 180 kN

For ISMB 300,
{=124mm = 7.5 mm
Fer ISHB 300 @ 577 N/m,

4= 10.6 mm ¢, =7.6 mm
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Design of Bolted Beam Connections 275

Strength of bolts in single shear

=078x%x202x 20, L _ 45272 N
-4 1.25

V3
Strength of bolts in double shear

=1.78xEx202x 30 1 103314 N
4 125

Ng)

Strength of bolt in tension

4
=078 x = x 20* x 0.9 x « 202 x =2
4 125 4 I

=70572 < 68544 N
Strength of bolt in tension = 68544 = 68.544 kN
Strength in bearing:
Assuming edge distance e =40 mm, p = 60 mm,

Ky is the least of i r___ 0.25, ﬂ, 1.0

3(20+2)°3(20+2) 410

ie., Ky =0.606

-+ Bearing strength on web of ISMB 300

=2.5x0.606x20x 7.5><ﬂ
1.25

g =74538 N
Bearing strength on flange of ISHB 300, @ 577 N/m =2.5%0.606x20x IO.GX%

‘ =105347N
(i) Force P on bolt connecting clip angle to column:
Provide ISA 200 mm x 100 mm angle as clip angle. Then distance between gauge lines of bolts
d=300+2 x 60 =420 mm
Pull on two bolts .
_30x10°
420

Allowable pull on two bolts =2 x 68.544 > p

P =71.429kN.

Hence adequate.

(if) Moment in the angle, assuming ¢ = 15 and £=60mmis M= 0.6P(g—-;-J = 0.6 x 71.429
(60 — 7.5) = 2250 kN-mm.
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276 Design of Steel Structures

Width of flange of beam ISMB 300 Cod

1=140 mm
Thickness of clip angle ‘¢ is such that

1

1
ZIYZI;,X

=M

mo

%x140x12x250xﬁ=2250x103

1=16.818 mm.
But available maximum thickness is only 15 mm.

Either provide ISA 200100, 12 mm with 6 mm plate or go for ISA200150, 18 mm angle or
use split section of ISMB 450 which has flange thickness 17.4 mm.

(iii) Horizontal shear in bolts connecting clip angle to beam

_ Moment in connection

- Depth of beam

_30x10°
300

=100x 10> N =100 kN

Strength of bolt in single shear =45.272 kN

. 100
ber of bolt: ired =——— =22
Number of bolts requ 5772
Provide 4 bolts in two rows
Design of web angle

Bolt value of bolts connecting web of beam and the angle is smaller of 1033 14 N and 74538 N

R=T74538 N
180x10°
4538

The number of bolts required = =241

Provide 3 M20 bolts with minimum edge distance of 45 mm and pitch of 60 mm.

Bolts connecting angle to web of column are in single shear. Their strength is smaller of 45272 N and
105347 N. i.e.,

R =45272 N =45.271 kN

1
i { bolts required = ———=3.98
Number of bolts require 52
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Design of Bolted Beam Connections 277

] *;. Provide 6 bolts in two rows (one on either side of web of beam). Minimum edge distance 45 mm and
" at a pitch 60 mm, Use ISA 10075, 8 mm.

D Figure 8.16 shows the details of connection.

/ 1SA 200150, 18, Clip angle
60 y ' y _ . -
—45_ ISA 100 75, 8 web angle

300 i 120

X I 4 4
60 i U

- T 140k

Figure 8.16

8.6 DESIGN OF LARGE MOMENT CONNECTIONS

end moment to be transferred from beam to column is large, clip angles are not sufficient. In such

cases bracket type moment resistant connections are used. Figure 8.17 shows a typical bracket type
connection.

this type a bracket plate, which has thickness equal to that of web of the beam is connected to flange

of the beam and to the flange of column using horizontal and vertical angles. If exact thickness of plate
is not readily available slightly larger plate is taken and machined to the size of web. Design of such
connection consists in designing

(a) Vertical angle to resist moment M= 0.6P (g — 1)

(b) Bolts A-A to resist direct shear and tension

(¢) Bolts B-B to resist vertical shear and horizontal force due to moment
(d) The bracket plate

(¢) Horizontal angle

(f) Bolts.C-C to resist shear and tension

(2) Bolts D-D to resist vertical shear and horizontal force due to bending.
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278 Design of Steel Structures Design of Bolted Beam Connections 279
/_\—l/A B iStrcngth of M24 bolts, .
T 350 _L 1549090, 12 in single shear =0.78x % x 242 x @x_l_ =65192 N
__FI; . 4 J3 125
] il 8 mum bracket plate
4
75%6 HF * .
i — ISA 100100, 12 in double shear —178xZx282x 20 1 _jagmmN
} N R TT;
150 ey se s 2 lc =
0~ R 2 T 7 400  z 240
g . >.in tension = 0.78x ZX 24% x0.9x 125 < " x 24% x 7> since £, =240 N/mm?
ISLB 500 - . 1.1
i = 98703 N
_Strength in bearing with e = 50 mm and p = 75 mm
St i 50 75 400
=Ky, is the least of , -025, —, 1.
-4 3(24+2)" 3(24+2) 210" 0

Ky=0.641

Bearing strength on 9.2 mm plate (plate slightly more than that of web of beam)

A =2.5x0.641x24x9.2x:—122—=116057N

Figure 8.17
Bolt value:

For bolts A-A which are in single shear and tension is R, = 65192 N

i is illustrated with th le below: . (
The design procedure is illustrated with the example below For bolts B-B which are in double shear and bearing on bracket plate

Example 8.5 N R, =116057N

Design a bracket connection to connect a beam ISLB 500 to a column ISHB 400 @ 806 N/m, if vertical | For bolts C-C which are in single shear and tension, but field connected,
shear and moment to be transmitted are 120 kN and 130 kN-m respectively. Use M24 bolts at a pitch of ~

75 mm. Provide edge distance of 50 mm for all connections. | Ry =65192

For bolts D-D which are in double shear and bearing over bracket plate

Solution:
Ry=116057N

End shear =120 kN
End moment/= 130 kN-m
Factored end shear = 1.5 x 120 = 180 kN

(a) Design of vertical angle:

Using 9090 angle and taking g — =45 mm
M=06P(g-1

Maximum P that can be allowed is bolt value 0f 65192 N.

Then M= 0.6 X 65192 x 45 = 1.76 x 10° N-mm

Factored end moment = 1.5 X 130 = 195 kN-m
For beam, 7, = 9.2 mm =141 mm

For column, l= 12.7 mm
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’i \ i 280 Design of Steel Structures Design of Bolted Beam Connections . 281
R 250 +” Since these are two rows of bolts
Strength of angle per pitch width of 75 mmis = Zx 75%t? l_yl =2 X 75% 14 % 11 ' ‘ Sy, =2'x 7426.04 mm
1° Tyi? =2 x 9320572 mm?
Equating this moment of resistance to moment
| — : o s
1 2,250 _ 6 — ,_ M 195x10
we get Zx75><t x—ﬁ—1.76><10 M 1'+£’12}’i +2><1625x 2% T26.08
1=2032 mm ' = 213y 21 2x9320572
Maximum thickness available is only 12 mm. Hence we can reduce P by restricting bolt value R. : =173.59 x 106 N-mm
| 250 ~Tension in extreme bolts
0.6x Rx45==xT5x12% x =—
LI a 11 . _ 173.59 x10° x1242.86
2 Lol . | 2x 9320572
(b) Design of bolts A-A: =11574 N
' 180x10°
R=22727TN, M=195KkN-m Shear force on each bolt = =4500 N
Since there are two rows (one on either side of bracket plate) number of bolts required is given by
_ o . Interaction formula is
_ oM _ I_s_><_135><106
2pR N 2x75x22727 - 4500 Y (11574
: | t| = =0.264<1

=18.53 65192 22727
Provide 20 bolts in each row as shown in Fig. 8.17. _Hence adequate.
h=1575+50= 1625 mm. - h/7=232.14 mm. () Check for bolts B-B:

(i) Check for Bolts A-A: “For these bolts, bolt value R = 116057 N

N-A is between 3rd and 4th bolt. Distance of 4th bolt from N-4'= 50 + 75 x 3 — 232.14 = 42.86 mm “These bolts are in a single line and are subject to moment in their plane.

Bolt No. ¥ in mm Bolt No. y in mm Number of bolts required
717.86
: 428 2 ' ) . 6M _ |6x195%10°
5 : 117.86 14 792.86 i = =, —— " =11.59
PR 75%116057
6 192.86 15 867.86 :
7 267.86 16 942.86 Here also provide 20 bolts [Ref. Fig. 8.17]. In this case k; = 0 : r, = y; N-4 is at mid depth. Hence
8 342.86 17 1017.86 ri=y; =315, 112.5, 187.5, 337.5, 412.5, 487.5, 562.5, 637.5, 712.5, 7815,
9 417.86 18 - 1092.86 ,
10 492.86 19 1167.86 Zy; =2 x2421562.5
i1 567.36 20 1242.86 - Force in extreme bolt due to moment
12 642,86 _195%10° x 787.5

T 24215625 -1 707 N, Horizonal
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282 Design of Steel Structures
180x10° .
Direct shear force =— =9000 N, vertical
Resultant force =+317077 +9000
=32960 N < 116097 N

Hence adequate.

(d) Design of Bracket plate:
Length of bracket plate = 1675 mm  Let thickness be 8 mm
No. of holes for M24 bolts = 20
Diameter of each bolt hole =24 + 2 =26 mm
Effective length along bolt line B-B
=1675-20x26=1155 mm.

Bending resistance along this section

=%x8.0><11552 ><21i?=606.375><106 N-mm

= 606.375 kN-m > 195 kN-m
Hence adequate.
(e) Horizontal Angle:
Here also P=R=22727 N may be maintained, —so as to use 12 mm thick angle. Provide 2ISA 100100,
12 mm.
(f) Design of Bolts Along C-C:
Force on extreme bolt along B-B=31707 N

Force on nearest bolt (bolt No. 4) from neutral axis in line BB on top bracket, which is at a distance
of 337.5 mm from neutral axis is

3375

787.5

=31707x =13589 N.

wm:lsssaw

Resultant of horizontal forces of all bolts above top bracket =

Line of action of this force from top bolt

211—52 31707 +2x13589 195 mm

3 31707+13589
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Its distance from line C-C 7
' =537.5-195=3425

Hence moment at the level of bolts along C-C

= 158536 x 342.5 = 54.30 x 10° N-mm

.- Here also allowable maximum tension
P=22717N

Number of bolts required in each row

6
ni /2_54-3*_10 —9.478
2x75% 22727

- Provide 12 bolts to connect horizontal angle to the beam,
Check for combined action of shear and Tension:
Length of angle = 50 + 11 x 75 4+ 50 = 925 mm

. Distance of last bolt from the beginning of angle = 925 — 50 = 875 mm

Assuming neutral axis is at l th of this length i.e., at 82 = 125 mm, we find it coincides with the
7

position of 2nd bolt. Hence

BoltNo. 3 4 5 6 7 8 9 10 11 12

(» 75 150 225 300 375 450 525 600 675 750

Syt=2 % 2165625 mm?

Since there are two bolts at every “y’ distance
Total Zy? = 2 x 2165625 mm®
Maximum tensile force in extreme bolt

M 54.30 x10°

=y 220010 o,
57 72T 2% 2165625
= 9402 N

Direct shear force = 158536
2x12

=6606 N

Interaction formula gives,

2 2
6606 9402
— | === =0. :
(65192] [22727) O181<10
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Hence adequate.
Questions

(g) Design of Bolts Along D-D:

IRE

. Draw the typical sketches to show the following beam column connections:

Adopting a gauge of 50 mm from the end of angle, the distance of the resultant horizontal force from {(a) Framed connection
the line D-D . = (b) Unstiffened seated connection
=342.5-50=292.5 (c) Stiffened seated connection
. (d) Clip-Angle connection
The horizontal force is = 158536 N [As found in the design of bolts along C-C] : (c) Bracket' type moment resistance connection. Also state when do you prefer those end
Moment to be resisted by these bolts connectioRs
M= 158536 x 292.5 = 46.372 X 10° Nomm B 2. AnISMB 300 transmits an end reaction of 180 kN to the web of an ISMB 450. Design a framed
. . * connection. Show the details with a neat sketch.
Number of bolts required along D-D - 3. Design a seat connection for a beam end reaction of 90 kN. The beam is ISMB 250 connected
i = tothe flange of the column section ISHB 200 @ 392 N/m.
N T T e _ 4. An ISMB is connected to the flange of an ISHB 250 @ 537 N/m. Design a stiffened seated
Ix75x116057 - o |
5. Abeam ISMB 250 transmit an end shear of 80 kN and a moment of 16 kN-m to an ISHB 250
~5.65 _ _ @ 537 N/m. Using 20 mm bolts design a clip angle connection.
= 6. Desi iof beam
Provide 12 bolts in this row also. : sign a f:onnectlon between ISMB 450 and the flange of column ISHB 300 @ 577 N/'m
~ totransmita shear force of 100 kN and a moment of 120 kN-m. Use M24 bolts at 75 mm pitch,

M
Force due to bending = Z_yz Vi

Zy,z = 2165625, since there is only one bolt at every y specified.

6
L A0 XA07 g6 16050 N
= 165625

180x10°

Direct shear force F; = =15000 N.

Interaction formula is

2 2
(M] +(1_6°§9_) =0.552<1.0

65192 22727

Hence adequate.

Connection details are shown in Fig. 8.17
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{ DESIGN OF WELDED BEAM CONNECTIONS

“Beams may be connected to the supporting beam or to the supporting column by welding. In fact welded
.connections are used more commonly instead of bolted connections. The end of the beam may be de-
signed to transfer only shear to the supporting structure by

(a) Framed connection
(b) Unstiffened seated connection or
(c) Stiffened seated connection.

The ends of beam may be designed to transfer shear as well as moment by welded connection. Such
connections are known as moment resistant connection.

In this chapter, the design of all such connections are explained and illustrated with examples.
9.1 FRAMED CONNECTIONS

The direct fillet or butt welds explained in chapter 4 need accurate lengths and edge finishes, which may
be quite difficult to achieve. Instead of these connections, framed connection may be adopted which are
flexible. The following two types.of framed connections are possible.

(i) Double Plated Framed Connections
(ii) Double Angle Framed Connections.

9.1.1 Double Plated Framed Connection

Figure 9.1 shows a typical double plated framed connection. In this type of connection 50 mm wide two
1 o

plates of depth 3 to % of beam, with thickness 1.5 mm more than that of web of the beam are used. To

allow rotation at the end of the beam it is necessary to limit the depth of plate to % of beam. One plate is

shop welded to the beam and another plate is shop welded to column/supporting beam. Beam is kept on
erection seat and then field welding is done to comiplete the connection. Sometimes instead of providing
erection seat, erection bolts are provided to temporarily support beam for field welding.
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Figure 9.1

Weld B is kept about %tb of web of beam in size. The welds are returned by about 12 mm. The depth ‘4’
of weld B is kept such that it can resist shear ¥ and moment ¥ x a safely, where a is width of connecting
plate (which is usually 50 mm).

Weld A of depth d is designed to resist shear ¥ only.

The design procedure of such connection is illustrated with the example below:

Example 9.1

An ISMB 400 beam is to be connected to an ISHB 250 @ 537 N/m to transfer end force of 140 kN.

Design double plated welded connection.

Solution:
Factored V=140 x 1.5=210 kN

Using 50 mm wide plates, factored moment on weld connecting plate and web of beam (weld B)

Downloaded From : www.EasyEngineering.net

SN

Downloaded From : www.EasyEngineering.net

Design of Welded Beam Connections 289

M =210 x 50 KN-mm = 210 x.50 x 10> N-mun.

' . Thickness of plate should be 1.5 mm more than the web thickness of the beam.

Thickness of plate=1,, + 1 5=89+15=104mm.
Use 12 mm plates.

Since one weld is shop weld and the other is field weld, design is made for field weld and the same is
adopted for shop weld also. For field weld partial safety factor v,,,, = 1.5. Hence

Strength of weld = Lx 1. il_OXL

Bls B31s
foa = 157.81 N/mm?®
Design of Weld B.:

V=210 kN; M=210 x 50 x 10> N-mm. Assuming 6 mm as the size of weld, throat thickness of weld
=0.7 x 6. Since there are two rows of welds,

h [ 6M f6x210x50x103
\/2xt><fm, 2x0.7x6x157.81-

=218 mm.

The above depth is required to resist benumg alone. Since the weld has to resist shear also, try 15 to

'20% additional depth.

Trial depth 7= 1.2 x 218 =:261.6 mm

Try h=260 mm .

Selected A is between —;- to % rd of depth of beam.
6M
2

_ 6x210%50%10°
2x0.7 X 6 x 260

Shear due to bending g, = My
: 4

=110.95 N/mm?

v 210x10°
2th 2%0.7x6%260
=96.15 N/mm?

Resultant siress g = y/110.95% +96.152

=146.8 N/mm? < 157.81 N/mm?

Direct shear stress g; =

Hence adequate. Provide 6 mm size fillet welds, 260 mm long.
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Design of Weld 4:
This weld carries only shear.

V=210 kN
The length of this weld is also kept 260 mm.

Let size of the weld be s.

Throat thickness of weld #=0.7 s. Since there are two weld lines equating strength of these
welds to shear, we get

2 th/;vd: V
2x0.75x260x 157.81 =210 x 10
s=13.65

Provide 4 mm welds.

9.1.2 Double Angle Framed Connection

Instead of two plates, two angles may be used for connecting beam and the supporting member to get
. more flexibility in the connection. The angles are connected to the web of the beam by shop welding.
The length of the leg of angle used for this is usually 60 mm. These welds are provided on all the three

sides of the leg of angle as shown in the Fig. 9.2. Depth of the angle used is kept % to % the depth of

beam to achieve required flexibility in the connection. In the figure these welds are referred as weld B.

The leg of the angle to be connected to supporting member is kept 80 to 90 mm. They are connected to
the supporting structure by field welding. To facilitate field welding erection bolts are provided in the

position as low as possible. The thickness of connecting angles should be %x the size of weld used

in beam, so that the required size of the weld is provided along the rounded edge of the angle.

Design of Shop Welds B:

Assuming 10 mm gap between the edge of the beam and the face of the column, the shape of the weld
is as shown in Fig. 9.3. Since there is one such weld on each face of web of the beam, reaction resisted

by each weld is R . As end on the face of the column is assumed simple support, the weld is subjected

. R . ..
to a torsional moment ~2—xe2 also, where e, is the eccentricity of the c.g. of the weld. These shop welds

are designed to resist a vertical shear of § and moment %x .
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Figure 9.2

Design of Field Welds A:

' The welds transfer vertical shear force of § at an eccentricity of e; from the face of web of the beam. In

~ the compression zone entire contact area of angle resist the force while in tensile zone only weld has to

h

resist the force. Hence neutral axis is very close to compression edge. This distance may be assumed as

if h is the depth of weld. Referring to Fig. 9.4, the horizontal shear in the weld A may be calculated as,

(%qsh xtx%th §h=§e'
_9Re
sk __5'?
“The vertical shear is
_R/2 R
qv_7—2><0.7sh
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The resultant shear stress g = \’qszh +'q3 < the permissible value in field weld.

From this condition thickness of weld and hence size of the weld is found. To provide the required size

. 4
of weld at the edge of angle, the angle should have thickness 5s.

The design procedure is illustrated with the example below:
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Example 9.2

Solution:
Depth of beam = 400 mm.

Use 2 ISA 9060 as frame angles.

Let the depth of angle be 260 mm.

(a) Design of Field Welds A:

Factored reaction R = 1.5 x 140 =210 kN

Factored reaction on each weld = 105 kN

. ;=90 mm.

Horizontal shear

9sh

Vertical shear

% Design a double angle framed connection for the problem given in example 9.1.

_9Re _9 210x90x10°
Sth 5 260%
_503.25

- N/mm?

_210x10° _ 403.85

v

T ux260 ¢
Strength of field weld
fi 1 410
=Ex— =157.81 N/mm?
V15 J3xis

Equating resulfant stress to it, we get

\/(503.25)2 (403.85)2

= [ == #| =22 215781
t t

AR 4 6

=—— =408
157.81 o
4.0
$= T: = 582
Provide 6 mm weld. .
Design of Shop Welds B:
£ 1 410 1
Strength of shop weld = “ X —— = ——x——
g P 3125 37125

= 189.37 N/mm”
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Let ‘¢ be the throat thickness of the weld. 377.876 _ 189.37
' .  2x506x5012 _ '
Distance of ¢.g. of the weld from the vertical weld = %50t 42600 1 =2.0mm
¢, = 60~ 6.94 = 53.06 mm =t 22 585 mm
07 07
210
Weld on each side has to resist ¥ = 5 = 105 kN Use 3 mm weld. .
- 55713 x 10° Nommm % Weld 4 required is 6 mm thick. Hence minimum thickness of angle required is 3 X 6 =8 mm
and M =105x53.06 = 55713 kN-mm = 5371 2 Therefore use ISA 9060, 8 mm.
Properties of Weld B: i \ ) . -~ 9.2 WELDED UNSTIFFENED SEAT CONNECTION
I, =~=Xtx260°+2+50¢x 130" = 3154667 t mm H
12 1 A  When the end reaction to be transferred is low, welded unstiffened seat connection may be used. The
I =2601%694%+2 [—t x 50° + 50¢(25 - 6.94) ] == beam is placed over a seat angle and welded. To prevent lateral dxsplacement a cleat angle ISA 100100,
b4 12 .
. - 6 mm may be placed and welded with 6 mm welds.
= 2
: e ; - The bearing length of beam may be taken same as used for bolted connection (chapter 8). Thus the
L=I,+I,=3 154667t + 65972t = 3220639 t mm - bearing length
. Stress due to twisting moment , b= ( B-\3 hz) =
qr = 1— xr F
3 " where B=——, f; =187.5 N/mm? for E250 steel.
Now r = 1/6.942+130% =130.185 ot
- Aclearance of 10 mm is provided between the end of beam and column. Assuming reaction is distrib-
5571.3%x10° 2252 . uted uniformly over bearing length b’ the position of centroid of reaction is found. The thickness of
9= m x 130.185= ¢ angle is determined from the required bending strength of angle at the root of the angle.
Then the moment at the weld is found at the critical section of the weld. The resultant shear stress in the

Direct shear : - weld of size ‘¢’ due to vertical shear and horizontal shear is found and equated to strength of the weld in

165 < 10° _ 29167 shear to get required throat thickness of the weld.

& (2% 50+ 260)¢ t ) The procedure is illustrated below with the example:
0=tan” 122 —g6.944° Example 9.3
.6 ?4 An ISMB 400 transfers an end reaction of 160 kN to the flange of an ISHB 300 @ 577 N/m. Design an
Resultant shear = V@t + g} +2g,q, c0s86.944° unstiffened welded seat connection. Take f; = 0.75 x 250 = 187.5 N/mm®.
.. Resu = _
Solution:
_ 377876 o,
t For ISMB 400,

Width of the flange, 5,= 140 mm, tr=16.0 mm

Equating it to weld strength, we get
. 1,=89mm r;=14mm.
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F 160 % 10° Ceismm ' Equating it to the factored moment, we get

T 7 1875x102 70007 = 1.5 x 160 x 10° x 5.2

b=B /3 (hy)=84.8 3 (32.8) ¢=1335mm

'-if‘HenCC use 15 mm thick angle.

B -
=32.8 mm £ £
2 3% (b) Design of weld:
4.5 E
b= 8—’\5 =472.4 mm 12 Length of vertical weld= 150 mm .
Z o
It is as shown in Fig. 9.5. ' § Factored shear force = 1.5 X 160 kN

i

¥ I ¢ is the throat thickness of weld,

_1.5x160x10° 800

B ORI sk 1
©' The distance of end reaction from this weld

424
=—2—+10=312mm

= Matweld=160x 10°x312=4992x 10°N
- Factored moment = 1.5 x 160 x 31.2 x 10> = 7488 x 10° N-mm.

% Hence horizontal shear
7488x10° 9984

= 1
- 2x-xtx150%  f
: 5
) 5, ting Angle: . , N2 2
@esien of Seqggg Ane'g ~. Resultant shear stress = (§0—0- + P
Assuming 15 mm thick angle of size 150115, the distance of end reaction from critical section t e
. 1279.4

1
=10+ = x424-(15+11)
2 P :
Strength of weld = —LXT_2—5'=189'37 N/mm

=5.2mm 5
Bending moment at the critical section in the angle = 160 x 10° x 5.7 N-mm Equating resultant shear stress to it, we get
Factored moment = 1.5 x 160 x 10° x 5.2 N-mm 1279 4
Length of seating angle = 140 mm R =189.37
Moment of resistance t= 675 mm
- 5z, 250 % % x 140 x 1* < 70007 -
Ty 1.25 o Sizeof weld 5= 5= =705
=9.65 mm
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Provide 10 mm weld. Example 94

Si . . . C 3 - [ . :
ince angle thickness is 15 mm, 10 mm weld can be prqv]ded at the edge of angle (S b4 " 15) -Hence g Design a stiffened seat connection to connect the ISMB 500 transferring a load of 260 kN to an

" ISHB 300 @ 577 N/m.

selected angle is ISA 150 x 115, 15 mm and is connected by 10 mm welds. At the top cleat angle
ISA 100100, 6 mm may be field welded with 6 mm weld. = ion:
:-gu olution.
|- Endreaction F=260kN
§°  For ISMB 500,

9.3 STIFFENED WELDED SEAT CONN.ECTIONS
| . bf= 180 mm =172 mm
Figure 9.6(a) shows a typical stiffened seat connection. The seat used may be a split I beam or two plates

: . 1,=102mm hy=t+r=172+17=342mm
forming a T-section. The seat plate thickness is not less than the thickness of flange of beam and the " L !

thickness of stiffening platt? is not less than the thickness of the web of beam. Seat plate and stiffening 260x10°
plate are welded as shown in Fig. 9.6(a). The width of seat plate is kept equal to the width of flange of B= 185x102 137.8mm

bean;, g‘(hbg same size plate may be used as stiffening plate. Weld looks like a T-section as shown in the
Fig. 9.6(b). ' . ' : 1

: Bearing length b= B - \/ghzsfi B
The bearing length ‘3 is calculated as explained for unstiffened connection, but is measured from outer

end of seat plate. 10 mm clearance s provided between the end of the beam and the flange of the col-

umin. The sizg of weld is so selected that it can resist combined vertical and horizontal shear.

1
=137.8- 3 x3795 ¢ S X 1378

- =72.07 mm
ISA 100100, 6 mm is used as clip angle at the top. It is welded with 4 mm size weld. ¥ 10mm clearance is provided between the end of beam and the flange of column.

R R T e

Minimum width of plate required = 72.07 + 10 = 82.07 mm.

W—\—T : © Use 90 mm seat plate. Its thickness should be at least equal to I =17.2 mm. Hence use 18 mm
% thick plate. Width of this plate is kept equal to the flange width of beam = 180 mm.

AT S

|- Clip Angle Thickness of stiffening plate should be more than 1, (10.2 mm in this case).

Provide 12 mm plate. Let its depth also be 180 mm.
1
The distance of centre of gravity of reaction from column flange =90 — 3% 72.07=53.97 mm .

Seat plate - Factored bending moment M= 1.5 x 260 x 53,97 = 21048 kN-mm
=21.048 x 10° N-mm

Seat Plate
Stiffening Plate > g g ! Let throat thickness of weld be ‘£, Figure 9.7 shows the shape of weld.
“\_/—\“ . ' The distance of c.g. of weld from top
() (b n= 2x180><t><90:61'4mm
Figure 9.6 168¢+2x180¢

I, =168¢x61.42 +2><[1—12~><t><1803 +tx180(90—61.4)2}

= 1899819 mm* _
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300 _ Design of Steel Structures .

Due to bending, horizontal shear in the weld is

<10° 80
ﬂy:wx 14=6— N/mm2
1 1899819t t

q, =
Direct shear stress

3
. 1.5%x260 %10 =738.6 N/mm2
" 2x180f + 1681 t

Resultant stress

9= g +q;

- _6@)2+(738.6\’:1003.96
t {

Permissible stress in shop weld
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Equating the resultant stress to it, we get
1003.96

89.37

1=5.30
5.3

: t
- s Sizeofwelds= —= e 7.57 mm

: 0:7 - -0—
£ Provide 10 mm weld.

= Provide clip angle ISA 100100, 6 mm at the top with 4 mm weld.
+ Size of seat plate = 90 X 180 x 18 mm
. Size of stiffener plate = 180 x 90 x 12 mm

< Size of shop weld = 10 mm.

9.4 MOMENT RESISTANT WELDED CONNECTIONS

Ifboth moment and shear are to be transferred from beam to supporting structure, moment resistant con-

{ nections are required. Such connections in welded structures are simpler compared to bolted structure.

In this shear is transferred by aty one of the following methods already discussed:

(a) Framed con- “ction
(b) Unstifiened seated connection or
(o) Stiffened seated connection

To transfer moment, a tension plate connects top of flange of beam to the supporting structure as shown
in Fig, 9.8. ' )

Near the support, for the usual vertical downward loads, beam is in tension at the top and is in compres-
sion at bottom. The bottom flange of beam is connected to the supporting member by butt weld. The
tension plate provided over top flange is connected to the supporting structure by full penetration butt
weld. It needs a minimum gap of 4 to 5 mm between the plate and the column, A backing plate may be
installed for welding efficiently. The width of tension plate is kept smaller than the flange width of beam
so that welding on 3 sides is possible over the beam. The plate is kept sufficiently long so that a length
of plate equal to its width is not welded. It helps in preventing failure of the Joint before the failure of
plate, which gives sufficient warning in the case of failure. A stiffener plate is welded in the supporting
member to safeguard against web failure. '

The following example gives the design procedure for the design of tension plate and its connection.
For transferring shear a suitable method of connection should be designed as explained in the earlier
part of this chapter. '
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. Design strength of the plate in tension
4/\_/4

; ’ 1
it ! dn=0'9Anf;lx_

: Stiffener Tension Plate ml
3 I, R R £ =0.94, x410x——
Gl 77 - § 125
b £ o
EE == Equating it to the force, we get
ki B3
i = 0.9 4, 410x—— = 300x10°
R 125 -
Catasih \
] A,=1016.2 mm*

i W1dth of flange of ISMB 400 is 140 mm. Hence selecting width of tension plate = 110 mm, we get,

4 thickness of tension plate
il . 3 ;
P = M =9.24 mm
|._ I 4.| 5 110
f \ § Provide 110 mm wide and 10 mm thick flat. Connect it to the column by full penetration butt weld.
: Tb b, ( . Full width of 110 mm and width “a’ on sides be welded with weld of thickness #. Then equating weld
. ~ strength to tensile force, we get

(22 +110)rx L L _ 3005107
Figure 9.8 , V3125

3
(2a+110)z m%mx 3x1.25=1584.2
Example 9.5

An ISMB 400 transfers an end.reaction of 160 kN and an end moment of 80 kN-m to the flange of an | If's is the size of weld 1= 0.7s
ISHB 300 @ 577 N/m. Design the moment resistant connection. (a+110) 075 = 1584.2

(2a+110)5=19842 _ 963
Solution: i if
T AN e e Select weld size of 8 mm, we get
' 80X103—200kN 2a+110—@—283
Force in tension plate = 00 8
=91.44
Factored force = 200 X 1.5 = 300 kN ¢ o
\ _ Provide 8 mm, weld of length 100 mm. Figure 9.6, with a = 100 mm, b =110 mm, s = & mm, repre-
=300x10° N ' sents the design. Plate length may be kept

=120 + 100 = 220 mm so that a length of 120 mm is not welded.
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SRt

¥ # *

Questions

1. Draw neat sketches and explain the design principles of the following welded connections for
the transfer of shear only.
(a) Double plate framed connection
(b) Double angle framed connection
(c) Unstiffened seat connection
(d) Stiffened seat connection.

2. Explain the design principle of moment connection using tension plate and welds for transfer-
ring moment only. '

3. An ISLB 350 beam is to be connected to a ISHB 250 @ 500 N/m to transfer a load of 100 kN.
Design
(a) Double plate framed connection
(b) Double angle framed connection. Use welded connections.

4. An ISLB 400 transfers an end reaction of 130 kN to the flange of an ISHB 250 @ 500 N/m.
Design
(a) Unstiffened welded connection
(b) Stiffened welded connection.

5. Design a welded connection to transfer a moment of 60 kN-m from an ISLB 500 to a column.
Explain how the transfer of 120 KN shear can be made in the same connection.
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DESIGN OF PLATE GIRDERS

: P : i i i ) gth g
€. w he][ Span ar l(l l( )a(l ncr casc, “[e avallable lolled section may not be Sufﬁcie]lt even df 1 stren, enin;
E- ) . . i
g W lth cover plates. Such Sltuatlons are common in the following' ’ !

Y

1. Larger column free halls are required in the lower floor of a multistorey buildin:
2. In a workshop, where girders are required to carry crane beams. ;
3. Inroad or railway bridges. '

= In such situations one of the remedies is to i i
: s one go for a built up I-section with two fi
+-to a web plate of required depth. The depth of such I-beams may vary from 1 CS’ ma-lt]f ; I(’)l?:les comected

= This type of I-beams are known as ‘Plate Girder’. Figure 10.1 shows a typical plate girder
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Before welding technology advanced, it was common practice to use riveted/bolted plate. girders. Flange

and web plates were connected to each other using angles and rivets/bolts. Many railway bridges of

span 24 m to 46 m were built like this. This practice of using riveted/bolted plate girder is given up

in 1960s. Nowadays only welded plate girders are built which are aesthetically good and at the same

time light compared to riveted plate girders. Hence in this chapter design of only welded plate girder ig
— —presented.

. 10.1 ELEMENTS OF PLATE GIRDERS

‘The following are the elements of a typical plate girder [Ref. Fig. 10.2).

1. Web
2. Flanges
3. Stiffeners.

/‘ Flange /— Horizontal Stiffener
! 7
d
l & \ Web
N e i
End Stiffener Intermediate
Stiffener
Figure 10.2

‘Webs of required depth and thickness are provided to:

(a) keep flange plates at required distances
(b) resist the shear in the beam.

Flanges of required width and thickness are provided to resist bending moment acting on the beam by
developing compressive force in one flange and tensile force in another flange.

Stiffeners are provided to safeguard the web against local buckling failure. The stiffeners provided may
be classified as:

(a) Transverse (vertical) stiffeners and
(b) Longitudinal (horizontal) stiffeners.

Transverse stiffeners are of two types:

(i) Bearing stiffener
(ii) Intermediate stiffener
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nd bearing stiffeners are provided to transfer the load from beam to the support. At the end certain
ortion of web of beam acts as a compiession member and hence there is possibility of crushing of web.
fence web needs stiffeners to transfer the load to the support. If concentrated loads are acting on the
late girder (may be due to cross beams), intermediate bearing stiffeners are required.

4§10 resist average shear stress, the thickness of web required is quite less. But use of thin webs may
fesult into buckling due to shear. Hence when thin webs are used, intermediate transverse stiffeners are
"‘irov1ded to improve buckling strength of web.

V~Many times longitudinal (horizontal) stiffeners are provided to increase the buckling strength of web.

-If only one longitudinal stiffeners is provided, it will be at a depth of 0.2 d from the compression flange
§ Jwhere ‘" is the depth of web. If another longitudinal stiffener is to be provided it will at mid depth of
web.

Web, flange and stiffeners are all plates. They are to be connected suitably by welding to form a single
: structural system i.e. plate girder. The plate girder has to resist shear force and bending moment act-
-ing on it. No plate should fail under any of the designed load. In this chapter, the design principle is

{ ‘explained to select suitable sizes of plates and also to design their welded connections. The procedure
is illustrated with solved example.

-'i0.2 SELF WEIGHT OF PLATE GIRDER
“The following empirical formula may be used to assess the self weight of the beam:

w= —W— kN/m
200

where w—factored self weight
and W — total factored load on the girder.
Considering this value of self weight and the other applied loads, moment M and shear force F to be
considered for the design is found.
10.3 ECONOMICAL DEPTH
Assuming that the moment M is carried out by flanges only, the economical depth ‘d” of girder may be
found as given below:

M=f,bst;d
wherc byand fare the breadth and thickness of the flange.

by=23
The gross sectional area of the girder ’
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1
A is given by
A=2bstr+dt,
= 2M +dt,
5 d

Taking i = k, where k is assumed constant, then,

4= 1y
5d k

For A to be minimum, the above expression is to be differential w.r.t. ‘d’ and éi]uated to zero. Hence

0=—2M Lo
Ltk
or ' =M
/g

or d= ﬁ
: 1y

The above expression may be used to get the idea about economical depth. To avoid labour cost of
cutting or welding, the available plate size is used. It may be slightly less than the economical depth,
since in deriving bending resistance, the contribution of web has been neglected.

In selecting the value of k= a4 , the following codal provisions will be useful:
w
L If 0 < 67, it may be designed as ordinary beam as explained in chapter 7.

by

250 *
Note: e={ —
b

1. Minimum web thickness based on serviceability requirement [clause 8.6.1.1 in I3 800]

(a) When transverse stiffeners are not provided, -fd— <200€,, web connected to flanges
along both longitudinal edges. L

(b) When the transverse stiffeners are provided;
1. when3d2c2d '

d
-— <200e

w
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2. when0.74d<c<d

c
— =200¢,, where €,= —L
ty yield stress of web

'3, whenc <d,

d
= <270e,,

tW

4. when ¢ > 3d, the web shall be considered unstiffened.

- (c) When transverse stiffeners and longitudinal stiffeners at one 1 i
evel only .
- (0.2 d from compression flange) - P

1. when24d2c2d

_ _ d
. ~ <250¢,,
3 W
2. when0.74d<c<d
c
= <250€,,
3. whenc<0.74 d
£ <340e,

w
(d) When a second longitudinal stiffeners (located at neutral axis is provided)

d
< <400e, .

t\\'
P

- III. Minimum web thickness based on i i i :
| 2612018 500): compression flange buckling requirement (clause

In order to avoid buckling of the compression flange into th . ‘ .
the following: comp ge into the web, the web thickness shall satisfy

(a) When transverse stiffeners are not provided

d 2
—S345€f

W
- /@
br

Dovynloaded:From : WWW.EasyEng,ineering_.net .
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(b) When transverse stiffeners are provided and

1. whenc215d

isme}

w

2. whenc<1.54d,

d
—<345¢
t i

w

From the above clauses, if Fe 415 (E250) steel is used (€ = 1), the following points may be observed.

M) = L <67 , the plate girder may be designed as ordina.ry beam, i.e., without any stiffener
tW
(except end bearing stiffener). But such sections will be uneconomical

@ If k= 4 is between 67 to 200, it may be possible to have the plate girder without interme-
w
diate stiffeners. However designer has to check for the shear buckling of web.For k values
upto 100110, intermediate transverse stiffeners may not be required. But for larger £ values
consideration of web buckling may force to go for transverse stiffener.
(3) For k value upto 250, longitudinal stiffener is also required. '
(4) kvalue should not be taken more than 345 to avoid compression flange failure.

In the past stiffener webs have been used. But present-day tendency is to avoid stiffeners to reduce fab-
rication cost and time. Hence it is preferable to go upto k= 100 to 110, so that real economical girder is
obtained, provided it is safe in shear buckling of web without transverse stiffeners.

It may be noted that in all plate girders end transverse stiffeners are required to transfer the load
to the support. : ~

Another practical guide line for selecting the depth of plate girder is given below:

D_1 L for girders in buildings
L 15 25

-l to L for highway ~bridées
12

18

= L-to L for railway bridges.:
10 15

where D = depth of girder (including flange thicknesses)

and L= equivalent span of the girder.
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0.4 SIZE OF FLANGES

‘sming moment is resisted by flanges only, and using material partial safety factor for a plastic
Adrxfoxd

’- . Lf'l__ =M

] 1.1

@Ence area of flange A[ may be found. Select 9.4¢ < 1< 13.6 bye so that bending strength can be found
#y the formula for semi compact section as per the clause 8.2.1.2 in IS 800. Thus

L=
ie, 13.6¢€ ,fz =Ar.

10.5 SHEAR BUCKLING RESISTANCE OF WEB

»Eor thin webs, it is necessary to check the shear resistance of web for buckling. IS 800-2007, clause
8_42 specify that this check is necessary when;

i > 67¢ for a web without stiffeners, and
w

K,
>67¢€ "5 3”5 for a web with stiffeners

}?herc K, =5.35 when transverse stiffeners are provided at support

5.35

=40+ 3 for £<1.0
£ d
d
o535 0 g Ss10
z d
c
d

where ¢ and d are the spacing of transverse stiffeners and depth of the web, respectively. The nominal
shear strength ¥, = ¥, may be calculated by any one of the following two methods.

(a) Simple post-critical method
(b) Tension field method.

10.5.1 Simple Post-Critical Method

This method can be used for plate girders with or without transverse stiffeners. According to this method

I/Il = VC" =AVTb
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Soag e

where

7, = shear stress corresponding to web buckling which is to be determined as follows:

1. When 4,,<0.8

m

= l'b='7—3—

2. When0.8<4,<12

. fi = yield siress of web material

Vi

7, =[1-08(4,,-038)] 7

3. Whend, 212
S

1.[7:————

[ 0)

where A,, = non-dimensional web slendemness ratio for shear buckling stress

- f W f
Bz,

7, = elastic critical shear stress of web

K, T2E

12(1—;12)(-;1--]2 :

w

The Poisson’s ratio z for steel may be taken as 0.3.

10.5.2 Tension Field Method
This method of finding shear buckling strength of web may be used if end and intermediate transverse

stiffeners are provided. It accounts for post buckling strength provided by the stiffeners. As the web be-
gins to buckle, it loses ability to resist diagonal compression. At this stage, the transverse stiffeners and
the flanges come into action to resist the diagonal compression. The vertical component of this compres-
sion is resisted by transverse stiffeners and horizontal component by the flange [Ref. Fig. 10.3]. The web
resists only diagonal tension. Thus there is additional strength for resisting shear buckling. IS 800-2007
has accepted the following expression for computing shear resistance of web if end and intermediate

stiffeners are provided and % >1.0 [clause 8.4.2.2]

Vn = V!f
where

Vy=[A 7+ 0.9 wyl, f, sin g < ¥,
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. Widt}l under tension field l
X T
L N
/ 7 A\ 4
VAR % L

. Under = &nﬁ 4
compression ~ C c . C

- Figure 10.3

where

. 7= buckling strength as obtained in simple post-criﬁcal method.

- f,=vyield strength of the tension field obtained from

g = [fywz _3 1b2 + S v
= =15 g, sin 29
¢= inclination of the tension field
~tan™! 4
1.5 :

“wy = the width of the tension field

=dcos p—(c—5.—s) sin ¢

5> 8 = anchorage lengths of tension field along the compression and tension flanges obtained from
0.5
R VA
smo | fib,

where,

| M =reduced plastic moment capacity of the respective flange plate

2
LY
bt S /

/
T i 7 no

— 2
=0.25b,2 f,,|1-

N¢= Axial force in the flange.
10.6 END PANEL DESIGN

In a plate girder _with transverse stiffeners, if the web js designed using tension tield action, special care
should be taken in the design of end panel. In IS 800-2007, clause 8.5 covers these provisions. The code
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permits the design of end panels both by simple post buckling method and by tension field action wig,
additional provisions given below. )

10.6.1 If Simple Post Buckling Method is Used in the Design of End Panel

Bearing |«

Interior Panel
Stiffener

End Panel

Figure 10.4

In this case the end panel aldng with the stiffeners (Fig. 10.4) should be c}3ecked as a beam spanning
between the flanges to resist a shear force R, and a moment, My due to tension ﬁeld forces. Apart from
this end stiffener shotild be capable of resisting the reaction plus a compressive force due to the moment
equal to M.

10.6.2 If End Panel is Designed Using Tension Field Action

If the end panel is also designed using tension field -action, it should be providéd with an end post con-

sisting of a single or double stiffener (see Fig. 10.5 and Fig. 10.6).

Bearing — |
Stiffener
and End Post
Figure 10.5
Bearing
W Stiffener
]
End Post
" Figure 10.6
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1 (a) Single Stiffener.

(i) The top of the end post should be rigidly connected to the flange using full strength
weld.

(ii) The end post should be capable of resisting the reaction plus a moment from the anchor

forces equal to %My due to tension field forces.

(iii) The width and thickness of the end post are not to exceed the width and thickness of the
flange.

= (b) Double Stiffener

If double stiffeners as shown in Fig. 10.6 are provided, the end post should be checked as a beam

 spanning between the flanges of the girder and capable of resisting a shear force Ryand a mo-
ment M. :

0.7 ANCHOR FORCES

2
=

:.::l';‘._
The resultant longitudinal shear Ry and a moment My from the anchor of tension field forces are to be
zevaluated as given below:

' H
-/ R, =—Lan

where,

d="web depth.

If the actual factored shear force, ¥ (using tension field approach) is less than the shear strength, Ve,
then the values of H, may be reduced by :

V—Vcr
V{/’_Vcr

where,

Vir = the basic shear strength for the panel utilizing tension field action

. Ven=critical shear strength for the panel designed utilizing tension field action.
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10.8 DESIGN OF CONNECTION BETWEEN FLANGE AND WEB PLATES

If ‘¥ is the shear force acting on the section, then shear stress at the junction is,

vV _
qwzﬁ(“}’)

Shear force per unit length = IK (a¥)

7

If weld of throat thickness ‘¢’ is provided on both side, then strength of shop weld per unit length

Loy |
312

=2t

wh

Equating the force to strength we get

Y (ay)=utexL

I, J312s

Hence throat thickness of weld ‘¢’ can be found, from which size of the weld is obtained as s = 0—t7- .

In finding shear stress, moment of inertia of flange alone may be considered i.¢.

by d’
=2
12

If weld size comes out too small intermittent welding may be adopted.

10.9 DESIGN OF BEARING STIFFENERS

In case of rolled steel sections, the webs are so proportioned that it will safely carry load without
buckling or crippling of the web. But in plate girders to achieve economy, webs are made thin. In such
case the stiffeners are required at the ends to transfer the reaction safely. Stiffeners may be required, if
the concentrated load are acting at some points in the girder. The stiffeners which transfer the load are
known as bearing stiffeners.

Such stiffeners are placed in pairs, one on each side of web. As far as possible they should fit tightly
between the flanges of girders and extend towards the edges of flange plates. They are tight fitted on
compression flange side and welded to tensile flange.
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%Thickness of stiffeners is kept such that the outstand from the face of the web is not more than 20z,€
3 where € is the thickness of stiffener.

‘When the outstand is between 147,€ and 20t,€, the stiffener design is on the basis of a core section with
an outstand of 14¢,€.

These stiffeners should be checked for:
(a) Buékling resistance (clause 8.7.1.5)

(b) Bearing capacity (clause 8.7.5.2) and
(c) Torsional resistance (clause 8.7.9).

710.9.1 Buckling Resistance of Stiffeners

* For this purpose the effective section is full area or core area of the stiffener together with an effective
_ length of web on each side as shown in Fig. 10.7. It may be noted that some time (in case of end stiff-
- enet) there may not be web on one side of stiffener or, it may be less than 20 times web thickness. In
" such cases the available web size on that side is to be considered (Fig. 10.7.b)

- Buckling resistance may be found-as explained below:"
Find area, shown hatched in the Fig. 10.7.

Determine 7,.

Find r=\JI/4

Take slenderness ratio 4=0.7 L .

Where L — length of stiffener. '

From Table 9 in IS 800 (Table 6.4¢ in this book) find f4.
Then buckling resistance = f. ;X 4 > Applied load.
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10.9.2 Check for Beéring Capacity of Stiffeners
The lcad carrying capacity of the stiffeners Fyq is given by
44 1

F d =
0'8},"10

ps

where

A4, = Area of stiffener in contact with flange

Jfq=yield stress of the stiffener.

In safe design Fq> F,

where F, is external concentrated load or reaction.

10.9.3 Check for Torsional Resistance

After erecting ends.of plate girder may have lateral restraint. But during transportation and erection, it
may not have lateral restraint. Hence it is necessary to check for torsional resistance of the plate girder.
Clause 8.7.9 in IS code specifies that

[20340,D° T,

where I, = second moment of area of the stiffener section about central line of web.

- Ly
o, = 0.006 for <50

n

=93 so<Br g0
(LLT./r,\') er

;30 for Lir | 100
(LLT/ry) Ty

L; 7= Effective length for lateral torsional buckling

D = Overall depth of beam at support

T,s= Maximum thickness of compression flange in the span under consideration

r, = radius of gyration of the beam about the minor axis.
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1
E 4
?-%10.1 0 WELD FOR END STIFFENERS

: gAccording to clause 8.7.2.6, these welds should be designed to transfer a shear equal to difference be-
% tween reaction and the shear carried by web plus a shear between each component of the stiffener and

%ihe web of not less than

¥ kN/mm
5b,

Ter

= where,

IR

i

t,, = web thickness in mm

ISR Y N

b, = outstand width of the stiffener in mm.

' The shear carried directly by the web may be found as explained below.

ccording to clause 8.7.3.1, the effective length of the web for evaluating the slendemess ratio is to be
- taken as
b=by+m

fi: where n) = dispérsion of the load through the web at 45° to the level of the cross-section
7 = D/2, where D = overall depth of girder

. Then obviously,

I=—dt¢
12"
A=dt,
o et
Va 12 a2
0.7d

=07 \/1—2-1:3_43£1_
t t

F

Using this value of slenderness ratio £, can be found from Table 9 (c) of code (Table 6.4 (c) in this
book). Then buckling resistance = bz f;.

10.11 DESIGN OF INTERMEDIATE STIFFENERS

The désign requirements for intermediate stiffeners are covered in clause No. 8.7.2 in IS code and they
are presented below:

1. They may be provided on one or both sides of the web.
2. The spacing of stiffeners depends upon the web thickness (Fig. 10.3).
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3. Outstand of stiffners should not be more than 20tqe. If outstand is more than l4tqe and less
than 20tqe , the core section width is to be considered 14 L€ only.
4. Minimum moment of inertia should satisfy the following requirement:

I 52\/5, [,2075d12
1.5d12
and if RPN T P gt
d e
5. Stiffeners not subjected to external loads or moments should be checked for a stiffener force:
/7.
Fq:I “)’ <F/d

where
F,q= design resistance of the intermediate stiffener
¥ = factored shear force adjacent to the stiffener

¥, = shear buckling resistance of the web panel designed without using tension field action.

6. Intermediate stiffeners subjected to external loads should be designed as bearing stiffeners. In
addition they should satisfy the following interaction formula:

F{/ - F.\'» + L

2
]

1\4,1
+—-<1

Fqll F,\'d M vy

IfF, <F, thentake F, - F, =0.

Where
F, = external load or reaction at the stiffener.

F, ;= design resistance of a load carrying stiffener corresponding to buckling about axis paral-
lel to the web.

Mq = moment on the stiffener.

M

/,¢ = yield moment capacity of the stiffener.

10.12 CONNECTION OF INTERMEDIATE STIFFENERS TO WEB

Intermediate transverse stiffeners not subjected to external loading should be connected to the web so as

to withstand a shear between each component of the stiffener and the web of not less than
2
he kN/mn3.

i)

If it is subjected to load, then the design is similar to thai for bearing stiffeners explained in Fig. 10.10.
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51_"0.13 PROCEDURE OF DESIGN OF PLATE GIRDER

Y

1. Assuming self weight is equal to 2100 , Where W is total factored load, determine the factored

shear force and moment. d
2. Decide whether to use or not to use transverse stiffeners, and assume the value of k i.e., —
Determine economical depth as h

5
A4
b

select available plate around this depth. b

3. Determine the area of flange required to resist moment. Proportlon it so that -~ satisfies
requirements of plastic/compact/semi compact section. g

4. Check the moment capacity of the girder.

. Find shear resistance of the web using either simple post-cntlcal method or by tension field

method.

. Design the weld connecting flange plate and web plate.

. Design the end bearing stiffeners.

. Design the connection of stiffener.

. Désign load carrying stiffeners, if required.

. Design intermediate stiffeners, if required.

W

SO O 00 1N

1

Web splice and flangé splices may be designed as explained in chapter 4. It may be noted that to take
care of varying moment flange thicknesses are varied at suitable length along the span.

Example 10.1

Design a welded plate girder of span 24 m to carry superimposed load of 35 kN/m. Avoid use of bearing
and intermediate stiffeners. Use Fe 415 (E250) steel.

Solution:

1. Moment and shear force:
Span =24 m.
Super-imposed load = 35 kN/m
Factored load =35 x 1.5 = 52.5 kKN/m.

52.5x24
00

Self weight = = 63KN/m,

Total factored load = 52.5 + 6.3 = 58.8 kN/m.
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2 2 . . b b
wl®  58.8x24 To keep the flange in plastic category — <84 .. L <84
Maximum moment M = —=——— ) t 2,
8 8 Assuming b= 16.8 ¢,
e - 4233'6 kN-m, weget, ;=168 1t,= 18628
Maximum shear force = End reaction [=333 mm
8x24 -
V= %L— = ﬁ%x— " Select 40 mm plates. Width of plate required = ‘ifogﬁ ~465.7
=705.6 kN _ § ... Hence use 480 mm wide and 40 mm thick plates. Section selected is shown in Fig. 10.8.
2. Depth of web plate:
If stiffeners are to be avoided, —
r=L<er
L,
Economical depth of web
¢ 13
gy ME _[ 423363107 67 )}
R 250 -
= 1043 mm.
Use 1000 mm plates. .
ty 2 1000 1, 21492
67
Select £,,= 16 mm..
Thus web plate selected is 1000 mm x 16 mm.
3. Selection of Flange:.
Neglecting the moment capacity of web, area of flange required is
45 £,d
11 zM 4. Check for the moment capacity of the girder:
A7 x250x1000 ] _ :i;lcle 2it is assumed that only flanges resist the moment and flange is a plastic section, (clause
-———11——24233.6x10 2.1.2). , ) ,
. : Md=—ff’ c12%d
A= 18628 mm’ . . Voo o
Z 40 x 480 x 250 x 1040
y"f’ === ):1 e~ 4538.182 x 10° N-mmn
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2
' 0+2x40
Now I,=2 %X480X403+480x40x(m_72.x__] :l

=2 x 5601.28 x 10 mm*

12Z,f, 12x1I, 2x5601.28x10° 6 3
= = == =5657.72 % 1
% 540 % 10° mm

ymax

M;;=4538.182 x 10° N-mm
=4538.182 kN-m > M

Hence section is adequate.

5. Shear resistance of web [clause 8.4]

V _ V" _Avfy“'_dtwfy\v
L/ Aty
}lmo }lmoﬁ }}”10‘\/5
= 1000x16x250 _ 499 455x10° N
1L1V3
= 2009.455 KN > 705.6 kN

Hence section is adequate.

No stiffeners are required.

6. Check for end bearing:
Bearing strength of web

Fw =(bl+n2)tw°—

Assuming that the width of support is 200 mm, minimum stiff bearing provided by support= 100 mm.
Dispersion length 7, = 2.5 x 40 = 100 mm

F,= (100+100)x16x?19=727x103 N=727kN.
>705.6 kN

Hence adequate.

End stiffener is also not required.
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7. Design of weld connecting web plate and flange:

Maximum shear force =705.6 kN,

Shear stress in flange at the lgvél of junction of web and flange

F, _
=—|{a
=@
705 3
- T056x10 6[480x40x 500+@]
480x 2% 5601.28x 10 2
=0.512 N/mm”

Shear force per mm length in the junction

=0.512x480=245.76 N

If s is the size of shop weld, throat thickness is 0.7s. Providing weld on both sides of web strength
per unit length

=2x0.75x4—1—9x—1—= 265.1s
1.25

NE)
Equating it to shear force, we get
265.1 s=245.76
5=0.92 mm.

But a minimum of 5 mm is to be provided since thickness of web is 16 mm. Intermittent welds may
be provided [clause (0.5.5)].

% of weld length = -(%%X100=18.4

Use 40 mm long welds with a gap of 160 mm which satisfies the clauses that

(a) Minimum weld length 40 mm
(b) Maximum unwelded length 12 x 16 = 192 mm

and also the required percentage welding.
Final Design:

Web: 1000 x 16 mm.
Flange: 480 x 40 mm.
No stiffeners are required.

Weld: 5 mm intermittent of length 40 mum and a gap of 160 mm.
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Example 10.2

Design the above plate girder using thin web and end stiffener, but avoid intermediate stiffeners.

Solution:

"1, Maximum moment M =4236.6 kN-m and Maximum shear force = 705.6 kN.
2. Depth of web

d - . . .
If — > 200, intermediate transverse stiffeners are to be provided.
te J

d . A . | .
If — <67, end as well as intermediate transverse stiffeners are not required but thick webs are re-

w
quired. It is around k = i =100, that thin webs with only end stiffeners can be used.
w .

Try k=i=100 in this case.

Ly

Economical depth = 3 22%
R fy

6 113
| 4233.6x10° x100
250

= 1192 mm.
Provide 1200 mm wide plates.'

1200=100

Hence ¢, = 12 mm.

Use 1200 mm X 12 mm plates for web.

3. Flange:

Assuming only flanges resist moment, area of flange 4, required is.given by,
Arf,d
% >4233.6x10°

4y x250x1200 s
—————24233.6x10
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or A2 15523 mm?,

To keep the flange in plastic category,

: b
— LA 8.4 ie. L.<84
t 2,
= Assuming b =16.8 Iy, we get
A =1681 x 1 =15523
or : t; =30.4 mm.
Select 36 min plates.

= _ 15523

b=——=431mm
36
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Use 440 mm wide and 36 mm thick plates. Preliminary section selected is as shown in Fig. 10.9.
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~—— 440 —’I
I __~ 36 mm
| R
—36x 4%,
200 x 12/—\_" 1200 mm
12 mm
: Z. 36x44xf,
36 mm ’
Y
Figure 10.9
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4. Check for moment capacity:

Z,4, <12 Z4,
IR
Z,f,  36x440x250
1 1.1

Assuming only flanges resist moment

Since it is plastic section, M,; =

=4449.6 x 18 N-mm = 4449.6 kN-in

6 2
I, '=2L—12-x440x36’+440x36x(600+§2—) ]

=1.21028 x 10'°

I, 1.21028x10"

=19.0296 x 10° mm’
Y 636

12xZ, f,  1.2x19.0296 x10° x 250
Vo 11

=5189.9 x 10° N-mm*

Hence adequate. My =4449.6 kN-m > M

5. Shear resistance of web:

Since transverse stiffeners are to be provided only at support, X, = 5.35 and in this case

1>67
!

W

Hence resistance to shear buckling should be verified. Consider simple post critical method (clause
8.4.2.2).

K, n’E 5.35xa% x2x10°
T = =

) 12(1—;12)(-‘i )2 12(1‘0'32)(%)2)2

™~

w

= 96.7 N/mm®

P L
\/gfcr V\/:;X967

Since it is more than 1.2,

e 20 o6 o7 Njmm?

T =
b Bawt Bx122?
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Vep=dy, 7, .
=1200 x 12X 96.97 ='1396.44 X 10° N
=1396.44 kN.

Vd =1 =
7mo },”10 1'1

=1269.49 kN > 705.6 kN.

. Hence shear strength is adequate.

6. Local capacity of the web (clause 8.7.4):

As per the clause 8.7.4, local capacity of web

F = (bl +"2)tw f:vw
¢ Ymo

Taklﬂg bl=0 ;
ny=2%2.5x 36 =180 mm.

_ [0+180]x12 x 250

1 =490.909 x 10° N = 545.45 kN

< 705.6 kN
Hence end stiffeners should be provided.
7. Design of end stiffeners:

Outstand of flange = -

=214 mm

Try a pair of 200 X 12' mm flats.
Now 14 =14 x 12 = 168 mm.

~. Core area of st_iffener on each side = 168 X 12 mm?.

Figure 10 shows the core area of stiffener along with effective area of web (20 1,,), assuming web
area is available on only one side.

Area for buckling resistance = (2 X 168 +20 x 12) x 12
=6912 mm?,

L= 1'l2><12(168+168+12)3 +é(20><12)><123

=42.179 x 10% mm*.
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i)
168 200
X —L— th —— == -X
INEN
168 | [1 200
LRl

Figure 10.10

\F 142.175%10°
ryr=,—=,—
1V o2

=78.12 mm
1200
78.12

A=0.7x

=10.75

From Table 9c in IS 800 (Table 6.4c in this book)
fu= 226.5 N/mm?
. Buckling resistance = 226.5 X 6912
=15655x 10°N
= 1565.5 KN > 705.6 kN.

Hence the stiffener is safe.
Check for bearing capacity of stiffener (clause 8.7.5.2):
4T
Fy = foq
b 0'87,”10
where
A, = Area of stiffener in contact with flange
=2x 200 x 12 = 4800 mm’.

_ 4800250
Pd 0811

=1363.6 kKN >705.6 kN.

=1363.6x10° N

Hence the stiffener is adequate.
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Check for torsional restraint provided by stiffener:

In actual use there is lot of torsional restraint, but during transport, restraint is by stiffeners only. As
per clause 8.7.4, :

[,20340,D°T;
For girder

L = 2% x36x440° + L x1200%12°
: 12 12

=511.277 x 10° mm*
A=2x36x440 + 1200 X 12 = 46080 mm’

6
- f511.277x10 1053 mm
7 46080

/Z:M=227.92
105.3
a;%: 30 > =5.779x107"
2202792
2034 a,D%,

>0.34x5.775% 1074 x (1272)* x 36
> 14.548 x 10°

Now, I, = Second moment of area of stiffener about x-x axis (Fig. 10.10)
1 3 1 3
=—x12%(200+12+200)" +—x12x12
12 12
=69.933 x 10° > 14.558 x 10°.
Hence torsional restraint is sufficient.

8. Weld connecting web and flange:
Shear force ¥'="705.6 KN =705.6 x 10° N
1,=1.21028 x 10! mm* [As found in (4) above (A)]

V
Shear stress = —— (a7
ear stress oL (a7)

705.6 x10°

[g0 (36x440x618)=570.71 N/mm?

: ) Vo o_
Shear force per unit length = I (ay) = 131028 %
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If size of field weld is s and if it is provided on both side of web, strength of weld per unit length : Shear to be transferred through weld = Reaction — shear directly transferred by web
| Lo |  =705.6~197.08 = 508.52 kN

=2(0.7s)XIX FEX — 1
3125 : - Length of weld=1200 -2 x 12 = 1176 mm
=2x0.70x~vxi\/110xL : = Shear to be transferred
3 125 : )
E ' = —51()18722 =0.432 KN/mm
=265.1 s N/mm. =
Equating it to shear force we get, To this additional shear of
= 2 ;
265.15=570.71 _tw is to be added
S : 5b,
§=2.153 mm. : s _
X
For 12 mm plates, minimum size of the weld to be used is 5 mm. T5%200 0.144 kN/mm
Percentage of welded length required . - Total design shear for weld = 0.432 + 0.144 = 0.576 kIN/mm
= 576 N/mm.
:2'153x100=43.06 : ,
If ‘s’ is the field weld size and weld is provided on both sides, strength of weld
Provide 50% weld ~ =2X0.7S><fi/l——1o-xil—5=220.9s N/mm
Minimum length of intermittent welds = 40 mm. RO
Provide 40 mm length with 5 mm weld on both sides and then give a gap of 40 mm. * Equating it to design shear we get  220.9s5 = 556
5=2.62 mm.
9. Weld connecting stiffener and web:
- For 12 mm plates minimum weld size is 5 mm.
Shear carried by web directly:
A=242 i =242 %2—0 =242 : < Percentage welding = 2—563 x100=52.4
t .
D 1200+2x36 _
n = 5 = — =636 mm Provide 55% weld.
From Table 9 (c) in IS:800, Provide 5 mm size intermittent welds, for a length of 55 mm and a gap of 45 mm. Welding should be
) " on both sides. . N,
Jik Jea =262 10 (26'2 -243) Thus the final design is:
! 4 =25.82 N/mm* Web: 1200 mm x 12 mm.
3 : Assuming stiff bearing, b, =0 - Flange: 440 x 36 mm.
, 1 . Area of web resisting shear = bf,, = 636 X 12 End stiffeners: 200 % 12 mm.

Weld connecting flange and web: 40 mm with a gap of 140 mm, size 5 mm, on both sides. Weld
=197.08 kN connecting stiffener and web: 55 mm and a gap of 45 mm, size 5 mm, on both sides.

H g . Load directly transferred by web = 636 x 12 x 25.82 = 197.08 x 10° N
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Example 163 To keep flange in plastic class,

Design theplate girder given in example 10.1 using intermediate stiffeners. b<84f ie, bel2<84 1

Solution: Taking br=16.81

1. Momen! and shew; .. weget, 1684x1,212418
Maximum moment = ] -m

ie, 42271

Maximum shear force = 705.6 kN

2. Depthof web Provide 32 mm plates.

£ stiffener spacing ‘c” is between ‘d” and ‘3d’ where ‘d” is depth of web, then serviceability require. { > g ; _ 12418

ERBERISITS.

|
o

mentis k=— <200
tW

-~ . {2 Use 400 mm wide, 32 mm thick plates.
Taking k = — = 190, We get economical depth as E
t

w . The trial section selected is shown in Fig. 10.11.
1/3 .
go| MK
5 . 4. Check for shear buckling:
1/3 ~ . . "
| 4233.6 108 x190 |’ Using simple post critical method (clause 8.4.2.2 a)
B 250
= 1476 mm
Use 1500 mm wide plates.
te = 1 500 =7.89 mm
190

Use 1500 mm wide, 8 mm thick plates.

Provide stiffeners at every 2 m interval (3d 2 ¢ 2 d).

3. Flange

Assuming flange alone resists the moment,

Afxf_,,xd
1.1
Af><250><1500
1.1

>2M

>4233.6x10°

A2 12418 mm’,
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[
—21.0
For d
4
K, = 5.35+—4—2 =5354———3=T76
. 2000
d 1500
K,7%E 7.6x7° x2x10°
T, = e = 1500\
_ 2\ 4 1-032)| =~
12(1-4 )([] 12 )( 8 )
=39.08
Jpw 250 g
B, V/3x39.08
Since o> 1
f’;w _ 250 =39.15 N/mm2

el (VB22) VEx192’

Vn = V(:r = Av ]
=1500x 8 x39.15
=469.800 x 10° N = 469.8 kN < 705.6 kN.

Hence intermediate stiffeners are to be used to improve buckling strength of the slender web and
shear capacity of end panel should be checked.

5. Check for the end panel
Since it is going to be stiffened web panel, it should be checked as per clause 8.5.3 of IS 800.

y 23ty 1500x8x250 100 6510 N

LN Y - NE)
=1732.05 kKN
0.5
H, =1.25V,,[ —ZL]
"
4698 Y
=1.25x1732.05(1—1732'05)

=1848.26 kN
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T

Ry =—2"—=924.13kN

. H,d 1848.26x1
My~ Ti) = ox > 0_0 = 277239 kN-mm

=277.239 kN-m.

The end panel is to be checked as a beam spanning between the flanges to resist R,cand M.

Area resisting shear = 7,4 = 8 X 1500 = 12000 mm?

_ Ay v 12000%250

_ﬁymo - J3x1.1

=1574.59 kKN > 924.13 kN.

=1574.59x10° N

Va

End panel can safely carry the shear due to the anchoring forces. -

. A
I=—1, ¢ =—x8x2000° = 5333.3x10° mm*
PRGN 00 5333.3x_10 mm

¢ _ 2000
ymax=—2-=T=1000mm
6
M, = I S 53333x10° 250
Vil 1000 1.1

=1212.12 x 10° N-mm
= 121212 kN-m > My,

Hence the end panel can safely carry the bending moment due to anchor forces.

6. Design of end stiffeners .
Reaction at end = 705.6 kN.

Compressive force due to the moment My

_My 277239108

=138. 3
- 2000 38.62x10° N

=138.62 kN
Total compression = 705.6 + 138.62
=844.22 kN.
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Strength of the stiffener (clause 8.7.5.2):
- A5 S _ 4,%250
P08y, 0.8xl.1
_.___Equating strength to the force to be resisted we get,
A, %250

7T _344.22%10°
0.8xI.1

A,=2972 mm’
Provide 200 mm wide, 10 mm thick flats on either side of web. Then Aq provided
=2 %200 X 10 = 4000 mm” > 2972 mm”.
Check for outstand:
It should not be more than 20 z, =20 x 10 =200 mm

This requirement is satisfied.

Since it is more than 14 x 10, the core section is based on the width 14 x 10 =140 mm?

Core area of each stiffener = 140 x 10 = 1400 mm?.

Buckling check for stiffeners

The effective area acting as column is as shown is Fig. 10.11(b)
Considering stiffeners only,

L= liz x 10 x (140 + 8 X 140)° + é +160 % 8 = 19.913 x 10° mm?

Effective area = 2 x 140 x 10 + 160 x 8 = 4080 mm®

6
,=\/Z= ’Mzw.%mmz
4\ 4080

kL,.=0.7xd=0.7x 1500 = 1050 mm.

8 mm

LT DO% + % 1
F 69.86 e
From Table 9 (¢) of IS 800 (Table 6.4 in this book) %
5.03 2 140
fe=227 - S5 (227-224)=225.5 N/mm?, I
Effective area = 4080 mm® be—20 x 8+

Buckling resistance of stiffener = 4080 x 225.5 = 920040 N

=920.04 kN
Downloaded From : www.EasyEngineering.net
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This is more than 844.22 kN.

& Hence stiffener is adequate.

. ' Checking stiffener for load bearing (clause 8.7.4):
5 Taking stiff bearing b, =0 '

T

My =25X4=25%32=80mm.
= Local capacity of web '

w

vireds sk b

(b +m)t, £ (0+80)x8x250
YIHG 1.1

b

i b

= 145454 N
= 145.454 kN
The stiffener is to be designed for a force = 844.22 — 145.454

(R PR

B - =698.766 kN.
= Area of stiffener alone = 2 X 200 x 10 = 4000 mm?.

Bearing capacity of stiffener alone

#

_ 2504000

& =909.09x10° N

=909.09 kN > 698.766 kN.

. Hence the stiffener is safe.

" Thus end stiffeners of size 200 mm X 10 mm are adequate.

7. Design of intermediate stiffeners

- first intermediate stiffener is at ¢ = 2 m from end,
shear on this stiffener = R — 2w
=705.6 —2 x 58.8 = 588 kN.
In this case ¢ = 2000 mm
d=1500 mm.

c 2000
S=T— 133
4 1500 <2

339

As the shear force goes on reducing towards mid span, the first stiffener from end is critical, Since
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1.54° ¢,

Hence minimum I;= 5

c
_ 1.5x1500° x8°

57— = 648000 mm*
2000

(<201)
1

12

=12.71 x 16° mm* > I, required.

Hence adequate.

Check for buckling

Shear buckling resistance of the web ‘alone

v

_4‘1
osRABE

==ty

Shear strength of stiffeners alone required = —
no

sioismens w3 s TR

Buckling resistance of intermediate stiffener (clause 8.7.15):

1_\,:15+2><T1£x160x83'

=12.71 x 10° + 13653

=12.73 x 10° mm*.

Downloaded From : www.EasyEngineering.net

Try intermediate stiffeners of size 120 X 10 mm on each side. This is not violating outstand clause

i
I, =L x10%(120+8+120)° —1—2—><10x83

¥, = 469.8 kN (Equ. (A) on page 328)
V-V, 583-469.8

=2 T =10745kN
1.1

Considering 20 X ,,= 20 X 8 = 160 mm width of web on both side along with stiffeners [Ref. Fig. 10.12}.
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'Area=2X 120X 10 +2 X 160 x 8 = 4960 mm>
12.73x 108 :
r=,f—3>,‘—°=5o.66
4960

A= 1050 =20.7
.50.66 :

kL =0.7 x 1500-= 1050 mm.

Erom Table 9¢ in IS 800 (Table 6.4c in this book)
fog =224 N/mm?,
Buckling resistance = 224 x 4960 = 1111 x 10> N= 1111 kN
This is more than required resistance of 107.45 kN. Hence the stiffener is safe.

Design of welds are to be carried out similar to those in example 10.2.

0.14 SUMMARY

conomical depth of plate girder is given by

13
d= MK where ¥ = d

5

K <67 €, it is thick web design. It does ot require any stiffener,

~

w

Af K is around 100, it is economical and it may not require intermediate stiffener. However end stiffeners
~are required.

.For larger value of K, intennediate_stiﬁ‘eners are required. In such cases end panel should be checked for
local failures by simple post buckling method or by considering tension field method.

As ‘K’ increases thickness of web reduces but depth increases. The thickness of flange also reduces.
There will be overall economy in the girder section requirement. However the need for stiffener arises,

Hence overall cost should be estimated considering the weight of girder along with stiffeners and also
by adding added fabrication cost.

In general economical girder can be obtained by using a thin section with only end stiffeners. This is
possible when K is around 100. '
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Questions

1. What is plate girder? Where it is used? Explain its various components with sketches.

2. Derive the expression for the economical depth of a plate girder. Assume moment is resisted by
.- flanges only. : .

3. Aplate girder is subjected to a maximum factored moment of 4000 kN-m and a factored shear
forte of 600 kN. Find the preliminary sections for the following conditions:

(a) Girder without any stiffener
(b) Girder with end stiffeners only .
(c) Girder with end as well as intermediate transverse stiffeners.

4. Explain‘the tension field action of thin web plates.

5. Aplate girder with Fe 415 steel plates is having 12 mm x 1500 mm web plates and 56 mm x
500 mm flange plates. Determine the

(a) Design flexural strength, if the compression flange is supported laterally.
(b) Design strength in shear, if no intermediate stiffeners are used.
(c) Design shear strength, if stiffeners are provided at every 2 m interval.

6. Design a simply supported plate girder of span 15 m carrying a factore_d udl of 48 kN/m, using
only end stiffeners. Assume compression flange is laterally supported.

7. Aplate girder is made with Fe 415 steel plates. The web plate is of the sizé.1200 % 12 mm and
' ﬂange of size 440 x 36 mm. Check the adequacy of a pair of stiffeners of size 200 x 12 mm.
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DESIGN OF GANTRY GIRDERS

<The travelling over-head cranes are commonly used in factories and workshops to lift and move heavy
2materials and assembled parts from one point to other. The crane system consists of a bridge over which
%a crab (trolley), hoist and cabin which houses the controls and operator move [Ref. Fig. 11.1]. The crane
hridge (girder) itself is provided with wheels to move over the rails provided over gantry girder. Thus gan-
iy girder supports crane girder. The gantry girder is supported on the columns with bracket. Figure 11.1
“shows the typical system of gantry girder and crane.

":rhe size of crab, wheel spacing etc., depend upon the capacity of the crane. These details are standard-
 ised and the manufactures supply them. The cranes may be operated manually or by electrically.

11.1 LOADS

[ The following imposed loads should be considered in the design.

1. Vertical loads from crane.

2. Impact loads from crane.

3. Longitudinal horizontal force along the crane rail.
4. Lateral thrust (surge) across the crane rail.

In calculating the above forces crane should be positioned such that it gives maximum forces in the
girder. In case of tandum operation with more cranes, the positioning of all cranes for getting maximum

forces in the girder should be considered. The impact loads to be considered are as presented in the
Table 11.1.

Wherever necessary the design should be checked for earthquake forces and secondary effects such as
handling, erection, temperature effects and fatigue.

11.2 POSITION OF MOVING LOAD FOR MAXIMUM EFFECTS

The following points studied in structural analysis should be noted for positioning moving loads for
maximum effects.
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Wheels for longitudinal movement

,‘l //_iz::llry girder C"‘“eg"d"' \
/ &Fcabm

+Crab (trolley)

[}=le - =+
Crab
= Wheel Wheel
7 Sy .
= }z Span of

- gantry O . S}‘q
/"— b| girder

Span of crane girder ———————"" |

S

- Wheel

Figure 11.1

Table 11.1 Additional impact loads

Types of Loads I.mpact Allowance

1. Vertical Loads
(a) For electric operated cranes 25% of maximurn static wheel loads.
(b) For hand operaied cranes . 10% of maximum wheel loads.
2. Horizontal Forces Transverse to Rails _
(a) For electric operated cranes 10% of weight of trolley and weight lifted.
(b) For hand operated cranes 5% of weight of trolley and weight lifted.
3. Horizontal Force Along the Rails 5% 6f the static wheel loads.
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Pesition of Crane Hook for Maximum Vertical Load on Gantry Girder

e maximum vertical load on gantry girder is the maximum reaction 6f crane gi i
irder. T :
ould be placed as close to gantry girder as possible. givien. To get s, crab

eferring to Fig. 11.2,

| 5if, L.~ span of crane girder
= L, - minimum approach of crane hook (distance between c.g. of gantry girder and-trolley)
W — weight of trolley plus the weight lifted '

i w— weight of crane girder per unit length

1 chz | '
i RA=L—[ > +W(LC—L1)] (1L1)

& i
I L : -

c

Figure 11.2

2. Position of Crane Wheels for Maximum Effects on Gantry Girder

The Ry calculated in equation 11.1, gets equally distributed between the two wheels of crane girder.

Hence the moving load on gantry girder is wheel loads of W = lR acting at a distance of ‘a’ where ‘a’
2

is the distance between the crane wheels. The position of these loads for maximum moment is shown in

Fig. 11.3. Note that the maximum moment occurs under a load when the line of action of that load and
the c.g. of the loads are at equal distance from the centre of span.

. Maximum shear force in gantry girder occurs when both wheel loads are on the girder and are posi-
tioned as close to support as possible. Figure 11.4 shows this position. . )

Note: If tvyo cranes are operated on a gantry girder, their position for maximum effect should be con-
sidered suitably. '
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W=R /2

R,/2
—— a/z_.‘.f a/2——l

e |

D

P2 I L2
L
Figure 11.3
W=R /2 W=R /2
. Table 11.2 Deflection limits on gantry girders
[Extract from Table 6 in IS 800-2007]
a ! 7 Category Maximum Deflection
74 Vertical Deflection
L N (a) Manually operated cranes Span/500
(b) Electrically operated cranes upto 500 kN Span/750
(¢) Electrically operated cranes over 500 kN Span/1000

Lateral Deflection
Relative displacement between rails supporting 10 mm or crane Span/400

Figure 11.4

11.3 PROFILE OF GANTRY GIRDER
To resist heavy moment, I sections are required. They may be large rolled steel sections or even built 11.5 DESIGN PROCEDURE
up plate girders. Apart from bending moment and shear, these girders are subjected to longitudinal and
lateral forces on compression flange. Hence compression flange needs additional strengthening. This is
achieved by connecting a channel section on compression flange of I-section. Figure 11.5 shows typi- .
cal gantry girder section, very commonly used. If stronger sections are required the rolled I-sections
strengthened with plates may be used as shown in IS Hand Book SP(6). [Ref. Figs. 11.5b & ¢].

In the design it is assumed that

(a) entire section resists vertical loads and
(b) compression flange with channel resists the horizontal forces.

The following steps may be followed in the design:

11.4 LIMITATION ON VERTICAL DEFLECTION

1. With suitable positioning of crane, determine maximum moment and shear force on gantry
girder. Add impact load contribution to it. Though the position for maximum moment due to
wheel load is slightly away from the centre of the girder (under the wheel), it is just added to
maximum moment due to #d! on girder and design moment is found.

To avoid wear and tare of rails and excessive vibration code restricts vertical deflection as shown in Table 11.2.
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2. Calculate horizontal bending moment due to surge load.
3. Calculate shear forces due to vertical and horizontal forces. '
4. Selection of trial section: The design is by the method of trials. A trial section is to be selected

for which the following guidelines are useful:
(a) The economic depth is about %th span
(b) Compression flange width may be kept % th span

(c) The moment capacity for vertical loads should be about 40% more than the moment due
to vertical load, so that section can resist combined moment safely.
5. Calculate I, 1, and Z, of the trial section selected.
6. Check for moment capacity of the section.
7. Check for buckling resistance as per clause 8.2.2 of IS Code.
8. Check for biaxial bending.
9. Check for shear capacity.
10. Check for web buckling and web bearing.

11. Check for deflection.
12. Design the welds.

The design procedure is illustrated with the example below.

Example 11.1
Design a simply supported gantry girder to carry an electric overhead travelling crane, given:
Span of gantry girder = 6.5 m
Span of crane girder = 16 m
Crane capacity = 250 kN
Self weight of crane girder excluding trolley = 200 kN
Self weight of trolley = 50 kN
Minimum hook approach = 1.0m
Distance between wheels=3.3 m
Self weight of rails = 0.3 kKN/m
Solution:
1. Moments
Load for Maximum Momeﬁt:
Weight of trolley + lifted load =250 + 50 =300 kN
Self weight of crane girder =200 kN.
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For maximum reaction on gantry girder, the moving load should be as close to gantry as possible.

Figure 11.6 shows the load position.
/——200 KN (total) :
VAVAVAVAV AVAVAVAVAVAVAVAVAN

R-’]m}‘— . R

i 16m

300 kN

Figure 11,6

- 300x15+200x8

R
4 16

=381.25kN

- This load is transferred to gantry girder through two wheels, the wheel base being 3.5 m.

Load on gantry girder from each wheel = 38125

=190.63 kN

~ Factored wheel load = 190.63 x 1.5 =286 kN. !

Maximum moment due to moving loads occur under a wheel when the c.g. of wheel load and the

. wheel are-equidistant from the centre of girder. This is shown in Fig. 11.7.

| 3.5m |
286 kN i 286 kN
l D l c E
0.625 | 175 | 0.875 | 0.875 | 2375
o 3.25 } 325m !
Figure 11.7
286 0.625+286(3.25 + 0.875)
Rg = =209kN.

6.5

Max moment My =209 x 2.375 = 496.375 kN-m.
Moment due to impact = 0.25 x 496.375 = 124.094 kN-m.
Assume self weight of girder = 2" kN/m.
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Dead load due to self weight + rails =2 + 0.3=23kN/m
Factored DL =2.3 X 1.5 = 3.45 kN/m.

’ 2
Moment due to DL = 3.45 x% =18.22 kKN-m.

Factored moment due to vertical loads
1w, =496.375 + 124.094 + 18.22 = 638.689 kN-m.
Maximum moment due to horizontal force (surge):

Horizontal force transverse to rails = 10% of weight of trolley plus load lifted

:l—(z)(250+50)=30kN.

Assuminé double flamed wheels, this is distributed over 4 wheels

Horizontal force on each wheel =7.5kN
Factored horizontal force on each wheel =15%x175
=1125kN

For maximum moment in gantry girder the position of loads is same as shown in Fig. 11.7 except that
it is horizontal. Hence by proportioning we get,

M= 11.25
286

e x496.375=19.525 kN-m

Shear Forces:

For maximum shear force on the girder, the trailing wheel should be just on the girder as shown in
Fig. 11.8.

Vertical shear due to wheel loads = 286+ 286x30

=418kN.

Vertical shear due to impact = 0.25 x 418
- =104.5KkN.
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Vertical shear due to self weight = 3.45 x% =]11.21kN

Total vertical shear = 418 +104.5 + 11.21 = 533.71 kN.

By proportioning lateral shear due to surge = ! 1'265 X148.4=16.44kN.
Preliminary Section:
L
—= —6202 =541.7 mm
12 12
L = 6500 =260 mm
25 25

Let us try ISWB 600 with ISMC 300 on compression flange as shown in Fig. 11.9.

7.6
l : ISMC 300 l
X > ;
236 L ] T
$ 213 f
T 136
___________________ ;
Elastic NA
112 600
'VP
p=3623
/—ISWB 600
X — ] X

Figure 11.9
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Properties of ISWB 600 @ 1.312 kN/m Prdperties of ISMC 309
A = 17038 1nm? A = 4564 mm?

b =250 mm . b =90 mm

,=21.3 mm tf=l3.6mm

4

f,.=11.2 mm t,=7.6 mm

L.=106198.5 x 10* mm*
1,,,= 47025 x 10* mm*

1.=6362.6 x 10* mm*
I,,,=310.8 x 10* mm*

CD, =23.6 mm

Let distance of N-4 from the extreme fibre of tension flange be y.

Then, -

17038 % 300 + 4564 (600 + 7.6 — 23.6)
17038 + 4564

y= =360.0 mm

L, = 106198.5 x 10% + 17038 (360 — 300)” + 310.8 x 10* + 4564 x (584 — 360)*

= 1127.452 x 105 mm*

; -1z _1127.452x10°

g =313.18x10* mm*
Vinax 360.0

For compression flange about y-y axis,

I= %x21.3x2503 +6362.6x10% =9136.04x10* mm*.

9136.04x10*

=609.069x10° mm?>
150

Z,, for compression flange =

Plastic Modulus of Section: [Ref. Fig. 11.10]
Total area of the section = 17038 + 4564 = 21602 mm*
Let plastic N-4 be at a distance ¥, from tension flange. Then

(Yp-21.3)x11.2+250x21.3=§ 21602

};,:510.2 mm.
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o

T

Figure 11.10

M, =X Moment of forces at yield about plastic N-4

2
N 21.3 (510.2-21.3)
_21.3x250(510.27—2—)fy /Ny x11.2 f,

. (600-213-5102)°

- x112 f, +21.3><250L600_—g—12;3——510.2]fv
+4564(600+13.6-23.6-5102) f,
= 4686450 f, '
M 3
Z, =—==4686450 mm".
f
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354 . Design of Steel Structures
" For top flange,

M .
oy =_1’:%x21.3x2502 +%(300—2x13.6)2x7.6+2x90x13.6(150—%)
b4
. =824.764%10° mm®.
Check for Moment Capacity:
250-11.2

2x21.3

% of flange of ISWB 600 = =56<84

600-2x21.3

i:— of web of ISWB 600 = =49.76 < 84

90-76 _ c06<8.4

and %of flange of channel =

Hence it is a plastic section,
Local moment capacity for bending in vertical plane:

12, 250

My =2~ =—1—1—x4686450=1065.1x106 N-mm

=1065.1 kN-m.

12z, f,. 12 4
efy _12x313.18x10° X250 _ o ) o0 6

1.1 1.1

=854.127 kN-m.

M,, = 854.127 kN-m.
For top flange: 2
or top flang A =€_f=%x824.764xlo3 =187.446x10° N-mm

=187.446 kN-m

127, f,  1.2x609.069x10% x 250
1.1 1.1

=166.11x10° N-mn

=166.11kN-m
For top flange, M, = 166.11 kN-m.

Check for Combined Local Capacity:
_._Mz + ﬂ
M dz mdy

638.689 + 19.525 ~0.865<]1

854.127 166.11

<1

Hence adequate.
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. Check for Buckling Resistance [clause 8.2.2.1]:
- Ma=PBy Z, foa '

For plastic section B, =1.0

My=2, foa
0.5

2
L17%E 1 Liz/ry
fcr= 1+_[—}_

(LLT_/r,)2 200 Ay fty

Lip=6500mm E=2x10°N/mm® k= 600+ 7.6 =607.6 mm
1,=4702.5 x 10* + 6362.6 x 10* = 11065.1 x 10* mm*

T A=17038 +4564 =21602 mm’. :

I 4
) 3 f_yz }11065.1x10 o
: 4 21602

0.5
11x72% x2x10° {H 1 [6500/71.56)2}

crb =

(6500/71 _57)2 20| 607.6/21.3
=323.06 N/mm”.
(Note: Table 14 of IS 800 also may be used to find £,;).

From Table 13(a),
fya=167.8 N/mm?
M, = 1.0 x 167.8 x 4686450 = 786.39 x 10° N-mm
= 786.39 KN-m > 638.689 KN-m

Hence the section is adequate.

Check for Biaxial Bending:

5z,
M, =2
AR
I,  11065.1x10*
z, =y JNO6SIXI0T oo 0103 mmd.
150 150
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s

My = % X 737.67x10° =167.65x 10 N-mm

=167.65 kN-m

M, . M, 6386%9 19.525

z ——

My My 78654 16765

=0.928<1
Hence adequate.
Check for Shear:
V.=533.71 kN.
Sh . A fow  600X11.6%250
earcapacny: \/@Xll \/3)(1.1
=913 x 10° N =913 kN > 533.71 kN OK.

0.6 X 913 = 547.8, slightly less than V. Considering it as high shear case may be ignored.

Hence there is no reduction in moment capacity. Therefore moment capacity is adequate as found
earlier.

Weld Design:

Shear stress = g = {; (a7)

Y

~. Shear per unit length = 7( )

V=7549.9 kN

a = Area of channel = 4564 mm>

I=1,=1207.28 x 10° mm*

¥ =Distance of L.G. of channel from N-4 = 600 + 7.6 — 23.6 — 362.3 = 224.3. mm

533.71x10°

———————1 127452 %16° (4564%224.3)

Shear force per unit length g =

=484.6 N/mm
If ‘s’ is the size of weld provided on each side, then shear strength of weld

=2sx0. 7><ﬂxL 265.12 s N/mm
3125
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Equating it to shear force, we get
265.12 s =484.6
s=1.83 N/mm

Hence provide 5 mm mterrmttent fillet weld (which is minimum) on both sides, % welding L 583

X100 = 36.6. Provide 5 mm, 40%, weld.

Check for Web Buckling:

d=600-2(21.3+17)=523.4mm, t=11.2 mm

~dlt= 5—121—3; 46.7 < 67. Hence no need to check (clause 8.4.2.1)

Check for Deflection:

At working load, deflection is to be limited to 750" For maximum deflection wheel load is as shown

in Figures 11.1(a) Fig. 11.11(b) shows the-conjugate beam with % diagram.

Reaction in conjugate beam

| M
= — tota] — diagram
2 EI

L1288 28, g TLS
") ElI EI ET

[ ST

TEsactE

M
Maximum deflection occurs at mid span = Moment of I load in conjugate beam
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358 Design of Steel Structures Design of Gantry Girders 359
. :‘ termine:
EIA:715X£——1—X286X1.5X2.75—1.75><286><1'£ ﬁ)e . .
2 2 2 ' i (1) the maximum moment and shear forces due to vertical and horizontal loads
=1295.9 2‘7-;5 (2) check whether ISMB 600 with ISMC 300 on compression flange is adequate to
-—Taking EI in KN-m? unit, (a) carry moment
(b) carry shear force
ET =2x10° x1207.8x10° x— = 200x1207.8 KN-m2. (c) in buckling resistance
10° (d) in limiting deflections.

= LRIV 810 Y =575 mm E
2001127452 _ E
Pecmissible A= —=— =% _8 66 mm.
750 750

Deflection requirement is satisfied.

Hence use ISWB 600 with ISMC 300 on compression flange as shown in Fig. 11.9.

-Questions

1. The following data refers to a gantry girder on which an electrically operated crane of capacity

200 kN moves

Span of gantry girder =6.0m
Span of crane girder =18m
Crane capacity =200kN
Self weight of crane girder = 180 kN
Self weight of trolley =75 kN

Minimum hook approach =1.0m
Distance between wheels =3.5m
Self weight of rails =0.3 kN/m
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DESIGN OF ROOF TRUSSES

R I

Large column free areas are required for auditoriums, assembly halls, workshops etc. To get such col-
umn free area one of the commonly used roofing system is to provide a set of steel roof trusses, inter-
‘connected with purlins which in turn support GI (Galvanised Iron) or A.C. (Asbestos Cement) sheets.
The roof trusses are supported on walls or a series of columns. Figure 12.1 shows a typical roof’

truss covering system.

_ Ridge
Purlin
Gl or A.C. sheet
Tr?xss ’ - | |4~ Column or Wall
‘ Elevation =
% L Trus ’
/Q rlins
LTH.lss %
T tT'uss
Plan
Figure 12.1
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362 Design of Steel Structures Design of Roof Trusses 363
12.1 BRACINGS ; 2
The trusses are sufficiently strong to transmit the forces acting in their plane. However they offer Lit. King Post Qucen Post
tle resistance to forces acting at right angles to their plane. Such force is mainly due to wind blowing (upto 6 m) (6109 m)
 panallel to ridges. The resistance offered by purlins to such forces may not be sufficient. Hence bracings §#-
are provided at two levels i.e. at the level of top chord and at the level of bottom chord. Figure 122 = /<]>|\ /m
shows bracings at top chord level, which is in the end pair by using angle iron ISA 90 x 60 x 8 mm, E
i 1 ' Howe - Triangle 4 panel Howe - Triangle 6 pancl
"Figure 12.2(b) shows bracing at bottom chord level. They consist of longitudinal strip with L €250 2 an 5 m) P (12 10 24 m)
r A
connecting at panel points. Diagonal bracings are also provided in the last but one panel from both ends, {Z
For very long buildings additional diagonal bracings are provided at every 4 to S bays. ‘ : _ W
lE (9m) X {(12t0 18 m)
re :
O )'.:1 Fink or French Trusses .
&
\— Bottom Chord _:
- == == J_ :‘E Compound French Truss North Light Truss
ki (2010 30 m) (81010 m)
1=
- . Pratt Truss (16 to 30 m)
Figure 12.3 Types of trusses.
1.2.3 NOMENCLATURE OF MEMBERS OF TRUSSES
The nomenclatures used for the various members of a truss are explained with respect to the
(a) Plan at top chord level (b) Plan at bottom chord level Fig. 12.4 below:
Figure 12.2 Bracing system. 1. Top Ghord Members: These are the members along the uppermost line of truss starting from one
end of support to another end and passing through the peak. These members are also known as
. rafters. They directly support purlins. They are mainly subjected to axial compression due to
live load and dead load. If the purlins are not supported at joints these members are subjected to
12.2 TYPES OF ROOF TRUSSES bending stresses also. Members 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8 and 8-9 belong to this category.
- . . P . ; 2. Bottom Chord Members: These are the members extending ftom one end of the support to an-
Triangle is the primary pin Jointed frame which has stable figure. Hence all trusses should comprise tri- other end along the lowermost line of truss. These members are also known as main ties. They
angular figures. Various types of trusses are used. Figure 12.3 shows different types of trusses and also are mainly subjected to tensile forces due to dead load and live loads. Members 1-10, 10-11,
their suitability for different spans. : 11-12, 12-13, 13-14 and 14-9 belong to this group. The bottom chord may be horizontal or may
| have some camber.
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3. Struts: The members which do not belong to top or bottom chord and subjected to compressive
forces are called struts. Depending upon the relative magnitude of forces they take, they are
further classified as main struts and minor struts. Members 3-11 and 7-13 may be called main
struts while the members 2-10, 4-15, 6-16 and 8-14 may be called minor struts.

4. Slings: The members which do not belong to top/bottom chord but are mainly subjected to
tension are designated as slings. Depending upon the relative magnitude of tensile forces they
carry, slings are further classified as main slings and minor slings. The members 5-15, 6-16,
15-11 and 16-13 belong to the group of main slings while the members 3-10, 3-15, 7-14 and
7-16 are minor slings.

5. Sag Tie: If no load is acting at joint 12, the members 5-12 is not subjected to any force. Usually
this is the loading case in the truss. Even then this member is provided to reduce the sag in the
member 11-13.

12.4 PITCH OF TRUSSES

1
It is defined as the ratio of height of the truss to the span. A minimum pitch of s is to be maintained for

1
GI sheet covering and % is to be maintained for A.C. sheet covering. The preferable pitches are i if

snow load is expected and % if snow load is not expected.

12.5 SPACING OF TRUSSES

The distance between the two consecutive trusses is called spacing of truss. The spacing of trusses is
governed by the size of space to be covered by roof. As the spacing increases, the number of trusses
may reduce but the cost of purlins increase. Wherever possible, the following guidelines may be used
in deciding the spacing of trusses:

(a) 3to4.5 mupto 15 m span.

(b) 4.5 m to 6.0 m for 15-30 m span.

(c) For spans more than 40 m, spacing of 12 to 15 m may be used w1th cross trusses replacing
purlins.
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12.6 PURLINS

As far as possible purlins should be located on panel points of top chord rﬁembers. However it depends
".upon the type of roofing materials also. Generally the spacing of purlins varies from 1.35 m to 2.0 m.

| 5o Angle iron purlins are used for smaller spacing of trusses (3 to 4 m). For medium spacing (4 to 5 m) one
= can use channels and for still larger spans, I-sections may be used. If angles are used, outstandmg legs
% are at top and lug angles are used to connect the purlins to rafters.

- 12.7 SHEETINGS

V Commonly used sheetings are GI and A.C.

- 12.7.1 Gl Sheets
Corrugated iron sheets are galvanized for protection against corrosion and are used as roof covenngs
 The common sizes of GI sheets are:

(i) 8 corrugations, 75 mm wide and 19 mm deep which have overall width of 660 mm.
(ii) 10 corrugations, 75 mm wide and 19 mm deep, which have overall width of 810 mm.

* The sheets are available in the gauges 16, 18, 20, 22 and 25 [Note: thickness = 25/gauge mm]

The sheets are available in lengths 1. 8 m, 2.2 m, 2.5 m, 2.8 m and 3.0 m. The sheets should be used with

© the following overlaps:

Side laps: 1, 1% or 2 corrugations

End laps: 100 mm, if slope is more and 150 mm, if slope is less than 20°.

For lesser overlaps suitable sealing should be made. The sheets should be fasteried to purlins or sheeting
rails by 8 mm diameter hook bolts at a maximum pitch of 350 mm.

The spacing of purlins depends upon the applied loading, thickness of sheets and 1 sngth of sheets. For
common loading, the thicknesses of sheetings are so fixed that, with required overlaps the sheetings can
be used fully.

12.7.2 A.C. Sheets

Asbestos cement sheets are better insulators for sun’s heat compared to GI sheet. They are used com-
monly in the factories and godowns. They are available in two common shapes viz. corrugated and
traffold. They are available in the lengths of 1.75, 2.0, 2.5 and 3.0 m. They are available in thick-
nesses of 6 mm and 7 mm. The maximum permissible spacing is 1.4 m for 6 mm sheets and 1.6 m.
for 7 mm sheets. They are to be used with a longitudinal overlap of 150 mm and a side overlap of
one corrugation spacing of purlins are to be adjusted such that as far as possible the cutting of sheets
is avoided.
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12.8 LOADS

The main loads on trusses are

(i) Dead Loads
(ii) Imposed Loads
(iif) Wind Loads .
(iv) Other Loads.

" 12.8.1 Dead Loads

It includes the weight of sheetings, purlins, bracings, self welght and other loads suspended from
trusses.

The unit weight of various materials are given in IS 875 — part I. The following values may be noted:

GI sheets: 85 N/m?
A.C. sheets: 130 N/m®

In general the roof covering weight including laps, connector etc. may be taken as

(i) 100-150 N/m for GI sheeting
(i) 170-200 N/m? for A.C. sheeting.

Weight of purlins should be added after designing purlin. Generally it works out 100-120 N/m? of plan
area.

On lower panel-points additional occasional load may be considered. Such load is due to electrical fix-
tures, fans etc. This may be assumed to be 5 to 10 kN, distributed over lower panel points. If the false
ceiling is to be suspended that load should be estimated separately.

There are various formulae suggested in literature to assume self weight of truss. However, since it is a
small percentage of total load any one of them may be used. The following are the two formulae com-

monly used for a truss of span ‘L’.

() w=20+66L N/m? for a LL of 2 KN/m?

If live load is more, the above value is to be increased by LL/2.0.
i) w=10[L+5 |5 Nm?

3 4
where s = spacing of trusses.

12.8.2 Imposed Load (Live Load)
Normally no access is provided for sloping roofs with sheets. In such cases IS 875 part II makes the
 following provisions for live loads for the design of sheets and purlins.

Upto 10° slope: 0.75 KN/m?
For more than 10° slope: 0.75 —0.02 (8 — 10), where 8 is slope of sheeting.
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However a minimum of 0.4 KN/m? live load should be considered in any case.
' 2
For the design of trusses the above live load may be reduced to 3 rds.
The purlins and sheets should be checked to support a concentrated load of 0.9 kN at the worst position.
= 12.8.3 Wind Load

? IS 875 part 3 gives guidelines to determine wind forces on different components of buildings. It consists
= of the following steps:

(a) Determine basic wind speed.
(b) Obtain design wind speed.

(c) Calculate design wind pressure.
(d) Calculate wind pressure on roof.

b BA) re

These steps are explained below:
(a) Basic Wind Speed (¥3)

For finding basic wind pressure in any place in India, IS 875 (part 3) divides the country into six zones
as shown in Fig 12.5. Tt is based on peak gust velocity averaged over a short time interval of about

.....

ground level and in an open terrain. For 1mponant cities basic wind pressure are given in the code. It
—; may be observed that highest basic wind speed is 55 m/s and the lowest is 33 m/s.

! (b) Design Wind Speed (V)
The design wind speed for any site may be obtained as:
: Vi=hik ks Vy
where  k; = risk coefficient
" k, = terrain, height and structure size factor
k3 = topography factor
(i) Risk Coefficient (k)

Depending upon the importance of the building and basic wind speed IS 875 has developed an equation
to determine risk coefficient k; for different types of buildings. Finally it gives the values in the tabular
form as shown in Table 12.1.

(ii) Terrain, Height and Structure Size factor (k)

This coefficient depends upon the terrain of the building site, height of building and the class of building.

Terrain, in which a specific structure stands shall be assessed as belonging to one of the following
categories:

Category 1: Exposed open terrain with few or no obstructions and in which average height of any ob-
jects surrounding the structure is less than 1.5 m.
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Figure 12.5 Basic wind speed in m/s (based on 50-year return period) as per IS 875 (Part 3).

Category 2: Open terrain with well scattered obstructions having heights generally between 1.5 and 10 m.

Category 3: Terrain with numerous closely spaced obstructions having the size of buildings upto 10 m
in height with or without a few isolated tall structures.

Category 4: Terrain with numerous large high closely spaced obstructions.
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able 12.1 Risk coefficient for different classes of structures in different wind'speed zones
(Clause 4.4.3.1) (Table 4 of IS 875)
Mean Probable ky Factor for Basic Wind Speed
Ei‘_;, ) Design Life of (m/s) of
FClass of Structure Structure in Years 33 39 44 47 50 55
‘ ﬁll general buildings and structures 50 1.0 1.0 1.0 1.0 1.0 1.0
;—;fremporary sheds, structure such 5 082 076 073 071 070 067
%55 those used during construction : S '
-=operations (for example, form-work
Zand falsework), structure during con-
Hstruction stages and boundary walls
,sBuxldmgs and structure presenting a low 25 094 092 091 09 050 089
%degree of hazard to life and property ’ ' ’
5 =in the event of failure, such as isolated
itowers in wooded area, farm buildings,
;fother than residential buildings
AImportant buildings and structures, such 100 105 106 197 107 108 1.08

%as hospitals, communications buildings
~ztowers and power plant stuctures

:To incorporate structure size factors the buildings are classified into the following three different classes:

Class A: Buildings having maximum dimension (greatest horizontal or vertical) less than 20 m
Class B: Buildings having maximum dimension between 20 m and 50 m. .
Class C: Buildings having maximum dimension greater than 50 m.

“The factor k, depends upon the helght of the building also. IS 875 (part 3) gives the following table
(Table 12.2) to determine the coefficient ky.

',.(iii) Topography Factor ( k3)

This factor is to account for the topographic features which influence design wind speed. It accounts for
‘the topographic features, such as hills, valleys, cliffs, ridges etc.

Extent of Topographic Feature: IS 875 — suggests the extent of topographic featuré as below (Fig. '.12.6)
Let L =actual length of the upward wind slope.
z= effective height of the feature.
&= upwind slope in the wind direction.

Then the influence of the topographic factor should be considered over an extent 1.5 Le to 2.5 Le to-
wards upwind and downwind respectively as shown in the figure, where Le is the effective horizontal
length of the hill which depends upon the slope as indicated below:
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Table 12.2 &, factors to obtain design wind speed variation with height in different tesrains for
" different classes of buildings structures [Clause 4.4.3.2 (b)] (Table 5 in IS 875)

Height Terrain Category 1 Terrain Category 2 Terrain Category 3 Terrain Category 4
(m) Class Class Class Class
A B C A B C A B C A B C
10 105 103 0.99 1.00 098 093 091 0.88 082 080 0.76 067
15 109 107 1.03 .05 102 197 097 094 0.87 080 076 (.67
20 L2 110 1.06 1.07 105 1.00 1.01 098 0091 080 076 047
30 L5 L1300 1.09 .12 110 1.04 1.06 103 096 097 093 .83
50 120 118 1.14 1.17 115 110 .12 1.09 1.02 110 105 093
100 126 124 120 1.24 122 117 120  1.17 1.10 120 1.15 1.05
150 130 128 124 128 125 121 .24 121 1.15 1.24 120 110
200 132 130 126 1.30 128 1.24 127 124 118 1.27 122 113
250 134 132 128 132 131 1.26 1.29 126 1.20 1.28 124 116
300 135 134 130 1.34 132 1.28 1.31 1.28 1.22 130 126 .17
350 137 135 131 136 134 1.29 132 130 124 1.31 127 11y
400 138 136 132 1.37 135 130 134 131 1.25 1.32 128 1.20
450 139 137 133 138 136 131 135 132 1.26 1.33 129 121
-500 140 138 134 .39 137 132 136 133 1.28 134 130 122

Note — Intermediate values may be obtained by linear interpolation, if desired. It is permissible to assume constant wind speed between
two heights for simplicity. :

Slope Le
30 9<17° A
zZ

17 =
9> 8 03

Topography Factor: The topographic factor &, is given by the following:

k3:1+CY

where C has the following values:

Slope c -
0ch<IT 12| =
el (L)
g>17° 0.36

s is a factor to be determined from Fig. 12.7 for cliff and escarpments and from Fig. 12.8for hills and
ridges. In these figures ‘X" is the distance of the site from crest of hill.
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Region affected by topographical feature
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Downwind slope < 3°

(b) CLiff and escarpment

Wind Crest
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Downwind slope > 3°
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Figure 12.6 Topographic features.
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Figure 12.7 Factors for cliff and escarpment.
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Figure 12.8 Factors for ridge and hill.

(c) Wind Pressure
The design wind pressure at any height above mean ground level shall be calculated using the following

expression
P.=0.6V,>N/m*
where,
P, = design wind pressure in N/m? at height z and
¥, = design wind velocity in m/s at height z.
(d) Wind Pressure on Roof
For calculating the wind load on individual structural elements it is essential to take into account of pres-

sure difference between opposite faces of such elements. If internal as well as external pressures are found,
then wind load acting in a direction normal to the individual structural element or cladding unit is:

F= (Cpe - Cpi) Apg
where,
C,. = external pressure coefficient

C,; = internal pressure coefficient

A = surface area of structural element or cladding unit in m? and
py = design wind pressure in N/m?.

Positive wind coefficient indicates the force is towards the structural element and negative coefficient
indicates it is away from the structural element. Hence the +ve senses of internal and extemnal wind
pressures are as shown in Fig. 12.9.
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P

Figure 12.9 Positive senses of Cj; and Cp.

2 The external wind pressure coefficient depends upon

(a) the shape of the roof

(b) size of the building

(c) slope of the roof

(d) wind angle and

(e) the zone of the structural element in the building.

¢ IS 875 gives specifications for pitched roofs of rectangular clad buildings, monoslope roofs of rectan-
. gular clad buildings, canopy roofs, curved roofs and saw tooth roofs of multispan buildings. For pitched
 roof of rectangular clad building it gives the values for eight zones-four main zones four local zones.

These values are shown in Table 12.3.

Internal air pressure in a building depends upon the degree of permeability of the air flow. For both in-
ternal pressure of +ve as well as ~ve values the structural element should-be safe. Table 12.4 shows the
internal pressure coefficients for different types of the building.

IS 875 gives the values of C,; for buildings with openings on one side also.

12.8.4 Other Loads :

Other possible loads on the structure also should be considered in the design. One such load is snow
load. In India, such loads are expected in some hilly regions. This type of loading has been already d1s-
cussed in chapter 1. For details one can refer to IS 875 (part 3).
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Table 12.3 External pressure coefficients (C ) for pitched roofs of rectangular clad buildings “\_' Table 12.4 Internal pressure coefficient Cpi
(Table 8 in the code) _ % Buildings with Cpi
_ Bmld;:i:: cight ::;li Wind (,;ngle o Wmd;(&):l gle 0 Local Coefficients % Low permeability (less than 5% openings in wall area) +0.2
1 S ' &F  ou | 56 WEn N | =5 % Medium permeability (5-20 % opening in wall) £0.5
degrees %‘ Large openings (openings > 20 % in wall) 0.7
0 -08 -04 | ~08 04 | -20 -20 | -20 - =4
5 09 04 | -08 0.4 1.4 -12 -12 -1.0
2 Ik“’—*] 10 -12 04 { -08& 06 | -14 - 14 -12 Earthquake loads do not influence the design of pitched roofs with GI or A.C. sheets, since these are
v Q 5 20 04 04 | 07  -06 | -10 12 light weight roofs.
N R 0 04 | ~07  -06 | -08 L
45 +03 05 | -07 -06 - 11 2.9 LOAD COMBINATIONS
60 +0.7 -0.6 -0.7 -06 BN
Y TR Ny 7 1., 3 wThe following load combinations are to be considered in the design of cladding and trusses:
T B O e e B i
§ - I oan2an N 1:5 i [ 1'5 / ]'0 i 2 Dead Load + Snow Load (if this is expected)
v i ‘ : / N % 3. Dead Load + Wind Load (wind direction with 8 =0 or 6 = 90°).
M 30 ~02  -05 | -08 -08 | -10 =10 7
~ 45 +02  -05 | -08  -08 ” Example 12.1
60 +0.6 -0.5 -0.8 -0.8 *
o7 dos | 07 | -z Y o B A roof tx-'uss'shed is to be built in Luc@ow for an indu.stry. The size of shed is 24 m x40 m. The height
- f building is 12 m at the eves. Determine the basic wind pressure.
l__w_.‘ 5 -0.7 -0.6 -0.8 -08 -2.0 -20 -1.5 -1.0 :
10 -0.7 -0.6 -0.8 -0.8 -2.0 -20 -15 -1.2 Solution:
“: 20 -08 -0.6 -0.8 -08 | -15 -15 -1.5 -12 . . . ) .
2 s 30 10 .05 | —08  —07 | —1s * From wind zone map of country (IS 875 part 3) the basic wind speed in Lucknow is
Wl B (el e i S
- 60 4 0: S 0: s |- 0:8 E 0:7 Risk Coefficient k;: From Table 12.1, for all general buildings with probable design life of structure
50 years,
Note 1 -- s the height to caves or parapet, w is the lesser horizontal dimension of a building.
Note “Viere no local coefficients are given the overall coefficients apply. key=1.0

Terrain, Height and Structure Size Factor k:

Since the shed is in an industrial area, it may be considered belonging to category 3 Its greatest di-
mension being 40 m, it belongs to class B structure. For category 3, class B building

ky=0.88 if h=10m.
=094 if h=15m.

Forh=12m,

KEY PLAN ‘ k, =0,88+(0.94—0.88)§ =0.904.
y=hor0.isw, .
whichever is the lesser
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Topography Factor k3: In Lucknow, the ground near shed may be assumed plain.
k3 =1+Cs

h =—=0
where ¢ 7

K;=10
Design wind speed
Vi=K K K3 V)
=1.0x0.904 x 1.0 x 47
=42.488 m/sec.

Hence basic wind pressure

p. =0.6V2 =06x42.488°

= 1083 N/m’
p-=1.083 kN/m* Answer
Example 12.2

A power plant structure having maximum dimension more than 60 m is proposed to be built on down
hill side near Dehradun. The height of the hill is 400 m with a slope of 1 in 3. If the location is 250 m
from the crest of the hill on downward slope, and its eve board is at a height of 9 m, determine the design

wind pressure.
Solution:
From Fig. 12.5, the basic wind pressure at Dehradun = 39 m/sec.

Risk Coefficient (k\): From Table 12. 1, for power plant structure mean probable life of the structure is
to be taken as 100 years and hence, k; = 1.06

Terrain, Height and Structure Size Factor (ky):
Sincé height of building is 9 m, it belongs to category 2 structure.
The size of building is more than 60 m. Hence it belongs to class ‘C’ structure.
From Table 12.2, we find
ky =093

Topography Factor (ks):
The slope is 1 in 3.
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’ tanG:—é or 6=1843°

C=0.36
To find s: It is to be determined from Fig. 12.6(b).

_z=400 m.
L=400x3=1200 m.
L=2 =% _13333m
0.3 03
ﬁ—z 2 =0.00675
I, 133333
x 20 41875
I. 13333
s=1.0
k3=1+Cs=1+036%x1=136
Design wind speed
szkl k2 k3 Vb

=1.06 x0.93 x 1.36 x 39
= 52129 m/sec.

Design wind pressure
p,=0.6x 52.29% = 1640 N/m?
p.=1.64 KN/m? Answer

Example 12.3
Determine the design loads on the purlins of an industrial building near Visakhapatnam, given:

Class of building: General with life of 50 years.
Terrain: Category 2.

Maximum dimension: 40 m.

Width of building: 15 m.

Height at eve level: 8 m.

Topography: 6 less than 3°.
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Permeability: Medium
Span of truss: 15 m

Pitch: 1

Sheetinsg: A.C. sheets,
Spacing of purlins: 1.35 m.
Spacing of trusses: 4 m.

Solution:

1. D.L. Calculations:
Weight of sheeting including laps and connectors = 170 N/m?.
Self wt. of purlin (assumed) = 100 N/m”.

Total D.L. on purlin = 170 + 100
=270 N/m”.
Spacing of purlins = 1.35 m
D.L. on purlin =270 x 1.35 = 364.5 N/m

2. Live Load.

Span of truss=15m

1
Pitch=l Rise=§><15=3m
5
3
tanf = — or 96=21.8°
7.5

Live load on purlin = 750 — (21.8 - 10) x 20 = 514-N/m?.

Spacing of purlins = 1.35m

Live load = 514 x 1.35 = 693.9 N/m
3. Wind Load:
Basic wind velocity near Wsakhapatnam =50 m/sec.
k=10
k, for category 2, class B building with height 8 m, is 0.98
k=10 .
Design wind speed = V.= 1.0 X 0.98 x 1.0 x 50

=49 n/sec.
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Design wind pressure p, = 0.6 x 49% = 1440 N/m?.

Wind Pressure Coefficients:
h_10_2

w 15 3

Thusl < i <
2 w

N W

From Table 12.3,

When wind angle 0°, for rafter slope 21.8° {wind normal to ridge]

1.8

On windward side C,, =—0.7+—x0.5=~0.61
10

On leeward side C,=-05

pe
When wind angle 90°, for rafter slope 21.8° [wind parallel to ridge]
On windward side C,,=-0.8

Onleewardside  C,, =—0.6— 18 x0.2
10

=-0.636

Internal wind pressure coefficient:
For a building with medium permeability
Cpi=%0.5

Design wind pressure on windward side = (- 0.8 - 0.5) p,

=—1.3 x 1440 =—1872 N/m?>

Design wind load on leeward side = (- 0.636 — 0.5) x 1440 kN/m
=-1635.8 N/m’.
For purlin design:
DL + LL = 364.5 + 694.9 = 1059.4 N/m.
= 1.0594 kN/m.
Wind Load = - 1872 N/m* = - 1872 X 1.35 N/m.

=-2527.2 N/m.
=-2.527 kN/m.

379
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' 3f6r each member maximum and minimum design forces are to be found, taking tension as positive.
; E, this the following load combinations are considered '

B ooL+iL

$ (i) DL+WL _

ri'. of the members may be under tension only for all combination of loads, some may be always
Fiider compression and some of them may be under tension for some load combinations and under com-
M ession for some other load combinations. ' '

Hence purlin should be designed for .
(a) LL+ DL of 1.058 kN/m acting vertically downward

() DL of 0.365 kN/m acting vertically downward and WL of 2.527 kN/m, suction.
[Note: Design of purlins is as explained in chapter 7 Figs. 7.13 to 7.15. (examples: 7.9, 7.10 and 7.11)] -

12.10 LOADS ON TRUSSES

.
The following loads per square metre of plan area may be used for the design of trusses. 3?1 2 GROUPING OF MEMBERS
Eg}om aesthetic point and from the point of fabrication, it is not desirable to design each and every mem-
Dead loads: li%‘ for its design forces. Usually the following groups are made and the designs are made to maximum
Roof Coverings: %ﬁésign force of a member in that group: '
1. GI sheets = 100 to 150 N/m? = 1. Top chord members

1 ik

- 2. Bottom chord members
3. Main slings

i 4. Main struts

= 5. Other minor members.

A.C. sheets = 170 to 200 N/m>.
2. Purlins = 100 to 120 N/m>. _
3. Self wt. of truss = 20+ 6.6 L N/m’ 7

bttt ik

1

T

I i§ 5 iﬁbular sections, single angles or double angles are used as members of trusses. The minimum thick-
or = 10(5 + 5) 2 N/m ess of angles used is 6 mm. The following are the commonly used minimum sections in roof trusses:
Live Loads: Top chord: 2 ISA 7550, 6 mm.
Foraslope8<10°, LL=750N /m?.  Bottom chord: 2ISA 7550, 6 mm.
Foraslope>10°,  LL= %[750-(9-10)20] U g 2 pR6343, S

) _ Mainstrut: 2 ISA 6545, 6 mn.
[Note: it is e rd of LL used in purlin design]

Minor members: ISA 6545, 6 mm or ISA 5050, 6 mm.

HWind load. 12.13 DESIGN OF MEMBERS
To be calculated as explained in Fig. 12.8. Loads on panel points: The loads calculated per plaf] area _ . |
should be multiplied by area taken care by each panel point. Thus for truss design loads are considered | The member subjected to maximum design force in each group is designed as explained in chapters 5

to act at panel points (joints) of the truss. and 6. If the design force is tensile for some loading and compression for some other loadings, the
. member may be designed for major force and checked for the other force. If the purlins are not at panel .

12.11 ANALYSIS OF TRUSSES points, the top chord member is to be designed for combined bending and compression,

Treating it as pinjointed structure, the truss is analysed for the following loads separately: 12.14 DESIGN OF JOINTS

(a) For dead load
(b) For live load
(¢) For wind load

Gusset plates are used at joints to connect various members at that joint. Gusset plate thickness is
kept more than the maximum thickness of member meeting at the joint. Care should be taken to see

I
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382 Design of Steel Structures
that centroid of all members meet at the required point of the joint. The connections may be bolted o
welded. :

12,15 END BEARINGS

_Roof trusses are supported on steel columns or concrete columns or on walls. One end is made hinged
and the other sliding so that the horizontal forces on the supporting structures are avoided and at the
same time the truss analysis carried as hinged-simply supported and holds good.

To achieve this a base plate is fixed to the sﬁppbrting structure and another plate to the tru§s.. To fix base
plate to supporting structure anchor bolts are used. Hinged/fixed end is achieved by prov1.dmg holes of
hardly any tolerance for end connection, while to achieve sliding end oval shape holes with 2 to 4 mm
tolerance are made in base plate of truss for anchor belts.

Base plate is designed for bending due to end reaction while anchor bolts are designed to resist uplift
force.

Figure 12.10 shows the details of end connection and Fig. 12.11 shows few typical foundation bolts.

(a) Elevation

Oval shaped hole

-] -2 o ) i
-2 -2 o A (
’ gD ab oD
Fixed/hinged end Sliding end

(b) Plan of fixed/hinged end (c) Plan of sliding end

Figure 12.10 End bearing in trusses.
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i Example 12.4
% Design a truss of span 15 m, spacing 4 m to be built near Visakhapatnam, other details being same as

given in example 12.3,

Solution:
1. Selection of Configuration:
1
Let a pitch of 5 be provided.

Height of truss =§x15=3m

3

Slope of top chord = tan ™! om =21.8°

If purlins are to be placed en top panel point only, panel length should be around 1.4 m so that suf-
ficient lap can be provided when 1.65 m A.C. sheets are used.

Length of top chord 7.5% +32 =8.078 m.

8.078

If we select 6 panels, length 6f panel = r =1.346m say 1.35

Hence Fan-Type truss shown in Fig. 12.12 is selected. [Note: It is not absolutely necessary to provide
purlins always on panel point. When they are not on panel points, top chord merabers are to be de-
signed for bending also).

2. Loads:

DL: As in the example 12.3,
Wt. of sheeting including laps and connections = 170 N/m?

Wt. of purlins = 120 N/m®
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i 2.5%6=15m

Figure 12.12

Self wt. of truss =20+ 6.6 L
=20+6.6 x 15 =119 N/, say 120 N/m?
Tota! dead load = 170 + 120 + 120 =410 N/m?
Each purlin takes care of an area=1.35x 4 m’,
Load on each intermediate panel point =410x 1.35 x 4 '
=2214N

=2.214kN.

135 045
Load on shoe: Taking 450 mm roof projection load = 410 X(—Z— + T) x4=1476 N=1476 kN

Live load.
LL=750-(21.8-10)x20=514 N/m2
LL on intermediate panel point =514 x 1.35 x4 = 2776 N=2.776 kN

LL on shoe = 314x(—1—:2;—E 9?) x4=1850 N=1.850 kN

Wind Load:
As in example 12.3,

Wind pressure on windward side =~-1.872 KN/m?

and wind pressure on leeward side =~1.636 KN/m?.

Wind load on panel points on windward side:
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- (a) Intermediate panels =—1.872 x 1.35x 4 =— 10.109 kN
& (by Atcrown joint=-5.050
c) At shoe =-—1. 8"2(&4’20_45_0) d

=—6.74 kN

_md load on leeward side:

a) Intermediate panel =—1.636 x 1.35 x4 =—-8.83 kN
() At crown joint=—4.415kN

“ (c) Shoe =—1.636 (L:”ifi‘ﬁﬂ) x4

=-5.9 kN.
. Analysis:
ZThe truss is analysed for the dead loads as shown in Fig. 12.13 and dead load forces in various mem-

f_thers are entered in column 3 of Table 12.5. Since live load is 514 N/m? and dead load is 410 N/m

ghe forces in various members due to live load are found by mutiplying the values of member forces
““obtained for dead load with 514/410.

- 2214

Figure 12.13

Wind load analysis is carried out for the loads as shown in Fig. 12.14 and the member forces are
entered in Table 12.5.

Tﬁe above analyses were carried out using software STAAD PRO 2005. They may be carried out
using method of joint clubbed with method of section also.

4. Design Forces:

. It may be observed that in a member dead loads and live load produce forces of same nature while

wind load produces force of opposite nature. Hence for getting d&slgn forces the following combina-
fions are to be considered:

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net Downloaded From : www.EasyEngineering.net

386 : Design of Steel Structures Design of Roof Trusses 387

Table 12.5 Member forces [Tension +Ve, compression —Ve]

Forces in the members in kN due to

Group Member DL LL WL

1 I -32.784 -41.105 133.438
2 -29.807 —37.368 122.823
3 —29.807 -37.368 126.867
4 - 28317 -~ 35500 123.581
5 -25336 ~31.763 112.966
6 -25336 -31.763 - 117.010 . .
7 ~25336 31763 112621 LT LRI
8 —-25.336 -31.763 109.084
9 -28.317 —35.500 118.360 :_{' (l) DL+LL
10 -29.807 -37.368 121.230 (ii) DL+ WL
11 ~29.807 -37.368 117.698 b : .
12 _32.784 _41.105 126.970 : From Table 4 of IS 300-2007, we find load factor is 1.5 for load case (i) whereas for load case (ii) it is

0.9 for DL and 1.5 for WL. H the f; i i

I " o~ . Dot : ' or ence the factored force in a member is to be found for
14 24.908 31.226 ~97.244 B (i) 1.5 x (Force due to DL + Force due to LL)
15 16.605 20817 ~56.410 = (ii) 1.5 x Force due to DL + 1.5 Force due'to WL.

' 20. -56.410 - . .

:3 ;Z gg; 3 2;2 [y [~ In ea_ch group combination of design forces are checked for various members and the one which gives
8 Ny 28,165 15845 maximum +ve and maximum —ve force is picked up.

11 27 10.807 13.548 —53.154 j For group I (Top chord members) the design forces are
24 6.484 8.041 ~31.892 - . )
A N S0 o M _ 1.5 (- 32.788 ~ 41.105) =-110.840 kN
33 6.484 8.041 -27.852 i and 1.5 (-32.788) + 1.5 x 133.438 = 150.975 kN

v 22 —6.484 -8.041 31.892
3 Y. 8041 b7 852 For group II: (Bottom chord members)

v 23 5.535 6.939 —~27.223 1.5 (30443 + 38.165)=102.912 kN
32 5.535 6.939 -23.774

d 1.5x30.443 - 1. 466 =—

o 1323 5420 21261 an 3-1.5x% 124.466 141.035 kKN
] e 4 g For group III: [Main slings]

VI 19 -2.981 -3.957 14.660 J
20 o914 o776 10.589 1.5 (10.807 + 13.548) = 36.533 kN
25 -2.981 -3.737 14.660 and 1.5 x 10.807 - 1.5x 53.154 =— 63.521 kN
26 -2214 -3.737 14.660
37 -2.981 -2.776 10.889 For group IV:
36 . -2214 . -3.737 12.809 15 (- 6.4
31 -2.281 -3.737 . 12.803 " (— ) 84_8'041)=_21‘788kN
30 -2.244 -2813 9.510 and 1.5 (- 6.484) + 1.5 x 31.892 = 38.112 kN
28 0 0 0
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Questions
For group V- .

1.5 (5.535+6.939)=18.711 kN
1.5%5535~1.5%23.774=-27.359 kN

1. Explain the following with neat sketches:

(a) Bracing system in roof trusses
(b) Anchorages of truss with concrete column
(c) Connection of purlin to rafter.

For group VT
1.5 (-2.881 —3.737) = - 9.927 kN
1.5 (-2.981) + 1.5 X 14.660 = 17.519 kN

2. Determine the basic wind pressure to be considered for a shed in the outskirts of Bangalore.
Given:

.
X

3;

¢

Structure: General purpose with probable life of 50 years.
_ Terrain category: I, Building class B. ' ;
5. Designof Members: : Eye board height: 11 m.

T hy: Plai 3
A member in each group is designed for the major force and checked for minor force. The design pro- CPOBTIP S

cedure for tension is already explained in chapter 5 and the procedure for the design of compression 3. Determine the basic wind pressure on a pitched roof near Poona. Given:
member has been explained in chapter 6. — . Structure: General purpose with probable life of 50 years.
: Terrain category: II, Building class A

6. Designof Cornections: Topography: Height of hill = 350 m.

g Slope 1 in 4.
Using gusset plates of thickness more than the thickness of members and connections are designed | Location of the building: 300 m from the crest of the hill on downward slope.
using bolts or welding. Bolted connection design has been already explained in chapter 3 and welded Height of eye board: 10 m.

i i ocedure has been explained in chapter 4. B :
connection design pr as P P 4. Determine the various loads to be considered for designing a truss near Jabalpur, for the follow-

7. Suitabte end bearings are designed, which depend whether the truss is supported on steel col- ing data given:
umn or concrete column or on masonry.:

) i Class of Building: General with life of 50 years.
8. Drawing: Figure 12.15 shows the detailed drawing.

Terrain category: 2

Size of building: 18 m X 40-m.
Height of eye board: 12 m.
Topography: Plan area (slope < 3°)

‘,“(Lm

et < Permeability: Medium
N ’ - Span of truss = 18 m.
G 1
S Pitch —
S 4

& Sheeting: A.C. Sheets.

e g g Spacing of purlins: 1.4 m.
o y & s Spacing of trusses: 5 m.
¢ 5. The critical members of top chord, bottom chord and main sling of a truss are subjected to the
— forces as shown below:
3 21SA 75506 .
f‘;' X — Member DL LL WL
— 25m e 25m | 285m —————] Top chord -28.2 —36.66 124.60
Bottom chord 26.40 3432 -116.40
Main sling 10.40 13.52 —48.80
Figure 12.15 Design detaiis of trusses. : Determine the factored forces to be considered for the design of each member.
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Properties of Standard Steel Sections
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PLATES )
Width: 900 1000 1100 1200 1250 1400 1500 1600 1800 2000 2200 2500
Length: 2000 2200 2500 2800 3200 3600 4000 4500 5000 5600 6300 7100 8000 9000 10000 11000

12500

Thickness: 5, 6, 10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40, 45, 50, 56, 63

SHEET

“Thickness: 0.4, 0.5, 0.63, 0.80, 0.90, 1.0, 1.12, 1.25, 1.40, 1.6, 1.8, 2.0, 2.24, 2.50, 2.8, 3.15, 3.55, 4.00

Width:600, 750, 900, 1000, 1100, 1200, 1250, 1400, 1500
Length:1800, 2000, 2200, 2500, 2800, 3200, 3600, 4000

STRIPS _ ,
Thickness: 1.6, 1.8, 2.0, 2.24, 2.50, 2.80, 3.15, 3.55, 4.00, 4.50, 5.0, 6.0, 8.0, 10.0
Width: 100, 125, 160, 200, 250, 320, 400, 500, 650, 800, 950, 1050, 1150, 1250, 1300, 1450, 1550

FLATS .
Thickness: 3.0, 4.0, 5, 6,.8, 10, 12, 16, 18, 20, 25, 32, 40
Width: 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 89, 90, 100, 110, 120, 130, 140, 150,

200, 250, 300, 400 4

Round Bars

Diameter: 5,,6, 8, 10, 12, 16, 20, 25, 28, 32, 36, 40, 45, 50, 56, 63, 71, 80, 90. 100, 110, 125, 140,
160, 180, 200

Square bars:
Size: 5, 6, 8, 10, 12, 16, 20, 25, 32, 40, 50, 63, 80, 100
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A D
Actions, 29 Deflection limits, 32
Anchor forces, 315 Design action, 29
Angle purlins, 245 Design strength, 30
: Distance
B Edge, 39
End, 39

Battened column, 174
Beam connections E
bracketed, 260

clip angle, 260 Eccentric connections, 66, 71, 108

framed, 257, 287 Eﬁ’ec'tive lengﬁ?, }51, 153
moment resistant, 272, 277, 301 Efficiency of a joint, 50
simple, 257 : F
stiffened, 259, 268, 298 \
unstiffened, 257, 295 Finished bolts, 36, 37
Bearing bolts, 38 &
Black bolts, 37 : G
Block shear, 124 Gantry girder, 343
Bolted connections, 36 Gauge distance, 39
Built.up sections, 220 Grillage beams, 247
Butt joint, 42 Gusset base, 185
C ’ H
Characteristic actions, 29 HSFG bolts, 36, 37
Columns bases, 184 I

Combined shear and tension, 76, 115
Compression member design, 149
Cross-section classification, 202

Impact allowance, 16
‘Interaction formula, 85
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406

L
Laced columns, 163

. Lap joint, 42

Laterally supported beam, 204, 205

umsupported beam, 224, 233
Limit states, 28

. Limit state design method, 27

Load combinations, 20
Loads, 11

Long joints, 101

Lug angles, 143

P

Partial safety factors, 31
Pitch, 39
Plate girder, 305
economic depth, 307
end panel design, 314
self weight, 307
Plastic moment capacity, 195
Plastic neutral axis, 197
Prying forces, 86
Purlins, 233, 365

R

Radius of gyration, 152
Roof trusses, 361

end bearing, 382

loads, 366

pitch, 364

spacing, 364
Riveted connections, 35
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S

Shear buckling, 311
Shear capacity, 82
Simple post buckling method, 314
Simple post-critical method, 311
Slab basc, 184
Slenderness ratio, 151
Sptice column, 177

tension member, 140
Stiffeners, 306
Structural steel, 3

T

Tension capacity of bolts, 75
Tension field method, 312
Tension member, 121
Topography factor, 370
Torsional buckling, 229

U
Ultimate load method, 23

w

Web buckling strength, 214
Web crippling, 215
Weld

butt, 96, 98

fillet, 96, 99

plug, 97,98

slot, 97
Welded connections, 95
Working stress method, 22

AR AR AL ] Barert oo 11 2 <y
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