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SYMBOLS

A = Area of cross-section.
A. = Equivalent area.
Ay = Gross-area of cross-section.
B = Width
a,b = Respectively the greater and lesser projections of the plate beyond the column.

= Width

by = Width of steel flange in encased member

C = The distance centre to centre of battens ; constant
Cn = Coefficient

¢ = Distance between vertical stiffeners.

c1,¢2 = Respectively the lesser and greater distances from the N.A. to the extreme fibers.

D = Overall depth.

d = Depth of web

d' = Depth of girder — 1o be taken as the clear distance between flange angles or where
there are no flange the clear distance between the flanges ignoring fillets,

d. = Effective depth of Plate girder.
dy = Diameter of the reduced end of the column.

d, = (i) For the web of a column without horizontal stiff- eners — the clear distance
between the flange, neglecting fillets or the clear distance between the inner toes
of the Mange angles as appropriate.

(i) For the web of a beam with horizontal stiffeners - the clear distance between
the horizontal stiffener and the toes of the tension flange angles as appropriate.

d; = Twice the clear distance from the N.A. of a beam to the compression flanges,
neglecting fillets or the inner toes of the flange angles as appropriate.
E = The modulus of elasticity for steel, taken as 2 x 10° N/mm? (MPa) in this book.
e = Eccentricity.
fy = Yield stress
fe» = Elastic critical stress in bending
fee = Elastic critical stress in compression, aiso known as Euler critical stress.
fe = Crushing stress
g = Gauge ; distance.
h = Outstand of the stiffener ; depth of section
hy,h; = Depths
I = Moment of inertia.
Ky or K. = Flexural stiffnesses.
ki, ky = Coefficients
= Distance from outer face of flange to web toe of filler of member to be stiffened.
= Span/length of member.
= Effective length of member
= Bending moment.
= No. of parallel planes of battens
= Coefficient in the Merchant Rankine formula, assumed as 1.4.
= Axial force (compressive or tensile)
= Calculated maximum load capacity of a strut

(xix)

ﬁ
A = Ea-.l“‘n-r



(x)

Pa = Calculated maximem load capacity as tension member.
P. = Euler load.
Py, = Yield strength of axially loaded section.
P. = Ulumate load for a strut
go = Actual soil pressure
R = Reaction ;
r = Radius of gyration of the section.
s = Staggered pitch.
T = Mean thickness of compression flange.
t = Thickness of web.
V' = Transverse shear
¥, = Longitudinal shear
W = Total load
w = Pressure or loading on the underside of the base
Z = Section modulus.
f = Ratio of the smaller to the larger moment.
B: = Stiffness ratio
A = Slenderness ratio of the member ; ratio of effective length (/) to the appropriate
radius of gyration (r)
Ao = Characteristic slenderness ratio = V P,/P,
Oac = Max. permissible compressive stress in an axially loaded strut not subjected to

bending.

gy = Max. permissible tensile stress on an axially loaded tension member not subjected
o bending. '

oy, = Max. permissible bending stress in slab base.

Ope = E-dpermissible compressive stress due 10 bending in @ member not subjected
to axial force.

op = Max. permissible tensile stress due to bending in a member not subjected to axial
force.

o. = Max. permissible stress in concrete in compression.
g, = Max. permissible equivalent stress.
gp = Max. permissible bearings stress in a member.
oy = Max. permissible bearings stress in a fastener.
o5 = Max. permissible stress in steel in compression.
oy = Max. permissible stress in axial tension in fastener.
Oac,cal = Calculated average axial compressive stress.
Ou cat = Calculated average stress in a member due to an axial tensile force,
Ose,cat = Calculated compressive stress in a member due to bending about a principal axis.
Ok, el = Calculated tensile stress in a8 member due to bending about both principal axes.
Tw = Max. permissible average shear stress in a member
Twn = Max. permissible shear stress in a member.
Ty = Max. permissible shear stress in fasiener.

¥ = Ratio of total areca of both the flanges at the point of least bending moment
to the corresponding area at the point of greatest bending moment
w = Ratio of moment of inertia of the compression flange alone to that of the sum

of the moments of inertia of the flange each calculated about its own axis parallel
to the y-y axis of the girder, at the point of maximum bending moment.



Introduction

1.1. STRUCTURAL DESIGN

A structure is a body, composed of several structural elements so assembled that it can
set up resistance against deformation caused due 10 application of external forces. Structural
Engineering is that branch of Civil Engineering which deals with both the structural analysis
as well as structural design. The various structural elements thal may be present in a structure
are: (i) tension members (i) compression members (iif) flexural members (iv) torsional members,
and. (v) foundation elements. The structural analysis deals with the determination of internal
stresses in these members as well as the determination of reaction components, when the structure
is subjected to external forces, The methods of analysis and principles involved in structural
analysis do not normally depend upon the type of material used for various structural components.
Structural design is taken up afier the structural analysis is over. The design of a structure
has two aspects: (i) functional aspect, and (i) strength aspect. In the first aspect of design,
called the funcrional design, a structure is so proportioned and constructed that it serves the
needs efficiently for which it is constructed. In the second aspect, called structural design, the
structure should be strong enough to resist external forces to which it is subjected during .
its entire period of service.

The following are the requirements that govern the struciural design :

(i) It should have adequate strength.

() It should have adequate stability and rigidity.

() It should be durable.

(iv) It should not interfere with the functional requirecments.
(v} It should be economical

(vi) It should be readily adaptable to future extension.

The aim of the structural designer is to produce a safer and economical structure 0 meet
certain functional and esthetic requirements. Structural design is to a great extent an art based
on creative ability, imagination and experience of the designer. The designer must have a thorough
knowledge of structural behavior, of structural analysis and of correlation between the layout
and the function of a structure, alnng with the appreciation of esthetic values. The structural

designer uses his knowledge of structural mechanics, the codes of practice and practical experience
to produce a safe design.

(1)
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Structures may also be classified on the basis of materials used for construction, as follows:

(i) Steel structures
Aluminum structures

= (i)

(itiy  Timber structures

(iv)  Plastic structures

(v)  Masonry structures

(vi)  Concrete structures

(vif) Composite structures.

Another classification that applies to buildings, made wholly or in part, of steel is in
accordance with the type of structural framework:

1. Wali-bearing structure

2 Beam and column structure

3. Long-span framing

(a) Plate girders

(b) Trusses and mill building frames.
(c) Ripid frames.

(d) Arches.

(e) Suspension systems.

In the case of wall-
bearing construction,
columns are avoided, and
the roof structure is sup-
ported directly on the
walls. Wall-bearing con-
struction has been almost
completely superseded by
the skeleton frame in
large or heavily loaded
buildings. Wall bearing
buildings normally are
not highly resistant to
seismic loading. Almost
all multi-storey skeleton-
frame steel buildings (rier
building) are of beam and
column framing. Long
span industrial buildings
may employ girders or
trusses supported on
stanchions, or may use
rigid frames. Long-span
framing is used to obtain
wide, unobstructed floor
areas or to carry loads that
are too heavy for rolled
sections.

RS54

HWASDNRY WALL STEEL DER

(b} STEEL GIRDER OR PLATE
GIRDER BRIDGE

(o) BEARING WALL
CONSTRUCTION

"I=—_|ﬂ;.7—- [

BEAM

COLUMN =y

() [ =

(¢ ) SKELETON BUILDING
FRAME

(d) RIGID BUILDING FRAME

I

ROOF TRUSS

(f) STEEL ARCH BRIDGE

(e) INDUSTRIAL BUILDING

FIG. 1.1. TYPES OF STEEL STRUCTURES



4 DESIGN OF STEEL STRUCTURES

L.3. STRUCTURAL ELEMENTS

A building structure, consisting of a steel frame work skeleton is made up of the following
structural elements or members :

(£) Flexural members : beams or girders.

(i) Tension members : ties.

(@) Compression members: columns, stanchions, struts,

(tv) Torsional members.

and (v) Elements of foundation structure.

Some elements or members may be subjected to combined bending and axial loads. The
members of steel frame are jointed together by riveted, bolted, pinned or welded connections
or joints. No matter how complicated a structure may appear to be, it must consist of some
combination of the basic members mentioned above. However, flexural members, (or beams)
may, in some cases, appear as extremely heavy built-up girders, and the compression members
(or cclumns) and tension members (or ties) may be combined to form heavy trusses in an
extensive frame work.

Fig. 1.2 shows typical details of framing for multistorey building while Fig. 1.3 shows the

components of an industrial building.
The structural elements are made up of the following commonly used structural shapes
and built-up sections shown in Fig. 1.4.

FLOOR GIRDER FLOOR BEAM (JOIST)

'EIITEH'H:H COLLWAN|

F1G. 1.2. FRAMING FOR MULTISTOREYED BUILDING
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FIG. 1.3. FRAMING FOR AN INDUSTRIAL BUILDING

@ T L TL I L

(rv)  I-section o) ANGLE (b) TEE (c)CHANNEL (49} I- (o) ZEE
(v) Z-section

(vi) Solid square section |

(viiy Square tube. D @ % D
(vir)  Circular section (solid} 1) ciIRCULAR (gIMOLLOW (NIPLATE (i ) SOUARE (j) HOLLOW
(ix) Hollow circular section CIRCULAR SQUARE -

(x)  Plate section.

(xv{) Compound and built-up
sections. |“ |

ik} COMPOUND AND BUILT-UP SECTIONS
1.4. BEAMS AND GIRDERS FIG. 14. COMMONLY USED STRUCTURAL SHAPES.

A beam is a structural member the primary function of which is to support loads normal

to its axis. The word beam and the word girder are used more or less interchangeably. However,
the word girder may mean either a built-up member (usuzlly a heavy one) or a main beam
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(single rolled shaped or built-up) which supports other beams. In a beam, loads are resisted
by bending and shear, but local stress conditions and deflection are also important considerations.

- Beams in structures may also be referred to by typical names that suggest their function
in the structure, as given below :

(i) Girder » Usually indicate a major beam frequently at wide spacing that
supports small beams.

(&)  Joists : Closely spaced beams supporting the floors and roofs of buildings.

(iify  Purlins : Roof beams usually supported by trusses.

(iv)  Rafters : Roof beams usually supported by purlins.

(v)  Lintel : Beam over window or door openings that support the wall above.

(vi) Girts : Horizontal wall beams used to supportwall covering on the side of
an industrial building

(vii) Spandrel beam : Beam around the outside perimeter of a floor that supporti the

exterior walls and the outside edge of the floor.

The term beam-column is used for that structural element that supports both transverse
and axial loads.

Fig. 1.5 shows some of the commonly used beams sections. The optimum section for flexural
resistance is the one in which the material is located as far as possible from the neutral axis.
The angle section (Fig. 1.5 a) is not an efficient beam shape, though it may be good for short,
lightly loaded spans where the flat leg may be uwsed to support some other element of the
structure, such as floor or roof deck. The channel section (Fig. 1.5 b) is also used for light
loads, such as for purlins and girts. The I-section (Fig. 1.5 ¢), known as universal beam, is
most commonly used for wall supported structures. Fig. 1.5 (d) shows a composite section,
made of I-section with thin web and with flat plates attached to flanges. This gives higher
percentage of material concentrated in the flange, resulting in higher elastic section modulus
for the same mass per unit length. Fig.
1.5 (¢) shows composile beam section
commonly used as gantry girders for
cranes. The bar joist shown in Fig. 1.5
() is a light, trussed beam very widely
used for floor and roof framing in lightly
loaded buildings. The flanges or chords
of such a section can be commonly seen

on railway platforms. Fig. 1.5 (g) shows
a plate-girder used for heavy loads in
buildings and bridges. Fig. 1.5 (h) shows
double-wep box girders particularly use-
ful for heavy, flexural members subjected

also to torsion or direct stress. Fig.

(o} ANGLE Ib)}CHANNEL (c)I-JOIST (d)COMPOSITE (o) COMPOSITE

1.5 (i) shows a castellated beam giving (7) BAR JOIST lp } PLATE GIRDER mw WEE
an increased depth of the rolled beam
by castellating. To obtain such a section,

a zig-zag line is cut along the beam
web by an automatic flame cutting -
machine. The two halves thus produced
are rearranged so that the teeth match @

::ﬂ[;;;; the teeth are then welded e
. FIG. 1.5. BEAM SECTIONS.
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1.5. TENSION MEMBERS

A tension member is the one which is intended to resist axial tension. Tension members
are also called ties or hangers. The cross-sectional arrangement of material in axially stressed
tension members is structurally unimportant. Cross-sections of some common tension members
are shown in Fig. 1.6,

Fig. 1.6 (a) shows an ordinary
rod frequentlyused as tensionmember @ E
in bracing buildings, and as tension > T

lal ib) {ll (1)

member in timber trusses. Wires, ropes,
bridge strand and cables, shown in Fig. ————

1.6 (b) are extremely versati'e, mostly ! | F
used for suspension structures. Fig H = E
1.6 (c) shows a flat or rectangular | -

bar once used extensively as eyebars i
(with enlarged head containing a hole

through which pin may pass) in pin FIG. 1.6. TYPICAL TENSION MEMBERS.

connected bridges. Fig. 1.6 (d) and

(¢) show single angle and double angle members extensively used in single-plane (single gusset)
trusses. Fig. 1.6. (f) and (g) show mwo angle and four angle members frequently used in light
double plane (double gusset) rivetted trusses. Fig 1.6 (h) shows a form of tension member sometimes
used for single plane trusses when bending must also be resisted in addition to axial tension.
Form shown in Fig. 1.6 (i) is used for heavier trusses, with their open sides provided with
intermittent tie plates or lattice bars as shown by horizontal dotted lines. Stuctural Tee shown
in Fig 1.6 (j) make excellent chord members for lightly loaded welded trusses, since the stem
may serve as a gussel for the attachment of single-angle or double angle web members. The
I-members (Fig. 1.6 k) are used as tension members in heavier building or bridge trusses with
double-plane construction.

1.6, COMPRESSION MEMBERS

Compression members, also called columns, struts, posts or stanchions are intended primarily
to resist compressive stress. The requirements for compression members are more demanding,
than those for tension members, since in this case the carrying capacity is a function of shapz
as well as of area and material properties. The buckling of the column in any possible direci.on
becomes a governing criterion. Some of the commonly used compression sections are shown
in Fig. 1.7.

Fig. 1.7 (a) shows solid circular sec-
tion, which is used as compression mem- @7 Q m E J L
ber in machines and special structures

such as legs of tall, guyed transmission
towers. The cylindrical tube (or hollow

circular section) shown in Fig. 1.7 (b) e e 2 e
is the optimum section for a column
with equal unbraced lengths in each
direction. Such sections are extensively

used in rubular russes. However, there = ———
are connection problems in such a sec- L)

tion. Fig. 1.7 (c) shows a square or rec- FIG. 17. TYPICAL COMPRESSION MEMBERS.
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tangular tube, where the efficiency of a circular tube may be approached and at the same time
the connection problem can be made simpler. The single angle section, shown in Fig. 1.7 (d)
are useful only for truss members and compression legs of towers.

The double angle section (Fig 1.7 ) is commonly used in trusses, while the cruciform
arrangement of the double angles (Fig 1.7 f) gives approximately equal radii of gyration in
two directions. The I-section shown in Fig 1.5 (g) is commonly used in buildings because
of its easy availability in. different sizes and ease with which it can be spliced and connected.
If the requirement of area is in excess of available section, additional plates can be attached
o the flanges as shown in Fig 1.7 (k). Fig. 1.7 (i), (/) and (k) show built-up column sections,
to carry heavy loads.

1.7. STRUCTURAL STEEL

Steel is probably the most versatile commonly used structural material. Not only is its
versatility apparent in great variety of structures for which it is used but also in many different
forms possible in a single building structure or a complex of structures. Many of the properties
of structural steel of interest to the designer can be described by the behavior of steel during
a2 simple tension tesl

The essential elements in stee! are merallic iron and the element non-metallic carbon, with
small quantities of other elements such as silicon, nickel, manganese, chromium and copper.
It is thus an alloy. Though steel is usually more than 98% iron, with other elements present
in small quantities, these other elements have pronounced effect on the properties of steel

Various iron-carbon alloys, used as structural material are of three types: (i) cast ironm,
(i) wrought iron, and (iif) steel. Cast iron has a low carbon content, while wrought iron has
high carbon content. In many ways, steels are intermediate in carbon content, between cast
iron and wrought iron. The approximate limits for carbon in steel are between (.04 to 2.25
percent, though the limits for carbon in structural steel are between 0.15 to 1.7 percert

Cast iron: Cast iron has low carbon percentage, which makes it very brittle. The first
use of cast iron as strucfural material was on a 100 ft. span bridge over Severn River at Coolbrookdate,
England built in 1779, and which is still in service. During the period 1780 to 1820, many
more cast iron bridges were built. However its use declined thereafter, because of (i) failures
due to brittle facture in tension, and (1) availability of wrought iron shapes commercially.

Wrought iron : Wrought iron has high carbon content, imparting it the ability to permit
large deformations without fracture. Due to this quality, it replaced cast iron. The wrought
iron could be formed into plates which can, in turn, be cut and shaped into structural members,
The early example of use of wrought iron was the Britannia Bridge across the Menai straits
in Wales completed in 1830,

Steel : Steel has carbon content intermediate between cast iron and wrought iron. With
the development of Bessemer process in 1856 and apcn-hmrﬂl steel-making furnace in 1864,
large quantities of steel became available for the first time. Many rolled sections, such as rolled
bars and I-shapes were made available by 1870. This resulted in the replacement of wrought
iron by steel, in construction industry, by 1890

Depending upon the chemical composition, different types of steels are classified as (i)
mild steel (i) medium carbon steel (i) high carbon steel (iv) low alloy steel and (v) high
alloy steel. Out of these, the first three types of steels are known as structural steel, commonly
used in steel structures. Indian standard 1S:800-1984 (Code of practice for general construction
in steel) is applicable to the types of structural steels covered by the following Indian Standards:
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given in Table 1.1.
TABLE 1.1  CHEMICAL COMPOSITION OF STEEL 15:226-1975

IS : 226-1975  Structural steel (standard quality)

IS : 1977-1975 Structural steel (ordinary quality)

IS : 2062-1984 Weldable structural steel

15 : 961-1975  Structural steel (high tensile)

IS : 8500-1977 Weldable structural steel (medium and high strength qualities)

Structural Steel (standard quality) IS : 226-1975

Steel in this quality is known as muld steel, designated as St 44-5 while the one in copper
bearing quality is designated as St 44-3C with copper content varying from 0.2 to 0.35%. Mild
steel is used for manufacture of rolled steel sections, rivets and bolts. Steel conforming to
IS : 226-1975 is suitable for all types of structures subjected to static, dynamic and cyclic loading,
and is suitable for welding upto 20 mm thickness. The chemical composition of this steel is

Constititenis

| Carbon ( for thickness/dia. upto 20 mm)
Carbon ( for thickness/dia. over 20 mm)

Sulphur
|__Phosphorus
The physical properties of mild steels are as under:
()  Mass : 7.85 kg/cm® (7850 kg/m”)
(iily  Young's modulus of elasticity (E): 2.04x10° MPa (or N/mm’)
(iily Modulus of Rigidity (G): 0.785 x 10° MPa (or N/mm®)
(v)  Poisson’s Ratio (u) : 0.3 (in elastic range)

(v)

Coefficient of thermal expansion or contraction : 12x10™*per®Cor6.7x 10" “per°F

1.8, STRUCTURAL STEEL SECTIONS

Structural steel is rolled into a variety of shapes and sizes. The shapes are designated
by the shape and size of their cross-section. Following are various types of rolled structural
steel sections commonly

(1)
(i)
(i)
(iv)
(v)
(v)
(vii)

(viti)

(&)

Rolled
Rolled
Rolled
Rolled
Rolled
Rolled
Rolled

steel
steel
steel
steel
steel
steel
steel

used:

beam sections (I-section)
channel sections

angle sections.
T-sections.

bars

plates.

sheets and strips.

Mild steel flats.
The dimensions and properties of all these sections are given in ‘ISI Hand Book for Structural
Engineers’, Vol. 1, Stuctural Steel Sections’.

1. Rolled Steel Beam Sections

ISI hand book gives five series of beam sections:
Junior beams, designated as ISJB (Indian Standard Junior Beams)
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(i)  Light Beams designated as ISLB

¥
(Indian Standard Light Beams) £ ['mel'
(iil) Medium Beams, designated as ISMB /——J
(Indian Standard Medium Weight Beams) b SI? e
p-1

(tv) Wide Flange Beams, designated as ISWB
(Indian Standard Wide-Flange Beams) I
and (v) H-Beams or column beams designated as ISHB '
(Indian Standard H-Beams) e i
Each beam section is designated by the series to which it belongs '
followed by the depth (in mm) of the section. For example, ISMB
400 means a beam section of medium weight, and of depth equal
to 400 mm. In some cases of wide flange beams and H-beams,
more than one section is available for the same depth. For example, r AT
there are two sections of ISWB 600; these two sections are differentiated ;—“J L‘«.
by. writing the mass of the beams per m run. Thus, we have ISWB Y
600 @ 133.7 kg/m and ISWB 600 @ 145.1 kg/m, both of these - WIDTH = b =—af
being two different sections having different properties. Similarly,
we have ISHB 300 @ 58.8 kg/m and ISHB 300 @ 63.0 kg/m giving 1o QM%M{:EI? STEEL
two different sections having different geometrical properties. Gy

2 Rolled Steel Channel Sections

IS1 hand book gives the following four series of channel sections:
(£) Junior channels designated by 1SJC
(Indian Standard Junior channels) }tﬂ"l

I
()  Light channels designated by ISLC 4 1 ]

DEPTH=h

N
%
>

(Indian Standard Light Channels) |
(i) Medium channels designated by ISMC 1 il "4"._.?['
(Indian Standard Medium Weight Channels)
: ; : = -
(iv)  Special channels designated by ISSC E 5
(Indian Standard Special Channels)
Each rolled steel channel is designated by the series 1o which a "Ziwes

metre ll:nglh Thus, we have ISLC 400 @ 45.7 kg/m, meaning thereby
that it is a light channel, having depth equal to 40) mm and mass
equal to 45.7 kg/m. A channel section has only one axis of symmetry.

it belongs, followed by its depth (in mm) and then its mass per i
[L * /"

Due to this, it is subjected to twisting or torsion, along with bending, Y
when used as a beam. Fe-wiDTH & —]
3. Rolled Steel Angle Sections : FIG. 1.9. ROLLED STEEL

: CHANNEL SECTION
ISI .hand book gives three series of angle sections:

(i) Equal angles section designated by ISA (Indian Standard Equal Angles)
(if)  Unequal angles section designated by ISA (Indian Standard Unequal Angles)
(i)  Bulb angle section designated by ISBA (Indian Standard Bulb Angles)

Since the equal angle section and unequal angle section are designated by the same series,
the width and height of the legs of the angle are also mentioned along with the series. Thus,
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1.9. METHODS OF DESIGN

Structural design is a process by which a structure required to perform a given function
is proportioned to satisfy certain performance criterion in a safe and economic way. To any
given structural performance specification, there may be a large number of solutions which
will atleast satisfy the safety criterion, although many will clearly be uneconomic. However,
one important point that should be roted is that solutions aimed at using the smallest amount
of material (ie. minimum weight designs) are very often not the most economical.

There are two philosophies for design of structures

(i) Elastic design or Working stress design (i)  Plastic design

The basic premise of the elastic design method 15 that the attainment of the yield stress

at any point in the structure marks the end of acceptable behavior. The structural components
are designed on the basis of working stress defined by the relation:

Working stress Yield stress
( or safe permissible stress) = Factor of safety
In the elastic design, the computed stresses are well within the elastic range, i.e. stresses
are proportional to strains. In terms of a beam, for example, the safety criterion in working
stress design may be expressed as

b= - o )

where [, is the unit stress at the extreme fibre of the beam cross-section, caused by the
maximum service load moment M and computed under the assumption that the beam is elastic,
op = allowable stress obtained by dividing the limiting stress, such as yield stress (fy) or the
buckling stress f, by a factor of safety (F; or Fy').

In the plastic design method, the usefulness of the material is limited upto ultimate load
(or collapse load). The method, while taking account of the plastic extension of steel, is able
to predict the load which should just cause the structure to collapse. This method has its
main application in the analysis and design of statically indeterminate structures. The plastic
design in limir state terms is, in fact, based on the ultimate limit state of collapse. This method
provides the margin of safety in terms of load factor. Thus, the working load is determined
in terms of collapse load and appropriate load factor by the following relationship :
Collapse load
Load factor

Indian Standard Code IS:800-1984 (Code of practice for general construction of steel)
recommends the following methods of design of steel frame work:

1. Simple design

2. Semi-rigid design,
and 3. Fully rigid design.

1. Simple Design

This method applies to structures in which the end connections between the members
are such that they will not develop restraint moments adversely affecting the members and
the structure as a whole and in consequence the structure may, for the purpose of design,
be assumed to be pin-jointed.

The method of simple design involves the following assumptions (IS :80(-1984):

(£) The beams are simply supported.

(#y  All connections of beams, girders or trusses are virtually flexible and are pro-

portioned for the reaction shears applied at the appropriate eccentricity.

Working leoad =
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() Members in compression are subjected to forces applied at the appropriate
eccentricities with the appropriate effective length.

(¢v)  Members in tension aresubjected to longitudinal force applied over the ner area
of the section.

2 Semi Rigid Design

This method assumes parfial fividity at the ends and hence as compared to the simple
design method, permits a reduction in the maximum bending moment in the beams suitably
connected 1o their supports. It thus provides a degree of direction fuidity, and in the case of
triangulated frames, it permits account being taken of the rigidity of the connections and the
moment of interaction of members. In cases where this method of design is employed, calculations
based on general or particular ex-

perimental evidence shall be made to ]imp CLIP ANGLE 8=0
show that the stresses in any part of ¥ ILIGHT SECTION) SUPPORTING
the structure are not in excess of those MEMBER

laid down in the code, Stress investiga-
tions may also be done on the finished
structure for assurance that the actual 5 L
stresses under specific design loads are -
not in excess of those laid down in IS
: BO0-1984.

3. Fully Rigid Design

This method, as compared with the
methods of simple and semi-rigid designs YOP CLIP ANGLE 1
gives the greatest rigidity and economy Eﬁ""'“"lmﬂ section: e
in the weight of steel used when applied —— UBEuNTiNe
in appropriate cases. The end connec-
tions of the members of the frame shall
have sufficient rigidity to hold the
original angles between such members

and the members they connect virtually L:.IF{_"“T ANGLE

‘#1 SEAT ANGLE

(i} CONNECTION lii) SIMPLE JOINT
lal SIMPLE COMNECTION

2\
i |

unchanged. Unless otherwise specified, {11 CONNECTION (1) SEMI-RIGID JOINT
the design shall be based on theoretical
methods of elastic analysis and the cal- (b) SEMI~RIGID CONNECTION
culated stresses shall conform to the -
relevant provisions of IS : 800-1984. Al- / | Eﬁlﬁf:&ﬁ:}ﬁ
ternatively, it shall be based on the prin- n
ciples of plastic design. = |
The end connection behavior which ¥ E FRAMING )
distinguishes the three types of construc- & NS
tion (and hence the three types of design) = = =
are lllustraled_ in Fig. 1.13. \ et ik
In the strict sense of term, all con-
nections are semi-rigid, complete U1 ) CONNECTION {i1) RIGID JOINT
flexibility and complete rigidity being i) RIGID COMMNECTION

ideal conditions which cannot be at-
JOINT BEHAVIOUR.
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angles (i.e. wop clip angle and bot-
tom seat angle shown in Fig 1.13
a) have some moment of resis-
tance, and due to this the sup- H0O%M
porting member (Le. column)
rotates slightly, Similarly, in rigid
connection (such as shown in

RIGID CONNECTION

BOYM, SEMIRIGID CONNECTION

Fig.1.13¢), t*:lasuﬂ de:[n:;rma}mn of = 60%M, BEAM LINE FOR UNIFORMLY
Lhe connceting malengl. rivet or - LOADED BEAM
bolt, slip or deformation of ele- & a0%M,
ments of supporting members SIMPLE CONNECTION
(such as column f{langes), permit x 20%M,
some difference in angular rota- g
tion (€' # &) of the joined mem-
bers. Cc €,

Fig. 1.14 shows typical end END ROTATION. @ (RAD)
moment-rotation curves for the i _wL?
three types of connections dis- M Flind-eng Momeak- for- Uk Li=%

3

Gl SHoE Bp= End Rotation for Simply Supported Beam with UDL.= 2L

Experimentally Based 24ET

Design : IS 800-1984 recommends FIG. 1.14. TYPICAL END MOMENT-ROTATION CURVES FOR

. v ;
that where the structure is non- ARIOUS TYPES OF CONNECTIONS

conventional or of complex nature, the design may be based on full scale or model tests subject
to the following conditions @~

(@) A full scale test of prototype structure may be done. The protoype shall be accurately
measured before testing to determine the dimensional tolerance in all relevant parts of the
structure ; the tolerances then specified on the drawing shall be such that all successive structures
shall be in practical conformity with the prototype. Where the design is based on failure loads,
a load factor of not less than 2.0 on the loads or load combinations shall be used. Loading
devices shall be previously calibrated and care shall be exercised to ensure that no artificial
restraints are applied to the prototype by the loading systems. The distribution and duration
of forces applied in the test shall be representative of those to which the structure is deemed
to be subjected.

(b) In the case where the design is based on the testing of a small scale model structure,
the model shall be constructed with due regard for the principles of dimensional similarity.
The thrusts, moments and deformations under working loads shall be determined by physical
measurements made when the loadings are applied 1o simulate the conditions assumed in the
design of actual structure.

1.10. STANDARD SPECIFICATIONS AND CODES OF PRACTICE

A steel structure, before completion, passes through three phases: (f) analysis and design
(i) fabrication, and (i) erection or construction. Thus, apart from the owner, other parties
that are involved in the construction of a structure are (a) the designers (b) fabricators, and
(c) the erectors. The design is based on the strength of available materials, fLe structural steel,
rivets, bolts, pins, weld and other connecting components. An economical design can not be
produced unless uniform data about material strength are available. For this it is essential
that the used materials are manufactured ding to certain standards. The presence of standard
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specifications and widely accepted codes of practice for the use of structural steel would give
rise of most economical design. Many advanced countries like US.A,, UK., USSR, Japan,
etc have envolved their own standards and code of practice. India is also one of the leading
country in this aspect and Bureau of Indian Standards (BIS), formerly known as Indian Standard
Institution (ISI) is doing this job of preparing standards and codes of practices in India. [SI
published the first code of practice entitled Use of Structural Steel in General Building Construction’,
and designated as IS : 800 was published in 1956. The code was subsequently revised in 1962,
and its latest revision was made in 1984. The following is the list of useful IS Codes:

1.
2.

3.
4.

oofe = o

11.

12
13

14.
15
16.
17.
18.
19.
21.

22,

IS : 226-1975
IS : 456-1978
IS : 723-

IS : 800-1984
IS : 806-

IS : 80OB-1989
IS : 812-1957
IS : 813-1961
IS : B16-1969
IS : 819-1957
IS : 875-1964
IS : 961-1975
IS @ 1024-1979
IS : 1148-1973
IS : 1149-1982
IS : 1161-

IS : 1173-

IS : 1252-

IS : 1261-1939
IS : 1278-1972
IS : 1323-1962
IS : 1363-1967
IS : 1364-1967
IS : 1730-

Structural steel (standard quality) (fifth revision)

Code of practice for plain and Reinforced concrete

(Third revision)

Mild steel wire nails.

Code of practice for General Construction in steel

(second revision)

Use of steel tubes in General construction in steel

Hot Rolled steel Beams, channels and angle sections
Glossary of Terms relating to welding and Cutting of Meltals
Scheme of symbol for Welding

Code of Practice for use of Metal Arc Welding for General
Construction in mild siweel (first revision)

Code of Practice for resistance spot welding for light assem-
blies in mild steel

Code of Practice for structural safety of Buildings ; Loading
standards (revised)

Structural steel (High tensile) second revision)

Code of practice for use of welding in bridges and structures
subject to dynamic loading (first revision)

Hot-rolled steel rivet-bars (up to 40 mm dia.) for structural
purposes (second revision)

High tensile steel rivet bars for structual purposes.

Steel tubes for structural purposes

Rolled Steel section, Tee-Bars

Rolled stee! seclions, Bulb-Angies

Code of Practice for seam welding in Mild steel

Filler Rods and wires for Gas Welding (second revision)
Code of practice for oxy-acetylene Welding for structural
Work in Mild steel (revised)

Black hexagon bolts, nuts and lock nuts (dia. 6 to 39 mm)
and Black Hexagonal screws (dia. 6 to 24 mm) (first revision)
Precision and Semi-precision hexagon bolts, screws, nuts and
lock nuts (dia. range 6 to 39 mm) (first revision)
Dimensions for steel plates, sheets and strips for structural
and General Engineering purposes.
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25, IS : 1731- Dimensions for steel flats for structural and General Engin'-
eering purposes

26. IS : 1732- Dimensions for Reund and square sieel Bars for structural
and General Engineering purposes.

27, Is : 1911- Schedule of unit weight of materials

28. IS : 1929-19%61 Rivets for General Purposes (12 to 48 mm dia.)
29. IS : 1977-1975  Structural steel (ordinary quality) (second division)
0. 15 : 2062-1984  Weldable Structural steel (third revision)
31. IS : 2155-1962  Rivets for General Purposes (below 12 mm dia.)
32. IS : 2585- Black square Bolis and Nuts and Black square screws
33, IS5 : 3640-1967  Hexagon fit Bolts.
34. IS : 3757-1972  High-tensile friction Grip Bolts (first revision)
35. IS : 4000-1967  Code of Practice for assembly of structural joints using High
Tensile friction Grip fasieners
. IS : 6623-1972  High Tensile Friction Grip Nuts.
37. IS : 6639-1972  Hexagon holts for steel structures
. IS : 6649-1972  High Tensle Friction Grip Washers
39. IS : 7205-1974  Safety Code for Erection of structural steel work
40. IS : 83500-1977  Weldable structural steel (medium and high strength qualities)
41. 15 : 9395-1980 Recommendations for Metal Arc Welding of carbon and Carbon
Mapganese steels.
In addition to the above, IS! has published the following hand books:
I. Hand book for structural Engineers : 1 (Structural Steel Sections)
2. Hand book for structural Engineers : 2 (Steel Beams and Plale Girders)
3. Hand book for structural Engineers : 3 (Steel Column and Struts)

Apart from ISI, the Jndian Road Congress (IRC), and Ministry of Railways and Railway
Board have also prepared and published specifications for construction of structures in structural
steel.

For design of Railway Bridges, the following publications are useful :

(£) Bridge Rules

(i) Steel Bridge Code

For design of High Way Bridges, Indian Road Congress has specified general features
of design, loads and stresses and detailed specifications in their publication: Standard Specification
and Code of Practice for Road Bnidges, Sections I ro IX.

In the United States of America, specifications for the design, fabrication and erection
of structural steel buildings have been prepared by American Institute of Steel Construction
(AISC) through its popular publication ‘Manual of Steel Construction’ (AISCM). For designs
of specific nature, the fﬂllﬂwmg specifications are followed:

AlSI : American [ron Steel Institute Specifications
AWS : American Welding Society Specifications
AASHTO : American Association of State Highway and Transportation

Official Specification.
AREA : American Railway Engineering Association Specifications
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SJI : Steel Joist Institute Specifications
USASI : U.S. American Standard Institute Specifications
USBPR : U.S. Bureau of Public Roads Specifications

In Britian, Australia and USSR, the following publications are widely followed by the
designers:

BS 449 (Part II) : Specifications for use of structural steel in Building ;

Part II : Metric Units. British Standard Insitution.
AS 1250 : SSA Steel Structure Code. Standards Association of Australia.
SNIP-II-V3 : Code of Practice for design of steel structures of the USSR

. State Committee for construction.

1.11. MERITS AND DEMERITS OF CONSTRUCTION IN STRUCTURAL STEEL

Construction in Structural Steel has the following muerits:

1. High strength : Structural Steel has high strength per unit weight. Due to this, the self
weight constitutes very small part of the load that can be supported by the steel structure.
Due 1o this, steel members are slender or small in size (in comparison to R.C.C. members),
resulting in more available space in the structure. This property is important in design of structures
such as tall buildings, long-span bridges and air-plane hangers.

2. Easy Transportation : Because of its small size and self weight, the steel member can
be easily transported.

3. Easy Fabrication, Erection and Replacement: Sicel structural components possess ease of
fabrication and speed of erection, and they can be readily diassembled or replaced. They can
also be used as pre-fabricated members.

4. Elasticity: Steel follows Hooke’s law upto high values of stress, in both tension and
compression, and its behaviour can be predicted quite accurately, in contrast to reinforced
cement concrete.

5. Ductility: Because of its ductility (Le. ability to undergo large deformations without fracture),
steel is able 1o resist sudden collapse. Many of the simplifying assumptions used in structural
steel design can be justified because of the ductility of steel.

6. Uniformity: Greater control is exercised in the manufacture of steel. Hence both the
properties of steel and uniformity of structural shapes can be assured. This eliminates the need
to over-design a member because of uncertainty about the steel.

7. Strengthening of existing structure: Existing structures can be easily strengthened by connection
of additional plates or sections.

8. Gas and Water Tightness: Because of high density of steel, and because of improved
welding processes, steel structures can be made water-tight and gas tight

9. Easy Inspection and Maintenance : Steel structures, can be easily inspected, and hence
it maintenance is easy.

10. Longer Life: Steel structures are known to have long service life.
11. Scrap Value: Even at the end of its useful life it has scrap value.
However, inspite of the above numerous merits, steel structures have the following demerits.

. High Cost of Construction: Steel structures have relatively higher cost of construction
in comparison to R.C.C. structures.
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2. High Maintenance cost: Exposure 1o water and air has a devastating effect, because of
corrosion. This requires painting of steel structures on a periodic basis, resulting in high maintenance
cost. However, in the case ol weathering steel, a protective layer having an attractive red-brown
colour 15 formed when it oxidizes under exposure to air and water, and hence painting is not
required.

3. Poor fireproofing: In case of fire, the rise in temperature results in drastic reduction in
the strength of steel. Steel at 1000° F has about 65% of the strength at normal temperature,
and at 1600°F, it is about 15% only. Such a drastic reduction results in collapse of structure.
Hence steel should be covered by insulating material,

4. Buckling: Because of the slender size, compression members of steel tend to fail due
to buckling rather than to a lack of material strength. Hence additional steel is required to
stiffen the member and prevent buckling.

5. Fatigue: A structural member subject to many stress reversals or even large changes
in either tension or compression may fracture due to fatigue.



Loads and Stresses

2.1. INTRODUCTION

The basic requirement of any structure or structural component is that it should be strong
enough to carry or support all possible types of loads to which it is likely 10 be subjected.
Loads coming on a structure may be divided into three categories:

1. Dead loads

2. Live loads and forces (super-imposed loads)

3. Wind loads

In a building, the dead load consists of weight of all permanent construction (Such as
walls, partitions, floors etc), including fixed equipment such as plumbing, air conditioning and
stationary machines or other mechanical devices. In the case of a bridge, dead load includes
weight of deck, tracks, side walks, railings, lighting fixtures etc, and of course the main structural

frame.
Live loads and forces are the one which are always dynamic, atleast in principle. In a
broad sence, live loads and forces include the following :

Loads due to occupants

Movable machinery, equipment, furniture, merchandise
Snow load

Fluid pressure

Earth pressure

Earthquake forces

Blast forces

8 Thermal forces

and 9. Wind forces.

The first three of the above forces are generally called as super-imposed loads in buildings.
Since wind forces are quite prominent in tall structures (such as buildings, chimneys, water
tanks, towers etc), they are normally grouped in a separate category.

2.2. DEAD LOADS

The dead load in a building shall comprise the weight of all walls, partitions, floors and
roofs and shall include the weights of all other permanent construction in the building. Such

(19
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TABLE 1.1. IMPOSED FLOOR LOADS FOR DIFFERENT OCCUPANCIES (IS : 875 -1987)

e ——

S.N. Occupancy Classification Uniformly Distributed load | Concentrated Load (N}
UDL (kN/m™)
L. Residential Buildings
(iy Dwelling Houses 20-—-30 18—-45
(i) Hotels, hostels, boarding houses, lodging 20— 4.0 18—45
houses, dormitories, residential clubs
(i1} Boiler rooms and plant rooms 5.0 6.7
{rv) Store rooms 5.0 4.5
(v) Garrages 25-3 9.0
(wi) Balconies 3 1.5 kN/m at the outer edge
2, Educational Buildings
(i) Class rooms, restaurants, offices, staff rooms, 2-30 2.7
kitchens. toilets
(1) Store rooms etc. § 4.5
(#21) Libraries and archives 6.0 kN/m"® for a min. height 4.5
of22m + 20kN/m’ per
m additional heyght
{iv} Reading rooms 30-40 4.5
(v} Corridors, lobbies, staircases 4.0 4.5
(vi) Boiler rooms and plant rooms 4.0 4.5
(vif) Balconies Same as for rooms with a 1.5 kN/m at the outer edge.
min. of 4
kX Institutional buildings
(i) Bed rooms, wards, dormitories, lounges 2.0 1.8
(ir) Kitchens, laundaries, laboratories, dining 20-130 27 =45
rooms, cafetena, toilets,
(it} Corridors, passages, lobbies, staircases 4.0 45
(v} Office rooms and OPD rooms 2.5 2.7
(vi}) Boiler rooms and plant rooms 5.0 45
(vii) Balconies Same as for (2 wif) Same as for (2 vir)
4, Business and office buildings
(i} Rooms with separate store 2.5 2.7
(i) Banking halls 30 2.7
(it} Vaults and strong rooms 50 4.5
{nv) Record rooms/store rooms 3.0 4.5
5. Mercuntile Buildings
() Retail shops 4.0 3.6
(i) Wholesale shops 6.0 (min.) 4.5 (min.)
(iffy [hning rooms, restaurants, cafeteria 3.0 2.7
{iv) Corridors, passages, staircases 40 4.5
(v) Office rooms IE__ 2.7
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horizontal forces. The values given in Table 2.4 are minimum values and where values for
actual loadings are available, they shall be used instead.

(b) Gradstands and the like. Grandstands, stadia, assembly platforms, reviewing stands and
the like shall be designed to resist a horizontal force applied to seats of (.35 kN per linear
metre along the line of seats and 0.15 kN per liner metre perperdicular to the line of seats.
These loadings need not be applied simultaneously. Platforms without seats shall be designed

to resist a minimum horizontal force of 0.25 kN/m’ of plan area.

TABLE 2.3 IMPOSED LOADS ON VAROUS TYPES OF ROODFS

SL Roof Uniformly distributed imposed load Minimum load
No, Type of measured on plan area -nvw,uﬁn
(£} Flat, sloping or curved
roof with slopes up to
and including 10 degrees
a) Access provided 1.5 kN/m* 3.75 kN uniformly disinbuted over any

span of one metre width of the roof slab
and 9 kN uniformly distributed over the
span of any beam or truss or wall

b) Access not 0.75 kN/m> 1.9 kN uniformly distributed over any
provided except for span of one metre width of the roof slab
maintenance and 4.5 kN uniformly disinbuted over

the span of any beam or truss or wall
e

(i) | Sloping roof with slope| For roof membrane sheets or purlins ; Subject to a minimum of 0.4 kN./m’

greater than 10 degrees | .75 kN/m? less 0.02 kN/m’ [or every degree

increase in slope over 10 degrees

L ]

(@) | Curvedroofwithslopeof| 975 ~ 0.524%) kN/m® where Subject to a minimum of 0.4 kN/m’
line obtained by joining| . =

springing point 10 the| h = the height of the highest point of the
crown  with  the structure measured from its springing;

horiozontal, greater than and I
10 degrees [ = chord width of the roof if singly curved

and shorter of the two sides if doubly

curved

Alternatively, where structural analysis can
be carried our for curved roofs of all siopes
in a simple manner applying the laws of
stalistics, the curved roof shall be divided into I
minimum & equal segments and for each

segment imposed load shall be calculated
appropriate 10 the slope of the chord of each
segment as given in () and (i) above

NOTE :

1. The loads given above do not include loads due to snow, rain, dust collection, ctc. The roof shall
be designed for imposed loads given above or for snow/rain load, whichever is grealer.

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.
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TABLE 2.4. HORIZONTAL LOADS ON PARAPETS, PARAPET WALLS AND BALUSTRADES

SL Ne. Usage area Intensily of horigontal l
load, kNim run
'0) Light access stairs gangways and the like not more than 600 mm wide 0.25 i
(i) Light access stairs, gangways and the like, more than 600 mm wide; stairways, 0.35
landings, balconies and parapet walls (private and part of dwellings)
(i) | Al other stairways, landings and balconies, and all parapets and handrails 1o roofs 0.75
except those subject to overcrowding covered under (iv)
{iv) Parapets and balustrades in place of assembly, such as theatres, cinemas, churches, 225 |
schools, places of entertainment, sports, buildings likely to be over-crowded
k e r—

NOTE : In the case of guard parapets on a floor of multi-storeyed car park or crash barriers provided
in certzin buildings for the escape, the value of imposed horizontal load (together with impact load)
may be determined.

4. Loading effects due to impact and vibration

(a) Impact allowance for lifis, hoists and machinery, The imposed loads specified in (1) above
shall be assumed to include adequate allowance for ordinary impact conditions. However, for
structures carrying }oads which induce impact or vibration, as for as possible, calculation shall
be made for increase in imposed load, due to impact or vibration. In absence of sufficient
data for such calculation, the increase in the imposed loads shall be as foliows :

Structure Impact Allowance (min.)
(#) For frames supporting lifts and hoists 100 percent
() For foundations, feotings and piers supporting
lifts and hoisting apparatus 40 percent
(wi) For supporting structures and foundations
for light machinery, shaft or motor units 20 percent

(iv) For supporting structures and foundations
for reciprocating machinery or power units 50 percent

(b) Concentrated imposed loads with impact and vibration : Concentrated imposed loads with
impact and vibration which may be due to instalied machinery shall be considered and provided
for in the design. The impact factor shall not be less than 20 percent which is the amount
allowable for light machinery. Provision shall also be made for carrying any concentrated equipment
loads which the equipment is being installed or moved for servicing and repairing.

(c) Impact allowances for crane girders : For crane gantry girders and ﬁupporung columns,
to following allowances shall be deemed to cover all forces set up by vibration, shock from
slipping or slings, kinetic action of acceleration, and retardations and impact of wheel loads

(Table 2.5).
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TABLE 2.5. IMPACT ALLOWANCES FOR CRANE GIRDERS.

Type of load Additioral load
()  Vertical lpads for eleciric overhead cranes (/) 25% of maximum static loads for crane girders [or all
classes of cranes
(ffy 25% for columns supporting class Il and class IV
cranes

(iti) 10%% for columns supporting class | and class II cranes
(iv) No addional load for design of foundations I

(b)  Vertical lvads for hand opcrated cranes 1056 of max. wheel loads for crane girders only

{¢c)  Horizontal forces transverse to rails 10% of weight of crab and the weight lifted by the cranes,
1. For electric over head cranes with trolley having rigid{ acling on any one crane track rail, acling in either
mast for suspension of lifted weight (such as soaker crane,| direction and equally distributed amongst all the wheels
siripper crane elc.) on one side of rail track.

For frame analysis this force shall be applied on one side

of the frame at a time in either direction.

2. For all other electric over head cranes and hand| 3% of weight of crab and the weight lifted by the cranes,
operated cranes acling on any one crane track rail, acting in either
direction and equally distributed amongst the wheels on
one side of rail track.

For the frame analysis, this force shall be applied on one
side of the frame at a time in either direction.

(d)  Horizontal traction forces along the rails
| For over head cranes, either electrically operated orhand | 5% of all static wheel loads
operated.

Note : See 1S : B07-1976 for classification (classes | to 4) of cranes.

Forces specified in (¢) and (d) shall be considered as acting at the rail level and being appropriately
transmitted 10 the supporting system. Gantry girders and their vertical supports shall be designed on the
assumption that either of the horizontal forces in (¢) and (d) may act at the same time as the vertical
load.

2.4. WIND LOADS

1. General

Wind is the air in motion relative to the surface of the earth. Since the vertical components
of atmospheric motion are relatively small, specially near the surface of the earth, the term
‘wind’ denotes almost exclusively to horizontal wind. Wind pressure, therefore, acts horizontally
on the exposed vertical surfaces of walls, columns, chimneys, towers etc and inclined roof surfaces.

The primary cause of wind is traced to differences in solar and terrestrial radiations setting
up irregularities in temperature which give rise to convection either upwards or downwards.
Gravity is the operative force working in some cases through the agency of pressure difference.
The wind velocities are assessed with the aid of anemometers or anemographs which are installed
at melteorological observations at heights generally varying from 10 to 30 metres.

All exposed structures are affected to some degree by wind forces. The liability of a building
to high wind pressures depends not only upon the geographical location and proximity of other
obstructions to air flow but also upon the characteristics of the structure itself.
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The effect of wind on the structure as a whole is determined by combined action of external
and infernal pressures acting upon it,

2. Basic wind pressures

In the majority of structures, il is satisfactory 10 treat wind as a siatic load. The factors
which determine the proper equivalent static pressure (p.) are best under stood through the
following equation presented by Davenport (1960) :

F.g - C’; ‘ Cp . Cg . q ___{2_1]

where C; = a coefficient depending upon the shape of the structure
C. = acoefficient dependant upon nearby topographic features

C, = a pgust coefficient dependent upon the magnitude of gust velocities and size
of the structure

q = dynamic-pressure intensity, given by

g = %F vh +{Z2)
where p = air density

vy = design wind welocity at height H (the height above grovnd at which p, is
evaluated, or a characteristic height of the structure).

Also, Vi = W {i:i ]lm -(2.3)

- where vy = basic design wind velocity at height h (the height selected as standard for
the measurement of wind velocities).

a = an exponent for the velocity increase with height determined by the surface
roughness in the vicinity of the site and other influences.

Combining Eqgs. 2.1 through 2.3, we get

2@

" =%c,.c¢.,cg,ppﬁ[%} (24)

). Design wind speed as per IS : B75-1987
The design wind speed (I; ) is obtained by multiplving the basic wind speed (V;) by the
factors k; , k: and Ky :

V. = Vy . ky. k2. ks (2.5)

where Vp = the basic wind speed in m/s at 10 m height (Fig. 2.1 and Table 2.6)
k, = probability factor (or risk coefficient)
k. = terrain, height and structure size factor
k; = topography factor.
3.1 Basic wind speed : For basic wind speed, India has been divided into six zones.

Fig. 2.1 gives basic wind speed map of India, as applicable to 10 m height above mean ground
level. Basic wind speed for some important cities/towns is given in Table 2.6



TABLE 2.6. BASIC WIND SPEED IN SOME IMPORTANT CITIES/TOWNS
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City/Town Basic Wind Speed (mis) Cityitown Basic Wind Speed (mis)
Agra 47 Jhansi 47
Ahmadabad 39 Jodhpur 47
Ajmer 47 Kanpur 47
Almora 47 Kohima 44
Amritsar 47 Kurnool 39
Asansol 47 Ishadweep 39
Aurangabad 39 Lucknow 47
Bahraich 47 Ludhiana 47
Bangalore i3 Madras 50
Barauni 47 Madurai 39
Rareilly 47 Mandi 39
Bhatinda 47 Mangalore 39
Bhilai 39 Maradabad 47
Bhopal 39 Mysore 33
Bhubaneshwar 50 Nagpur 44
Bhuj 50 MNainital 47
Bikaner 47 Masik 39
Bokaro 47 Nellore 50
Bombay 44 Panjim 39
Calcutla 50 Patiala 47
Calicut 39 Patna 47
Chandigarh 47 Pondicherry 50
Coimbatore 9 Port Blair 34
Cuttack 50 Pune 39
Darbhanga 55 Raipur 39

| Darjeeling 47 Rajkot 39

| Dehra Dun 47 Ranchi 39
Delhi 47 Roarkee 39
Durgapur 47 Rourkela 39
Ganglok 47 Simla ~ 39
Gauhati 50 Srinagar 39
Gaya 39 Sural 44
Gorakhpur 47 Tiruchchirrappalli 47
Hyderabad 44 Trivandrum 39
Imphal 47 Udaipur 47
Jabalpur, 47 Vadodara dd
Jaipur 47 Varanasi 47
Jamshedpur 47 Vijaywada 50

Visakhapatnam S0

3.2 Probability factor (or risk coefficient) : &,

Basic wind s

given in Fig. 2.1 have been worked out for 50 years return period.
The design life of structure is based on the functional aspect as well as the importance of
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the structure. The factor &, is based on statistical concepts which take account of the degree
of reliability required and period of time in years during which there will be exposure to wind,
iLe. life to the structure. If the suggested life of the structure is more than 50 years (such
as nuclear power reactors, satellite communication towers etc.), factor k; is found by the relation

—B[Ing,{—f—lflng,{l-ﬁ}”

Xn.p
ky = —=
' Xuee A+ 4B (&)
where 70°
N = mean probable design life .
of structure in years, =T i
Py =risk level in N years
(nominal value= 0.63),
Xy p =extreme wind speed for .| 4ot .
given values of N and foo el
Py and X oss=extreme wind s e
speed for N = 50 years and ool A s s e R e
Py = 0.63 e T RS oY .= i
R B ” |||
A and B are coefficients O T LTS
having following values for dif- > "o H A | -
ferent wind speed zones : = Al — L—T;?
Zone A B }i\ e i‘:f: e
3 ms 832 92 et ,\ = i L :
39 ms 840 14.0 'l\_ i » ¥
44 ms 880 18.0 ‘Mﬂ' s :
47 m/s 88.0 20.5 ol *i’i ; a4 2 | &
S0 ms 8838 228 l m[h » :
55 m/fs 90.8 27.3 ) ) = . ,
70° = 8o® o® 3 #5°
The value of k; are given FIG. 2.1. BASIC WIND SPEED
in Table 2.7
TABLE 2.7. VALUES OF FACTOR k;
Class of structure Mean probable ki factor for basic design speed (mis)
design life of
vears) | 3 | ¥ | M | 47| S0 | S8
1. All general buildings and structures 50 1.0 1.0 1.0 1.0 1.0 1.0
2. Temporary sheds and structures under construction 5 082 | 076 | 073 | 0.71 | 0.70 | 0.67
3. Buildings and structures presenting a low degree of 25 094 | 092 | 091 | 09 09 | 089
hazard to life and property in event of failure
4. Important buildings and structures such as hospitals 100 105 | 106 | 107 | 1.07 | 108 | 1.08
and communication buildings (towers, power plant

siructures eic.
1
-
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3.3 Terrain, height and structure size factor (k; factor)
This factor takes into account terrain roughness, height and size of structure.

Terrain categories : Selection of terrain categories is made with due regard 10 the effect

[ obstructions which constitute the ground surface roughness. The terrain on which a specific
tructure stands is grouped under the four categories.

Category 1 : This represents exposed open terrain with few or no obstructions and in
+hich the average height of any object surrounding the structure is less than 1.5 m. This includes
pen sea coasts and flat treeless plains.

Category 2 : This represents open terrain with well scattered obstructions having height
senerally between 1.5 1o 10 m. This includes air fields, open park lands and underveloped

sparsely built-up outskirts of towns and suburbs. Open land adjacent to sea coast may also
e included in this cateogry.

Category 3 . This represents terrain with numerous closely spaced obstructions having the
size of building structures upto 10 m in height with or without a few isolated tall structures.
This catepory includes well wooded areas, and shrubs, towns and industrial areas fully or partially
developed.

Category 4 : This represents terrain with numerous large high closely spaced obstructions.

This category includes large city centres, generally with obstructions above 25 m and well developed
industrial areas fully or partially developed.

TABLE 2.8. VALUES OF FACTOR k:

Height Terrain Category 1 Terrain Calegory 2 Terrain Calegory 3 Terrain Category 4
(m) [~ I
Class Class Class Class
A B C A B C A B C A B c

14}.. . 1.05 1.03 0.99 1.0d) 0.98 0.93 0.91 0.88 0.B2 0.80 0.76 0.67
15 1.09 1.07 1.03 1.05 1.02 0.97 0.97 0.94 0.87 0.80 0.76 0.67
20 1.12 1.10 1.06 1.07 1.05 1.00 1.01 0.98 0.91 0.80 0.76 0.67
A 1.15 1.13 1.09 1.12 1.10 -1.04 1.06 1.03 0.96 0.97 0.93 0.83
50 1.20 1.18 1.14 1.17 1.15 1.10 1.12 1.09 1.02 1.10 1.05 0.95
100 | 126 | 124 | 120 | 124 | 122 | 117 | 120 | 117 | 110 | 120 | 115 | 105
150 1.30 1.28 1.24 1.28 1.25 1.21 1.24 1.21 1.15 1.24 1.20 1.10
200 132 1.30 1.26 1.30 1.28 1.24 1.27 1.24 1.1E 1.27 1.22 1.13
250 1.34 1.32 1.28 132 1.3 1.26 1.29 1.26 1.20 1.28 1.24 1.16
300 1.35 1.34 1.30 1.34 132 1.28 1.1 1.28 1.22 1.30 1.26 | .1.17
350 1.37 1.35 1.31 1.36 1.34 1.29 1.32 1.30 1.24 1.3 1.27 1.19
400 1.38 [.36 1.32 1.37 1.35 1.30 1.34 1.31 1.25 1.32 1.28 1.20
450 1.39 1.37 1.33 1.38 1.36 131 1.35 1.32 1.26 1.33 1.29 1.21

. 500 1.40 1.38 1.34 1.39 1.37 1.32 1.36 1.33 1.28 1.34 1.30 1.22

Nole : Intermediate values may be obtained by linear interpolation. Il is permissible lo assume constant wind
speed between two heights, for simplicity.

Structure size : Buildings or structures are classified into the following three different
classes depending upon their size (iLe., greater horizontal or vertical dismension).
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Class A : Structures having maximum dimension less than 20 m
Class B :  Structures having maximum dimension between than 20 to 50 m
Class C :  Structures having maximum dimension greater than 50 m.

Height : The design wind speed is a function of height at which the design wind speed
is being computed. Table 2.8 gives the values of k; factor, to obtain design wind speed variation
with height, in different terrains and for different classes of building structures. It should be
very clearly noted that for a given structure, out of the three factors k, , k; and k; , factors
ki and k; are fixed depending upon zone, life of structure, terrain category and class of structure
while factor k; varies with the height of the element (of the structure) at which the design
wind speed is being computed.

3.4, Topography factor
k; : The basic wind speed
Ve given in Fig. 2.1 takes into ION AFFECTED Y TOPOGRAPHCAL
account of the general level Fﬁ‘ T5La  CREST 24 Le
of site above sea level. This A
does not allow for local
topographic features such as
hills, valleys, cliffs, escarp-
ments, or ridges which can
significantly affect wind ~ve UPWIND | + va DOWNWND
speed in their vicinity. The GENERAL NOTATIONS
effect of topography is to ac-
celerate wind near the sum-
mits of hills or crests of cliffs,
escarpments or ridges and
decelerate the wind in valleys or near the foot of cliffs, steep excarpments or ridges.

The effect of topography will be
significant at a site when the upwind
slope ( @ ) is greater than about
3°, and below that, the value of &y may WIND
be taken to be equal to 1.0. The value . 177, DOWNWIND SLOPE > 3°
of k; (confined in the range of 1.0 to l
1.36) for slopes greater than 3° is given 8 |
by

ki e libde 27 {a) CLIFF AND ESCARPMENT

FIG. 2.2. GENERAL NOTATIONS

CREST

where C has the following values :

51 Valu C
ope alue of -

)2

L

> 17 0.36
where £ is the height of crest or
hill and L is the projected length of (b} MILL AND RIDGE
upwind zone from average ground level

to crest in wind direction (Fig. 2.2) FIG. 23. TOPOGRAPHICAL FEATURES

< §-< 17° 12 (3)
DOWNWIND SLOPE <3*
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Factor s is determined from Fig.
2.4 for cliffs and escarpments and
from Fig. 2.5 for hills and ridges.
In Figs. 2.4 and 2.5, H is the height
of the crest above ground level and,
x is the distance from the summit
or crest relative to the effective length
L.. The effective horizontal length
of the hill, depends upon the slope
8, and its value will be as under:

Slope Le
I<B<17 L
> 17° .8
0.3 FIG. 24. FACTOR s FOR CLIFF AND ESCARPMENT

where Y is the effective height
of the feature. The influence of topographic features is considered by modifying the effective
length as follows :

Up wind effective length

=15 L. CREST CREST -

Downwind effective length aj i
=25L, I : 5

4. Design wind pressure H R —n-!--....____

The design wind pressure at any o 02 e
height above mean ground level is osl IR e
obtained by the following relation- :,':&B e
ship : r.:_ _.=-——""‘ :

: 45 -0 -u-s o3 s 20 25
p: =06 ..{2.8) UPWIHO DONNWING ¢

where p: = design wind pressure
in N/m’ at height z

V: = design wind velocity

in m/s at height z

- FIG. 25. FACTOR s FOR RIDGE AND HILL

5. Design wind loads

The wind load on a huilding shall be calculated for the following:
(@) The building as a whole

(b) Individual structural members

(c) Individual structural elements (such as roofs and walls)

(d) Individual structural units (such as glazing and fixing)

6. Wind load on building as a whole
The total wind load on a particular building or structure is given by

F = Cr.Ae.p: ~(29)

where  F =wind force acting in a direction specified
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A. = effective frontal area of
the structure
p: = design wind pressure }j Raso o
"Cy = force coefficient for the = 20 _ hD—J
R . 10
building 1 2. 4 o
4 a
The overall force coeffi- r 1-54:
cients for rectangular clad build- ——— = ] [F
- . . M |'G |
ings of uniform section with flat Zs 1,
roof in uniform flow shall be as 4
given in Fig. 2.6, and for other ""I ErEWTION
clad buildings of uniform section é! ! | FeCiPabh
shall be as given in Table 2.9. 2 o 18 €0 28 30
The force coefficient for solid A o "
shapes mounted on a surface are IB1MUES OF Gy VERSUS <L FOR o)
given in Table 2.10. The values L4
of force coefficients differ for the
wind acting on different faces of 1 12 —-1\
a building or structure. In order ¢ |3 J‘\
to determine the critical load, the 10 \F -
total wind load should be cal- &=
- . - ﬂ-h
culated for each wind direction. o ©O5 10 I'S 20 285 30
%Y —
For coefficients for buidings of
circular cross-section shapes shall
be as given in Table 2.9. FIG. 26. FORCE CO-EFFICIENTS FOR
RECTANGULAR CLAD BUILDINGS
TABLE 1.9 FORCE COFFICIENTS OF CLAD BUILDING OF UNIFORMA SECTION
(ACTING IN THE DIRECTION OF WIND)
e e T T — i
Plan Shape Va. b Cr Jfor Height/Breadih Ratio
I'.I]lfa
Upto 1 2 5 10 20 =
12
All surfaces <b
| 0.7 0.7 0.7 0.8 0.9 1.0 1.2
ﬁm—;‘Eﬂ' . Rough or with =6 |
d ‘ projection
Smooth =6 0.3 0.5 0.5 0.5 0.5 0.6 0.6
p— EHipse <10 0.5 0.5 0.5 0.5 0.6 0.6 0.7
ki bid =172
it O =10 | 02 0.2 0.2 0.2 0.2 02 0.2
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TABLE 2.9 (Contd.)

e e e —— e ——

Ellipse <8 | 08 | 08 | 09 | 10 | 11 13 | 17
bid =2

=8 0.8 0.8 0.9 1.0 1.1 13 1.5

bid =1 <4 0.6 0.6 0.6 0.7
rb =173

&

08 1.0

=4 04 0.4 0.4 0.4 0.5 0.5 0.5

bid =1 <10 0.7 08 0.8 0.9 1.0 1.0 13
rib =1/6

=10 0.5 0.5 0.5 0.5 0.6 0.6 0.6

<3 0.3 03 0.3 0.3 0.3 0.3 0.4

bid =172

rib =1/2 >3 02 0.2 0.2 0.2 03 03 03
bid =172 All 0.5 0.5 0.5 0.5 0.6 0.6 0.7
rib = 1/6 values

bid =2 All 0.9 0.9 1.0 11 12 1.5 19

rib =112 values

<6 0.7 0.8 08 0.9 1.0 1.2 1.6

bid=2 |
rib=1/4

=6 0.5 0.5 0.5 0.5 0.5 0.6 0.6

<10 0.8 0.8 0.9 1.0 1.1 1.3 1.5

rla=1/3
=10 0.5 0.5 0.5 0.5 0.5 0.6 0.6
— ria =1/12 All 0.9 09 0.9 1.1 1.2 13 1.6 l
values
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TABLE 2.9 (Contd.)

o All
.( ria =1/48 values 0.9 0.9 0.9 1.1 1.2 1.3 1.6
— '.
4
_l- <11 0.7 0.7 0.7 08 09 1.0 12
— b :
_l- rib =1/
L -»1 =11 0.4 0.4 0.4 04 0.5 0.5 0.5
4 —={
|
i b ria =1/12 All 0.8 0.8 08 1.0 1.1 1.2 1.4
values
i
r rib=1/48 All 0.7 0.7 08 0.9 1.0 1.1 1.3
i values
p—2
! ™ <B 0.7 0.7 0.8 09 1.0 1.1 13
l —— . L ﬂ'b = ll'u'
| =B 0.4 0.4 04 0.4 05 05 0.5
b
.
1/ 4B<rib All 1.2 1.2 1.2 14 1.6 1.7 21
0 <112 values
k | 1
| <12 0.7 0.7 0.8 09 1.0 1.1 1.3
— 12-sided
polygon
‘ \ =12 0.7 0.7 0.7 0.7 0B 09 1.1
d
_— Octagon All 1.0 1.0 1.1 1.2 1.2 13 1.4
values I
Hexagan values 1.0 1.1 1.2 i3 1.4 14 1.5
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Note : 1. Structures that, because of their size and design wind velocity, are in the supercritical flow
regime may need [urther calculation to ensure that the greatest loads do not occur at some wind speed
below the maximum when the flow will be subcritical.

2. The coefficients are for buildings without projections, except where otherwise shown.

3. In the above table V4.b is used as an indication of the airflow regime.
TABLE 2.10 FORCE COEFFICIENTS FOR SOLID SHAPES MOUNTED ON A SURFACE

Side Elevation Description of Shape Cr —-]

—-l Circular Disc 1.2
i ? Hemispherical Bowl 14 |
_...( Hemispherical Bow 0.4
rrErr
:@ Hemispherical Solid 1.2
| /
s Spherical Solid 0.5 ForVaD <7
0.2 ForVgD =7

7. Wind load on structural members

Table 2.11 gives the force coefficients for individual structural members of infinite length.
For members of finite length, the coefficients should be multiplied by a factor K that depends
on the ratio I/b where [ is the length of the member and b is the width across the direction
of wind. The values of K are given in Table 2.12.

The force coefficients are given for two mutually perpendicular directions, normal and
transverse, designated as Cy, and Gy respectively.
Normal force, Fn = Cyn paKIb «(2.10 a)
Transverse force, Fr = Cppa Kb w(2.10 b)
where py is the design wind pressure.
While estimating the value of K, following special cases should be noted.
(i) Where any member abuts on to a plate or wall in such a way that free flow of air

around that end of the member is prevented, then the ratio of //b shall be doubled for ihe
purpose of determining K ; and

(if) When both the ends of a member are so obstructed, the ratio //b shall be taken
as infinity for the purpose of determining K.

Wires and cables : Force coefficients for wires and cables are given in Table 2.13, depending
upon the diameter (D) and the design wind speed ( Vz ) and the surface roughness.
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TABLE 2.12. REDUCTION FACTOR K FOR INDIVIDUAL MEMBERS

_
Iib er UD 2 5 10 20 40 50 100 =
Circular cylinder, 0.58 0.62 0.68 0.74 0.82 0.87 0.98 1.00
subcritical Mow
Circular cylinder, 0.80 0.80 0.82 0.90 ﬂ.ﬁ 0.99 1.00 1.00
supercritical flow
(DV4 = 6 m/s)
Flat plate perpendicular to wind 0.62 0.66 0.69 0.81 0.87 0.90 0.95 1.00
(DVy = 6 m%/s)
TABLE 2.11. FORCE COEFFICIENTS FOR CABLES AND WIRES
Flow regime Force coefficient
Smooth surface Moderately smooth wire Fine stranded cables Thick stranded
(galvanized or painted) cables
DVy < 06 m*/s - - 1.2 1.3
DV =06 m"/s = = 0.9 11
DVy < 0.6 m*/s 1.2 1.2 = =
DVy = 0.6 m’/s 0.5 0.7 = 2

8. Wind load on structural elements such as roofs and walls

When calculating the wind load on individual structural elements such as rools and walls,
and individual cladding units .and their fittings, it is essential to take account of the pressure
difference between the opposite faces of such elements or units. For clad structures, it is,
therefore, necessary to know the internal pressure as well as the external pressure. The wind
load F, acting in a direction normal to the individual structural element or cladding unit is

F = (Cpe— Cpi)A .p: «(2.11)
where  Cp = external wind pressure coefficient
Cpi = internal pressure coefficient
A =surface area of structural element or cladding "unit, and
p: = design wind pressure
If the surface design pressure varies with height, the surface areas of the structural element
may be subdivided so that the specified pressures are taken over appropriate areas. Positive

wind load indicates the force acting towards the structural element and negative away from
it.

External air pressure coefficients (Cp ). Table 2.14 gives the average external pressure
coefficient for the walls of clad buidlings of rectangular plan. In addition, local pressure concentration
coefficenty are also given. Table 2.15 gives the average external pressure coefficients and pressure
concentration coefficients for pitched roofs of rectangular clad buildings. Where no pressure
concentration coefficients are given, the average coefficients shall apply.
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TABEL 2.14. EXTERNAL PRESSURE COEFFICIENTS (Cpe) FOR
WALLS OF RECTANGULAR CLAD BUILDINGS
Building | Building Elevation Pian Wind Cpe Jor surface Local
hright plan angle Cpe
retio ratic @
degrees| 4 & c p v
o — . .,
i .3 0 | 407 | -02 | -05 | -05
<lej| B 2 -os
. 1 Ll = o0 | -05 | -05 | +07 |-02
w 2
3 1 0 | +07 | -023 | -06 | -06
<4 A1 o -10
o | =05 |-05 | +07 | -01
|
1{&:% &C' 0 | +07 | -025 | -06 |-06 .
1 _h_3 A o | -05 | -05 | +07 |-o025
2w 2 "c
Bl o 0 | +07 | -03 | -07 | -07
2 - 1.1
E %1_. 90 | =05 | —05 | +07 |-01
“‘é"’i N : 0 | +08 | -025 | -08 |-o08 ?u'{
3_h 90 -08 | ~08 +08 |-0325
=€ —=x<b :
w - o 7
%‘%“ ¢ 0 | +07 | -04 | -07 |-07] -
Aimg o0 | =05 [ -05 | +08 | -o01
_g‘__% 0 | +095 | —185 | -09 |-09
1 - 1.5
® o0 | -08 | -08 | +09 |-o08s
L : - "‘!
B ! 0 | +095 | -125 | =07 |[-07 |
bl b - 1.25
ON o | 9o =07 |-07 | +095|-125 |
o o | +085 | -075 | —075 [-075 i
— . It -1 51
w o0 | =075 | ~075 | +085 |-075 5
i

Note. h is height to eaves or parapet, / is greater horizontal dimension of building and w 5 0

lesser horizontal dimension of a building.
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TABLE 2.15. EXTERNAL PRESSURE COEFFICIENT (C,. ) FOR PITCHED ROOFS OF

RECTANGULAR CLAD BUILDING
Building Roof Wind angle Wind angle
height angle @ 8
ratio a i 0*
EF GH| EF FH| BPA = | BB
degress
0| -08 -04| -08 -04| -20| -20| =20 -
p—wf s| -09 -04| -08 -04| -14| -12| -12| -10
| -12 -04| -0B -06| -14| -14 -12
g '.]! 20| -04 -04| -07 -06| -10 -12
30 0 -04| -07 -06| -08 - 11
45| +03 -05| -07 -06 - 11
60| +07 -06) -07 -06 - 11
0| -08 -06; -10 -06| -20| -20| -20 -
£ <2 _-5-2- o et 5| -09 -06| -09 -06| -20{ -20| -15| -10
w| -11 -06| -08 -06| -20{ -20]| -15} -12
0| -07 -05| -08 ~06] -15)§ -15| -15| ~10
) -02 -05| -08 -08| =10 - 10
45| +02 -05| -08 -08
| 60| +06 —-05| -08 -08
1
0| -07 ~06| =09 =-07| -20| -20| -20 ~
o o s{ -07 -06| -08 -08| -20| -20f -15| -10
_g{ h . w{ -07 -06| -08 -08B| -20| -20| -15| -12
T'\ 20| -08 -06| -08 -08| -157 -15| -15]| -12
. 3| -10 -05]| -08 =07| =15
i 0| -02 -05| -08 -07| -10
50| +02 -05] -08 —-07
60| +05 -05| -08 07
Note 1. & is the height to eaves or parapet and w iS the .
lesser horizontal dimension of a building, _{_ : I3
Note 2. Where nolocal coefficientsare given, the overallcoefficients : E ¢ i
apply. 9 | F H {
Note 3. For hipped roofs the local coefficient for the hip ndge I O G i
may be conservatively taken as the appropriate ridge value. | I
Internal air pressure coefficient ( Cp ) : Internal pressure | l
in a building depends upon the degree of permeability of | I
cladding to the flow of air. The internal air pressure may e W ~g
be positive or negative depending on the direction of flow KEY FLAN
of air in relation to openings in the buiding. The permeability y=h or 0.15 w,
of cladding may be () zero, (i) normal, (#ii) medium and whichever is the lesser

(iv) large, as defined in Table 2.16, where the value of internal

pressure coefficients (C ) are also given. A positive sign. (+) indicates that the pressure is
compression on the surface. The internal pressure coefficient is algebraically added to the external

-
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pressure coefficient and the analysis which indicates greater distress of the member shall be

adopted. Evidently, for a critical condition, the

the external pressure is combined with — ve

internal pressure; similarly the — ve external pressure is combined with +ve internal pressure

to obtain the maximum net pressure.

TABLE 2.16. INTERNAL AIR PRESSURE COEFFICIENTS

Permeability

Opening in_relation o wall area (%)

1. zero
2. Normal
3. Medium

T ———
Buildings with one open side or opening
exceeding 20% of wall area may be assumed to
be subjected to internal positive pressure or suction
similar to those for buildings with large openings.
A few examples of buildings with one sided open-
ings are shown in Fig. 2.7, indicating values internal
pressure coefficients with respect to the direction
of wind.

9. Wind load on glazing and fxings

Areas such as ridges, eaves, cornices and
corners of roofs are subjected to high local suction
pressures. The coefficients for local suction are
given in Tables 2.14, and 2.15. These coefficients
should be used to calculate the forces on these
local areas of roof sheeting, glass panels and their
fixtures. '

10. Wind load on lattice towers

Force coefficient for lattice towers of square
or equilateral triangle section with flat sided mem-
bers for wind blowing against any face shall be
taken as given in Table 2.17. Here solidity ratio
() is equal to the effective area (Le. projected
area of all the individual elements) of a frame
r.ormal to the wind direction divided by the area
enclosed by the boundary of the frame normal

'@ L O]

!
=9

J

—~
_@:9._{;.
t—-

{a) FORS-< | (b) FOR > |

P
0

to the wind direction. FIG. 27. VALUES OF Cp FOR BUILDINGS WITH

LARGE ONE SIDED OFENINGS (TOF CLOSED)

TABLE 1.17. OVERALL FORCE COEFFICIENTS FOR TDE'!’M COMPOSED OF FLAT SIDED MEMBERS

Selidity ratio yp Force cocfficients for
Square lowers Equilateral triangular towers
0.1 38 31
0.2 33 27
03 28 23
0.4 23 1.9
I_ 0.5 2.1 _15
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For square lattice towers with flat sided members, the maximum load which occurs when

the wind blows into a corner shall be taken as 1.2 times the load for the wind blowing against
a face.

11. Wind load on frames

(a) Single frames

Force coefficients for a single frame having either (a) all flat sided members, or (b) all
circular members in which all the members of the frame have either DVy;< 6m’/s or

DVy>6m'/s , shall be as given in Table 2.18 according to the type of the member, the

diameter (D), the design wind speed (V) and the solidity-ratio (p)
TABLE 2.18. FORCE COEFFICIENTS FOR SINGLE FRAMES

Solidlty ratio Force coefficiens Cr for
L4 Flat sided members Circular section
Sub-eritical flow Super critical flow
( DVa<6m’/s ) (DVaz6mls )

0.1 1.9 1.2 0.7
0.2 1.0 12 0.8
03 1.7 12 0.8
0.4 1.7 1.1 0.8
0.5 16 1.1 08
0.75 1.6 1.5 1.4

2.0 20 2.0

Multiple frame buildings : Shielding effect

When the structure has two or more parallel frames, the wind ward frame will have shielding
effect upon the frames to the leeward side. The wind load on the parts of the frames that

are sheltered should be multiplied by a shielding factor(n) given in Table 2.19.
TABLE 219. SHIELDING FACTOR » FOR MULTIPLE FRAMES

Effective Frame spacing ratio
solidity | < g3 1.0 2.0 4.0 >80 o0 !
Iﬂﬂ' B 038 }

0.0 1.0 1.0 1.0 1.0 1.0 o030
0.1 09 1.0 1.0 1.0 1.0 I 02 /
0.2 0.8 0.9 10 1.0 1.0 - 4 /
03 0.7 048 1.0 1.0 1.0 E:m
0.4 0.6 0.7 1.0 1.0 1.0 EE E
0.5 0.5 0.6 0.9 1.0 1.0 ¢
0.7 0.3 0.6 0.8 0.9 1.0 had
0 0.3 0.6 0.6 0.8 1.0 0 ¢l 020304050607 O

In the above table, frame spacing ratio i5 equal 10 SOy N

the distance centre to centre of the frams, beams or girders

divided by the least overall dimension of the frame, beam  FIG. 28. EFFECTIVE SOLIDITY
or girder measured at right angles to the direction of the RATIO § FOR ROUND MEMBERS
wind. The effective solidity ratio f is equal 10 p for flat

sided members. For members of circular section § is obtained from Fig. 2.8.
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Where there are more than two frames of similar geometry and spacing, the wind load
on the third and subsequent frames should be taken as equal to that on the second frame.
The loads of the various frames should be added to obtain total load on the structure.

12, Frictional drag

In certain buidings of special shape, a force due to frictional drag shall be taken into
account in addition to the wind force discussed above, For rectangular clad buildings, this
addition is necessary only when d/h or d/b is greater than 4. The frictional drag force
F',in the direction of wind, is given by the following formulae :
if h=b, Fr=C/d-ah)bps+C/(d—4h)2hpa «(2.12 a)
If h>b, F'=Cid—-4b)bpa+Cf (d—4b)2hpy -(2.12 b)

The first term in each case gives the drag on the roof and the second on the walls.
The value of Cf has the following values.

Cf =001 for smooth surfaces without corrugations or ribs across the
C/ =0.02 for surfaces with corrugations across the wind direction, and
Cf =004 for surfaces with ribs across the wind direction.

Here, d is the depth along the wind direction, b is transverse to the wind direction and
h is the height on the building.

Example 2.1 Design wind speed and wind pressure

An industrial building is to be designed in Delhi. Compute the design wind speed and wind
pressure at a height 20 m. The building has maximum dimension of 35 m.

Solution

For Delhi, the basic wind speed V3 =47 m/s (Table 2.6)

An industrial building is to be designed for a 50 year life. Hence the risk coefficient
ki = 1.0 (Table 2.7).

" The terrain is in industrial area and hence it belongs 10 category 3. Also the structure
has maximum dimension of 35 m and hence it belongs to class B. Hence from Table 2.8
for terrain category 3, structure class B and height equal to 20 m, k;= 0.98.

The ground is assumed to be plain. Hence kx=1
Ve=Vi.kibko . ka=4Tx 1 x 098X 1 =4606 m/s
Demgn wind pressure p; = 0.6 V7 = 0.6 (46.06)°’=1273 N/m’ = 1.273 kN/m’
Note : As perearlier cod. (IS 875-1964) the wind pressure would have been 1500 N/m’
Example 2.2 Lateral pressure on a rectangular building :
A tall building is to be erected at the owiskirts of Madras. The terrain belongs to category
1 and the building is a class B structure. Determine the maximum lateral pressure rcamm'mng

wind ward and leeward faces) at a height of 30 m if the building has medium permeability. The
height 1o width ratio of the building is 6.5 and the length to width ratio is 1.5

Solution

For Madras, V, =50 m/s. Factor k; = 1.0 ; factor k; = 1.0 assuming plain ground.

For terrain category 1 and structure class B, we get k; = 1.13 for a height of 30 m (Table
2.8)
V: =50x1x 113X 1=2565 m/s
and p: = 06 Vi =06 (56.5) = 19154 N/m*
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External pressure coefficient for rectangular clad buildings are (Table 2.14)
For windward face, Cpe = + 0.95
For leeward face Cpe = — 1.85

Since we are considering both the faces of the building (as a whole), the permeability
effect will nullify.

Lateral pressure = (0.95 + 1.85) 1915.4 = 5363 N/m’= 5.363 kN/m’
{Nnte that the pressure direction on both the faces is along the wind.
Example 2.3. Design wind pressure on a slope
An industrial building of 15 m height is being built at Ajmer, near a hillok. The height
of the hili is 160 m and the siope is 1 in 4. The building in proposed on the slope at a horizontal
distance of 140 m from the base of the hill Find the design wind pressure.

Solution

Basic wind pressure in Ajmer =47m/ss. Risk coefficient k; = 1.0
Let us take the terrain of category 2 and building of class B.
For height of building 15 m above ground level, k= 1.02

 =tan™' 3 = 14.0¢°

™

For 3* <8=17" ,C=12—+

L
Here Z =160 m and L =160 x4 =640 m (see Fig. 2.2)
i sz%-ua

Again for 3 <8=17° , L, =L =640 m

x= horizontal distance of the building from the crest, measured + ve towards the windward
side.
== (L—-100)= — (640 — 140) = - 500 m

X 500 _
E___._n_:rgl
H 15

- = 640 0.023

Hence from Fig. 2.5, 5 = 0.12
ky=1+C.s=1+03x0.12=1.036
X Ve =Ve.kikaks =47 x 1.0 x 1.02 x 1.036 = 49.67 m/s
and p: = 0.6 (V:)! = 0.6 (49.67)* = 1480 N/m’
Example 2.4. Design wind pressure on building at hill top
A monumental building is being built on a hill top at Jodhpur. The size of the building
is 20 m x 40 m and the height is 10 m. The height of the hill is 400 m, having a '

of 1 in 5. The building is proposed at an average distance of 100 m from the crest, towards
the downward slope. Compute the design wind pressure on the building.

Solution
Basic wind pressure for Jodhpur, V, =47 m/s
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For a memorial building adopt k; = 1.2
Let us take the terrain of category 2, while the structure is of class B.

Hence for height of building equal to 10 m above ground, we get k; =098 . Let us
now find topography factor k; given by

ky=1+4+C.5
Here Z =400 ; 6=tan™'3=113°
L =400x5=2000 m

For 8 <17, L.=L =2000 m.
—12Z - 400 _
and c_l.zL l.ZHM-ﬂ,H
H=10m
x = distance of building from crest = + 100 m
X 1600
L‘—zum—ﬂ.ﬂif
H 10
L. S0

Hence from Fig. 2.5, s=1
5 ky=14+C.5=1+024x1=124
Hence Vi =Vo. kikaky =47 x 1.2 x 0.98 X 1.24 = 68.54 m/s
and p: = 0.6 (68.54) = 2818 N/m’

Example 2.5. Wind pressure on lattice tower

A tall latrice square tower with flat sided members is to be erected at Nagpur. Determine
the maximum wind pressure acting on the effective area at a height of 80 m. The solidity ratio
may be taken as 0.2 .

Solution

For Nagpur, ¥} = 44 m/s. Adopt k; = 1.0 and k; = 1.0

Let the terrain be of category 4. The structure is of Class C. Hence from Table 2.8,
k2 = 1.01 (by linear interpolation)

Vi=44x10x 101 x 1.0=4444 mfs
and p: = 0.6 (44.44)" = 1185 N/m’

Now from Table 2.17, C;y = 3.3
.. Max, wind pressure normal to the face at 80 m height = 3.3 x 1185 = 3910.5 N/m’

Also, max. wind pressure in diagonal direction of tower, at 80 m height
= 1.2x 3910.5 = 4693 N/m’

Example 2.6 An industrial building at the out skirts of Jaipur uses pitched steel trusses having
slopes of 30°. The building has maximum dimension greater than 50 m. Determine the maximum
wind pressure to be used for the design of roof, if the area of openings is about 15%. The height
to width ratio of the building is 1.3, and the height of the building is less than 10 m.

Solution

For Jaipur, ¥, =47 mfs. ki =10 and k; = 1.0
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The terrain is of category 2 and the building is of class C.
Hence k; = (0.93.
V:=47Tx1x093x1=4371 mfs

and p: = 0.6 (43.71)" = 1146 N/m’ = 1.146 kN/m*

For slope of 30°, E = 1.3 and from the gable end :

Cpe =— 0.8 (on both sloping sides) (Table 2.15)
Also Cpi = 205 for 15% opening (Table 2.16).
Hence maximum design pressure for roof

= (0.8 + 0.5) 1.146 = 1.49 kN/m’

It is to be noted that the local effects (Table 2.15) are used primarily for the design
of fixtures etc and not for the design of trusses or purlins.

2.5. EARTHQUAKE FORCES

Earthquakes cause random motion of ground which can be resolved in any three mutually
perpendicular directions. This motion causes the structure to vibrate. The predominant direction
of vibration is horizontal. The vibration intensity of ground expected at any location depends
upon the magnitude of earthquake, the depth of focus, distance from epicentre and the strata
on which the structure stands. The important structures should be designed for the maximum
vibration intensity expected at the place.

The response of the structure to the ground vibration is a function of the nature of foundation
soil, materials, form, size and mode of construction of the structure; and the duration and
the intensity of ground motion. In the case of structures designed for horizontal seismic force
only, it should be considered to act in any one direction at a time. Where both horizontal
and vertical seismic forces are taken into account, horizontal force in any one direclion at
a time may be considered simultaneously with the vertical force. The vertical seismic force
should be considered in case of structures in which stability is a criterion of design, or for
overall stability analysis of structures.

Depending on the problem, one of the following two methods may be used for computing
seismic force :

(a) Seismic coefficient method, and (b) Response spectrum method.
A brief discussion on the above two methods is given in Appendix B.

For detailed study, reference may be made to Indian Standard IS : 1893-1984 (Criteria
for Earthquake Resistant Design of Structures).

2.6, SOIL AND HYDROSTATIC PRESSURES

In the design of structures, or parts of structures below ground- level, such as basement
floors and walls, the pressures exterted by the soil or water or both should be duly accounted
for on the basis of established theories. Due allowance should be made for possible surcharge
from stationary or moving loads.

While determining the lateral soil pressures on slender structural members, such as pillars
which rest in sloping soils, the width of the member should preferably be taken twice its actual

width. The relieving pressure of soil in front of the structural member concerned may generally
not be taken into account.
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Safeguarding of structures and structural members against overturning and horizontal forward
movement should be verified. Live loads having favourable effect should be disregarded for

the purpose. Due consideration should be given 1o the possibility of scil being permanently
or temporarily removed.

2.7. OTHER FORCES

Impact, vibrations, temperature effects, shrinkage, creep and such other phenomena produce
cffects on structures some of which may be similar to those caused by external loads. Adequate
provision should be made for the effects of one or more of these phenomena separately or
in appropriate combination with the specified external loads in accordance with the recommendations
of the relevant design codes.

Erection Loads. : All loads required to be carried by the structure or any part of it due
to placing or storage of construction materials and erection equipment including all loads due

to operation of such equipment, should be considered as erection loads. Proper provision should
be made to take care of all stresses due to such loads.

2.8. LOAD COMBINATIONS

A judicious combination of the working loads, specified in all the preceeding articies,
keeping in view the probability of (a) their acting together and (&) their disposition in relation
to other loads and the severity of stresses or deformations caused by the combination of the
various loads, is necessary to ensurc the required safety and economy in the design of a structure,

The following load combinations may be adopted
(a) Dead load alone

(b) Dead load + partial or full live load whichever causes the most critical condition
in the structure.

(¢) Dead load + wind or seismic loads.

(d) Dead load + such part of or whole of the specified live load whichever is most likely
to occur in combination with specified wind or seismic loads + wind or seismic loads.

(e) Dead loads + such parts ol the live load as would be imposed on the structure during
the period of erection 4+ wind or seismic loads + ecrection loads.

Note: For design purposes, wind load and scismic forces shall be assumed not to act simultaneously.
Both forces shall, however, be investigated separatety and adequately provided for.

2.9. STRESS STRAIN RELATIONSHIP FOR MILD STEEL

Steel is the chief structural metal hecause it combines high strength (both in tension and
compression), great stiffness (high modulus of elasticity), good ductility and ease of fabrication
with relatively low price. Stress-strain curve is the single most important piece of information
for determining the structural properties of a material. Fig. 2.9 (a) shows a typical stress strain
diagram for structural carbon steel. The initial and structurally most important portion, upto
a strain of about 0.02 (or 2%) is shown to larger scale in Fig. 2.9 (b).

From the stres-strain curve, we observe the following characteristic features:

1. Over a large initial range of stress, stress and strain are proportional, that is, the material
behaves elastically upto the proportional limit op.

2. The slope of the initial straight line, upto the proportional limit, is Young's modulus -
E, which for all structural steels, carbon or alloy, is very closely the same, and its value may

be taken equal to 2 x 10° N/mm’.
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3. At stresses higher than
Op, there follows a brief, slightly
curved portion of the diagram
until, at upper yield point a,., the
steel suddenly begins to yield.

4. Then, at a slightly lower
stress o, (the lower yield point,
or simply the yield point) the
specimen keeps stretching (yield-
ing) at practically constant stress
upto a total elongation of about
1.5 percent of initial length. This
amount is more than 10 times
the maximum elastic elongation
which was attained beforeyielding
started and is known as the plastic

Fange.

5. When the specimen is
stretched further, it begins to
harden, and an increasing force
is required to produce further
stretching. This phonomenon is
called strain hardening.

6. Strain hardening con-
tinues until the specimen reaches
maximum or ultimate stress,
known as iensile strength.

7. Upon further stretching,
some region near the middle sud-
denly narrows down (a process
known as necking, which cor-
responds to the discending part
of stress-strain diagram), and the
specimen shortly thereaflter
“breaks in two at the narrowest
part of the neck.

8. The total elongation upto

STRESS (N/mm?2)

_ ET:IEES (N/mm2 )
o 8 8 8 g & 8 § 8§ &

—
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FI1G. 2.9. TYPICAL STRESS STRAIN DIAGRAM FOR
STRUCTURAL CARBON STEEL

failure is seen 10 amount to more than 20% of the original length. This ability of structural
steel to undergo sizable permanent (plastic) deformation before fracture is known as its ductifity
and is a most important property.

9. The most important structural properties of steel are : (f) modulus of elasticity which
governs the amount of deflection under (elastic) service conditions, (i) the yield point, that
is, that stress below which permanent deformations are small and reversible, and (iii) the ductility.
It is also seen that tensile strength is of secondary importance since in most cases, when the
yield point is exceeded, a structure will distort into uselessness long before the tensile strength

is reached.
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2.10. FACTOR OF SAFETY

Fig. 2.9 (b) shows that should the applied stress reach the yield point, the member will
suddcnl}r elongate by a very sizable amount. Such yleldmg of the member will cause detrimental
deformations of the structure of which it is part. It is necessary, therefore, at design loads,
that is under service conditions, to keep the applied stress below the yield point by a certain
margin. Hence allowable stress in 2 tension member is obtained by dividing the yield stress
by a constant referred to as safety factor or factor of safety (F):

Allowable stress (oa) =% w(2.7)

In order to find the minimum value of factor of safety (Faus), let us define it in a rational
method. The factor of safety (F) may be defined as the ratio of computed swrength (S) of the
structure or the structrual member to the respective computed force P carried by it :

=3 (@)
The factors that influence the magnitude of lowest probable strength (S) are uncertainties
in the mechanism failure, properties of material and workmanship. Similarly, the factors that
influence the magnitude of the highest probable force P are the uncertainties in loading conditions
and the structural behaviour. Because of these uncertainties, the probable values of § and P
deviate from the computed values.

If AS is the maximum possible deviation of actual value from the computed value of
strength, the minimum probable value of strength is given by

=(§—-A9%) (B)
Similarly if AP is the maximum deviation of the actual value from the computed value
of force, the mavmum probable value of the force P is given by

=(P+AP) (€)
Hence (S—-AS)=z(P+AP)
, AP
ar | S[I—MIEF[I'FT
From which minimum facror of mfeq.l {Fm} is given by
1+ AP/P
Fomin F 1= AS/S ~(2.8)

Assuming maximum deviations AS and AP to be 23% of the computed values of § and
P, we have

1+ 0.25
1 [ ————__| o (FT] 2*9‘
Fmin. = 1 0.25 = 1.67 ( ]

2.11. PERMISSIBLE STRESSES

The following are various types of stresses developed in steel structures |
(i) Direct tensile stress

()  Direct compressive stress

(ir) Bending stresses (tensile or compressive)

(iv)  Shear stresses

(v)  Bearing stresses
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(f) Axial tensile stress : The permissible stress in axial tension (o) on the net effective
area of the sections shall not exceed

gu = 0.6f, -(2.10)
where  f, = minimum yield stress of steel (MPa or N/mm’ )
(if) Axial compressive stress : The direct stress in compression on the gross sectional area

of axially loaded compression members shall not exceed 0.6 f, nor the permissible stress
Oac Calculated using the following formula :

Oue =06 Jeeby (211)
[Fee)" + (5)]
where 0. = Permissible stress in axial compression (MPa or N/mm?)

aE

Jee = elastic critical stress in compression= tE

E = modulus of elasticity of steel; 2 x 10° N/mm?
A ( =1/r) =slenderness ratio of the member
n = a factor, assumed as 1.4

The valuess of s for some of the Indian Standard Structural Steels are given in Table
T

(iif) Bending stresses : The maximum bending stress in tension or in compression in extreme
fibre calculated on the effective section of a beam shall not exceed maximum permissible bending

stress in tension (op ) Or in compression (o»:) obtained as follows nor the values specified
by Eq. 2.13 given in the next para :

Owe O Gbe = 0.66f, +(2.12)
Maximum permissible bending compressive stress in beams and plate girders
For beams and plate girders, bent about the axis of maximum strength (x-x axis), the
maximum bending compressive stress on the extreme fibre, calculated on the effective section
shall not exceed the maximum permissible bending compressive stress op. obtained by the following
formula :

ohe = 0.66 — I (2.13)
()" + ()" ]

fes = elastic critical stress in bending
n =a factor assumed as 1.4

The method of computing f» has been explained in detail, in Chapter 8 (Design of flexural
members). .
(iv) Shear stress: The maximum shear stress in a member having regard to the distribution

of stresses in conformity with the elastic behaviour of the member in flexure, shall not exceed
the value 1., given by

Tum = (L45 f, (2.14)
where t..= max. permissible shear stress

(v) Bearing siress : The bearing stress in any part of a beam when calculated on the net
area of contact shall not exceed the value of o, determined by the following formula :
I'.IF = {] ?5}1 br+{2r15}
where gp = max. permissible bcaring suress.



Steelwork Connections : 1
Riveted Connections

3.1. TYPES OF CONNECTIONS

A structure is an assembly of various elements or components which are fastened together
through some type of connection. If connections are not designed properly and fabricated with
care, they may be a source of weakness in the finished structure, not only in their structural
action but also because they may be the focus of corrosion and aesthetically unpleasing. Where
as the design of main members has reached an advanced stage, based upon theories which
have been developed and refined, the behaviour of connections is often so complex that theoretical
considerations are of little use in practical design. By their very nature, connections are a
jumble of local effects. Most connections are highly indeterminate, with the distribution of
stress depending upon the deformation of fasteners and the detail material. Local restraints
may prevent the deformation necessary for desirable stress redistribution.

Following are the reguirements of a good connection in steelwork:
1. It should be rigid, to avoid fluctuating stresses which may cause fatigue failure.
2. It should besuch thai there is the least possible weakening of the parts to be joined.

3. It should be such that it can be easily installed, inspected and maintained.

The following are the common types of connections used for structural steelwork:

1. Riveted connections 2. Bolted connections.

3. Pinned connections 4. Welded connections.

Rivets, bolts and welds are used extensively, and frequently the economic advantage of
one over the other two is so small to be uncertain. However, at one time, riveting prevailed
but it has been superseded in importance by welding and high-strength bolting,

3.2. RIVET AND RIVETING

Riveting is a method ef joining together structural steel components by inserting ductile
metal pins, called rivets, into holes of the components to be connected from coming apart.
A rivet consists of (i) a shank of given length and diameter, and (i) a head known as manufactured
head. The size of the rivet is defined by the diameter of the shank. Riveting is essentially
a forging process. Fig. 3.1 shows the essential steps in process of riveting, during which a

(51)
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hot rivet is driven in its plastic
state, and a head is formed at
the other end. The head so
formed at the other end of the
rivet, with the help of a riveting
hammer and a buckiing bar, is
known as driven head.

Rivets driven in the field
during the erection of a structure
are known as field rivets. Rivets
driven in the fabricating shop are
known as shop rivets. Both these
types are known as hor driven rivets
since the rivets are heated to a
lemperature ranging between
10007 F to 1950° F before driving,
Field rivets are driven by a hand
operated pneumatic riveting ham-
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FI1G. 3.1. ESSENTIAL STEPS IN RIVETING

mer, while the shop rivets are driven by "bull” riveter. Some rivets are driven at atmospheric
temperature. They are known as cold driven rivets which are squeezed or driven to fill the
holes and to form the heads by application of large pressure. However, they are smaller in

diameter, ranging from 12 mm

to 22 mm. Strength of cold driven rivet is more than hot

driven rivets. Rivets driven by hand operated riveting hammer are known as hand driven rivets
while those driven by power operated cquipment are known as power driven rivets. Some times,
even the field rivets may alse be power driven.

3.3. RIVETSIZE, RIVET HOLE AND CONVENTIONAL SYMBOLS

The diameter of unheated
rivet, before driving is known as
the nominal diameter. Rivets are
manufactured in nominal
diameters of 12, 14, 16, 18, 20, 22,
24, 27, 30, 33, 36, 39, 42 and 48
mm. The diameter of river hole
is made larger than the nominal
diameter of the rivet by 1.5 mm
for rivets less than or equal to
24 mm and by 2 mm for diameiers
exceeding 24 mm. The grip of the
rivets is equal to the total thick-
ness of plates to be joined by
the rivet. The length of undriven
rivet is the sum of (i) grip, (i)
length required for the head to
be formed, and (i) an additional
length to fill up the space between
the rivet and plate holes.

Several types of heads are
used in structural design as shown
in Fig. 32. The commonly used

07D ! 07D | 0-7D

IR I | : 1
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: > ! >~
(% %
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[d ) ROUND COUNTERSUNK {#) COUNTE RSUNK
HEAD HEAD

FIG. 3.2 DIFFERENT TYPES OF RIVET HEADS.
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head is the snap head (Fig. 3.2 (1) SHOP SNAF HEAD RIVELS
a) which is also known as button
head or round head. Counter-sunk
heads are used to provide a flush
surface.

Rivel holes are made in the (3) SHOP COUNTER SUNK (FAR SIDE) RIVETS
plates to be joined by (i) drilling
or (i) punching. Drilled holes
are always preferred because the
holes are perfect. Punched holes
damage the plates to be joined. (5) SITE SNAP HEADED RIVETS

Rivets are generally made of
structural rivet steel conforming
to 1S 1929-1961 (for diameler be-
tween 12 to 48 mm) and IS 2155-
1962 (for diameter below 12 mm).  (7) SITE COUNTER SUNK (FAR SIDE) RIVETS
High tensile steel rivets if used are
manufactured from steel con- _
fﬂl'miﬂg o 1S: 1149-1982. (8) STIT: COUNTER SUNK (BOTH SIDES) RIVETS

Rivets used for various types
of structural connections are rep- (%) OPEN HOLE
resented on the drawing through
conventional symbols shown in FIG;. 33. CONVENTIONAL SYMBOLS FOR RIVETING

Fig. 3.3,

(2) SHOP COUNTER SUNK (NEAR SIDE) RIVETS

(4) SHOP COUNTER SUNK (ROTH SIDES) RIVETS

(6) SITE COUNTER SUNK (NEAR SIDE) RIVETS

+ YA KO B+

3.4. COMMON DEFINITIONS (Fig. 3.4)

1. Noeminal diameter of Rivet: It is the diameter of unheated rivet. It is the stated diameter
of the rivet, available in the market.

2. Gross diameter of Rivet: 1t is the diameter of the rivet in the hole, measured after
driving. It is taken equal to the diameter of the hole itself.

3. Gross area of rivet : It is the area calculated on the basis of gross diameter of the
nvet.

4. Pitch of rivets (p) . It is the distance between centres of two adjacent rivets in a row,

5. Gauge line: It is the line of rivets which is parallel 10 the direction of stress.

6. Gauge distance or ‘gauge’ (g): It is the perpendicular distance between two adjacent
gauge lines. This is also known as back pifch.

*7. Edge distance : It is the dis- b= LAP ~d
tance of the edge of the member or

-

the cover plates from the centre of : p—e }

extreme rivet hole. _"$" . S, = ——G}.T___*_
8. Lap : 1t is the distance normal : : | i | i o

i

to the joint between edges of the over- 45 - —|——$— _—
lapping plates in a lap joint or between ' i ! ;
the joint and the end of cover plates i _$7 A A
in a butt joint, g r( S
Note : There is a lot of confusion : \

in the available literature about the i*\—_-l
nomenclatures ‘pitch’ and ‘gauge’. To EDGE DISTANCE
avoid confusion, pitch may be defined FIG. 3.4. DEFINITION SKETCH.

\GAUGE LINE
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as the centre to centre distance between rivets measured along the long directions of the joint
while pgauge is the distance between rivel centres measured along the short direction.

A5. WORKING STRESSES IN RIVETS

1. The working stresses (or maximum permissible stresses) in mild steel shop rivets as
per IS: B00-1984 are given in Table 3.1.

2. The permissible stress in a high tensile steel rivet shall be those given in Table 3.1
multiplied by the ratio of tensile strength of the rivet material to the tensile strength as specified
in IS: 1148-1973.

Note: For field rivets the permissible stresses shall be reduced by 10 percent.
TABLE 3.1. MAXIMUM PERMISSIBELE STRESSES IN RIVETS

Type of Rivet Axial Tension, oy Shear, Tof Bearing, opf
N/mm’{MPa) N/mm’ (MPa) N/mm’ (MPa)
1. Power driven rivets 100 100 300
2. Hand driven rivets R0 80 250

3. The calculated bearing stress of a rivet on the parts connected by it shall not exceed
: (a) the value of f, for hand driven rivets, and (o) the value 1.2 f; for power driven rivets,
where f, is the yield stress of the connected paris.

Where the end distance of a rivet (that is, the edge distance in the direction in which
it bears) is less than a limit of twice the effective diameter of the rivet, the permissible bearing
stress of that rivet on the connected part shall be reduced in the ratio of the actual and

the distance to that limit.
¢ Comintsarundwsim: DGRy
Rivets and bolts subjected to both

shear and axial tension shall be so ‘E;Eﬁﬂi gb‘

proportioned that the calculated
shear and axial tension do not exceed | :

the allowable stresses 1. and oy and |
Tuf, cal # T, cal
T Oif

the:axpressinn(
not exceed 1.4.

] does |
|
I :
€|+ :
3.6. TYPES OF RIVETED JOINTS |

o
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A riveted joint may be classified

|
according to (@) arrangement of rivets | L _L: .
and plates (b) mode of load trans- 1{1}} | _¢_ {P_
|
|

-
o

mission, and (¢) nature and location
of load with respect of rivet group.

mﬂi‘” Arrangement of Rivets and 5, gingLe mivETED (b} DOUBLE RIVETED
According to the arrangement - N\ B
of rivets and plates, riveted joints L
may be of the following types: =___‘ ._4_
(1) Lap Joint: [
(i) Single riveted il
(i) double riveted. lc) DEFORMATION

FIG. 3.5. LAP JOINTS
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(2) Butt joint:

(f) Single riveted butt joint
with single cover plate.

(i) Single riveted butt joint
with double cover plate

(iif) Doubled riveted butt joint
with double cover plate.

Fig. 3.5 (a) shows single
riveted lap joint, while 3.5 (b)
shows double riveted lap joint.
The two lines of pull in the joined
plates are not in alignment, result-
ing in bending stresses tending
to distort the joint, as shown in
Fig. 3.5 (¢).

Fig. 3.6 (a) and (b) show
single riveted butt joint and
double riveted butt joint respec-
tively, in which the edges of the
plates come flush and the cover
plates are used to join them. In
a single cover butt joint, bending
stresses may develop, tending to
distort the joint, as shown in Fig.
3.7. This possibility is complete-
ly eliminated by using a double
cover butt joint.

(b)) Mode of load transmission

| ]
$§$ $ &b ¢
$%$ | © ¢i$¢“

SINGLE COVER

SINGLE COVER

1 1% r/}/A’ﬁ WA
DY SISSISSIEIBS

DOUBLE COVER
la) SINGLE RIVETED

DOUBLE COVER
(b) DOUBLE RIVETED

FIG. 3.6. BUTT JOINTS.

FIG. 3.7. DISTORTION OF BUTT JOINT WITH
SINGLE COVER PLATE

N

-~

(o) SINGLE SHEAR

Riveted connections can also be classified according (‘h A

to the mode of load transmission by the rivets. If -
the load is transmitted through bearing between the

i A '
plate and the shank of the rivet producing shear in "-ﬁ“‘ *:H\ HNN“L
the rivet (Fig. 3.8), the rivet is said to be in shear. s / '/,

AW LA,

When the load is transmitted by shear in only one
section of the rivet, the rivet is said to be in single
When the loading of the rivet is
such as to have the load transmitted in two shear planes, -
the rivet is said to be in double shear (Fig. 3.8 b).
When the load is transmitted by shear in more than
two planes, the rivet is said to be in multiple shear

shear (Fig. 3.8 a).

(Fig. 3.8 c).

(b) DOUBLE SHEAR

¢

y

{c) MULTIPLE SHEAR
FIG. 3.8. RIVETS IN SHEAR.



If however, the load is transmitted through bearing
between the plate and the head of the rivet, producing
tension in the rivet, the rivet is said to be in tension,

as shown in Fig. 3.9,

(c}y Nature and location of load

A riveted connection can also be classified according
to the nature and location of load with respect to the {----;}-
rivel group. When the load passes through the centroid E
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of rivet cross-sectional area, the connection is said to be
a direct load connection (Fig. 3.10 a) in which the rivets  FIG- 39. RIVETS IN TENSION.
are subjected to direct shear stresses. When the load does not pass through the centroid of

the rivet group, it is said
of be an ecceniric load con-
nection (Fig. 3.10 &) or
direct shear or torsional
shear connection. When
the load transmitied con-
sists of a pure torque or
moment, it 15 said to be
pure moment connection
(Fig. 3.10 ¢) in which the
rivets are subjected to tor-
sional shear stresses. [f how-
ever, the load transmitted
is such that the rivets are
both in shear as well as
in tension, it is said to be
moment-shear connection
Or a tension-shear connec-
rion (Fig. 3.10d). Beam
to column moment con-
nections or column-brack-
et connections fall under
this category.

There may be two
more types of special con-
nections: (a) Eccentric ten-
sion connection and (b)

ure couple connection.
ese are shown in Fig.
3.11 (b) and (c) respective-
ly, for joined members
shown in Fig. 3.11 (a). In
these connections, the rivet
is subjected to both the
direct tension as well as
bending stress (compres-
sion as well as tension).
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e e |7 1P
| -?- ] i ll
' |
| o & e | L
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la} DIRECT LOAD CONNECTION (¢ ) PURE MOMENT CONNECTION
(DIRECT SHEAR) (TORSIONAL SHEAR)
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Il ! [{maple
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Tt
(b} ECCENTRIC LOAD CONNECTION (d) MOMENT SHEAR CONNECTION

(DIRECY SHEAR AND TORSIONAL SHEAR) (TORSIONAL SHEAR AND DIRECT TENSION)
FIG. 3.10. TYPES OF RIVETED CONNECTIONS.

couum gE J— "

iEs

Ty

e N el =W
1
e
Tl il LF Tl
]
| |

P
W W
[a) PLAN OF CONNECTION {b} ECCENTRIC lc) COUPLE
TENSION

FIG. 3.11. SPECIAL CONNECTIONS INDUCING DIRECT
TENSION AS WELL AS BENDING STRESSES
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37. MODES OF FAILURE OF A RIVETED JOINT

A riveted joint may fail in one of the following ways.

1. Tension failure in the plate (Fig. 3.12)

2. Shearing failure across one or more planes of the rivets (Fig. 3.13)
3. Bearing failure between the plates and the rivets (Fig. 3.14)

4. Plate shear or shear out failure in the plate (Fig. 3.15)
1. Tension failure in the plates

The plate can fail by rear-
ing off across the pitch length
(Fig. 3.12 a) due to lack of
tensile strength of the plate
on a section along the row figimesvoiant il
of the rivets. The plate may
also tear along the diagonal 'q}

(Fig. 3.12 b). However, this
type of failure is unlikely to
happeﬂ if the back P“Eh is FIG. 3.12. TENSION FAILURE OF PLATES

atleast 13 times the rivet diameter. We will investigate the possibility of failure represented
in Fig. 3.12 (a) only, as it is assumed that sufficient back pitch has been provided.

Let Py = Pull applied per pitch length, for tension failure

Ultimate tensile strength of the plate material.

pitch of rivets, measured perpendicular 10 the direction of force.

thickness of the plate

gross diameter (or formed diameter) of the rivet,

Py = f; X resisting section

or Pu=fi(p=d)t w(3.1)
2.  Shearing failue of the rivet

In a riveted joint, the rivets may themselves fail in shear. The tendency is to cut through
the rivet across the section lying

e = .

-

i

ﬂ
k!

e s
=)

-

=T . B

nunu

in the plane between the plates S~ P 2
it connects (Fig. 3.13 q, b). In - 72
analysing this possible manner of ¥ ‘bl P

failure, one must always note ]

whether a rivet acts in single shear (o) SINGLE SHEAR

oy
(b) DOUBLE SHEAR
or double shear. In the latter case,
two cross-sectional areas of the FIG. 3.13. SHEAR FAILURE OF RIVET

same rivet resist the applied force. The shearing stress is assumed to be uniformly distributed
over the cross-section of the rivet.

Let Py; = pull required, per pitch length, for shear failure
f; = ultimate shear strength of the rivet material
d = gross diameter of rivel

Resisting area of rivet section = %d’ in single shear

and = 2;&1 in double shear
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n .
Pu = Ed’ fe , for single shear

and Py =2x %d’f, , for double shear .(3.2)
3. Bearing failure between plates and rivets.

A rivet joint may fail if @ -
a rivet itself is deformed by = P P
the plate acting on it (Fig. = @ ==
3.14 a) or if the rivet crushes

E?h?i I:::gtel::l D’E‘htheb pla_t: : |

fai]:'n: léf T\rg?l_r, me;;,,:z::;% B %b i 1 (b) PLATE FAILURE
i ot e " 1| OBPE
uniform,asshown.in Fig 3.14 1) wveT rawune S,
(c). FIG. 3.14. BEARING FAILURE.

Let Puy = pull required, per pitch length, for bearing failure of rivet.
fo = ultimate crushing strength of rivet material.
d = gross diameter of rivet
t = thickness of the plate,
Pup = (intensity of radial pressure, at failure) x projected area.
Pu =fp.d.t «{(3.3)

Equations 3.1, 3.2 and 3.3 are applicable for single riveted joint. If, however there are
n rows of rivets per pitch length, we have

Pu =(p—d)t.f; (31 a)
b 4 ;
Py, =H.Id=j} for single shear (3.2 a)
or = 2::%::1"{. for double shear
and Puw =ndt.fi (3.3 a)

4. Shear-out failure of the plate

ﬂiFig. 3.15 (a) shows the ‘shear-out’ failure of plate, which can be prevented by providing
a sufficient edge distance nd
Bervet, BT e
Sometimes, splitting failure 2 |
of plate may occur, which can
also be prevented by providing P
a sufficient edge distance. Since
the edge distance is governed by
code requirements (see § 3.9 ), - ~7
‘shear-out® stresses are not cal- la) SHEAR OUT FAICURE i{b) SPLITTING FAILURE
culated. FIG. 3.15. SHEAR OUT FAILURE OF PLATE

A

——_—_q-

e s o r————
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3.83. STRENGTH OF RIVETED JOINT

In the previous section, we have computed the values of pull required for the failure
of a riveted joint, using ultimate strength values for the material. However, same expressions
can be used to compute the strength of a riveted joint, by using the permissible values of the
stresses in the materials, as shown below :

1. Strength of plate

Let oa = permissible stress in plate in axial tension.
Strength of plate P, per pitch length is given by
P =au(p—d)t «(3.4)

2. Strength of Rivet or Rivet Value

The strength of rivet, commonly known as rivets value (R) is the smaller of (i) shearing
strength of rivet and (i) bearing strength of rivet.

Let 7y = permissible shearing stress in rivet.
gy = allowable bearing stress in rivet.

Shearing ‘strength of rivet, P, = rq.%d’ in single shear «(3.5)
or = T.f.zi;-dl in double shear
Bearing strength of rivet, P, = gpr X d X ¢ +(3.6)

Strength of riveted joint and efficiency of joint
The strength of a riveted joint will be lesser of values given by Eqs 3.4, 3.5 and 3.6.
Strength of solid plate, P =oax.p.t (per pitch length) (3.7 a)
The efficiency n of joint is defined as the ratio of the strength of the joint to the strength

of the plate.
Thus, g = Least urP;; P; and Py (37 b)

It should be noted that Egs. 3.4, 3.5 and 3.6 give the strength of a single riveted joint.
However, if there are n rows of rivets per pitch length, we have

P =ou(p—d)t (3.4 a)
P, =u.r,,r%d’ in the single shear

or =nr.,n2’IId1 in the double shear (35 a)
and Py =nop.d.t (3.6 a)

39. DESIGN OF RIVETED JOINT : AXIAL LOAD

When the line of action of the load coincides with the centre of gravity of rivet areas,
the design of connection is based on the nominal stresses, which must not exceed the allowable
stresses. The following assumptions, which are nearly correct for load approaching the ultimate,
arc made in computing the nominal stresses.

Assumptions
1. Initial tensile stresses in the rivet is neglected.
2. The frictional resistance to slip between the plates is neglected.
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The plates are rigid.

The rivet fills the hole completely.

Deformation of the plates under the load is neglected.

Shearing deformation of the rivets is assumed proportional to the shearing stress.
Shearing stress in the rivets is assumed to be uniformly distributed over the rivet cross-section.
Unit shearing stress in all the rivets of a joint is uniform.

Tensile stress concentration due to rivet holes in the plates are neglected,

10. ‘Bearing stress between rivets and plates is assumed to be uniformly distributed over
the nominal contact surface between the rivets and plates.

11. Bending of rivets is neglected.
1. Pitch of Rivets

The pitch of rivets in a riveted joint should be such that under a pull P, the permissible
stress in the rivet for shearing and bearing are not exceeded.

0% N E W

From Eq. 3.4, FPi =ou(p—d)t
Strength of rivet = Rivet value R= P;or P which is less,
P, =R
or Oa(p—d)t =R (3.8 a)

From Eq. 3.7, pitch (p) can be determined. If Eq. 3.8 a is fulfilled, the strength of joint
will be P, and will be lesser than (or at the most equal to ) P; or P.. The efficiency of
the joint designed in this manner will be given by

_h_(p-ditoa _p-d
M (3.8 b)
IS 800-1984 lays down the following specifications for the pitch of rivets,

(@) Minimum Piich: The distance between centres of rivets should be not less than 2.5
times the nominal diameter of rivet.

(b) Maximum Pitch
(1) The distance between centres of any two adjacent rivets (including tacking rivets) shall

not exceed 32+ or 300 mm, whichever is less, where ¢ is the thickness of the thinner outside

plate.

(if) The distance between centres of two adjacent rivets, 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, which ever is less in compression members. In the case of compression members
in which forces are transferred through butting faces, this distance shall not exceed 4.5 times
the diameter of the rivets for a distance from the abutting faces equal to L5 times the width
of the member.

(i) The distance between centres of any two consecutive rivets in a line adjacent and

parallel to an edge of an outside plate shall not exceed (100 mm + 4¢) or 200 mm, which
ever is less in compression or tension members.

(iv) When rivets are staggered at equal intervals and the gauge does not exceed 75 mm,
the distances specified in (i7) and (iii) between centres of rivets, may be increased by 50 percent.

2. [Edge Distance

(a) The minimum distance from the centre of any hole to the edge of a plate shall not
be less than that given in Table 3.2.
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(b) Where two or more parts are connected together, a line of rivets shall be provided
at a distance of not more than 37 mm + 4/ from the nearest edge, where ¢ is the thickness
in mm of the thinner outside plate. In the case of work not exposed to weather, this may

be increased to 12¢
TABLE 3.2. EDGE DISTANCE OF HOLES

Neminal dia. of rivet Dia. of hole Distance o sheared or Distance to Rolled, machine flame
(mm) (mm) hand flame cut hole {mm) | cuf, sawn or planed hole (mm)
I (1) {2) (3) (4)
12 or below 13.5 or below 19 17
14 15.5 25 22
16 17.5 29 25
B 19.5 32 29
20 21.5 32 29
22 235 38 32
24 25.5 44 a8
27 29.0 51 44
30 30 37 51
33 35.0 57 51 ]

3. Diameter of Rivet

The diameter of rivet for a given plate thickness is generally chosen from the Unwin's
formula :

d = 6.04V1 (3.9)

where t = thickness of plate in mm and 4 = dia. of rivet in mm.

The diameter of the rivet so found is rounded off to the available size of rivets which
arc manufactured in nominal diameter of 12, 14, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 42
and 48 mm. Commonly used sizes for structural steel works are 16, 18, 20 and 22 mm.

For computation of strength etc, the formed diameter (equal of the diameter of hole)
is used. .
4. Tacking rivets

Tacking rivets are generally used when a structural member consists of two angles (or
such other sections), so as the two act as one unit. These rivets are also known as srrch
rivets. As per IS : 800-1984, when the maximum distance between centres of two adjacent rivets
exceeds the specified maximum pitch, taking rivels not subjected to calculated siress shall be
used.

The tacking rivets shall have a pitch in line not exceeding 32 times the thickness of outside
plate or 30C mm, whichever is less. Where the plates are exposed to the weather, the pitch
in line shall not exceed 16 times the thickness of outside plate or 200 mm, whichever is less.
In both cases, the lines of rivets shall not be apart at a distance greater than these pitches.
All these requirements shall apply to compression members generally, subjected to the stipulation
in the code affecting the design and construction of compression members.

In tension members composed of two flats, angles, channels or tees in contact back-to-back
or separated back-to-back by a distance not exceeding the aggregate thickness of the connected
parts, with solid distance pieces where the parts are separated, shall be provided at pitch in
line not exceeding 1000 mm.

For compression members, the tacking rivets shall be at a pitch in line not exceeding

600 mm.
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5 Rivets through packings )

Number of rivets carrying calculated shear through a packing shall be increased above
the number required by normal calculations by 2.5 percent for each 2.0 mm thickness of packing
except that, for packing having a thickness of 6 mm or less, no increase need be made. For
double shear connections packed on both sides, the number of additional rivets required shali

be determined from the thickness of the thicker packing. The additional rivets should preferably
be placed in an extension of the packing.

6 Long grip rivets

Where the grip of rivets carrying calculated load exceeds 6 times diameter of the holes,
the number of rivets required by normal calculation shall be increased by not less than one
percent for each additional 1.5 mm of grip; but the grip shall not exceed 8 times the diameter
of the holes.

7. Countersunk heads of rivets

For countersunk heads, one half of the depth of the counter sinking shall be neglected
in calculating the length of rivet in bearing. For rivets in tension with countersunk heads,
the tensile value shall be reduced by 33.3 percent. No reduction need be made in shear.

8. Members meeting at a point

(1) For triangulated frames designed on the assumption of pin jointed connections, members
meeting at a joint shall, where practicable, have their centroidal axes meeting at a point
. and wherever practicable the centre of resistance of a connection shall be on the line of
action of the load so as to avoid an eccentricity or moment on the connections.

(if) Where eccentricity of members or of connection is present, the members and the
connections shall provide adequate resistance to the induced bending moments.

(iii) Where the design is based on non-intersecting members at a joint, all stresses arising
from the eccentricity of the members shall be calculated and stress kept within the limits specified.

3.10. RIVETED JOINT IN FRAMED STRUCTURES

In the case of a roof truss, bridge truss or other similar framed structure, the load (P)
lo be carried by the member is always known. The number of rivets (n) required to connect
the member 0 the other member is given by

_ P
" strength of one rivet

where P is the pull or push
carried by the member.

In the case of tension member
carrying pull, the arrangement of
rivets found above on each side of
joint is of utmost importance, since
it will directly determine the width
of flat. Rivets in a joint may be
arranged in two forms:

(a) Chain Riveting (Fig. 3.16 a)
and
() Diamond Riveting

(Fig. 3.16 b) FIG. 3.16. ARRANGEMENT OF RIVETS.

P
=— (3,10
= (3.10)

{o) CHAIN RIVETING {b) DIAMOND RIVETING
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In chain riveting shownin Fig. 3.16 (a) for a case when n=6, the flat is weakened by
three rivet holes. The width & of the flat in this must be such that

P=ouyb=3d)t (311 a)
or b = .. + 3d «(3.11)
I.On

In the case of diamond riveting shown in Fig. 3.16 (b), the flat is weakened at the section
1-1 by one rivet hole only and the width of the flat is given by
P =g,(b-d)t
P

or b o=t (311 b)
{ Tar i

This width is fess by 24 than the previous case. The saving in the width of flat by this
amount is of utmost importance in the case of long bridge diagonals. The diamond riveting
is, therefore used in preference to chain riveting. It can be shown that the joint get successively
stronger at section 2-2, 3-3 elc.

The strength of joint at section 2-2 is
P; =ou(b—2d)1 + (strength of one rivet in front)
Similarly, the strength of the joint at section 3-3 is
Py =ga(b —3d)t + (strength of three rivets in front)
Out of P,P, and P, usually P is the least. Therefore the efficiency of the joint is given

by
_(b—d)tou _b-d

e (3.12)
3.11. RIVETED JOINTS IN CYLINDRICAIL AND SPHERICAL SHELLS
D
In the case of cylindrical shells, hoop stress is EZT‘ where p is the internal pressure, D

is the diameter of the shell and ¢ is the thickness of the plate. If the shell is riveled longitudinally,
the efficiency of the joint should also be taken into account while finding its thickness. Similarly,

pD

in the case of spherical shells, hoop stress is ok Hence
For cylindrical shells B, w(3.13)
’ 20an
For spherical shells, t = pb -(3.14)
4(1'“1??

Example 3.1. Determine the rivet value of 20 mm diameter rivets connecting 12 mm thick
plates, if it is in (a) single shear (b) double shear. The permissible stress for rivet in shear and
bearing are 80 N/mm® and 250 N/mm’ and for plate in bearing is 250 N/mm’

Solution: :

Gross diameter of rivet, d = 20 + 1.5 =215 mm
Gross Area of rivet = %d1= % (21.5)* = 363.05 mm”

Bearing strength of rivet, Py = oy X d X t = 250 X 21.5 X 12 = 64500 N (D)
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Strength of rivet in single shear, Py, = rq.%d1= 80 x 363.05= 29044 N (i)
Strength of rivet in double shear, P,, = 1,5.2 X §d== 2 % 29044 = 58088 N (i)

Hence Rivet value in single shear = smaller of P, and P,,= 29044 N.
Rivet value in double shear = smaller of P, and P,,= S8088 N

Example 3.2. A double riveted double cover butt joint in plates 16 mm thick is made with
20 mm nvets at 80 mm pitch. Calculate the pull per pitch length at which the joint will fail

and also its efficiency. Take f; = 480 N/mm’, fi = 760 N/mm® and [, = 380 N/mm’.
Solution
Gross diameter or formed diameter of rivet= 20 + 1.5 = 21.5 mm. For the tension failure
in the plates,
Pu = fi (p—d)t = 480(80—21.5)16 = 449280 N = 449.28 kN

Since there are two rivets in one pitch length, and each rivet is in double shear, we
have

Pus = 2(2x7 & fi= 1(215)" x 380 = 551836 N = 551.84 kN

Also, Pu = 2difo=2%x21.5x16x760=522880 N=522.83 kN
The joint will thus fail at pull of 449.28 kN, the pilates giving way by tearing off.
. Strength of the joint = 449.28 kN.
Strength of plate =P, =p.1fi =80 x 16 X 480 = 614400 N = 614.4 kN

_ _ Strengthof joint  _ 44928 _
Sirength of solid plate ~ 6144 ~ 0~ 1212%

Example 3.3. A single riveted lap joint is used to connect 12 mm thick plates, by providing
20 mm diameter rivets at 50 mm pitch. Determine the strength of the joint and joint efficiency.

Take working stress in shear in rivets = 80 N/mm’, working stress in bearing in rivets= 250 N/mm® and
working stress in axial tension in plates = 0.6f, where f, = 260 N/mm".

Solution: Formed diameter of rivets =20+ 1.5 =21.5 mm

ca = 0.6f, = 0.6 X 260 = 156 N/mm’
Strength of plate in tension, per pitch length;

P, =0u(p—d)t = 156(50 — 21.5) x 12= 53352 N (1)
Strength of rivet in single shear:
P =14% %dl = 80 x 14'.{21.5}2 29044 N (2)
Strength rivet in bearing:
Py =oprxdxt=250%x215x 12 =64500 N (3)
Strength of joint = minimum of the above three values = 29044N
Strength of solid plate, P = gupt = 156 X 50 x 12 = 93600 N -(4)

Least of P, P, and Pa= 29044

= 31.03%
B mxlm 31

Joint efficiency =
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Example 3.4. Determine the load which can be transmitted per pitch length of a double cover
butt joint connected by 24 mm diameter shop rivets al 100 mm pitch. The thickness of main
plates and cover plates are 16 mm and 12 mm respectively. . Take allowable tensile strength of
plates equal to 150 N/mm’, allowable shear stress in rivets equal to 100 N/mm® and allowable
stress in bearing for rivets equal to 300 N/mm’. Also, determine the efficiency of the joint.

Solution Given : oy = 300 N/mm’, ry= 100 N/mm’ and o =150 N/mm’
Gross diameter of rivets =24 + 1.5=125.5 mm
(i) strength of rivet in double shear :
P, =1y. 2%&’ =100 x 2 x 7 (25.5)" = 102141 N ()
(i) Strength of rivet in bearing : As the total thickness of cover plates is morc than

the thickness of the main plate, the strength of the rivet will be found for bearing on main

plates.
Py =g, xd x t =300 x 255 x 16 = 122400 N (i)
(iii) Strength of plate, per pitch length:
P, = 0w (p — d) t = 150(100 — 25.5) 16 = 178800 (i)

-, Strength of joint per pitch length= minimum of (i), (i) and (i) = 102141 N
. Load which can be transmitted= 102141 N
Strength of solid plate = o .p .t =150x100x16 = 240000 N

p of joint = 02141 o 100= 42.56%

Example 3.5. Fig. 3.17 shows the joint of a boiler shell made of 12 mm thick plates using
20 mm dia. rivets at a pitch of 90 mm. The two cover plates of the butt joint are 8 mm thick,
but are of unequal lengths. Determine the strength of the joint per pitch length and its efficiency.
Take the following values of permissible stresses: (1) Ou = 150 N/mm’ (i) o = 250 N/mm’ and (iii)

Ty = 80 N/mm°.
Solution: i
at rivets in -SSR g
Here we observe that rivets In AN H N s H o s s H oo oa

bl

row 1 are in single shear, and they
bear against 8 mm plate. However,
rivets in row 2 are in double shear,
and they bear against 12 mm main
plate because the total thickness of
the two coverplates is more than that
of the main plate.

x
Formed diameter of rivet } |
=20+ 1.5=21.5 mm

(@) Rivet value in section I-1

]
. S |
Strength of rivet in single shear __r.%.___ _@_-

= Tyf . %d‘

= 80 x % (21.5)* = 29044 N
FIG. 3.17.
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Strength of rivet in bearing on 8 mm plate=ogy X d X 1

=250x21.5 x8=43000 N
Rivet value in section 1-1 = R, =29044 N

(b) Rivet value in section 2-2
Strength of rivet in double shear = 7, X z§d‘= 2X29044=58088 N

Strength of rivet in bearing on 12 mm plate= gy X d X ¢
=250 x 21.5 X 12 = 64500
Rivet value in section 2-2 = R; = 58088 N.
(c) Strength of joint
Consider one piich length of the joint, as shown haiched in Fig. 3.17. We will consider

three possible chances of failure : (i) failure of rivets at section 1-1 and 2-2 (i) tearing of
main plate at section 1-1 and (i) tearing of cover plates at section 2-2.

(i) Strength of joint on the basis of failure of rivets at section 1-1 and 2-2

= R; + R, = 29044 + 58088 = 87132 N ()
(i) Strength of main plate, at section 1-1
Strength of the joint on the basis of strength of main plate

= gulp — d)t = 150(90 — 21.5) x 12 = 123300 N - ({E)
(ifi) Strength of cover plates ‘at section 2-2
Strength of the joint on the basis of strength of cover plates at section 2-2

= ou (p — d) 1 = 150(%0 — 21.5)2 x 8 = 164400 ()
(iv) Strength of main plate at section 2-2
Strength of joint at 2-2= Strength of main plate at 2-2+ strength of rivet at 1-1

= 0u (p —d) 1 + Ry= 150(90 — 21.5)12 + 29044= 152344 N _.(iv)
~. Strength of joint per pitch length= least of (i), (i) (i) and (iv) = 87132N

Strength of solid plate =gy .p.7= 150 x 90 x 12 = 162000 N

strength of joint 87132 %
Strength of solid plate ~ 162000 < 10 = 3379

Example 3.6. Two plates 80 mm wide and 10 mm thick are joined with a triple riveted
butt joint as shown in Fig. 3.18. The rivets at 1-1, 2-2 and 3-3 are of 18 mm, 20 mm and
22 mm diameter, while the two cover plates, each 6 mm thick, are of unequal length.

Determine the strength of the joint and its efficiency, if the allowable values of stresses are:
Ou = I5O0N/mm’, oy =250 N/mm’ and t15= 80N/mm’.

Solution

Formed diameter of 18 mm rivet = 18 + 1.5 =19.5 mm
Formed diameter of 20 mm rivet = 20 + 1.5 = 21.5 mm
Formed diameter of 22 mm rivet = 22 + 1.5 = 23.5 mm.

1. Rivet value of 18 mm rivet: The rivet is in| single shear.

7 of joint =

Strength of rivet in single shear = 1,4 X ;dﬁr 80 x %{1":’#.5]1 = 23892 N
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_ Strength of rivet in bearing emm
on 6 mm plate=gy.d.1 4 ; + ' . 4
= 250x19.5 x 6= 29250 N $ < J

-~ Rivet value of 18 mm
rivet = R,= 23892 N
2. Rivet value of 20 mm river. N

| T ™
: | b

The rivet is in single shear. -:_ﬁ;_.ﬁ“. %_.@ @.-@.;_
Strength of rivet in single shear [ 1 18l 22 ! I "
i

|
|2 E} I3 l2 I

| | | | |
= 1y x Zd= 80x X (21.5) —
= 20044 N FIG. 3.18.

Strength  of rivet in bearing on 6 mm plate= gpr.d . ¢
= 250 x 21.5 x 6= 32250 N
Rivet value of 20 mm rivel = R; =29044 N

3. Rivet value of 22 mm rivet: The rivet is in double shear. Also, since the total thickness
of cover plates is more than the main plate, the bearing strength of the rivet will be on the
basis of 10 mm piate.

=

- Strength of rivet in double shear = 1,4 X 2 x%d’

=80 X 2 X %{23.5}’::59393 N

Strength of rivet in bearing on 10 mm plate =o,.d.1.
=250 % 23.5 x 10 = 58750 N
Rivet value of 22 mm rivet = R; = 58750 N
(a) strength of joint on the basis of rivet values

= Ry + R; + Ry = 23892 + 29044 + 58750= 111686 N w(f)
(b) Strength of joint on the basis of failure of main plate at section 1-1
= ox (p — d) t = 150(80 — 19.5) x 10= 90750 N (i)

(c) Strength of joint on the basis of failure of main plate at section 2-2

= tearing of main platc at section 2-2+rivet value ofrivet at 1-1
=0ual(p—d)t + Ri= 150 (80— 21.5)10 + 23892 = 111642 N ..(ii)
(d) Strength of joint on the basis of failure of main plate at section 3-3.

= tearing of main plate at section 3-3+ Rivet value of rivets at 2-2
+ rivet value of rivets at 1-1=gulp — d) + R: + R,

= 150(80—-23.5)10 + 29044 + 23892 = 137686 e {iV)
(¢) Strength of joint on the basis of failure of cover plates at 3-3
= Ou{p—d)t=150(80~23.5) (6+6)=101700 N (V)

Strength of joint = Least of (i), and (i), (iif), (iv) and (v)=920750 N
Strength of solid plate =ow.p £ = 150 x 80 x 10= 120000 N

90750
130000 x 100 = 75.6 %

n of joint =
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Example 3.7. A double cover butt joint is used to connect plates of 12 mm thick. Design
the riveted joint and determine its efficiency. Use power driven rivets and take permissible stresses
as per IS:800-1984. Take permissible axial tension in plate= 0.6 f, where f, =250 N/mm’.

Solution

The diameter of the rivet is found on the basis of Unwins formula:

d = 6.04vt = 6.04¥12 = 209 mm

Since Unwin’s formula gives slightly higher values, adopt nominal diameter of rivet

=20 mm.
Gross diameter of rivet =20+ 1.5 =215 mm
The permissible stresses for shop rivets as per IS 800-1984 are as follows :

7 = 100 N/mm? oy = 300 N/mm?’.
ou = 0.6f; = 0.6 x 250 = 150 N/mm"
Let p be the pitch of the rivets.
Strength of rivet in double shear

P =1y. 2’;_d= =100 x 2 X ;{21.5f= 72610 N

Strength of rivet in bearing on main plate
Py =apr.dt =300 x21.5 X 12= 77400 N

Rivet value = 72610 N (i)
Strength of plate per pitch length = g, (p — d)t
= 150(p — 21.5)12 = 1800(p — 21.5) N - (IT)

Equating this to the rivet value, we get
1800(p — 21.5) = 72610
From which p =618 mm
Adopt p =60 mm. Adopt thickness of each cover plaies

= % X thickness of main plate
=2x12=75m
Keep thickness = 8 mm
- d -
Efficiency of joint =22 x 100= £=212 » 100 = 642 %

60
Example 3.8. Two plates 12 mm and 10 mm thick are joined by a triple riveted lap joint,
in which the pitch of the central row. of rivets is half the pitch of rivets in the outer rows. Design
the joint and find its efficiency. Take 0w =150 N/mm’, 14=80N/mm’ and ox= 250 N/mm’,
Solution : Since the Unwin’s formula always gives slightly higher value of diameter of
the rivet, we will use smaller of the thickness of the two plates.
: d = 6.04Vf = 6,04V10 = 19.1 mm.

Use 20 mm rivets.
Gross diameter of rivets =20+ 1.5 = 21.5 mm.
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(i) Rivet Value

Strength of rivets in single shear
4

=T‘f, I

>
|

1
G

TS
bt
-

= 80 x %{21.5)1 = 29044 N

Strength of rivets in bearing on 10 mm
plate=gpr.d . 1
= 250 x 21.5 x 10 = 53750 N
Rivet value R= 29044 N (i)
(i) Strength of thinner plate per pitch
length, along section 1-1.
=0y (p —d)t = 150(p - 21.5)10
= 1500(p — 21.5)
= 1500 p — 32250 e (1E)
(#i) Strength of thinner plate per pitch
length, along section 2-2

= gu (p — 2d)t + R

= 150(p—2x21.5)10+29044
=1500(p—43)+29044 ...(iif)
= 1500 p — 35456 FIG. 3.19.

Hence section 2-2 is weaker, along which the strength of plate is (1500 p — 35456). For
maximum joint efficiency, the strength of plate per pitch length should be equal to strength
of rivets per pitch length,

1500 p ~ 35456 = 4R = 4 x 29044
From which, p = 101 mm
Minimum permissible pitch = 2.5 x 21.5 =538 mm
Maximum permissible pitch = 32¢ =32 x 10 = 320 mm

Keep pitch equal to 54 mm for the inner row and 2 x 54 = 108 mm for the outer rows.

Strength of joint = 1500 p — 35456 = 1500x 108—35456= 126544 N
or nqual to 4R( = 4 x 29044 = 116176 N) whichever is less

= 116176.
Strength of solid plate = oupt = 150 x 108 X 10= 162000 N
116176
162000 * 100 = 71.7%

Example 3.9. Plates 25 mm thick are connected by a treble riveted butt joint with hvo cover
straps. The pitch of rivets in the outer row is twice the pitch of those in other rows and the
diameter of rivets is 24 mm. Taking the resistance of rivets in double shear equal to "1.75 times
their resistance in single shear, determine p for equal tearing and shearing resistance. Also determine
the efficiency of the joint. Assume 0u = 90 N/mm’ and 1.; = 60 N/mm’. (U.P.S.C. 1967)

Solution

Formed diameter of rivets =d =24 + 1.5 = 25.5 mm
Consider strip width of joint equal to pitch p.

A
4

¥

-
|

i

&
L

|
\

e

ki

|

Efficiency of joint =
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Let us assume tearing along section 1-1. |
Permissible load per pitch length I
= gul(p—d) (=90(p—25.5)25 ¢
=2250p - 57375 N wo{1) |
Again, assuming tearing along section 2-2 ?

]

¢

and shearing of rivets in section 1-1,
Permissible load per pitch length

= O {p-—?d}r+r,;xl.?5x%d‘

-ﬂ-ﬂ-ﬂ-&-ﬂ-—';
v ]

N _ N K R __ % __& 1 _3% __J_

—t— O OO -0~ - |-
+—oo oo o-}
—-—-u-?:-a-a- o —4—
—~+ -0 — 0 ——o-—4

s

= 90(p — 2 X 25.5)x25 + 60x1.75% %(15.5}‘

= 2250p — 61126 we(2)
Equations (1) and (2) give two modes of failure due to tearing of plates , cut of which
Eq. (2) gives the smaller load. Hence permissible load, per pitch length, in tearing
= 2250p - 61126 -(a)
Let us now consider the mode of failure due to shearing of rivets. In the strip of joint
equal to pitch p, there are 2+ 2+ 1 =35 rivets. Each rivet is in double shear.
Hence permissible load, per piich length,

=5X 14X 175 X %a"= 5% 60 x 1.75 x g{zsisf =268120 N ..(b)

Equating (a) and (b), we get
2250p — 61126 = 268120, from which, p= 146.3 mm
Permissible load which can be carried by solid plate
=gy.p.1 =90 x 1463 x 25 =329175 N

268120
339175 % 100 = 81.5%

Example 3.10. 4 butt joint is used to comnect iwo 20 mm thick plates as shown in Fig
3.21. The diameter of rivets is 18 mm. Determine the efficiency of the joint.

Take f; = 470 N/mm?, fi=375 N/mm® and [ = 750 N/mm?*,
Solution ‘F‘

Formed diameter of the _._|:
1

rivets= 18 + 1.3 = 19.5 mm

Each rivet is in double
shear. Strength of each rivet in
double shear

-P“=21%dzxﬁ

FIG. 3.20.

n of the joint =

=2 X %{15".5}z x 375

= 223986 N
Strength of each rivet in
bearing= P =fi Xd X1t
=750 x 19.5 x 20
= 292500 N FIG. 321
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Rivet value R = 223986 N
Let us now investigate various modes of failure.
(i) Considering the tearing of main plate at a-q,
Py = (b =d)t fi=(300-19.5)20x470= 2.636:10‘ N ()
(if) considering tearing of main plate at b-b and shearing of rivet at a-g,
Py, =(b-22d)t.fi + Py
= (300-2x%19.5)20x470+223986=2.677x10°* N  ..(ii)
(ifr) considering tearing of main plate at ¢-c and shearing of rivets at @ and b,
Puy =(b—3d)1f; + 3P,
=(300-3x19.5)20%470+3x223986=2.942x 10° N ...(iii)
(iv) Considering failure by shearing of all the rivets,

u.—ﬁPu=ﬁx223936—1344xlD‘N (V)
(v) Considering failure of bearing surfaces,
P, =6P, =6x 292500 = 1.755 x 10° N (9

(vi) Considering tearing of cover plates at c-
Pus =(b=3d)2¢0 .fi=(300 -3 x 19.5)2 x 12 X 470
=2724 x 10° N (Vi)
The most likely mode of failure is (fv) in which the joint fails by shearing of the rivets,
the strength of joint being=1.344x10" N.
Strength of solid plate = b.t. ;=300%x20x470= 2.82 x 10°N

y of joint = 134X 10 100 _ 47.7%
2.82 x 10°

Example 3.11. The diagonal of a bridge truss is made of 16 mm thick flat and has to
transmit a pull of 600 kN. The diagonal is to be connected to 16 mm thick gusset plate by
a double cover butt joint with 20 mm rivets.

Calculate the number of rivets and width of flat required. Take permissible stresses as follows:
O = 150 N/mm’® ; 1.4 = 100 N/mm® and opr = 300 N/mm’. Sketch the joint and calculate the efficiency
of the joint. Also determine (i) the actual stresses induced in the flat and the rivets; and (i)
thickness of cover plates.

Solution
Formed diameter of rivet =20 + 1.5 =215 mm.
The rivets are in double shear. Strength of rivet in double shear is:

P =2 % 100 x % (21.5)* = 72610 N

Strength of rivet in bearing against main plate,
Py =21.5 x 16 x 300 = 103200 N
Strength of rivet = R=72610 N

600 x 1000 _
72610 8.26

Number of rivets required =



7

Hence provide 9
rivets to each side, and
arrange them in
diamond riveting pat-
tern, shown Fig. 3.22.

Let the width of
the flat = b. Assuming
the section to be
weakened by one rivet
hole only,

Pr=(b—-d)toa
= (b — 21.5) 16 x 150
Equating this 1o
external load, we get

-
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mr:l—— bu 280 mm ..._...I

21.5)16 x 150 = 600 x 10°

From which, b =2715 mm

Keep b =280 mm
_b—-d_280-215
b 280

x 100= 92.3%

Provide pitch and back pitch=90 mm. Provide edge distance = 50 mm
Actual stress in rivets

600 x 1000

fr = = 91.81 N/mm*
2 x F(21.5) x 9
600 x 1000 ,
f =315 x16x0" 1938N/mm

Actual stresses in flat
Al section a - a, P=fi(b-d)t

600000 _ .
fi = @80 - 21.5) 16~ 145 N/mm
At section b — b, P=ﬁ(b_zd};+§
ﬁm=ﬁ(230—2x21_51316+ﬁm§m
from which f = 140.6 N/mm’,
At section c—c, P =fi(b — 3d) +¥
ﬁum=mzsu—3le.5}m+3“§m
fi = 116 N/mm’
Al section d-d, P=f4{ﬁ_y};+%
M=_r.{zm-3x21.5uﬁ+'5“ﬁgm

fe = 58 N/mm’

¥



RIVETED CONNECTIONS 73

Thickness of cover plates
Let the thickness of each cover plate be ¢,
-. Strength of cover plales at section d —d, against tearing
= (b=3d)2t' 0a=(280~3x21.5)x2 ' x150= 64650 ¢'

| 646501’ = 600 x 10°
Form which ' =928 mm ;

Also, t' m%rﬁgxlﬁ-m mm
Hence keep ' =10 mm.

600 X 1000
(280-3%21.5)x2x 10

Example 3.12. A lower chord of truss has a vertical member AB and a diagonal member
AC meeting at a point A in i, as shown in Fig. 3.23 along with the axial forces. Design the
Jjoint, using hand driven rivets, taking permissible tensile stress in the angles as 0.6f, where
fy = 250 N/mm®. &

Solution Assume 12 mm thick gusset plate. A
Minimum thickness of angles = 10 mm. The diameter IB
of the rivet is found on the basis of Unwin’s formula: 1sa

D =6.04Vi =604V 10 = 19.1 mm 60X60XI0™
Use 20 mm rivets. Gross dia. of rivels
=204+ 15=21.5 mm

Minimum pitch = 2.5D = 2.5 x 21.5 = 53.75 mm.
Provide pitch = 60 mm. 300kN 43° 218N

For hand driven rivets, we have L ZHEA .m!fm,“o{m
16 = 80 N/mm’ ; opf = 250 N/mm’
Oar = 0.6f, = 0.6 X 250= 150 N/mm* FIG. 3.23.

(a) Member AB

(f) Strength of rivet in single shear= Pu,=%—d‘.r..f

Actual stress in cover plate, at d —d = = 139.2 N/mm’

= %{21.5)‘50= 29044 N

(i) Strength of rivets in bearing on 10 mm thick angle

= Pu =0p.d.t=250 x 21.5 x 10= 53750 N
(i) Strength of angle per pitch length= Py

= Oaelp — d)t=150(60 - 21.5)10 = 57750 N

i Rivet value R =29044 N
Force in member AB  82x10°
No. of rivets required = Rivel Value = 20044 =283
Provide 3 rivets,
(b) Member AC

({) Strength of rivet in single shear= ﬂ..--:id‘tq
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= % (21.5)*80= 29044 N

(#) Strength of rivet in bearing on 10 mm thick angle= P
= gprd . t= 250 x 21.5 x 10= 53750 N
(i) Strength of thinner angle per pitch length

= Pu = oulp — d)t= 150(60 — 21.5)10= 57750 N
Rivet value R = 29044 N

. : Force in member AC _ 116 x 10°
No. of rivets required = Rivet Value _— = 3.99
Provide 4 rivets.
{c) Member ED
Net force in member ED= 300 — 218= 82 kN
(i) Strength of rivet in double shear= P,
=2xZdr, Tsa
4 | SO X80XI0
=2 x 2 (21.5)*80= 38088 N
4 - ISA

(¢i) Strength of rivet in bearing on 12 mm thick
gusset plate= Py
= gprd.f = 250%21.5 x 12 = 64500 N
(#i) Strength of angle per pitch length

= Put

ToXI0XI0

I2mm THICK
GUSSET PLATE

:
¢
¢
6

=dgu(p —d)t { ;
= 150 (60 — 21.5)10= 57750 N. +—le-é o — ot
Rivet value = R= 38088 N. ; /
No. of rivets required=82%10" _ s “*s0ed'" Tlooxiooxio
' ™ 38088
Provide 3 rivets. FIG. 3.24.

3.12. RIVETED JOINT SUBJECTED TO MOMENT ACTING IN THE PLANE OF THE JOINT

Sometimes, a riveted joint may be sub- s L

jected to a load which may not pass through b » -lr l""
the C.G. of the rivet group. Such a connection |
is known as eccentric load connection. There o o :
may be two types of such connections :

1. When the line of action of the load o o
is in the plane of the group of rivets, but
is away from the C.G. of rivets (Fig. 3.25 a), o1 o
or when the joint is subjected to a pure moment
acting in the plane of the joint, and ' J o o

2. When the line of action of the load -

o nct Nt o plameof hecgonpckt ) v TN

in which the load P acts at an eccentricity CONNECTION

T

O
o

b o — — — o ———
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e from the C.G. of the rivet group, both being in the same plane. Fig. 3.25 (b) shows a
riveted joint subjected to a pure moment M in the plane of the joinu

In the connection of Fig. 3.25 (a), the rivets group is subjected to (i) a direct load P

passing through the centroid of the group and (if) a moment M=Pe The two effects are
shown separately in Fig. 3.26.

Due to direct load P, a shear
stress f; will be induced in such

a way that
P
fi=52

where £.4 is the sum of the rivet

,-L‘u -Pa

P
M

|

‘P'{p
P19

& |

\

é\*ﬁ

A

area. If 4 is the area of cross-section / A
of any particular rivet, the force i %f P, 1\
in the rivet due to direct load is 1 B ‘? t ’?
phren. 0y P A CP ?F, i{?ﬂ o
=fi.A=—=—"— ..(3.15 '
S A ( @) la) DIRECT FORCE (b} MOMENT {c) COMBINED
If all the rivets are of equal FIG. 3.26
area, the above equation reduces to :
~PA_P
F, = s w(3.15)

where = total number of the rivets.
The direction of this force will be vertically downwards, acting through the centre of each
rivet, as shown in Fig. 3.26 (a).

Due to moment M( = P.¢), each rivet will be subjected to torsional shear stress f; (Fig.
3.26 b). In order to find stress f; due to the moment (or couple), it is assumed that () rivets

are perfectly elastic, and (i) the unit stress on each rivet is proportional to its radius vector
and acts in a direction perpendicular 1o the radius vector.

Thus, f;=r where r is the distance of any rivet from the C.G. of the group.

fh=kr (1)
If Fy is the force in the rivet, we have
=Afs=Akr we(2)

The moment of resistance of the rivet is=Fa.r=A4kr

Total moment of resistance of the rivet group=ZAkr=kZAr
Equating this to the external moment,

kZAr =P.e
P.e
or k =
2.2 3
Substituting the value of k& in (1) and (2), we get
fi P.er
YT
P.eA.r _M.A.r
and F = = .3.16 (a
"TTZA.7 ZAP @
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If all the rivets are of equal area,

F e.r_ M.r
F wsid 3‘15
7 = = (3.16)

In order to find the resultant force R on a rivet, it must be noted that F, acts in the
direction of P while F; acts in a direction perpendicular to the radius vector. The maximum
value of R in a rivet group will be for the rivet in which F; and the resolved part of
F; in the direction of F, are additive. If F; makes angle & with the direction of F;, we have

R =V (Ficos 8 + F))* + (F1sin 8)°
or R=VF!+F}+2F Ficos8 (3.17)

The resultant force R in the heavily loaded rivet or any other rivet can also be found
graphically by parallelogram of forces.

If, in the place of eccentric load, a pure moment M acts on the rivet group, the load
carried by any rivet will be given by

M.r.A

= m_ in gﬂﬂﬂﬁl --.(3-13 ﬂ}
or * R= fg% (3.18)

for the particular case when all the rivets have the same area. The direction of R in
this case will be perpendicular to. the radius vector.

Design of the bracket connection

In the analysis problem, if the number of rivets in a bracket connection {Flg. 325 a)
are known, then the load P, acting
at a given eccentricity, can be easily
~ found by using Egs. 3.15, 3.16 and

3.17. However, in a design problem,

the number of the rivets has to be
assumed, t0 start with, for a given
load P acting at a given eccentricity,
or for a given moment. This can
be done as follows, for a connection
having large number of rivets.

Let there be ! number of rivet
lines, with n number of rivets in each
line, having pitch p, as shown in Fig.
3.27 (@). Fig. 3.27 (b) shows the stress
diagram for one rivet line, wherein
the stress in each rivet is proportional
to its distance from the neutral axis

Let f' be the stress in the out-
ermost rivet, and R is the rivet value. M p —ee— B s p _,+!'@,4
We have e \P

po—— -~ L i=1} P —-—-t-: I...f —
O Q o O

0O O O @)

B b e o oo v v~
o)
0
O
o

' R la) Y
! =7 (1) FIG. 3.27.
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Hence the maximum stress f of an equivalent rectangular beam is

_gr_np R n
f f’[u—l]p p n—1 2
Let M = 1otal moment to be resisted= P.e

Moment shared by one rivel ling = —

Section modulus -—[np}

. Fibre stress f= ]M” w(3)
E{”F}J
Equating (2) and (3), we gel
R n _ M/
por=l 2y
or R = E'M il i3 i ! ] «(3.19)
1 (np)’
. 6M n-—-1
or n = !pR[ = ] .3.20 (a)

If the value of n is large (say more than 6), the factor [

oM
- \/E . (320)

3.13. RIVETED JOINT SUBJECTED TO MOMENT ACTING PERPENDICULAR TO THE
PLANE OF JOINT
1"’1"—_'\“'|'

Fig. 3.28 (a) shows a
bracket Mnnﬂct&nn in which te— ’
the moment (= eP) is acting T

in a plane perpendicular to & &
the plane of joint. In such
a case, each rivet is subjected
to tension in addition of direct
shear. The external load P |

tries to rotate the connection

about a neutral axis, the loca- :

tion of which depends upon ‘ |
the initial tension, if any, in it

] can be taken approximately
equal to unity. Then

the rivets.

Case 1: Initial tension
in rivets : If hot driven rivets 1
are used, they will have initial L-’r—l—'l- - e
tension when they cool and la) (b) (e} (9)
compress the plates together.
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In that case, the N.A will lie at the mid-height & of the strip, as shown in Fig. 3.28 (c),
where h =np for a connection having n number of rivets in each line, provided at a pitch
p. Let there be | number of rivets lines.

M M n
Stress [ = 57 _12{; et x -EE
-
_ &M
or [= W (1)

Hence effective tensile force T in the -extreme rivet is

- = OM.bp_
T=fb.p 1.5 (o)’
6M

or T = f.P—ﬂI we(2) .(3.21)

The maximum value of T should be equal to rivet value R. Hence from Eq. 3.21, putting

T= R, we gel
— ES———
n ) v IPR ..-(3.22]

From the above equation, number of rivets can be computed. Again, calculated tensile
stress in the extreme rivet is given by

T 6M

a'!.frm‘ = E = IFHZA u.ﬂ.ﬂ}

where A is the effective area of cross section of the extreme rivet, It may be noted that
Eq. 3.22 is similar to Eq. 3.20.

Case 2 : No initial tension in rivets: If there is no initial tension in the rivets, as
is generally the case in cold driven rivets, the N.A. does not pass through the C.G. of rivet
groups. But instead, it passes through a point which lies much lower than the C.G of rivet
groups. According to British practice, the N.A passes through the centre of bottom most rivet.
In the American practice, however, the line of rotation (i.e. the N.A.) is assumed at a distance
of lth the effective depth from the bottom of the brackel. The effective depth (h) is the depth
from the centre line of the topmost rivet to the bottom of the bracket, as shown in Fig. 3.28
(d). We will follow this commonly accepted practice.

The rivets which lie above line of rotation will be in fension, in addition to direct shear,
while those which lic below the line of rotation will be in compression and direct shear.

The tensile force T in any rivet above the line of rotation will be proportional to its
distance y from the line of rotation.

Ty or T=k ()
The moment of resistance due to this tensile force is given by
M =Ty=k.y ()

Hence the total moment of resistance provided by the rivets in tension is
M =XZky'=kZIy
P M, = yIz Y ...{iii)
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Hence T = g—;‘; ..(3.24)

Total tensile force ZT =£;T‘§E

For equilibrium, total tensile force must be equal to total compressive force IC

SC = M, E}'
Z
This compressive force acts at a distance of 3[ ]= =0 from the N.A. Hence taking

moment about the N.A., we gel

External moment = Moment resisted by rivets in tension + moment resisted by rivets
and T section in compression

- M =M, +2C. %
or M=M+ ﬂ‘fl‘g}i i
_ M
Hence M = % 3y «(3.25)
21 " 3yt

Thus, the moment resisted by rivets in tension is known. From this, the tensile force
Tmae in the extreme rivet can be found from Eq. 3.24 :

T Ml'-:l’m-ﬂt
mar LR 3!24 ﬂ
Ty ( )

where  Ymae = %JL

Hence the tensile stress in the extreme rivet is given by oy, .a= T;“ !'j' ;;"I; «{3.26)

Direct shear stress

In both the cases, the direct SF. in any rivet is given by F=2
Hence direct shear stress in extreme rivet is
P
I..,\‘.,,.; _A nA .{327}

Interaction Equation
Thus the extreme rivet, in both the cases, is subjected to axial tensile stress oy,.a and

direct shear stress 7. .. Tests have shown that the strength of bearing type fasteners subjected
to both shear and tension can be approximated by an equation in the form of eliipse. The general
form of interaction aqum:’an can be wriuen as

9, cal -
(Bt} (g (3.28)

According to IS: 800-1984, lhe rivets subjected to shear and externally applied tensile
force should be so proportioned that

["‘J;f+"f“] < 1.4 (3.29)




- B DESIGN OF STEEL STRUCTURES

Design of bracket connection

If the rivets have initial tension, as in the case of hot driven rivets, the number of ﬁqrets
can be found vsing Eq. 3.22. If, however, the rivets do not have initial tension, slightly less
number of rivets will be required; in such a case, n may be found by modifying Eq. 3.22

as under
'
n =038 v R ..,(3.3ﬂ}

Example 3.13. A load of 100 kN is carried by a bracket riveted to the flange plate of a
stanchion, as shown in Fig. 3.29. Each rivet is of 24 mm diameter. Calculate the maximum shear
siress in any rivet.

Solution I0OKN
Formed diameter of rivets T i it
=24 + 1.5 =25.5mm onm $ | $
M=P.e =100 x 10’ x 200 = 20 x 10° N-mm T
Since the area of section of all the rivets is the °°om™ i
same 1o ¢
Fy =£= 10000 _ 15500 N somm| -k
n 8 "
$7 = 4(40° + 120°) + 4(40° + 40%) Jf & PP
= 76800 mm® 80men ' ‘1‘
Rivet B will be the most heavily loaded rivet, for I
i o O]
L |
g rﬁ\/doz+1202=126.5 mm e ' l
M.r 20x10° x 1265 F
Fy = = = 32940 N
T 76800 FIG. 3.29.
120 4
cﬂsa—m—ﬂgﬁﬁ sma-—l ‘S—H,ilﬁl
Fisina = 32940 x 0.3162= 10416 N ; Focosa = 32940 x 09486 = 31248 N

R = ‘J (F, + Fasin a) + (Facosa }1 = ‘\/{125(]0 + 10416}’ + (3‘:1248}2 = 38750 N
If the rivets are in single shear,
f, =810 _ 759 N/mm’
7 @55y

Example 3.14. Calculate the shearing stress in the rivets B and C for the connection shown
in Fig. 3.30. Rivets A and B have 14 mm diameter while rivet-C has a diameter of 22 mm.

Solution
Formed diameter of rivets 4 and B =14 + 1.5= 15.5 mm

Area of cross-section of rivets 4 and B =;{15.5}2= 188.7 mm’
Formed diameter of rivet C =22 + 1.5=23.5 mm

Area of cross-section of rivet C =%(23.5}’= 433.7 mm’
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To find the position of C.G. of rivet group, ] —
take moments of rivet areas about vertical line

passing through C. le— 20mm —sfe—ri- 120mm
Thus 2 x 188.7 x 90

~ 2 x 1887) + 433.7
A =(2x188.7) + 433.7 = 811.1 mm’

T
M = P.e.= 200000120 + 41.9) ?
[ 3]
-+

H-g

=41.9 mm A

= 3238000 N-mm
In the rivet B
P a ."ﬁ.-!mE.GIlIZI[IIlIl':w:1!!-1?..}'.=
ZA 811.1
Similarly, in the rivet C
PA M:{ﬂl‘?:lm N

4653 N

_i_m_

Fa =5 = 8111 FIG. 3.30.
TAF =2 % 188.7 (48.1' + 60°) + 433.7 (41.9)’= 2993200
_ M.r.A_ 3238000 x 188.7V (48.1)" + 60°
Fm_E_ﬂIr’H 5999200 = 15700 N
M.rA_ 3238000 x 41.9 x 433.7 _
and Pejw e Saiaons = 19660 N
Rc = 10690 + 19660 = 30350 N
—pan-t_ 00 _
a = tan 0—419 51.28°,

9= 180° ~ 51.28°= 128.72°
Ry =/ Fsl + Fs + 2Fs,. Fs, c080

Rs = V(4653)*+(15700)*+2x4653x 15700 cos 128.72° = 13295 N

__Rs _ 13295 _ 2
fa = 887 1887 : = 70.45 N/mm
o Re 30330 2
fc = ek 433.1_69.98 N/mm

Example 3.15. A load of 100 kN is carried by a bracket riveted to the flange plate of
a stanchion, as shown in Fig. 3.29. Using 8 rivets, calculate the diameter of the rivets. Each

rivet is in single shear. Take Ty =100 N/mnt"
Solution. (Fig. 3.29, Example 3.13). As found in Example 3.13,
M =20x10°; Fi=12500 N
F. =32940 N ; R=38750 N

Shear stress = SETTEU
But this should be equal to permissible shear stress (7y)-
38750 _ _ _
T = 'I.'q.,f— IDI.'I
38750

From which A= = 387.50 mm’
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Dia. d = 1A=\/ix33T.su=zz.z mm
JC JT

This is the formed diameter of the rivet.
Actual dia. of rivet = 22.2 - 1.5= 20.7
Hence adopt d = 22 mm

Example 3.16. Solve example 3.13 if the load of 100 kN acts at an inclination of 60° to
the horizontal.

Solution

Apply equal and opposite forces P, in the direction
of given load P = 100 kN. The given system is thus
equivalent to

() A direct load P acting through the C.G. of

the rivet group and-in the direction of applied load,
and

P=I100kN

=L
!

T
8
4

I

(i) A moment M= P.e

F, due to direct load el inn TR 12500 N,
in the direction of P.

M.r
F, due to moment =
? 7

From Fig. 3.31, CE = Zm_lanﬁﬂ‘= 346.4 mm
GE = 3644 — (40 + 80 + 40) = 186.4 mm
Draw GA perpendicular to DE.

GA = e = GE cos 60° = 186.4x1 = 932 mm e

M = Pe= 100000 x 932 = 93.2 x 10° N-mm FIG. 3.31.

7 =76800mm’ as found in Example 3.13 and r= 126.5mm
M.r 932 x10° x 126.5
Fz-zrz— 76800 = 15350 N
The maximum F; will occur in rivet marked B. The resultant load R = 26000 N (found
graphically)

e Bof—8 —h 88— 85

- T 40 = -]
Alternatively, a =sin 365 18.43

Inclination of F; with vertical = 90°—a=9%"—18.43°=71.57°
Inclination of F; with vertical = 90° — 60°= 30°
Angle & between Fy and F; =T71.57° = 30° = 41.57°

R =V Fi+ F} + 2F, Fxcos 8

= \/ (12500)*+ (15350)*+2 (12500 % 15350) X cos 41.57°

= 26057 N
26057

7(255)

Maximum shear stress intensity = = 51.02 N/mm’
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Ennﬂc!.l?.d!aadeHhmbemmeyabmckﬂﬁuud to the flange plate of
a stanchion as shown in Fig. 3.32 Each rivet is of 22 mm dia. Calculate the maximum value

of P which can be allowed so that the maximum stress in any river does not exceed the one
as prescribed by IS :800-1984. Use power driven rivets.

Solution

Apply equal and opposite forces at c.g. of the rivet group, in the direction of the load
P. The given system is equivalent to 1

(f) a direct load P acting through the c.g. of the _J’_— | ]__iﬂrﬂ _.l 4
88 fo— 140 —+{38 _g’éﬂ*
c

rivet group, in the direction of applied load and -+ < 5P
(if) a moment M= Pe. 1 _¢_ A S IR
| -~
Fy due 1o direct load= L = £ in the direction of P. ., & /./
! ,.r’ |
MJ" F.E.r 130 . : I'I.--""' |
= = [+] 5
F: due to moment gy _1___?_;"“?___:_‘/
/ AC =125 + 150= 275 mm; sol ‘| o
AO =150 + 55 =205 _L . 3 paif
, i
OC = VAC + AO* = V(275)" + (205)" = 343 mm gg = f‘ i |
wogan=1AQ 205
g =tan 2C =T 2o 36.7° -— 250mm ISHB 400
a =60°—8=60°- 367" =233°
e = OCsina = 343 sin 23.3°= 135.66 mm FIG. 3.32,

From Fig. 3.33, it is clear by inspection that rivet E is the most heavily loaded.
r of rivet E = OF =V 150° + 70" = 165.53 mm

| TP = 4 (165.53)"+2(70) = 119400 mm* tl-‘_—" —
| H
- Pe.r _ P X 135.66 X 165.53 0\ /s
' = = =), f
i Fea = 119400 0.1881P :1{‘ | b
AN AT
Fm=£=ﬂlﬁﬁ?P | 1*},“' i _l-
6 *_ oy f2
ot | 70 [ i I';-*— "?
Now ¥y = 1an ﬁ = 25.02 | / I
I -
8 = 60°—y = 60°—25.02°= 34.98° :,yr | 190
Lo
Re = VFi + F} + 2F, Fycos 8 k \i x
= V (0.1667P)*+(0.1881P)*+2x0.1667Px0.1881P x cos 34.98° R & 76" E
Ry = 0.3385P kN (where P is in kN) f2
. R _ 0.3385P x 1000 F
Max. shear stress in rivet E = ~= —— g I 70--70-+|
ii'{ ) FIG. 3.33
= (.7804P N/mm’
Equating this to permissible stress 7,0 = 100 N/mm’, we get
P=_10__12813kN

0.7804
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3.18. A double plate bracket is provided using 12 mm thick plates connected to
flanges of a steel column having flange thickness of 12.7 mm and fransmit a load of 600 kN
at an eccentricity of 200 mm. Design the bracket using 22 mm dia. power driven riveis.

Soiution
Axial load on one plate =5 X 600= 300 kN.
Formed diameter of rivet = 22 + 1.5=23.5 mm
Taking 7,= 100 N/mm’ for power driven rivets,
Strength of rivet in single shear = Z(235)" x 100= 43374N= 43374 kN

Thickness of flange of the section = 127 mm
Thickness of gusset plate =12 mm. .. =12 mm

()

ri = (70)'= 4900

-:':.;
*

—-—
-

ri = (60)* + (70)'= 8500
r¥ = (120)* + (70)*= 19300
ri = (180)* + (70)*= 37300
ri = (240)" + (70)'= 62500
27 = Ui+ i+ ritri+n) .
= 520200. i
Also for rivet E, ta)
r =ry= V62500 = 250 mm

- 1)

Strength of rivet in bearings =d.7. 0y = 235 X12x300= 84600 N (i)
Hence rivet value = 43.374 kN
Let us provide a pitch p =60 mm
M = P.e =300 x 10° x 200 = 60 x 10° N-mm
Now n = V %‘-;;— Here != number of rivet lines =2 (say)
n = number of rivets in each line.
_ 6 x 60 x10° _
B _\/Zxﬁﬂxﬁiﬂ & A~ SO
Hence pr{]\'idﬂ n=9 ——b“r—-—-——“ﬁ— 2 P uBO0RN
Total rivets [+ 70 =70 + l
=2n=2x9=18 T = e
Arrange these as shown i + '+'!
in Fig. 3.34 (a). i . o
Force in rivet due to axial i +" +:
f 300 kN: I [ 3
1= = = 16.67 kN 991 3 L ty=12:7 |
2n 2x9 850 :t + _+_| |
Force in rivet due to mo- ¢ al He——200mm
ment: "'"—'+' 1 : '+': — : “‘_'
PSS o4 Kyl :
z ?; _+- [ W\ : :
. i .
I BERE
60| =
4| 4
35 |

»
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Fy

_M.r_ 60 x 10° x 250

Ty 2 520000
-1240

Angle 8 =tan” ——=73.74° cosf = 0.28

70

R =V Fl + F} + 2F, Facos 8

= 28835 N = 28.835 kN

= V (16.67)*+(28.835)*+2x16.67x28.835x0.28 = 37.13 kN
This is less than the rivet value of 43.374 kN. Hence the design

Example 3.19. A gantry girder is attached to a steel stanchion, through

is safe.

a bracket connection,

as shown in Fig. 3.35. Determine the maximum allowable load, if all the rivets are 16 mm dia

and are power driven.
Solution : For power driven rivets,
7,y = 100 N/mm?’,
Formed dia. of rivet= 16 + 1.5 = 17.5 mm
Strength of rivets in single shear

= %{17.5)1 x 100 = 24053 N

Strength of rivets in double .shear
= 48106 N

{a) Connection of girder to angles : Rivels A
These rivets connect the web of the girder
to two angles, one angle 1o each side. The rivets
are in single shear. There are in all
. 3 X2 =06 rivets.
: Permissible P = 6 x 24053
= 144318 N (1)
(b) Connection of angles to bracket : rivets B
These rivets connect the two angles to the
bracket plate, There are 3 rivets and each rivet
is in double shear. However, the load P acts
at an eccentricity of 40 mm. Hence the maximum
force in the outermost rivet of rivet line B

T

160

fe——— 300mm

P

{30 }=80 -pol-— B-RIVETS, []i

...l_.

+

]z = 04714 P

" | =\/(§]1+[Fx40:-§6ﬂ
2 (60) .
Equating this to the strength of rivet in double shear, we get
, 0.4714 P = 48106
or P =102048 N

(c) Connection of bracket to stanchibn: Rivets C

The load acts at an eccentricy e = 300 mm.

M =Pe=300FP N-mm.

fe 8-t B+

A-RIVETS

+
+

= e—

i

()

The maximum force will be induced in the outermost rivet £ for which -

§= tan~! % = 75.96° ; cos 0 = 0.2426
and r = V(40)* + (160)* = 164.9 mm

37 =4(164.9) + 4 [ (80)* + (40)°] + 2 [ (40)* |= 144000 mm’
Now Fg = S 0.1P

10
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_Per _Px300x 164.9

Fa =5 =""TJaon = 03435P
Resultant R =V F + Fg + 2 Fg, . F,c08 8
=V (0.1 P)* + (0.3435 P)* + 2 (0.1 P) (0.3435 P) (0.2426)
= 0.3803 P.
The rivet is in single shear.
-
or P = 2gr = 63247 N (i)

The maximum permissible value of P will be the least of (i), (i) and ().
Permissible P =63247T N
Example 3.20. Determine the maximum axial tension in the rivets of the connection shown
Fig. 3.36. Taking permissible stresses as per IS : 800 for power driven rivets, determine the diameter
of the rivet.
Solution : For power driven rivets,
7y = 100N/mm’ ; oy= 100 N/mm’
Let us assume that the rivets do not have initial tension, and that the N.A. or line of
rotation will lie at h/7 above the bottom edge of bracket.
h = (6 x 70) + 35 = 455 mm
o B 809 . W
m =g =65 mm
For both the lines of rivets,

Zy =2[40 + 110+ 180+ 250 + 320 + 390]

150N

Ar
¥
T0
= 2580 mm . +
Ty =2[40°+110°+180°+250°+320"+390] 2%
= 726200 mm* +
Moment resisted by rivets which are sub- .
jected to tension is _{_
M
MI = H_l-&h_i? ...{3.25} h 70
21 3y +
_ 150 x 10° x 200. 70
14 2 % 455 % 2580 _'-
21 726200 f b i il B 2
= 26 % 10‘ N-mm sia, 65 hr7
The maximum tensile force in the top -1 1 1
most rivet is | — Y
T _ Me ymax _ 26 X 10° x 390 N 1)
e Ty 726200 : J i
= 13962 N (1 )
4 M UissT 200
Direct shear stress ISHB 200 1™ @ 28-4xg/m
m -
Fo=P 10X10_ 00 Ny @ e

2n 2X7 FIG. 3.36.
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Let d be the formed diameter of rivet. Hence for the topmost rivets,
_ Tomaxe_ 13962 17777

e] = = - :
_F,_ 10714 _ 13641
and f el == — r =~ ()
4

The rivets are subjected to both shear as well as axial tension. Hence the following relationship
should be satisfied.

Df.el | Tl <14

T if
13641/d* . 177771/d*
or 100 + 100 = 1.4
from which d =2244 or d =15 mm
Hence actual dia. of rivet=15—-15= 135 mm. -, Provide. 14 mm dia. rivets.

Example 3.21. Design a riveted connection joining the bracket angles 2-ISA
100 x 100 x 8 mm using (a) power driven (hot) shop rivets, (b) power driven (cold) shop rivets,
as shown in Fig. 3.37.

Solution

(a) Power driven (hot) shop rivets.

Due to hot rivets, there will be initial tension in the rivets, due to which N.A. will lie
at the mid-height of the bracket.

Let us use two rows of 20 mm diameter rivets at pitch of 60 mm. The number of rivets
per line is given by Eq. 3.22

,'_ 2000kN

_JEM \s r
EM ———————
" IpR ¥ S
4
where M =200 x 250 x 10° = 50 x 10° N-mm T +
[ =2 $
p =60 mm ‘u' +
JT
R =7 (21.5)" x 100= 36305 N. 1 4
6 x 50 x 10°
"‘\/Zxﬁuxzﬁans‘m i’ +
Provide 9 rivets in each row. Area of each —1— +
ﬁm-%{:lﬁ}‘: 363.1 mm’. gF 4
_Thc calculated tensile stress in extreme rivet ot
is given by Eq. 3.23 : 4 _I. -+
&M 6x50x1 2 6
el T oA 2% 60 (9) x 363.1 -+
Direct shear load in each rivet !£ 3
_p= P _200x10° _ 1000 IN. Hence, ap
2n 2x9 '
111111 TR

Tf.cat = —goao = 30.6 N/mm* | FIG. 337,
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Now as per Code requirements,
T‘Jrﬂd + ﬂ'f:ﬂl 5 1-4
Tof Oyr
30.6 85

100 T 100 =14

or 1.156 = 14. Hence the design is satisfactory.
(b) Power driven (cold) shop rivels
For these rivets, there will be no initial tension. The number of rivets for such a case

is given by Eg. 3.30
1flﬁM
n=08 _&;‘E

Providing ! = number of rows =2, p=60 mm and R = 36305 N as before, we get
_ 6 x50 x10° _
"—ﬂ'a\/z::ﬁﬂx}ﬁ?ﬂs_ﬁ'ﬁd
Hence provide 7 rivets, and arrange these as shown in Fig. 3.38. Keep the edge distance
=40 mm. Height h= (60 X 6) + 40= 400 mm

The N.A. will lie at %'{ =$=57 mm) above the bottom edge of the bracket.

For both the lines of rivets,

Sy =2[43 + 103 + 163 + 223 + 283 + 343]= 2316 mm
5 =2 [43%+ 1032+ 163 +223°+ 2837+ 3437 |= 572988

|

£
-

21 572988
= 43.328 x 10° N-mm
The tensile force in the
topmost rivet is
T = M: . Ymax
T
' a 43.328 x 10° x 343
572988
= 25937 N. Hence,

Tomax _ 25937

Nl T4 51
= 7143 N/mm*  ..(1)
Direct shear load in each

h= 400mm

:
P

+-+-+-+-+-4+-4+-4+-+ 71

4164 ¢ 4 & & ¢ 4

e 15

1 +8+-8+-8+8+8+8+8+8+8-+8+

P _200x10 ] ]
2n 2%7 to) (5)
= 14286 N

rivet= F =

FIG. 3.38.
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ot o 18286 2 '
.l = =TT 39.34 N/mm (2)
As per code requirements,
If.col 4 Of.cl <14
Tuf Ouf
3934 | 7143
or 100 + 00 = 1.4
or 1.11 = 14. Hence the design is satisfactory.
PROBLEMS
1. A double riveted lap joint in plates 10 mm thick is made with 16 mm rivets at 60 mm pitch.

Estimate how the joint will fail and calculate its efficiency if the tearing strength of the plates is

475 N/mm®and shearing and bearing strength of the rivets are 380 N/mm” and 750 N/mm? respectively.
Ans. [The joint will fail in shear at a pull of 182700 N; » = 59.2%]

2. A double riveted double cover butt joint is used 1o connect plates 12 mm thick. Determine the
diameter of the rivet, rivet value, pitch and efficiency of the joint. Adopt the following working

stresses
Ans. [22 mm; 66600 N ; 95 mm ;

3. A bridge truss diagonal carries an axial

752 %)

. = 1025 N/mm’; gpr = 236 N/mm’ and oo = 150 N/mm”’.

pull of 500 kN. It is to be connected to a gusset plate

20 mm thick by a double cover butt joint with 22 mm rivets, if the width of the flat tie bar
is 250 mm, determine the thickness of the flat. Design an economical joint and determine the efficiency
of the joint. Use power driven rivets and take permissible stresses as per IS Code. The permissible

stress in plate for axial tension may be taken as 0.6f, where f, = 250 N/mm?,

4, A double riveted butt joint, in which the

pitch of rivet in the outer rows is twice that in the inner
rows, connects two 16 mm thick plates with two cover

plates each 12 mm thick. The diameter

of rivets is 22 mm. Determine the pitches of the rivets in the two rows if the working stresses

are not to exceed the following limits :
Tensile stress in plates :

100 N/mm?® : Shear stress in rivets @ 75 N/mm?

Bearing stress in rivets and plates: 150 N/mm’ ; Make a fully dimensioned sketch of the joint.

(Based on U.P.S.C. 1954) Ans. [128 mm; 64 mm]

5. A lic bar is attached to a gusset plate by four rivets arranged at the corners as shown in Fig.
3.39, the pitch of the rivets being p. The pull is applied symmetrically. If the rivet D is now removed,
the pull being maintained at its former value, calculate by what percentage the load on each of
the rivets is increased ? Ams. [ A:176 % ; B:212% ; C:675 % |

6. Explain the as-
sumptions usually
made in estimating
the load carried by
each rivet in a
riveted joint which 5
is subjected toboth *+—1—"
shear and bending
in the plane of the
joint. In the arran-
gement shown in
Fig. 3.40, five rivets
are symmetrically

J—
Ié@

¢ &
L

FIG. 339,

F—v—

——— .

!
!

ol
& |
s

——-—-—L—-—l—-
FIG. 3.40.
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arranged at the corners and the centre of square of side a. Find in terms of W, the Ipad transmitted
by the most heavily loaded rivet. Ans.[1.24 W]

A riveted steel bracket connection has 22 mm diameter rivets 12 in number arranged as shown
in Fig. 3.41. Determine the load P so that allowable stress in the extremely loaded rivet is just
reached. Take safe permis- 1

; 5 T T b i o -

sible stress in bearing in rivet ‘$‘\ ,ﬁ.
= 236 N/mm’, and safe per- /
missible stress in shearing in
rivet = 102.5 N/mm’.

(J.U. 1965} Anms. [186 kN]
If the worst rivet in the system
shown in Fig. 3.42 may be
stressed to 100 N/mm?®, calcu-
late the safe value for the ec-
centric load P. The rivets are
24 mm in diameter and are
in single shear.

Ans. [140 kN]

* i§+ +

..____I,.i_ i
+ * -I- : * * +
I

Vd
e
N

[
L]
-+

i

]

F1G. 3.41. FIG. 3.42.

;

Calculate the maximum load 1 A 120N

carried by any rivet shown i d 330mm —

in Fig. 3.43. Rivets 4 and b 60 100 ———y L
B are 200 mm® cross-sec- Ay

b &

%

tional area and rivet C of
400 mm® area,

Design a bracket connection
shown in Fig. 3.44, if it carries

a load of 120 kN at an ec- !
centricity of 350 mm from L'
the centre line. Use power ;
driven rivets. The thickness

o oo ket b 16 o S o FIG. 3.43. FIG. 3.44. —_—
thickness of flange of the stanchion is 12 mm. y‘r Jr
The flange of a tee section 200 mm X 200 mm is r.veted to
the flange of a rolled steel column of I-section to form a bracket
which carries a vertical load of 250 kN at a distance of 200
mm from the face of the stanchion, as shown in Fig. 3.45. - SECTION
Design the riveted connection. Use shop driven rivets, each 20 '
mm dia.




Steelwork Connections : Il
Bolted & Pinned Connections

4.1. INTRODUCTION

In chapter 1, we have seen that there are three fundamental structural members—iension
members, compression members, and bending members. These structural members are often
composed of structural sections which are jointed together. The most common types of structural
steel connections are riveted connections, bolted connections and welded connections, though
riveted connections are fast becoming absolete because of their low strength, high installation
cost and other disadvantages. In bolted connections, bolts and nuts are used. There are several
types of bolts that can be used for connecting structural steel members. The three types of
bolts used in structural applications are (f) unfinished or black bolts, (&) turned and fitted
bolts and (iif) high-strength bolts. In pinned connections, pins are used for jointing the members.

Advantages of bolted connections

1. The bolting operation is very silent, in contrast to the hammering noise in riveting,

2. Bolting is a cold process, and hence there is no risk of fire.

3. Bolting operation is far more quicker than riveting.

4. There is no risk involved in the bolting, in contrast to the risk of flying rivets in
riveting work.

5. Less man-power is required in making the connections.

Disadvantages of bolted connections

1. The bolted connections, if subjected to vibratory loads, result in reduction in strength
if they get loosened.

2. Bolted connections for a given diameter of boli, have lesser strength in axial tension
since the net area at the root of the threads is less.

3. Unfinished bolts have lesser strength because of non-uniform diameter.

4. In the case of black bolts, the diameter of hole is kept 1.5 mm more than the diameter
of the bolt, and this extra clearance does not get filled up, in contrast to the riveted joints.

4.2, BOLT TYPES

A bolt is a metal pin with a head formed at one end and the shank threaded at the
other end in order to receive a nut. Structural bolts are classified as under :

1)
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@ ﬂ;mdﬂiﬁl;isﬁ:; ?; sm bolts A r
% (i) ’_I‘urr:d bnh?. ol s NUT ~ 4
: & ! = £
e Lo . &\\\\ |3
© Amrdmgmsmfeqrwwm 7 53
] bolt 1|0 .
_{{?} i:q;i;na. bolt MI X Im _l. l
@)  According to Pich and fit of thread WASHER -

(iy  Standard pitch bolt

(i) Coarse pitch bolt A BOLT ASSEMBLY
(i) Fine pitch bolt FIG. 4.1. BOLT ASSEMBLY

In common steel structural work, however, the following three bolt types are recognised:
1. Ordinary unfinished or black bolts

2. Turned and fitted bolts

3. High strength bolts.

ORDINARY UNFINISHED OR BLACK BOLTS
These are manufactured from black round bars of low carbon steel, and the surface of

the shank is left unfinished, that is rough as rolled. The head is formed by forging. The diameter

under the thread is usually

1.5 t0 3 mm less than the shank. They remain loose in the holes

which are usually made 1.5 mm larger in diameter than the nominal diameter of the bolt.
Since the bearing of such bolts on the walls of the holes remains imperfect, the allowable
stresses in these bolts are kept lower than the other types of bolts. They are therefore uvsed
only for ordinary field work and light loads—specially during erection operations.

Table 4.1 summarises the dimensions, range of lengths and other information about black

bolts, as recommended by IS : 1364-1983.

TABLE 4.1. GENERAL DIMENSIONS OF HEXAGONAL HEAD BLACK BOLT IS : 1364 (Part [)-1933
Diameter (d) mm & L 10 12 16 20 24 30
Head dia. (e), mm 11.05 14.38 17.77 20,03 26.73 33353 39.98 30.85

& 18 22 26 30 38 46 54 66
Thread length (b), mm
Pitch of thread, mm 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5
Washer, out. dia. mm 18 25 30 40 50 60
Washer, inner dia. mm 6.4 8.4 105 13.0 17.0 21.0 1S 5370-1969
Washer thickness, mm 1.5 2.0 2.5 3.0 3.0 4.0
L __—_———_l

* For I <125 mm. For

125<i=<200, b is 6 mm more and for [/ >200, b is 19 mm more
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Permissible stresses
Table 4.3 gives permissible stresses in bolts in clearance holes (ie. unturned bolts), along
with those for turned bolts.

44. TURNED AND FITTED BOLTS

These are specially made from black round bars of mild steel containing low carbon content,
but are turned down to exact diameter. The diameter of the shank is finished by turning to
a diameter which is larger than the nominal diameter of the bolt by 1.2 mm for bolts M8
to M16 and by 1.3 mm for larger sizes. Flat face of the nut and head on the inner side
are usually machined. Washers should also be machined on both the faces. These bolts will
fit the bolt holes, which are larger by 1.5 mm. The holes for such bolts should either be
reamed or drilled. These bolts provide much better bearing contact between the bolts and
the holes. Strength of such bolts approximately equals that of rivets, and thus is greater than
that of black bolts.

Table 4.2 summarises the dimensions, range of length and other information about fit

bolts, as recommended by 1S 3640-1982.
TABLE 4.2. GENERAL DIMENSIONS OF HEXAGONAL HEAD FIT BOLTS (IS : 3640-1982)

Nominal dia (d), mm 8 10 12 16 20 24 30
Bearing dia. d3 , mm 9.2 11.2 13.2 17.2 213 25.3 32.3
Head thickness, mm 5.5 7.0 8.0 10.0 13.0 15.0 19.0
Head diameter, ¢, mm - 176 19.86 26.17 32.95 19.55 50.85
* 165 19.5 225 27.0 30,5 36.5 43,0

Thread Length ~ (B), mm

j'tFu::u' ! above 50 upto 150 mm.
For | upto 50 mm, b is less by 2 mm, and

For I >150 mm, b is 5 mm longer.

Permissible stresses

Table 4.3 gives the maximum permissible stresses in close tolerance and turned bolts, along
with the bolts in clearance holes. In calculating the axial tensile stress in a bolt (or screwed

tension rod), the net area shall be used.

TABLE 4.3 MAX. PERMISSIBLE STRESSES IN BOLTS
Description Axial tension Shear
of bolt o T
MPa (or N/mm®) MPa (or N/mm®)
1. Bolts in clear-ance holes 120 80
2. Close tolerance and 120 100
turned bolts

Edge distance of holes

The requirements for pitch and edge distance for bolts are the same as for rivets. Hence
for taking the minimum edge distance, Table 3.2 may be referred.
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Behaviour of unturned and turned bolts under
load

Fig. 4.2 (a) shows a black bolt (unturned bolt),
connecting two plates 4 and B. These bolts fit loosely
and there is no clamping action on the plates. When
load P is applied on the two plates (Fig. 4.2 b) there
is shearing action on the plates, resulting in the slipping
of the plates until the unturned shank of the bolt comes
in contact with the edges of the hole. The load is
thus transmitted by bearing on the bolt and shear in
its shank. The shank of bolt bears against the edge
of the plate, resulting in high local stresses and consequent
localised yielding of material. Hence such a bolt is not
desirable if the value of P is high. In contrast to this,
Fig. 4.2 (c) shows the behaviour of turned and fitted
bolt, when the plates are subjected to a load P. Since
the bolt fits tightly in the reamed or drilled hole of
- plates, no slip would occur. The load, for such a case,
is directly transferred by bearing and shear in the bolt.
No localised bearing stresses are produced. Due to this,
higher value of P can be permitted.

4.5. HIGH STRENGTH FRICTION GRIP BOLTS

DESIGN OF STEEL STRUCTURES
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(c) BEHAVIOUR OF A TURNED AMD FITTED BOLT
FiG. 42. BEHAVIOUR OF BOLTS

UNDER LOADS

High strength friction grip bolts are comparatively a recent development. They are made
of high strength steel and their surface is kept unfinished, ie. as rolled and rough. Due to
this, they remain loose fit in the holes, similar to the unturned block bolts. However, high
initial tension is developed in such bolts in the initial stage of tightening, and this tension
clamps the joining plates between the bolt head and the nut. The tightening of the bolt to

a very high tension, reaching their proof load, is done

through calibrated torque wrenches.

This high pre-compression causes clamping action due to which the load is transmiited from one

plate to the other by friction, with negligible slip. The bearing of the bolt on the hole surface.
does not come to play at all. The joint so produced is a rigid one, which remain fully tight

even under dynamic load, free from fatigue.

Fig. 4.3 shows the load transmission by a friction grip
bolt. In an ordinary bolted joint, the force from one side
is transferred to the other side through the interlocking
and bearing of the bolts. In a friction grip joint, however,
the force is transmitted by virtue of friction between the
interfaces. To develop this friction a normal load is applied
to the joint by using high strength bolts tightened to proof
load. By usual law of friction

P=uT «(4.1)
where
T = clamping force induced by the bolt
u = coefficient of friction between the interfaces, and
P = load carrying capacity of the joint in shear

FIG. 43. LOAD TRANSMISSION BY
FRICTION IN HIGH STRENGTH
FRICTION GRIF BOLT
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Hence if the actval applied load is equal to P or less, the joint will withstand it, and
transfer it without any slip. When the actual load exceeds this value, there occurs a major
slip, and, as load is further increased, gradual slipping brings the bolt in contact with the
edges of the plate. The coefficient of friction is termed as slip factor. The slip factor is defined
as the ratio between the force causing the large displacement between the two interfaces of
the plates connected together and the force normal to the interfaces due to the tension in
the bolts. A slip factor of 0.45 is stipulated by IS : 4000-1967 for surfaces which are free
of paint, dirt, loose rust and mill scale., The high tensile friction grip bolts are commonly
abbreviated as HTFG bolts.

Advantages of high strength bolts

1. It gives rigid joint as there is no slip between plates at working loads.
2. It gives high static strength due to high frictional resistance.

3. Smaller load is transmitted at net section of pilates.

4. There are no shearing or bearing stresses in the bolts.

5. It has high fatigue strength.

6

. As the bolts are in tension upto proof load they do not permit loosening of the nut
and the washer.

Disadvantages of high strenpgth bolts
1. The material cost of these bolts is much higher — it is about 50% greater than that
of ordinary bolts and about 3 times that of rivets.

2. Special attention is required for workmanship in installing and tightening these bolts,
specially in regard to giving them right amount of tension.

Structural uses : Field connections

High tensile friction grip bolts may be used as aiternate to rivets or welds in the following

of connections:

() Column splices in all tier structures 60 m or more in height.

(if) Column splices in tier structures 30 to 60 m in height, if the least horizontal dimension
is less than 40 percent of the height.

(i) Column splices in tier structures less than 30 m in height, if the least horizontal
dimension is less than 25 percent of the height

(iv) Connections of all beams and girders to columns and of any other beams and girders
on which the bracing of columns is dependant, in structure over 40 m height.

(v) Roof-truss splices and connections of trusses to columns, column splices, column bracing,
knee braces and crane supports, in all structures carrying cranes of over 50 kN capacity.

(vi) Connections of supports of running machinery, or of other live loads which produce
impact or reversal of stress, and

(vii) Any other connections stipulated on the design plans.

In all other cases, it is enough if field connections are made by normal type of bolts.

Minimum edge disiance : The minimum disiance from the centre of bolt hole to any edge,
shall be the same as prescribed for rivets (IS : 800-1984). Hence Table 3.2 may be referred.

Dimensions for high tensile friction grip bolts and nuts

Table 4.4 shows typical dimensional relations of high tensile friction grip bolts with hexagonal
head for sizes ranging from 12 to 39 mm and Table 4.5 gives preferred length-diameter combinations.
Table 4.6 gives dimensions for high-tensile friction grip nuts. Similarly, Table 4.7 gives the
dimensions for plain washers. The various dimensions stated in these Tables are marked in
Fig. 4.4. Sometimes, square taper washers may also be used, the details about which may be
obtained from IS : 3757-1966.
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TABLE 4.4 DIMENSIONS FOR HIGH TENSILE FRICTION GRIP BOLTS (IS : 3757-1972)
w TP P T

Size M12 MIs M20 M22 M24 M27 M30 7| M33 M3s M39
d 12 16 20 22 24 27 30 13 36 39
dg 15.2 19.2 24.4 26.4 28.4 324 35.4 8.4 42.4 45.4
d Min 20 25 30 34 39 44 48 53 58 63
b * 30 38 46 50 54 60 66 12 78 B4
- 44 52 56 60 66 72 78 84 90

e Nom. 0.4 0.6 08 08 0.8 0.8 1.0 1.0 1.0 1.0

e Min. 23.91 2056 | 3503 | 3955 | 4520 | 5085 | 5537 | 60.79 | 6644 | 72.09 I

k (js16) Nom. ] 10 13 14 15 17 19 21 23 25

Max 845 | 1045 13.55 14.55 15.55 17.55 19.65 21.65 23.65 25.65

Min. 7.55 9.55 12.45 13.45 14.45 1645 | 18.35 2035 | 2235 24.35

r 0.6 0.6 08 08 0.8 1.0 1.0 1.0 1.0 1.0
si(hl15) Nom | 22 27 32 36 41 46 50 55 60 65

Max 2200 | 2700 | 3200 | 3600 | 41.00 | 4600 | 50.00 | 5500 | 6000 | 65.00

Min. 2116 | 2616 | 3100 | 3500 | 4000 | 4500 | 4900 | S380 | SBBO | G63.EO

Note 1. — For the dimension [ see Table 4.5

Note 2. — The dimension d; shall not exceed the actual
width across the flat.

Noted, —  Sizesshownin bracketsareofsecond preference.

* For lengths up 1o 130 mm,
t For lengths over 130 mm up to 200 mm.
Designation of bolts, nuts and washers

High tensile friction grip bolts are available
in two symbols: 10 K symbol and 8G symbol depend-
ing upon the mechanical properties of the material
used. The bolt is designated by the size, length and
symbol representing the mechanical properties and
also the IS number. For example, a friction grip
bolt of size M16 and length 100 mm, conforming
to the mechanical properties of 10K are designated
as: Friction grip bolt M16 x 100 IS : 3757-10K

Similarly, the nuts and washers are designated
by size, symbol representing the mechanical proper-
ties (ie. 10 K or 8 G) and the IS number. For
example, a friction grip nut of size M20, conforming
to the mechanical properties of 10 K is designated
as : Friction grip nut M20 IS : 3757-10K

Similarly, a plain washer of size 21, conforming
to mechanical properties of 10K is designated as:
Plain washer 21 IS : 3757-10K

The high tensile friction grip bolts are com- (c) PLAIN WASHERS
monly abbreviated as HTFG bolts. ¢

FIG. 44. HTFG BOLTS, NUTS AND WASHERS.
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TABLE 4.5. PREFERRED LENGTH-DIAMETER COMBINATIONS FOR HIGH TENSILE FRICTION GRIP BOLTS
(IS : 3757-1972)

M 20

M 22

M 24

M 27

M 30

M 33

M 36

M 3%

190

200

Note :- Preferred lengths are given between the bold lines :

TABLE 4.6 DIMENSIONS FOR HIGH-TENSILE FRICTICN GRIF NUTS

Note — The dimension d; shall not exceed the actual width across the flat

d Mi12 Mié6 M20 M22 M24 M27 M30 M3i3 M3é M39
dy Min 20 25 30 M 39 44 48 53 58 63
Nom. 22 27 32 36 41 46 S0 55 60 65
5 (h15) Max 22.00 27.00 32.00 36.00 41.00 46.00 50.00 55.00 60.00 65.00
Min 21.16 26.16 31.00 35.00 40.00 45.00 49.00 53.80 58.80 63.80
¢ Max 254 31.2 3569 41.6 473 53.1 51.7 635 69.3 75.0
Nom. 10 13 16 18 19 e 24 26 29 31
m (j16) Max 10.45 13.55 16.55 18.55 19.65 22.65 24.65 26.65 29.65 31.80
Min. 9.55 12.45 15.45 17.45 1835 21.35 23.35 25.35 28,35 30.20
e e
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98
TABLE 4.7 DIMENSIONS FOR PLAIN WASHERS.
== — _w = — =
| d Nom. 13 17 21 23 25 8 31 34 37 40
For Boli size M12 M1o6 M20 M22 M4 M27 M30 M33 M3a M39
D Nom. 24 30 36 40 44 50 55 60 65 7
| Max. 19 1.9 19 25 2.5 3.0 3.0 34 3.4 34
C
Min. 1.6 1.6 1.6 2 2.5 25 2.8 28 28
5 Nom. | 3 4 4 4 ; s 5 5 s |
¢ Nom | 05 | 1 1 1 1 1 1 1 1 1 l

4.6. 'PROOF LOADS OF HTFG BOLTS

originally given in kg have been converted into kN.
TABLE 48 PROOF LOADS OF HTFG BOLTS (IS : 3757-1966)

Table 4.8 pgives the proof loads for 10K and 8G bolts of various diameters. The values

Proof Load
Bolt dia 10 K Bolis 8 G Bolts
(mum)
kg (0 kN kg (D) kN |

12 5900 57.9 5058 49.6

14 8050 78.9 7500 735

16 10790 105.8 9120 894

18 13440 1318 11520 113.0

20 17150 168.2 14700 144.1

22 21210 208.0 18180 178.3

24 23710 2125 21180 2077

27 32130 3151 27450 2692

30 39270 385.1 33660 330.1

13 48580 476.4 41640 408.3

36 57190 5608 420 480.7

39 68320 669.9 58560 Al 5742

kgfmmz on the stress area of the bolt.
TYPES OF BOLTED CONNECTIONS

4.7.

Note : The proof load of 10 K bolt is based on 70kg/mm’ and that of 8G bolt is based on 60

Connections serve primarily to transmit load from or 1o intersecting members. The simplest

form of bolted connection is the ordinary lap joint (Fig. 4.5 @). Some joints in structures are
of this general type, but it is not a commonly
used detail due to the tendency of the connected
members to deform. A more common type
of connection is the butt joint shown in Fig.
4.5(b). Other commonly used bolted connec-
tions are shown in Fig. 4.6. Fig. 4.7 shows
some of the common types of bolted building
connections.

zn_

_mn

— —= P

g
(o) LAP JOINT
mm

n. (T

sl

X

Pt L

. |

I

(D) BUTT JOINT
FIG. 4.5, TYPES OF JOINTS.
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4.8. DESIGN OF BOLTED SHEAR CONNECTION
From Eg. 4.1, we have

P=uT (1)
Il there are n interfaces, we have
P=nuT (i)
Dividing this by a factor of safety (F), we have
Shear per bolt = % xnxT .(4.2)
Shear per bolt = —SUPIACOT o i, - of interfaces X proof load.

Factor of safety
where
shear per bolt = Contribution of one bolt to the total shear strength of the joint
Slip factor = Coefficient of friction = 0.45
T = Proof load= Maximum permissible load in the bolt, as given in Table 4.8
The total number of effective interfaces is determined by common contact surfaces between
adjacent load transmitting structural members with forces in opposite directions; this is, excluding

packing pieces through which the bolt passes.
The factor of safety (F) is taken as 1.4 for all loads except wind load in which case

in may be reduced to 1.2. The factor of safety allows for the stress relaxation in the bolts
which may be of the order of 10 percent. Research has proved that stress relaxation in the

bolt occurs mostly during first few days after the bolt is tightened.

From Eq. 4.2, it is clear that greater the number of interfaces, smaller is the value of
the required proof load corresponding to a given shear. This could mean that smaller diameter
bolt will be required if the number of interfaces are more, and vice-versa.

The wvarious types of shear connections considered in this chapter are
() Lap joimt (#) Butt joint with double cover plates (ut) Moment connection
(fv) Flange plate connection (v)  Bracket connection

Example 4.1. Bolted Lap Jjoint

Design a doubly bolted lap joint for plates 16 mm thick to carry its full load. Take permissible

axial tension in plate 0.6 f, where f,= 250 N/mm’.

Solution
Load carriecd by the plate per pitch length |  pe-BOLT LINE
By e R i—.m = - i J—a-
= (0.6 x 250)p X 16 =2400p N I I6mm
Fig. 4.8 shows the lap joint. There is only R S
one inferface 10 transmit shear. Since there are f
two bolts per pitch length, the load carried by : + ﬁ‘TﬂT{ ﬁtiﬁ
each bolt =3 x 2400pn = 1200p N b :_+__+_ oy
Hence from Eq. 4.2, taking n = 1, s | T+‘ % pizac il e
;
20 p = xnxT L 4|
T = proof load : s
_ (1200p) F _ 1200p (1.4) g et
T mun 0.45 x 1
=373233p —



BOLTED AND PINNED CONNECTIONS 101

Providing bolts at 60 mm pitch,
Proof load, T = 3733.33 x 60 = 224000 N = 224 kN.

From Table 4.8, we get T=2325 kN for 24 mm dia. 10K bolt. Hence provide HTFG
bolts M24 (10K) with a pitch of 60 mm and edge distance of 40 mm.

Example 4.2. Bolted bust joint with double cover plates
Redesign the joint of Example 4.1, using butt joint with double cover plates.
Solution

In the case of butt joint with double cover
plates, shown in Fig. 4.9, there will be two interfaces
(Le m=2) for each bolt

. M 12 (10K)
Hence we have ) — A e

|
! T,
R e R BT =i
. "
From which — 4 +::—+- -+ |+
_ (1200p) x 14 = 1866.67p P 44+ ::_+_ + _i_“'”"
0.45 x 2
Thus we find that the proof load T has been =3 pd -?- —+— ;o
reduced to half, because ol two interfaces per An
bolt. This will require lesser value of bolt dia. b ...|'. F-I-'- ...|...
and, inturn, less value of pitch p. 3#- 30 3‘# 2630 Felmm
Keeping p =30 mm, we get F1G. 49,

T = 186667 x 30 =56000 N =56 kN
Hence provide HTFG bolts M12 (10K) at a pitch of 30 mm and a side distance of 20
mm. The joint is shown in Fig. 4.9.
Example 4.3, Bolted Moment Connection
A top column of section ISHB 400 (@ 77.4 kgim transmits a moment of 5 kN-m to the
bottom column of section ISHB 450 @ 87.2 kgim. Design the moment connection.

Solution
It is assumed that the direct load is transmitted from the upper column to the lower
column by web connection (shear connection). The moment of 35

kN-m will be transmitted through flange connection, providing bolts T —
in the flanges. A
1
Shear on the bolts at each flange = i:!if- = :j%ég = 12.5 kN 1SHg 200 :‘"’“'"ﬁ
The bolts are in single shear, Le. there will be one interface | <44
only at each flange, o 4?01 — - -ﬂ
E XTI =F 1 -{-’E
B
or % x Proof load = 12.5 .. — g;;
l 3
Proof load = 125X 14 _ 3889 kN 450mm I
0.45 |
Referring to Table 4.8, select HTFG bolts M12 (8G) 4 Nos. |

on each flange as shown in Fig. 4.10. FIG. 4.10,
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Example 4.4. Flange bolts of a plate girder ANDE L.
The section of a plate girder is shown in Fig. 4.11. The girder is subjected con i

to a total shear of 3000 kN. Design the flange bolts for the plate girder. ‘ 1o
Solution : Moment of inertia of the plate girder
B
= = X 8(2000)' + 2 500 x 40 (1020)*] = 4.7 x 10° ' E s I
o ”
The longitudinal shear (g) per unit mm of the girder is given by 2 | s
F 3000 .
==(AY) =———— (500x20x1030 —L LR £
AT TR } =S
= 0657 KN/mm (D) 58
Try HTFG bolt M16 (8G), for which proof load= 89.4 kN. o 87
. Shear carrying capacity of a pair of bolts 9 4
i | i
=2 x %“‘TS X 89.4 = 57.47 kN (i) J J
Pitch = 2227 =875 mm. B
Hence provide HTFG bolts M16 (8G) at 85 mm pitch, FIG. 4.11.

Example 4.5. Bolted Bracket Connection : Moment Connection
Fig. 4.12 shows a bracket, ai- i

|
tached to a column, supporting a gantry ——"
girder. Design the bolted bracket con- BB

nection, if the bracket carries a load
of 300 kN at a lever arm of 400

. i |

Solution. "J_J — it
!

o3 p FG BOL
This is a typical case of shear TG S0LTS - M I010K)

1

i,
o S

84888818

. siloden la) PLAN -l-
and moment acting in the plane of A
the joint. The bolts will be subjected - 300N $ Ls
to (1) direct shear acting vertically | 3 400mm iy
downwards, and (if) shear due to g : ! = + 1*
B.M., acting perpendicular to the + -+- I ¢ leln
radius vector. Assume the bolt pat- .]_ : - | | La
tern as shown in Fig. 4.12 (b) and ++ Py 18
(c), having 7 bolts in each of the §|. ! | P,
two rows, at a pitch of 60 mm and g 'f +
edge distance of 40 mm. Load on 5. | ° \ed
each bracket = i- x 300 = 150 kN. E“f'"+"‘
Fl v
Direct shear .F1==1—1§Tﬂ= 10.71 kN ? '?' + py CEEHES
BM. M = Pe= 150 x 400 J + + ,...-*“"#f @ f= 90w
= 60000 kN-mm : ' P Py
From Eq. 3.16, we find that g +' + (d)
shear due to moment M is '; L '; (5) ELEVATION
P = T

FIG. 4.12. BOLTED BRACKET CONNECTION.
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where  Er° = £ (+y’)= 4](30)'+(60)*+(30)+ (120)"+(30)"+(180)] +2[ (30)? | = 214200 mm’
r for bolt 4 =V (30)* + (180)° = 182.48 mm

_ 60000 x 182.48 _
P = 214200 =1L kN
180 Ce 30
cosa = 183 48 = ().9864; sina = 132_48-{]'1644

Py = Pysina = 51.11 x 0.1644 = 8.403 kN
Py = Prcosa= 51.11 x 0.9864 = 50415 kN

Resultant shear P =V (P, + Pysina)’ + (Pycosa)’ = V (10.71 + 8.403)F + (50.415)°

= 53.92 kN
Alternatively, P = VP{+P; + 2P, P;cos 6, where cosf=sin a=0.1644

= (107124 (51.11) +2x10.71 x51.110.1644 =53.92 kN
But from Eq. 4.2, P = *‘% x Proof load or 5392 = Dd’f: 1 X Proof load
From which, Proof load = 2322X14 — 16774 kN

Choose HTFG bolts M20 (10 K) having proof load of 168.2 kN.

4.9. BOLTS SUBJECTED TO EXTER-
NAL TENSION

We have seen that strength of a
joint with HTFG bolts is developed as
a result of the clamping force induced
in the joint. This clamping force is caused
by the tension in the shank of the bolt
tightened to its proof load. In some
joints, such as the joint at the dead
end of a pressure vessel or the upper

part of the joint of a column bracket, —
the external load acting parallel to the “g
shank of the bolts increases tension in

the bolt, thus reducing the clamping
action,

Fig. 4.13 (a) shows the end con-
nection of a pressure vessel. When there
is no internal pressure, the clamping
force between the flange and the flange
plate is fully effective. As the internal
pressure increases, the flanges plate is
pushed away from the flange introducing
an additional tension on the bolt shank. '
This (additional) external tension
reduces the clamping force. As the ex-
ternal tension increases, the clamping
force decreases, till a stage comes when
the clamping force may become zero. (b) COLUMN BRACKET

On further increase In the external 1€0- gy 413 EXTERNAL PRESSURE ON HTFG BOLTS

SECTION AA
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sion, separation of interfaces will take place. It is, therefore, very essential to take care o
avoid separation of interfaces.

To ensure that the clamping force is not fully neutralized by the external tension to avoid
separation of interface, the code (IS : 4000-1967) limits the external tension to 0.6 times the

proof load and to 0.5 of the prool load when the joint is subjected to fatigue.
Example 4.6. Bracket Connection under tensile load

Fig. 4.14 fa) shows a bracket connection, carrying 144 kN load at a lever arm of 1200
mm. Design the bolted connection of the horizontal member with the flange of the column.

Solution r A
Since the inclined member of the bracket |
has inclination of 45°, the horizontal member -
(ISMB 200} will be subjected 10 a tensile force
of 144 kN. Due to this, the bolts (Fig. 4.14
b) of the joint are subjected to pwre rension.

Let us provide 4 HTFG bolts
Tension per bolt= }_:_4:_ 36 kN

The bolts carry a non-repetitive tensile

44 kN

- —ISMB 200
: L
~. 0.6 Proof load= external tension Y, n :
=36 kN Y 125X7T3%8 *]* a3
o —
Proof load= 2% =60 kN fsme 400 ) BT
Hence provide 4 Nos. HTFG bolts M14 i
(8G) bolts, each having a proof load of 73.5 ", (b) SECTION —AA.
kN. FIG. 4.14.

Exemple 4.7. Bolted Flange Connection of a Gas Cylinder

Design a bolted flange connection of a gas cylinder of internal diameter 900 mm, in which
the internal pressure varies from 04 N/mm’ 1o 0.6 N/mm’

Solution : Total maximum pressure of gas on the flange

= Area of flange X max. pressure= % (900)* x 0.6 = 381704 N

The bolts are subjected to repetitive tension, since the pressure fluctuates from 0.4 to
0.6 N/mm’. Hence the maximum external tension is limited to (.5 times the Proof load.

0.5 x total proof load= 381704
From which, total proof load

|

= 33{:?'5“% 763408 N
~ 76341 kN . RS |

Providing HTFG bolts M16 (10 K)
with a proof load of 105.8 kN,

763.41
105.8 722
Hence provide 8 bolts.

_:t -

No. of boltis=

F1G. 4.15. FLANGE CONNECTION
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4.10. COMBINED SHEAR AND TENSION

Connections subjected to combined shear and tension are commonly found in joints connecting
columns and beams, brackets, stringer beams to floor beams etc. Experiments conducted for
various combinations of tension and shear indicate that the curve for the relationship between
shear and tension at failure is elliptical of the nature :

2

X 2
+ = ] (4.3
=ty (4.3)
where x¥ = ratio of the calculated shear on the bolt to the shear at failure

y =ratio of the calculated tension on the bolt to the tension at failure
k =a constant dependent on the strength of bolt

Value of k is found to be 083 if the bolt fails in shank and 0.64 if the bolt fails in
threads.

The ultimate strength of the bolt given by Eq. 43 increases with the grip of the bolt
as the effect of shear loading on the shank bending becomes predominant. The above equation
indicates the behaviour of bolts at failure, and, therefore, is not easily applicable to the normal
design purposes. Clause 4.5 of IS : 4000-1967 gives the following simple formula, in the original
version of the code:

. Calculateg SI‘!!EEI‘ +calculated tensionx F= Froof Load
slip factor x No. of interfaces Factor of safety
P Proof Load
o L+ Pr.F = (4
. un 4 1.4 44
where F =12 when the tension i5 non-repetitive, or

= 1.43 when the tension is repetitive.
Pr = Calculated tension.

However, an amendment to the clause 4.5 of IS : 4000 was issued in October 1975. The
amended clause is reproduced here: B

Clause 4.5 (Amended) : Connections subject to External Tension in addition to Shear

An externally applied tension in the direction of bolt axes reduces the effective clamping

action of a bolt which has been tightened to induce shank tension. To allow for this effect,
the bolts shall be proportioned to satisfy the expression :

Calculated shear - Proof load — Calculated tension x F
Slip factor X n Factor of safety
Y Proof load — Py . F
=
H.n 1.4

The value of F shall be taken as 2.0 if the external tension is repetitive and 1.7 il 1t
i non-repetitive. It will be seen that Eq. 4.4 and 4.5 are identical, if proper value of F is
selected with each formula.

Example 4.8. Bolted bracket connection to flange of column
Fig. 4.16 shows a bracket, bolted to the flange of a column section. Design the connection.
Solution

As a first trial, choose No. of bolts given by Eq. 3.22
y ; 6 M
n = IpR (4.6}

ar

.(4.5)
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where
R = Shear per bolt " le"
i ad pr—— 250 mm P
5 x  proof load. ﬁ _____ e T '
[ =No. of rows =2 5 'I ) "
i 22005 STlfrreesors | F
M = Zﬂﬂ' x 2.5':' 2 I'_ M 16 (IOK) l 1_ i *. np
= 50000 kN-mm t
n = No. of bolts per line h-;ll; +INt
Here, there are 3 un- + Ad ke )
knowns : R, p and n. pei 4N+ |
Taking M 16 (10K) bolts, E + i+
proof load = 105.8 kN, and \
providing these atp = 40 mm, ;‘; BRACKET . 5 | »
we get, + PLATE (ICmm) + \ +
R = Shear per bolt £---_ + [N+ }
= % x Proof load b b
_ 0.45 :;:41[.'!5.8 (a) ' ed
— 34.007 kN FIG. 4.16.
- 6 x 50000
" '\/z X 40 x 34,007 ~

Provide 10 bolts in each row, at a pitch of 40 mm and edge distance of 30 mm, and
arrange these as shown in Fig. 4.16.

Bending stress (tensile or mmpresﬁive}, in extreme fibre is

f e %’_f-y = 1 M x EZ-E
73 (b) (np)’
6 M
or = (4.7
f [b(ip)’ (4.7)
Effective tensile force Py in the extreme rivet is
Pr=f.bp=2M A (4.8)
! pn

This is an approximate expression for the tension in the extreme bolt which is assumed
to be situated at p/2 ( = 20 mm) from top fibre, though it is actually located at 30 mm
from the top fibre.

6 x 30000
- =375 kN e
T 7 2 x 40 (10)° ()
Direct shear P = =220 _ = 10 kN -(2)
2% 10

From Eq. 4.5,
P _ Proofload — Pr F
uN — 1.4

(45 a)
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Taking N=1, and F=1.7 (for non- rﬁpetitive load), we pget

Proof load = ﬂ+PTF— ‘:‘]:51”+375x17 3111 + 63.75= 94.86 kN

This is within the actual pn}uf load (=105.8 kN) for M 16 (10K) bolts. Hence OK.

4.11. INSTALLATION OF HTFG BOLTS

The performance of a high strength friction grip (HTFG) bolt depends on the proper
installation of the bolt. As indicated earlier, the characteristic of the friction grip joint depends
on the proper clamping force induced by the high tensile bolts. This should correspond to
the proof load according to the grade and the stress area of the bolt and should be within
the permissible limits of variation. The permissible limits have not been specified in IS : 4000-1967
as the measurement of tension in all the bolts by direct method is not feasible at site.

HTFG bolts may be tightened by any of the following methods:

(a)  Indirect methods :

(i)  Torque control method () Part turn method
(b) Direct methods @ Direct tension indicator methods
()  Load indicating bolt (i) Load indicating washer.

The indirect methods achieve the desired effect with a variation of = 15 w 3[!% The
direct method give results within = 6 percent.

1. Torque control method : The method is based on the linear relationship between the
torque necessary to turn the bolt and induced temsion in the bolt upto the proof load. After- -
the proof load, there is very little increase in the tension with the applied torque.

The relationship between the torque and the tension may be expressed as :

M=KTD (4.9}
where M = applied torque
K = a non-dimensional torque coefficient
T = proof load
and D = nominal diameter of the bolt.

The constant K is a function of the inclination of the threads, coefficient of friction at
the threads and also at the nut and the washer. The value of K may be taken as 0.15 if
the bolt is slightly lubricated and as 0.25 if it is rusty.

Spanners called torque limiting spanners or the hand wrenches and impact wrenches working
on the air pressure are used 1o apply the predetermined torque to the bolt. They are so designed
that they are unable to apply any more torque than the preset value.

This limiting value is set by the use of the formula and tHen calibrated to give a more
precise setting. This is done by tightening a sample bolt against a load cell or similar apparatus.
The load cell is designed to show the direct tension induced in the bolt. The torque spanner
is adjusted to prodece a tension 10 percent higher than the proof load of the bolt . The
bolt used for calibration is not to be used elsewhere as a friction grip bolt. Such calibration
is made once or more per shift depending on the work load. It is also necessary when the
condition of the bolt, size, length, grade, etc are changed. It may, therefore, be necessary 1o
keep differently calibrated equipment ready for speedy work.

2. Part turn method : What is essentially required in a friction grip joint is preload
in the bolt and the accompanying elongation of the bolt. This may be achieved by turning
the nut after the bolt is made just tight. The method based on this principle is called part
turn method. In this method the interfaces are cleaned of all dirt, burrs, loose milliscale etc.
by using suitable tools. The members forming the joint are then carefully brought together
without using any force or making undue deformation. The interfaces are again inspected to
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see whether any loose particles like that of sand, metal etc are lodged within or not. The
bolts are then introduced and subjected to preliminary tightening so that they are just tight
and it becomes impossible to turn them any further by fingers. If power operated wrenches
are used, they are set to 5% of the total torque as required by the torque control method.
This 5 percent is taken as a just tight bolt condition before giving the final turn as specified.

After this mark is made on the nut and the protruding thread portion of the bolt to

record the initial position, the nut is tightened so that the relative turn corresponds to that

specified in Table 4.9.
TABLE 4.9 FINAL TIGHTENING OF HTFG BOLTS (All dimension in mm)

Grip of bolt for rotation of the nut
Norminal diameter (relative to the bolt shank)

of dak Not_less_than 1/2 turn Not_less than 3/4 turn
M 16 upto 114 -

M 20 upto 114 over 114 1o 216

M 22 upto 114 over 114 1o 280

M 24 uplo 165 over 165 to 360

M 27 upto 165 over 165 to 360

L M 33 upto 165 over 165 1o 360 |

As will be seen, this method does not require any sophisticated tools to achieve a preload
as ordinary spanners may be used for tighening. The method gives freedom to enginners on
site to choose any lubricant or the condition of the bolt without affecting the final result
The inspection is also made easy as this needs to check the final position of the marks previously
made on the nuts and the bolts. However, the efficiency of this method very much depends
on the initial condition of the joint before giving the final turn.

3. Load indicating bolt : This is developed by GKN Bolts and Nuts Ltd. UK. and also
by Bethlehem Steel Corporation. In the GKN bolts, the head is so shaped that before tightening,
it makes contact with the steel with its four corners only. This leaves a gap between the steel
and the underside of the bolt head. As the bolt is tightened, the part of the bolt head yields
and causes a gradual closure of this gap. The experiments show that to ensure a correct bolt
load, it would only be necessary in practice to make sure that the widths of the gaps under
the head were reduced to less than 0.8 mm. This may be done visually or by using a simple
feeler gauge.

The load indicator bolt by Bethlehem
Steel Corporation has a special feature
in the form of adding a spline to the end
of the bolt. A special wrench, by virtue
of its construction, grasps both the nut
and the spline, applying a clockwise turning
force to the nut and a counter clockwise
force to the spline (Fig. 4.17 a). When
the fastener assembly reaches a proper
torque, the tension is in excess of the
specified minimum tension and the wrench
will twist off the spline end. (Fig. 4.17
b). Inspection is quick; if the spline has
been twisted off (Fig. 4.17 ¢), the tension FIG. 417. LOAD INDICATOR BOLT
is adequate. (BETHLEHEM STEEL CORPORATION)

(a) (b) (c)
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4. Load indicating washer : This
special washer is developed by Cooper
and Turner Ltd UK., and also by Beth-
lehem Steel Corporation. Fig. 4.18 shows
the load indicator washer by Bethlehem
Steel Corporation. The round hardened
washer has a series of protusions on
one face. The washer is usually inserted
between the bolt head and the gripped
plates with protusions bearing against
the underside of the bolt head, leaving
a gap. Upon tightening, the protusions
are partially flatenned and the gap i1s
reduced. Bolt tension is evaluated by
measurement of the gap ciosure. When
the gap is reduced to a prescribed dimen-
sion (say, 0.4 mm), the bolt has been
properly tightened. The gap can be
measured by a feeler gauge. If the gap
is inadvertantly closed to less than that,
it is to be allowed to remain $0 and
on no account adjusted by slackening
the nut.

4.12. PINNED CONNECTIONS

Pinned connection is used to connect the
members which are required to rotate relative
to each other. Pins for structural purposes
are cylindrical in shape, and are made of struc-
tural carbon steel, forged and machined 10
accurate dimensions. The size of pins may
range from 9 mm dia. used for connecting
strap iron bars to railway bridge pins 300 mm
or more in diameter. The end of the onc
bar is forged in the form of a fork, with a
hole drilled in it, while the end of the other
bar is forged and an eye is made with a hole
drilled in it. The eye bars can be inserted
within the jaws of the fork, and a pin is inserted
through the holes in them, thus producing

the joint, as shown in Fig. 4.19 (a). Another’

form of pinned connection is shown in Fig.
4.19 (b), where cye bars are formed at the
ends of the both members to be jointed. A
pin has also got the same function to perform
as rivets or bolts, but since only one pin can
do so, the diameter of the pin is always much
larger than that of bolts or rivets. The pin
is assumed to turn freely in the connection;
therefore clamping action due to initial tension
is undesirable.
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A 325 LOAD INDICATOR WASHER

FIG. 4.18 LOAD INDICATOR WASHER
(BETHLEHEM STEEL CORPORATION)
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FIG. 4.19. PINNED CONNECTIONS
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Types of pins : Fig. 4.20 shows most common types ::“ ! 1
of pins. For smaller pins carrying light loads, a head : @

is forged at one end and a cotter pin inserted at the

| — |

other, as shown in Fig. 4.20 (a); alternatively two cotters ta) PIN WITH COTTAR

may be used, one at each end. Fig. 4.20 (b) shows a

the so called undnilled pin having threaded ends and Hg

two recessed nuts screwed on the ends to hold the o) Hh‘mﬂunm
pin in place. Fig. 4.20 (c) shows a larger diameter pin # Zom END
(>250 mm}), having long bolt passing through the recessed (b) PIN WITH RECESSED NUTS

cap and the pin. Such a pin is known as drilled pin, (UNDRILLED PIN)
in which the bolt holds the nuts and the pin together.

Such an arrangement eliminates the use of large locknuts. KR

Structural Uses of Pins : Pins mﬂ.}’ be divided ;T e
into two categrories: (i) those on which the connecting 7 Toolt
members turn through large angles, such as in machine LpIN

parts, crane booms etc. and (i) those on which the
connected members turn only through small angles,
primarily due to the elastic deflections/deformations of
the members. Pins are used in the following types of
structures :

(1) Bascule bridges

(1)  Crane booms

(ur)  Arch hinges

(v}  Diagonal bracings

(v) Columns supporting bridge girders of large lengths

(vi) Towers of suspension bridges

(viii) Hinge plates in cantilever bridges

(wiir) Expansion joints

(ix)  Rocker supports

Advantages and Disadvantages of pin connections

The analysis of a structure with pinned connection is very simple since the moment at
pin-connection is zero. Members are free 1o rotate as per the requirements of elastic deflec-
tions/deformations. Also, they allow for thermal expansion/contraction. Secondary stresses to
some extent are eliminated in a pinned joint. However, such a joint lacks rigidity and such
joints make a loose noisy bridge under traffic vibrations. Hence they should be used only
for very long spans and heavy loads. Pins cannot resist longitudinal tension. The longitudinal
tension produces friction which in turn prevents free turning of pins. Pin holes at the ends
of jointed members require expansive machine work.

Stresses in Pins : Pins are subjected to the following t;pes of stresses

(7) Bending stresses
()  Shearing stresses
(¢if)  Bearing stresses

I. Bending Stresses. In order to facilitate proper lubrication and free rotation, connected
members are assembled on the pin with zmple clearance between them, thus requiring longer
pins, as shown in Fig. 4.21 (a). Fig. 4.21(b) and (c) show B.M. diagrams for pins, with concentrated
loads and assumed uniform loads respectively.

{c) PiN CAPS WITH BOLT
(DRILLED PIN)

FIG. 4.20. TYPES OF PINS
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The maximum fibre stress the pin, in terms of max. BM. (M) is given by

M(d/2) _32M _ 102M
e = = ..(4.10
f xd'/64 nd d (19
The BM. (M), in terms of maximum bending stress o, is given by
_zd _ad
M= S M= 703 --(4.10 a)
2.  Shearing stresses
If V is the max. shear force, the shear stress r, in the pin is given by
4 Vitd/8) (4d/6x) _ 16V _4V
Ty omax = —— AP= = =—— (411
o W (nd'/64)d 3nd® 3 A S
or Ty, max = Efv,m'
where d is the diameter of the pin.
In the case of pins, the
ratio of span to depth is very
small. Infact, a pin is a deep
beam and hence the shear
stresses computed by the t m
simple beam theory (Eq. 4.11) R i T
give erroneous results. Due to 4’ . !
this reason, nominal shear UL N e .
stress, based on uniform (rec- ™~ L_. PIN
tangular) stress distribution is Aﬂmhh m
commonly used in the design
of pins, given by the following l l
EXprEdmcn (o) (b) (¢)
=Y @
w=- (41l FIG. 421. BENDING MOMENT IN A PIN

3. Bearing Stresses : The bearing stresses depend upon the accuracy of fit between the
plates and the pin. Assuming uniform distribution of bearing stress for proper fit, the nominal
bearing stress (ops) is given by

P
pa =17 «(4.13)
where P = load carried by the joint
d = diameter of the pin
r = total thickness of plates bearing on the pin.

Allowable stresses in pins. The permissible shear and bearing stresses for a pin are taken
the same as for a rivet. Similarly, the permissible bending stress is taken equal io 0.66

fv- No longitudinal tensile stress is permitted. The permissible values are given in Tabie 4.10.
TABLE 4.10. PERMISSIBLE STRESSES IN PINS

Type of stress Permissible value N/mm’ (MPa) |
1. Shear 100
2 Bearing 300
3,

Bending 0.66 f
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Example 4.9. Design a pin to connect two pairs of parallel eye bars of size 180 x 50 mm.
The space between the inner pairs is 90 mm apart. Take f,= 250 N/mm’

Solution

1. Pull transmitted by each eye bar

= 180 x 50 (0.6 x 250) x 10~ " = 1350 kN
2. Max. BM. at B is given by
M = Px533=1350x53=71550 kN-mm
= 71.55 x 10° N-mm
3. Max. shear force at B is
F'=P=1330 kN

; M 7155 x 10°
4. Required Z = o = 0,66 X 250
= 433636 mm’
a3 2
ﬁd = Z = 433636
From which d =164.1 mm

Provide 170 mm dia. pin.
5. Check for shear :

g, ¥ o 1350 X 10° _ 59.5 N/mm’

A ; (170)}

< 100 N/mm?® Hence safe.

6. Check for bearing

o = P _ 1350 x 10
P rd T 50 % 170
= 158.8 N/ mm’ < 300 N/mm>

Bearing stress in pin,
Hence safe.

PROBLEMS

1. Write a detailed note on high tension friction grip bolited connection. What are the advantages of
such a connection ?

Design a double bolted lap joint for a plate of 20 mm thickness to carry its full load.
Design a doubly riveted butt joint with double cover plates, for the data of problem 2.
Design a bolted bracket connection for the data of Example 3.13. Compare the two designs.
Design the double plate bracket with the data of Example 3.18.

Design the bracket connection with the data of Problem 3.11.

I
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- Welded Connections

5.1. INTRODUCTION

Welding is a process of connecting pieces of metal by application of heat (fusion) with
or without pressure. A metallic bond is established between the two pieces. This bond has
the same mechanical and physical properties as the parent metal. A number of methods are
used for the process of fusion. The oxyacetylene or gas welding and electric arc welding are
the most important of these methods. The metal at the joint is melted by the heat generated
from either an electric arc or an oxyacetylene flame and fuses with metal from a welding
rod. After cooling, the parent metal (base metal) and the weld metal form a continuous and
homogeneous joint. The welded connections have become so reliable that they are replacing
riveted joints, both in structural as well as machine design

There are numerous welding processes, shown in Table 5.1, but the one most commonly
used in Civil Engineering structures is electric-arc-welding. In this process, heat is generated
by an electric arc formed beiween a steel electrode and steel parts to be welded. The arc
heat melts the base metal and the electrode simultaneously, and the electromagnetic field carries
the molten metal of the welding rod (electrode) towards the base metal. Fusion takes place
by the flow of material from the welding rod across the arc, No pressure is applied.

Arc welding process may be of three types: (i) shiclded (i7) unshielded and (i) submerged.
TABLE 5.1 WELDING PROCESS.

(@) Fusion welding

Metal-arc welding : shielded, unshielded, submerged.
Carbon-arc welding : shielded, unshielded.
Inert-gas arc welding

Atomic-hydrogen arc welding

Gas welding (air or oxyacetelenc)

Thermit welding

(&) Pressure Welding

F‘ur;c welding

Pressure Thermit welding

Resistance welding {A-C)

Resistance w:lding !D{ L—_Em and spot mldinﬁ.
(113)
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In the shielded-metal
arc welding or the SMAW
process (Fig. 5.1), the
electrode is coated with
certain mineral compounds
which produce a paseous
‘shield” that helps to ex- SLAG
clude oxygen and stabilize

DESIGN OF STEEL STRUCTURES

ELECTRODE

COATING ON
ELECTRODE

GASEQUS SHIELD
MOLTEN POOL

the arc. A part of the coat- PENETRATION
ing melts to form a fluid  WELD BRI I 3+~ DEPTH
slag layer which rises to the — BASE METAL
lop, retards the rate of cool- FIG. 5.1. SHIELDED-METAL ARC WELDING PROCESS
ing of weld metal, and also
protects it from un-
desirable exposure to at- ELECTRODE
mospheric gases.
_ MOLTEN POOL
In the non-shielded DEPOSITED OR
WELD METAL PENETRATION

metal arc welding, the
electrode is uncoated, as
shown in Fig. 5.2. Use of

T

?"ffﬁ" G

coated electrodes results CRATER ARC LEHGTH

in better quality welds than BASE METAL

can be obtained with bare FIG. 52. UNSHIELDED METAL ARC WELDING PROCESS
electrodes. Hence modern

arc welding is done only rQ

with coated electrodes. ELECTRODE — FLUX TUBE

In the submerged-arc-
welding process or SAW
process, the arc is
‘submerged’ or covered by
a mound of fusible pow-
dered flux, al?d th_e, base WELD
electrode wire is fed

ERATARAY LY I s AR

MOLTEN POOL

GRANULAR FiLL
(FLUX)

PENETRATION
DEPTH

1 BASE METAL

mechanically from a reel.
The arc, at all times, is
covered by the flux, as
shown in Fig. 5.3. The heat of the arc melts the
parent metal, the electrode and part of the flux
which forms a slag covering which can be removed
later by brushing.

Gas welding is another popular welding process
where heat is obtained from combustion of a gas
fuel—commonly a mixture of oxygen and acetylene.
The process is therefore also known as oxy-acetelene
welding. The welding rod used for the process may
be either shielded or unshielded.

FIG. 53. SUBMERGED ARC WELDING PROCESS.

TIP OF TORCH

2 BASE METAL

FIG. 54. GAS WELDING.
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5.2. ADVANTAGES OF WELDING
Welded joints have the following advantages.

* 1. Welded joints are economical from the points of view of cost of labour and materials,
both. The filler plates, gusset plates, connecting angles etc. are eliminated in welded joints.
The smaller size of members, compared to those which may be used in riveled connections
from the practical point of view, may be used here.

2. The efficiency of the welded joints is 100% as compared to an efficiency of 73% 1o
9% in case of riveted joints.

3. The fabrication of a complicated structure is easier by welded connection as in case
of circular steel pipe. The alterations or additions in existing structures are facilitated by it

4. The welding provides very rigid joints. This is in keeping with the modern trend of
providing rigid frames.

3. The noise associated with the riveting work is a source of a great nuisance. There
is silence in welding operation.

6. When riveting is done in populated localities, safefy precautions to protect the public
from flying rivets has to be taken. No such precautions are necessary in case of welding operation.

7. The welded structures look more pleasing in comparisoen to riveted one.

8. The welding work is done more guicker than the ri;rcting work.

5.3. DISADVANTAGES OF WELDING

Notwithstanding the advantages narrated above, the welded connections have a number
of disadvantages in comparison to the riveted connections. The same are narrated below :

1. No provision for expansion and contraction is kept in welded connection and therefore,
there is possibility of cracks developing in such structures.

2. Due to uneven heating and cooling of the members during welding, the members may
distort resulting in additional stress.

3. The inspection of welding work is more difficult and costlier than the riveting work.

4. The welding work requires a skilled person while semi- skilled person can do the riveting
work.

5. On account of extreme heat, fatigue may take place.

6. There is a greater possibility of brittle fracture in welding than in riveting.
54. TYPES OF WELDS AND WELDED JOINTS

Welds are classified as follows.

(a) According to their position: as (f) flat, (i) horizontal, (@) vertical and (iv) overhead
(Fig. 5.5)

(b) According to type of weld : as (i) Butt weld (or groove weld), (i) fillet weld (i) slot
weld, and (#v) plug weld (Fig. 5.5 and 5.6)
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and (c) According to
type of joint . as (i) buit
joint (i) lap joint, (ur) tee
joint, {(iv) edge joint and
(v) corner joint (Fig. 5.7)

Welding is commonly
done in four positions : flat,
horizontal, vertical and
overhead, as shown in Fig.
5.5. Vertical and overhead
welds are possible because
molten metal is carried
from the rod to the con-
nected joint by the
electromagnetic field of
the arc and not by pravity.
In the flar welding the
direction ol electromag-
netic field 15 in the direc-
tion of pravity.

Buit weld or grooved
weld is used when the plates
or members to be con-
nected are in the same
plane, or when a T-joint
is required, as shown in Fig.
5.6 (a). Fillet welds are used
for lap joimt (Fig. 5.7 b),
T-joint (Fig. 5.7¢) or
corner joint (Fig. 3.7 e).
Flug weld (Fig. 5.6 ¢) and
slot weld (Fig. 5.6 d) are
used wherever sufficient
space is not available for
providing required length
of fillet weld. The slot welds
and plug welds are also
used for equalizing Stress
in plates and 1o prevent
buckling in case of wide
plates,

55. BUTT WELD OR
GROOVE WELD

DESIGN OF STEEL STRUCTURES

FLAT

EDGE WELD

VERTICAL

i
L LAP PLUG WELD //’ L DOUBLE
BUTT WELD BUTT
WELD OVER HEAD RaEY,

FIG. 5.5 PICTORIAL VIEW SHOWING VARIOUS TYPES OF WELDS.

FILLED F:-l.m FILLED
PLUG

GROOVE FILLET SLOT

FIG. 56, TYPES OQF WELDS

7

BUTT LAP

TEE EDGE
FiG., 57. TYPES OF WELDS

Butt weld or groove weld is used when the plates to be jointed are in the same plane,
or when a T-joint is desired, as shown in Fig. 5.6 (a). A butt weld is designated according
to the shape of groove made during the preparation of ends of the pieces to be jointed. The
common types of butt welds are shown in Fig. 5.8.
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A butt weld is specified by the size
of the weld. The size of the butt weld is
defined by the effecrive rhroat thickness.
Reinforcement is the extra metal deposited

proud of the surfaces of the pieces jointed,

as shown in Fig. 5.9. The reinforcement
may vary between 1 mm to 3 mm and is
not included in the throat thickness.
The square butt joints shown in Fig.
5.8 (a) and (b) are used for thickness less
than 8 mm. The effective thickness of the
weld, called throat thickness (Fig. 5.9), is
less than the thickness T of the plates

jointed. It is taken as 3 7. In the single
V-built joint (Fig. 5.8 ¢), the throat thickness
is taken as ;7. In double V-buu joini,

the weld is fully effective and hence the
throat thickness is taken equal to 7. As
a rule, in single U, single V" and single
J butt welds, where welding is done from
one side, full penetration is not possible
and hence effective throat thickness is taken

equal 10 3 7. In double-V, double U and

double J butt welds, full penetration is pos-
sible and the effective thickness of throat
is taken equal to the thickness of plates
jointed. Whenever two plates of different
thickness are jointed, the thickness of thin-
ner plate must be taken into account.

Depending upon the position, butt
welds may be (i) flat, (if) vertical (i) over-
head and (iv) horizontal, as shown in Fig.
5.10.

WELD FACE _L

FIG. 59. BUTT WELD.

FIG 5.10. POSITIONS FOR WELDING
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i—Tlmin.j -

%nmin.:
(o) OPEN SQUARE BUTT
WELDED TO ONE SIDE

(b} OPEN SQUARE BUTT
WELDED BOTH SIDES

{c) SINGLE v=-BUTY

B/

le) SINGLE U-BUTT

(d) DOUBLE v=BUTT

T A

(f] DOUBLE Uu-BUTT

gl =

(g }SINGLE 4-BUTT (h) DOUBLE 2-BuTT

& 8

(i }SINGLE BEVEL BUTT [j) DOUBLE BEVEL BUTT
FIG. 58. TYPES OF BUTT WELDS.

]

e TR —

{a) FLAT {b) VERTICAL
lc) OVERHEAD (d)HORIZONTAL

BUTT WELLDS
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3.6. FILLET WELDS

When the lapped plates are to be jointed, fillet WELD HDT ' THEORETICAL THROAT
welds are used. These are generally of right angled LEG SiZE=a FUSION FACE

triangle shape. The outer surface is generally made
convex, as shown in Fig. 5.11. A fillet weld is specified

= -
by the following: ' JM
(£) Size of wiled \()T. ¥"E
()  Throat thickness. A 4

(i)  Length of weld. FIG. 5.11. FILLET WELD TERMINOLOGY
(r) Size of weld: The sides containing the right
angle of the fillet are called legs. The size of the weld is specified by minimum leg length.
The length of the leg is the distance from the root of the weld to the toe of the weld, measured
along the fusion face. Table 5.1 gives the minimum size of single run fillet weld, as specified
by IS :816-1969.

FACE OF WELD

TAELE 5.2. MINIMUM SIZE OF SINGLE RUN FILLET WELD.

Thickness of thicker part Min. size
' upto 10 mm 3 mm
10 10 20 mm 5 mm
20 to 32 mm 6 mm
. 32 10 50 mm 8 mm (first run) ; 10 mm (min.)

Note : When the minimum size of the weld is greater than the thickness of thinner part, the minimum
siz¢ of the weld should be equal to the thickness of thinner part.

(if) Throat thickness: The theoretical throat is the perpendicular distance between the
root of the weld, and the hopotenuse joining the two ends of the legs. Reinforcement is neglected.
The effective throat thickness is taken equal to the theoretical throat thickness, and when the
angle between the fusion faces is 90°(as is generally the case), we have :

Effective throat thickness ¢ = —J,—I— x size of weld
or t = 0.7 x size of weld. wel3.1)

where size of weld = minimum leg length
For angles other than 90° between the fusion faces,

Effective throat thickness =k x minimum leg length. Table 5.3 gives the values

of k for different angles between the fusion faces, as per IS:816-1969
TABLE 53 VALUES OF k

Angle | 60° to 50° | 91°10 100° | 101" to 106° | 107" $0 113" | 114" to 120° L ' !E 't-l'ﬁmm
L]
1

k 0.7 0.65 0.60 0.55 0.50
It may be noted that a fillet weld is not used for jointing ta)
parts if the angle between the fusion faces is less than
60° or greater than 120° 1. E*?
The maximum size of fillet weld at the square edge of I* k‘i

a plate (Fig. 5.12 a) is 1.5 mm less than the plate thickness
and in case of a weld at the rounded edges of flanges or the ()

toe of an angle is kept three fourths the thickness of the edge giG. 512 MAXIMUM SIZE OF
(Fig. 5.12 b). WELD.
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When the fillet weld is
placed parallel to the direction PE FLECY : i
of the forces on both the sides FILLET
of the member, it is called side
fillet weld. When the weld is
placed at the end of the member,
such that it is perpendicular o
the direction of the force, it is i) i
called end fillet weld. If the axis
of the weld is inclined to the FIG. 5.13.
direction of force, it is known as diggonal fillet weld.

(#ii) Effective length of weld: The effective length of
the weld is taken as overall length minus twice the weld
size. The effective length should not be less than four
times the size of the weld, otherwise the weld size must
be taken as one fourth of its effective length. If only the
side welds are used, the length of each side fillet weld
must not be less than the perpendicular distance between
the two. When the ends are returned, as shown in Fig. Hapeeat SHERTECND
5.13 (b), the ends should be carried continuous for a distance
not less than twice the size of the weld, specially when

the joint is subjected to tensile force. Only the effective /Y
length s shown on the drawing and the additional length "ﬁ:
(Le. 2 X weld size) is provided by the welder.

Special fillet welds may have unequal legs. In such
a case the diagonal of the weld may make 30° and ‘¢! VERTICAL (4) OVERHEAD

60" with the two leps. Similarly, the face of fillet welds
may be either concave or mitre (flat). Such welds are not
very common,

Depending upon the position, fillet welds may be flar, horizontal, vertical or over head,
as shown in Fig. 5.14.

3.7. DEFECTS IN WELDING

Welding is highly specialised technique of jointing, and.it should be done carefully so
that no defects or imperfections are left. The most important defects arising from the welding
technique are as follows:

1. Undercutting

Overlap
Incomplete penetration
Lack of fusion

Slag inclusion

L

SIDE FILLET

FIGG. 5.14. POSITION FOR WELDING :
FILLET WELDS,

Porosity and gas inclusion

- SRV R

Edge melting
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These defects have been shown
diagrammatically in Fig. 5.15. Under cut-
ting (Fig. 5.15 a, b) takes place due
to excessive current and excessive length
of arc, resulting in the formation of
a groove in the base metal. When the
weld metal overflows the groove, but
does not fuse with base metal, and over-
lap is formed (Fig. 5.15 ¢). Incomplete
penetration takes place when the weld
metal does not penetrate up to the root
of the joint because of faulty groove
preparation (Fig. 5.15 f; g) or because
of faulty technique used during welding.
Lack of fusion (Fig. 5.15 d, e) takes
place when the parent metal is coated
with some foreign matter and when the
groove is not clean. Due to this, there
will be fack of union between two runs
of weld metal. Slag inclusion (Fig. 5.15
h) takes place because of formation of
oxides due to chemical reaction among
the base metal, air and electrode coating,
during welding. Some times, a group
of gas pores may get entrapped in the
weld, as shown in Fig. 5.15 (i). Such
a defect of gas inclusion is also called
porosity. Edge melting off occurs in fillet
welds (Fig. 5.1)) because of careless
welding.

5.8. WORKING STRESSES IN WELDS

-
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FIG. 515 IMPORTANT WELD DEFECTS.

Table 5.4 gives the permissible stresses in welds, as per IS : 816-1969, for mild steel conforming
to 15:226-1962 and electrodes conforming to IS : 814-1974.

TABLE 5.4 WORKING STRESSES IN WELDS (IS UNITS)

Kind af Stress Muax. Permissible Values (Converfed into SI units)
1. Tension or compression on section through 0.6 fy 150 N/mm*
throat of but! weld.
4. Bending siress in tension of compression 0.66 fy 165 N/mm*
3. Shear on section through throat of butt or 0.44 fy 110 N/mm*
fitler weld
4. Plug wled. 0.44 fy 110 N/mm?

Note 1. For welding done at the site (field), the maximum values in shear and tension given above

are reduced wo 850%.

2. When the effects of wind or earthquake forces are taken in the design, the above values are

increased by 25%.



WELDED CONNECTIONS 121

3.9. DESIGN OF FILLET WELDS FOR AXIAL LOADS

Fillet welds are approximately THROAT
triangular in section, and may be X Vi Pl
of two types (i) standard fillet weld li 45 | 3
(Fig. 5.16 a) and (i) speciai filiet T
weld. (Fig. 5.16 b). Standard fillet LEs ¢ Jow LEG

weld consists of isosceles triangle
with 45° anglﬂsl and has E,q“al :|E,gs1 {a) STANDARD FILLET b} SPECIAL FILLET WELD

Special fillet weld has the side angles
l_'l—'WT
| ACTUAL WELD
LEG LENGTH /] FACE

30° and 60°, with unequal leg lengths.
Normally, a fillet weld has con-
vex face, but sometimes, it may have

concave face also. In each case, the | MIN, <
minimum leg length and throat thick- -t L9 LENTH ‘
ness are shown in Fig. 5.16 (¢) and
3.16 respectively.

) AoapraRvely lc ) CONVEX FACE ld} CONCAVE FACE

Fig. 5.17 shows fillet weld sub-
jected to axial load P. The strength FIG. 5.16. ELEMENTS OF FILLET WELD.
of fillet weld is determined by its resistance against shear. The maximum stress will develop
at the throat and failure will occur by shear along the throat. If we assume a uniform distribution
of shear stress, we have:
P = stress x area.

where Area = throat thickness X effective length -
R P =1 'LT"!F ...(5.2] '—-l
or P=07h.Lty, «.{3.3)

where 1, = permissible maximum shear stress in weld.
t = effective thickness= (0.7h
h =size of the weld.
L. = effective length of the weld. Rl 2k
The specifications for fillet weld have already been given in § 5.6. When only side fillets
are used, the effective length in each side i1s equal to the actual length minus twice the weld
size. The effective length should not be less than four times the size of the weld. Also when
only the side fillets are used, the length of each side fillet weld must not be less than the
- perpendicular distance between the two; thus in Fig. 5.17, / should not be less than b. Also,
the perpendicular distance between the two side fillets should not exceed 16 times the thickness
of thinner plate jointed. Thus, in Fig. 5.17, b should not be greater than 16¢. If this distance
exceeds 167, intermediate plug or slot weld should be used so that buckling is prevented.
If end filler is also used, the total length in Eq. 5.3 consists of lengths of side fillet plus
the length of end fillet. In case when only gnd fillets are used, the overlap in a lap joint
should not be less than five times the thickness of thinner plate jointed (Fig. 5.18).
Intermiitent fillet wleds are used to transfer calculated

stress across a joint when the strength required is less 1.a
than that developed by a continuous weld of even the :1 k‘m
smallest allowable size for the thickness of parts joined. _ 5“ . j

-]

Any section (or length) of such intermittent fillet weld rrllmT

should not be less than four times the weld size, nor less }'nvEnL 2P 4 B
than 40 mm. The clear spacing between the ends of con-
secutive effective lengths of intermittent fillet welds carrying FIG. 5.18.
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the calculated stress shall not exceed 12¢ for compression and 16¢ for tension and shall in
no case be more than 200 mm, where ¢ is the thickness of thinner part joined.

5.10. FILLET WELDING OF UNSYMMETRICAL SECTIONS : AXIAL LOAD

In case of unsymmetrical sections like angles and Tee, which are loaded along the axis
passing through their centroid, the wecld lengths are so arranged that the gravity axis of the
weld lines coincides with the neutral axis. This will avoid eccentricity of loading and hence
the bending moment.

Let us consider an angle section subjected to axial load P, welded to a gusset plate as
shown in Fig. 3.19.

Let Ly and L; be the required lengths of welds on the two faces, and P, and P; be
the resisting forces exerted by the respective welds. These are assumed to act along the edges
of the angle. Taking moments about the line of action of P;, we obtain,

(a+b)P, =Pa -
btz
p wlf (1)
a+b P2 ‘ i 1]’ |
Similarly, taking moments about the ¥ > g A i .
line of action of P, l !l F " r‘:"l
- ' B
(g + b) P, Pt;b 1 i s e | |_
or ==y ~(2) (e} ()
If s is the strength of the weld per FIG. 5.19.
unit length (per lineal length ie s=r1, X1 =1, N/mm) we have
A T L .54 (a)
¥ s(a+b)
and L, = - A o 3.4 (b)
§ s(a+b)

Sometimes, it is not possible to accommodate the required length of the weld on the
sides of the section. In such cases, end fillets are also provided. The procedure of analysing
such a case is similar to the one described above.

5.11. DESIGN OF BUTT WELDS

A butt weld is specified by the effective thickness of its throat, and its strength is taken
equal to the strength of parts joined if full penetration of the weld metal is ensured. In
the case of double-V, double-U, double-J and double bevel butt joints, full penetration is achieved
and hence the effective throat thickness is taken equal to the thickness of the thinner parts
joined. In the case of single ¥, U, J, and bevel joints, penctration is generally incomplete, and

hence effective throat thickness is taken equal to % times the thickness of thinner part connected,

as per IS:816-1969.

Where parts of unequal thickness are joined, the change TAPER
in thickness should be gradual. A taper not exceeding 1 in (NS
5 is provided when the difference in thickness of the paris
exceeds 25% of the thickness of thinner part or 3 mm,
whichever is greater.

As per IS : 816-1969, permissible stress in butt weld is taken
same as that of parent metal. FIG. 5.20.
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5.12. DESIGN OF PLUG AND SLOT WELDS

Plug weld (Fig. 5.6 c) and slot weld (Fig. 5.6 d) are used where ever sufficient s
is not available for providing required length of the fillet. They are also used for equalising
stress in plates and to prevent buckling in case of wide plates. For this purpose, a slor is
cut in one of the over lapping plates, and the weld metal is filled in it. If the size of the
slot is small, and is filled completely with weld metal, then it is known as a plug weld. However,
if the slot is of big size and is fillet welded along its periphery, it is then known as slot
weld. In either case, the slot may be either of circular or a rectangular shape.

IS : 816-1969 gives the following specifications for plug or slot weld:

1. The width or diameter should not be less than 3 times the thickness of the plate
or 25 mm whichever is greater.

2. The corners at the enclosed ends of slots should be rounded with radius not less than
l% times the thickness or 12 mm whichever is greater.

3. The distance between the edge of the part and the edge of the slot or hole, or between
the adjacent slots or holes shall not be less than twice the thickness and not less than 25
mm for holes.

4. The effective area of plug weld shall be considered as the nominal area of the hole
in the plane of facing surface. The plug welds shall not be designed to carry stress.

Example 5.1. Find the safe load that can be transmiited by the fillet welded joint shown

in Fig. 5.21. The size of weld is 8 mm. Take the safe stress in the weld equal to 110 N/mm*

Solution
Effective length of weld, L =80 + 60 + 80 {

=220 mm

Size of weld = h=8 mm.

o
Throat thickness == 0.7h

= (0.7x8= 5.6 mm.

Safe load P =t.L .1y
= 5.6 x 220 x 110 -
= 135520 N= 135.52 kN FIG. 5.21.

Example 5.2. A 100 mm x 10mm plate is to be welded to another plate 150 mm X 10 mm
by the fillet welding on three sides. The size of the weld is 6 mm. Find out the necessary over
lap of the plate, for full strength of the joint. Take allowable tensile siress in plate equal to 150 N/mm’
and allowable stress in weld as 110 N/mnr’.

Solution
The joint will be designed on the basis of the strength of small plate.

Total load taken by smaller plate =100x10x150=150000 N
Throat thickness = 0.7h= 0.7x6= 4.2 mm.
. Allowable load per lineal mm = 4.2 x 110= 462 N
Total length of weld required = 1546[][]2[][]
Effective length of end fillet = 100 mm.
Length to be provided in side fillets
= 325 - 100= 225 mm

=2 _
Overlap x = 5 " 112.5 mm FIG. §.22.

= 325 mm.
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Provide an overlap of 115 mm, as shown in Fig. 5.22. This distance is more than the
distance of 100 mm between the two side fillets. |

Hence the design is O.K &

Example 5.3. A tie bar 120mm X 10 mm is to be connected to other of size
120 mm x 14 mm. If the tie bars are to be loaded by a pull of 160 kN, find out the size of
end fillets such that the stresses in both the end fillets are same. Take permissible stress in weld
= 110 N/mm’.

Solation

The portion of plates between the welds stretch by the same amount. Therefore, the strain
and hence the stress in both the plates are same. The force carried by each plate will be
proportional to its thickness. Thus, if the 10 mm thick plate carries a force P, the 14 mm
thick plate will carry a force 1.4 P,. Therefore, to keep the stresses same in both the end
welds, we must keep the size of the welds in proportion to the thickness of respective plates.

Let the size of lower weld 4 = h H -
Size of the upper weld B =14h 5 =
Length of weld in each case = 120 mm. woLn (] ~ J1eown
Strength of lower weld = 0.7hx120x110 ZOmm o —
=9240A N E -
Strength of upper weld= 0.7 (1.4 4)120x 110 A =
=12936h N i ")
Tuta] load carried by tic bar = 160 kN. s { Tamm
9240 h + 12936 h = 160 x 1000 X H e 3
From which A =722 mm. T e
Keep A=75 mm. .. Size of lower FIG. 5.23.

weld= 7.5 mm, which is less than the maximum
permissible weld size of 10 — 1.5= 85 mm.

Also, size of upper weld = 1.4 A= 1.4 x 7.5= 10.5 mm. This is also less than the maximum
petmissible size of 14 — 1.5=12.5 mm.

Example 5.4. A tension member consisting of two channels sections 200mm X 75 mm @
22.1 kgim back to back is to be connected to gusset plate. Design the welded joint for the condirion
that the section is loaded to its full strength. Take A = 2821 sq. mm, thickness of flange
= [1.d mm and the thickness of the web = 6.1 mm, permissible stress in weld equal to

110 N/mm® and permissible stress in the section in axial tension = 150 N/mm’.

Solution
In the case of rolled section, the size of weld is limited to three fourth of the thickness.

Max. size of weld =32 x 6.1= 4.6 mm. We shall provide 4 mm weld.

Strength of weld per linear mm je-590mm SIDE FILLET
=07x4x110=308 N END FILLET

The load to be carried by each channel

= 2821x150= 423150 N GUSSET
. Total length of weld required for one r™ {FL!TE
channel = 42;]1350 = 1380 mm i !
Length of the end weld= 200 mm =

Length of side welds
= 1380 — 200= 1180 mm

Overlap = %EE= 590 mm.
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Example 5.5. An I-section is built up by weldinga 250 mm X 15 mm web plate to two
150 mm x 15 mm flange plates by 8 mm fillet welds. Find out maximum shearing force which

may be permitted if the mean shearing stress in the web and the maximum shear stress in weld

are not to exceed 100 N/mnv’.

Solution
13
I = 35 [ 150 x 280’ — 135 x 250' |= 98,62 x 10° mm" \ I AR
Shear stress g at the section passing through welds is given by :
—E(Aﬂ where, 15 250mm
b = effective thickness= 2 X throat thickness=2 X & x 0.7= 11.2 mm s
Ay = moment of the area about x-x
=150 x 15 (125 + 7.5)= 298125 mm’ :—‘l—r ::_:u
g = allowable shear stress= 100 N/mm’ —t30mm —={
G. 5.25.
- F [298125] i
98.62 x 10° x 11.2
From which F =370497 N (1)
Maximum shear force limited on the web= 250 x 15 x 100= 375000 N w(2)

Hence maximum allowable shearing force= lesser of the above two values
= 370497 N = 37.05kN
Example 5.6. A welded plate girder is to be fabricated using web plates 1600 mm deep and
16 mm thick and flange plates 400 mm wide and 30 mm thick. The girder is to be used over
a simply supported span of 20 m, carrying a load of 20 kNim including ils own weight. Design
suttable welded connection between the web and the flange, taking permissible stress in weld as

11O N/mm®.

Solution : 5.F.F=3”“'f“”=zxm’ﬂ
I—.I.!ixlﬁflﬁﬂﬂ}+2[l X 400 (30)'+ 400 x 30 (815)'] = 2.1405 x 10" mm"

Horizontal shear, per mm length of F—400—»{}

plate girder, is given by — :hﬂz-:!!?mi-ﬁi""l_
F = -
Al the junction of flange and web,
AV = (400 x 30) (815)= 9.78 x 10° mm’ Y 4
2 % lu:’, SO0 mm
= 5 X 9.78 x 10° -
2.1405 x 10
= 91.4 N/mm e
Vertical shear on the compression -
flange (loaded flange): ; d
w = 20 kN/m= 20 N/mm Ie-232mem]
' Resultant shear —Ah T 'ﬂj* s e =

ar =V g +wt=1/ (914)* + (20)° @ 1 (b)

= 93.56 N/mm FIG. 5.26.
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Let us first try conrinuous weld at each junction, on both sides.
Let h = size of weld.
. Strength of weld perlinealmm, s =2 x 0.7h x 110 = 154 h N/mm.
Equating this to g, we get
93.56

h =—l'5—4'—'==|1ﬁ mm

This is 100 small. Minimum weld size, as per IS : 816-1969 (Table 5.1), for 30 mm thickness
of part (thicker plate ) is 6 mm. Since the minimum thickness of weld is much more than
h found above, we will use intermittent weld.

Let h =6 mm.

The specifications for intermittent weld are as follows :

(a) Effective length of each intermittent weld should not be less than the following

() 4h=4x6=24
or (i) 40 mm.

Hence adopt effective length a= 40 mm.

(b) Pitch (p) of the intermittent weld: The clear spacing between intermittent weld should
not exceed

() 12 x thickness of thinner part = 12 X 16 = 192 mm
or (u) 200 cm

Hence for 192 mm clear spacing between the weld,

p =192 +a=192 + 40= 232 mm (i)

This is the maximum spacing. However, the spacing or pitch (p) should be such that the
shear in the weld is not more than g,

Using 40 mm long intermittent welds on both sides of web plate, weld strength

=2 x 40 x 0.7 x 6 x 110= 36960
Thus, we have, p.q, < 36960

36960 _ 36960

or : p = 2 = 93 56 < 395 mm. (i)

Hence maximum permissible p is lesser of the two given by (i) and (i) values
Keep p= 232 mm. Clear spacing between the intermitient welds= 232 — 40= 192 mm.
Example 5.7. A tie member consisting of two channels ISMC 200 @ 221 kgim back to

back is to be connected to gusset plate 12 mm thick. Design the welded joint to develop full
strength of the tie, given that the overlap is limited to 350 mm. Take permissible stress in weld

equal to 0.44 f, and permissible tensile stress in section equal to 0.6f,, where f, = 250 N/mm’.

Solation
From [SI handbook, for ISMC 200 @ 22.1 kg/m, we have the following data :
Thickness of web = 6.1 mm
Thickness of flange = 11.4 mm
Sectional area = 28.21 cm’= 2821 mm?
0w in section = 0.6 X 250= 150 N/mm"’.
Tensile strength of each channel section = 150 x 2821= 423150 N.
Maximum size of weld = 6.1 — 1.5= 4.6 mm.
Provide 4 mm size weld.
Permissible stress in weld = 0.44 x 250= 110 N/mm’
Strength of weld, per mm length = 0.7 x 4 X 110= 308 N/mm




WELDED CONNECTIONS 127
. Length of weld necessary, to connect one channel section.

L 42:;” =~ 1374 mm. .3

The over lap is limited to 350 mm. Hence
available length of weld, even providing end
fillets, = 350 + 350 + 200 = 900 mm. This
falls short of required total length. Hence let
us provide additional fillets in two slots, each
of length a.

The width of such a slot should not be |
less than 3 times the thickness
= 3 X 6.1 = 18.3 mm. Hence provide two slots,
each of 20 mm width. The edge distance of FIG. 5.27.
each slot should not be less than twice the thickness= 2 x 6.1 = 12.6 mm. Hence arrange the
slots as shown in Fig. 5.27.

Total length of weld = (350 x 2)+ 200+ d4a -2 x 20=860 + 4 a (1)
Equating this to required value of L we get
860 + 4a =L=1374
a = 128.5 mm.

Hence provide 130 mm long slots for fillet welding, as shown in Fig. 5.27.

Example 58. A circular penstock of mild steel, of 1.6 m diameter, is fabricated from 16
mm plate, lapping it and securing it by fillet welds of 12 mm size, provided on the inside and
outside of the lapped ends, as shown in Fig. 5.28. Determine the safe internal pressure that can
be allowed in the penstock. Take safe stress in weld equal to 110 N/mnv’.

-

ISMC 200

. ——

Solution.
Throat thickness ¢+ = 0.7h =07 x 12= 8.4 mm.
Let p = safe internal pressure ( N/mm?) FILLET
d = diameter of penstock (mm) WELD
Internal force per umit length, causing bursting of pipe
d
= FE ++l{1}
Resistance offered by the weld, per unit length
=21.Ty (i)
Equating the two, we gel
p‘-zi =21. Ty
41t
=—7F (3.5
P d 2 FIG. 5.28.
Substituting the given values, we get
_ 4x84x110 _ 2
= 1600 =231 N/mm

Example 5.9. An equal angle 65mm X 65 mm @ 9.4 kgim of thickness 10 mm carries a
tensile load of 160 kN, applied along its centroidal axis. The angle is to be welded to a gusvet
plate.  Find out the lengths of side fillet welds required at the heel and toe of the angle. Iis
C.G. is at 19.7 mm from its heel. Take permissible siress in the weld equal to 110 N/mrv.
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Solution. i
Taking the moments Py Pe—Lg—nd

about line of action of P> ot
65 P; = 160 x 1000 x 45.3 i
sP,=111508 N - - .
s Fz =P-P
I b L e
= 160000 — 111508 | _ - b3
__i_,_/—_ 1SA 65XE5XIO
= 48492 N GUSSET &
Size of weld AN
The maximum size of FIG. 5.29.

weld for a rounded edge at the toe of the anglc=§-x thickness = % ¥ 10 = 7.5 mm.
Strength of weld per lineal mm = 0.7 x 7.5x 110 N/mm’= 577.5 N

Py 111508 _
L, = §T7 5= 5775 = 193 mm
Py _ 48492
and Ly =75 = 5975 = 34mm

These values are effective and must be increased by twice the weld size, ie. by 2% 7.5 =15
mm to get the actual length of the welds.

Example 5.10. A tie bar consisting of a single angle 60mm X 60mm X 10 mm 5 to be
welded to a gusset plate. The tie bar carries a load of 150 kN along its centroidal axs. Design
the joint if both the side fillets and end fillets are to be provided. The centroidal axs of ine
angle lies at 18.5 mm from the heel of the angle.

Solution

The maximum size of fillet weld at the end, along the square edge of the angle will be 1.5
mm less than the thickness of the angle. Therefore, the maximum size of the end fil-
let=10-1.5=8.5 mm.

The maximum size of side [ ———

fillets, along the rounded edge P be—Lj —={ —!
3 o 3
= i x l{]-—- ?+5 mim 5 - | 1 T
& 5

We shall provide 7.5 mm 1 | somm |%° p=is0mN
weld thoughout. & 37} +— g-a

Strength of weld per mm | P2 po——ta —= ISA 60X6OXIOmm
length .

=(0.7%x7.5x 110= 5775 N FIG. 5.30.

The end fillet weld will be placed symmetrical about the line of action of the load in
order to avoid eccentricity. The maximum length of the end weld is, therefore equal to
2 x 18.5 = 37T mm.

The strength of end weld = 577.5 x 37= 21368 N= 21.368 kN
Taking moments about the line of action of force Py we gel
60 P; = 150 x 41.5 — 21.368 x 41.5
From which P, = 8897 kN
P, = 150 — 88.97-— 21.368= 39.662 kN.
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Py 39.662 x 1000

Length L1 = 5555= 35775  ~¢o mm
_ P, _ 8897 x 1000 _
and Length L, = S5 75 154 mm.

The above values of L, and L; are effective lengths. Twice the size of the weld Le.
2x75 =15 mm must be added to above lengths to get the actual lengths of side fillets.

Thus, actual L, =69 + 15= 84 mm

and actual Ly = 154 4+ 15= 169 mm ;

Example 5.11. Design the welded joint of a truss shown in Fig. 5.31. Take permissible shear
stress in weld equal to 110 N/mm’.

Solution

From ISI hand book, we get the following:

(i) For ISA 75508 mm, b = 25.2 mm;
a=T73-252=498 mm; a +b=75 mm 1S4

(if) For ISA 8050 x 8 mm, b= 27.3 mm; T=X30x8
a=80-273=527 mm; a + b= 80 mm

(@) Member carrying 50 kN compressive

load

Min. size of weld = 3 mm.
Max. size of weld =3 x8=6mm 90N

Hence provide 6 mm weld.

Strength of weld per mm length,
| 5 =0.7x6x110 = 462N

| Provide only side welds of lengths L, and L, Referring to Fig. 5.19, we get
Pa 50 x 1000 x 49.8

2 NOS, 15A BO X 30XBmm
FI1G. 5.31.

Ly = = = 72 mm
: s(a+b) 462 % 75
' Pb 50 x 1000 x 25.2
and Ls = = = 37 mm
" s (a + b) 462 x 75

The above values are effective lengths.
Actual L, =72+ 2 X 6=84 mm
Actual L, =374+ 2 x6=49 mm
(b) Member carrying 70 kN ftensile load
Keep 6 mm size weld, for whichs =462 N as before.
o i Pa ___ 70000 x 52.7
s(@a+b) 462x80
Pb 70000 x 27.3
=5{ﬂ+b]= 462 % 80 = 52 mm
Actual L, =100+ 2 X 6=112 mm
Actual L, =52+ 2 X 6 =64 mm.

= 100 mm

L,
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(¢) Horizontal tie

The horizontal tie is a continuous member
carrying a load of 90 kN to one side and
30 kN to the other side. Hence the joint will
be designed for a net force= 90 — 30 = 60 kN.
Since the tie consists of two angles, net force

in each angle =5 x 60 =30kN.

Keep 6 mm size weld, for which
s=462 N, as before.

Pa 30000 x 52.7

L, = = = 43 mm.
: s(@a+b) 462x80 SOkN | W/ : 30N
Provide this in two halves, so that — t—— e -
5Ly =215=22 mm. Also, Z - - e
2 NOS. 22 22mm
_ Pb - 30000 x 27.3 ISA 8OX=0X8
L; = = = 22 mm
s(a+b) 462x80 FIG. 532
Provide this also in two halves, so that %L;= 11 mm. These are effective lengths.
Hence actual %Ll =22+ 2 X 6=34 mm.
and actual sL2 =11+ 2 x6=23 mm.

The joint is shown in Fig. 5.32.

Example 5.12. Two plates 160 mm x 10 mm and 160 mm X 12 mm are to be butt welded. Calculate
the strength of the welded joint in tension, if (a) a single-V butt weld, (b) a double-V butt welded
is used to connect them. Take permissible stress in weld as 150 N/mm’

(a) Single-V butt joint

Effective throat thickness

=3 % 10=6.25 mm. Hence, 1
P=[.t.1p= 160 x 6.25 x 150 — 12
= 150000 N= 150 kN. l l

(b) Double-V bust joint ta)

In the case of double-V butt
joint, complete penetration of weld
takes place. Hence effectiven throat thickness = thickness of thinner plate joined= 10 mm.

P =1t1,=160 x 10 x 150= 240000 N= 240 kN.
The joints are shown in Fig. 5.33.

5.13. ECCENTRICALLY LOADED FILLET WELDED JOINTS

When the line of action of external force does not pass through the centroid of welded
joint, the welds are subjected to both the axial load as well as the moment. We shall consider
here two cases of fillet welded joints :

FIG. 5.33.

1. When the load does not lie in the plane of the welds.
and 2. When the load lies in the plane of the welds.
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Case 1: When the load does not lie in in the plane of welds
This is the usual case when a plate bracket abuts against the flange of a stanchion, and
is connected to it by fillet welding applied on both the sidesof the plate bracket, as shown
in_ Fig. 5.34.
. The fillet weld is subjected to (i) vertical shear stress f; due to axial load P, and (i)
horizontal shear stress fp dve to bending moment M =P .e.

Let the depth of the bracket be equal to d and fillet welds are applied to both the sides
of the plate, for a complete length equal to the depth of plate.

Hence length of weld L= 24. s P e
. -]
Vertical shear stress in weld= f.= 77 x vt
o o8
or Ja = 54 -(3.6)
where t = throat thickness of the weld. ¢ ¢
Horizontal shear stress due to bending is
M v & . -
I STANCHION ———
where 1—2[—:d’]=— and y=‘—i- i AR
2 (a) SIDE () END
P.e d ELEVATION ELEVATION
fa. = 3 K- .
td'/6 2 FILLET WELDS
3P.e ¢
or fo = 7 w(3.7) ] ]
E LPLATE BRACKET
Resultant shear stress f, is
i) PLAN
fr=Viatfe (3.8) FIG. 534,

The resultant shear stress f, should not exceed the permissible shear stress t,, in the
weld.

For preliminary design, f; can be assumed to be equal to f; or 7,,. In that case,

fo = Tp= % (from Eq. 5.7.)
3P.e
d = Ty .(3.9)

From this, the depth of the bracket can be found.
Case 2. When the load lies in the plane of weld: Torsional stresses

Consider a bracket connection shown in Fig. 5.35 in which a plate bracket is connected
to the flange of a stanchion by way of fillet welds applied along the perimeter of the plate.
In many cases, two plates are used, one attached to each face. Let P be the load acting on
each plate, at an eccentricity e with respect to the centroid -of the welds.

The weld element, at any point, will be subjected to two types of stresses: (i) vertical
shearing stresses f, due to axial load P and (if) torsional shearing stress f; due to a torsional
moment T = P.e. The direction of vertical shear will be vertical while the direction of torsional
shearing stress will be at right angles to the radius vector joining that point to the centroid
of the weld.
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Vertical shear stress,
fa = (5.10)

where L = total effective length
of the weld= (2a + d)

Torsional shear stress,

fi = ? (5.11)

where J = Polar moment of inertia

=

lc) STRESSES IN
of the weld. (d) ELEVATION WELD

= I + I,

The resultant shear stress at any y
L 4 -

point of the weld is \ (

fr=Va+fi+2fa.ficosh

-(3.12)

fr will be maximum at a point for .
which f; is maximum. This is induced
at the farthe:t point such as point 4
(Fig. 535 ¢) for which r is maximum
and 6 is minimum simultaneously. T
For a safe design, f, should not CALier weLo
exceed the maximum permissible value b} PLAN

Tip.

_r .

L 1

FIG. 5.35.

5.14. ECCENTRICALLY LOADED BUTT WELDED JOINTS

In the case of a butt welded joint subjected to eccentric loading, the load will never
lie in the plane of welds. Fig. 536 shows a bracket connection in which the plate bracket
has been welded to the flange of steel stanchion by way of a full penetration butt weld. The
length (L) of the butt weld is equal to the height 4 of the plate bracket.

Let t = thickness of weld throat

Bending moment M =P.e.

The weld line will be subjected to two types of stresses : (f) Vertical shear stress f; due
to load P and (i) Tensile or compressive stress f, due to
moment M. 1. P

t
P . -
fg = F ...(5.13] T T
and o =%'y=P'f'$2 |
¥ = a0 ‘ -
6. P 12
or ==y 5 (5.14)
As per IS : 816-1969, for a weld subjected to combined 1 4
shear and bending stresses, the equivalent stress f. is given A

by ta) (b}

fe=Vfr+3f ~(3.15) FIG. 5.36.
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As per IS : 800-1984, the equivalent stress f. should not exceed the max. permissible
equivalent stress o..
where g, = maximum permissible equivalent stress= 09,
Jy = yield stress in parent metal.

For design purposes, the depth of bracket is given by
6.P.e
oy
where op= permissible bending stress in the butt weld = ﬂﬁﬁﬁ. = 0.66 % 250= 165 N/mm" for
mild steel.

Example 5.13. A plate bracket, carrying a load cf 100 kN at an eccentricity of 120 mm,
is connected to the face of a steel stanchion by fillet welds on both the sides of the plate, as
shown in Fig. 5.37. Determine the size of the fillet weld

(b) If 8 mm fillet weld is used, determine the depth of the bracket.

(c) If 8 mm fillet weld is used with a bracket of 250 mm depth, calculate the resulting
Stress in the weld.

d =

.(5.16)

Solution i o
(@) Here, d=300 mm. Let ¢ be the throat thickness.
Vertical shear stress ‘
P 100x 1000 166.67 2
fn Edl' 7 % 3007 = 7 N/mm (l)
Horizontal shear stress : 5
f _3P¢ lemi!xl{ﬂ]xl!ﬂ 400 N/mm> (2) '
td" t{3{]ﬂ} t _L
= V=V (S0 - St
Equating this to permissible shear stress 7,,= 110 N/mm?’,
4333 FIG. 5.37.
we pet ! = —11—6—— 394 mm
t _397_

Size of weld = = 5.6 mm. Hence provide 6 mm size weld.

07 07
(b) If size of weld is 8 mm, we have t=0.7 x 8= 5.6 mm

Hence from Eq. 5.9,

___1/31-"'.: _.\/3x1mxlumx1m
=V I, 56 x 110 = 242 mm

(¢) Given: size of weld =8 mm and d= 250 mm.
t =07 x 8= 5.6 mm
_ P _ 100 x 1000
Je = 24~ 7x 250 x 56
_3Pe 3x1Eﬂxlﬂﬂﬂx12t]
S 5.6 (250)°

\f P4 fE= V_E}S 71)* + (102.85)* = 1089 N/mm’ < llﬂ N/mm’.

= 35.71 N/mm?

= 102.85 N/mm’
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Example 5.14. 4 bracket carrying a load of 120 kN is connected to column by means of
two horizontal fillet welds, each of 150 mm effective length and 10 mm thick. The load acts
at 80 mm from the face of the column as shown in Fig. 5.38. Find the throat stress.

Solution P

Fig. 5.38 shows the arrangement of the bracket. R
f =07 x 10=7 mm Fm4
. P e 120 x 1'[[".}_ 2 4 r__l
fa = - ax150%x7- 57.14 N/mm
Moment = 120000 x 80= 96 x 10° N-mm. 120mm
The forces due to bending in the two welds will form a resisting
couple= (150 x 7 X f3) x 120. 1
150 x 7 x fp x 120 = 96 x 10’
From which fo = 76.19 N/mm* . )
fr= '\/ (57.14)* + (76.19)° = 95.2 N/mm’ F;G_ 5.8,

Example 5.15. A bracket of I-section is welded to a steel stanchion, by using flange welds
as well as web welds as shown in Fig 5.39. The size of flange welds are double the size of

web welds. Determine suitable weld size, taking a permissible shear stress of 110 N/mm’ in the
welds.
Solution

Let ¢ be the throat thickness of web welds and 2¢ be the throat thickness of flange welds.
Let us also assume that the dimensions marked are effective lengths of the welds.

Area of flange welds, at throat = 2 x 200 (2)= 800 ¢ mm’
Area of web welds, at throat = 2 x 300 (£)= 600 ¢t mm*
Total weld area = 800¢ + 600 1= 14001
300X 1000 _ 214.29
1400 ¢ t

.. Vertical shear stress in the welds f, = /mm’ (1)

The bending stress at any point in the weld is given by fa=#—{. ¥ . Here,
x

o = 2200 X 21 X 200° + .1 (300 | 4 300AN &
= 365 % 10°f mm* wann-l
Hence in the flange weld, _1_ T
300x10° x 180 295.89 T T
= ¥ 200= N/mm — €
= s x 10°1 ; 300 8 WELD g é .-
(i) J_ l J_
and in the extreme fibre in web weld, _l_
- 300x10° x 180 _ 22192 :
fow = ¥ 150= =— " N/mm 200
365 x 10°¢ { ) FLANGE weLp— | 200
() A Ay
Evidently, the horizontal shear stress due la) ib)

to bending, in the flange weld is more than FIG. 5.39.
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that in the web weld. Hence the flange weld becomes thé governing criterion.
The resultant shear stress in flange weld is

ViR (242

Equating this to permissible value 1,= 110 N/mm’, we gel

29539 -MSIMH.-"mm

- 35534_
t 110 3132 mm
; 3.32
Size of web weld = ﬁ— 4.74 mm

“. Provide 5 mm size weld in the webs and 10 mm size weld in the flanges.

Example 5.16. .4 12 mm thick plate bracket, carrying a load of 400 kN at a distance
of 500 mm is to be welded to the face of steel stanchiom, using intermirtent fillet welds applied
on both sides of the plate bracket. Design the joint.

Solution

Let us use 10 mm size weld. The intermittent weld, shown in Fig. 5.40 is analogous to
riveted joint subjected t0 moment when the load is not in the plane of the rivets.

The number of weld lengths, in each line, can be esiimated by use of Eq. 3.22:

=V o

where { =no. of weld lines=2 in the present case
p = pitch of intermittent welds
R = strength of each portion of intermittent weld.

(i) Min. effective length of intermittent weld= 4 X size of weld or 40 mm which ever is

greater.
Hence using 10 mm size weld, keep effective length=40 mm and actual length

=40 + 2 x 10= 60 mm.
(i) Clear spacing of the intermittent welds - ADOWN [ i
should not be greater than 16 times thickness of ~
plate or 200 mm. Let us use pitch of 150 mm.
Hence clear spacing between effective
lengths= 150 — 40 = 110 mm, while the actual clear
spacing will be =150-60 =90 mm only.
In the above equation, using /= 2, p= 150 mm
and R = strength of each weld
= 0.7x10x40x110= 30800 N,

mm

ITIOmm
)
A7)

we get

6 (400 X 1000 X 500)
5 % 150 x 30800~ 1% say 12 e

Hence provide 12 weld lengths on both sides, MEI

each of 60 mm actual length (or 40 mm effective
length), at c/c spacing of 150 mm.

Total height of bracket
= (11 % 90) + (12 % 60)= 1710 mm. FIG. 5.40.
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Example 5.17. A circular shaft of diameter 120 mm is welded to a rigid plate by a fillet weld
of size 6 mm. If a torque of 8 kN-m is applied to the shaft, find the maximum stress in the
weld.

Solution

We shall first derive the relation between the stress developed and the torque applied

for such & shaft. Let d be its diameter and A be the size of the weid. Let ¢ be the throat
thickness = 0.7h. Here ¢(=0.7X 6=4.2 mm.

Considering a small area da of the weld as shown in Fig. 541,

e dy?
J =Zédax (2 §
2
J 7 =% 584 :
4 '
where Zda =nd.¢ : s (
; d xd }
v “T xd.t= 4 — f, ~¥%
Torsional shear stress f; Xl By 2
J 2 xd't FIG. 5.41
2T
or =— -(3.17
I nd't (1)
where T =8 kN-m= 8 x 10° N-mm. Substituting the values, we get
3
fi=-2X8X10 _ 842 N/mm’
n (120)° x 4.2

Example 5.18. A circular sreel pipe 120 mm external diameter and 100 mm internal diameter
is welded to a rectangular plate 12 mm thick by fillet weld around the perimeter. The pipe is
m.b_;ecuﬂmﬂv:mcafpamtfmdﬂfﬂkﬁaﬂmgariﬂﬂmﬁommewfidedend. It is also
subjected to a twisting moment of 4 kN-m. Determine the size of the weld, taking permissible shear

stress equal to 110 N/mnr’,

Solution.

The weld section is subjected to three stresses.

(i) Vertical shearing stress f, due to vertical force P= 12kN

(ii) Horizontal shearing stress fi due to moment

M =P.e=12 x 10° x 500= 6 x 10° N-mm.

(iii) Torsional shearing stress f; due to torsional moment

T =4 kN-m =4 x 10° N-mm.
Let ¢ be the throat thickness

of the fillet weld. -

: S{g I'f:m}:af shear siress fq due RO |P-|.:m T
0 o o~

P_ P 12000

]
L]
o= = ndi Tx 120 X1 } Tearn-m ﬁ R

= ‘?'II—E N/mm?

This stress acts vertically
downwards, at all sections of the weld. o~

(if) Horizontal shear stress fy due (a) (b}
to M=P.e=6x10° N-mm .,
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M
Jo =7Y
3 3
where i -.—.“3‘" : "“32”} t= 678584 ¢
and y=%=ﬁﬂ mm
6 x 10° 530.5
fo = Grasaay X 60= —— N/mm’

This stress acts perpendicular to the plane of the weld.
(it} Torsional shear stress f; due to T =4 kN-m.
fi = ; r

kK 3
where J *-.-%r =Mt=135?lﬁﬂt

= 60 mm

_ 4x10° 176.8
f = Darieny * 0=~ Nm
This stress acts in the plane of weld, along tangent (Le. perpendicular to the radius vector).
Let us now consider the combined effect of the three.

At point A: f, is zero while f, and f; are additive since both act vertically downwards.
Hence the resultant stress is
31 3 176.8 _ 208.6
fra =fa + fe= e

At point B : f; and f; act a1 nght angles to each other, in the same plane (Le. the plane
of the weld) while f, attains its maximum value and acts perpendicular to the plane of the
weld. Hence the resultant stress is

fo=Vfat+f +fb_V(313 1?153]_'_[5305]

- 55:;1 N/mm’ (i)

-

r =

N/mm’ (i)

Thus maximum stress is induced at point B, which is the critical point. The stress at
this point should not exceed permissible stress 7., = 110 N/mm”’.

560.1

= 110
From which (> 5;‘“01= 5.09
: ¢ 509
Hence size of weld = 0= 07 = 7.27 mm

As per IS 816-1969, for the thickness= 12 mm of the thicker part, minimum size of weld
is 5 mm. Hence provide 7.5 mm size fillet weld.

Example 5.19. A bracket is subjected to a load of 100 kN as shown in Fig. 5.43. The bracket
is welded to a stanchion by means of three weld lines as indicated in Fig. 5.43. Find out the
size of the welds so that the load is carried safely. .
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Solution

Let ¢ be the throat thickness of the weld. If ¥ is the distance of centroid of weld area
from AB , we have

R
7= 2x 120t x 60 - ) i ]--—lzu-_-.._m_{ﬂﬂtu
2x 120t + 240¢
-~ Eccentricity of the load= 100 + 120 — 30= 190 mm

I = 1—12: (240)° + 2 x 120¢ (120)*= 460.8 x 10‘ mm*

L =24Ur{30}*+2}c%r(120}’+21 120 (60 — 30)?
=72 x 10t mm*

J=I=I.+1I,
= 460.8 x 101+ 72 x 10*t= 532.8 x 10"t mm*

Area =2 x 120¢ + 240¢= 480t mm*®

——— Emﬁ=£=1mmmu=zu&3

2
80 ¢ : N/mm" ..(1)

The maximum stress due to torsion will occur either at C or D.
Length of radius vector for € or D=V (120)’ + (90)° = 150 mm
Maximum shear stress due to torsion,

7 - I,r= 100000 x 190 x 150= 5349 N/mm’
J 532.8 x 10*1 t
Now cosf = ﬂ.,, 0.6
150

Resultant stress is given by
fo=V R4+ 2aficosd

= V(B2 4 BAS)' 4 (2083 (5349 0 - Sy

Equating this to the allowable shear stress of 110 N/mm’, we get
680.6

| ==——=h,
110 6.19 mm
Size of weld = %’l,??: 8.84 mm. Hence provide 9 mm size weld.

Example 5.20. A plate bracket, made of 10 mm thick plate is butt welded to the flange
of a steel stanchion shown in Fig. 5.44. The bracket carries a load of 100 kN at an eccentricity
of 110 mm from the face of the stanchion. Design the joint.

Solution :

Let is assume that the butt weld will have complete penctration. In that case the throat
thickness will be equal to the thickness of plate of the bracket. Hence ¢t = 10 mm

The depth of the bracket can be determined by the approximate expression:

6.P.e

d =
t o

(5.16)
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Here P =100 kN
e =110 mm

o = 165 N/mm’,

o/ 6x100x10° x 110 _
a ‘\/ 10 x 165 200

Let us provide a depth= 200 mm
Check for stresses :

Actual direct shear stress,
_P_ 100 x 1000 _ 2

fo == 200 10 -0 N/mm
Actual bending stress

~ 6Pe_ 6x 100X 1000 X 10_ 15 /2
td 10 (200)

As per I5:816-1969, the eguivalent shear stress is given by
fo =\ + 32 =V (165)* + 3 (50)* = 186.35 N/mm’

As per IS:800-1984, the equivalent stress f. should be less than maximum permissible
equivalent stress o.= 0.9f,
Taking fy =250 N/mm”*,
g. = 0.9 x 250= 225 N/mm’.

Since f. < o, the design is safe.

Ie

FROBLEMS

1. A 150 mm x 16 mm plate is welded to other plate by two side welds 120 mm each and end fillet
of 100 mm length. Find the safe axial load t0 which this joint may be subjected if the size of
the weld is 7 mm.

2 A 100 mm x 10 mm plate is welded to other by means of two
end fillets and two side fillets of 8 mm as shown in Fig. 545, If |
the plate is loaded to its full strength, find out the required overlap i
length. <+ 100mm | -

3. An equal angle 75mm x 75 mm @ 11.0 kg/m is subjected to a
load of 180 kN, whose line of action passes through the centroid
of the section, which is at 22.2 mm from the heel. This angle is
tc be welded to a gusset plate. If the size of the weld is 10 be F1G. 5.45.

& mm, find the length of the side fillet welds.

4. An I-section is made up of a 200 mm x 10 mm thick web plate welded to two flange plates
120 mm x 10 mm thick by means of fillet welds to size 6 mm. Calculate the maximum shear force
which this section can resist

3. Fig. 546 shows a 10 mm angie bracket 100 mm wide welded to the flange of steel stanchion.
It carries a vertical load of 240 kN. The connection consists of continuous 10 mm weld extending
along the top and both sides and returned at the bottom of the bracket. Treating the 240 kN
load as a vertical shear load (i.e. neglecting bending moment), calculate the depth of bracket, taking
110 N/mm’ as the working stress in transverse weld and 79 N/mm’ in the longitudinal weld.

(Based on U.L.)
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Apmnty ~A
j-mu }__ S —*I
n E
; i
- |-
: Omm
N A ' A
F1G. 5.44. FIG. 547.

An I-section bracket carrying 120 kN load is connected by a column as shown in Fig. 5.47 by
means of two side fillet welds 200 mm deep. The load is eccentric by 70 mm. Calculate the size
of the fillet weld.

A bracket consisting of T-section 150 mm x 150 mm and 10 mm i$ connected to a column as shown
in Fig. 5.47. The bracket carries 150 kN load at 80 mm eccentricity. If the size of the weld is
6 mm, find out the maximum throat thickness.

A bracket shown in Fig. 548 is welded to a stanchion by side fillet welds on three sides as indicated
by heavy lines. Calculate the maximum force per mm of weld when the bracket carries a load
of 200 kN acting as shown.

|+ 180mm —J—125 -—-lim“'

.._.._g_ o

FIG. 5.48. FIG. 5.49.
A bracket is welded to a stanchion by fillet welds having a throat thickness of 9 mm and a load
of 180 kN is applied in.the plane of the bracket, as shown in Fig. 5.49. The weld extends round
three sides and has the given dimensions. Determine the max-
imum stress on the throat of the weld.

A s

Determine the size of fillet weld required to join a plate
bracket with flange of a stanchion, as shown in Fig. 5.50. T
300
Mm

pry

e-200—{ 2O*N

Determine the depth of the bracket of Fig. 5.50, if the
plate is butt welded, using full penetration butt weld. The
thickness of plate is 10 mm.

F1G. 5.50.



Design of Tension Members

6.1. INTRODUCTION

A tension member is the one which is intended to resist axial tension. Tension members
are also called fies or hangers. In contrast to compression members, the disposition of material
in a tie has no effect on its structural efficiency so that compact sections such as rods may
be used without reduction in allowable stress. For tensile force to be axial, il is necessary
that the load is applied through the centroid of the section of the member. However, inspite
of all precautions, the fabrication work may cause some initial crookedness, due to which the
so called axially tensioned members may have small eccentricity. The axial tensile force applied
to the member has a tendency to straighten the member, which in turn reduces the initial
eccentricity. Therefore, small unknown eccentricities are usually neglmed in the design.

6.2. TYPES OF TENSION MEMBERS

In general, tension members can ﬁ E
be divided into four groups: @ k) L --

() Wires and cables. (o 1)
(#) Rods and bars.

(i)  Single structural shapes °
and plates |
and (iv) Built-up sections. i A
Typical tension members are shown (h}

in Fig. 6.1. FiG. 6.1. TYPICAL TENSION MEMBERS.

1. Wires and cables: Wires used as structural tension members are usually cold-drawn
from hot-rolled rods. Wire size is often specified by the gauge number rather than the diameter.
Wire ropes or cables are used for hoists, derricks, rigging slings, guy wires, hangers for the
suspension bridges etc. Wire rope is made by twisting wires into strands (generally 7 or 19
wires per strand), which are then twisted in opposite direction around a fiber or strand core
to form a cable of several strands—usually six. The advantages of wire rope lie in its flexibility
and strength. However, they require special fittings (such as end socket, eyebar or turn buckle

etc) for proper end connections. These wires are glavanized or painted, when exposed to
severe weathering.

(141)



142 DESIGN OF STEEL STRUCTURES

2. Rods and bars: Members carrying tensile force of small magnitude may be made from
hot-rolled square or round rods, or of flat bars. Round bars are threaded at the ends and
are used with nuts. Because of slenderness of these members, their compressive strength is
negligible. When bars are used, it is desirable to place the mrger dimension in the vertical
plane so that sagging is reduced. Flat bars may be welded, riveted or bolted to an adjoining
part, or forged into loop or eyebar ends and connected to a pin. The major disadvantage
of these sections is the inadequate stiffeness resulting in noticeable sag under their own weight,
specially during erection.

3. Single structural shapes and plates: The common single structural shapes are angle
sections, tee-sections and channel sections. Angile sections are considered more rigid than wires,
ropes, rods and bars. However, one single objection to the single angle is the presence of
eccentricity in the connection. Single angles are mainly used for bracing, for light truss tension
members, They can also resist small compression if reversal of stresses takes place. Single
channels can sometimes be effectively employed as tension members, because for the same
cross-sectional area, the channel has lesser eccentricity than the angle. Occasionally, [-sections
are also used as tension members as they have more rigidity. Plates are also used as lension
members. Structural tee, shown in Fig. 6.1 (j) make excellent chord members for lightly loaded
welded trusses since the stem may serve as gusset for attachment of single-angle or double
angle web members. The [-members (Fig. 6.1 k£) are used as tension members in heavier
building or bridge trusses with double plane construction.

4. Built-up Section: When the member is required to take heavy tensile load, built-up
section, consisting of two or more plates or shoes are used. Such a built-up section is made
to provide (i) greater area which cannot be provided by a single rolled shape, (if) greater
rigidity, by way of greater moment of inertia, or (iif) suitable dimension to facilitate proper
connection. The section shown in Fig. 6.1 (e), obtained by two angles placed back to back
is extensively used in single-plane (single gusset) trusses. Fig 6.1 (f) and (g) show two angle
and four angle members frequently used in light double plane (double gusset) riveted trusses.
Fig 6.1 (h) shows a form of tension member sometimes used for single plane trusses when
bending must also be resisted in addition to axial temsion. Form shown in Fig. 6.1 (i) is
used for heavier trusses, with their open sides provided with intermittent tie plates or lattice
bars as shown by horizontal dotted lines.

6.3. NET SECTIONAL AREA : PLATES

When a tension member is spliced or joined to a gusset plate or any other member,
by rivets or pins or bolts, its gross-sectional area is reduced by the holes of these fasteners.
Hence a tension member is designed for its net sectional area at the joint.

(a) Chain riveting in plate section

Consider plates carrying tension, joined by chain |2
riveting, as shown in Fig. 6.2. LT

If there are n number of rivet holes in each
section, such as 1-1 or 2-2, we have

4
Ana =bt —n(d.1) N Y

4
&

o
I

b

.y — e A A e al A

or Ane =t [b — nd] ..{6.1) - #$
where t = thickness of the plate | "?' ! !

d = diameter of the hole. G T
In Fig. 6.2 n=3

A =1 [b — 3d] FIG. 6.2
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(b) Zig zag or staggered riveting

In the case of zigzag or staggered riveting, the net cross- sectional area along the chain

2
of rivets is increased by an amount equal o %+
where s = staggered pitch, ie. the distance between any two consecutive rivets, measured

parallel to the direction of force in the member.
g = gauge distance, ie. the distance between the same two consecutive rivetsin a
chain, measured at right angles to the direction of force.
Thus, in Fig. 6.3 (@) B, C and D are not in the same line, but are staggered. Rivet
B is staggered by a distance s, from rivet C, while rivet D is staggered by a disiance s; from
rivet C. Hence ner area along section ABCDE is given by Steinman’s formula:

z 2
Ana =1t | (b —nd) + [% + J% ] .(62)
2 2
or Deduction = (sum of sectional area of holes, B, C and D) - ‘:TI 4 ‘:;Tt-l
1 2
In Fig. 6.3 (a), n= 3. The A
chain of lines should be so p51 I
chosen that it produces max- 'I' ! = .lﬁ
imum such deducrion. ;}__ ‘_.:.-'% I ) -
In general, we have -—-":-*_’—H —ﬂ"zl _ _+_ [
Steinman’s formula for uniform g | ! g A7 | e
value of s: i J | i 4
5 | 1 _¥L
Aper =1 (b—nd)+m4—g] be——S; —+ I;gl -
..(6.3) ol tb)
where FIG. 6.3, STAGGERED RIVETING

n =no. of rivets in the section considered.
m =no. of zigzags or inclined lines.
Thus, in Fig. 6.3 (b)
(i) For line ABCDEFG, n=35 and m=4
2

A =r[{b—5d}+4i—g]
(if) Similarly, for line HUKLM, n=4 and m =2

A =:[ {b-—dﬂ'}+2£]

6.4. NET EFFECTIVE AREAS FOR ANGLES AND TEES IN TENSION

When an angle section i used as tension member, it i connected to the gusset plate
by 1ts flange. In both the cases, the rivet connecting the angle or T-section to the gusset
plate does not lie on the line of action of load. This gives rise t0 an eccentric connection,
due to which the stress distribution becomes non-uniform. The net cross-sectional area of
such a section is reduced to account for this non-uniform stress distribution resulting from
eccentricity. The reduced net sectional area of such a section is known as net effective area.

IS : 800-1984 gives the following recommendations for net effective area of angles and T-sections.
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. Single angle section connected by one leg only
In the case of single angle connected through leg, net effective sectional
area is given by

CONNECTED
LEG

Ape = Ay + A2k ..(6.4)
where A4, = effective cross-sectional area of connected leg.
A; = the gross sectional area of unconnected leg.

QUTSTANDING
. 34, {ﬁ 5] LEG
34, + A, e GUSSET PLATE
Where leg angles are used, the effective sectional area of the whole of FIG. 6.4.

the angle shall be considered.

2. Pair of angles back-to-back (or a single tee) connected by cne leg of the angle (or
by the flange of the tee) to the same side of a pusset

Anee =A1+ A2k . {6.6:a1) o
where A, = effective cross-section area of : ;fftmT:E
connected legs (or flange of tee) 3

T BT

GUSSET PLATE

r:izbq;
P T S

il il =

1 i n S S

S T, T i
e L

A; = Gross area of outstanding legs
(or web of the tee)
o 5A4, fa) DOUBLE ANGLE SECTION {b) T=-SECTION

- ..(6.6b) :
34, + A FIG. 6.5.

The angles shall be connected together (ie. tacked) along their length so that they act
as a single member. For that, the outstanding legs should be connected by taking racking
rivets at a pitch not exceeding 1.0 m.

3. Double angles or tees placed back to back and connected to each side of a gusset
or to each side of part of a rolled section

Such members are shown in Fig. 6.6, for which the areas to be taken in computing
the mean tensile stress shall be the effective area which will be taken equal to the gross area
less the deduction of holes. This is subject to the condition that the angles or tees have been
connected by tacking rivets along their length, at a pitch not exceeding one metre.

Note (i) Where the angles are back to back but are
not tack riveted using a pitch not exceeding 1 m, the
provision under (2) and (3) stated above shall not apply
and each angle shall be designed as a single angle connected
through one leg in accordance with provision under para
(1).

(ii) Where two tees are placed back to back but not
tack riveted using a pitch not exceeding 1 m, the provisions
under para (3) stated above shall not apply and each tee (s ) ANGLES
shall be designed as single Tee connected to one side
of a gusset in accordance with para (2). FIG. 6.6.

(iii) The area of the leg of an angle shall be taken as the product of the thickness and
the length from the outer cormer, minus half the thickness and area of the leg of a tee as
the product of the thickness and the depth minus the thickness of the tee.

Hence for angle section shown in Fig 6.7 (a)
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t
Gross area of connected leg = (a — E}I QUTSTANDING. i

—~it - -

Area of outstanding leg = (b — %JI

. CONECTED CONNECTED :
= - EG
Ay = (a 2 d)t _1_ . | _}_
f | |
and Az ={b—EJ! | Z | B 8 ]
Similarly, for the T-section shown in Fig. (q)anGLE SECTION tb) T - SECTION
6.7(b)- ‘ FIG. 6.7.

Gross area of connected flange =aty
Gross area of outstanding leg = (b — t) tw
Ay =(a-2)y
and Ar=(b -t
6.5. PERMISSIBLE STRESSES
As per [S:800-1984, the permissible stress in axial tension, o, on the net effective area
of the section shall not exceed :
- oa = 0.6f, N/mm’ (MP,)
where fy = minimum yield stress in steel, in N/mm* (MP,)

Table 6.1 gives the permissible stress o, for steel conforming to 1S :226-1975,
TABLE 6.1 ALLOWABLE VALUES OF o FOR STEEL CONFORMING TO 1S : 226-1975

Form Thickness! Diameter at
N/mm*(MP3)
1.  Plates, angles, tees, I-secions, () upto and including 20 mm 150
channels and flats (#7) 20 mm to 40 mm 144
(#if) over 40 mm 138
2.  Bars (round, square, and hexogonal ) (1) upto and including 20 mm 150
k (i) over 20 mm - 144

6.6. DESIGN OF MEMBERS SUBJECTED TO AXIAL TENSION

The design of a member, subjected to axial tension, 15 done in the following steps.
Step 1. Knowing the axial pull (P) and permissible value of ou, calculate the net cross-sectional
area required:
Anet = {i (6.7)
il
Step 2. Try a suitable section, making an allowance for rivet holes. The section should
be so chosen that its gross area is about 25% to 50% more than the net area required.

The following guide lines are useful:
(i) For single angle
Arpu = 1.35 to 1.5 times Anet.
(i) For double angles
Angles on same side of gusset plate : Agoy = 1354,
Angles on either side of gusset plate : Agow = 1.25 Aper.
Step 3. Find actual A.. for the section selected in step 2 by making deductions for rivet
holes. The number of holes to be deducted from a tension member depends upon the type
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of the section, and its end connections. However, guidance for the deduction for rivet holes

may be taken from Table 6.2.
TABLE 6.2. GUIDE LINES FOR DEDUCTIONS

Form of tension member Shape & Arrangement Deduction
1. Single angle L_ One hole. |
I‘ 2. Double angles |:| L‘J One hole from each angle.
3. Double channels j E Two holes from each web or one hole from
each flange, whichever is greater.

4.  Four angles L J One hole from each angle.

(laced) r '=="
5. Four angles with ", J One hole from each angle and two holes from |
Wﬂh. _— “h

1

6. Two channels [ j
(Laced) - |

7. Four angles with or ] [ Two holes from each angle and one hole for

[ Two holes from each channel web or one hole
from each {lange which ever is greater

without plates every 150 mm width of the plate
(Laced)

Step 4. If the actual A,. calculated in step 3 is equal to or slightly more than the one
found in step 1, the selected section is OK. If the actual A, is less than required, try a
heavier section. If the actual A,. is much more than the required, try a lighter section. Repeat
the trial till a suitable section is obtained.

Step 5. Check for slenderness ratio when the reversal of load may occur. The recommendations
of 1S:800-1984 for checking slenderness ratio are as follows :

(a) In any tension member in which a reversal of direct stress due to loads other than
wind or seismic forces occurs, slenderness ratio should not exceed 180.

(b) In a member normally acting as a tie in a roof truss or a bracing system but subject
to possible reversal of stress resulting from action of wind or earthquake forces, the slenderness
ratio should not exceed 350. For other tension members (other than pretensioned members),
the slenderness ratio should not exceed 400.

Step 6. Carryout the design of end connections. The number of rivets is given by :
P
R
where P axial tension and R= rivet value.

The rivets in angles should be located on gauge lines. The usual gauges on angles are
given in Table 6.3, as per ISI recommendations. (Refer Table XXXI of ISI Hand Book for
Structural Engineers)

H o=
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TABLE 6.3. RIVET GALUGE DISTANCES IN LEGS OF ANGLES

147

Double row 8 =
of rivets Single row Maximum rivets e
g8 s, | w5 ¥
' o | ey | W | TET
200 75 85 115 27 |
{ 150 55 65 90 22
130 50 55 80 20
| 125 45 55 75 20
| 115 45 50 70 12
110 45 45 65 12
100 40 40 60 12
95 - i 55 “
o0 - - 50 2
80 - = 45 i
75 - z 40 =
70 2 = 40 .
65 - = 35 -
I 60 - - 35 -
55 s - 30 .
50 - - 28 -
45 = = 25 = |
40 x ‘ 21 y !
35 2 = 19 2 I
30 i & 17 =
25 < = 15 <
| 20 = o 12 v

Example 6.1. A mild steel flat

of size 160mm X 12 mm is used as a tension member in

a roof truss. It is connected at its ends, to a gusset plate using 20 mm rivets by (a) chain riveting
(b) zigzag riveting, as shown in Fig 6.8. Calculate the maximum tension which the flat can carry
in each case. Which arrangement is stronger ? Take ow= 0.6f, where f,= 250 N/mm’.

Solution

Formed dia. of rivets = 20 + 1.5=21.5 mm.

Oar= 0.6f, = 0.6 X 250= 150 N/mm’

Case (a) Chain riveting

The most critical section is abed (Fig. 6.8 a), where Eq. 6.1
Ape =t [b = nd]= 12 [160 — 2 x 21.5]= 1404 mm’

is applicahle:

Maximum tension in the flat = gy .dee = 150 % 1404= 210600 N= 210.6 kN
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Case (b) Stagpered riveting (Fig, 6.8 b )

We will try different sections.

(i} Secrion e fg: Flat is
weakened by only one rivet hole
Aner =1 [b — nd]

= 12[160 = 1 x 21.5]

= 1662 mm’ ()

(i) Section e fj k : Applying
equation 6.3,

E

z

Ane =1| (b —nd) +m>—

ta) ) (b)
K FIG. 68.

where
= No. of inclined lines =1; n=2
= Sl} mm and g= 4) mm.

=12 [(15{]4}: 21.5)+1 x%} =1591.5 mm’ ..(if)

(tiry Section hifjk:
Here n=3; m=2; § =50 mm and g=40 mm.

i
Aper = 12’(115{]_3:-:21.5}+2x % = 1521 mm’ - (HiL)

Note: Section hifjk may not be critical as the strength of the rivet at f will be added
i this.

. Most critical sectional area= Apg min= 1521 mm’
P = 04 . Ane= 150 % 1521= 228150 N= 228.15 kN
Hence case b (zigzag riveting) is stronger than case (a).
Example 6.2. A plate section, 300 mm X 12 mm has four siaggered holes as shown in Fig.
6.9. The diameter of hole is 21.5 mm. Locate the critical section and find minimum net area.

Solution
Here 5 = 40 mm, while g is different for different sections.
(i) Chain abc Ane =t [b—nd]= 12 [300-2x21.5]= 3084 mm’ (i)
(i1} Chain abfgh: There is only one zig-zag or inclined line
A,.,.--f{ (b-nd}+m—‘ — I
L] i m
where m=1, n=3;s5y=40 and g= 50 ;*f;‘; .
2 - | ™ )
Anet —12[3m—3x215+1x—(£3—] 2922 mm’ ' _#_1_ 300
j 'ji O0mm i
-(H) i
fiy Chain abfcd: There are two zig-zag lines. + |;" 'J— T
'I H
At = !|[ (b —nd) + —- 5} gt I 'Lé' {’ i
. g, 431 Vi 5;3' +
where o= = 40mm; g= 30 (lor&f) HL,,_E,.ih
and By = },ﬁ-“l&fﬁ‘}:ﬂ:} .
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(iv) Chain abfgcd There are two zigzag lines.

where

5§ = = 40 mm

(40)° | _(40)
4x50 4x150

= 12[(3% —3x21.5)+ } 2954 mm’

. .
51+¢:]

ea = C=nh ¥ 4 " 4,

and Br=;m=50 ; n=4

2
Anet =12[{3ﬂﬂ-4x21‘5)+2x% = 2760 mm’

149

...(ii)

.(iv)

Hence critical section is along chain abfgcd where the net sectional area= 2760 mm’.

Example 6.3. An angle section section ISA 8080 X 10 pun is used as a tension member
and is connected to gusset plates by 16 mm dia. rivets through both the legs. The pitch of rivets
on each leg is 60 mm. However, the rivets on the two legs are siaggered by 30 mm as shown

in Fig 6.10. Taking permissible stress of 150 N/mm’® in axial tension, determine the allowable

axial rension.

Solution: For determining the nel area, the angle is opened out as shown in Fig. 6.10
(b), and is looked upon as a plate of width equal to the sum of two legs of the angle less
its thickness, with the thickness of the equivalent plate equal to the thickness of the legs.

Width of equivalent plate = 80 + 80 — 10= 150 mm

Distance between rivet holes

Edge distance for each line =35 mm.
Gross dia. of rivet holes = 16 + 1.5= 17.5 mm.
(£) Section abc: There is only one
rivet hole., TF; hﬁmm T r
Anet = 1[0 —nd]=10[150 = 1 X 17.5] | 3 T 35 "'""“"" ’
= 1325 mm’ w‘*‘" l + ‘é}v
(ii) Section abde: No. of inclined | a3 130mm | § '
lines=1 3 } |
2 =80 'l. i i
Ane ZI[h—ﬂd +m's—" H‘_qﬁ--l_'_ ? i \ b
: : : a8 TOmen | | 807 _*_,. _d}-'l ] {{1}
where n=2 ; m=1; s =30 mm ; ', S .30 ‘ i
B = 80 mm 4 i.j#.d##f L i;; l!l- -.TM-A
c L]
la) i6)
(30)° ]
Aner= 11:1[.:151] 2x17.5)+1x 4= s o

= 1178.125 mm®

=45 4+ 45 — 10= 80 mm.

Anet. min = 1178.125 mm’®

P = gu X Ana= 150 x 1178125 = 176719 N
= 176.719 kN

Example 6.4. An angle section ISA 5030 x 60 mm is used as a tension member with is
longer leg connected by 12 mm dia. rivets. Calculate its strength. What will be its strength if it

is fillet welded? Take o= 150 N/mm’.
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Solution
(@) Riveted connection

Dia. of rivet hole = 12 + 1.5=13.5 mm. From Eq. 64,
Apet = Ay + A2k
where  A; = net sectional area of connected leg
- &(5&-%—.13.5}: 201 mm?
A; = area of outstanding leg= 6 (3(] - %]m 162 mm’
k = 34, _ 3x201 788
34, +A; 3 x 201 + 162 FIG. 6.11.

Anee = 201 + 162 x 0,788 = 328.7 mm’

< Strength of the member = gu.Ane = 150 X 328.7 = 49304 N= 49.304 kN
(b) Welded Connection : When the angle section is welded, no reduction in A, will be
there since there is no rivet hole.

A, =ﬁ[5{1-§]=282mm1

Ay =6(30~ g-]= 162 mm’, as before
34, 3%
T34, +A; 3 %282+ 162
K Anet = Ay + Az k= 282 + 162 x 0.839= 417.96 mm’
-. Strength of the member = 150 x 417.96= 62695 N= 62.695 kN

Example 6.5. A tie of a roof truss consists of double angles ISA 10075 X 10 mm with its
short legs back to back and long legs connecied to the same side of a gusset plate, with 16

mm diameter rivets. Determine the strength of tie in axial tension, taking o = 150 N/mm’. Tack
rivets have been provided at suitable pitch.
Solution

Dia. of rivet hole= 16+ 1.5 = 17.5 mm. Each angle is weakened
by one rivet hole. Hence this is case 2, where

J"'.M =A|+A1k.. and

= (0.839

k = A ' :
34, + A, I-—muf'm-h-m: -
A, = Net area of connected legs GUSSET PLATE =
= 2[100-22-17.5] x10= 1550 mm’ o
A; = areaof outstanding legs=2[75 - L_f x 10= 1400 mm’
___S5X1550  _ o4
5 x 1550 + 1400

Ane = Ay + A2 k= 1550 + 1400 x 0.847= 2736 mm®
Strength = 0w . Aner= 150 X 2736= 410369 N = 410.369 kN
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Exampie 6.6. A tension member, consisting of 4 ISA 110x110x10 mm is connected to a gusset
plate by 20 mm diameter rivets, as shown in Fig. 6.13. Calculate the permissible tension in the
member when

(@) No tacking rivets are used PRI
(b) Tack riveting is done along C and D only
(¢) Tack riveting is done along A and B only
(d) Tack riveting is done along A, B, C and D.
Solution

HOmm A

Diameter of rivet holes= 20 + 1.5= 21.5 mm
Gross area of each angle ISA110x110x10 is

= 21.06 cm’= 2106 mm’
(@) When no tacking rivets are used

When no tack riveting is done, all angles will act individually, and hence Eq. 6.4 and
6.5 will be applicable (case 1 of § 6.4):

AM = 4{:"‘!1 +.¢41k:|
A, =net area of connected leg= 10(110 — IE—D — 21.5)= 835 mm’

Az = area of outstanding leg= 1((1 1ﬂ~-1~2g)= 1050 mm*

34, __ 3x835
34, +A4; 3 x 835 + 1050

Aner = 4 [835 + 1050 x 0.7046]= 6299.5 mm*

Permissible tension = ou . Aper= 150 X 6299.5= 944924 N= 944.924 kN

(by When tack riveting is done along C and D only

The angles will act in pairs on both sides of gusset plate. This is case 3 of § 6.4, wherein
the net area will be equal to the gross-area minus deduction of area due 1o riveted holes.
~ Anee = Agross — deduction for holes.= 4 X 2106 — 4 x 21.5 x 10 = 7564 mm*

Permissible tension = 7564 x 150 = 1134600 N = 1134.6 kN

(c) When tack riveting is done along A and B only

In this case, the angles to the same side of the gusset plate will act in pair. This is
case 2 of § 6.4, and Eq. 6.6 will be applicable.

k = = .706

3 _ A4
Are = 4 [A) + Az k] where k= TR
Here A; =area of connected leg= 835 mm’
A; = area of outstanding leg= 1050 mm’
3 % 835

Y w5080

Anet = 4 [835 + 1050 x 0.799)= 6696 mm’
Permissible tension = 6696 X 150= 1004397 N = 1004.4 N
(d) Al angles are tack riveted :
When tack riveting is done along all angles, the conditions are similar to case 3 of §
6.4, wherein the net area will be equal to gross-area minus deduction of area due to rivet

holes.
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Anet = 4 X 2106 — 4 % 21.5 x 10= 7564 mm’
and P =T7564 x 150= 1134600 N= 1134.6 kN (Le. same as for case b above)

It should be noted that if we compare the strength of the member in cases (a) to (d),
proper tack riveting makes a difference of 15 to 20% in strength. Hence tack riveting is invariably
done. It also increases the overall stiffness of the member.

Example 6.7. The long leg of ISA 200 x 100 is connected to gusset plate by 22 mm diameter
riveis in two rows, with gauge space of 75 mm and staggered pitch of 50 mm, as shown in
Fig. 6.14. Deterinine suitable thickness of the angle to transmit a pull of 350 kN. Take
ou= 150 N/mm’.

Solution

Gross diameter of rivets= 22 + 1.5= 23.5 mm

() For section along abc (Fig. 6.14 b),

Deduction in width for hole
=1x235=235 mm

(i) For section along abde (Fig. 514 b,

deduction in width for hole= nd — —

.n'lg
—2x235-—%__ 3867 mm
' 4 %75

-, Maximum deduction for hole, in 200 mm
leg = 38.67 mm.
Now one leg (long leg) of the angle is connected to gusset plate.
Hence we get from Egs. 6.4 and 6.5 (case 1 of § 6.4 )
34,
34, + A,

A, =net area of connected leg= (200 — 38.67 — é—] t

A =4+ A:k where k=

A; = Area of outstanding leg= (100 — %} L.
Assuming = 10 mm for computation of net width of leg, we get
A = (200 - 3867 — 22} 1= 15633 mm’
Az =.(100 = ) =95 t mm’
3 x 156.331¢

T 3% 156331 + 951
Anet = Ay + A2 k= 15633 1+951¢ x 0.8316= 23533t mm’

= 0.8316

. P = Tar - Am
or 350 x 10° = 150 x 235.33 ¢
From which ! =992 mm.
Hence adopt t =10 mm.

Thus provide ISA 200100 x 10 mm angle section.
Example 6.8. If in Example 6.3, the angle section is subjected to an axial pull of 180 kN,
determine the siaggered pitch of rivets.
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Solution Refer Fig. 6.10.
Let the staggered pitch be =smm

The section is weaker along line abde, for which

where n=2, g=80 mm. s is to be determined.
e -71 T .?A'z 2
Apa = 10 [{150-2:{1?.5}+m:|- l115{]+-3—2] mm
180 x 10° = 150 x { 1150 + %} (1)

From which we get s =40 mm
Hence provide a staggered pitch of 40 mm. Actual pitch on each leg will be
=2x40 =80 mm,
Note: It is to be noted that A4,. increases with increase in s. Hence while adopting final
value of 5, the value obtained from Eq. (1) above should be round off to the higher side
and not to the lower side. For example, if we get s= 41.4 mm, we should adopt s = 42 mm

and not s =40 mm. Adoption of lower value of 5 will give lesser value of 4., and hence
the load capacity of the section will decrease.

Example 6.9. A tie member in a roof vuss is 1.75 m long and carries an axial load of
150 kN. Design a suirtable single unequal angle section if (i) hand driven rivets are used, (i)
fillet weld is used at the joint
Solution. Assume that steei sections with thickness less than 20 mm will be used. Hence
ga= 0.6, = 0.6 x 250 = 150 N/mm’.
(@) Riveted member
150 x 1000

Step 1. Required Ape = =5~ = 1000 mm’

Step 2. Choose a section having gross area equal to 40% more than the net area. Choose
ISA 90 x 60 x 10 mm @ 11.0 kg/m having gross area equal to 1401 mm’ This is connected
by the longer leg, using 20 mm dia. rivets (say). Gross dia. of rivet = 20+1.5=21.5 mm.

where A, = (90-215 - 129]11::-= 635 mm’ P50k 5 |

[
|
A;:[ﬁﬂ—l—f}lﬂ-zﬁﬁlﬂmmi -é—-$—-$--é—-é}-—_§if

34, 3 x 635 ;

k = = = (.776 zl'ﬁ-ﬁmm DIA .
34, + A, 3 %635+ 550 Al IS4 SOXE0XI0
USSET PLATE

.. Anet = 635 + 0.776 x 550= 1061.78 mm’
which is slightly more than the net area required. FIG.. 6.15.

Step 4. Load capacity of member = 1061.78 x 150= 159267N = 159.27 kN which is greater
than 150 kN. Hence the section is OK.

Step 5. Check for slenderness ratio.

Since this is a tie number, there is no chance of reversal of stress.

However, as per code requirements, the slenderness ratio should not exceed 350. For the
angle section, Fmin= 12.7 mm.
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1 =4 _ 175 x 1000
P 12.7
Step 6. Design of end conneclions
Strength of 20 mm dia. hand driven rivets:

In shearing = %(21.5)’ x 80 x 107*= 29.04 kN

= 137.8 3350

In bearing = 21.5 x 10 x 250 x 10~*= 53.75 kN.
Rivet value R = 29.04 kN.
' : _ 150 _
Hence No. of rivets = 2904 = 5.17

Provide 6 rivets at a pitch 2.5 x 20= 50 mm, and keep edge distance= 35 mm (see Table
3.2), as shown in Fig. 6.15.

(b) Welded member
Step 1.

Required Any = ______15n1;cn103

Step 2. Choose an angle section having gross-sectional area equal to about 10% more
than net area. Hence choose ISA90x60x8 @ 89 kgm having cross-sectional area of

1137 mm’, 7., = 12.8 mm and C. =296 mm. Let us weld longer leg to the gusset plate.
S{@ 3. Now AM = A, +HI
where A =(90-3)8=688

= 1000 mm*

A;=[ﬁﬂ—§]8=443
- 34, _ 3 X 688
34, + A: 3 X 688 + 448

Apee = 688 + 0.822 x 448= 1056.1 mm’ > 1000 mm*
Hence the section is OK.

Step 4 . Check for slenderness ratio:

o "751:31“3= 1363 $350. Hence OK.

Step 5 . Design of end connections
Min. size of weld =3 mm (Table 5.1)

Max. size of weld =%x8=ﬁ mm.

= (1,822

Let us provide 6 mm size weld

Let us take allowable stress in weld as FI1G. 6.16.
110 N/m’.
Strength of weld per lineal mm =0.7xX6x110=462 N=(1.462 kN.
Effective length of weld required =ﬁl%= 3247 mm (say 330 mm).

Let us distribute the weld in such a way that the cg of the weld coincides with the
c.g. of the angle section, as shown in Fig. 6.16.
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Hence 90 + Ly + L; =330 mm (1)
Taking moments about L, edge,
0.462 [ Ly x 90 + 90 x % = 150 x 60.4 -(2)
which gives Ly =1729 mm
Keep Ly =173 mm.

Hence from (1), L: =330- 90— 173= 67 mm.

Example 6.10. Design a T-section to carry an axial tension of 300 kN. Take
fy= 250 N/mn’. Also design the riveted joint at the end.

Solution: ou= 0.6f,= 0.6 X 250= 150 N/mm® for sections of less than 20 mm thickness.

Stepl. Required Ame= m%ﬁ= 2000 mm?

Step 2. Select a T-section which has a gross area of about 1.3 x 2000 = 2600 mm’. Hence
choose ISHT 100 @ 20.0 kg/m, having sectional area equal to 2547 mm®, ¢ = 9.0 mm, f,,= 7.8 mm
and rmi»n = 27.6 mm.

Choose 20 mm dia. power driven rivets, having pross dia. =20+ 1.5 = 21.5 mm.

Sll!j.'l 3. Apee = Ay + kA>
where A1 = (200 — 2 x 21.5) 9.0= 1413 mm’
Az = (100 — 9.0) 7.8= 709.8 mm*
_ 5A41 _ 5 x 1413 _
54, +A; 5 x 1413 + 7098
Ane = 1413 + 709.8 x 0.908= 2058 mm’ > 2000 mm®
Step 4. Design of End Connections
. Strength of 20 mm dia. power-driven shop rivets.

In shearing = .’;.(21.5)1 x 100 x 1073= 363 kN .
In bearing against 9 mm flange ¢
=215 x 9 x 300 x 10~ = 5805 kN. 9 T8
. Rivet value = 36.3 kN 1
. : 300
No. of rivets required = %3 = 8.26 100 __|

Provide 10 rivets in pairs, at a pitch
= 2.5 x 20 = 50 mm and keep edge distance equal
to 35 mm (Table 3.2), as shown in Fig. 6.17.

Example 6.11. Design a channel section to carry an axial tension of 300 kN. Take

fy = 250 N/mm’. Also design the riveted joint at the end.

{al

FIG. 6.17.

Solution Ou = 0.6f,= 0.6 x 250= 150 N/mm”".
Step 1. Required Ane = 3m1+ﬂ"}5= 2000 mm®.

Step 2. Select a channel section which has a gross area about 30 to 40% more than the
ne:areamquirm Let us choose ISLC 200 @ 20.6 kg/m, having a cross-sectional area of
2622 mm’, h'= 200 mm, b =75 mm and thickness of web = 5.5 mm. Letusmnnﬂ:lthlsm

theguuetplﬂe.nsin;lﬁmmdia power driven rivets.
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6.7. DESIGN OF MEMBERS SUBJECTED TO AXIAL TENSION AND BENDING

When a tension member is subjected to tensile force P which does not pass through the
centroid of the section, bending moment M = P.¢ is also induced, where e is the eccentricity
of the load with respect to the centroid of the section. The section is thus subjected to both
direct stress as well as bending stress. The combined stress at any point is given by.

f = I + K ."{5.3}
where A = net cross-sectional area of the section.
I = moment of inertia of the section about xr.

When a member is subjected to axial tensile load and Eending, the net cross-sectional
area is given by

A=A, +ap= B 4 W77
Ty T
where o = permissible stress in axial tension = 0.6f,

and op = permissible stress in bending tension= 0.66 f,

P/A M .y/ar
Tt The

Jat,cal 4 Tbt,cal 210 (6.9)
Tar Ot

When a tension member is subjected to both axial tension as well as uniaxial bending
it should be so proportioned that

= 1.0

Jat, cal b, cal
067, + 0667, = 1.0 +(6.10)
When a section is subjected to both axial P and biaxial bending, the stress is given by
f=£+&y+£ﬂx .(6.11)

A I Iy,
A member subjected to both axial tension and biaxial bending should be so proportioned
that
Dot ol Potx,cal 4 Toyienl 2 1 (6.12)
Cat Obix Tbiy

or otionl p ool o W08l 290 (6.13)

06f, 066f, 066f ~
. Design of section _

A trial section is selected corresponding to an equivalent axial load (P.) which is defined
as the axial tensile load that produces average axial tensile stress in the section equivalent
to maximum combined stress at the extreme fibre of the section. The equivalent axial load
for uniaxial bending is given by

P. =P+ %.y.,q
s Sl A
or P,uP+——{w)-P+M_(z]
or P.=P+M.B .(6.14)

where By = bending factor = A/Z
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Tieiod =%¥me1 (1)
where P = axial load, in kN. _
Seif mass of angles = 2 x 15.8= 316 kg/m
Mass of accessories etc. = 0.1 X 31.6 = 0.4 kg/m (say)
. Total mass per m length of member = 32 kg/m.
Self load =32 x 9.81 N/m

- 2
_12x3  (32x981x107)3° _ 5 1353 9353 kN-m= 9353 x 10° N-mm

4 8
M 9.353x10°

el I X 147.9%10°
Now, from Eq. 6.10, we have

M

%26.6= 84.11 N/mm? (2)

Tai , cal Obi | cal
ﬂ.ﬁj} +ﬂ.ﬁﬁ}} = 1.0

P x 10° % 84.11 <10

3522 x 0.6 x 250  0.66 X250 ~
From which P = 259 kN

Example 6.14. The central bottom chord member of roof truss is 4 m long, carries an axial
tension 250 kN and supports a moveable differential chain hoist of 4 kN capacity including impact.
The member is composed of 2 argles 100mm X 75mm X 10 mm @ 13 kg/m with the longer
legs up and placed back on either side of 10 mm gusset plates. The outstanding shorter legs
at the bottom provide necessary track for the hoist. The angles are tack riveted at I m centers
with 20 mm dia. rivets. Check the efficiency of the secion provided. The permissible tensile stress
in axial tension and bending are 150 MPa and 165 MPa respectively. The permissible stress in
compression for flangeless beams unsupported laterally may be taken as 'ﬁf N/mm?,  subject

to a maximum of 140 N/mnt’, where | = unsupported length of the member and b is the combined
thickness of the angles. -
Solution
For each angle, A = 1650 mm?
'« = 3.9 mm ; [==160.4x 10" mm*
Net area = 2 [1650 — 21.5 x 10]= 2870 mm’
Ix =2 % 160.4 x 10'= 320.8 x 10' mm".
¥y = Ce=319 mm ; y.= 100 — 31.9 = 68.1 mm.
Self load =2 x 13 X 9.81= 255 N/m
Wt. of accessories = 0.1 % 255 =25 N/m (say)
Total weight = 255 + 25= 280 N/m. 3G, e,
4x4 . 280 x 10~ (4)’

M = 2 3 =4 4+ 0.56= 4.56 kN-m= 4.56x10° N-mm
Tat, cal =Ai.-= 252;,[:”1= £7.1 N/mm’
Obt, cal = g. Y= 3‘;;;213; x 31.9= 45.3 N/mm’
Also, Obe . cal = ?,—i.}‘¢= ;231}; 13; X 68.1= 96.8 N/mm*
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- 0w = 150 MP,= 150 N/mm’ (given)
on = 165 MP,= 165 N/mm® (given)

Tbe =%, where /=1 m=1000 mm ; b=2x10=20 mm.
3300 _ .
e = 1000720 00 N/ mm
Now Oat, cal  Obe,cal _ 87.1 | 453 _ 1581 + 0275 =0.856 < 1. Hence safe.

Ot ow 150 165
Also, max. compressive SIIess= Opc,cal — Tat, cal

= 96.8 — 87.1= 9.7 N/mm’ < 66 N/mm’ Hence safe.
Hence the section provided is suitable.
Example 6.15. Design a double angle tension member carrying axial tensile force of 350 kN.
In addition to this, it is aiso subjected to a UDL. of 4 kg/m of its length, including the self
weight. The centre to centre distance between the end connections is 2.5 m.
Solution (Fig. 6.23)

Step 1. On the basis of axial force

only,
_ 350 x 10°_ 2
Aner =150 = 2333 mm”,

Step 2. Select a section such that FIG. 6.23.
the total gross area=1.4 x 2333 = 3270 mm’. Choose two ISA 100 x 75 x 10 @ 13.0 kg/m, each
having an area of 1650 mm® and place them on either side of the gusset plate with longer side
vertical as shown in Fig. 6.23 (b). Each angle section has /.= 160.4 x 10' mm® and C. = 31.9 mm.

Step 3. Using 20 mm dia. rivets, both for end connection as well as for tacking,
Ang = 2[1650 — 21.5 x 10]= 2870 mm’

O s 352&‘”’— 121.95 N/mm?
Oar = 0.6 X 250= 150 N/mm’.
Tar,cal __ 12].95_
e o 2= 0813
2
Step 4. M = 4—%—51= 3.125 kN-m = 3.125 x 10° N-mm.

Opr cat = My 3125 X 10°
: T 2 x 160.4 x 10°
os = 0,66 f,= 0.66 x 250= 165 N/mm’.

Obe,cal _ 31.07 _
2 - s 0188

Step 5. Check:

x 31.9= 31.07 N/mm®.

all.l',f."d + ﬂh,ﬂﬂi
Tar Oht
or 0.813 + 0.188 =< 1

or 1.001 =1

=1
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Since the difference is negligible, no further revision is necessary and the section may
be taken to be safe.

The end connection may now be designed for an axial tensile load of 350 kN.

6.8. TENSION SPLICES

When the required length of a tension member is less than available length, or when
two lengths of a tension member have different cross-sections, tension splices are provided
to join the two lengths of the member. Tension splices are provided on both the sides of
member jointed, in the form of cover plates, so as to form a butt joint. The required number
of rivets, to transfer the load, are placed on’ each side of the joint. When tension members
of different thickness are to be jointed, filler plates or packing may be used to bring the member
in level. | According to Indian Standard, additional rivets are to be provided if the thickness
of filler plate (or packing) is more than 6 mm. For each 2 mm thickness of packing, the
number required by normal caiculations should be increased by 2.5 %. For double shear connections
packed on both sides, the number of additional rivets or bolts shall be determined from the
‘thickness of thicker packing. The additional rivets or bolts should preferably be placed in an
extension of the packing.

Example 6.16. Design a tension splice to connect two plates of size 250 mm x 20 mm and
220mm x 12 mm, for a design -load of 250 kN.

Solution. Since both the plates, carrying a tensile load of 250 kN, are of different thickness,
a packing plate of thickness = 20—12 = 8 mm will be required, in addition to the splice plates.

Let us use 10 mm thick splice plates on both the sides of the joint, as shown in Fig,
6.24 (a). We will use 20 mm dia. field rivets.

Strength of rivets in double shear= 2x ; (21.5)* x 90x107*= 65.35 kN.

Strength of rivets in bearing against 10 mm plate= 21.5%10 x 270 X 1077= 58.05 kN.
Rivet value = 58.05 kN.

No. of rivets required on each side

250
5805 4.3

of joint=

Provide 5 rivets.

Since the thickness of filler plate
is more than 6 mm, additional rivets re-
quired at the rate of 2.5% for each 2
mm thickness of packing

=3 x25=10%
Additional rivets=5 x 0.1

= 0.5 rivets (or say 1 rivets).

Hence provide this additional rivet
in the extension of this packing plate,
as shown in Fig. 6.24 (b.) Spacing between
the rivets =3 x 20 = 60 mm, and edge
distance =2 x 20 = 40 mm.

Omm SPLICE PLATE

‘I-:ll

| B

~F

230%20m

PLATE

E . L'.“ PACKING

P

1 ]
m ! tlﬂmn SPLICE PLATE

{a)

PLATE

rlﬂm DiA. RIVETS

+i4 .| (1]
iﬂ S
@ i \ )

1q).80_ l; ... -S04
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6.9. LUG ANGLE

~ When a tension member is connected to a gusset plate at its end, a large number of
rivets are required, specially when the tensile load is
large, necessitating in the provision of a big size gusset
plate. The size of the gusset plate can be decreased
by use of a lug angle. A lug angle is a short length
of an angle section, which is attached 1o the main tension
member at the connecting end, to provide extra gauge
lines for accommodating the required number of rivets,
as shown in Fig. 6.25. Lug angles are not very common
because of following reasons : (1) they produce eccentric
connection because of the rivets placed along the lug
angle (if) stress distribution in the rivets of lug angle
is not uniform, and (i) rivets on the lug angle are
not as efficient as other rivets.

IS : 800-1984 lays down following specifications for the design of lug angles :

1. Lug angles connecting a channel shaped member shall, as far as possible, be disposed
symmetrically with respect to the section of the member.

2. In case of angle members, the lug angles and their connections to the gusset or other
supporting member shall be capable of developing a strength not less than 20% in excess
of the force in the outstanding leg of the angle, and the attachment of the lug angle to the
angle member shall be capable of developing 40% in excess of that force.

3. In the case of channel members and the like, the lug angles and their connection to
the gusset or other supporting member shall be capable of developing a strength of not less
than 10% in excess of the force not accounted for by the direct connection of the member,
and the attachment of the lug angles to the member shall be capable of developing 20% in
excess of that force. '

4. In no case shall fewer than two bolts or rivets be used for attaching the lug angle
to the gusset or other supporting member,

5. The effective connection of the lug angle shall, as far as possible terminate at the
end of the member connected, and the fastening of the lug angle to the member shall preferably

start in advance of the direct connection of the member to the gusset or other supporting
member,

6. Where lug angles are used to connect an angle member the whole area of the member
shall be taken as effective, ie..

Aner = gross area — deduction for holes.

FIG. 6.25. LUG ANGLE.

Example 6.17. Using a lug angle, design a suitable riveted end connection for an angle ISA
100 % 65 X 10 mm thick, using 16 mm diameter shop rivels.

Solution
ow= 0.6f, = 0.6 x 250= 150 N/mm’

Strength of rivets in shear =%{115)1x1m:c1n"=24.us kN.
Strength of rivets in bearing = 17.5x10x800x 107*= 52.5 kN.
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Rivet value = 24.05 kN
Gross area of angle = 1551 mm’
Apee = 1551 = 17.5 x 10= 1376 mm’

Strength of member = 1376 x 150 x 107>= 206.4 kN.
Assuming that the 100 mm leg (longer leg) is connected to the gusset plate,

Area of connected leg = ( 100 - 1?“] 10= 950 mm®

Area of outstanding leg = (55 ~ %] 10= 600 mm’
950

Strength of connected leg = ——x206.4= 126.50 kN
950+ 600
Strength of outstanding leg = — 200 x206.4= 79.90 kN
9504600
No. of rivets required for connecting the angle to the gusset plate
126.50
=205 3.26

Hence provide 6 rivets.
Design of lug angle
Strength outstanding leg = 79.90 kN
Required strength of lug angle = 1.2 x 79.90= 95.88 kN

_ 9588 x 10°

At 5o 6392 mm’
~ Gross area will be about 20 to 25% more than
the above to account for the rivet holes. Let us try (™ [ 4-169 @ somm
ISA 55x55x8 mm @ 6.4 kg/m, having area Hﬁgasm
= 818 mm®. ANGLE | l%-l:é‘ ?
.. Available Apey =818 -175x8 1 3. o 73 s 1 e |
= 678 mm® > 639.2 mm". Ta v v v ¥
Hence OK. E +m‘¢_m-¢—m+m-é.ﬁn-¢- }
Number of rivets required to connect lug angle |_t il v o inciion. i

. _ 79.90 zﬂﬂl‘ﬁﬁxﬁm
t0 main angle =14 X m— 4.65 y/
Hence provide 5 rivets.

All these rivets will be spaced at a pitch of

16 x3=5)mm cfc, as shown in Fig. 6.26. FIG. 6.26.
PROBLEMS
1. Explain how net effective area of various sections used as tension members are compated.

! In a roof truss, a diagonal consists of an ISA 60x60x8 mm and it is connected to gusset plate
by one leg only, using 16 mm dia. spop rivets in one chain along the length of the member. Determine
the tensile strength of the members.
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3.

A tension member consists of an ISA 150 x 115 x 10 mm. Determine the safe @dal pull it can
carry if (f) it is connected by sufficient number of 20 mm rivets at the end, (&) if it is connected
by suitable weld at each end. '

A tie member in a roof truss consists of two ISA 90 x60x 8 mm. Determine the safe load carrying
capacity of the member if (a) the angles are on the same side of the gusset plate (b) the angles
are on either side of the gusset plate. 16 mm rivets are used for connection at the ends and the
members are suitably tracked along their length.

A tension member consists of 4 angles ISA 100 100x 8 mm arranged }

as shown in Fig. 6.27, and connected by 20 mm dia. rivets at _E
#mmmmmﬂmnﬁngmpadwnﬂmmmhﬂ " .1':

if

(@) tacking rivets are provided along the lines a-a and b-b. «ﬁ =
(b) tacking rivets are provided along c-c only. . I_ ’:ﬁi _—
(c) tacking rivets are provided along c-c and d-d. . j‘
(d) No tacking rivets are provided. ) J-1omm
Long leg of an angle ISA 150 x 75 mm is connected to gusset _ PLATE
plate using 20 mm dia. rivets in two rows, using a staggered pitch

of 40 mm and a gauge space of 55 mm. Determine the thickness FIG. 6.27.

of the angle to transmit a pull of 240 kN. Take _,5=251]H..-’mm1.

An angle ISA 75 x 75 x 10 mm thick angie is connected to gusset plates by 18 mm dia. rivets
through both the legs, with a pitch of B0 mm. The riveis in one leg are staggered by 40 mm
with respect to those in the other leg as shown in Fig. 6.28. Determine the allowable tensile load

on the angle, taking ou = 150 N/mm?.

Tr l — 1T T )
g TR eI
~ 9 I

HISESRR TN

Pl I = - i .
E oo / bl | )
t | [
FIG. 6.28.

A tension member is subjected to a pull of 250 kN. Design suitable section if (a) it consists of
a single angle connected by one leg, (b) it consists of double angle on either side of gusset plate
and tacked along the length.

Design a single angie lension member subjected to axial pull of 250 kN and connected by suitable
weid at the ends. Also design the welded connections at the ends. The effective length of the
member is 3 m and it is subjected to possible reversal of stress due to action of wind.
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A bridge truss diagonal carries an axial pull of 320 kN and it consists of two mild steel flats 250 mm x 10
mm and 260 mm x 18 mm jointed together. Design a suitable splice at the joint.

Design a riveted end connection for the full strength of angle section ISA 110 x 110 x 10 mm,
using a lug angle.
Design and connection for an angle 125 x 75 x 10 mm, using

lug angle with 20 mm dia. shop rivets. H/W
The bottom tie of a roof truss is 4 m long. In addition to PLATE

an axial tension of 100 kN, it has to support at its centre oo -73+ 4
a shaft load of 4 kN. The member is composed of two angels i »omm
100 mm x 75 mm x 10 mm with the longer legs turned down 10O ¥
and placed back to back on either side of 10 mm thick gusset _L J\ls.n

plate, as shown in Fig. 6.29. The angles are tack riveted at q P 100XTIXD
90 cm centres with 20 mm dia. rivets. Assuming pin jointed

connections at the nodes, check the efficiency of the section -
POVAIRG. FIG. 6.29.
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7.2. MODES OF FAILURE OF A COLUMN
A column, subjected to axial

load, may fail under the following —— o R
maodes: — ——
(1) crushing
(2) buckling
(3) mixed mode of buckling and
crushing — = =
If a short length of a bar or : — T
column is subjected to a compressive
force P, a uniform compressivestress ‘' ggRlfSAt ® Tl (8T e O s

p is induced, p being equal to P/A.
As the value of P is increased, p R p——
will also increase, and ultimately, oy C ] ﬂ

failure will occur due to crushing f :
or yvielding of the material. In the Norred

case of long columns subjected to

axial loading, buckling occurs due []
to elastic instability. Every such !

column has a critical lpad which @ ™  @W  — —  TFE=—=%=%=

causes elastic instability, due to

which column suddenly fails due to (e ::::-_‘;:1 19) l::::.: i) BOX SECTIONS
excessive bending stresses on the sec- B
tion. Columns of intermediate FIG. 7.2. STANCHION SECTIONS

length fail in the mixed mode of

buckling and crushing. Most of the practical columns fail due to this mixed mode.
Critical Equilibrium: Elastic Instability : Equilibrium of an absolutely rigid body may be

stable, neutral and unstable. For example, a ball resting on a concave surface is in stable equilibrium

and if it is given a small displacement from its position,

it will return to its initial position (Fig 7.3 a). A ball

resting on horizontal surface is in neutral equilibrium
and if it is given a small displacement, it does not
return to its initial position but its motion stops [Fig.
7.3 b]. Lastly, a ball resting on a convex surface is ta) (b (<)

in a condition of unstable equilibriurn; on being displaced
from its original position, it continues to move further FIG. 73.
away (Fig. 7.3 c).

The stability of a long column is aiso of similar nature. If a column is subjected to an
axial force P (less than a certain critical load P), it will compress a little and will remain
straight. The column will be in a condition of stable equilibrium. If it is deflected slightly by
some lateral load 4Q and then the load is removed, the column will become straight again
and will assume the original configuration of equilibrium (Fig 7.4 a). The same cycle may
be repeated with the force P increasing in magnitude until a critical force P, is reached at
which the column remains in a slightly deformed position after the application and removal
of the lateral force Q. This instantaneous condition is in a state of neutral equilibrium (Fig.
7.4b). Finally, if force P exceeds the critical one, the straight configuration of equilibrium of
the column will become unstable (Fig. 7.4 ¢). At a load greater than critical, a curvilinear
configuration is stable and it can be shown by exact differential equations of elastic curve
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that a mere increase of 1.5% in P, causes

as maximum sideways deflection equal to  P<Pa  P<Pe PePer P=Pgr
22% of the length of the column, provided I,

the material remains elastic. Such large 59 e, 8. ., .
deflections cannot be tolerated in engineer- (7
ing practice, since large stresses are induced 117
in the column by the resulting eccentricity l*:,"'r
of the applied force and the column col- ”}
lapses. Therefore, the determination of /
critical force P is of utmost importance,
since it represents the ultimate capacity
of an ideal structure. Investigations show  rrw b vl v
that insrabifity has been the cause of many .4 ta) s () m“”' te}
accidents and structural damages. .

Buckling of columns FIG 74,

The curved configuration of the column, under an axial load, is called buckled shape. Due
to this the distribution of stress over the section will not be uniform, and the resuiting eccentricity,
however slight, will cause a bending moment. This bending moment produces bending siresses
which are referred as buckling stresses simply to prevent confusion with bending stresses produced
by eccentrically applied loads. Thus the buckling and bending stresses are the same except that -
the former, by definition result from axial loads while the latter from applied eccentric load. However,
it should be clearly noted that the buckling stresses are in addition 1o the direct compressive
stress due to applied load.

In general, the buckling tendency of a column varies with the ratio of the length to least
lateral dimension. This ratio is known as slendemness ratio, For tall slender columns, this ratio
is large and if failure occurs, it will be entirely due to buckling (mode 2). When this ratio
is very small, failure occurs due principally to welding or crushing (mode
1). Between these extremes are the so called intermediate columns where
failure will be due to combination of buckling and crushing (mode 3).

7.3. BUCKLING FAILURE : EULER'S THEORY

Let us take a column which is very long in proportion to its cross-sectional
dimensions. The column is assumed to be perfectly straight and homogeneous
in quality, and the compressive load is perfectly axially applied. The strength
to resist buckling is greatly affected by conditions of the ends, whether
fixed or free. To start with, we will take the standard case of a column,
hinged at both the ends.

Al critical load causing neutral equilibnium, stated in the previous article,
a compression member may buckle in any direction, if its moment of inertia
I is same about the axes. Generally, a compression member does not possess
equal flexural rigidity in all directions. The significant flexural rigidity EI
of a column depends on the minimum I and at the critical load, 2 column
buckles either to one side or to the other, in that plane about which
I is minimum.

Consider a column with its ends free to rotate around frictionless
pins. The buckled shape shown in Fig. 7.5 is possible only at a crifical
load called buckling load, crippling load or Euler load, as prior to this load,
the column remains straight. The smallest force at which a buckled shape
is possible is called critical force.
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The effect of imperfection is to convert the stnut problem from a problem of stability to a problem
of swress, of which Euler's theory takes no account.

The critical stress pg which is defined as an average stress over the cross-section is piven

by
_Pg_A'El_n'EAr_ #'E
A ALT ALY @)

PE (7.1 a)

for the standard case.

%{- is known as slenderness ratio. The graphical interpretation of

Eq. 7.1 (a) is shown by the curve ACE in Fig. 7.6, where the critical stress pg is plotied
versus the slenderness ratio for mild

steel (E = 2.0 x 10° N/mm?). It will be
appreciated that the curve is entirely
defined by the magnitude of E and is

independent of its ultimate strength.

A long column has grﬂter% and losses

In the above expression,

€00

its strength at very small compressive
stress. This condition cannot be im-
proved by taking a steel of higher
strength, since the modulus of steel does
not vary much with alloy and heat treat-
ment and remains practically constant.

In Fig. 7.6, let OY represent the
yield stress of material, It is clear that "0
Euler formula cannot possibly apply if
L is ess than OD, since for stress greater
than OY, the material becomes plastic
and no longer follows Hooke's law.

Taking yield point stress at 250 N/mm’, we have

L xx 2.06 x 100

Pg (N/mmT)
3 0§ 8§ 8

Hence Euler’s formula is applicable only if % is greater than 89 for steel column hinged
at both the ends.

7.4. IDEAL END CONDITIONS AND EFFECTIVE LENGTH

A column may have two fppes of end conditions
(D) Position restraint (i) Direction restraint.

An end has a position restraint when it is not free to change its position (or is not free
to translate), but is free to rotate. The hinged end of a column is a typical example of position
restraint. In the direction restraint, the end of the column is not free to change its direction.
It may be free to change its position, or it may not be free t0 change its position. However,
an end of a column may have both the position retraint as well as direction restraint.




You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



DESIGN OF COMPRESSION MEMBERS

/h ry/b Section rx/h | rym Section h | ryb
- 3 0.40 -I:LEI
0.40| ol .
0250 | 0230 L a4s | 022 EI‘ 044 | 042
[S8 S8
!
ol
0480 | Q40 040 | O30
oxe | Ome 1Y, | oas| oas HI‘ 0.44 | 034
L -
s 025 | o049 EI | o37| ces
REML | TR T 030 | 022 040 | 0s2
L]
4
354h b - 027 | 03s 040 | azs
>3 u+hP“" o) Lo T o030 | o3 EI‘ 044 | 030
| ]
0.38 0.22 — 0.20| 020 I 03 | 030
042 0.2% "Iil':i 3 02%| 0.2% E 044 | .0.33
o3| o9 0as | o
020 040 %]} 0.40| 023 H I‘ o3 | 8.3%
h

Section ra/h Fy/b Section g/l L™ Section /M

§ 3

o
o

LU | oo | om T | o3| o EI 0.4z
Hl-l Q32 0.32 . 0.43 D.22 .43 0.29

Texs o Q.31 L 040 | 0.20 0.49
Le ] 0.3 0.33 0453 | 025 B 0.52

£

iz
T_D

00
(3]
oo
NN
i
7
0o
o8
bl
¥
BY

o o als bl I 035 | 042 N 046 | 027
U. 0.33 o2 037 | 046 % . 0.4% | O30
™ Ehd b 0.28 |

S | 8% | ss | P ||| PR |oxm|sE
I"—l'-l 0.21 ] [:E. : .

(B |8 fen | JLE smies) B} |exs|sm
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7.6. RADIUS OF GYRATION AND SLENDERNESS RATIO
The radius of gyration of a section is given by
174

For every section, the values of radius of gyration about principal axes are required so
that least radius of gyration (rn.,.) may be obtained to find slenderness ratio. The values of
radius of gyration of individual sections are given in ISI handbook No. 1. However, for built-up
sections, the computations of radius of gyration is extremely tedius. These values are therefore
selected from ready made tables available for various types of built-up sections. Fig. 7.11 gives
the values of radius of gyration about principal axes, for some common forms of individual
as well as built-up sections. These values may be adopted in the preliminary design involving
trial sections.

The slenderness ratio (1) of a compression member is defined as the ratio of its effective
length to the appropriate radius of gyration:

Lg 1

r r
For finding the maximum value of slenderness ratio of given member, the least value
of its radius of gyration should be selected. As per Indian Standard IS : 800-1984, the maximum

slenderness ratio should not exceed the values given in Table 7.3.
TABLE 7.3 MAXIMUM SLENDERNESS RATIOS

| Member Maximum sienderness
ratle A
I 1. A member carrying compressive loads resulting from dead load and imposed Joads. 180
2. A member subjected to compressive forces resulting from wind/earthquake forces,
provided the deformation of suchmember does not adversely affect the siress in any part 250
of the structure.
3. A member normally acting as a tie in a roof truss or a bracing system but subject o
| possible reversal of stresses ruultm[ﬂ'um the action of wind or earthquake forces 350

7.7. VARIOUS COLUMN FI]HMUIAE

We have seen in § 7.3 that Euler's formula for critical load is applicable only when the
slenderness ratio is more than 89. For values less than this, it ceases to apply. Even for values
higher than 89, it does not give satisfactory results. In fact, Euler’s formula is suitable for
large slenderness ratio (L/r >200). Apart from this limitation, a column is never ideal — it
may have small imperfections in its geometry due to which small eccentricity to axial load
may be induced. In order to solve the problem of columns of small L/r ratios, and small eccentricity
of loads, various formulac were evolved, partly on the basis of theoretical approach and partly
on the basis of experimental results. The following column formulae are of practical importance:

1. Rankine’s formula.

2. Rankine-Gorden formula.

3. Johnson's straight line and parabolic formula.

4 Secant formula.

3

s Merchant Rankine formula : LS. code formula.
1. Rankine's formula :

Euler's formula, though walid for L/r ratioc higher than 89 (for mild steel), does
not take into account the direct compressive stress and hence gives correct results only for
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very long columns. For columns intermediate between very long and short ones, Euler’s formula,
though applicable, does not give correct results.

Rankine proposed an empirical formula for columns which covers all cases ranging from
very short to very long struts. He proposed the relation

1 1 1
P R R
where Pe =f..A= ultimate load for a strut.

2
Pg =¥{= Eulerian crippling load for the standard case.

In the above relation, L is constant for a material. For short column, P is very large

Pe
and hence ﬁl— is small in comparison to Fi thus making crippling load P approximately equal
E (s
to Pe. For long columns, Py is extremely small and hence - is large as compared 1o

Pr
1

o thus making the crippling load approximately equal to Pe. Thus the value of P obtained
C

from the above relation covers all cases ranging from short to long columns or struts,
The above relation can be re-arranged as

poPcPe___ P __fe.A
Py+Pc 1+Pc/Ps | | fe AL
7 El
or P = Je: A e

fe. A _
- % A glaad Lyt
1+[4§_ﬂ]{? 1 +a (%)
In the above equation, f: is the crushing stress for the material and a is the Rankine's
constant for the material. Though the formula is empirical, the values of constant 4 is not

calculated from the values of f., #* and E, but is determined experimentally. Table 7.4 gives

the values of f., and a for the materials commonly used for columns and struts.
TABLE 7.4 RANKINES CONSTANTS.

fe a
Material (For hinged ends)
kg/em® | N/mm’

1. Wrought lron. 2550 255 1
9000

? Cast Iron 5670 567 1
1600

3 Mild Steel 3300 330 |
7500
4, Strong Timber 300 50 1
750

—— w———— d

e —
Eq. 7.7 is the Rankine’s formula for the standard case of column hinged at ends. For

. columns of other end conditions, the values of constants will be changed accordingly. However,.
since a 15 a constant for a particular material used as a hinged column, it is not convenient
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to remember the values of a for other end conditions. It is therefore better to modify the
Rankine’s formula and remember in the form :

po_ JeA _ .4

1+a[%r- i +a[§]1

(1.8)

in which a is the Rankine's constant for a particular material and for the standard case of
column, and Lg or [ is the equivalent length of the column. Since equivalent length is generally
known, it can be substituted in the above formula to get the Rankine’s formula for a particular
case of end conditions. It should be noted that Eqs. 7.7 and 7.8 do not include the factor of
safety.
2. Rankine Gorden formula It is expressed in the form :
E =__ & - (1.9)
1+ G (7]

A.15.C. adopted this formula in 1949 for design of secondary members having //r ranging

between 120 to 200, taking a value of C; = 1260 kg/cm’ and C; = 1/18000. Similarly, Building
Code of New York adopted this formula for main members having [/r between 60 to 120,
and for secondary members having L/r ratio ranging between 60 to 200.

3. Johnson’s straight line and parabolic formula
Johnson proposed the following two formulae:

i
P=4 (f—_n ;] w(7.10)
~and P=A f—n*%] (7.11)
Eq. 7.10 is known as straight line formula, sometimes written in the form
P !
— =C,— G- -(7.10
3 Ci -G - ( a)

For mild steel, C is 1125 kg/cm’® and C; = 5.625 kg/cm’. The Chicago Building Code adopted
this formula, taking C; = 1120 kg/cm® and C» = 4.8 kg/cm’, for member having I/r ratio ranging
between 30 and 120. Similarly, American Bridge Co. adopted this formula with a maximum
value of permissible stress as 915 kg/cm’, taking C, = 1335 kg/cm’ and C; = 7.03 kg/cm’.

Eq. 7.11 is known as parabolic formula, sometimes written in the form

5

f=c-q [;]1 .(1.11 a)

AISC adopted this formula for members having I/r < 120, taking C; = 1190 kg/cm’ and
Ci=00334kg/cm’. AR.EA. and A.ASH.O. adopted this formula for members having
{/r < 140, taking the following values :

Cs = 1090 kg/cm® and Cq= 0.0175 kg/em’, for riveted structures.
and C3 = 1050 kg/em® and C,= 0.0233 kg/cm’, for welded structures.

4. Secant formula

The secant formula is also based on the same assumptions as the Euler’s formula. However,
in the secant formula, load is not axial, but has small eccentricity e. According to this formula,
average stress at failure is given by
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@) mﬁ:;f gll;:a In compression with : '—"“lzi;.f , subject to a maximum of 16 1,.
¥
(b) Flanges and plates in compression with : 20 t, to the innermost face of the stiffening
stiffened edges
(c) Flanges and plates in tension ; 200

Note 1. Stiffened flanges shall include flanges composed to channels or I-sections or of
plates with continuously stiffened edges.

Note 2. t, denotes the thickness of the flanges of a section or of a plate in compression,
or the aggrepgate thickness of plates, if connected appropriately.

Note 3. The width of the outstand of members referred above shall be taken as follows:

Types Width of owtstand
(i)  Plates Distance from the free edge to the row of
rivets or welds.
() Angles, channels, Z-sections and Nominal width
stems of Tee-sections
(iif) Flange of beam and tee sections Half the nominal width.

(B). Where a plate is connected to other parts of a built up member along lines generally
parallel to the longitudinal axis of the member, the width betwecen any two adjacent lines
of connections or supports shall not exceed the following :

For plates in uniform compresion : 1 subject to max. of 90 f

viv
However, where the width exceeds : 5?‘ subject to a max. of 351, for welded plates
¥
which are not stress relieved or f‘%ﬁ subject to max. of 50¢, for other plates, the excess
¥

width shall be assumed to be located centrally and its sectional area shall be neglected when
calculating the effective geometrical propertics of the section.

5. Angle struts (Table 7.6 and Fig. 7.13)
(5} Single angle struts: discontinuous:

(a) Single angle discontinuous struts connected by a single rivet or bolt may be designed
for axial load only, provided the compressive stress (c.) does not exceed 80 percent of the
values given in Table 7.5, in which the effective length / of the strut shall be taken as centre
to centre of intersection at each end and r is the minimum radius of gyration. In no case,
however, shall the ratio of slenderness of such single angle struts exceed 180,

(b) Single angle discontinuous struts connected by a weld or by two or more rivets or
bolts in line along the angle at each end may be designed for axial load only, provided the
compressive stress does not exceed the values given in Table 7.5, in which the effective length
[ shall be taken as (.85 time the length of the strut, centre to centre of intersection at each
end and r is the minimum radius of gyration.

(i) Double angle struts: discontinuous :

(@) For double angle discontinuous struts, back to back connected to both sides of the
gusset or section by not less than two bolts or rivets in line along the angles at each end,
or by the equivalent in welding, the load may be required as applied axizlly. The effective
length [ in the plane of end gusset shall be taken as between 0.7 to 0.85 times the distance
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- -rﬂ \/2&”“ 10" <518 mm

9755

- smu_
— 10 2
90 — 6.53 .[ m] 83.47 N/mm

P = A 0= 9755 x 83.47 X 10”’= 814.25 kN |”

|
(b) Plates attached to the flange (Fig. 7.17) : C 'r 7 '
= 5131.6 x 10' + z[—ﬁ:-: 250 (10)° + 2500 (125 +5)1] f130 H—uf
= 135.86 x 10° mm*
I, =334.5 x 10° + 2 x 1_{2 x 10 (250)*= 29.387 x 10° mm’ AN | . 5
A = 4755 + 2 (250 x 10)= 9755 mm’ N
oin = rr \/ S 10" _ 5459 L
| -
1 1
el = L —
e = 5439 711 f———250mm — o |
-91]-11{13] 88.9 N/mm’ ly
Hence P = B89 x 9755 x 10 = 876.22 kN FIG, 7.17.

Example 7.6. A built-up column shown in Fig. 7.18 (a) consists of two ISMC 250 @ 30.4
kgim. Determine the maximum allowable load for the column if the channels are so placed as
to give the column egual resistance to bending about either axis. Take effective length of column
as 4.5 m. What will be the load capacity of the column if the channels are arranged as shown
in Fig. 7.18 (b)? Comment on this arrangement. Take fy= 250 N/mm’. The channels are braced
appropriately in either case,

Solution. For ISMC 250 @

I Y
30.4 kg/m, we have: 80—+ - fcyy=23 80— | |80~
— 4, Sl | — —
fe: = 38168 x 10 E=t | g '_'r_':l: —
Iy =219.1 x 10" ; e ISMC 250 -+ 1y
Gy =230 mm ; | | ‘ b ~
a =3867mm5 b=80 mm y . . 2%0 b :
Case (a) : Chunue!s'drmn_ged IFUESOI S— 2 . } :
as shown in Fig. 7.18 a “ g rm l
Let the back-to-back dis- * ﬁ o l I I
i

tance between the channels be v] RIS DO 1ot Lo 1 = _'..._ =
x mm. For equal resistance, F‘ <1 +55° m N
Iy = Iy. Now, 2 [

Iy = 2[x= 2%3816.8 x 10°
= 7633.6x10* mm*

2
Iy =z[f,,.+ay1]=z[219.1 X 1n‘+3sm[§+23) ]=43&2 x 10" + 7734 (0.5x + 23)°

FIG. 7.18.
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Now Iy = Iy, for equal strength.
7633.6 x 10" = 438.2 x 10" + 7734 (0.5x + 23)*
From which x = 14691 mm.

189

Hence keep the distance between the channels = 14691 mm. In that case,

Iy = Iy=I=7633.6 x 10 mm",
r=VI/A=V (7633.6 x 10%)/2 x 3867 = 99.34 mm.

I 4.5 x 1000
A - o = 45.29
5.29 2
Gac = 139 — (139 — 132}-ﬁ~]-—= 135.3 N/mm

Poore = A .0z=2x3867%x135.3%107° = 1046.4 kN
(b) When the channels are arranpged as shown in Fig. 7.18 (b)

Let the distance between the inner tips of the two channels be x mm.

y =05x+ 57
Iy =2 Ly + ay’]= 2 [219.1 x 10" + 3867 (0.5x + 57)°]
= 438.2 x 10" 4+ 7734 (0.5x + 57)°
For equal strength, Iy =1y
438.2 x 10" + 7734 (0.5x + 57)" = 7633.6 x 10'
From which xr =7891 mm
In that case, Iy = Iy=7633.6 x 10' mm’

Hence, r,A,0.. and P will be the same as before.

Comments: In this arrangement, the distance between the outer faces of channels will be
=2 %X 80 + 78.91 = 238.91 mm, as against a distance of (2 x 80 + 146.91 = 306.91 mm). Hence
the material required for bracing in the second case will be less. However, the arrangement
for the second case is unsatisfactory from the point of view of fabrication, inspection and maintenance.

Example 7.7. A buiit-up column consists of ISMB 300 @ 44.2 kgim, having two plates,
each of 10 mm thickness, attached 1o each flange so as to have equal resistance about either
axis. Determine the load the column can safely cary over an effective length of 4.5 m. Take

fy =250 N/mm’,
Solution For ISMB 300 @ 44.2 kg/m, we have:

Y
_ 4 4 . _ 4 4
Ia =8603.6X10°mm" ; I, =453.9x10" mm". o ¥ —~ |
a = 5626 mm’. Width of flange= 140 mm. t = ] =
Let the width of plates be b. This width should be such jai60 "'rl--.ls"a 200
that we get Iy = Iy s0 that the column may have equal resistance " ' s
in either direction. - | 300
& L sp + byt ,-L’
Ix-fﬂ+2[ubt+bry] : S
o a |

=3603.ﬁx1ﬂ‘+2[-11§b[2ﬂ}’+bxzﬂ{lﬁﬂ)1] :
= 8603.6 x 10" + 102.52 x 10*b (1) i

7.19.
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_ T m2 T 2 _ 1
=4 (0 - Dh=T (150" - (100)')

A ¥
= 9817.477 mm® T
T _‘/ 199418 x 10° _
=V L= S - = 45069 mm. 20 /\
X . X

Alternatively, for a hollow section,

- \/ CETY FTTET TP

16
BDD x 1{1113 : -
Cac _A_ 9817477 = 81.49 N/ mm". :
Corresponding to this value of o,.= = 8149 and
£,=250 N/mm’, we get, FIG. 7.24.

81.49 — 80
90 — 80

A =100 = (100 = 90) x = 98.51

But A $£
Hence I =A.r=98.51 X 45.069 = 4440 mm= 4.44 m

7.12. DESIGN OF COMPRESSION MEMBERS

The design of a compression member is basically a trial and error procedure. For a column

of given length, end conditions and load, the gross area of cross-section depends uwpon the

ible stress o.. which, in turn, depends upon //r ratio. Since the section is not known

before hand, the radius of gyration is unknown, and hence /fr ratio is also not known. The
design is therefore, done in the following steps:

Step 1. Given the actual length and the end conditions, find the effective length I

Step 2. Assume suitable value of slenderness ratio of the member, as under:

(@) for single struts : Assume A between 120 to 150
()  For double angle strut : Assume A between 100 to 120
(¢)  For channel section strut : Assume A between 80 to 100
(d) For l-section stanchions : Assume A between 60 to 90
(¢)  For built-up sections : Assume A between 30 to 50

(with lower value for I-sections and higher

value for channel sections).
Step 3. Select the value of o,, corresponding to the assumed value of A, from Table
7.5 (or, from Table 5.1 of the code)
Step 4. Compute the gross-area by the relation:

a="L

Tae
Step 5. From the section tables, select a suitable section having the above area. Find

the minimum radins of gyration rmis. for this section.

Step 6. Compute A = L/r. I this matches with the assumed value of 4, the design is ok

Otherwise repeat steps 3 w0 6.
Example 7.13. Design a column of rolled steel I-section to carry an anal load of 500 kN.
The column is 4 m long and is effectively held in position at both ends but restrained against

at one end only. Take yield stress in steel as 250 N/mm’,
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DESIGN OF COMPRESSION MEMBERS 199

position, without sharing any axial load. However, when the column deflects, the lateral system
carries the transverse shear [orce.

The following lateral systems (Fig. 7.28) are used for compound columns:
(f) Lacing or latticing

Design procedure

The design of a built-up or
compound column is carried out
in the following steps:

Step 1. Given the actual

length and end conditions, find
the effective length /.

Step 2. Assume a suitable

(i) Batiening or batten plates | v T ,
(itfy Perforated cover plates. : l I'¢'
These are discussed in the | : !
subsequent articles. g: :g ¢'| I¢

r : | &

T
value of slenderness ratio A rang- ﬁ} :é ¢.I | | ¢
ing from 30 to S0 (see § 7.12). Nl ’ A ¢: L

Step 3. Select the value of & | -é-
Osc COrresponding to this as- .
sumed value of A, from Table ! 2
- (0) L ACINGS (b) BATTEN PLATES (¢ ) PERFORATED
7.5. Alternatively, gz may be as- S COVER PLATES

sumed as any value ranging be-

tween 130 to 145 N/mm’.
Step 4. Find the gross area required:
P
M o= —
Tac
Step 5. Try elemental sections such that their total area is more than .4 required above.
Arrange the elements in such a way that we get Iy= Iy for the composite section.
Step 6. For the above arrangement find rmis. Hence compute maximum slenderness ratio
A = /Tmin. In the case of battened columns, the effective length should be increased by 10 %.
Step 7. For this value of 4, compute o, (from Table 7.5) and hence load capacity (P)
of the column. This should be equal to the actual load. If the load capacity comes out to
- be less than the actual load, revise the section. Similarly, if the load capacity of the column
is different from actual load by a larger margin, revise the section.

7.14. LACINGS

Lacing or latticing is the most commonly used lateral system. The common sections used
as lacings are: flats, angles, and channels. Tubular sections may also be used. Lacings may
be of two types:

(a)  Single lacing (b} Double lacing.

General Requirements: IS:800-1984 lays down the following general requirements:

1. Compression members comprising of two main components laced and tied should, where
practicable, have a radius of gyration about the axis perpendicular to the plane of lacing not
less than the radius of gyration about the axis in the plane of lacing. Thus in Fig. 7.29 (a),

ry 4+ rx

FIG. 7.28. LATERAL SYSTEMS.
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2.5
=100 X P w(7.18)

where P is the axial force in
the member.

For single lacing system shown
in Fig. 7.31 (a), the transverse shear

, .
force in each lacing is p wher

n = number of transverse system in
parallel planes { = 2 for the present
case). Hence axial force F in each
lacing is

V
F = —— -(7.19 a)

where & is the inclination of
the lacing with vertical. This force
will be tensile in one lacing and com-
pressive in the next lacing, meeting
at a point.
For double lacing system shown in
Fig. 7.31 (b), there are two lacings
cut by any horizontal plane. Hence

shear force in each lacing is %, {a) SINGLE LACING (b} DOUBLE LACING
wheren = number of transverse sys- FIG. 7.31. FORCE IN LACING.

tem in parallel planes (= 2 for the
present case). Hence the axial force F in each lacing is

V
2nsin @

This force will be compressive in one lacing bar and tensile in the other lacing bar.
For flat lacing bar having width b, thickness ¢ and rivet diameter d, we have

.(7.19 b)

Compressive stress in each lacing bar =$ ¥ Oue w1.20 (a)

: : , il
Tensile stress in each lacing bar = G- } Ou . 1,20 (b)
2. Angle of Inclination : Lacing bars, whether in double or single systems, shall be inclined
at an angle not less than 40° nor more than 70° to the axis of the member.

3. Slenderness ratio and effective length : The slenderness ratio A (= //r) of the lacing
bars for compression members shall not exceed 145.

For flat bars of width b and thickness #, used for lacing, we have

!_" = I! = I‘
rooVIA (L) [ (b %1)
or "—: 1 '{E +145 T2
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The effective length [ of the lacing bars shouid be taken follows :
Type of Lacing Effective length (l.)

1. Single lacing system (Riveted at ends) Length between inner end rivets of the lacing
bar. Thus, in Fig. 7.31 (a), . =!

2. Double lacing system (Riveted at ends 0.7 times length between the inner end rivets
and at intersection) of the lacing bar effectively riveted at intersection.
Thus in Fig. 7.31 (b), L =071

3. Single or double lacing system, welded 0.7 times the distance between the inner ends
of welds connecting the lacing bars to the member.

4. Maximum spacing: The maximum spacing of lacing bars, whether connected by riveting

or welding, shall be such that the slenderness ratio A, (= L/r. ) of the components or elements
of the member between consecutive connections is not greater than 50 or 0.7 times the most
unfavourable slenderness of the member as a whole, whichever is less, where L is the distance
between centres of connection of the lattice bars to each component (as shown in Fig. 7.31).

The slenderness ratio of the components within the lacing spacing is
Aemant = A= = (122)

where L= spacing of lacing and r, is the minimum radius of gyration of elements. This
clause is aimed at avoiding any local buckling of the component.

It should be noted that if a is the centre to centre distance (horizontal) between the
rivet lines of the two elements (Fig. 7.31), the spacing (L) of the lacing is pgiven by

L =2acotf for single lacing system

and I. =acoté for double lacing system
Also, '} =%mﬂ=am& for single lacing
and [ =L secf=acoses# for double lacing.

where { is the length of the lacing between inner end rivets,
5. Width of Lacing bars: In riveted construction, the minimum width of lacing bars shall

be follows :
Nominal Rivet Dia. (mm) Width of lacing bars (mm)
22 65
20 60
18 55
16 50

6. Thickness of Lacing bars: The thickness of flat lacing bars shall be not less than
one-fortieth of the length betweeen the inner end rivets or welds for single lacing, and one-sixtieth
of the length for double lacing riveted or welded at inerstections.

Thus t £1/40 single lacing

and t +1/60 for double lacing. |

It should be noted that width » and thickness ¢ should be such that the compressive
or tensile stresses (Eq. 7.20) induced in the lacing, due to force F (Eq. 7.19), do not exceed
the permissible values. Rolled sections or tubes of equivalent strength may be used instead
of flats.

_—— e e — -
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For double lacing system shown in Fig. 7.31 (b),

a
L = = a coté w2 {b)
Also, ! = a cosecd .. 1.26 (c€)

for both single lacing as well as double lacing.
Step 3. Find the slenderness ratio of each element (or component), between the lacings,

by Eq. 7.22:
Retoment = Ae= =

«E
where . = minimum racius of gyration of the element.

See that A, is less than 50 or (.7 times slenderness ratio (1) of the composite column.

Step 4. Compute the length (/) of each lacing between the inner end rivets, and hence
determine effective length /. of the lacing. For single lacing system with riveted ends,
le = { and for double lacing system riveted at ends, [, = 0.7/ Similarly, for welded lacings, . = 0.7 L
Now I =acosecf for both single lacing as well as double lacing.

Step 5. Choose rivet diameter, and for that fix minimum wvalue of width » of the flat
(The rivet diameter may be so chsoen that Eq. 7.23 is satisfied by using one rivet)

Sttp 6. Choose thickness ¢ of lacing consisting of flats. For single lacing system,
f \{:— while for double lacing system, ¢ -1:3%. Determine maximum slenderness ratio of lacing,

given IJy Eq. 7.21.

Ama.

, Which should be less than 145,

L_LV12
¥ I

Step 7. For the above value of A, find 0. from Table 7.5.

Step 8. Determine transverse shear V = 0.025P. Determine force F in each lacing from
Eq. 7.19. Hence compute compressive and tensile siresses in the lacing. These should be
less than the corresponding permissible values c.. and oar.

Step 9. Design the end connections for the lacing. For this, first determine the rivet value
(R). Hence determine the number of rivets from Eq. 7.23. Generally, only one rivet is used
at each end. Hence the rivet diameter should be so chosen that Eg. 7.23 is satisfied. That

IS R ::-ZF::D&H (for single lacing of Fig 7.32 b)
and R :a-— (for double lacing).

Example 7.17. Design a buu‘t‘-up column composed of y I
two channel sections placed back to back, carrying an axial I be-100 -+
load of 1345 kN. Effective length of column is 5.95 m. | =
Take f, = 250 N/mm’. | = po0—s
Soluotion Im Lo

For buiit-up column section, A may be assumed between |

30 to 50. Let us assume A= 40, corresponding to which |

Ouc= 139 N/mm’ (Table 7.5). |
P _ 1345 x 10° S _l__.. S—

Y

=t = = 9676.2 mm". Cyr = &
A s 139 9676.2 m "= LACING
AlSO,  Tmin = %; %f:}= 148.75 mm FIG. 734
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Ae = 30.36= 25.532 cot 6.

_ 3036 _ T
or cote = 35537 1.189 or tanf= 1189 = (1.841
which gives 8 = 40,06

Hence the value of angle 8 should not be less than the above value. However we shall
keep A= 45" ( > 40.06") for the sake of convenience in construction.

Now, for single lacing, f=-§-seca=%ﬂ (Fig. 731 a )=1§9ﬁ ~ 509 mm

(or I = a cosec 8= 360 cosec 45°= 360 vZ = 509 mm)

Effective length of lacing, /. =/= 509 mm

Minimum thickness of lacing, = }ﬂ V=127 mm

Hence keep t = 14 mm.
Using 20 mm diameter rivets, minimum width () of flat =60 mm. Hence use
60mm X 14 mm flats for lacing, connected by 20 mm dia. power driven shop rivets.

Lv12 509V 12
4

Maximum slenderness ratio =

(Bq. 7:21)= === 1259 < 145.

Hence satisfactory. For this value of A, the permissible com-
pressive stress is given by (Table 7.5).

G = 64 — (64 — 57) 22 59 = 50.87 N/mm’
Now, V =0.025 X 1345= 33 625 kN
For single system, the force in lacing bar is given by Eq. 7.19(a):
V 33.625
= sing 2sindse =170 kN £
Compressive stress in each lacing bar E
_ 23776 x 1000 _ 2 o
= 0 x 14 =283 N/mm* < g,.. Hence safe.
Tensile stress in each lacing bar
23.776 x 1000 2
= =441 N/ . fe.
(60 - 21.5)14 44.1 N/mm°< 150. Hence safe

Design of end connections
Using 20 mm dia. power driven rivets, strength of each rivet

, . 100 (a ) ELEVATION
(f) In single shear : P; = = 3000 ¢{21 5)'=36.3 kN i 360 j
[ e e - ——— Sy
i e 300 = “MlLLacing 2
(i) In bearing : Pa.=lm[}x215x14 90.3 kN :
Rivet value = R=36.3 kN. §
For the rivet system shown in Fig. 7.32(b)
Sio:af tvetmm 2Fcos @ _ 2 % 23.776 cos 45° _ 093 = 1 i
: -~ R 36.3 - = %—‘iﬁ:_‘_‘
Hence the lacing will consist of 60 mm X% 14 mm flats, connected o’ %o’
by one power driven shop rivet of 20 mm dia. at each end. The (B} PLAN

arrangement is shown in Fig.. 7.35. FIG. 7.35.
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Example 7.19. Design double lacing system for the composite column of example 7.17.

Solution: Let & be the angle of inclination of the lacings with vertical. This should be
as small as possible to take full advantage of double lacing. Smallest permissible value of 6
is 40°. For ISLC 350, distance of rivet lines from the channel face=g =60 mm.

Thus a =60 + 240 + 60= 360 mm.
L =acotf (for double lacing system)= 360 cot 8.
Ae = L where re=rmin fOr each component=r, = 28.2 mm

Fe

360 cot 8
Ae = 583 = 12.766 cot 6 (1)

As per code requirements, A, should be equal to or less than 0.74 ( = 0.7 x 43.37 = 30.36) or

50 whichever is less.
Ae =30.36 w(2)

Equating (1) and (2), we get
12.766 cot 8 = 30.36

tan @ = 12190 _ 0.4205

30.36
From which g8 =228
However, minimum permissible value of &= 4(F
Hence keep 8 = 40°
Accordingly, L = acot 8= 360 cot 40°= 429 mm
A = f_—;= %= 152  (which is less than 0.7 = 30.36).

Apgain, for double lacing system,
[ =Lsecf (or=acosect)= 429sec40® = 560 mm.

(Check : 1 =Va®+ LT= V(360)" + (429)" = 560 mm.)

Also, for double lacing, l. =0.7I=0.7 x 560= 392 mm
. ! 560
d - =—=0
For double lacing system, ! 50 9.33 mm

Adopt t =10 mm.
LV 12 _392v 12

Maximum slenderness ratio = e T = 136 < 145.

For this value of 4, the permissible compressive stress is given by (Table 7.5).

Oac =57 — (57 — 51) 1_»::.]= 53.4 N/mm’

Now, V' = 0025 x 1345= 33.625 kN
Force in lacing bar, for double lacing system is given by Eq. 7.19 (b).
_ VvV 33625 _
F=wsme Zx2smaoe 208 kN.
Using one rivet at each end, we get from Eq. 7.23(b) -
- 2F cos @

R
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210 DESIGN OF STEEL STRUCTURES

(b) Check for local buckling of column angles : The arrangement for single laced system
is shown in Fig 7.39. Refer Fig. 7.31 also. Keeping the distance of rivet lines from the angle

face= 60 mm, we have
a = 350—(60+60)=230 mm.
Hence spacing (L) of lacing bars is given by
L =2acotf=2 x 230 cot 45°= 460 mm
Imin fOr each component=19.4 mm
Hence for the component of the column,

_ L _ 480 _
ol T
As per code requirement, A. should be equal
0.74(=0.7 x 53.7 = 37.6) or 50 whichever is less.

Hence the column angles are safe against local buckling.
() Check for local buckling of lacing
- Effective length l.=/= 3253 mm (for single lacing system.)

= —{e0f-a+230 50}

to or less than

fe— L =460mm —|

— L w460mm —

‘f;_ﬁ 325? 3ﬁ f—350mm —
A= o 589 — 1127 < 145 Hence safe. FIG. 7.39.

(d) Strength of lacing bars in tension and compression
Total transverse shear, V' = (.025 P= 0.025 x 1159.3 = 28.98 kN
Hence, for single lacing system, axial force in each lacing is
V V 28.98
F = sing ™ Zsing~ Zsinas 204 KN

This force will be compressive in one lacing and tensile in the next lacing
(£) Strength of flat in tension

Rivet diameter = 20 mm

Gross diameter = 20 + 1.5 = 21.5 mm mm,

Net area of lacing = (60 ~ 21.5) x 10= 385 mm’
Hence tensile stress Hin each lacing bar = i: 2;};9 x 1000= 53.22 N/mm".

Permissible tensile stress, ox = 0.6f,= 0.6 X 250= 150 N/mm’
Hence safe
(ii) Strength of flat in compression

For the flat, A =—— =1127

Frnin
Hence, from Table 7.5, for f,= 250 N/mm’ and 4 = 112.7,
Gac =72 — (72 — 64) X %= 69.84 N/mm’

¢
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Fig. 742 (a) shows distorted shape of a battend column. The points of contraflexure will
be midway between batten plates. Fig 7.42 (b) shows the free body diagram. The transverse

shear force to each side of point of contraflexure will be %%. where N is the number of

parallel planes of battens. If C is the centre to centre spacing of battens, the bending moments
arising at each end of battens plate, due to this transverse shear will be
M = MFI Mz

1V VC
=(z2n)*C= 2y ~027

The longitudinal shear in-
duced due to these moments is

Vi =3 (M + My)= 1<

«(7,28)
where S= minimum transverse
distance between the centroids
of the rivet group/welding.

Battens shall be of plates,
angles channels or I-sections and
shall be riveted or welded to the
main components so as to resist
simultaneously a longitudinal

shear P‘I-% and moment (o) COLUMN WITH BATTENS (b) FREE BOOY DIAGRAM
u=Y<
T 2N’ FIG. 7.42. MOMENTS AND SHEARS IN BATTEN PLATE
6. .The longitudinal shear stress in the batten will be equal to % where D is the overall
depth of the batten plate and ¢ is the thickness.
Hence % P70 w(7.29).
where 1.. = permissible average shear stress= 100 N/mm’ for steel conforming
to IS : 226-1975
7. The bending stress in the batten is
% = _IM + agp. Or o «(7.30)
—D*t '
6
where Ob: O Oy = permissible bending stress = 165 N/mm’ for steel conforming to
IS : 226-1975.
Example 7.23. Design the battens of built-up column of Example 7.20.
Solution
1 Spacing of battens : The spacing C of battens is given by
& $50 or 0.7 times Lot composite column.
.l",;.m:- F

Here, r. mis = minimum radius of gyration of componeunt= 53.4 mm



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



216 DESIGN OF STEEL STRUCTURES

Strength of rivet in bearing = 21.5 x 8 x 300 x 10™*= 51.6 kN
Rivet value = 363 kN
Vi _ 103.75

Shear force in each rivet . 73 = 17.292 kN
M.r
Force due to moment, in end rivets =
2P
where  r = [(70)* + (225)]f = 235.64 mm
I =2(70)* + 4 (235.64)" = 231900
. _ 15562.5 x 235.64 -
o | Force due to moment =510 15.813 kN
_ 70

Resultant force on end rivet = [(17.272)'+(15.813)" + 2 x 17.272 x 15813 x 0.2971]}
: = 26.66 kN < Rivet value. Hence safe.
Example 7.24. Design a built-up column composed of two channel sections, placed back

to back, carrying an axial load of 1345 kN. The column, having a length of 7.5 m, is effectively
whmmmmmmmmmmmm.mmm

plates also. Take f, = 250 N/mm’.
Solution

The problem is similar to the one solved in Example 7.17 b |-
except that battens are used in place of lacings.

(a) Design of column

For battened column, effective length is increased by 10%. ls
Effective length / = 1.1(0.8L). To
= L1X08X7.5= 6.6 m= 6600 mm e o -
vy

For built-up column section composed of channels, 1 may be

assumed between 30 to 50. Let us assumed 1= 40 corresponding _i -_1_-"'“5
to which gac= 139 N/mm’. 1 B2
A=F _1345x msmﬂﬁ?ﬁ.z mm?. " +°d L-ir'&
Tac 139 i : ";lﬁ,
Also, Fowin '.Jli: %- 165 mm. T T
Let us choose 2 ISLC 400 @ 45.7 kg/m each, having the following éﬂgf:::_;_
properties. E | I
a = 5825 mm’ | 1|
re = 15,50 cm= 155.0 mm TR + ‘r
hy = 2.81cm=28.1 mm +|T |'+ £
Cy =236 cm= 23.6 mm n;h !; é
Total A =2a=2x5825=11650 mm’ 1ls | :i 1
The channels are placed back to back, at a spacing S, given )

by Eq. 7.17 (a) : _
: S=2[ra=Cpl =2[155-236]=2628 mm - 16, 744
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It should be noted that Eq. 7.17 has been derived on the premise that the column has
equal values of radii of gyration in both the directions. ISI Handbook No. 1 [SP: 6(1)-1964)
gives properties of such a composite column, consisting of two channel sections, in Table XXXVII,
for various values of spacing 5. From this table, we observe that when § = 260 mm, ry = 15.62 cm
which is slightly more than ro. Hence adopt § = 260 mm, for which ry = 1562 mm for the
composite section. Hence ruin= ry=re= 155.0 mm.

6600
& A -155‘[’-42.53
From Table 7.5, for f, =250 and i=42.58, get

Gac =139 — (130 - 132) 222 2"53 = 137.19 N/mm?

P =A. g,= 11650% 13‘?.19:: 107*= 1598.3 kN > 1345
Hence satisfactory.

Note. The column has about 11% more capacity. The students may redesign the section
with 2 ISLC 350 @ 38.8 kg/m, with § =240 mm (as was done in example 7.17). However,
since effective length ! is more in this case, 4 will come out to be more and hence the section
will be have carrying capacity of 1319 kN only, against a required value of 1345 kN.

(b) Design of battens
(i) Spacing of battens
The spacing C of the battens is given by

L

Fe, min

0.7 x % of composite’ section = 0.7 x 42.58= 29.81

C_ <2981
Fe, min

or C < 2981 X re, min
Here Te,min = Fy= 28.1

C < 29.81 x 28.1 < 837.5
Keep C =800 mm.

(i) Thickness of batten

50 or 0.7 times ! of composite section.
} S pos

Hence

7 :-— (Refer Fig. 7.41)
From Table Il of handbook, g = 60 mm, fnr this section. Hence ag;,= 260 + 2(60)= 380 mm.

t :-'%:-T.ﬁ mm.
Keep t =8 mm

(iif) Depth of batten (Fig 7.41) :
a = 260+2 (23.6)=307.2mm ; b=100 mm
For intermediate battens, d :-%u =%x3m.z= 230.4 mm
For end battens, d > a = 307.2 mm
For any batten, d >2b =2 X 100 = Zﬂﬂ mm

Hence effective depth = 307.2-mm
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Using 20 mm dia. rivets with an edge distance of 40 mm, total depth D of the batten

15
D =3072 + 2 (40)= 387.2 mm.
Hence Try 400 mm x 8§ mm battens at spacing (C)= 800 mm.
(iv) Check for shearing and bending siresses.
Transverse shear V = 0.025P= (0.025 x 1345= 33.625 kN
Here S = a;= 380
oo _ VO _ 33.625x800 _
Longitudinal shear V; = NS= T 2x380 = 35395 kN
VC _ (33.625 x 1000) x 800
M = = — -
oment M o, e 6.725x 10° N-mm

Vi 35395 x 10

i 2
Dxi- 400 X8 = 11.06 N/mm"* < 100

Longitudinal shear stress =

Hence safe.
Bending stress = - M . f‘m X10° _ 3} s N/mm? < 165 N/mm?
gDt g x 400 (8)
Hence safe.

(v) Design of connections
Try 20 mm dia. rivets.

Strength of rivet in single shear =%[21.5]*x10ﬂ]x 107°=36.3 kN

Strength of rivet in bearing = 21.5%X8x300x107"'= 51.6 kN
Rivet value = 363 kN

Assume 4 rivets in a vertical row, @ 105 mm centre to centre with an edge distance
of 42.5 mm.

Vi_ 35.395
44

M.r_ 6725x10'x157.5
Tr o 2[(52.5)°+(157.5)

Resultant force in the rivet = V (8.849)° + (19.214)’ = 21.15 kN < Rivet value.
Hence safe.

7.16. PERFORATED COVER PLATES

Perforated cover plates are mostly used for box sections consisting of four angle sections
(Fig. 7.45), so that the interior of column remains accessible for painting and inspection.
The cover plates consist of continuous plates, running throughout the height of the column,
with width (B) equal to width of the composite section and with perforations at a regular
interval. The perforations are done axially, in elliptical shape. The cover plates have three
advantages:

(i) They add to the sectional area of column and the portions beyond the perforations
share axial load to the extent of their effective area.

Shear force in each rivet = = 3.849 kN

Force due 10 moment on end rivels = = 19214 N
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1{a) Where the ends of
compression members are FILLER
faced for bearing over the

whole area, they shall be J' UPPER ’t

spliced to hold the connected COLUMN

members accurately in posi- g

tion, and to resist any tension

when bending is present.  _J| L 5

" (b) The ends of compres-

sion members faced for bear- -¢ip- j-g.s <4
LOWER

4 N4

SPLICE PLATES

ing shall invariably be
machined to ensure perfect Iﬂ-

contact of surfaces in bearing.

2. Where such members
are not faced for complete
bearing, the splices. shall be R
QESIgRed (0 teAnamIt 8l the ta) (») te)
forces to which they are sub-
jected.

3. Wherever possible,
splices shall be proportioned
and arranged so that the
. centroidal axis of the splice
coincides as nearly as possible
with the centroidal axes of the
members jointed in order to
avoid eccentricity; but where E
eccentricity is present in the
joint, the resulting stress shall -
be provided for. i
Design steps L PLATE

1. Assume width of splice
plate equal to the width of
the flange. A |

2. When the ends of the () (e}
columns are not faced, the
splices take the full axial load FI1G. 746. RIVETED COLUMN SPLICES
of the column. If the ends are perfectly faced for bearing over the whole area, splices simply
hold the two columns in position. However, in this case, it is usual practice to design the
splices to transmit 50% of the axial load of the column.

3. Assume column splice to act as a short column, having zero slenderness ratio, and
adopt o. (for A =0), for the type of steel used. Hence find the thickness of splice plate.

4 Assume suvitable rivet diameter, compute the rivet value and determine the number
of rivets required to transmit the axial load. '

5. Where upper column does not have full bearing over the lower column, provide a
bearing plate of suitable thickness ¢. In such 2 case, it is assumed that the axial load of the
column is taken by flanges alone, and the load taken-by web is neglected. This assumption

8
5
v
A
¥
g}

4—4—9

SPLICE PLATES
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gives rise t0 a moment M=§xa. If & is the width of bearing
plate (equal to the width of the flanges),

=21
z = EIH’
and moment of resistance of the bearing plate= éﬁfz.ﬂh

1
M —E-btz.ah

Or Fﬁv—m '
b ope

6. When the column is also subjected to bending moment
and shear force, in addition to the axial load, the splice plates
attached to the flanges are designed for axial load and bending
moment, while the splice plates attached to web are designed
1o resist shear force. The web splice plates are also known as
shear plates.

(731

1 1
UPPER COLLMMN

P2 A2

L

t-n | Lpcammng |0

-P/2  PLATE w2

+ e

iLﬂ“‘EH COLUMMN

FIG. 7.47.

Example 7.25. A column consisting of ISHB 300 @ 63 kgim carries an axial load of 500

kN. Design the splices, assuming that (a) ends of the columns are cut by

ordinary method and

are not milled, and (b) ends of the columns are milled and faced for bearing. Take

fy = 250 N/mm’.

Solution : For the splices, taking 4 =0, g, = 0.6, = 0.6 x 250 = 150 N/mm".

(@) When the ends are not milled

The splices transmit the full axial load of 500 kN. Hence the load transmitted by each

flange splice= 0.5 x 500 = 250 kN.

Area of flange splice plate | 300 — f——— 250 ——
250 x 1000 : s T
=A = = 1666.7 mm i
14 4 SIX RIVETS li

For ISHB 300 @ 63 kg/m, wlliforzomm T | OF
h =300mm, b= 250 mm, ;fa‘ DIA. [l g‘
iy =196 mm TOP +ﬁ_ O O +
Hence thickness of flange RS 80 mﬁ:’ ™ Q
splice plate= 1?;?]‘7= 6.67 mm 1%'{ “pasoxesoxs | O O+
Provide r=8 mm. -l'::}_ __5HT _53:
Let us use 22 mm dia. power L | o
driven rivets. COLUMN _" & - o) “ o) _1_
Strength of rivet in single shear b3 Y o
o

=100 x Z (23.5)* x 10 ig.

;[{ ) In{ O I O -;-
= 43.37 kN. L ._g"";m.... (! '
Strength of rivet in bearin L

g & LT

= 300 x (8 x 23.5) x 10~
= 56.4 kN

(o}

F1G. 7.48.

480 mm
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Rivets value = 43.37 kN

250
337 3.76

Use 6 rivets in two lines of 3 each on either side of the joint. Keeping 80 mm pitch,
with 40 mm edge distance, the length of splice plate will be =5 x 80 + 2 x 40 = 480 mm.
Distance between two rows of rivets=g = 140 mm.

The arrangement of rivets etc. are shown in Fig. 7.48.

(b) Ends of the columns machined and milled.

In this case, it may be assumed that half the load is transmitted through the splices,

while other haif is transmitted by bearing, though as per IS code whole of load is transmitted
through bearing and the splices simply hold the two portions in position.

No. of rivets required =

Load on splices
=05 x 300 =250 kN
Load on each splice plate : " e e ~ ]‘"—,f $ae T"
= 5 X 250= 125 kN. | L
Area of splice plate b k -RIVETS H 38
_ 125x1000 _ 833.35 mm?® -J 4 TOP COLUMN —E mm,’& I I '$T
. AN o | 70
Thickness of plate 41D -ﬁ b 4 | $+
833.35 SPLICE PLA Mt | el (]
= 0 = 3.33 mm _& ) 2%0X2B0XE T _$'+
This i5 too small. Provide TP 4 v
a minimum thickness of 6 mm. 70
Let us use 20 mm dia. —¢{fp- BOTTOM COLUMN 4 0 & | .$.L
power driven rivets. .T_ iﬂlm | 35
Strength of rivets in single - — g i e i) '
shear = lm::%{mj}lx 10~ (a) )y
=36.3 kN FIG. 7.49

Strength of rivets in bearing = 300 x (21.5 x 6) x 107°= 38.7 kN

Rivet value = 363 kN.
125

No. of {ivets required " 3.44

Use 4 rivets in two lines of 2 each on either side of joint. Keeping 70 mm pitch and
35 mm edge distance, length of splice plate= (3 x 70) + (2 X 35) = 280 mm. The arrangement
is shown in Fig. 7.49.

Example 7.26. Redesign the splices of column of Example 7.25, if the column is also subjected
to a moment of 18 kN-m, in addition to the axial load of 500 kN. Assume the ends of the
column to be milled.

Solution

As the ends of the columns are milled for complete bearing, let us assume that 50%

of axial load is transmitted through splices, and remaining 50% through direct bearing. However,
the splices will transmit full moment, due to which, they will be subjected to additional axial

load. Since there is no shear force, only flange splices will be used.
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236 DESIGN OF STEEL STRUCTURES

The section modulus represents the strength of the section. Greater the value of Z, stronger
will be the section. The strength of the section does not therefore, depend on the sectional area
but depends on the disposition of this area with respect to the centroidal axis.

It should be noted that the total compressive force C, above the N.A., is egual to the
total tensile force T below the N.A., for the beam to be in equilibrium. There two forces
acting in opposite directions, as marked in Fig. 8.2 (b), and form a couple = C(or T) x lever
arm. This couple, also known as the moment of resistance (M,), resists the external bending
moment.

Maximom permissible bending stress
For laterally supported beams, the permissible bending stress in tension (o) Or in compression
(o) are given by '
O OF ope = 0.66f, .(8.53)
For laterally unsupported beams, oy is taken equal to 0.66 f;, but o is given by :

Obe = 0.66 2 - (8:6)
[y + u;)"[]
where n i5 assumed as 1.4. In the above expression, fe i5 the elastic crifical siress, and
the method of its computation is discussed in § 8.10. The values of g as derived from Eg.
8.6, for some Indian standard structrual steels are given in Table 8.4,

8.4, SHEAR sTRESS

When a beam 15 loaded transversely, it is subjected to both bending moment as well as
shearing force. For a simply-supported beam, with uniformly distributed load, maximum B.M.
usually occurs at mid-span, while maximum shear force is induced at the supports. In general,
every section of the beam is subjected to both B.M. (M) as well as shear force (V). The
shear force causes shearing stress at the section, the magnitude of which varies across the depth
of the beam, at that section.

On any layer, at hcight y from N.A,, the intensity of transverse shear stress (1)) is given

by : T = E (A7) (8.7 a)

where
V¥ = Transverse S.F. at the section.
I = Moment of inertia of the section, about the bending axis.
z = Width of the section at which
7, 18 being computed.

Ay = First moment of the outer :
area, above the point where - - - - -
7, 15 being computed, about =4
) (b}

the N.A. io c)

It is to be noted that 7, does not 573 A T3 P=my [ B
vary uniformly across the depth of the .
section. Fig. 8.3 shows the shear stress ? ?
distribution for some typical sections. &&—— ;
For a rectangular section, the maximum (d} (e} (F)

shearing stress occurs at the N.A., and
its magnitude is given by FIG. 8.3,
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244 DESIGN OF STEEL STRUCTURES

[f a symmetrical I-beam is subjected to couples M at the ends (Fig 8.7), and the ends
are restrained against torsion, lateral buckling will take place when M attains a critical value
M. The value of critical bending moment M, depends on the properties of material, shape
and dimensions of beam, effective length of compression flange, support conditions and
of loading. The corresponding elastic critical stress(fes) 15 equal 10 Mo/ Z. The method of computing
fes is given in § 8.10(b) and the method of computing corresponding permissible compressive
stress ope is given in § 8.10 (c).

(@) Effective length of compression flange

The recommendations of IS : 800-1984 for computing the effective length of compression
flanges are as follows :

1. For simply supported beams and girders, where no lateral restraint for the compression
flanges is provided, but where each end of the beam is restrained against rotation, the effective
length / of the compression flanges, to be used in Table 8.5, shall be taken as follows :

(a) With ends of compression flanges unrestrained against lateral [= span
bending (that is, free to rotate in plan at the bearings)

(b)  With ends of compression flanges partially restrained against lateral [= 0.85x span.
bending (that is, not free to rotate in plan at the bearings)

(c)  With ends of compression flanges fully restrained against lateral /= (0.7 Xspan.
bending (that is, not free to rotate in plan at the bearings)

Restraint against torsion can be provided by :
(r) Web or flange cleats, or
(i) bearing stiffeners acting in conjunction with the bearing of the beam, or

(fii) Lateral end frames or other external supports to the ends of the compression flanges,
or (iv) their being built into walls.

Where the ends of the beams are not restrained against torsion, or where the load is
applied to the compression flange and both the load and flange are free to move laterally,
the above values of the effective length shall be increased by 20 per cent.

Note: The end restraint element shall be capable of safely resisting in addition to wind and other
applied external forces, a horizontal force acting at the bearing in a direction normal to the compression
flange of the beam at the level of the
centroid of the flange and having a
value equal to not less than 2.5 percent
of the maximum fofce occurring in
the flange.

2. For beams which are
provided with members giving ef-
fective lateral restraint to the com-
pression flange at intervals along
the span, in addition to the end
restraint required in para 1 above,
the effective length of the com-
pression flange shall be taken as
the maximum distance, centre to
centre, of the restraint members.

3. For cantilever beams of
projecting length L, the effective
length I to be used in Table 8.5 FIG. 8.8. CANTILEVER BUILT-IN AT SUPPORT,
shall be taken as follows : RESTRAINED AGAINST TORSION AT THE END
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e = (.66

Jeb -

[Gay + ']

where n is assumed as 1.4. The values of op. as derived from the above formula fnr some

of Indian Standard Structural Steels are given in Table 8.4.
TABLE 8.4 : VALUES OF opc CALCULATED FROM f:5 FOR DIFFERENT VALUES OF f; ( N/mm’ or MPa )

DESIGN OF STEEL STRUCTURES

..(8.6)

Jy = | 220 | 230 | 240 | 250 | 260 | 280 | 300 | 320 | 340 | 360 | 380 | 400 | 420 | 450 | 480 | 510 | 540
Seb
‘

h 20| 13| 13 13( 13| 13| 13| 13( 13| 13| 13| 13| 13| 13 13 13| 13| 13
0| 19| 19 19( 19| 19| 19| 19( 19( 19| 19| 19| 19| 19 19| 20| 20| 20
40 25 25 25 25 25 25 25 25 26 26 26 26 26 26 26 26 26
50 30 30 K3 | k) | 31 31 31 31 31 32 32 32 32 32 32 32 32
60 36 36 36 36 36 37 37 37 37 37 38 33 38 38 38 s 38
70| 41| 41| 41| 41| 42| 42| 42| 43| 43| 43| 43| 44| 44| 44| 44| 44| 44
BO 45 46 46 46 47 47 48 48 48 49 49 49 49 50 50 50 50
20 50 50 51 51 51 52 53 53 54 54 54 55 55 55 56 56 56

100 54 54 55 55 56 57 57 58 59 59 60 60 60 61 61 62 62
110 58 58 59 60 60 61 62 63 64 64 65 65 | 66 6t 67 a7 67
120 61 62 63 64 64 65 67 67 68 69 70 70 T 71 72 12 73
130 65 66 67 67 68 70 71 T2 73 T4 74 75 76 T6 77 T8 78
140 68 69 70 71 T2 73 75 76 77 78 79 B0 80 81 82 83 84
150| 71 72| 73| 74| 75| 77| 79| 80| B | B2| 83| B4| BS| B6| BT| BE| B9
160 74 75 7 78 79 81 82 B4 B5 ar 88 B9 90 21 92 923 94
170 77| 78| B0 | B1| 82| B4| B6| 88| BO| 91| 92| 93| 94| 95| 97| 98| 99
180 79 81 82 84 85 B7 89 o1 93 04 96 97 98 | 100 | 101 | 102 | 103
190 | B2 | 84| BS| B7T| 88| 90| 93| 95| 97| 98| 100 | 102 | 102 | 104 | 106 | 107 | 108
200 B4 86 fatad 89 21 93 06 98 | 100 | 102 | 103 | 115 | 106 | 108 | 110 | 111 | 113
210 | 86| B8 | 90| 92| 93| 9% | 99| 101 | 103 | 105 | 107 | 109 | 110 | 112 | 114 | 116 | 117
220 g9 o0 92 94 96 90 | 102 | 104 | 106 | 109 | 111} 112 | 114 | 116 | 118 | 120 | 121
230 L 93 04 06 O8 | 101 | 104 | 107 | 110 | 112 | 114 | 116 | 118 | 120 | 122 | 124 | 126
240 | 92| 94| 97| 99| 100 | 104 | 107 | 110 | 113 | 115 | 117 | 119 | 121 | 124 | 126 | 128 | 130
250 94 96 99 1 101 | 103 | 106 | 110 | 113 | 115 | 118 { 120 | 122 | 124 | 127 | 130 | 132 | 134
260 D96 98 | 100 | 103 | 105 | 108 | 112 | 115 ) 118 | 121 | 123 | 126 | 128 | 131 | 133 | 135 138
270 97 | 100 | 102 | 104 | 107 | 111 | 114 ) 118 | 121 | 124 | 126 | 129 | 131 | 134 | 137 | 139 | 142
280 90 | 101 | 104 | 106 | 108 | 113 | 116 | 120 | 123 | 126 | 129 | 132 ]| 134 | 137 | 140 | 143 | 145
290 | 100 | 103 | 1G5 | 108 | 110 | 115 | 119 | 122 | 126 | 129 | 132 | 135 | 137 | 141 | 144 | 147 | 149
300 | 102 | 104 | 107 | 110 | 112 | 116 | 121 | 125 | 128 | 131 | 135} 137 | 140 | 144 | 147 | 150 | 153
310 | 103 | 106 | 108 | 111 | 114 | 118 | 123 | 127 | 130 | 134 | 137 | 140 | 143 | 147 | 150 | 153 | 156
320 | 104 | 107 | 110 ) 113 | 115 | 120 | 125 | 129 | 133 | 136 | 140 | 143 | 146 | 150 | 153 | 157 | 160
330 | 105 | 108 | 111 | 114 | 117 | 122 | 126 | 131 | 135 | 138 | 142 | 145 | 148 | 152 | 156 | 160 | 163
340 | 106 | 110 | 113 | 115 | 118 | 123 | 128 | 133 | 137 | 141 | 144 | 148 | 151 | 155 | 159 | 163 | 166
350 | 108 | 111 | 114 | 117 | 120 | 125 | 130 | 134 | 139 | 143 | 147 | 150 | 153 | 158 | 162 | 166 | 169
360 | 109 | 112 | 115 118 | 121 | 126 | 131 | 136 | 141 | 145 | 149 | 152 | 156 | 161 | 166 | 169 | 172 |
370 | 110 | 113 | 116 | 119 | 122 | 128 | 133 | 138 | 143 | 147 | 151 | 155 | 158 | 163 | 168 | 172 | 175
280 | 111 | 114 | 117 | 120 | 123 | 129 | 135 | 140 | 144 | 149 | 153 | 157 | 160 | 166 | 170 | 174 | 178
390 | 111 | 115 118 ] 121 | 125 | 130 | 136 | 141 | 146 | 151 | 155 | 159 | 163 | 168 | 173 | 177 | 1Bl
400 | 112 | 116 | 119 | 122 | 126 | 132 | 137 | 143 | 148 | 152 | 157 | 161 | 165 | 170 | 175 | 180 | 184
420 | 114 | 118 | 121 | 124 | 128 | 134 | 140 | 146 | 151 | 156 | 160 | 165 | 169 | 175 | 180 | 1B5 | 1B9
440 | 115 | 119 | 123 | 126 | 130 | 136 | 142 | 148 | 154 | 159 | 164 | 169 | 173 | 179 | 185 | 190 | 195 l
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DESIGN OF STEEL STRUCTURES

TABLE 8.5 B : MAXIMUM PERMISSIBLE BENDING STRESSES, osc N/mm’ (MPa)

IN EIFUAI.FLAIHEEHHE!J&EIDH[IHIAJHWEIJEFFTHHJ5=-ISEIEFnunt,%:S:Lﬂlunl%lzsls

/T == 8 10 12 14 i6 18 20 25 3o 35 40 5 L1 &0 | 100

40 7 161 | 161 | 160 | 160 | 160 | 160 | 160 | 159 | 139} 159 | 159 | 159 | 159 | 159 159
45| 161 | 160 | 159 | 159 | 158 | 158 | 158 | 157 | 157 | 157 | 157 | 157 | 157 | 157 | 157
160 | 158 | 15B | 157 | 136 136 | 156 | 155 | 155 | 155 | 154 | 154 | 154 § 154 | 154
1591 157 | 156 155 | 154 | 154 | 153 ) 153 | 152 | 152 | 152§ 151 | 151 | 151 | 151
158 | 156 | 154 | 153 | 152} 152 | 151 | 150 | 149 | 149 | 149 | 148 | 1458 | 148 | 148
156 | 154 | 153 | 151 | 150§ 149 148 ; 147 146 | 146 | 145 | 145 | 144 | 144 | 144
155 1530 151 | 149 149 | 147 | 146 | 144 | 143 | 142 ) 142 | 141 | 141 | 140 | 140
154 § 152 | 149 147 | 146 | 144 | 143 | 141 | 140 | 139 | 138 | 137 | 137 | 136 136
153 | 150 148 | 145 | 143 | 142 ] 140 | 138} 136 | 135 134 | 133 | 132 | 132 | 132
152 ] 149 | 146 | 143 ) 141 | 139 | 138 | 135 133 ) 131 | 130 12% | 128 | 127 | 127
151 | 147§ 144 | 141 | 139 137 ¢ 135 | 131 | 129 | 127 | 126 | 125, 124 | 123 | 123
150 | 146 | 142 | 139 | 137 | 134 | 132 | 128 126 ] 124 | 122} 121 | 120 ) 119 | 118
1 149 | 145 ) 141 | 137 | 134 | 132 | 129 | 125 | 122 120 | 118 | il6 | 115 114 | 113
110 | 47 | 142 137 133 ( 130 | 127 | 124 | 119 115 113 | 111 | 108 | 107 | 105 | 105
120 ) 144 7 139 ) 134 | 129 ) 126 | 122 | 119 | 113 | 109 106 | 104 | 101 99 97 96

SR8 EER25 244

130 | 142 1360 131 | 126 | 121 | 118 | 114 | 108 | 103 99 97 94 91 89 88
140 | 140 | 133 | 128 122 118 113 | 110 | 103 97 94 91 87 BS 82 81
150 | 138 | 131, 124 | 119 114 | 109 | 105 98 92 8BS 85 ]| 78 76 74
160 | 136 | 128 | 121 ( 115 | 110 | 106 [ 101 93 87 83 80 15 73 70 68
170 | 134} 126} 119 | 112] 107 | 102 98 B9 83 79 75 70 68 b4 63
180 [ 131 | 123§ 116 | 109 | 104 29 94 85 79 74 71 66 63 60 58
190 | 129 | 121 | 113} 106 | 101 95 91 B2 75 71 67 62 59 55 54
200 § 127 | 118 | 111 | 104 98 92 a8 79 T2 67 63 58 55 51 30
210 ) 125 ) 116 108 | 101 95 o0 B3 16 69 64 6l 55 52 48 46
2207 123 ] 114 | 106 % 92 87 B2 73 66 6l 37 32 449 45 43
230 | 122 112 | 103 % | 90 84 B0 70 63 58 55 49 46 42 40
240 | 120 110 101 %4 87 82 77 68 61 56 52 47 43 40 a8
250 | 118 | 108 99 92 83 80 75 63 59 34 50 44 41 37 35
200 | 116 | 106 97 89 83 77 73 63 57 52 48 42 i9 35 33
270 | 114 | 104 95 B7 81 75 71 61 35 50 46 41 37 33 31
280 | 113} 102 93 85 79 73 69 59 53 48 44 39 as 32 30
290 | 111 | 100 @1 84 77 - &7 58 51 46 42 37 34 30 28
300 | 109 98 89 82 75 70 65 56 49 45 41 36 32 29 21
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DESIGN OF STEEL STRUCTURES

TABLE 8.5 F : MAXIMUM PERMISSIBLE BENDING STRESSES, o N/mm’ (MPa)

IN EQUAL FLANGE 1-BEAMS OR CHANNELS WITH f, = 400 N/mm? TTS 2.0 and ?5 67
- - e B e R e o B e
n/r- 8 1 12 4 I6 18 20 25 Jo 35 40 50 60 80 100
t
Iry
Jr
40 | 253 252 | 250 | 249 249 | 248 | 248 | 247 | 4T | 246 | 246 | 246 | 246 | 246 | 246
45 ) 2510 248 | 246 | 245 | 244 | 243 | 243 | 242 | 241 | 241 | 240 | 240 | 240 | 240 | 239
S50 | 248 | 245 ¢ 242 | 240 239 | 238 ) 237 | 235 | 234 | 234 | 133 | 233 | 233 | 232 | 232
55| 245 | 241 | 238 | 236 | 234 | 32| 231 | 229 | 227§ 227 | 26| 225 | 225 | 225 | 224
60 | 242 | 237§ 234 | 231 28| 226 225|'222| 220| 219) 218| 27| 217 | 26| 216
65 | 239 | 234 | 229 | 225 | 22| 20| 218 | 215 | 212| 21| 210 | 209 | 208 ( 207 | 207
70| 236 | 230 225| 220 217 214 | 212 | 207 | 205} 203 202| 200 199 | 198 | 198 I
5| 33| 26| 220 215 | 211 | 208 | 205 | 200 | 197 | 195 193 | 191 190 | 189 | 1BB
80 | 230 | 223 216 | 210 | 206 | 202 | 199 193 | 189 | 186 | 185 | 182 181 180 | 179
85| 227 | 219y 212 | 205 | 200 19| 192 | 186 | 181 1781 176 174 172 | 171 170
90 ) 25| 2151 207 | 20 195 ) 190 | 186 | 179 | 174 | 171 168 | 165 164 162 | 161
95 | 222 | 212 | 203 19| 190 185} 180 | 172 | 167 | 163 | 161 157 § 155 | 153 | 152
w0 | 219| 208, 1991 191 | 185 179 | 175 | 166 | 160 | 156 | 153 | 150 | 148 | 145 | 144
110 | 213 | 202 | 1M 183 176 | 169 | 164 | 154 ; 148 | 143 | 140 | 135 133} 130 | 129
120 | 208 | 195 184 175 167 | 160 | 154 | 144 | 136 131 127 | 123 | 120 117 | 115
130 | 203 | 189 | 177 | 167 | 159 | 152 | 146 | 134 | 126 | 121 117 | 111 108 | 105 | 103
|
140 | 198 183 | 171 160 | 152 144 | 138§ 126 | 117 111 107 | 102 98 95 93
150 | 193 | 178 165 154 | 145 | 137 | 131 118 | 109 | 103 99 93 89 86 B4
160 | 183 | 172 159 | 148 | 139 | 131 124 | 111 | 102 96 92 BS 82 78 76
170 | 183 | 167 | 154 142 ] 133 | 125 | 118} 105 96 90 83 79 75 7 69
180 | 179 | 162 149 | 137 | 127 | 119 | 112 99 90 B4 79 73 69 65 63
190 | 175 158 | 144 ) 132 | 122 | 114 | 108 94 85 79 74 68 64 60 58
200 | 171 153§ 13% | 128 | 118 | 110 | 103 S0 81 75 T0 63 60 55 53
210 | 167 | 149 135 123 [ 114 | 105 99 B 77 70 66 59 535 51 49
201 163 ) 145 131 119 | 110} 102 95 8l 73 67 62 56 52 48 45
230 1 159 ) 141 127 1 115 | 106 98 91 79 T0 64 59 53 49 44 42
240 0 186 | 138 | 123 | 112 | 102 9% B3 75 67 61 56 50 45 42 39
250 | 152 134 | 120 | 108 99 91 85 72 o4 58 53 47 43 39 37
260 | 149 | 131 117 | 105 96 BR B2 70 61 35 51 45 4] 37 34
20| 146 ) 128 114 102 93 85 79 67 59 53 49 43 39 35 32
280 | 143} 1251 111 99 90 83 77 65 57 51 47 41 a7 a3 30
290 | 140 | 122 | 108 97 BH RO 74 63 55 49 45 39 35 3 29
300 | 137 11920 105 94 Bs T8 72 61 53 a7 43 37 33 29 27
= — | N
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264 " DESIGN OF STEEL STRUCTURES

The thickness of plate is given by
2
=Y éa% where o= 0.66,=0.66x250 = 165 N/mm’

2
- \/ 3 % 495(855)° _ 55 65 mm.

163

Hence provide t,= 26 mm.

Example 8.6. A simply supported beam has on effective span of 6 m and consists of ISMB
Y00 @ 86.9 kg/m section. Determine the uniformly distributed load the beam can support, in addition
to its own weight, if (a) the beam is connected to columns at the ends by framed connections,

and (b) there is a lateral support at midpoint also. Take f,= 250 N/mm’ and E =2 x 10’ N/mm’
Solution
From steel tables, for ISMB 500 @ 86.9 kg/m, we have the following :
Z. = 1808.7 x 10° mm’

e = 452133 x 10' mm*
h =500 mm; b= 180 mm
=172 mm=T
tw =102 mm =¢
h: =37.95 ; =352 mm.
(a) Beam connected fo columns at the ends
In such a case, the ends of the beam are assumed to provide full rorsional restraint. However,
there is no restraint against lateral bending at the ends
- Hence effective length of compression flange, =/=L =6 m.

T _ 4y 172 _
r = =i = 169<20

dy =h~21t="500-2x17.2 = 4656 mm

t f 102
Hence Table 8.5 (B) will be applicable.
D _h_30 _.907

Now

T I - 172
I _ 6x1000
and > =357 - 170.4
Hence from Table 8.5 (B), we have the following data :
D, 25 30 29.07
r
Vry |
170 89 83 84.12
180 8s w5 | 80.12
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268 DESIGN OF STEEL STRUCTURES

Allowable reaction, R, =o,..1..8B

where B =b'+3h=300+20=475 mm

R, =14725%x74%x475%x 107 =5176 kN >>R.
Hence safe.

(b) Design of Main beams
Effective span =9 + 0.3 =93 m. P=125 34uN P=i25-34kN

The beam will be subjected to two point loads,
each of value P, as shown in Fig. 8.16.

Value of P=wl =2089 x 6 = 125.34 kN.

Assume self weight b st —
Totalload 2 x 125.34
= 300 = 300 =085 kN/m. FIG. 8.16

2
Moo = 125.34x3.15+ 282 89'3 = 394.82+9.19= 404.01 kN-m

V =12534 + % X 085 x93 =1293kN

Because of intermittant lateral supports from secondary beams, the effective length of com-
pression flange = spacing of secondary beams =3 m. The beam is assumed to be restrained
against torsion at the ends.

To start with, assume o = 0.66f, = 0.66x250 = 165 N/mm?

404.01 x 10°
165

Since effective length of the compression flange is about 1'5 of the span, take trial value

of Z=1.3%2449x%10° = 3184 x 10° mm’,
Hence try ISWB 600 @ 133.7 kg/m having the following properties :
Zw = 3540.0 x 10° mm’; I» = 106198.5 x 10' mm’
h =600mm;b=250mm;h; =42.90 mm
hy = 5142 mm ; ry = 52.5 mm

r=213mm="T
e =112mm=1¢

= 2449 x 10° mm’.

Z required =

T . . 213

Now 4 Iw = 11.2 e
dy =h-2=600-2%213=5574
dy _dy _ 5574 _
t e 112 49.77 < 85

Hence Table 8.5 (B) will be applicable.

D _h_ 600 _

Now T = T;‘ = m = 28.17
! _ 3000

and ;; =535 = 57.14
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272 DESIGN OF STEEL STRUCTURES

of 16 #, for compression flange, and 20, for tension flange. Knowing B, f, can be found.
Plates commonly available are not thinl:er than 14 mm. Hence if ¢, is largcr two or more
plates of smaller thickness can be used.

(b) Design of rivets

The rivets are designed for horizontal shear. The shear stress at any layer of a section
is given by Eq. 8.7 (a):
v
W =1- A7)
where z = width of section at which 7, is being computed= B
Ay = first moment of the outer area.
Referring to Fig. 8.19,

A =B.1, and y=%+f2£

Let g =shear force per unit length, at the level of rivets =1,.z

=Vian=Y hyb
=7UN=7By)(3+2)
_ VBt (h +1t,)
21
where I = moment of inertia of built-up section
If there are two rows of rivets, at a pitch p, the force in each rivet is equal to %qp.
This should be equal to rivet value R.
T rR=VBtp(h+ t_,}
41
41IR
or = ' «(8.32
7 PR (832)
It is to be noted that pitch is inversely proportional to shear force, and hence pitch will
decrease at the end, where S.F. is maximum.

As per IS : 800, the maximum pitch in mmprﬁsinn tlange should not exceed 12¢ or
200 mm whichever is less, while the maximum pitch in tension should not exceed 167 or 200
mm, whichever is less. Here ¢ is the thickness of the plate or the flange, whichever is less.

or

.(8.30)

(8.31)

Generally, the rivets are staggered on both sides, as shown in Fig.
8.19, so that the section is weakened by one rivet hole only. The dmmnter
of the rivet is found by Unwins formula, d= 6.05V ¢, where ¢ is the 9~ 4
thickness of the thickest member, in mm. 'p
() Curtailment of Plates o i
The biggest advantage of a plated beam is that the flange plates
can be curtailed at a section where these are no longer required from
B.M. point of view, and thus the design becomes economical. N
Let L = effective span of beam
Z; = Section modulus of rolled section
Z, = Section modulus of built-up section, with one plate
on each flange r—q-) N
Z, = Section modulus of built-up section, with two plates ' [
on each flange I : T

Z, = Section modulus of ‘built-up section with three plates
on each flange. FIG. 8.20.
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276 DESIGN OF STEEL STRUCTURES

ym.._i“’ﬂ= 5 . (60x1000) (9)°

384 EI 384 2 x 10° x 97598.5 x 10
ym_=1. _ 9000

325 325

Step 8. Check for web crippling

Reaction R =V =270 kN.

b = width of support = 200 mm,
h: =33.0 mm.

R _ 270 x 1000
(b+hv3)n (200+33V3)92
Permissible value =g, = 0.75f, = 0.75 x 250 = 187.5 N/mm’. Hence safe.
Step 9. Check for web buckling

A =—h"—, where h; = 384 mm

V3
384
92vV3

Hence for fy=250 and A = 24.1, a,f=143—{143—145)1"—é= 146.77

x (1000y'= 26.3 mm.

= 27.7 mm. Hence safe.

= 114 N/mm*

Web crippling stress =

= 24.1

Ay =

- Allowable reaction, R; = 0. . B,
where B =b+1h=200+%2 =441 mm
Ra. = 146.77 x9.2x441x107" = 595.5 kN > (R=270kN)
Hence safe.
Step 10. Design of riveted joint
The flange plates will be riveted to the flange by two rows of rivets, with staggered pitch.
Using 20 mm dia. power driven rivets:
Strength of rivet in single shear = 1[!]:-:%(21.5}&1&‘236.3 kN
Strength of rivet in bearing = 300X 21.5%15.4x107°=99,33 kN
Rivet value R = 363 kN.
The pitch of rivets is given by Eq. 832 :
p= 4IR
VBip(h + tp)
where I =97598.5 x 10%, R =363 kN; B =360 mm
tp =16 mm; h =450 mm; V=270 kN
_ 4 x97598.5 x 10" x 36.3
P = 270 x 360 x 16 (450 + 16)
Maximum pitch in compression flange = 12¢ = 12X16 = 192 mm, or 200 mm whichever

is lower. Maximum pitch in tension flange = 16¢ = 16 X 16 = 256 mm or 200 mm, whichever
is lower. '

= 1955 mm.




You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



292

in discontinuous filler joist floor
1s smaller than that of continuous

DESIGN OF STEEL STRUCTURES

filler joist construction. The bot-

TOP COVER

tom of filler joist remain flush

FILLER JOIST

SLAB

with the concrete siab, in the case
of discontinuous fillers.

The specifications for design
of filler joists are given below:

1. Bending moment : The
bending moments on slabs of
which filler joists form part, shall

23 {eoTTOM cOvVER

STIRRUPS

b

THICKNESS.
=03

- MAIH
BEAMS

(a) CONTINUOUS FILLERS WITH BOTTOM COVER

j;—Cﬂ\fEFI

be calculated to satisfy the fol- "
lowing : o

CEMENT CONCRETE SLAB

-I
B Ny ¢ PR P S

e e
Ll

e L

A

AN
-': L

o i.-\'g‘

() As slabs spanning con-
tinuously over supports and sub-
jected to those combinations of
dead and live loads producing the
maximum positive and negative
moments,

() In the case of three
Oor more approximately equal

FILLER JOIST

CLEAT ANGLES
MAIN BEAMS

(b) DISCONTINUOUS FILLER
FIG. 833. FILLER JOIST FLOORS.

spans of continuous filler joists, as slab designed for uniformly distributed loading satisfying

the moment values given Table 8.6.

The spans are considered approximalety equal when the longest span does not exceed

the shortest span by more than 15%.

TABLE 8.6. BM. VALUES FOR FILLER JOISTS.

Near middie of end span At support mext fo end | At middle of interior spans At other interior

support supports
i L 4 WL _wi?
10 10 12 12

where
and

w = the dead load plus live load per unit length of span
L =the span centre of supports.
Note : For single spans, the slab shall be assumed to be freely supported.

2. Moment of resistance: The moment of resistance of the slab shall be calculated from
the section properties of the filler joists only, except that where the filler joists are completely
embedded in a solid concrete slab, the slab may alternatively be calculated as composite reinforced
concrete section.

3. Spacing : The spacing of filler joists centre to centre shall not exceed n times the
minimum thickness of the structural concrete slab as given in Table 8.7, unless the concrete
is reinforced to span as slab or function as an arch between the filler joists.
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Example 8.16. Design a jack arch roof for a room 4.5 m X 875 m. Assume total uniformly
distributed load of 10kN/nt’, including the self weight, and allowable stress in masonry as
0.3 N/mm’. Take f, = 250 N/mm’.

Solution Provide R.S. Joists at regular interval of 1.75 m. The span of the joists will
thus be 4.5 m, and span of jack arch will be 1.75 m.

Rise of arch has to be between %{=%=u219m) to

L, 175
5 (= = = 01458 m)

12
Hence provide rise KR =0.175m =175 mm

Load per metre width of arch = W= 1751 x 10 =17.5kN

WL 17.5 x 1.75

Horizontal thrust, T = 8R- 8x0175 = 21.875 kN/m.
G ; j W_ 175
On the end joist, vertical reaction V =5 =" = 875 kN/m

Horizontal reaction T = 21.875 kN/m
Resultant =4/ (8.75) + (21.875)" = 23.56 kN/m

(a) Design of jack arch.

Provide 100 mm thick arch.
Hence t =100 mm; width b =1m = 100 mm.
' I _ 21.875 x 1000

— s ; 2
Stress T 100 % 1000 = (.22 N/mm
Hence minimum thickness of 100 mm will be sufficient.
(b) Design of beam
Clear span= 4.5,

Providing 0.3 m bearing at the end, effective span= 4.5 + 0.3 = 4.8 m. Load on central
beam = W =175 kN/m

2
Mo = 112 é""gj = 50.4 kN-m= 50.4 x 10° N-mm
v 17.5;4.3 — 43 4N
Obe = 0.66f, =0.66 x 250= 165 N/mm"
. 50.4 x 10° 3
= = 305.5 x 10’ mm
Required Z 16s 30

Use ISLB 275 @ 33.0 kg/m, having Z = 392.4 x 10°mm’ and = 5375.3 x 10" mm".
(c) Check for deflection.
_ S wL'_ 5 (175 x 1000) (4.8)'
YT 384 EI 388 (2x10) (53753 x 10Y)
= 11.25 mm.

L =4.8:-clﬂﬂﬂ
480 480

x (1000)’

= 10 mm.

Permissible y =
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9.2. LOADS ACTING ON GANTRY GIRDER

A gantry girder, having no lateral support in its length, has to withstand vertical loads
from the weight of the crane, hook load and impact and horizontal loads from crane surge.

Various forces acting on a gantry
girder are given below.

1. Vertical loads : The wheels
of the crane bridge moving over
the gantry girder transfer vertical
loads to the gantry girder. There
are two wheels to each end of the
crane bridge. The distance be-
tween the two wheels is known as
wheel base. The total vertical loads
consist of

() weight of crane girders

() weight of trolly or crab car

(if) sellf weight of girder and rails.
The weight W of the crane

girder is transferred to gantry gir-
ders through four wheels (two
wheels at each end). Hence weight

:

g — ———-
T
3

c/c DISTANCE BEWEEM WHEELS
{UF CRANE HRIQGE

£

¥

- = - -

-

L TROLLY
e 9 » OF CRAB

“LGANTRY
GIRDER

- - - . & 5

- B

FIG. 9.2.

W, transferred to gantry girder, due to crane, is given by

W,
W, = =<
174

where W, is wheel load due to crane girder weight.
The weight W of the trolly is transferred 1o crane wheels as axle loads. The load to
the gantry is maximum when the trolly wheels are closest to the girders, and its magnitude -

is given by W, = M{EBB- ) -(9.2)
where B = distance between gantry girders (Fig. 9.2)

g = distance between the C.G. of the trolly and gantry

W: = load transferred to gantry through each wheel of the bridge, there being

two wheels at each end of the bridge.

2. Lateral forces : Lateral forces are caused due to sudden

s

L canTRY
GIRDIA

1

(9.1)

stopping and starting of

the crab load when moving over crane bridge. The intensity of lateral load is a function of

the weight of the trolly, lifting
load and the acceleration of the
trolly. Lateral forces are also

Lﬂﬂﬂm;ﬂ,,[ X
Ti-.-nusr L

caused when the crane is drag-
ging weights across the floor of
the shop.

3. Longitudinal force
(Drag force) : This is caused
due to the starting and stopping
of the crane bridge moving over
the crane rails, as the crane
moves longitudinally, Le. in the
direction of gantry girders.

/

COLUMN

FIG. 9.3. FORCES ACTING ON GANTRY GIRDER
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2i0:y : - My
Similarly, for the horizontal bending, (be cat),= (Obt,cal), = Zy w{9.4)
where Zy is the modulus of section for the top flange only (see Fig. 9.8 b).

The combined bending compressive stress is taken as the sum of the two calculated
compressive stresses, and this combined value should not exceed allowable compressive stress,
increased by 10%. {m"-‘-""}r'l- (Obe,cal ), = 1.1 o3, «(9.5)

where o, is the permissible bending compressive stress, determined by taking lateral instability
into account.

The gantry girders should also be checked for web shear stress, buckling, crushing and
combined stresses, as usual.

9.7. CONSTRUCTION DETAILS

The gantry girders are supported on brackets attached 1o columns. Surge girder is also
provided to transmit the horizontal load from the top flange to the crane stanchion. Alternatively,
the gantry girders are suitably connected to the crane stanchion (Fig. 9.9 (a). Fig. 9.9 gives
the typical details.

9.8. DESIGN PROCEDURE

The design of a gantry girder
is carried out in the following

steps:
Step 1. Determination of
lpads :

(/) Determine weight
(W.) of crane bridge, excluding
trolly. This weight will act as
U.D.L. The wheel load W, due
to the total weight B, will be

SURGE
GIRDER

vy
i :

W, = —T‘i (there being four

wheels, two at each end) ...(9.1) (a) ib)

(i) Determine maximum
wheel load due to trolly and lifted
load. The vertical reaction on
each wheel of the crane would
be maximum when trolly is at
the nearest distance=a =min.
hook approach, as marked in Fig.
9.6 {(a). Find wheel load W; in
this position :

E_ Wr{ﬂ —g:l — M(_B— ﬂ]'
2B 2B
(9.2 a)

(éi) Find total load on each
wheel of crane bridge= W, + W,

SURGE {HAIL

LINK
\FT“EH [ CLiP
|
U i

W,

g
ic) id}

FIG. 99 CONSTRUCTION DETAILS
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Step 3. Selection of section for gantry girder

Take ope = 0.66 f,= 0.66 x 250 = 165 N/mm’
fa
7 My _ 505735 x10°_ oocc 1o
Oht 165
Trial Z = 1.15 x 3065.1 x 10’ = 3525 x 10° mm’
Try ISWB 600 @ 133.7
kg/m as the basic beam having . .544 ] L 150 o130
the following properties (Fig. &t —t—x T
912 a). t213| Ii ! ”—17
Zo = 3540.0 x 10° mm’, ' | o
I = 106198.5 x 10" mm’ | e, !, .
I, = 4702.5 x 10' mm’ . . 23 1 1
ap = 17038 mm’
h =600 mm ¥, 2360
b = 250 mm )
fr=21.3 mm '
ty =112 mm —— . ik
Provide ISMC 300 @ : B iwe
358 kg/m on the top flange  8eam el 0 O e Ehanee
of the beam, having the fol-
FIG. 9.12,

lowing properties (Fig. 9.125).
(Iy)e = 3108 x 10'mm’, (fa). = 6362.6 x 10* mm*
a. = 4564mm’ ; Cy =23.6 mm, fw. = 7.6 mm

Step 4. Determination of NA. and I
The composite sectioa is shown in Fig. 9.12 (¢). The N.A. (ie. x-x axis) is situated at

¥ below the top flange, where
h

-—_ Cotas (5+0e) (4564 x23.6)+ 17038 (300+ 7.6)
a.+as 4564 + 17038

or ¥ =y.=247.6 mm
; ye = (h + L) =y =600 + 7.6 — 247.6 = 360 mm

Iy = [ 106198.5 x 10'+ 17038 (307.6 — 2415)’] + [31:13 x 10" + 4564 (247.6 - 23.5}*]
= 112332 x 10" + 23211 x 10" = 135543 x 10 mm*

ooy = M, 505735 x 10F
(Fbteal )y = T Y= 135583 x 10°

Permissible gy = 0.66f, = 0.66 x 250 = 165 N/mm’. Hence safe.
Step 5. Determination of 0.
Iy for the whole section = (47025 x 10" + 6362.6 x 10'= 11065.1 x 10
Moment of inertia of compression flange about y-y axis is
Iyer = [3x4702.5 x 10 +6362.6 x 10" = 8713.85 x 10" mm"

% 360 = 134.32 N/mm*
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2. Redesign the gantry girder of problem 1, if the wheel base 15 3 m.
3. Design a gantry girder to carry an electrically operated head crane for the following data :

(i) Span of gantry girder 10 m
(i) Crane capacity : 350 kN
(iii) Distance between centres of gantry girder : 18 m
(iv) Weight of crab : 80 kN
(v} Minimum approach distance of crane hook : 12 m
(vi) Weight of crane girder : 190 kN
(vii) Wheel base : 40 m
(viz) Height of rails : B0 mm
() Mass of rail section : 30 kg/m

Take f, = 250 N/mm’

4, A gantry girder is composed of ISMB 600 @ 122.6 kg/m and a channel section ISLC 300 @ 33.1
kg/m placed on the top of beam with its flange down. Compute (i) maximum compressive stress
(#) maximum bending tensile stress, and (if) max. shear stress, given the following :

() Span of gantry girder : 60 m
() Crane capacity : 300 kN
(i) Distance between centres of gantry girder 15 m
(iv) Weight of crane girder : 130 kN
(v) Weight of crab : 70 kN
(vi) Minimum approach of crane hook 1 m
(vii) Distance between centres of wheels - 38 m
(wik) Mass of rail section : 30 kg/m

Are the above stresses within safe limits ?
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M;—MiﬂﬂSkL
sin k& L
Also, the value of max. BM. is given from Eq. 9 :

Mo mee = ‘\/[M*'f"‘““‘r + M7

My = | sin kx + M, cos kx (12)

sin k L
1 — 2(M/M: Ycos k L + (My/My)
or My war = M \[ ..(13)(10.2
X mEe F sinlkL ( }{ }
or My maxr = My X Fpy = My X Fjy, -(10.2 a)

Hence we find here that the maximum moment (M) in the beam (which was equal to
M; in absence of axial load P) has been magnified by the presence of axial load. The magnification

factor for this case is

o \/1 — 2 (My/My ) cos k L + (My/M;)}
sin“k L
Case 2 : Transverse uniform loading : No end moments

Fig. 10.5 shows the case of a beam column subjected to U.D.L. acting transversely, along
with the axial load P. Here, the primary moment M; can be expressed by the equation

M; =—-2—~x+£—r——x{£. - X) -(14)

+ w, and hence f (x) = 0.

102 (b)

d M;

Here, we observe that

Let Hi(x) =a; + axx
FIHE)
dr’*

& ;Smi flgﬁrt} E :ll;llﬂﬂ E:f-’:f- satisfying (0) BEAM - COLUMN WITH LOADING

= d’ :

or 0+ Kk (a+ arx) = +w (b) PRIMARY MOMENT M|
From the above we get

wevma=+k IR

Hence fi(x) =a,+ a;x= -+ EI {c) SECONDARY MOMENT P-y
Substituting in Eq. 5 s e
M, = c;sinkx + ¢;¢08 ' + % (15)
Let us now apply the boundary conditions.
At x =0, M,=0 Hence c1=“%
A W w
Also, at x=L M=0=¢sinkl — < cosklL +
% R K i
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320 DESIGN OF STEEL STRUCTURES

Example 10.2. A beam column is subjected to axial load P and a transverse load W at
the mid-span. Compute the magnification factors for deflection, and moment, using simplified approach,
and compare the two values of the magnification factors.

Solution As proved in § 10.3, the maximum deflection under any type of transverse loading
is given by Eq. 105 :

Ymax =7 _ua' v
Hence magnification factor for deflection L. -t
e L A - & B
1 = () X —iag
Again, the magnification factor for I:j—l--'i - Ls2
moment is given by Eq. 10.6 (b)
Com
Fn = e (10.6 a) FIG. 108.
here  Cn =1+ |ZEDN _
bl m = m: | «(10.6 ¢)
WL _ WL
Here Moo= s » =&
yo _ 1 L°
My, 12 EI
- xEl 1L
s _1+[ x5~ 1@ =1-01775a
1-0175a
o5 it (10.7)

Thus we observe that the magnification factor for deflection [= ] _111_ is the same for

all types of transverse loading while the magnification factor (F,) for the moment depends
upon the type of loading.

The values of magnification factors for deflection and moments, for various values of «
are tabulated below :

Magnification factor for deflection Magnification faclor for moment T
a =i/l —-a) ={1 - 0I775a)/ (1 —a) Difference
0.1 1.111 1.091 1.8
0.2 - 1.250 1.206 1.6
0.3 1.429 1.353 5.6
0.4 1.667 1.548 1.7
0.5 2.000 1.822 9.8
0.6 2.500 2.234 11.9
0.7 3.333 2919 14.2
0.8 5.000 4.290 14.6
0.9 10.00 B.402 19.0

Since the values of the two factors are very near, the magnification factor for deflection
can be taken as the magnification factor for moment, as an approximation.
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10.4, COMPRESSIVE LOAD WITH UNIAXIAL BENDING : INTERACTION EQUATION

Neglecting the secondary moment, an approximate expression for the combined compressive
stress for a shorr beam-column subjected to an axial load and bending moment with respect
to one axis only may be expressed as

_P My
fm-d+ I
or fmd: =ﬂ'u,ml+ﬂh,m!

Dividing both sides by fmar, we get
Tac ,cal § Tbe,cal
’ + ’ — 1
fmax  fmax
The above expression may further be modified by substituting the applicable allowable
stresses in place of fpe term.
Tac , cal + Tbe , cal
Tac Tbe

Hence

<1 ..(10.9)

where g, . = calculated average axial compressive stress= g

Obe, el = Calculated bending compressive stress in extreme fibre.
Oac = permissible axial compressive stress in the member subject to axial compre-
ssive load only.
oy = permissible bending compressive stress in extreme fibre.

The above expression does not take into account the effect of additional moment (secondary
moment ) due to axial load interacting with the deflections. It was adopted in design specifications
in 1S : 800 — 1962. It applies t0 members when o, i/0s is less than or equal to 0.15. When
Cac, cal /Tac > 0.15, the secondary moment due to the member deflection may be of a significant
magnitude. However, in order to take into effect the secondary moment (or the magnification
of maximum moment), Eq. 10.9 can be modified as under :

Tac,col 4 Tbo,cal oy .(10.10)
O Tbe

where o'p., .t = calculated maximum bending compressive stress, taking into account the mag-
nified moment.

Obc,eal  _  Tbe,cal

1-'?1"']5 l_ﬂﬂm.mj‘

(==

where fec u%t average compressive stress under Euler load commonly known as elastic

critical stress in compression= '“JI
A
A it slenderness ratio in the plane of bending.

s
Substituting these values in Eg. 10.10, we get

Jacooal 4 oo . ol <1 .(10.11)
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Example 10.6. A beam-column of effective length of 6 m carries an aaal load of 450
kN and equal end moments of 50 kN-m each about the major axis. Design the H-section of
the column. Assume that the frame falls under case (b) of Table 10.1 and the column bends
either in single or in double curvature.

Solution

Step 1. Computation of equivalent axial load

To start with, let Pgp =(P + 0.75P) = 1.75P, for uniaxial bending.

Pgg = 1.75 x 450 = 787.5 kN.
From steel tables, we find that average value of r, is around 50 mm for ISHB sections.

Hence A= I/r, = 6000/50 = 120. Corresponding to this value of 1,ca= 64 N/mm’.

Area required = 737'55: 10° _ 12305 mm?

Select ISHB 450 @ 92.5 kg/m (the maximum available section), having
A =11789 mm’, Z = 1793300 mm’ and r,, = 50.8 mm

B;-"" _%?% 6.57 x 10°

Hence from Eq. 10.16, taking o../ob. = 0.6
Tac
Pegg =P+ MBy| —
EQ .f[

or Pgp = 4504 50x10°%6.57% 107 (0.6) = 450+197.1= 647.1 kN
Step 2. Selection of section A =1/r,=6000/50.8 = 118
Hence Oec = 65.6 N/mm’
647.1 x 10°

Area required = — = 9864 mm®
Try ISHB 400 @ 82.2 kg/m having the following properties:
A = 10466 mm’; h = 400 mm ;b = 250 mm,
tr = 127 mm, ¢, = 10.6 mm r.= 166.1 mm ;
r, =516mm;Z, = 1444.2x10° mm’;
dy =h—2t=400 - 2 x 12.7 = 3746 mm.

Step 3. Determination of Cac

A=i/r,= %’% =1163. Hence o, = 66.96 N/mm?

T 4127 _ di_dy _ 3746
et e i T
Hence Table 8.5 (b) will be applicable.
D _h_ 400 _ _ 6000
Now ? -Enu_—?-—ﬂ,ﬂ and L"'J'r— 516 = 1163

Hence from Table 8.5 (b), we get op = 112.1 N/mm’
Step 5. Determination of critical buckling stress
P _AE_a"%x20x10

> = 1512.7 N/mm?
AT (6000/166.1)
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Pa 300N

T M= 120 EH-m

B |
o DI
Fuil i

\
¥
‘__l___, Mi=IZO KN-m

P 3O0OKN

FI1G. 10.13. FIG. 10.14.

8. A H-section column supports beams framing into it as shown in Fig. 10.14. The connections are
moment connections. The column supports an axial load of 300 kN, which includes the beam reactions
at its top. Due to unbalanced floor loading, moments of 120 kN-m each are applied in opposite
directions at top and bottom as shown. Side sway is prevented by a bracing system. The effective
length factors K. and K, are estimated to be 0.9 and 1. Design the section.

9. Fig. 10.15 shows a corner column of 5.5 m length, receiving loads of P, =150 kN and
Pz = 140 kN. Design a suitable column section, selecting either a wide flange section or H-section.
- Timm
e
i oy
i,‘-&:mm
il
i 1 ‘:I"
EL '
=
;
| VIEW A.A.
CﬂL-LEHGTH-!-!-m I =
F‘..:I&Dli
Ei By
—
BEAM I'
AND COL; VIEW 8.8,

¢
FIG. 10.15.
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352 DESIGN OF STEEL STRUCTURES

The maximum stress at the farthest point B is given by

P, Ma M,
Pom = T T T

The above stress should not exceed the allowable bearing stress (w) for the concrete.
Several trials may be necessary to establish a suvitable size of the base,

Though the anchor bolts are
not required to take any tension
(or resist B.M.), nominal size
anchor belts are provided to keep
the column in position.

Case (b} Compression over
part of the base and tension in L
the holding down bolts

This happens when ec-
centricity is large, so that the resul-
tant stress at the other end is tensile.
Only a part of the base plate is
in contact with the concrete base.
The tensile stresses are taken by
anchor bolis,

The base shown in Fig. 11.17
is subjected to an axial load P and
moments M. and M,, about xx and
ywy axes respectively. Fig. 11.17 (&)

-.(11.16)

shows the direction of resultant mo- FI1G. 11.17.

ment vector My The neutral axis .

of the section will be at right angles N

to the plane of action of Mz Fig. ,(\ . ”
11.17 (c) shows the stress distribu- ~ c.-..ii b

T & - '
tion, where p is the maximum com- i N

" - : ACTING &T <~ FROM N.A.
pressive stress and ¢ is the maximum \.' s 4 2
tensile stress. The base plate is in IN e
contact with the concrete base for ¢

a lenpgth N only ; in other words,
N is the dcpm of NA. (o) TRIANGULAR JONTACT AREA

The forces in concrete and

steel can be expressed in terms c.--gﬁh

of stress p in concrete and the depth i

N of the N.4. This can be solved ACTING ﬁrulq.!'.!.. FROM M.A.
for N. However the shape of the Cye 2 NyP i

contact area (shown shaded in Fig.
11.17 a) will cawse difficulty. Fig.
11.18 (a) and (&) show two alter-

N My
SCTING AT ":""—"3 FROM N A .
F |
ahNg
cl- ZN P

native pﬂsitriﬂns of the N.A., with i‘“:/ﬁ:_,.-;- ACTING AT %Hz FROM N.A.
the expressions for the value and Na+N, /3 ﬁ#"l o

position of various components of
compressive forces corresponding  (y) TRAPEZOIDAL CONTACT AREA

ex siress block
to the complex FIG. 11.18. COMPONENTS OF STRESS BLOCK.
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356 . DESIGN OF STEEL STRUCIURES

ength L. The intensity of load transferred by the base plate to the top tier = P/l Similarly

the intensity of bearing pressure from the lower tier= P/L. Fig. 11.23 (b) and (¢) show the

BM.D. and S.F.D. for the upper tier. The maximum B M. occurs at the centre of the beam,

- - s bgl. Pod s . P

its value being (Mmna) —L_x 5 b Fia X 5 x 3~ B(L Iy -(11.17)
The bending moment at the edge of the plate is

(M) o e =£(L ~n ..(1L18)

The maximum S.F. occurs at the e v |
edge of the base plate, its value being: '
P:L—1 P/A
V, o = —
Podne “ L 7T UL, e v

P
=57 L =1 (1119

The load P of the column applied
to the base plate of length [ is assumed
1o be dispersed through the flanges P/L= REACTION FROM LOWER TIER
and fillets at am angle of 30° to the b o -

horizontal, beyond the base plate. : _FL__” (b)
. Hence this load is assumed to o 8.M.0
" be dispersed on a length equal -

TR b
1o I+2V 3h,, where h, is the distance
from extreme fibre 1o the bottom of
fillet between the web and the flange. FE(L-t)
’.  Bearing stresses 1 i
g
P/n 11.20 ‘\QV | e
= = O (11, LY
( + 2V 3ht., (h28)

where n is the number of beams
in the tier and oy, is the permissible |
bearing  stress, equal to " i:
1.33(0.75f,)= f, = 250 N/mm’

Similarly, in the transverse direc-
tion, if the width of the base plate p——b —
is b and length of beams of tier is
B, the max. B.M. and S.F. for the
bottom tier are given by

¢ 7 2 PO g(ﬂr —b) ..(11.21)

{a)

UPPER TIER

po— (B=0)/2 —u

id)

and » L UNIFORM SOIL REACTION = W/B i
B "
Vomas er === (B—b) .(11.
(Vmax Jbosom tier = 2B (=) »al122) VIEW IN THE TRANSVERSE DIRECTION
The bending moment at the edge FIG. 11.23.
of the plate is
(Moo = 8- 57 (129

.

Example 11.10. Design a grillage foundation for a compound column consisting of ISHB
400 @ 82.2 kg/m with flange plates 350 mm X 20 mm one on each flange, and carrying on load
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372 DESIGN OF STEEL STRUCTURES

is it the full continuity moment as assumed in elastic rigid-frame analysis. Because of difficulty
of evaluating the degree of restraint, semi-rigid connections are not used in plastic design and
are rarey used in working stress design. Actual connections are neither completely rigid nor
completely flexible, and can be classified on the basis of the rario of the moment developed
by the connections to the full moment capacity of the connected member, expressed as a percentage.
As stated above, the approximate percentages for simple connections are from 0 1o 20, for
a semi-rigid connection from 20 to 80, and for a rigid connection from 80 to 90. The percentage
of a particular connection must be determined by actual tests.

12.2. SIMPLE BEAM END CONNECTIONS

Steel beams are supported at their ends by (i) masonry walls or piers, (if) steel columns,
O (i) heavier beams and girders running in transverse directions. In the case where the beam
is supported on steel supports, the
beam reactions are borne by the end

connections of the beam with the sup- - —

porting member. As discussed above, ot

in the case of simple framing, the - ¢ =T

original angle between the members . l CLEAT | ' X

may change upto 80% of the amount
it would theoretically change if fric- |

tionless hinged connections could be L s ) .
used. For beams, such a connection A BEAM
provides only shear transfer at the . ey
ends. —~ RPER a) BEAM connecTED TO BEAM

Simple beam end connections B

are of two types :
1. Framed connections ¢

(Fig. 12.2, 12.3)
2. Seated connections , ;

F—ry

BEAM
(@) Unstiffened seat connection L
(Fig. 12.4) o T BEAM
(b) Sriffened seat connection A -

(B) BEAM CONNECTED TO STANCHION
(Fig. 12.5) :
Framed Connections :
A framed connection is the one
when a beam is connected to a girder

FIG. 122. FRAMED BEAM CONNECTIONS

COPE , , COPE

or a stanchion by means of two angles Pt Lo e B f"’L' b ':'Il
placed on the two sides of the web — " J
of the beam, as shown in Fig. 12.2.

When the beams intersect and T )
are attached to other beams so that )
flanges of both are at the same eleva- BEAM
tion, as in Fig. 12.3 (a), (b), the beams L 5E A = =
framing-in have their flanges coped Iz GiIRDER ?fazm AHELE
or cut away. The loss of section is U GIRDER = ) Lk
primarily loss of flange that carries ¢ )
little shear, so that normally a ~ope fa) (b)

results in little loss of strength.
FIG. 123. BEAM FRAMING AT THE SAME LEVEL
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RIVETED BEAM CONNECTIONS 383

L A i
aptw
Provided that b #%B
_F¥ |
b_[gpm h:\«"S] 5B «(12.10)

Knowing b, and providing an end clearance of 12 mm, the size of the horizontal seat
angle is found. The width of outstanding leg of the stiffening angle, which is kept slightly
less than that of the seat angle i3 thus known.

The bearing area of stiffening leg = HE -(12.13)

i

Hence the total thickness of the outstanding leg of the stiffening angle is found. The
thickness of the stiffen-
ing leg should not be
less than the web thick-
ness of the supporting
beam. Also, to avoid
local buckling, the ratio
of the ouistand to its
thickness should not
exceed 16. The length
of the stiffening angle
will depend upon the
space required for
rivels on column (or
supporting girder).
These rivets are
designed for direct
shear and bending
stresses.

Fig. 12.16(a)
shows only one stif-
fener angle, where the
reacltﬂ_n V has an ec- (e} SINGLE STIFFENER (t) DOUBLE STIFFNER
Ceniricity €. Hlﬂl'lg xx- ANGLE ANGLES
axis and e, along yy-axis.
Due to this, the rivets
are subjected to bending moment M, =V .e. and twisting moment ¥.e, in addition to the
direct shear. The twisting moment acts in a plane parallel to ¥Y—-Z plane (e, the plane in
which the rivets are provided), and due to this the rivets are subjected to additional shear,

Fig. 12.16 (b) shows two stiffener angles, suitably tack riveted along their length in vertical
direction. Due to this the two stiffener angles act as one unit. The reaction " has an eccentricity
¢, along the x-x axis, and due to this the rivets are subjected to bending moment V.e, in

the XZ-plane.

Example 12.5. A4 beam [SWB 600 @ 133.7 kgim transmiis an end reaction of 300 kN
to the web of a stanchion ISHB 250 @ 54.7 kgim. Design a suffened seat connection, using
double angle stiffeners.

Solution
For ISWB 600 @ 133.7 kg/m, we have t,= 112 mm; h; = 429 mm and by= 250 mm

FIG. 1216,
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RIVETED BEAM CONNECTIONS 387

Using p =75 mm and noting that /=1, we have
_ 6 x 17696
"=V ixsxa3z7 -

Try 8 rivets, since there is a twisting moment M. also, inaddition to the bending moment M,.

Check for stresses in rivels
Shear force P, due to P =P/n=200/8 =25 kN
2y =2 [(37.5;6 + (112.5) + (187.5)" + (262.5)" | = 236250 mm’

For the extreme rivet,y = 262.5 mm

(Fig. 12.19).
Mx y *
. Shear force P; due to My, = — o 250 —of
2625 zy | TOP CLEAT 140 o
_ 13000 x - ISA DOXTIXBmm
= 14.44 kN
Resultant S.F.
z 2 2 2 -l-u-m
= VP! + P} = (25)+(14.44) <fswe abo
= 28.87 kN. Hence, w
e = 2887x10° _ 28.87x10°
caaa A T3T6 . N
- SEAT
ﬁg:;? N/mm >y En l!m
T dpna 15h woxnoxiSm b+
__ 6x17696 x 10° - 4
1 % 75 (8)* x 433.736 iz omvers H
= 51.00 N/mm’ 22mm ¢ @ 73mm + g
O cal | Tofcal_ 510D , 6657 PITCH +
Orf Tuf 100 100 >
=1.176 <14. . Hence OK. + _
Provide top cleat of size [SA FILLER PLATE [T
100 x 75 x 8 mm with its 100 mm leg

horizontal and joint it with 2 rivets of
22 mm dia. on each leg. The details of
the connection are shown in Fig. 12.20. FIG. 12.20.

12.6. MOMENT RESISTANT CONNECTIONS

Upto this stage, we have discussed simple connections which transfer shear only, and it
full rotation of the beam. Some times, it may be required to transmit moments also, in addition
to shears, such as in building frames. As discussed earlier, there are two types of constructions
which permit the transfer of moments, either fully or partially :

(i) Rigid construction and (i) Semi-rigid construction.

In both the above types of construction, the connections or joints are so designed that
they permit the transfer of moment in addition to shear. Based on the magnitude of moment
to be transferred, these may be mwo fypes of connections :

1. Small moment resistant connections 2. Large moment resistant connections

We shall discuss both the types of connections separately in a greater detail
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RIVETED BEAM CONNECTIONS 39

The permissible tensile force in rivet = Py,
Permissible shear force in rivet = strength rivet in single shear = P, .
Hence the following interaction should be satisfied :

P, P
P + Py =14 «(12.20)

(i) Design of rivets along BB : The resultant horizontal force (H) in the rivets
Ay Ay, situated above the top flange of the beam (ie, in the top bracket) acts at some distance
e above the rivet line BB. Hence the rivets along BB are subjected to a BM. M, = e H, acting
mmlﬂam The number or rivets () is found from Eq. 3.20 for this B.M. (Ms)
gi=1

np = i—‘? ~(1221)
where R is the rivet value for these rivets,
Actual force in rivets due to M, is
H‘ 1}'“
Fy = (1222 a)
Ty
Actual force in rivets due horizontal shear force H is
H
F, = (1222 b)
Resultant force F = \/ F¢ + F} «(12.22)

which should be less than the rivet value R, for these rivets.

{ﬁjmmnﬂdmlhqm:mmmngﬂuﬂc,mmwﬂngﬂnngﬂ angles to
the flanges of the beam, are provided in two rows (one row for each angle to the either
side). The rivets along lines CC are subjected to (i) horizontal force H (as for.the rivets along
BB) and (i) BM. =H.¢', acting in a plane perpendicular to the plane of the rivet line.
The number of rivets n. is given by

ne =Yy % (12.23)

P

where R. is equal to the max. permissible tensile stress (Pma) in the rivet given by
Eq. 12.18. Actual stresses .in the rivels are checked in the same manner as for rivets along
Az A,

(iv) Design of bracket plate : The bracket plates (top and bottom), along with the web
of the supported beam, acts as a rectangular beam. Hence the thickness of bracket plate is .
kept equal to the thickness of the web of the beam. This equivalent rectangular beam (Fig.
11.25 b) must be capable of resisting tensile stress due to horizontal force in the outer most
rivet of line 4,4, If Fp is the maximum horizontal force in extreme rivet in 4,4, due to
B.M., the maximum tensile stress in the gusset plate is

— 4 '—-Z"—N-ﬂ- [T
SR EDL A1)

where I = pitch length of rivets along A:4,, ¢ is the rivet hole dia. and ¢ is the
thickness of gusset plate,

Depending upon the direction of applied moment at the joint, the inclined edge of one
gusset plate will be subjected to tension while that of the other gusset plate will be subjected
to compression. In the latter case, lateral buckling of the inclined edge of the gusset plate
will take place. This lateral buckling may be reduced either by (i) providing greater thickness
of the gusset plate, or (i) providing stiffening angles along the inclined ‘edge (Fig. 11.24 a).
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402

Hence to have the advantage
of end moments (developed
by the connections) in the
design of the beam, one
should consider an end mo-
ment M,/F instcad of
Mw as working load.

Again, curve OB cor-
responds to rigid connection.
The beam line [ inlersects
this curve at point b, which
gives a moment which is
lesser than full fixing mo-
wLl

12
this, moments will increase
at the centre of the span,
and the section at mid-span
will be overstressed unless
this is taken into account
to start with.

ment M [ — ] Due to

DESIGN OF STEEL STRUCTURES

RIGID
FRAMING

L seEmi-RIGID
FRAMING

BEAM LINE 1
BEAM LINE IT

T
=g
MOMENT (M)
I E {

A

L. SIMPLE ERAMING
\( BEAM LINE X

a. . WL l-LFn--rL’:.-rE[

S
-~ X
Iﬂ:l‘}

o

ROTATION @

FlG. 12.31.

It is important 1o note that in simple framing (lype -A mnneclinns], the mid-span moment
is much bigger than the end moment while in rigid framing, the end moments are much bigger
than the mid-span moment. In a semi-rigid connection (denoted by curve OC), the difference
between the end moment and mid-span moment decreases. If the M-8 curve can be controlled
at our will, we can make both the moments equal and the beam can be designed for the minimum

maoment.

PROBLEMS

A beam ISLB 300 @ 37.7 kg/m transmits an end reaction of 200 kN to the web of the girder
ISMB 500 @ 86.9 kg/m. Design a framed connection, using power driven shop rivets for the web
of ISLB 300 and hand driven field rivets for the web of ISMB 500.

A beam ISMB 200 @ 254 kg/m transmits an end reaction of 150 kN o the flange of a column
ISHB 300 @ 588 kg/m. Design a framed connection, using power driven shop rivets.

Redesign the connection of problem 2, providing an unstiffened seat connection.

A beam [ISMB 500 @ 869 kg/m transmits an end reaction of 320 kN to the fange of ISHB
300 @ 588 kg/m. Design a stiffened seat connection, using double angle stiffeners.

Redesign the joint of problem 4, using single angle stiffener, if the end reaction is 250 kN.

A beam ISLB 300 @ 37.7 kg/m transmits a vertical reaction of 100 kN and an end moment of
20 kN-m to o column ISHB 300 @ 58.8 kg/m. Design a clip angle connection.

A beam ISMB 400 @ 61.6 kg/m transmits a vertical reaction of 150 kN and an end moment
of 40 kN-m to a column ISHB 300 @ 588 kg/m. Design a solit beam conpection.

A beam ISMB 500 @ 103.7 kg/m transmits an end reaction of 200 kN and an end moment of
160 kN-m to a column ISHB 400 @ 82.2 kg/m. Design a bracket connection,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



418 DESIGN OF STEEL STRUCTURES

Depth of ISMB 450 is 450 mm. Providing A -
a top tension plate, :HJTTWE_LD T —
Force in plate = %’—;233339 N. ;‘T';';",:EEH ‘ﬁﬁ_ﬂnmm
PLATES
Taking value of g, = 165 N/mm? 3
7 BUTT WELD
Area of top plate = 65 = 1751 mm f_, %
“ISMB 450
The width of the top plate should be less than Lsear ancLe"
the width of top flange (b = 150 mm) of the beam. i
Hence provide 130 mm wide top plate. L P — L1sHB 400
Thickness of plate = L:2-= 13.5 mm. =300 Rm =
130 STIFFENER
Adopt thickness = 14 mm, ( PLATE 130 + 130+

'..I

Adopt fillet weld of 10 mm size. The strength

of weld per lineal mm= 0.7 x 10 x 110= 770 N/mm. ~*ITW"-
- Length of weld required
FILLET WELD
= 288889/770 = 375 mm. L BUTT WELD
Providing weld length on the sides equal to FIG. 13.13.

width of plate (=130 mm), and also providing welds

at the end, total length of weld available =2 x 130 + 130 = 390 mm >375 mm. Hence OK.
Also, keeping an unwelded length equal to the width (=130 mm) of the plate, total length
of the plate= 130 + 130 = 260 mm.

Hence provide 260 mm x 130 mm x 14 mm top plate and weld it to the top flange of
the beam by fillet weld. Also, connect it to the flange of the column with the help of full
penetration butt weld. In order that the supporting flange of the column does not deform,

provide 14 mm thick stiffener plates to both the sides of the web of the column, as shown
in Fig. 13.13.

The bottom flange may be directly connected o the flange of the column and in addition,
be supported on an unstiffencd seat. Design of the seat angle will be the same as done
in Example 13.5 for an end shear of 150 kN. The details of the connection are shown in
Fig. 13.13.

PROBLEMS

1. A beam ISLB 350 @ 495 kg/m carries a total UD.L. of 180 kN over a span of 6 m. Design
a connection for connecting it o the flange of a column ISHB 250 @ 54.7 kg/m by providing
direct fllet weids on both the sides of the web of the beam,

2. Redesign the connection for data of problem 1, using two plates.
3 Redesign the connection for data of problem 1, using framing angles.

4, A beam ISLB 350 @ 49.5 kg/m transmits an end reaction of 120 kN to the flange of a column
ISHB 300 @ 588 kg/m. Design unstiffened welded seat connection.

5. A beam ISMB 400 @ 61.6 kg/m transimits an end reaction of 200 kN to the flange of a column
ISHB 300 @ 63.0 kg/m. Design a stiffened welded seat connection.

6. A beam ISLB 500 @ 75.0 kg/m transmits an end reaction of 120 kN and 2 moment of 9% kN-m
te the flange of a column ISHB 400 @ 822 kg/m. Design 2 suilable weided connecfion.
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422 DESIGN OF STEEL STRUCTURES

(iif) Clear depth (d.) : It is the vertical distance between legs of angles of compression
and tension flange.

(iv) Depth of web (d) : It is the depth of web plate.

Economical Depth. The weight of a plate girder consists of weight of flanges, web, stiffeners,
splices etc. If the S.F. is not large, it is desirable to keep the thickness of web at its minimum
specified value, and this thickness is kept constant along the span length. If the depth of web
is decreased, the area of flanges will increase, though the weight of stiffeners and splices etc
will decrease. Similarly, if the depth of web is increased, the area of flange will decrease, though
the weight of stiffeners, splices, etc. will increase.

Let M = maximum bending moment in the girder

d = depth of web

d. = effective depth : ) ?H.h\ == ¥
op = allowable stress in bending €.6G. ‘

fw = thickness of web plate

! = length of plate girder

p = unit mass of steel ¢
ys = unit weight of steel=pg de
w; = self weight of girder per unit length.

Area of flange (45) at section of max. E.l!'lufl.=£ ~(14.1 a)
&4 co L |

The maximum B.M. will occur only at a particular section, and
B.M. will vary along the span. Hence flanges can be curtailed along FIG. 145,
the length. It can be safely assumed that the average area of the flange
will be 80% of the flange area at the section of maximum B.M.

Area of both the flanges = 2x08 2L = 1.6 (14.15)

Tp.d oy d

This 15 based on the assumption that the whole of the B.M. is resisted by flanges oniy.
If, however, contribution of web in resisting B.M. is also taken into account, we have

_ dt, , &, d? d*
I _z,qf{ 2] S5 =Ar5 A
4
or i =Af%1 +Aw% =§[A;+ %ﬁ} (by taking d. = d) {142 a)

The term (4 + %} is known as effective flange area where A, is the area of web. However,

rivets are used to connect the flange angles to the web and hence net areas should be taken
into account. Generally, the net area of web may be taken equal to i— of gross area. Hence

net effective area will be A" + % X % = Ay +‘% where A7 is the net flange area.
Hence = “‘; o+ (142)
Now ¥=%whﬂ‘n€y=%
M =£ Oy = (A;’ +%) d oy



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



426 DESIGN OF STEEL STRUCTURES

In plate girders, where fairly deep and thin web plates are used, the web may fail due
to buckling. For a web plate having dimensions d and ¢ (Fig. 14.7), the critical stress in shear
(te) is given by

1
ko XE R e e s

T =
d
1201 - 1) (B’ | T T
where pu = Poisson’s ratio I y . ‘ e
d = smaller dimension of plate l T
tw = thickness of plate :
k; = constant depending upon the aspect ratio l l 1
cid, where ¢ is the larger dimension of - - e e
the plate.
The value of k, is given by the expressions : FIG. 14.7.
k =534 420 - fors > 1 (1417 a)
(c/d) d
5.34 ¢
and k: = 4.0+ for =<1 ..{14.17 b
(c/d)? d ( )

For plate girders, the dimension ¢ is always greater than 4, and hence c/d is greater than

1. For such a case, the values of k, for different aspect ratios are given in Table 14.1.
TABLE 14.1. VALUES OF k&,

I- cid 1.0 1.2 1.4 1.6 18 20 3.0 5.0 s

ks 9.34 B.12 7.38 6.50 6.57 6.34 5.78 5.5 5.34

For unstiffened web, where ¢ i very large in comparison to d, k, may be taken equal to
5.34 for all practical purposes. From the above table, we find that &, does not change materially
when c/d ratio changes from 5 to . For girders with unstiffened webs, taking k:=5.34, and
for structural steel, adopting E =2 x 10° N/mm’ and x = 0.3, Eq. 14.16 reduces to

965 X107\ .(14.18)
(d/1) 250 '.
In the above expression, d is taken equal A
10 the vertical distance between flange angles 200 \
(for riveted plate girders), while for welded .
plate girders where there are no flange angles, ‘1
d is taken equal to the clear distance between 150 T
the flanges. Fig 14.8 shows a plot between Tor = (d/ 1ol
T and d/t, ratio. It is seen that 7., reaches § o0
value of yield stress in shear 3 \ r
( = 150 N/mm®), when < N
o p S0 T
4 _4f20%X10 _ g5 . (14.19) T
L 150 "
Hence it can be concluded that failure 2 W e e oh 208
will occurs by buckling when d/t. > 80, For ™

rolled sections, d/t. is always kept less than
60, and -hence web buckling due to shear does
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DESIGN OF PLATE GIRDERS : 451

(¢) Stiffeners shall be symmetrical about the web, where possible and at points of support
shall project as nearly as practicable to the outer edges of the flanges.

(d) Load bearing stiffeners shall be provided with sufficient rivets or weld to transmn
to the web the whole of the concentrated load.

() The end of load bearing stiffeners shall be fitted to provide a tight and uniform bearing
upnn the loaded flange unless welds or rivets designed to transmit the full reaction or load

re provided between the flange and the stiffener. At points of support, this requirement shal]
apply at both flanges.

(f) Bearing stiffeners shall not be joggled and shall be solidly packed through.

(g) For plate glrdcrs, where load bearing stiffeners at supports are the sole means of
providing restraint against torsion, the moment of inertia /, of the stiffener about the centre
line of the web plate shall not be less than the fnlluwmg value : :

I 'F ﬁ x W ---{141-45}

where : D = overall depth of the girder
T = maximum thickness of compression flange
R = reaction of the beam at the support and
W = total load on the girder between the supports.

In addition, the bases of the stiffeners in conjunction with the bearing oi the girder shall
be capable of resisting a moment due to the horizontal force acting at the bearing in a direction
normal to the compression flange of the beam at the level of centroid of the flange and having
a value equal to not less than 2.5 percent of the maximum force uccurring in the flange.

Example 14.5. A plate girder, simply supported over a span of 15 m carries a total un.;formfy
distributed load of 4000 kN, inclusive of its own weight. The section of the plate girder is shown
in Fig. 422 Design the intermediate stiffeners for the plate girder.

Solution
Clear depth of web =di= 2600 — 2 x 150= 2300 mm

—— i
d, = twice clear distance from N.A. 10 the toe o I Fi2
of compression face flange '?;:'C':-"_“Efl %ggmmmﬁ
= 2(1300-150)= 2300 mm. T
dy = dy= 2300 mm. '
d.=
Ratio &1 = 200_ 5g75- % i
™ 8 L I
d L |L| 32800
Since t_1 > 85, vertical stiffeners are required. . mm
; 2300|
Since == > 250, we will require two horizontal stiffeners, |
one to be placed at 2d./5 from comp. flange, where d.= distance 00
of comp. flange from N.A. Here d.= 1150 mm. Hence provide
the stiffener at 2 x 115075 = 460 mm, and the other to be
placed at N.A. ¥
Design of vertical stiffeners "‘j L‘"'H 12
With the horizontal stiffener placed at N.A,, — 7 12

d = %x 2300 = 1150 mm.
Fi. 1422
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DESIGN OF PLATE GIRDERS _ 455

Splice plate A
Let p = pitch of rivets in vertical dim:tmn
n = number of rivets in one horizontal row on one side of the splice
R =rivet value
T, = shear stress in weh=L
d.te
V' = shear force at the section.
fo = bending stress in the web at the rivet line under consideration
Jo, = bending stress at the level of rivets connecting flange angles with web.
yy = distance of level of rivets connecting flange angles with web.

Horizontal force on each rivet = /-2

Vertical force in each rivets =i-’;'Lt“‘

Resultant force in each rivet =% fi+1 =R

R.n

itch p =
SR TN

It is to be noted that while vertical shear stress r, is uniform over the whole depth,
the bending stress f, varies linearly with zero value at the N.A. to the maximum value at
the top/bottom of the web plate. From Eq. 14.46 (a), it will be seen that p will increase
towards the N.A. This will, however, be possible only if all the rivets develop equal strength
(full strength). However, developed strength of a rivet is proportional to its deformation. Since
the deformation of rivet at N.A. is minimum, the strength of rivet at N.A. is not fully developed,

in comparison to the rivet at the level of connecting flange angles to the web. This sugpests
that pitch should be kept uniform over the depth. The pitch should be so fixed that no

rivet is overstressed. Since the maximum stressed rivets are those at the level of flange angles
connection with the web plate, the bending stress fi to be substituted in Eq. 14.46 (a) should
equal f;;. Hence

(1446 a)

R.n
P ==
te Vioy + ;1-'
Splice plate B

The splice plate B is an indirect splice as it is not in contact with the web plate. The
splice plate B provides the area of portion of web sandwiched between the flange angles. The
rivets connecting the splice plate to flange angles have to perform dual function: (7) they transmit
the horizontal force in that portion of web due to moment and (i) lhcy resist the horizontal
shear between the flange angles and the web.

Let us consider the splice located to the left of the midspan of the plate girder. In such
a case, since the B.M. is more towards the right of the splice, the flange stresses will also
be greater on the right of the splice than on the-left. Let the forces developed by web plate
and flange angles at the splice point be P, and Fy respectively, and those at at the left and
right of the splice point be (P,,F)) and (Ps,F;) respectively, as shown in Fig. 14.27.

The force P; developed in the web-plate, if it were not cut, is now being developed by
‘the two splice plates B. Since the moment is increasing towards the right (ie. towards the

..(14.46)
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DESIGN OF PLATE GIRDERS 464

This type of splice plates are designed to take full moment and shear carried by the
web at that location.

As found in Example 14.6, My, =251.4 kN-m
Keeping 5 mm clearance, height of splice plate, h; = 1180 — 2 X 5= 1170 mm.
The thickness of splice plate is given by Eq. 14.54:

M,
ty = =
hy . b

M hs_ 1600 x 10° _ 1170 Fr3 I
where fo ==.75= x T T

I 2 1455567 x 100 2 _ : ,

= 64.3 N/mm’ IR
f = IXBLXNE_ g qp RIEE
(ll?‘ﬂ} X 64.3 he=i170)| » *: & "» 1
Provide 10 mm thick plates on either side of Aoy o3
the web. Let us provide 20 mm nominal dia. power "‘D":‘| R 11448
driven rivets, at a pitch of 70 mm. Rivet value | Mele o!08 l
R= 64500 N, as found in the previous example. No. 590 * s r *]585
of rivets in height A, ( = 1170 mm) is l ! 1y _L
_-| » L | ;-.
= %= 16.7 or 16 rivets (say) i o ~BskrouToshrodise— |
Actualppitch available, keeping edge distance Efi v et -
7 , 1170 ' et

equal to half the pitch = N 73.1 mm. However,
keep p= 74 mm, so that available edge distance FIG. 14.33.

= 1[1170 — 74 x 15}= 30 mm. Hence No. of vertical rows of rivets is given by Eq.

_6M, _ 6x2514x10° _

| = = =
n’pR (16)° x 74 x 64500
Hence provide 2 rows of rivets. Total rivets to each side of splice line= 16 x 2= 32, as

shown in Fig. 14.33, Keeping distance between vertical rows equal to 70 mm and edge distance

equal 10 35 mm, length of plate= (70 x 3) + (35 + 35) = 280 mm.
Let us now check the rivet group for resultant force in the highly stressed rivet 4. Distance
e of cg of rivet group from the splice line=70 mm.
M, =V.e+ M,= 200 x 10° x 70 + 251.4 x 10°
=14 x 10° + 251.4 x 10°= 265.4 x 10° N-mm
5 = 4[(37)F + (111)* + (185)° + (259)° + (333)*+ (407)" + (481)" + (555)7]
= 3723680 mm"
T = 32 (35)°= 39200 mm’
3F = 39200 + 3723680= 3762880 mm’
For farthest rivet A4, Ymm= 555 mm and Xne=35 mm

14.55 . 1.23

[+

M, _ 2654 x 10° et :
P, = M, o + V_ 2654 x 10° % 35 +M= 8719 N

YA N 3762880 32
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476 DESIGN OF STEEL STRUCTURES

Maximum allowable pitch = 32¢=32 X 6 = 192 mm.
Hence adopt a pitch of 170 mm. No filler plate will be used, and the stiffener will be
joggled over the wvertical legs of the flange angles.
Step 8. Bearing stiffeners under concentrated loads

There are two concentrated loads of 400 kN each. Hence bearing stiffeners will be provided
under the concentrated loads, at both the locations.

Allowable bearing stress = 0.75f,= 0.75 x 250= 187.5 N/mm’

Bearing area required = 4(](}1;:?1;}002 2133.3 mm’

Try 2 Nos. 1SA 130 x 130 x 10 mm @ 19.7 kg/m as shown in Fig. 14.43 (a). The connected
legs of the bearing angles will be champhered to clear the fillets of flange angle and only
the outstanding legs of the two angles will give bearing area (Fig. 14.43 b). Filler plates of
10 mm thickness equal to the thickness of flange angle will be provided. Radius at root of
flange angle is = 13.5 mm. Hence available bearing length of the outstanding leg of the angle
=130 - 13.5 = 1165 mm.

Bearing area provided =2 x 116.5 x 10= 2330 mm’> 2133.3 mm’

Let us now check the bearing angle as a column.

Actual length = 1700 — 2 x 10= 1680 mm

Effective length [ = 0.7 x 1680= 1176 mm.

For the ISA 1303130 % 10 mm, [. =402.7 x 10'mm’, a =2506 mm’, Cg= 358 mm

A length of web, equal to 20 x f,= 20 x 10= 200 mm on each side of the c.g. of the
stiffener will be considered with the area of the stiffener. Hence the moment of inertia (/x)
about the centre line of web plate is given by

e = 2[402.7 x 10°+2506 (35.8 +10+5)’ ]+_ x 400 (10)’= 2102 x 10* mm*

Cross-sectional area of column = 2 x 2506 + (200 + 200) 10= 9012 mm’

%IE = 48.3 mm w
L=1B 24 "" ANGLE !.E;-fnfmﬁ
Curres;undmg I/r=24.4, we gel 200XISOXI0 o
Gac = 146.68 N/mm’ BN~ - STICFENER
.. Area rﬁqmm:lm 5 L o 20X ;‘l_lﬂ:&ﬂ g
- e = Tmnt RS

actual area provided= 9012 mm'. (o) PLAN (bJVERTICAL SECTION
Hence OK.

Design of rivets connection : Using 20 FIG. 14.43,

mm dia. power driven rivets, strength of each rivet in double shear =2x %{21 .5 x 100

= 72610 N.
Strength of rivet in bearing = 21.5 x 10 x 300= 64500 N

Rivet value = 64300 N
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480 DESIGN OF STEEL STRUCTURES

2000 mm 2000 MM ——ple— 2000 ——u
= - iR X,
| 2 1S4 .- ‘ ﬂr
200X150%10 5_?‘5‘:.:55:5 670 | 850 L5
4NOS. 1SA | E ov
150X 75X|2 . ~
F - : ; : SR+ I J
A A

CENTRE|OF BEARING (d) CROSS-SECTION

S000mm
{o) ELEVATION
e AE0 o
s .'-'.‘-‘.;.'.-‘..-.:-._Z.;.:-.T-:‘ e o '..‘-.,'.';..1_:..-',2.'.-“,,1-;.1-_-’_: mm
P ...... -....,'_..'I.Illllllnl-l.l.l-ll - ﬂtﬁ}

bP=120 FOR TOP P=gSs k=120 FOR TOP

b=160FOrR BOTTOM (b} TOP PLAN F=I60 FOR BOTTOM

4 2L% WEB SPLICE - 1Omm WES

! ’
{c) SECTION AA

FIG. 1447 DETAILS OF PLATE GIRDER.
i4.18. DESIGN OF WELDED PLATE GIRDER

In the case of a welded plate girder, the whole of the section is effective in resisting
the forces. Hence a welded plate pgirder is more efficient than a riveted plate girder. Beginning
in 1950 when welding became more widely used (because of improved quality of welding and
shop-fabricating economies resulting from increased use of automatic equipment), shop welded
plate girder have gradually replaced the riveted girder.

Fig. 14.48 (a) shows the simplest form of plate girder, consisting of three plates welded
together. Generally the flange consists of one plate of sufficient thickness. However, if plate
of adequate thickness is not available, two plates can be used in each flange. Fig. 14.48 (b) shows
another form of welded plate girder, commonly known as hybrid girder. The tendency now
with welded pirders is to combine materials of different strength. By changing the materials
at different locations aleng the span, so that higher strength materials are available at location
of higher B.M. and/or shear,
a more efficient and economi-

cal girder can be obtained. YW T yFour Y Y[ \l 8
Similarly, by using different || FROM WF

materials for flanges than = SECTEN

the web, such as in a hybrid = — LOWER

girder, we get a more efficient oy STRENGTH

and economical section. No @ WES

flange angles are used in a | HIGH

welded plate girder. Other S IPENGTH

forms of plate girders are — —4h— b 4., 4 ;
box girder (Fig. 14.48 c) and  (5) yopmAL  (b) HYBRID le) BOX (d) DELTA
delta girder (Fig. 14.48 d). SECTION GIRDER GIRDER GIRDER

The box girder provides
FIG. 14.48
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492 DESIGN OF STEEL STRUCTURES

Step 8. Design of bearing stiffeners under point loads : Point load= 400 kN
Allowable bearing stress = (.75 £,=0.75x250=187.5 N/mm’

Bearing area required = ml;leﬂﬂﬂ= 2133.3 mm’

The bearing stiffener should extend, as far as possible, to the outer edges of the flanges.
Let us provide the width of plate =6 mm. Limiting b/ ratio to 16, we have

b/t =16 (1)

Also, 2b xt =21333 we(2)

Hence from (1) and (2), we get = 8.16 and b = 130.6 mm. Hence provide r= 10 mm.
In that case bme= 16 Xt = 16x10 = 160 mm, while bun= ili3l‘g= 106.7 mm.

Hence provide 120 x 10 mm size plate, giving b/t ratio = 12. The size of weld connecting
web and flange is 6 mm. Allowing for the cutting of corners, of size 10 mm X 10 mm to clear
the longi-tudial welds, bearing length = 120—-10= 110 mm. Hence bearing area

=2 x 110 x 10 = 2200 mm®,
The stiffener will act as a column, and a length of web = 20+, = 200 mm will act with

. it on either side of the stiffener (Fig. 14.56).
Moment of inertia of the column, about the centre of the webis

I = z[%xm (120)°+10x 120 (60+5)* +11_2x4m (10)*= 1305.5 x 10" mm*
Cross-sectional area of column =2 x 120 x 10 + 400 x 10= 6400 mm’
4
, - \/ 13053 %10 _ ,op

Actual length of stiffener=d=2000 mm | ITzu 0 ‘]\‘
Effective length, /= 0.7 x 2000= 1400 mm ke { i
£ = ﬂ: 31 120 K 120 e €
r 45_2 e —a s 1 g
Hence, 0a = 144.6 N/mm’ i
. Area required A= 200 ) l
_ 400X10°_»rce 3 mm? < 6400 mm? o} (b)
144.6 FIG. 14.56,

Available length of weld = 4 (2000 — 10)= 7960 mm

.. Required strength of weld per mm = %lﬂj: 50.3 N/mm

; 50.3
Size of weld = 0707 % 110 0.65 mm.

This is too small. Minimum size of weld for 10 mm plate =3 mm. Hence use 3 mm
size intermittent weld for 50% of the length, ie. provide 75 mm effective lengths with clear
spacing equal to 75 mm.

Step 9. Design of bearing stiffener at the ends
End shear= reaction = 1096 kN.

Bearing area required = 1“91';‘5'”; 5845.3 mm’

Let us provide plates of size b X ¢, on both the sides of the web.

From outstand consideration, % = 16 we(£)
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496 DESIGN OF STEEL STRUCTURES

Let U-U, V-V = Principal centroidal axes
X-X, Y-Y = Any pair of centroidal rectangular axes
. a = angle between U-U and X-X axes (Fig. 15.2).
If U-Uj, V-V are the prin-
cipal axes, the product of in-
ertia Zu.v.da =0, where
da is an elementary area with
co-ordinates u and v referred
to the principal axes. If a'
plane area has an axis of sym-
metry, it is obviously a prin-
cipal axis, since the axis of
symmetry has to satisfy the
condition X u v & a = O about
it. In general, however, a
plane area may not have any X
axis of symmetry. In that
case the principal axes may
be located provided its
properties about any pair of
rectangular axes X-X, Y-Yare
Kknown.
Let x, y be the co-or-
dinates of an elementary area
da, with respect to the X-¥Y
axes, and u, v be the cor-

responding co-ordinates with L

Eﬁgﬂm to the principal axes FIG. 15.2. PRINCIPAL AXES.
By definition, Ixx =2y*8a; w=Xx8a; Ixy=Zxyda
Similarly, Iyu =2véa, Iw=Z2u'da; Iyv =X uvéda

The relationships between x, y and u, v co-ordinates are
u =xcosa +ysina

and vV =ycosa —xsina.
Hence Iyy =Zv'.da =Z (ycosa —xsina)’da
=cos’a £y da + sinfa ZxX'da— 2sinacosa Zxyda
= Ixx cos’ a + Ivysin®a — Ixysin 2a ~(15.1)

Ivv =Zu*da=Z (xcosa + ysina)' da
=sinfaXy’da + cos’aEx*da + 2sinacosaZxyda
= Iyx sin*a + Iyy cos’a + Ixy sin 2a (15.2)
and Iyv =Zuvda=X (xcos a+ ysina) (ycos a —xsina) da
=cos’aZrxyda-sinfaZxyda +sinacosa (2y da — Ex’ da)
=08’ a. Ixy — sin’ a . Ixy + sin a c0s @ (Ixx — Jvy)

= [‘r—""'z‘—f“"’] sin 2a + Ixy cos 2z (15.3)
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500 DESIGN OF STEEL STRUCTURES

Example 15.1. Determine the principal moments of inertia for an unequal angle section 60 x 40 x 6
mm shown in Fig. 15.6.

Solution. Let O be the centroid of the section. Let the X-axis be at a distance Cx from
face PQ, and Y-axis be at a distance Cy from face PR.

Area A=A + Az = (40 X 6) + (54 x 6)= 240 + 324 = 564 mm®
_ (40 x 6 x 30) + (54 x 6 X 33) _

Cx Sed 20.2 mm
Cy s (m::ﬁx:!ﬂ)s;{ﬂdxﬁxa}=ml2 —_—

Iro = (5 X 6x60°) + (5 % 34x6%) = 4333%x10° mm*

Iy = lpg — A .Ck = 43.44 x 10" - 564 (20.2)" = 20.34 x 10' mm*
Ipn = (3 % 56 x 6%)+(3x6x 40°) = 13.19% 10" mm’

Iyy =Im —A.Cy=13.19 x 10" - 564 (10.2)* = 7.33 x 10" mm"

and fx*r =A4,.10 . ¥1 +..-"‘11..1':-}"'1
where (xi,%) are the co-ordinates of C.G. of area A,

and (x2,ys) are the co-ordinates of C.G. of area A
: Ixy = (240 (20 - 10.2) (3 - 20.2)] + [324 (33 - 20.2) (3 — 10.2)]

= —4.05 x 10" - 2.99 x 10' = — 7.04 x 10° mm°
From Fig. 15.4 the positions of principal axes are given by

5

2 Iy - 2% 7.04 % 10 — 1.085
I —Ive (2034 - 7.33) 10°

3 2a = 47°20'
or a = 23°4)" (anticlockwise) I+ €y _._r,
4 R '
Iex ;‘ Iy _ (2034 +2?.33} 10" _ 13.84 % 10° 1 i
I — Iyy _ (2034 - 7.33) 10° |

lan 2a =

=65 x 10° v
. 6.5 % 10 v

2
V (st gy

=V (6.5 x 10)* + (- 7.04 x 10" ool ™

=9.58 x 10" | & y
Hence from Egs. 15.5 and 156 Vi

-
O O -5, L
Ioy = 13.84 x 10* + 9.58 x 10" X P s A i |

= 23.42 % 10" mm*

L=
\

1
Iw = 13.84 x 10° - 9.58 x 10" mm| |
= 4.26 x 10" mm® 5 I l
Check Iex + Iy = Fou + Fwv 1 L%
(2034 x 10" + 7.33 x 10) - :h 5 40mm —o]Q@
= (23.42 x 10" + 4.26 x 10%)
27.67 x 10* = 27.68 x 10°.

FIG. 156
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508 DESIGN OF STEEL STRUCTURES

Example 155. A 60 mmx 40
mmXx 6 mm unequal angle is placed
with the longer leg vertical, and is

used as a beam. It is subjected to

a bending moment of 12 kN-cm acting L Y] Plone of Loading

in the vertical plane through the ~aaly ¥ e LS
centroid of the section. Determine the T ] _.-""f J i""“

maximum bending stress induced in
the section.
Solution

We have found the properties
of this section in example 15.1. For
the position of the angle as shown
in Fig. 15.14 (@), the various
parameters are as follows :

Cx =202 mm; Cy =102 mm
A = 564 mm*

Ixx = 2034 x 10*mm* ;

Iyy =733 x 10* mm* :

Ixy = + 7.04 x 10° mm*

Ty =23.42 x 10 mm*
Iy =4.26 x 10 mm®*,
a = 23°40°
The plane of loading is vertical,
Hence Y’ axis and Y axis coincide.
0 =a=23°40".
(@) Analytical Solution
The inclination £ of the neutral
axis N-N with the U-U axis is given

by
Iuu

tﬂ.ﬂﬁ =Hlﬂ.ﬂﬂ

= BAXI sy =94
4.26 x 10°

B =6724'
hiw =Iypcos’ B + Iwsin® B = 23.42x10" cos® 67° 24’ +4.26 x 10" sin’ 67° 24
= 3.46 x 10" + 3.64 x 10" = 7.1 x 10 mm*

Since point § is farthest from the N.A., it will be stressed maximum. The distance S

from N.A. is given by
(vw)s =u.sinff+vcospB

where u and v are the coordinates of point S referred to U-V axes. If (x, y) are the

coordinates of § referred to x-y axes, we have

F1G. 15.14.
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DESIGN OF ROOF TRUSSES

im) sAaw TOOTH TRUSS

(L) NORTH LIGHT TRUSS
(SPAN % TO 8m)

[SPAN 5 TO 8m}
GLASS

i

(n) MODIFIEQ Saw TOOTH (o) MONITOR TRUSS

{SNOW TOOTHITRUSS
{SPAN 8 TO IOm}

(i} MULTIPLE NORTHLIGHT TRUSS

{il} MULTIPLE 54w TOOTH TRUSS

{iii) MULTIPLE FINK TRUSS

(iV} QUADRANGULAR TRUSS
(p) TRUSSES FOR LARGE SPANS
FIG. 16.2. VARIOUS TYPES OF TRUSSES

16.3. COMPONENTS OF A ROOF TRUSS

The following are various components of a roof (russ, shown in Fig. 163 :

() Principal rafter or Top chord
(i)  Bottom chord or main tie
(i)  Ties

(iv)  Struts

(v)  Sag tie

321
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DESIGN OF ROOF TRUSSES 525

the weak axis caused by the
tangential componens of [ PRGE FLELI
the load. Generally two '
lines of sag rods are ,
provided in each bay, which IMUTS
are connected to the ridge 4]

h:HﬂIDF TH'UE%
gk
1

purling (Fig. 164 a,b), and

hence the ridge purlins -

must be designed for the FJ

reaction from the sag rods. eag ! ' "
The ridge purlins are made RODS

up of an I-beam or two la} SIDE ELEVATION (<) SIDE ELEVATION
channels, and must be FIG. 164. PROVISION OF SAG RODS

stronger than other purlins.

Alternatively, the sag rods may be anchored on the roof trusses (Fig. 16.4 ¢). If corrugated
steel covering is used, sag rods may be dispensed with, assuming that the steel covering sheets
do the work of transmitting the tangential component of the load. Sag rods are made from
16 to 20 mm dia. bars with screwed ends. Nuts are tightened after the erection of purlins
over the trusses but before installation of sheeting to induce some pre-tension in the sag rods.
Depending upon the span of purlins, one, two or more lines of sag rods may be used. The
purlins can then be analysed as conmtinuous beam, for bending about the weak axis. If one
line of sag rods is used, the temsion T, in the sag rods is given by

_{LiL, +
T, = ( o E) W, sin 6 (16.2)

where L, is the span of the truss, L; is the spacing of the trusses, 8 is the siope of
trusses and W; is the design gravity load.

16.7. LATERAL BRACING OF END TRUSSES

Bracing is required to resist horizontal loading (such as that due to wind etc.) in pin
jointed buildings, including roof trusses. Bracing of roof trusses and supporting columns provide
stiff rigid structure. When wind blows normal to the inclined surface of the trusses, it is efficiently
resisted by all the members of the truss, and the wind forces are transferred to the supports
at the ends of the truss. EHBETRRE
However, when the
wind blows along the
ridge, it causes large
deformations in the
roof if the truss is sup-

rted on columns and
if strong gable walls are
not provided at the ends
of the shed. In such a
case, it is essential to
provide lateral bracings
to the last two trusses,
on either ends of the

PURLINS

TRUSS RIDGE |

(b} PLAN OF TOP CHORD BRACING

COLUMN

shed, both at top chord END TRUSS
level as well as bottom (o) VIEW OF TOP CHORD (c) PLAN OF BOTTOM CHORD BRACING
chord levels (Fig. 16.5). BRACING

Similarly, the last two FIG. 16.5. BRACINGS OF ROOF TRUSSES
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DESIGN OF ROOF TRUSSES 529

3. Snow Lead. If the roof structure is situated in an area where show fall takes place,

the roof will be subjected 1o snow load. IS 875 recommends a snow load of 2.5 N/m’ per
mm depth of snow. No snow load maybe considered if the slopes are greater than 50°. The
possibility of total or partial snow load should be considered, ie. half the roof fully loaded
with the design snow load and the other half loaded with half the design snow load.

4. Wind Load. The load due to wind is one of the most important loads 1o be considered
in the design of roof trusses and other types of pitched roofs. A detailed discussion on wind
pressure is given in chapter 2. The design wind pressure is p. given by

pr =06V =06 (kikiks Vi )}
where Vs> = basic wind speed in m/s at 10 m height (Fig. 2.1 and Table 2.6)
ki, = Probability factor (or risk coeficient)
k; = Terrain, height and structure size factor

ks = Topography factor
The wind force F acting in a direction normal to the individual structural element or

cladding unit is
F =(Cpe—Cpi)Ap: w(2.11)
where  Cp = external pressure coefficient (Table 2.15)
Cpi = internal pressure coefficient (Table 2.16)

Load combinations : The following load combinations should be tried:

(/) Dead load + Live load (i) Dead load + Wind load
It should be clearly noted that if the main load on the purlin is due to wind, no increase
in permissible stresses due to wind is allowed.

16.10. DESIGN OF PURLINS

The purlins, which support roof covering, batten or common-rafters, are supported on
the principal rafters of the trusses. They may therefore, be considered as continuous beams.
The purlins may be of rectangular section (timber), I-section, channel section or angle section,
as shown in Fig. 16.8. Purlins are subjected to (i) dead load (W) due to self weight, roof
covering, battens etc, acting in vertical direc-
tion and wind load (W,) normal to the
slope of roof. Because of the transverse
component of dead load. Wy, a purlin is
subjected to unsymmetrical bending. If U-U
and V-V are the principal centroidal axes,
the maximum bending stress in the extreme
fibre is given by Eqg. 15.10

fi = Mmﬁﬂlvq_MsmEu'
T Ivy
or fi = 200, 4 Mw (166)
Iy Iy
For the components

Mcos8 ( = Myy), bending takes place
about V-V for which U-U becomes the
neutral axis. For the component
M sin 6 ( = M), bending takes place about
U-U for which V-V becomes the neutral
axis.

{c) CHANNEL SECTION {d} ANGLE SECTION

FIG. 168. VARIOUS CASES OF PURLINS.
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DESIGN OF ROOF TRUSSES 533

depending upon the stress it carries. For convenience in fabrication, it is often economical
to have same section continuous over several panels of a truss chord, even though the computed
stresscs may differ appreciably for the several panels. In the case of small span trusses, with
light loads, calculations might indicate very small angle section. However, members should be
sufficiently stiff to avoid damage during transportation and erection. Hence certain minimum
section should be used. For example, for a compound Fink roof truss, the minimum angle
section to be used for rafter and main tie should be ISA 75 x 50 x 6, while the minimum
angle section for the central tie, main sling and main strut should be ISA 65 x 45 X 6, and
minimum section for other members may be ISA 50 x 50 x 6.

The joints at each panel points should be properly designed. Eccentric condition should
be avoided if pussihlﬂ. because they not only put additional stress on the rivetsfwelds, but
also cause bending in the members connected. To avoid eccentricity in the important connections,
the rivet lines of all members, together with the lines r:presentmg the external forces from
the purlins and main axes of the supports, should intersect at points as drawn on the frame
diagram. Theoretically, the lines representing the centres of gravity of the members — and not
the rivet line — should intersect, but this is a refinement which is neglected in practice. Particular
atiention should be paid to the construction of the shoes where the forces in rafters and main
tie are generally the greatest. Typical details of the joints are shown in Fig. 16,20 and 16.22.
The following are the requirements of a good joint :

1. The line of thrust should pass through the C.G. of the rivet group and the
rivets should be symmetricaily arranged about this line

2. For a tension member, the rivets should be so arranged that the area of the
member joined is not reduced more than necessary.
3. The number and the diameter of rivets should be sufficient to develop the

maximum stresses induced in all the members at the connection.
4. Members should be straight and bolts used to draw them together before the
rivets are driven. -
- F Rivet holes should match. The rivets should be properly heated and well driven.
Example 16.2. Design a roof rruss for a factory building ﬁ:r a span of 20 m and a pitch
of 1/5. The height of the truss at eves level is 10 m. The spacing of the trusses is 4.5 m. The
factory building which is 36 m long, is situated at Delhi. Take f, = 250 N/mn?’ for the steel sections.
Provide Fink truss.

Solation.
Step 1. Arrangemeni of purlins

Span =20 m; Pitch Rise=+ x 20 = 4m

I,
5 ! 5
Slope of roof truss, § = tan” '3 = 21.8°; sin 6 = 0.3714 ; cos § = 0.9245

Length of top chord = V (10)' + (4)° = 10.77 m

Dividing this length into four equal panels, length of each panel= 10.77/4=2.693 m.

Let us use Standard Trafford asbestos sheets, along with Standard Trafford roof lights
at certain interval. The maximum span for such asbestos sheets is 1.68 m which falls short
of the panel length of 2.693 m, as shown in Fig 16.12 (@). Hence purlins will have to be

" placed at intermediate points and not at panel points. Let us provide 8 purlins (or 7 spaces)
at spacing of 1530 mm, making a total of 1530 x 7 = 10710 mm leaving a gap of 60 mm at

the apex, as shown in Fig. 16.12 (b).
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DESIGN OF ROOF TRUSSES 537

Thus ISMC 100 is inadequate from deflection point of view. Since deflection normal to
the major axis is governing, there is no specific advantage in using sag rods, as far as deflection
is concerned. Hence use ISMC 125 @ 12.5 kg/m.

(c) Design of angle purlins

As an alternative to channel purlins, angle purlins may be used. For angle purlins, IS
800-1984 provides an alternative to the above design procedure, if the certain requiremens given
below are satisfied. '

Total W =Wy + W, = 1544 — 8950 = - 7406 N

Wl 7406 x 4.5
M=o=T022 233327 Nm
Required Z = 3332:'1155: 10’ _ 202 x 10° mm’

Min depth of angle purlin = [/45 = 4500/45 = 100 mm.
Min. width of angle purlin = {/60 = 4500/60 = 75 mm.
Hence select ISA 100 x 75 x 10 @ 13.0 kg/m having :
Z, =236 x 10° >202 x 10°

Depth = 100 = 100 mm
Width =75 =75 mm

Note : This section will be found to be safe for load combination (¢), i.e. D.L.+LL
( Wa = 4830 N) using procedure of unsymmetrical bending. It is left upon the reader to work

- out this . Since the weight of ISMC 125 @ 12.7 kg/m is slightly less than the weight of ISA
100 x 75 x 10 @ 13.0 kg/m, it is prefarable to use the channel section, which will be more

adequate against deflection.
Step 5. Loads at panel points of truss
There are eight panels in all, with one side having four panels of 2.6925 m length each.
(a) Dead loads
Weight of asbestos sheet, per panel length = 159 X 2.6925 X 4.5= 1926 N ..(f)
There are 14 purlins bearing directly on the truss. Hence load due to weight of purlin

per panel = % [14 X 4.5 x 12.7 X 9.81] = 980N (H)
Weight of truss, w = 10 [g- +5)= m[%‘i +5) = 1167 N/m?
Weight of truss per panel = % (116.7x20x4.5)=1314 N s (HE)

Total dead weight per panel = 1926+980+1314= 4220 N
Dead load at each end panel point =%x 4220 = 2110 N

(b) Imposed load.
Imposed load (live load) on the truss =§x live load on purlins
2

= 5 X 514 = 342.67N/m" of horizontal area.
Live load per panel = 342.67 x 4.5 x 2.6925 cos 21.8° = 3854 N
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541

Live load on purlin= 730 N/m. But, for design of roof truss, only 2/3 live load is taken.
Purlin reaction due to live load =-§:~: 3286= 2190

Total reaction from purlins = 1654 + 2190 = 3844 N
Reaction from end purlins = % x 3844 = 1922 N.

Fig. 16.17 (a) shows the loads on the rafter, which can be assumed to be fixed at ends.
The moment distribution is shown in Table 16.3. From the B.M.D. (and also from Table 16.3),

max. B.M. due to (dead load + live load) combination occurs at C, its value being equal to

1755 N-m,
TABLE 16.3.

A E
0.5 0.5, 0.5 0.5 0.5 0.5
— 1097 + 1443 — 1691 + 1674 - 1712 + 1724 — 1479 + 1124 | FEM.
+124 | +124 + 19 +19 -123 | —123 Bl
+ 62 - + i0 + 62 — 62 + 10 — — 61 C.O.
-5 -5 -~ - -5 -5 B.
-3 - — -3 -3 — — -3 C.O.
- - +3 +3 —- - - B.
— 1038 + 1562 — 1562 + 1755 — 1755 + 1606 — 1606 + 1060 | Final

() Moments due to (dead load + wind load) combination
We = 1654 N as before. Also, W.. (due 1o wind)= — 8950
Reaction from purlin due to (dead load + wind load) combinations= 8950 — 1654 = 7296 N

Reaction due to end purlins m%x 7296 = 3648 N.

The B.M. in the rafter, due to (dead load + wind load) combination can be found by
multiplying the values in Table 16.3 by the factor 7296/3844. Thus, Mp= 2965, Mc= 3331 and
Mp = 3048 N-m. '

(c) Design of section.

Assume the section of rafter as shown in Fig. 16.18, consisting of two angles, ISA
8050 x 8 mm, @ 7.7 kg/m, with distance back to back of 8 mm so as to accommodate a
gussel plate of 8 mm thickness.

A =2x%x978=1956 mm’; Cux = 27.3cm ; Cyy = 12.4 cm

Ix =619 x 10'mm°; I, = 185 x 10*; o = 25.2 mm 1
F—50 —+8j+—50 —+

Ix =2x%619%x10"=123.8 x 10°'mm" "
Iy = 2[185 x 10° + 978 (4 + 12.4)’} = 896 x 10* 27y ‘|
89.6 x 10" _ =t -
ry = 1956 21.4 mm HL Il g
ry =re=252mm. .L I ..L
L

Effective length [ about x-x axis
= (0.7 x panel length Y
= 0.7 x 2.6925 x 1000 = 1885 mm. FIG. 16.18.




You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



DESIGN OF ROOF TRUSSES 545
Step 13. Design of central hanger (member 7-8)

It carries no stress. However, provide angle section ISA 50 x 50 x 6 mm

Step 14. Design of joints
Let us use 16 mm dia. power driven shop rivets.

Strength of rivet in single shear = %{115}1 *® 100 = 24050 N

Strength of rivet in double shear = 2 x 24050 = 48100 N
Strength in bearing on 6 mm plate = 17.5x6x300=31500 N
Strength in bearing on 8 mm plate = 17.5x8x300=42000 N.

The number of rivets required to connect a member will depend upon the force carried
by it. Table 16.4 gives the number of rivets required for different members.

TABLE 16.4.
Members Design stress Rivet value No. of rivets
(N) () required
1 Raflers + 76050 42000 3
2 Main ties <+ 87730 42000 3
1
3 Main struts + 15020 24050 *
(ISA 65 % 65 x 6) — 23650 1
4  Minor struts. + 7500 24050 %
(ISA 50 x 50 x 6) — 11830 : 1
5  Main slings + 47180 42000 2
{2 ISA 70 % 70 % 6) - 0280
6 Minor slings. + 15805 24050 e
{ISA 65 X 65 * 6) — 10090 1

* Minimum two rivets will be provided on each member at each joint.
Step 15. Design of end bearings

The end reaction at each end is transferred to wall/column through proper bearing which
consists of a pair of shoe angles and a base plate. The load is first transferred from the
truss to the shoe angle, through gusset plate. The shoe angles transfer the reaction to the
base plate which rests directly on the masonry wall/concrete column. A pair of anchor bolis
are also provided to take upward reaction due to wind forces.

The end supports so designed should satisfy the following considerations :

(1) The size of base plate should be sufficient so that the bearing pressure does not
exceed the permissible value.

(2) Anchor bolts should be of sufficient length to take the uplift due to wind.

(3) Sliding joint should be provided at one end to accommodate the thermal expansion
of the truss,

(4) The lines of forces in rafter, bottom tie and vertical end reaction should meet at
a point,
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DESIGN OF ROUND TUBULAR STRUCTURES 553

17.4. TUBULAR TENSION MEMBERS

Tubular tension members are designed on the basis of their net cross-sectional area. In
this respect, steel tubes do not have any specific advantage over other rolled steel sections,
since a tube or any rolled steel sha with the same net cross-sectional area possess the
same equivalent resistance to tensile force. However, tubular tension members are of common
occurrence in steel tubular trusses, in the form of ties.

Permissible axial stress in tension. As per IS : 806-1957, the direct stress in axial tension
on the net cross-sectional area of tubes shall not exceed the values of f; given in Table 17.3.

TABLE 17.3. PERMISSIBLE AXIAL STRESS IN TENSION

Grade Value of fi
! (IS : 1161-1979) s =
kg/em” (IS : 806) N/mm® (converted)
Ya 210 1250 1226
Ya 240 1500 147.1
| Yst 310 1200 186.3

17.5. TUBULAR COMPRESSION MEMBERS

Tubular compression members possess specific structural advantage since they possess equal
lateral resistance in all the directions. The ratio of the diameter 4 to the thickness ¢ should

be small enough to ensure that failure due to local buckling does not occur.
Notwisthstanding the thickness requirements stated in § 1.2, thickness of tubes subject

to compressive stress shall not be less than that given by the formula :
t = 0.865 D' mm -(17.1)
where t = thickness of tube in mm
D = outside diameter of tube in mm

However, the above requirement was deleted through 3rd Amendment (June 1965) 1o IS
: 806-1957.

Permissible axial stress in compression (IS : 806-1957). The values of permissible axial stress
on compression (fc) are given in Table 17.4. For values of I/r less than 60, the values of
f: shall not exceed that obtained from linear interpolation between the value of f. for
1/r =60 as found from Eq. 17.2 given below and a value of 0.6 f, for I/r = 0. For values
of I/r from 60 to 150, the average axial stress on the cross-sectional area of a strut or other
compression member shall not exceed the value of f. obtained by the following expression:

= /m ~(17.2)
1+0.15secl/rV mf/4E

where fo = Permissible average axial compressive stress
fy = the guaranteed minimum compressive stress
m = factor of safety (taken as 1.67)
Ifr = slenderness ratio, ! being the effective length and r being the radius of gyration.
For values of I/r greater than 150, the average axial stress on the cruss-sechonal area

of a strut or other compression member shall not exceed the value f. (12 - f{}_} , where

fe is obtained from Eq. 17.2.

Effective length and maximum slenderness ratio. The effective length of a compressioh
member, and maximum slenderness ratio are found as per provisions of IS : 800-1984. See
Chapter 7 for details.
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DESIGN [N LIGHT GAUGE STEEL 565

termediate stiffener or betweeen
edge and intermediate stiffener.

4. Flat-width ratio. The flat-
width ratio (wff) of a single flat L2

element is the ratio of flat-width ey ! e
w, exclusive of the end fillets, to P‘: _J L
1w wit

the thickness. In case of sections,

such as I, T, channel and Z-shaped wi/t OR wynt
sections, the width w is the width (o) (b) (e)
of the flat projection of the flange FIG. 186. FLAT-WIDTH RATIO

from web, exclusive of end fillets

and of any stiffening lip that may be at the ouier edge of the flange. In case of multiple
web section (such as hat, U or box shape sections), the width w is the flat width of flange
between adjacent webs, exclusive of fillets. See Fig. 18.6 for flat-width ratios.

5. Effective design width. Where the flat-width (w) of an ¢lement is reduced for design
purposes, the reduced design width (b) is termed as the effective width or effective design width
(Fig. 18.7). It is determined as discussed in § 18.6. '

ACTUAL WIDTH

fowr — b w |
“ e ( b | —
s ko b+ b-Bo-] | )
! “‘ F;
F ""-h.,_ o
/
/
it — I R
“ b= EFECTIVE WIDTH S >
(o) (b)
FiG. 18.7. EFFECTIVE DESIGN WIDTH FIG. 18.8. TORSIONAL

FLEXURAI. BUCKLING

4. Thickness. The thickness of any element or section is taken as the base steel thickness,
exclusive of coatings.

5. Torsional flexural buckling. It is 2 mode of buckling in which the compression members
can bend and twist simultaneously (Fig. 18.8).

6. Point symmetric section. It is a section which
is symmetrical about a point (centroid), such as a ' )

Z-section, having equal flanges (Fig. 18.9). POINT OF SYMMETRY
!

7. Yield stress (f;). The cold-rolled sections are
produced from s#rip steel conforming to IS : 1079-1973. ]
The yield stresses of the steels are as given in Table
18.1.

FIG. 189 POINT SYMMETRIC SECTION
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SR80 DESIGN OF STEEL STRUCTURES

Thus, total area of the section is given by

A=Lxt
where L; = total length of all the elements.
Similarly, the moment of inertia of the section is given by
I =Ixt
where I' = moment of inertia of the centre line of the steel sheet.
The section modulus is computed by dividing /( =1I' X r) by the distance from the N.A.
to the extreme and not to the central line of extreme element.
The first power dimensions such as x, y and r(radius of gyration) are obtained directly
by linear method and do not involve the thickness dimension.

The elements into which most sections may be divided for application of the linear method
consist of straight lines and circular arcs. Fig. 18.17 and 18.18 gives the moment of inertia
and locaticn of centroid of these elements.

@ (v)
I=157TR; C=0637R # (radians)= 0.1745 x 6 (degrees)
L=hL=0149R 1=6R
: R(1-
I;.=I4='ﬂ.‘?35R3 C1=Rsénﬂ; C1= L EB(EE}
6 + (sin§) (cosO)  (sin )’
G = centre of gravity I = [55"12] (cos ) (SI::'I )] R?
= _ i
I, = |8 (sin) (cos) _ (1 ma}]R;
; 2 [
o E+{mn:] [mﬂ]]R:
L= E‘L”“:”“E}]R’

FIG. 18.18. PRDPERTIE.S_C}F CIRCULAR LINE ELEMENTS
18.13. AXIALLY LOADED COMPRESSION MEMEBERS

In hot-rolled sections, the width-thickness ratio of various elements of the section are
so limited that no local buckling of these elements takes place. In contrast to this, the width-thickness
ratios of the component elements in cold-formed light gauge sections are large due to which
these elements undergo local buckling also. Hence effects of local buckling are incorperated
in the allowable stress expression by incorporating a factor ), known as form factor, in allowable
stress expressions. This factor , which is less than 1 is associated with the yield stress
fy and if we substitute Qf, for f, in the well known axial stress expression, the expressions
given in clause 6.6 of IS : 801-1975 can be obtained.
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DESIGN IN LIGHT GAUGE STEEL 587
b _ _658

ERATIY 55m

b =4438x 2= =888 mm
The effective section is shown in Fig. 18.23.
3. Determination of factor Q

Agp = 1264 — 2 % 2 x 92 = 21.2 = 811.2 mm?
_Ag _ 8112 _
R T

4. Determination of permissible stress and load

c. =V 2XE =‘\/2"2(§; 1) _ 12061

¥

‘4433

(1/F Y im = »,% - :}% ~ 161.8 > 70.4
fa = Q,G 3 {Qﬂ’) { ¥ (1835 a)
12 3 (0.642 x 235)° 2 2
= 22 X 0.642 x 235 — 70.4)*= 71.26 N/
23 23 2'x2x10° ki) o

Permissible load =f,.4 = 71.26 X 1264= 90080 N = 90.08 kN
Example 18.3. Two channels 200 mm x 80 mm with bent lips are connected with webs to
act as column, as shown ir Fig. 18.24 (a). The thickness of plate is 25 mm and the depth
of lips is 25 mm. Detéermine the safe load carrying capacity if the effective length of column is
(@) 4 m and (b) 6 m. Take f, =235 N/mm’and E = 2 x 10° N/mm’
Solution

1. Computation of sectional properties. By inspection I, will be smaller and hence will be
computed. Fig. 18.24 (b) shows the simplified rectangular elements of the section.

Iy = E“Zfiélm] + 4 (25 - 2.5) x 2.5(80 — 1.25)* + (200 - 5) (5)’ = 310.4 x 10 mm’
A = (2 %25 x 160)
+4(25-25) %25+ (200-5) x5
= 2000 mm’. Hence,

310.4 x 10°
2000 =394 mm

2. Computation of effective widths

The section consists of both stiffened ele-
ments (ie. web and flangs) as well as unstiffened
elements (ie. lips). Hence the effective width
of plates will be computed for the allowable
stress f. in unstiffened elements.

For unstiffened element,

5 _M 6.8 < 12. Hence,

fe -f— U.ﬁﬂ, =06f, =06 x 235
=t 2
AL N mm FIG. 18.24.

12
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593
b=2898x25=724 mm > 64
b =w=64 mm.
2. Determination of moment of inertia and section modulus.
% I and Z will be determined by taking b=w =64 mm.
; Io = 4(64 +16)x2.5 (100 — 1.25)* + Tli X 5(195)° + 4 x 2.5% 22.5 (100 — 25 — 11.25)°
= 12564570 mm"
z =12¥a125‘55 x 10° mm’
3. Determination of safe load
M =fZ =141 x 12565 x 10’ = 17.72 x 10° N-mm= 17.72 kN-m
Let w be the load in kN/m
2
=17 ; rom which w= &.
28 —1772 kNm. F i 8.858
4. Check for web shear
Max. shear force = §._§5_§x_4= 17.716 kN.
_ 17716 x 1000 _ 2
Max. average shear strees = X735 X195 — 18.17 N/mm
h _ 195 . 1425 1425
Now l -lS_TE, @————m-ﬂ.%
Hence Eq. 18.39 (b) is applicable.
e “EF s/ 200 _:3235 = 77.83 N/mm’< 0.4 X 236 = 94.4 N/mm’

Thus f, = 77.83 N/mm® , which is much greater than the max. average shear stress of
18.17 N/mm’. The beam is therefore safe in shear.

5. Check for bending compression in web

fin' = 141 X 19”_15.0_15 = 137.48 N/mm’

?:SZSIII'I:I'I.'}= 3525000
(h/tt  (78)

6. Determination of deflection.

For determination of deflection, one may use effecrive section at max. B.M. However, effective

width for deflection determination is ditfferent from the one found for load determination, and
is given by Eq. 189 (b).

b _ 842 r, 186

Permissible fpw = = 579.4 > 137.48. Hence safe.

t  YI1al |  6a/25v 141
b =2765x25=691>64
b =w=64 mm.

Hence I = 12564570 mm*, as computed earlier.

= 27.65
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DESIGN IN LIGHT GAUGE STEEL 01

is shown in Fig. 18.32, that is, in welding thin sheet, the
weld shape generally obtained is that shown in the Figure,

with the thickness of the weld actually exceeding that of <\~ THROAT

the sheet. The intention is to disregard any material deposited AN WELD
beyond the dashed line in Fig. 18.32, and to calculate q \ﬂ‘

the throat thickness in the same manner as in heavy welded { 1
construction.

The allowable stress in tension or compression on
butt welds shall be the same as prescribed for the lower
grade of the base metals being jointed, provided the welds
are of full penetration type and the yield strength of the filler metal is equal to or greater
than the yield strength of the base metal. Stress due to eccentricity of loading, if any, shall
be combined with the primary stresses, and the combined stresses shall not exceed the values
given above.

Stresses in a fillet weld shall be considered as shear on the throat for any direction of
the applied stress. Neither plug nor slot welds shall be assigned any value in resistance to
any stresses other than shear.

When plug welds are made with pre-punched holes, the length of the fillet weld for computing
weld strength is identical with the perimeter of the hole. When the hole is burned and weld
made in the same operation, a frequent process (which is more aptly designated as puddle
welding), a conservative procedure is to compute the perimeter for a hole of diameter 6 to
1} mm less than the visible diameter of th. puddle.

(b) Resistance welding (spot welding)

In its normal form as well as by projection, welding is probably the most important means

of shop connection in light gauge steel fabrication. As per IS 801-1975, in sheets joined by

spot welding the allowable shear per spot shall be as given in Table 18.8,
TABLE 18.8. ALLOWABLE SHEAR STRENGTH PER SPOT

F1G. 18.32. THROAT OF A FILLET
WELD

Thickness of | Allowable shear stremgth per spot Thickness of | Allowable shear strempth per spot
Thinnest outside ke N Thinmest outlside ke N
sheef (mm) sheel (mm}
0.25 23 225 2.0 489 4796
0.50 57 559 2.50 625 6129
0.80 102 1000 2.80 750 7355
1.00 159 1559 315 909 8915
1.25 239 2344 5.00 1818 17829
1.60 330 3236

2. Connecting two channels for forming an I-section
(a) For compression members, The maximum permissible longitudical spacing (Smar ) of welds
(or other connectors) joining two channels to form an I-section shall be:

_L.ry
Smax = 7, .(18.50)
where L = unbraced length of compression members
re, = radius of gyration of one channel about its centriodal axis paraliel to the web,
and r1 = radius of gyration of I-section about axis perpendicular to the direction in-

which buckling would occur for the given conditions of end support and
intermediate bracing, if any.
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G0 DESIGN OF STEEL STRUCTURES

19.2. DIMENSIONS OF STEEL STACKS

Steel stacks are cylindrical in shape. The basic dimensions,
i.e., the height and clear diameter depends upon several factors
such as the draft required, flue gas velocity, flue gas temeprature, e F——
natural or mechanical draft, turn-down ratio, site data (such . | PORTION
as ambient temperature, barometric pressure etc.) and the type
of fuel adopted. The chimney should be at least 5 m taller

than the tallest building in the surrounding area of 150 m radius. |BREECH
Fig. 19.2 shows a self-supporting steel stack, which is cylindrical OPENING
for the major portion of the height, except at the bottom, where

the stack is given a conical flare for better stability and for FLARED
easy entrance of flue gases. The diameter of the base of the PORTION
conical flare may vary between 4/3 to 5/4 of the diameter of CLE RNOUT
the cylindrical portion, while the height of conical portion may ] _f

vary from %m% of the total height of the stack. -

Though, due to the flare, the unit stresses are reduced,
the thickness of plates in the flared portion should not be thinner
than the thickness of the lowermost course in the cylindrical portion. As per IS : 6533 (pan
2) : 1989, proportions of the basic dimensions of a self supporting chimney shall conform
1o the following. '

(@) Minimum height of flare be equal to one third the height of chimney.

(b) Minimum outside diameter of unlined chimney shell at top be equal to one twentieth
of the height of cylindrical portion of chimney and for lined chimney it shall be one-twenty
fifth of the height of cylindrical portion.

(¢) Minimum outside diameter of flared chimney shell at base be equal to 1.6 times the
outside diameter of chimney shell at top.

The inside diameter of the chimney in m is given by

p=V i% .(19.1)

where @ = quantity of the gas in m’/sec.
V¥ =velocity of the flue gas at exit point of chimney, in m/sec.

However, the diameter shall be so chosen that the velocity will not exceed, under any
circumstance, 30 m/sec. The optimum range of velocity may be taken as 15 to 20 m/sec.

The height of chimney depends upon the dispersion requirement of the flue gases into
the atmosphere.

The Central Board for Prevention and Control of Water Pollution (New Delhi), through
its publications : (f) Emission Regulation (July 1984) Part | and (i) A method to determine
minimum chimney height has given the following recommendations for height of chimney :

(@) For chimney emilting particulate malter

H =74 ()" ~(19.2)
where H = height of chimney (m) and (J,= particulate matter emission (tonnes/hour)

(b) For chimney emitting SO

H =14(0)'7? .(19.3)
where s, = 50; emission (kghour)

() Minimum values

The board has further recommended that the height of the chimney calculated on the

FiG. 19.2.
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blo DESIGN OF STEEL STRUCTURES

1.6 (0w + 0Om| —090a< 180, ..(19.16)

- where ow = stress produced due to wind

Om = stress produced due to any other load which may act to increase the com-
bined stress

o4 = stress produced by dead load and any other load which acts at all times
and will reduce the combined stress.

o, = maximum permissible stresses at the operating temperature.

To ensure stability at all times, account shall be taken of probable variations in dead
load during construction, repair or other similar work.

While computing the stability, it shall be ensured that the resulting pressure and shear |
forces to be transferred to the supporting soil foundation, will not cause failure of foundation.

(ii) Stability of structure and foundations

In the case of suyed or laterally supported chimneys, the stability of the structure and
foundation as a whole or any part of it shall be investigated and weight or anchorage shall
be provided so that, without exceeding the allowable material stresses and foundation bearing
pressure, (L9 times the least restoring moment including anchorage will not be less than the
sum of 1.1 times the maximum overturning moment due to stress increasing dead loads, less

0.9 times that due to stress-reducing loads, plus 1.4 times that due to wind and imposed loads,
that 1s :

1L4M, + 1.1M, - 09M,; < 09M, --(19.17)
where M, = overturning moment produced by the wind and imposed loads

M, = overturning moment produced by dead or other loads which may act to
increase combined moment

M4 = overturning moment produced due to dead or other loads which act at all
times to reduce combined moment, and

M. = resisting moment produced by the foundation without exceeding the allowable
material stress and the ground stress without exceeding the f{oundation bea-
ring pressure.

(5) In the case of self supporting chimney, the stability of the structure as a whole shall
be investigated, and weight or anchorages shall be so proportioned that the least resisting moment
shall be not less than the sum of 1.5 times the maximum overturning moment due to dead
load and wind load/earthquake load.

19.8. DESIGN OF BASE PLATE

The chimney is connected to a base plate, at its base, which in turn is connected to
concrete foundation through foundation bolts. The base plate, of width m is annular is plan,
Fig. 19.7 shows two alternative methods of joining the chimney to the base plate. Base plates
are made of cast iron, cast steel or structural steel. It is preferable to use cast steel base
plates as compared to cast iron base plates. The base plate is cast in section. For very high
stacks, base plates are made of structural steel.

Let d. be the diameter of the conical (or flared) portion of the chimney at 1ts base.
The maximum compressive force per unit circumferential length of the plate is
_ W+ W i 4 W

F
€ 7 d. nd

kN/m ..(19.18)
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DESIGM OF STEEL CHIMNEYS 629

Rivet value _ 86.748 x 10°
Fe 63849

Maximum permissible pitch = 10¢=10 X 16 = 160 mm
Hence provide 22 mm dia. rivets @ 130 mm cfc

Pitch of rivets = = 135.86 mm

Projection ¢ = }%‘Q — (10 + 8) = 62 mm.
Actual bearing pressure = 53;_;9 = 3.99 N/mm’
=V 2% xc=V 3232 y 6 1577 mm
Ths 185

Provide 16 mm thick base plate.
10. Design of anchor boits
Maximum uplift force per unit length of circumference
aM. W
= - - {19.20
F; xdl  nd { )
As per 1S 6533 (Part 2) : 1989, the overturning moment M, should be increased to 1.5
times from stability considerations.
i 4 (8757.93 x 1.5) 771.806
P = 7 =i
7 (4.8) xx 4.8
Let us provide 39 mm dia. ISO fine threaded bolis having effective area = 1028 mm’,
at root of threads. Taking permissible tensile strength of 120 N/mm?® at the root of thread.

Strength of each bolt = 1028 x 120 x 10”3 = 123.36 kN.
No increase in stress is recommended since wind is the major load in the case of chimneys.

= 674.8 kN/m

; 123.36
Spacing of bolts = 748 * 1000 = 182.8 mm
No. of bolts == ﬁ;s 1000 - 825

However, provide 85 bolts of 39 mm nominal diameter on a bolt circle diameter =4.8+0.7
= 4.87 m.

Actual spacing of bolts = ZX A3 2 00 & 180 i

85

Alternatively use HTFG boits M 30 (10 K) having proof load of 392.7 kN (See Table
4.8).

3927 X 1000 _ sgy o

674.8

%X 4.8 x 1000
No. of bolts = 7] = 259

However, provide 30 HTFG bolts of 30 mm dia. of 10 K grade, on a bolt-circle diameter
of 487 m.

Spacing of bolts =

% 4.87 » 1000
30

Actual spacing = = 510 mm.
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634 DESIGN OF STEEL STRUCTURES

upward is provided. The track is fastened with the stand pipe by short lug angles spaced about
06 m to 0.9 m centres, and a light traveller with two wheels is installed on this track. A
similar trolly track is also provided inside the stand pipe. A properly reinforced manhole of
appropriate size is provided in the first shell ring of the stand pipe for cleaning purpose.
1. Stresses in stand pipe due to water
Al any section x-x, situated h below the water level,

p=wh (203 a)
Taking the unit weight of water, w as 9.81 kN/m’=9.81x10"* N/mm’, h as water depth
in metre, and expressing hydrostatic pressure p in N/mm’ , we have
p = (9.81 x 107%) (h x 1000)= 9.81 x 10" A N/mm’ ..(20.3)
Hence bursting force per linear vertical mm of stand pipe or cylinder is given by
F =pd (where d is dia. of tank in m)

or F = (9.81 x 107 *h) (1000d) = 9.81Ad N/mm «.(20.4)
The hoop stress f (or circumferential stress) in the section is
- F _gghd
fu =3 %) 9.81 2t «(20.5)

where ¢ is the plate thickness in mm.

This should not exceed the maximum allowable tensile stress o in axial tension, the value
of which is given in Table 20.1. If n is the efficiency of riveted joint in the vertical direction,

981 hd
we get t == == | .(20.6)

Since the plate is in contact with water, the actual thickness shouid be 1.5 mm in excess
of the one calculated above.

2. Stresses due to wind force. Let p be the design wind pressure in kN/m’ . Hence
at any depth A m below the top,
Py =k.p.d.h
Taking shape factor &k =0.7 ,
Py =07pdh (kN)
The wind moment is given by

M. =07pdh (%) =035pdh® KN-m (207 a)
If H is the total height of stand pipe,
M, =035pd H* kN-m= 035pd H* x 10° N-mm (20.7)
Hence the maximum bending stress (fpw ) due to wind is
M, d
I "2

xdt(d/2) _=nd

) g !

where I = moment of inertia of circular ring section=

Expressing fiw in N/mm® , we get
2
fow = (0.35pd H x 10°) (1000d/2) _ 1.4_;;? N/l .(202)
3 (1000d)*¢ T
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DESIGN OF STEEL TANKS 639

Maximum stresses in radial and circomferential joint : Maximum radial and circumferential
stresses occur at the lower point of the bottom where h = H + h,

m'}m - ffc]‘mm: = 28 rg:l % h,) N/mm?® ...[Eﬂ.ld a)
Hence thickness is given by f, = 20! ;fi + hs) (20.14 b)
ar

where » is the efficiency of the joint and o, is the permissible tensile stress. For hemispherical
bottom, r=d/2 and h,=d/2
oo 981 (H+h,)d/2 981 (H+d/2)d/2
’ e

217 Oar 27 G 2 19)

20.8. STRESSES IN CONICAL BOTTOM

Fig. 20.5 shows a cylinderical (or circular) tank with conical bottom. Let H the height
of cylinderical portion and h. be the height of conical portion. Let the conical walls subtend
an angle @ with the horizontal. Let us consider a section X-X of the conical bottom. Let
W be the total load above the section considered, transmitted by the water column of radius
b.
' W=wab’h=981xb"h kN (T}
Weight of water per 1 mm of circumference of section X-X

W __ (981xb*h) 1000 _ 9.81 .

, =%ab- 2xbx1000 _ 2 onN/mm -(#)

If T is the meridional tension per mm of circumference, its vertical component will balance
the weight of water per 1 mm of circumference.

Tsin @ =9'2ﬂbh
or T =2*23-lbhmaeca (20.15 a)

Hence stress in the radial joint is

_fr - 9.81 b;fmﬂ memi -"(m-ls}
where 1. is the thickness of the plate of conical
bottom, _

Stress in circomferential joint : Consider two
horizontal sections so that they intercept 1 mm length
of the cone. This 1 mm length of the cone surface
will be subjected to hydrostatic water pressure
p=wh =981 x 10" h N/mm’ . This pressure p
is resolved into two components : (i) component
p1 along the length of the cone and (if) component
p: in the horizontal direction, such that

Phh=p cot &
and p: = pcosecl
The component p, induces circumferential stress.
Stress. in circumferential joint, f.

_P:(2b) _pab
21 fe FlG. 20.5. CONICAL BOTTOM
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DESIGN OF STEEL TANKS 645

(b). The maximum horizontal
shear (= 2 Py/n = Py/3 ) oc-
curs for case (b). Since the
braces support the columns
laterally also, an additional

shear equal to 25 % of the

column load is taken as shear
in the panel. Thus total
horizontal force or transverse
shear Q will be egual to

+21 % of [W""F"‘}
" (a) (b)
Fig. 20.11 shows She
deflected 5|13pg of a vertical FIG. 20.10. WIND FORCES IN HORIZONTAL BRACE.

braced panel, consisting of (i) horizontal braces at top and bottom, (ii) two vertical columns,
and (if) one of the diagonal braces. The compressive force in horizontal brace AB is Q. The
tensile force Fr in diagonal is given by

Fr = ? (20.28)

where a = length of horizontal brace
I = length of diagonal

h = height of panel

: , _Frl _ ol
The elongation B" B o E I

. I &
Deflection A =B*B’ x 'E=;%E— «(20.29 a) FIG. 20.11 VERTICAL PANEL

where A =area of cross-section of diagonal brace.

If there are several panels, situated one above the other in a vertical plane, the total
deflection at the top is given by

IJ
A=0ZX
Q a’AE

20.12. RECTANGULAR ELEVATED TANKS

Rectangular tanks are made from plates of not less than 6 mm thickness. The width of
the plates is generally 1.25 m. The vertical plates are designed for hydrostatic waler pressure,
while the bottom plates are designed on the basis of bending cauvsed due to weight of water
in the tank. The size of bending panel of bottom plates depends upon the size and shape
of supporting frame. The bottom plates are turned up at the ends, to form a butt joint with
the vertical side plates. The joints of the bottom plates are covered by T-sections which are
turned up to form wvertical stiffeners for the side plates. Flat straps are used to cover all the
vertical and horizontal joints. Stays are provided at mid-height, both transversely as well as
longitudinally, to stay the side plates, and are connected to vertical stiffeners. The bollom
corners are curved in two directions and forged bosses are provided at these corners.

(20.29)
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668 DESIGN OF STEEL STRUCTURES

9. Design of columns. The columns
will be designd both for the super-imposed
loads transferred from the tank, as well
as for the wind loads. Let us consider the
wind pressure acting on the longer side.
For the purposes of simplicity, let us assume
that wind pressure on tank and beam acts
over a depth of 3 m.

“ Total Pr =8x3x15=36 kN

The height of columns is 12 m, and
this is divided into three panels of 4 m
height each. Hence the resultant wind force
P on the tank will act at a height of
1.5+ 03 + 12 = 13.8 m above the base,
as shown in Fig. 120.30.

The centre to centre spacing and place-
ment of columns (6 Nos.) is shown in Fig,
20.31. Area of one face of column staging
=72 x 12 =864m’

Let us assume the exposed area of
¢columns and bracings as 20% of the area
of one face.

Effective exposed area
=02x 864=1728m" .

Wind pressure on stag-

J;T

{a) {b)

ing= P, = 17.28 x 1.5 = 25.92 kN, and this ¢
acts at a height of 6 m above the base. FiG. 2030, !
Moment of wind forces at the base is t

M, =36 x 13.8 + 2592 X 6 = 652.32 kN-m,

This will produce thrust (R) in the three leeward columns and uplift in the three windward

columns. The thrust and the uplift will be of equal magnitude
{say R}, and will provide the resisting couple. -

IR x36 =M. I Sd
_ 65232 _
R o N
M..r
Alternatively, R =
! 7
Where r=18 m; LA =6(18)"=19.44 7:2m C.G.
¢3 R = '55?"13:; 18 _ 604 kN 18 ~sfe— |8 —
Max. vertical load in column, when tank is full= 258631 kN
When wind force is taken into account, the permissible stresses
are increased by 33; %. Since the thrust due to wind load (ie.
60.4 kN) is less than one-third of the super-imposed load, the - MR
design of the column will be done on the basis of Super;wed p—36m —
load of 258.631 kN. Let us assume the total load as kN .

to account for the self weight also. FIG. 2031



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



21

Design of Towers and Masts

21.1. INTRODUCTION

A tower or mast is a tall skeleton structure with a relatively small cross-section, which
has a large ratio between height and maximum width. A tower is a freely standing self supporting
structure fixed to the base or foundation while a mast is tall structure, pinned to the base
or foundation and braced with guys etc. Steel towers (short, medium and tall) are normally
used for the following purposes.

(i) Electric power transmission

(#) Microwave transmission for communication

(@) Radio transmission (short and medium wave wireless)

(iv) Television transmission

(v)  Satellite reception

(vi) Air traffic control

(vif) Flood light stand

(vi) Meteorological measurements

(x) Derrick and crawler cranes

(x)  Oil drilling masts.

() Over head tanks.

The height of towers for electric power transmission may vary from 10 to 45 m while
those for flood lights in stadiums and large flyover intersections may vary from 15 to 50 m.
The height of television towers may vary from 100 m to 300 m while’ for those for radio
transmission and communication networks the height may vary from 50 to 200 m. Though
the height of a tower is fixed by the user, the structural designer has the task of designing
(/) general configuration (i) individual members, and (i) joint details. The task of designing
a stable tall tower economically is a challenging job for a structural engineer.

Depending upon the size and type of loading, towers are grouped into two heads.

(a) Towers with large vertical loads (b) Towers with mainly horizontal wind loads

Towers with large vertical loads (such as those of over head water tanks, oil tanks, meteorological
instrumentation towers etc.) have their sides made up of vertical or inclined trusses. The
towers, falling under the second category and subjected predominantly to wind loads, may be
of two types :

(681)
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DESIGN OF TOWERS AND MASTS 685

Wind load

A detailed discussion on wind load on various structures has been given in Chapter 2.
However, a brief is given here with special reference to towers.

The design wind speed V; (m/s) is given by
Vi=Vo. kv b ks -(21.1)
where Vs = basic wind speed in m/s at 10 m height (Fig 2.1 and Table 2.6).
k, = probability factor (or risk coefficient). The value of which may be taken
from Table 2.7 |
k; = terrain, height and structure size factor (Table 2.B)
k3 = topography factor, the value of which varies from 1 to 1.4, depending upon
the topography; for plain lands, k; = L
The design wind pressure is given by

p: =06V «(21.2)
where p: = design wind pressure (N/m’) and V; is the design wind speed (mjs).
The wind force on any member is given TABLE 21.1. VALUES OF NET WIND FORCE
COEFFICIENT Cf FOR TOWERS COMPOSED
by F =ACp; ~(21.3) OF FLAT MEMBERS
where A = effective frontal area.
Cr = net wind force coeflicient, Solidity ratio ks
which depends upon solidity Square towers | Egquilateral
ratio ¢ of the tower i g
(Table 21.1, 21.2 and 21.3) 0.05 4.0 3.3
¢ = Solidity ratio 0.1 38 3.1
_ Obstruction area of the front face 0.2 33 27
gross arca of the front face 03 28 23
For towers, ¢ varies from 0.15 to 0.3, and ok 23 1.9
is 1o be assumed in the beginning of the design. I 0 3 e

After designing the members, the assumed
solidity ratio is compared with the actual solidity ratio to test the adequecy of the structure.

TABLE 21.2 FORCE COEFFICIENT Cf FOR TABLE 21.3 FORCE COEFFICIENT Cs FOR
SQUARE TOWERS COMPOSED OF EQUILATERAL-TRANGULAR TOWERS COMPOSED
ROUNDED MEMBERS OF ROUNDED MEMBERS
f Solidity Cy Jor
f Jor e f
P
¥ | D.va s6m¥s | D.Va z6m¥s D.Vy<6m¥s | D.Vgz6m's
all wind (all wind
Jace corRer face cormer i ) diractions) |
| o0s 2.4 25 1.1 12 os L g
0.1 2.2 2.3 12 13 6.1 1.7 0.8 |
0.2 1.9 2.1 1.3 1.6 02 1.6 11
0.3 1.7 19 1.4 1.6 03 1.5 1.1
0.4 1.6 19 14 1.6 04 1.5 1.1
0.5 14 19 14 1.6 05 14 12
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7z DESIGN OF STEEL STRUCTURES

(3) Influence line for P;,;,
Pass a section bb.

My,

Pri, = 5 (tension)
Hence the LL. for Py, will be a triangle, having a maximum ordinate of
4x20 1 _2 o
23 x§=§ under L, as shown in Fig. 22.2 (d)

(4) Influence line for Py,
When the unit load is at Ly, Py, =0
When the unit load is at L; Py, =1 (tensiou)
When unit load is at L; or to the right of L; , Py, =0
The influence line for Py,;, will therefore be a triangle having a maximum ordinate of
unity under L, as shown in Fig. 22.2 (e).
(5) Influence line for P,y
The force in Lo U; can be found by resolution of forces at A in the vertical direction.

When the unit load is at A, By=1, and hence Pryu, =0 . When the unit is at L, ,

20 —Si, and

Ri =33=%

Piyuy = Ry cosect =§ * 1.28 =107 (comp.)

When the load is at B, Ry=0 .. Py, = 0
The LL. for Prye 18 shown in Fig. 222 (f).

22.3. PRATT TRUSS WITH INCLINED CHORDS

Fig. 22.3 (a) shows Pratt truss with inclined chords, consisting of 6 panels each of a
4 m length,

(1) Influence line for P.,:,

Pass a section aa cutting three members
P _ MI.I'1 & Mm
Lo 2

The influence line diagram will therefore be a triangle having a maximum ordinate

1 (‘!’z‘fﬂ) =10 _ 1111 under L, as shown in Fig. 223 (b).

(tension)

3 9
(2) Influence line for Py, i,

M :
Poiuvs = % (compression)

where x is the perpendicular distance between point L; and U, U; . In order 1o find x,

prolong U; U, back to meet L,L, produced, in O.
Now ana =222=2 . a=2634

sina =0.447 ; cosa = 0.894
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INFLUENCE LINES FOR STRESSES IN FRAMES T

1 (5 8
Piiii =E[E:~:14—1112) == =0533 (comp.)
When the unit load is at L;
_1x54
Ry = 3 = (0.75

Pl i = %( 0.75x 24) =12 (comp.)

When the load is at B, B, =0
P iy = 0
The influence line for Py,p, is shown in Fig. 22.7 (c).
(3) Influence fine ftor Py,
Pass a section bb. Consider equilibrium of the left portion

P, = % (tension)

M, and hence Py, are zero when the unit load is at A.
When the unit load is L;

Puria = 75 (1 X 12) = 1 (tension)

When the unit load is at L, or beyond L, on right side, there is no external force to
the left of section &b except Ry . Hence My =0 . Therefore, Py,., is zero. The LL. for Py,
is, therefore, a triangle having zero ordinates under 4 and L; and a maximum ordinate of
unity under L;, shown in Fig. 22.7 (d).

(4) Influence line for Py,

Considering the equilibrium to the left of section aa,
Py,u: 5in @ = shear in panel L; L, = Fy,;,
15 12

sinf@ = ={(.781 : cos8 = = (.625
Vv 155 + 12° _ Vv 15 + 127

When the unit load is at L, R, =23 ;‘2'5” = 0.833

Fioia =1=Rs=1- 0833 =0.167

_Fiay 0167 _ ,
Py = 6 - 0781 = 0.214 (compression)
: ; 1 x54 _ _

When the unit load is at Ly , Ry = = 0.75 = Fpy14

B F:Lzu _ 0.75
sing 0.781
When the unit load is at A or G, Fi,;, and Py, are zero. The LL. for Py, is shown
in Fig. 22.7 (e).
(5) Influence line for Py,
M;Ls; 1s a secondary member.
When the unit load is ‘at L, or to the left of Ly, Pumra=0

= 0.96 (lension)
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T26 DESIGN OF STEEL STRUCTURES

The influence line diagram for Py,p, is thus a triangle having a maximum ordinate of

s, ;‘2"3 x 115 = 1.067 (comp.) under L, as in Fig. 229 (b).

(2) Influence line for Py,

Prsry =i:§”3 (tension)
When the unit load is at L; , R, =% = 0,833

Py, = %{&333 x 12) = 0.667 (tension)
When the unit load is at L; , R, =%=ﬂ.'?5

Pinil, i % (0.75% 12+ 1 x6) = 1 (tension)
When the unit load is at L, R, =% = 0.667

Pioty = 1—15 (0.667 x 12) = 0.533 (tension)

The LL. diagram for P.,., is shown in Fig. 22.9 (c).
(3) Influence line for Pusi,
Resolving the forces vertically,
Ppyy,8in @ = shear in panel L.L,=F; .,
or Pwyry = Fryp,cosech - -
15

S5inf = e
Vv 15 + 12°

When the unit load is at Ly , Ry =075
: Puyrs = (1 = 0.75) x 1.28 = 0.32 (comp.)
When the unit load is at Ly, R, = 0.667
Pyyry = 0.667 x 1.28 = 0.853 (tension)
The LL. diagram for Pusie is shown in Fig. 22.9 (d).
(4) Influence line for Py,

M, L, is a secondary member and hence it will be stressed only when the load is in panel
L,Ls will be a Evidently, LL. for Py,;; will be a triangle having zero ordinates under L; and
Ly and an ordinate of unity under L; as shown in Fig. 22.9 (e).

(5) Influence line for Pi,u,

Pass a horse shoe section bb, cutting five members U, M, , M5L,, L, M;, L;L,and L,L..
Out of these, line of action of forces in four members pass through point L. Hence take
‘the moment of the forces, about L, and consider the equilibrium of the portion enclosed by
the horse shoe section. Note that L, M, is a secondary member, and hence it will be stressed
only when the load is in panel L,L, .

When the unit load is at L, M, =0 and hence Piw=10

= (.781 ; cosec @ = 1.28 ; cos # = 0.625
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758 DESIGN OF STEEL STRUCTURES

When the spans of beams are not equal, substitute frames should be selected in which
the largest span forms the centre span and also frames in which the smallest span forms the
centre span. Several trial computations may be necessary to get the frame for which the bending
moments are maximum. To get bending moment in the wall columns and wall beams, substitute
frame¢ shown in Fig. 24.12(b) should be used.

The bending moments due to dead loads are found separately. The bending moments for
dead and live loads are then added, and the beam is designed.

(b) Maximum bending moment in columns

The bending moments in columns increase with increase in their rigidity. Hence they are
largest in the lower storeys, and smallest in the upper storeys. The maximum compressive siresses
in columns is found by combining g ager. g -T-L Lot Lpas
maximum vertical loads with max-
imum bending moments. The max-
imum tensile stresses in columns
is found by combining the max- “““L e
imum bending moment with min-
imum vertical loads. Though the
bending moment is smallest in the . - - - e b e
upper floors, its effect is much (a)
larger since the dimensions of the
columns are the smallest there and
also the vertical loads are much
smaller than in lower storeys. Also
the possibility of tensile stresses [ PIEivis e
in columns is much larger in upper
storeys than in lower storeys.

The maximum moments is | b " . - ey
columns occur when alternative (b)
spans are loaded as shown in Fig. FIG. 24.14. LOADING FOR MAX. BM. AT COLUMN A

24.14(a),(b). The corresponding
axial loads are found. The column is designed to resist the stresses provided by every combination
of axial load and the corresponding moment.

24.7.. METHODS OF COMPUTING B.M.

The bending moments in the beams and columns of a substitute frame may be computed
by the following methods :

1. Slope-deflection method. 2. Moment distribution method.
3. Building frame formulae. 4. Kani's method.

The slope deflection method results in too many equations to be solved simultaneously.
Hence moment distribution method, using two cycles is used. Taylor, Thomson and Smulski
recommend the use of building frame formulae which they have developed using slope deflection

uations.
g - Example 24.1. Fig. 24.15 shows an intermediate frame of a nmﬂn.!orqred building. The ﬁamcs

are spaced at 4 metres centre to centre. Analyse the frame taking live load of 4000 N/m’ and

dead load as 3000 N/m? , 3250 N/m? and 2750 N/m’ for the panels AB, BC and CD respectively.
The self weight of the beams may be taken as under:

Beams of 7 m span :@ 5000 Nim
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INDUSTRIAL BUILDINGS 789

be anchored to the roof trusses (Fig. 25.6 ¢). If corrugated steel covering is used, sag rods
may be dispensed with, assuming that the steel covering sheets do the work of transmitting
the tangential component of the load. Sag rods are made from 16 to 20 mm dia. bars with
screwed ends. Nuts are tighened after the erection of purlins over the trusses but before installation
of sheeting, to induce some pretension in the sag rods.

If one line of sag rods is used, the tension T; in the sag rods is given by

L L ;
T, = (4';0;5] Wesin @ | .(25.1)

where L, is the span of the truss, L, is the spacing to trusses, & is the slope of the
truss and W is the design gravity load.

2. GANTRY GIRDER AND COLUMN BRACKET
ders G;a;:tg Eﬁﬁﬂ?;?:igg; TT'} ‘ ) - : e e
2
J

electric overhead cranes in in-
dustrial buildings, to lift heavy
materials, equipment etc. and to
carry them from one location to
the other within the building. The

¢/c DISTANCE BEWEEN WHEELS
"m‘ CRANE BRIQGE

1

essential components of crane sys- . £ TROLLY
tem are (Fig. 25.7 and 25.8): 9 ——| OF CRAB £
1. Crane bridge or cross gir- E HLGANTRY Z0
der § GIRDER 86
2. Trolly or crab mounted 1 EI I
on crane bridge - - : - ' ¥ - 33—
3. Gantry girder or crane P B g L Tob
grider FIG. 25.7. PLAN OF CRANE SYSTEM.
4. Crane runway (rail)
5. Column brackets. L TROLLY
The crane bridge spans the [T | OR CRAB

bay of the shop. The trolly or
crab mounted on crane bridge, can
travel transversely along the
bridge. The bridge has wheels at
the ends, and is capable of moving
longitudinally on rails. The rails
are mounted on ganiry girders. The
gantry girders span between brack-
ets attached to columns which may
either be of steel or of RCC. Thus
the span of the gantry girder is
equal to centre to centre spacing
of columns. The complete pro-
cedure for the design of gantry 2. STANCHION
girder,along with a design example v
is given in Chapter 9 of this book. FIG. 25.8. COMPONENTS OF CRANE SYSTEM.

BRACKET
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BOO DESIGN OF STEEL STRUCTURES

Solving (i) and (i), we get
P k P
= = v {HE)
2k+1 2k + 1
It k is smaller than 1, P; > P, . Hence as the load P is increased, smaller rod will yield
first. The maximum value of load, which P, can attain is oy . A.

Al the stage when yield occurs in the smaller bar, the total load P becomes equal to
P, which will be defined as the total load causing yield any where. The longer rods will be
below their yield value. Putting P, =o0,4 in Eq. (i) and noting
That Pr=kPi=ko,A, we get from (i)

Py =2koyA+o,A=0,A(2k + 1) i

The deflection at the yield load is given by

_Pl: _oAkL)_o.kL W)
AE AE E

As the load P is increased further after the central rod yields, unrestricted plastic flow
does not occur, because the longer rods are still within elastic range and will continue 1o
take more load. As the load is further increased, the two longer rods will also yield and the
stress in each one of them will be the yield stress o, . When the outer two bars also start

yielding, unobstructed plastic flow starts taking place. The load corresponding to this stage
is then wltimate load (at the limit of usefulness) and its value is

P, =3.04 -{26.3)
Thus the ultimate load is computed so easily. The basic reason for this simplicity is that
the continuity condition need not be considered when the ultimate load in the plastic range
is being computed.
The deflection when the ultimate load is first reached is given by

_o.L
A E

and P 1

P,

Ay

The three essential features of the above plastic analysis are :

(1) Each portion of the structure (Le. each bar) reached a plastic yield condition
(i) The equilibrium condition was satisfied at ultimate load, and

(i) There was unrestricted plastic flow at the ultimate load.

(3) Frame consisting of three bars

Consider three bars OA, OF and OC, meeting at a common point O and hinged at the
other ends 4, B and C respectively (Fig. 26.4). Let a vertical load P be applied at the point
O. We shall first solve the problem by elastic method. |

Let P; be the tensile force in OB and P:; be the force in O4 and OC. Point O moves
vertically to O’ after the application of the load. Let A, and A; be the axial deformations

of rods BO and AO (or CO) respectively. The dotted lines show the deformed portion of
the structure.

From Statics, Pi+2P,c0s8 =P -(1)

The structure is statically indeterminate to single degree. The second equation is obtained
from the compatibility of deformations :

As =ﬂ.1ﬂﬂﬁﬂ
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PLASTIC ANALYSIS AND DESIGN BOS

4, 3 and 2 may become plastic

and failure may take place by rota- T 7
tion about 4 . The free body
diagrams for both these pos- |
sibilities are shown in Fig. 26.8 €
(@) (b). N
The first possibility of col- A B
lapse is shown in Fig. 26.8 (a). > i
Byinspection, rod 1 will yield first, ' L —eL/3le—at/3 —
when the force im it is
P,=o0,.A4 . With the further in- FIG. 26.7

crease in the external load, P; will remain constant at o,.A while P; will increase till it also
becomes equal to o,.A4 . At this stage, the structure will turn into mechanism, and collapse
will take place by rotation about C . Just before such collapse, we get, by taking moments
about C .

B Ao AT =B, (%]
or P“ = %ﬂ'y LA +[1:|
Let us now consider the second possibility, when the rod 4, 3 and 2 yield, and collapse
takes place by rotation about A. At ;
the yield stage, force carried by each %4 e P31 %gi8
of these rods is equal to 6, . A4 . Hence 1, B! C
we get by taking moments about A4, Le L o1 /3 _‘_T__Eu:_,} - la)
o,,A.L +2a, . Acos8.2L Fui
4
gt tys e’
or Pu=§ay.d[1+4msﬂ} Al Bi. £ ¥ (p)
4 2) e L ——wt—_/3 -T—-Eua
It will be seen that P;, is less T o
than P, for all values of & . Hence S
the collpase load is given by Eg. (2).
Thus, P, =%J}-.A{1+4L‘-ﬂsﬂ'}

26.4, PLASTIC BENDING OF BEAMS

Let a beam be subjected to an increasing bending moment M (pure bending). The beam
has atleast one axis of symmetry so that bending is symmetrical about that axis. When the
bending stresses are within the elastic range, the bending stress distribution will be as shown
in Fig. 269 (b - 1). The neutral axis will pass through the centroid of the section. As the
moment is increased, yield stress will appear either in the top most or in the bottom most
fibre as the case may be with the neutral axis still passing through the centroid of the section
[Fig. 26.9 (b — 2)]. The moment at which the first yield has occurred is called the yield moment
( My ). With further increase of M, the yield will also occur in the bottom fibre and it will
spread inwards in the top portion [Fig. 26.9 (b - 3)]. The neutral axis no longer passes through
the centroid, its location being determined by the fact that the total compressive force is equal
to the total tensile force over the cross-section.
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PLASTIC ANALYSIS AND DESIGN © BlS

In case of wind, earthquake, and other forces, specification normally provide a one-third
increase in stresses. Hence load factor for combined dead, live and wind loading would be:
3

i 1.85 = 1.40. The Joad factors recommended by SP : 6(6) : 1972 are as follows :

(£) Dead plus live load : Q=185

() Dead plus live load, plus wind, earthquake etc : Q = 140

In general, the load factor is selected in such a way that the real factor of safety for
any structure is at least as great as that afforded in the conventional design of simple beam.

IS 800-1984 recommends a min. load factor values of 1.7 and 1.3 respectively. See§ 26.14.

MARGIN OF SAFETY

The load factor Q accounts for the margin of safety in the plastic design. The Collapse
load or ultimate load is found by multiplying the working load by the load factor.

Thus We=FW
In the case of dead loads, live loads plus wind or earthquake
chr = Fnr Ww

In the case of elastic design, the margin of safety provided is 1.65. For mild steel used
as structural steel, there is an additional reserve strength of 12% of yield load, due to ductility
of steel. Hence in the plastic design also, there is a margin of safety of
1.12 X 1.65 = 1.85 . Thus, in plastic design, the margin of safety provided is in no way less than
that provided in the elastic design. '

26.11. CONDITIONS AND BASIC THEOREMS OF PLASTIC ANALYSIS

1. Conditions of plastic analysis

In the elastic mehtod of analysis, three conditions must be satisfied : (1) continuity condition,
(2) equilibrium condition, and (3) limiting stress condition. Thus, an elastic analysis requires
that the deformations must be compatible, the structure should be in equilibrium and the bending
moments anywhere in the structure should be less than M, (or the stress should be less than

Iy }-

Compared to this, an analysis according to the plastic method must satisfy the following
fundamental conditions :

1. Mechanism condition. The ultimate load or collapse load is reached when a mechanism
is formed. There must, however, be just enough plastic hinges that a mechanism is formed.

2. Equilibrium condition. The summation of the forces and moments acting on a structure
must be equal to zero.

3. Plastic moment condition. The bending moment anywhere must not exceed the fully
plastic moment,

Actually, these conditions are similar to those in elastic analysis which requires a consideration
of (i) the continuity, (ii) the equfibrium, and (iif) the limiting stress condition. The similarity
is demonstrated in Fig. 26.19.

With regard to continuity, in plastic analysis, the situation is just the reverse. Theoretically,

plastic hinges interrupt continuity, so the requirement is that sufficient plastic hinges form
to allow structure (or past of it) to deform as a mechanism. This could be termed as a mechanism

condition. The equilibrium condition is the same. However, instead of initial yield, the limit of
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Hinge method of computation of deflection at ultimate load

The hinge method is based on the idealized M-¢ relationship which means that each span
retains its elastic flexural rigidity (EI) for the whole segment between the sections at which
plastic hinges are located. Further, although ‘kinks’ form at the other hinge sections, just as
the structure attains the computed ultimate load, there is still continuity at that section at
which the last plastic hinge forms. As a consequence, the slope deflection equations may be
used 10 solve for relative deflection of segments of the structure. With reference to the segment
shown in Fig. 26.55 (a), we have the following slope deflection equations :

Mas
G l@ ________ T .
a ’ B
=TS %

’ @ i a R ~
FIG. 26.55
00 =6, +%+ TE7 (M,.,— M;—‘“] 2633 (a)
and 0 =00’ +2 4 22 ( My, - -"1%‘-! 2633 (b)

where 6, and 63’ are the slopes due to applied loading on a simply supported span of
length a (Fig. 26.55 b) taken positive if clockwise. In Egs. 26.33, clockwise moment and clockwise
angle change are taken positive.

However, the basic question is : which hinge is last 1o form? A simple procedure consists
of calculation of the deflection on the assumption that each hinge, in turn, is the last to
form. The correct deflection at ultimate load is the maximum value obtained from the various
trials. SP : 6(6) - 1972 recommends the following steps for computation of deflection at ultimate
load :

~ Step 1 : Obtain the ultimate load, from plastic analysis.
Step 2 . Compute the deflection of the various frame segments assuming, in turn, that
each hinge is last to form :
({) Draw the free-body diagram of segment, and
(if) Solve slope-deflection equation for assumed condition of continuity.
Step 3 : Correct deflection is the largest value (corresponds to last plastic hinge).

Step 4 : As a check : From a deflection caiculation based on an arbitrary assumplinn,'
compute the ‘kinks’ formed due to the incorrect assumption. Remove the ‘kinks’ by mechanism
motion and obtain correction deflection.

As an illustration, let us compute ultimate deflection &, of a fixed beam subjected to
UDL. Wu(=w,.L) , shown in Fig. 26.56.

To start with, let us assume that hinge at 2 is formed last. The corresponding free body
diagram is shown in Fig. 26.56 (d). Using this condition, the slope deflection equation for
member 2 -1 is
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B50 DESIGN OF STEEL STRUCTURES

The plastic moment of resistance of beam M, = 274.6 kN-m
The significant values are as under :
0.85 My = 0.85 x 274.6 = 233.41 kN-m

640 v .1y _ 640 x 1 x 31.5

= 1276 mm
vy
960v.ry, 960 x 1 x 31.5
- =22 — 1912 mm
Vi v 250

Referring 10 the B.M. diagram shown in Fig. 26.54, the critical flange is the top flange
at 0.414 x 7=29 m from D and the bottom flange at C, where plastic hinges are formed.
Let us now calculate the value of a in which moment = 0.85M, .

In span DC vp =227 2128 - 17077 kN

M, =170.77x — %‘J = 0.85 Mp = 233.41

or XY -5692x+778=0. From which x =228 m and 341 m
' a =341 -228= 113 m =1130 mm
a<640vr, f‘?"T}
Hence one lateral brace at M. location in adequate.
Note : If a were greater than 640 v.r,fv'f. , 'wo lateral bracings would be required,
equidistant from M, location at 1276/2 m on either side. For example, if 2 were equal to
1800 mm, then provide two lateral bracings equidistant from M, location at 1276/2 = 638 mm

on either side. Then the remaining leagth = 18002 — 638 = 262 mm, which would be smaller
than @, and hence no other brace would be required.

At support C. In span CD, a is given by

MP{LE") - """:L +‘*E" a = 0.85 Mp

it 274.51?—;—"1 = ('5“ x7 4 2746 ] a = 23341

2 7
From which ¢ =0.143 m
In span CB, a is given by

m“; 64 = My — 0.85 M, = 274.6 — 233.41

From which a =0.137 m

- Total length a = 0.143 + 0137 =028 m =280 mm. Hence a <640 v.r/V7},

Therefore one lateral brace at support point is adeguate. The check for elastic buckling
in span CB can be carried out as usual

Proceeding on similar lines, it can be shown that no lateral brace is required in span
AB. However, provide lateral brace at support B.

Example 26.23. Design of continuous beam of variable section

Design the continuous beam ABCD, analysed in example 26.16 (a), providing the most economical
section. Take o, = 250 N/mm’.
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DESIGN OF STEEL STRUCTURES

P o BESRTE

:

CHAIN DOTTED LINE INDICATES THE MINIMUM OUTLINE FOR TUNNEL AND OVER BRIDGE WHERE
ELECTRIC TRACTION IS IN USE OR LIKELY TO BE USED.

FULL LINE INDICATES THE MINIMUM OUTLINE FOR TUNNEL AND OVER BRIDGE WHERE
ELECTRIC TRACTION IS NOT LIKELY TO BE USED.

MINIMUM OUTLINE FOR THROUGH AND SEMI THROUGH BRIDGES (EVEN ELECTRIC TRACTION IS IN
USE OR LIKELY TO BE USED).

(A) CLEARANCE DIAGRAM FOR METRE GAUGE

1.

2

3

I [
F .
0-980m [34m -t 2 (34m 2134m —wje- 2134m
08T m
i
; s P BB 2 1 el P-ABEE M 2:E2m —pef-— 2-AGZ M ——
A 4.724m ————
S ' S 488m >
2-286m| le-CENTRE LINE OF TRACE
_L | CENTRE LINE OF TRACK —=
Q-THE2m
| \ i mF OF RAILS /
1[_&::}5-1 _\'\

1'1— I-S0%m —-i-- OB m -].'?"“..l—— mm—-*-- I-I-ﬂllm—‘-l

) CLEARANCE DIAGRAM FOR BROAD GAUGE.
FIG. 279 CLEARANCE DIAGRAM FOR RAILWAY BRIDGE.
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872 DESIGN OF STEEL STRUCTURES

TABLE 28.1 (A) : EQUIVALENT UNIFORMLY DISTRIBUTED LOAD ON EACH TRACK AND
IMPACT FACTOR FOR BG BRIDGES (REVISED 1975) (EUDL)

L (m) Total load for BM. Total Load for shear CDA
8
- KN — KN T
} 1 45.8 449.1 458 449.1 1.000
2 458 4491 51.7 5070 1.000
3 462 4531 64.5 6325 1.000
4 55.8 547.2 73.0 7159 0.950
5 66.5 652.2 854 B37. 0.877
6 77.9 T63.9 93.7 9189 0.817
._ 7 86.1 844.4 100.4 984.6 0.765
g 92.2 904.2 110.7 1086 0.721
9 96.9 9503 118.8 1165 0.683
10 103.6 1016 125.2 1228 0.650
12 125.2 1228 138.6 1359 0.594
. 14 136.0 1334 1511 1482 0.550
15 142.1 1394 157.8 1548 0.531
i 16 147.5 1446 165.1 1619 0si4___ |
i 18 1623 1592 181.2 1777 0.483
20 177.1 1737 199.1 1953 0.458
2 1929 1892 2143 2102 0.436
4 207 .4 2034 227.5 2231 0.417
25 2137 2096 235.6 2311 0.408
2% 2218 2175 2431 2384 0.400
28 2376 2330 257.5 2525 0.385
30 252.0 2471 2733 2680 0372
| 35 286.6 2811 3125 3065 0.345
| 40 1252 3189 3498 3430 0.324
45 360.9 3539 389.7 1822 0.307
50 3972 1895 426.7 4184 0293
[ 60 4709 4618 503.7 4940 0.271
70 546.9 5363 581.2 5700 0.255.
80 621.8 6098 657.9 6452 0.243
90 698.0 6845 734.1 7199 0.233
160 775.1 7601 810.6 7949 0.225
110 851.1 8346 887.5 8703 0219
120 926.7 ORE 964.4 9458 0.213
130
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Note 3: The

DESIGN OF STEEL STRUCTURES

27 27
{a) TRAIN

— e - —

e

24 2.4

-

OF VEHICLES

B 6.8

—

(b) PLAN

FIG 287 IRC

(e} SECTION ON PP

CLASS A LOADING

ground contact area of the wheels shall be as under (Table 28.5).

TABLE 28.5 GROUND CONTACT AREA OF CLASS A VEHICLE WHEELS

Axle load (tonnes)

Ground comfact area

B (mm) W (mm)
11.4 250 500
6.8 200 380
2.7 L 150 200
Note 4: The minimum clearance, f, between outer edge of the
wheel and the roadway face of the kerb, and the minimum clearance
‘g’ between the outer edges of passing or crossing vehicles (Fig L !
28.8) on multi-lane bridges shall be as given in Table 28.6. | CLEAR CARMAGEWRY-]

TABLE 28.6 VALUES OF g AND f

Clear carrigge width ' f
(N55mto75m Uniformly increasing from 150 m[:; for
04mtol.2m all carriage way
N widths
_{n"] Above 7.5 m 1.2 m . .
3. IRC CLASS B LOADING

=

— . —
e e i —

FIG 288

This loading is to be normally adopted for temporary structures and for bridges in specified
areas. The loading consists of one driving unit with two trailers which are not detachable from

the driving unit.

The details of the loading are shown in Fig 289

Note I: The nose to tail distance between successive trains shall not be less than 184 m.
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TABLE 28.10. ( Conid.}

DESIGN OF STEEL STRUCTURES

50 225 2207 137 134.4 14.4 1412 103 1011 |
55 225 2207 15.2 149.1 15.1 148.1 11.1 108.8
6.0 25 2207 152 149.1 159 155.9 118 115.7
6.5 2s 2207 183 179.5 16.5 1618 12.4 1216 |
70 25 2207 183 179.5 16.9 165.7 12.9 126.5
75 25 220.7 183 179.5 17.4 1705 13.4 1314 |
8.0 225 220.7 183 179.5 17.9 175.5 14.0 1373
8.5 25.0 2452 183 179.5 18.4 180.4 14.6 1432
9.0 275 269.7 183 179.5 187 183.4 15.0 147.1
9.5 275 269.7 20.4 200.1 19.0 186.3 15.4 151.0
10.0 275 269.7 2.7 2226 19.2 188.3 158 154.9
11.0 325 3187 27 2226 19.8 1942 16.6 1628
12.0 125 318.7 29 224.6 20.6 202.0 17.6 1726
13.0 175 367.8 248 2432 212 2079 185 1814 |
14.0 375 367.8 275 269.7 218 2138 19.3 189.3
150 45.0 4413 275 269.7 223 218.9 20.1 1971 |
16.0 450 4413 283 2775 2.8 2239 21.0 059 |
17.0 45.0 4413 321 3148 213 2285 21.7 2128
180 450 4413 32.1 3148 26. 231.4 2.3 218.9
19.0 45.0 4413 6.6 358.9 238 2134 29 224.6
20.0 50.0 490.3 6.6 358.9 24.0 215.4 23.4 229.5
21.0 0.0 490.3 26.6 358.9 242 237.3 239 234.4
220 55.0 539.4 41.0 402.1 244 2393 24.4 2393
230 55.0 539.4 41.0 402.1 24.6 2412 25.0 2452
24.0 60.0 588.4 412 404.0 248 2432 255 250.1
25.0 60.0 588.4 412 404.0 24.8 2432 26.0 254.0
26.0 60.0 558 4 458 449.2 248 2432 26.6 260.9
27.0 60.0 588.4 45.8 4492 24.8 2432 273 2677
28.0 60.0 SRE.4 46.7 457.9 248 2432 27.9 273.5
29.0 65.0 637.4 50.4 4943 248 2432 28 4 2735
0.0 65.0 637.4 50.4 494.3 248 243.2 290 284.4
320 70.0 686.5 55.0 539.4 248 2432 10.0 294.2
34.0 75.0 7255 593 5815 248 2432 30.9 103.0
36,0 75.0 75,5 59.5 583.5 248 2432 120 138 |
38.0 75.0 735.5 64.1 628.6 248 2432 129 3226
40.0 75.0 735.5 65.1 638.4 248 2432 339 3325
42,0 75.0 735.5 687 673.7 248 2432 145 3383
| 440 75.0 735.5 73.7 718.8 248 243.2 15.2 3452
46.0 75.0 735.5 77.6 761.0 24.8 2432 15.8 3511 |
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BRIDGES [11: PLATE GIRDER BRIDGES 937

3.5244 x 10" 15564
Mg, = 00 % 138 X oo e = 4130 x 10°* N-mm= 4130 kN-m

From Eq. (i), M., becomes equal to Mz, at distance x; given by

5127.6 — 35.61 1 = 4130
This gives x; =529 m from mid-span or at 12 -529=6.71 m from ends.
Similarly, with both plates curtailed from each of the flanges

Iy = 0.8 x 10" + 1.51 x 10* = 2.31 x 10" mm’

Apy = 24112 — 12000 = 12112 mm* ; Ag,' = 21048 — 10968 = 10080 mm’
10

My 2 % 10 10080 _ 2653 x 10° N-mm = 2653 kN-m

000 = %X 1713

This occurs at a section distant x, from mid-span, given by

5127.6 — 35.61 x; = 2653 which gives xo = 8.34 m

The theoretical points of cut off (T.P.O.C,) are shown in Fig. 29.13 (@). Plates should
however, be extended beyond the T.P.O.C. by a length sufficient to a accommodate average

; : . M,
compressive stress in the outer plate, at the point of cut off --I—’-‘-.ym

A X msm X (1024 — 6) = 88.16 N/mm’
4.7688 x 10

Aﬁr 24112 3
Obt = Ope X Aﬁ = 88.16 x 51048 = 101 N/mm

. Tensile force in the curtailed plate = 101 (10963.-’2) x 107° = 554 kN
Rivet value of 20 mm dia rivets in single shear —-[21 5)" x 100 x 10~ =3aﬁ3 kN

' No of rivets required = 554/36.3 = 16.

These rivets are to be provided in two rows. Hence provide 8 rivets in each row. Keeping
pitch equal to 3 times the rivet diameter and edge distance eqsual to 1.5 times the dia., the
distance of actual point of cutoff =529+ 8 x 3 X 21.3 x 107" =529 + 0.52 = 5.81 m from

mid span.
1 pLATE a-zmﬁn RIVETS 2 PLATES
& __h—_ﬁ_ i
T Fﬁl_tnn.c. QP N
: 2100mm fs 5-Bim .
= & Tim : -|
i 3.9 —-—'-'—-{ t
2 i ?-EDQEI'IFI'I’VEI'E B‘gﬁ'?m‘ RVETS
A NO PLATE -l-r'|"=*r.pu¢;. .ﬁ%ﬂ- o —
I | 8.34 2 PLATES %
- B-8m — -
e * 12m |
FIG, 29.15

Similarly, average compressive stress in the inner plate at the point of cutoff is,
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BRIDGES 1i1 : PLATE GIRDER BRIDGES 961

Design of end strut : P= 207.36 kN
Let us provide two angles connected to the same side of gusset plate. Hence effective

]ength =10x5=5 m Let us assume A= 120. I"IEIICE: from Table 28.15, 0ge = 62 N/mm’.
. Required area = 207.36 x 10°/62 = 3345 mm®. Using 2 ISA 130 x 130 x 10 mm placed
on thv: same side of a 10 mm thick gusset plate, we pget :
Area a = 2506 mm® ; ro =40.1 mm
l/r = 5000/40.1 = 125, Hence oue= 58.5 N/mm’

: Load capacity = 2 x 2506x 58.5 x 10" = 293.2kN > 207.36 kN. . Hence OK.
Hc- of 20 mm dia. rivets = 207.36/36.3 = 6.
Hence provide 3 rivets on each angle for connecting these to 10 mm thick gusset plate.

Design of end diagonal member . P= 221.3 kN (tension)

Permissible tensile stress = 138 N/mm® (Table 28.13)
Anee =221.3 x 10°/138 = 1604 mm* and  Gross area = 1.2 X 1604 = 1924 mm’
Try 2 ISA 80 x 80 x 8, each having a=1221 mm® . Using 20 mm dia. rivets, deduction
for rivet holes = 21.5 x 8 =172 mm’ for each angle.
Total net area provided = 2[1221 — 172] = 2098 mm’. Hence OK
No. of 20 mm dia riveis = 221.3/36.3 = 6.
Hence provide 3 rivets on each angle for connecting these to the 10 mm thick gusset
plate. Similarly,- the struts and diagonals for intermediate panels can be designed.
Step 11 Design of internal gusset plates
In order to resist the wind pressure on the plate

girder, let us provide internal gusset plates @ 3 m cfc, GUSSET PLATE
i.e. at the same interval at which cross-girders are pmﬁded. e _L[ o
The gusset plate will be provided between the base 1 8l |
of top flange angles and top of cross-beam. As shown T
in Fig. 29.4(), available height of the gusset plate will be @ 126
= 2.048-(0.18+ 057 + 0.174) = 1.124 m a 1 2048
Total wind force on plate girder = Py, + P, 5 !
= 1475 + 126 = 273.5 kN z °i"“ i
Since gusset plates are being provided @ 3m cf, ;““_,;ﬁnss _!_ i 28
there will be 24,3=8 panels. Hence wind force on each GIRDER
panel point P =273.5/8 = 34,18 kN. FIG. 2940
It is assumed that half of this load P(=34.15 kN) T
acts at top and half at bottom, as shown in Fig. 29.42.
Py (P P P P P P P Ph

LMAIN GIRD R

~ CROSS GIRCERS

( PLAN) LMAIN GIRDER

FIG. 29.41
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e

{p) PRATT TRUSS WITH INCLINED

(o ) STANDARD PRATT TRUSS RAALY

' .5 UBDIVIDED PRATT TRUSS WITH SUB-TIES
(¢ ) SUBDIVIDED PRATT TRUSS WITH SUB-5TRU (d) ?am.nmm-: RATT T}

(BALTIMORE TRUSS)

S
{1 ) INCLINED CHORD SUBDIVIDED FRATT TRUS
tel w#ugﬂgﬁgﬂ?#ﬁ;‘fﬁﬁ PEI'IHS‘H.\!.HFH#TT Tmﬂs‘rnussj WITH SUBTIES (PETTIT OR PENSYLVANNIA TRUSS)

(A} PRATT TRUSSES

ey 8 s
{g ) WARREN TRUSS WITH NO VERTICALS (h ) WARREN TRUSS WITH VERTICALS
P< 1’ (i) INCLINED CHORD WARREN TRUSS %H
(i) DOUBLE WARREN TRUSS IHCEINED |
{k} PARALLEL CHORD WARREN TRUSS WITH (1) INCLINED CHORD WARREN TRUSS WITH ~I:i'
SUBDIVIDED PANELS SUBDIVIDED PANELS

(B) WARREN TRUSSES

i -3

(€C) HOWE TRUSS (D) WHIPPLE TRUSS
iy FANE- 2

(E) K = TRUSS (F} Z- TRUSS

A

(G)] PARABOLIC TRUSS {H) VIERENDEEL GIRDER -
FIG. 30.4. TYPES OF TRUSS GIRDERS FOR BRIDGES
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BRIDGES IV : TRUSS GIRDER BRIDGES 1007

TABLE 3).12 .
Element Gross area fﬂ'ﬂﬂij LA from top fibre (mm) Hmr n::::m g‘.}hul top
(£} Cover plate 300 x 12 3600 6 21600
(i) Twoweb plates 300 x 12 7200 162 1166400
(iify 4-15A 100 = 75 = 12 4 % 1956 = TH24 162 126T7T4B8
Total 18624 — 2455488

S ¥ = 2455488718624 = 131.85 mm

3
I. = 3600 (131.85 — 6)* + 2 133:11) + 7200 (162 — 131.85)?

+ 4 % 187.5 x 10* + 2 x 1956 (131.85 — 44.7)" + 2 x 1956 (312 — 131.85 — 32.7)°

Iy =4]12.x 12 (300)° + 2 x 300 x 12 (150 — 6)° + 4 x 89.5 x 10" + 4 x 1956 (150 — 12 — 20.3)°

= 28827 » 10" mm"*
re =V 23983 x 10°/18624 = 113.5 mm and r, =V 28827 x 10°/18624 = 1244 mm

Length of member = 9552 mm ( Fig. 30.33)
oo =107 x 9552 = 6686 mm and [, = 0.85 x 9552 = 8119 mm (See Table 30.1)

L _ 0686 _ o0 and L, =2 =Bl2 45

e T3 1244

For normal loads :
From Table 28.15, g..= 1115 N/mm’ (corresponding 10 Amax = Ay = 65.3)

Also, from Table 28.13, oy = 147 N/mm’
_ 1414.6 x 10° = 75.96 N/mm’

o Gac,cal = —18624
73.46 x 10° 2
and Obe , cal = x 150 = 38.22 N/mm
“ = 28827 x 10°

Obe,cal_ 75.96 | 38.22 . o1 4+ 026 =0941 < 1. OK

Tac, cal
Hence from Eq. 309, = + e T 47

For occasional loads (Le. wind load consideration)
_ 15621 X 10° _ g3 00 N/mm? : ope e = LLE9B X 10° 0150 = 5824 N/mm?

el T T 18624 28827 x 10°
Tacocol 4 Obeoonl o BIBE B2 = 1.148 < 1167
ey Tl B0 4 2220 - 0752 + 0396 = 1148 < 1.

Hence the section is safe.

(v) Diagonal U,L; (tension)

The diagonal U, L, carries tensile force. Let us choose a section comprising of four angles
and two web plates, with their outer distance equal to 300 mm, so as to fit In the gusset
plates. (Fig. 30.40). Force with normal loads = 980.6 kN

Force with occasional loads = 1056.6 kN
Permissible stress in axial tension, under normal loads = 138 N/mm’
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BRIDGES V : END BEARINGS 1027

steel laminates by the process of vulcanisation. The bearing caters for translation and/or rotation
of the superstructure by elastic deformation. Usually, laminated elastomeric bearings are used.
Such bearings are composed of alternate layers of elastomer and laminates, internally bonded
during vulcanisation. A laminate is a reinforcing material{i.e. thin sheets of mild steel) integrally
bonded to elastomer during vulcanisation process, to restrain the lateral expansion of the elastomer.
Elastomeric bearings provide horizontal movement upto about 70 mm and rotation about horizontal
axis upto about 0.02 radians.

Combined mechanical and elastomeric bearings : When the required horizontal movement
exceeds the practical limit of 70 mm provided for in elastomeric bearings, combined mechanical
and elastomeric bearings are used. In such a type of combined bearing, the mechanical bearings
provide for horizontal movement while the elastomeric bearings provide for rotational movements.

31.4. SLIDING BEARINGS OR PLATE BEARINGS

A sliding bearing is the one which permit sliding movement between two surfaces. Since
the two surfaces consists of two plates, such a bearing is also known as a plate bearing. Fig.
31.1 shows typical sliding bearing consisting of two plates. Fig. 31.2 shows the elements of
a sliding bearing (IRC : 83-1982). ;

The simplest type of sliding bearing consists of two plates : (f) sole plate or shoe plate
and (ii) bed plate or wall plate. The sole plate, some times also known as shoe plate is atiached
1o the bottom flange of the bridge girder while the bed plate{also known as the wall plate)
is fixed or anchored to the supporting masonry. Two anchor bolts, fixed in the masonry pass
through both the plates. In the case of fixed bearing, the hole in the sole plate, for the anchor
bolt to pass, is perfectly circular, while in the expansion bearing, this hole in the sole plate
is kept slotted (or elliptical) to allow for longitudinal movement of the lower chord or flange.
The size of the two plates is decided on the basis of end reaction and allowable bearing pressure
on the masonry. The thickness of the plates should be sufficient to provide adequate rigidity
to distribute the end reaction as uniformly as possible. However, because of flexibility of
plates, this type of bearings cannot distribute heavy loads evenly on the masonry.

END
STIFFENERS

&
o

3

~—S0LE PLATE
7 :r:::r:r;rf”ﬁLBED PLATE

{a)} ELEVATION

CIRCULAR HOLE IN
FIXED BEARING

&
e

ELLIPTICAL HOLE LEEARIHG
IN EXPANSION BEARING AXIS

(b} PLAN

FIG. 31.1. SLIDING BEARING FIG. 31.2. ELEMENTS OF SLIDING BEARING
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BRIDGES V: END BEARINGS 1039

4. Design of bottom base plate
Allowable bearing pressure on concrete : 4 N/mm’ = 4000 kN/m?
Area of base plate required = 924.4/4000 = 0.2311 m*

Let us provide the base plate of size 0.6 x 0.6 m, giving 4 = 0.36 m’

Larger size is being used because the stress will increase due 10 wind load.
Reaction due to DL+LL+IL+wind = 924441978 = 11222 kN

Total lateral load due to wind = 2385 kN

. Lateral load due to wind at the pin of the bearing =-}‘-:-: 238.5 = 59.625 kN

It is to be noted that lateral load acts in the direction of movement of rollers, and hence
it will not have any moment at the base.
Let us assume the centre line of the pin at 400 mm above the base.
~. Moment due to wind at the base = 59.625 x 0.4 = 23.85 kN-m
i 1122.2 +23.85:-:ﬁ
" T 06x06 06067

= 3117.2 + 662.5 = 3779.7 kN/m” < 1.33 x 4000 . OK.
Since an increase of 16%% in steel stress is permitted when occasional loads are considered,

let us design the base to withstand a pressure of 3779.7/1.167 = 3239 kN/m’
Maximum cantilever projection beyond the centre line of last roller
= 3 (600 — 4 x 70) = 160 mm

-
aue = 222010 = 41,46 KN-mm

Let ¢ be the thickness of the base plate. Taking permissible bending stress (o) equal
to 185 N/mm’ for the base plate (for all steels), we have

100 ¢
6
From which we get r =36.7 mm.

Hence provide the base plate of 40 mm thickness.

31.10. ELASTOMERIC BEARINGS

Elastomeric bearings are made from natural rubber and synthetic materials having rubber
like characteristics. Such a material is known as an elastomer, which is a member of a class
of polymeric substance obtained after vulcanisation and possessing rubber like properties, specially
the ability to regain shape almost completely after large deformation. Elastomeric bearing consists
of one or more internal layers of elastomer bonded to internal stcel laminates by the process
of vulcanisation. The bearing caters for translation and/or rotation of the superstructure by
elastic deformation. Usuaily laminated elastomeric bearings are used. Such bearings are composed
of alternate layers of elastomer and laminates, integrally bonded during vulcanisation (Fig. 31.20).
A laminate is a layer of reinforcing materia! integrally bonded to elastomer during vulcanisation
process, to restrain the lateral expansion of the elastomer. Laminates of mild steel conforming
to IS : 226 shall only be permitted to be used,

% 185 = 41.46




You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



1052 DESIGN OF STEEL STRUCTURES

Ihemluﬁﬂfhmmmﬁammuus&dmlymrbﬂam
Innﬂmh:rmm,shmralongmmmbcuxd

Note : The original values are in kg/cm’ which have been converted in N/mm? units, using approximate
relation of 1 kg/cm® = 0.1 N/mm’.

For other grades, the permissible stresses given in Table 32.4 shall be multiplied by the
following factors to obtain the permissible stresses, assuming that the conditions (a) and (b)
laid above are satisfied :

(i) For Select Grade timber : 1.6

(i) For Grade II timber ; 0.84

When low durability timbers are to be used on outside locations, the permissible stresses
for all grades of timber, arrived at by the above considerations shall be multiplied by 0.8.

Modification factors for permissible stresses

(1) For change in slope of grain

When the timber has not been graded and has major defects like slope of grain, knots
and checks or shakes (but not beyond permissible value) the permissible stresses given in Table
32.4 shall be multiplied by the modification factor K, for different slopes of grain, as given

in Table 32.5.
TABLE 32.5. MODIFICATION FACTOR Ki TO ALLOW FOR CHANGE IN SLOPE OF GRAIN

alues of Ky
Slope of grain wqmmmuu Strength_of posis or_columns.
1in 10 0.80 0.74
1in12 0.90 0.82
1in 14 0.98 0.87
1 in 15 and flatter 1.00 1.00

2. For change in duration of load

For duration of design load other than continuous, the permissible stresses given in Table

32.4 shall be multiplied by the modification factor K; given in Table 32.6.
TABLE 32.6. MODIFICATION FACTOR K3 FOR CHANGE IN DURATION OF LOADING

Duration_of Loading Modification factor K1
1. Continuous 1.0
F Two months L15
K Seven days 1.25
4. Wind and Earthquake 1.33
- 5 Instantanecus or impact 2.00 §

32.7. NET SECTION

IS : 883-1970 (Code of Practice for Design of Structural Timber in Building) gives the
following recommendations for obtaining the net section :

1. Thenetsacuunhuhtﬂnndbydudnmingﬂumthngrmmﬂanth:pmjmcdm
of all material removed by boring, grooving or other means.

Note : In case of nailing, the area of prebored hole shall not be taken into account for this purposc.
2. The net section used in calculating the load-carrying capacity of a member shall be
_the least net section determined as above by passing a plane or a series of connected planes

transversely through the members.
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1064 DESIGN OF STEEL STRUCTURES

the edge of the hole to the edge of the member shall not be less than one quarter of the
width of the face.

Example 32.6. A column 200x200 mm is made of sal wood. Determine the safe load for
the column, if its unsupported length is 2m. Take f,, = 10.6 N/mm* and E = 12700 N/mm® for
sal wood.

Solution

R tn

2000
=200 =10< 11

Hence the column is short for which safe load is given by.
P=A.fe=Afe (Eq. 32.17)
= 200 x 200 x 10.6 x 107° = 424 kN
Example 32.7 . Determine the safe load for the column of example 32.6 if its unsupported

length 3.5 m.
Solution
S _ 3.5 x 1000
Here p T 175 > 11
E 12700
Also, =0. = =07 £ L
Ks 702 I 0.702 106 - 24.3

Hence the column is intermediate column for which

fo=to[1-3(25) |- 108 1- 3 (522 55) | - 95 /mm
30 Ks.d 31243 %02
P =A.f.=200x 200 x 965 x 107 = 386 kN
Example 32.8. Determine the safe load for the column of example 32.6 if its unsupported
length is 5 m long.
Solution
=3 :;ﬂum =25
Since 5/d ratio is greater than Ks( = 24.3), it is a long column, for which
fo = ?ﬁzﬁ = “'329(2"5;;37““ = 6.685 N/mm’
P =A.f.=200 % 200 x 6.685 x 10~ = 267.4 kN
Example 32.9. A column of 200 mm dia. is made of sal wood. Determine the safe axial
load, if its effective length is 2m. Take f., = 10.6 N/mm® and E = 12700 N/mm®.
Solution

For a column of circular section, the least lateral dimension 4 is taken equal to the size
of equivalent square of the same area. Hence from Eq. 32.16

d = 0.886 D = 0.886 (200) = 177.2 mm

S
Here E

S _ 2x1000
R Dl
_ E _ 12700 _
Also, K =0702Y £ =0702 S5 =243

Hence it is an intermediate column for which
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32.15. NAILED JOINTS IN TIMBER

DESIGN OF STEEL STRUCTURES

Nailed joints are suitable for timber frames and structural members carrying light loads.
The:,: are also suitable for light roof trusses upto span of 15 m. The strength data and design
specifications for nailed joint are given in IS : 2366-1963. The nail dimensions are specified

in IS 723-1961. Nailed joints can safe-
ly transmit loads upto 25 kN in soft
timber and 50 kN in hard timber,

A nail consists of a head and
a slender body. Nails are classified
as (i} cut nails, (i) wrought iron nails,
and (iii) wire nails. Cut nails, cut
from a metal strip, are of rectangular
cross-section which i constant over
the whole length except the pointed
end. Wrought iron nails, forged from
wrought iron, are conical. Wire nails,
machine made from mild steel wire,
are the one which are most commonly
used. Wire nails with plain head, com-
monly used in timber joints are shown

OVERALL LEMGTH - |
/OO {SHAKK)

lﬂlmn END "\N

0 =

(41000, 8 00,8-30,3 60, 00,4+ 30, AMD 4«00mm SHAMC DIA,

N e OVERALL LENGTH =

'1

in Fig. 32.22.

L@:::;:T
\&

g =

(8] 555,39, 2: 80 AND Z-30mm SHAWNK DiA.

W F

N overaLy LenaTH —] Y it v

T
b

z

4

g/ I€) 2:24,2-00,F B0 AND =00 mm
SHAMK DIA.

=
(D40 AHD - 29mm
SHAMKE DIk,

FIG. 3222 PLAIN HEAD NAILS (IS 723-1961)

The dimensions of plain head round mild steel wire nails with pre-bore holes are given

in Table 32.12.

TABLE 3212, DIMENSIONS OF ROUND MILD STEEL WIRE NAILS

FPrebore in sofi wood

Clenching of naily :

Dia. of shank Dia .of head Length Prebore in hard
{mm) (mam) (mm) wood  (mm) (mm)
10.00 20.00 250 "
8.00 16.00 225, 200 - _
6.30 12.50 175, 150 - -
5.60 12.00 150, 125 B =
5.00 10.00 125, 100 4.00 3.55
4.50 9.00 200, 90 3.55 315 |
4.00 8.00 90, 80 3.15 2.80
155 8.00 99, 80, 70, 60 2.80 2.50
315 7.10 70, 60, 50 2.50 224
2.80 6.20 70, 60, 50 224 2.00
2.50 5,60 70, 60 , 50, 45, 40 2,00 1.80
2.24 5,60 70, 60, 50, 45, 40, 35 1.80 1.60 |
2,00 5.00 50, 45, 40, 35, 30, 25 1.60 1.40
180 4.50 30, 25 - -
1.60 4.00 25,20, 15 = 5 I
1.40 380 20 . -
1.24 3.40 20 _ -1

When nails are driven through the jointed members, their pointed

ends protude from the other face. This projecting portion of the nail can either be cut so
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1078 DESIGN OF STEEL STRUCTURES

(G = specific gravity of the timber
d = shank dia. of nail, in cm.
R = withdrawal force, in N per cm of penetration of nail

The values of safe unit withdrawal resistance (=k G"’) for different species of timber,

are given in Table 32.13.
TABLE 3213, PERMISSIBLE WITHDRAWAL RESISTANCE FOR NAIL PER CM PENETRATION

I Species of timber Hard (H) Specific  gravity Unit withdrawal
or soft (5) (G) Resistance (= 954 G**)
1. Fir 8 0.465 140
2 Babul H 0.835 607
3 Kala siris H 0.735 442
4, Deodar 5 0.560 224
-3 Eucalyptus H 0.850 635
6. Dhaman H 0.755 473
7. Mango 5 0.655 331
8. Chir S 0.575 239
9, Sandan H 0.865 664
10. Oak H 0.865 664
11. Sal H 0.300 546
12 Jamun H 0.850 635
13, Teak H 0.625 295
14. White chugalam H 0.690 377
15. Black chuglam H 0.835 608
16. Sain H 0.880 i 693

Safe lateral resistance
The permissible lateral resistance (in double shear) for a nail that has its point cut flush

in the surface are as follows :
1. For lengthening joint, for permanent construction :

R, =kid ..(32.35a)
2. For node joint for Eemmnem construction :

R; =k:.d il 32.33 )
3. For lengthening joint and node joint, for temporary construction

Ry =k:.d (32.35¢c)

where
Ry, R, R, = permissible lateral strength (in N) in double shear, per nail
ki, ki, ky = constants, depending upon the type of timber, the values of which are given
in Table 8.14, when R;, R, R; arc expressed in Newtons.
d = diameter of nail, in cm.
If the nails are clenched across the grain, the values of the constants may be increased
by 20% over the one given in Table 32.14.
In case the nails are driven in unseasoned timber, the permissible withdrawal resistance
given by Eq. 32.34 is reduced to 75 percent and the permissible lateral resistances given by
Egs. 32.35 are to be reduced to 25 percent.
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TIMBER STRUCTURES 1083

teak= £.8 N/mm’. (ii) Safe stress in compression perpendicular to grain in teak wood = 4 N/mm* and
(iii) Safe working stress in shear along the grains for babul = 2.22 N/mm’

Solution

Fig. 32.34 shows a butt joint with dowels, to splice the member.
Thickness of member= 75 mm. on, m
Max. thickness of dowel [ = o a0
=75-12=63 mm, ol == = 75 | LEOKN

Let us keep dowel of 50 mm — Siw
thickness (ie. t =50 mm) oF Riesy

Diameter D of dowel ‘ I |
— 3-1‘ —_— 3 :"':» 5'.} — ].SD Il'll'l'l. Makﬂ- | E:mm .-"- W oy J f;‘#‘*{\. T
the dowel of babul. 5 T FADR SRR o 56 S | WSS s 1 7

Strength of dowel, in shear ¢ [125mm > ! i AN #—'ﬂr’ N
along the grain i ] | [~

= 7 (150) x 222 x 107 -223mm s}~ 228mm—sje—225 —efe—225 —»

=13923 kN (i) s

Safe working stress in bearing in teak wood = 8.8 N/mm’

Strength of dowel in bearing = D%ﬁ,= 150 x % X 88 x 1077 =33 kN (i)
Dowel value =33 kN
No. of dowels required =~g—g—= 1.82
Hence provide two dowels on each side, as shown in Fig. 32.34.
Hence Force Fi = P/2 =%= 30 kN.
Max. bearing stress in the dowel is given by Eqg. 32.37 :

_ 16 t 16 50 2
fomar = = F;..F—-Ex?rﬂxlﬂﬂxm=12ﬂﬂfmm

Safe bearing stress = permissible compressive stress perpendicular to grain in teak wood
= 4 N/mm’. Hence safe.

Tensile force in bolt =F, =2 _F,,,;_}
- 50 _
or E—Zx?-ﬂxlsﬂ_zu kN
.o 20 x 1000 _ 2
Net area required = e o5 133.3 mm

Provide 16 mm dia. bolt for which net area = 156 mm’. Hence OK.
Provide two fish plates, each of size 40 mmx 250, one on each side.
150

Effective edge distance required = [:g +20)= (22+20) = 95 mm

Available edge distance = 125 mm.
Effective end distance required for tension member= 1.5D = 1.5 X 150 = 225 mm
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DESIGN OF MASONRY STRUCTURES 1097

2. For no tension to develop, e < b/6, Oor ¥ = 2b/3
3. For no sliding to occur, Rx < R,.u i}
where w4 =tano’'= coefficient of friction between the base of the wall and the soil.
The factor of safety F against sliding is given by

R .
= R,.F ..(33.32)
The minimum value of F should be 1.5

4. For the wall to be stable against overturning, R must pass within the base width. However
if the requirement of no tension is full-filled, complete safety against overturning is automatically

assured.

Example 33.3. Compute the intensities of active and passive earth pressure at depth of 8
metres in dry cohesionless sand with an angle of internal friction of 30° and the unit weight of

18 kNim’. What will be the intensities of active and passive earth pressure if the water level rises
to the ground level ? Take saturated unit weight of sand as 22 kNim’.
Solution (a) Dry seil :

_1-sing _1-sin
1l +sing 1+ sin

3°_7_1
30° 3:

] 1 | ] vt

_1l+sing 1 _
Ko = 1-sing Ko
Pa =Kay H =%x13xs=4amfm=
pr =Kp.yH =3 X 18 x 8 = 432 kN/m’

(b) Submerged backfill
' =y — Y = 22 — 9.3} == 12,19 kKN/mm’

Pa =Ka?’H+r~H=%x 12.19 x 8 + 9.81 x 8 = 111 kN/m’

3:

pe =Koy H+ yu H=3x12.19 x 8 + 9.81 x 8 = 371 kN/m’

Example 33.4. : A retaining wall, 4 m high, has a smooth vertical back. The backfill has
a horizontal surface in level with the top of the wall There is uniformly distributed surcharged

load of 36 kNim® intensity over the backfill. The unit weight of the backfill is 18 kN/m’ its angle
of shearing resistance is 30° and cohesion s zero. Determine the magnitude and the point of

application of active pressure per metre length of the wall.
Solution :

_1l—sing 1
1+sing 3

The lateral pressure intensity due to surcharge is given by
pr=Ko.g =3 %36=121N/m’

The pressure intensity due to backfill at depth H = 4 m is given by :
pr=KyH=1x18x 4= 24kN/m’
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DESIGN OF MASONRY STRUCTURES 1103

against sliding may be due to friction alone, or due to friction and shear strength of the joint.
Shear strength develops at the base if benched foundations are provided and at other joints
if the joints are carefully laid so that a good bond develops. Shear strength also comes into
play because of the interlocking of stones in masonry dams.

If the shear strength is not taken into account, the factor of safety is known as factor
of safety against shiding. The factor of safety against sliding is defined as the ratio of actual
coefficient of static friction (u) on the horizontal joint to the sliding friction. The sliding factor
(S.F.) is the minimum coefficient of friction required to prevent sliding. If £ is the horizontal
forces causing the sliding and £ (V= U) is the net vertical forces, the sliding factor
(tan#) is given by :

- —
SF =tané = S -1 V-0 +{33.35)
and the factor of safety against sliding is
M _puE(V-U
F.S. =y SH -{33.36)

The coefficient of friction ¢ varies from 0.65 to (.75. The factor of safety against sliding
should be greater than 1.

It is considered that a low gravity dam should be safe against sliding, considering friction
alone. However, in large dams, shear strength of the joint should also be considered for an
economical design, The factor of safety in that case is commonly known as the shear friction
factor (S.F.F.) and is defined by the cquation

uEI(V-Uy+bgqg
SFF. = SH +(33.37)

where g = shear strength of the joint (usually 1.4 N/mm?)
b = width of the joint or section
3. Compression or crushing : In order to calculate
the normal stress distribution at the base, or at any EH
section, let £ H be the total horizontal force and Z W EW N R
be the total vertical force (=X (V- U)) and let R g la)
be the resultant force, cutting the base at an eccentricity 4
e from the centre of base width b (Fig. 33.18). HEEL T TOE
B W .3 ;
Thus, direct stress = - : aii ' _—
bx1l &
Bending stress ) ved
=4__%= iEIW.e tﬁET'E gl 4
z
i 4 (+)
Hence the total normal stress pn is given by “i
aE
pn = %V [1 + %] .(33.38) B °
i+)
d
Thus, at toe, P =E_;f[1 +%] .(33.38q) b
and, at heel, pm B, ( 1 -2‘5) .(33.38)
b b FIG. 33.18. NORMAL STRESS

DISTRIBUTION AT THE BASE
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DESIGN OF MASONRY STRUCTURES

Hence height of dam = 1482 - 1450 = 32 m
The practical profile of the dam can be -
designed with respect to the recommendations ‘uezo b —

marked in Fig. 33.22. . I—W
Dépth of water, h =1480.5—- 1450 = 305 m ~ | 4
' Tupwidtha can be determined on the fol- . | /] & 7 i

lowing criteria :
() = a= 14% of H, for economy

0.14 X 32 =45 m 1 e A Wy
(i) a = width of roadway, if any.
However, keep @ = 45'm =
" Base width of elementary profile’

h 30.5
= = =197 m
?p V2a
Upstream offset = —=—>-=03'm 2 ¥

.. Total base width = 19.7+03 = 20 m
Distance upto which the u/s slope is vertical,
from the u/s water level

=2Vp=2x45V24=14 m

Distance upto which the u/s slope is inclined,
from the u/s water level

=31aVp =31x45V24=216m

Fig. 33.28 shows the practical profile of the
masonry dam. The stability of this section can now be tested as usual

33.6. MASONRY CHIMNEYS

Chimneys ar¢ used in almost all industries for the escape of
flue gases to such a height that diffusion of gases that place so
that they do not contaminate the surroundings. The height of chimney
is fixed on the basis of required draft. However, masonry chimneys
are restricted to small heights ‘only, since the section of the chimney

becomes very heavy for large height, requiring heavy foundations.
Masonry chimneys are generally built in bricks, with either the common
bricks or radial bricks. Masonry chimneys are constructed in various
shapes, such as circular, square, hexagonal or octagonal, circular
shape is preferred over others. Chimney are lined from inside with
fire bricks, atleast upto 20 to 25% of its height from the bottom.

Forces acting on a chimney

Various forces that act on a chimney are :
1. Self weight of masonry

2. Weight of brick lining

3. Wind pressure.

4. Seismic force.

-

[ T S _

'_ I‘ﬂ"?m_'-f
20m — =]

FiG, 33287~
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