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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture o1
DESIGN OF CONNECTIONS No
Topic | Steel: General Introduction, Types and Properties
Learning Outcome (LO) At the end of this lecture, students will be able to Blooga’y
Knowledge Level
LO1 | Define steel K1
LO2 | Describe the types of steel available in the market K1
LO3 | State the various strength and serviceability properties of steel K1
members

In civil engineering, steel refers to a versatile and widely used construction material known for its
strength, durability, and ductility. Steel is primarily an alloy of iron and carbon, with other elements
such as manganese, silicon, and sometimes small amounts of other metals added to enhance its
properties.

Types of Steel:

Structural steel: Used in the construction of buildings, bridges, and other large structures due to its
high strength-to-weight ratio. Structural steel members such as beams, columns, and trusses provide
the framework for buildings and bridges, supporting loads and resisting forces such as gravity,
wind, and seismic loads.

Reinforcing steel (rebar): Used to reinforce concrete structures such as foundations, columns,
slabs, and walls. Reinforcing steel bars are embedded within concrete to increase its tensile strength
and prevent cracking under tensile loads.

Steel pipes and tubes: Utilized for various purposes in civil engineering, including the conveyance
of fluids (such as water, gas, and sewage), as well as structural applications like piling and
underground utility installations.

Steel plates and sheets: Employed in the construction of tanks, vessels, industrial equipment, and
structural components requiring flat or curved surfaces.

Pre-engineered steel buildings: Prefabricated steel structures designed and manufactured off-site,
then assembled on-site, offering cost-effective and efficient solutions for various building types,
including warehouses, factories, and agricultural buildings.
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Codal Norms for types of steel:

IS 808: 1989 - Dimensions for Hot Rolled Steel Beam, Column, Channel, and Angle Sections:
This standard specifies the dimensions of various hot-rolled structural steel sections such as beams
(I-sections, H-sections), columns (UC-sections, parallel flange channels), angles, and tees.

IS 12778: 2004 - Hot Rolled Parallel Flange Steel Sections for Beams, Columns, and Bearing
Piles - Dimensions and Sectional Properties: This standard specifies the dimensions and sectional
properties of hot-rolled parallel flange steel sections used for beams, columns, and bearing piles.

IS 811: 1987 - Cold Formed Light Gauge Structural Steel Sections: This standard covers the
dimensions and sectional properties of cold-formed light gauge structural steel sections such as Z-
sections, C-sections, and lipped channels, used in lightweight construction.

IS 2062: 2011 - Hot Rolled Medium and High Tensile Structural Steel: This standard specifies
the requirements for hot-rolled medium and high tensile structural steel, including chemical
composition, mechanical properties, and dimensions of various grades of steel plates, sheets, and
wide flats used in structural applications.

IS 1148: 1981 - Dimensions for Steel Plates, Sheets, Strips, and Flats for General Engineering
Purposes: This standard specifies the dimensions for steel plates, sheets, strips, and flats used in
general engineering purposes, including construction, manufacturing, and fabrication.

IS 1852: 1985 - Rolling and Cutting Tolerances for Hot Rolled Steel Products: This standard
specifies the permissible variations in dimensions and mass for hot-rolled steel products, including
beams, channels, angles, and flats.

Properties of Steel members:

Steel members used in civil engineering applications possess various strength and serviceability
properties that are crucial for ensuring structural integrity and performance.

1. Strength Properties:

o Yield Strength: The stress at which steel begins to deform plastically, exhibiting
permanent deformation. It is a critical parameter for determining the limit of elastic
behavior.

o Ultimate Tensile Strength (UTS): The maximum stress a material can withstand
before failure occurs under tension. It indicates the maximum load-carrying capacity
of the steel member.

e Modulus of Elasticity (Young's Modulus): The measure of a material's stiffness,
representing the ratio of stress to strain within the proportional limit. It influences the
deflection behavior of steel members under loading.

2. Ductility Properties:

o Elongation: The percentage increase in gauge length of a tensile specimen before
rupture occurs. It reflects the material's ability to deform before failure and is an
important indicator of ductility.
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Reduction in Area: The percentage reduction in cross-sectional area of a tensile
specimen at the point of rupture. It provides additional information about the
material's ductility.

Mechanical ASTM AISI| AISI
properties Materiall A533 | 1020| 4340
Yield strength 670 | 295 | 731
MPa

Ultimate strength 720 | 395 | 855
MPa

Modulus of Elasticity 205 | 200 | 205
GPa

Hardness, Brinell 230 111 | 255
Elongation at Break 28 36.5 | 21.7

3. Serviceability Properties:

Deflection: The degree of bending or deformation experienced by a steel member
under load. Excessive deflection can lead to serviceability issues such as excessive
vibrations, discomfort, or functional problems in a structure.

Stability: The ability of a steel member or structural system to maintain its
equilibrium and resist buckling under compressive loads. Stability considerations are
crucial for ensuring the safety and performance of steel structures.

Fatigue Resistance: The ability of steel members to withstand repeated loading and
unloading cycles over time without experiencing failure. Fatigue resistance is
essential for structures subjected to fluctuating or cyclic loads, such as bridges and
crane structures.

4. Corrosion Resistance:

Steel members may be protected against corrosion through various methods such as
coatings, galvanization, or the use of corrosion-resistant alloys. Corrosion resistance
ensures the long-term durability and service life of steel structures, especially in
aggressive environments.

Assessment questions to the lecture

Bloom’s
Qn No Question Answer Knowledge
Level
1 | Which IS code specifies the dimensions of various hot- b K1
rolled structural steel sections such as beams, columns,
channels, and angles?
a) IS 12778: 2004
b) IS 808: 1989
¢) IS 2062: 2011
d) IS 1148: 1981
2 | What does the term "yield strength" refer to in the b K1
context of steel members?
a) The maximum stress a material can withstand before
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failure occurs under tension

b) The stress at which steel begins to deform plastically,
exhibiting permanent deformation

¢) The measure of a material's stiffness, representing the
ratio of stress to strain within the proportional limit

d) The ability of a steel member to maintain its
equilibrium and resist buckling under compressive loads

3 | Which property of steel members is crucial for ensuring d K1
resistance to repeated loading and unloading cycles over
time without experiencing failure?
a) Ultimate Tensile Strength (UTS)
b) Elongation
¢) Modulus of Elasticity (Young's Modulus)
d) Fatigue Resistance
Students must prepare answers for the following questions at the end of the lecture.
On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Define Steel. State its applications in civil engineering 7 K1
2 Describe the various types of steel available in the Indian | 8 K1
Market
3 Explain in detail the various strength and serviceability | 8 K1
properties of steel members.

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture 0
DESIGN OF CONNECTIONS No
Topic | Indian Standard Rolled Sections
. . . Bloom’s
Learning Outcome (LO) At the end of this lecture, students will be able to
Knowledge Level

LO1 | List the various types of I beams as per BIS K2

LO2 | List the various types of I beams as per BIS K1

LO3 | List the various types of Angles as per BIS K2

LO4 | List the various types of Cold Formed Sections s as per BIS K2

In the Indian Standards (IS) code system, hot rolled sections and cold formed sections refer to two
different methods of manufacturing structural steel sections, each with its own set of specifications
and applications.

1. Hot Rolled Sections:

Hot rolled sections are manufactured through a process in which steel billets or
ingots are heated above their recrystallization temperature and then passed through a
series of rollers to achieve the desired shape and dimensions.

This process results in sections with a characteristic scale on their surface due to the
heating process. Hot rolled sections typically have larger dimensions and are more
suitable for heavy-duty structural applications.

Examples of hot rolled sections include I-beams (ISMB, ISHB, ISWB), channels
(ISMC, ISJC), angles (ISA), and flats (ISFL).

Hot rolled sections are covered under various IS codes such as IS 808:1989,
"Dimensions for Hot Rolled Steel Beam, Column, Channel, and Angle Sections."

2. Cold Formed Sections:

Cold formed sections are manufactured by shaping steel coils or sheets at room
temperature through a process of bending or rolling. This process results in sections
with precise dimensions and a smooth surface finish.

Cold formed sections are typically produced using thin gauge steel and are
characterized by their uniformity, accuracy, and high strength-to-weight ratio. They
are suitable for lightweight structural applications.

Examples of cold formed sections include Z-sections (ISZ), C-sections (ISMC),
lipped channels (ISLC), and cold formed angles (ISCA).

Cold formed sections are covered under various IS codes such as IS 811:1987, "Cold
Formed Light Gauge Structural Steel Sections."

Types of I Beams:

The various types of beams specified in the Indian Standards (IS) code system:

1. ISJB (Indian Standard Junior Beams):
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o ISJB sections are junior I-beams with relatively small dimensions and lighter weight
compared to other types of beams.

o These beams are designated with a prefix "ISJB" followed by the nominal depth of
the section in millimeters. For example, ISJB 100, ISJB 125, ISJB 150, etc:.

o ISJB sections are commonly used in construction for lighter structural applications
such as small building frames, roof trusses, and lightweight supports.

2. ISLB (Indian Standard Light Weight Beams):

o ISLB sections are light weight I-beams with symmetrical cross-sections, featuring
relatively narrow flanges and a vertical web.

e These beams are designated with a prefix "ISLB" followed by the nominal depth of
the section in millimeters. For example, ISLB 100, ISLB 125, ISLB 150, etc.

e ISLB sections are commonly used in construction for lighter structural applications
such as roof trusses, purlins, and small building frames.

3. ISMB (Indian Standard Medium Weight Beams):

e ISMB sections are medium weight I-beams with symmetrical cross-sections,
consisting of relatively narrow flanges connected by a vertical web.

e These beams are designated with a prefix "ISMB" followed by the nominal depth of
the section in millimeters. For example, ISMB 200, ISMB 250, ISMB 300, etc.

o ISMB sections are widely used in construction for carrying bending loads in building
frames, bridges, and other structural applications.

4. ISHB (Indian Standard Heavy Weight Beams):

e ISHB sections are heavy weight I-beams with symmetrical cross-sections, featuring
wider flanges and a thicker web compared to ISMBs.

o These beams are designated with a prefix "ISHB" followed by the nominal depth of
the section in millimeters. For example, ISHB 450, ISHB 500, ISHB 600, etc.

o ISHB sections are suitable for applications requiring higher load-bearing capacity

and stiffness, such as heavy-duty industrial structures, bridges, and large building
frames.

| [ ] I
h = =t I -1y

) t2 t2
1 L |

s 1 |t



Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

5. ISWB (Indian Standard Wide Flange Beams):

ISWB sections are wide flange I-beams with symmetrical cross-sections, featuring
wider flanges compared to ISMBs and ISHBs.

These beams are designated with a prefix "ISWB" followed by the nominal depth of
the section in millimeters. For example, ISWB 400, ISWB 450, ISWB 500, etc.

ISWB sections are suitable for applications requiring higher load-bearing capacity
and stiffness, such as heavy-duty industrial structures, bridges, and large building
frames.

These beams are designed and manufactured in accordance with the relevant Indian Standards to
ensure structural integrity, safety, and performance in construction projects. Engineers and
designers select the appropriate type and size of beam based on structural requirements, load
calculations, and design specifications.

Types of Channels:

1. ISJC (Indian Standard Junior Channel):

ISJC sections are junior channel sections with a C-shaped cross-section and parallel
flanges.

These sections are designated with a prefix "ISJC" followed by the nominal depth of
the section in millimeters. For example, ISJIC 75, ISJC 100, ISJC 125, etc.

ISJC sections are commonly used for light structural applications such as framing for
windows, doors, partitions, and lightweight roof trusses.

2. ISLC (Indian Standard Light Channel):

ISLC sections are light channel sections with a C-shaped cross-section and parallel
flanges.

These sections are designated with a prefix "ISLC" followed by the nominal depth of
the section in millimeters. For example, ISLC 75, ISLC 100, ISLC 125, etc.

ISLC sections are typically used for light structural framing, including supporting
secondary loads, bracing, and small-scale construction projects.

3. ISMC (Indian Standard Medium Channel):

ISMC sections are medium channel sections with a C-shaped cross-section and
parallel flanges.
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These sections are designated with a prefix "ISMC" followed by the nominal depth
of the section in millimeters. For example, ISMC 75, ISMC 100, ISMC 125, etc.

ISMC sections find applications in structural framing, such as columns, beams, and
purlins, where moderate load-bearing capacity and stiffness are required.

4. ISSC (Indian Standard Special Channel):

ISSC sections are special channel sections with a C-shaped cross-section and varying
dimensions, typically designed for specific applications.

These sections are designated with a prefix "ISSC" followed by the nominal depth of
the section in millimeters. For example, ISSC 100, ISSC 150, ISSC 200, etc.

ISSC sections are used in specialized structural configurations, such as crane
runways, conveyor systems, and equipment supports, where standard channel
sections may not be suitable.

Types of Angles:

1. Equal Angles (ISA):

Equal angles, also known as ISA sections, have legs of equal lengths, forming a right
angle.

These angles are designated with a prefix "ISA" followed by the dimensions
representing the length of each leg in millimeters. For example, ISA 50 x 50, ISA 75
x 75, ISA 100 x 100, etc.

IS 808 provides standard dimensions and sectional properties for equal angles,
ensuring uniformity and compatibility in construction applications.

Equal angles are commonly used for framing, bracing, supports, and connections in
various structural systems.

~__ Thickness ______=lhickness
. : (mm) t (mm)
' - |
Height | . Height ,
{mm) I (mm}
‘ L =/ ! B
. Width _ _, Width __
(mm) (mm)
Equal Unequal

Angle Angle

2. Unequal Angles (ISA):

Unequal angles, also specified under ISA sections, have legs of unequal lengths,
forming a non-right angle.

These angles are designated with a prefix "ISA" followed by the dimensions
representing the lengths of both legs in millimeters, as well as the thickness of the
angle. For example, ISA 75 x 50 x 6, ISA 100 x 75 x 8, ISA 125 x 75 x 10, etc.
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o IS 808 provides standard dimensions and sectional properties for unequal angles,
ensuring consistency and reliability in construction applications.

e Unequal angles are used in situations where one leg needs to bear a greater load than
the other or where specific structural configurations require varying dimensions.

Types of Cold Formed Sections:

1.

Z-Sections:

e Z-sections have a profile resembling the letter "Z" and are formed by bending thin
gauge steel sheets or strips.

o These sections are used for various applications in lightweight construction,
including purlins, framing members, and secondary structural components.

C-Sections:

o C-sections have a profile resembling the letter "C" and are formed by bending thin
gauge steel sheets or strips with outward-facing flanges.

e These sections are commonly used for framing, studs, joists, and other structural
elements in lightweight construction.

Lipped Channels:

o Lipped channels, also known as lip channels or hat channels, have a C-shaped cross-
section with one or more lips or flanges extending outward from one or both sides.

o These sections are widely used for framing, supports, and bracing in lightweight
construction, particularly in roof and wall systems.

Sigma Sections:

o Sigma sections have a profile resembling the Greek letter "X" and are formed by
cold-forming thin gauge steel sheets or strips.

o These sections are used in various structural applications, including framing, trusses,
and secondary members in lightweight construction.

Angles:

e Cold-formed angles have an L-shaped cross-section and are formed by bending thin
gauge steel sheets or strips.

o These sections are used for various structural purposes, including bracing, supports,
and connections in lightweight construction.

Types of Hollow Sections:

1.

Rectangular Hollow Sections (RHS):

o RHS are rectangular-shaped hollow structural sections with uniform wall thickness
along their length.
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These sections are specified under IS 4923:1997, "Hollow Steel Sections for
Structural Use - Specification."”

IS 4923 provides requirements for the dimensions, sectional properties, tolerances,
and material properties of RHS, ensuring consistency and reliability in construction
applications.

RHS are commonly used in construction for structural framing, columns, beams,
trusses, and other load-bearing elements where rectangular cross-sections are
required.

2. Square Hollow Sections (SHS):

SHS are square-shaped hollow structural sections with uniform wall thickness along
their length.

These sections are also specified under IS 4923:1997, "Hollow Steel Sections for
Structural Use - Specification."

IS 4923 outlines the requirements for the dimensions, sectional properties,
tolerances, and material properties of SHS to ensure conformity and performance in
construction applications.

SHS find applications in structural framing, supports, bracing, and architectural
features where square cross-sections are desired.

RHS SHS CHS

Rectangular Hollow Section Square Hollow Section Circular Hollow Section

3. Circular Hollow Sections (CHS):

CHS are circular-shaped hollow structural sections with uniform wall thickness
along their circumference.

These sections are specified under IS 1161:2014, "Steel Tubes for Structural
Purposes - Specifications."

IS 1161 provides requirements for the dimensions, sectional properties, tolerances,
and material properties of CHS for structural use in construction.

CHS are commonly used in construction for columns, poles, piling, and structural
elements requiring circular cross-sections.
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Assessment questions to the lecture

Qn No

Question

Answer

Bloom’s
Knowledge
Level

1

What is the manufacturing process used for hot rolled
sections in structural steel?

A) Bending or rolling thin gauge steel sheets at room
temperature

B) Heating steel billets or ingots above their
recrystallization temperature and passing them
through rollers

C) Casting molten steel into molds

D) Welding together steel plates to form the desired
shapes

b

Kl

Which Indian Standard code specifies the dimensions
for hot rolled steel beam, column, channel, and angle
sections?

A) IS 4923

B) IS 811

C) IS 808

D) IS 1161

K1

Which type of cold formed section has a profile
resembling the letter "Z"?

A) Z-Sections

B) C-Sections

C) Lipped Channels

D) Sigma Sections

K1

Students must prepare answers for the following questions at the end of the lecture.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Explain in detail the various types of Hot Rolled Sections | 13 K1
as per IS code.
2 Explain in detail the various types of Cold Formed | 13 K1
Sections as per IS code.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture 03
DESIGN OF CONNECTIONS No
Topic | Concept of Limit state design for steel
. . . Bloom’s
Learning Outcome (LO) At the end of this lecture, students will be able to
Knowledge Level

LO1 | State the various strength Limit states in steel K1

LO2 | Identify the stress strain parameters of steel K1

LO3 | Describe the Serviceability limit states of steel K1

Limit state design (LSD) is a fundamental approach in structural engineering that ensures the safety
and serviceability of structures under various loading conditions. It is widely adopted in the design
of steel structures to account for uncertainties, variability in material properties, and the complexity
of real-world structural behavior. The concept of limit state design is crucial for complying with
safety standards and optimizing the performance of steel structures.

In India, the principles of limit state design for steel structures are outlined in the Indian Standard
(IS) code IS 800:2007, "General Construction in Steel — Code of Practice." This code provides
guidelines and recommendations for the design, fabrication, and erection of steel structures using
the limit state design approach. Let's delve into the concept of limit state design for steel structures
as per IS 800:2007 in detail:

1. Introduction to Limit State Design:

o Limit state design is based on the concept of defining critical limit states, which
encompass both strength and serviceability criteria that a structure must satisfy

throughout its design life.

o The two primary limit states considered in structural design are the ultimate limit

state (ULS) and the serviceability limit state (SLS).

o The ultimate limit state refers to the state at which the structure or any of its
components reaches the limit of its load-carrying capacity, leading to failure or

collapse.

o The serviceability limit state focuses on ensuring that the structure performs
adequately under service loads without experiencing excessive deflections,
vibrations, or other forms of distress that may affect its functionality or durability.

2. Design Philosophy:

e IS 800:2007 adopts the partial safety factor method for limit state design, which
involves applying appropriate factors to account for uncertainties in material

properties, loadings, and modeling assumptions.

The design philosophy emphasizes the importance of ensuring an adequate margin of

safety against failure by considering the ultimate and serviceability limit states

simultaneously.
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o The code specifies partial safety factors for various loadings, such as dead loads, live
loads, wind loads, and seismic loads, as well as for material properties and other

factors affecting structural behaviour
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3. Limit States Considered in Steel Design:

Ultimate Limit States (ULS):
Strength Limit State: Ensures that the structure has sufficient strength to

resist applied loads without reaching a state of collapse or failure. This

[ )
includes considerations for axial compression, bending, shear, and torsion.

Stability Limit State: Ensures that the structure maintains stability against
buckling and lateral-torsional instability under various loading conditions

Fatigue Limit State: Addresses the potential for fatigue failure due to
repeated loading and unloading cycles, particularly in members subjected to

fluctuating or cyclic loads.

Serviceability Limit States (SLS):
Deflection Limit State: Limits the deflection of structural members under
service loads to prevent excessive deformations that may affect functionality

or aesthetics.
Vibration Limit State: Ensures that the structure remains free from excessive
vibrations under service loads to prevent discomfort, damage to sensitive

[ ]
amimrinment or fiinctional 1e<11ec
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4. Material Properties and Design Considerations:

o IS 800:2007 provides specifications for the material properties of structural steel,
including yield strength, tensile strength, ductility, and toughness.

o Design considerations include factors such as member slenderness, end conditions,
connections, and detailing to ensure proper load transfer, stability, and resistance to
various limit states.

e The code also addresses issues such as fire protection, corrosion protection, and
durability to enhance the performance and longevity of steel structures.

5. Design Process:

e The design process involves determining the loads and load combinations based on
the structural configuration, occupancy, and intended use of the building or structure.

e Structural analysis is performed to assess the response of the structure under
different loading conditions, considering the appropriate limit states and design
criteria.

e Structural members are proportioned and detailed to ensure that they meet the
requirements for strength, stability, and serviceability as per the limit state design
philosophy.

6. Verification and Documentation:

e Verification involves checking the adequacy of the proposed structural design
against the specified limit states and design criteria.

o This includes verifying member capacities, deflections, stability, and other
performance indicators using analytical methods, software simulations, or empirical
equations.

o Documentation of the design process, including calculations, drawings,
specifications, and compliance with relevant codes and standards, is essential for
ensuring accountability, transparency, and regulatory compliance.

Assessment questions to the lecture

Bloom’s
Qn No Question Answer Knowledge
Level
1 What is the primary focus of the ultimate limit state c K1

(ULS) in structural design according to IS 800:2007?
A) Ensuring minimal deflection of structural
members under service loads

B) Preventing excessive vibrations in the structure
under service loads

C) Ensuring that the structure has sufficient strength
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to resist applied loads without reaching a state of
collapse or failure

D) Addressing potential fatigue failure due to
repeated loading and unloading cycles

Which limit state ensures that the structure performs
adequately under service loads without experiencing
excessive deflections or vibrations?

A) Strength Limit State

B) Stability Limit State

C) Deflection Limit State

D) Fatigue Limit State

K1

What approach does IS 800:2007 adopt for limit state
design?

A) Elastic design method

B) Load and resistance factor design (LRFD)

C) Ultimate strength design (USD)

D) Partial safety factor method

K1

Students must prepare answers for the following questions at the end of the lecture.

Qn
No

Question

Marks

CO

Bloom’s
Knowledge
Level

1

Explain the significance of the partial safety factor method
in limit state design as per IS 800:2007.

K1

Discuss the role of the serviceability limit state (SLS) in
structural design according to IS 800:2007.

K1

Explain in detail the stress strain curve of steel with
proper sketch.

13

K1

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture
DESIGN OF CONNECTIONS No
Topic | Design of Simple Bolted Connections

Learning Outcome (LO) At the end of this lecture, students will be able to

Bloom’s

Knowledge Level

LO1

Design Simple bolted connections

K3

The design of connections is done as per Section 10 of IS 800:2007.

SECTION 10
CONNECTIONS
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sandand chearance hodex as given in Tablke
14 ray b used in slip resistion] Gonnectipns
end Bold down bolléd conneclions; daly
wiher ipeoalied, providead e over sre hobes
in the ceser ply is coverad by acover plale of
sufficienily large size and hickness and
hivang & hiole nit lesger thas the wtuied e
cleurance Bolo {and mardezed wisher m slip
FEsERIAN COOReCTHING |,

el Fhort gead fiig 2oty — Sioded hiobes of sles
larger than ke standard clearance hole, ax
e in Tl 19 may be used in slip resdsenn
conneciions and hold doen  balied
pommeclois, anly whem specilled, peovided
the over zime holes in the cuter ply 15 covered
by meower plate of sutficlemly longe slee sed
thickness amad having & hde of siee nod larger
rhas the slandord clearance hale {ond
hardened washer in slip resistant connection

1022 Minimum Spackeg

The distasce between cenire oF fasreners shall non be
les thes 2.5 ermes the nominal dsamater of the festener,

Tabde % Clearamces for Fasiener Holes

(Came (200
= Pesiomniml ke ool Ao al the dlife = hosmmal Duimeter of the Ficleer + Cleaiiings
e Foxlearr, & i
e
fra I, —— = =
Eagrabnd Clewarre rer Sise Chewianis it Leegth ol e Skt
Disreeier and Widh  Clagirce iy [Hameis - s -
Arshe ¢ e Sl Lorg She
i} [EL] (E]] 4} (k1] L1]
] k2 - 14 13 30 s ]
Hj P -2 14 b £l %54
L[] H b 4] 1] 2
il Iirer thae 14 14 &b (1] 234
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Example 5.1 Design a lap joint between two plates as shown in Fig. 5.55 so as to
transmit a factored load of 70 kN using MI16 bolts of grade 4.6 and grade 410
plates,
Solution
Strength calculation
Nominal diameter of the bolt d = 16 mm
Hole diameter = 16 + 2 = 18 mm
Bolts are in single shear and hence shear capacity of the bolt
= (L3 (A + DAY = (400/3) (1 % 1571125 = 29.0 kKN .
_ Since the top plate is only 12 mm, it is assumad that the shear plane is &lmugl
the threaded portion and hence n, =0 ,
Bearing capacity of the thinner plalﬁ

il | |

Taol 40T 40130
Flnﬁ.ss

. . ¥
- - +— 12mm
S e 20 mm
. k3
: 5 5
|
|
: I
70 kN ~— ' Q.0 O : — | 80 mm
I
|
|
! £ 23
1
]

=25kydf.-".rmb (2531}49:»-:41&4'1 ES]X lﬁx 12=7T.15 N
w is smaller of 3043 > 18), 40432 18) — 0.25; 400/410;: 1.0.
Hem:.e ke, =0.49,
‘Bolt value =29.kN -
“Required number of bolts = 70/29 = 2.41 = 3 bolts -
Yotal ; _ :
Minimum pitch = 2.5 xd = 40 mm:
Minimum edge distance = 29 mm (as per Table 5.6}
< Provide three bolts as shown in Fig: 5.55.
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Example 5.4 4 member of a truss consists of two angles ISA 75 x 75 x 6 placed
back to back. It carries an ultimate tensile load of 150 kN and is connected to a
gusset plate 8-mm thick placed in between the two connecled legs. Determine the
number of 16-mm-diameter 4.6 grade ordinary bolts required for rﬁm ;mm‘ Assume
f, of plate as 410 MPa. -~

Sofution
The arrangement of joint is as shown in Fig. 5.58. The bolts are in double shear.
They bear against 8-mm gusset | and two 6-mm angles, the former contru]lmg the
value in bearing as shown below. From Table 5.9,
Strength in double shear for | 6-mm-diameter 4.6 grade bolts =2 x 29 = 58 kN
Strength in beanng{m Errmn plate = (2.5 X 0.49 x 16 % § x 41 D]f{l 25 » Iﬂﬁﬂ)
=51.4kN
(Mote: with e = 30 and p = 40, k, = 0.49 from Example 5.1)

= 30_40 40 | 2
g 0 O i ol
/ >-JL 76 TG
B mm gusset '

.

16 bolts

Strength in bearing on two 6-mm thick angles
= [2.5 % 0.49 % {2 x 6 % 16 x 410M(1.25 x 1000) = 77.0 kN
Thus,
Strength of the balt = 51.4 kN
Reguired number of bolts = [5(F5]1.4 = 292
Therefore, provide three bolts as shown in Fig, 5.58,


Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Example 5.13 Design a cornection of @ truss_joinl as shown in Fig. 5.65, using
M6 black bolts af praperty class 4.6 and grads af.rﬂsree.a' Aasmne:har!he mems’ms
shovn are capable of resisiing e locds.

200 kN /ﬂ;ﬂ kn
\ 4
o +
- = —— e
350 kN 150 &k
{a}
200 kM

Bmm

: "-$-$~I"1-—-g‘_—-”—h-.1_5f.rl_d~l

gl HAsTERT5xE_L

Exact gussel shaps
depends upon scale

i}
Fig. 565

Solution
Assume 8-mm thick gusset. The gusset plate is sandwiched between the angles
and hence the bolts will be in double shear. '
For 16-mm diameter property class 4.6 bolt, from Table 5.9
Strength in double shear = 26,0 x 2 = 58 kN; k; = 40/(3 % 18) - 0.25 = 0.49
Strength in bearing = 2.5 3 0.49 3¢ 16 8 4100125 » 1000) = 51.4 kM
Hencs,
Strength of bolt = 514 kKN
Balts for 200 kN = 200/51.4 = 3.9 (hence provide four bolts)
Baolts for 150 kN = 150/51.4 = 2.9 (hence provide three bolts}
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Bofts for 350 kKW = 350/51 4 = 6.8 (hence provide seven bolts)
Provide edge distance =2 =16 = 32, say 35 mm
- Pitch= 2.5 » 16 = 40 mm
Check for susset plate i
Distance from frst bolt to last bolt in member carrying 200 kN
=3p =3 x40 = 120 min
*Whitmeore” effective width = 2tan307 w 120 = 138.56 mimn
Capacity of plate = 0.9 x 138,56 » 8 x 410/(1.25 = 1000}
=32T22 KN = 200 kN '
Hence the connection is safe. Note that the connection should be checked for
block shear failure as shown in Example 3,12, The required calculations ane shown
as follows:
Nét ength of shear face = (3 x40 + 35) 3.5 % 18 = 92 mm
Met length of tension face = 35 — 0.5 % 18 = 26 mm 3
Ay =62 (3 x40+ 35) =930 mm®
A= 6% 92 =552 mm*
A, =6 x 35=210 mm*
Ay =6%26= 156 mm’
Typr = [930 % 2500043 = 1.1+ 0.9 x 410 3 156/1 25]/1000 = 168,08 kN
and
Typz = [0:9 3¢ 410 3¢ 55243 % 1.25) + 250 % 210/1.1)/1000 = 141.8 kN
Thus, ;
Ty = 1418 kN = 20042 = 100 kM
Henee the connection is safe. Adopt the structural details as shown in Fig, 5.630h),

Students must prepare answers for the following questions at the end of the lecture.

Qn
No

Marks
Question

CO

Bloom’s
Knowledge
Level

1

Design a bolted connection for two plates that are 10 mm | 13 1
thick and 150 mm wide. The connection will be subjected
to an axial load of 50 kN and will use grade 8.8 bolts.
Assume that the bearing strength of the bolts is 200 MPa
and the allowable stress on the plates is 165 MPa. (April
/May 2023)

K3

&0 mm
T35 mm

T35 mm

60 mm |

Design the bracket connection with 24mm Gr 4.6 bearing | 13 1
bolts. Is it sufficient to bear the applied factored load?
(Apr/May 2021)

ISHB2M) 10 kM

123 mm 130 mm
e S

[SYeIeEn

‘,D @@.4

12 mm
thick

K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit |- INTRODUCTION TO STRUCTURAL STEEL AND Lecture ‘r’ ¥
DESIGN OF CONNECTIONS No 7 R
Topic | Design of Eccentric Bolted Connections
Learning Outcome (LO) At the end of this lecture, students will be able to Bloofay
Knowledge Level
LO1 | Design Eccentric Bolted Connections K3

103,03 In the calculzisen of thread kengib, allowance
should be made for talerance and thread fun off

10.3.2 A bolt sehjected tooa facioned shear foros (V)
shall satisfy the conditon

Va=Va
where V., is the design strength of the bolt lzken ax b

smaller of the valee as governed: by shear, V,,
(se¢ 10.5.3) and hearing. V., ioee 10.3.4)

WER 3 Skear Caparcity of Boli
The desipn sirengthn of the balt, Vi, as governed shear
siresnptls s given by:
Vi = Voh Y
‘whisre

V.. =rominul shear capacity of a boly,
calculaied as follows;

m=%tu,m.mu

wdhire
§, = wlumazte wensile soreqgth of o bali
n, = numbee of shear planes with threads
intercepiing the dhear plase:
r, = number of shear planes withou threads
inbercepiing the shear plarse:
Ay = rawmimal plain shank area of the boli; znd
Ay = et sheear arei ol the bolt ar thoeads, 1y

he tzken as the anea oorrespoadimg 10
rant digmerer ot the theead.

0331 Lowng beimrs

When the length of the joint, | of o splice or end
connechion in o compression or lension element
containing more thon two boldts (that is the didunce
pevaeen the first amd last pows of bolts in the joing,
prsusiered Bk ilse darecibin of the load transfer) caceeds
15 im thee diresction of load, the nomensel shear capacity
isee 10320 ¥y, shatl be reduced by the Bactoc By, ziven
by
By = 1075 - £ /(200 ) but D75 < B, = L0
= 1073 = 0.003(f 4d)

where

o = Mominol diameter of the fstener

MOTE — This preisesn dis reod spply when the disgibmios
nf sbeir uiel ihe lesgihonl joint is sfomm, a8 i Be oo necnns
ol Wil il o séction T e [langia

L2 Large prip fengrhs
Wtwen the grip kength, {, fequal to the tedad thickness of

the connected plaies) excecds 5 times the diameter, 4
af the bolis, the destgn shear capaeity shall be reduoced
by a foctor i, given by

Pom Bd 13 b 1 m B NI )

ﬂ* shall not be moee than Ilh given in 10331 The
grip kenpth, £, shall in oo case be gnester than Bd.

10333 Pocking plares

The design shear capacity of bolis corrying shear
throwgh a pocking plate in excess of 6 mm shall be
decreased by a factor, fi, given by

Epi ={1-0.0825 oy
whsere
lo = thickness of the thicker packing, in mm,
1034 Beqring Capacicy af the Boit

The design bearing sirengthoof o boltonoany plate, Vg,
us povemned by bearing 18 given by

Vs = Vignr! Yot
where
1-"“ = nominal bEaring stirength of & babl
= 15k dif,
where
iy st i ﬁ—i].lﬁ. ’_rr—. LD;

¢ = end and pitch distances of the fasener
nh;mg hearing dimecisn;
.:J,'G = gdiameber o Lthe Boled
i f, = wltimate wnsile siess of te boltand the
ultimmte lensile siress of the plale,
respectively;
o = numinal dinmeter of the holt; and
= summation of the thicknesses of the
connecied plaes experiencing bearing
stess i the same direction, oF if che bodis
are countersunk, the thickness of the
plade minus one half of the depth of
countersinking,
The bearing resistance (in ibe dirsciion nomsal Lo he
slots in slored holesy of bolts in holes wiher (han
stapdard clearance holes may be reduced by
muliipdying e hearing fesistance obtained as above,
Vo by the factors given below!

) Dweer sire and <ot sloted holes — 7, and
by Long sloned hobes — 10,5,

ROTE — The Bock, shear af the edge disinac: due o
hedring feree may Be chetked s given in &8

15
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10,55 Temsbom Crpraciry

A boly subgected o fciored lendile foree, T, shall
satisfi:

Teels
whipe
T =T Yo
T = mominal temsile capacity of the boly,
calculavsd as:
080 fi Ay = fp A (e T
where

F = ublimaie tensie siress of the bolt,
S = yield stress of the ol
A

o = Mt lensile stress area as specilfied i the

approprizle Indin Sancard (far bedis
whers the [ensile Siress area is il
defired, A sliall be raken as the areaan
il Brontomm 4ol Elee Eliresds ), and

Ay = sk ared of e balt,

1036 Bale Sibjoctod de Comdined Shear and Tersion
A bl regquired o resist bode desten shear foese (V)

and desagn tenaile foree (1) &t the same Gme shall
salisly:

R
Va Tl
gl
¥, = fncwred shear force acting on the bolt.
Vi = design shear capacity {aee 10.3.2),
T, = factored fensile force acting an the boli, ond
Ta o designlensien capacily (see HR3S),
1.4 Frictlon Grip Type Boliing

10,40 In fictoon grp bype bolting. initial pretension
in ol fusually highssrengih) develops clnmping force
af ihe inserfaces of elements being joined. The frictiomal
resistunce 1 slip between the plube serfices subjecied
1o clamping [roeopposes shp doe 1o extamally applied
shear. Frctiom grip Iype baldis and nois shall conform
n 15 A3TAT, Their Ins@lsion procedores snall conform
i 15 M

1042 Where slip between bolied plaies cannat be
nolerated o working loads {slip coliical conpectians),
the requireaenis of 10,43 shall be satiefied. However,
i eltimvane boads, the requirements of 10044 shall be
aatisfi=d by all conmections,

10,43 Slip Resisamnce
Design for frickion pype bolbing in which .diFl 15 [ﬂquimd

Th

JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

to be limited. a bod subjected anly 1 a factorad dégien
shatar force. ¥ onotlse interface of comnss s at which '
stip cannol b2 iolerated, shall smusfy thie rullu-.i.‘irug;

II'II1I = 1"qu|

where

Vie = ¥ourd T
Vg = neminal shear capacicy of a boli as
governed by slip for friction type
conmeciion, calculaned a4 follows:
I"'lll'*ll'rlﬂl:'ﬁ-.h'ra-
wlhiere

= coeificlent of [Fctkion (ship o) as
specified in Tabbe 20 (4, = 0.55).

a1, = nimber of effective interfnces offénng
fractional resisiance toslip,

= .00 for Easeners in clearanee holes,

= (183 for fasweners in oversized and o
alocied hodes and Tor fascemners in bong
sloted hodes loaded perpemdicular il
slot,

= 0.7 for fasteners in bong sloned holes
loded parallel o the sbod.

@ 1,10 {if slip resistance is designed at
service boad),

= 1,25 {if slip resistance is designed at
almare load),

.= minimam bolr woslon {prosd load) @
instaliation and may be taken as
Aot fon

Ay, = netarea of the balt at threads, and

f = proif sireis (= I:L'.'I:I',I';h].,
MOTE — U may Be evulusléd al a sivvice koud or efmaic
k=il using ipprmerisiy il wefery [ctors, deponding spun

whather sbp resisizace & requined ot servicd koad o dllimens
fraad,

10431 Lang joines

The provision For the Tong joants in 1331 shallapply
o frctian grip conmeciions ok,

1044 Copacity aifer slipping

Yot

When friciton tvpe bolis are desipned not 1o slip only
under service boads, the desipgn capaciny arulibmane oad
may be caleolated as per bearing Lype conneciion
{vew 10.3.2 and 10.3.3).

WOTE - The block shear resistance ol the edge damance due
i0 beaming force may be checked as given in G4

10.4.5 Tension Resistanice

A fovctiom baldi subgected bon Foceoned tension force (7, )
shall safisly:
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Example 5.26 Desien a bolted web cleat conmection for.an ISMB 600 and rwa
coped beams of size ISMB 400 (300 kN reaction due to factored loads) and ISME
230 (75 kN reaction dwe fo factored .I'.r_rc:r.:i:_.r using gradﬁ' 8.8 bolts of 20 mm diameter
(5ee Fig. 5.78),
Solution
For M20 grade 8.8 bolis: :
Shear capacity in single shear = 245 x SOM/(Y3 % 1.25 = 1000) = 90.5 kN
Shear capacity in double shear= 2 90.5 =181 kN
Left hand side beam ISMB 400
Web thickness = 8.9 mm .
Bearing capacity of bolt against the web; with & = 0.6
=2.5% 0.6 x20x 8.9 x 41041.25 x 1000) = 87.6 kN
Try five bolts at 60 mm spacing and 40-mm edge distance. Honzontal shear force
on bolt due to eceentricity
= 300 3 (50 + 0.5 % 12) 3 120/2(607 + 120%)]
= 56 kN

12
10,4 110
e
e ! i —
. _""26 1 | ; r""h"""“.m =
g 4-:—1 + ,..-'ﬂ:l!
2 AL | -850 =
g = | +_,|_._: + iﬂ | .
2| Q___ ~— ISMB 250 (4 = 8.9 i}
g ] 230 = B0 = B = 160 mm long
ISME 400 (4 =ag}? ..
28930 e M20 Grade 8.8 botts .
mm kang)
| !
& Smﬂm{ﬂm 12, = 20.3 riim)
ot o scale
A — L] ;
i i 1SME BOO
S R A
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Vertical shear force per bolt = 30(K5 = 60 kN
Resultant shear foree = ./ (56°+ 607) = 82.07 kN > bolt capacity. Hance the

connection is safe,
Connection o web af ﬂ-ep;,mn'mg beam
Assuming & cleat of 2L ISA 90 90 = & mm

Besaring capacity on § mim cleat= 2.5 0.6 % 20 8 x 4104125 % lG-IJ-D} TBI2 KN

Single shear capacity of 78.72 kN governs

Try eight bolts, two columns at a horizontal gauge length of 120 mm with a
vertical pitch of 30 mm for the first three bols and, 140-mm for the last bolt with
an edge distance of 40 mm in the cleat. Assuming cenfre of pressure at 25 mm
below top of cleat,

Horizontal shear force on bottom bolt due to moment du: 1o m:ﬂiﬁmty

= [300 % 0.5(120 — 8.9) % 2551[2(15% + 65 + 115 + 2559 = 2569 kN

Vertical shear force per bolt = 300/8 = 37.5 kN

Resultant shear force = (37.5% + 25.69%) = 45,46 kN < bolt capacity

Hence the connection is ok, =
Use two 90 x 90 x 8 angle cleats, 320 mm long.
Right hand side beam : '
ISMB 250 with f, = 6.9 mm
Bearing capacity of web of beam =2.5 ® 0.5 % 20 26,9 x 4108 1.25 x [000) = 56.58 kN
Try three bolts at Sl-mm verdical pitch and 40-mm edge distance. Horizontal shear
force on bolt due to moment (due to eccentricity)

= [75 % (50 + 0.5 = 12} x 50712 x 50%) = 42 kN
Vertical shear per bolt = 75/3 = 25 kN

Resultant shear force = 4 (42° + 25%) = 48.9 kN < bolt capacity
Connection to web of supporiing heam
As seen in Fig, 5.78, this is connected to the web of supporting beam by six balts,
in two columns at a horizontal gauge of 120 mm cfc and a pitch of 50 mm.
- Assuming centre of pressure 25 mm below top of cleat, horizontal shear force on
bottom bolt due to moment (due to eccentricity)
= [75 % 0.5(120 — 6,9) x 15)[2(15%+ 65° + 1155)] = 13.8 kN
Vertical shear foree per bolt = 75/6 = |2.5 kN

Resultant shear force per bolt = ',Illfl[l?:.:i2 +12.5%) = 18.6 kN < balt capacity in

double shear. Hence the connection is s.af&
Use two 90 x 90 x 8 anple cleats 180 mm long,
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Weh of supporting beam
Check for combined load for left and right hand beam,
Bearing capacity on 12 mm web= 2.5 % 0.5 3 20 x 12 x 4104125 x 1000}
=98.4 kN |
Total horizontal shear foree due to moment due to eccentricity (on third row)
= [{25.69 % 115/255] + 13.8 = 2538 kN

Total vertical shear force = 375+ 125 =50 kﬂ

Resultant shear force = /(507 + 25.38%) = 56.1 KN < I:rca.nug capacity.

Hence, the connection is safe.
Left hand beam
- Al the end of the notch, depth of section = 400 - 26 =374 mm
 Shear capacity = (374 x 8.9) x (250A3)/(1.1 % 1000)
= 436.76 kN > shear force = 300 kN
Shear capacity through bolt J:-m'as
Block shear capacity:
Ty = [2500(¥3 % 1.1) % 8.9 3 q54 + 4 % 60) + (0.9 x 4|m 25) % 8.9
X (30 = 22°2) 1000 = 445.8 kN

= [(0.9 % 410443 x 1.25) % 8.9 % (54 + 4 % 60 - 4.5 x22) + S0.x 8.9
:-c[Z.'rI].-’l L0Y)/1000 = 396.92 kN b

Hence,
T = 396.92 kKN

Shear force = 300 kN < shear capacity. Hence the connection is sale,

Right hend side beam
At the end of the notch, depth of section = 230 — 26 = 224

Shear capacity = (224) % 6.9 x (2504 3)(1.1 x 1000)
= 202.80 kN > shear force = 75 KN

Block shear capacity of web
= [250/(¥3 % 1.1) % 6.9 % (54 + 2 x 50 +{1}9 %410/1.25)
K 6.9.(50 - 222011000 = 21886 KN
Typo = [0.9 3¢ 410/(¥3 X 1.25) X 6.9 (34 + 2% 50— 2.5 X 22) + 50 % 6.9
% (250/1.1))/1000 = 194.83 kN
T = 194.83 kN

Shear force = 75 kN < Shear capacity
Hence, the connection is safe.
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Students must prepare answers for the following questions at the end of the lecture.

shown in fig. Consider 20mm bolt with Gr 4.6

el R
Eltnmi: | ks '
L L
FDwm o i
o T S
Stmm | i : i
Qe o
e I s
wmm | 2 5 A
! -t |

(Nov/Dec 2021)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Determine the safe load P that can be carried by the joint | 13 5 K2

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture
DESIGN OF CONNECTIONS No
Topic | Design of Welded Connections
. . . Bloom’s
Learning Outcome (LO) At the end of this lecture, students will be able to
Knowledge Level
LO1 | Design welded Connection between steel members K3
15 KD 3 20467
1S Welds and Welding abeadl nont bee bess thar 3 o and shall peoerally not evoeed

TET Croneral

Requirements of webkds and welding shall coinfornm o
15 216 and 1595905, o5 appropriote,

HEE L Endd vtz

Fatles welds wermbnating ar the ends or gides of pans
shisuld be rrurmed contingowsly dround the comisrs
for o distance of ool less than twice the size of the
wedd, uoless dv s impractical e do so. This s
parhculurly iovprant an fee ension eml of porls
carrying hending Inads.

10,5,1.2 Lap joind

In the cose of lap joints, the mimimam lap should no
bez s than four Gimes the thickesss of the thinner par
jabned ae 40 mm, whichever is mare, Single end fills
should be used only when lapped panis are redraincd
trom opeuings. When ond of an element is conpected
vnly By parallel Joagawdanal Gillsg welds, the beagik of
te weld abong either edge should nol b ks than e
iramsverse spacing between longitshinal welds.

HE5. 13 A single files weld shauld ne be subjected s
moment ahout the longitslinal oxis of the weld

Ik5.2 Size of Weld

HLE.LT The sieeof normea| fillets shall be takenr a5 the
rditirmam weld leg size. For decp pensigazon welds,
whoere the depth of penetration beyond the fo0l fun s
amimimuam of 2.4 man, the saze of the Gllet should be
taken as the minimam leg size plus 2.4 mm

TEL2 For filler welds masde by semi-aumlomatic or
wultsnalic processes, where the depth of penebration is
considerably in excess of 2.4 mmy the size sholl be
saben considering acteal depth of penerstiion subect
Bz agreement between the parchaser and the contracion.

10,5, 2.3 The size of fillel welds shall not be bess than
Zmn The mandmium size ol 1he first ren or of 4 single
ruin Tifler weld shall be as gaven an Table 21010 avoad
thee risk of cracking in the sbsence of preheating

10,5, 2,4 The siee of b webd shall be speeified by the
eflecnye theoat hickness.

1053 Eiffeciive Throws Thickness
10521 The gffective throat thickness of a filier weld

0.7r, or 10w ender spectal circumsianoes, where ¢ is the
tlnickiseds of Me ditnner plae of elements being webbsd,

Tabhe 21 M Size of First Run orof o
Single Hun Filles Weld
(e 100.5.2.3)

&l Thickazas ol Thicker Mart Wamimum Size
N, = o]
Liver Lipioand
Iy
41 121 (1] (B3]
il - 19 i
18] 1] 20 3
il G I3 &
H1] 1 b i] £ of first um
140 Tor minimuoss s of
werld
NOTES

I When ihe minimoem slae of the fille webd given in the mhle
 phzatir fhan the thiskness of the thinnes gam. the: minimim
marc 0f the weld shiald be equed fo the thicknass of dhe ihinner
Pt The blckoer part shall be sdequistely pechoited ta presess
crocking of the weld

2 Whede M Ihigker gard o mon: Ban S0 ek, dpedial
precasiens like pre-hesdmg chould be taksn

15 5.2 For the purpose of stress Caleulation in fikler
‘welds joining faces mclined tocach other, the effective
throak thicknese shabl be taken as & times the fillersize,
where K is 3 constant, depending upon the angie
between fusion faces, as grven in Table 22

105 3.3 The effective throat thiekness of 2 consplete
penctration bant weld shiall be taken as the thickpess of
the thinner part joined, and thar of an incomples
penetration balt weld sholl be taken as the minimum
thickneses of the weld metal common to the pars joined,
exnciuding reinforcements,

1054 Effeciive Length or Area of Weld

10541 The effective length of fillet weld shall be
taken as onby that length which is of the specificd size
and required throat thickness, In practice the 2ozl
leopth of weld s made of the effective eagih shiwn
in deawing plus vae mmes e weld saee, bal o less
than fowr times the size of the weld

105, 4.2 Thee effctve fength of bun weld shall e 1aken
g6 ine length of the continuous full soee weld, bl o
less than four Wises the size of the weld

Talple 22 Yalues of K for DifTervol Angles Between Fuslon Faces
{Clamge 15.3.2)

Angle Briween Fesisa Fares Fr I

Cincildanl, & 0Tl

e

ILRE

L

100 == IrE=111= | 1]

G il k55 1150
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Example 6.1 Two plates of thickness 14 mmt and 12 mm are o be jointed by a
groove weld ag shown in Fig. 6.86. The joint is subjected to a factored iensile force
of 350 kN, Assuming an gffective length of 150 mm, check the safety of the joint far
Case (i} Single-V groeve weld joint
Case (i) double-¥ groove weld joint
Avsume thai Fe 410 grade steel plates are used and that thewelds are shop welded,

E— T r &
18 mm === ] Y ——'l-'_l"lﬂﬂ'lr'l'l
Ld

-

Singhe-¥ groove webd
{a]
14 e =— x = . ...-#ﬂ_fErnm
e 2 [
Double-V grooye wald
{b)
 Fig. 6.86
Solution
Case (i)
Bingle-V groove weld: In this case, incomplete penetration results due to single-V
aroove weld. '

Henee, throat thickeess
== x IE-*T-‘Smm
Effective length of weld j
L., = 150 mm
Strength of weld = L £,/ (3, = 7.5 % 150 x (250/1.25)/1000
. =125 KN <350 kN
Hence the joint is not safe.

Care (1)
In the case of double-V groove weld, complete penefration takes place
Throat thickness = thickness of thinner, plate= 12 mm

Strength of weld = 12 % 150 % (250/1.25)/1000
=360 kM = 350 kN
Henes, the joint is safe. '
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Example 6.7 Determine the size and length of the fillet weld for the lap join? ta
trecnsmil a factored load of 120 kN shown In Fig 6.58, assuming site welds, Fe
410 sreel, and E 41 elecrode. Assuwme width of the plafe as 73 mm,

Selution

Minimum size of weld for a 8-mm thick section = 3 mm
Maximum size of weld=8 = 1.5 = 6.5 mm

Choose the size of weld as 6 mm.

Effective throat thickness = (1,7 x 6 = 4.2 mm

Strength of weld =42 % 4 IIIIIJ'{'-J"E * 1.5) = 6627 N/'mm
Assuming that there are only two longitudinal {side) welds,

Required length of weld = 120 % 10°/662.7
= 181 mm
Length to be provided on each side = 181/2 =90.5 mm = 75 mm
Hence, provide 90.5-mm weld on each side with an end return of 2 6 = 12 mm,
Therefore, the overall length of the weld provided =2 % (90.5 + 2 x §) = 205 mm

Example 6.8 Rework Example 6.7 using 3 mm welds.

Solution
Effective throat thickness = 0.7 3 =21 mm

'IEI-'i".EE LT E 41

Fig. 6.89

(i} If only longitiuding] welds are provided,

Length of each side weld = 363/2 = 151.5 mm

Total length on each side including end return = 181.5 + 2 «3 = [87.5 mm
{i1) Tf welds are provided on three sides :

Length of each side weld = (363 - 75)/2 = 144 mm > 75 mm {width of the plate)
The solution as shown in Fig, 6.8%(b) is preferred since it is more compact, reduces
the overall length of the connection, and provides better stress distribution.

Students must prepare answers for the following questions at the end of the lecture.

Qn Marks | CO Bloom’s

No Question

Knowledge
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Fe410 to transfer load equal to the bearing capacity of the
smaller plate. (Nov/Dec 2021)

oAt

£ r—‘E__| | oo
|0 M 1 it

—p—

Level
1 Design this welded connection to support the factored load | 13 K3
of 100kN (April /May 2021)
ISHB200 100 kN
T 150 mm 100 mm
260 mm l
=300 mm *
2 Design the fillet weld for these 10mm plates of Grade | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture
DESIGN OF CONNECTIONS No
Topic | Design of Welded Connections
. . . Bloom’s
Learning Outcome (LO) At the end of this lecture, students will be able to
Knowledge Level
LO1 ‘ Design welded connections for steel members K3

Example 6.9 A ie member of a truss consisting of an angle section {54 63 x 63 x6
of e 410 grade, is welded to an §-mm gusset plate. Design a weld to ransmit a
load equal to the full strength of the member, Assume shop welding. See Fig, 6.90.

el
f &
K P _._ﬂ,ﬁ_ﬁm
b Tmm
Fig. 6.90

Solution _
From 15 handbook no.1 or IS 808, the properties of ISA 65 = 65 % b are

A =744 mm’

C,= 18.1 mm

Tensile capacity of the member = 744 x 250/1.1 = 169.1 kN

The force resisted by the weld at the lower side of the angle
Pi=169.1 x (65 = 18,1¥65 = 122.01 kN

Force o be resisted by ﬂwupper side of the Eﬁgle
Fo=169.1 % 181165 = 47.09 kN

Agsuming a weld size of 4 mm (> 3 mm),

Effective throat thickness of the weld = 0.7 x 4 = 2.8 mm

Strength of the weld = 2.8 x 410/(v/3 x 1.25) = 530 Nimm
L, = 122.01 x 1087530 = 230.1 mm
Hence, provide 230.1 + (2 x 4)2 = 246.] mun, say 247 mm length at the bottom
L»=47.00 10%530 = 88.8
Provide 88.8 + (2 x 4) x 2 = 104.% mm, say 105 mm length at the top.
. The block shear failure has been checked and it is found that the thickness of
- gusset plate is adeguate (see Example 6.10 for the calculations involved in the
" block shear failure check)
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Example 6.10 Design a joint according to the instructions given in Example 6.9,
if the welding is done on three sides of the angle as shown in Fig. 6,91,

Bmm
QUESET 4 rp ap

o8 e i DS L
- ) 18.3 rm

Fig. 6.91

Solution
Strength of 4-mm weld = 2.8 % 410/(3 x 1.25) = 530 N/mm

Py = 530 x 65/ 1000 = 345 kN )

Py =Told - P;/2 = 169.1 x 18,1/65 — 34.45/1

= 20 86 kN
Py=T= P~ Py=169.1-3445-29 86
= 104.79 kN _

L, =29.86 5 1000/530 = 56.3 mm, say 56.5 mm

Ly = 104.79 x 1000530 = 197.7 mumn, say 198 mm
Total length of weld = 65 + 56.5 + 198 = 319.5 mm
Check for block-shear failure
Since the member is welded to the gusset plate, no net areas are :mvulwd and
hence. A,, and A, in the equation for Ty, (Section 6.4.1 of the code) should be
taken to be the corresponding gross areas. Using the weldment with L L= 198 mm,
L, = 56.5 mm and 65 mm at the end of the angle yields

g = [B = (198 H'E}KZHF{H'EZJ{ 1.1} + 09 =410 = 8 = 65/1.25)/1008
= 5692 kN
Tyo=[09x 410 % (198 x E]J’Qﬁ % 1.25) 4+ 250 B.» 65/1.1)/1000:
= 6581 kN

Hence,

Ty, = 5602 kN = 169.1: kN
Hence, the thickness of gusset plate is adequate.
Nate L, does not enter into this caleulation because a shear rupmre of the gusset

plate along the toe of the angle runs for the full I:n;,th of the contact with the toe,
198 mm, instead of only the length L,. :
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Example 6.11 Dasign a suitable filler weld to c:cm.neﬂ the web plate to the flange
plate and the flange plate to the cover plate of the compression flange of a plave
girder as shown ir Fig. 6.92. The size of the web plate is 1000 x 10 mm. The
flange and cover plate are of the dimensions 300 x 16 mm and 275 x 12 mm,
respeciively. The macimum factored shear force V=800 kN. Assume shop welding,

!-. i .alm 5 N 4

I 275 ’
s -
19 r -

10 mim

12 = S0 mem -

Fig. 6.92

Solution ;
Connection of web and flange plate
Minimum size of weld = 3 mm
Maximum size of weld = 10— 1.5= 8.5 mm
Adopt a 6-mm size weld . -
ea = 4T 2
t=0T7Tx6=42 mm
Li=2»42=84 mm-

AT, = 300 x 16(500 + 8) + 275 x 12(500 + 16 + J

= 24384 % 10° + 17226 » 10
= 416.1 x 10 -
L, =2%[275 % 125112+ 275 » 12'% 522° + 300 x 1453;;1
+ 300 x 16 % 508%] + 10 = 1000% 12
=5.100 x 10° mm*

= §00 3 107 % 4161 % 10%(5.109 x 107 x 8.4)
~ 77.56 Nfmm? ~*41m{f X 1.25) = 1RO Nimm®

Hence, the weld is safe. !
Connection of flange plaie 1o cover p!::_r:-e
Adopt a 6-mm fillet weld.

L=6x07=42 mm

L =2x42=84 mm

AF =275 3 12 % (500 + 15-1-6}— 172.26 x 107

B ol = 800 % 107 % 172.26 % m“,f(s 109 » 10° % 8.4)

=311 H."Imﬂ < 139' M"mm

Hem.e the we!d i Hs.ll'e

W, eal
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Students must prepare answers for the following questions at the end of the lecture.

angles are connected to either side of a 10mm gusset
plates and the member is subjected to a working pull of
300kN. Design the welded connection. Assume
connections are made in the workshop (April /May 2022)

On Marks | CO Bloom’s
N Question Knowledge
0
Level
1 A tie member of roof consists of ISA 100x75x8mm. The | 13 1 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011



Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture 08
DESIGN OF CONNECTIONS No
Topic | Types of Failure and Efficiency of Joint in Steel
Learning Outcome (LO) At the end of this lecture, students will be able to Bloogay
Knowledge Level
LO1 | Understand the concept of EDM K2
LO2 | Know the components and usage of a Total Station K1
LO3 | Differentiate the abilities of a total station from a theodolite K2
LO4 | Understand the applications of a Total Station K2

According to IS (Indian Standard) code specifications, particularly IS 800:2007, several types of
failures can occur in steel members. These failures are classified based on the limit states
considered in structural design. The primary types of failures in steel members as per IS code

include:

1. Ultimate Limit State (ULS) Failures:

Strength Failure: Occurs when the applied loads exceed the ultimate capacity of the
member, leading to collapse or failure. This can include yielding, buckling, or
rupture of the steel material.

Stability Failure: Occurs when the member loses stability due to buckling or lateral-
torsional instability under compressive or bending loads. It includes Euler buckling,
flexural-torsional buckling, and local buckling.

2. Serviceability Limit State (SLS) Failures:

Deflection Failure: Occurs when the deflection of the member under service loads
exceeds allowable limits, resulting in excessive deformations that may affect
functionality or aesthetics.

Vibration Failure: Occurs when the member experiences excessive vibrations
under service loads, leading to discomfort, damage to sensitive equipment, or
functional issues.

3. Fatigue Failure:

Occurs due to repeated cyclic loading and unloading, leading to progressive damage
and eventual failure of the member. Fatigue failure is a concern in members
subjected to fluctuating or cyclic loads, such as bridges, crane structures, and
machine components.

4. Connection Failures:

Bolt Shear Failure: Occurs when the shear force acting on bolts exceeds their
capacity, causing them to shear off.
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Bolt Bearing Failure: Occurs when the bearing stress between the bolt and the
connected plates exceeds the bearing strength of the material, leading to crushing or
deformation.

Weld Failure: Occurs when the welded connections between steel members fail due
to inadequate welding, material defects, or excessive loads.

5. Corrosion-Related Failures:

Occurs due to the degradation of steel material caused by corrosion in aggressive
environments. Corrosion can weaken the structural integrity of steel members over
time, leading to premature failure.

Failures in Steel Members in Tension:

1. Yield Failure:

Definition: Yield failure occurs when a steel member reaches its yield point, the
stress at which it undergoes significant plastic deformation without an increase in
load. At this point, the material has yielded or deformed permanently.

Mechanism: Steel exhibits elastic behavior up to its yield point, where it transitions
to plastic deformation. Beyond the yield point, additional applied loads cause the
material to deform plastically until it reaches its ultimate strength.

Significance: Yield failure is a critical consideration in structural design because it
marks the onset of permanent deformation in the member. Designers must ensure
that the applied loads do not exceed the yield strength of the steel to prevent
excessive plastic deformation and structural instability.

Consequences: Excessive plastic deformation due to yield failure can lead to
structural deformations, deflections, or even collapse if not properly accounted for in
the de<ion
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2. Rupture Failure:

Brittle Fracture

Ductile Fracture

Steel at 300 K

L LR

e Definition: Rupture failure, also known as ultimate failure, occurs when a steel
member fails catastrophically under excessive loads, resulting in the material

fracturing or tearing apart.

e Mechanism: Rupture failure occurs after the steel has undergone significant plastic
deformation and has reached its ultimate strength. At this point, the applied loads
exceed the material's capacity to resist further deformation, leading to fracture along

the weakest section of the member.

o Significance: Rupture failure represents the ultimate limit state in structural design,
indicating the maximum load-carrying capacity of the member. Designers must
ensure that structures are capable of withstanding loads without experiencing rupture

failure under normal service conditions.

o Consequences: Rupture failure can result in sudden and catastrophic structural
collapse, posing significant safety risks to occupants and nearby structures.
Therefore, it is essential to design structures with sufficient strength and redundancy

to prevent rupture failures.

3. Block Shear Failure:
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Definition: Block shear failure occurs in steel members subjected to combined
tension and shear stresses, typically near bolted or welded connections.

Mechanism: Block shear failure involves the simultaneous failure of the connected
plates due to tension along one plane and shear along another plane. This failure
mode typically occurs at the gross or net section of the member, where the forces are
transferred through the connection.

Significance: Block shear failure is a critical consideration in the design of
connections, as it can compromise the integrity of the entire structure. Designers
must ensure that connections are adequately designed to resist block shear failure
under the applied loads.

Consequences: Block shear failure can lead to partial or complete detachment of the
connected plates, compromising the structural stability and load-carrying capacity of
the connection. This can result in localized or widespread structural failure,
depending on the severity of the failure mode.

Efficiency of Steel Joint

1.

Load Transfer Efficiency:

The primary function of a steel joint is to transfer loads between connected members
without compromising structural integrity. IS 800 provides guidelines for designing
joints to ensure effective load transfer while considering factors such as applied
loads, member geometry, and connection details.

The efficiency of load transfer in a joint is assessed based on the ability of the
connection to resist various loading conditions, including axial forces, bending
moments, shear forces, and torsional loads. Designers must ensure that joints are
capable of transferring these loads safely and efficiently to prevent structural failure.

2. Connection Type and Configuration:

IS 800 specifies different types of steel connections, including bolted, welded, and
riveted joints, each with its own efficiency considerations.

Bolted connections are commonly used in steel structures due to their ease of
installation, adjustability, and versatility. IS 800 provides guidelines for selecting
appropriate bolt sizes, spacings, and configurations to ensure efficient load transfer
and structural performance.

Welded connections offer high efficiency in load transfer and are often preferred for
their strength and durability. However, proper welding procedures and inspection
practices must be followed to achieve reliable and efficient welded joints as per IS
code requirements.

3. Efficiency Factors:

IS 800 specifies factors that influence the efficiency of steel joints, including
material properties, connection detailing, fabrication quality, and installation
practices.
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Material properties, such as the yield strength and ductility of the steel, directly
affect the capacity and behavior of joints under load. Designers must select
appropriate materials and grades to ensure efficient joint performance.

Connection detailing, including geometry, dimensions, and clearances, plays a
critical role in the efficiency of joints. Proper detailing ensures that loads are
distributed evenly and that stress concentrations and potential failure modes are
minimized.

Fabrication quality, including the accuracy of hole drilling, bolt tightening, welding
procedures, and surface preparation, is essential for achieving efficient and reliable
joints. IS 800 provides guidelines for quality control measures to ensure that
fabricated connections meet specified standards.

Installation practices, such as proper alignment, tightening torque, and inspection
procedures, are crucial for ensuring the integrity and efficiency of steel joints in
service. Adherence to recommended installation practices outlined in IS 800 helps
prevent joint failure due to installation errors or deficiencies.

4. Limit State Design Approach:

IS 800 adopts the limit state design approach to ensure the efficiency and safety of
steel joints under various limit states, including ultimate and serviceability limit
states.

The design of steel joints considers factors such as ultimate strength, stability,
fatigue resistance, and serviceability requirements to ensure that connections perform
satisfactorily throughout their design life.

Designers use limit state design principles, partial safety factors, and appropriate
load combinations specified in IS 800 to assess the efficiency of steel joints and
ensure compliance with code requirements.

Assessment questions to the lecture

Bloom’s
Qn No Question Answer Knowledge
Level

1 What type of failure occurs when the applied loads B K1

exceed the ultimate capacity of a steel member,

leading to collapse or failure?

a) Yield failure

b) Rupture failure

¢) Block shear failure

d) Stability failure
2 Which factor does NOT influence the efficiency of C K1

steel joints according to IS 8007?
a) Material properties

b) Connection detailing

c¢) Concrete strength

d) Fabrication quality
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3 Which limit state is primarily concerned with C K1
ensuring that the deflection of a steel member under
service loads does not exceed allowable limits?
a) Strength limit state
b) Stability limit state
c) Serviceability limit state
d) Fatigue limit state
Students must prepare answers for the following questions at the end of the lecture.
On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Explain the various failure patterns in steel sections. 13 K1
2 What Yield, Rupture and Block shear failure in steel? | 13 K1
Explain with neat sketches.

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011



Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Unit 1. INTRODUCTION TO STRUCTURAL STEEL AND Lecture 09
DESIGN OF CONNECTIONS No _
Topic | Prying Action in Steel and HSFG Bolts
Learning Outcome (LO) At the end of this lecture, students will be able to Bloogay
Knowledge Level
LO1 | Define the prying action in steel members K1
LO2 | State the uses and properties of HSFG bolts. K1

Prying Action in Steel Elements:

s :

5] i Ti]_

l neaf

T.+Q

'

—

Fic. 16 ComBINED PrYING FOrRCE AND TENSION

Prying action is an important consideration in the design of bolted connections in steel structures,
particularly in situations where the connected plates are subject to tension loads. It refers to the
tendency of the connected plates to act as a lever, exerting additional force on the bolts and
potentially causing them to fail due to shear or bearing. The concept of prying action is addressed in
the Indian Standard (IS) code IS 800:2007, which provides guidelines for the design of steel
structures in India.

Prying action typically occurs in bolted connections where the applied load induces tension in the
connected plates, causing them to pull away from each other. As the plates separate, they create a
moment arm, or lever, around the bolt line. This moment arm exerts an additional force on the bolts,
which must be accounted for in the design of the connection to ensure its structural integrity.

The IS 800:2007 code outlines specific provisions for addressing prying action in bolted
connections. These provisions are based on empirical formulas and design guidelines derived from
experimental testing and analytical studies. The key aspects of prying action considered in the code
include:

1. Calculation of Prying Force: The code provides formulas for calculating the prying force
exerted on the bolts due to the tension in the connected plates. This force is influenced by
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factors such as the applied load, bolt diameter, plate thickness, and geometry of the
connection.

2. Resistance to Prying: To ensure the structural adequacy of the connection, the resistance to
prying action must be evaluated. This involves assessing the capacity of the bolts to resist
the additional force induced by prying and determining whether the connection meets the
required safety factors.

3. Bolt Strength and Capacity: The code specifies minimum requirements for the strength
and capacity of bolts used in bolted connections subject to prying action. This includes
considerations for the material properties of the bolts, such as their yield strength, ultimate
strength, and ductility.

4. Connection Detailing and Geometry: Proper detailing and geometry of the bolted
connection are crucial for mitigating prying action and ensuring efficient load transfer. The
code provides guidelines for the arrangement of bolts, spacing, edge distances, and other
connection details to optimize resistance to prying forces.

5. Factor of Safety: Designing bolted connections to resist prying action requires applying
appropriate safety factors to account for uncertainties in material properties, loading
conditions, and other factors. The code specifies partial safety factors to be used in the
design process to ensure adequate resistance to prying forces.

HSFG Bolts:

1. Material Properties: HSFG bolts are manufactured from high-strength alloy steels with
specific mechanical properties to withstand tensile loads encountered in structural
applications. According to IS 3757:1985, HSFG bolts must conform to the material
requirements specified in relevant Indian Standards, such as IS 1367 for high-strength
structural bolts.

The material used for HSFG bolts typically has a minimum tensile strength ranging from 800 MPa
to 1000 MPa, ensuring sufficient capacity to resist applied loads without yielding or failure.
Additionally, the material composition and heat treatment processes are controlled to achieve the
desired mechanical properties, including yield strength, ultimate tensile strength, and elongation.
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2. Design Considerations: Designing HSFG bolted connections involves determining the

appropriate bolt size, grade, and spacing to accommodate the applied loads and ensure

structural integrity. IS 3757:1985 provides guidelines for calculating the required number
and size of HSFG bolts based on factors such as:

Applied loads: The magnitude and distribution of the loads acting on the connection,
including tension, shear, and bending.

Connection geometry: The configuration and arrangement of the connected
members, including thickness, material, and edge distances.

Load transfer mechanisms: The mechanisms by which loads are transferred between
the connected members, considering factors such as friction, bearing, and prying
action.

Serviceability requirements: Criteria related to deflection, vibration, and fatigue
performance under service loads.

The design process typically involves performing structural analysis and load calculations to
determine the optimal configuration and size of HSFG bolts to meet the specified design criteria
and safety factors.

3. Installation Procedures: Proper installation of HSFG bolts is essential for ensuring the
integrity and performance of bolted connections. IS 3757:1985 provides detailed
requirements for the installation procedures, including:

Bolt tightening: HSFG bolts are tightened to a specified torque or tension level using
calibrated torque wrenches or tensioning equipment. The tightening procedure must
be carried out sequentially and uniformly to achieve the desired preload in each bolt.

Surface preparation: The mating surfaces of the connected members must be clean,
flat, and free from contaminants to ensure optimal frictional resistance and load
transfer.

Joint assembly: The bolts, nuts, and washers are assembled with proper alignment
and orientation to facilitate uniform loading and prevent eccentricities or
misalignments.

Inspection and testing: Visual and dimensional inspections are performed to verify
the quality and condition of the bolts, including dimensions, thread condition, and
surface finish. Additionally, non-destructive testing methods such as ultrasonic or
magnetic particle inspection may be employed to detect defects or anomalies.

4. Quality Control Measures: IS 3757:1985 specifies quality control measures to ensure the
reliability and performance of HSFG bolts in service. These measures include:
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Material testing: Incoming raw materials are subjected to chemical composition
analysis, mechanical testing, and heat treatment to verify compliance with specified
standards and requirements.

Manufacturing processes: Bolt manufacturing processes, including  forging,
machining, and heat treatment, are monitored and controlled to maintain dimensional
accuracy, surface finish, and mechanical properties.

Batch testing: Random samples of HSFG bolts are subjected to batch testing,
including tensile testing, hardness testing, and dimensional inspection, to validate
conformance with the specified standards and performance criteria.

Certification and documentation: Manufacturers provide certification and
documentation for HSFG bolts, including material test certificates, inspection
reports, and compliance statements, to verify product quality and traceability.

Torque for HT / HSFG Bolts
Torgue values are i "Nm"

Bolt Size| 8.8 10.9 12.9 ||Bolt Size| 8.8 10.9 12.9
ma2 0.373 0.520 0.628| |pM30 14220 2010.0 2403.0
mMz2.3 0.598 0.843 1.010) IM323 1932.0 2716.0 3266.0
M2.6 0.363 1.206 1.451 | |M36 2481.0 3491.0 4157.0
M3 1.344 1.383 2.256| |M39 3226.0 4531.0 5443.0
M35 . 2.060 2.293 3.481| |Ma2 3991.0 5609.0 6727.0
M4 | 3.040 4,315 5.148| (M45 4992.0 7012.0 8414.0
M5 T ﬁ 6.031 8.483 10.200| |M4a3 6021.0 8473.0 10150
Me - : 10.300 14.710 17.625| M52 7747.0 10885 13092
M7 '" 17.162 24.517 28.439| |M56 9650.0 13582 16279
M8 = g 25497 35.304 42.168| |MBD 11964 16867 20202
M0 t_|_ 50.014 70.608 85.317| |Mb4 14416 20300 24320
M1z . . B7.279 122.60 147.10| |MGE 17615 24771 29725
M14 138.30 154.20 235.40| |M72 21081 29645 35575
M6 210.80 299.10 357.90| |M7T6 24973 351138 423141
M1g 289.30 411.90 490.320| |MEB0 29314 4123232 49467
M20 411.90 578.60 696.320| |M90 42525 59801 71761
maz2 559.00 784.50 0941.40| |M100 S9200 83250 99900
M24 JO0.00 1000.0 1196.0

Engineer Diary (www.strleng. blogspot.com)
M27 1049.0 1481.0 1775.0
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Assessment questions to the lecture

Bloom’s
Qn No Question Answer Knowledge
Level
1 What is prying action in bolted connections? a K1

a) The tendency of connected plates to act as a lever,
exerting additional force on the bolts

b) The resistance of bolts to shear and bearing
stresses

c¢) The ability of bolts to withstand tension loads only
d) The process of tightening bolts to a specified
torque level

2 According to IS 800:2007, what factors influence the a K1
prying force exerted on bolts in bolted connections?
a) Applied load, bolt diameter, plate thickness, and
connection geometry

b) Material composition and heat treatment processes
c¢) Surface preparation and joint assembly

d) Material testing and manufacturing processes

3 What is the purpose of HSFG bolts in bolted D K1
connections?

a) To provide resistance to prying action

b) To increase the efficiency of load transfer

c¢) To facilitate easy installation and maintenance
d) To withstand tensile loads encountered in
structural applications

Students must prepare answers for the following questions at the end of the lecture.

Marks | CO Bloom’s

gg Question Knowledge
Level
1 How does prying action impact the design of bolted | 7 1 K1
connections in steel structures, and what specific
provisions does IS 800:2007 provide to address this
phenomenon?
2 Explain the significance of material properties, design |7 1 K1

considerations, installation procedures, and quality control
measures associated with HSFG (High Strength Friction
Grip) bolts in bolted connections, as per the guidelines
outlined in IS 3757:1985.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 2. DESIGN OF TENSION AND COMPRESSION Lecture :
MEMBERS No |~
Topic | Design of Simple members in Tension
Learning Outcome (LLO) At the end of this lecture, students will be able to Bloow'y
Knowledge Level
LO1 | Explain the behaviour of members subjected to Tension load K2
LO2 | Design a Simple member subjected to tension K3

Tension Members: (Sec 6 IS 800:2007)

Tension members are linear members in which axial forces act to cause elongation (stretch). Such
members can sustain loads up to the ultimate load, at which stage they may fail by rupture at a
critical section. However, if the gross area of the member yields over a major portion of its length
before the rupture load is reached, the member may become non-functional due to excessive
elongation. Plates and other rolled sections in tension may also fail by block shear of end bolted
regions

The factored design tension 7, in the members shall
satisfy the following requirement:

II"'-:::"',Ij

where

1; = design strength of the member,

The design strength of a member under axial tension,
T is the lowest of the design strength due to yielding
of gross section, T“: rupture strength of critical section,
Iy,. and block shear T, given in 6.2, 6.3 and 6.4,
respectively,

The tension members are checked for three major load conditions, viz.,

e Yielding
e Rupture
e Block Shear

The 1S800:2007 code provisions for the above-mentioned conditions are:

Fg

|
: T
-0 .
] e
— e ||
a #

- J.r—@: ' b Lp —m-
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6.2 Design Strength Due to Yielding of Gross Section

The design strength of members under axial tension,
Ty, as governed by yielding of gross section, is given

by
ng =A i f_ Mo
where
f, = yield stress of the material,
A, = gross area of cross-section, and
Yo = partial safety factor for failure in tension by

vielding (see Table 5).

6.3 Design Strength Due to Rupture of Critical
Section

6.3.1 Plates

The design strength in tension of a plate, T, as
governed by rupture of net cross-sectional area, A at
the holes is given by

Tﬂn =09 "lnfu ! Tml
where
Yo = partial safety factor for failure at ultimate
stress (see Table 5),
= uvltimate stress of the material, and

A, = net effective area of the member given by,

Pl
Ann[b—ud,, + 2—1 f

4]
where

b, ¢t = width and thickness of the plate,
respectively,

diameter of the bolt hole {2 mm in addition
to the diameter of the hole, in case the
directly punched holes},

gauge length between the bolt holes, as
shown in Fig. 3,

£
[

o
1l

p. = staggered-pitch length between line of belt
holes, as shown in Fig. 5,

n = number of bolt holes in the critical section,
and

i = subseript for summation of all the inclined

legs.
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6.4 Design Strength Due to Block Shear

The strength as governed by block shear at an end
connection of plates and angles is calculated as given
in 6.4.1.

6.4.1 Bolted Connections

The block shear strength, T, of connection shall be
taken as the smaller of,

Ta= [ A, £ 13 Vo) + 094, 1, N ]
or

Tun = (094, o /3 Vo) + Ay £ M)

where

A_.A = minimum gross and net area in shear along
bolt line parallel to external force,
respectively (1-2 and 3-4 as shown in

Fig. 7A and 1-2 as shown in Fig. 7B),

A, = minimum gross and net area in tension
from the bolt hole to the toe of the angle,
end bolt line, perpendicular to the line of
force, respectively (2-3 as shown in
Fig. 7B). and

fwfy = ultimate and yield stress of the material,
respectively.

wg

A

g
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Example 7.4 Determine the desion tensile strengih of plate (160 x 8mm) connecied
to"10-mim thick gusset using {6emm bolts as shown in Fig. 7.27, i the yield gad
the m‘mmm srress of the steel z:m:.l’ are 2500 MPa and 410 MPa; re.speca‘nwa’ Vi

" Plate B-mem thick o
A
i : — 3 M—J:
T s 05" o 5
4\_11_ = Eg 'D{} 25::25 T Gusset 10:mm thick
i i 30 ; ;
—\-\_\_\_\_H_\_‘_\_\_ ’L’l
30, 40,40 30 T
 Fig.7.27
Solution
- f= 250 MPa
1, =410 MPa
Calculation of net areg

A, (Path 11)=(160 -3 x 18} x = Eu%ﬂmm
A, {Path 1221 = {160 — 4xlﬂjv?xéﬂgﬁgdx?5}]xﬂ=ﬂﬁﬂ ram?

A (Path 123213 =[{160 -5 x 18) + (4 = 40"]."{4 % 257] % & = 1072 mm?
Factored design fension in member by
{1} Tlcldmg of gross section,

= [ ¥ A%l ;
= [250 % (160 2 8)1. u::] X 1cr-"* — 200.9 kN
(i} Rupture of net seciion .
Tin= (0.9 %, % Apfy) W
= (0.9 % 410 % 848/ ’J*:} w107 25:}331;14

Therefore, the design tensile strength of the plate = 250,33 kN
Check for minimum edge distance '
Provided edge and end distamee =30 mm > 1.3 < |8 = ET T,
Henee, the edge distance is as required. ;
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Example 7.6 Deﬁermme me tensile m'fﬂgi‘h af n::mn::uj s .:fmguna.f I ﬂ'ﬂ X 75 346 mm
L?‘ 25 ﬂ ﬂﬂ’a) came-:fed fo Ifi.re gusser p.i.'ﬂfe by -*.i‘-mm wekix as s}rﬂuw ir F.eg 729,

PR 140 mm Iung

S

Twu MR, e N
Ag=1010 mime

el

- ._ WE!d 31l:':lhn'm1 Inng
Fig. 7.2¢
Sobition’ e
Area of the connected Jeg (100 —6/2) % 6 = 582 mrm’ ;
Area of the uume.nmng leg = (75— ﬁm}xﬁ 431 mm1 =
A—lulﬂmm" e L
fa} Strength governed by vielding of cross section
Tai = Al = (1010 250/ 1. 1) X 1+:r3 = 220,55 klx
{bj Strengih g&vﬂrmrd by rapture of critical section -~ .
: Tdﬂ I]{-}:;r‘;.a:!mf};m + B Yo :
Assuming average length of weld £, = 225 mm
- B =14 - 00T60RINLIB,IL,)
= 14 - 0.076[(75 - 3}!153{250!41@{?5!225}

= 1215
Heuc-ﬁ._, :
= [0.9 x 410 x 582/1.25 + 1 215 X 432 3 250/1.101'% m i
'—- 207, } RN SR o
Alternatively, S el st
Tyn = ol ff % = [0800107 s 410/ E25] % 104
= 265.02 kN _ i s
Hemee; Ty, = 2911 KN - 070 0

(c) Strenpth soverned by block shear -

Since the member s welded to the gusset plate, no net areas are involved and
hence A, and 4, in the équation fnr . (Section 6.3.1 of the code) should be
taken as the corresponding gross argas {Gaylord et al. 1992). Assuming average
lengiki of the weld on each'side as 225 mim and thie pusset plate thickness as 8 mm,
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fdh, [8 % (225 3¢ 2) xzsm{ﬁxl1}+09x41ﬂx3><1um1?51x1u3 |
—?{13531:}4'" i 2

Ty [I]E'x#lﬂxﬁxﬂszf{ﬁxl25}*25[:::{8}{ mm uxm 3
= TYR38 kN ' :
Hence,
Ty, = 708353 kN
Thus, tensile strength = 229.55 KN (least of 229 55 285.01, and 708.53)
The efficiency of the tension member = 229,55 x 1000 x LOATON0 X 250/1.10)
= 100%
Tt is clear that since there is no reduction in the area in the weided connection, the
effi iciency of the tension member is not miucﬁ-d
Noto that in the calculation, we have &SS’E.HTH.':d the average length of weld a8 225 mm
on each side. However, the weldmg shnu}:l hc proportioned based on the position
of the neutral axis.
Thus, for the tensile capﬂcjw 229.55 kN, with capamn of d-mm weid = L330 .
kEN/mm
Length of the weld af the uppcr Sldﬂ crf ﬂ'lf: angje

= (229,55 x 30.1/100)/0.530 = 130 mm, sa}- 140 mm oy
Length of the weld at the bottom side of the.angle e
= [229.55 % (100 — 30,1} 100]/0.530 = 302 mm, say . '+1[] i

Students must prepare answers for the following questions at the end of the lecture.

10 mm thick gusset plate at the ends with six 18 mm
diameter holes (for bolts) to transfer tension. Determine
the block shear strength of the angle specimen assuming
100 mm leg is connected to gusset plate. .(April May
2021)

(40 i 5x40 C
i ———————p A 100X
100? OO0 O O Gyms []_—_'|> Tension
l i60 mm

|

On Marks | CO Bloom’s
N Question Knowledge
0
Level
1 An ISA 50 x 50 x 6 is to be used for tension member 4 m | 2 K3
long. The member will always be in tension. Check
whether the slenderness ratio satisfies the limit specified
in code.(April May 2021)
2 A single unequal angle isa 100 x 75 x 6 is connected to a | 13 K3
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Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 201 1


Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Unit 2. DESIGN OF TENSION AND COMPRESSION Lecture | 1 1 C
MEMBERS No [//£Y i
Topic | Design of Built Up members in Tension
Learning Outcome (LLO) At the end of this lecture, students will be able to Bloow's
Knowledge Level
LO1 ‘ Design a Built-up member subjected to tension K3

Example 7.8 4 tiz member in a bracing system consists af two angles 75 X 73 X6
bolied to a [0-mm gusset, one on each side wsing a single Fow af hradts’ {?eae
Fig. 7.307)] and tack bolted. Determine the f.rzﬁsz!e mpu-:.:{y af the member tirael

10 : :
| [ - 2
— Spader 6-mm thick
L7E=x75x86
: ST T L75=ToxE-
E J | H—" 10
Connectad to'gusset -~ .- - . - Connected on'the same’
* one on each side side of the gussat
() R S : __{b:l ;
EE 4=50 35 e o B V- -
q__“"-w__‘————_____ﬂ__ i i . i R ;s
= - 35 . i
| g i s e b
35 -
= 09000 : __‘i’. Ei 2 Hla S0 s
40 il .08 i N : 5 -
I 3 21H I L
:’C:I 1':' G'
; -
.....-.El-..___q 4 -{‘ ﬂﬁ ;

_ —12&@5@ SR
=1 L 1000imm spEsers
A1 | {clause 10.2.5.4)

st e il
Fig. 7.30. ... ..
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the number of bolts reguired to develop full capacity of the member. What will ba
the capacity if the angles are commected on the same side of the gusset plate and
tack bolted [Fig. 7.30(b)]7 What is the effect on tensile strength if the members are
nat tack bolied?

Solution
(@) Tweo angles conpected fo opposite side of tﬁe gmmr as m th 7. 30w}
{1) Design strenpth due to yielding of ,,’;[IJES sactlcm ,l__ “.I'y{A f?fm} 5
f’l = 866 mm® (for a single angle_‘,l i .
=230 %2 x {Hﬁﬁfl HJ} ::-: I{‘r

T = 393,64 kN :
{ii) The dem gn strength governed by te.;mng at DEL Sﬁﬂtlﬂﬂ
'T = o 'ff.':"r?;nl}

Aﬂum& a single line of Tour numbem of Eﬂ rm-diameter bnltq { ee=0.8) .
= [(¥5 - 6/2 - 226 + (75 - ﬁfl}ﬁ]l :
= {300 + 43212 = 1464 mm® -

T {E] B x 1464 x 410/1 l‘i}l 384,15 l:N
Tf'iﬂl'f:fm'ﬁ, ey i
Tensile capacity = 384, 15 ]::N
Dﬂszgn of bolis
Choose edge distance = 35 mm
Capacity of bolt in double shear (Table 5.9)

=2x45.3 =90.0 kN

Bearing capacity of the bolt does not gnw:m as pe: Tablc 5. ‘:J
Hemce,

Steength of a single bolt =916 kN.

Provide five bolts. Then, -
Total strength of the bolts =5 x 90.6 = 453 kN = 334 15 kN
Hence the connection is safe.

Minimum spacing = 2.5 = 2.5 x 20 = 50 muri1

Hence, provide a spacing of 50 mm.

The arrangements :of bolts are shown i Fig. 7.30(c).

Check for bleck shear strength: (clause 6.4)

Block shear strength ), of connection will be taken as

Fdh] = IAs-gf:w"f\ETn.lu} - {[_J'--'Mmﬁ.f?m]ﬂ
ar ' _ :
J[dl.'r:" =10, g-ﬁ:‘qm_‘;ﬁ}rml- + U_-;-’J':g "r'J'rrnIZI:b»ll

whmhew:r is smaller. :
(4 x50+ 35}5 1410 mm*

"~{4x5ﬂ+ L 45:~:22]45 Elﬁmm
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Tt = {1(1410 X 25003 x 1.10)] + ;m,ér 3 44 % 41031,251) = 107
=227.5kN '

Ty = {09 410 X B16)I(y/3 x | 25}] [(250 x z_i_ﬂ:nfi._.i__ﬂ}} 10

- 186.8 kN
For double angle, ;
block shear strength =2 x 186.8 = 3'?3 £ kN
Therefore, ; '
Tensile capacity = 373.6 kN (least of 393.64 kN_ 384.14 kN, and 373.6 kN)
(B) Two angles connected to the same xide of the gusset plate [Fig. 7.30(h)}
(i} Design strength due to yvielding of the oross section = 393.64 kN
(i1} Design strength g‘uvmﬂcﬂl.h}-‘ learing at the net section = 35414 kN
Assuming ten bolts of 20 mm diameter, five bolts in each connected leg
Capacity of an M20 bolt 1n single shear — 45.3 kN
Total strength of bolts= 10 x 453 = 453'kN > 393 64 kN
Hence the connection is safe. :

The arrangement of bolts is shown in Fig. 7.30{d). Since it is similar to
the arrangement in Fig. 7.30¢c). th Block shear strength will be the same,
ie, 373.6 kN |

Hence, the tensile capacity = 373.6 kN

The tensile capacity of both the arrangements (angles connected on the
same side and connected to the opposite side of gusset) are same, as per
the code thnugh ‘the load apphcation is eceentric in this case. Moreover,
the number of bolts are ten whereas in case {-:1 ) we used only ﬁw bolts
since the bolts were in double shear. .

(c) If the angics are ot tirck hﬂ.:'md, they heﬁavf, iy f.*mg!'a ﬂﬂgfﬂ‘&' connected to

pusyer plate,

In this case also the tensile Lﬂpﬂﬁlt}’ will be the same and we have to use ten M20
bolts. This fact is confirmed by the test and FEM results of Usha (2003), statinig
that ‘“The net section strength of double angles on opposite sides of the gusset and
tack connected adequately over the length is nearly the same as that of two single
angles acting individually. Current desipn prn*._risi'ms indicating greater efficiency
of such double angles are not supported by the test and FEM results,”
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E:-:ample 7.10 A terision member in @ E:'ﬂffge striscture 10-m ] omg L8 .;uu!:ye-;red foan:
axienl femnsile (fociored) Toad of {800 J_E'-.- Design the section with ch{:rmﬁe.:s ﬁmmg
each otfher (see F;r;___ ?' 321 fisauma = im "-':i"Fa' .:mcf f' = Eja‘jl MP

Soltifion
Required area = 1.1 x 1800 2 1000725077200 mm?
280 = & mm ;:ia_l_te.

L5 i oot T.'IE""" L e
ey u + A | _ISMC 300 .fpw-q- :.f J
/ = TRl g e
CIBMG 300—" 1 A | Lot
!.f" DRD-mm ,__,.

F:g.?:az o

Select two channels ISMC 300 {36 3 kg/my eaLh w:lh the fﬂllumg pmpemes &
: A= 4630 mm’; B = PIEImm g~5ﬂmm SR
L. —M?ﬂxm*mm s

{,,=313 x 10* mm e el Y

875 =136 mm; £, = 7.8 mm. . :
e =] L& vamm s e : st e : P o TR LK
=.23.5 mm 1 L

ﬁssumm lﬁ mm-diameter bolts for the mnﬂectmn
Digmeter of hole=16'+ 2= .18 mm i
A, =2 % 4630 = 9260 i’
Assutning staggﬂr&d bolts, deduction of two holes will be made n the cajcukation
of the net area. MNet arca is caloulated as’ per Sgction 7.9 ity
MNet area pruﬂclcd SFOSS Area — area of huiL hﬁl&ﬁ {05 = 'ﬂ.eh area)
= 9260 < 2% 18'% 13.6.— 052 :{{“’-{J'D 2 %13 ﬁ}x?H]
= §770.4 - Z127.84 = 6642.56 mm? < 7200 mm?

As the nel area provided by the two channels is le.,as lhan the net area required, we
~ have to provide additional cover plates.
Required net ared of cover plates = 7200 — 6642, 56= 557.44 mm’
Let us pmwde an additional plate of size 280 x & mm with arca 1680 mm? and
arrange two channels as shown in Fig. 7.32..
- 2% 46300150+ 6) + 280 6%3
BT 24630 + 280 %6
I, =72 %6420 x 10* + 280 x 612 + zsn * 6(132.5 - 627
+2 % 4630 % (156 — — 132. 5) :
= 161.7 % 10° mm* :

=132, 5"mm '
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Tensile sirength of the member (assuming more than four bolts)
= (0.8 x B106.56 x 410/1.25) x 1077 = 2127.2 kN > 1800 kN
Hence, LhEr tensile stren sth of the member is as requln,d

=7 %4630 + 280 x 6 = !ﬂ94ﬂ e

= 2313 % 10% + aﬁ:m{zsmz - 23.5)° 1+6x zscﬂ' 12

= 14291 %'10° mm* :
ron = A (142.91x105/10940) =114.3'm
A= 1r= 10 x 1000/114,3 = §7.49 < 180

Hence 2 is within allowable limit. s
MWetarea = 2 x 4630 + 280 = 6 — 218 13 ﬁ + LH xﬁj

i = 0A[2 % (300.= 2 % 13.6). % T:8]
= B106.56 mm*

The twa channels should he tied etfectively at regular intervals with tie plates so as
‘to function as a single unit(see clause 7.7. 2.3 of the code)
Effective depth of tie plate = distance between centroids of the main components
=280 -2 x23.5 = 233 mm
Assuming 16-mm-diameter bolis and with edge dlstaucé =30 mm
Overall depth = 233 + 2 % 30 = 293 mm = 300 mm

Length of the plate = width of the member = 280 rimmi
Thickness of tie plate = (1/50%distance between mnmnnstmnnu:uuf, lme of hn]ts}

= (1/50)280 - 2 % 507 = 3.6 mm

Provide (300 x 280 x 6)-mm tie piates.

a s

Students must prepare answers for the following questions at the end of the lecture.

May 2023)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 A built-up tension member consists of two L-shaped | 13 K3
angles connected by a gusset plate. The member is
required to carry a tensile load of 120 kN. Determine the
minimum size of the angles and gusset plate required if
the allowable tensile stress is 150 MPa. Assume a bolt
diameter of 16 mm and a bolt spacing of 50 mm. (April
May 2023)
2 Discuss the design of built-up tension members. (April | 7 K2

Reference Book:

N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011



Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Unit 2. DESIGN OF TENSION AND COMPRESSION Lecture 1
MEMBERS No
Topic | Design of Lug Angles
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 | Design Lug Angles for Tension members K3

Lug Angles:

When a tension member is subjected to heavy load, the number of bolts or the length of weld
required for making a connection with other members becomes large; resulting in uneconomical size
of the gusset plates. In such situations, an additional short angle may be used to reduce the joint length
and shear lag as shown in Fig. 7.20. Such an angle is called the lug angle.

The location of the lug angle is of some importance; it is more effective at the beginning of
the connection, as in Fig. 7.20, rather than at the end. The use of lug angles with angles or channels
reduces the net area of the main members due to the additional bolt holes in projected members. This
reduction in the net area of the member should not be excessive.

Lilg angla o ~ Lugangle

i

/

|

3 o :
Li\f—/—/{f Angie : ' o o o o0 i f-

Gusset - ' . )( Ehahnel

Gussﬂ;

In the connections of the lug angles to the member or the gusset plate more than two bolts are
used. Since both legs of the angles or channels are connected to the lug angles, the net area of the
members should be calculated simply as gross area minus the area of the holes.

Lug angles may be eliminated by providing unequal angle sections with the wider leg as the
connected leg and using two rows of staggered bolts. In many cases, the cost of providing the lug
angles (including their connection and the extra fabrication required to make the holes) may be found
to be expensive than providing extra length and thickness of gusset plate. Hence, they are not used in
practice.
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Example 7.12 4 diagonal member of a roof carries an axm.f tension of 450 kN
Design the section and its connection with a gus. vef plate and lug angle, Use f =:
23 MFPa and f, — 410 MPa

Sofution
Factored tensile load = 450 kN :
Required net area of section = 7,3, /0:97)

=450 % 1000 x 1.25/(0.9 x 410)

e = 1524 nim?

Choose ISA 150 > 75 % 10 with A = 2160 mm?, »,, = 16.1 mm
Froviding Z20-mm-diameter balts; strength crf a h[}lt in smgle ahea:r 45 3 kN
(Strength in bearing will not govern,)
Required aumber of bolts = 450/45.3 = 10 _
Using a pitch of 2.5 % 20 = 50 mm and an edee distance of 30 mm
Length of gusset plate =9 ¢ 50 +2 %30 =510 mm- - - :
Area ol connected leg A4 = [150— 22 — (10/27] % 1t = 12‘1!} iy
Area of outstanding leg Agy = [75 = (10/2)] > 10 = 700 mm*

A, = 1230+ 700 = !931} mm® > 1524 mm?
Tearing strength of the net-section

Tan = €A, £l = 0.8 % 1930 x 410/1.25
= 506.4 kKN, > 450 kN

Lug angle
IBANSD xTE <8

Hence safe.

Withow lug angle, the ]ength of the gusset
plate is 480 mm. If the bolts are staggered ;
and arranged in two rows, the length of the T T
gusset plate may be reduced. We will now ;
provide a lug angle (sec Fig. 7.34). - - -
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Pesign of log angle

Total factored tensile foad = 450 kN S

Gross aria of the connected leg = [150 — (10/2)] % 10 = 145[.1 mme

Gross area of outstanding leg = [75 — (10¢2)] x 10 = 700 mm?* '
In an unequal angle, the load gets dmmhut-&d in’ th:} ratio ui‘ the gm:-u, areg of
connected and outstanding dogs, FRis

Load shared by outstanding leg of main mgle

= 450 x TO0/(1450 + 700) = 146.5 kN -

Load on lug angle = 1.2 146.5 = 175.8 (clavse 10.12.2)"
Rﬂqmrad net area for !ug ang,[:.. = 1758 = IIEP3 x 1 Eﬁf{ﬂ 9 ® 41{}‘_]
- SLERO6 mmE

Lse. ISA. 150 .75 = & anele with'A = 1750 mum® : '
Assuming that the section is weakened bg.r one. row ﬂf ED—ulm diameteér boll
MNet area = 1750 — 22 x § = 1574 mm? > 59!5 mm* (For sunplu:‘ltj,' the ijl}[}l of
Fp¥ide is not considered hare bur should zdmﬂ}' be um:ﬂdered a5 E:iplﬂ!.llf:d in
previous examples. )
The lug angle is also kept with its 75-mm long 155 as mrf:'«.:tmldmg leg
Mumber of bolts to connect 150-mm leg of Iug dngle: wu:h Eusset plﬂtﬁ

L =1758M53=4. . . repaban B
Provide five bolts of 200 mm dmmetm' o connect lug an;h]e, wn‘h gusse{ pla[e
Check
laad on connected lag = 450 = 1430/(1450 + 7000 = 303. 5 ]fN
Reguired number of bolts = 303.5/435.3 = 7 . -
Hence provide seven 20-mm-diameter b-}]ts Lo :;nnncctth_t::dmgnual tension member
with the fusset,
Eequired numhber af holts m connect uuistandmg lrxg:-*. of the two angics (clanse
10.12.2} e

=l4x HESM&S#S

Henc:e prn:mde five bolts of 20 mm mmemr ; !
Required [ength of gusset plate = 6 % 50+ 2.x ’-HJ = %jﬂ nm, {cmmparﬂd wuh S10°
mim without lug angle). ; R
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the number of bolts reguired to develop full capacity of the member. What will ba
the capacity if the angles are commected on the same side of the gusset plate and
tack bolted [Fig. 7.30(b)]7 What is the effect on tensile strength if the members are
nat tack bolied?

Solution
(@) Tweo angles conpected fo opposite side of tﬁe gmmr as m th 7. 30w}
{1) Design strenpth due to yielding of ,,’;[IJES sactlcm ,l__ “.I'y{A f?fm} 5
f’l = 866 mm® (for a single angle_‘,l i .
=230 %2 x {Hﬁﬁfl HJ} ::-: I{‘r

T = 393,64 kN :
{ii) The dem gn strength governed by te.;mng at DEL Sﬁﬂtlﬂﬂ
'T = o 'ff.':"r?;nl}

Aﬂum& a single line of Tour numbem of Eﬂ rm-diameter bnltq { ee=0.8) .
= [(¥5 - 6/2 - 226 + (75 - ﬁfl}ﬁ]l :
= {300 + 43212 = 1464 mm® -

T {E] B x 1464 x 410/1 l‘i}l 384,15 l:N
Tf'iﬂl'f:fm'ﬁ, ey i
Tensile capacity = 384, 15 ]::N
Dﬂszgn of bolis
Choose edge distance = 35 mm
Capacity of bolt in double shear (Table 5.9)

=2x45.3 =90.0 kN

Bearing capacity of the bolt does not gnw:m as pe: Tablc 5. ‘:J
Hemce,

Steength of a single bolt =916 kN.

Provide five bolts. Then, -
Total strength of the bolts =5 x 90.6 = 453 kN = 334 15 kN
Hence the connection is safe.

Minimum spacing = 2.5 = 2.5 x 20 = 50 muri1

Hence, provide a spacing of 50 mm.

The arrangements :of bolts are shown i Fig. 7.30(c).

Check for bleck shear strength: (clause 6.4)

Block shear strength ), of connection will be taken as

Fdh] = IAs-gf:w"f\ETn.lu} - {[_J'--'Mmﬁ.f?m]ﬂ
ar ' _ :
J[dl.'r:" =10, g-ﬁ:‘qm_‘;ﬁ}rml- + U_-;-’J':g "r'J'rrnIZI:b»ll

whmhew:r is smaller. :
(4 x50+ 35}5 1410 mm*

"~{4x5ﬂ+ L 45:~:22]45 Elﬁmm
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Students must prepare answers for the following questions at the end of the lecture.

angles connected by a gusset plate. The member is
required to carry a tensile load of 120 kN. Determine the
minimum size of the angles and gusset plate required if
the allowable tensile stress is 150 MPa. Assume a bolt
diameter of 16 mm and a bolt spacing of 50 mm. (Apr
May 2023)

On Marks | CO Bloom’s
Question Knowledge
No
Leyvel
1 Discuss the provisions does the lug angle provide in | 7 K2
tension member.(Nov Dec 2023)
2 A built-up tension member consists of two L-shaped | 13 K3

Reference Book:

N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 2. DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture 13
No

Topic | Design of Tension Splices

Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 0PN
Knowledge Level
LO1 | Design splices for tension members K3
Tension Splices:
{a). Packing

g} (d}

T
=

Groove :
weld Backing sirip
ST

A T O

T s

F e B . - Walded splice
el R )
Fig. 7.22 Splices in tension members:

When the available length is less than the required length of a tension member, splices are
provided. The various types of splices that can be provided are shown in Figs 7.22(a) to (¢). If the
sections are not of the same thickness, packings are introduced, as shown in Fig. 7.22(d).

In the design of a tension splice, the effect of eccentricity is neglected; as far as possible it
should be avoided. Thus Fig. 7.22(c) shows an angle section spliced on one leg of the angle only by
a plate. Such an arrangement causes eccentricity and introduces bending moments. To overome this,
both the legs of the angle should be spliced, as shown in Fig. 7.22(a). The splice as shown in Fig.
7.22(b) is used in the legs of transmission line or communication towers and aids transfer of tensile
loads, without any eccentricity,

The splice cover plates or angles and its connections should be designed to develop the net
tensile strength of the main member. The forces in the main member are transferred to the cover plate
angle sections through the bolts/welding and carried through these covers across the joint and is
transferred to the other portion of the section through the fasteners.
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E]{Hm[.ﬂﬂ ? 2 D-zrennme rhe mfmmum net area r{;f' :Iier pfﬂfﬁ;.ﬁ‘ ¥l shuwn m j'ffg:r
7 E.:'Jf’.:;rj :md {h) with a pf.::rre {.-f vize u:sf 250 3¢ 8 mm ﬁﬂ:;.!" 7 ﬁ—mm wa!-;

30 i I e
&0 2 g g' :;.l' o Q01 - DA.;:; «ﬂq: S
+ - B0 | & T - w0l|s3E 2
: o e s T e
o R - fj;’;_ﬁ
_—Eos T
] : ol B s
Chaln bolting - Zlgzag boling -
Soagag s B
Solation

{a) Chain bolting
For a 16-mm bolt, hele diameter = 18 mum
Net area = (b — md )t
'—-{Elﬂ—-fl:wc 181= 8

; o =1104 mm?®.
rEl} .’-3' rgfug bolfing
Siagpered length correction = J::u-g Mgr
Path AB and FG (two hales);
Netarea= (210 -2 x 181 = 8= 13‘?2 mm
Path CDE (three holes):
WNetarea=(210 -3 x 18)x 8= 1248 mm®
Path ACDE (four holes and one stagzer):

Net area = [210 4 x 18 + 4574 x 503]8 = 1185 mm*

Path TCDE (four holes and one stagger'}

Netarea = [210 — 4 x 18 + 40%(4 x 50)]8 = 1168 mm>

Path ACG or FCB (three holes and two stagpers):

Netarea = [210 ~ 3 % 18 + 45%(4 > 50) + 40744 x JD}]B = 1393 mm?

Path FCG (three holes and two stagygers):

Netarea =210 — 3 X 18+ 2 x 4074 % 50)]8 = 1376 mm®

The minimum net area is for path FCDE = 1168 mm?, Note that the minimum net
area:occurs at & path which has the maximum number of holes and Minimum

number of slaggers. .
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Students must prepare answers for the following questions at the end of the lecture.

with a 300mm x 10mm plate. The design load is SOOKN.
Use 20mm diameter bolts. (Nov Dec 2021)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design a tension splice to connect a 300mm x 20mm plate | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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| 2

Unit | 2- DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture /= /]
No ",r)/ 76
Topic | Design of Simple Compression Members
Learning Outcome (LLO) At the end of this lecture, students will be able to Bloow'y
Knowledge Level
LO1 | Design a compression member using simple sections K3

Compression Members: ( IS800:2007 provision)

7.1 Design Strength

7.1.1 Commaon hot rolled and built-up steel members
used for carrying axial compression, usually fail by
flexural buckling. The buckling strength of these
members is affected by residual stresses, initial bow
and accidental eccentricities of load. To account for
all these factors, the strength of members subjected to
axial compression is defined by buckling class a, b, c,
or d as given Table 7.

7.1.2 The design compressive strength P, of a member

15 given by:
P <P,
where
Fa = At
where
A, = effective sectional area as defined
in 7.3.2, and
fug = design compressive stress, obtained
as per 7.1.2.1.

7.1.2.1 The design compressive stress, f, of axially
loaded compression members shall be calculated using
the following equation:

bR
T g Tt | e A
p+[o? 27T
where
o = 0501 4+ o (h=0.2)+ 47
A = non-dimensional effective slenderness ratio
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= JIT5=\s, () e

n' E
Euler buckling stress = { Ky}‘
%

fes

where

KL/r = effective slenderness ratio or ratio
of effective length, KL to
appropriate radius of gyration, r;

o = imperfection factor given in
Table 7;

¥ = stress reduction factor (see Table B)
for different buckling class,
slenderness ratio and yield stress

= 1
[o+(e°-2)" ]

partial safety factor for material
strength.

]

i

Ao

Example 9.1 4n ISHRB 300 is to be used as a short column carrying axial load. Is
ity compressive strength likely to be affected by local buckiing assuming (a) Fe 41
steel with f, = 250 MPa (B) F'e 540 steel with a design strength of f, = 410 MPa,

Solution
From Section tables, E:J.-— Eﬁ_ﬂﬁmm, Ip= 106 mm, £ =300 mm, R = 11.0 mm, 7,
= 7.6 mm, and 4 = 7450 mm"~.
{a) For j_;, = 250 MPa. from Table 2 of the code, IS 800 : 2007, (»/7) allowable =
15.7
Actual (&%) for flange = (250/2310.6 = 5.9 < 15,7
it for web = [300 — 2 (10.6 + 11))/7.6 = 33.79
From Table 2 of code, (d/f) max = 42
Thus full cross section is effective and design strength = 250 x 7480/(1.1 %
1000) = 1700 kN
(b) For f, =410 MPa,

Flange limit is 15.7 ./ (250/410) = 12.26 > 5.9

Web limit = 42 ) (250/410) =32.79<33.79
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Therefore, cross section 15 slender on account of proportions of the web.
Effective cross section

d =300 - 2(10.6 + 11) = 256.8
Ay = 7480 - {2568 - 7.6 x 32.79} 7.6
= 7480 - (256.8 — 249.2) 7.6
= 7480 — 57.76 = 742224 mm*
Design strength = 742224 = 410/(1.1 x 1000} = 2766.5 kN

Note that in this case the local buckling reduces the compression strength by
about 1%, Since the web proportions control and most of the section’s area is
concentrated in the (semi-compact) flanges, the reduced effectiveness of the web
results in moch smaller loss of design capacity,

Example 9.2 Determine the design axial load on the column section ISMB 350,
given that the height of column is 3.0 m and that it is pin-ended. Also assume the
following: f, = 250 Nfmn?, f, = 410 Nfmm?®; E = 2 x 10° Nmm?.

Solution
Unless the axis about which buckling will occur 15 obvious, all possibilities muost be

checked. For ISMB section, r, is normally between one fourth to one fifth of r,
and hence the likely mode of failure is by buckling about the minor axis. However,
in case where dilTerent effective lengths apply for the two planes, both possibilities
should normally be checked. Here both the possibilities are shown just for illustration.
Cross-section properties

Flange thickness, 1, = 14.2 mm
Thickness of web, 1, = 8.1 mm
Flange width, & = 140 mm
Self weight, w = 524 N/m
Cross-sectional area, A = 6670 i
r,= 143 mm
ry= 284 mm
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$=05[1+o(d-02)+4%
=0.5[1 +0.21 (0.236] - 0.2) + 0.2361%] = 0.532
fea = Sy ) 10 +[07 — A1)
= (250/1.10)/{0.532 + [0.532° - 0.2361%]"°)
= 2253 N/mm’
About y-y axis: o= 034

A= || Lf,(KLIN ( E)]

= [[250 % (3000/28.4)/(x x 2 X 10)] =1.189
¢ = 0501 + e (A—02) + A7
=0.5[1 + 0.34(1.189 — 0.2) + 1.189%] = 1.375
For = (Bl (0 +[¢7— £1%7)
= (250/1.10%/{1.375 + [1.375% - 1.189%] ™%} = 110 N/mm*

The same result may be ebtained by using Table 9b of 1S 800 ; 2007. Thus, fn:rr KL
r=105.63 and f, = 250 MFa, from Table Yb, we get

fog= 110 N/mm*
(1v) Design stresses
In z-direction,
fog = 2253 MPa
In y-direction,
Jog = 11000 MPa
Hence design axial compressive stress,
feg= 1100 MPa
The design strength,

P, = 6670 % 110/1000
=733.7 KN
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Students must prepare answers for the following questions at the end of the lecture.

columns. (7)

(i1) Discuss the advantages and limitations of using solid
section columns. (6)

(Apr May 2023)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Calculate the compressive resistance of a isa 200 x 200 x | 13 K3
20 angle loaded through only one leg when it is connected
by two bolts at the ends considering as fixed. (Apr-May
2021)
2 (1) Explain the design of axially loaded solid section | 13 K2

Reference Book:

N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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2. DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture

Unit
o No
Topic | Design of Built-up Compression Members
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 0PN
Knowledge Level
LO1 ‘ Design a compression member using Built-up sections K3

Example 9.4 Calculate the compressive resistance of @ compound column consisting
of ISHB 300 with one cover plate of 350 x 20 mm on each flange
fsee Fig. 9.56} and having a length of 5 m. Assume that the boitom of the column
is fived and top is rotation fixed, translation free and f, =230 MPa.

350 = 20 pl.

i~15HB 300

I

| -

e T e
"

Fig. 9.56

0

Solution
From section tables for ISHB 300
Area = 7480 mm?; I, = 12600 x 10° mm*; I, = 2200 x 10" mm?*
(i) Determining the radii of gyration for the compound section
Area = 7480 + 350 x 20 x 2 = 21,480 mm*
From Appendix A (Table A.15), approximate values of
r. = 0408 = 0.40 x 300 = 123 mm
r, =0.216 =021 x 350 =73.5 mm
Let us do the calculation to verify the above resuit
I, for plates = 2[1 + Ay
=2 % [350 x 20°/12 + 350 % 20 % 160%]
= 35887 x 10" mm’
Total I,, = 12600 x 10* + 35887 x 10° = 484867 x 10" mm*

Hence, r, = + (484867 x 10%/21480) = 150.24 mm

1, of ISHB 300 = 2200 x 10* mm*
I, of plates = 2 x 20 x 350%/12 = 14291.7 x 10* mm’"
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Total 7, = 2200 x 10" + 14291.7 x 10° = 16491.7 x 10" mm*

ry= \ (16491.7 x10%/21480) = 87.62 m

(ii} Buckling curve classification
From Table 10 of the code for buckling about any axis use curve c.
(iii) Since r, is small, the buckling will be about the V-V axis
Effective length = 2 x 3000 = 10,000 mm
A= KLir, = 10,000/87.62 = 114.13 < 180
From Table 9¢ of the code, for
f, =250 MPa and 1 = 114.13,
foq = 90.1 Nfmm?
Hence design strength = 21480 x 90.1/1000 = 1935.35 kN

Example 9.5 A heavy column is requived to support a ganiry girder and a special
H-section is to be fabricated. The trial section is shown in Fig. 9.57(a). Check its
suitability to support a faciored load of 11,000 kN, assuming both ends are pinned
and a length of 8 m. Sieel of design strength 250 Nimm® is to be wsed. Could a
rolled section be suitably reinforced (by welding cover plates to its flanges) so as
fo provide an alternate solution?

ACH) i
[ T ———

. 500 ;
- _,:Jéan EE:*: — -x.—_"_r_:

| I
™

50 QDO | _‘.26-4 &&9
[ | — 1)
{' L_‘__) '-_._.L w
' |
Welded section WE10 = 320« 372
(a) (b}
Fig. 9.57

Solution
(a) For the welded section shown in Fig. 9.57(a)
A = (500 % 60) x 2 + 500 x 50 = 85,000 mm?
-1, = 2(60 x 500°)/12 + 500 x 50°/12 = 125520.8 x 10* mm*
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ry= J(1,/4) = /125520.8 x 10%/85,000) = 121.5 mm

A= KLfr, = 1 x 8000/121.5 = 65.83
(1) Section classification (Table 2 of IS 200)
Flange bty = (500/2)/60 = 4.1 < 13.6
Web dir, = 500/50 < 42
Hence, the section 15 not slender.

(1) Buckling curve classification
From Table 10 of the code, 7; > 40 mm
For z-z axis use curve ‘¢’
For y-y axis use curve ‘d’
{iil) Design strength
FFrom Table 9d, for EL/r = 65.83, and f, = 230 N/mm?, (As per Table 1 of the
code)
[ = 133.25 Nfmm?
Hence design strength =, x A = 133.25 < 85,000/1000 = 11,326 kN = 11,000 kN

Hence, the section 1s sultable,
(b) The heaviest rolled section is wide flange W 610 x 320 with the following

properties:
A = 47630 mm?, I, = 30200 x 10° mm®, r, = 70.96 mm

Hence we have to provide substantial cover plates to make the area about 85,000
mm®. As a first trial use 400 x 60 mm plates on both flanges as shown in Fig.
9.57(b).

A = 47630 + 2 (400 x 60) = 95630 mm*

I, = 30200 x 10* + 2 (60 x 400*Y12 = 94200 x 10* mm*

r, = 4/ (94200 x10%/95,630) = 99.25 mm

From Table 10 of the code, since #, > 40) mm use curve d’.
A=KLir, =1 x 8000/99.25 = 80.60
From Table 9d, for
Jf, =230 N/mm” and A = 80.6,
foq = 112,28 N/mm?
Capacity of the section = 112.28 x 9563(/1000)
= 10737 kN = 11,000 kN
Hence the section is suitable.
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Students must prepare answers for the following questions at the end of the lecture.

Qn
No

Question

Marks

CO

Bloom’s
Knowledge
Level

1

A built-up column of effective length 4m is made of two
ISMC 350 channels placed face to face, separated by a
distance of 250 mm (between web ends) and carries a load
of 800 kN. Design a suitable lacing system with
connections. (Nov Dec 2022)

13

K3

(b) A column 4 m long has to support factored load af
6000 kN. The column is effectively hold at both ends and
restrained in direction at One of the ends. Design the
column using Beam sections and plates. (Apr May 2022)

13

K2

Reference Book:

N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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LO1 ‘ Design a compression member using Built-up Laced sections

Unit 2. DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture
No
Topic | Design of Built-up Laced Column
. . ) Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
K3

Example 9.20 Design a buwilt-up laced columm with fowr angles to support an
axial load of 900 kN. The column is 12-m Iong and both the ends are held in
position and restrained against rotation. Assume Fe 410 grade steel

Solution

Required area of the column = 900 x 10°/(0.6 x 250) = 6000 mm*

Provide four angles ISA 100 » 100 x 8 mm. In this case we do not have any
restriction of size (except for any architectural constraint). Hence, we will work
backwards on the spacing from the assumed area and design compressive stress.

The relevant properties are

A = 1540 mm*

Cep = Sy = 276 mm

Foz = Fyy = J0.7 mm

I, = L, = 145 x 10* mm’*
Area provided = 4 % 1540 = 6160 mm?®

For 6280 mm?, the required f; = 900 x 10°/6160 = 146.1 MPa

From Table 9¢, allowable Lir (for /3= 146.1 MPa) = 75
From Table 11 of the code, for the fixed condition, K = 0.65
L =0.65 x 12 » 10°= 7800 mm

Required r = 7800/75 = 104 mm
Moment of inertia of required section /= 4+

= 6160 % 1042 = 66.626 x 10° mm?

Equating required and provided moment of inertia,
66.626 % 10° =4 x 145 x 10° + 61607>
¥ =99.37 mm
Spacing of angle § = 2 (99.37 + 27,6) = 253.94 mm
Therefore, provide S = 255 mm
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Now, I, = I, =4 x 145 x 10* + 6160(255/2 — 27:6)* = 67.277 x 10° mm*

r= \J(67.277 x 10°/6160) = 104.5

Lir = 7800/104.5 = 74.64
From Table 9¢, for L/r = 74.64 and £y = 250 MPa,
Jog = 144.58 MPa
Capacity of the built up column = 6160 x 144.58/1000 = 890.6 kN = 900 kN
Hence the column is safe. If necessary, the spacing may be increased to 260 mm
Connecting system
Let us provide a double lacing system with the lacing flats inclined at 45°. Both are
provided at the centre of the leg of angle.
Spacing of lacing bar, [ = (255 — 50 — 50)cot45°
= 155 mm
Lafryy = 155/30.7 = 5.05 < 50
It should also be less than 0.7 x 74.7 = 52.29 > 5.05
Shear force, ¥ = (2.5/100) x 900 x10° = 22,500 N
Transverse shear in each panel = F/N = 22,500/2 = 11250 N
As double lacing is provided,
Compressive force in lacing bar = (F/2N)cosec 8
= 11250/2 % cosec 45°
=T955 N
Section of lacing flat
Assuming 20 mm bolts, width of the flat (clause 7.6.2) = 60 mm
Length of lacing = (255 — 50 — 50) cosec 45° = 219.2
Minimum thickness of the lacing flat = (1/60) »x 219.2
= 3.65 mm
Provide a flat of size 60 x 6 mm.
Minimum radius of gyration,

=212 =612 = 1.73 mm
Lyr=0.7(219.2)/1.73 = 88.69 < 145
Hence the flat is safe.
For L,/r = 88.69 and £y = 250 MPa, from Table 9c,
foa = 122.97 N/mm?

Capacity of lacing bar = 122,67 x 60 x 6
=44267T N> 7955 N
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Hence the lacing bar is safe.
Connections
Strength of a 20 mm diameter bolt in double shear (Table 5.9) =2 x 43.3 = 90.6 kN
Strength of the bolt in bearing = 2.5k,df % £,/
=25%06 % 120 6 4104125 > 1000) = 59 kN
Hence strength of bolt = 59 kN
Number of bolts = 2 x 7955 x cotd5°/(59 % 10°) = 0.27
Provide one 20-mm diameter bolt.
Note The size of the lacing plate may be reduced to 50 % & m with a 16-mm
diameter bolt.
Tie plate
Tie plates are to be provided at each end of the built-up-colummn.
Effective depth = 255 — 2 % 27.6 = 199.8 = 200 > 2 x 100 mm
Owerall depth of the tie plate = 200 + 2 x 25 = 250 mm
{(Minimum edge distance of a 16-mm diameter bolt = 25 mm)
Thickness of tie plate = 1/50(255 — 50 — 50) = 3.1 mm
Therefore, provide a 255 x 250 % 6 mm tie plate and connect it with three 16-mm
diameter bolts as shown in Fig. 9.60.

L ISA100 = 100 = 8 mm

i
:
i
155 mm H- 50 1SF 6 mm
1
¥ "
O IO .
H ] "l i
iy P 25002 6 mm
50 A1 tleplate
i |
o A

16 ¢ boit

255

..-.—...-l
ﬁ"“ﬁl
|
|
I I
II] | _ISAT00 x 100 x 8 mm
= _...%JI

f— 255 —=]
Fig. 9.66
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Students must prepare answers for the following questions at the end of the lecture.

and two 10 mm think gusset plates. The length of the
column is 3.5 m and it is required to carry a compressive
load of 200 kN. The allowable compressive stress is 150
MPa. Determine the minimum size of the gusset plates
required (Apr May 2023)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 A built-up column consists of four ISA 100 x 75 x 8 angles | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 2. DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture
No

Topic | Design of Built-up Batten Column

Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to OURN
Knowledge Level
LO1 ‘ Design a compression member using Built-up Battened sections K3

Example 9.18 Design a column having an effective length of 6 m and subfected fo
a factored axial load of 2400 kN. Provide the ehannels back-to-back connected by
welded battens. Assume Fe 41() grade steel.
Solution
Required area of cross section = 2400 x 10°/(0.6 x 250) = 16,000 mm*
Let us assume two channels ISMC 400 at 501 N/m. Relevant properties of ISMC
400 as per IS 808 — 1989 are
A4 = 6380 mm™: b= 100 mm; {,= 15.3 mm; r, = 154 mm, v, = 28.2 mm;
I, = 15,200 x 10° mm* [, = 508 x 10" mm®; ¢,, = 24.2 mm
Area provided = 2 x 6380 = 12,760 mm®

A=Lir=11x%60%x 10°154 = 42.86
For L/r = 42.86 and ], = 250 MPa, using Table 9¢c of the code,

fog =193.71 MPa
Capacity of the built-up column = 193.71 x 2 x 6380/1000 = 2471 kN > 2400 kN
Hence the column is safe.
Spacing of channels

2L, = 2L, + A(SI2 + ¢, F]

2 % 15200 % 10% = 2[508 » 10* + 6380 (S/2 + 24.2)"]

(52 + 24.2)° = 23028
Hence § = 255.1 mm. Therefore, provide two ISMC 400 at a spacing of 256 mm
back-to-back as shown in Fig. 9.65.

{ | 380 mm 230 mm x 8 mm
A LFvE
1

|
{,_ P |~ 1.8.M.C. 400 @ 501 N/m
-l-|-l-'— s

|~ 380 mm =310 mm = 8 mm

HB s

foti—— Bkl ey ———|
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Spacing of bmf;;ns
L,lr., should be less than 0.7 x slenderness ratio of the built-up column, Henee,

Lairyy < 0.7(Lir)
L, < 0.3(Lir)r,,
<07 =% 42.86 x 28.2
< §46 mm
Also, L, /r,, should be less than 0. Therefore,
L,y <20
le, L, <50 x28.2= 1210 mm
Provide the batten at a spacing of 840 mm.
Size of end battens
Ovwerall depth of batten = 256 +2 x ""3':.'.
=256 +2x242=3044mm
Provide a 62 mm overlap of batten on channel flange for welding.
Length of batten = 256 + 2 » 62 = 380 mm
Thickness of batten = 1/50 » 380 = 7.60 mm
Provide 380 x 310 = 8 mm end batten plate.
Size of imtermediate batiens
Overall depth = 3/4 x 304.4 = 228.3 mm
Provide 380 x 230 x 8 mm intermediate battens.
Dresign forces
Transverse shear = 2.3% of axial load
= 2.5 » 2400 = 10°/100 = 60,000 N
Longitudinal shear F;, = F, L, /ns
= 60,000 x 8340/[2(256 + 2 x 62/2)]
= 79245 N
Moment M = ¥,L,/2n
= 60,000 x B40/(2 x 2) = 12.6 % 10° N mm
Check
(a) For end battens,
Shear stress= 79,245/(310 x 8)
= 31.9 MPa < 250/(+/3 x 1.I) = 131.2 MPa
Bending stress = 12.6 % 10° x 6/(8 % 310%)
=08.3 MPa < 250/1.1 =227 MPa
*{b) For intermediate battens,
Shear stregs = 79.245/(230 x B)
=43.1 MPa < 131.2 MPa
Bending stress = 12.6 % 10° x 6/(8 » 2307)
=178.6 MPa < 227 MPa
Hence the battens are safe,
Design of weld
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Let ¢ be the throat thickness of weld.

L, = 2[(62 x £112) + (62 x H(230/2F] + 2 x ¢ x 230%/12

Neglecting 62 x /12, which will be insignificant, we get
I.=366.77 x 10* mm*

Ly =2[t x 62%12] + 2% 230 x £12 + 2 230 x ¢ % 317
Agpain neglecting 2 x 230 x /12, which will be very small, we get

I, = 48.18 X 10* t mm*

L=1,,+ 1, = 1(366.77 x 10* + 48.18 x 10*) = 414.95 x 10" mm*

F= J[{EBWE}"” +(62/2)°] =119.1 mm
cosf = 31/119.1 = 0.260
Direct shear stress= 7924542 x 62 + 2 x 230)
= 135.7/t N/mm*®
Shear stress due to bending moment
=126 x 10° x 119.1/(414.95 x 10" % 1)
= 361.65/r N/mm?
Combined stress

[(135.7/0% + (361.65/1F + 2 x (135.7/1}361.65/1) = 0.260]"

= 4lﬂfrfi4lﬂf{ﬁ x 1.25) = 1894
or t=418/1894 =22 mm
Size of weld = 2.2/0.7 = 3.14 mm

The size of weld should not be less than 5 mm for 15.3 mm flange. Hence,

provide a 5§ mm weld to make the connections.

Students must prepare answers for the following questions at the end of the lecture.

compressive load of 1100kN. the column is restrained in
position but not in direction in both the ends. Design the
column with connecting system as battens with bolted
connections. Use two channel sections back-to-back. Use
steel of grade Fe410 (Nov Dec 2021)

On Marks | CO Bloom’s
Question Knowledge
No
Level
| Design a built-up column 9m long to carry a factored axial | 13 K3

Reference Book:

e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit | % DESIGN OF TENSION AND COMPRESSION MEMBERS | Lecture
No
Topic | Design of Column Support
. . ) Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 ‘ Design a support for Compression Members K3

Example 8.21 Design the base plate for an ISHB 350 column to carry a factored
load of 1200 kN. Assume Fe 410 grade steel and M2J concrete,

Solution

For ISHB 350 section,
hi =350 mm; & = 250 mm; #= 11.6 mm; £, = 8.3 mm

Bearing strength of concrete = 0,457, = 0.45 % 25 = 11.25 N/'mm*

Required area of base plate = 1200 % 10°/11.25 = 1,06,667 mm?

Use a base plate of size 450 % 350 mm with area = 1,57,000 mm?, If the ISHB 350
1s kept at the centre. the projection will be 50 mm on each side as shown in

Fig. 9.67.

¥

fir
J,l' .

20 mm @ anchor bolt

=11

250

[

ﬁ.

w

B0
Base f

plate

50 [— 350 —»{50 A
*—asomm /F‘—
ISHE 350
Fig. 9.67

Ir
L o
y F 3 T j'
S50MM K raievachlea i F 4

e

P

19

w = (1200 % 10°)(450 % 350) = 7.62 MPa

I

1."| [2.5w(a® = 0.30%)y,/f,]

I_I'
¥
b—!-|

=12.11 mm > 11.6 mm (flange thickness)
Hence provide 450 % 350 x 14 mm plate. Also provide four 20-mm diameter and
300-mm long anchor bolts to connect the base plate to the foundation concrete.

JI[2.5 % 7.62 % (50 — 0.3 % 502) % 1.10/250]
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Weld connecting base plate fo column
Use a 6-mm fillet weld all round the column section to hold the base plate in place.

Mote that the surfaces are to be machined for direct bearing.
Total length available for welding along the periphery of ISHB 350
=2(250 + 250 — 8.3 + 350 - 11.6) = 1660.2 mm
After deducting end returns of the weld at the rate of two times the size of the
weld at each end, we get,
L.z=16602-2(4 +2)2a=16660.2 - 24 x 6 = 1516.2 mm

Capacity of the weld = 0.7 x 6 x 189/1000 = (.7938 kN/mm
Required length of the weld = 1200/0.7938

= 1511 mm < 1516.2 mm

Hence a 6 mm weld is adequate.
Note This is a fillet weld on the edge and not on the rounded ends of the member.
Hence the limitation 0.75 times thickness (clause 10.5.8.2 of the code) will not

apply here.
Students must prepare answers for the following questions at the end of the lecture.
On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design a gusseted base to carry a factored axial load of | 13 2 K3

2800kN. The column consists of ISHB 450 @ 0.855kN/m
with two cover plates 250mm x 20mm on either side.
Take the effective height of column as 4m. (Nov Dec
2021)

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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3. DESIGN OF BEAMS

Unit Lecture 3’ fujﬁ
NO llfj/‘: ‘."'{f;‘
Topic | Design of Laterally Supported beams
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 | Design a beam with lateral supports K3

SECTION 8
DESIGN OF MEMBERS SUBJECTEDTO
BENDING

8.1 General

Members subjected to predominant bending shall have
adequate design strength to resist bending moment,
shear force, and concentrated forces imposed upon and
their combinations. Farther, the members shall satisfy
the deflection limitation presented in Section 5, as
serviceability criteria. Member subjected to other
forces in addition to bending or biaxial bending shall
be designed in accordance with Section 9.

B.1.1 Effective Span of Beams

The effective span of a beam shall be taken as the
distance between the centre of the supports, except
where the point of application of the reaction is taken
as eccentric at the support, when it shall be permissible
to take the effective span as the length between the
assumed lines of the reactions.

8.2 Design Strength in Bending (Flexure)

The design bending strength of beam, adequately
supported against lateral torsional buckling (laterally
supported beam) is governed by the yield stress
{see 8.2.1). When a beam is not adequately supported
against lateral buckling (laterally un-supported beams)
the design bending strength may be governed by lateral
torsional buckling strength (see 8.2.2).

The factored design moment, M at any section, in a
heam due to external actions, shall satisfy

M <M
where

M, = design bending strength of the section,
calculated as given in 8.2.1.2.
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Table 10.5 Effective length L, for cantilevers without intermediate restraint (adapted
from BS 5950-1:2000)

Restraint conditions Loading conditions

At support At tip Normal Destabilizing

(top flange loading}
(a) Continuous, with lateral 1. Free 3.0L 7.5L
restraint to top flange 2. Lateral restraint fo top flange  2.7L 15K
3. Torsional restraint ZAL 4,51
4, Lateral and torstonal restraint - 2.1L 1.6L

4
(b} Continuous, with partial [ Free 208 5.0L
torsional restraint 2. Lateral restraint to top flange ~ LEL S.0L
3, Torsional restraint L6L 3.0L
% 4. Lateral and torsional restraint 1,41 241
{c} Continuous, with lateral |, Free 1.0L 2.5L
and torsional restraint 2. Lateral restrainl Lo top Mange 0.9L 2.5L
3. Torsional restraint mEL 1.5L
4. Lateral and torsional restraint  0.7L 120
L

(d)} Restrained laterally, 1. Free (0.B5L I 4L
torsionally and against 2. Lateral restraint to top flange 071 4L
rotation on plane 3. Torsional restraint 0.75L 0.6L
4. Lateral and torsional restraint ~ 0.5L 0.5L
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Example 10.1 Design a simply supported beam of span 5 m carrving a reinforced
concrete floor capabie of providing lateral restraini to the top compression flahge.
The uniformly distributed load is made wup af 20 kN/m imposed load and 20 him
dead load (section is stiff against bearing). Assume Fe 410 grade steel,

Solution
Step ! Calculation of factored loads
Dead load = 1.5 % 20 = 30 kN/m
Live load = 1.5 x 20 = 30 kN/m
Total factored load on the beam = 60 kN/m (see Fig. 10.47)
Step 2; Caleulation of maximum bending moment and shear force
Maximum bending moment = 60 x 5%/8 = 187.5 KN m
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3

150 kN

/

I
1
I
I

e ——————— g —— o —

187.5 KW m
[

Flg. 10.47

Step 3: Section modulus required (Z)

M Xy 187.5x10%%1.1
= 250

‘Step 4. Selection of suitable section
Choose a trial section of ISLB 350 @ 0.486 kN/m
The properties of the section are as follows:
Depth of section (&) = 350 mm
Width of flange () = 165 mm
Thickness of flange () = 11.4 mm
Depth of web (d) = & — 2(t+ R) = 350 — 2(11.4 + 16) = 295.2 mm
Thickness of web (r,) = 7.4 mm
Moment of inertia about major axis £, = 13200 % 10° mm”
Elastic section modulus (Z,) = 751.9 x 107 mm®
Plastic section modulus (Z,) = 851.11 x 10° mm’
Section classification

= ®25 % 10° mm”

2, (required) =

o 250 _ [250 _
V7, V250
L

AT
4_292 399,34
: 4

Hence the section is classified as a plastic section.

{ o, PRMSRAY AT T O LY S g eI ey R (1 ARRET S [ PR R S T S
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Maximum bending moment = 190 kN m

Plastic section modulus required = 1_913_}#21;}']H1I = 836 % 10" mm’

Since it is less than 851.11 % 10" mm”®, hence, the chosen section is adequate.
Step 6: Caleulation of design shear force

‘ 60.73 %5
Design shear force ¥ = “’TI -0 1s183kN
Step 7 Design shear strength of the section
5 250

Design shear strength V', = ———x hxt, =—————x350x 7.4
‘ ;p'"ﬂxwf? " LIx+3

=340 kN > 151.83 kN
Also,
0.6F,;= 204
Therefore, the design shear force V< 0.6F,
Step 8 Check for design capacity of the section

!i = 39,9 (which is less than 674
I
Hence,
J,

A .= e il

S ﬁbzp Yo

B, = 1.0, since the section 15 plastic section.
Therefore,

_ LOxB51.11x10%x 250
1.1

12X Z,% f, 1.2%751.9x10°x 250
¥ ont = 1.1

Hence the destgn capacity of the member is more than maximum bending moment

M, (193.43 kKN m > 190 kN m).

Step 9: Check for deflection

Deflection (which is a serviceability limit state) must be calculated on the basis of

the unfactorad imposed loads.

M, = 193.43 kN m

19343 kN m= =205 kN m

Swilt 53 20 % 5000*
o= = = (. 165 mm
3B4ET 384 %2 x10° x 13200 x 10*
Allowable maximum deflection max = i E?ﬂﬂ = 16.67 mm
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Example 10.7 A proposed cantilever beam is built into a concrete wall and freeat
its end. It supports dead Ipad of 20 kN/m and a live load of 10 kN/m. The length of
the heam is 3 m. Select an available section with necessary checks. Assume E;eh;ri}a.g
length of 100 mm,

Solution

Step 1: Calculation of load
Dead load = 1.5 % 20 = 30 kN/m
Live load = 1.5 x 10=15 kiN/m
Total load = 45 kN/m

Step 2@ Caleulation of bending moment and shear force

w,;r? _45x 5%
2 2
SF=wl=45%5=225kN

Step 3: Selection of initial section
Assume A= 80; hity= 20

Ho . 5 5
F o (1473-5]‘ i A0 kY _(1473.5)9 1+_I_[ﬂ)2
% A 20| hft; 80 [ 20120

= 455.1 N/mm?

J 2 = 00.741
uh 45

- :15[1 + ID.EI(D.T-H = {}.2} u:uul]

BM = = 562.5 kN m

= (.831
AT 21 TR
o+ i — Afy]
- : < 1.0
0.831+ [0.831* - 0.7417]%°
=().828
i
R Xird, _0828x250 A
Yiun 1.10

562.5 % 10°

_ < S |
R85 2987.6 » 10° mm

Therefore required section modulas =
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Choose a section of ISWB 600 @ 1.337 kKN/m
Overall depth (4) = 600 mm
Width of flange (&) = 250 mm
Thickness of flange (1) = 21.3 mm
Thickness of web (£,) = 11.2 mm
Depth of web (d) = A — 2{1,+ R) = 600 - 2(21.3 + 17) = 523.4 mm
Moment of inertia about major axis 7. = 106199 x 10* mm*
Moment of inertia about minor axis /, = 4702.5 ¥ 107 mm’
Elastic section modulus (Z,) = 3540 = 10° mm®
Plastic section modulus {EF} = 3986.6 x 10° mm
Section classification
Outstand of compression flange = 125/21.3 = 5.86 < 9.4¢
Web with N.A at mid depth = 323.4/11.2 = 46.74 < 83.9¢
Therefore, the section is plastic.
Since flange thickness is > 20 mm, we should use S, = 240 MPa, as per Table 1 of

IS 800,
Students must prepare answers for the following questions at the end of the lecture.
On Marks | CO Bloom’s
Question Knowledge
No
Level
1 A beam is simply supported over a span of 6m. It supports | 13 3 K3

one iron beam at 10 midspan exerting 90kN. Design a
laterally unsupported beam with ISWB section with
flange plates (Nov Dec 2021)

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Le;t:re

Topic | Design of Continuous beams

Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to OORN
Knowledge Level
LO1 | Design a beams on continuous supports K3

Example 10.8 Design a continuous beam of span 4.9 m, 6 m and 4.9 m carrying a
total uniformly distributed load of 32.5 kN/m and laterally unrestrained with a
bearing length of 100 mm.

Solution
Step 1: Load calculation

Factored load = 1.5 x 32.5

= 48.75 kN/m

For the bending moment and shear foree diagram see Fig. 10.50.
Maximum bending moment = 146.25 kN m
Maximum shear force = 146.25 + 146,25 =2925kN m
Step 2: Selection of initial section
Assume A= 100 and h/t,= 25, Therefore £, = 291.4 N/mm® (from Table 14 of the

code),
§ 250}
A= Ml' ﬁ;} 21'|19|.4 = 0.926

tyr = 051 + ey (A7 —0.2) + A7)
= (.5[1 + 0.21(0.926 — 0.2) + 0.926]
= 1.005

1
; = 1.0
$uy + [0 = ALr]™
li 24015 =10
1.005+ [1.005° — 0.9267]
=0716<1

A=

fi= Yirf . 0.716 x 250 = 162.7 N/mm?®
¥ mo L.10

146.25 % 108

= 73 > mme
(627 BOET = 107" mm

Therefore required section =
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Choose a section of ISLB 400 @ (.57 kN/m
Overall depth (D) = 400 mm
Width of flange (B} = 163 mm
Thickness of flange (1) = 12.5 mm
Thickness of web (£, ) = § mm
Depth of web (d) = h — 21, + R} = 400 - 2(12.5 + 16) = 343 mm
Maoment of inertia about major axis [, = 19281.5 x 10% mm®
Moment of inertia about minor axis I, = 716 x 10* mm*
Elastic section modulus (Z_,) = 964.1 % 10° mm®
Plastic section modulus (Z,) = 1098.2 % 10° mm’

Section classification

Outstand of compression flange = b/t,= B2.5/12.5=6.6 < 94
Web with N.A at mid depth = 4/t = 343/8 = 42.8 < 84
Therefore the section is plastic.
Step 3: Calculation of lateral torsional buckling moment

[ 2EL, [ e ]
M = i Gl 4+ ——21
i 1}{;:1,:.~L "KL

E 2 % 10°

E, i —— = —————r-mrsnE=— = 2
G TETRETT EYE) 76.923 x 1{}3. N/mm®

Bt | 2x165%12.5°  (400-12. ?
f,=E”=[ x165x12.5 12.5) %8
3 3 3

L= (1- BB 1 h?
hy= D — t;= 400 -12.5 = 387.5 mm

} =2 &1 % 10F mm*

!
o fe =
A= =1.5
T Iﬁ-"’fﬂf'r

L,=(1-05)x05x716x10"x387.5°=2.69 x 10" mm®
|

3 5
| 72 % 2 10° X 716 x 10%- 76.923 % 10® x 2.81 %10
i 0007 i rt % 2% 10° X 2,69 % 10"
B \( 60004

= 11948 kN m

= Ifiﬂﬁp_@_,n_ 1.0 1098.2 % 10° x 250
TN M.y 11948x10°

oy = 0.5[1 + o5 (A p— 0.2) + AF4]
=0.5[1+021(1.516-0.2)+ 1.5162] =179

= 1.516



Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

= drr +Lotr — At ) =1
B 1,?9+[1.?91] —1518%% Rt
o= x:{ . 0_3515;250 — 83 Nimm?
Therefore required secr-inn = w = 1762 % 10° mm’

Choose a section of ISLB 500 @ 0.73 kN/m.
Overall depth (D) = 500 mm

Width of flange (B) = 180 mm
Thickness of flange (¢} = 14.1 mm
Depth of the web (d) = D ~2{1,+ R) = 500 - 2(14.1 + 17) = 437.8 mm
Thickness of web (1,) = 9.2 mm
Moment of inertia about major axis [, = 38579 x 10* mm®
Moment of inertia about minor axis /, = 1060 x 10° mm*
Elastic section modulus (Z_) = 1543 x 10* mm’
Plastic section modulus (Z,,) = 1770.8 % 10% mm?
Radius of gyration ry=33.4 mm
Section classification
Outstand of compression flange = bit=90/14.1 =638 <94
Web with N.A at mid depth = dit,, = 43? H/0.2=47.58 <83.9
Therefore the section is plastic, _
Step 4: Calculation of moment carrying capacity of the section

s _ (P EL [{?Ii+ EEI;.]
(KL)

c=_E _ 2x10°
21+ )~ 2x(1+03)

E::f? 2x180x14.1° 4858 x 9.2
=== 3 kT

-0
he=D—t;=500 - 14.1 = 485.9

= 76923 % 10° N/'mm?®~

] =4.63 x 10" mm*

£ 153 s
BT T

L,=(1-0.5)% 0.5 x 1060 % 10" x 485.9%
= 6.256 % 10'" mm®
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Students must prepare answers for the following questions at the end of the lecture.

an LTDL of 1.5 kN/m in the plane of the minor axis and
O, 5 kym in the plane of the major axis under service
condition. Assume that the purlin is continuous over the
supports and no lateral buckling occurs. grade of Steel is
Fe 250 (Apr May 2022)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design an I section purlin of the span of 4 m subjected to | 13 3 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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L 4
Unit 3. DESIGN OF BEAMS ecture }12}37(
No Lot Y
Topic | Design of Continuous beams — Continuation of Lecture 20
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to i @
Knowledge Level
LO1 ‘ Design a beams on continuous supports

K3

Example 10.8 Design a continuous beam of span 4.9 m, 6 m and 4.9 m carrying a
total uniformly distributed load of 32.5 kN/m and laterally unrestrained with a

bearing length of 100 mm.

L, =(1-0.5)% 0.5 x 1060 x 10" x 485,92
= 6,256 3 10" mm®

’.'.!I!'

|

3 5
M {szixlﬂix]ﬂﬁﬂxmﬂf ?6;13:!{} :;c-aﬁgxm )
&0002 x2x10 xﬁzjﬁxm

60007
=201.6kNm
Conservatively,

LS
5, 7 El [ KLir, Y
T xnkr?| T 20| Al

KL _ 6000

.~ 334 17964
B 500 _

S Tag T 34


Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

0.5
_ A x2x10° 1060 10 % 500{ 1 (1?9.54]2
20135.46

M.
" 2 % 60002

=219.55 kN m

From Table 10.9, for KL/r, = 179.64 and h/t,= 35.46, f,. ,= 101.66 N/mm’
Therefore M_ = 101.66 x 1770.8 x 10° = 1580.02 kN m.
Note The variation in the values obtained by the approximate and accurate method

15 about £.9 to 10.7%.

: fﬁbf 5
i & "ﬂ}i_y

_ (LOX17708x10° %250 _, 40
201.610°
gy = 0.5[1 + e (A r — 0.2) + Af]

o7 = 0.21
= 0.5[1 + 0.21(1.48 —0.2) + 1.48%] = 1.7296

1
ILT - = = t -.{}
oy + [0ty — Ay ™

- ! = 0,381 < 1.0
1.7296 +[1.7296% —1.48°"° '

firf, 0.381x250
foa = =5
Fmi C
M= Ep.-'rhﬂ
=1770.8 % 107 % B6.6 = 15334 kN m > 146.25 kN m

Step 5: Calculation of shear capacity of section

= B6.6 N/mm?®

e 2 wpxe = — 20 L 500%9.2= 603,59 kN

3 1.1x+/3
0.6 F,=362.15kN>292.5 kN
Step 6. Calculation of deflection

. Sl

% AR4ET
w = 32.5 kN/m
4
& = 5% 32.5 %6000 =710 mm
384 % 2 % 107 % 38579 % 10*
Allowable deflection = l 2 6000 _ 200 mm

300~ 300
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Step 7. Check for web buckhng
Ay = (by + ny ), by =100 mm, ny = D2 = 500/2 = 250 mm
A = (100 + 250) % 9.2 = 3220 mm?*
Effective length =074 = 0.7 x 437.8 = 306.46 mm

3 '_:“
I= 'Iirz mﬂ ;": ; = 6489 mm”

=100 % 9.2 = 920 mm?

= L _ 30646 _
A= = - 1521

. From Table ¢ of the code, £, = 88.9 N/mm?®

Strf:ng‘rh of the section against web buckling = 88,9 % 3220 = 286 26 kN = 292.5 kN

Hence the section is safe against web buckling,
Step &: Check for web bearing

Fio= (b1 + m f/ %
by = 100 mm
"y = 2.5{?_'.,-+ Ry=25%(141+1Ty=T77.75

Fo.={100+ 77.75) % 9.2 x 250/1.10 = 371.65 kN > 292 5 kN

Hence the section is safe against web bearing.

Students must prepare answers for the following questions at the end of the lecture.

an LTDL of 1.5 kN/m in the plane of the minor axis and
O, 5 kym in the plane of the major axis under service
condition. Assume that the purlin is continuous over the

supports and no lateral buckling occurs. grade of Steel is
Fe 250 (Apr May 2022)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design an I section purlin of the span of 4 m subjected to | 13 3 K3

Reference Book:

e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Lecture ‘
No
Topic | Design of Laterally Unsupported Beams
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 00N
Knowledge Level
K3

LO1 ‘ Design a beams without lateral supports

Example 10.9 Design a laterally unrestrained beam to carry a uniformly distributed
load of 50 kNi/m, The beam is unsupported for a length of 1.5 m and is simply
placed on longitudinal beams at its ends,

Solution
Step 1. Calculation of load
Factored load = 1.5 x 50 = 75 kN/m
Step 2: Calculation of bending moment and shear force

TSx).
SF= %":ﬁ;lf = 5625 kN

Step 3: Choosing an initial section
Assume A = 100; hit,= 25 and hence from Table 10.9, £ ;, = 291,31 N/mm?

_ LS _lf 250
‘E”_'“' fep V29131 =54%

frp = 0.5[1 + ogp(Ar - 0.2) + Afg] = 0.5[1 +0.21(0.926 — 0.2) + 0.9262]
= 1.005
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_ 1
T o i~ Mir
|

== =10

= —— =716 < 1.0
1.005 +[1.005% - 0.926°
Airfy _0.716x250 _ 2
Joa = AP A T 162.7 N/mm
6
Therefore required section = % =129.6 x 10° mm®

Choose a section of ISMB 175 @ 0.19 kN/m.
Overall depth (D) =175 mm
Width of flange (B) = 90 mm
Thickness of flange (1) = 8.6 mm
Thickness of web (£,) = 5.5 mm
Depth of web (d) =D - 2(t+ R) = 175 - 2(8.6+10)=137.8 mm
Moment of inertia about major axis I = 1270.6 x 10* mm*
Moment of inertia about minor axis J, = 85.1 ¥ 10* mm*
Elastic section modulus (Z,,) = 145.2 x 10’ mm®
Plastic section modulus (Z,,) = 161.65 x 10* mm’
Minimum radius of gyration (r,) = 18.6 mm
Section classification
Outstand of compression flange = 45/8.6 =523 <94
Web with N.A at mid depth = 137.8/5.5=25.05 <839
Therefore the section is plastic.
Step 4 Calculation of lateral-torsional buckling moment

2 El,
(KL)?

| 72EI,
M, = |——=| GI,+
” \{-:ﬂ}?-

I

E 23 10F

= = = 76.923 x 10° N/mm?
G=30+m ZxA103) o g

hi? | 2x90x86° (175-86)x 5.5
h=27 z[ T 3

=0~ BBLH}

— I.rc _ﬂ_s
b= Ip+lp

} = 47.3% % 10? mm®

I =(1=D5)%05x85.1x10%x 166.4% = 5.89 x 10° mm5
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[ 22 %2 x10° % Ex2x10%%
85.1% 10 - 5.89x10°
M, = 76.923x 107 x 4739 x10° +
V 15002 * 15002
=R1.11 kNm

Check As per the approximate equation given in the code

_ fﬂy&[} 1 [ﬂfrry ]‘*

M +

TOAKD| 200 Ay
AL _ 1300 _go6s: =175 _pg34
r, 186 tr 8.6

= __glxzxm-“xss.mu‘*xi?g_[l I[Eﬂ.ﬁﬁ

2

This value is comparable to 81.11 kN m obtained by the exact method (7.6%

difference)
£ 3
o= [Zels _ [16165x10°x250 _
VM, 81.11x10°
fur = 0511 + ayr(dyr - 0.2) + 47;)
ar =0.21
oy = 0.5[1 +0.21{0.7 - 0.2) + 0.7%] = 0.7975
1 1
- 3 =(.848 < 1.0
5 i+ [#y— AL 07975 +[0.79752 —0.7 303
o firfy _ 0.848x 250 _ 192.67 N
Y 1.10

My=Z,f,4=161.65 x 10° x 192.67 = 21.09 kN m
Step 3: Calculation of shear capacity of section

fy 250
—= XDxt, =
Y3 L1x+/3
0.6 ¥,=75.78 kKN > 56.25 kN
Step 6: Caleulation of deflection

y,= % 175 % 5.5=126.3 kN

_ Swpt
%~ IR4ET
w =50 kN/m
5 % 50 % 15004

= 1.3 mm

8, =

TR e Y e TR e 12700 6w 103
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Allowable deflection = 3% k;ﬂ?u-q
Hence the section is safe against deflection.
Step 7: Check for web buckling
Assuming that longitudinal beams are of the same size,
Ap ={b; +mi,
by = (by— £ N2 =(30-5.5)/2 = 42.25 mm
= [j2=175/2=87.5 mm
- A= (4225 + 87.5) x 5.5="713.6 mm"
b 42I5x53P . 4
f= T 03 = 585.% mm
A=4225x%5.5=232.38 mm*

ARAH
( \123233 1.39 mm
0.7x137.8

e -:'.ﬂ' jz
A= = =150 60.67

min

= foq= 167 Nimm?* {From Table 9¢ of the code)

= 5 mm

Strength of the section against web buckling = 167 x 713.6 = 119.17 kN > 56.25 kN

Hence the section is safe against web buckling.
Step &: Check for web bearing

F.=(b+ ME]{L__I_;-"}"M

by =42.25 mm;

ny=2.5(t+ R) = 2.5(3.6 + 10) = 46.5 mm

F, = (42.25+ 46.5) % 5.5 x 250/1.10 = 110.9 kN > 56.25 kN

Hence the section is safe against web bearing.

Students must prepare answers for the following questions at the end of the lecture.

unrestrained ismB400 member of 3 m length.(apr may
2021)

On Marks | CO Bloom’s
No Question Knowledge
Level
1 A beam is simply supported over a span of 6m. It supports | 13 K3
one iron beam at 10 midspan exerting 90kN. Design a
laterally unsupported beam with ISWB section with
flange plates (Nov Dec 2021)
2 Calculate the moment carrying capacity of a laterally | 13 K3

Reference Book:

e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Lecture
No
Topic | Design of Laterally Unsupported Beams
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 0PN
Knowledge Level
LO1 ‘ Design a beams without lateral supports K3

Example 10.6 Calculate the moment carrying capacity of a laterally unrestrained
ISMB 400 member of length Im.

Solution
Section properiies:
Owerall depth (/1) = 400 mm
Width of flange (&) = 140 mm
Thickness of flange (1) = 16 mm
Height of web (d) = h - 2{t;+ k) = 400 — 2(16 + 14_"] 340 mm
Thickness of web (1) = 8.9 mm
Moment of inertia about major axis [, = 20458.4 % 10* mm
Moment of inertia about minor axis [, = 622.1 x 10" mm
Elastic section medulus (Z:) = 1020 X 107 mm’
Plastic section modulus (£,) = 1175.2 » 107 mm®
As the beam is laterally mlsuppnﬂed. the design bending strength is found by
calculating the lateral torsional buckling moment:

2

a*El of
M= fo—2l gr + Z 2

(KL) (KL)

__E__2x10°
21+ 2x(1+0.3)

= 76923 x 10° N/mm’

3 3 s c i |

. Eﬂrr_z[gxldﬂxlﬁ , (400-16) x8.9 J=4.T25xlﬂ5mm4
, 3 3 3
KL = 3000 mum
hy=400— 16 = 384 mm
L=l —ﬁﬂﬁfw

= 0.5
ﬁf 4'1.'4 lrl'l

I=(1-0.5)%035%x622.1 x 10" x 384*
=229 % 10" mm°
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0 76.923x10° x 4.725 %10°

% 2 %105 % 622.1 x1
. . 2 x 2 x10°%2.29 %10

M., =

3000° -
3000

=343.68 kN m
Section classification
Outstanding element of compression flange = b/t,=70/16 = 4.38 < 5.4
Web with neutral axis at mid section = d/z, = 340.4/8.9 = 38.2 < 8de
Hence the section is plastic.
Calculation of moment carrying capacity

e o
ey A2

3
w (LORITIDZXI"H2O0 _.0.995
143,68 %10°
thy = 0.5 [1 + o5 (47— 02) + flzr_T]
oy = 0.21
dhoe = 0.5[1 +0.21 (0.925 - 0.2) + 0.925%] = 1.004
1
ILT= —'—"1:1.['
dop+lotr - AL
= L =0.717<1.0
1.004 +[1.004% -09253°°
_ Xty
td o
0.717 x 250 i
e L N /mm?>
N 63 N/mm
Md=a3.:fzp bl
=1.0x1175.2 % 10° x 163
=191.56 kN m

The moment carrying capacity of the section=191.56 kN m.
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Students must prepare answers for the following questions at the end of the lecture.

laterally unrestrained beam of length 1.5 m (simply
supported) to carry a factored UDL of 50 kN/m (Apr May
2021)

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Check whether an ISMB200 section can be used a | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Lecture
No
Topic | Design of Built-up Beams
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 ‘ Design a beam with built-up sections K3

Example 10.10 Steel beams having a clear span of 9 m are resting on 150-mm
wide end bearings. The beams spacing is 3 m and the beams carry a dead load of
5 kNt including the weight of the section. The imposed lpad on the beam (s 15
EN/me. The beam depth is restricted to 575 mm and the yield sirength of the steel is
250 Nfmm’.

Solution
Factored loads
Dead load = 1.5 x § = 7.5 kN/m’
Imposed load = 1.5 % 15 = 22,5 kKN/m’
The beams are spaced at 3 m intervals, therefore the load per meter
Dead load =75 % 3 =225 kN/m
Imposed load =22.5 % 3 = 67.5 kN/m
Total load = 9 kN/m
Effective span = clear span + 2 x half the width of the end bearing
=04+2%x0075=915m
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Reactions at support = -E}—H—E?-E =411.75 kN

) il
Mid span moment = F—éu— :!‘]ﬂ.}::—‘}‘— =94] 578 kN m

Selection of the section
Plastic section modulus required

_ Mxyy, 941878 x10°x1.10
e T 250

The section with the largest plastic modulus under 575 mm depth restriction is
ISWE 550 (@ 1.125 KN/m. The plastic section modulus of this section is 306.6 x
10% mm® which is less than the required value. The section must be strengthened
with additional plates to provide the required plastic section modulus. The stiffness
required to be provided to restrict the deflection problem can be calculated as
follows:
Maximum deflection = Effective span/360 = 9150/360 = 25.42 mm.

The moment of inertia of the required beam section that can satisfy the deflection
requirement mentioned earlier due to unfactored imposed load

= 414.43 % 10" mm’*

_ 5 45x9150°
© 384 2x10°x 2542

Hence provide ISWB 550 with 10 mm cover plates which gives I, = 106.266.1 x

= 80784 » 10* mm*

10° mm®,
Check for shear
Shear capacity of the section
V= —f‘”—lr-:-xﬁxrwz 230 _ . 550%10.5 = 757.7 kN
:l-’mul{ﬁ..-s ]-IK'\E

0.6V, = 0.6 x 757.7 = 454.663

The maximum shear force is 411.75 kN and it is less than 0.6F,.
Check for plastic modulus
The plastic modulus required for the section is 414.43 x 10* mm’. ISWB 550
provides 306.6 x 10° mm®. Assumed thickness of the plate is 10 mm and the total
depth of the beam is 570 mm. Distance between the c/c of the plates is 560 mm.
Additional plastic section modulus to be provided by the plaie = 107.83 x 10°
o
a
Required area of the plate = 10?8536:: i
The provided area of the plate = 2000 mm? The plastic modulus £, of the
compound section = 306.6 % 10% + 2000 x (550 + 10)=418.6 x 10* mm’, which is

= 1925.535 mm®
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Check for deflection
Minimum /, required is 80784 x 10* mm*
I, provided by ISWB 550 = 74906.1 x 10* am*
I, to be provided by the plates = 5878 x 10* mm*
I, provided by the plates =2 »x 200 x ll] » 280° = 31360 % 10%* mm*,
Total £, provided = 106266.1 x 10" mm® greater than the 7, required.
Cur !:::E!Tm.em‘ of flange plates
In the case of plated beams, the flange plates may be curtailed near the supports of
the beam to save some steel, The theoretical cut off points may be calculated using
the algebraic method or by a geometrical construction. For the above problem the
theoretical cut off points are computed using the algebraic method. The bending
moment capacity for the beam ISWB 550
M=7306.6 % 10% x 250 = 766.5 kN m
Atany point, distance x from the support
2
M, = Rx— =, where M, =766.5 KN m, R =411.75 kN, and w =90 kN/m
Substituting the values

90 xx""

2
Solving this equation x = 6500 mm or 2600 mm. Hence the theoretical cut-off
point is 26(0) from either side of the support.

766.5 % 10° = 411.75 x 107 x x -
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Students must prepare answers for the following questions at the end of the lecture.

b 200 mm |

SO0

i |

e |2
- e .

| ————r

.

f,=250N/mm?,

25 mm

a. Elastic Section Modulus Z. and yield Moment
b. Plastic Section Modulus Z; and Plastic Moment
c. Bending moment about Z-Z axis considering

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Determine the following for this built-up beam: 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Lecture
No
Topic | Design of Plate Girders
. . ) Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LOI1 ‘ Design a Plate Girders - Normal K3

Example 1.4 Design a welded plate girder for a simply supported bridge deck
heam with clear span of 20 m, subjecied fo the following:

Dead load including self weight = 20 kN/m

Imposed load = 10 kN/m

Twe moving loads = 130 kN each spaced 2 m apart
Assume that the top compression flange of the plate girder is restrained laterally
and prevented from rotating. Use mild steel with f, = 250 MPa. Design as an
unstiffened plate girder with thick webs.

Solution

(1) Loading
Total factored udl on girder = 1.5 % {20 + 10) = 45 kKN/m
Factored moving loads = 1.5 x 150 = 225 kN

(2) Maximum Bending Moment

R, and R, due to UDL = {45 ; i
The maximum bending moment due to UDL occurs at mid span; whereas the
maximum bending moment due to the two moving loads will occur under one of
the loads, when one of the loads is placed such that the middle of the beam divides
the distance between this load (under which maximum bending moment occurs)
and CG of the moving loads equally {see Fig. 11.41(h)}.

CG of the loads = a/2{from the loads under consideration)
where a is the distance between the moving loads. The distance of the loads from
middle of the beam = a/4, Hence,

Distance of the CG of loads from right support = L/2 — a4
=202 -24=95m

)=45D1€[‘~I
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150 kN 150 kN 20 kN + 10 kMIm
A"hﬂﬂﬂ a8
& : A
-+ 20 m |
(a) Plate girder and its loading
i i 225 kN
9.5m 225 kM CG
" > -«f-f:}e»-i 45 kMim

e e R Sl
. | = o

—_——
20 m < "
G of beam BEm
() Loading for maximum bending moment
= I~ .
B 22‘7"” 45 khim
A%ﬁm&:mmwh E
[ 20m >
(¢} Loading for maximum shear
E ) *
4380 2 L 5
= 20 —= = g 5
1580
_.+_._.l.
300 125
¥ <y L
— =3 I
220 )
{d) Cross section of {a) Dispersion length
the plate girder
Fig. 11.41

Since the maximum BM under UDL is at a different location from that of
maximum BM under moving loads, we have to compute the bending moment in
both cases and choose the higher of the two. However, in our case the bending
moment occurred under one of the moving loads.

R, due to moving load = 1"1_{! [(225 x 10.5) + (225 x 8.5)] = 213.75 kN

Ry due to moving load = (2 % 225) - 213.75 = 236.25 kN
: Total Ry = 450 + 236.25 = 686.25 kN
Total B, =450 + 213.75 =663.75 kN

45% 0,52

3 ] = 4273 kNm

Maximum BM = (663.75 X 9.5) - (
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(3 ) Mexirmum Shear Force
For maximum shear force, the wheel loads should be placed such that one of the
wheel loads should be very close to the supports.

K, due to moving load = Ell} [(225 % 20) + (225 % 18)] = 4275 kN

Total R, = 427.5 + 450 = 877.5 kN
3 Maximum shear force, V, = 877.5 kN
Optimum depth of plate girder
d = (MEF,"> = (4275 x 10° x 180/250)"* =1352 mm
(Assuming k = 180) '
Assume d = 1300 mm.
Optimum value of thickness of web
Ut = [MAE M = [4275 % 10%(250 x 180%)]°* = 22.97 mm
There are two design requirements regarding the minimum web thickness for the
condition of no intermediate stiffeners (clanse 8.6.1.1 and 8.6.1.2 of code)
dit,, < 200¢ (for serviceability)
dit,, = 345¢7 (to avoid flange buckling)
If the web is deliberately made thick, i.e., d/t < 67¢ (clause 8.4.2.1), these
requirements are aniomatically met. Thus, the minimum web thickness should be
as follows:
£ -g% of £, > 19.403 mm
Hence, provide ¢, = 20 mm
In order to maximize the moment capacity, the cross section of the plate girder
should be so proportioned that it satishies the requirements of plastic/compact
section. Thus by/t,should be less than 8.4« or 9.4¢ for plastic and compact sections
respectively (see Table 2 of the code). Assuming by as 0.3 times the depth of web
by = 0.3 » 1300 = 390 mm. Provide b_f= 350 mmn; £ > bp/(2 % 8.4) = 20.8 mm.
Provide
I = 40 mm.
~ Use 1300 mm x 20 mm web plates with flange plates of 350 mm x 40 mm.
As discussed earlier, it is a plastic section,
{4) Shear capaciry
As per clause 8.4 of the code
VeV,
Vv
'L.." = "
¢ Ymo

Nominal plastic shear resistance, V, = V, = %
a7

As per clause 8.4.1.1 of the code, for welded section, A, = dt,,

- ety Sow 1300 %20 = 250

T3 Jaxixae?

=3411.6 kKN > V, = 877.5 kN
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{3) Moment Capacity
According to clause 8.2.1.2 of the code, design bending strength,

M= B2, 5y 5

€127,
?'Imll- Tmlil
Plastic modulus, Z, = 2b,4(D — )2 + t,4%/4
=2 % 3503 40 x 1340/2 + 20 % 13007 /4
= 2721 % 10° mm’

250
1.10% 10%

Hence safe to carry the applied moment. :
As the compression flange 1s restrained, there 18 no need to check for lateral-torsional
buckling. :
(6) Check for bearing stiffeners
(a) At the supports [see Fig. 11.41(¢)]
Assume that the width of support is 300 mm and that the minimurmn stiff bearing
provided by the support b, = 300/2 = 150 mm,
Dispersion length (1:2.5), n,= 2.5 x 40 = 100 mm

M= 1.0%27.21 % 10° % =H184.09 KNm > M =4275 kNm

Loc: ' capueity of the web, F = (b, + n)t,, fi
el
=i : 250 _ ¥ y
F,=(100+ 150) x 20 x = 1136.35 kIN = support reaction
110 % 107

= 8775 kN
(b} At position of moving wheel loads '

Fw B (E" ¥ nz}fwfi
mi}

Assuming, b, =0

Fo=(0+25%2x40)x20% — =0

1.10=10°

The associated buckling resistance F; 18 dependent om the slendemess of the
unstiffened web (clause 8.7.1.5).

Slenderness ratio of the web =L _/r, = 0.7L{r, [withr = 1/2 V3 .see Eqn (10.52)]
= 2.5d/t = 2.5 % 1300/20 = 162.5
From Table 9¢ of the code £, = 52 N/mm? and as per clause 8.7.1.3 of the code,
Stiff bearing length = 0 {assumed) -
457 dispersion length (to the level of half the depth of beam) = 13802 = 690 mm
Fa = (0 +690) x 20 x 52/10° = 717.6 kN > 225 kN
The web is adequate at both supports and positions of concentrated loads. Hence,
there 1z no need o vrovide heanmne stiffenars:

=909.09 kN > 225 kN
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Students must prepare answers for the following questions at the end of the lecture.

girder carrying a uniformly distributed load of 50 kN/m
excluding self weight, and two concentrated loads of 350
kN each at quarter points of the span. Assume that the
girder is laterally supported throughout.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design an 18-m long simply supported welded plate | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Le;t:re

Topic | Design of Plate Girders — Thin Web

Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to OORN
Knowledge Level
LO1 ‘ Design a Plate Girders with Thin web members K3

Example 1.5 Redesign the plate girder given in Example 11.4 using thin weh
plates.

Solution
From Example 11.4,
M, = 4275 KNm
F,=877.5kNm
As shown in Example 11.4,
optimum depth = 1352 mm and £, = 22.97 mm
Let us assume web plate of 1200 mm » 12 mm size. Assuming that the bending
moment is carried by the flanges,
A= M X 30, % D) = 4275 x 108 x 114250 % 1200) = 15675 mm?
Limiting 8.4¢ for the plastic scotion, the approximate flange thickness is

t= J15675/(2 x8.4) =30.5 mm.

Provide b= 35 mm. T 14
b;=15675/35 = 447.86 mm |
Provide b= 450 mm.
The cross section of the plate girder is shown in = g 12 g
Fig. 11.42, & ¥
According to clause 8.2.1 of the code,
4120 _ 605676 | a
t,, 12 - ] :ij_
{1) Moment capacity check o480 |
As discussed carlier, the flanges are plasfic '
Fig. 11.42 Cross section of
VA plate girder

Moment of resistance (clause £.2.1.2) =

mll

Considering that the flanges only resist the bending moment,
Z, = 2bp1 (D - 192 =2 x 450 X 35(1270 - 35)2'= 19.45 x 10% mm’

M,=1%1945x10°x —290__ = 4420 kN m > 4275 kNm
1.10 % 10°

(2) Shear resistance of the web
As per clause 8.6.1.1a of the code, for serviceability

d _1200 _ 140 < 200¢
o, 12

As per clause 8.6.1.2a of the code to avoid flange buckling
d

— = 3-45;:’;

W
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1200
12

Hence the minimum web thickness requirements are met.
Let us consider the simple post-critical method. According to clause 8.4.2.2(a) of
the code,

MNominal shear strength ¥, = ¥

k, = 5.35, when transverse stiffeners are provided only at supports.
The elastic critical shear stress of the web

k'K
Tcrz d 5
12{1—;:3}( J

i

W

= 100 < 345¢}

With 4= 0.3,

. = 535xa’x 23 10°
71201 - 0.3%) x100°

The non-dimensional web slenderness ratio for shear buckling stress,

= 06.7 N/mm’

230

— e =122>1.20
(3 %96.7)

Ay = J[fw"r{.ﬁrﬂ‘}] =

Shear stress corresponding to buckling 1, = f, .wf{ﬁiﬁ}

7, = 250/(v3 x 1.22%) = 96,97 N/mm®
Shear force corresponding to web buckling,
F-:r = dfwr!:
= 1200 % 12 x 96.97/10° = 1396.3 kN > 877.5 kN
Hence the shear strength is greater than the applied shear,
(3) Laferal torsional buckiing
As the compression [lange is restrained, there is no need to check for lateral
torsional buckling,
(4) Design of load carrying stiffeners
(i) At the position of applied wheel load:
As per clause 8.7.4 of the code, the local capacity of web
R ﬁz}fwj;_w
Ymo
My =2%35%2.5=175 mm
by=10
F,o=[0+175]x 12 % —290 __ = 4772 kN > 225 kN
1.10x10°

The buckling resistance depends on the slenderness ratio of the web.
According to clause 8.7.1.5 of the code,

=252 95, 1200 _ gy
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my = DI2=1270/2 = 635
From Table 9¢ of the code, £, = 24.3N/mm?
- Buckling resistance = (1 + 2 x 635) x 12 % 24.3/10% = 3703 kN > 225 &N
Mo stiffeners are necessary to prevent local buckling failure of the web at the
point load position.
(ii) At the supports:
The reaction is 877.5 kN, which is much greater than the point load of 225
kN. Hence stiffeners are necessary for both the supports.
Try a pair of 220 x 12 mm flats,
As per clause 8.7.1.2 of the code,
Maximum outstand of stiffener = 2016 = 20 x 12 % | = 240 mm > 220
mm
=14 xi2x1=168 mm <220 mm
This means that the core area of the stiffener should be reduced to 2 x 168
mm x 12 mm.
(a) Check stiffener for buckling
As per clause 8.7.1.5, the effective section is the core area of the stiffener together
with an effective length of web, on either side of the centre line of the stiffener of
20 x ¢, At the support, assuming that the web is available only on one side of the
edge stiffener,
Local buckling resistance,
Area=2x 168 x 12+ 20 x 12 x 12 = 6912 mm?

3 *
_ 12x336 i (20 x ]2}12__ = 37.967 * 10° mm?

* 12 12

_ = [37.967%10° _

¥ ,.lllf_[ir.-"!.— -'W 74.11 T
. 1200

= — 3

£=0.7 % 7411 11.33

From Table 9¢ of the code, £, = 226 N/mm?

Buckling resistance = 226 x 6912/10° = 1562.1 kN > 877.5 kN

Hence the stiffener is safe.

Provide a pair of 220 x 12 mm stifferier at both the ends of the girder. Now
calculate the bearing capacity of the end stiffener.

Fosd = Ay (0.8 X g0) = 20220 — 15) x 12 % 25040.8 % 1.1) X 1000
= 13977 > 877.5 kN
Hence the stiffener 15 safe.

In the préceding equation, 4, is the area of the stiffener in contact with the
flanges. Normally, the flanges and web will be welded together, before the stiffeners
are fitted. This means that the inside corners of the stiffener need to be coped/
chamfered at the junction of the web and flanges, so that they will not foul with
the web/flange weld. The chamfered width is taken as 15 mm,

(b) Torsional restraint provided by end stiffener :
However, it might be deemed necessary that the ends of the plate girder are

b e e W e T e B e o L S
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by checking the second moment of area of the end bearing stiffeners at the supports
as per clause 8.7.9 of the code.

'{i‘ = H‘Eq'ﬂsalicf i
Assuming that there is no restraint to the compression flange for the above
situation,

fI
1 — i
r, of the girder \ 7

2,67 de ! #
L="13 *tTo =2x35x450712 + 1200 x 12712

¥ “
= 531.73 x 10° mm*
A =72 % 450 x 35+ 1200 x 12 = 45900 mm*

r,= (531,73 106/45900) = 107.6 mm

4 =20 x 1000/107.6 = 185.8 = 1{0
Hence,
e, =30 (4% = 30/185.87 = 8.69 x 10
I 2034 x 8.69x 107" x 12707 x 35 = 21.183 x 10° mm®
Now I, = 12 % {2 % 220512 = 85.184 x 10° mm* > 21,183 x 10° mm*
Henee the provided stiffener has the necessary torsional restraint.
{c) Weld at web flange junction
Assuming fillet weld on each side of the web,
i = V¥ 121
L= bAPN2 = (b 1, )12
= 450 % 1270°/12 — (450 — 12)1200%12
= 13742.3 % 10° mm*
g, = 877.5(450 % 35) % 635/(2 x 13742.3 x 10%)
= 0319 kN/mm
From Table 6.0, provide 4 mm fillet weld (0.442 kN/mm)
(d) Weld for end stiffener
The minimum weld size required for connecting the stiffeners to the web, assuming
a weld on each side of the stiffener is (clause 8.7.2.6 of the code)
gy = (258, = 12%/(5 » 220) = 0.13 KN/mm
when the stiffener also is subjected to external loading, then shear due 1o such
loading must be added to the above value. The stiffeners have to resist the difference

between the applied load and the minimum load that can be carried safely by the
unstiffened web (370.3 kN in this case).

Length of weld = 1200 -2 x 15 = 1170 mm
g, = (877.5 — 3703%1170 = 0.43 kKN/mm
g, =g+ g = 0.13 + 0.43 = (.56 kN/mm
Force on each weld = 0.56/2 = 0.28 kN/mm
From Table 6.6, provide a pair of 4 mm fillet welds (0.442 kN/mm).
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Students must prepare answers for the following questions at the end of the lecture.

plate girder consisting of 500 x 30 mm flange plates and a
1250 x 12 mm web plate in grade 4 IO steel. Assume a
laterally braced span of5.5 m.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Determine the buckling resistance moment for a welded | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 3. DESIGN OF BEAMS Lecture
No
Topic | Design of Plate Girders — with Intermediate Stiffeneres
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 0PN
Knowledge Level
LO1 ‘ Design a Plate Girders with Intermediate Stiffeners K3

Example 11.6 Redesign the plate givder in Example 11.5 with intermediate stifjeners
and not using tension field action.

Solution
From Example 11.5,
M, =4275 kNm
F,=877.5kNm
Assume a web plate of size 1400 x 8 mm and a flange plate of size 450 x 35 mm
for each of the flanges. Since the flanges are of the same size as in Example 11.5,
the calculations for moment capacity check are not repeated here.
(1) Check for shear
According to clause $.4.2.2 (a) of the code;
Nomunal shear strength ¥, = ¥,
Assume o/d = 1.4; Hence stiffener spacing = 1.4 x 1400 = 1960 mm
Adopt a stiffener spacing of 2000 mm. Provide 10 panels (@ 2000 mm c/c (see Fig.
11.43).

% Girder

10 pansls of 2000 mm each

1k Flanges i
HE 460 <35
AE web

JE 14000 A

I Er
| o
|

Al Filet wald 4. mim continuoes weid

ley | .
‘t_*“_;u === Chamier 15 mm
x\_ 1o clear web to Full strengih
flangs wald weld
= E Stiffarar
n.‘t
=S F— i 120 = 10 —— 2 nos
phates f 200 = 20
X e Not welded hare Pt
‘e
Saction ¥-X Seclion Y-Y
Intermediate. End post
Etiftanar
Fig. 11.43

Panel AB is the most critical panel for maximum shear. So design checks for the
web are made for panel AB only. For the panel AB,
4 _1400
¢ 8
Since ¢ (2000 mm) >4 (1400 mm) and iz, < 200, the pirder satisfies serviceability
requirements.

=175
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¢ _ 2000
4~ 1400
dit, = 175 < 345¢,

Hence as per clause 8.6.1.2 buckling of compression flange into the web will be

=1.4286

avolded.

o 40 . 4.0

Fobk— 2. L0k =535+ =535+ —/———= = 73099

d ’ ( & ]2 (1.4286)*
d
with g = 0.3
Average shear stress
877.5 x 10"
&= a0 <8 = 78.35 N/mm*

The elastic entical shear stress of the web

o 7.30 2% 2.0% 107
g = T 2 SRR KSR — oy

or ) 2
12{1-;:%(%] 12(1-0.3%) T?}]

The non-dimensional web slenderness ratio for shear buckling stress,

250 25()
= |—— = | =1788
iy \/{ﬁrn.e, \Itﬁms-lﬁj

when 4, = 1.2
Fow 250

(V322) (V3 x1.788%)

Note that the values of 7, and ¢, are nearly the same in this case. Shear force
corresponding to buckling

Ve = dt,m = 1400 x 8 x 45,15/1000 = 505.68 < 877.5 kN
As per clause 8.7.1.1{a) of the code. provide intermediate stiffeners to improve
the buckling strength of the slender web due to shear.
(2} Check for shear capacity of the end panel
According to clause 8.5.1 of the code, for end panel design (without using tension
field action), we should use clause 8.5.3,

V 12
120, 1-12)

g, = = 45.15 N/mmy’

where

(1400 = 81250 :
= 1616.58 kN
ﬁ |

Vip = dtf N3 =

Pl o W i ol o T e
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". Longitudinal shear

142
) 505.68 | _
H, l.ESxEﬁlﬁ,ﬁﬁ[l 1516_53) 1675.12 kN
H
Ry= —%= 157; 12 375618

A, =t,d=18x 1400 = 11200 mm*

oo odw 250 11200
" Brw 3x110 1000
The end panel is safe to carry the shear due 1o anchoring forces. Check for the
moment capacity of end panel:

_ H.d  1675.12 %1400 x 10

= 1469.6 kN = 837.56 kN

My S = TR X TN =23 KN m

y= %=2‘ng ~ 1000 mm

I=%rw'xcﬂ= 5 %8 X 2000° = 53333 x 10" mm

M= LIy 53333x10T 350 _ 151 19 kNm > M= 2345 KNm

T ¥ 7Zm 1000 x10%  L10
'HJI:I" i Mq
Henee, the end panel can carry the bending moment due to anchor forces.
(3} Design of stiffeners
Load bearing stiffener at point A (see Fig.11.43),
Reaction at A = 877.5 kN

My 234.5x10°
¢ 2000 %107

Total compression £.=877.5 + 117.25 = 994,75 kN
According to clause 8.7.5.2 of the code,

0B X F. %y
Tva

4> [n,a xt;rsut.;g[:fl.lxmi] or 4, > 3501 m?
Provide suffencr of two flats of size 200 » 20 mm.

Area = BO00 mm® > 3501 mm?
(a) Check for outstand: (clause 8.7.1.2 of the code)
Outstand b, = 200 m < 20f,£= 20 x 20 x 1 = 400 mm
l4|r¢£= 1420 % 1 =280 mm
b, =200 mm < 141‘?5

= 11725 kN

Force F,, due to M=

Area of stiffener 4 i [
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(b) Buckling check: (clause 8.7.1.5 of the code)
Neglecting the buckling resistance of the web for simplicity,

B zumuﬂj [ ]
II—[ﬁ {5 X20x ¥

=113.19 x 10° mm*
Effective area = 200 % 20 x 2 = 8000 mm?

(1, [113.19x10°

Radius of gyration = L= 2000

Flange is restrained against rotation and lateral deflection.
L,=0.7L=0.7 x 1400 = 930 mm
L. 930

A= E = 118951 =§.238<10

From Table 9¢, for f, = 250 N/mm?

Joa =227 H.-’mm
Buckling resistance of the stiffener

Py=fgd, =227 x 2 % 200 x 20 =1816 kN >994.75 kN
Hence, the stiffener is safe against buckling.
{c¢) Check stiffencr as load bearing stiffener
Assume stiff bearing length,

by =0

=25%35=87.5mm

According to clause E.7.4 of the code,

= 118,951

Local capacity of web F, = (b, +n5)L, fw

?rnﬂ

F,=(87.5)x8x — 20 __ — 159,09 kN
1.10% 10

Bearing stiffener is designed for (F, — F_) = (994.75 — 159.09)= 835.66 kN
Bearing capacity of stiffener alone

250 200x20x2
TLI07T 1000
Hence the stiffener is safe as a load bearing stiffener.
At the location of concentrated loads local capacity of the web
= (R7.5 % 2) % B % 250/ (1.10 x 10°) = 318.16 kN > 225 kN
Hence, the stiffener 1s safe.
(4) Design of intermediate stiffener at ‘B’ (clause 8.7 2.4 of the code)
Stiffener B is the most critical intermediate stiffener.
(a) Minimum Stiffeners

e _ 2000 _
=T =1429> V2

= 1818.18 kN > B35.66 kN
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_ [.20.75 x 1400 x 8* = 0.5376 x 10° mm*
Try intermediate stiffener of two flats of 120 % 10 mm.
; 3 3
Provided /, = (-]Eil"ij—(m;g ] = 1271 x 10° mm*
Hence, the stiffeners have more than the minimum required stiffeness.
{(b) Check for outstand (clause 8.7.1.2):
Outstand of the stiffener = &, = 120 mm
14t.2= 14 x 10 = 140 min
by < 14t
Hence the outstand provisions of the code are satisfied.
(c) Buckling check (clanse 8.7.2.5):

L
fa” [ y M}
ni} .
where V' is the factored shear force and Vs the shear buckling resistance of the
web panel designed without using tension field action = 505.68 kN

Shear force (@ B,
Vy=8775-45%x2=T87.5kN

P o= (787.5 — 505.68)
. 1.10
Buckling resistance of intermediate stiffener at B (clause 8.7.1.5):
As per clause 8.7.1.5, an effective length of web equal to 20 x ¢, on each side of
the centre line of stiffener can be considered along with the stiffener.
202, =20 8 = 160 mm

=1256.2 kN

320 xaf*)_(mxs'ﬁ

[= (i x10 % 1433)+-[ ] =12.724 x 105 mm*

12 12 12
Arca = (240 x 10) + (320 x 8)= 4960 mm?
12,7 '
r.= ﬁlf;—;mﬁ =50.649 mm
L.=07L =07 % 1400 = 980 mm
L, 980 _
T

x

From Table Sc of the code, for f, = 250 MPa (buckling eurve ¢} and 4 = 19.349,
fog = 224,195 N/mm®
Buckling resistance = 224,195 x 4960 = 1112.01 kN = 256.2 kN
Hence, the stiflener is safe against buckling,
According to clause 8.7.2.5 of the code:
Intermediate stiffener (@ D subjected to external load should satsfy the lollowing
interaction equation. -

[(E~EY fY (MY .
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where F, is the stiffener force = 256,2 kN, F, is the design resistance of an
intermediate web stitTener corresponding to buckling about an axis parallel to web
=1112.01 kN, F, is the external load or reaction at the stiffener = 225 kN, £, ;15
the design resistance of a load carrying stiffener corresponding to buckling about
axis parallel to web at D = 1112.01 kN, and M_ is the moment on the stiffener due
to eccentrically applied load = 0.
(F,—F)=(25.2-225)=31.2 kN
Thus, the above check reduces to

31.2 +( 225
111201 " \1112.01
Hence, the stiffener at D is safe.
Note Intermediate stiffener should extend to the compression flange, but not '
necessarily be connected to it. Stiffeners not subjected to external load or moment
can be terminated at a distance of about 4¢ (4 x 10 = 40 mm) from the tension
flange. However in our case, since we have a moving load, we may connect the
intermediate stiffener to the top (compression) flange and just extend it up to the
bottom flange. The caleulation for weld at web-flange junction and weld for end
and intermediate stiffener are similar o those given in Example 11.5,

) =023 = 1.0

Students must prepare answers for the following questions at the end of the lecture.

2000mm web and 30 x 500mm flanges. The girder span is
15 m (see Fig. 11.45). Stiffeners are placed at 1 m, 3 m,
and 5 m from both ends. Determine the shear strength of
each of the panels.

5m
Fig. 11.45

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 A plate girderofgrade410 steel is composed of 10 x | 13 K3

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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Unit 4. Industrial Structures Lecture 78
No
Topic | Introduction to Roof Trusses
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO 1 | Identify the basic concepts and applications of roof trusses in K1
industrial buildings.
LO 2 | Describe different types of roof trusses and their structural K2
components.

Introduction to Roof Trusses

Roof trusses are critical components in many industrial buildings. They provide a framework that
supports the roof, ensuring the structural integrity of the building while allowing for large,
unobstructed interior spaces.

Basic Concepts of Roof Trusses

A roof truss is a structural framework composed of triangular units connected at joints called nodes.
These trusses are designed to support the weight of the roof and to distribute this load to the
building's walls or columns. The triangular arrangement is crucial because it provides stability and
distributes forces evenly, preventing deformation under load.

Applications of Roof Trusses in Industrial Buildings

Roof trusses are widely used in various types of buildings, from residential houses to large
industrial warehouses. In industrial buildings, they are particularly advantageous due to their ability
to span large distances without intermediate supports, creating open spaces that can be used for
manufacturing, storage, or other industrial activities.

Advantages of Using Roof Trusses

1. Strength and Stability: The triangular units in a truss distribute loads efficiently, providing
high strength and stability.

2. Material Efficiency: Trusses require less material than traditional framing methods, making
them cost-effective.

3. Flexibility in Design: Trusses can be designed in various shapes and sizes to fit different
architectural requirements.

4. Ease of Installation: Prefabricated trusses can be manufactured off-site and quickly
assembled on-site, reducing construction time.

Components of Roof Trusses

Understanding the components of a roof truss is essential for designing and analyzing its behavior
under load. The main components include:

1. Top Chord: The uppermost member of the truss, which experiences compression forces. It
forms the sloping or horizontal top edge of the truss.

2. Bottom Chord: The lower member. tvpicallv under tension. forming the base of the truss.
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Roof Truss Elements, Angles And Basics To Understand
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3. Web Members: The intermediate members that connect the top and bottom chords. These
can be under either compression or tension, depending on their orientation and the applied
loads.

4. Connections (Joints or Nodes): Points where the truss members meet. Connections can be
bolted, welded, or nailed, depending on the materials and the design requirements.

Types of Roof Trusses

Different types of trusses are used in construction, each with unique characteristics and suitable
applications:

1. King Post Truss

e Description: The simplest type of truss, consisting of a central vertical post (king
post), two top chords, and a bottom chord.
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¢ Common Rafter

Principle Rafter
Purlin Chat

Wall Plate
Brick Fill

Strut \Slorc Template
Tie Beam King Post

Builderbill Supporting Wall

King-Post Truss

o Application: Ideal for short spans, typically used in residential buildings and small
structures.

2. Queen Post Truss

e Description: Similar to the King Post Truss but with two vertical posts (queen
posts), providing additional support.

QUEEN POST TRUSS

e Application: Suitable for medium spans, offering more stability and strength than
the King Post Truss.

3. Fink Truss

e Description: Characterized by a W-shaped web configuration, providing high
strength and rigidity.
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STANDARD FINK TRUSS

o Application: Commonly used in residential construction for roof framing.
4. Howe Truss

e Description: Features a combination of diagonal and vertical web members, with the
diagonals typically under tension and the verticals under compression.

HOWE TRUSS

e Application: Suitable for large spans, often used in bridges and industrial buildings.
5. Pratt Truss

e Description: Has diagonal members sloping towards the center, with the vertical
members under tension and the diagonals under compression.

PRATT TRUSS

e Application: Used for both short and long spans, common in bridge construction.

6. Warren Truss
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e Description: Consists of equilateral triangles, with no vertical members, providing
uniform load distribution.

Warren Truss

o Application: Versatile and used in various applications, including bridges and
buildings.

Design Considerations for Roof Trusses

When designing roof trusses, several factors need to be considered to ensure safety, functionality,
and cost-effectiveness:

1.

Load Considerations: Trusses must be designed to support various loads, including dead
loads (weight of the truss and roofing materials), live loads (snow, wind, and maintenance
workers), and environmental loads (wind, seismic activity).

Material Selection: The choice of materials (typically wood or steel) affects the strength,
weight, and cost of the truss. Steel trusses are preferred for industrial buildings due to their
higher strength and durability.

Span and Spacing: The span (distance between supports) and spacing (distance between
adjacent trusses) must be optimized to balance structural integrity and material efficiency.

Deflection Limits: Trusses should be designed to limit deflection under load to prevent
damage to roofing materials and ensure structural stability.

Connections: The design of connections is critical as they transfer loads between members.
Proper detailing and selection of connection methods (bolting, welding) are essential for the
truss's performance.

Conclusion

Roof trusses are indispensable components in modern construction, particularly for industrial
buildings. Their ability to span large distances without intermediate supports, coupled with their
strength and material efficiency, makes them ideal for various applications. Understanding the basic
concepts, types, and components of roof trusses is crucial for civil engineering students to design and
analyze these structures effectively.

Students must prepare answers for the following questions at the end of the lecture.

Qn Marks | CO Bloom’s
Question Knowledge
No
Level
1 Explain the different types of roof trusses and their | 13 4 K2
applications in detail. (April/May 2019)
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2 Discuss the components of a roof truss and their roles in | 13 4 K2
providing structural stability. (Nov/Dec 2020)

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011

e IS 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.

e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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Unit 4. Industrial Structures Lecture 29
No
Topic | Loads on Trusses
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 | List different types of loads acting on roof trusses, such as dead, K1
live, wind, and snow loads.
LO 2 | Explain how load distribution on roof trusses is calculated using K2

standard codes.

Introduction to Loads on Trusses

Understanding the different types of loads that act on trusses is fundamental in structural engineering.
These loads must be accurately determined and properly distributed to ensure the safety and stability
of the structure. In this session, we will discuss the various loads that affect roof trusses and the
methods used to calculate and distribute these loads according to standard codes.

Types of Loads on Roof Trusses

1. Dead Loads

Definition: Dead loads are permanent static loads that are relatively constant over
time. These include the weight of the structural elements themselves, as well as any
permanent fixtures attached to the structure.

Components: Dead loads typically consist of the weight of the roofing materials, the
trusses, purlins, insulation, and other permanent attachments.

2. Live Loads

Definition: Live loads are temporary or movable loads that can vary in magnitude and
location. These loads are not constant and can change over time.

Components: Live loads include the weight of maintenance workers, movable
equipment, and temporary storage. In some regions, live loads also account for people,
furniture, and other movable objects in the structure.

3. Wind Loads

Definition: Wind loads are lateral forces exerted by wind pressure on the structure.
These forces can cause significant stress on the trusses and must be carefully
considered in the design.

Components: Wind loads depend on the building's height, geographical location, and
exposure to wind. The load varies with the shape and orientation of the building.

4. Snow Loads

Definition: Snow loads are vertical loads due to the accumulation of snow on the roof.
The amount of snow load depends on the geographic location and the design of the
roof.
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o Components: Factors affecting snow loads include the roof slope, thermal properties
of the building, and the local climate.

5. Seismic Loads

e Definition: Seismic loads are horizontal and vertical forces exerted on the structure
due to ground motion during an earthquake. These loads are particularly important in
earthquake-prone regions.

e Components: The magnitude of seismic loads depends on the building's mass,
stiffness, and the characteristics of the seismic activity in the region.

Calculation of Load Distribution

Accurate calculation and distribution of loads are critical to ensuring the structural integrity of trusses.
The Indian Standards (IS) codes provide guidelines for determining these loads.

1. Dead Load Calculation
e IS Code Reference: IS 875 Part 1
e Steps:
1. Identify all permanent elements of the roof structure.
2. Determine the unit weight of each element.
3. Calculate the total dead load by summing the weights of all elements.
Example Calculation:
¢ Given: Roofing material = 0.5 kN/m?2, Trusses = 0.2 kN/m?2, Insulation = 0.1 kN/m?
o Total Dead Load = 0.5 + 0.2 + 0.1 = 0.8 kN/m?
2. Live Load Calculation
e IS Code Reference: IS 875 Part 2
e Steps:

1. Determine the intended use of the roof and the corresponding live load values from
the code.

2. Apply the live load uniformly over the roof area or as specified.
Example Calculation:
e Given: Live load = 1.5 kN/m?
o Total Live Load = 1.5 kN/m?
3. Wind Load Calculation

e IS Code Reference: IS 875 Part 3
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o Steps:
1. Determine the basic wind speed for the location.

2. Calculate the design wind pressure using factors such as terrain, height, and structure
shape.

3. Apply the wind load to the structure.
Example Calculation:

o Given: Basic wind speed = 50 m/s, Height factor = 1.0, Terrain factor = 1.0, Shape factor =
0.8

e Design Wind Pressure = 0.6xBasic wind speed2xFactors0.6xBasic wind speed2xFactors =
0.6 x502x 1.0 x 1.0 x 0.8 = 1200 N/m?

4. Snow Load Calculation
e IS Code Reference: IS 875 Part 4
o Steps:
1. Determine the ground snow load for the location.
2. Adjust the load based on the roof’s slope and other factors.
3. Apply the snow load to the roof.
Example Calculation:
¢ Given: Ground snow load = 2 kN/m?, Roof slope factor = 0.9
e Design Snow Load = Ground snow load x Roof slope factor =2 x 0.9 = 1.8 kN/m?
5. Seismic Load Calculation
e IS Code Reference: IS 1893
e Steps:
1. Determine the seismic zone factor for the location.
2. Calculate the building's natural period and damping.
3. Apply the seismic load to the structure using the response spectrum method.
Example Calculation:
e Given: Seismic zone factor = 0.16, Building weight = 500 kN
o Base Shear (V) = Seismic zone factor x Building weight = 0.16 x 500 = 80 kN

Ilustrations and Diagrams
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To enhance understanding, include diagrams showing how different loads act on a truss. These should
illustrate:

e The distribution of dead loads from roofing materials and structural components:.
o Live loads applied uniformly or at specific points on the truss.
e Wind loads acting laterally and how they vary with height.
e Snow loads distributed based on roof slope and climate conditions.
o Seismic loads represented as lateral and vertical forces due to ground motion.
Problem Solving Example
Refer to Subramaniam's "Design of Steel Structures”
Problem: Calculate the load distribution on a truss with a span of 8m, including dead and live loads.
1. Given: Span = 8m, Dead Load = 3 kN/m, Live Load = 2 kN/m
2. Solution:
e Step 1: Calculate the total load per meter length.
e Step 2: Distribute the load to each truss member.
e Step 3: Verify the load distribution using IS codes.
Detailed Step-by-Step Solution:
1. Draw the Truss:
e Create a simple sketch of the truss indicating the span and the load distribution.
2. Calculate the Total Load:
e Total Load = Dead Load + Live Load = 3 kN/m + 2 kN/m = 5 kN/m
3. Distribute the Load to Members:

o Ifthe truss has 4 equally spaced panels, each panel carries an equal portion of the total
load.

e Load per Panel = Total Load x Span / Number of Panels =5 kN/m x 8m /4 = 10 kN
per panel.

4. Verify Load Distribution:
e Use standard methods like influence lines or load tables for accurate distribution.
e Check compliance with IS 875 and IS 800 codes.

Conclusion
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Accurately calculating and distributing loads on trusses is crucial for ensuring the structural integrity
of industrial buildings. Understanding the types of loads, such as dead, live, wind, snow, and seismic

loads, and applying the appropriate IS code guidelines are essential skills for civil engineering
students.

Students must prepare answers for the following questions at the end of the lecture.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Discuss the types of loads acting on roof trusses and the | 13 4 K2
methods to calculate them. (April/May 2018)
2 Elaborate the procedure of the load distribution on a given | 13 4 K2
truss with specified dead and live loads.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011

e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.

e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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4. Industrial Structures Lecture 0

it
Uni No

Topic | Purlin Design Using Angle Sections

Learning Outcome (LO) At the end of this lecture, students will be able to Bloo'y
Knowledge Level
LO1 | Understand the design principles for purlins using angle sections. K2
LO?2 | Apply design calculations for purlins using angle sections under K3
various loads.

Introduction to Purlins

Purlins are horizontal structural members in a roof that support the roof deck or sheeting. They
transfer loads from the roof to the primary structural elements such as beams and columns. Purlins
are typically used in industrial buildings with steel frameworks due to their efficiency in spanning
large distances and supporting significant loads.

Design Principles of Purlins

The design of purlins involves determining the size and type of purlin that can safely support the
loads imposed on the roof structure. The main loads considered in purlin design include dead loads,
live loads, wind loads, and snow loads.

Types of Purlins

1. Z-Section Purlins: Commonly used due to their ability to interlock and create continuous
spans.

2. C-Section Purlins: Typically used in simple span conditions without continuous spans.
3. Angle Section Purlins: Used less frequently but suitable for certain applications.
Design Codes and References
The design of purlins should comply with the following Indian Standards:
e IS 800:2007: General Construction in Steel — Code of Practice

e IS 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures

Step-by-Step Design Process
1. Determine Loads on Purlins
2. Select Purlin Type and Size
3. Calculate Bending Moment, Shear Force, and Deflection
4. Check Section Capacity and Serviceability Limits
5. Detail Connections and Supports

Step-by-Step Problem Solving
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Example Problem: Design of a Z-Section Purlin
Given Data:
e Span of Purlin: 6 meters
e Roof slope: 10 degrees
e Dead Load (including self-weight): 0.6 kN/m?
e Live Load: 0.75 kN/m?
e Wind Load: 0.9 kN/m?
e Purlin Spacing: 1.5 meters
o Material: Steel Grade Fe 410 (fy = 250 MPa)
Step 1: Determine Loads on Purlins
1. Dead Load (DL)
DL = 0.6 kN/m? x 1.5m = 0.9 kN/m
2. Live Load (LL)
LL = 0.75kN/m? X 1.5m = 1.125kN/m
3. Wind Load (WL)
WL =0.9kN/m? x 1.5m = 1.35kN/m

4. Total Load (TL)

TL = DL + LL + WL

TL =09+ 1.125 + 1.35 = 3.375kN/m

Step 2: Select Purlin Type and Size

From IS 800:2007, we select a Z-section purlin. Assume initial dimensions and check against
bending and deflection requirements.

Step 3: Calculate Bending Moment, Shear Force, and Deflection

1. Bending Moment (M)

wl?
Mmax = ?
3.375 X 62
=————=151875kN.m

max —
8
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2. Shear Force (V)

3.375 X 6
Vinax = ————— = 10.125 kN

3. Deflection (J)

5 S5wL*
max = 38AF]

s 5 X 3.375 X 6000*
max = 384 x 2.1 X 105 x 800 x 104

Omax = 5.07 mm
6000
Sallowable = W = 20 mm

Smax < Sallowable

Calculate I for selected section and use the above formula to ensure it is within allowable limits.
Step 4: Check Section Capacity and Serviceability Limits

1. Bending Stress (fbfb)

M

fb=7

Select appropriate section modulus ZZ from steel tables and verify f;, < f,

2. Shear Stress (fv)

_V
h=1
fy
=53

3. Deflection Check

s = 5 % 3.375 x 60004
max " 384 x 2.1 x 105 x 800 x 10%

Omax = 5.07 mm

6000
6allowable = W =20 mm

Omax < Oallowable, SECtiON is adequate.

Qten 5° Detail Connections and Stinnorts
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Detail the connections at the supports and joints. Ensure bolts or welds are designed to handle
calculated shear forces.

Clause References from IS 800:2007
o Bending Stress: Clause 8.2.1
e Shear Stress: Clause 8.4.1
e Deflection Limits: Clause 8.5.1
Conclusion

The design of purlins involves understanding the loads they will carry and ensuring the selected
section can safely handle these loads. Following the steps outlined and using standard codes ensures
that the purlins will be both safe and efficient.

Students must prepare answers for the following questions at the end of the lecture.

Marks | CO Bloom’s

Qn Question Knowledge
No
Level
1 Design a Z-section purlin for an industrial roof with a span | 13 4 K3

of 8 meters, roof slope of 15 degrees, dead load of 0.7
kN/m2, live load of 0.9 kN/m?2, wind load of 1.1 kN/m?,
and purlin spacing of 2 meters." (April/May 2019)

2 Explain the procedure for designing purlins in steel | 13 4 K3
structures and solve an example with the following data:
span of 5 meters, roof slope of 12 degrees, dead load of
0.5 kKN/m?, live load of 0.8 kIN/m?, wind load of 1.0 kN/m?,
and purlin spacing of 1.2 meters." (Nov/Dec 2018)

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.
e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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various loads.

Unit 4. Industrial Structures Lecture 31
No
Topic | Design of Purlins using Channel Sections
Bloom’
Learning Outcome (LLO) At the end of this lecture, students will be able to 0PN
Knowledge Level

LO1 | Understand the design principles for purlins using angle sections. K2

LO?2 | Apply design calculations for purlins using angle sections under K3

Design Principles of Purlins Using Channel Sections

The design of purlins involves ensuring that the selected section can safely support the imposed
loads without excessive deflection or failure. The main loads considered in purlin design include
dead loads, live loads, wind loads, and snow loads.

Step-by-Step Problem Solving

Example Problem: Design of a C-Section Purlin

Given Data:

Span of Purlin: 5 meters

Dead Load (including self-weight): 0.5 kN/m?
Live Load: 0.6 kN/m?

Wind Load: 0.8 kN/m?

Purlin Spacing: 1.2 meters

Material: Steel Grade Fe 410 (fy = 250 MPa)

Step 1: Determine Loads on Purlins

1. Dead Load (DL)

DL = 0.5kN/m? x 1.2m = 0.6 kN/m

2. Live Load (LL)

LL = 0.6kN/m? x 1.2m = 0.72kN/m

3. Wind Load (WL)

WL = 0.8kN/m? x 1.2m = 0.96 kN/m

4. Total Load (TL)

TL = DL + LL + WL

TL=0.6+0.72+0.96 = 2.28kN/m

Sten 2° Select Purlin Tvbe and Size
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From IS 800:2007, we select a C-section purlin. Assume initial dimensions and check against
bending and deflection requirements.

Step 3: Calculate Bending Moment, Shear Force, and Deflection

1. Bending Moment (M)

k\lf\/\/'\/-\/\,/“/\
wl? / /\
Mmax = T 7/_ 4 Lk
2.28 X 52
M. = - = 7.125kN.m
2. Shear Force (V)
wlL
Vmax = 7
2.28 X5
Vipax = — = 5.7kN
3. Deflection (J)
5 - 5wL*
max = 384E]

Calculate [ for selected section and use the above formula to ensure it is within allowable limits.
Step 4: Check Section Capacity and Serviceability Limits

1. Bending Stress (fb)

M

fb:7

Select appropriate section modulus Z from steel tables and verify fb<fy

2. Shear Stress (fv)

Ensure fv<fy/3
3. Deflection Check

5 = 5 % 2.28 x 5000
max " 384 x 2.1 x 105 x [

Step 5: Detail Connections and Supports

Detail the connections at the supports and joints. Ensure bolts or welds are designed to handle
calculated shear forces.

Clause References from IS 800:2007
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Shear Force (kN)
o

Bending Moment (kN.m)

o

Bending Stress: Clause 8.2.1
Shear Stress: Clause 8.4.1

Deflection Limits: Clause 8.5.1

Shear Force Diagram

—— Shear Force

()]

w

B

w

N

=
T

0 1 2 3
Length (m)
Bending Moment Diagram

—— Bending Moment

0 1 2 3
Length (m)

Conclusion

The design of purlins involves understanding the loads they will carry and ensuring the selected
section can safely handle these loads. Following the steps outlined and using standard codes ensures
that the purlins will be both safe and efficient.

Students must prepare answers for the following questions at the end of the lecture.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Design a C-section purlin for an industrial roof with a span | 13 K3
of 6 meters, roof slope of 10 degrees, dead load of 0.7
kN/m2, live load of 0.8 kN/m2, wind load of 1.0 kN/m?2,
and purlin spacing of 1.5 meters.
2 Explain the procedure for designing purlins using channel | 13 K3
sections and solve an example with the following data:
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span of 4 meters, roof slope of 12 degrees, dead load of
0.5 kN/m?, live load of 0.6 kIN/m?, wind load of 0.9 kN/m?,
and purlin spacing of 1.2 meters.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.
e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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Unit 4. Industrial Structures Lecture ‘
No
Topic Truss Design Principles Truss Design Principles
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO1 | Explain the design process for industrial roof trusses considering K2
various loading scenarios.
LO2 | Apply the strength and deflection criteria in the design of trusses. K3

Introduction to Truss Design

Trusses are structural frameworks composed of triangular units. They are widely used in industrial
buildings due to their ability to span large distances and efficiently distribute loads. Trusses are
made of individual members connected at joints or nodes, forming a rigid structure capable of
carrying heavy loads over large spans without excessive deflection.

E B FE
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Design Process for Industrial Roof Trusses
The design of trusses involves several key steps:

1. Load Assessment: Determining the various loads that the truss will be subjected to,
including dead loads, live loads, wind loads, and snow loads.

2. Selection of Truss Type: Based on span, load, and architectural requirements, choosing the
appropriate type of truss.

3. Member Design: Calculating the forces in each truss member and selecting appropriate
sections to carry these forces.

4. Connection Design: Ensuring that connections between members can transfer the required
forces.

Types of Trusses
1. Pratt Truss
2. Warren Truss
3. Howe Truss
4. Fink Truss
Load Assessment
1. Dead Load (DL)

e Permanent loads including the weight of the truss itself, roofing material, and any permanent
fixtures.

e Dead Load Calculation (IS 875 Part 1):
D L=Unit weight of materialxArea of applicationDL=Unit weight of materialxArea of applic
ation

2. Live Load (LL)

e Temporary or movable loads including occupancy loads, maintenance loads, and equipment
loads.

¢ Live Load Calculation (IS 875 Part 2):
LL=Load per unit areaxArea of applicationLL=Load per unit areaxArea of application

3. Wind Load (WL)
o Lateral loads due to wind pressure.

e Wind Load Calculation (IS 875 Part 3): WL=Cp-Cf-A-PWL=Cp-Cf-A-P Where CpCp is the
pressure coefficient, Cf Cf'is the force coefficient, AA is the area, and PP is the wind
pressure.

4. Snow Load (SL)
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e [oads due to accumulated snow on the roof.

e Snow Load Calculation (IS 875 Part 4):
SL=Load per unit areaxArea of applicationSL=Load per unit areaxArea of application

Selection of Truss Type
1. Pratt Truss

o Diagonals slope towards the center, ideal for longer spans.
2. Warren Truss

o Equilateral triangles, providing uniform load distribution.
3. Howe Truss

o Diagonals slope away from the center, suitable for heavy loads.
4. Fink Truss

e Complex triangular shapes, used for roof structures.
Member Design
1. Calculate Axial Forces in Truss Members

Using the method of joints, calculate the forces in each member of the truss. Assume the truss is
simply supported and symmetrical.

Example Problem: Design of a Pratt Truss
Given Data:

e Span of Truss: 15 meters

o Height of Truss: 3 meters

e Dead Load: 1.2 kN/m?

e Live Load: 1.5 kN/m?

e Wind Load: 0.8 kN/m?

e Material: Steel Grade Fe 410 (fy = 250 MPa)
Step 1: Load Assessment

1. Dead Load (DL)

DL = Unit weight of material X Area of application
2. Live Load (LL)

LL = Load per unit area X Area of application
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3. Wind Load (WL)
WL=C,-C--A-P
4. Total Load (TL)
TL=DL+LL+WL
TL=18+22.5+12=52.5 kN/m

Step 2: Selection of Truss Type
For this example, we will design a Pratt truss.
Step 3: Member Design
1. Calculate Axial Forces in Truss Members

For simplicity, let's assume the truss has 5 panels. Using the method of joints or method of sections,
the axial forces in the members can be calculated. Here’s a simplified approach using the method of
joints:

e Calculate reactions at supports:

TL X Span

Ry =Rp = >

52.5 x 15
Ry =Ry = ————=393.75kN

e Atjoint A:

Z E, = 0\impliesV,; = R4 = 393.75kN

Z F, = 0\impliesHy; = OKN
e At joint B (considering symmetry):
Vg1 = 393.75 kN
Hp; = OkN
Assume suitable members from SP6
For the given forces, select appropriate sections for the truss members from SP6.
Step 4: Connection Design
1. Bolted Connections

Design the bolted connections to ensure they can transfer the calculated forces. Refer to 1S
800:2007 for bolt strength and spacing requirements.


Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

F member

Fooie =
? Npolts

where nboltsnbolts is the number of bolts in the connection.
2. Welded Connections

If using welded connections, design the welds to safely transfer the forces. Refer to IS 800:2007 for
weld strength and size requirements.

_ F member
Fyela = I,
weld

where LweldLweld is the length of the weld.
Step 5: Check Deflection
Ensure that the deflection of the truss is within permissible limits.

5 SwlL*
max = 384E]

where:
e Jdmaxdmax = maximum deflection
e ww = uniformly distributed load
e LL = span of the truss
e EFE =modulus of elasticity
e Il = moment of inertia
Clause References from IS 800:2007
e Bending Stress: Clause 8.2.1
e Shear Stress: Clause 8.4.1
e Deflection Limits: Clause 8.5.1
Conclusion

The design of trusses involves understanding the loads they will carry and ensuring the selected
sections can safely handle these loads. Following the steps outlined and using standard codes
ensures that the trusses will be both safe and efficient.
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Students must prepare answers for the following questions at the end of the lecture.

Marks | CO Bloom’s

Qn Question Knowledge
No
Level
1 Design a Pratt truss for an industrial building with a span | 13 4 K3

of 18 meters, roof slope of 10 degrees, dead load of 1.0
kN/m2, live load of 1.2 kN/m?2, wind load of 0.7 kN/m?2,
and truss height of 4 meters.

2 Explain the procedure for designing a Warren truss and | 13 4 K3
solve an example with the following data: span of 20
meters, dead load of 1.3 kN/m2, live load of 1.5 kIN/m2,
wind load of 0.9 kN/m?, and truss height of 3.5 meters

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.
e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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X*“Unit 4. Industrial Structures Le;t(l)lre 13

Topic | Design of Joints in Trusses

Learning Outcome (LLO) At the end of this lecture, students will be able to Bloogihy
Knowledge Level
LO 1 | Identify the types of joints used in truss structures, including K1
bolted and welded joints
LO?2 | Design efficient and safe connections for truss members K3

Introduction to Truss Joints
Joints in trusses are critical as they transfer loads between members and ensure the stability of the
structure. Joints can be either bolted or welded, depending on the requirements and the materials
used.
Types of Joints
1. Bolted Joints: Commonly used in steel structures for ease of assembly and disassembly.
Bolts must be designed to withstand shear and tensile forces.
2. Welded Joints: Provide a rigid connection between members. Welds must be designed to
handle the required loads and prevent failure.
Design Principles for Truss Joints
Bolted Joints
Bolted joints must be designed to handle shear, tension, and combined stresses. The strength of a
bolted joint is determined by the bolt material, diameter, and the number of bolts.
Design Steps for Bolted Joints
1. Determine the type and grade of bolt (e.g., Grade 4.6, Grade 8.8).
2. Calculate the number of bolts required using the design forces.
3. Check the bolt shear capacity using the formula:

md?
4 * Tallow

v, =
Where Taiow 18 the allowable shear stress.
4. Check the bearing capacity of the bolt on the connected plates using:
P,=dXxXtXf,
Where tt is the thickness of the plate and fufu is the ultimate tensile strength.
5. Check for bolt tension capacity if the joint is subjected to tensile forces.
Example Problem: Design of a Bolted Joint in a Truss
Given Data:

e Axial force in member: 150 kN

e Bolt diameter: 20 mm
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e Bolt material: Grade 4.6 (fy = 240 MPa)
e Number of bolts: 4
Step-by-Step Solution:
1. Shear Strength of Bolt
Tid?

Vy=—-1
b 4 allow

240
Where d = 20 mm and 1,5, = — = 138.56 MPa

V3
Vy = 2% » 138,56 = 43.63 kN
2. Bearing Strength of Bolt
P,=dXtXf,

Assuming plate thickness t=10 mm and fu=410 MPa
P, =20x%x10x%x 410 = 82kN
3. Total Number of Bolts Required

n — Fmember
P T min(Vy, Py)
150 150

Moolts = {1 (43.63.82)  43.63 >

Hence, use 4 bolts.
Welded Joints
Welded joints must be designed to handle shear and tensile forces. The strength of a welded joint is
determined by the weld material, size, and length.
Design Steps for Welded Joints
1. Determine the type and size of weld (e.g., fillet weld, butt weld).
2. Calculate the weld length required using the design forces.
3. Check the weld shear capacity using the formula:

tw
ﬁ X Tallow

Where [ is the length of the weld and tw is the throat thickness.

W, =1x%

4. Check the tensile capacity of the weld if the joint is subjected to tensile forces.
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Example Problem: Design of a Welded Joint in a Truss
Given Data:

e Axial force in member: 200 kN

o Weld type: Fillet weld

e Weld size: 6 mm

e Weld material: E60 (fu =410 MPa)
Step-by-Step Solution:

1. Shear Strength of Weld

tw

Vy =1 X X T
w /—3 allow
Where t,, = 0.7 X weld size

ty, =0.7%X6 =4.2mm

410
Talow = = = 236.6 MPa

Assuming the weld length [

v, =1 4.2 236.6
= [ X—X .
v V3

2. Calculate the Required Weld Length

| = Fmember

Vi
200 x 10°
T 4.2 X 236.6

Hence, use a weld length of approximately 202 mm.
Clause References from IS 800:2007

o Bolted Joints: Clause 10.3

¢ Welded Joints: Clause 10.5

~ 201.8 mm

Conclusion
Designing efficient and safe joints in trusses involves understanding the loads they will carry and
ensuring the selected joints can safely handle these loads. Following the steps outlined and using

standard codes ensures that the joints will be both safe and efficient.

Students must prepare answers for the following questions at the end of the lecture.

Marks | CO Bloom’s
Question Knowledge
Level

Qn
No

1 Design a bolted joint for a truss member with an axial | 13 4 K3
force of 180 kN. Assume Grade 8.8 bolts with a diameter
of 22 mm and a plate thickness of 12 mm.
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2 Design a welded joint for a truss member with an axial | 13 4 K3

force of 250 kN. Assume a fillet weld with a size of & mm
and weld material E70

Reference Book:
N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011

IS 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for

[ ]
Buildings and Structures. Bureau of Indian Standards.

e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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Unit 4. Industrial Structures Lecture 4
No
Topic | Design of End Bearings
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level
LO 1 | Describe the purpose and types of end bearings in truss K2
structures.
LO2 | Apply design principles to end bearing components to support K3
trusses.
Introduction

End bearings are critical components in truss structures as they facilitate the transfer of loads from
the truss to the support structures. Proper design and installation of end bearings ensure the stability
and longevity of trusses, preventing structural failures.
Purpose of End Bearings
The primary purpose of end bearings is to:
e Support the truss and distribute loads to the foundation or supporting structure.
e Allow for slight movements due to thermal expansion, contraction, or other factors.
e Reduce stress concentrations at the support points, minimizing potential damage.
Types of End Bearings
End bearings can be classified into several types based on their design and functionality:
1. Fixed Bearings: These bearings restrict all translational and rotational movements. They are
used where no relative movement between the truss and support is allowed.
2. Roller Bearings: These bearings allow translational movement in one direction,
accommodating thermal expansion and contraction.
3. Pinned Bearings: These bearings allow rotational movement but restrict translational
movement, providing a degree of flexibility while maintaining structural integrity.
Design Principles for End Bearings
The design of end bearings involves several key steps and considerations to ensure they can
adequately support the truss.
Step-by-Step Design Process
1. Determine Load Requirements:
o Identify the total load on the truss, including dead loads, live loads, and any
additional forces (wind, seismic, etc.).

e (Calculate the reactions at the supports using static equilibrium equations.
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Example: For a simple span truss with a uniform load w (kN/m) over a span LL (m):
wL

Ra=Re =

Where R4 and Rp are the reactions at supports A and B respectively.
2. Select Bearing Type:
o Choose the appropriate type of bearing based on the truss configuration and expected
movements.
3. Design Bearing Components:
o (Calculate the bearing area required to support the load without exceeding the

allowable stress of the bearing material

P

Abearing = f
allow

Where P is the reaction force and failow is the allowable bearing stress as per IS
800:2007, Clause 10.3.3.

e Check for bearing pressure:
P
Pbearing = A—bearmg
Ensure prearing < failow.
4. Detailing and Connections:
e Design the connection between the truss and the bearing, considering bolts, welds, or
other connection methods as per IS 800:2007, Clause 10.3.4.
o Ensure that the connections can transfer the forces without slipping or failing.
Example Problem 1:
Problem: Design a bearing plate for a truss with a fixed end bearing on a concrete support. The
vertical load on the bearing is 150 kN, and the horizontal load is 50 kN. The concrete support has a
bearing strength of 10 MPa.
Solution:
1. Determine the bearing area:
Vertical Load
Bearing Strength of Concrete

150kN 150,000 N
10 MPa 10 x 106 N/m?

Bearing Area =

= 0.015 m? = 150 cm?

Bearing Area =

2. Assume a square bearing plate:

Side length = ,/Bearing Area = /150 cm? = 12.25 cm

Choose a plate size of 150 mm x 150 mm to simplify the design.

3. Calculate the thickness of the plate:
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e Using the maximum bending stress for steel (a») of 250 MPa.

o Use the formula for the thickness of the plate under uniformly distributed load:

6M
bXO'b

where M is the moment, b is the width of the plate, and o is the permissible bending stress.
The moment M for a simply supported plate with uniformly distributed load can be approximated
as:
w X L2
"8

where w is the load per unit area and L is the side length of the plate.

Load per unit area, w:

150 kN 150, OOON

= 10,000 N/m?
150 cm? _ 0.015m /m
Moment MM:
10,000 N/m2 x (0.15 m)2 10,000 x 0.0225
M = 8 = 3 = 28.125 Nm

Now, calculate the thickness tz:

o 6 X 28.125 Nm
~ /0.15m x 250 x 106 N/m?

168.75
t = =4/45%x107% = 2.12 mm

37.5 x 106

Considering practical limitations, choose a plate thickness of 10 mm for adequate safety and
structural integrity.
4. Check for bearing capacity of the concrete support:
o Ensure the concrete support can withstand the load using the IS 800:2007 code for
reference.
e Verify that the stress on the concrete support does not exceed its permissible bearing

stress.

Example Problem 2:

Problem: Design a roller bearing for a truss that carries a vertical load of 100 kN. The bearing is
supported on a steel column. The steel column has a permissible bearing stress of 150 MPa.
Solution:

1. Determine the bearing area:
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100 kN 100,000 N

= = 0.00067 m? = 6.67 cm?
150 MPa _ 150 x 106 N/m? m “n

Bearing Area =

2. Assume a rectangular bearing plate: Choose a practical size for the plate. Let's assume
dimensions of 100 mm x 70 mm:
Bearing Area = 100 mm X 70 mm = 7000 mm? = 70 cm?
3. Calculate the thickness of the plate:
e Using the maximum bending stress for steel (o») of 250 MPa.

e Use the formula for the thickness of the plate under uniformly distributed load:

[ = 6M
B bXO'b

The moment MM for a rectangular plate under uniform load is:

w X L?
8

where w is the load per unit area and L is the shorter side length of the plate.

Load per unit area w:

_100kN _ 100,000 N
Y =70 cem? ~ 0.007 m?

= 14,285.71 N/m?

Moment M:

M= 14,285.71 N/m? x (0.1 m)? _14,285.71 x 0.01

—17.86 N
8 8 m

Now, calculate the thickness tz:

o 6 x 17.86 Nm
~ /0.07 m x 250 x 106 N/m?

107.14

= m =+6.12x 107 =~ 2,47 mm

t

Considering practical limitations, choose a plate thickness of 10 mm for adequate safety and
structural integrity.
4. Verify the design:
o Ensure the steel column can support the load without local failure.
e Check the stress on the steel column using IS 800:2007 code to ensure it is within

permissible limits.


Guest
Rectangle


JAI RUBAA COLLEGE OF ENG NEERI NG TI RUPPUR

Students must prepare answers for the following questions at the end of the lecture.

On Marks | CO Bloom’s
Question Knowledge
No
Level
1 Describe the different types of end bearings used in truss | 13 4 K2
structures and explain their specific applications. Provide
a detailed design example for a fixed bearing on a concrete
support.
2 Explain the design principles for end bearings in truss | 13 4 K2
structures. Write the Design procedure of a roller bearing
for a truss with a given load and support characteristics,
and verify the bearing capacity according to IS 800:2007.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.
e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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Unit | 4 Industrial Structures Lecture |~ ]
No ",r)/ 76
Topic | Design of Gantry Girders
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to
Knowledge Level

LO1 | Understand the load conditions and design requirements for K2

gantry girders in industrial buildings..
LO2 | Apply design calculations for gantry girders to support overhead K3

crane loads..

1. Introduction to Gantry Girders

Gantry girders are horizontal structural members used in industrial buildings to support overhead
crane loads. They transfer loads from the crane to the building columns and ultimately to the
foundation. Understanding the load conditions and design requirements is crucial for ensuring the

safety and functionality of the structure.
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2. Load Conditions and Design Requirements

2.1 Load Conditions

The primary loads acting on gantry girders include:
o Dead Load (DL): The self-weight of the gantry girder.
o Live Load (LL): The weight of the crane and the load it carries.
o Impact Load: Dynamic effects due to the moving crane.
o Longitudinal Load: Horizontal forces due to crane acceleration or braking.

o Lateral Load: Sideways forces due to crane movement or wind.
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2.2 Design Requirements
The design of gantry girders involves:
o Selecting a suitable section: I-section, box-section, or built-up section.
o Checking for bending stresses, shear stresses, and deflections.
o Ensuring stability against lateral-torsional buckling.
¢ Adhering to the guidelines of IS 800:2007 code.
3. Design Calculations for Gantry Girders
3.1 Example Problem 1: Design of a Simply Supported Gantry Girder
Given:
e Span of gantry girder: 10 m
e Crane capacity: 100 kN
o Self-weight of crane: 20 kN
o Self-weight of trolley: 10 kN
e Wheelbase of crane: 3 m
e Impact factor: 25%
Step-by-Step Solution:
Step 1: Calculation of Loads
1. Crane Load (P):
P = 100kN
2. Impact Load (I):
I =0.25%XP =0.25x%x100 = 25kN
3. Total Vertical Load (V):
V = P + I + Self-weight of crane + Self-weight of trolley
V' =100+ 25+ 20+ 10 = 155kN
4. Longitudinal Load (L):
L=01XxP=0.1x100=10kN

Step 2: Maximum Bending Moment
_ V' xSpan

max —
4

15510

max = 2 = 387.5kNm
Step 3: Selection of Section (Refer IS 800:2007, Clause 9.1)
Assume an I-section with:

e Depth = 600 mm

o Flange width = 250 mm

e Flange thickness = 20 mm
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e Web thickness = 10 mm
Step 4: Check for Bending Stress (Refer IS 800:2007, Clause 8.2)

fo = M;ax
Where Z is the section modulus.
Assume section modulus Z=5000 cm?.
387.5 x 10°

=227 775MP
s = 5000 x 103 a

Check against permissible stress

fy/Ym = 250/1.15 = 217.4 MPa
Since 77.5 MPa<217.4 MPa, the section is safe in bending.
Step 5: Check for Shear Stress (Refer IS 800:2007, Clause 8.4)

|74
o
Where Aw is the web area.
Assume Aw=600%10=6000 mm?2.
155 x 103
v =000 - 25.83 MPa

Check against permissible shear stress
foy = 250/4/3/1.15 = 125.6 MPa
Since 25.83 MPa<125.6 MPa, the section is safe in shear.
Step 6: Deflection Check (Refer IS 800:2007, Clause 9.1.2)
B SWL
384EI
Where W is the total load, E is the modulus of elasticity, and 7 is the moment of inertia.

Assume [=3000x10° mm* and E=2.1x10° MPa.

_ 5x155x 103 x 10000*
384 x 2.1 x 105 x 3000 x 10°

Check against permissible deflection

L/750 = 10000/750 = 13.33 mm.

= 9.28 mm

Since 9.28 mm<13.33mm, the section is safe in deflection.

3.2 Example Problem 2: Design of a Continuous Gantry Girder
Given:
e Span of each segment: 6 m

e Crane capacity: 50 kN
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o Self-weight of crane: 15 kN
o Self-weight of trolley: 5 kN
e Wheelbase of crane: 2 m
e Impact factor: 20%
Step-by-Step Solution:
Step 1: Calculation of Loads
1. Crane Load (P):
P = 50kN
2. Impact Load (I):
I=02%xP=02x50=10kN
3. Total Vertical Load (V):
V = P + I + Self-weight of crane + Self-weight of trolley
V=50+10+15+5=80kN
4. Longitudinal Load (L):
L=01XxP=0.1x50=5kN
Step 2: Maximum Bending Moment (Using continuous beam analysis)

For a continuous beam with equal spans:
VXL

max
8

80 X 6
M. = 3 = 60 kKNm

Step 3: Selection of Section (Refer IS 800:2007, Clause 9.1)
Assume an I-section with:

e Depth =450 mm

e Flange width = 200 mm

o Flange thickness = 15 mm

o Web thickness = 8 mm

Step 4: Check for Bending Stress (Refer IS 800:2007, Clause 8.2)

M max
Z

f b =
Where Z is the section modulus.

Assume section modulus Z=3000cm3.

60 x 10°

o = 3000 x 108~ 20 MPa

Check against permissible stress
fy/Ym = 250/1.15 = 217.4 MPa
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Since 20 MPa<217.4 MPa, the section is safe in bending.
Step 5: Check for Shear Stress (Refer IS 800:2007, Clause 8.4)

|74
o=
Where Aw is the web area.
Assume Aw=450x8=3600 mm?2.
80 x 103
fo = 3600 - 22.22 MPa

Check against permissible shear stress

fyy = 250/v/3/1.15 = 125.6 MPa
Since 22.22 MPa<125.6 MPa, the section is safe in shear.
Step 6: Deflection Check (Refer IS 800:2007, Clause 9.1.2)

5wt
"~ 384E]

Where W is the total load, E is the modulus of elasticity, and / is the moment of inertia.
Assume 1=2000x10® mm* and E=2.1x10° MPa.

_ 5 x 80 x 103 x 6000*
384 x 2.1 x 105 x 2000 x 10

Check against permissible deflection

L/750 = 6000/750 = 8 mm

S

c = 7.89 mm

Since 7.89 mm<8 mm, the section is safe in deflection.

Students must prepare answers for the following questions at the end of the lecture.

Marks | CO Bloom’s

Qn Question Knowledge
No
Level
1 Design a gantry girder for an industrial building with a | 13 4 K3

span of 8 m, crane capacity of 80 kN, self-weight of crane
15 kN, self-weight of trolley 5 kN, and a wheelbase of 2.5
m. Consider an impact factor of 25%. Perform a detailed
step-by-step design and check for bending stress, shear
stress, and deflection as per IS 800:2007.

2 A continuous gantry girder spans 5 meters between | 13 4 K3
supports and carries a crane with a capacity of 60 kN. The
self-weight of the crane is 10 kN, and the self-weight of
the trolley is 5 kN. The wheelbase of the crane is 2 m, and
the impact factor is 20%. Design the gantry girder,
ensuring to include checks for bending stress, shear stress,
and deflection according to IS 800:2007.

Reference Book:
e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
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e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures. Bureau of Indian Standards.
e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.
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Unit 4. Industrial Structures Lecture 34
No
Topic | Introduction to Pre-engineered Buildings (PEBs)
. . . Bloom’s
Learning Outcome (LLO) At the end of this lecture, students will be able to Knowledge Level
LO 1 | Describe the concept and advantages of pre-engineered K2
buildings in industrial construction.
LO?2 | Identify the components and materials used in pre-engineered K1
buildings.

1. Introduction to Pre-engineered Buildings (PEBs)
Definition
Pre-engineered buildings (PEBs) are structures designed and fabricated in factories and then
assembled at the construction site. These buildings are designed based on a predetermined inventory
of raw materials and manufacturing methods that can efficiently satisfy a wide range of structural
and aesthetic design requirements.
Concept
The concept of PEB involves the design and manufacture of steel buildings in the factory and
assembling them at the site. This approach leverages the efficiencies of mass production and
modular construction, resulting in faster, cost-effective, and high-quality construction.
Advantages of PEBs in Industrial Construction

1. Cost-Effective: Reduces construction cost due to the efficient use of materials and labor.
Speed of Construction: Quick assembly and erection as components are pre-fabricated.
Flexibility: Easily expandable and modifiable for future needs.
Quality Control: High quality is maintained through factory production.

Durability: Steel structures are robust and can withstand adverse conditions.

AN

Reduced Maintenance: Minimal maintenance required compared to conventional
buildings.
7. Energy Efficiency: Can be designed for improved thermal efficiency.
IS Code
Refer to IS 800: 2007 for the general construction in steel — Code of Practice.
2. Components and Materials Used in PEBs
Components
1. Primary Frames: Main load-bearing frames, including columns and rafters.
2. Secondary Members: Purlins, girts, and eave struts that support roof and wall sheeting.
3. Roof and Wall Panels: Sheets made from steel or other materials to cover the structure.
4

. Bracing Systems: Provide stability against lateral loads.
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5. Accessories: Include doors, windows, ventilators, skylights, etc.
Materials
1. Steel: The primary material used for frames and panels.
2. Insulation: Used for thermal efficiency, typically fiberglass or foam panels.
3. Paints and Coatings: For corrosion protection and aesthetic purposes.
Types/Classifications of PEBs
1. Clear Span Buildings: No internal columns, ideal for large open spaces.
2. Multi-span Buildings: Internal columns provide additional support, allowing for larger
buildings.
3. Low-rise Buildings: Single or two-story buildings used for factories, warehouses, etc.
Principles of PEB Design
1. Modular Design: Utilizing standard modules to simplify design and construction.
2. Load Analysis: Calculating loads (dead, live, wind, seismic) as per IS 875.
3. Efficient Use of Materials: Minimizing waste through precise fabrication.
Example Problem
Design of a Simple PEB Structure
Problem Statement: Design a PEB structure with a span of 20 meters, a length of 50 meters, and a
height of 6 meters. The building is to be used as a warehouse with minimal internal columns.
Steps:
1. Load Calculation: Determine the loads based on usage, location, and building dimensions.
e Dead Load: Weight of structural components.
e Live Load: Usage load as per IS 875 Part 2.
e Wind Load: As per IS 875 Part 3.
2. Material Selection: Choose steel grade and section sizes.
3. Design of Primary Frame: Calculate moments, shear forces, and axial forces.
e Use IS 800: 2007 for designing steel structures.
4. Design of Secondary Members: Design purlins, girts, and bracing systems.
5. Connection Design: Design bolt and weld connections as per IS codes.
6. Detailing: Prepare detailed drawings for fabrication and assembly.
Calculation Example
Assuming the building to be located in a moderate wind zone:
1. Dead Load (DL): Weight of steel frames and roof sheeting.
DL = 0.15kN/m?
2. Live Load (LL): Load due to warehouse usage.
LL = 0.5kN/m?
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3. Wind Load (WL): Based on wind speed and building dimensions.

WL = 0.3kN/m?

Design of a Rafter (Example Calculation):

Span: 20 meters.

Rafter Section: Assume ISMB 400.

Moment Calculation:

_wl?
-8
w = DL + LL = 0.65kN/m?
_ 0.65x 2072
B 8
M = 32.5kNm
Check against permissible stress:
M

Where Z is the section modulus of ISMB 400.

Z =1096 cm® = 1096 x 10~ m3

_ 32.5
fo = 1096 x 106

fp = 29.64 N /mm?

Since f» is less than the permissible stress for the steel grade used, the section is adequate.

Students must prepare answers for the following questions at the end of the lecture.

On Marks | CO Bloom’s
Question Knowledge
No
Level

1 Describe the concept of pre-engineered buildings (PEBs) | 13 K3

and discuss the advantages of using PEBs in industrial

construction. Include references to IS codes where

applicable.
2 Identity and explain the main components and materials | 13 K3

used in pre-engineered buildings. Provide examples of

how these components are designed, including any

relevant calculations.

Reference Book:

e N Subramaniam , Design of Steel Structures, Oxford University press, New Delhi, 2011
e [S 875 (Part 1 to 5): Code of Practice for Design Loads (Other than Earthquake) for

Buildings and Structures. Bureau of Indian Standards.

e IS 800:2007: General Construction in Steel - Code of Practice. Bureau of Indian Standards.



Guest
Rectangle


