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DEPARTMENT OF CIVIL ENGINEERING

DARBHANGA COLLEGE OF ENGINEERING, DARBHANGA

VISION

Department of Civil Engineering is striving to become a premier academic centre for quality Education,

Entrepreneurship and Research in different areas of civil engineering with a strong social commitment.
MISSION

1. To produce highly competent and technologically capable professionals by collaboration with
relevant industries.

2. To motivate graduates towards innovation and research in the field of civil engineering.

3. To provide quality education in undergraduate levels with strong emphasis on professional’s ethics

and social commitment.



CIVIL ENGINEERING PROGRAM EDUCATIONAL OBJECTIVES

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

To prepare our graduates to have successful careers in design and analysis of various
PEO1 | Civil Engineering structures and also motivate them to pursue higher studies and
research in the relevant fields.

To prepare our graduates as a good cognizance of Societal, Environmental and

PEO2 Ethical issues and have effective communication skills.

To develop awareness of contemporary professionals issues and encourage them to
PEO3 | support the Engineering profession through contribution in professional’s societies
and/or Educational Institutions.

PROGRAM SPECIFIC OUTCOMES (PSOs)

The PSOs of Civil engineering programme supported by the curriculum are given below.

PSO1 To _funct_ion as design c_onsultants in the relevant industry for the design of civil
engineering structures using modern software tool.

PSO?2 To develop knowle_dge in some _specific technical areas of civil eng_ineer_ing;
Structural, Geotechnical, Transportation, Earthquake and Environmental engineering.

PROGRAMME OUTCOMES (PO)

Engineering knowledge: An ability to apply the knowledge of mathematics, science,

PO1 engineering fundamentals, and an engineering specialization to get the solution of the
engineering problems.

PO2 Problem analysis: Ability to Identify, formulates, review research literature, and
analyze complex engineering problems.

PO3 Design/development of solutions: Ability to design solutions for complex
engineering problems by considering social, economical and environmental aspects.

PO4 Conduct investigations of complex problems: Use research-based knowledge to
design, conduct analyse experiments to get valid conclusion.

PO5 Modern tool usage: ability to create, select, and apply appropriate techniques, and to
model complex engineering activities with an understanding of the limitations.

POB The engineer and society: Ability to apply knowledge by considering social health,
safety, legal and cultural issues.

PO7 Environment and sustainability: Understanding of the impact of the adopted
engineering solutions in social and environmental contexts.

PO8 Ethics: Understanding of the ethical issues of the civil engineering and applying
ethical principles in engineering practices.

POY Individual and teamwork: Ability to work effectively as an individual or in team, as
a member or as a leader.

PO10 Communication: An ability to communicate clearly and effectively through different
modes of communication.

PO11 Project management and finance: Ability to handle project and to manage finance
related issue

PO12 Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning.




Course Description

Many civil engineering structures are made up of steel. Knowledge of designing and detailing of steel
structures is very important for civil engineers in order to make structures safe and serviceable during its
life span. Limit State design philosophy is currently used worldwide for design of steel structures and its
various components. Also precise and correct detailing of structural drawing is necessary in order to get
the correct behavior of structures and leads to smooth construction of structures. This course will provide
detailed knowledge of design and detailing of steel structures as per Indian standards.

The concepts of this course are applicable in all civil engineering structures. The Design of Steel
Structures curriculum is designed to prepare interested students for a future career in the field of
Structural Engineering, Earthquake and Wind Engineering. The course deals with design of steel
structures using “Limit State Design Method”. The design methodology is based on the latest Indian
Standard Code of Practice for general construction (IS 800:2007). The subject covers all the necessary
components such as material specifications, connections and elementary design of structural members for
designing industrial steel structures. The course provides material specifications and design
considerations. It provides relevant material properties of different types of steel. It deals with two types
of connections namely welded and bolted connections.

Outcomes

e The students would have knowledge on the design of structural steel members subjected to
compressive, tensile and bending forces, as per current code and also know to design structural
systems such as steel industrial sheds, plate girders, eccentric connection, moment resistant
connection etc.

Course Objectives

e To introduce the students to limit state design of structural steel members subjected to compressive,
tensile and bending loads, including connections.

o Design of structural systems such as steel industrial sheds, column base, moment resistant connection
etc. as per provisions of current code (IS 800 - 2007) of practice.

Pre-requisites

e Student should know about the basic knowledge about mechanics of solids
e Student should know about the basic knowledge about strength of materials

Guidelines

e |S 800: 2007, General Construction in Steel - Code of Practice, Bureau of Indian Standards, New
Delhi

Instructional Objective

e The student should familiar to limit state design of structural steel members and they should be made
to

101: To Design the connections (Bolted, Welded).

102: To design the steel members under tensile load.

103: To design the steel members under compression.

104: To design the beam under laterally supported and unsupported.

105: To design the column bases, plate girder, steel industrial sheds etc.



Course Qutcome (5)

At the end of this course, the students will be able to

CO1: Understand the knowledge of different connections used in steel structures

CO2: Evaluate how to determine the design strength of tensile members

CO3: Evaluate how to determine the design strength of compression members

CO4: Understand about laterally supported, laterally un-supported beam, plate girder and design of
column bases.

CO5: Analyze the plastic theory on steel structures.



CO-PO MAPPING

SINo. | Course Outcome PO
1 CO1: Understand the knowledge of different connections used in steel | PO1, PO2, PO3, PO4, PO5, PO6,
structures PO7, PO8, PO9, PO10, PO11, PO12
2 CO2: Evaluate how to determine the design strength of tensile members PO1, PO2, PO3, PO4, POG6, PO7,
P08, PO9, PO12
3 COa3: Evaluate how to determine the design strength of compression members PO1, PO2, PO3, PO5, PO6, PO7,
PO8, PO9, PO12
4 CO4: Understand about laterally supported, laterally un-supported beam, plate | PO1, PO2, PO3, PO6, PO8, PO9,
girder and design of column bases PO10, PO11, PO12
5 CO5: Analyze the plastic theory on steel structures PO1, PO2, PO4, PO5, PO6, POS,
PO9, PO10, PO11, PO12

Course Outcomes
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PO7
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PO9 | PO10 | PO11 | PO12
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connections used in steel
structures
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determine the design strength
of tensile members

COa3: Evaluate how to
determine the design strength
of compression members

CO4: Understand about
laterally supported, laterally
un-supported beam, plate
girder and design of column
bases

CO5: Analyze the plastic
theory on steel structures
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Correlation Level: 1- Slight (Low) 2- moderate (Medium) 3 — Substantial (High)




B. Tech. VI Semester (Civil)
CE- 620 Design of Steel Structure

L/P T P/D Total Max Marks: 100
2-0-2 4 Final Exam: 70 Marks

Sessional: 20 Marks
Internals: 10 Marks.

Introduction to Design: Design Loads and Load combinations, Working Stress Design,
Plastic Design, LRFD Method, Introduction to steel and steel structures. Lecture: 4

Design of structural Fasteners: rivets, bolts and welds. Lecture: 6

Design of tension members Lecture: 4

Design of compression member: laced and battened columns. Lecture: 6

Design of flexure members: Beams- rolled sections, built up section, plate Girders-
riveted/ bolted and welded, Design of eccentric connections: riveted/ bolted and welded.

Lecture: 8

Design of beam: Columns and columns based welded and riveted column bases- moment
resistant connection - semi rigid connection- design of supports. Lecture: 5

Design of steel industrial sheds. Wind Design. Lecture: 8

Introduction inelastic action and plastic hinges application of PD and LRFD Lecture: 3

Total: 44 lecture

Textbooks:

1.

ok w

Bhavikatti.S.S, "Design of Steel Structures” By Limit State Method as per 1S: 800-2007,
IK International Publishing House Pvt. Ltd., 2009.

Duggal. S.K, "Limit State Design of Steel Structures™, Tata McGraw Hill Publishing
Company.

Chandak, N.R., “Design of Steel Structures”, Katson Publication.

Subramanian.N, "Design of Steel Structures”, Oxford University Press, New Delhi, 2013.
Shah.V.L. and Veena Gore, "Limit State Design of Steel Structures”, 1S 800-2007
Structures Publications, 2009.

6. Negi, L. S., “Design of Steel Structures”, Tata McGraw Hill.
References:
1. 1S 800: 2007, General Construction in Steel - Code of Practice, (Third Revision), Bureau

2.

3.

4.

of Indian Standards, New Delhi, 2007.

IS 875 (Part 1): Indian Standard Code of Practice for Dead Loads, Bureau of Indian
Standards, New Delhi.

IS 875 (Part 2): Indian Standard Code of Practice for Imposed Loads, Bureau of Indian
Standards, New Delhi.

IS 875 (Part 3): Indian Standard Code of Practice for Wind Loads, Bureau of Indian
Standards, New Delhi.

Gate Syllabus:

Working stress and Limit state design concepts; Design of tension and compression members,
beams and beam- columns, column bases; Connections — simple and eccentric, beam-column
connections, plate girders and trusses; Plastic analysis of beams and frames.



Time Table: 6t Semester (Jan-June 2019)

wef: 07/01/2019

Darbhanga College of Engineering, Darbhanga
6th Semester
09101000 | 10001050 | toso a0 | rraoa230 | 12304000 01 00« 01500240 | 62 4500 30 | 63 3004 20
DAY Dept. (m (2) 3) ) (5) 01.56) (7) (8) (V)
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ME(S6). | ... [-NCM(T}.| IEA(PK) . CMS (RG) ~ | . SEMINAR (CPS)
CE (53) Class test Industry Awareness Program Industrial Visit Related Work |
SI.No. Electrical and Electronics Enginering __ |SI.No. Computer Science and Engineering
1 UEP Ms. Sweta Kumari 1{SE Mr. Sunil Kumar
2 Mr. Abhisek Sharma 2|WA Mr. Akhilesh Kumar
3]ICS Dr. Ravi Ranjan 3|CD&PPL |Mr. Zoheb Hasan
4|PE Mr. Deepak Singh 4[FLAT Ms. Ajeet Kumar Gupta
5|Microproc|Mr. Amit kumar 5|00AD Mrs. Divya
6|EIM Mr. Diwakar verma 6|English  |Ms. Ratnakshl Roy
7|Enalish | Ms. Ratnakshi Roy
SI.No. Mechanical Enginering SI.No. ~ Civil Engineering
1{IEA Mr. Prabhakar Kumar 1|S&R Dr. A.K. Rai/Mr. Loknath kumar
2|DME Mr. Prashant Kumar Singh 2|DCS Mr. S.S. Choudhary
I HMT Mr. Madhav Ram 3|EE Mr. Jitendra Kumar
4|1&M Mr. Akhil Mohamad KK 4|TEI Mr. Prashant kumar
5|CMS Mr. Rajat Gupta 5[SS [Mr. RAVI RANJAN
6/NCM Mr. Mukesh Kumar 6|English __[Mr. Ritwik Balo
7|English  |Mr.R Balo |
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Time Table: 6t Semester (Jan-June 2020)
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1{uEp |Mr. Abheshek Sharma 1|SE Mr. Sunil Kumar
2|cA [Me. Dhirendra Kumar 2| WA Mr. Akhilesh Kumar
3|1 Dr. Ravi Ranjan 3|co&PPL. [Mr. Zoheb Hasan
a|Pt Ms. Deepak Singh _ A[FLAT Ms. Ajeet Kumar Gupta
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6/EIM M. Diwakar verma 6lEnglish  [Ms. Ratnakshi Roy
7|English _|Ms. Ratnakshi Roy
No. Mechanical Englnerin 51.No. Civil Engineering
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SMMT  [Mr, C. P Singh, Mr. Madhay Ram JEEA Mr. Jitendra Kumar
4|1&M Mt, Tablsh Shanu WTE Mr. Aditya Kumar
slcMS Mr. Rajat Gupla s|Dss Mr. Ahsan Rabbani
6|NCM Mr. Rajat Gupta 6[SA  [Me, 8.5 Choudhary/Me. Ahsan
TlEngtish  |Mr. Ritwik Balo
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List of Student: B Tech Civil Engineering (2016-2020)

Sl. No. Registration No. Roll No. Name
1 16101111001 16-C-68 KANHAIYA KUMAR YADOV
2 16101111002 16-C-52 VISHAL RAJ
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8 16101111008 16-C-16 SHUDHANSHU SHEKHAR JHA
9 16101111009 16-C-05 SHIKHA
10 16101111010 16-C-56 KUMARI PRIYANSHU
11 16101111011 16-C-41 MOTI LAL MANJHI
12 16101111012 16-C-43 KESHAV KUMAR
13 16101111013 16-C-64 CHANDAN KUMAR
14 16101111014 16-C-50 PREMRANJAN KUMAR
15 16101111015 16-C-54 RAJINISH KUMAR
16 16101111016 16-C-10 AMAR KUMAR
17 16101111017 16-C-28 SAURAV KUMAR SHANU
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20 16101111020 16-C-58 NARENDRA KUMAR
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30 16101111030 16-C-15 RAKESH KUMAR
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32 16101111032 16-C-09 AJAZ AHMAD
33 16101111033 16-C-04 POOJA KUMARI
34 16101111034 16-C-48 SHIVAMVEER KUMAR
35 16101111035 16-C-26 SUNIL KUMAR
36 16101111036 16-C-65 ATISH DEEPANKAR
37 16101111037 16-C-20 VIKRAM BHARTI




38 16101111038 16-C-46 DIPESH KUMAR

39 16101111039 16-C-34 CHANDRAMANI KUMAR
40 16101111040 16-C-40 AMIT KUMAR

41 16101111041 16-C-19 RAJEEV RANJAN
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List of Student: B Tech Civil Engineering (2017-2021)

Sl. No. Registration No. Roll No. Name
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24 17101111025 17-C-26 ANSHU KUMAR
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32 17101111034 17-C-19 PRAVEEN KUMAR
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34 17101111036 17-C-22 VISHAL KUMAR
35 17101111037 17-C-25 ISAAC ARYA
36 17101111038 17-C-28 VIKASH KUMAR
37 17101111039 17-C-49 MEERA KUMARI




38 17101111040 17-C-31 NEHAL RAJ
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64 18101111901 18-LE-C-03 SITA RAM YADAV
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71 18101111909 18-LE-C-09 DEEPAK KUMAR




Institute/college Name Darbhanga College of Engineering, Darbhanga
Corse/Branch B.Tech./Civil Engineering

Year/Semester 1AYAl

Course Code/Choice 011620/ Core

Course credits 4

Course Name Design of Steel Structure

Lecture/ Sessional (per week) 4/0

Course Teacher name Ahsan Rabbani

Deptt./Designation Civil Engineering/Assistant Professor

Lecture Plan:

Lecture on topic Lecture| Proposed Date
Number]  of Lecture

Introduction
Importance of steel structure, Type of steel structure and its properties 1
Type of load acting on the steel structures, calculation of the loads and load combination 2
Design Philosophies: Limit State Method (LSM), Working Stress Design, Ultimate load 3
design
Plastic design and LRFD method 4
Design of structural fasteners
Type of connection, advantages and disadvantages of riveted connection 5
Introduction to bolted connection, types of bolts, advantages and disadvantages of bolted 6
connection
Terminology used in bolted connection, Numerical question related to design of bolted 7
connection.
Numerical question related to design of bolted connection 8
Numerical question related to design of bolted connection 9
Numerical question related to design of bolted connection 10
Introduction to welded connection, advantages and disadvantages of welded connection, 11
Types of welded joints, weld size for butt weld.
Introduction to fillet weld, specification of fillet weld, Design stresses in weld 12
Numerical on design of welded connection 13
Numerical on design of welded connection 14
Numerical on design of welded connection, design of eccentric connection 15
Design of eccentric connection 16
Design of tension members
Different types of tension member, modes of failure of tension member, Design steps as per IS 17
code
Factors affecting the strength of tension member, Angles Under Tension 18
Numerical questions on design of tension member 19
Numerical questions on design of tension member 20
Numerical questions on design of tension member 21
Introduction to Lug Angle, Gussets and Other Sections and its designing steps 22
Design of Compression members
Introduction to compression member, Modes of failure of compression member, buckling of 23
column, Buckling class of cross section
Elastic Buckling of Slender Compression Member, Sections used for Compression Members 24
Effective Length of Compression Member, Design steps of compression member as per IS 25
800 (2007)
Numerical question on design of compression member using formula 26
Numerical question on design of compression member using formula 27
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Numerical question on design of compression member using table 28
Designing of built-up member, numerical question on built-up section 29
Introduction to lacing and batten, Design steps of lacing and batten as per 1S 800 (2007) 30
Numerical question on design of single & double lacing column 31
Numerical question on design of batten 32
Design of flexural member

Design of laterally supported and laterally unsupported beam as per IS Code 33
Numerical questions on design of laterally supported beam 34
Numerical questions on design of laterally supported beam 35
Numerical questions on design of laterally unsupported beam 36
Numerical questions on design of laterally unsupported beam 37
Design of built-up section, Introduction to plate girder: Riveted/bolted and welded 38
Design of eccentric connection: Riveted/bolted and welded 39
Design of Beams

Introduction, Beam Types, Section Classification, Behavior of Beam in Bending 40
Design of column and slab bases, Numerical question on slab bases 41
Introduction to moment resistant connection, semi rigid connection, design of supports 42
Design of steel industrial shed

Introduction to design of steel industrial shed 43
Design of structural member due to wind load 44
Plastic analysis

Introduction to inelastic action and plastic hinges 45
Determination of plastic section modulus, moment resistance and shape factor 46
Theory of plastic analysis, numerical question on plastic theory 47
Numerical question on plastic theory 48
Numerical question on plastic theory, concept of LRFD 49
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DARBHANGA COLLEGE OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
Subject Code: 011620 Subject Name: Design of Steel Structures

Assignment No. 02

1. Alap joint consists of two plates 200 x 12 mm connected by means of 20 mm
diameter bolts of grade 4.6. All bolts are in one line. Calculate strength of single
bolt and no. of bolts to be provided in the joint.
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2. Design the Lap joint for the plates of sizes 100 x 16 mm and 100 x 10 mm thick

connected so as to transmit a factored load of 100 kN using single row of 16 mm
diameter bolts of grade 4.6 and plate of 410 grade.

3. A discontinuous compression member consists of 2 ISA 90 x 90 x 10 mm
connected back to back on opposite sides of 12 mm thick gusset plate and
connected by welding. The length of strut is 3 m. It is welded on either side.
Calculate design compressive strength of strut.

For ISA 90 x 90 x 10, Cxx = Cyy = 25.9 mm Ixx = lyy = 126.7 x 104 mm4, rzz = 27.3
mm values of f.q are

KL/r 90 100 110 120

foq (N/mm?) 121 107 94.6 83.7

4. State with a sketch the effective length for a compression member as per IS 800 —
2007 having end conditions as
(i) Translation restrained at both ends and rotation free at both ends
(ii) Translation and rotation restrained at both ends

5. Design a tension member consisting of single unequal angle section to carry a
tensile load of 340 kN. Assume single row 20 mm bolted connection. The length of
member is 2.4 m. Take fu =410 MPa, a =0.80

Section available (mm) | Area (mm?)
ISA 100 x 75 x 8 1336
ISA 125 x 75 x 8 1538
ISA 150 x 75 x 8 1748

6. Design a bolted connection between a bracket 8 mm thick and the flange of an
ISHB 400 column using HSFG bolts, so as to carry a vertical load of 100 kN at a
distance of 200 mm from the face of the column as shown in Fig. E1.

7. The shear lag width for ISA 75X75X10 is (Assume gauge distance = 40 mm).

8. A single angle section 90X60X10 is connected with gusset plate with 7 bolts of 20
mm diameter in one line at pitch of 50 mm and edge distance of 30 mm. What is



the design tensile strength of the section for rupture of net section? (Assume the
section is connected with longer leg and gauge distance = 50 mm)

9. A single ISA 75 x 50 x 8 is connected (longer leg) with gusset plate using use 4
bolts of 20 mm diameter in one line at pitch of 50 mm and edge distance of 30 mm.
What is the Design tensile strength due to block shear failure? (Assume gauge
distance = 35 mm)

10. An ISA 90 x 90 x 8 used as tension member is connected to a 10 mm gusset plate
by fillet weld of size 5 mm. The design strength of the member is 300 kN. Calculate
the length of the weld.



DARBHANGA COLLEGE OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
Subject Code: 011620 Subject Name: Design of Steel Structures

Assignment No. 03

Check whether ISMB250@37.4 kg/m is suitable or not as a simply supported beam
over an effective span of 6 m. The compression flange of beam is laterally
supported throughout the span. It carries udl of 15 kN/m (including self wt.).
Properties of ISMB 250 are bf = 125 mm, tf = 125 mm, tw = 6.9 mm, Ixx =
5131.6x104 mm4, Zxx = 410x103 mm3, r1 = 13.0 mm, Z,, = 465.71 x 10° mm?, Ymo =
1.1, B, = 1 and fy = 250 MPa.

Limiting width to thickness ratio for single beam section of plastic class is 9.4 and
d/tw = 84. State whether ISMB 500 @ 852 N/m is of plastic class or not. For ISMB
500; h =500 mm, bf =180 mm, tf = 17.2 mm, tw = 10.2 mm, r1 = 17.0 mm, fy = 250
MPa.

. A hall of size 12m x 18m is provided with Fink type trusses at 3 m c/c. Calculate
panel point load in case of Dead load and live load from following data.

Unit weight of roofing = 150 N/m?

Self-weight of purlin = 220 N/m?

Weight of bracing = 80 N/m?

Rise to span ratio = 1/5

No. of panels =6

PoooTp

. An industrial building has trusses for 14 m span. Trusses are spaced at 4m c/c
and rise of truss in 3.6m. Calculate panel point load in case of live load and wind
load using following data :

Coefficient of external wind pressure =- 0.7

Coefficient of internal wind pressure =+ 0.2

Design wind pressure = 1.5 kPa

Number of panels = 08

o0 oW

Design a slab base for column ISHB 400 @ 82.2 kg/m to carry factored axial
compressive load of 2000 kN. The base rests on concrete pedestal of grade M20.
For ISHB 400, bf = 250 mm, fy = 250 MPa, fu = 410 MPa, Y, = 1.1, tf = 12.7 mm.

. Write steps to calculate the thickness of base plate used in slab base. Why anchor
bolts are used in slab base?

Design a suitable ‘I’ beam for a simply supported span of 3 m and carrying a dead
or permanent load of 17.78 kN/m and an imposed load of 40 kN/m. Assume full
lateral restraint and stiff support bearing of 200 mm.

(DL 17.78 kN + LL 40 kN) / metre

eeaccccocccackanca,
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8. Check the adequacy of ISMB 450 to carry a uniformly distributed load of 24 KN/ m
over a span of 6 m. Both ends of the beam are attached to the flanges of columns
by double web cleat.

24 EN/m

| '\ISAJB 450 ]

—— '
6m

v

9. A fixed beam made of steel is shown in the figure below. At collapse, the value of
load P will be equal to
lP

2M,

M,

S
Y
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10. A fixed beam made of steel is shown in the figure below. At collapse, the value of
load P will be equal to

L

M,

oM,
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DARBHANGA COLLEGE OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
Subject Code: 011620 Subject Name: Design of Steel Structures
Assignment No. 02
A lap joint consists of two plates 200 x 12 mm connected by means of 20 mm

diameter bolts of grade 4.6. All bolts are in one line. Calculate strength of single
bolt and no. of bolts to be provided in the joint.
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Solution:
Given

Nominal diameter of bolt = 20 mm

Net area of bolt at thread (A,,) = 0.78 x % x d?

=078 x & x 207
4
A = 245.04 mm?

For fe 410 grade steel plate (assumed)

Ultimate stress for plate f, = 410 N/mm?®

For 4.6 grade of bolt

Ultimate stress for bolt (fu) = 4 x 100 = 400 N/mm?®
Yield stress for bolt (fys) = 400 x 0.6 = 240 N/mm?®

Now find design shearing strength of bolt (Vdsb)
we know that

Vdsb = 142

V3 %Yo

Here number of shear plane with threat intercepting the shear plane n. = 1
Number of shear plane without thread intercepting the shear plane n, = 0

Viw = —290 11, 24304+0]

dsb T —=————
J3x1.25
Yms = partial factor of safety for bolt material = 1.25

Vi = 45.27 x 10°N

[ x Ans + 1, + Al

Now find design bearing strength of bolt (Va.s)
Vapn = 25 x kb x (d x 1) x qu

T b

Here coefficient ky is minimum of

e P fub
(1) {E'ﬁiozaf'l}
(a) Diameter of hole (dh) = Nominal diameter + 2
=20+ 2 =22 mm
(b) End distance (e) = 2d = 2 x 20 = 40 mm
(c) Pitch (p)=25d
= 2.5 x 20 = 50 mm

i e 40
O 3gp = 322 70000
i P __50 _
(i) 55 ~025= 375 02520507
... fub 400
—= — =0.975
@i fy 410 ? &

(iv) 1



Hence Kb = 0.507 mm ... Take minimum value

Now find design bearing strength of bolt (V)
f
=25 x Kb x (dx 1) x X

r‘mb
= 25 x 0.507 x (20 x 12) x 210

1.25

Vgh =99.77 x 10° N

Now find bolt value i.e. strength of bolt
Bolt value = minimum strength between shearing & bearing strength of
bolt i.e. minimum between Vi & Vg
= 4527 x 10°N

Full strength of member =0.9 x i—u x Area of plan

_0.9x410
T 125
630.54 x 10° N

(250 — 1% 22) = 12

Full strength of plan
No of bolts = full strongth of plate
Bolt value
_ 630.54x10°
" 45.27x10°
= 13.92 Say 14 Nos

2. Design the Lap joint for the plates of sizes 100 x 16 mm and 100 x 10 mm thick
connected so as to transmit a factored load of 100 kN using single row of 16 mm
diameter bolts of grade 4.6 and plate of 410 grade.

Solution: Given
f, = 410 N/mm? f,, = 400 N/mm?
d=16 mm do = 18mm
Vs = 1.25 P, =100 kN
Strength of bolt:
Since it is lap joint bolt is in single shear, the critical section being at the root of bolt.

Anp = o.7sx§><d2

=0‘78><%x162 =156.82

Design
strength of bolt in shear
Anb A
. Vdsb = Fub (M AMD 1, Ay )
\6 rmb
_4001x157 _ \
= 5 125 =29.006 = 10° N
~Vdsh =29N
, ped = PU__100
No. of bolts required = Vdeb - 29
234=4No.

Ne. of bolts required = 4 no.
Arranging bolts in single rows

Equating tensile capacity per pitch length

Tdn= 09 y
rm

(P—de)-t



410
29 x10°= 0.9x——(P-18)x10
9 x 9x125( )%

(29x10% x125
pof i X129y
IQ9x4mx103
22782 < 25xd =25 x 16
= 40

-+ Provide pitch P = 40 mm
and edge distance = 17 x do [for rough edge]

=17 x 18
=306=30
kb is smallest of
. e 30
— = =0.56
D 3o “3am
P _ 40
i) 17025 3418 -025 Min. Value
=049 =049
.. Fub _400
H = 0975
W Fy a0 7%
(iv) 1

Hence Kb = 0.49
- Design bearing strength
Vdsh = Vnpb _ 25xkbdt F,
rmb rmb
_2.5x0.49x16x10x 410
) 1.25
= 64288 N = 64.29 kN

Vdsb = 64.29 kN> 29 kN
- Ok no revision is required

Check for the strength of plate
_ 0.9An.Fu _0.9%(100-2x18) <10 410
Toom T 125
= 188.93 kN > 110kN
safe
Provide 4-16 mm ¢ bolts of 40mm
Pitch with edge distance of 30 mm as shown in fig.

Tdn

jo kN
A -+ 4 ¢ M
R Y
T
T F ., -

| ) P
i,
fig showng Comnechim ¢} log foint

3. A discontinuous compression member consists of 2 ISA 90 x 90 x 10 mm
connected back to back on opposite sides of 12 mm thick gusset plate and
connected by welding. The length of strut is 3 m. It is welded on either side.
Calculate design compressive strength of strut.

For ISA 90 x 90 x 10, Cxx = Cyy = 25.9 mm Ixx = lyy = 126.7 x 104 mm4, rzz = 27.3
mm values of f.q are

KL/r 90 100 110 120

f.q (N/mm?) 121 107 94.6 83.7

Solution:



(i) rz=27.3 mm (Due to symmetry @ 7z axis)
(i) Iy = 2[Ty + Ah%]
= 2[126.7 = 10* + 1703 (25.9 + 12/2)°]

(A 1s calculated by calculating Area of both leg separately and then adding them)
= Iy = 5999979 mm*

(113 BRAY e \fi: =\{529'9f7907§ = 41.97 mm
Fmin = minimum of r; and ry,
Fuis = 27.3 mm
b
125 9 V2Zmim
- Y

3

3

:/J g

L

(iv) For discontinuous double angle, effective length
KL = 0.85L = 0.85 « 3 = 2.10 m = 2100mm
KL _2100

SR.= . 573 =76.92
KL/r (SR) fed
70 152
80 136
Hence,
fed —fed
d- il Wil
fed=fed SR, "SR
152 -136
fed =fs, - 8070 (76.92 —70)

fcd =140.928 N/mm?

(v) Design compressive Strength
Pd= fcd x Ag
Pd = 140.928 x (2 x 1703)
Pd = 480 x 10° N
Pd = 480 kN

4. State with a sketch the effective length for a compression member as per IS 800 —
2007 having end conditions as
(i) Translation restrained at both ends and rotation free at both ends
(ii) Translation and rotation restrained at both ends

Answer:

(i) Translation restrained at both ends and rotation free at both ends

Restrained Free Restrained Free | 1.0L

(ii) Translation and rotation restrained at both ends

Restrained Restrained Restrained Restrained ! 0.65L

5. Design a tension member consisting of single unequal angle section to carry a
tensile load of 340 kN. Assume single row 20 mm bolted connection. The length of
member is 2.4 m. Take fu =410 MPa, a=0.80



Section available (mm) [ Area (mm?)
ISA 100 x 75 x 8 1336
ISA 125 x 75 x 8 1538
ISA 150 x 75 x 8 1748

Solution:
(A)  Appropriate gross area required
1.1xTag
Reqd Ag= ——
€qd. Ag fy

1.1x340 %103
T 250
=1496 mm®

Try 15A 125 < 75 x 8 mm giving Ag = 1538 mm® r,;, = 16.1 mm. Assuming longer leg
connected, check the strength of the section

i) Design strength due to yielding of gross section

Tages Agr‘x fy

_ 1538 x250

= 1.10

= 349545.4N
Tag = 349.54 kN

ii) Design strength due rupture of critical section

& dh=d+2 —28+2 =22m

T
__W,\ ;t P—
“*"fb— «

Tdn= chnr"—u

ml
An= Anc+Ago
Anc= (B —d —t/2)xt
=(125-22-8/2)x8
Anc = 792 mm?
Ago = (B,-1/2)t
=(75-8/2)8
= 568mm®

An = Anc + Ago
An =792 + 568
An = 13602 mm?®

Considering more than four bolt's inarawa = 0.8

0.8 %1360 % 410

Tdn = 125

Tdn = 356.864 kN

Design of bolts

Capacity of bolts in single shear = 45. 3 KN

Capacity of bolt in bearing = 20 x 8 x 410 x 107
= 65.6 kN

least bolt value = 45.3 kN (min of two above)

Number of bolts required = 340 _75 say 8
45.3



Lig= £S5

g = £om

Assuming edge dist" = 40mm
9 = 60mm
Spacing of bolts = 50mm

Avg = Lvg x t = 390 x 8 = 3120mm*
Avg = 3120 mm?

Avn = J{Lug — [No. of bolts - 0.5 dh] }x‘r
Avn = {390 -[(8-0.5)22] | <8 = 1800mm?
Avn = 1800mm?

Afg:Lfgx‘r=65x8=5OOmm2
Atg = 520 mm?

Atn (657(0,5x22))x8
Atn = 432 mm?

Tdb: = Avgfy / (V3 x 7, )+ 0.9AMfu/ v,

410

3120 %250 /{\E ><1.10)+ 0.9x432 x

= 409393.8 + 127526 .4
= 5369202 N
Tdb; = 536.92 kN

1.25

Tdb, = 424.962 kN
Tdb = lesser than Tdb; and Tdb, = 424.96 kN

. The tensile strength of angle = lesser of Tag, Tdn and Tdb
(349.54, 356.86 and 426.96)
= 349.54 kN
This is greater than required 340 kN
L _2400
fom 161

149.06 < 250

Check for slenderness ratio i =

6. Design a bolted connection between a bracket 8 mm thick and the flange of an
ISHB 400 column using HSFG bolts, so as to carry a vertical load of 100 kN at a
distance of 200 mm from the face of the column as shown in Fig. E1.

Solution:



1) Bolt force:

) 100 kN
P, =0; P, = 100 kN; 250,,] 200
Total eccentricity x’=200+250/2=325 mm 6-'-@ ‘.OE
TGO
M =Pyx’ = 100x325 = 32500 kN-mm 6( '9""0'5
o JEI Fig El
Try the arrangement shown in Fig. El .

Note: minimum pitch = 60 mm and
minimum edge dist. = 60 mm

n==6
vl = Yl Xy = 60707 +4(60)° = 43800 mm’®

Shear force on the farthest bolis (corner bolts)

R =

1

- 2 - 2
195 395
‘/J 32‘00><60} _100+32‘00><70} 81 TOEN

| 43800 | "6 43800

2) Bolt capacity
Try M20 HSFG bolts

Bolt capacity in single shear = 1.1 K t Py = 1.1 x0.45 x177 = 87.6 kN
ISHB 400 flange is thicker than the bracket plate and so bearing on the
braciet plate will govern.

Bolt capacity in bearing = d t ppg = 20 x 8 x 650 x 107 =104 kN

.2 Bolt value = 87.6 kN > 81.79 safe.

7. The shear lag width for ISA 75X75X10 is (Assume gauge distance = 40 mm).
Solution:

The length of outstanding leg will be w = 75 mm and wl = 40 mm.

So the shear lag width, bs =w +wl -t =75 + 40 — 10 = 105 mm.

8. A single angle section 90X60X10 is connected with gusset plate with 7 bolts of 20
mm diameter in one line at pitch of 50 mm and edge distance of 30 mm. What is
the design tensile strength of the section for rupture of net section? (Assume the
section is connected with longer leg and gauge distance = 50 mm)

Solution:

Anc = (90 - 10/2 - 22) x 10 = 630 mm2
Ago = (60 - 10/2) x 10 = 550 mm2

An =630 + 550 = 1180 mm2

The length of outstanding leg will be w = 60 mm and wl = 50 mm. So the shear lag width,
bs=w+wl—-t=60+50-10 =100 mm.

Distance between end bolts , Lc = 6 x 50 = 300 mm.



- b . 100 __ 60 __ 250
B =14—00762x%x = 140076 x~2 x2x22_1307
Le t  Ju 300 ~ 10 ~ 410
Thus, T — %2fudnec | BlyAgo _ 0.9x410x630 , 1.307x250x550
s ddn — =

Yma Ymo 1.25 1.1

=349.35 x 10° N = 349.35 kN.

9. A single ISA 75 x 50 x 8 is connected (longer leg) with gusset plate using use 4
bolts of 20 mm diameter in one line at pitch of 50 mm and edge distance of 30 mm.
What is the Design tensile strength due to block shear failure? (Assume gauge
distance =35 mm)

Solution:

Avg =8 x (3 x 50 + 30) = 1440 mm2

Avn =8 x (3 x 50 + 30 — 3.5 x 22) = 824 mm2

Atg = 8 x 40 = 320 mm2 [assuming gauge g = 35 for 75 mm leg]
Atn =8 x (40 — 0.5 x 22) = 232 mm2

T = 0%%wmfu | fyArg _09x410x824 | 250x320
ani V3¥m1 Ymo V3x1.25 11

=213.16 x 10° N = 213.16 kN

Apgfy n 0.9 fudm _ 1440Xx250 | 0.9x410x232

— — =257.44 x 103 N = 257.44 kN
V3¥mo ¥Yma V3x1.1 1.25

Tap2 =

So, Tdp = 213.16 kN.

10. An ISA 90 x 90 x 8 used as tension member is connected to a 10 mm gusset plate
by fillet weld of size 5 mm. The design strength of the member is 300 kN. Calculate
the length of the weld.

90-25.1

Solution: Force resisted by weld at lower side of angle P1 = 300 x =216.33 kN

Force resisted by weld at upper side of angle P2 = 300 x 295—01 =83.67 kN

Assuming size of weld as 5mm, the throat thickness t. will be 0.707 x 5 =3.535 mm

Py 21633 x10°

Length required at lower side Lw1 = —7— = —5=3ssao— = 323.15 mm = 324 mm
VEYmw V3x1.25
103
Length required at upper side Ly = P2 - 85_;1:1% =124.9 mm=125mm

tefu
VE¥mw V3x1.25




DARBHANGA COLLEGE OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
Subject Code: 011620 Subject Name: Design of Steel Structures

Assignment No. 03

1. Check whether ISMB250@37.4 kg/m is suitable or not as a simply supported beam
over an effective span of 6 m. The compression flange of beam is laterally
supported throughout the span. It carries udl of 15 kN/m (including self wt.).
Properties of ISMB 250 are bf = 125 mm, tf = 125 mm, tw = 6.9 mm, Ixx =
5131.6x104 mm4, Zxx = 410x103 mm3, r1 = 13.0 mm, Z,, = 465.71 x 10° mm?, Ymo
1.1, B, = 1 and fy = 250 MPa.

Solution:

(i) Loads and factored BMS
w = 15kN/m
Factored udl, wd = 15 x 1.5 = 22.5 kN/m
2 2
Factored BM, Md = % =@
=101.25 kN/m

wd.le _225x6
T2

Factored S.F. Vd = =67.5kN

(ii) Plastic modulus of section required
Md.y,, _101.25x10° x1.1
fy 250
= 4455 x 10° mm?®
Z, reqd. < Z» avil (=465.71 x 10°* mm®)

Z, reqd. =

(iii) Classification of beam section
d=h-2(f; + ;1) = 250 - 2(12.5 + 13)

= 199 mm
125
bh 2 B
W 125 00 <94
d 199 5884 <67
tw 6.9
bh d . . e .
As — <94and — <67 . Section classification is plastic
tf Tw
(iv) Check for shear
f xtwxh
Vdr= OR 0525 fytwh
Tmo¥3
-20:69x250 . 526348 N
1143
= 226.35 KN > Vd (=67.5kN)
Also, Y8 - 575 0208 06

=% Vdr "22635
Check for shear is satisfied

(v) Check for deflection
s o
o)
_ 6000
" 300
= 20 mm
5w
" 384 FI
.9 15 = 6000*
7384 2.10%.5131610%

As §, eltewsble

Deflection check is not O.K

Hence, ISMB 250 is net a suitable section for given loading and span



2. Limiting width to thickness ratio for single beam section of plastic class is 9.4 and
d/tw = 84. State whether ISMB 500 @ 852 N/m is of plastic class or not. For ISMB
500; h =500 mm, bf =180 mm, tf =17.2 mm, tw = 10.2 mm, r1 = 17.0 mm, fy = 250
MPa.

Solution:

h :
B = 8.4 ¢ .. For class -1 (plastic)

Given section is ISMB500
.. h =500
& bf =180

h 500

B0 7884
bf 180 ceaE

but ¢ =

—

gi=

bL:‘ =278<84x1

=278 <84 .. hence the class is plastic

3. A hall of size 12m x 18m is provided with Fink type trusses at 3 m c/c. Calculate
panel point load in case of Dead load and live load from following data.

a. Unit weight of roofing = 150 N/m?
b. Self-weight of purlin = 220 N/m?
c. Weight of bracing = 80 N/m?

d. Riseto spanratio =1/5

e. No. of panels =6

Solution:

(A) Span of truss=12 m
Spacing = 3m /c/c
Types of truss = sink
No. of panel point = 6
Rise = 3P

:% =24m

Risc
0= tan™| ==
a [L e
Calculation of dead load
(i) Weight of roofing = 150 N/m?
(i) Weight of Purlin = 220 N/m®

‘ =t [%‘ =21.80°

(i) Weight of fruss = {%+5 lxIO

= 90 N/m?
(iv) Weight of bracing = 80 N/m?

Total dead load = 540 N/m?

Total dead load on one truss = 540 N/m?
=540 x12x 3
= 19.44 kN

Dead load on each panel point = 10 o kN




D on end panel point = 324

=1.62 kN
Live load calculation
L.L. on purlin =750 — (0 - 10) x 20)
=750 - [2180 - 10) x 20]
= 514 N/m? > 400 N/m?
LL of truss =2/3 x 514 = 342.67 N/m?
o Total L. L. = L.L. of truss x span x spacing
=342.67 x12 x3
= 12336 N

12336

L.L. m each panel = = 2056 N

L.L. m end panel = ZOzﬂ = 1028 N

4. An industrial building has trusses for 14 m span. Trusses are spaced at 4m c/c
and rise of truss in 3.6m. Calculate panel point load in case of live load and wind
load using following data :

Coefficient of external wind pressure =- 0.7

Coefficient of internal wind pressure =+ 0.2

Design wind pressure = 1.5 kPa

Number of panels = 08

oo oW

(A) Span of trus = 14m
Spacing of truss = 3.6 m
No. of panels = 8

Design wind pressure = 1.5 kpa

= 1.5 x 10° N/m®
[ Rise 3.6
6= i |2 = = 22"
ol = eyl

o 8=27.22°
Wind load calculation
Coefficient of external wind pressure

Cpe =-0.7

Coefficient of internal wind pressure
Cpi = +02

Total wind press = [Cpe - Cpi] = P2

Wind load combination
i) w.c=[-0.7-(02)] = 1500 = 750 N/ m*
i) w.c=[-0.7 - (+0.2)] x 1500 = 1350 N/m*

Max. intensity = ~1350 N/m?

L/2
cos0

= [1412]
cos 27.22

Length of principle dafter =

Length of principle dafter = 7.87 m
+ Sloping area =2 x 7.87 x 4

= 62.96 m*
- Total wind load = Max. intensity < sloping area
= 1350 x 62.96
= 84996 N
Wind
* load an each panel = g‘%gé

wind load on end panel = -10624.5 N
10624.5
2
= 531225 N

wind load on end panel =

Live load calculation

Live load on purlin = 750 - [(0 - 10) = 20]
= 750 - [(27.22 - 10) x 20]
= 405.6 « 4v N/m*
Hence ok



L.L. on truss
= 2/3 < 405.6
= 270.4 N/m?
Total L.L = L.L. infensity x Span x spacing
= 2704 x 14 x 4
= 151424 N

TL
No. of Panel
151424
T8
=1892.8 N = 1892 kN

"+ load on each panel =

1892.8
2
=946.4 N=0.926 kN

and load on end panel =

5. Design a slab base for column ISHB 400 @ 82.2 kg/m to carry factored axial
compressive load of 2000 kN. The base rests on concrete pedestal of grade M20.
For ISHB 400, bf = 250 mm, fy = 250 MPa, fu =410 MPa, yn, = 1.1, tf = 12.7 mm.

Solution:
(A) iven
Factored load pu = 2000 kN
= 2000 = 10° N
Fek = 20
O = 400
B =250 iebf
Ve = 11
=127
fy =250 N/mm?

Bearing Strength of conc
= 0.6 fek
= 0.6 « 20 = 12 N/m’m

Bearing area of base plate
A= Fu
Bearing strength of conc
A= 200?2‘ 107 . 16667 x 16
Size of hase plate
length of plate

[ 2
_Db-B (D-B)
Lp = \‘L_—e | +A

[
_400-250 ([ 400-250 | 1666.67 % 10°
= ¢ 5 ; O =

2y

= 490,08 = 500

A 16667 <10°
= —— w0 333734 2300
T 500

Larger Projection

Lp-p| _500-400 _
| z 3 50 mm

a=

Smaller Projection

Bp-B 350 - 250
b=|_2_ -_—2—=50mm

Areza of base plate -
Ap = 500 = 350 =175 = 10°

Ultimate Pressure from below m the
Slab base
o 2 *
wa B 20002107 _ 442 NAmnt
A 175 « 107

Thickness of slab base

_ f25w(e’ - 0.307jvm

= \'7&
2.5:11.42(50° - 0.3+ 507 )+ 110
g Vj 250
= 14.B2 mm > tf le k=7

15 mm

Hence provide slob base plate having dimension
500 = 350 = 15



6. Write steps to calculate the thickness of base plate used in slab base. Why anchor
bolts are used in slab base?

Answer:
Design steps to find thickness
1) To calculate area (A) of base plate
A = Column load/Bearing strength
Bearing strength of concrete = 0.6 f

2) Select the size of base plate.
L, & B, be the sizes of plate
D = length or longer length
B = width or shorter side of the column

Consider square plate

52
TR H(Dfe)l M}
2 2
Bp = S
Large projectiona = (Lp 2_ D)
(B, -8)

2
Area of base plate provided = Ly x B = (D + 2a) x (B + 2b)

Shorter projection b =

3) Calculate ultimate bearing pressure
p

W= [1 mark]
(L <B,)
4) Calculate thickness of base plate
p 0.5
2 2
. “ 25xw(a®~03xb )rmH k]
\ f )
Function of anchor bolt : To connect concrete pedestal and base plate anchor bolts are

used.

7. Design a suitable ‘I’ beam for a simply supported span of 3 m and carrying a dead
or permanent load of 17.78 kN/m and an imposed load of 40 kN/m. Assume full
lateral restraint and stiff support bearing of 200 mm.

(DL 1778 KN + LL 40 kNJ / meire

eeaccccocccackanca,

_ S .
-+ -

Solution:



Design load calculation:

factored load = 7op <1778 4y, <40 kN

in this example the following load factors are chosen.

?1p and y e taken as 1.35 and 1.50 respectively.

Yip — partial safety factor for dead or permanent loads
Y1z — partial safety factor for live or imposed loads

Total factored load = 1.35x 17.78 + 1.5 x40.0= 84 kN /' m
Factored bending moment = 84 x 3° /8 = 94.50 kN—m
Z—value required for f,=250 MPa ; y,, =1.15

94.5 x 1000><1000><7/m
regd — 250

Zyegi = 434.7 cm’
Try ISMB 250

250
J 2 . 1.0 D =250 mm
250

B 125 mm
t=6.9 mm

=12;
I =51

3
Iy = 334.5 em

W

mm

Flange criterion B2T =5
Web criterion = (D — 27)/t 32.61
Since B/2T <8.02 € & (D-2T)/t < 82.95 €
The section is classified as *~ PLASTIC °
Moment of resistance of the cross section:
Since the section considered is ‘PLASTIC’
Sx [,
},III
Where S is the plastic modulus
S for ISMB 250 — 459.76 cm”
M. =4590.76 x 1000 x 250 /1.15
= 99.95 kKN-m = 94.5 kN-m
Hence ISMB-250 is adequarte.in flexure.

M



This check needs ta be considered more importantly in beams where the
maximum bending moment and maximum shear force may occur at the
same section simultaneously, such as the supporis of continuotis beams.
For the present example this checking is not required. However for
completeness this check is presented.

0.6 1,4y
Y
Ay =250 x6.9 1725 mm”
P, =0.6 x250 x1725/1,15 =225 kN
F, = factored max shear = 84 x3 /2 =126. kN
Fy /Py 126/225.0 = 0.56 < 0.6
Hence the effect of shear need not be considered in the moment capaciiy
calculation.
Check for Web Buckling:

The slenderness ratio of the web = Lg/vy = 2.5 d/t =2.5 x194.1/6.9

70.33

Shear capacity Py -

The corresponding design compressive stress fe is found to be
fe =203 MPa (Design stress for web as fived ended
column)
Stiff bearing length = 100 mm
457 dispersion length n; 125.0 mim
Py (100 + 125.0) x6.9 x 203.0
= 315.16 kN

31516 > 126 Hence web is safe against shear buckling

Check for web crippling at support

Root radius of ISMB 250 = 13 mm
Thickness of flange + root radius = 25.3 mm
Dispersion length (1:2.5) n, = 2.3x23.5 = 63.75mm
Py = (100+63.75) x6.9 x250/1.15

= 24563 kN = 126kN

Hence ISMB 250 has adequate web crippling resistance

Check for serviceability — Deflection:

Load factors for working loads Yip @ dy,, =10

design load = 57.78 kN/m.

i 5% 57.78 % 3000%

8=
384>(2.I><105 x5131,6><104
5.65 mm

Max deflection

531
L L

<
531 200

Hence serviceability is satisfied

Result :-- Use ISMB — 250.

Check the adequacy of ISMB 450 to carry a uniformly distributed load of 24 kN / m
over a span of 6 m. Both ends of the beam are attached to the flanges of columns
by double web cleat.

24 kN/'m

/ (factored)
L
] N\IsAB 450

B — 6 m >




Design checl:

For the end conditions given, it is assumed that the beam is simply
supported in a vertical plane, and at the ends the beam is fully
restrained against lateral deflection and twist with, no rofational
restraint in plan at its ends.

Section classification of ISMB 450

The properties of the section are:

Depth, D =450 mm
Width, B = 130 mm
Web thickness., t = 9.4 mm
Flange thickness, T = 17.4 mm
Depth berween fillets, d = 379.2 mm
Radius of gyration about minor axis, 1, = 30.1 mm

Plastic modulus about major axis, S = 1512.8 ] 0 mm’

Assume f, = 250 Nimpr®, E=200000 N'mm’, %, = 1.13,
Py =Fy/ = 250/ 1.15=2174N/mm’

(I Type of section

Flange criterion:

b=£:@: 75 mm
2 )

b _750 _ .
T 174
b [250

— < 8,928 wherez =
T

Vs
Hence O.K.

Web criterion:

<8295

~ | o~
o
e

Hence O.K.



Since ; < 8.92& and % < 82.95&, the section is classified as
‘plastic’
(1) Check for lateral torsional buckling:
Eguivalent slenderness of the beam, iyy =nuv .
where, n = slenderness corvection factor tassumed value of 1.0
u = buckling parameter (assumed as 0.9)

A = slenderness of the beam along minor axis

s = slenderness factor (which is dependent on the

proportion of the flanges and the torsional index {D ' T])
= 0.71 (for equal flanges and A = 199.33)
Now, ZArr=10%09%*0.71*19933
=127.37

Bending strength, py, = 84 Mpa (for Apr = 127.37) (from Table 11 of
BS 5950 Pari 1)

Buckling resistance moment My = S, " p,
= (1512.78 * 84 )/1000
= 12707 kNm

For the simply supported beam of 6.0 m span with a_factored load of
24.0KN'm

wit  24%6°
-'“rmm o
8 8

= 10S.0 KNm < 127.07 kN m
Hence My = Myn

ISMB 450 is adequare against lateval torsional uckiing.

9. A fixed beam made of steel is shown in the figure below
load P will be equal to
lP

2M,
M,
K k—
L/2 L/2
Solution:
i
Mg, 2M,,
/2 I
L2
&
I\l,,C o o /) 2M,
G =]
My My
WL
SM_ 6 = —5-©
10M
— \‘v ) 2

. At collapse, the value of



10. A simply supported beam of span L supports a concentrated load W at its
midspan. If the cross-section of the beam is circular, then the length of elastic-
plastic zone of the plastic hinge will be

Solution:
Ly
Je—»
w
L2 ! L/2
1‘ L‘ b

¥

r ‘\IIP y

Li
M, 2
M = -
¥ L LP
2
Mp 1
My 1_]3
L
Lp _ 1
l_f T M,
M_
L,=1[;_ 1|
P L|1 i
R .
M

1
| ~ Shape factor |

= Ll_L}E
a3 17
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Each question carries equal mark

. Which of the following is a correct criterion to be considered while designing?
a. Structure should be aesthetically pleasing but structurally unsafe

b. Structure should be cheap in cost even though it may be structurally unsafe

c. Structure should be structurally safe but less durable

d. Structure should be adequately safe, should have adequate serviceability

. Tacking fasteners are used when

a. minimum distance between centre of two adjacent fasteners is exceeded

b. maximum distance between centre of two adjacent fasteners is exceeded

c. maximum distance between centre of two adjacent fasteners is not exceeded
d. for aesthetic appearance

. Strength of bolt is

a. minimum of shear strength and bearing capacity of bolt
b. maximum of shear strength and bearing capacity of bolt
c. shear strength of bolt

d. bearing capacity of bolt

. The types of welded joints does not depend on
a. size of members connected at joint

b. type of loading

c. area available for welding

d. size of weld

. The design nominal strength of fillet weld is given by
a. f,

b. V3f,

c. f/N3

d. f/(1.1x+3)

. Which of the following is not true regarding effective throat thickness of weld?

a. Effective throat thickness should not be less than 3mm

b. It should not exceed 0.7t or 1t, where t is thickness of thinner plate of elements
being welded

c. Effective throat thickness = K x size of weld, where K is a constant

d. Effective throat thickness = K x (size of weld)? , where K is a constant

. Which of the following is true about built up section?

a. Built up members are less rigid than single rolled section

b. Single rolled section are formed to meet required area which cannot be provided
by built up members

c. Built up members can be made sufficiently stiff



d. Built up sections are not desirable when stress reversal occurs

8. What is the maximum effective slenderness ratio for members always in
tension?
a. 400
b. 200
c. 350
d. 150

9. The design tensile strength of tensile member is
a. minimum of strength due to gross yielding, net section rupture, block shear
b. maximum of strength due to gross yielding, net section rupture, block shear
c. strength due to gross yielding
d. strength due to block shear

10. What is the net section area of steel plate 40cm wide and 10mm thick with one
bolt if diameter of bolt hole is 18mm?
a. 38.2cm?
b. 20 cm?
c. 240 mm?
d. 480 mm?

11. Which of the following is property of compression member?
a. member must be sufficiently rigid to prevent general buckling
b. member must not be sufficiently rigid to prevent local buckling
c. elements of member should be thin to prevent local buckling
d. elements of member need not prevent local buckling

12. What is slenderness ratio of compression member?
a. ratio of effective length to radius of gyration
b. ratio of radius of gyration to effective length
c. difference of radius of gyration and effective length
d. product of radius of gyration and effective length

13. Minimum size of weld for a plate of size less than 10 mm is
a. 3mm
b. 5mm
C. 6mm
d. 8 mm

14.The web is susceptible to shear buckling when d/t,
a. <67¢
b. <2x67¢
c. >67¢
d. <70¢

15. Which of the following condition is true for kinematic theorem?
a. load must be greater than collapse load
b. load must be less than collapse load
c. load must be not equal to collapse load
d. load cannot be related to collapse load



16. Imperfection factor a for buckling class c will be?
a. 049
b. 0.34
c. 0.76
d. 0.56

17. A plate of size 200 mm x 15 mm with 16 mm diameter bolts in single row. Total no.
of bolts in the plate is 3 and the plate is in tension. What will be the design
strength of plate due to yielding of gross section?

a. 671.8kN
b. 636.5 kN
C. 646.5kN
d. 681.8 kN

18. A simply supported beam of effective span 1.5 m carrying a factored concentrated
load of 360 kN at mid span. What will be the plastic section modulus of the beam?
a. 394000 mm®
b. 494000 mm®
c. 594000 mm®
d. 694000 mm®

19.A 3 m long column carries a factored load of 4500 kKN. The column is effectively
held at both the ends and restrained in direction at one of the ends. What will be
the value of slenderness ratio of the member? Assume minimum radius of
gyration of the member is 150 mm.

a. 14
b. 16
c. 18
d. 20

20. The shear leg width for ISA 100x100x10 is (Assume gauge = 40 mm)
a. 150
b. 140
c. 130
d. 120
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S. No.

Question

Marks

CO

BL

1.

Explain various types of rolled steel section with suitable diagram
or

Calculate the strength of a 20 mm diameter bolt of grade 4.6 for the
following cases. The main plates to be jointed are 12 mm thick.

a) Lap joint

b) Single cover butt joint; the cover plate being 10 mm thick

c¢) Double cover butt joint; each of the cover plate being 8 mm

thick.

Cco1

L2

Explain various steps involved to determine the design strength of
tensile member as per IS 800 (2007).

or
Determine the block shear strength of the welded tension member

shown in fig. Steel is of grade Fe 410.
{100 }o- 10 mo

Tension
plane

Shear plane ‘

CO3

L4

Determine the design axial load capacity of the column ISHB 300 @
577 N/m if the length of column is 3 m and its both ends pinned.

CO4

L5

An I-section beam is fabricated with plates of following dimensions.
Flanges: 380 x 20 mm

Web: 1600 x 15 mm

Classify flanges, web and the section

CO5

L5
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B.Tech 6th Semester Exam., 2016

DESIGN OF STEEL STRUCTURES

Time : 3 hours Full Marks : 70

Instructions :

i) The marks are indicated in the right-hand margin.
(i) There are NINE questions in this paper.

(iii} Attempt FIVE questions in all.

(iv) Question No. 1 is compulsory.

&
) )
1. Write short answers___ﬁn\f the following

(any seven) : B 2%x7=14

fa)j Define and dl}??rcntiate between pitch
and gauge.for riveted joint.

WO IRYI I B MMM

{b} Find the :-;hﬂpc factor for square of side
a with its diagonal parallel to the

ZZ2-aX18.

fcj Find the river value for 20 mm dia
power-driven rivets which are
connecting  two  plates  of  thickness

14 mm and 16 nmun by lap joint.

(d) Draw the bending stress diagram under
a column base which is subjected to
a point Joad p at an eccentricity e.

AK16/681 { Turn QOver )

www.akubihar.com

e}

www.akubihar.com

(2)

An I-section beam is fabricated with
Plates of the followmy dimensions :

Flanges : 600 mm * 20 mm
Web : 1600 mm % 12 mm

Classify flanpes
ssily flanges, web and the section.

Also determine
0 Getermine  the  plastic moment

about ts strong
of steel is Fe 410,

Hapacity of the beam

axis, if the prode

Draw a roo H,
o truss and labe) the fnllnwmg

members op i

i Uppey

chord rru-nll:-tw"ﬁ
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(3)

fa) A tie member consisting of an ISA
80 mm * 50 mm x 8 mm (Fe 410 graded
steel) is welded to a 12 mm thick gusset
plate at site. Design welds to transmit
load equal to the design strength of the
member. i

(b) Concave shape fillet welds are avoided.
Comment.

Find out the collapse load for a propped
-antilever subjected to a uniformly distributed
load W/unit length over its entire span.

(a) Explam the defe¢®” in  welded
connections with ,Q:q’iropnau' figures.
oy

ib) Two plates, ]H\;ﬁi’:‘n and 18 mm thick,
N
are to be joiated by double-cover butt
0% |
oint. Design the joint for the following

data

Factored deswn load 750 kN

Bolt diamcrer 20 mm

Laraacie o f ‘.'I'I'J j"l' 3 ll}
1

|:.:3"'f"'|" 1.0

Cover plates 2 S mm thick

A tension member (095 m long 1s 10 resist a
service dead load of 20 kN and a service live
load of 60 kN. Design a rectangular bar of
standard structural steel of grade Fe 410,
Assume that the member s conne ted by one

line of 16 mm diameter hoits of grade 46,

AK1AH/681
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14

11

14
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(4)

Design a built-up column 10 m long to ca
factored axial load of 1080 kN. The column ig
restrained in position but not in direction at
both the ends. Provide single lacing system
with bolted connections. Assume that steel js
of grade Fe 410 and bolts are of grade 4-6.
fa}  Design the column with two chan
placed back-to back

Design the column

nels

ih)
with two channel

) LA b
Placed toe-1o-tne °

ic) Which ¢

L :]‘.l' L4 1K P
clonomicaly 1
\_:3
AISLE 300 4 anme w, o0 14
eyt ‘ ST MHigismir
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o
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}!.I 2t s i ’ T
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- Ly L P
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(5)

Design the principal rafter of a fink-type rctof
truss for the following data. Design also its

connection using 20 mm diameter bolts : 14

.onn compressive load—
Design 165 kN (due to D.L. and L.L.)
load—
60 kN (due to D.L. and W.L.)

—2:235 m
th of rafter pane
Leng |—Fe 410

Design tensile

Pt
g
by

Grade of ste€ g
Grade of bolts—46 & :
_._4,—"' -;
.‘-«v‘:;?
* kK %
o =
B
=
)
o
=

www.akubihar.com
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Code ;: 011620

B.Tech 6th Semester Examination, 2017
Design of Steel Structures
lime - 3 hours Faedl Marks @ =0
Instructions :
() Hhwere are Nine Questions i thes Paper
i Anempt Five guestions in all
aiti - Question No. 1 iv Compulyory.

(vi The marks e indicated in the richt-hand margin

. - - ivver- Vi =1
Write short answer sany seveni ot the tollowing: 2 7=is

concentrated load of mid span. 1MP is plastic moment
capacity of bem then find the value of collapse load

() Give disadvantages of welded joints.

(¢} What is slendemnuess ratio? How does it afteet the load
camving capacity of column

(d) Give the tactor by which eflective fength of battened columin
is altered

(¢) A groomve weld isto connect two plates 180 mm ~ I8 mm
cach. Determine the design bending strength of the jomnt,
ifitis subjocted toamoment of | 3 KN Also, determine
the adequitcy of the joint. it the shear lorcg gtthe joint is

PT.0.

http://www.akubihar.com
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MUIR SN Assume the
weldeyd

(O Give, in detail, v

welds 1o te of double-1; shop

anous load vonsidered f
- . - n “
oot Trasses, " e

N Caleulate the v ]
@ Caleulate the value of the {eag radius of gyration for
s ’ra

compound column ¢ nsisting of 1SHB 250 @ 536.6 N/

300 mm » 20 mm an each flange.
(Y Whintis the difference n behuviour of long and intermediate
colimn?

mwithone cover plate

W Differentiate between the bending and buckling of heam,
) Why isa reduction of live loads done for the columns of
multi-storey structures?

2. (@) A 120 nun diameter and 6 mm thick pipe s fillot welded

¢ a4 mm plate. It is subjected to a vertical factored
load of 4.5 kN at 1.0 m from the welded end and a
fuctored twisting moment of 1.8 KNm. Design the joint
assuming shop welding und steel of grade Fe 410. 12
_A6) Inwhatsituation ane concave fllet welds recommended ?
2
. | Explain the term ‘plastic hinge”. Explain the theorems of plastic
;wllapﬁt:. FFind out he collapse load for a fixed beam subyected
to a point load "W’ atits mid span. 14

Coxde : 011620 2
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4 f(d(i:'ihiaip\ ; cross section, the end load bvaring stiflenerand contiestions
. SRR VAnous modes of failure (hehass

avisin - ot failure thehaviour) of bolted .

nections with neat sheteles,

O Two s (Fe

-

A

410 Grade steel). each 210 mm - Smm

8. (20 Anl-section beamis labocated wath plates of following
/ are o be jointed using

B nisioHs
- dinensions
200mm diameter, 4.6 grade bolts,

to form a lap joint. The juinlt Flanges 1 600« 20mm

Web c Lo00 < 12 mm

is supposed to transter a
factored load of 250 N Design the joim

‘ . and determine
suntable piteh for the bolts,

: 11 Classify Hanges, weband the section Abodetennime the

j [Jcs!gn abridge truss dingonal subjected toa factared tensile plastic moment capacnty of the e about its stong axis,
In:{d‘m FOKN. The ength of the diagonal is 3.0 m. The it the erade of steel s Fe 410, 7
ensionmemier is comnceted 10 gusset plate 16 mm thick (b)Y Determune the desipn bending strenpth ot 151 3500a

with one line of 20 mm diameter bolts of grade. R 8. 14

. d86 N memadenng the bewen to be Literidly nisapportad
6. Dusign

adouble angle discontinuous strut to curry a factored
load of 135 KN, resultine

The length of the stna

The desien shear foree Vs fess than the desipn shear

l."! . s e K r ) . " ¥
from combination with wind load strength. 'The unsapported length ot the beam s Jom.

18 3.0 m between intersections. The

Wwod reyiqnye mma/sdiy
wodreyignye mmay/diy

e I 1 i Assume stevl uﬁ.‘r.ld Fedlo 7
angles are placed back-to-h: % ' lep ' ' y y i
p o-baek (with long legs 9. Designastrut moa ool truss for the follosving data. 4
connected) and are tack bolted. Use steel of prade Fe 410, length of strut 244
$ AR

() Angles are placed on opposite sides of 12 mm wusset plate,

-~ _ ‘ Factored compressive force : SORN (ducto DL and 1..1.)
() Angles are placed on same side of 12 mm gusset plate,

Factored tensile force 1 17.80 KN (due to DL Eand W)Y

http://www.akubihar.com 14 Grade of steal s Fe 410
7. Design a welded plate girder 24 m in span and laterally Cirade of Polts 46
restrained throughout. It has to support i uniform load of 100 Bolt diameter <20 mm
KN/m throught the span exclusive of selt-weight, Design the *ee
girder without intermediate transverse stiffeners. The steel for
the flange and web plates isof grade Fe 410, Design the
Code : 011620 3 PT.0. Code 1 011620 3

http://www.akubihar.com http://www.akubihar.com
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(2)
Code : 011620
(¢} The failure of a web plate takes place by

B.Tech 6th Semester Exam., 2018 yielding if the ratio of the clear depth to
DE : thickness of the web is less than
SIGN ' .,
: A A .
Time : 3 hours Full Marks : 70~ § = (i) 60 fiv) 82
. = = )
Instructions : = = (d) The most economical section for a
(i) The marks are indicated in the right-hand margin. 2 g column is
.. = .
(i} There are NINE questions in this paper. fi) rectangular
(i} Attempt FIVE questions in all. (i) solid round
{iv} Question No. 1 is compulsory. fii) flat strip

¢fiv) tubular section
1. Choose the correct answer of the following

(any seven) : 2x7=14 fe) The distance between e.g. of
{a) In plastic analysis, the shape factor for compression and e.g. of tension flanges
circular sections is of a plate girder is known as
) 15 (i) overall depth
(W) 16 % E i) clear depth
() 1697 5 = wAili) effective depth
(iv) None of the above g g (iv) None of the above
(p) A beam is defined as a structural 2 o
member subjected to = = () The allowable stress, in axial tension for
(i) axial loading rolled I-sections and channels, is taken
0:")/ transverse loading as , o,
(iii} axial and transverse loading (i) 1420 kg/em* (i) 1500 kg/ sz
(iv) None of the above (ifi) 2125 kg/em? fiy) 1810 kg/cm
420 Turn Over ) '
BAK/42 [ 8AK /420 { Continued )
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{9) If dis the distance between the flange
angles, the vertical stiffeners in plate
girders are spaced not greater than

M d

i) 1-25d
S 1-5d
fiv) 1.75d

{h} The cross-section of a standard fillet is a
triangle whose base angles are

L@/ﬁs‘* and 45°
(i} 30° and 60°
(iif 40° and 50°
(iv) 20° and 70°
{iy A second horizontal stiffener is always

placed at the neutral axis of the girder if
the thickness of the web is less than

(i) d/250 for structural steel
(i) d/225 for high tensile steel
{i) Both (i) and (i)

(ivj Neither i) nor (ii}

BAK /420 { Turn Quer )

AKUbihar.com AKUbihar.com
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( 4)

(! The thickness t of a single flat lacing
should not be less than

(i) 1/30th length between inner end
rivets

(@) 1/40th length between inner end
rivets

(i} 1/50th length between inner end
rivets

(iv) 1/60th length between inner end
rivets

2. Explain the following : 14
a) Local and lateral buckling of beam

(b) Checks required for beam design

B Calculate the design compressive load for a
column made up of ISHB 350 @ 710-2 N/m
and 3'5 m high. The column is restrained in
direction and position at both the ends. Use
steel of grade Fe 410. 14

4. Desigh a simply supported beam of span
42 m carrying reinforce concrete floor in
which top compression flange is embedded.
Beam is carrying 20 kN/m dead load and
20 kN/m imposed load, resume Fe 410 grade
steel. 14

8AK /420 { Continued )
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5. Design a suitable angle section to carry
tensile force of 250 kN. Use welded

connection. 14
6. Discuss the following : 14
{a) Prying action

(b) Advantage of fillet weld over butt weld

(¢} Comparison of welded joints with bolted
joints

7. (a) Explain some of the common defects in
the welds. 7

(b) Write the advantage of welded joints
over bolted joints. 7

8. Design a tension member to carry a pull of
830 kN. The member is 3-2 m between c/c of

intersections. Design the member using
channel section. 14

‘3- A tie member of truss consists of double
angle section each 80 mm x 80 mm x 8 mm
welded on the opposite side of a 12 mm thick
gusset plate. Design a fillet weld for making
connection in the workshop. The factored
tensile force in the member is 300 kN. 14

* % A&
8AK—1270/420 Code : 011620
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Code : 011620

B.Tech 6th Semester Exam., 2019

DESIGN OF STEEL STRUCTURE

Time : 3 hours Full Marks : 70

Instructions :

{iy The marks are indicated in the right-hand margin.
(i) There are NINE questions in this paper.

(i) Attempt FIVE questons in all.

fiv) Question No. 1 is compulsory.

1. Choose the correct answer of the following
(any seven] : 2xT7=14

fa) Generally, the purlins are placed at the
panel points so as to avoid

(i) axial force in rafter
i} shear force in rafter
(i} deflection of rafter
' ending moment in rafter
(b} The effective length of a fillet weld
should not be less than
fij two times the weld size
er times the weld size
(iii) six times the weld size
fiv) weld size
AK9/883

http://www.akubihar.com

( Turn Over )
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(2)

() In moment resistant connections, the
moment resistance of riveted connection
depends upon

(i) shear in rivets

(i) compression in rivets

Miun in rivets

fivj strength of rivets in bearing

(d) The thickness of the web of a mild steel

plate girder is less than d /200. If only
one horizontal stiffener ig used

, It i
placed at N
) the neutral axis of the section

() 2/3rd of the depth of the neutral
axis from the compression flange

\_ﬁﬁ}{ffﬁh of the depth of the neutral

axis from the compression flange

(iv) 2/5th of the height of the neutral
axis from the tension flange

(e) The risk coefficient k depends on

() mean probable design life of
structures

fii} basic wind speed

(il Both (i) and (ij

{iv) None of the above

AK9 /853 -
hitp://www.akubihar.com ( Continued )
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(3)

() Stiffeners are used in a plate girder
(i} to reduce the compressive stress
(i) to reduce the shear stress

(ii} to take the bearing stress

Mavoid bulking of web plate

{g} When the bolts are subjected to reversal
of stresses, the most suitable type of
bolt is hittp://www.akubihar.com

(i) black bolt
fii) ordinary unfinished bolt

fir) turmed and fitted bolt

JivLAigh strength bolt

(h) The overlap of batten plates with the
main members in welded connections
should be more than

fi) - 3t
(tii) 6t
(iv) 8t
where f is thickness of batten plate.

AK9/883

http://www.akubihar.com ( Turn Ov
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AK9/853

littp:fx"www,ilk q:pih)ar,mm

The effective length of g CoOmpresg;
=3l

member of length 1, held j
in o
at both ends o on

v bo .but not restraineq
direction, is

, n
A"

(i} L
\(LO67L
fi5) 0-85L
fiv) 1-S5L

Pick up the correct statement from the
following.

() The minimum pitch should not be
less than 2'5 times the gross
diameter of the rivet. L

i) The minimum pitch should not be
less .than 12 times the gross
diameter of the rivet.

(i) The maximum pitch should not
exceed 10 times the thickness or
150 mm  whichever is less in
compression.

fiv) All of the above

. _ { Continued )
http://www.akubihar.com
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2. (a) Give the details of various rolled steel

section with suitable diagram. -7

(b) A tension bar 100 mm x 100 mm is to
carry a load of 150 kN. A specimen of
the same quality steel cross-section
area 800 mm? was tested in the

workshop. The maximum load carried
by the specimen was 400 kN. Find the
ultimate tensile strength, factor of safety
in the design and the gauge length. 7

@

Explain in brief various types of loads

to be considered in the design of steel
structure.

(b) A portal frame consisis of two hinge
supported celumn of 4m height
separated by a beam of span 5 m and
loaded up to collapse with downward
uniformly distributed load of 15 kN/m
and lateral point load of 50 kN at left
beam column junction. Find the plastic
moment of resistance if it is of uniform
strength. 7

4. fa) Differentiate between fillet weld and
butt weld. Under which conditions fillet
weld is preferred? 7

(b} Why is lacing provided in the columns? 7

AK9/853 ( Turn Qver )
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S. /fa) A tie bar 100 mm x 16 mm is welded to
another plate. It is subjected to factored
pull of 300 kN. Find the minimum

overlap required if 8 mm site fillet welds

are used. Assume any missing data. 7

(b) Write down the steps for the design of
axially loaded columns. 7

A stimply supported beam of span 6 m
supports a reinforced concrete slab. The
compression flange of the beam is restrained
due to its connection with the slab. The beam
is subjected to a dead load of 25 kN/m and
an imposed load of 20 kN/m. Design the
beam. 14

wodreyignye mmay/diy

@Desigm a grillage foundation with I-sections
for a column having a load of 5000 kN.

Column is provided with a base plate of size
700 mm x 800 mm. Take bearing capacity of
the soil as 200 kN[mz. Assume any missing
data. 14

@esign a built-up tension member to carry
a factored force of 340 kN. Use 20 mm

diameter black bolts and gusset plate of
8 mm thick. 14

ﬂasa .

{ Continued )
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(7))

el truss of 9 m span,
hown in the figure
g is of corrugated
150 N/sq.m of plan
rlins of unit

9. The line diagram of a ste
angle of slope 20° 18 8
below. The roof sheeun
GI sheets of unit weight

ea The truss supports pu ‘
fv:eight 75 N/sq.m of plan area. The weight 0::
bracing used may be taken as ZD_Nfsq.m o}
plan area. The spacing of trusses 15 _4 m'and
height of eaves 4:5 m. If the building Is of
medium permeability, determine (a) dead

load, (b) wind load and (¢ live load at various =

panel points of the truss. Assume design 3

wind pressure as 1500 N,frnrng : 14 :E'

=

=

S

1 =

20° ;

” 1-5m>,|{ 1-5m e 1-5m e 1-5m e 1-5m S 1-5m N %
* % *

http://www.akubihar.com
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Design of Steel Structures Prof. S.R.Satish Kumar and Prof. A.R.Santha Kumar

Problem 1

Design a hand operated overhead crane, which is provided in a shed, whose
details are:
Capacity of crane = 50 kN
Longitudinal spacing of column = 6m
Center to center distance of gantry girder = 12m
Wheel spacing = 3m
Edge distance = 1m
Weight of crane girder = 40 kN
Weight of trolley car = 10 kN

Design by allowable stress method as per IS: 800 - 1984

To find wheel load (refer fig.1):

lm ﬁf:] kN N4G kN/m
[ T T T+ T LT T T T T T T TTIT1T1]
M
. 1Z2m
R

. Fig.1
37.5 kN 37.5 kN
D i J)

Ad L Im i ¥ 225m ip

[ Hm —_—

Fig.2
37.5 kN 37.5 kN

'llr_— 3 -_‘Ir
Al m B

¢ Om ———ei

Fig.3

Indian Institute of Technology Madras



Design of Steel Structures Prof. S.R.Satish Kumar and Prof. A.R.Santha Kumar

Ra =20+ 60 (11/12) = 75 kN
Wheel load = Ra/ 2 =37.5 kN
To find maximum BM in gantry girder (refer fig.2):
Ra = 46.88 kN
Rg = 28.12 kN
Max. BM = 28.12 x 2.25 = 63.27 kN-m
Adding 10% for impact,
M1 =1.1 x 63.27 = 69.60 kN-m

Max. BM due to self - weight of girder and rail taking total weight as 1.2 kN/m

2
M, = % — 5. 4kNm

Therefore Total BM, M = 75 kN-m

To find maximum shear force (refer fig.3):
SF = Ra =59.85 kN.

To find lateral loads:

This is given by 2.5% of (lateral load / number of wheel = 0.025 x 60 / 2 kN =
0.75 kN

Therefore Max BM due to lateral load by proportion is given by, ML = (63.27 /
37.5) x 0.75 = 1.27 kN-m

Design of section

Approximate section modulus Z. required, (M / ¢ ,c) = 75 x 10°/ 119 = 636 X
10°mm? [for A = 120, D/ T = 25].

Since, the beam is subjected to lateral loads also, higher section is selected.
For, ISMB 450 @ 710.2 N/m,

Z,=1350.7cm®, T=17.3 mm,

Indian Institute of Technology Madras
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t=9.4mm, ly, = 111.2cm®
ry =30.1mm,

br = 150mm

To find allowable stresses,
Th=17.4/94=185<2
D/IT =450/ 17.4 = 25.86 ~ 26
L/r, = 6000 / 30.1 = 199.3 ~ 200

Therefore allowable bending compression about major axis is, Spcx = 77.6
N/mm?
Actual stress in compression side, Syx =M /Z =55.5 N/ mm?,

The bending moment about Y-axis is transmitted only to the top of flange
and the flange is treated as rectangular section. The allowable stress is Spc y =
165 MPa (i.e. 0.66 fy).

Z, of the flange = 111.2 / 2 = 55.6 cm®
Therefore sp, = M, / Z, = 1.27 x 10° / 55.6 x 10°
= 22.84 MPa

The admissible design criteria is = (Sbx / Sbex) + ( Sby / Sbey) = (65.5/ 77.6) +
(22.84 /1 165) = 0.715 + 0.138 = 0.854 < 1. Hence , the design is safe. So, ISMB
450 is suitable

Check for shear:
Design shear stress, 1, V / (Dt) = 59.85 x 10° / 450 x 9.4 = 14.15 MPa. This is
less than t, (0.4f,). Hence, the design is o0.k.

Check for deflection and longitudinal bending can be done as usual.

Indian Institute of Technology Madras
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Design by limit state method as per IS: 800 draft code

For ISMB 450, properties are given below:
T =17.4mm, t = 9.4mm, b = 150mm, r, = 30.1mm, Z, = 1533.33 cm®, Z; =
1350.7 cm®, Shape factor = 1.15, I, = 30390.8 cm*, H* = d = 379.2mm

Section classification:

Flange criteria: b/ T=75/17.4=431<9.4
No local buckling. Therefore OK

Web criteria: d / t, = 379.2/9.4

=40.34 < 83.9

No local buckling. Therefore OK

Section plastic.
Shear capacity:

Fo =€, 4)/ (By,)

= (250 x 450 x 9.4)/ (3 x 1.1)
=555043 N = 555 kN

Fy/ Fug = (59.85 x 1.5) / 555 = 0.1634 < 0.6
Check for torsional buckling (ClI.8.2.2):
tr/ty<=17.4/9.4=1.85<2.

Therefore Bt = 1.2 for plastic section

M = Elastic critical moment

Indian Institute of Technology Madras
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- KL g—ii.j
_ BmhEL 1. 05
7 208 20| &
‘f.f
_ _ 6000)° |
~ 1277 % 450 x 2 < 107 x 834 x 10° oy, L)301
- 2 > 6000° 20| 450
17.4
= 246 »x 10° W-m
=
Now, A.. = Pizsly = 1,248
¥ M

o

(By = 1 for plastic section)
Therefore ¢.7 = 0.5 [1 + at (AT - 0.2) + A%7
= 0.5[1 +0.21 (1.248 - 0.2) + 1.248%]

=1.389

1
9 gjﬂ‘ + [‘ﬁjjr - ‘::‘I*Lzz']l:Ij
1/1/999 = 0.5

X
L - Xuwldy _ (0.5 x 250) / 1/1

el

113.7 M#Fa

Therefore My = Bp. Zp. fhd
=1x 1533.3 x 10° x 113.7
= 1.7434 x 10° = 174.34 kN-m
Factored longitudinal moment, M; = 75 x 1.5 = 112.5 kN-m

Factored lateral moment, Mg, = 1.27 x 1.5 = 1.91 kN-m
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Design of Steel Structures

Lateral BM capacity = Mqy_

Eﬂ;ﬂ' P e T
= — Lawsld e OO T
Zod 3 v s
- [ - -
r 5 |
[ T B s | s
| 4ArlL.L =~ 1w | _ = o
\- 3 Jl 15 = 250

- 1
[
4.1

= 14.53 x 10° N or 14.53 kN -m

=(112.5/135.9) +(1.91/14.53)=0.96< 1
Hence, it is safe

Problem 2:

Design a member (beam - column) of length 5.0™ subjected to direct load 6.0"
(DL) and 5.0" (LL) and bending moments of M, {3.6™ (DL) + 2.5™ (LL)} and Myy
{0.55™ (DL) + 0.34™ (LL)} at top and M, {5.0™ (DL) + 3.4™ (LL)} and My,
{0.6™ (DL) + 0.36™ (LL)} at bottom.

LSM {Section 9.0 of draft IS: 800 (LSM version)}

Factored Load,

N=6.0x1.50+5.0x1.5=16.5" (Refer Table 5.1 for load factors)
Factored Moments:

At top, M, = 9.15™, M, = 1.335™

At bottom, M, = 12.60™, M, = -1.44™

Section used = MB500.

For MB500:

Indian Institute of Technology Madras
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A =110.7 cm?; 1,y = 3.52 cm,

l,, = 48161.0 cm?; Z,, = 1809 cm®

Z yy =152.2 cm?, Z,, = 2074.7 m*;

Zpy = 302.9 cm®

d = 465.6 mm, t, = 10.29 mm

r;z =20.21 cm, b = 180 mm;

lyy = 1369.8 cm®

(i) Sectional Classifications (Refer Fig: 3.1 and Table - 3.1 of draft code):

b/t=90/17.2 =5.23 < 8.92, therefore the section is plastic.
d/t,=465.6/10.2 = 45.65 < 47, therefore the section is semi-compact for
direct load and plastic for bending moment.
(i) Check for resistance of the section against material failure due to the
combined effects of the loading (Clause-9.3.1):

Ng = Axial strength = A. fy /ymo

=110.7 x 2500/ 1.10 x 10 = 251.68"

N=16.5"

n=N/Ng=16.5/251.68 = 0.066 < 0.2

Therefore Mg, = 1.1Mg; (1-n) < My,

Therefore Mng, = 1.1{1.0 * 2074.7 * 2500 / 1.10} (1 - 0.066) * 10™ < My,
Therefore Mg, = 48.44™™ > My, (=47.15™™)

Therefore Mng, = Mg, =47.15™™"

For, n<= 0.2 Mgy = Mgy
Mnay = (1.0 x 302.9 x 2500) / (1.10 x 100000) = 6.88™™"

(Bb = 1.0 for calculation of Mg, and Mgy as per clause 8.2.1.2)
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Therefore (My / Magy)** + (Mz / Moaz)™ = (1.44 / 6.88)" + (12.60 / 47.15)* =
0.281<=1.0

{ois = 5n but >= 1, therefore ai; =5 x 0.066 =0.33 =1

oz = 2 (As per Table 9.1)}

Alternatively,

(N/Ng) + Mz / Mgz) + (My / Mgy) = { (16.5 x 10° x 1.10) / (110.7 x 2500) +
(12.60 x 10° x 1.10) / (302.9
x 2500) =0.54<=1.0

(iif) Check for resistance of the member for combined effects of buckling
(Clause- 9.3.2):

(a) Determination Pg,, P4y and Py (Clause 7.12)
KLy = KL, = 0.85 x 500 = 425mm
(KL, /r1,) =425/20.21 = 21.03
(KLy /1)) =425/3.52 =120.7
Therefore, non- dimensional slenderness ratios, A, = 0.237 and A, = 1.359.
For major axis buckling curve 'a’ is applicable (Refer Table 7.2).
From Table 7.4a,
fedz = 225.4 MPa
Pa; = 225.4 x 10 x 110.7 x 10 = 249.65"
For minor axis buckling curve 'b' is applied (Refer Table 7.2)
From Table 7.4b,
foay = 90.80 MPa
Pay = 90.80 x 10 x 110.7 x 10 = 100.60"
Therefore, Py = Pgy = 100.60"

(b) Determination of My, (Clause 9.3.2.2 and Clause 8.2.2).
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Elastic critical moment is given by (clause 8.2.21).
Mer = [(Bur ®Elyh) / {2(KL)?Y] [1 + 1/20 {(KL / r,) / (h / t)}*]°°
=[(1.20 x 7 x 2 x 10° x 1369.8 x 10* x 500) / (2 x 4250%)] [1 + 1/20

{(120.70) / (500 / 17.2)}*]°°
= 6.129 x 10® N-mm

A = JBZ,TIM,)
= J(1.0 x 2074.70 x 10° x 250 / 6.129 x 10°
= 0.92
¢ = 0SSl + @, (2,,-02) + 2.7]
= 051 + 0.21{0.92 - 0.2) + 0.92°]
= 0.999
Xy =11 [y + {‘13:1.1'2_ u-z}nj]
= 072 1.0
Ju = Xgfily, = 0722250 /11 = 1683 MPa
LR = L
= 1.0 x 2074.7 x 1638 x 10°
= 33.08""
[ B =120, f, =1.0,c,; =0.21]

(c) Determination of Mgy (Clause 9.3.2.2)
May = Bb Zpy. fy / vm
=1.0x302.90x2500/1.1 x10°=6.88""

(d) Determination of C, (Clause 9.3.2.2) From Table - 9.2,

w, =9.15/12.6=0.726
LB =1.8-0.7%0.726=1.292
s =A R -NH(Z, -Z)/Z <09
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=0.237 (2x 1.292 - 4) + 0.1469
=-0.188

For torsional buckling,

tr =0.154 3, —0.15 £0.90

Snce, P = Firs

St =0.15x1.292x1.359 -0.15=0.113
Snce y islarger of g, and g, ¢4 = 0.113
LG == PR
=1-0.113x16.5/249.65=0993<1.50

(e) Determination of Cy (Clause 9.3.2.2)

w,=1335/(-1.44)=-0.927

s B, =1.8-0.7x(-0.927)= 2.449

TN = e SN T e (1
=1359(2x2.449-4)+0.99 =222 =090
RN ) Toesine,
=1-090x16.5/100.6 =0.85

SPIE+CM M+ CM T M,
=16.50/100.60 + 0.993x12.60/33.98+ 0.85 %1.44/6.88
=0.164+0.368 +0.178=0.71=1.0

Therefore, section is safe. Interaction value is less in LSM than WSM.
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Design of typical beam
Example-1

The beam (ISMB 400) in Fig.1 is designed considering it is fully restrained
laterally.

1. WSM (clause 6.2 of 1S:800 - 1984):

5Tm

For ISMB 450, Z=1350.7 cm®
Therefore

Bending moment, M=18.7

S bocal) = 18.75 *10°/ 1350.7
=1388.17 kg /cm? < 1650 Kg/cm?
Therefore percentage strength attained is 0.8413 or 84.13%s

2. LSM (clause 8.2 of draft 1S:800):

Factored load = 1.5*2.0+1.5*4.0=9.0"
Factored bending moment = 9.0 * 5.0/ 8
=128, 195"

Factored shear force = 22.50" = Fv

20 T DL+ 40 T UL}

HﬁMMlM

4

154

WL

Fig.1
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For, ISMB450,
D =450 mm B =150 mm
tw = 9.4 mm T=17.4 mm

lye = 30390.8 cm*  lyy = 834.0 cm
ryy = 3.01 cm h; =379.2cm=d

i ) Refering Table 3.1 of the code for section classification, we get :

Flange criterion=(B/2)/T=(150/2)/17.4
=4.31<94.
Web criteria=d /ty, =379.2/9.4
= 40.34 < 83.9.
Therefore, section is plastic.

il ) Shear capacity ( refer clause 8.4 of draft code ) :

Fua = (o AV (V2 0mo) = (fw Nt J( Y7 gino)

— (2500 * 45.0 * 0.94 )/ (~3 * 1.10 * 1000)
=55.50T
Fv/ Fvw =22.50 /55.5 = 0.405 < 0.6.
Therefore , shear force does not govern permissible moment capacity ( refer
clause 8.2.1.2 of the draft code ).
iii ) Since the section is ' plastic',
Mg = (Zp .fy ) / Omo
where , Z, = Plastic Modulus = 1533.36 cm®
(refer Appendix-I of draft code).
Therefore , Mg = (1533.36*2500 ) /1.10 * 10°
=34.85™
Percentage strength attained for LSM is (28.125 / 34.85 ) = 0.807 or 80.7 %

which is less than 84.3 % in the case of WSM .
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iv) Now , let us check for web buckling :

Ky = 5.35 (for transverse stiffeners only at supports as per clause 8.4.2.2
of draft code ).

The elastic critical shear stress of the web is given by :
Tere = (ky .2 .E) /{12 (1-p?)(d/ty)*}
=(5.357n°E)/{12(1-0.3%)(379.2/9.4)%}
= 594.264 N / mm? .

Now as per clause 8.4.2.2 of draft code ,
de= ¥ (! ( Pirere )8

— 1250/ ( ¥3* 594.264)}°° = 0.4928 < 0.8 .

where , Ay is a non-dimensional web slenderness ratio for shear buckling
for stress varying from greater than 0.8 to less than 1.25 .

Therefore , 1, ( shear stress corresponding to buckling ) is given as :

S el 3= 250/ V3= 14434 N/ mm?.
Vg = d.tw. T/ Ymo
=37.92*0.94 * 1443.34* 10°/ 1.10
= 46.77"°
As Vp > F, (= 22.5"), the section is safe in shear.
For checking of deflection :
s=(5*60*500*) /(384 *2.1*10°*30390.8)
=0.76cm=7.6 mm =L /658

Hence O.K.
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Example - 2

The beam ( ISMB 500 ) shown in Fig2 is carrying point load as shown , is
to be designed. The beam is considered to be restrained laterally.

1.In WSM (clause 6.2 of IS : 800 - 1984 ) :

Bending Moment , M=(5+20)*3/4
=P 61051

For, ISMB 500 : Z = 1808.7 cm®

15 DT oLy
T
l 200" (LL)
3 IZIII"III J

Fig .2

S0, Ghe(cal) = 26.25 * 10° / 1808.7 Kg / cm?
= 1451.318 Kg / m?.
Therefore , percentage strength attained is 0.88 or 88 %.

2 . In LSM (clause 8.2 of draft IS : 800):

Factored load = 1.5 * 15 + 1.5 * 20 = 52.50"
Therefore,
Factored bending moment =52.5*3.0/4
=39.375™
Factored shear force, F, = 52.50 /2 = 26.25"

i ) For ,section classification of this ISMB500 , ( refer table 3.1 of the code ) ,
we get :
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D =500 mm d=424.1 mm
rr=17mm ry=3.52 cm
Z,=20.25.74cm® T=17.2mm
b =180 mm tw = 10.2 mm .
Flange criterion , (b /2)/ T=(180/2)/17.2
=5.23<94
Web criterion , d / t, = 424.1/10.2
=41.57<83.9 (0.K)
Therefore the section is plastic.

il ) Shear capacity ( clause 8.4 ):

Fua = (B A ) (Y3 ymo0)

— (2500 %50 *1.02 )/ (¥3 * 1.10 * 1000 )
= 66.92"
Fy, = 26.25"
Since F, / Fyg < 0.6. shear force does not govern Bending Strength

iii) For moment check :

Since the section is plastic ,
Ma = (Zp fy) / Ymo
=(2025.74 * 2500 ) /1.10 * 10°
=46.04™

Therefore , Percentage strength attained is ( 39.375/ 46.04 ) = 0.855 or
85.5 % which is less than 88 % in case of WSM

iv') Check for web buckling :
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Ky = 5.35 (for transverse stiffeners only at supports as per clause 8.4.2.2
of draft code ).

Tere = (kv .m®.E) /{12 (1-p?)(d/ty)?}
=(5.357°E)/{12(1-0.3%)(424.1/10.2)%}
=559.40 N/ mm? .

Now as per clause 8.4.2.2 ,
A = .J_{ fyw 1 ( «E Tere )}0'5

- 1250 / ( V3% 550.40 )5 = 0.508 < 0.8 .

Therefore ,

to = f/ V3= 250/ ¥3=144.34 N/ mm?.
Vp = d.tw. © / Ymo
=42.41*1.02 *1443.4*10°/1.10
S5687 60
Since Vp > F, (= 26.25" ), the section is safe against shear.
For checking of deflection :
o = (35000 *300%) /(48 * 2.1 * 10° * 45218.3)
=0.207 cm =2.07 mm =L/ 1446

Hence O.K.
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Example - 3

The beam , ISMB500 as shown in Fig.3 is to be designed considering no
restraint along the span against lateral buckling .

1) In WSM (clause 6.2, 6.2.2, 6.2.3 and 6.2.4 and 6.2.4.1 of IS : 800 - 1984

):
Bending moment, M = 2.1 *6°/8=9.45""
For, ISMB500 :
L =600 cm ry =3.52 cm

T=17.2 mm Z =1808.7 cm®

1.0 TiDL+ 1.1 TILL)

uﬁumm

it

B3 B3

2 ™

Fig.3

Therefore,

Y =26.5*10°/(600/3.52)>=91.2

X=91.21 + [1+(1/20){(600*1.72)/(3.52 * 50 )}?]
= 150.40
andfop =Kk (X+ky)Co/Cyi=X
(sinceC,=C;,ki=1andk;=0)
Now ,
Gbegperm) = (0.66 fop.fy ) / {foo" + £,"}"
=746 Kg / cm?.
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and ope(cay = 9.45 * 10° / 1808.7

=522.5Kg / cm?.
Therefore , percentage strength attained is ( 522.5/746 ) = 0.7 or 70 %.
i) In LSM (clause 8.2 of draft IS : 800 ) :

For MB 500 :

D =500 mm T=17.2 mm
B =180 mm t=10.2 mm
Z, = 2025.74 cm® ry = 3.52 cm

Hy=d=424.1 mm
|, = 45218.3 cm” , I,y = 1369.8 cm*

iii) Classification of section (ref . Table 3.1 of the code ):

b/T=90/17.2=5.2<9.4, hence O.K.
d/t=424.1/10.2 =41.6 <83.90 ( O.K)
Therefore , the section is Plastic .

iv ) Check for torsional buckling ( clause 8.2.2) :

tr/ty for ISMB 500 =17.2/10.2=1.69 =2.0
Therefore , Bt = 1.20 ,for plastic and compact aestions.
o = Elastic critical moment given as :
Mer = { (Bur 7 .Ely) / (KL)* Y 1+ (1/20){KL/ry)/(h/t)¥1°(h/2)
(ref. clause 8.2.2.1)
=(1.20 n* * 2 * 10° * 1369.8 / 6007 )[ 1 + (/ 20 ){ (600 / 3.52) / (50 /
1.72)*1°° (50 / 2)

= 371556.3 Kg-cm .

Now , 2t = ¥ (Po.Zp .fy/ Mer) = 1.1675
('since By = 1.0 for plastic and compact sections )

Therefore ,
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dr=05[1+our (Ar-0.2) + Ar?]
=05[1+0.2(1.1675-0.2) + 1.1675%]
=1.283 (a.t = 0.21 for rolled section ).
Therefore Xur = 1/ [ ¢ur + { dur” - Mr” 1°° ]
=1/[1.283 +{1.283%-1.1675%}°°]
=0.55
Mg = 1.0 * 0.55 * 2025.74 * 2500 / 1.10 * 107
= s
Now actual moment is obtained as follows:
Factored load =1.0*1.5+1.1*1.5=3.15""
Factored moment = 14.175™™ < My
Percentage strength attained is (14.75/ 25.32 ) = 0.56 or 56 % which is less
than 70 % in case of WSM.
Hence , the beam is safe both in LSM and WSM design but percentage

strength attained is comparatively less in LSM for the same section

Problem:

The girder showed in Fig. E1 is fuly restrained against lateral buckling
throughtout its sapan. The span is 36 m and carries two concentrated loads as
show in Fig. E1. Design a plate girder.

Yield stress of steel, f, =250 N/mm?
Material factor for steel,m = 1.15

Dead Load factor,fd =1.50

Imposed load factor,fl = 1.50

Indian Institute of Technology Madras



Design of Steel Structures

W) W

Prof. S.R.Satish Kumar and Prof. A.R.Santha Kumar

W,
L 9000 mm L

L 9000 mm | 18000 nhp
I A

S

Fig. ET Example plate girder
1.0 Loading
Dead load:

Uniformly distributed load, wd =18 kKN/m

Concentrated load, W1gq =180 KN
Concentrated load, Woyq =180 KN
Live load:

Uniformly distributed load, W =35 kN/m

Concentrated load, Wy =400 kN

Concentrated load, Wy =400 kN

Factored Loads

W' = Wq * yrg + W, * yfi = 18 * 1.5 + 35 * 1.5 = 79.5 kKN/m
W'y = Wyqg * yfd + Wy * yfi =180 * 1.5 + 400 * 1.5 = 870 kN

W'y = Wyqg * yfd + Wy * i =180 * 1.5 + 400 * 1.5 = 870 kN
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2.0 Bending moment and shear force

Bending moment (kN-m) Shear force (kN)
4 *35% ad
UDL effect i = [t = 12879 — = 14341
8 2
Wik .
Concentrated load effect T = 270*9 = 7830 w=870
Total 20709 2301

The desigh shear forces and bending moments are shown inf Fig. E2.
3.0 Initial sizing of plate girder

Depth of the plate girder:

The recommended span/depth ratio for simply supported girder varies
between 12 for short span and wo for long span girder. Let us consider depth of
the girder as 2600 mm.

436000 _

d 2600
Depth of 2600 mm is acceptable.
(For drawing the bending moment and shear force diagrams, factored

loads are considered)
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Fig.E2 Bending moment and shear force diagrams

79.5 kN/m
870 k\

i 870 kN
IO jmam T SO0 nrn O
)% - f SR Y &

36000 mm

1
Bending momeny

SRR
IR Kiv-=im

Fig. E2 Bending moment and shear force diagrams

Flange:
Py = 250/1.15 = 217.4 N/mm?

Single flange area,

M, _ 20709%10°
dp  2600%2174

Ay = 366375 Smm”

By thumb rule, the flange width is assumed as 0.3 times the depth of the section.

Try 780 X 50 mm, giving an area = 39000 mm?*
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Minimum web thickness for plate girder in builidings usually varies between 10

mm to 20 mm. Here, thickness is assumed as 16mm.

Hence, web size is 2600 X 16 mm

4.0 Section classification

Flange:

Izﬂﬁol 125015 ATE

u‘aui
Y r

|Rat
L
LB~ ?80—]6=382
2 2
b3,
T ull

Hence, Flange is COMPACT SECTION.

Web:
1]
=——=1625>67¢

Hence, the web is checked for shear buckling.
5.0 Checks

Check for serviceability:

d 2600
—=——-=104
550 350 10 4mm <1
Sim::na,t>i

250

Web is adequate for serviceability.
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Check for flange buckling in to web:

Assuming stiffener spacing, a>1.5d

1
2601:] 21?.4 )
=8.2mm
29"—1 250 294 250

Since, t (=16 mm) > 8.2 mm, the web is adequate to avoid flange buckling

into the web.

Check for moment carrying capacity of the flanges:

The moment is assumed to be resisted by flanges alone and the web
resists shear only.
Distance between centroid fo flanges, hs =d + T = 2600 + 50 = 2650 mm

As=B* T =780 *50 = 39000 mm?
Mc = Pyt * A * hs = 217.4 * 39000 * 2650 * 10-6 = 222468.3 KN-m
> 20709 kN-m
Hence, the section in adequate for carrying moment and web is designed

for shear.

6.0 Web design

The stiffeners are spaced as shown in Fig.E5. Three different spacing
values 2500, 3250 and 3600 mm are adopted for trail as shown in fig. E5.
End panel (AB) design:
d=2600 mm
t=16 mm

Maximum shear stress in the panel is
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s
s
o

— RN T
= = = 20 A Mitam

o | | o
L2
Lo
=
)

Calcualtion of critical stress,

q, (when ofd £ 1)= [0.?5+ 1 [ﬂd)z][]ﬂﬂﬂf[dft)]j

~ [ﬂ.?j + n(o.%)z] [1000/ (162 3)]

= 6% 5 Nimm
Slenderness parameter,
s
B = [D.ﬁ(fwf’ym)fqe]j
1
= [06(25011.15)/69.5]¢
=137 =125

Hence, Critical shear strength (0er = ge) = 69.5 N/mm?

Since, f, < qer (55.3 < 69.5)

Tension field action need not be utilised for design.

Checks for the end panel AB:
End panel AB should also be checked as a beam (Spanning between the

flanges of the girder) capable of resisting a shear force Ry and a moment Mydue

to anochor forces.

(In the following calculations boundary stiffeners are omitted for simplicity)
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H =075t P ll— e ]
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1
1z

1l
L=
LN
=

Sty
N
Sl L RTH &
[ = ] n.‘lrm!'ﬁ
Qp = 2% 2 DN
r o
1 [ )
—_— —_—— - P - . -1 . R -
[} —] FRE S I O W T i e L T S o T e | 1117
o A O N Tt T I Dt i T I I A IR O |
: |.
H A8 T
s | =Ly ALy
T ! b T T T
a4 = - = = S % 1A R
Ly 5 5 L3 1o Bl

A =ta=]15%2500 = 4000 mm?

ERETEE ] B

Fy S~ 6*(250/1.15)*40000/1000 = 5217 kI
3

snce, Ry <P, the end panel can carry the shear force.

Check for moment capacity of end panel AB:

_qu
LT
= —PEE0D) S N
10
a 2500
=2 -2 — 1250
e
- ia® = Lwie2500° - 2083107 mm®
12 12
17
M, =lpy = M*[%DH.IS)*IW = 3623 kN-m
v 1250
Since, My <Mq

(1205 < 3623)

The end panel can carry the bending moment.

Design of panel BC:
Panel BC will be designed using tension field action

d =2600 mm : t=16 mm
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_Ep _21023%10° 4
DT T Toeagere 00 N/ mm
a _ 3250 _

4 2600
d 2600

—=——=16215
t 16

P - 2 217 4N/ mm*
1.15

7
Calculation of basic shear strength, qp:

Elastic critical stress, q, (when afd =1} = [] 04075/ (a/d) ][IDUDf[dft)]
= [1.D+D.?5f(1.25) ][mom(lsz.s;]

=56.0 Mimm®*
1

Slendemessparameter, b = [D.é(fwffm)fqe]i

1
= [0:6(25011 15)#56 0]
=233=125
Hence, Cntical shear stength = 56.0 Nimm* (g, =q,}

1.5, 1.5%56.0

T

= (B —3g." _¢.f) ¢ =(217.4° -3%56 0* + 52 52)4—525 149

v, o 149

%=qa+2[i+ 1+[§]2‘ | 2[125+,h+[125)*]

==325

=82 1N/ mm?

[

Since, g, > ) (82.1 = 30.3)

Panel BC is safe against shear buckling.
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7.0 Design of stiffeners

Load bearing stiffener at A:

Design should be made for compression force due to bearing and moment.
Design force due to bearing, Fp = 2301 kN

Force (Fyn) due to moment My, is

g =M 12906 seniar

e
=3 AT
£k i

Total compression = F. = F,+ Fy, = 2301 + 482 = 2783 kN
Area of Stiffener in contact with the flange, A:

Area (A) should be greater than

08F
P‘:s
*0 :
0 T E33*103" 10241 mm"
B, 2174

Try stiffener of 2 flats of size 270 x 25 mm thick
Allow 15 mm to cope for web/flange weld
A =255 * 25 * 2 = 12750 mm?® > 10241 mm?
Bearing check is ok.
Check for outstand:
Outstand from face of web should not be greater than
20t =
1 1
: E
AL O {@} o
£, 250
Outstan d b, = 250 mm = 20 t,s(=20*25*1.0=500)
b, =250 mm < 13.71,2(=13.7*25%1.0 = 342.5)
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Hence, outstand criteria is satisfied.
Check stiffener for buckling:

The effective stiffener section is shown in Fig. E3

y
25 mm _l K
~/
—"*.‘T - by = 270 mm
[
: 16 mm
|1 v ¢
S e L — o —— 2 ——
—credremms bl Aoy it a > X
| PR
i
v | :hj () mm Web
Stiffener || |

Fig. L3 Ind bearing stiffener
The buckling resistance due to web is neglected here for the sake of simplicity.

+* =
I = 227967 1 uosx16® = 35807 #10" mm*
12 12

A, = Effective area= 270 *25 * 2= 13300 rom

i 2
S I =162 8 mm
13500

Flange is restrained against rotation in the plane of stiffener, then

le=0.71=0.7 * 2600 = 1820

Indian Institute of Technology Madras



Design of Steel Structures Prof. S.R.Satish Kumar and Prof. A.R.Santha Kumar

nol o 1820405
L 1628

Forf, =250 Mimm? and x=11.2
a, =250 /mm®

from table(30 of chapter on axially compressed columns
Buckling resistance of stiffener is

P = oA, [y =250%1350/1.15 = 2935 kN
Since F, < P, (2783 < 2035)

Therefore, stiffener provided is safe against buckling.
Check stiffener A as a bearing stiffener:
Local capacity of the web:
Assume, stiff bearing length b;=0
n, =2.5%*50*2 =250 BS 5950 : Part -1, Clause 4.5.3
Peip = (b1 + ny) tPyy,
= (0 + 250) * 16 * (250/1.15) * 10°= 870 kN
Bearing stiffener is designed for Fa
Fa = Fx = Pcip = 2783 - 870 = 1931 kN
Bearning capacity of stiffener alone
Pa=Pys* A =(50/1.15) * 13500/1000 = 2935 kN
Since, Fa < Pa (1931 < 2935)
The designed stiffener is OK in bearing.

Stiffener A - Adopt 2 flats 270 mm X 25 mm thick
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Design of intermediate stiffener at B:
Stiffener at B is the most critical one and will be chosen for the design.
Minimum Stiffness

I 20754 fora > dyf2

E
1220 pra < a3
=

4

d-f2 = /2 #2600 = 3677 mm
a=d~f2 (3250 < 3677)

Conservatively 't ' is taken as actual web thickness and minimum ' a ' is used.

158 1 5%2600° *16°

- — =1022%10° mm*
a 3250

Try intermediate stiffener of 2 flats 120 mm X 14 mm

I _ 14%256° 14%16°
E S)Rmi:bl.d_ iz

3.3
I >1.5-:51:

4
az

=1957*10' mm*

Jthe sechon stabsfied minimum shiffeness requirement

Check for outstand:

Cutstand of the snffener <1371 ¢
137t =137%14%1.0=192 ram

Outstand = 120 mm (120 < 192)
Hence, outstand criteria is satisfied.
Buckling check:
Stiffener force, Fq =V - Vs
Where V = Total shear force

Vs =V of the web

a/d=3600/2600=1.38
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d/t=2600/16 =162.5

Elastic critical stress, q, (when a/d > 1)= [10+075/(a/ d) | [1000 (4 /1)]°

- 1 5¢(1.3 ][ 1000/(162.5)]

]
= Tn A=
[ )

T Fae e
FITITN

1
Slendemess parameter, » = U iSIrf Hmﬁl:’a .!2

1
[0.6(250/1.15)/52.8]

= 1
=l L}

L |
[
h

A
=

[0 F

Hence, Critical shear strength = 52.8 N/mm? (e = Je)
Ver = qedt = 52.8 * 2600 * 16 * 10 = 2196 kN

Buckling resistance of intermediate stiffener at B:

}
20¢, A 201,

A
¥

B
L
——

A

Fig. E4 Effective section
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20t =20*16 = 3230 mm

+ 5 PE )
L = %*14*2563+ 64“1216 —1411}6 - 1979*10* mm*

A = 240%14+640%16 = 13600 mm*

1
=1t |2
rﬁ[w‘?g m] ey

13600

I, =0.7*2600 = 1520

JL_IEED ey
¢ 381

For f, = 250 Nimm® and A=48 0

From table3 of chapter on axially compressed columns,
o, =213.2 Miam®

Buckling resistance = (213.2/1.15) * 13600 * 10> = 2521 kN

Shear force at B, Vg = 2301-{(2301 - 1585.5)*(2500/9000)] = 2102 kN
Stiffener force, Fq = [21201 - 2196] < 0

and

Fqg < Buckling resistance

Hence, intermediate stiffener is adequate

Intermediate stiffener at B - Adopt 2 flats 120 mm X 14 mm

Intermediate stiffener at E (Stiffener subjected to external load):

Minimum stiffness calculation:

a = 3600 df2 = 3677
a < df2 (3600 < 3677
3,3 e T3
L )1 5.:1 15 260':12 (C—
a 3600

Try intermediate stiffener 2 flats 100 mm X 12 mm thick
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(L) miq = 1007 ¥10° mm'
I >1 1007 *10* > 833 *10°
5 FProvuded =

Hence, OK

Buckling Check:

F-E,E .M
P, B M,
F=V-Y, V=1585 5k

V, =V, =g_dt =52.8*2600*16*107 = 2196 kN
F, 1snegative andF - F, =0

i, =0

E, =B70 kI

Buckling resistance of load carrying stiffener at D:

(Calculation is similar to stiffener at B)

201, =20%16 = 320 mm

640*16° 1216’
12

& =200%12+ 640%16 = 12640 mm*

1
=1t |2
rx:’mzsa m] AhE

=1029*10* mm*

e 3
= Il Sl B=-F
b 12

12640

I, =0.7*2600 = 1820
I, 1820

L e
g 285

Forf, = 250 Nfmm?* and »=63 9
From table3 of chapter on axially comperssed columns,
a, =180 Mimm*

Buckling resistance, Py (180/1.15) * 2640 * 10° = 1978 kN.

Fx/Px = 870/1978 = 0.44 <1.0
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Hence, Stiffener at D is OK against buckling

Stiffener at D - Adopt flats 200 mm X 12 mm thick
Web check between stiffeners:

f.q £F,4

feg =W'/t=79.5/16 = 4.97 N/mm?

When compression flange is restrained against rotation relative to the web

Ped. {275+ 2 : EUDDUD
(a/d) (dn; 3600Y |{ 2600Y
26[1[]
o
- 27920000 = 287 Nimm®
26406
Since
fed iPnarai

[4.97 <28.7], the web is OK for all panels.
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Design of Steel Structures

8.0 FINAL GIRDER

(All dimensions are in mm)

'
I B { .'.I I .'.' l
_i —_ —— e —m— b — J— —-I- [ T 4
| ' '
| { ‘ ‘ I | :
i | | | |
ot ke ke L —

e —— i e bl Mpq il P —

(a) Longitudinal section of plate girder

—_— _.______Y__I

(b) I"lange and web proportions

Fig. ES Final girder
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Examples
Problem: 1

A non — sway intermediate column in a building frame with flexible joints is
4.0 m high and it is ISHB 300 @ 588 N/m steel section. Check the adequacy of

the section when the column is subjected to following load:

Factored axial load = 500 kN

Factored moments:

Mx My
Bottom +7.0 KN-m -1.0 KN-m
Top +15.0 KN —m +0.75KkN —m

[f, = 250 N/mm? ; E = 2* 10°> N/mm?]

Assume effective length of the column as 3.4 m along both the axes.

Cross-section properties:

Flange thickness = T = 10.6 mm
Clear depth between flanges = d = 300 — (10.6 * 2)
= 278.8 mm
Thickness of web = t = 7.6 mm
Flange width = 2b = 250 mm
b = 125 mm
Area of cross-section = Ag = 7485 mm?
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Ty = 129.5 mm

By = 54.1 mm

Iy = 12545.2*10*mm*

ly = 2193.6*10* mm*

zZ, =  836.3*10°mm°

z, = 175.5%10° mm®

Zox S 953.4*10° mm®

= 200.1*10° mm?®

(i) Type of section:
% 1 11:_2 —11.8<13.65¢
%z % —36.7<40.95 ¢
where, ez\/@ Mptac &
f, V250

Hence, cross- section is * SEMI-COMPACT” (Class 3)

(i) Check for resistance of cross-section to the combined effects
for yielding:
fyd = fylya = 250/1.15
= 217.4 N/mm?
Ay = 7485 mm?
zZc = 836.3*10° mm?
Z, = 175.5*10° mm?®
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Design of Steel Structures

Fc = 500 kN
My = 15 kN-m
My = 1.0 kN-m
The interaction equation is:
M
Fo + My + Y <1
A fyd 2z, f,d 2z f,d
500x10° 15x10° 1x10°

+ +
7845x217.4 836.3x217.4 175.5x10° x217.4

= 0.307 + 0.083 + 0.026 = 0.416 <1.0

Hence, section is O.K. against combined effects

(iii) Check for resistance of cross-section to the combined effects
for buckling:

Slenderness ratios:

Effective length of the column = 3.4 m

Ax = 3400/129.5 =26.3

e 3400/54.1 =62.8
g, = n(E/f,)"? = 71(200000/250)"?
=88.9
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Non-dimensional slenderness ratios:

R=
M
Ay = 263 _ 206
88.9
Ay = 928 _0.706
88.9

Calculation of  :

Imperfection factors:

=021 oy = 0.34
¢ - values:
o= o.5[1+ a(X—O.2)+X2}
by = 0.5[1 + 0.21(0.296 — 0.2) + (0.296)?] = 0.554
dy = 0.5[1 + 0.34(0.706 — 0.2) + (0.706)*] = 1.006
x - values: Y = ! —<10
o+ (0% -2%)2

vx = 1/[0.554 + (0.554% — 0.296%)"?] = 0.978
%y = 1/[1.006 + (1.006% — 0.706%)*?] = 0.580

The interaction equation is

<1

i+ kxMx 4 kyMy
fd I\/qu Muy
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I3 KN (M)

RN (M)
yx = Mo/M; =7/15 = 0.467

B =18-07w _ 18 (7x0.467

=1.473

= A (20 = 4] 20096 (2¢ 1.473 - 4)

= - 0:312
F F ~0.312)x500x10°
[ =X e {7 R £t ) ~1.085
Pex 1 AR, 0.978x 7485 250
vy =0.75/(-1.0) =-0.75
By =1.8-0.7y

=1.8+ 0.7x 0.75 =2.325
Hy =hy (ZBMV _4)
= 0.706 (2x 2.325 — 4) = 0.459

F F 3
1 Hy e _1_ Hy e 1 0.459 x500x10

YT R,y Af, 058 x7485x250

k 0.788
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Note: Fg = %min Ag fyd
Mux = Zx fyd

A75 iV (M)

1Ok (M)
Substituting the interaction equation,

500x10° r 15x10°x1.085 T 1x10°% x0.788
7845x217.4x0.58 836.3x10° x217.4 175.5x10°x217.4

=0.530 + 0.089 + 0.021 = 0.640 < 1.0

Hence, section is O.K. against combined effects for buckling.
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Structural steel design project
Worked example 1
Problem 1:

Determine the desig tensile strength of the plate (200 X 10 mm) with the holes as
shown below, if the yield strength and the ultimate strength of the steel used are 250

MPa and 420 MPa and 20 mm diameter bolts are used.

f, = 250 MPa
f, =420 MPa

! !

1 e -

. o

—— 200 i ! 0 |—»

. —

i 410

T

_I 50 |50 |-—

Calculation of net area, Anet:
A, Results you need, click here
P; is lesser of

200%10* 2500115

G) 4, J, 1 70, - — = 424 8kN
* RS
(i) 09 AF Ay M, = W L TEY,
* : 1000
R = 405.8 &N
P, 4098

Efficiency of the plate with holes = =0.93

A fy IyMy 4348
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Structural steel design project

Worked example 2
Problem 2:
Analysis of single angle tension members

A single unequal angle 100 X 75 X 8 mm is connected to a 12 mm thick gusset
plate at the ends with 6 nos. 20 mm diameter bolts to transfer tension. Determine the
design tensile strength of the angle. (a) if the gusset is connected to the 100 mm leg, (b)
if the gusset is connected to the 75 mm leg, (c) if two such angles are connected to the
same side of the gusset through the 100 mm leg. (d) if two such angles are connected

to the opposite sides of the gusset through 100 mm leg.

22

|3ﬂ 50* 5
_.-‘] -

" 1
146‘
. L * & $

20 mam g bolis

WA IOXTSNS

a) The 100mm leg bolted to the gusset :
Anc = (100 - 8/2 - 21.5) *8 = 596 mm?.
Ao = (75 - 8/2) * 8 = 568.mm?
Ag = ((100-8/2) + (75 — 8/2)) * 8 =1336 mm?
Strength as governed by tearing of net section:

Since the number of bolts = 4; £ =11

"'D:f = "q.ﬂ'r-)ﬂ"ll?wl-l- ﬁ"%fyfymﬂ

=596 *420/1.25 + 1.0 * 568 * 250 / 1.15

= 323734 N (or) 323.7 kN
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Strength as governed by yielding of gross section:
JE: = Ag.;"; "III}/'-:{I

=1336*250/1.15=2%0435 N (or) 250 4 kI
Block shear strength

Vg - Grass “shearing”

t, — Tearing net

P = [062A, fiiy,g+ A filf.y
2 I\ A Iy Fno ¥ Ay Sud V) (Shear yield + tensile fracture)
= 0.62 * (5 *50 +30)* 8 * 250/1.15 + (40-21.5/2) * 8 * 420/1.25

= 380537 N = 380.5 kN
or

P = (ﬂ.ﬁZAmﬂfm + A L Vo)

(Shear fracture + tensile yield)
=(0.62 (5 *50 + 30 =5.5 * 21.5) * 8 * 420 / 1.25 + 40 * 8 * 250/ 1.15)
=339131 N=339.1

The design tensile strength of the member = 290.4 kN

The efficiency of the tension member, is given by

F, 200.4% j000

=—t_= =g
A Sodll 100 - 7SR e

4]

b) The 75 mm leg is bolted to the gusset:
Anc = (75 - 8/2 - 21.5) * 8 = 396 mm?

Ao = (100 - 8/2) * 8 = 768 mm?

—iD

MR

20 pun g bolts RAIO0X75X &8

_———
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Strength as governed by tearing of net section:
Since the number of bolts =6, & =10

£ = A va T BAS Pm
=396 * 420/1.25 + 1.0 * 768 *250 / 1.15

= 300123 N (or) 300.1 kN

Strength as governed by yielding of gross section:
"IE: = ‘4g f_; 'Ir}"nlzl

= 1336 * 250 / 1.15 = 290435 N (or) 290.4 kN

Block shear strength:
Fv B (062&5-}(}';?&!0 +"ix-’i|lf Ml:l

=0.62 * (5 *50 +30)* 8 * 250/1.15 + (35-21.5/2) * 8 * 420/1.25

=367097 N = 367.1 kN
lE:- = (0'62 ‘Awfu "r?':wl +A¢ fy'r?mﬂ)

= (0.62 (5 * 50 + 30 —5.5 *x 21.5) * 8 * 420 / 1.25 + 35 *8 * 250/ 1.15

= 330435 N = 330.4 kN
The design tensile strength of the member = 290.4 kN

Even though the tearing strength of the net section is reduced, the yielding of the

gross section still governs the design strength.
The efficiency of the tension member is as before 1.0
Note: The design tension strength is more some times if the longer leg of an unequal

angle is connected to the gusset (when the tearing strength of the net section governs

the design strength).
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An understanding about the range of values for the section efficiency, n, is useful

to arrive at the trial size of angle members in design problems.

(c & d)The double angle strength would be twice single angle strength as obtained

above in case (a)

Pi=2%*290.4 = 580.8 kN
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Design Example 1:

Design a Lap joint between plates 100? 8 so as to transmit a factored load of 100
kN using black bolts of 12mm diameter and grade 4.6. The plates are made of steel of
grade ST-42-S.

Solution:

1) Strength Calculations:
Nominal diameter of bolt d= 12 mm
For grade 4.6 bolt, f, =40 kgf / mm?=392.4 MPa, Omp =1.25
Assuming threads in the shear plane, n,=1, ns=0

Shear Area of one bolt Ay, = 0.8 Asp = 0.8 x 113.1 = 90.5 mm?
Design shear strength per bolt Vhsp = fu Anb / Ymb V3 =16.4 kN (Cl. 10.3.2)

Design bearing strength per bolt Vppp = 2.5d t fy

=2.5x 12 x 8 x392.4 x 10° =75.2 kN (Cl. 10.3.3)
Therefore, bolt value = 16.4 kN
No. of bolts required = 100 / 16.4 = 6.1 say 7 bolts

2) Detailing:
Minimum pitch = 2.5 d = 30 mm (Cl. 10.2.1)
Minimum edge distance = 1.4 D = 16.8 mm say 20 mm (Cl. 10.2.3)

Provide 8 bolts as shown in Fig. E1.

200 pom 2 8 pom plate

© 9 10
P89

B850 50 50"

1
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Design Example 2:

Design a hanger joint along with an end plate to carry a downward load of 2T = 330
kN. Use end plate size 240 mm x 160 mm and appropriate thickness and 2 nos of M25
Gr.8.8 HSFG bolts ( fo = 565 MPa).

Solution
Assume 10mm fillet weld between the hanger plate and the end plate
Distance from center line of bolt to toe of fillet weld I, = 60 mm

1) For minimum thickness design, M =T I,/ 2 =165 x 60 / 2 = 4950 N-m

- _\/1.15><4><4950><103

= 24.56 say 25 mm
236x160

wt2 fy
Mp=Zpfy=———"2—
P PAY 4 ymO

t:\/4Mpym%xw

2) Check for prying forces distance’ |’ from center line of bolt to prying force is the

minimum of edge distance or 1.1t

v (Bpo/f,) =1.1x25 v (2 x565/236) = 60mm (Cl. 10.4.7)

le =40 mm
prying force Q=M /le = 4950 / 40= 123.75 kN
bolt load = 165 + 123.75=288.75 kN (Cl. 10.4.5)
tension capacity of 25 mm dia HSFG bolt = 0.9F Anp/ymb = 222 kN << 288.75

Load carrying Capacity << Required load Capacity

oy

20
2T thick

Bnoar
Fig E2

2
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In order to reduce the load on bolt to a value less than the bolt capacity, a thicker end
plate will have to be used.

Allowable prying force Q = 222 - 165 =57 kN

Trying a 36 mm thick end plate gives I = 40 mm as before

Moment at toe of weld =T I, - Q | = 165 x 60 — 57 x 40 = 7620 N-m

Moment capacity = (236 / 1.10) (160 x 36%/4) x 10 = 11122 N-m > 7620 OK

Minimum prying force

4 4
. L{T_ﬂypobet }_ 60 {165_2x1.5><0.565><160><36 } 0T

T2l 2710 | 2x40 27 x 40 x 607

=36 kN < 57 kN safe!

Therefore, 36 mm end plate needs to be used to avoid significant prying action.

3
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Beam-Column Design Example 2

Design a beam-column of unsupported length 4 m to carry an axial compression of
500kN and end moments of 50kNm and 100kNm which bend the member into

a reverse curvature. Assume that the ends of the member are rigidly connected to
beams and are prevented from having a side sway. The grade of the steel 1s E250.

¢750kN

7:/‘\

T

750kN



a reverse curvature. Assume that the ends of the member are rigidly connected to
beams and are prevented from having a side sway. The grade of the steel 1s E250.

The factored axial compression, P= 1.5 X 500 = 750 kN

The factored end moments, M, =1.5x50=75kNm and M, =1.5x100=150kNm
A trail section for the beam-column is obtained by considering only an axial load of
the magnitude of twice the actual axial load. Let f_; = 180 MPa.

2% 750%10°

180
From Appendix A, SC 220 section may be tried. Its properties are

= 8,333 mm?

The required area of the section =

A=8,980mm’, r,= 93.5mm, r, = 49 mm, b= 220 mm, = 16 mm, £,, = 9.5mm

h/be=220/220=1.0 < 1.2

M /‘T

4 #\: 220mm
9.5

16mm/L mm\ X

le— 220 mm —»




M KT
d = l\ 220mm
—p [— T

9.5mm
16mm/I N Y

le— 220 mm —»

From Table 4.3, the buckling class is ‘b’ for the z-axis and ‘¢’ for the y-axis.

b 220/2

tp 16

= 6.9 <9.4¢

i-: (220;7;(16) =19.8 < 84¢ whereg =1.0
tM’ &

From Table 1.7, the section is plastic.
The correct value of the effective length factor K is to be obtained from the
Annexure D of 1S800. However, in this problem, it is assumed as 0.7 in both the xz
and the xy planes.

KL 0.7x4,000 _
E 93:5

30




From Table 4.4, for the buckling class ‘b, ;.. = 216 MPa

KL 0.7 x4,000 _
— 5o
I 49

From Table 4.4, for the buckling class °c’, f.;, = 172.5 MPa
The design strengths in compression aboul the z and the y axes are

Py=Af,;.=8980x216=1940kN
Pyo=A 5, =8980 x 1725 = 1,549kN

From Table 3.1, assuming that the ends are fully restrained against torsion and warp-
ing and the loading condition is normal, the length for the lateral torsional buckling.

Lip=0.7 x 4,000 = 2,800 mm.
fp=220-16=204mm

The extreme fibre stress corresponding to the lateral torsional buckling is

o L

) = 941.5MPa
(204/16)

_IIFL'r,.r':' = BT

_LIxztx2x107 |1 ((2,800/49
(2,800/49) 20



From Table 13(a) of IS 800, for f, = 250 MPa, & = 0.21, .., = 941.5 MPa, f,; = 206 MPa

110— 16)° :
Zr,?__zlHEUXIGK{II(J—8}+9.5><( = ) = 802cm”

i

The design bending strength, My, = B, Z,, fos= 1.0 X 802 x 10° x 206 = 165.5 kKNm

M. s
=4 -2 =q5
M., 150
Coy=0.6—0.4%0.5=0.2 < 0.4
= 014
Since there are no lateral supports other than at the ends, C;7=C,.=0.4
'E ' x2x10°
e £ G y = 2,193 MPa
(KL/r.) 307
: |
£y | 250
— 0.34

;‘L__: ol g e oen
TV f. V2193

n.= PP, =750/1,940=0.39 and ny= PIP = 750/1,549 = 0.48
K.=1+i034-0.2)x039=1.05<({1+0.8x0.39)=1.31



0.1x0.515%x0.48 0.1x0.48
KI,T:\:l_( )j|=0.83>|:1—'——':|=0.68

(0.4-0.25) (0.4 —-0.25)
Check for yielding
Ny = Afy/ Yo = 8,980 X 250/1.1 = 2,041 kN
N M 750 150
+—== + =1.27 1.0
N, M, 2,041 1655
Check for buckling
P M 750 150
s B +0.83 % =1.23>1.0
Py, M, 1,549 165.5
P Csd 750 0.4 x
— 4+ K, L= +1.05x—4—£0=0.77<1.0
P, M, 1,940 165.5 :

Since two of the interaction equations are not satisfied, a higher section SC250 may
be tried.



From Appendix A, A = 10,900 mm?, r,= 107 mm, r, = 54.6 mm, bfz 250 mm,
tr=17mm, £,,= 10mm

hiby =250/220=1.0< 1.2
From Table 4.3, the buckling class is ‘b’ for the z-axis and °c’ for the y-axis.

b -
—=2—DQ=7.3<9.48
ty L

17 mm




b, .
[
Y 250mm ¥
d (250-2x17)
== =21.6 <84¢

b 10
From Table 1.7, the section is plastic.

KL 0.7 x4,000 z
—— = LD
r, 107

wheree =1.0

From Table 4.4, for the buckling class ‘b’ £, = 219 MPa

KL 0.7 x4,000
r, 54.6

=41

From Table 4.4, for the buckling class ‘¢ fuay = 181 MPa



The design strengths in compréssion about the z and y axes are
.= A f= 10,900 X 219 = 2,387 kN
= A [4,=10,900 X 181 = 1,973 kN
h‘,: 250-17=233mm
The extreme fibre stress corresponding to the lateral torsional buckling is

505

Lix ><2><10 1 [(2,800/54.6))
O — i 1+~(( ) = 1,073 MPa
(2,800/54. 6) 20 (233/17)

From Table 13(a) of IS 800, forj 250MPa, o = 0.21, fos = 1,073 MPa,
ﬁ,d—ZIOMPa

e

125177 -
A= 2]i250><17><(125—8.5)+ 10x(7“) J: 1,107cm’

The design bending strength, M,,. =By Zp, fra=1.0X 1,107 x 10* x 210 = 233 kNm



n,=PlP,;,=750/2,387=0.3] and n, = PIPy,=750/1,973 = 0.38
K.=1+(03-02)x031=1.03<(1 +0.8x0.31) =1.25

| f _ [250
}'I! — II| "«" S | & e 0_48
‘V .fcr\.".’ \! 1,073

0.1x0.38

(0.4 —0.25)

(0.1 0.48 x 0.38)
Kir=|1-
(0.4 —0.25)



Check for yielding
Ng=A £ Yo = 10,900 x 250/1.1 = 2,477kN
N M, 750 150

_I__ —_—

= + =094 <1.0
Ny My 2,477 233
Check for buckling
P M 750 150

— + KL= +0.88 X — = 0.95 < 1.0

P, M, 1,973 233

P C,.M, 750 0.4 x1
S, SRS r1.03x 220 e 10
P, M, 2,387 233

SC 250 section may be provided.

17 mm




Beam-Column Design Example 3

Design a beam-column for the following data:
P,=500kN, M, ,, =—67kNm, M,,, = 100 kNm, M1 =30kNm, M, , = 50kNm
Unsupported length = 5m. The grade of the steel is E250.

Side sway is prevented and the effective length factor, K= 0.7. Y
S00KN /"% py , = s0kNm
~
Fi \* 7
M., = 100kNm

y .
% Mm = 30kNm

M., = 67KkNm




As the beam-column is subjected to a biaxial bending and axial compression,

the trail section may be obtained by considering only an axial load of magnitude of
three times the actual axial load. Let f,; = 120 MPa.

_ . 3% 500 %10 2
The required area of the section = =12,500 mm~

120

From Appendix A, HB 450 @ 92.5 kg/m may be tried.

A=11,789 mm?, by *ZSDmm tr= 13,7 mm, fu—ll 3mm, r,=185mm, r,=50.8 mm
and Z,,=2,030. 95c:m

h/by=450/250=1.8 >1.2 and ¢=13.7mm < 40mm.

From Table 4.3, the buckling class is ‘a’ for the z-axis and ‘b’ for the y-axis.

b 250/2
— = =9.1<94¢
tg 13.7
d 450 — 2 x13.
—=( 37):37.4<84£
t 11.3
=z

L 250mm
1 "'\-‘H\ i
“13.7mm ‘|1.Brﬁr‘n\ "

“——— 450mm




From Table 1.7, the section is plastic.

KL 0.7 %5,000
= -=18.9
185

=

From Table 4.4, for the buckling class ‘@), f;, = 226 MPa

KL _0.7%5,000
r 50.8

=69

From Table 4.4, for the buckling class ‘6, ;. = 167.5 MPa
P..=11,789 X 226 = 2,664 kN
Pa=11,789 x 167.5=1,975kN
Lir=0.7 % 5,000 = 3,500 mm

ip=450 — 13.7 = 436.3mm

’ PR |

: 2 y 2

LIX T X2 %10 1 {3,500/50.6

forii=— — | [+ —(—- - ] = 508.5 MPa
(3,500 /50.8)° 20\ 436.3/13.7

From ‘Table 13(a} of IS800, &= 0.21, £, , = 508.5 MPa, fi,1. = 189.4 MPa
fouy=25011.1 = 227.3 MPa



My, = By Z,,, foa = 1.0 X 2,030.95 X 16° x 189.4 = 385 kNm

_ 125 o 113 11.3 5
ZP},:4><125><13.;><7+2><k4:)0~—13.?)>< % =442 cm”
My, =1.0 X 442 X 10° x 227.3 = 100.5kNm

T x2%10° 7 x2x10° |
foor = =5,526 and fg, = =414.6

8.9

[ 250 250
A= =0213 and A = |- =0776
\'5,526 V4146

n,=P/Pg,=500/2,664=0.19 and n,=P/P;=500/1,975=0.25

69>

K,=1+(0.776 -0.2) x0.25=1.144 < (1 + 0.8 x0.25)=1.2

4

K,=1+(0213-0.2)x0.19=1.0 < (1 + 0.8 X0.19) = 1.15



Aip= =0.7
"7\ 5085
M. —67 _ M ., 30 _
y,=—2="2=_067 and y,=—L="=06
M, 100 7 M, 50

Coy=0.6—0.4 y,=0.6— 0.4 X (—0.67) = 0.87
Cpy=0.6— 0.4 1, = 0.6 — 0.4 X 0.6 = 0.36 < 0.4

Cpy=0.4
Since there are no lateral supports other than at the ends, C,,;7=C,,,=0.87
0.1 0.7 x0.25 ( 0.1x0.25
Kyp =1- 097> |1-— V=096
(0.87 —0.25) \  (0.87-0.25))

M,=M,,;=100kNm and M, =M,,=50kNm



Check for yielding
Ny= 11,789 X 250/1.1 = 2,6 79kN

N M, M, 500 100 50
i 20 = i =0.94 < 1.0
Nd Mdz Mdy 2,679 385 i00.5

Check for buckling
my M M ' 0idx5
iH{}, 2y ke Me 2 500 145 9490 09741 073410
Py » M, 1,975 100.5 385
P Cony M, C,.M. 500
— LRy O o Semeiy B ety SR 0
By M, M, 2,664 100.5
A7 x 100
il =0.55<1.0 QK




a = Greater overhang
b = Smaller overhang
Column
— Base plate
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a = Greater overhang
b = Smaller overhang

Column . I
| | | ‘;— ase plate
R I R
Tj w N/mm°

Taking | mm strip of slab projection along xy-axis
1

: - 2 N 5
Maximum bending moment = w x | X X i

where w = Intensity of bearing pressure from concrete below the base plate,
Taking I mm stnp of slab projection along vyv-axis

:
; : b owh
Muximum bending moment = w x | X b x ==
: Wil wir
I'he net moment M, .= =13
' = 2 2
W :
or M, ay= = =055

The moment capacity of the plate is.
M=l
where Z, = elastic section modulus of the base plate.



The moment capacity of 1 mm strip of plate,

t; A
M, =121, xlxgz L 2f\€
where 7, = thickness of the base plate.
From Eqs. (3) and (4)
2
121 —(a’-03b*
Applying partial safety factor for material,
5L
12— == (a*-03p°
}Im(} 6 2 ( )
2 6 x W 2 ] }/m()
e =———— (@ -03b
S 2k Y F
2 2 2 ym{]
or t;=25w (a"-0.3 b
}/.F?EO

% —\FSW(Q ——0?!))

'\-'-
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Let P = Eccentric load on column
e = Eccentricity of the load
o, = Direct stress
0, = Bending stress
b = Width of column
d = Depth of column
Area of column section, A = b x d
Now moment due to eccentric load P is given by,
M = Load x eccentricity

=Pie
The direct stress (o,) is given by,
Load (P) P i

This stress is uniform along the cross-section of the column.

The bending stress o, due to moment at any point of the column section at a distance y
from the neutral axis ¥-Y is given hy
M g,

I _:_}f



e L)
where I = Moment of inertia of the column section about
3
the neutral axis Y-Y = dlg
Substituting the value of I in equation (i7), we get
M 12 M 55
O, =+ Xy ==
I R
12

The bending stress depends upon the value of y from
the axis Y-Y.

The bending stress at the extreme is obtained by

b
substituting y = 9 in the above equation.

_12M b 6M
WEEILT B L
6Pxe MoP
= + dbz ( = xe)

(s Area=bxd=A)
The resultant stress at any point will be the alge-
braic sum of direct stress and bending stress.



and

Let s
Omin

Then -
o

= Maximum stress (i.e., stress along BC)
= Minimum stress (i.e., stress along AD)
= Direct stress + Bending stress
=0, + O, '
o i 6P.e

A A.b

P[ Gxe]
== 1+
A b

= Direct stress — Bending stress

E BP.E_P(I B xe'
A Ab AL g;._J

T Position
" of load P
i X

(C) i

(Here bending stress is +ve)

wlD.1)



Column Base Design Example 1

Design a slab base for a column section SC 200 which carries a factored axial com-
pression of 1000kN. The grade of the steel is E250 and the grade of the concrete
pedestal 1s M20.

The bearing strength of the concrete = 0.6 f; = 0.6 X 20 =12 MPa

1,000 x10°
I

A 300 mm x 300 mm slab base may be provided as shown in Figure 9.8.
a=b=50mm

The required area of the slab base = = 83,333mm’

1,000 x 10°
w=—"—""""_=11MPa
300 x 300

50mm
|
¥ A
g —
4-!--1 200 mm >
v 50mm
T —
!
200mm 300mm
|
gt Ty ‘
50mm
v

Fﬁ ——— 300mm - 4>{



. 35502 % 1.1
= — = l4.6mm
\ 250

o
11
oy
>
——
L
=
I
el
b4
L |
=
b
-

A 15mm thick base plate may be provided.

The slab base is directly connected to the column

section using a full penetration
butt weld.



Column Base Design Example 2

Design a slab base for a beam-column SC 250 to transfer a factored axial compres-
sion of 730kN and a factored bending moment of 75kNm. The grade of the steel is
F250 and the grade of the concrete pedestal is M,
Eccentricity, e=75/750 = 0.1 m

Thelength of the base plate is kept equal to or more than 6e so that the entire plate
is subjected to downward pressure and no tension develops in the anchor bolts.

The length of the base plate, L =6 x 0.1 = 0.6 m

The bearing strength of the concrete = 0.6 {;,=0.6x30=18MPa
It is assumed that the bearing pressure varies linearly below the base plate.

; ! P te
The maximum bearing ressure, p....=—| 1+
o P siadX E{I ‘T

750 % 107 600
[ =S el
B x 600 600
or B=139mm

The width of the base plate to be provided

= the width of the flange of SC 250 + the projections on either side

=250+ 2 x 100 = 450 mm
Lherefore, a rectangular base plate of 600 mm x 450 mm as shown in Figure 9.9 may
be provided.



X
~ A
O 100mm i
. 28
FY '|I f
250mm 450mm
&, 250mm 5 175mm |
4_| il L e | L
O v 100mm O i
4 600 mm —X—_ o
175mm
"7 425mm Ll | ¥ B
F Y
5.5MPa
425

——X5.5=3.9MPa
600



- 750 % 10°
For this base plate, P = L= —[] ove

Rl R T
450 X 600 EUU] 5.3 MPa

The variation bearing pressure is shown in Figure 9.9,
The maximum bLmima moment mn the base plate at See, X=X

L

7
; 3‘1{];"5” l 2
e o Sk e SR e alle

. 2- X1inx(5.5-3.9) x_’a X175 =76,052 Nmm/mm width

1-J

i
LOZf 2::{[ : ]xi” - 76,052
)

Or t=41 mm

A base plate of 42 mm thick may be provided. The column section may be directly
welded to the base plate by a full penetration butt weld. Four anchor bolts may be
provided to keep the beam-column in position as shown in Figure 9.9.



Column Base Design Example 3

Design a gusseted base for the data in Example 9.4. The grade of the steel is E250 and
the grade of the concrete pedestal is M3,

The same size of base plate is used as in Example 9.4, i.e. 600 mm X 450 mm. Gusset
plates are provided as shown in Figure 9.10. The column section and gusset plates
are connected to the base plate by full penetration butt welds.

The vertical shear force in the gusset plate at Sec. X—X
= upward force acting on the hatched area as shown in Figure 9.10(a)

55439
= ———X%175%225=185kN

The bending moment in the gusset in the vertical plane at Sec. X-X

= (175%225) % 3.9 x % + (175% 225) X %x (5.5-39) x% x 175=17kNm



|
’J'{'Ernﬂ'l'

¥
o gt T
0 J y
14mm % i g 225mm 14mm
£ | II% H / 200mm S
Il_ |I u‘____.‘ ¥ T
250 mm == ——=p
I.' WI 450mm ‘24mm
|/ ', 1?5mrn .
14 mm —-» - ; =] : 200mm
BEmMm 2
_l_ A _,|, + LL 5 5 Pa |
—+{ 175mm}s —+ 175mm le—
250 mm ¥ 3.9MPa ¥
(a) (b) {€) Vertical cross section

of gusset plate



Aty _200x14%250

The shear capacity of a gusset plate = — = =
W3 1. V3 x1.1

367 kN

As the shear force in the gussel plate 185kN is less than 0.6 x 367 = 220 kN, the

moment capacity of the gusset plate is not reduced due to the combined action of
the shear force and the bending moment,

The vertical cross section of gusset plate is considered as semi-compact.
The moment capacity of the gusset plate = 3, I

’14x2{1ﬂ3]
6 14x200° ) 250 (14x200%) 250
= 3 LR T e e | T e N S 1
14 = 200" 4 il G 1]
4

Consider a I mm width of the base plate along A-A as shown in Figure 9.11.



+ff+f?ff¢f?‘+tf?+f*T+ffj‘ff+ff

L 5.5N/mm
_ : 5.5% 86"
The bending moment at B in the base plate = — = 20,339 Nmm
The bending moment at C in the base plate
450 5.5 5.5%225"
- _327”(1254»7)——2——— — 24,131 Nmm

The moment capacity of the base plate per unit width = 1.2Z,f,/ %,

1.0xt> 250
=1.2% Fo A5 B
6 1.1

45.5 1 =24,131
or [=23mm

Hence, the thickness of the base plate may be 24 mm.



Column Splices Design Example 1

Design a splice for a beam-column using high strength bolts of the property class 8.8
The factored axial force = 750kN

Factored bending moment = 150 kNm

Factored shear force = 75 kN

The section of the column is SC 250. Assume that the ends of the column are milled
and the connections are of bearing type. f, = 250 MPa.

As the ends of the column are milled, the splice is designed for 50% of the axial
load. Let the thickness of the splice plates on the flanges be 10 mm.

260mm
Flange
],7.. t=17mm splice plats
Flange _ I vL J ‘
splice plate T.




The compressive force in cach flange splice plate due to axial load
0.5% 750

8]

=187.5kN

The compressive force in cach splice plate due to bending moment

BM 150
= =377kN
Lever —arm  (0L.26

The total compressive force in each flange splice plate = 187.5 + 577 = 764.5kN

fea =i/ Y= 25011.1 = 227 MPa

2 : ; o . 764.5% 10 >
I'he required area of cross-section of each splice plate = —————— = 3,368 mm°

Lild

The width of the splice plate = Width of flange of SC 250 = 250 mm

3,368

The thickness of flange splice plate = o 13.5mm
L0

The thickness of the flange splice plate may be kept equal to or more than the thick-

ness of the flange of the column section, Hence, 250 mm X 18 mm splice plates may be
provided.




, 800 7 x16°
Using M16 bolts, Vi = ——=] 1 %
o ." 4

=92,867 N
W3

Vi =92,867/1.25 = 74,293 N

e ? f-..u
ky, 1s minimum of {'I— < 0.25], =21.0

31!’[, 3{1[} _f-”
Assuming ¢ = 30 mm, p=60mm, k, = 0.55
Vo s k- ffff,,=2.5 .55 x 16X 17x410=1,53,340N
Vi = 15,53,340/1.25 = 1,22,672N

The least design strength of the bolt = 74,293 N = 74 kN

, 764.5
The number ol balts needed = =

Twelve bolts may be provided to connect each flange as shown in Figure 9.4(a),

o transfer the shear force by the splice, another set of splice plates are provided
on the web. The required shearing area of these splice plates is given by

v, A,

V,=—— where V, = =
Yo V3

75x10° x 3 x1.15

250

A =

= 3
=598 mm




A 120mm wide and émm thick plate may be provided on either side of web. Bolts
connecting these plates and the web are, therefore, subjected to double shear.

V=2 % 74,293 = 1,48,586 N
Voo =2.5kyd tf,=2.5%0.55x 15 x 10 x 410 = 90,200 N

90,200

e — — ?2 kN

5
The number of bolts required = ;—2 =1.04

Two bolts may be provided as shown in Figure 9.4(b}.
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Column Splices Design Example 2

HB 350 @ 67.4kg/m is to be spliced to HB 450 @ 87.2kg/m using a butt weld. The
factored axial force is 500kN and the factored bending moment where the column
1s spliced is 100 kNm.

" 100kNm
500KN

..‘T\/’; | 350mm
H _

B350 ) = 11.6mm
M 1
LT ‘
— L

=

'+ Bearing plate

510kN 1856 kN

HE450 — »|

: - - 436.3mm R
- o > 4 X
| 450mm 5.8+36.3+6.85=49mm

(a) (b]




Since two different cross-sections of the column are to be spliced, a bearing plate
of size of 250mm x 450 mm is used shown in Figure 9.5(a). It is assumed that the
axial load is resisted by the entire area of the cross-section of the column HB 350 @
67.4kg/m whereas only its flanges resist the bending moment.

, . P 500%x10°
The stress in the column HB 350 due to the axial load =— = ——— =58 MPa
A 8591x100
T 100kNm
500KN
..: | 350mm
HB350 —— 1 11.6mm
T
T
L \ I '+ Bearing plate
G
51E‘JKN 1856 kN

HE450 — »|

. - 436.3mm A I
- o > 4 X
| 450mm 5.8+36.3+6.85=49mm

(a) (b)




"4 100kNm

500kN
LAY
350mm
HRd0 "".‘ - 11.6mm
T
- J_ﬂ 1‘

'+ Bearing plate
I
H '\\7‘_ 2
o
1 1
‘ | g | ‘ 510kN B56 kN
HB450 — b ‘
* e v
[ ]
_’H‘* AX - B
J 113 7mm N t:-{ 7
| . o
< o,
=N — # 436.3mm AL
- — b‘ “u X
| 450mm 5.8+36.3+6.85=49mm

(a) (b)
(P=axial load, A = sectional area of HB 350)

The stress in the flanges of HB 350 due to the bending moment

M
dbyt s

_100x10°
3384 %250 %11.6

=102MPa

(M =bending moment, by = width of the flange, #; = thickness of the flange, d = centre
to centre distance between the flanges = 350 - 11.6 = 338.4mm)




The resultant stress in the left flange = —58 + 102 = 44 MPa

The resultant stress in the right {lange = 58 + 102 = 160 MPa

Considering a longitudinal strip of a 1 mn wide plate, the forces acting through the
flanges of HB 350 are as follows (Figure 9.5(b))

Forceat C=11.6 x 1.0 x 44 =510N

Forceat D=11.6 x 1.0x 160 = 1,856 N

The reactions {rom the flanges of HB 450, viz. R, and Ry are calculated from the

equilibrium equations.
Y E=0=3R, +Rys5i0-1,856=0
3 M, =0= Ry x4363+510x49— 1,856 X 387.3 = 0
Ri=-244Nand R; =1,590N




The maximum bending moment is at D, i.e., Mp = 1,590 x 49 = 77,910 Nmm

or

1.2 Zc‘f}-/rm[) = JMJ)

il x%:??,mo

6

)

vl

1

t=37.5mm

Therefore, a bearing plate of the thickness of 40 mm may be provided and the two
parts of the column may be butt welded as shown in Figure 9.5(a).

"4 100kNm
500kN
..‘ 350mm
HB350 —
- 11.6mm
"
J_ﬂ |
. | [A—
i '+ Bearing plate
T
h“ \ el
v
| 26.3mm | ‘ 51E‘JKN 1856 kN
HE450 — » ‘
c LD
_ F S
; Ax - B
4 13.7mm tj )‘/—’T
I R B A, = £ R
. 436.3mm A e
_ ,‘ a X
| 450mm 3.8+36.3+6.85=49mm
(a)

{b)




DARBHANGA COLLEGE OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
Subject Code: 011620 Subject Name: Design of Steel Structures

Subject teacher: Ahsan Rabbani

1. Unit mass of Steel is
a) 785 kg/m?
b) 450 kg/m?®
c) 450 kg/cm?®
d) 7850 kg/m?

Answer: d

2. Which of the following is a correct criterion to be considered while designing?
a) Structure should be aesthetically pleasing but structurally unsafe
b) Structure should be cheap in cost even though it may be structurally unsafe
c) Structure should be structurally safe but less durable
d) Structure should be adequately safe, should have adequate serviceability

Answer: d

3. The structure is statically indeterminate when
a) static equilibrium equations are insufficient for determining internal forces and
reactions on that structure
b) static equilibrium equations are sufficient for determining internal forces and
reactions on that structure
c) structure is economically viable
d) structure is environment friendly

Answer: a

4. Which of the following relation is correct?
a) Permissible Stress = Yield Stress x Factor of Safety
b) Permissible Stress = Yield Stress / Factor of Safety
c) Yield Stress = Permissible Stress / Factor of Safety
d) Permissible Stress = Yield Stress — Factor of Safety

Answer: b
5. Describe stress strain curve for the Mild Steel with neat sketch.
Answer:

When steel is curved, it is important to keep the stress-strain curve ratio for mild steel in
mind. Below is a stress-strain graph that reviews the properties of steel in detail.



If tensile force is applied to a steel bar, it will have some elongation. If the force is small
enough, the ratio of the stress and strain will remain proportional. This can be seen in the
graph as a straight line between zero and point A — also called the limit of proportionality.
If the force is greater, the material will experience elastic deformation, but the ratio of stress
and strain will not be proportional. This is between points A and B, known as the elastic limit.

Stress D
N
/ E
Ultimate Strength
AB Fracture
\C
Yield Strength ‘
modulus of toughness ‘
f |
&
&
stress \
Young's Modulus = —————
strain |
L> Strain
0

Beyond the elastic limit, the mild steel will experience plastic deformation. This starts the
yield point — or the rolling point — which is point B, or the upper yield point. As seen in the
graph, from this point on the correlation between the stress and strain is no longer on a
straight trajectory. It curves from point C (lower yield point), to D (maximum ultimate stress),
ending at E (fracture stress).

Now, we’ll look at each individual measure on the graph above and explain how each is
derived.

e Stress: If an applied force causes a change in the dimension of the material, then the
material is in the state of stress. If we divide the applied force (F) by the cross-
sectional area (A), we get the stress.

The symbol of stress is o (Greek letter sigma). For tensile (+) and compressive (-) forces.
The standard international unit of stress is the pascal (Pa), where 1 Pa = 1 N/m” The
formula to derive the stress number is o = F/A.

For tensile and compressive forces, the area taken is perpendicular to the applied force. For
sheer force, the area is taken parallel to the applied force. The symbol for shear stress is tau

(7)-

e Strain: Strain is the change in the dimension (L-Lo) with respect to the original. It is
denoted by the symbol epsilon (€). The formula is € = (L-Lo) / Lo. For a shear force,
strain is expressed by y (gamma)

o Elasticity: Elasticity is the property of the material which enables the material to
return to its original form after the external force is removed.

e Plasticity: This is a property that allows the material to remain deformed without
fracture even after the force is removed.



The definitions below are important for understanding the Stress-Strain interactions as seen
in the graph.

e Hooke’s Law: Within the proportional limit (straight line between zero and A), strain
is proportionate to stress.

e Young’s modulus of elasticity: Within the proportional limit, stress = E x strain. E
is a proportionality constant known as the modulus of elasticity or Young’s modulus
of elasticity. Young’s modulusis a measure of the ability of a material to withstand
changes in length when under lengthwise tension or compression. E has the same
unit as the unit of stress because the strain is dimensionless. The formulaisE=0/¢
Pa.

e Modulus of Resilience: The area under the curve which is marked by the yellow
area. It is the energy absorbed per volume unit up to the elastic limit. The formula for
the modulus of resilience is 1/2 x o x € = 0.5 x (FL/AE).

e Modulus of toughness: This is the area of the whole curve (point zero to E). Energy
absorbed at unit volume up to breaking point.

Chicago Metal Rolled Products sets the industry standard for adherence to the stress strain
curve for mild steel and other materials.

6. What are the Advantages and disadvantages of steel as structural materials?

Answer:

Steel is one of the most generally utilized materials of construction time. Without the use of
steel, the structure doesn't make a solid while seismic tremors like earthquakes etc. happen.
Steel structures are susceptible to various ecological conditions. There are a few properties
wherein solid structures are preferred over steel and the utilization of steel is consistently
expanding everywhere throughout the world in development projects and also in civil
engineering-related fields. According to 'Lorraine Farrelly', before the utilization of steel in
development building, became a common practice, the weight of the structure material and
the forces of gravity and pressure defined the endurance, chance of stability in structure, and
its architectural possibilities. Each steel structure has some advantages as well as
disadvantages. And now we are going to elaborate on the complete description regarding
steel here.

ADVANTAGES OF STEEL BUILDINGS

a. Steel is moderately cheap when compared with other structure materials

b. Steel structures are highly fire-resistant when contrasted to a wooden structure as wood
is a combustible material and less fire-resistant when contrasted with RCC structure.

c. One of the advantages of using a steel structure in development is the ability of steel to
span greater distances with steel ceiling joists. This enables architects to grow their
choices, enabling them to make new/huge space utilizing steel items that simply weren't
accessible with different materials.

d. Steel can be easily & effectively manufactured and delivered greatly. Steel structures
can be delivered off-site at shop floors and after that gathered nearby. This spares time
and increases the efficiency of the general development process.

e. Steel structures can withstand outside weights, for example, earthquakes, thunder
storms, and cyclones. A well-fabricated steel structure can last more than30 years
whenever looked after well.
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Flexibility is one of the great advantages of steel structure, which means that it tends to
be planned according to the design requirements. This plans a steel structure so that it
can withstand heavy winds or earthquakes, especially in the case of the bridges or tall
towers.

Because of simple-to-make portions of a steel structure, it is hassle-free to install and
assemble them on-site, and furthermore, there is no need of estimating and cutting of
parts nearby.

Some of the common advantages of using steel buildings are Design, Strength and
Durability, Light in Weight, Easy Installation and Speed in Construction, Versatile,
Flexibility, Ductility, Easy Fabrication in Different Sizes, Fire Resistance, Pest and Insect
Resistant, Moisture and Weather Resistance, Adaptability, Cost-effective, Environment
Friendly, Energy Efficiency, Improved Construction Quality, Temporary Structures, Safe
and Resistant and Risk Index.

DISADVANTAGES OF STEEL BUILDINGS

a.

b.

7.

Buckling is an issue with steel structures. As the length of the steel segment builds the
chances of buckling also increases.

Steel is available only at the steel plants where it is produced and should be transported
for long distances to the site of construction, not at all like concrete or different materials
that might be accessible right at the site of development.

Due to the activity of rust in steel, costly paints are required to re-establish from time to
time. So that resistance against serious conditions increments.

Despite the fact that steel is a flexible material, it is difficult to make field corrections if
one or more components do not fit appropriately. Large portions of the metal structure
makes perform adhere to strict quality assurance procedure guarantee all pieces of a
structure fit accurately. But in actual it is not possible. One can't form it or cut it in the
ideal shape on-site once it is fabricated.

Steel can't mold in any path you required. It must be utilized in structures in which areas
initially exist.

Steel is agood conductor of heat, touches off materials in contact and often causes fires,
which quickly spread to different segments of a structure. Hence, steel structures may
require extra fireproofing treatment.

If steel loses its great property of ductility and then there are more chances to increase
the fractures.

Some of the common disadvantages of using steel buildings are High Maintenance &
Capital Cost, Susceptibility to Buckling, Fatigue and Fracture, Fireproof Treatment, Fire
Damage and Fabrication Error.

Describe the various types of loads and Load Combinations as per IS code.

Answer:

Clause 3.2 of IS 800:2007 specifies the various loads and forces that has to be considered

while performing the design of steel structures. As per Cl. 3.2.1 of IS 800:2007, for the

purpose of designing any element, member or a structure, the following loads (actions) and

their effects shall be taken into account, where applicable, with partial safety factors and
combinations (Cl. 5.3.3 of IS 800:2007). (a) Dead loads; (b) Imposed loads (live load, crane

load, snow load, dust load, wave load, earth pressures, etc); (c) Wind loads; (d) Earthquake

loads; (e) Erection loads; (f) Accidental loads such as those due to blast, impact of vehicles,
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etc; and (g) Secondary ffects due to contraction or expansion resulting from temperature
changes, differential settlements of the structure as a whole or of its components,eccentric
connections,rigidity of joints differing from design assumptions.

1. Dead loads (Cl. 3.2.1.1 of IS 800:2007)

Dead loads should be assumed in design as specified in IS 875 (Part 1).

2. Imposed Loads (Cl. 3.2.1.2 of IS 800:2007)

IS 800:2007 specifies in Cl.3.2.1.2 that imposed loads for different types of occupancy and
function of structures shall be taken as recommended in IS 875 (Part 2). Imposed loads
arising from equipment, such as cranes and machines should be assumed in design as per
manufacturers/suppliers data (Cl. 3.5.4 of IS 800:2007). Snow load shall be taken as per IS
875 (Part 4).

3. Wind loads (Cl. 3.2.1.3 of IS 800:2007)

Wind loads on structures shall be taken as per the recommendations of IS 875 (Part 3).

4. Earthquake loads (Cl. 3.2.1.4 of IS 800:2007)

Earthquake loads shall be assumed as per the recommendations of IS 1893 (Part 1).

5. Erection Loads (Cl. 3.3 of IS 800:2007)

All loads required to be carried by the structure or any part of it due to storage or positioning
of construction material and erection equipment, including all loads due to operation of such
equipment shall be considered as erection loads. The structure as a whole and all parts of
the structure in conjunction with the temporary bracings shall be capable of sustaining these
loads during erection.

6. Temperature Effects (CI. 3.4 of IS 800:2007)

Expansion and contraction due to changes in temperature of the members and elements of
a structure shall be considered and adequate provision made for such effect. The co-efficient
of thermal expansion for steel is as given in Cl. 2.2.4.1 of IS 800:2007.

7. Load Combinations

All structures must be designed to support their own weight along with any superimposed
forces, such as the dead loads from other materials, live loads, wind pressures, seismic
forces, snow and ice loads, and earth pressures (if buried underground). Because various
loads may act on a structure simultaneously, load combinations should be evaluated to
determine the most severe conditions for design (worst case scenario). These load
combinations vary from one document to another, depending upon the jurisdiction. There are
a set of combinations for the allowable stress design and another set that incorporates load
factors for strength design.

Load combinations for design purposes shall be those that produce maximum forces and
effects and consequently maximum stresses and deformations. The following combination of
loads with appropriate partial safety factors as given in Table 4 of IS 800:2007 may be
considered. The table is reproduced here as Table 2 for ready reference. a) Dead load +
imposed load, b) Dead load + imposed load + wind or earthquake load, c¢) Dead load + wind



or earthquake load, and d) Dead load+ erection load. The effect of wind load and earthquake
loads shall not be considered to act simultaneously. The load combinations are outlined in
detail in CI. 3.5 of IS 800:2007.

Table 4 Partial Safety Factors for Loads, Y, for Limit States
(Clauses 3.5.1 and 5.3.3)

Combination Limit State of Strength Limit State of Serviceability
- o A -
“DL LL" WLEL AL DL LL" WL/EL
— A
r ™ ~ ™
Leading  Accompanying Leading  Accompanying
] (2) 3) (4) (5) ) () 8) (9) (10)

DLALLACL 1.5 1.5 1.05 — — 1.0 1.0 1.0 -
DL+LLACL+ 1.2 1.2 1.05 0.6 = 1.0 08 08 08
WL/EL 1.2 1.2 0.53 12
DL+WL/EL 1.5 (0.9)" — . 1.5 — 10 — — Lo
DL+ER 1.2 L2 == =S —_— — — s =

0.9)"
DL+LL+AL 1.0 0.35 0.35 — 10 — e e =

"When action of different live loads is simultaneously considered, the leading live load shall be considered to be the one causing the
higher load effects in the member/section,

" This value is to be considered when the dead load contribules to stability against overturning is critical or the dead load causes
reduction in stress due to other loads.

Abbreviations:

DL = Dead load, LL = Imposed load (Live loads), WL = Wind load, CL = Crane load (Vertical/Horizontal), AL = Accidental load, ER =
Erection load, EL = Earthquake load.

NOTE — The effects of actions (loads) in terms of stresses or stress resultants may be obtained from an appropriate method of analysis
asin 4.

8. Explain limit state of serviceability and limit state of collapse briefly.
Answer:

The most important limit states which are considered in design as are follows:
(i) Limit state of collapse.
(i) Limit state of serviceability

Limit State of Collapse

This limit state is also called as strength limit state as it corresponds to the maximum
load carrying capacity i.e., the safety requirements of the structure. The limit state of
collapse is assessed from collapse of the whole or part of the structure. As per this
limit state, the resistance to bending, shear, torsion and axial loads at every section
shall not be less than that produced by the most unfavorable combination of loads on
that structure. The following limit states of collapse are considered in design:

(i) Limit state of collapse in flexure (bending)
(i) Limit state of collapse in compression

(i) Limit state of collapse in shear



(iv) Limit state of collapse in torsion.

Limit State of Serviceability

A structure is of no use if it is not serviceable. Thus, this limit state is introduced to
prevent excessive deflection and cracking. It ensure the satisfactory performance of
the structure at working loads. It is estimated on the basis of elastic theory or working
stress method because deformation is of significance under working load and not at
collapse. Limit state of serviceability of following limit states:

(i) Limit state of deflection
(i) Limit state of cracking
(i) Limit state of vibration

The structure should be designed which considering all the appropriate limit state of
safety and serviceability and on the basis of most critical limit state and then checked
for all other limit states.

9. What are the factors to be considered in mechanical properties of structural steel?
Answer:

Steel derives its mechanical properties from a combination of chemical composition, heat
treatment and manufacturing processes. While the major constituent of steel is iron, the
addition of very small quantities of other elements can have a marked effect upon the
properties of the steel. The strength of steel can be increased by the addition of alloys such
as manganese, niobium and vanadium. However, these alloy additions can also adversely
affect other properties, such as ductility, toughness and weldability .

Minimizing the sulphur level can enhance ductility , and toughness can be improved by the
addition of nickel. The chemical composition for each steel specification is therefore carefully
balanced and tested during its production to ensure that the appropriate properties are
achieved.

The alloying elements also produce a different response when the material is subjected to
heat treatments involving cooling at a prescribed rate from a particular peak temperature.
The manufacturing process may involve combinations of heat treatment and mechanical
working that are of critical importance to the performance of the steel.

Mechanical working takes place as the steel is being rolled or formed. The more steel is
rolled, the stronger it becomes. This effect is apparent in the material standards, which tend
to specify reducing levels of yield strength with increasing material thickness.

The effect of heat treatment is best explained by reference to the various production process
routes that can be used in steel manufacturing, the principal ones being:

= As-rolled steel

= Normalized steel

= Normalized-rolled steel

= Thermomechanically rolled (TMR) steel
= Quenched and tempered (Q&T) steel.

Steel cools as it is rolled, with a typical rolling finish temperature of around 750°C. Steel that
is then allowed to cool naturally is termed 'as-rolled' material. Normalizing takes place when
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as-rolled material is heated back up to approximately 900°C, and held at that temperature
for a specific time, before being allowed to cool naturally. This process refines the grain size
and improves the mechanical properties, specifically toughness. Normalized-rolled is a
process where the temperature is above 900°C after rolling is completed. This has a similar
effect on the properties as normalizing, but it eliminates the extra process of reheating the
material. Normalized and normalized-rolled steels have an 'N' designation.

The use of high tensile steel can reduce the volume of steel needed but the steel needs to
be tough at operating temperatures, and it should also exhibit sufficient ductility to withstand
any ductile crack propagation. Therefore, higher strength steels require improved toughness
and ductility, which can be achieved only with low carbon clean steels and by maximizing
grain refinement. The implementation of the thermomechanical rolling process (TMR) is an
efficient way to achieve this.

Thermomechanically rolled steel utilises a particular chemistry of the steel to permit a lower
rolling finish temperature of around 700°C. Greater force is required to roll the steel at these
lower temperatures, and the properties are retained unless reheated above 650°C.
Thermomechanically rolled steel has an 'M' designation.

The process for Quenched and Tempered steel starts with a normalized material at 900°C. It
is rapidly cooled or 'quenched' to produce steel with high strength and hardness, but low
toughness. The toughness is restored by reheating it to 600°C, maintaining the temperature
for a specific time, and then allowing it to cool naturally (Tempering). Quenched and
tempered steels have a 'Q' designation.

Quenching involves cooling a product rapidly by immersion directly into water or oil. It is
frequently used in conjunction with tempering which is a second stage heat treatment to
temperatures below the austenitizing range. The effect of tempering is to soften previously
hardened structures and make them tougher and more ductile.

10. What are special features of limit state design method compare to other methods
of design of steel structures?

Answer:
Limit state design has advancement over the traditional design philosophies. It considers the

safety at the ultimate load and serviceability at the working load, sort of extension of the
WSM and ULM.

“Limit state is the state of impending failure, beyond which a structure ceases to perform its
intended function satisfactorily, in terms of either safety or serviceability.”

Unlike WSM which based calculations on service load conditions alone, and unlike ULM,
which based calculations on ultimate load conditions alone, LSM aims for a comprehensive
and rational solution to the design problem, by considering safety at ultimate loads and
serviceability at working loads.

The LSM philosophy uses a multiple safety factor format which attempts to provide adequate
safety at ultimate loads as well as adequate serviceability at service loads, by considering all
possible ‘Limit State’.

A limit state is a state of impending failure, beyond which a structure ceases to perform its
intended function satisfactorily, in terms of either safety of serviceability i.e. it either

collapses or becomes unserviceable.There are two types of limit states:



Ultimate limit states (limit states of collapse):- which deal with strength, overturning, sliding,
buckling, fatigue fracture etc.

Serviceability limit states: — which deals with discomfort to occupancy and/ or malfunction,
caused by excessive deflection, crack width, vibration leakage etc., and also loss of

durability etc.

11. Which of the following is advantage of HSFG bolts over bearing type bolts?
a) joints are not rigid
b) bolts are subjected to shearing and bearing stresses
c) high strength fatigue
d) low static strength

Answer: c

12. Tacking fasteners are used when
a) minimum distance between centre of two adjacent fasteners is exceeded
b) maximum distance between centre of two adjacent fasteners is exceeded
¢) maximum distance between centre of two adjacent fasteners is not exceeded
d) for aesthetic appearance

Answer: b

13. Strength of bolt is
a) minimum of shear strength and bearing capacity of bolt
b) maximum of shear strength and bearing capacity of bolt
c) shear strength of bolt
d) bearing capacity of bolt

Answer: a

14.The types of welded joints does not depend on
a) size of members connected at joint
b) type of loading
c) area available for welding
d) size of weld

Answer: d

15. The design nominal strength of fillet weld is given by
a)f,
b) V3 f,
c) .3
d) f,/(1.25 x V3)

Answer: ¢



16. Which of the following is not true regarding effective throat thickness of weld?
a) Effective throat thickness should not be less than 3mm
b) It should not exceed 0.7t or 1t, where t is thickness of thinner plate of elements
being welded
c) Effective throat thickness = K x size of weld, where K is a constant
d) Effective throat thickness = K x (size of weld)? , where K is a constant

Answer: d

17. A lap joint consists of two plates 200 x 12 mm connected by means of 20 mm
diameter bolts of grade 4.6. All bolts are in one line. Calculate strength of single
bolt and no. of bolts to be provided in the joint.

W \ | UM
0

Y.

Solution:
Given

Nominal diameter of bolt = 20 mm

Net area of bolt at thread (A,,) = 0.78 x % x d?

-0.78 x = x 202
4
A = 245.04 mm?

For fe 410 grade steel plate (assumed)

Ultimate stress for plate f, = 410 N/mm?

For 4.6 grade of bolt

Ultimate stress for bolt (f.) = 4 x 100 = 400 N/mm?
Yield stress for bolt (fys) =400 x 0.6 = 240 N/mm?

Now find design shearing strength of bolt (Vdsb)
we know that

Vdsb = _fub [hax Anp + N, + AL

-\/§ ><\’(mb
Here number of shear plane with threat intercepting the shear plane n, = 1
Number of shear plane without thread intercepting the shear plane n, = 0

Viw= 200 114243.04+0]
J3x1.25

Ymb = partial factor of safety for bolt material = 1.25
Vi = 45.27 x 10°N



Now find design bearing strength of bolt (V)
Vdph=25x|<bx(dx‘l')x fy

Ymb
Here coefficient k is minimum of
e P o5t
1) 3dn 3dn 0.25, F 1
(a) Diameter of hole (dh) = Nominal diameter + 2

=20+2=22mm
(b) End distance (e) = 2d = 2 x 20 = 40 mm
(c) Pitch (p)=25d
= 2.5 x 20 = 50 mm
e 40

(i) 3dh - 322 - 0.606
(ii) % _0.25= 3322 _0.25 = 0.507
(i) % 498 09754
(iv) 1
Hence Kb = 0.507 mm ... Take minimum value

Now find design bearing strength of bolt (V)
.F
=25 xKbx (dxt)x L

r|mb

= 25 x 0.507 x (20 x 12) x 10

1.25

Vgen = 99.77 x 10° N



Now find bolt value i.e. strength of bolt
Bolt value = minimum strength between shearing & bearing strength of

bolt i.e. minimum between V., & Vg
= 4527 x 10°N

Full strength of member =0.9 x ]:'_U x Area of plan

~ 0.9x410
1.25
630.54 x 10° N

(250 — 1 x 22) x 12

Full strength of plan
No of bolts = full strongth of plate
Bolt value
_ 630.54x10°
45.27x10°
13.92 Say 14 Nos

18. Design the Lap joint for the plates of sizes 100 x 16 mm and 100 x 10 mm thick
connected so as to transmit a factored load of 100 kN using single row of 16 mm
diameter bolts of grade 4.6 and plate of 410 grade.

Solution: Given
fu= 410 N/mm? f,, = 400 N/mm?
d =16 mm do = 18mm
Vi = 1.25 P, = 100 kN
Strength of bolt:
Since it is lap joint bolt is in single shear, the critical section being at the root of bolt.

Ap= 078xZxd?
4

=0.78><%><162 =156.82

Design

strength of bolt in shear
ie. Vdsb < Fub (MANB+n Ay )

3 rmb

=@w = 29.006 x 10° N

J3 125
~Vdsh =29N
. No. of bolts required = VcPi:b :%

= 3.4 =4 No.

No. of bolts required = 4 ne.
Arranging bolts in single rows

Equating tensile capacity per pitch length
FLI
rmy

Tdn= 0.9

(P—do)-t



410
29 x10°= 0.9~ (P-18)x10
7 7 qa5 P 18)

29x10% <125
0.9x410x10

=2782 <25xd =25x16
=40

Al
J+1s

~> Provide pitch P = 40 mm

and edge distance = 17 x do [for rough edge]
=17 x 18
=30.6=30

kb is smallest of

i) & . 30 =0.56 Y
3do 3x18

B P _ 40

ii) E-0.25 TR Min. Value

=049 =049

..., Fub _400

FW 2% - 0975
W) Fo a0 7
(iv) 1

Hence Kb = 0.49
. Design bearing strength
Vdsh = Vnpb : 25xkbdt F,
rm rmb
_25x0.49x16x10x 410
) 1.25
= 64288 N = 64.29 kN

Vdsb = 64.29 kN » 29 kN
- Ok no revision is required

Check for the strength of plate
_ 0.9An Fu _0.9x(100-2x18)x10 410
T rm 1.25
=188.93 kN > 1I0kN
safe
Provide 4-16 mm ¢ bolts of 40mm

Pitch with edge distance of 30 mm as shown in fig.

Tdn

Jo i
| ++ 4 4 A
, I.z.l.o 1-4-1" 4o 20 :  leton ¢
| T e T T Lo ( plae
1 F . e
I 4w

i
fig shong connechn ) Loy join!



19. State types of bolted joints and types of failure in case of bolted joints.
Answer:

i)

Types of bolted joint
(a) Lap Joint
¢ Single line bolting
« Double line bolting

(b) Butt Joint
« Single cover Butt joint
+ Double cover Butt joint

i) Failure of Bolted joint
(a) Failure of plate
* By tearing of plate (shear failure)
* By tensile failure of plate

* By bearing of plate

(b) Failure of bolt
s By shear failure of bolt
* By fensile failure of bolt
s By bearing failure of bolt

20. State various advantages of welded joints and disadvantages of bolted joints.
Advantages of Welded Joints
1) The welded structures are usually lighter than riveted structures. This is due fo the
reason, that in welding, gussets or other connecting components are not used.
The welded joints provide maximum efficiency (may be 100%) which is not possible in
case of riveted joint.
Alterations and additions can be easily made in the existing structures.
As the welded structure is smooth in appearance, therefore it looks pleasing.

2)

3)
4)

5)
6)
7)
8)

9)

In welded connections, the tension members are not weakened as in the case of riveted
Joints.

A welded joint has a great strength. Often a welded joint has the strength of the
parent metal itself.

Sometimes, the members are of such a shape (i.e. circular steel pipes) that they afford
difficulty for riveting. But they can be easily welded.

The welding provides very rigid joints. This is in line with the modern trend of providing
rigid frames.

It is possible fo weld any part of a structure at any paint. But riveting requires enough
clearance.

10) The process of welding takes less time than the riveting.

Disadvantages of bolted joints :

1)

2)
3)
4)
5)
6)
7)
8)

Due to holes made in members to be connected, tensile strength of the members is
reduced.

Rigidity of joint is affected due to loose fit.

Deflection may increase due to affected Rigidity of joint

Nuts are likely to loose due to moving load vibration.

Bolted structures are heavier than welded structure due to use of connecting angles.
Circular section can not be bolted.

It is not possible o get 100% efficiency in case of belted connection

Problem may arise in case of mismatching of holes.



21. List the values of partial safety factor for material strength in case of resistance by
yielding, buckling and ultimate stress in bolted connection.

Answer:
Descriptions Partial safety Factor
1 Resistance governed by yielding ry. 1.10
2 Resistance of member to buckling ry, 1.10
3 Resistance governed by ultimate stress ry 1.25
4 Bolted connection in friction and Bearing r.: | 1.25 [shop and field fabrication]
and r,.s

22.Explain what do you mean by shear lag?

Answer:

While transferring the tensile force from gussel plate to tension member through one leg
by bolts or welds, the connected leg of section (such as angle, channel) may be subjected to
more stress than the outstanding leg and finally the stress distribution becomes uniform
over the section away from the connection. Thus one port behind the other is called as
shear lag.

The tearing strength of an angel section connected through one leg is affected by shear lag
also. Thus, the design strength, Td, governed by tearing at net section is given by

Td.=0.9 Anc fu +p Ago fy
vm, vm,
Where p= 14 = 0.076% « 7Y s
¥ fm Le
bs = Shear log width as shown in fig

_t

0

Fig: Shear leg width



23. A discontinuous compression member consists of 2 ISA 90 x 90 x 10 mm
connected back to back on opposite sides of 12 mm thick gusset plate and
connected by welding. The length of strut is 3 m. It is welded on either side.
Calculate design compressive strength of strut.

For ISA 90 x 90 x 10, Cxx = Cyy = 25.9 mm Ixx = lyy = 126.7 x 104 mm4, rzz = 27.3
mm values of f.q are

KL/r 90 100 110 120
foq (N/mm?) 121 107 94.6 83.7
Solution:

(i) raz=27.3 mm (Due to symmetry @ zz axis)
(i) I, = 2[Ty + A-h?]
= 2[126.7 « 10* + 1703 (25.9 + 12/2)°]

(A is calculated by calculating Area of both leg separately and then adding them)
o I, = 5999979 mm*

= /I [5999979
(iii) = ryy = | = /Z———— = 41.97 mm
A 2x1703

Pmin = Minimum of r;; and ry,
Prin = 7.3 MM
J

i.\-/_' min

(iv) For discontinuous double angle, effective length
KL = 0.85L = 0.85 x 3 = 2.10 m = 2100mm

KL 2100
SR == *573 76.92

mun



KL/r (SR) fed

70 152
80 136
Hence,
fed ,—fed
fed=fed ———1—2
c cd SR, ~ SR
152 -136
de =f52 —m(76.92—70)

fcd =140.928 N/mm?

(v) Design compressive Strength
Pd= fcd x Ag
Pd = 140.928 x (2 x 1703)
Pd = 480 x 10° N
Pd = 480 kN

24.Check whether ISMB250@37.4 kg/m is suitable or not as a simply supported beam
over an effective span of 6 m. The compression flange of beam is laterally
supported throughout the span. It carries udl of 15 kN/m (including self wt.).
Properties of ISMB 250 are bf = 125 mm, tf = 125 mm, tw = 6.9 mm, Ixx =
5131.6x104 mm4, Zxx = 410x103 mm3, r1 = 13.0 mm, Z,, = 465.71 x 10° mm3, Ymo =
1.1, B, = 1 and fy = 250 MPa.

Solution:

(i) Loads and factored BMS
w = 15kN/m
Factored udl, wd = 15 x 1.5 = 22.5 kN/m

wd.le? _225x 6°

Factored BM, Md =

8 8
=101.25 kN/m
Factored S.F. Vd = w‘i;’e = 22'2 MO 7 b

(ii) Plastic modulus of section required
Md.y,, 101.25x10° x1.1
fy 250
= 4455 x 10° mm?>
Z, reqd. < Zp avil (=465.71 x 10° mm?)

Z, reqd. =

(iii) Classification of beam section
d=h-2(f; +v,) = 2560 - 2(12.5 + 13)

=199 mm
125
bh _ 2 _ §
% TiE T 50 <94
. 198 _ossss <67
tw 6.9
bh d . e .
As = T 9.4 and = = 67 . Section classification is plastic



(iv) Check for shear

vd b *etwih OR 0525 fy.twh
r=-t——— . y.tw.
Tmo 3
_250%6.9%250 _ 50040
1.1x+3
- 226.35 KN > Vd (=67.5kN)
Also, V_d = 67.5 =0.298 < 0.6
vdr 226.35

- Check for shear is satisfied.

(v) Check for deflection
L
300
6000
" 300
= 20 mm
g -0 W
"X " 384 FI
_5 15 x 6000*
384 2.10° x5131.6 x10*

Dallowable =

AS E‘ms:tx > 6nf|owabfe
. Deflection check is not O.K.

Hence, ISMB 250 is not a suitable section for given loading and span

25. State types of bolted joints and types of failure in case of bolted joints.
Answer:

i) Types of bolted joints
(a) Lap Joint
e Single line bolting
e Double line bolting

(b) Butt Joint
¢ Single cover Butt joint
e Double cover Butt joint

ii) Failure of Bolted joint
(a) Failure of plate
¢ By fearing of plate (shear failure)
e By tensile failure of plate
¢ By bearing of plate



(b) Failure of bolt
o By shear failure of bolt
* By tensile failure of bolt
* By bearing failure of bolt

26. Draw sketches of Howe type and Pratt type truss showing pitch, rise, panel point,
panel, principal rafters and all members in one of the above types.

Answer:
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27. Sketch different sections used as built-up strut and built-up column.
Answer:

Built-up strut
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Built-up columns

28. State with a sketch the effective length for a compression member as per IS 800 -
2007 having end conditions as
(i) Translation restrained at both ends and rotation free at both ends
(if) Translation and rotation restrained at both ends

Answer:

(i) Translation restrained at both ends and rotation free at both ends

Restrained Free Restrained Free | 1.0L

(ii) Translation and rotation restrained at both ends

Restrained Restrained Restrained Restrained ! 0.65L




29. State the function of lacing and battening.

Answer:

1. Function of lacing
e To connect the different components of built up column together so that they will
act as one unit
¢ To keep the distance between two components of built up column uniform and
constant.
e To keep the distance between two components of built up column uniform and
constant.

2. Function of battening

e The batten is placed opposite to each other at each end of the member and at
points where the member is proportioned uniform throughout.

¢ When battens are used effective length of column should be increased by 10%

e Battens shall be designed fo carry the bending moments and shear forces arising
from fransverse shear force equal fo 2.5 percent of the total axial force on the
whole compression member, at any point in the length of the member, divided equally
between parallel planes of battens.

30. Limiting width to thickness ratio for single beam section of plastic class is 9.4 and
d/tw = 84. State whether ISMB 500 @ 852 N/m is of plastic class or not. For ISMB
500; h =500 mm, bf =180 mm, tf = 17.2 mm, tw =10.2 mm, r1 = 17.0 mm, fy = 250
MPa.

Solution:
L.y 8.4 ¢ .. For class -1 (plastic)
bf ~ " i
Given section is ISMB500
|’1 = 500
& bf = 180
h 500
e B Z2T 84 B
bf 180 e
but ¢ = Zfﬂ
y
_ [250
“\250
g=1
3 L =278<84x1
o feog 8- ;

=278 <84 .. hence the class is plastic



31. Which of the following statement is correct?
a) angles placed on same side of gusset plate produce eccentricity about one plane
only
b) angles placed on same side of gusset plate produce eccentricity about two planes
c) angles placed on opposite side of gusset plate produce eccentricity about one
plane only
d) angles placed on opposite side of gusset plate produce eccentricity about two
planes

Answer: a

32. Which of the following is true about built up section?
a) Built up members are less rigid than single rolled section
b) Single rolled section are formed to meet required area which cannot be provided
by built up members
c) Built up members can be made sufficiently stiff
d) Built up sections are not desirable when stress reversal occurs

Answer: C

33.What is the maximum effective slenderness ratio for members always in
tension?
a) 400
b) 200
c) 350
d) 150

Answer: a

34. The design tensile strength of tensile member is
a) minimum of strength due to gross yielding, net section rupture, block shear
b) maximum of strength due to gross yielding, net section rupture, block shear
c) strength due to gross yielding
d) strength due to block shear

Answer: a

35. Which section to be considered in the design for the net area of flat?

a) 1-5-6-3
b) 2-7-4

c) 1-5-7-4
d) 1-5-7-6-3
Answer: d
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36. What is the net section area of steel plate 40cm wide and 10mm thick with one
bolt if diameter of bolt hole is 18mm?

a) 38.2 cm?
b) 20 cm?

c) 240 mm?
d) 480 mm?

Answer: a

37.Which of the following is property of compression member?
a) member must be sufficiently rigid to prevent general buckling
b) member must not be sufficiently rigid to prevent local buckling
c) elements of member should be thin to prevent local buckling
d) elements of member need not prevent local buckling

Answer: a

38. Which of the following is true about tubular section?
a) tubes have low buckling strength
b) tubes have same radius of gyration in all direction
c) tubes do not have torsional resistance
d) weight of tubular section is more than the weight required for open profile sections

Answer: b

39. Effective length of compression member is
a) distance between ends of members
b) distance between end point and midpoint of member
c) distance between points of contraflexure
d) distance between end point and centroid of member

Answer: C

40.What is slenderness ratio of compression member?
a) ratio of effective length to radius of gyration
b) ratio of radius of gyration to effective length
c) difference of radius of gyration and effective length
d) product of radius of gyration and effective length

Answer: a

41. Which of the following is true?
a) built up column lacings or battens are uneconomical if load carrying members
permit greater reduction in weight than what is added by lacing or batten



42.

43.

44,

45,

46.

b) built up column lacings or battens are economical if load carrying members permit

greater reduction in weight than what is added by lacing or batten
c) no related shear stress force in plane of cross section

d) built up column designed as axially loaded column can never be eccentrically
loaded

Answer: b

Which of the following is true?

a) in case of rolled section, less thickness of plate is adopted to prevent local
buckling

b) for built-up section and cold formed section, longitudinal stiffeners are not
provided to reduce width to smaller sizes

c) local buckling cannot be prevented by limiting width-thickness ratio

d) in case of rolled section, high thickness of plate is adopted to prevent local
buckling

Answer: d

What are laterally restrained beams?

a) adequate restraints are provided to beam

b) adequate restraints are not provided to beam
c) economically not viable

d) unstable beams

Answer: a

Critical bending moment capacity of a beam undergoing lateral torsional
buckling is a function of

a) does not depend on anything

b) pure torsional resistance only

c) warping torsional resistance only

d) pure torsional resistance and warping torsional resistance

Answer: d

Which of the following statement is not correct?

a) Hollow circular tube has more efficiency as flexural member
b) Hollow circular tube has lesser efficiency as flexural member
c) It is the most efficient shape for torsional resistance

d) It is rarely used as a beam element

Answer: a

Which of following statement is correct?

a) elastic buckling stress may be decreased by using longitudinal stiffeners
b) elastic buckling stress may be decreased by using intermediate stiffeners
c) elastic buckling stress may be increased by using intermediate transverse



stiffeners
d) elastic buckling stress is not affected by intermediate or longitudinal stiffeners

47. Structural members subjected to bending and large axial compressive loads
are known as
a) Strut
b) Purlin
c) beam-column
d) lintel

Answer: c

48. Which of the following assumptions were not made while deriving expression
for elastic critical moment?
a) beam is initially undisturbed and without imperfections
b) behaviour of beam is elastic
c) load acts in plane of web only
d) ends of beam are fixed support

Answer: d

49. The web is susceptible to shear buckling when d/t,,
a) <67¢
b) < 2x67¢
c) >67¢
d) < 70¢

Answer: C

50. Find the value of permissible stress in axial tension (o) for fy = 250 MPa. State
why unequal angles with long legs connected are more efficient?

(i) 6at=0.60 x fy
= 0.60 x 250
6at = 150 N/mm*
(ii) Generally longer legs are connected in case of unequal angle section because of the
following reason.
Consider angle is connected in the following manner as shown in fig
2.5
\me-‘x. >

N

In the shorter leg is connected to gusset plate, then the bending stress induced in the

section is large due to outstanding longer kg, because of which the stress distribution in
the section is no—uniform and hence it may lead to fracture of the member prematurity



51. Design a tension member consisting of single unequal angle section to carry a
tensile load of 340 kN. Assume single row 20 mm bolted connection. The length of
member is 2.4 m. Take fu =410 MPa, a =0.80

Section available (mm) | Area (mm?)
ISA 100 x 75 x 8 1336
ISA 125 x 75 x 8 1538
ISA 150 x 75 x 8 1748

Solution:
(A) Appropriate gross area required

Reqd Ag= LI‘?TGQ
4

_1L1x340x10°
B 250
=1496 mm?

Try 15A 125 x 75 x 8 mm giving Ag = 1538 mm* r,;, = 16.1 mm. Assuming longer leg
connected, check the strength of the section

i) Design strength due to yielding of gross section
Agxfy
r

mo

1538 %250
110
= 349545 4N
Tag = 349.54 kN

Tag =

ii) Design strength due rupture of critical section

* 4 h—=d+2 —10+2=22m
Iy T
%
Tdn = aAnI—U
r'ml
An= Anc+ Ago

Anc= (B, —d —t/2)xt
(12522 -8/2)x8

Anc = 792 mm©

Ago = (B,—t/2)t

=(75-8/2)8
= 568mm?
An = Anc + Ago

An =792 + 568
An = 13602 mm?



Considering more than four bolt's ina raw o = 0.8

0.8 <1360 x 410
1.25
Tdn = 356.864 kN
Design of bolts
Capacity of bolts in single shear = 45. 3 KN
Capacity of bolt in bearing = 20 x 8 x 410 x 107
= 65.6 kN
least bolt value = 45.3 kN (min of fwo above)

= /5 say 8

Tdn =

Number of bolts required = 340
453

: Y

| !
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[ Lvyg - 390 My

Assuming edge dist” = 40mm

9 = 60mm

Spacing of bolts = 50mm

Avg =

Avg =

Lvg x t = 390 x 8 = 3120mm?

3120 mm?

Avn = {Lug — [No. of bolts - 0.5 dh} }x‘r
Avn = {390 -[(8-05)22] | =8 = 1800mm?
Avn = 1800mm?

Atg =
Atg =

LTng:65x8:500mm2
520 mm?

Atn = (65—[0.5x22))x8
Atn = 432 mm?

Tdb; = Avgfy /(\/5 x-ymc)+0.9A‘rnfu/ym1

Tdb;,

410
1.25

=3120x250/ (\f_ x 1.10) +0.9x432 x

409393.8 + 127526 .4
5369202 N
536.92 kN



Tdb, = 424.962 kN
Tdb = lesser than Tdb; and Tdb, = 424.96 kN

. The tensile strength of angle = lesser of Tag, Tdn and Tdb
(349.54, 356.86 and 426.96)
= 349.54 kN
This is greater than required 340 kN
L 2400
Mnin _m
149.06 < 250

Check for slenderness ratio A =

52. A hall of size 12m x 18m is provided with Fink type trusses at 3 m c/c. Calculate
panel point load in case of Dead load and live load from following data.

a. Unit weight of roofing = 150 N/m?
b. Self-weight of purlin = 220 N/m?
c. Weight of bracing = 80 N/m?

d. Riseto spanratio =1/5

e. No. of panels =6

Solution:

(A) Span of truss =12 m
Spacing = 3m /c/c
Types of truss = sink
No. of panel point = 6

span

5

12
== =24
5 m

Rise =

. =,

_ 4 Risc) . ﬁ] _ .
0 = tan [—L/?_‘/ = tan & =21.80

Calculation of dead load
(i) Weight of roofing = 150 N/m?*
(i) Weight of Purlin = 220 N/m?

(iii) Weight of truss = [%+5 x 10

= 90 N/m?
(iv) Weight of bracing = 80 N/m?

Total dead load = 540 N/m?

Total dead load on one truss = 540 N/m?
=540x12x 3
= 19.44 kN

Dead load on each panel point = e =3.2H kN




D on end panel point = %
= 1.62 kN
Live load calculation
L.L. on purlin =750 — (0 - 10) x 20)
= 750 — [2180 - 10) x 20]
= 514 N/m? > 400 N/m?
LL of truss =2/3 x 514 = 342.67 N/m®
- Total L. L. = L.L. of truss x span x spacing
= 34267 x12 %3
= 12336 N

12336

L.L. m each panel = = 2056 N

L.L. m end panel = @ = 1028 N

53. An industrial building has trusses for 14 m span. Trusses are spaced at 4m c/c
and rise of truss in 3.6m. Calculate panel point load in case of live load and wind
load using following data :

Coefficient of external wind pressure =- 0.7

Coefficient of internal wind pressure =+ 0.2

Design wind pressure = 1.5 kPa

Number of panels = 08

oo o

(A) Span of frus = 14m
Spacing of fruss = 3.6 m
No. of panels = 8

Design wind pressure = 1.5 kpa
= 1.5 x 10° N/m?
" Rise 3.6
6=t -1 =
an \Span/E} 1472
.. B8=27.22°
Wind load calculation

Coefficient of external wind pressure
Cpe = -0.7

=27.22°

Coefficient of internal wind pressure
Cpi = =02

Total wind press = [Cpe — Cpi] x P,

Wind load combination
i) w.c=[-0.7 - (0.2)] x 1500 = 750 N/ m?
i) w.c=[-0.7 - (+0.2)] x 1500 = 1350 N/m*

Max. intensity = —1350 N/m?
_— L/2
Length le dafter = ———
ength of principle dafter 056
- [1412]
cos 27.22



Length of principle dafter = 7.87 m
"+ Sloping area = 2 x 7.87 x 4

= 6296 m*
-+ Total wind load = Max. infensity x sloping area
= 1350 x 62.96
= 84996 N
Wind
"+ load an each panel = 84%296
wind load on end panel = -10624.5 N
wind load on end panel = %
=5312.25 N

Live load calculation

Live load on purlin = 750 - [(6 - 10) x 20]
=750 -[(27.22 - 10) x 20]
= 405.6 x 4v N/m?
Hence ok

L.L. on truss
= 2/3 x 405.6
270.4 N/m®
L.L. infensity x Span x spacing
2704 x 14 x 4
= 151424 N

Total L.L

TL
No. of Panel
15142 .4

8
1892.8 N = 1.892 kN

- load on each panel =

1892.8
2
= 946.4 N=0.926 kN

and load on end panel

54.Design a slab base for column ISHB 400 @ 82.2 kg/m to carry factored axial
compressive load of 2000 kN. The base rests on concrete pedestal of grade M20.
For ISHB 400, bf = 250 mm, fy = 250 MPa, fu = 410 MPa, yn, = 1.1, tf =12.7 mm.

Solution:
(A) Given
Factored load pu = 2000 kN
= 2000 x 10° N
Fck = 20
D = 400
B =250 iebf
11
12.7
250 N/mm?

Vmo

1f
fy



Bearing Strength of conc
= 0.6 fek
= 0.6 x 20 = 12 N/m°m

Bearing area of base plate

_ Pu
" Bearing strengthof conc
3
A-= w = 166.67 x 16°
Size of base plate
length of plate
) 2
D-B D-B
Lp = — | +A
P )
2
_ 400 250 - 400 2501 +1666.67 x10°
2 2 )
= 490.08 = 500
A 166.67 x10°
= — = ——— "~ =-33334 =350
T 500
Larger Projection
_(Lp—p) _500 400 _
c—[ > .-l_ 5 = 50 mm
Smaller Projection
- l Bp-B| . 350 -250 Y

2 ) 2

Area of base plate
Ap = 500 x 350 = 175 x 10°

Ultimate Pressure from below m the

Slab base
_ Pu 2000 x 10°

w = = = 1142 N/mm?'
A 175 x10°

Thickness of slab base
; J2,5w{a2 - 0.3b% |vm,

fy
\)2.5 %11.42(50° ~ 0.3 x50°) x1.10
) 250
= 14.82 mm > tf le. k-7
=15 mm

Hence provide slob base plate having dimension
500 x 350 = 15



55. Write steps to calculate the thickness of base plate used in slab base. Why anchor
bolts are used in slab base?

Answer:
Design steps to find thickness
1) To calculate area (A) of base plate
A = Column load/Bearing strength
Bearing strength of concrete = 0.6 f

2) Select the size of base plate.
L, & B, be the sizes of plate
D = length or longer length
B = width or shorter side of the column

Consider square plate

L (D23J+\/H(DZB)F+A}

A

L,

Large projectiona =

Br

Shorter projection b =
Area of base plate provided = Ly x B = (D + 2a) x (B + 2b)

3) Calculate ultimate bearing pressure
P

i, [1 mark]
(L xB)
4) Calculate thickness of base plate
’ 0.5
2 2)
s “ 25xw(a 1c0.3><1:> ru (L mark]
Y

Function of anchor bolt : To connect concrete pedestal and base plate anchor bolts are
used.



56. Differentiate between Laterally supported and unsupported beams with a neat
sketch.

Laterally supported beam Laterally unsupported beam

1) |\In laterally supported beam, compression |In laterally unsupported beam,

flanges are embedded in concrete. compression flanges are not embedded in
concrefe.

2) |Compression flange of Beam is restrained |Compression flange of Beam is free for
against rotation rotation.

3) |Lateral deflection of compression flange |Lateral deflection of compression flange
is not occur. is occur.

4)

Laterally supported.(it means compression
flange is restrained) Laterally unsupported.

57. Define Gusseted base. Also draw its labelled sketch showing all details.

Answer:

Definition
When the load on column is large or column subjected to moment along with axial load, base
is provided called gusseted base.

It consists of base plate, gusset angle, connecting angle on either side of column.

Cover plate

— Gusset plate

“V T

P e
A HE bt

S S R, TR
-+ + -+ e oM -3

w3

Elevation

Fig. : Gusseted Base



58. How

beam sections are classified for bending as per IS : 800- 2007. Describe any two of

them.

Answer:

Classification beam:

1) Plaster or class — I 2) Compact or class — IT

3) Semi compact or class — IIT 4) Slender or class - IV

Explain in detail

1) Plastic or class — I
Cross section which can develop plastic hinge, sustain large rotation capacity required to
develop plastic mechanism are called as plastic section. These sections are unaffected by
local buckling and are able to develop their full plastic moment capacities until a collapse
mechanism is formed.

2) Compact or class — II
In compact section, the full cross section forms first plastic hinge but local buckling
prevents subsequent moment redistribution. These sections develop full plastic moment
capacities Me but fails by local buckling due to inadequate plastic hinge rotation
capacity.

3) Semi compact or class — III
In semi plastic section the extreme fibres reach the yield stress but local buckling
prevents the development of plastic moment resistance.

4) Slender or class — IV

The slender section cannot attain even the first yield moment because of premature
local buckling of web or flange.

59. A simply supported beam of 6 m span supports on R. C. C. slab where in compression
flange is embedded. The beam is subjected to a dead load of 25 kN/m and super imposed
load of 20 kN/m, over entire span. Calculate plastic and elastic modulus required.

Assu
Solut

1)

2)

3)

4)

me ri= 1.5, ym= 1.1 fy= 250 N/mm?.
ion:
Calculation of factored load
Dead load = 1.5 x 25 = 37.5 KN/m
Live load = 1.5 x 20 = 30 KN/m

Calculate Maximum bending moment and shear force.

BM. = wLs . wL® - 37.5x6° . 30x6°

8 8 8 8

WL+WL: 37‘5><6+30><6
2 2 2 2

= 303.75 KN.m

SF. = = 202.5 KN.m

Plastic modulus

M <r 303.75x10° x1.1
Zo = mo _ = 1.3365 x 10° mm?
F f 250 mm

Y
Elastic modulus

&
Z. = Z__13365x10° _ 147536 « 10% mm?
114 1.14




60. Which of the following are true about roof trusses?

a) principal rafter are compression members used in  buildings
b) principal rafter is  bottom chord member  of  roof  truss
C) struts are compression members used in roof trusses
d) struts are tension members used in roof trusses

Answer: ¢

61. Which of the following is not aload on columns in buildings?
a) load from floors
b) load from foundation
c) load from roofs
d) load from walls

Answer: b

62. What are loads on columns in industrial buildings?
a) wind load only
b) crane load only
¢) wind and crane load
d) load from foundation

Answer: ¢

63. Which of the following assumptions is correct for plastic design?
a) material obeys Hooke’s law before the stress reaches f,
b) yield stress and modulus of elasticity does not have same value in compression
and tension
¢) material is homogenous and isotropic in both elastic and plastic states.
d) material is not sufficiently ductile to permit large rotations

Answer: ¢

64. What is plastic hinge?
a) zone of bending due to flexure in a structural member
b) zone of yielding due to flexure in a structural member
c) zone of non-yielding due to flexure in a structural member
d) zone of yielding due to twisting in a structural member

Answer: b

65. What is plastic-collapse load?
a) load at which sufficient number of elastic hinges are formed
b) load at which sufficient number of plastic hinges are not formed
¢) load at which sufficient number of plastic hinges are formed
d) load at which structure fails

Answer: c



66. Which of the following is true?
a) ultimate load is reached when a mechanism is formed
b) ultimate load is not reached when a mechanism is formed
c) plastic hinges are not required for beam to form a mechanism
d) frictionless hinges are not required for beam to form a mechanism

Answer: a

67.Which of the following condition is true for kinematic theorem?
a) load must be greater than collapse load
b) load must be less than collapse load
c) load must be not equal to collapse load
d) load cannot be related to collapse load

Answer: a

68. Design a suitable ‘I’ beam for a simply supported span of 3 m and carrying a dead
or permanent load of 17.78 kN/m and an imposed load of 40 kN/m. Assume full
lateral restraint and stiff support bearing of 200 mm.

(DL 17.78 kN + LL 40 kEN) / metre

M

3m _

-
- o

Solution:

Design load calculation:

factored load = ;<1778 +y, x40 kN

in this example the following load factors are chosen.

Yo and y g are taken as 1.35 and 1.50 respectively.

yip — partial safety factor for dead or permanent loads
v — partial safety factor for live or imposed loads

Total factored load = 1.35x 17.78 + 1.5 x40.0=84 kN /m
Factored bending moment = 84 x3° /8 = 94.50 kN —m
Z—value required for f,=250 MPa ; ), =1.15

7 945 % IOOUXJOOij/m
?’egd o 250

Zyeqa = 434.7 em’



Try ISMEB 250

E= =1.0 D = 250 mm

B =125 mm
t=6.9 mm
T =12.5mm
Lo = 5131.6 cm”
Iy = 334.5 cm”

Section classification:

Flange criterion = B/2T —. 3.

Web criterion =(D —2T)t = 32.61

Sinice B/2T <8.92 £ & (D-2T)/r < 82.95 &

The section is classified as ' PLASTIC

Moment of resistance of the cross section:

Since the section considered is “PLASTIC’

S f 3

Ym

Where S is the plastic modulus
‘S’ for ISMB 250 = 459.76 cm”
M. =45976 x 1000 x 250 71.15
= 99.95 [N-m = 94.5 kN-m
Hence ISMB-250 is adeqguare.in flexure.

Shear resistance of the cross section:

This check needs to be considered more importantly in beams where the
maximum bending moment and maximum shear force may occur ai the
same section simultaneousiy, such as the supporis of continuous beams.
For the present example this checking is not required. However for
completeness this check is presented.

0.6 fAy

Y
Ay =250 x6.9= 1725 mm’
P, =06x250x1725/1.15 =225 kN
F, = factored max shear = 84 x3./2 =126. kN
Fy /Py =126/225.0 = 0.50 < 0.6
Hence the effect of shear need not be considered in the moment capacity
calculation.

Check for Web Buckling:
The slenderness ratio of the web = Lg/vy, = 2.5 d/t =2.5 x 194.1/6.9

Shear capacity P, -

=70.33
The corresponding design compressive stress f. is found to be
Je =203 MPa (Design stress for web as fixed ended
column)
Sufj bearing length = 100 mm
45° dispersion length n; = 125.0 mm
Py (100 + 125.0) x6.9 x203.0
= 315.16 kN

315.16 > 126 Hence web is safe against shear buckling



Checlk for web crippling at support

Roort radius of ISMB 250 = 13 mm
Thickness of flange + roof radius = 255 mm
Dispersion length (1:2.5) n, = 2.5x255 = 63.75mm
Payp = (100+63.75) x6.9 x250/1.15

= 24563 kN> 126kN

Hence ISMB 250 has adequate web crippling resistance

Check for serviceability — Deflection.

Load factors for working loads ,,  gq Vip =10
LD

design load = 57.78 kN/m.

5x 57 78 x 30004

384x2.1x10° x5131.6x10%
= 5.65mm

S =

Max deflection

531
L
200

I
—
531
Hence serviceability is satisfied

Result :-—- Use ISMB — 250.

69. Obtain factored axial load on the column section ISHB400. The height of the
column is 3.0 m and it is pin-ended. Use fy = 250 N/mm? E = 2 x 10° N/mm2, ym=
1.15.

CROSS-SECTION PROPERTIES:

1y 3.8 m

Solution:



Flange thickness = T = 12.7mm

Clear depth between flanges = d SO0 — (127 * 2} = 3746 mm

Thickness of'web = ¢ = 10.6 mm
Flange width = 2b = 2350 mm
b = 125 mm
Self —weight = w = 0.822 kN/m
Area of cross-section = A = 10466 mm”
Fy = 166.1 mm
Py = 31.6mm
(7) Type of section:
2 = g =98<10¢e
r 127
% = 31704:66 =353<4le
where, e= 220 = 220 =1.0
f. = 250

Hence, cross- section is “"COMPACT"

(1i) Effective Length:
As. both ends are pin-jointed effective length = (. = (, = 3.0m

(iri) Slenderness ratios:
£
g, et 3000 _ 18.1
7, 166.1

£. 300
gy 000 oy
5 51.6
(1v) Values of ( ct) -
For rolied I-sections,
Inx — dirvection o, = 0.0020
In v —direction cy = 0.0035
g [E7 _oo+22 [200000
/ T 7\ 250
=17.8

) values of 1j:
n = c (il -Ap)

e = e (A — Ag) = 0.002% (181 _17.8) = 0.001

My = Oy (Ay- Ao) = 0.0035%(58.1—17.8) = 0.141



(vi) Calculation of maximum compressive stress af failure (G,):

We have,

Lyt GpLl) &

where, ¢ = >
In x-direction,
Co =2 E BT E200000_ s sirmm?
P (18.1)°
p, = 250+ (0.0014+ %6025 _ 40 >

2

-

o = 3140+1/(3140) — 250*6025 < 250

ox

= 250 N‘mm”

In yv-direction,

_xE _m° * 200000

Gy = = —— = 585 N'mm”
¥ Tk (38.17

250+ (0.141+1)585.0
¢y = 5

= 459N/mm”

Co = 4594./(459F — 250%585 < 250

; kd
= 205 N'mm~

i ; G B
Hence, Allowable axial compressive stress, 0. = 205 N/mm

Safe axial compressive stress = O¢/Vy = 205/1.15 = 178 N/mm’

(vii) Factored Load:
Factored Load — o, Ay, = 178 * 10466/1000

= 1863 kN



70. Design a simple base plate for a ISHB400 @ 0.822 kN/m column to carry a factored
load of 1800 kN. Use fcu =40 N/mm?2 ; fy = 250 N/mm2 ; ym = 1.15

ISHB 400 | 300 mm

450 mm
Solution:
Bearing strength of concrete = 0.4f, = 0.4 * 40 = 16 N/mm”

Area required = 1800%10°/16 = 112500 mm’
Use plate of 450 X 300 mm (135000 mm’)

Assuming projection of 25 mm on each side

w = (1800 * 10°) / (450 * 300) = 13.33 N'mm’

fip = 250/1.15 = 217.4 Nimm’

Hence, use 450 X 300 X 10 mm plate.

71.Check the adequacy of ISMB 450 to carry a uniformly distributed load of 24 KN / m
over a span of 6 m. Both ends of the beam are attached to the flanges of columns
by double web cleat.

24 kN/m

l ‘\ISJJB 450 I

6m >

A



Design checl:

For the end conditions given, it is assumed that the beam is simply
supported in a vertical plane, and at the ends the beam is fully
restrained against lateral deflection and rwist with, no rotational
restraint in plan at its ends.

Section classification of ISMB 450

The properties of the section are:

74 5] ¥
A = Vil
Depth, D =450 mm
Widrh, B = 150 mm
D i
T Web thickness, t = 9.4 mm

Flange thickness, T = 17.4 mm

Depth berween fillets, d = 379.2 mm
Radius of gyration about minor axis, r, = 30.1 mm

Plastic modulus about major axis, Sy = 1512.8 * 107 mm’

Assume f,, = 250 Nemmi®’, E=200000 N'mm®, y = 1.15,
Py=F/ Y= 250/1.15=217.4 N/ mm’

(D Type of section

Flange criterion:

b=E=@: 75 mm
2 2

7
gzﬂ: 4.3]
i 17.4

1250
— < 8,928 whereg = fi
T \ /»

Hence O.K.

Web criterion:

3 2
d_ 2004 _ 43
t 9.4
= < 82.95¢
;

Hernce O.K.



b d :
Since 5 < 8922 and — < 82.95z, thesection is classified as
y i

‘plastic’
(II)Check for lateral torsional buckling:
Equivalent slenderness of the beam, App =nuv i
where, n = slenderness covvection factor (assumed value of 1.0)
u = buckling paramerer (assumed as 0.9)

A = slendermess of the beam along minor axis

6000
30.1

199.33

-

' = slenderness factor (which is dependent on the
proportion of the flanges and the torsional index [D / T])
= 0.71 (for equal flanges and /. = 199.33)

Now, Apr=10%*09*0.7]*10933

=127.37

Bending strength, py = 84 Mpa (for Agy = 127.37) (from Table 11 of
BS 5950 Part I)

Buckling resistance moment M, = Sy * py

=(1512.78 * 84 )/1000

For the simply supported beam of 6.0 m span with a factored load of
24.0 KN/m

=J08.0KNm < 127.07 kN m
Hence My = Myu

ISMB 450 is adequate against lateral torsional buckling.

72.In a roof truss, a tie member ISA 110 mm X 110mm X 8 mm carries a factored
tension of value 210 kN. The tie is connected to a gusset plate 8 mm thick. Design
the welded joint. Factored yield strength of steel is 217.4 N/mm2 and shear
strength of weld is 125 N/mmZ2.



\Q I;= 235.9 mm

- mmmmmmpm -

I>= 54.1 mm
Fillet weld for tie member of a roof truss

Solution:

For this problem we would provide a weld group consisting of transverse
and longitudinal welds and ensure that the CG of the weld group
coincides with the line of action of the externally applied load.

First we would decide about the weld size. This is decided by the
thickness of the rolled section and the plating. Weld which are applied to
rounded toe of rolled section should not be more than % of its thickness
or plating and hence we get a weld size of 6mm (3/4% §). The maximum
size of the end weld is also limited by the thickness of the plating, which
is 8-1.5=6.5 mm. Hence 6 mm fillet welds are O.K.

Transverse weld is provided equal to the size of the leg = 110 mm.

Force transmitted by frransverse weld = (I25% 0.7 6% J10) 71000
=57.75 kN

Remaining force 1o be rransmitied by the longirudinal welds = 210 — 57.75
=132.25 kIV

We must ensure that the CG of the welds coincides with line of action of
the external force. This could be ensuired by providing longitudinal welds
along rthe near and far side of the angle and also by ensuring thar the
montent of the all rhe forces about any of the line of the weld vanishes.

Let us assume that the lengths of the welds in the heel and toe sides are 1)
and > respectively.

Toral weld length reguired for 152.25 kN
=152.25 * 1000/ ((123% 0.7%6))=290 mm

Taking moment of all forces aboutr the heel side longirudinal weld, we ger

FATIRIQOOF 55 + 1; 0+ 1% 125, *0.7%G) * 110
=2J10% 1000 * 30.
Therefoire I = 54.09 mm

Hence we get the weld length 1> as say 3409 mm. The brackered reini in
the above expression represents the strength of the weld jfor 1 mm.

Now we get the lengrh 1, as 290 — 54.00 =235.9] mm

Alternarively the longitudinal weld Tengrh 1, is obrained by raking momenit
of all the jorces abour the foe side weld line. Flence we have demonstrared
as fo how a weld group could be designed ro have a CG coinciding with
the externally applied loacd.

It is also to be nored that in case 7t is desired ro reduce rhe length of the
Joint then rhe heel side weld size can be increased.



73.Design a bolted connection between a bracket 8 mm thick and the flange of an
ISHB 400 column using HSFG bolts, so as to carry a vertical load of 100 kN at a
distance of 200 mm from the face of the column as shown in Fig. E1.

Solution:
1) Bolt force:
100 kN
P, =0; P, = 100 kN; >«200
Total eccentricity x’=200+250/2=325 mm
M =Pyx"=100x325 = 32500 kN-mm
Fig E1

Try the arrangement shown in Fig. E1
Note: minimum pitch = 60 mm and

minimum edge dist. = 60 mm
n==6

v = Xxf + v = 6(70)°+4(60)° = 43800 mm’

Shear force on the farthest bolts (corner bolts)

-

=8L.79 kN

. 3250060 *,[100 32500707
t|L 43800 G 43800

2) Bolt capacity
Try M20 HSFG bolts

Bolt capacity in single shear = 1.1 K uP, = 1.1 x0.45 x177 = 87.6 kN

ISHB 400 flange is thicker than the bracket plate and so bearing on the
bracket plate will govern.
Bolt capacity in bearing = d t ppe = 20 x 8 x 650 x 107 =104 kN

.» Boltvalue = 87.6 kN > 81.79 safe.

74.Design a bolted web cleat beam-to-column connection between an ISMB 400 beam
and an ISHB 200 @ 40 kg/m column. The connection has to transfer a factored
shear of 150 kN. Use bolts of diameter 20 mm and grade 4.6.

Solution:



A IS4 90x90x 8
15HB 2 nos. e].@fi..‘l)
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0] 42
35
e |‘_ %
A Fig E5

1) The recommended gauge distance for column flange is 100 mm.
Therefore required angle back mark is 50 mm.
Use web cleats of ISA 90x90x8 giving gauge g = 50+50+8.9=108.9 mm

2) Connection to web of beam- Bolt capacity
shear capacity of bolt in double shear = 2x160x245x10°=78.4 kN

bearing capacity of bolt on the beam web = 418x20x9.0x107°= 75.24 kN
bolt value = 75.24 kKN

Try 4 bolts as shown in the Figure with vertical pitch of 75 mm
Assuming the shear to be acting on the face of the column, its eccentricity
with the centre of the bolt group will prodiice horizontal shear forces in

the bolts in addition to the vertical shear.

horizontal shear force on top bolt due to moment due to eccentricity e
= 150x50x112.5/2(37.5°+112.5°) = 30.0 kN

vertical shear force per bolt = 150/4 = 37.5 kN

resultant shear = '1-?30. 0°+3 7‘52) = 48.0 kN < bolt value Safe !



3) Connection to column flange: Bolt capacity

shear capacity of bolt in single shear = 160x245x107 = 39.2 kN
bearing capacity of bolt on column flange = 418x20x9.0x107°= 75.24 kN
bolt value = 39.2 kN

Try 6 bolts as shown in the Fig.E5 with veirtical pitch of 73 mm

4) Checl bolr foice
Similar to the previous case, the shear transfer between the beam web and
the angle cleats can be assumed to take place on the face of the beam web.
However, unlile the previous case, no relative rotation is possible befween
the angle and the beam web.

Assitming cenire of pressure 25 mm below fop of cleat (point 4),
horizontal shear force on bolt due to moment due fo eccentricity e
= (150x50/2) x 200/(50°+125°+200°) =12.9 kN

vertical shear force per bolt = 150/6 = 25.0 kN

resultant shear = \ff12.92+35.02) = 28.13 kN < bolt value OK

Use 2 Nos 1S4 90x90x58 of length 375 mm as angle cleats

75.Design a double web cleat connection for an ISMB 400 coped beam to an ISMB
600 main beam so as to transfer a factored load of 300 kN using HSFG bolts of
20mm diameter and grade 8.8.

ISMEB 600 ISME 400

=

Q00 ¢

———— \_-" 154 909010

Fig. E7

Solution:
1) Connection ro web of ISMB 400

For M20 Gr.8.8 HSFG bolits in double shear

Slip vesistance per bolt = 2x1.1 x0.45 x 144 = 142.6 kN

Bearing capacity of web per bolt = 20 x 8.9 x 650 x 107 = 115.7 kN
Boltvaluwe = 115.7 kN

Tryv 4 bolts as shown in the Figure with vertical pitch af 80 nim
Assuming the shear to be acting on the face of the ISMB 600 web, its
eccentricity with the centre of the bolt group will produce horizonral

sheair forces in the bolts in addition to the vertical shear.

horizontal shear force on top bolr due ro moment due to eccentricity e
= (300/2)x50x112.5/(37.5°+112.5%) = 60.0 kN

vertical shear force per bolr = 300/4 = 75.0 kN

resultant shear = W60°+757) = 96.0 kN < bolt value Safe !



2) Connection to web of ISMB 600
Try 6 bolts as shown in the Figure with vertical pitch of 80 mm

For M20 Gr.8.8 HSFG bolts in single shear

Slip reststance per bolt = 1.1 x 0.45 x 144 = 7].28 kN

Bearing capacity of web per bolt = 20 x 12 x 650 x 107 = 156 kN
Boltvalue = 71.28 kN

Assuming center of pressure 27.5 mm below the top of the angle

horizontal shear force on bottom bolt due to moment dite to eccentricity e
= (300/2) x50x200/(56°+1257+200°)= 25.82 kN

vertical shear force per bolt = 300/6 = 50.0 kN

resultant shear = V(25.82°+50°) = 56.27 kN < bolt value Safe !
3) Check web of ISMB 400 for block shear

Bloclk shear capacity = shear capacity of AB + 0.5 xtensile capacity of BC

= 0.6x250x0.9x1 1(3x80+50-3.5x22) x8.9x10”
+0.5x250x1.1(45-0.5x22)x8.9x107 = 323.12> 300kN  Safe!

76. The shear lag width for ISA 75X75X10 is (Assume gauge distance = 40 mm).
Solution:

The length of outstanding leg will be w = 75 mm and w1l = 40 mm.

So the shear lag width, bs =w +wl -t =75 + 40 — 10 = 105 mm.

77. Explain various types of standard rolled steel sections.

Answer:

Various types of standard rolled steel sections
i) Rolled steel I-sections (Beam sections)

i) Rolled steel channel sections

iif) Rolled steel Tee sections

iv) Rolled steel angle sections

V) Rolled steel bars

vi) Rolled steel flats

vii) Rolled steel plates

viii) Rolled steel sheets

ix) Rolled steel strips

X) Rolled steel tubular sections

(a) Rolled steel | — sections (Beam sections)



* Indian Standard Junior Beam (ISJB)

* Indian Standard Light Beam (ISLB)

* Indian Standard Medium weight Beam (ISMB)

* Indian Standard Wide flange Beam (ISWB)

* Indian Standard Heavy Beam (ISHB)

* An | — Section is designated by its depth and weight

Eg: An ISLB 500 @ 735.8 N/m means, An | — section is 500 mm deep and self weight is
735.8 N per meter length.
» Special beam section available from Indian rolling mill is Indian Column Section (ISC)

(b) Rolled Steel Channel Sections

* Indian Standard Junior Channel (ISJC)

* Indian Standard Light Channel (ISLC)

* Indian Standard Medium Weight Channel with Sloping Flange
(ISMC)

* Indian Standard Medium Weight Channel with parallel flange
(ISMCP)

* Indian Standard Gate Channel (ISGC)

* Designated by its depth and weight

Ex: ISLC 350 @ 380.63 N/m

(c) Rolled Steel T — Sections

* Indian Standard rolled Normal T — section (ISNT)

* Indian Standard rolled Deep legged T — (ISDT)

* Indian Standard rolled silt Light weight T — bars (ISLT)

* Indian Standard rolled silt Medium weight T — bars (ISMT)
* Indian Standard rolled silt T — bars from H — section (ISHT)
* Designated by its depth and weight

Ex : ISNT 125 @ 274 N/m

(d) Rolled Steel Angle sections

* Indian standard equal angles, Indian standard unequal angles and Indian standard bulb
angles

+ Designated by abbreviation ISA along with widths of both legs and thickness.

* Indian equal angles are designated as ISA or ISEA (Ex. ISEA 100 x 100 x 10 mm), Indian
standard unequal angles are designated as ISA (Ex. ISA 125 x 75 x 10 mm) and Indian
standard bulb angles are designated as ISBA.

78. Which of the following is correct in case of angle members?

a) connection of lug angle to angle member should be capable of developing a strength
of 10% of excess of force of outstanding leg of angle

b) connection of lug angle to angle member should be capable of developing a strength
of 20% of excess of force of outstanding leg of angle

¢) lug angles and their connection to gusset should be capable of developing a strength
of less than 20% of excess of force of outstanding leg of angle

d) lug angles and their connection to gusset should be capable of developing a strength
of not less than 20% of excess of force of outstanding leg of angle

Answer: d



79.The effective length of compression flange of simply supported beam not
restrained against torsion at ends is
a) 1.2L
b) 1.0L
c) 0.8L
d 05L

Answer: a

80. Which of the following assumptions were not made while deriving expression for
elastic critical moment?
a) beam is initially undisturbed and without imperfections
b) behaviour of beam is elastic
c) load acts in plane of web only
d) ends of beam are fixed support

Answer: d

81. A single angle section 90X60X10 is connected with gusset plate with 7 bolts of 20
mm diameter in one line at pitch of 50 mm and edge distance of 30 mm. What is
the design tensile strength of the section for rupture of net section? (Assume the
section is connected with longer leg and gauge distance = 50 mm)

Solution:

Anc = (90 - 10/2 - 22) x 10 = 630 mm2
Ago = (60 - 10/2) x 10 = 550 mm2

An =630 + 550 = 1180 mm?2

The length of outstanding leg will be w = 60 mm and w1l = 50 mm. So the shear lag width,
bs=w+wl-t=60+50-10=2100 mm.

Distance between end bolts , Lc = 6 x 50 = 300 mm.

b w VEY) ) 100 60 250
L =14—0076=x—x=<L =1.4—0.076 X — X —xX —=1.307
L¢ t fu 300 10 410
0.95°7,A BvA 0.9x410x630 1.307x250x550
ThL.IS, Tdn — Jufnc + y<igo —
¥ma ¥mo 1.25 1.1

= 349.35 x 10> N = 349.35 kN.

82. A single ISA 75 x 50 x 8 is connected (longer leg) with gusset plate using use 4
bolts of 20 mm diameter in one line at pitch of 50 mm and edge distance of 30 mm.
What is the Design tensile strength due to block shear failure? (Assume gauge
distance = 35 mm)

Solution:

Avg =8 x (3 x 50 + 30) = 1440 mm2

Avn =8 x (3 x 50 + 30 — 3.5 x 22) = 824 mm2

Atg = 8 x 40 = 320 mm2 [assuming gauge g = 35 for 75 mm leg]
Atn =8 x (40 — 0.5 x 22) = 232 mm2



0.94ynfu , fyArg _ 09x410x824 = 250x320
T = —= : = — =213.16 x 10> N =213.16 kN
abi V3¥mi * Ymo V3x1.25 + 1.1

Avgfy + 0.9 fulAin _ 1440%250 0.9x410x232

2 -2 = 257.44 x 103 N = 257.44 kN
V3¥mo Ymi V3x1.1 1.25

Tapz =
So, Tap = 213.16 kN.

83.An ISA 90 x 90 x 8 used as tension member is connected to a 10 mm gusset plate
by fillet weld of size 5 mm. The design strength of the member is 300 kN. Calculate
the length of the weld.

20231 _ 51633 kN

Solution: Force resisted by weld at lower side of angle P1 = 300 x

Force resisted by weld at upper side of angle P> =300 x 2;—[']1= 83.67 kN

Assuming size of weld as 5mm, the throat thickness t. will be 0.707 x 5 = 3.535 mm

P, _ 21633 x10°

Length required at lower side L1 = 77— = —Sz35ac— = 323.15 mm = 324 mm
V3¥ymw V3x125
) , P, 83.67 x103
Length required at upper side Lz = 77— = —zzz5samo = 124.9 mm = 125 mm
\."-?_.V-m w '\,"EX 1.25

84. What are the various assumptions used in plastic analysis theory?

Answer:
The following are the assumptions are made in plastic design to simplify computations:
1) The material obeys Hooke, Law till the stress reaches fy.

2) The yield stress and modulus of elasticity have the same value in compression and
tension.

3) The material is homogeneous and isotropic in both the elastic and plastic states.

4) The material is assumed to be sufficiently ductile to permit large rotation of the section to
take place.

5) Plastic hinge rotation is large compare with the elastic deformations so that all the
rotations are concentrated at the plastic hinges. The segments between the plastic hinges
are rigid.

6) The magnitude of bending moment caused by the external loads will at the most be equal
to the plastic moment reached the capacity of the section.

7) The influence of normal and shear forces on plastic moments is not considered.



8) Plane sections remain plane even after bending and the effect of shear is neglected.

9) The equilibrium of forces at the time of collapse is considered for the undeformed state of
the structure.

10) No instability occurs in any member of the structure upto collapse.

85. As per IS: 800 what are the various conditions satisfied in order to use plastic method of
analysis?
Answer:

IS: 800 stipulates that the following conditions should be satisfied in order to use the plastic
method of analysis:

1) The yield stress of steel used should not be greater than 450MPa.

2) The stress-strain characteristic of the steel used should obey the following conditions, in
order to ensure plastic moment redistribution. a) The yield plateau (horizontal portion of the
stress-strain curve) should be greater than 6 times the yield strain. b) The ratio of the
ultimate tensile stress to the yield stress should be more than 1.2. ¢) The elongation on the
standard gauge length should be more than 15%. d) The steel should exhibit strain-
hardening capacity.

3) The members shall be hot-rolled or fabricated using hot-rolled plates.

4) The cross section of the members not containing plastic hinges should be ‘compact’ and
those of member containing plastic hinges should be ‘plastic’. 5) The cross-section should
be symmetrical about its axis perpendicular to the axis of the plastic hinge rotation.

These limitations are intended to ensure that there is a sufficiently long plastic plateau to
enabling a hinge to form and that the steel will not experience premature strain hardening.

86. Write down various advantages and disadvantages of plastic design.
Answer:

Advantages of Plastic Design

Plastic design methods offer the following advantages:

1) Realization of uniform and realistic F.O.S for all parts of the structures (in contrast to
elastic methods, where the safely factor varies)

2) Simplified analytical procedure and readily of obtaining design moments, since there is no
need to satisfy elastic strain compatibility conditions.

3) Saving of material over elastic methods resulting in lighter structures.

4) No effect due to temperature changes, settlement of supports, imperfection, erection
method, etc. (because their only effect is to change the amount of rotation required). This is
in contrast to the elastic method, where extra calculation are required. However, calculation
for instability and elastic deflection required careful considerations in plastic method. The



plastic design method is very popular for design of some structure, e.g, beams and portal
frames.

5) Gives some idea of collapse mode and strength of structure.

6) In the elastic method of design, the design process is repeated several times to obtain an
optimum solution, where the plastic method of design produces a balanced section in a
single attempt.

Dis-advantages of plastic design:

The disadvantages of plastic design method are the following:

1) Obtaining collapse load is difficult if the structure is reasonably complicated.

2) There is little saving in column design.

3) Difficult to design for fatigue.

4) Lateral bracing requirements are more than stringent than elastic design.

5) Calculations for elastic deformations require careful considerations.

6) When more than one loading condition occurs, it is necessary to perform separate
calculations, one for each loading condition; the section requiring the largest plastic moment
is selected. Unlike the elastic method of design, wherein the moment produced by different
loading condition can be added together, the plastic moment obtained by different loading
conditions cannot be combined(i.e, the plastic moment calculated for a given set of loads is
valid only for that loading condition). This is because the ‘principle of super position’
becomes invalid when certain parts of the structure have yielded.

87. Write a short note on plastic hinge and hinge length.

Answer:

Plastic Hinge:
A plastic hinge is a zone of yielding due to flexure in a structural member. Although hinges

do not actually form, it cal be seen that large changes of slope occurs over small length of
the member at position of maximum moments. A strain hardening action usually occurs at
these hinges so that large deflections are accompanied by a slight increase in load.

A structure can support the computed ultimate load due to the formation of plastic hinges at
certain critical sections. The member remain elastic until the moment reaches a value Mp,
the maximum moment of resistance of a fully yielded cross section or fully plastic moment of
a section(Mp = fy Zp). Any additional moment will cause the beam to rotate with little
increase in stress. The rotation occurs at a constant moment (Mp). The zone acts as if it was
hinges except with a constant restraining moment (Mp). The plastic hinge, therefore, can be
defined as a yielded zone due to flexure in a structure in which infinite rotation can take
place at a constant restraining moment (Mp) of the section. It is represented normally by a
black dot. The value of the moment at the adjacent sections of the yield zone for a certain
length is more than the yield moment. This length is known as hinge length, depends upon
the loading and geometry of the section. To simplify the analysis, this small length is
neglected and the plastic hinge is assumed to be formed at discrete points of zero length.
But, it cannot be neglected for the calculation of deflections and the design of bracings as
the length over which yielding extends is quite important.

The plastic hinges are formed first at the sections subjected to the greatest deformation (
curvature). The possible places for plastic hinges in a structure with prismatic members are
points of concentrated loads, at the ends of member meeting at a connection involving a
change in geometry and at the point of zero shear in a span under distributed load.



Hinge Length:

Consider a simply supported rectangular beam subjected to a gradually increasing
concentrated load P, at the centre. A plastic hinge will be formed at the centre.

Mp = PL/4; My = fy x Ze = fy x bd"2/6 = fy (1/6) x {4x(1/4)} bd"2 = (2/3) x fy xbd"2/4 = (2/3) X
fy x Zp = (2/3)Mp, i.e, Mp is 1.5 times more than My.

From the BM diagram, Mp / (L/2) = My / (L/2-x/2) => x=L/3. Therefore, the hinge length of
the plasticity zone is equal to 1/3rd of the span.

Similarly, the hinge length of the plasticity zone for a simple beam subjected to uniformly
distributed load is L/sqrt(3).

88. Explain in detail shape factor and load factor.

Answer:

Shape Factor (Vv):

The ratio Mp / My is a property of a cross sectional shape and is independent of the material
properties. This ration is known as the shape factor v and is given by v=Mp /My ==1fy Zp/
fy Ze.= Zp | Ze For wide-flange I-section in flexure about the strong axis, the shape factor
ranges from 1.09 to about 1.18 with the average value being 1.14. One may conservatively
take the plastic moment strength Mp of I-section bent about their strong axis to be at least
15% greater than the strength My. On the other hand, the shape factor for I-section bent
about their minor axis is about the same as for a rectangular section, i.e, about 1.5.

Load Factor:

Load factor is defined as the ratio of the collapse load to the working load(service load) and
is represented by F, i.e, F = Pc/ Pw

If a collection of beams having different end conditions (free or fixed) and the working load W
were first design elastically and then plastically, the ratio Pc / Pw will not be identical. Only
the beams that are simply supported will produce a constant ratio of Pc / Pw and for these
cases the values of Pc / Pw will be the lowest.

From a practical point of view, a minimum acceptable and constant load factor is required,
and that found for a simply supported beam may be regarded satisfactory. For a simple
beam the variation of the bending moment with the load is linear.

In actual practice a load factor varying from 1.7 to 2.0 is assumed depending upon the
designer’s judgment. When the structures are subjected to wind the corresponding load
factor for plastic design is reduced by 25%. The prime function of the load factor is to ensure
that the structure will be safe under the collapse load. Therefore, it may be regarded as a
factor of safety based upon the collapse load. It depends upon the nature of loading, the
support conditions, and the geometrical shape of the structural members. Uncertainty of the
loads, imperfection in workmanship and error in fabrication are some of the other factors
which influence the choice of the load factor.



89. Explain various mechanism of plastic analysis.

Answer:

When a structure is subjected to a system of loads, it is stable and hence functional until a
sufficient number of plastic hinges have been formed to render the structure unstable. As
soon as the structure reaches an unstable condition, it is considered to have been failed.
The segments of the beams between the plastic hinges are able to move without an
increase of load. This condition in a member is called mechanism. The concept of
mechanism formation in a structure due to loading beyond the elastic limit and of virtual work
is used in the plastic analysis and design of steel structures. If an indeterminate structure
has the redundancy r, the insertion of r plastic hinges makes it statically determinate. Any
further hinge converts this statically determinate structure into mechanism. Hence, for
collapse, the numbers of plastic hinges required are (r+1).

Types of Mechanism: Various possible mechanism are listed below:
a) Beam mechanism

b) Panel / sway mechanism

¢) Joint mechanism

d) Gable mechanism

e) Composite (combined) mechanism

Number of Independent Mechanism: Let,

N = number of possible plastic hinges
r = number of redundancies
n = possible independent mechanism.

Then,n=N-—r

After finding out the number of independent mechanism all the possible combinations are
made in such a way so as to make the external works maximum or the internal work a
minimum. This is done to obtain the lowest load.

90. What are the different theorems of plastic analysis? Explain

Answer:

The plastic analysis of a structure is govern by three theorem, which are as follows:

1) The static or lower bound theorem: states that a load (P<Pc)computed on the basis of an
assumed equilibrium moment diagram, in which the moments(M) are nowhere greater than
the plastic moment(M<Mp), is less than, at the best equal to, the correct collapse load.
Hence the static method represents the lower limit to the true ultimate load and has a
maximum factor of safety. The static theorem satisfies the equilibrium and yield conditions.

2) Kinematic or Upper bound theorem: states that a load computed on the basis of an
assumed mechanism will always be greater than or at the best equal to , the true collapse
load (P>Pc). Hence the kinematic method represents an upper limit to the true ultimate load
and has a smaller factor of safety. The kinematic theorem satisfies the equilibrium and
continuity conditions.

3) Uniqueness theorem: The lower and upper bound theorems can be combined to produce
the uniqueness theorem, which states that the load that satisfies both the theorems at the
same time is the correct collapse load. When both the theorems are satisfied in a given
problem then the solution is said to be the correct (unique) one.



Using the principle of virtual work and the upper and lower bound theorems, a structure can
be analysed for its ultimate load by any of the following methods:

1) Static method: This consists of selecting the redundant forces, The free and redundant
bending moment diagram is drawn for the structure. A combined bending moment diagram
is drawn in such a way that a mechanism is formed. The collapse load is found by working
out the equilibrium equation. It is checked that the bending moment is not more than the fully
plastic moment at any section.

2) Kinematic method: This consists of locating the possible places of plastic hinges. The
possible independent and combined mechanism are ascertained. The collapse load is found
by applying the principle of virtual work. A bending moment diagram corresponding to the
collapse mechanism is drawn and it is checked that the bending moment is not more than
the fully plastic moment at any section.

For complicated frames, the static method of analysis is more difficult, and finding the correct
equilibrium equation becomes illusive. In these cases, the kinematic method is more
practical.

91. A simply supported beam of span L supports a concentrated load W at its
midspan. If the cross-section of the beam is circular, then the length of elastic-
plastic zone of the plastic hinge will be

Solution:
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92. A fixed beam made of steel is shown in the figure below. At collapse, the value of
load P will be equal to

P
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Solution:
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93. Explain various types of bolt briefly.

Answer:

Types of bolts
There are several types of bolts used to connect structural members. Some of them are

listed below
(a) Black bolts or unfinished bolts

* Black bolts are referred to as ordinary, rough or common bolts. They are least expensive
bolts and are made of low carbon steels (mild steel) with square or hexagonal head. The
diameter of the hole is about 1.0 to 2.0 mm larger than the bolt diameter for ease in fitting.
They are designated as Mdx |, ‘d’ — shank diameter of bolt and , | — length of the bolt.

They are primarily used in light structures under static loads such as small trusses, purlins,
bracings. They are also used as temporary fasteners during erection where HSFG bolts or
welding are used as permanent fasteners.

» These bolts are not recommended for connections, which are subjected to impact load,
vibration and fatigue.



» For bolt of a grade or property class 4.6 represents the ultimate tensile strength is 400
N/mm2 and yield strength is 0.6 times 400 which is 240N/mm2.

 Ordinary bolted joints, the force transfer through interlocking and bearing of bolts and joint
is called bearing type joint.

(b) High Strength Friction Grip (HSFG) bolts

* High strength friction grip bolts are made from bars of medium carbon heat treated steel
(high tensile steel). The bolt property class 10.9S and 12.9S are commonly used in steel
connections.

» The HSFG bolts are available in sizes from 16mm to 36mm and are designated as M16,
M20, M24 and M30.

» These bolts tightened (by torque wrenches) until they have very high tensile stresses, so
that connected parts are clamped tightly together between the bolt head and nut, this
permits load to be transferred primarily by friction not by shear.

» These bolts are most suitable for bridges where the stress reversal may occur or slippage
is undesirable also for seismic loading and for fatigue load.

* High strength bolts have replaced rivets and black bolts are being used in structures, high
raised building, bridges etc.

94. Explain various steps involved in the design of laterally unsupported beam.
Answer:

Steps involved are:

STEP 1: FIND OUT ULTIMATE LOAD ON BEAM.
Factored Ultimate Load (Factored Load) w = 1.5 x Working Load

STEP 2: FIND OUT MAXIMUM BENDING MOMENT (M) AND SHEAR FORCE (V) ON BEAM.

STEP 3: CALCULATE PLASTIC SECTION MODULUS REQURIED FOR TRIAL SECTION,
M
ZP['r‘pqlu'redl — 1'3¥
¥
STEP 4: SELECT SUITABLE SECTION BASED ON Z, FROM IS: 800: 2007, PAGE NO. 138, 139. WRITE DOWN SE
TIONAL PROPERTIES.

STEP 5: SECTION CLASSIFICATION.

a. Find out value of b/tr and d/tw . (refer Figure. 2, Page no. 19, IS 800: 2007 to find b and d)

tr = thickness of flange tw = thickness of web.

b. Refer Table 2, Page no. 18, IS5 800: 2007 and classify the section semi-compact, compact, plastic or slender.

STEP 6: CHECK FOR SHEAR. (Clause no. 8.4.1., Page no. 59, IS 800: 2007)
a. Find out design shear strength V..

b. Beam is checked for high / low shear case
V £ 0.6 V4low shear case
V > 0.6 Vg high shear case



STEP 7: CHECK FOR BENDING.
a. For low shear Case (Clause no. 8.2.2, Page no. 54, IS 800: 2007)

Md>M
My = Design Bending Strength and M = Bending Moment
My, = ﬁbzpfbd
o= ik
bd =
L e

B = 1 for plastic and compact sections.
= Z./Z, for semi compact sections,

Z. = Elastic section Modulus

Zp = Plastic section Modulus

HZEI( rrzE:'w)
L

“ LLTZ I.T2
Where,
1, = (1-B;)B/Lh,*
3
_F
T 2(14p)
lw = warping constant (page no. 129, IS 800)
Be = ke o 0.5 (for symmetrical section I = In).
ffC'Hfr

hy = distance between shear center of flanges.
Lir =eff. len. for lateral torsional buckling (tablel5,pg58)

¢=0.5[1+cur (Ar-0.2)+ A4r]
7= 0.21 for rolled section.
b. For High shear Case (Clause no. 8.2.1.3, Page no. 53, IS 800: 2007)
Refer Clause no. 8.2.1.3, Page no. 53, 15 800: 2007. Generally low shear case is preferred.
STEP 8: CHECK FOR WEB BUCKLING AT SUPPORT (Clause no. 8.7.3.1, Page no. 67, IS B00: 2007)
a. Capacity of section = Aufoa > V
b. Ap=(by + ni) t, when load is at support
Ab= (b1 + 2n1) tw when load is not at support
Where, bi= stiff bearing length of load = assume between 0 to 100mm
ni = for 457 dispersion consider h/2
d. Find out F.4 = Design Compressive Stress considering class c and f, = 250 MPa.
Slenderness ratio = ? = Glﬁ
D = depth of the web hetween the flanges

r = least radius of gyration of the section = ;“'?
‘.’
¥
| ) : : |
| | T 45% Fe—bj— " 45°
- | “ ="
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STEP 9: CHECK FOR WEB CRIPPLING (Clause no. 8.7.4, Page no. 67, IS 800: 2007)
Design crippling strength F, = 01“;27%” =V
ma
Where, b1 = stiff bearing length = 0 to 100 mm
na= 2.5 ( tr+r1)
fow = yield stress of web

Load | W
> — —

|
b, -—Ty ﬁ [ Reot
—I.J. ‘.':(' d,#-_L-JJ_LH_-_Lu_} i “15 \ " ricimsr
eE—— —— E_W_n — =

?R LRIt L] “\S!nre
Reaction R 1:25

STEP 10: CHECK FOR DEFLECTION
a. Actual deflection for simply supported

5 wl*

= 384 Bl
b. Permissible deflection = Span/300 (table &, Page no. 31, IS 800: 2007)

énmx

95. Explain web crippling and web buckling with the help of sketch.

Answer:
Web crippling:

Web crippling causes local crushing failure of web due to large bearing stresses under
reactions at supports or concentrated loads. This occurs due to stress concentration
because of the bottle neck condition at the junction between flanges and web. It is due to the
large localized bearing stress caused by the transfer of compression from relatively wide
flange to narrow and thin web. Web crippling is the crushing failure of the metal at the
junction of flange and web. Web crippling causes local buckling of web at the junction of web
and flange.

P
~
N
R
TUnder Concentrated Load TUnder Support

WEB CRIPPLING OF BEAMS



= h2

R
Web crippling calculations

For safety against web crippling, the resisting force shall be greater than the reaction or the
concentrated load. It will be assumed that the reaction or concentrated load is dispersed into
the web with a slope of 1 in 2.5 as shown in the figure

Let Resisting force = Fwc

Thickness of web = tw

Yield stress in web = fyw

Width of bearing plate = bl

Width of dispersion = n2 = 2.5 h2

Depth of fillet = h2 (from SP [6])

Fwc = [(b1 + n2) tw fyw ] / yme 2 Reaction, R,

For concentrated loads, the dispersion is on both sides and the resisting force can be
expressed as

Fwc = [(b1 + 2 n2) tw fyw ] / Yo 2Concentrated load, W,
Web Buckling:

The web of the beam is thin and can buckle under reactions and concentrated loads with the
web behaving like a short column fixed at the flanges. The unsupported length between the
fillet lines for | sections and the vertical distance between the flanges or flange angles in built

up sections can buckle due to reactions or concentrated loads. This is called web buckling.
P

R

Under Concentrated Load Under Support

WEB BUCKLING OF BEAMS
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R

Web Buckling Calculations

For safety against web buckling, the resisting force shall be greater than the reaction or the
concentrated load. It will be assumed that the reaction or concentrated load is dispersed into
the web at 45° as shown in the figure.

Let Resisting force = Fwb

Thickness of web = tw

Design compressive stress in web = fcd
Width of bearing plate = b1l

Width of dispersion = nl

Fwb = (b1 + nl) tw fcd = Reaction, R,

For concentrated loads, the dispersion is on both sides and the resisting force can be
expressed as

Fwc = [(b1 + 2 n1) tw fcd ] =Concentrated load, W,

The design compressive stress fcd is calculated based on a effective slenderness ratio of

0.7 d/ ry, where d = clear depth of web between the flanges.

ry = radius of gyration about y-y axis and is expressed as

= sqrt (lyy / area) = sqrt [(t,)% / 12/ {] = sqrt [(t,)? / 12]

kl/r,= (0.7 d) / sqrt [(tw)* / 12] = 2.425 *d / tw

96. Explain various steps involved in the design of laterally supported beam as per IS
800 (2007).

Answer:

Various steps involved are:

1. Calculate the factored load and the maximum bending moment and shear force
2. Obtain the plastic section modulus required



Z = (J’[ X :ymo )

req ﬁ

Select a suitable section for the beam-ISLB, ISMB, ISWB or suitable built up sections
(doubly symmetric only). (Doubly symmetric, singly symmetric and asymmetric- procedures
are different)

3. Check for section classification such as plastic, compact, semi-compact or slender. Most
of the sections are either plastic or compact. Flange and web criteria.

d b 250
_ — 6‘ = = 1
W rf ﬁ
4. Calculate the design shear for the web and 1s given by
o o
Ve = (v = f3) >V, and.V < 0.6V,
iy

h

Calculate the design bending moment or moment resisted by the section (for

plastic and compact)

Ma=By x Zp x £y / Ymo

6. Check for buckling
7. Check for crippling or bearing
8. Check for deflection

97. At the location of plastic hinge
(a) Radius of curvature is infinite

(b) Curvature is infinite

(c) Moment is infinite

(d) Flexural stress is infinite

Answer: b

98. A ductile structure is defined as one for which the plastic deformation before
fracture

(a) is smaller than the elastic deformation

(b) vanishes

(c) is equal to the elastic deformation

(d) is much larger than the elastic deformation

Answer: d

99. Assertion (A): The shape factor of a circular section is less than that of a rectangular
section.
Reason (R): Compared to rectangular section, a circular section has more area near the
neutral axis than at the extreme fibre.
Of these statements:

(a) both A and R are true and R is the correct explanation of A

(b) both A and R are true but R is not a correct explantion of A



(c) Alis true but R is false
(d) Ais false but R is true

Answer: d

100. A fixed beam made of steel is shown in the figure below. At collapse, the value of
load P will be equal to

i
&
J

3 oM, 2
S M, l Z
& ¢ >
L/2 L/2

Solution:

oy
«——
4
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INTRODUCTION TO LIMIT STATES

Job No:

Structural Sted

| Sheet 1 of 2

| Rev

Job Title:

MAXIMUM FACTORED LOADS

Worked Example - 1

Design Project

Calculation Sheet

Made by  SSSR

Date 15-09-99

Checked by RN

Date 20-09-99

A frame sketched in Fig. 2 isloaded by a dead load of 6 kN/m, imposed load
of 20 kN/m and wind load of 10 kN/m. The example below illustrates the

checks in respect of the following.

e |mposed load + Dead load
e Windload + Dead |oad
e Imposed load + Wind load + Dead load

vbeeededdebie i el

|

6.0m

Fig. 2 Portal frame subject to loading

Dead Load (D) 6 kN/m
Imposed Load (1) 20 kN/m
Wind Load (W) 10 kN/m

Casel - Dead plus imposed loads
Vi = V, = (1.5 + 1.35D) * span/2 yoL= 1.35
= (1.5*20+ 1.35* 6)* 5 = 190.5 kN mL= 1.50
Version || 4-8




INTRODUCTION TO LIMIT STATES

| Rev

Structural Steel Job No: | Sheet 2 of 2

Job Title: MAXIMUM FACTORED LOADS

DeS| gn Pr OJ ect Worked Example - 1

Made by  SSSR

Date 15-09-00

Calculation Sheet Checked by RN

Date 20-09-99

Case?2 - Dead pluswind

Taking moments about right support,

Vi =[1.35D span®/2-1.50 W* height?/2] 1/10
= [1.35* 6* 100/2—-1.50* 10 * 36/2] 1/10
= 13.5kN

Vo,  =1.35D* span-V;

1.35*6* 10-13.5 = 67.5kN
H;+ Hy, = 1.35 W* height= 1.50* 10* 6 = 90 kN
(Note: The evaluation of H; and H, will depend on the stiffnesses of the

members as the problem is statically indeter minate)

Case3 - Dead plusimposed pluswind

Vi = 1.35* D* span/2+ 1.5* I* span/2 -1.05* W* height®/ (2 * span)
= 135*6*5+ 15*20*5-1.05* 10 * 36/20
= 171.6 kN

V, = 1.35* D* span/2+ 1.5 * | * span/2 + 1.05* W* height¥2 * span

1.35*6*5+ 15*20* 5+ 1.05* 10* 36/20
= 209.4 kN

The worst value for design purposes are;

V1 = 190.5kN ; V, = 209.4 kN

noL = 1.35
nw = 1.50

MpL = 1.35
L = 1.50
= 1.05




DESIGN OF TENSION MEMBERS

Job No: | Sheet: 1 0f 1 | Rev:
Str uctur al Steel Job Title: Tension Member Example

DeSI gn Pr Oj ect Worked Example: 1

Made by Date: 3-1-2000
SSR

Checked by Date

Calculation Sheset VK

PROBLEM 1:

Determine the desig tensile strength of the plate (200 X 10 mm) with the
holes as shown below, if the yield strength and the ultimate strength of the
steel used are 250 MPa and 420 MPa and 20 mm diameter bolts are used.

fy = 250 MPa 1 |
40
fu= 420 MPa I 1 2 20
3 30
«—] 200 ® " — —
30
l 1 & 7 40
T
_1, 50 |5o l-—

Calculation of net area, Ane:

A, (section11) = (200-3*215) 10 =1355mm? (governs)
2* 502

4* 30

A, (section 1221) = [200—4* 21.5+ ]* 10 =1557 mm?

A, (section 12321) = (200—5* 21.5+ ﬁ*sg?;} 10 =1758mm?
Pt islesser of
i) A, T, 1M, _ 200 1(;;0250/1.15 _ 434.8kN
(ii)0.9A f,IyM, = 0.9% 1311(2);320/1'25 = 405.8kN
P = 405.8 kN
P 409.8
Efficiency of the plate with holes = NN T 4348 =0.93
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DESIGN OF TENSION MEMBERS

Structural Steel Job No: | Sheet: 1 of 4 | Rev

Job Title: Tension Member Example

DeSI gn Pr Oj ect Worked Example: 2
SR

Made by Date 3-1-2000

Calculation Sheset VK

Checked by Date

PROBLEM 2:
Analysis of single angle tension members

A single unequal angle 100 X 75 X 8 mm is connected to a 12 mm thick
gusset plate at the ends with 6 nos. 20 mm diameter bolts to transfer tension.
Determine the design tensile strength of the angle. (a) if the gusset is
connected to the 100 mmleg, (b) if the gusset is connected to the 70 mm leg,
(c) if two such angles are connected to the same side of the gusset through
the 100 mmleg. (d) if two such angles are connected to the opposite sides of

the gusset through 100 mm leg.
12 mm

| 30 50*5 -
I '

40 i

. ISA100 X 75X 8
L [ o O i [
20 mm ¢ bolts

a) The 100mm leg bolted to the qusset :

Anc = (100-8/2-21.5)*8 = 596 mn'.
A, = (75-8/2)*8 = 568.mn7
Ay = ((100-8/2) + (75—-8/2)) * 8 =1336 mn?

Strength as governed by tearing of net section:

Snce the number of bolts= 4; = 1.0

Pt = Anc fu/7M1+ L Ao fy/%vlo
596 * 420/1.25+ 1.0* 568 * 250/ 1.15

323734 N (or) 323.7 kN

Version |
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DESIGN OF TENSION MEMBERS

Job No: | Sheet: 2 of 4

| Rev

Str UCtur al Steel Job Title: Tension Member Example

i I Worked Example :2
Design Project ke by
SR

Date 3-1-2000

Checked by
VK

Calculation Sheset

Date

Srength as governed by vielding of gross section:
Pt = Ag fy/]/MO
= 1336 * 250/ 1.15 = 290435 N (or) 290.4 kN

Block shear strength

P\/ = (062 Avg fy/}/Mo + Atn fu/%vu)
= 0.62* (5*50+30)* 8* 250/1.15 + (40-21.5/2) * 8* 420/1.25
= 380537 N = 380.5 kN
or
PV = (062 A\/n fu/7M1 + Atg fy/yMo)

(062(5*50+ 30-55* 21.5)* 8* 420/ 1.25

+ 40* 8* 250/ 1.15)
= 339131 N =339.1
The design tensile strength of the member = 290.4 kN
The efficiency of the tension member, is given by

R 2904 1000
"7 A, T, (100+75-8) & 250/1.15

b) The 75 mmleq is bolted to the gusset:

Anc = (75-8/2-215)*8 = 396 mn?
A, =(100-8/2)* 8 = 768 mm?

Version |
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DESIGN OF TENSION MEMBERS

Structural Steel Job No: | Sheet: 3 of 4

| Rev

Job Title: Tension Member Example

DeSI gn Pr Oj ect Worked Example: 2

Made by Date 3-1-2000
SSSR
) Checked b Date
Calculation Sheset y
VK
_’! _|‘_12 mm

20 mm ¢ bolts ISA100X 75 X 88
Srength as governed by teari nq_of net section:
Snce the number of bolts = 6 p£=10

Pi = Anc fu/]/Ml"' ,BAO fy/}/Mo

= 396 * 420/1.25+ 1.0* 768*250/ 1.15

= 300123 N (or) 300.1 kN
Strength as governed by vielding of gross section:

Pt = Ag fy /7M0

= 1336 * 250/ 1.15 = 290435 N (or) 290.4 kN

Block shear strength:
Pv < (062 Avg fy/}/Mo + Atn fU/}/Ml)
= 0.62* (5*50+30)* 8* 250/1.15
+ (35-21.5/2) * 8 * 420/1.25
= 367097 N = 367.1 kN
P\/ _< (062 A\/n fu/7|\/|1 + Atg fy/7M0)
= (0.62(5* 50+ 30-5.5*x21.5)* 8* 420/ 1.25
+ 35*8* 250/ 1.15
= 330435 N = 330.4 kN
The design tensile strength of the member = 290.4 kN
Version Il 5-14
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| Rev

Structural Steel PeRo

Job Title: Tension Member Example

Des gn Pr Oj ect Worked Example : 2

Calculation Sheset

Made by

SR

Date 3-1-2000

Checked by

VK

Date

Even though the tearing strength of the net section is reduced, the yielding of

the gross section till governs the design strength.

The efficiency of the tension member is as before 1.0

Note: The design tension strength is more some times if the longer leg of an
unequal angle is connected to the gusset (when the tearing strength

of the net section governs the design strength).

An under standing about the range of values for the section efficiency,
n, is useful to arrive at the trial size of angle members in design

problems.

(c & d)The double angle strength would be twice single angle strength as

obtained above in case (a)

Pi=2* 290.4= 580.8 kN

Version |
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LATERALLY RESTRAINED BEAMS

Structural Stegl |JobNo. Ex .1 | Sheet 1 of 4 |Rev.

Job. Title: LATERALLY RESTRAINED BEAMS

Design Project |worked Example-1

Made by SAJ

Date 21.03.2000

Checked by SS

Calculation Sheet

Date 26.03.2000

EXAMPLE: 1

Design a suitable ‘I’ beam for a simply supported span of 3

a dead or permanent load of 17.78 kN/m and an imposed load of 40 kN/m.
Assume full lateral restraint and stiff support bearing of 100 mm.

(DL 17.78 kKN + LL 40 kN) / metre

\eeecccccccacckoncn

3m

d »
| »

Design load calculation:

factoredload = , ~ x17.78 +y, x40 kN

in this example the following load factors are chosen.

v, pand y  aretakenas 1.35and 1.50 respectively.

1o — partial safety factor for dead or permanent loads
nL — partial safety factor for live or imposed loads

Total factored load = 1.35x17.78 + 1.5 x40.0= 84 kN / m
Factored bending moment = 84 x3?/8 = 94.50 kN —m
Z—valuerequired for fy=250 MPa ; ym=1.15

94.5 x 1000x1000x ¥ m
reqd 250

Zieqa = 434.7cm’

YLD =135
JLL =150

mand carrying
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LATERALLY RESTRAINED BEAMS

Structural Steg] [JooNo- Ex 1 |Sheet 2 of 4 |Rev.

Job. Title: LATERALLY RESTRAINED BEAMS

Des gn Pr O) ect Worked Example - 1

. Made by SAJ Date 21.03.2000
Calculation sheet Checked by SS Date  26.03.2000
Try ISMB 250
e=\/§:28 =10 D =250 mm
B=125mm
t=6.9 mm
T=125mm
I = 5131.6 cm’
l,y = 334.5cm’
Section classification:
Flange criterion = B/2T =b5.

Web criterion = (D-2T)/t= 32.61
SnceB/2T <892 ¢ & (D-2T)/t < 82.95 ¢
The sectionis classifiedas * PLASTIC’
Moment of resistance of the cross section:
Sncethe section considered is *PLASTIC
Sx fy

’m

Mc =

Where Sisthe plastic modulus
‘S for 1SMB 250 = 459.76 cm®
M = 459.76 x 1000 x 250 /1.15
= 99.95 kN-m > 94.5 kN-m
Hence 1SMB-250 is adequate.in flexure.

Version |




LATERALLY RESTRAINED BEAMS

StrUCtural Steel Job No. Ex .1 | Sheet 3 of 4 Rev.

DeSIgn Pr Oj ect Job. Title: LATERALLY RESTRAINED BEAMS

Worked Example- 1

Made by SAJ Date 21.03.2000
Calculation sheet

Checked by SS Date 26.03.2000

Shear resistance of the cross section:

This check needs to be considered more importantly in beams where the
maximum bending moment and maximum shear force may occur at the
same section simultaneously, such as the supports of continuous beams.
For the present example this checking is not required. However for
completeness this check is presented.

0.6 fyA,

’m
A, =250 x 6.9 = 1725 mn?
Py = 0.6 x250 x1725/1.15 =225kN
v = factored max shear = 84 x3/2=126. kN

Fv /Py =126/225.0 = 0.56 < 0.6
Hence the effect of shear need not be considered in the moment capacity
calculation.
Check for Web Buckling:

The slendernessratio of theweb = Lg/ry = 2.5 d/t =2.5 x194.1/6.9
=70.33
The corresponding design compressive stress . isfound to be
fc =203 MPa (Design stressfor web as fixed ended

Shear capacity P, -

column)
Siff bearing length = 100 mm
45° dispersionlength n; = 125.0 mm
Pw (100 + 125.0) x 6.9 x203.0
= 315.16 kN
315.16> 126  Henceweb is safe against shear buckling

Version | 9-26




LATERALLY RESTRAINED BEAMS

Structural  Steel | 5, no. £x 1 | sheet 4 of 4

Rev.

Design Project Job. Title: LATERALLY RESTRAINED BEAMS

Worked Example - 1

Made by SAJ | Date

21.03.2000

Calculation sheet Checkedby SS | Date

26.03.2000

Check for web crippling at support

Root radiusof ISMB250 = 13 mm
Thicknessof flange + rootradius = 25.5mm
Dispersion length (1:2.5) n, = 25x255 = 63.75mm
Peip = (100+63.75) x6.9 x250/ 1.15
= 245.63 kN > 126kN
Hence 1SMB 250 has adequate web crippling resistance

Check for serviceability — Deflection:

Load factors for working loads 7.0 andy =10

design load = 57.78 kKN/m.

S 5 x 57.78 x 3000%

384 x 2.1x10° x5131.6 <104
= 5.65mm

L
531
L L
_<—
531 200

Max deflection

Hence serviceability issatisfied

Result :-- Use ISMB —250.

Version |
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| Rev

Job Title:  AXIALLY COMPRESSED COLUMN

Worked Example - 1

Made by

SR

Date 23-09-99

Checked by

RN

Date 28-09-99

Obtain factored axial load on the column section ISHB400. The height of the

columnis3.0mand it is pin-ended.

f, = 250 N/mn? ; E = 2* 10° N/mn? ; ym = 1.15
y

CROSS-SECTION PROPERTIES:

30m

Version |

10-21




DESIGN OF AXIALLY LOADED COLUMNS

Structural Sted

Job No: | Sheet 2 of 5 | Rev

Job Title: AXIALLY COMPRESSED COLUMN
Design Project | Worked Bxanple- 1
g J Made by Date 23-09-99
SSR
Calculation Sheet Checked by Date 28-09-99
RN
Flange thickness =T 12.7 mm

Clear depth between flanges = d 400 - (12.7 * 2) = 374.6 mm
Thickness of web =t 10.6 mm
Flange width = 2b 250 mm
b 125 mm
Self —weight = w 0.822 kN/m
Area of cross-section = A 10466 mnt’
My 166.1 mm
ry 51.6 mm
(1) Type of section:
$ = % =9.8<10e
%=%=35.3<4le Eit?iso
Table- 7

f, V250

Hence, cross- sectionis“ COMPACT”
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DESIGN OF AXIALLY LOADED COLUMNS

Job No: | Sheet 30of 5 | Rev
Str UCt ur al Steel Job Title: AXIALLY COMPRESSED COLUMN
D N Pr Worked Example - 1
&S g OJ eCt Made by Date 23-09-99
SSR
Calculation Sheet Checked by Date 28-09-99

(i)

(iii)

(iv)

(v)

Effective Length:

As, both ends are pin-jointed effective length= ¢ = ¢/, = 3.0m

Slenderness ratios;

A = Lx = 3000 =18.1
r, 166.1
/
=ty 3000 g5
ry 51.6
Valuesof () :
For rolled |-sections,
In x—direction ax = 0.0020
Iny —direction ay = 0.0035
A, =027 /% = 0.2*g ‘/ 200000
y 7 250
=17.8
values of 7:
n=a(l-2)

ne= ax(x - A¢) = 0.002* (18.1—17.8) = 0.001

ny= ay(dy- o)

0.0035* (58.1—17.8) = 0.141
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Job No: | Sheet 4 of 5 | Rev
Str UCt ur al Steel Job Title: AXIALLY COMPRESSED COLUMN
D N Pr Worked Example - 1
&S g OJ eCt Made by Date 23-09-99
SSR
Calculation Sheet Checked by Date 28-09-99
RN

(Vi)

Calculation of maximum compressive stress at failure (o¢):

We have, 2E
Ge= ,12
Oe = ¢+ ./¢° fyoe < f,
f,+ (n+1
where, g =L — "% (7+1) o
2
In x-direction,

72E  72* 200000

O = = = 6025 N/mm?
")z (18.1)
*
) - 250+ (0.0021+ 16025 _ o1 40 N/

oo = 3140++/(3140)7 — 250* 6025 < 250

= 250 N/mn??
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| Rev

Job No: | Sheet 50f 5
Structural Steel Job Title: AXIALLY COMPRESSED COLUMN

DeS| gn Pr OJ ect Worked Example - 1

Made by Date 23-09-99
SSSR
Calculation Sheet Checked by Date 28-09-99
RN
Iny-direction,
2 2 %
Goy = ZE =T ZOOSOO = 585 N/mm?
Ay (58.1)
o, = 250+ (0.1421+ 1)585.0 — 459N/mT2

0o = 4591\/ (459)% — 250* 585 < 250

= 205 N/mm?

Hence, Allowable axial compressive stress, o = 205 N/mnv

Safe axial compressive stress = o¢/ym = 205/1.15 = 178 N/mn7’

(vii) Factored Load:
Factored Load = o Alym = 178 * 10466/1000

= 1863 kN
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DESIGN OF AXIALLY LOADED COLUMNS

Structural Sted
Design Project

Calculation Sheet

Job No: | Sheet 1 of 2 | Rev

Job Title: AXIALLY COMPRESSED COLUMN

Worked Example - 2

Made by Date 23-09-99
SSR

Checked by Date 28-09-99
RN

Obtain maximum axial load carried by the column shown when ISHB 400 is
employed. The column is effectively restrained at mid-height in the y-
direction, but isfree in x-axis. The data is the same asin probleml.

[ f,= 250 N/mn? ; E=20410°N/mm’ ;  yn= 1.15]

| ()
o
A |
i
: (ii)
!
I
30m :
| (iii)
i
I
I
A JI-
E (iv)
3.0m :
i
|
i
i
i
i
_v |
T

—

Type of section:

Sectionis* COMPACT” from
previous example.

Effective lengths:

Ly 6000 mm
¢y = 3000 mm

Slenderness ratios;
6000

.= = 36.1
166.1

2, =30 g8
51.6

Valuesof (@) and ( ):

In x —direction ay = 0.002
Iny—direction ay = 0.003

and Ao=17.8
nx = 0.002(36.1 - 17.8) = 0.037
ny = 0.0035(58.1-17.8) = 0.141
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DESIGN OF AXIALLY LOADED COLUMNS

| Rev

Job No: | Sheet 2 of 2
Structural Steel Job Title: AXIALLY COMPRESSED COLUMN

DeS| gn Pr OJ ect Worked Example - 2

Made by Date 23-09-99
SSSR
Calculation Sheet Checked by Date 28-09-99
RN
(v) Calculation of o :
In x- direction,
2 2 %
G =2 ZE -z 200300 —1515N / mm?
A5 (36.1)
*
4 = 250+ (0.037+1)*1515 911N/

2

o = 91144/(911) — 250%1515 < 250

=239 N/mm
Iny-direction
2 2%
oy = T = 7200000 _ g gy
2 (58.1)
*
- 250 +(0.141+1) *585 _ =0\ /

2

oo, = 459 +4/(459) —250*585 < 250

= 205N/ mm?

(vi) Factored Load:

Factored Load = o.A/ym = 205/1.15* 10466/1000 = 1863 kN
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DESIGN OF AXIALLY LOADED COLUMNS

Job No: | Sheet 1of 1 | Rev
Str UCt ur al Steel Job Title: BASE PLATE

i I Worked Example - 3
DeSI gn Pr OJ ect Made by Date 20-2-00

SR

Calculation Sheset Checked by Date 28-2-00
RN

Design a simple base plate for a ISHB400 @ 0.822 kN/m column to carry a
factored load of 1800 kN.

[fou = 40 N/mn? ; fy, = 250 N/mn? ; 7mn = 1.15]

|SHB 400~ 300 mm

450 mm

Bearing strength of concrete = 0.4f¢, = 0.4 * 40 = 16 N/mn?
Arearequired = 1800*10*/16 = 112500 mm?
Use plate of 450 X 300 mm (135000 mnr)

Assuming projection of 25 mm on each side

w = (1800 * 10%) / (450 * 300) = 13.33 N/mn?

fyo = 250/1.15 = 217.4 N/mn?’

=8.2 mm

. _ [25w(a® -~0.30%) _\/2.5><13.33 (252-0.3x 25?)
P f - 217.4

yp

Hence, use 450 X 300 X 10 mm plate.
(Design of connections are discussed in later chapters)
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UNRESTRAINED BEAM DESIGN-I

Structural Steel Job No. | Sheet 1 of 4

Rev.

Job title:  UNRESTRAINED BEAM DESGN

DeSl gn Pr OJ eCt Worked example: 1

Made by. SR

Date.1/3/2000

Calculation sheet Checked by. SAJ

Date.5/3/ 2000

Problem - 1

Check the adequacy of ISVIB 450 to carry a uniformly distributed load
of 24 kN / mover a span of 6 m. Both ends of the beam are attached to
the flanges of columns by double web cleat.

24 kN/m

\lSl\/IB 450

6m

A 4
v /

Design check:

For the end conditions given, it is assumed that the beamis simply
supported in a vertical plane, and at the ends the beam is fully
restrained against lateral deflection and twist with, no rotational
restraint in plan at its ends.

Section classification of ISMB 450

The properties of the section are:

Depth, D = 450 mm

v R 4
L ——— 4
Width, B = 150 mm
D t
T Web thickness, t = 9.4 mm

Flange thickness, T = 17.4 mm

Version |
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UNRESTRAINED BEAM DESIGN-I

StrUCturaI Steel Job No. | Sheet 2 of 4 Rev.

Design Project

Job title:  UNRESTRAINED BEAM DESGN

Worked example: 1

Calculation sheet

Made by. SR Date.1/3/2000

Checked by. SAJ Date. 5/3/ 2000

Depth between fillets, d = 379.2 mm

Radius of gyration about minor axis, ry = 30.1 mm

Plastic modulus about major axis, S, = 1512.8 * 10° mm®

Assume fy = 250 N/mn¥, E=200000 N/mn, ym = 1.15,

py=fy/ = 250/ 1.15= 217.4 N/ mn?
(1)  Typeof section

Flange criterion:

b:E=£O=75mm
2 2

b_BO_ym;

T 174

b

? < 892¢ wheree =

Web criterion:
d_3102_ 13
t 94
%< 82.95¢

[250
fy

Hence O.K.

Hence O.K.

Version |

11-24




UNRESTRAINED BEAM DESIGN-I

StrUCturaI Steel Job No. Sheet 3 of 4

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DES GN

Worked example: 1

_ Made by. SR
Calculation sheet

Date.1/3/2000

Checked by. SAJ

Date. 5/3/ 2000

S’nce$ < 892¢ and % < 82.95¢, thesectionisclassified as
‘plastic’
(I1Check for lateral torsional buckling:
Equivalent slenderness of the beam, A 1 =nuvi
where, n = slenderness correction factor (assumed value of 1.0)
u = buckling parameter (assumed as 0.9)
A = dlenderness of the beam along minor axis

- %99 _ 19933
30.1

v = dlenderness factor (which is dependent on the

proportion of the flanges and the torsional index [D / T])

= 0.71 (for equal flanges and 1 = 199.33) Table 14 of
BSH950 Part |
Now, Air=10*0.9*0.71* 199.33
= 127.37
Bending strength, p, = 84 Mpa (for At = 127.37) (from Table 11 of
BS5950 Part 1)
Buckling resistance moment M, = S¢* pp
= (1512.78 * 84)/1000
Version |1 11-25




UNRESTRAINED BEAM DESIGN-I

Structural Sted
Design Project

Calculation sheet

Job No.

Sheet 4 of

4

Rev.

Job title:

UNRESTRAINED BEAM DESGN

Worked example: 1

Made by.

SR

Date.1/3/2000

Checked by. SAJ

Date. 5/3/ 2000

= 127.07 kN m
For the simply supported beam of 6.0 m span with a factored load of
24.0 KN/m
2 * Q2
M = weT  24%6
8 8

= 108.0KNm < 127.07 kNm

Hence Mp > Mpux

ISMB 450 is adequate against lateral torsional buckling.

Version |
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UNRESTRAINED BEAM DESIGN-I

StrUCturaI Steel Job No. | Sheet 1 of 5

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DESIGN

Worked example: 2

_ Made by. SR
Calculation sheet

Date.23/3/2000

Checked by. SAJ

Date.26/3/2000

Problem-2

(i) A simply supported beam of span 4 mis subjected to end moments
of 155 kN m (clockwise) and 86 k N m (anticlockwise) under factored -
applied loading. Check whether ISMB 450 is safe with regard to lateral
buckling.

155kN m 86 kN m

155 kN m \ 86 kN m

B.M Diagram

Design check:
For the end conditions given, it is assumed that the beamis simply
supported in a vertical plane, and at the ends the beamis fully

restrained against lateral deflection and twist with, no rotational
restraint in plan at its ends.

Section classification of |1SMIB 450

The properties of the section are:

Depth, D = 450 mm.

V4 B 4
— 5
Width, B = 150 mm.
D t
T Web thickness, t = 9.4 mm
Flange thickness, T = 17.4 mm

Version |
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UNRESTRAINED BEAM DESIGN-I

StrUCturaI Steel Job No. | Sheet 2 of 5

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DESIGN

Worked example: 2

_ Made by. SSR | Date23/34/2000
Calculation sheet
Checked by. SAJ | Date.26/3/2000

Depth between fillets, d = 379.2 mm
Radius of gyration about minor axis, ry = 30.1 mm
Plastic modulus about major axis, S, = 1512.8 * 10° mm®
Assume fy = 250 N/mn¥, E=200000 N/mn, ym = 1.15,
py=f,/ = 250/1.15= 217.4 N/ mn?
(1)  Typeof section
Flange criterion:

b= B_10_ 75mm

2 2

D_1B0_yz;

T 174

b < 892: wheree = 20

fy
Hence O.K.

Web criterion:

d_379.2 _ 40.3

t 9.4
% < 82.95¢
Hence O.K
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UNRESTRAINED BEAM DESIGN-I

Job No. | Sheet 3 of 5 Rev.

Structural Steel [Jobtitle: UNRESTRAINED BEAM DESIGN

DeSI gn Pr OJ eCt Worked example: 2

Made by. SR Date.23/3/2000

Since$ < 892¢ and % < 8295¢, thesectionisclassified as

‘plastic.” Section should be plastic or compact to attain plastic
moments. Most of the hot - rolled sections are classified as plastic or
compact.

(I1)Check for lateral torsional buckling:

Equivalent slenderness of the beam, A+ =nuvi
Where, n = slenderness correction factor (assumed value of 1.0)
u = buckling parameter (assumed as 0.9)

A = denderness of the beam along minor axis, /d/ry

- 600 = 199.33
30.1

v = dlenderness factor (which is dependent on the

proportion of the flanges and the torsional index [D / T])

= 0.71 (for equal flanges and 4 = 199.33) Table 14 of
BSH950 Part |
Now, Ar=10*09*0.71* 199.33
= 127.37
Bending strength, p, = 84 Mpa (for At = 127.37) Table 11 of

BS5950 Part |
Buckling resistance moment M, = S¢* pp

= (1512.78 * 84)/1000
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UNRESTRAINED BEAM DESIGN-I

StrUCturaI Steel Job No. | Sheet 4 of 5

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DESIGN

Worked example: 2

_ Made by. SR
Calculation sheet

Date.23/3/2000

Checked by. SAJ

Date.26/3/2000

=127.07kNm
For the given beam of 4 m span,
f=86/155= 0.555
Using the equation to find the value of m
m= 0.57 +0.33* 0.555 + 0.1* 0.555*

=0.784
Equivalent uniformmoment M = 0.784 * 155

=122 kN'm
127.07 > 122.
Therefore the capacity of the beam exceeds the design moment.
“19VIB 450 is adequate against lateral torsional buckling”

(i1) If the beam of problem (i) is subjected to a central load producing a
maxi mum factored moment of 155 kN m check whether the beamis still

safe. 155 kN

B.M Diagram

Version |
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UNRESTRAINED BEAM DESIGN-I

Str UCturaI Steel Job No. | Sheet 5 of 5 Rev.

. . Job title:  UNRESTRAINED BEAM DESIGN
Design Project |

Worked example: 2

_ Made by. SSR | Date.23/3/2000
Calculation sheet

Checked by. SAJ | Date. 26/3/2000

For this problem,

m=0.74 (seeFig. 9 of the text)

Thereforen= vVm = v0.74 = 0.86 (see section 5.4.2 of the text)
Therefore At = nAr = 0.86 * 127.37 = 109.54

Ppb= 105N/mm?

Therefore M = 105 *1512.78 / 1000 = 158.84 kN m.

Therefore the Mp > Mux (158.84 > 155)

Therefore the section |SVIB 450 is adequate against |lateral torsional
buckling.

Version | 11-31




UNRESTRAINED BEAM DESIGN-II

StrUCtural Steel Job No. | Sheet 1 of 7 Rev.

DeSIgn Pr Oj ect Job title:  UNRESTRAINED BEAM DESGN

Worked example: 1

_ Made by. SR Date.1/3/2000
Calculation sheet

Checked by. SAJ Date.7/3/2000

Problem | :

A propped cantilever has a span of 9.8 m. it isloaded by cross beams
at 4.3 mand 6.6 mfromitsleft hand end. The ends of the beam and the
loaded points are assumed to be fully braced laterally and torsionally.

90 kN 65 kN
4.3m 2.3 m 3.2m |

A\ 4 y

A B C ID

oo

The loads as given are factored.
Design a suitable section for the beam:

The bending moment diagram of the beamis as shown below.

260 KN m
208 kKN m

/

-130 KN'm
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UNRESTRAINED BEAM DESIGN-II

Structural Sted
Design Project

Calculation sheet

Job No. Sheet 2 of 7 Rev.

Job title: UNRESTRAINED BEAM DESGN

Worked example: 1

Made by. SR Date.1/3/2000

Checked by. SAJ Date. 7/3/2000

Section properties of ISVIB 450 are:

Depth D = 450 mm.
Width B = 150 mm.
Web thicknesst = 9.4 mm.

Flange thickness T = 17.4 mm.

Depth between fillets, d = 379.2 mm.

Radius of gyration about
Minor axis, ry = 30.1 mm.

Plastic modulus about
major axis, S, = 1512.78 cm?®.

Assumefy = 250 N/ mm, E=200000N / mn¥, ym = 1.15
Py =fy/ ym=250/1.15= 217.4 N/ mn?

(1) Type of section

(1) flange criterion:

b = = 75 mm
2

b_B 4
T 174

250
E <89¢, where ¢ = |—
T f

y
Hence o.k.

B _ 150

Version |
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UNRESTRAINED BEAM DESIGN-II

StrUCturaI Steel Job No. Sheet 3 of 7

Rev.

Teaching Project

Job title:  UNRESTRAINED BEAM DESGN

Worked example:1

Made by. SR

Date.1/3/2000

Calculation sheet Checked by. SAJ

Date. 7/3/2000

(i)  Webcriterion:

Hence o.k.

Snce

% < 8.92¢ and % < 82.95 ¢ , the section is classified as" plastic”

Check for moment capacity:
IVIC = S( * py

*
_ 1512.78* 2174 32887 KNm

1000

Maximum applied moment = 260 KN - m< 328.87 KN m
Hence o.k.

(i)  Lateral torsional buckling:

The beam length AB, BC and CD will be treated separately
using the equivalent uniform method.

Effective lengths:

Iag = 4.3 M.
lgc = 2.3m.
fcp =3.2m.

Version |
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UNRESTRAINED BEAM DESIGN-II

StrUCturaI Steel Job No. | Sheet 4 of 7 Rev.

Design Project

Calculation sheet

Job title: UNRESTRAINED BEAM DES GN

Worked example: 1

Made by. SR Date.1/3/2000

Checked by. SAJ Date. 7/3/2000

Length L ag:

The equivalent uniform moment should be less than the
lateral torsional buckling resistance moment

To determine‘m’ :

where,

where,

m = 057+ 0.33 B+ 0.1 B2 £0.43, where g= AN
max
p = —ﬂ:—ag’, then m=0.43
260

M =043* 260 = 112kNm

M < Mp

M isequivalent uniform moment

My islateral torsional buckling resistance moment

M = mMa

My, isthe maximum moment in the member

m isthe equivalent uniform moment factor

Version |
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UNRESTRAINED BEAM DESIGN-II

StrUCturaI Steel Job No. Sheet 5 of 7

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DES GN

Worked example: 1

_ Made by. SR
Calculation sheet

Date.1/3/2000

Checked by. SAJ

Date. 7/3/2000

Length Lgc:

p= 208 =0.8; Thenm=0.9
260

M = 0.9* 260 = 234 KNm
length Lep:

B=0;m=057. M = 0.57* 208 = 119 kNm

For the purpose of determining the governing values, all the three
segments are checked separately.

*
1= Las _ 431000 oo

ry 30.1

X = 2225.86
T

A_14286 _ .,

X 2586

v= 079

At = nuvad; u=09,n=10
=1.0*0.9*0.79* 142.86
= 101.57
Bending strength, P, = 117 Mpa (for ALt = 101.57)

Buckling resistance moment
_1512.78* 117

1000

=177 > 112 kNm

b

Version |
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UNRESTRAINED BEAM DESIGN-II

Structural Stegl |bNo- | sSheet 6 of 7

Rev.

Design Project

Job title:  UNRESTRAINED BEAM DESGN

Worked example: 1

_ Made by. SR Date.1/3/2000
Calculation sheet
Checked by. SAJ Date. 7/3/2000
Length /g issafe against lateral torsional buckling
Length /gc :
A= lec _ 2300 _ 76.41
ry 30.1
X = 2 = 25.86
T
LAY
X 2586
v =091

Aot = 1.0*09* 091* 76.41 = 62.58
Bending strength,, p, = 190 Mpa

Buckling resistance moment Mp

*
- 12787 190 =28743 >234 kKNm
1000

Length /gc issafe against lateral torsional buckling
Length lep:

lep  3.2* 1000

ry 30.1

A= =106.31

X=—=2586

—1|0

Version |
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UNRESTRAINED BEAM DESIGN-II

StrUCturaI Steel Job No. | Sheet 7 of 7 Rev.

. . Job title:  UNRESTRAINED BEAM DESIGN
Design Project |

Worked example: 1

_ Made by. SR | Date.1/3/2000
Calculation sheet

Checked by. SAJ Date. 7/3/2000

A _ 106.31=4.11
X 25.86
v= 0.70

Ao = 1*09*0.7* 106.31 = 66.97
bending strength, p, = 174 Mpa

174> 1512.78
bending resistance moment = 1000

= 263.22 > 119 KNm
Length Lcp issafe against lateral torsional buckling.
There fore the section chosen *ISMB 450’ is 0.k.

The shortest segment BC, which has the most severe pattern of
moments controls the design.
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DESIGN OF BEAM COLUMNS - 1l

Structural Sted
Design Project

Calculation Sheet

Job No: | Sheet 1 of 6 | Rev
Job Title: BEAM COLUMN
Worked Example - 1
Made by Date 3-1-00
SSR
Checked by Date 10-1-00
VK

PROBLEM: 1

A non — sway intermediate column in a building frame with flexible jointsis
4.0 mhigh and it isISHB 300 @ 588 N/m steel section. Check the adequacy
of the section when the column is subjected to following load:

Factored axial load = 500 kN

Factored moments:

My
Bottom + 7.0 kKN-m
Top + 15.0kN—m

[ f,= 250 N/mn?’ ; E = 2* 10° N/mn]

My

-10 kKN-m
+ 0.75kN-m

Assume effective length of the column as 3.4 m along both the axes.

CROSS-SECTION PROPERTIES:

Flange thickness =

Clear depth between flanges

Thickness of web

Flange width =

Area of cross-section

10.6 mm

300-(10.6* 2)
278.8 mm

7.6 mm
250 mm
125 mm

7485 mnt

Version |
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DESIGN OF BEAM COLUMNS - 1l

Job No: | Sheet 2 of 6 | Rev
Str UCt ur al Steel Job Title: BEAM COLUMN
i I Worked Example - 1
DeSI gn Pr OJ eCt Made by Date 3-1-00
SSR
Calculation Sheet Checked by K Date 10-1-00

(i)

Iy = 129.5 mm
ry = 54.1 mm
I = 12545.2* 10* mm’
ly = 2193.6*10* mm’
zZ = 836.3*10° mm’
z, = 175.5* 10° mm®
Zo« = 953.4*10° mm®
Zy = 200.1%10° mnv’
Type of section:
TE _ _11556 —11.8<13.65¢
d 2788

= 36.7 <40.95

t

where,e= 250 = \/250 =1.0
fy 250

Hence, cross- sectionis® SEMI-COMPACT” (Class 3)

Version |
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DESIGN OF BEAM COLUMNS - 1l

Job No: | Sheet 30of 6 | Rev
Str UCt ur al Steel Job Title: BEAM COLUMN

DeS| gn Pr OJ ect Worked Example - 1

Made by Date 3-1-00
SSR

) Checked b Date 10-1-00
Calculation Sheet ecked by VK ae

(i)  Check for resistance of cross-section to the combined effects

for yielding:
fg = flya = 250/1.15
= 217.4 N/mn?

A, = 7485 mn?
Zc = 836.3*10° mm®
z, = 175.5*10° mn®
Fe = 500 kN
My = 15 kN-m
My = 1.0 kN-m

The interaction equationiis:

M
Fe , Mx Y <1

500x10%  15x10° 1x100
7485x2174  g353x103x217.4 1755103 x217.4

= 0.307 + 0.083 + 0.026 = 0.416 <1.0

Hence, section is O.K. against combined effects
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DESIGN OF BEAM COLUMNS - 11

Structural Sted
Design Proj ect

Job No: | Sheet 4 of 6 | Rev

Job Title: BEAM COLUMN

Worked Example - 1

Made by Date 3-1-00
SSSR
. Checked b Date 10-1-00
Calculation Sheet y VK
(iii)  Check for resistance of cross-section to the combined effects for
buckling:
Sendernessratios:
Effective length of the column = 3.4 m
Ax= 3400/1295 =26.3
Ay= 3400/54.1 = 62.8
= (EMf)Y = 7(200000/250)"2
= 88.9
Non-dimensional slenderness ratios:
=2
Z
Ay = 263 _ 6.206
88.9
Ay = 528 _ 706
88.9
Calculation of y:
I mperfection factors:
ax = 0.21 : 0.34
Version |1 14-8




DESIGN OF BEAM COLUMNS - 11

Job No: | Sheet 5 of 6 | Rev
Str UCt ur al Steel Job Title: BEAM COLUMN

Desi gn Pr Oj ect Worked Example - 1

Made by Date 3-1-00
SSR
. Checked b Date 10-1-00
Calculation Sheet y VK
¢ - values:
=05 +al(1-02)}+7 |
¢ = 0.5[1 + 0.21(0.296 — 0.2) + (0.296)*] = 0.554
¢, = 0.5[1 + 0.34(0.706 — 0.2) + (0.706)* = 1.006
y - values.
7=— 1 <10
¢+(¢2 _ZZ )E
7= 1/[0.554 + (0.554° — 0.296%)"% = 0.978
2y = U[1.006 + (1.006> —0.706%)"% = 0.580
The interaction equation is
Ko M Eurocode 3
Fo  kx My XyMy _ 15 kN-m (M) Clause 5.5.4
Fel M ux M uy
w = Mo/M;= 7/15 = 0.467
B =1.8-0.7y = 1.8-0.7x0.467
= 1.473
i, = A28y —4) = 0.296 (2x 1.473 - 4)
=-0.312
7 kN-m (M>)
~ 3
=1 BxFe _ . #xFc _q_ (-0312)x500x 10° _ 1085
Version || 14-9




DESIGN OF BEAM COLUMNS - 11

Job No: | Sheet 6 of 6 | Rev
Str UCt ur al Steel Job Title: BEAM COLUMN

i I Worked Example - 1
DeSI gn Pr OJ ect Made by Date 3-1-00

SR

) Checked b Date 10-1-00
Calculation Sheet scked by VK ate

0.75 kN-m (M5)

w = 0.75/(-1.0) =-0.75
Puy =18-0Ty
=18+ 07x075 =2325

Hy = Zy (zﬁMy - 4)

=0.706 (2x 2.325 - 4) = 0.459

10 kN-m (M)
F
ky _ 1_%= 1_& _ 1 0.459x500x 10 _ 0788
Note: Fq = yminAg fya
Mux = Zx fyd
Substituting the interaction equation,
500x 103 15x10% x 1.085 L, 1 10 x0.788

+
7485x217.4x058  8353x109x2174 1755x10° x217.4

= 0.530+ 0.089 + 0.021 = 0.640 <1.0

Hence, section is O.K. against combined effects for buckling.

Version | 14-10




PLATE GIRDERS - 11

| Rev

Job No: | Sheet 1 of 18
Str UCtur a'l Steel Job Title: PLATE GIRDER

Des gn Pr Oj ect Worked Example - 1

Made by
SSR

Date 15-04-00

] Checked b PU
Calculation Sheet ecked by

Date 25-04-00

PROBLEM:

The girder showed in Fig. E1 is fully restrained against lateral buckling
throughout its span. The span is 36 mand carries two concentrated loads as
shown in Fig. E1. Design a plate girder.

Yield stress of steel, f, = 250 N/mn’
Material factor for stedl, y, = 1.15
Dead Load factor, g =1.35
Imposed load factor, y, =150
Wl N W2
9000 mm | 18000 | 9000 mm
36000 mm

Fig. E1 Example plate girder

1.0 LOADING

Dead |oad:
Uniformly distributed load, wy = 20 KN/ m (Including self-weight)
Concentrated load, Waq4 = 200 kN
Concentrated load, Waq4 = 200 kN
Live load:
Uniformly distributed load, w, = 35kN/m
Concentrated load, W;, = 400 kN
Concentrated load, W,, = 400 kN
Version 1 16-12
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Factored Loads:

W =Wg* g + W o,=20*135 +35*15 = 79.5 kN/m
W71 = Wig* g + W, * i, =200* 1.35+400* 1.5 = 870kN
W% = Wa* g+ Wo,* 5, =200* 1.35+400* 1.5 = 870kN
2.0 BENDING MOMENT AND SHEAR FORCE
Bending moment (kN-m) Shear force (kN)
2 *QR*
UDL effect  |W/° _ 795*36*36 _ o 0 WL e
8 2
Concentrated load | WE _ go04g  _ 7830
effect W= 870
TOTAL 20709 2301

The design shear forces and bending moments are shown in Fig. E2.
3.0 INITIAL SIZING OF PLATE GIRDER

Depth of the plate girder:

The recommended span/depth ratio for simply supported girder varies
between 12 for short span and 20 for long span girder. Let us consider
depth of the girder as 2400 mm.

¢ 36000

d 2400

=15.0

Depth of 2400 mmis acceptable.
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(For drawing the bending moment and shear force diagrams, factored

[

loads are considered)
79.5 kN/m
870 kN 870 kN
L 9000 mm 18000mm \  , 9000mm |
36000 mm

2301

1585.5

7155

Shear force
in kN

715.5
1585.5

in kN-m

20709

Bending momenﬁ\_‘ L/

Fig. E2 Bending moment and shear force diagrams
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Flange:

py = 250/1.15 = 217.4 N/mn?

Sngleflange area,

A Mua  20709%10°

_ - =39690.7 mm?
dp, 2400%217.4

By thumb rule, the flange width is assumed as 0.3 times the depth of the
section. Try 720 X 60 mm, giving an area = 43200 mnt.

Web:

Minimum web thickness for plate girder in buildings usually varies between
10 mmto 20 mm. Here, thicknessisassumed as 14 mm.

Hence, web sizeis 2400 X 14 mm

40  SECTION CLASSIFICATION

Flange:
%2 %
f, 250
b B-t _ 720—14:353
2
E:E:5.9<7.95
T 6

Hence, Flangeis PLASTIC SECTION.
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Web:

d = 2400 =1714>066.2¢
14

t
Hence, the web is checked for shear buckling.
50 CHECKS

Check for serviceability:

d 2400

—=——=96mMm«t
250 250

Snce t> a4
250
Web is adequate for serviceability.

Check for flange buckling in to web:

Assuming stiffener spacing,a > 1.5d

1/2 1/2
; Zi Py _ 2400>< 217.4 _ 76 mm
294\ 250 294 250

Snce, t (= 14 mm) > 7.6 mm, the web is adequate to avoid flange buckling
into the web.

Check for moment carrying capacity of the flanges:

The moment is assumed to be resisted by flanges alone and the web resists
shear only.

Distance between centroid of flanges, hs = d + T = 2400 + 60 = 2460 mm

Ar=B*T=720*60 = 43200 mn’
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Mc = py * As * hs = 217.4* 43200 * 2460 * 10° = 23103.5 kN-m
> 20709 kKN-m

Hence, the section in adequate for carrying moment and web is designed for
shear.

6.0 WEBDESIGN

The stiffeners are spaced as shown in Fig. E5. The spacing of stiffeners is
taken as 3000 mm. The spacing can be increased towards the centre of the

an for economy.
P my W, Ws

12 panels @ 3000 mm [ 36000 mm|

Fig.E3 Trial stiffener arrangement

Panel AB isthe most critical panel (Maximum shear zone), so design checks
for the web are made for panel AB only.

End panel ( AB) design:

d = 2400 mm
t =14 mm
a_3000_125

d 2400

d _ 2400 _ 171.4
t 14
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Calculation of critical shear strength, g :

Elastic critical stress, ge (when a/d > 1) = [1.0 + 0.75/(a/d)?] [ 1000/(d/t)] >
= [1 + 0.75/(1.25)* [ 1000/(171.4)]?
= 50.4 N/mn?

denderness parameter, Aw = [0.6(fyw/ ym)/qe] V2

= [0.6(250/1.15)/50.4] 2
=161>1.25

Hence, Critical shear strength (g = qe) = 50.4 N/mn?

Foa _ 2301*10°

L= _ = 68.5 N/ mm?
dt 2400*14

Snce, fy > qor (68.5> 50.4)

Panel AB isdesigned using tension field action.

Calculation of basic shear strength, qp:

150,  15*50.4

\/1+( 2)2  Jir@osy

Yo = (P’ — 3’ + ¢2) V2 - g = (217.42 — 350.42 + 4729 V2 _ 472 =
157.4

=47.2

¢ =

Yi 157.4

O, =0y + =504+
i} Zla .\ 1+(aj2] 2[1.25 +«/1+(1.25)2}
d d

= 78.0 N/ mm?
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Snce, gy > fy (78.0 > 68.5)
Panel AB is safe against shear buckling.

Checksfor the web pand:

End panel AB should also be checked as a beam (Spanning between the
flanges of the girder) capable of resisting a shear force Ry and a moment My
due to anchor forces.

(In the following cal culations boundary stiffeners are omitted for simplicity)

Check for shear capacity of the end panel:

%
H, = 0.75dt p, |1-—e z[fv_qﬂ}
q— py
0-6py O = Uer

0, = 50.4N/mn’

50.4 }% {68.5—50.4

Hgq = 0.75%2400*14*217.4 |1~
0.6%(250/1.15) | | 78-50.4

} = 2814 kN.

H
9 - &214:1407KN

Ay
A, = t.a = 14* 3000 = 42000 mn?
Py = 0.6 pyw Ay = 0.6 * (250/1.15) * 42000/1000 = 5478 kN

Snce, Ry < Py, the end panel can carry the shear force.
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Check for moment capacity of end panel AB:
H_d *
 —-—ad 281472400 105 _ 6754 kN —m
10 10
y =239 1500
2 2
=ita3 = i*14*30003 = 3150 *10" mm?*
12 12
%17
Mg = l— py = M ”‘(250/1.15)*10‘6 = 4565 kN —m
y 1500
Since, My < Mg (675.4 < 4565)

.- The end panel can carry the bending moment.
7.0 DESIGN OF STIFFENERS

Load bearing stiffener at A:

Design should be made for compression force due to bearing and moment.
Design force dueto bearing, F, = 2301 kN
Force(F ) due to moment My, is

F =ﬂ =@*103 = 225 kN
M a 3000

Total compression = F. = Fp + Fy= 2301 + 225 = 2526 kN
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Area of stiffener in contact with the flange, A:

0.8 F,

Area (A) should be greater than =
Pys

0.8F, _ 0.8*2526
Pe 2174

*10°% = 9295 mm?

Try stiffener of 2 flats of size 240 X 25 mm thick
Allow 15 mm to cope for web/flange weld

A= 225* 25* 2 = 11250 mnm’ > 9295 mnY

.~ Bearing check is ok.

Check for outstand:

Outstand from face of web should not be greater than 20 t.e.

Y 2
{@} {@}y 10
f 250

y

Outstand bs = 240 mm< 20 tse (= 20* 25* 1.0 = 500)
s = 240mm< 13.7 tse (= 13.7* 25* 1.0 = 342.5)

Hence, outstand criteria is satisfied.

Version ||

16-21




PLATE GIRDERS - 11

Job No: | Sheet 110f 18 | Rev
Str UCtur al Steel Job Title: PLATE GIRDER

i I Worked Example - 1
DeSI gn Pr OJ ect Made by Date 15-04-00

SR

. Checked b Date 25-04-00
Calculation Sheet scked by PU awe

Check stiffener for buckling: (The effective stiffener section is shown in Fig. E4)

Y
A
25mm —|— t
N
— i N bs = 240 mm
i 1_ 14 mm
I =HE- et gt TR
H T
|
i b= 240 mm WEP
Stiffener |

Fig. E4 End bearing stiffener
The buckling resistance due to web is neglected here for the sake of

simplicity.
* 3

|, = 257 1, o5u143 — 25115%10*
12 12

A. = Effectivearea= 240* 25* 2 = 12000 mnv

% 1t 172
ry = I—X = —25115 10 =144.7 mm
A 12000

Flangeisrestrained against rotation in the plane of stiffener, then

le =0.71=0.7* 2400 = 1680 mm

lg 1680
r, 1447

11.6
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For f, = 250 N/mn? and 1= 11.6

oc = 250 N'mn?  from table (3) of chapter on axially compressed columns
Buckling resistance of stiffener is

Pc = o¢ Ael ym = (250/1.15) * 12000 * 1073 = 2609 kN

SnceF. < P. (2526 < 2609), stiffener provided is safe against buckling.

Check stiffener A as a bearing stiffener:

Local capacity of the web:
Assume, stiff bearing lengthb; = 0
N2 =25*60* 2= 300 BS5950: Part — 1, Clause 4.5.3
Paip = (D1t N2) tpyw

= (0 + 300) * 14 * (250/1.15) * 10° = 913 kN
Bearing stiffener is designed for Fa
Fa=F¢—Pgip = 2526 -913 = 1613 kN
Bearing capacity of stiffener alone
Pa = pys * A= (250/1.15) * 12000/1000 = 2609 kN
Since, Fa < Pa (1613 < 2609)
The designed stiffener is OK in bearing.

Stiffener A — Adopt 2 flats 240 mm X 25 mm thick
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Design of intermediate stiffener at B:

Siffener at B isthe most critical intermediate stiffener, henceit will be
chosen for the design.

Minimum Stiffness:

1.>0.75dt> for a>d+2

3
| > 0.75dt

s2
a3

for a<d+/2

d+/2 = 4/2* 2400 = 3394 mm

sa<dy2 (3000 < 3394)

Conservatively' t' istaken as actual web thickness and minimum' &' is used.

15d%°  1.5%2400° *14°

. 5 =632 *10* mm*
a 3000

Try intermediate stiffener of 2 flats 90 mm X 12 mm

12*194° 12*14°

(1 )by ovice = > =730 *10* mm’

The section provided satisfies the minimum required stiffness.
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Check for outstand:

Outstand of the tiffener <13.7 tse

13.7tse= 13.7* 14* 1.0 = 192 mm

Outstand = 90 mm (90 < 192)
Hence, outstand criteria is satisfied.

Buckling check:

Stiffener force, Fq = V- Vs

where, V = Total shear force
VS = Vcr Of the Web
Elastic critical stress, ge = 50.4 N/mn?

Vo = (g dt=50.4* 2400 * 14 * 10° = 1693 kN
Shear force at B, Vg = 2301 — [(2301 — 1585.5)* (3000/9000)] = 2062.5 kN

Stiffener force, Fq = [2062.5 - 1693] = 369.5 kN
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Buckling resistance of intermediate stiffener at B:
Y
| 20t A 20t |
| i |
12 |
NS
| 90
| |
=== o= — = —_ e L — X
14 T I
I 90
|

Fig.E5 Effective section

20ty = 20* 14 = 280 mm

*1 13 *1 13
| :%*12*1943+560 14°  12*14

X

=743*10* mm*

A =180* 12 + 560 * 14 = 10000 mn7

~ {743 *10* T/?

= =273
10000

X
le = 0.7* 2400 = 1680
le 1680 _ 61.5
. 27.3

For f, = 250 N/mn?and A = 61.5

From table3 of chapter on axially compressed columns,

oc = 182.3 N/mn?
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Buckling resistance = (182.3/1.15) * 10000 * 10°3= 1585 kN
Fq < Buckling resistance. (369.5 < 1585)
Hence, intermediate stiffener is adequate

| ntermediate stiffener at B - Adopt 2 flats 90 mm X 12 mm

I ntermediate Stiffener at D (Stiffener subjected to external load):

Try intermediate stiffener 2 flats 90 mm X 12 mm thick

It satisfies the minimum stiffness requirement asin case of stiffener at B.

Buckling check:

Fq= V- Vs V = 1585.5 kN

Vs = Vg = (o dt = 50.4* 2400 * 14 * 10° = 1693 kN
Fq isnegative and so we cantake Fq —Fx = 0

Ms=0

Fx =870 kN
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Buckling resistance of load carrying stiffener at D:

(Calculation issimilar to stiffener at B)

Buckling resistance, Px = (182.3/1.15) * 10000 * 10°= 1585 kN
Fx/Pyx=870/1585=0.55< 1.0

Hence, stiffener at D is OK against buckling

Stiffener at D - Adopt flats 90 mm X 12 mm thick

Web check between stiffeners:

fed < Ped
fog = WYt = 79.5/14 = 5.7 N/mn?

when compression flange is restrained against rotation relative to the web

Peg = 2.75+—2 —dE = | 2.75+ 2 5 2000002
(@, f | f 3000 2400j
2400 14
_379*20000 _ o o
26406

Snce, feg < Ped [5.7 < 27.4], theweb is OK for all panels.
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8.0 FINAL GIRDER
(Al dimensions arein mm) |
A B C D E F |
3000 | 3000 | 3000 | 3000,| 3000 | 3000 : 3000 | 3000 | 3000 | 3000 | 3000 |3000
|
(a) Longitudinal section of plate girder
| 720
I !
| 60
t 1
14
—\>‘ le— 2400

(b) Flange and web proportions

Fig. E6 Final girder
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PROBLEM 1:

Design a roof truss for an industrial building with 25 m span and 120 m
long. The roofing is galvanized iron sheeting. The basic wind speed is 50
nV/s and terrain is open industrial area and building is class A building. The
building clear height at the eavesis9 m.

Structural form:

For the purpose of this design example a trapezoidal trussis adopted with a
roof slope of 1 to 5 and end depth of 1 m. For this span range the trapezoidal
trusses would be normally efficient and economical.

Economical span to depth ratio isaround 10.

Then, Span/depth = 25/3.5 = 7.1
Hence, depth is acceptable.

Truss spacing:

Truss spacing should be in the region of 1/4™ to 1/5™ of the span length.

For 6 m spacing,

Spacing/span = 6/25 = 1/4.17 (acceptable)

Then, number of bays = 120/6 = 20

.

25m

s iy

120 m, trusses@ 6 m

Plan
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Truss configuration: _
25m
—dom

Elevation

a b C d e I h
| 25m= 20 @:1.25m |

| Truss |
Loading:
KN/
Dead load: Gl sheeting\ = 0.085
Fixings = 0.025
Services = 0.100
Total load = 0.210
For 6 mbays,
Roof dead |oad =021*25*6 = 3L5kN
Weight of purlin = 0.07*6* 25 = 10.5kN
(Assuming 70 N/n)

" Self-weight of truss = 0.133* 6 * 25 = 20.0 kN

Total dead load = 62.0 kN
"[For welded sheeted roof trusses, the self-weight is given approximately by

W = (1/100) (5.37 + 0.053A) kN/nm?
= (5.37 + 0.053 * 6 * 25) = 0.133 kN/n?
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Dead Loads
Intermediate nodal dead load (W;) = 62.0/20 = 3.1 kN

Dead load at end nodes (W,/2) =312 = 155kN
(Acts vertically downwards at all nodes)

Wind load (I1S: 875-1987):
Basic wind speed = 50 nvs
Wind load F on a roof truss by static wind method is given by
F = (Cpe-Co) * A* pu

where, Cye, C,ii are force co-efficient for exterior and interior of the
building.

Value of Cy:
Assume wall openings between 5-20% of wall area.
Then, C,i= +0.5

Value of Cpe:

Roof angle= « = tan™ % =11.3°
Height of the building to eaves, h =9m

Lesser dimension of the building in plan,w = 25m

Building height to width ratio is given by,

h :i =036 < 05

w 25
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h/w | Roof angle Wind angle Wind angle
a Windward | Leeward | Windward | Leeward
side side side side
10° -1.2 -0.4 -0.8 -0.8
0.36 20° -0.4 -0.4 -0.7 -0.7
Here, o = 11.3°, then by interpolation we get
1123 | -11 [ -04 | -079 | -079
Risk Co-efficient, k; = 1.0

(Assuming the industrial building as general building and its probable life

about 50 years)
Terrain, height, structure size factor, ko:

Roof elevation - 9 mto 12.5 m.

Height (m) Terrain category and class of building
10 0.91
15 0.97
For 125m, k, = 0.94 asnl /
Assume, topography factor = ks = 1.0 v
9m
y
Job No: | Sheet 5 of 13 Rev
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Wind pressure:

Total height of the building = 12.5m

Basic wind speed, vy =50 nvVs

Design wind speed vz is given by,

vz = ki* ko* k3 * Vp.

k;= 1.0

ko = 0.94

ks= 1.0

vz=0.94*1*1*50 =47 m/s

Design wind pressure (pg) = 0.6 v/> = 0.6 * (47)?

= 1325 N/n?
= 1.325 kN/n?

Tributary area for each node of the truss:

Length of each panel along sloping roof

1.25

COS .

Spacing of trusses = 6m

Tributary area for each node of thetruss= 6 * 1.27 = 7.62 n?
Nod

AT

6m
Area

Rev
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Wind load on roof truss:
Wind | Pressure co-efficient | (Cpe-Cpi) Apys | Windload F
angle (kN) (kN)
Chpe Co |Wind | Lee wind | Lee
Wind | Lee ward | ward ward | ward
ward | ward
0° -110| -04| 05| -16| -09| 101|-162| -91
-05| -06 01] 101| -61 1.0
90° -079|-079| 05]-129|-129| 10.1|-130| -130
-05]-029]|-029| 101| -29| -29
R
USSR ERE] (BEES S N
:I::::::::%:::::::::::I"
b 120 m, trusses@ 6 m -
Maximum Cpe — Cyi:
-16 -0.9 -1.29 -1.29
Wind on side Wind on end
Wind angle = 0° Wind angle = 90°
Critical wind loads to be considered for analysis:
wind Wind ward side (W5) Leeward side (W,)
angle
I ntermediat End and I ntermediate End and
e nodes W3 apex nodes | nodes W, apex nodes
Ws /2 W,/ 2
0o’ -16.2 -8.1 -9.1 - 455
90° -13.0 -6.5 -13.0 -6.5
*Loadsin kN
Job No: | Sheet 7 of 13 Rev
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I mposed load:
Live load = 0.35 kN/n? [From|S: 875 — 1964]
Load at intermediate nodes, W, =035*6* 125
= 2.63 kN
Load at intermediate nodes, W> /2 = 1.32 kN

(Acts vertically downwards)

Loading pattern:

(c) Wind load
Job No: | Sheet 8 of 13 Rev
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Forcesin the members:

The truss has been modeled as a pin jointed plane truss and analysed using
SAP90 software. The analysis results are tabulated bel ow.
[ See truss configuration for member D]

Member Member Forces (kN)
Dead load Liveload Wind on side Wind on end
A-B 0 0 1.6 1.3
B-C -47.4 -40.2 214.9 172.5
C-D -47.4 -40.2 218.1 175.0
D-E -63.2 -53.6 284.3 228.1
E-F -63.2 -53.6 287.5 230.7
F-G -66.4 -56.3 294.8 236.6
G-H -66.4 -56.3 298 239.1
H-I -63.2 -53.6 276 2215
1-J -64.5 -54.8 286.2 229.7
J-K -64.5 -54.8 289.4 232.2
a-A -1.6 -1.3 8.3 6.7
a-B -41.6 -35.3 186.5 149.7
a-b 29.5 25 -131.8 -105.8
b-B 24.1 20.5 -104.8 -84.1
b-C -3.1 -2.6 16.5 13.2
b-D -17.1 -14.5 70.8 56.8
b-c 56.5 47.9 -247.1 -198.3
c-D 9.5 8.1 -35.4 -28.4
c-E -3.1 -2.6 16.5 13.2
c-F -5.3 -4.5 14 11.2
c-d 64.6 54.8 -274.5 -220.3
d-F 1 0.9 5.8 4.7
d-G -3.1 -2.63 16.5 13.2
d-H 2.4 2 -23.7 -19.0
d-e 64.1 54.4 -262 -210.2
e-H -5.1 -4.3 36.4 29.2
el -4.6 -3.9 24.8 19.9
ef 11.4 9.7 -71.1 -57.1
e-h 55.4 47 -205.5 -164.9
f-1 18 1.6 -9.7 -7.8
f-J -3.1 -2.6 16.5 13.2
f-K 13.6 11.6 -83 -66.6
Structural Sted Job No: | Sheet 9 of 13 Rev
Job Title: ROOF TRUSS
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Load factors and combinations:

For dead + imposed
1.35*DL + 1.5%LL

For dead + wind
1.35*DL + 1.5* WL

For dead + imposed + wind

Not critical aswind loads act in opposite direction to dead and imposed

|loads

Member Forces under Factored loadsin kN:

Member Member Design Forces
(kN)
DL + WL DL +LL
A-B 2.4 0
B-C 258.4 -124.3
C-D 263.2 -124.3
D-E 341.1 -165.7
E-F 345.9 -165.7
F-G 352.6 -174.1
G-H 3574 -174.1
H-1 328.7 -165.7
1-J 342.2 -169.3
J-K 347.0 -169.3
a-A 10.3 -4.1
a-B 223.6 -109.1
a-b -157.9 77.3
Job No: | Sheet 10 of 13 Rev
Str uctur al Steel Job Title: ROOF TRUSS
Worked Example - 1
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PU
Calculation Sheet
Member | DL + WL DL +LL
b-B -124.7 63.3
b-C 20.6 -8.1
b-D 83.1 -44.8
b-c -294.4 148.1
c-D -40.3 25.0
c-E 20.6 -8.1
c-F 13.8 -13.9
c-d -324.5 169.4
d-F 10.1 2.7
d-G 20.6 -8.1
d-H -32.3 6.2
d-e -306.5 168.1
e-H 47.7 -13.3
el 31.0 -12.1
e-f -91.3 29.9
e-h -233.5 145.3
f-1 -12.1 4.8
f-J 20.6 -8.1
f-K -106.1 35.8
Top Chord Design: (G-H)
Maximum compressive force = 174.1 kN
Maximum tensile force = 357.4 kN
Trying ISNT 150 X 150 X 10 mm @ 0. 228 kN/ m
Sectional Properties:
Area of Cross section = A = 2908 mn?
Width of Section =2B =150mm
Thickness of the flange =T =10mm
Thickness of the web =t =10 mm
Radii of gyration: r« = 45.6mm
ry =30.3mm
Job No: | Sheet 11 of 13 Rev
Str UCtur al Steel Job Title: ROOF TRUSS
Worked Example - 1
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Section classification:
€ =(250/f,)°° = (250/250)"? = 1.0
Flange:

B/T =75/10= 7.5 < 8.9¢ (Flangeis plastic)

Web:
d/t = 140/10 = 14 [> 9.975¢ and < 19.95¢]

(Web is semi-compact)

As no member in the section is slender, the full section is effective and there

is no need to adopt reduction factor.
Maximum unrestrained length = ¢, = 3810 mm

(Assuming every two alternative nodes are restrained)

lyy = 30.3mm
Ay = 3810/30.3 = 125.7
Then, o = 84.3 N/mn?

Axial capacity = (84.3/1.15)* 2908/1000 = 213.2 kN > 174.1 kN

Hence, section is safe against axial compression

Axial tension capacity of the section = 2908 * 250/1.15 = 632 kN > 357.4
kN

Hence, section is safe in tension.

Bottom chord design:(c-d)

Maximum compressive force = 324.5 kN
Maximum tensile force = 169.4kN [Try same section astop chord]
Axial tension capacity of the selected section = 2908 * 250/1.15 = 632 kN

Hence, section is safe in tension.

Structural Stegl  [fbNo | Sheet120f13

Rev
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Maximum unrestrained length = ¢, = 2500 mm

(Assuming every node isrestrained by longitudinal tie runner)

lyy = 30.3m
Ay = 2500/30.3 = 82.5
Then, o. = 1455 N/mn?

Axial capacity = (145.5/1.15)* 2908/1000 = 368 kN > 324.5 kN

Hence, section is safe against axial compression also.

Web member design: (b-B)
Maximum compressive force = 124.7 kN
Maximum tensile force = 63.3 kN

Try—1SA 80 X 80 X 8.0

A = 1221 mn?
Iy =244 mm
M = 30.8 Mm

Section classification:

bit  =80/8 = 10.0<14.0
Hence, the section is not slender
Length of member = (1250% + 1250%)°°= 1767.5 mm

Sendernessratio is taken asthe greater of
0.85* 1767.5/24.4 =616
1.0* 1767/ 30.8 =574

Rev
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Then, o = 182.1 N/mn?
= 1221 * (182.1/1.15)/1000
=193.3kN > 124.7 kN

Design compressive strength

Hence, safe in compression.

Tensile capacity of the section

= (250/1.15)* 1221/1000
= 265.4 kN > 63.3 kN
Hence | SA 80 X 80 X 8.0 is adeguate for the web member

(The web members away from the support would have lesser axial force

but longer and can be redesigned, if so desired)

Job No: | Sheet 1 of 12 | Rev
Str uctur al Steel Job Title: COMPOSTE TRUSS
Worked Example - 2
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PROBLEM 2:

Design a composite truss of span 10.0 mwith following data:

DATA:
Shan = ¢ =100m
Truss spacing =30 m
Sab thickness = Ds =150 mm
Profile depth =Dp =75.0mm
Self weight of deck slab = 2.80 kN/m?
Maximum laterally un-restrained length in top chord is 1.5 m.
Grade of concrete, M20 =(fw)e=20 MPa
Composite
Trusses

BEEE

| | | | | PLAN

| | | | Il v
_,| 3.0m |<_
TRUSS

|\/\/ NNNINLN/ | ELEVATION
|1

10m 'I
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Loading:
KN/ Factored Load
(kN/nP)
Deck slab weight 2.8 2.8%1.35 = 3.78
Truss weight (assumed) 04 04*1.35 = 054
Ceiling, floor finish and
Services 1.0 1.01.35 = 1.35
Construction Load 1.0 1.015 = 15
Superimposed live load 5.0 5015 =75
PRE-COMPOSI TE STAGE:
Loading kN/n Factored Load
(kN/n?)
Deck slab weight 2.8 28*1.35 = 3.78
Truss weight 04 04135 = 054
Construction load 1.0 1.015 = 15
Total factored load = 5.82kN/n?
Choose depth of truss = Span/20 = 10000/20
= 500 mm
Total factored load =5.82*3 = 17.5kN/m
Maximum bending moment = w/%8 = 17.5*10%/8 = 218.7 kN-m

Maximumshear = w//2 = 17.510/2 = 87.5kN
Depth of truss (centre to centre distance of chords) = 0.5m

Maximum axial compressive force in top chord = 218.7/0.5 =437.4 kN
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| Ds=150mm
p __XI
Dy=75mm /\ [ D = 500 mm
S . = .. T,
D: = 500 + % + Xy
Truss configuration: Choose the following truss configuration
A C E G\!
500 mm ]'\ -
- B D F HI
| | | |
500!  1500mm ' 1500mm ' 1500mm
Top chord design:
Try ISNT 150 X 150 X 10 mm @ 0.228 kN/m
Sectional properties: 2
'Y é
Area of cross-section = A, = 2908 mn? !
Depth of section = 150 mm i
Width of section,b = 2b" = 150 mm |
Thicknessof flange =T = 10.0 mm :
Thickness of web =t =10.0mm
Centreof gravity = x = 39.5mm !
M« = 45.6 mm t
ry = 30.3mm
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Section classification:
P =(250/f,)*® = (250/250)"2 = 1.0
Flange:
bYT=75/10= 75 <8.9¢ Flangeis plastic
Web:

d/t = 140/10= 14 (>9.98¢ and <19.95¢) Web is semi-compact

As no member in the section is slender, there is no need of adopting
reduction factor (Yielding govern).

Given, maximum un-restrained length of top chord is 1.5 m during
construction stage.

Maximum unrestrained length= ¢, = 1500 mm

Iy = 0.85*1500 = 1275 mm
(g = 45.6 mm
lyy = 30.3mm

x = 1275/45.6 = 28
Ay = 1500/30.3 = 49.5

Then, o, = 202.8 N/mn?’ [From Table - 3 of Chapter on axially compressed
Columns]

Axial capacity = (202.8/1.15)* 2908/1000 = 512.8 kN > 437.4 kN

Hence, section is safe against axial compression at construction stage.
[ Other member design is governed by composite loading]
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Made by
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COMPOSITE STATE:
kN/n Factored Load (kN/n?)
Deck dlab weight 2.8 2.8*1.35 = 3.78
Truss weight (assumed) 04 04*1.35 = 054
Ceiling, floor finish and Services 1.0 10135 = 1.35
Superimposed live load 5.0 5015 =75
Total factored load = (3.78+0.54+1.35+7.5)* 3
= 13.2*3 = 39.5 kN/m
Maximum bending moment (M) = w¢?/8 = 39.5¢10%/8 = 493.7 kN-m
Maximum shear =w/(/2 = 39.5%10/2 = 197.5kN

Bottom chord design:
Force in bottom chord, Ry eq 1S given by: [See Fig. of the text]

Roreq{D + X+ Ds(Ds-Dp)/2} = Mc
[ Assume NA isin the concrete dlab]

Roreq (500+39.5+(150-37.5))/1000 = 493.7

Ro,req (652/1000) = 493.7 KN-m
Roreq = 493.7/0.652 = 757.2 kN
Area required = 757.2*1000/(f,/1.15)

= 757.2¥1000/(250/1.15) = 3483 mn?
Trial-1 Trying ISHT 150 @ 0.294kN/m

Sectional properties:
A= 3742 mn? : X, = Centre of gravity = 26.6 mm

Width of the section, b = 2b; = 250 mm
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Axial tension capacity of the selected section (Ry):
Ry, = (250/1.15)* 3742/1000 = 814 kN > 757.2 kN

Hence, O.K.

Capacity of Composite Section in Compression:

Capacity of concrete dab, R is given by

Re = 0.45 (fo)cu* besr* (Ds — Dp)

Effective width of the slab, bgs: [ See the chapter Composite beams — 1]
best <014 = 10000/4 = 2500 mm

Therefore, ber = 2500 mm

R. = 0.45*20* 2500* 75/1000 {fo= 20 N/mm?}
= 1687.5 kN > Ry (tension governs)

Neutral axis depth :

Xe = (Ds—Dy)*814/1687.5 = 75*814/1687.5 = 36.2mm
Dy = 0.5+0.0266+0.0395 = 0.566 mm

Then, maximum moment it can carry

My, design = 814(0.566+0.15-0.5*0.0362-0.0266)
= 546 kKN-m > 493.7 kN-m

Hence, the dab and chord members are designed.
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Made by
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Web members:
9.5 kN/n?
A C
V= 1975 kN 500 mm
B / D
1500 mm
le J
| |
Fas = V(1.414) = 197.5(1.414) = 279 kN (tension)

Fec = (V-0.5* 39.5) (500%+750%)>°/500 =320 kN (compression)
Feo  =(V—2.0%39.5) (500%+750%)*°/500 = 214 kN (tension)

Hence, maximum tensile force in bracing members =279 kN
Maximum compressive force in bracing members =320 kN

Design of tension members:

Trial grossarearequired  =279*10%(250/1.15) =1283.4 mnY
Trying 2—1SA 70 X70 X6 .0 @ 0.126 kN/m

Agross provided =2*806 =1612 mn?
Effective area:

(Assume, angle iswelded to T- section)

A et effective = 1612 mm2
Axial tension capacity = A (fy/ ym)
= 1612*250/1.15
= 350.4 kN > 279 kN

Hence, 2 —1SA 70 X 70 X 6.0 are adequate
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. . Y
Design of compression member: !
|
Maximum compressive load = 320 kN ISA80X 80X 6mm |
Trying 2 —1SA 80 X 80 X 6.0 @ 0.146 kN/m N
A =1858mnt
I'xx =246 mm
7Y =349 mMm
|
|
Section classification: Y
b/t = 80/6 = 13.3<15.75¢

Hence, the section is not slender and no need to apply any reduction factor.
Sendernessratio istaken asthe greater of

Length of member = (750°+ 500%)°° = 901 mm

A= 0.85* 901/24.6 = 31.1

Ix=1.0% 901/ 349 =258

Design buckling strength = o = 231.2 Mpa
[ Table — 3 of chapter on axially compressed columns]

Design compressive strength = 1858* (231.2/1.15)/10°=373.6 kN > 320 kN

Hencethe 2 —1SA 80 X 80 X 6.0 are adeguate for the web members

(The web members away from the support would have lesser axial force
and can beredesigned, if so desired. Preferably use the same section for all
web members)
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Weight Schedule:
Description Section Weight | Number | Length Total Weight
mm X mm X mm kN/m (m) Length (m) kN
Top Chord | ISNT 150 X150X10 | 0.228 1 10.0 10.0 2.28
Bottom ISHT 150 0.294 1 10.0 10.0 2.94
Chord
Bracing
Members 2-ISA70X70X6 | 0.126 2 0.71 1.42 0.18
Tension
Members 2-ISA70X70X6 | 0.126 6 0.9 5.4 0.68
Compression
Members 2-1ISA80X80X6 | 0.146 6 0.9 5.4 0.79
6.87
Allow 2 %2 % Extras 0.17
7.04
Average weight per unit area of floor
= 7.04 = 0.23 kN/m? < 0.4 kN/m? (Assumed)
10*3
Hence, O.K.
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Deflection:
Pre-composite stage:

The second moment of area of the steel truss, I; can be calculated from the
following equation.

L __AA
L (A+A)
Where,

A, - Cross-sectional area of bottom chord.
A: - Cross-sectional area of top chord.

[D—%,-x[

In this problem,

3742 mn?
26.6 mm
2908 mn?
39.5mm
566 mm
3742 x 2908

|, = ——————_[566-26.6-39.5]
(3742 + 2908)

X px P

Dy

= 409 x10° mm*
Loading:
KN/
Deck slab weight 2.80
Truss weight 0.23
Construction load 1.00
4.03
Total Load = 4.03*3*10=121 kN
Version |
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Deflection at pre composite state is given by
& = (5*121* 10000%)/(384* 200* 409* 10°) = 19.3 mm
Deflection at composite state dueto dead load = 61 = (3.03/4.03)*19.3
=14.5mm
[ For composite stage construction load has to removed for calculating
deflections]

Deflection - Composite stage:

The second moment of area, I, of a composite truss can be calculated from
the following equation

| =AM (Dy+D,) /2 %,
(A+A/m)
Where,
Ac = Cross-sectional area of the concrete in the effective breadth of slab
= (Ds - Dp)best
m = modular ratio
In this problem,
A, = 3742 mnt; by = 2500 mm
Ac = (150 - 75)* 2500 = 1875*10° mn?’
m = 15(light weight concrete)
Dy = 566 mm
Xb = 26.6 mm
2 2
| 37421875 ><102/ 15 {56&@ _26'6}
(3742+1875x10?/ 15) 2
=1224x10° mm*
Version ||
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Loading:
Super Imposed load = 5.0 kN/n?
Total Load = 5.0*3*10=150 kN

Deflection at composite state due to superimposed load is given by
& = (5+150* 10000%)/(384* 200* 1224*10°%) = 8.0 mm

10% allowance is given

Then, 6, = 8.8 mm< ¢/360 = 10000/360 = 28 mm

Total deflection= 6+ & =14.5+ 8.8 = 23.3 mm (¢/429) < (¢/325)

Hence, design is O.K.
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PROBLEM 1:

Two plates 14 mm thick are joined by () a double-V butt weld, (I1) a
single-V butt weld. Determine the strength of the welded joint in tension in
each case. Effective length of the weld is 20 cm. Yield strength of steel =
250 N/mn? Partial safety factor for strength = 1.15.

Solution;

LA -

Single V butt weld Double V butt weld

l. In the case of double V butt weld, complete penetration of the weld
would take place.
Therefore effective throat thickness = 14 mm (thickness of the
parent metal
Effective length of weld = 200 mm
Factored yield stress of the member = 250/1.15 = 217.4 N/mn7’
Design ultimate Strength of the
SngleV butt weld = (217.4 *14* 200)/1000
= 608.72 kN
I For single V butt weld the penetration would be incomplete
Therefore effective throat thickness = 5/8* 14 = 8.75 mm
(IS 816-1969)

Effective length of weld = 200 mm

Design ultimate Strength of the

double V butt weld = (217.4* 8.75 * 200)/1000
= 380.45 kN

Note: The design ultimate strength of the welds are presented along with
the factored strength and in no case these should be used with working
loads.
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PROBLEM 2:

Design a suitable side fillet weld to connect two plates 100 mm x 10 mm
and 120 mmx 12 mm, and to transmit tension equal to the full strength of
the thin plate. Factored shear stressin the weld is 125.5 N/mn and
factored yield stress of the plateis 217.4 N/mn?.

A 210 mm
7[00 mm 120

> A

mm

|

N

Small weld length (end
returns) for good welding

Fillet weld practice. (not considered
indesign

Solution:

Minimum size of the weld specified in IS 816(1969) for 12 mmthick plateis
S mm.

Maximum size of fillet weld based on the thickness of the plate, i.e.,
=(10.0-15)=85mm

Afillet weld of 6 mm may be suitable.

Tension transmitted by 1 mm of weld length = 125.5* 1* 0.7*6
= 527.1N

Tensile strength based on the thinner plate = 217.4* 100* 10
= 217.4kN
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Length of weld required

Therefore, a weld length of 210 mm each on either longitudinal side can be

provided.

To ensure good fabrication practice the following checks are to be made

= 217400/ 527.1
= 413 mm

e The welds are to be checked for, a) whether sufficient weld lengths
are provided on either side, b) This is greater than the width of the
thinner plate. Inthisparticular case 210 mm> 100 mm.

e The spacing of the longitudinal welds should be checked so as to be
less than 16 times the thickness of the plate. In the present case 100

mm< 16 * 10 mm.

e It is also a good fabrication practice to take the weld round the
corner for a small distance, normally twice the weld thickness (end

return).
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PROBLEM 3:

In a roof truss, a tie member ISA 110 mm X 110mm X 8 mm carries a
factored tension of value 210 kN. Thetie is connected to a gusset plate 8
mm thick. Design the welded joint. Factored yield strength of steel is
217.4 N/mn¥ and shear strength of weld is 125 N/mn.

\Q l,= 235.9 mm

30 mm

80 mm

%IZZ 541 mm

Fillet weld for tie member of a roof truss

Solution:

For this problem we would provide a weld group consisting of transverse
and longitudinal welds and ensure that the CG of the weld group
coincides with the line of action of the externally applied load.

First we would decide about the weld size. This is decided by the
thickness of the rolled section and the plating. Weld which are applied to
rounded toe of rolled section should not be more than % of its thickness
or plating and hence we get a weld size of 6mm (3/4* 8). The maximum
size of the end weld is also limited by the thickness of the plating, which
is8-1.5=6.5 mm. Hence 6 mmfillet welds are O.K.

Transverse weld is provided equal to the size of theleg = 110 mm.
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Force transmitted by transverse weld = (125* 0.7* 6* 110) /1000
=57.75 kN

Remaining force to be transmitted by the longitudinal welds = 210 — 57.75
=152.25 kN

We must ensure that the CG of the welds coincides with line of action of
the external force. This could be ensured by providing longitudinal welds
along the near and far side of the angle and also by ensuring that the
moment of the all the forces about any of the line of the weld vanishes.

Let us assume that the lengths of the welds in the heel and toe sides are |;
and |, respectively.

Total weld length required for 152.25 kN
=152.25* 1000/ ((125* 0.7*6))=290 mm

Taking moment of all forces about the heel side longitudinal weld, we get

57.75* 1000* 55 + |, * O+ |,* (125.* 0.7* 6) * 110
=210* 1000 * 30.
Therefore |5 = 54.09 mm

Hence we get the weld length |, as say 54.09 mm. The bracketed termin
the above expression represents the strength of the weld for 1 mm.

Now we get the length |; as 290 — 54.09 =235.91 mm

Alternatively the longitudinal weld length I, is obtained by taking moment
of all the forces about the toe side weld line. Hence we have demonstrated
as to how a weld group could be designed to have a CG coinciding with
the externally applied load.

It is also to be noted that in case it is desired to reduce the length of the
joint then the heel side weld size can be increased.
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