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CE8601 DESIGN OF STEEL STRUCTURES

SYLLABUS

CE8601 DESIGN OF STEEL STRUCTURAL ELEMENTS LTPC
3204
OBJECTIVE:

» To introduce the students to limit state design of structural steel members subjected to
compressive, tensile and bending loads, including connections. Design of structural
systems such as roof trusses, gantry girders as per provisions of current code (15 800 -
2007) of practice for working stress and Limit state Method.

UNIT | INTRODUCTION AND ALLOWABLE STRESS DESIGN 9+6
Structural steel types — Mechanical Properties of structural steel- Indian structural steel products-
Steps involved in the Deign Process -Steel Structural systems and their Elements- -Type of Loads
on Structures and Load combinations- Code of practices, Loading standards and Specifications -
Concept of Allowable Stress Method, and Limit State Design Methods for Steel structures-Relative
advantages and Limitations-Strengths and Serviceability Limit states.

Allowable stresses as per |S 800 section 11 -Concepts of Allowable stress design for bending and
Shear —Check for Elastic deflection-Calculation of moment carmrying capacity —Design of Laterally
supported Solid Hot Rolled section beams-Allowable stress deign of Angle Tension and
Compression Members and estimation of axial load carrying capacity.

UNIT Il CONNECTIONS IN STEEL STRUCTURES 9+6
Type of Fasteners- Bolts Pins and welds- Types of simple bolted and welded connections Relative
advantages and Limitations-Modes of failure-the concept of Shear lag-efficiency of joints- Axially
loaded bolted connections for Plates and Angle Members using bearing type bolts —Prying forces
and Hanger connection— Design of Slip crtical connections with High strength Friction Gnp bolts.-
Design of joints for combined shear and Tension- Eccentrically Loaded Bolted Bracket
Connections- Welds-symbols and specifications- Effective area of welds-Fillet and but Welded
connections-Axially Loaded connections for Plate and angle truss members and Eccentrically
Loaded bracket connections.

UNIT 1l TENSION MEMBERS 9+6
Tension Members - Types of Tension members and sections —Behaviour of Tension Members-
modes of failure-Slendemess ratio- Met area — Net effective sections for Plates ,Angles and Tee in
tension —Concepts of Shear Lag- Design of plate and angle tension members-design of built up
tension Members-Connections in tension members — Use of lug angles — Design of tension splice.

UNIT IV COMPRESSION MEMBERS 9+6
Types of compression members and sections—Behaviour and types of failures-Short and slender
columns- Current code provisions for compression members- Effective Length, Slendemess ratio
—Column formula and column curves- Design of single section and compound Angles-Axially
Loaded solid section Columns- Design of Built up Laced and Battened type columns — Design of
column bases — Plate and Gusseted bases for Axially loaded colums- Splices for colums.

UNIT DESIGN OF FLEXURAL MEMBERS 9+6
Types of steel Beam sections- Behaviour of Beams in flexure- Codal Provisions — Classification of
cross sections- Flexural Strength and Lateral stability of Beams —Shear Strength-Web Buckling,
Crippling and defection of Beams- Design of laterally supported Beams- Design of solid rolled
section Beams- Design of Plated beams with cover plates - Design Strength of Laterally
unsupported Beams — Design of laterally unsupported rolled section Beams- Purlin in Roof
Trusses-Design of Channel and | section Purlins.
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COMMON STEFL STRUCTURES:

Roof Trusses

Crane or gantry girder

Stanchion

Transmission towers (space truss)
Plate girder

Water tanks, Chimneys etc.,

LN AN

ADVANTAGES OF STEEL:-

w7

It has high strength per unit mass

The size of steel elements are lesser resulting in space savings an
aesthetic view

It has assured quality and high durability

Speed of Constiuction

It can be strengthened any later time.

Easy dismantling of steel structures is possible (Mainly by using bolted
connection)’

The material is reusable

If the joints are taken care of, it has good resistance against water and
gas.

v

Y O¥ WY
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DISADVANTAGES OF STEELN NSTRUCTURES:-

# It is susceptible to corrosion

» Maintenance cost is significant (frequent painting is read to prevent
corrosion)

# Steel members are costly (Initial cost)
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TYPES OF STEEL.:-

# Steel is an alloy, of iron & carbon

# The small percentage of manganese, sulpher, phosphorous, copper &
nickel for added to steel to improve the properties of structural steel.

# Increasing the gty of carbon & magnese imparts of high tensile
strength but lower ductility.

# Welding is easier in case of ductile steel and ductile steel performs
better in case of lateral loads.

# Chrome & nickel impart corrosion resistance property to steel.

# It also resist high temperature.

PROPERTIES OF STRUCTURAL STEETL :-

# The structural steel is classified as mild steel and high tensile steel.

# Standard quality steel (IS 226-1975) is classified under grade E250
& E350 where, 250 & 350 are the yield stress of steel.

# High tensile steel (Weldable quality Steel) is designated as E410 &
E450. where 4108450 are tensile stress of steel as given in I52062.

1. PHYSICAL PROPERTIES:-

Irrespective of the grade the physical properties of steel is given below (cls
2.2.4 1.5 800-2007)

# Unit mass of steel = 7860kg/m?

» Modulus of elasticity, E = 2 x 10° N/mm?2

#» Poissons ratio, p =03

» Co-eff of thermal expansiona =12 x 10%/°c

» Modulus of rigidity, G =0.76 x 10° N/mm*

2. MECHANICAL PROPERTIES:-

The mechanical properties of structural steel is w.r.to the yield stress &
ultimate stress of the steel sections conforming to IS 2062.
Ex: E250 grade of steel - yield stress 250 N/mm?
Ultimate stress 410 N/mm?*

The mechanical properties of all the grades a given in table 1:1 of IS 800-2007
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WORKING STRESS METHOD OF DESIGN:-

# Previously working stress method was used for steel design as per
1.5.800 1984, here F.0.S is applied only for a material and no F.0.S
for load.

# Since more economy in design was regd and to take care of
serviceability criteria (deflection and cracks) limit start design was
introduced IS 800-2007

# The F.0.5 for material supplied is applied in the permissible stress
(material)

For the various internal forces as given below.

1. Permissible stress in axial tension.

2. Section II of 1.S 800-2007 comprises of the W.5.M of design.

3. The code aspects the use of W.5.M of design in places, where L.S.M of
design cannot be used as per clause 5.1.2 the design requirements of for
any structure is given.

LIMIT STATE METHOD OF DESIGN:- [CIS 5.2 1.5 800-2007]

# Limit state are the states beyond which the structures on longer
satisfies state of strength.

# Limit state of serviceability.

LIMIT STATE OF STRENGTH:-

This limit state is prescribe to avoid the collapse of the structure which
may endanger the safety of life and property and includes.

1. Loss of equilibrium of structure

2. Loss of stability of structure

3 Failure by excessive deformation
4. Fracture due to fatigue
3. Brittle fracture, these are maintain.

The limit state of strength found for members in tension and compression,
flexure and shear.
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LIMIT STATE OF SERVICEABITITY:-

The limit state of serviceability includes
1. The deformation & deflection adversely affecting the
appearance (or) effective use of the structure (or) cause
improper functioning of equipments (or) services (or)
causing damage to finishes.
2. Vibrations in structures (or) any part of its component
limiting its functioned effectiveness.

3. Repairable damage (or) crack due to fatigue.
4. Corrosion
D. Fire

LOADS ON STRUCTURES:-

1. DEAD 1L.OAD: [1.5. 875 Part-I]

Dead loads are the permanent loads acting on the structure including the
self wt of the section.

2. LIVE LOAD: [I.5. 875 Part-II]
It is an imposed load in structure due to people, furniture, movable objects

etc.

Based on utility of the structure the values are given in [1.S 875 Part-II]
Example:-

For Residential Buildings —2 KN/m?

For Commercial Buildings -3 KN/m?

3. Wind Load [1.5 875 Part-III]

4. Snow Load [1.S 875 Part-IV]

5. Seismic Load (or) Earth quake Load [1.5 1893-2002]
6. Accidental Loads

7. Errection Loads

8. Crane Loads
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CHARACTERISTICS OF LOAD:-
It is designed as the action of the load which are not expected more than
five percentage probability during the life of the structure.
1. Partial safety factor for loads for limit state “yf” is given in table 4 [1.5
800-2007]
2. Partial safety factor for material is given in table 5 [1.S 800-2007]

DESIGN STRENGTH:-

The uncertainties to be considered in the strength value for design for
1. Possibilities of deviation of material strength from the characteristic
values.
2. Possibilities of unfavorable varities of member sizes.
3. Possibilities of unfavorable reduction in member strength during
fabrication.
4. Uncertainity in calculation of strength.
1.5 800 recommmands the reduction is strength of the material based on the
partial safety factors for the material as given in table 5 of IS 800-2007
Deflection limity in order ro prevent damage to finishes, deflection check
is done for the load combinations with partial.
Safety given in table 4 and the limiting deflection factor given in table 6 IS
800-2007

OTHER SERVICEABILITY LIMITS:-
# Vibration Limit
# The flows which are subjected to vibration (supporting machineries)
or to be checked for vibration under dynamic loads annex C IS
800-2007 gives the set of guide lines to take care of vibration limits.
# During conceniration the following factors affects the durability of
steel structure
1. Environment
2. Degree of exposure
3. Shape of the member & structural detail
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FIRE RESISTANCE:-

» Fire resistance level [FRL] specified in terms of limit depending
upon the purpose for which the structure is used and the time taken
to evacuate in case of fire.

Section 16 of IS 800-2007 deals with fire resistance.

>
» In addition to the above the stability of structure to be checks due to
over turning sliding or uplifts under factored load.

» The structure should also be stiff against sway and fatigue also
» The designer has to ascertain all the limit states are not exceeded.

SOME STRUCTURAL STEEL SECTIONS:

Fillet
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(b) Rolled steel unequal angle.
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L

N Plate
Rolled steel T-section. Standard section and built up section

DESIGN OF CONNECTIONS:- [Section-10 IS 800-2007]

The possible connections in steel designs are
1. Riveted connections
2. Bolted Connections
3. Welded Connections

Tacking fastener

/u

= = 15+ =+
.-/ -
CW_ Cross-sechon

Tacking fastener
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1. Riveted Connections:-
Riveted connections are used because rigid connection are establish since
there was lot of disadvantages in riveted connection.

4

WL YT

Rivet holes
S
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/ Driven head
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Manufactured
head

L_Red hot rivet
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Riveting.

DISADVANTAGES:-

B

Requirements of skilled labour
2. Cost increased due to defective rivets, the connections are later

preferred.
3. Noise Pollution.

TYPES OF BOLT CONNECTIONS:-

1. Bearing type bolts
a) Unfinished [d+mm] } M.S. Steel
b) Finished [d+1.2mm] } M.S. Steel

2. Friction type bolts = above Fe415 steel

YBOI( Head

~Nominal Diameter

‘a
T on TN

! 3
T _Shank ’ Y*T]m_--‘:d f j

Bolt and nut,

9
N

Nut

2O —a N e
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a) Block Bolts:- [Unfinished Bolts]

F

F

F

=

heads.

designated as M 16 M20 etc.,
the entire shown of contact surface.

nuts in course of time.

These bolts are made from mild steel with square or hexagonal
The nominal dia(d) available are 12,16,20,22 24 27 30 & 36 mm

As the shank is unfinished, there is no contact with the members at

Joints remain quite loose result into large deflections & loosening of

Generally the dia of bolt hole is 1.5mm to 2m larger than the nominal
dia of shank.

b) Finished Bolts:- [Turned Bolts]
# These bolts are made from M.S.steel formed from hexagonal rods
which are finished by turning to a circular shape within the bolts

hole.

# The actual dimension of the bolt holes are kept 1.2 to 1.3mm larger
than the nominal dia. Where the blot hole is kept 1.5mm larger than

l'dl

# Here aligning the bolt holes needs special care.

TERMINOLOGY:-

P

1
2
3
4
5

. Pitch [C/c distance b/w the bolt holes along the direction of load]
. Gauge [C/c distance b/w the bolt holes to the direction of load]

. Edge distance
. End distance
. Staggered distance

> € |-

P

Pitch, gauge distance and edge distance.

12
Prepared by

Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

Staggered Pitch

Bolt distance in staggered bolts.

IS 800-2007 SPECIFICATIONS:- [Section-10] Table-73

1. For Spacing [cls 10:2]
a) Pitch P shall not be less than 2.5d where, d-nominal dia of bolt

b) In case of tension member P shal not be more than 16t (or)
200mm

c) In case of comp. member P > 12t (or) 200mm where, t — tks of
thinnest member

d) In case staggered pitch, the pitch may be increased by 50% value
specified provided the gauge distance less than 75mm

e) In case of butt joint max pitch is restricted to 4.5d for a distance
1.5 times a width of plat from the butting surface.

f) Gauge length (g) should not be more than 100+4t (or) 200mm
whichever less.

2. Edge Distance [cls 10:2:4]
Mini edge distance shall not be less than
(i) 1.7 times the hole dia in case of hand flame edges.
(i) 1.5 times hole dia in case of machine flame cut.
(iii) Maxi. Edge distance should not exceed 16t 3 where
¥ =250/fy=¥
Also max edge distance should not exceed 40+ 4t
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Tvpes of Bolted Connections:-
1. Lap Joint

2. Butt Joint
a) Single cover butt joint,

'y

e —e— .i: e B
. W

-p

—

(c) Chain Bolted

(d) Zig-zag bolted

Types of lap joints,

b) Double cover butt joint

Lap joint is established by overlapping one plate to the other Butt joint is
made by placing the two plates to butt [edges facing each other] and

connection

Internal forces on bolts:-

Single shear

Double shear

Pure tension

Pure moment

Shear & moment in the plane of connection
Shear & tension

SR S
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() Bolts subject to shear and tension

CE8601 DESIGN OF STEEL STRUCTURES

"3

Em

Bursting or shearing of plates.

|
|
! @)
|

S i

Crushing of plates.

Iad

| 22 | o

N — ]

Figure 3.14 Rupture of plate.
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—e| Pyl

Joint with staggered pitch.

: ons in desien of hearine holts--

# Friction b/w plates negligible

# Shear is uniform over the c/s of the bolt.

# Distribution of truss on the plates b/w the bolt hole is uniform.

#» DBolts in a groove subjected to direct loads, share the load equally.
# Bending siress developed in the holes is neglected.

Plates may fail due t
¥ Fupture of Plate [tearing]
# Crushing of Plate
# Bursting or shearing of Plates
Bursting & Crushing of Plates are avoided by providing mini edge

distance.
The design tensile strength of plate half the thinnest plate against rupture is
given by Tex=0.9An fu
Ym
Where,

“Var is partial safety factor for failure for ultimate stress 1.25
[Table-5] “fu’ is ultimate stress of the material [Refer table -1]
‘An’ is net effective area of the plate at he critical section given by
(i) A,=[b—nd,]t

t

aa F 2
(i) A,=|b—nd,+> —>~
i=t 43
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Where,
(i)  for single line for bolts

(ii) for staggered pitch of bolts
Here, ‘b’ is width of plate
‘" is tks of plate (thinner plate)
‘d,’ is dia of bolt hole.
‘g’ is the gauge length b/w bolt holes
‘n’ is no.of bolt holes in critical section
‘ps’ is staggered pitch length b/w lines of bolt holes.
‘T’ is the subscribe for summation of all inclined legs.

Design Strength of Bearing Bolts:- [cls 10:3]

The design strength of bearing bolts under shear in the least of
(i)  Shear Capacity
(ii) DBearing Capacity

(i) Shear capacity of bolts:- [cls 10:3:3] IS 800-2007

b

Shear strength of bolts ‘-"Jg_,,=y—
ik

v hz%[nﬂﬂnbiﬂs‘qsh.
.. ]

Where,
f, == Ultimate tensile strength of bolt.
nr. == No. of shear planes with threads = 1
n: == No. of shear planes without threads intercepting the shear plan
Aue, == Net shear area of a bolt at threads
A, => Nominal plan shank area of the plane
Amp = %[d—D.QSBE]Z
2

For ISO threads = 0.78 “‘%

Reduction factor for shear capacity of bolts :-
The code such as the use of reduction factors for shear the following

situation

(i) If the joint is too long [ cls 10:33.1 IS 800-2007]
(ii)  If the distance b/w the first & the lost hole in the joint exceeds
1.5d, the shear capacity “Vg,’ shall be reduced by the factor f

ij is given by _
p5=1.075-0.005 I
Limitof 0.75 ¢ B¢ 1.0
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(i)  If the crip length is large [cls 10:33.2 IS 800-2007]
If the total tks of connected plates exceeds 5 times the dia of

bolt. The reduction factor for large gauge length is given by.
8d

Bg= 3a+1g
(iv) Reduction factor if packing plates are used
[cls 10:33.3 IS 800-2007] if packing plates of tks more than
6mm are used in the joint R.F B p is given by
B = 1-0.0125 tpk
(v)  Thus the capacity of bolt in shear is

Vm =__‘% [nn A:nb_'-ns - Asb] ﬂ;r Xxsl’g xﬁp&
(ii) Bearing Capacity of Bolts:- [cls 10.3.1 IS 800-2007]

i

nkp

mb

it
The design bearing strength of the boltis V= v

Where,
Vwp = 2.5kb dt fu
V@ == Nominal bearing strength of bolt
Ky  => Smaller value of least of

€ J’——qu.ﬁlﬂ
3dl3d - qu?'

E == End distance of the bolt
P == Pitch distance
do == Dia of bolt hole
d
t

=> Nominal dia of bolt
=> Sumation of tks of connecting plates experiencing
bearing streis in same direction
fub == Ultimate tensile stress of the bolt
fu == [Jltimate tensile stress of plate

EFFICIENCY THE JOINT:-
It is defined as ratio of strength of the joint to strength of the solid plate.
n= strength of joint x 100
strength of solid plate
DESIGN PROCEDURE:-
# Determine the design force [factored] acting on the joint.
# The dia of bolt is assumed.

# Strength of connections is found based on the strength of plate @
critical section and strength of bolt in shear & bearing.

# The design strength is ensure to be not less than the design action.
# Efficiency of the connection is found based on the strength of solid
plate.

18
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NOTE:-

Strength of solid plate in yielding is less than that of tearing (rupture) of
the solid plate.

For a example: Considering M.5. steel where

@:250? zhﬁ":dlﬂly ,
Imim mm

Design strength of solid plate

] L 250 N

(i) In yielding =371 =227 .27 o

y 0.9x410 . N

(ii) In rupture =~z —295.2 /nmz

-~ Strength of solid plate is govern by strength in yielding.

1. Find the efficiency of the lap joint shown in fig. given M20 bolt of grade
4.6 and plate of grade Fed410 [E250] are used.

~ 20 mm
Jf- o — —- | - 20mm

| SRR I § J | i
i [ B |
h=] =] [
- &0 mm —= l.
) ) f-l'? Tim 1
| Tt |
| B T
| i i) -‘- 1 80 mm
f | 64} T
| & b4
| i 1:11!!1 t
Given Data:- |
t = 20mm
Bolt:- M20
Grade 4.6 == fu = 400N/mm’
fy = 250N/mm>
Plate:-

Fe 410 [E250]
Fu = 410 N/mm*
Fy = 250 N/mm? [Table 1 — 1.5 800 — 2007]
Efficiency of the joint = strength of joint x 100
strength of solid plate
Strength of connection is least of strength of plate at critical section and strength
of bolt in shear & bearing.
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Strength of plate (@ the joint:-
_ 0.9 Anfu

Tensile force Ta= y
mil
A,=|b—nd |t
ps =0[ - Bolts are on a straight line]
= (180 - 3x22) 20 [~ d,=20+2=22]

An = 2280mm*

Ym = 1.25 [from table 5- .S 800-2007]

[do=Dia of bolt hole = 20+2=22mm]

Tea=09%x2280x410
1.25

Ta = 673.056 KN
Strength of bolts:- [cls 10.3.3 IS 800-2007]

(i) Strength of bolt in shear Ve = ;—""
mi

fu
Vrr.h = ?5[ er."'&‘n'h + NsAs'h ]

N: = No.of shear planes (@ the thread = 1
N: = No.of shear planes @ shank [N:=0 for lap jt N:= 1 for D.C.B.J]

2
Ay =0.78x"% [This formula for ISO thread]
2?_
= 0.78x 22
* 4
A, = 245mm®
1-’m=4?_;} [1x245 x6]
X 339 48
V_,=339 481 KN V=35

V. =27158 KN

(ii) Strength of bolt in bearing: [cls 10.3.4 1S ]
Take
B,=B,=B,=1
Vv u‘bp:h
¥ ms
Vap =2.5kbdt fu
Kb = least of e/3d,, p/3d,-0.25, fub, 1.0
Fu

E = end distance [centre of the extreme end bolt to the edge ¢ Ir
to direction of lual:l:
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30 60
ke = 35932
k,=0.45,0.659,0.976,1

Take Ky value of whichever less [ -~ Kp=0.45]
Vmp=2-5>‘ 0.45x20=20= 410
Vi =1863KN
186.3
V=T 25

Fdﬁf_. = 149.04 KN
. Design strength of bolt = 6 x 149.04
Vg bolt=289424 KN
Design strength of the joint = 271.58 KN
Design strength of jt is the least of strength of joint 673.06 KN, 271.58 KN
& 894.24 KN

Strength of Solid Plate = ﬂ'yﬁg‘ﬂ
el

[vielding sides the strength of solid plate]
250

= ﬁ)( 18020

Strength of solid plate = 818.18 KN

. . 271.58
~ Efficiency of joint 1=g153 » 100

n=33.19

2. Find the efficiency of the joint for the above problem if instead of lap
joint, a double cover butt joint is provided. Two cover plates each of size
12mm and 6 nos. of bolts are provided on each side.

Given Data:-

[Table 1, [.S 800-2007] [Pg.No.13]
Plate:-

Fed10 [250]

Fu = 410 N/mm”

Fy = 250 N/mm*

Bolt:-

M20, Grade 4.6
¢ of bolt =20 mm
fuy, = 400 N/mm?
fyy, = 240 N/mm*
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The strength of plate at the joints and the strength of bolts in bearing are
same as that of the previous problem.

(1) Strength of plate @ the joint:-

. _0.9Anfu

dn™ "

!"'rn.!

A,=[b—nd,|t

=[180-3x22] 20
A, = 2280mm’
Ym=1-25 [from tables-5 IS 800-2007 Pg.No:30]
d, =20+2 =22

_ 2280x0.9x410

1.25
T, =673 056 KN

(2) Strength of bolts:-
(i) Strength of bolt in bearing : (cls 10.3.4 IS 800-2007]

V:EE

ate ¥ma
Voup=2.5kb.dt.fu

K,=2 2020,

~3d,'3d, fi
30 &0 A00
= 3% 3% Va0

K,=0.45,0.659,0.976,1
Take kb value of whichever is less

- K,=0.45

V 3y =2.5%0.45X20 %20 410

vV =1B6.3KN

by
186.3
Vap=1 25

Vi =149.04 KN

. Strength of bolt in bearing = 6 x 149.04
dep=394.24KN

(ii) Strength of bolt in shear:- [cls:10.3.3 IS B800-2007]
Vs
Vb
vmb:_&’NHHnb*-Nm .
V3 .

VJsz

22
Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

- Double cover butt jt provided each bolts resists shear along two planes, the

section at the root & another section at the shank.
wn,=n=1 for each bolts

2
A, -078x™
A

_ 0.78xmx 20°
-
A =245mm*
I:d!
4
_ mx20°
4
A, =314.16mm’
\-’mb=ﬂ[ﬁx 245+ 6x314.16]
NE

NV =774 8KN

Ay =

Vg =619.84KN

Reduction factors By =B, =Pu =1
-+ Design Strength of the joint = 619.84 KN [least of 673 KN, 894.4 KN,
619.84 KN]

Sirengih of the solid plate:-

fA
Strength of the solid plate = ; 2

_ 250
11

ml

%180x20 [Tks of thinner plate is the least of

sum of cover plate 20(or) 24mm]

Strength of the solid plate = 818.18KN
_51984

N=——x
818.18
n=75.76%
(3) A boiler shell is made up of 14mm tk Fe415 plates. The jt is double bolted lap
jt with bolts of grade 4.6 at distances of 500mm. Determine the strength of the jt.
Per pitch width for a safe design if the internal dia of the shell is 1m and steam
pressure is 12Mpa.
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{ - \ 3
I|I S0 i \ //7 !
y 7 * —s . 12 MPa ,..s’
II.": é i - ™ S - {7
Given:-
Grade 4.6
Bolt:-
fuy = 400 N/mm’®
fy, = 240 N/mm?

Plate:- fu = 410 N/mm® , fy = 250 N/mm’

Sln:-
The strength of the plate is check for unit pitch [50mm width]

Strength of Plate (@ joint:- [50mm width]

An=[b—ndn]r
Provide 18mm dia of bolt hole.
=[G0-1x18]1x 14
An = 448 mm*
7 —0.9x448x410
n 1.25
Ta=132.25 KN

[y, table 5 I5800—2007 |

Strength of bolt:- [50mm width]

The strength of the bolt is found for 1 pitch width in both shear & bearing.
For 1 pitch width there are 2 bolts along the line.

Strength of bolts in shear:- [cls 10.3.3 IS 800-2007]
Vs
V.i-ap_

¥irb
nn‘q‘nb + ns‘q' Sb]

Unﬁ:%[
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Forlap joint n, =1
n: =0

mz

A=0. ?BT

2
= 87200 Assume dia of bolt 16mm for IS

A,,=156.8mm"

V= ﬂ':f%'\'[:z><1><15r5. 8]

V_,=72.422KN

72422
V=125

V=27 .94KN
5

(b) Strength of bolt in bearing: [cls 10.3.4 IS 800-2007]

d :1",,[@
w Fm[:-
V 5y =2.5kb. d;ufu
e b
K=—--% 025210
" 3d,"3d,
54 50 @
~ 3x18°3x18 0.2 '410’1'ﬂ
K,=1,0.676,0.975,1.0

e is not given, so it is assume that sufficient edge distance is provided]
Take Ky value whichever is less [Ky = 0.676]

Vopp=2.5x0.676x16:x 14 410

‘F’m,_, =155.210 KN

155.210

Vaw="7 25

Vapp=124 16 KN
For 2 bolts Vi, =2x124.16

V gy =248 .32 KN

Vv

[ -

. Design sirength of bearing for 50mm width = 248.32 KN
. Design strength of the joint per 50mm width is the least of 57.94 KN

132.25 KN

248.32 KN
. Design strength of jt/50mm width = 57.94 KN
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Check for hoop fension:-
The action of force
Hoop tension on shell = %
Where,
P = Internal Pressure, D = Dia of Shell

T = Tks of the shell
121000
T 2x14
= 428.57 N/mm’
. For 50mm width hoop tension = 428.57 x50 = 21.43 KN
The actual hoop tension acting on shell = 21.43 KN Applying partial safety factor
for load as 1.5 factored design load =21.43x 1.5
= 32.14 KN < 57.94 km

Hence the connection is safe.

(4) Check the safety of the connection in the above problem, it zig-zag bolis are
provided as shown in the fig.

ERITRTY \
| —d 50 mm f— —=| S0 mm |= [
| S0 m

Given Data:-

Bolt ;: Grade 4.6
fuy = 400 N/mm?*
fyw = 240 N/mm’”

Plate:- fu = 410 N/mm?
fy = 250 N/mm’

Sln:-

The critical section were tearing of the plate takes place is along section
1-1 and section 2-2.

Providing dia of bolt = 16mm

Dia of bolt hole = 18mm
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(i) Net area resisting the tearing force along section -
An,=|b—nd, |t

=[B0-1x18]14
An; = 448 mm?
(ii) along section 2-2

| |2
An2=[b—ndu+2f [
Where
P. = 40mm
g = 2hmm

2% 40°
425

A ,=|50—-2x18+ 14

A = 644mm’
The least area decides the failure of plate.
» Section 1-1 is weaker

Design sirength of plate (@ the joint:-

720 QPA::
_ 0.9x448x410
1.25
T=132.25KN
Design strength of bolt:-
(i) Strength of bolt in shear:- [50mm width]
_ Vg
dsp Ymb

Vruhz %[nnﬂnb +ns Asb:

n,=1n=0
0.78%nd"
An\h_T
_ 0.78xmx16’
4
A = 156.8 mm?
Vm=%:2x1x156.8]
W
V=72 42KN
72.42
Ves=7 25
V, =57 .94 KN
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(ii) Strength of bolt in bearing:- [50mm width]

V:EE

P ¥ b
Ve =25kb.dt. fu
fu
K=2—_LE£ 025°210
©734,"3q, fu
Assuming sufficient edge distance is available
54 50 400
b7 3x18°3x18 0_25,41[},1_0
K,=1,0.676,0.975,1.0
Take K, walue is the least of 0.676
VW:Z.SXD.E?EXIEXMXMU
‘L-’Rbp= 155.21 KN
; 15521
#1125
V=124 17KN
For 2 bolts FﬂF:ZX 124 17
Vg =248 3KN

. Design strength of bearing for 50mm width = 248.23 KN

Check Hoop Tension:-

_PD
T
_ 1000x12
T 2x14
= 428.57 N/mm*
For 50mm width of hoop tension = 428.57 x 50
=21.43 KN
The actnal hoop tension acting on shell =21.43 KN
Applying Partial safety factor for load as 1.5 factored design load
=2143x 1.5
=32.14 KN < 57.94

Hoop tension on shell

Hence the connection is safe.

5. Find the bolt value of the connection b/w two plates of tks 16mm which are to
be joint using M20 bolts of grade 4.6 by (i) Lap joint (ii) Butt joint [using 10mm
cover plates]
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T T = =
[ il It 11 [

— 10

40
30

| b ofsti i 8.0
& ,I__ & = . 3 : ::.l Z(H) LY
[ : 0
[— — —
?.T.\-' f:.' -.3.-:] All dimensions in mun
40| 60 | 60 | 40|
Given Data:-
TKS of plate = 16mm
Bolt:-
M20 @=20mm, fub=400N /mni
Grade 4.6
Sln:-
(i) LAP JOINT:-

1. Strength of bolt in shear: [cls 10.3.3 IS800-2007]

V.rhﬂr
v, ="
=y

I‘Isl'a!a =% [ nrz Anb +i|15 ‘qsb]

.= 1, n=0
_0. 78X 20" T
4
A, =245 mm®
Vm:ﬂ[lxzﬁl
V3
Ve =56.58 KN

v, _96.58
de™ 175

Vup = 45.26KN

Anb

2. Strength of bolt in bearing: [cls 10.3.4 IS 800-2007]

L
vV, =——2=
*» Yo
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V =25k dt . fu

®3d,’3d, 77 fu
Take
Erx=1
Vap=25x1x20x 16 x 410
Ve =328 KN
_328
dbp .25
Vip =262 4 KN

Design strength of bolt in bearing = 262.4 KN
Design strength of bolt = 45.26 KN [Least Value]

(i) BUTT JOINT:-
1. Sirength of the bolt in shear: [cls 10.3.3 IS 800-2007]

Vv

Lr:ﬂb:_u—ﬁ;ﬁ[nn‘qmb+ns‘qm¢]
_0.78%nd’
nb 4
_ 0.78xmx20°
B 4
A,=245mm"
2
AW—T
_ % 20°
4
A,=314 1mm’
n.=1,n=1
_400
43
V,,=129.1KN
v, -129.1
dp™ 125
V., =103.28KN

A

Ve [1x245+1x314.1]
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2. Strength of bolt in bearing : [cls 10.3.4 IS 800-2007]

Vmb
mib
V5 =2.5k,dt. fi
K=t P g5 fub,

bT3d 3, fu’

Take
K.=1 [t is least of 16mm (2x10mm}]
}
Vip=25x1x20x 16 x 410
Visp =328 KN
_ 328
dbp™ 1,25
Vap =2624 KN

Design strength of bolt in bearing = 262.4 KN
. Design strength of bolt = 103.28 KN

5. The above problem find the bolt value for butt joint connection with tks of

cover plate as 6mm.

— 6 mm cover plate

/ Packing plate

18 mm plate O o | [
N [ 11 Z ~—10 mm plate
e F i
|
o T = = h= 4 ] ‘[—"\_ lacking rivet
T 6 mm cover P'ﬂli: 1
|" | 40 ’|
| ® @ . ® ® i
| 60
\\ @ @ | ® ® 8 & 3
: 7 .
| ! 60 ‘
| | ‘ |
‘ 1 ® @ ® ® L 0 f
/ | 40 |
40| 60 | 40| All dimensions in mm
(ii) BUTT JOINT:-
1. Strength of the bolt in shear: [cls 10.3.3 IS 800-2007]
\'2
Vds,:__"sb
Vb
Vsnb_ ﬁ[nn Anb+ns A"sb]
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_0.78xmd”
4
_ 0.78xmx20°
4
A =245 mm"
_:i'lru.r;T2
T4
— % 207
4
A =314 1mm’
nn=1,ng=l

Anb

A

Ve

W
V_,=129.1KN
v 1291

d¥ 175
Vﬁp=lﬂ3.ZBKN

=4’[f"—§[1 x245+1x 314.1]

Design strength of bolt in shear = 103.28 KN

2. Strength of bolt in bearing : [cls 10.3.4 IS 800-2007]

v, ==
Y
Vopp=2-5kydt . fu b
__& p
=3 3 n_zs,fu 1
Take
Ky=1 [‘t" is least of 16mm (2x6mm)]
1
‘Lfnbp=2_5><1::<2ﬂ>< 12 %410
Vm=245m
_ 246
Vdﬁ‘*_l.za
Vs = 196 8 KN

Design strength of bolt in bearing = 1x196.8 KN

Vs = 196 8 KN

Design strength of bolt = 103.28 KN [Least Value]

32
Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

6. Design a lap joint b/w two plates each of width 120mm. If the tks of 1 plate is
16mm and tks of other plate is 12mm. The ji has to transfer design load of
160KN. The plates are of grade Fe 410 use bearing type bolts.

Given Data:-
Plate width = 120mm
1 plate tk = 16mm
Other plate tk = 12mm
Plate Grade = Fe 410
Design load = 160KN

Sln:-
Assume dia of bolt as 16mm of grade 4.6
. Dia of bolt hole d, = 18mm

[Refer table-1 IS 800-2007] fu = 400 N/mm’
P

No.of bolis required A = BoltValue

Where,
Bolt value is the least of strength of bolt in single shear & bearing.

Bolt Value:-

(i) Strength of bolt in single shear:- [cls 10.3.3 IS B00-2007]
;o fu .
L m_ﬁ[nnﬂnb nsﬂsb]

=1, n:=0
0.78xmx 16"
"q'nbz 4
A,,=156.83mm"
= 399y 156.83]
¥3
V,,=36.218KN
v, =t
¥ims
_ 36.218 : B
= o= «|fromtable—5|
Vap =2897KN

Design strength of bolt in single shear = 28.97 KN
(ii) Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]
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V. = nsk
dap Vo

Vipp =23k, dt . fu
Assume the edge distance e = 1.5d, 27 mm, 30mm
p= 2.5d = 40mm
K==, -2 —0.25,0b

b7 3d " 3d fu
30 40
= -0.25,1,1
3x18°3x18 o
=(.556, 0.491, 1,1
Take K» = 0.491
V 5p=2.5%0.49 16 X12 400
Vise =94 08 KN
. _94.08
@ 1.25
V 4y =75-26 KN

Design strength of bolt in bearing = 75.26 KN
. Design strength of bolt value = 28.97 KN

) _ 160
. No.of bolts required n = 78 97

Providing an edge distance of 30mm for the bolts and providing them in two
layers, with edge distance 30mm & pitch 40mm, the length of overlap read for
the plates is read 140mm as shown in fig.

Strength of plate (@ the joint:-

0.9A
=220
Ym

An=[b —nd |t

=[120-2x 18]12
A,=1008 mm”~

_ 0.9»1008> 410

1.25

T=297 .56 EN=>160 KN

Hence the plate is safe against tearing.
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6. Design a connection using butt joint for the above problem. [Assume cover

plate 6mm of each]
Given Data:-
Plate width = 120mm
1 plate tk = 16mm
Other plate tk = 12mm
Plate Grade = Fe 410
Design load = 160KN

Sln:-
No.of bolts required A =
BOLT VALUE:-

I
BoltValue

(i) Design strength of the bolt in shear: [cls 10.3.3 IS 800-2007]

n.=1, n:=0
_ 0.78xmx16"
Anb_ 4
A,,=156.83mm’
T 16°
A"*:T
A, =201mm"
%{1x1%.53+1x201}

W
=82.637 KN
_ 82.637
dp™ 1,25
V 4p=66.109 KN

1‘" nsh

Design Strength of bolt in bearing :- [cls 10.3.4 IS 800-2007]
"I'._F
Vo= 1
b Y
van:Z.ERb.dr.fu

30 40
b = 3x1873x18 02> L1

= 0.556,0.491, 11
Take Ks = 0.491
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VHEF:Z_SXDABIXIEXIEXADI
Viep =96.63 KN
56.63
V=
®1.25
V=77 304 KN
Design strength of bolt value = 66.109 KN

160
No. of bolts, n = 66 109

= 2.4 ~ 4MNos.
Strength of Plate @ the joint:-

0.9A fu
an ] -'F'Imf
An:_b—nd&]:
= [120—3x18]12
A =924 mm’
_ 0.9:x924 %410
1.25
Ty, =27276 KN (160KN
. The plate is safe against tearing.

ECCENTRIC CONNECTION:-

(i) LINE OF ACTION OF
ECCENTRICLOADIS IN
PLANE OF THE GROUP
OF BOLTS.
LINE OF ACTION OF
ECCENTRICLOADISIN
PLANE
PERPENDICULAR TO
THE PLANE OF BOLTS.
(i) LINE OF ACTION OF ECCENTRIC
LOAD IS IN PLANE OF THE GROUP OF
BOLTS.
The equivalent load acting on the

connections are

(i) Axial Load [P]

(if)

(ii)

Moment due to eccentricity [M=Pe]

A direct shear force of F1 =P/ is transferred on each bolt.
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The force due to the moment depends upon the radial distance from the C.G of

the bolts which will act a right angles to the radial lines.

F. ar
The force is directly proportional to the radial distance (or) Fz: K
2 r

Where,
k== Constant of Proportionality
r == Radial distance

The summation of force into ¢ Ir distance is equat to the total moment acting on

section. Z F, r=PxE]
. Equating the relation F,=K
z k' = pxe
pe

>r
k. r
per

=

T
Il

2

o

Tyr
The resultant force for F1 & F2 given as
F=|F ,+F ,+IF F,cosb
1 2

Where,
f= The angle b/'w F1 & F2

1. A bracket bolted to a vertical column is loaded as shown in the fig. If M20
bolts of grade 4.6 are used. Determine the maxi. Value of factored load ‘P’ which

can be carried safely.

amm 250

T 2

810 ; T ‘IV
I |
80

l ot
X (m1)p

_—— ISMC 300 ? |

|
t
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Given:-
The bracket is connect to the web of the channel section.
M20 bolt == Grade 4.6
d = 20mm
d,= 22mm
fub = 400N/mm”
Sln:-

The resultant force in each bolts F=IF ;*F ,*2F,F,cos8

Fi= E[D[recrsheur]

F, _%& forceduetomoment |

For rgllled steel section ultimate stress, fu = 410 N/mm’
fy = 250 N/mm”
The jt b/w the bracket plate & the web of ISMC 300 is a lap jt. Which is in single

shear.

BOLT VALUE:-
1. Strength of bolt in single shear :- [cls 10.3.3 IS B00-2007]
vnsb
V. =
dip Vo

Vsr:b =% [ nrz ‘q'nb"-ns ‘q'n b]
W 5

=1, n:=0

0. 78 1 20°
4

= 245.04 mm*

_ 200115045 04]
\

V ,=56.589 KN
v, _96.589
T 1.5
| V;&p:45'2Tm |

Anb:

. Design sirength of bolt value = 45.7 KN

Resultant force on each bolts [extreme bolt] =
F=|F_12+F21+2F] F,cosf

P
F.=—
Direct Shear ' 5 F,=
F,=0.2P Force due to moment Z g
r = 100mm
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_ Px250x100
T 4x100°
F, =0625P
= |(0.2P}+(0.625 Pf*+2x0.2P x0.625 P0.6
F=0.762 P
Equating the bolt value to the strength of the bolt. 45.27 = 0.762P

P=59.4 KN
- The maxi design load allowable on the bracket = 59.41 KN

Design of bearing bolts subjected to eccentric loading.
 re]
o
\Wp
Where,
N => No.of bolts
M => Moment
V => Bolt value
P => Pitch
The above expression is ’fo_rsingle dine of bolts. If two vert.lines are adopted,
e = | 6M
2V’ value is adopted 2vp
1. A bracket is bolted to the flange of the column as shown in fig. using 8mm
tk bracket plate. Using M20 bolts of grade 4.6 design the connection.
[ "1
5 300 kN
' 350 mm

8 mm bracket plate

Il
Il
Il

L~

250 mm -

Given Data :-
¢ of bolt = 20mm

—— ISHB 300 @ 577 N/m

Grade 4.6,
Fub = 400 N/mm?

Rolled steel section Bracket is having fu is 410 N/mm”
Fu = 410 N/mm*
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Sn:-
Assuming two vert.lines of bolts, n =

BOLT VALUE:-
(i) Strength of bolt in single shear:- [cls 10.3.3 IS 800-20(C ES

\'4
Vdsbz_mb

Yoo

l6M
2

"’AQ:-\%[nnAnb*'nsAsb] 275

n.=1, n;=0
A 0.78x % 20°
R e
= 245 mm?®
= 490545 0x1]
V3
V_,=56.58KN

v, _56.58
=125

[_u—45 .26 KN ]
(ii) Strength of bolt in bearing:- [cls 10.3.4 IS 800-200

®®®®®O|®®®®®®

G)O@O@Ol@@@@-

v, —vu
&y
,,,,,,_2 Sk, dt. fu
ﬁzb
K,= 3d 3d° -0.25,0=1
Assume the pitch ‘p’ is 2.5d=2.5x 20 = 50rnm
. Providing pitch of 50mm and edge
distance of 50mm
050 5400
Ix227 3% 22 ’419 ' Design strength of bolt value = 45.26 KN
=0.757, 0.5076, TeM
ﬂg?ﬁ, 1 - No. thD].tS, n= 1|2_1":[J
Kb = 0.5076 LR BN
Vﬂp:E.SxD. 5076 <208 x 410 - |2><45.2?>< 0.05
Ve =8325KN n=11.79 ¢ 12Nos.
| n =12 Nos. |
_83.25 -~ Provide 12 bolts on each side.
1.25
V 4, =66 .59 KN
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Resultant force on the extreme bolt should be less than the bolt value
F:|1'='!_2+Fr,_+2Fl F,cosf

F,=E£
mn
- 300
24
F,=12.5KN
F=E
2 Z r;J_
_ 300x0.35x0.285
=T 57
" r=|275°+75
r = 285mm
Zr2=z XY
Zr2=2 Exlz"'}']z]
= 4][75%+25%+(75+75%)+(752+125%)+ 752+ 175%|+| 752+ 225%)+| 752+ 2757
> r*=85%10*mm?
_ 300x350 %285

~ g5x10*
F,=35.12KN

= |12.5°+35.21°+2%12.5%35.21x0.26
F=4031KN < 45.26 KN
Hence the connection is safe. Provide 24Nos of M20 bolts along 2lines of bolts.

(ii) ECCENTRIC CONNECTION WHEN PLANE OF LOAD IS
PERPENDICULAR TO PLANE OF CONNECTION:-
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DESIGN PROCEDURE:-
# Assume the dia of bolt.
# Adopt a pitch of 2.5d for the bolts.
# Provide atleast two vertical rows of bolts, where the no. of bolts in
each line _
N= \.I%
# Check for the intraction relation b/w direct shear & tensile
force developed on the extreme bolts as per cls 10.3.6 [IS

800-2007]
Yl L] <0
vﬂl Tdb o

Where, Ta == Design tension capacity [cls 10.3.5]
Vs == Factored shear force acting on the bolt
WV == Design shear capacity [bolt value]
Ty == Factored tensile force acting on the bolt

L
M' = M
af vy
T,
T, =_mb
Te
T,, = 0.5fubAn
0.9Anfub _fubAsb
T = <
Yo Yo

1. Design the connection of a bracket section ISHT 75 attached to the flange of
ISHB300 @ 577 N/m should carry a verti factored load of 600KN at an
eccentricity of 300mm. Use M24 bolt of grade 4.6
Given Data :-

ISHE (@ 577N/m stanchion

ISHT 75 bracket

Load P = 600KN

E = 300mm

Bolt == M24 ¢=24

Grade 4.6 fu=400 N/mm?
Sln:-
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AL
° o l ——
: 3 70
ol
ISHT 75
o o
[} o
o o h =740
—_—
) ° 150
o °
el ol
70
° o —_
e g
e el Weve v
TAll dimensions in mm
o I L o

Here the plane of load is ¢ Ir to the plane of bolt. Therefore as per clause

10.3.6 the following intraction formula need to be satisfied.

2 2
Yo 42| <10
Vd'h Tdb

Direct Shear:-

BOLT VALUE:-
1.5trength of bolt in single shear:-

v
V=

Vot
Vs =Tfu§ ’nn Apn, Asbl

n.=1, n:=0
Assume ultimate strength of rolled steel section is 410 N/mm?*
_ 0.78xmx 24
Y
= 356.82mm’*

Ag

400
=—=|1x352.86

sz
_B81484

#1975
V., =65.19KN

Vntp:Z.Ekbdr.fu
Kﬁ:i P _n_zs_ﬂ 1

3d_'3d fu’
Assume the edge distance e = 1.5 d, = 40.5mm
~_ 50mm
P =2.5d=60mm
~ 70mm

(R
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50 0 400
= 3x2773x27 4107
K, =0.617,0.6140,09756,1

Take K, = 0.614
V,, = 2.5x0.614x24x410x9

=135.94 KN
13594

1

®= 125
Vs, =108.752KN

. Design strength of bolt value = 65.19KN

— e
— | 6BM
No. of bolts, n V2veo Vb

| 6x600x03
| 2% 65.19% 0.07
T n=108; 11Nos.
n=11Nos.
Provide 11 bolis on each side.

= 11x2
V, =2727KN

Since N.A is (@ 107.14mm it lies b/w the I* bolt & the II™ bolt.
The 1% bolt from the bottom is in tension and the other bolts are in

compress
Tensile force in extreme bolt due to B.M
T, =y
Mo M
Lo i)
+— =+
A ¥ v 7
Where, vi= The distance of there bolts in compression from the N.A
Bolt No 2 3 4 5 6 7 8 9 10 11

Z}rj_ (mm) |12.85]82.85|152.85 | 222.85|29285 | 362.85 | 432.85 | 502.85 | 572.85 | 642.85
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¥ yi =3278.5mm
3 yi* =1.479x10° mm*
Yi=642.85mm
i M
(3 v J
300 600x10°
= 1, 2x750( 32785
+ -
21 |1.479x10°
M' =1554KN.m
M'yi
g
>
155.4x642 85x10°
= 1.479x10° Design
T, =67.54KN
Design Tension capacity of bolt:- [cls 10.3.5]
Lo
Tet
_ 0.9A fub _ fybAsb
Teb - Tob
A, =—D'?B";‘“ 24 _ 357 86mm*
2
A, =724 _ 457 39mm?
_ 0.9x352.86x400 _ 240x452.3
* 1.25 T11

=101 < 98.70KN
Design tension capacity of bolt Ts = 98.70 KN

[%} +[%T <1.0

2727 (6754) .1,
65197 (9877

064<1
HSFEG Bolts:- [cls 10.4 IS 800-2007]

# HSFG bolts are made of high tensile steel material [ultimate stress
about 800N/mm?] which are free tension then provided with nuts.
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# The nuts are also clause using calibrated wrenches.
# Here the resistance to 5.F id mainly by friction.
# Two types of HSFG baolts are
(i)  Parallel Shank
(i) Waisted Shank
# Parallel shanks are design for no slip at serviceability load.
# Hence the slip at higher loads and slip into bearing at ultimate load.
# These bolts are checked for bearing strength at ultimate load.
For no slip even at need not be check for bearing strength.

Shear Capacity of HSFG bolts:- [cls 10.4.3 IS800-2007]
ne = 1 for lap jt
ne = 2 for bult jt

vrﬂf = ]‘ll‘ 'nekn'Fn
B: = Co-eff. Of friction (slip factor) as specified in table
20[ K, =0.55]

n, =No. of eff. Interfaces offering frictional resistance to slip.

k, =10 for fasteners in clearance holes 0.85 for fasteners in
oversized & short shotted holes 0.7 for fasteners in long
slotted holes.

Vs = 1.10 (if slip resistance is designed at service load)
F; = Mini bolt tension (@’ threads at installation & may be taken as
Ag.f
Aup = net area of the bolt@threads 0.78 nd” /4
fo = Proof stress 0.7 fuw

Vv

i

V..=
o l'rmj’

1. Determine the shear capacity of the bolts used in connecting two plates as
shown in fig.
(i) If slip resistance is designated (@ service load.
(ii) If slip resistance is designated (@ ultimate load.
Given:-
(i) HSFG bolts of grade 8.8 is used.
(ii) Co-eff of friction P=03
(iii) The clearance holes fasteners are used.
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—r o | E— 1 S—
L 1 1l |
L . ‘B‘ | ‘
| 40
® T T
| }
fi
® ] (0]
| }
65
o 2l o R Gl 15 8
40

| 40| 65 |40 40| 65 | 40| }

Given:-
Bolt == grade 8.8
fi= 800 N/mm?
fy = 640 N/mm?
Sln:-
Slip resistance for the bolts (Vo)
=R f'nrkﬁ'fn
=03x2=x1x1372
=8232 KN
Where,

=

3
2 [for D.C.B.J]
1

_0.78xnd”
ﬂb_ 4

w &P T

d =65
d =26 mm
1.5d=40
d = 26.67mm
Provide dia of bolt as 20mm. Dia of bolt hole is 22mm
_0.78xmx20°
nb ™ 4
A, =245mm’
fo=ToX An
=560x 245

fo =1372 KN

anr:ﬂ" 3x2X1x137.2=82 .32 KN

(i) When If slip resistance is designated (@ service load:-

8233

Design strength of 1 bolt = 11

A
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=74.85 KN
Design Strength of 6 bolts = 6 x 74.85
=449.1

(ii) If Slip resistance is designated (@ Ultimate load:-

82.33
Design Strength of 1 bolt = 125

=65.87 KN
Design strength of 6 bolts =6 x 65.87
=395.22 KN

PRYING FORCE:- [cls 10.4.7 IS 800-2007]

e _tﬂh N

Ll i_ : t %

L fnf.b.* B
T [T“ 2711 }[Qf"_ﬂ'?f""]

‘When,
Bf,
1, =11t [== <e[Qf, =0.7f,
fy | |

1. The jt shown in fig. as to carry a factored load of 180KN. End plate used
size 160x140x16mm. The bolts used are M20 HSFG bolts of grade 8.8
check whether the design is safe.

ot

‘—’/— 160 x 140 x 16 mm

T.+Q <—|i: ]
160 mm L ek o OT ~I1SDEN
T1 Ll6mmplate
TG+Q <——IE :I—{-
e=40 mm
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Given:-
M20 HSFG Grade 8.8
f;= 800 N/mm’
Plate:-
f,= 400 N/mm*
27 =180 KN
Assuming 8mm size weld a edge distance are of 40mm

1 =%—E—B—4ﬂ

v

1, = 24mm
pf
l: least of 1.1t F“[Ur]dﬂmm

For B = 1 for pretensioned bolt
f,=0.7fu [Q fu for plate assumed as 410 N/mm* fy=250 N/mm°~]
=0.7 x 410
f,= 287 N/mm’

Q1. =1.1x16,[ X287
250

= 18.86mm (or) 40mm

1, =18.86mm

- _ L | Bnfb’
Prying force Q= [T, T ]

2, Ly
When,

B=1n=15T, =90KN,f, =0.7x800 = 560N/ mm®

b, =140mm,t=16mm,]l =18.856,1 =24mm

Q2 1x%1.5%560x140x(16)°
Tt 2%18.86 27x18.86x( 24)
| Q=4055 KN |
Total forceonbolt=T +a
=00+40.55
=130.5 KN 0.78xmx20°
A ="
. , 09f, A . 4
Tension capacity of bolt = = 245 mm?
_ 0.9x800xA, 0.9x800x245
- Y. = 125
T =14112KN
Hence the design is safe.
49
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WEIDED CONNECTIONS:- [I5 10.5, IS 800-2007]

Welded connections are advantageous in most of the cases, since

(i)  Self wt. reduces due to absence of guest plates, connecting angles
efc.

(ii) The connection is rigid.

(iii) The process is quicker

(iv) Asthetic appearance is good.

(v) Relatively lesser

(vi) Welded connections are air tight & water tight

(vii) Welded connections are preferable for trusses with circular c/s.

| | : 45°
Leg %/ _ @ )
' ( e -
. ' Leg size
. Root —_— e
Leg size
@ o (b)
Typical fillet welds.
.II. .._>("I 4
5 j— J |—5 — ? o g e 2
{aiCﬁncave- . {b}ﬂomri:x ' () Mitre -
: s-size - throat thickness
Types of fillet welds.
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DISADVANTAGES OF WELDED CONNECTIONS:-
a) Due to uneven heating & cooling members are likely to distart.
b) There is possibility of brittle fracture at the welded joint.
c) A welded connection fails earlier than a bolted connection, due to
fatigue.
d) Inspection of welded its is difficult and expensive.
e) Highly skilled labour is regd. For weld.
f) Proper welding in the field condition is required.

Types of butt weld
Types of Welds:-
ii) Butt weld T
iii)  Slot weld (a) Square butt weld, on one side 'l w
iv)  Plug weld : ey
(i) Lap weld:- (b) Square butt weld, both sides i %
(ii) Butt weld:- © Single V butt joint il @
1. Single square butt weld
2. Double square butt weld .. %
3. Single V' buttweld @ Double V-butt joint 5 &%
4. Double “V" butt weld ,
5. Single ‘U’ butt weld (€ Single U butt joint | @
6. Double “U" butt weld .
7. ‘7’ Butt weld 0 Single J-butt joint \ @
® Single bevel butt joint i @
Note: Similarly there can be double U, double J and double bevel butt joints.
(iii) Slot & Plug weld:-
— B AR
— . ]

Slot weld,
Plug welds,
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1.S. 800-2007 PROVISIONS FOR WELDED CONNECTION:-

i3 M [
‘ Wb =172 or Natter
‘ ' > l\ H\
Forcg ot 4 _F.-—— -— - —— - 4+—=Force
— _—/ YT=2 |

etk arepend =

S bty bz i
1. Butt weld:-
» The size of weld is specified by effective throat tks.
» In case of complete penetration butt weld, it is taken as tks of the
thinner part jt.
» Double U & Double V Double J type butt welds are regarded as
complete penetration butt welds.
» For incomplete penetration butt welds, is taken as 5/8t
» The eff. Length of butt weld is taken as length of full size weld.
» The mini. Length of butt weld shall be 4 times the size of weld.

L~

2. Filled weld:-
{a) Size of fillet weld:-
# The size of normal fillet weld is taken as mini weld leg size
# For deep penetration weld with penetration not less than
2.4mm, the size of weld is mini. leg size + 2.4mm
(b) Mini size of weld is 3mm. for plates of tks 10 to 20mm, min size is Smim,
for 20 to 32mm plates min size is 6mm & greater than 32mm plates min
size is 8mm
(c) Eff. Threat tks:-
# It shall not be less than 3mm and shall not exceed 0.7t [upto
90°] where, t=tks of thinner plate.
(d) Eff. Length:-
# The eff. Length of the weld is the length of weld for which the
specified size and throat tks exist.

# The welding length provided is equal to the eff. Length t twice
the size of weld

L = leff +2s
# Eff. Length should not be less than 4 times the size of weld.
(e) The min. lap should be 4 times the tks of thinner part jt (or) 40mm
whichever is more.
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3. Slot & Plug weld:-
# For slot weld the length of weld is along the perimeter of the

cut portion. [Circumference if the cut is circular]
# For plug weld, the eff. Area is taken as the nominal area of the
hole cut in the parent member.
Design stresses in weld:-

1. Butt weld:-
Butt weld shall be treated as parent metal with tks equal to the throat

tks and stresses not exceeding those permitted in parent.
2. For fillei, slot and plug weld:-
The design strength is based throat area [strength of weld =fwd x
lwx t]
The design strength is given by f..=f_/7..

Where,
f_=fu/y3
fu == smaller of the ultimate stress the weld (or) of the parent metal.

NOTE:-

The eff. Throat tks in case the angle varies (or) angle of fusion face varies
a modification factor 'k’ as given in table IS 800-2007 and cls 10.5.3.2

Each fillet weld normal to the direction force shall be of unequal size with

the tks is not less than 0.5t.
The reduction in design stress for long is as per cls 10.5.7.3 IS 800-2007

B -12-22 19
150tt
lj == length of the jt in the direction of force transfer

tt == throat size of the weld

1. A 18mm tk plate is joint to a 16mm plate by 200mm long [effective] butt weld.
Determine the strength of the joint, if

(i) A double “V* butt joint is provided

(ii) A single *“V’ buit joint is provided
Assume the grade Fe410 for the plates and for the welds which are shop welded
Given Data:-

L= 200mm

Grade of plate Fe=410

Fu = 410 N/mm*
Weld:- Shop welded
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Sln:-
(i) Double “V”* butt joint:-

Strength of weld = Design stress of weld X Eff. Area
=fwdxlwxt

For double “V’ butt joint complete penetration of the takes place.
f_ =2367IN/mm*
23671

125
f_,=189.368N/mm*

Strength of weld = 189.368 x 200 x 16
= 605.977 KN

(ii) Single V" butt joint:-

t = 5/8 s [Incomplete Penetration]

=58x16
t = 10mm

1:M‘"]gxlth

Strength of weld =
=189.368x200x 10
Strength of weld = 378.74 KN

2. Design a suitable longitudinal fillet weld to connect the plates as shown in fig.
The pull to be transmitted is equal to the full strength of the small plate. Given
the plates are 12mm tk, grade of plates is Fe410 and welding is made in the

factories.

1640 mm

Given:-
TEKS of Plate = 12mm
Grade of Plate Fe410

fu = 410 N/mm’
fy = 250 N/mm”
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The strength of the weld is equated to the design strength of the smaller
plate.

Design strength of weld = DI o

¥ mw

Mini size of weld = 5mm [from Table-21 pg.No:78]
Maxi size of weld = t,- 1.5=12-1.5=10.5mm
Assume the size of weld = 10mm
t=0.7s
= 0.7x10
t = 7mm
Strength of smaller plate [yielding criteria] = 24
gth of 5 er plate [yielding criteria] Y

Where, ¥.=11
Strength of smaller plate
I _— 2501200
(yielding criteria) T—l

=272.72 KN
Strength of weld = ﬁ:f—‘”xtwm

410143

7272 x 10° =
* 1.5

wilw=T

lw=205.7 mm=205mm

Provide an over lap of 105mm.

3. A tie member of a roof truss consist of 2Nos of ISA 100x75x8mm. The angles
are connected to either side of a 10mm tk guset plate and the member is subjected
to a working pull of 300KN. Design the welded connection. Assume the
connections are made in the shop.
Given Data:-

Working load = 300KN

2 ISA 100x75x8mm

Tks of guset plate = 10mm

4 }

ISAIWTS.BM_ (] | T

)

Fillet at rounded end
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Sln:-
Factored load = 1.5x300
=450 KN

Each ISA 100x75x8mm takes 450/2 = 225 KN
Min. size of weld = 3mm [From table-21 IS 800-2007]
Max. size of weld = 8-1.5

= 6.5mm
Also, max. size of weld (rounded edger) = 3/4 x 8 = 6mm
Throat tks, t=0.7xS [ = Angle of fusion = 907

=0.7x6

t =4.2mm
Strength of weld = Desi&n stress of weld x Eff. Area
= MX Iw =t

e

1 410443
225x10°=7 ==X Iwx4.2

- lw=282 .89mm=283 mm
Since the C.G of angle section does not lie at the centre of the connected
leg, the weld length at top & bottom need to be such that the C.G of weld.
C.G of angle ISA 100x75x8 = 31mm from the outstanding leg.

To find C.G of weld:-
Let L1 = length of weld @ top
L2 = length of weld (@ bottom
- For the C.G of the weld fo lie at 31mm from the outstanding leg
. L,x31=L,(100-31)
L,=2.231,

L xL,=283

2.231,+1,=283
3.23L,=283

Lz =87.62mm <90mm
L =195.39 mm==200mm

Provide 200mm length of weld (@ the top and 90mm length of weld (@ the
bottom
. The min. over lap length is required 200mm
NOTE:-
In case the length of weld is limited, (length of overlap) end fillet weld can
be provided which should also satisfy the condition C.G of weld = C.G of
member.
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4. Design the welded connection to connect 2 plates of width 200mm & tks
10mm for 100% efficiency.
Given:-

Width of plate = 200mm

Tks of plate = 10mm

Efficiency = 100%
L 110 mn - . ImmmJ
f ]
'
Ll 17
TR
” 200 mm
1 17
& mm weld —~\\l| | ol
I
8 mm weld
Sln:-
1. Sirengih of the solid plate:-
_ fyAg
¥a
_ 25020010
N 1.1
= 4545 KN

Mini. Size of weld = 3mm
Maxi. Size of weld = 10 -1.5=8.5mm
Assume size of weld as 8mm 78.5mm
Strength of the weld = Design stress of weld x Eff. Area

= M){ Twe =t
410/+/3
454,5x10°= T XIwx0.7x8
lw = 428.6mm
Total length available for weld 1 = 200+200
1 =400mm
Eff. Length available for weld, lew=1-2.5x 2

= 400-2x8x2
lew = 368mm
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To find strength of weld for 368mm:-
. End filled weld is provided for left = 368mm
. Design strength of weld for end fillet

SLEow:

e

_ 410443
= =] 32 X368x5.6

Design strength of weld for end filled = 390.2KN

Strength of weld reqd. = 454.5-390.2 = 64.3KN
Additional weld is reqd. for this additional weld strength. Here slot weld or plug

weld may be provided.

Provided plug weld, Area of plug weld read is,
_ AdditionalStrengthregd .

Area of plug weldreqd = DesignStressofweld

64.3x10°

_ 410/43

T 1.25
Aw =339 .5mm’

. Provide one side of 10mm with 2 rectangular plug welds.
[ ™ of oneside = 10mm
", other side = 2(10)x = 339.54
S x = 1697mm

The channels are connected on either side a 12mm tk gusset plate. Design the
welded joint to develop full strength of the tie member. The overlap is limited to

400mm.
Given Data:-
Tks of the plate = 12mm
Tie member =15 MC 250(2Nos)

160

30
20250
30

60

ISMC 250 be—x

\— Gusset Plate
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Sln:-
ISMC 250 — Properties:-
A = 3867mm?
tr = 14.1lmm
tw = 7.1mm
Strength of solid Plate:-
Strength of solid plate [channel] = %qg_
2503867
T 11
= B78.86KN
" Strength of weld read = 878.86KN

Mini size of weld = 3mm [from table-21]
Maxi size of weld = 7.1-1.5=5.6mm
. Provide size of weld S = 4mm
» Throattks, t=0.7x5
=0.7x4d
t= 2.81'[11'_11
Strength of weld = ﬁ%x!wx:

3_ 410043
878.86x 10°= N
Iw = 1657.48mm

The available length along sides & end = 400+250+400 = 1050mm

[Since overlap is limited to 400mm)]

[Either plug weld or slot weld can be provided]
Assuming 2 nos of 30mm wide to be provided along the end of the channel at
equal spacing.

. Reqd length of slot =

wiwx2.8

1657 —-1050+2x4
4

= 153.75mm
- Length regd. for the slot = 153.75mm
. Provide 2 slots of length 154mm
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ECCENTRIC CONNECTION:-
Plane of Moment is the
same:-
The eccentric load ‘P’
is equivalent to
(i) A direct axial load
acting along the C.G T
of the group of weld.
(ii) A twisting Moment,
M=Pxe
Assuming uniform size of
weld with throat tks, ‘t” and
length of weld provided as
shown in the fig with sides ¥
b&d, the direct shear stress,
P
q‘_(2b+d'lz
The stress due to twisting
moment acting ¢ Ir to the C.G of the weld group and the radius vector,

pXexy .
q2=1—w ,  Resultant stress q = v4,2%4,,+24, q,cos8

z

(b)

1. Determine the max load that can be resisted by a bracket shown in fig.
Fillet weld of size 6mm is provided as shop welding.

F.—140 e 240 TN ——

I
P
Y \
Bottom right corner
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Given:-
Size of weld = bmm
Depth = 300mm

Sln:-
Here the weld group is provided such that the plane of welding is parallel
to the plane of moment.

] P
. Direct shear stress, 41=I

Pxexyp..
I

Resultant stress g = V4,2%4,,*24,4;cos8
Weld Group:-
t = threat tks
t=0.75
= 0.7(6) = 4.2m
y=§2_°=1raum
X_ﬂi-"i*ﬂzxz*ﬂaxa

Shear due to moment q.=

a,+a,+a,
_ 140 x4, 2x70+3116x 4. 2x2 1+4 214070
~ 588+1308.72+588
X =34.24mm

L+ =1,

u:i‘z‘m{—“fﬂmm.zx[sﬂ_g—lﬁul-’-

311.6x4.2
ot WAL
12

+Em<—4‘23+140 x4.2(160—2.1)

= 14661121 .44+10589132.71+14661121 44
I, =39911375.59mm*

I

+4.2%311.6(160—160 *

I,= Mm.znmr_m—sa.zf x2
12
+“:‘;1'EXJ+311 6x4,2(34.2-2.17

1,,=4.78x10°mm’*
o I,=44 69% 10°mm*

61

Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

A
A =Total area of the weld group
P
© 140+320+140x4.2
g,=3.968>10"* PKN

. P
Direct shear stress q,=

q; =0.2968 PN
prexy
q:a:j——m
iz
Where,

e = (140-34.24) + 240
= 345.76mm
Yo =" (160 J+(140—34.24
Ve =191.79mm
_ Px345 76x191.79
44 .69x10°

1.483 %10 PKN /mm”
q,=1.483 PN/mm’

Resultant stress g=1(0.3968 P|"+(1.483 P ?+2x0.3968x 1.483 Pxcosf
Where,

8 = The angle made by radial distance with the C.G
tan B= 160

T 140-34.24
tan® =151285
f =56"32

P2 3567+0.649
q=17336P -2 (1)

The max load that can be applied to resist the stress the weld can take is
410/43
1.29

=189.37 N /mm’" >(2)
Equating (1) & (2)
1.7336P = 189.37
. P=109.24 N5
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Eccentric Connection - Plane of weld group ¢ Ir o the plane of moment:-

For eccentric connection with plane of weld group <& Ir to the plane of
moment 2 types of stresses are developed,

. P
(i Direct shear stress, =3

Where, A =2bt
(ii)  The bending stress (@ the extreme end of weld
F= M_ pxe
Z nxp
]

F= E-Pe:
2th"
The equivalent stress, f,=vVf+3q"
For the weld to be safe the above eguivalent stress is equated to the
design stress of weld.

Ef ‘u"E

1. Design a snitable fillet weld for an eccentrically loaded bracket plate.
The working load P=100KN and eccentricity, e = 150mm.Tks of bracket
plate is 12mm & tha column used is ISHB300@618 N/m [Plane of weld
group is & Ir to the plane of moment]

Design stress of weld =

NOTE:-
To find the eff. depth of weld (b) considering only the moment case,
—_—

the eff. depth is assumed as b= 1.1 1,||'%
wd
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UNIT-II

——————— . ————— . ———————— -

Tension Members:-
Tension members are design to satisfy the design strength of the member against
(1) Yielding of gross section
(i)  Rupture of critical section
(iii) Block shear @ end of connection
Generally tension members are known as tie member.

V J ~

The various shapes of tension members are solid circular sections, plates, angles,
channels, I-sections, T-section & built-up section.
1. Design strength of Tension Members are due to yielding:- [cls 6.2 IS 800-2007]
A
Td9=—9£-'-

Yo
2. Design strength due to rupture of critical section:- [cls 6.3 IS 800-2007] (Ultimate)

7 =0.9Anfu
dn Ym!
Where,

An=[b—nd,+Y P4]¢
1 ugi
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| 8 i

— W be——
bo=w+w,—t by=w

a) For Angular section design strength of rupture:-
r 098l PAgf,
Yo

dn—
Where,
Iy f Vimo |
1.4-0.076("/) j | =0
ﬁ / r|'|I |
3. Design strength of member due to bluck shear fallure (@ the end connection:- [cls 6.4

IS 800-2007]
a) Bolted Connections:- [cls 6.4.1]

T= H':gfj +ﬂ.9."-'kmfu
_'\'I?'Fm Ve
(or)
7 _|0:9Anfu], Ayl
e
L 1'Sh'rm,l F.rnr.l
l \i
R A - — —0— — — -
1 21 f 1 2 I
7 L Lol [
l 4¢° 3
- -—o— ——p
b
l—» -0 -c—T
— . — — —<—l
(a) (b)
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b) Welded Connection:-
Appropriate length of member is considered around the end weld.
Preliminary section:- [cls 6.3.3 IS 800-2007]
Preliminary section is assumed from the relation is based on

T — mq'f] f[]
" rmu‘
1. Determine the design tensile strength of the plate of size 200x12mm with holes having
bolts of dia 16mm (M16). The grade of steel used is Fed10.

/— Critical section
f
35 1 2
- -~
|
I
_-— 60 | 130 —
i |
b ————— —d
35 4 3
f—35 ; 60 |
Given:-

Size of plate = 200mm x 12mm
Diaof bolt = 16mm
Grade Fed410 => fu = 410 N/mm?
fy = 250 N/mm?
Sln:-
1. Design strength due to yielding:- [cls 6.2 IS 800-2007]

q Frm.‘r

Ag =130x12 = 1560mm*
_ 1560x250
" 1.1={table5)

Tg= 3545 KN

2. Design strength of plate @ rupture: [Along cnitical section] [cls 6.3 IS 800-2007]
The critical section is along the line having 2 bolts
0.9A,f,

dn ij_

An=:b—ndn]:
n=2
b = 130mm
=[130-2x18]12
A, =1128mm?
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_ 0.9x%1128=410
~ 1.25=[ Table—5]

T, =3329KN
3. Design strength due to block shear:- [cls 6.4 IS 800-2007]
T,= Aw fr R 0.9A,f,
’ | v 3‘1i".r|1|:- ¥
(or) _
7 | 098ufu [ Agf,
dn ™ =
"'3an ¥ |

Where,

Section considered for A is (e+n'p) x t

Section considered for A;is(n'g)xt

Section considered for Ax & Ax is the net area after detecting the bolt hole.
A =(35+60)12= 1140mm’
Ay =60x12 = 720mm’
A =[35+60-18] x 12 = 924mm’
A_=[60-18] 12 = 504mm*

_[1140%250 ], [0.9%504x 410
® 1 J3x1.1 1.25
Ty, =29836 KN
(or)
_[0.9%924x410],[720x 250
®71 J3%1.25 1.1
T, =321.12KN
3

. The least of the above 4 strength value is the design strength of the plate.
.. Design strength of the plate = 295.36 KN

1. A single unequal angle ISA S0x60x6mm is connected to a 10mm tk gusset plate at the
ends with 5 Nos of 16mm dia bolts to transfer tension. Determine the design tensile
strength of the angle if the gusset is connected to the S0mm leg.

Given:-

) ISA 9060, 6 mm

£=50 mm, if 90 mm leg is connected
=30 mm, if 60 mm leg is connected
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Unequal angle = ISA 90x60x6
Tks of gusset plate = 10mm
@ of bolt = 16mm
Nos of bolt = 5 Nos.
Sln:-
1. Design strength of angle in yielding:— [cls 6.2 IS 800-2007]
Af

T=—L-"-

Agz[ll 90—7 |+IIE[]—E/| X6
| 2/ 1 2)
A, =B64mm’
_ 864x250
Tl
ng: 196.36 KN
2. Design strength of angle against rupture [cls 6.3.3 IS 800-2007]
[}.E}Amfu : ﬁ.flgnfy

dn—

fu -

f=1.4-0. U?‘El || L7

-!' _1.r|1.!

Where,

A.=> Net area of the connected leg = (30-6/2-18) &
A =414mm*
A== Gross area of the outstanding leg = (60-6/2) x 6
A, = 342mm’
w = putstanding leg width = 60mm
t == tks of angle = 6mm
b,=> shear lag width = w+w-t
Assume, w;=90/2=45mm -~ 50mm
Provide w: = 50mm
h.=60+50-6

b,= 104mm
L= length of the end connection = 90mm

60 250 104
1.4-0. HTEXFXEXW

(410x1.1
2501.25
B=0.864=<1.44=0.7
Which is true [0.7 ¢ 0.864 ¢ 1.44]
- B=0.864
7 —0.9x414x410 0.864%342x250
dn 1.25 1.1

=0.7

T, =189360
KN
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3. Design strength of plate against block shear of end connection: [cls 6.4 15 800-2007]
Tdbz%m Iy +U-5Amfu
v 3‘1Irmg Yo
(or)
T - 0.9A  f, : A.f,

= ”IEFm? ¥ g

Where,
A= (30+4x50)6=1380mm?*
A= [230-(4.5x18)]6=894mm’
Block shear failure takes place along line 1 to 3
‘A, 1s found along line 1-2
A = (30+4x50)6=1380mm’
Ay 1s taken along line 2-3

A= 4n—%><13 6
A, = 186mm?
1380x250 _0.9x186x410
®” B3x1.1 125

T, =235.98KN

(or)
T =0.9x894x410  240%250

@ 3x1.25 1.1
T, =2069KN
.. The least of strength of section in yielding, rupture and block shear is the design
strength of the section.

.. Design strength of the section = 189.369 KN
3. Find the design strength if the 60mm side is connected to the gusset plate as in the
above problem.

/— gusset plate
. 7

gussct plate

L

(2) {b)
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Sln:-
Here the B0mm side is connected to gusset plate.
. Assume the line of bolts to be placed at a distance 60/2 = 30mm

1. Design strength of angle in yielding - [cls 6.2 IS 800-2007]

ngz gy
iy
= |'gu—7|+|'ﬁu—?| %6
| 2]\ 2

A, = 864mm’

_ B64x250

11

| Ty =19636 KN |

2. Design strength of angle against mpture [cls 6.3.3 IS 800-2007]
B D_mafu BAT,
dn— ’
-lrrmlil
\|

y |[Bs | fu¥mo
f_J LEJ_f Vet

B=1.4— un?ﬁf“’]

U
‘Where, [cls 6.3.3 15 800-2007]

Aszsu—E—lﬁ]s
T2
= 234mm*
A —[90-8)xs
g_l. 2)
= 527 mm’

w == 90mm
t == 6mm
b. = wtw-t
= 90+30-6=114mm
b.= 114mm
L = 60mm
(41011

4
18‘1'4_”'0?5 “410 5_] 250x1.25
B=0.079=1, 44:-{: 7

Max. limit for Bis —— Fu¥mo

r_]. mi
- Provide § =0.7
0.9%234%410 _ 0.7%522x250

1.25 1.1

] =0.7

. Td'r]=

Ty =15212KN |
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3. Design strength of plate against block shear- [cls 6.4 IS 800-2007]

Where, _
A,,=|30+4x50]|6
A,=1380mm"
A, =30x6=180 mm"’

18

AM=[3[]—? X6

A, =126mm’
A_=[230-(4.5x18]|6
A, =89% mm’
_1380x250 _0.9x126x 410
®7 Ax11 0 125

| T, =21827KN

_0.9x894x410 _180x250
V3x1.25 1.1

Tan

T4 =193.27 KN
" Design strength of the section = 152.12 KN

DESIGN OF TENSION MEMBER:-
Design Procedure:-
1. Find the reqd gross area to carry the factored load considering the strength at yielding.

4 LT,
9 f}.

2. Select suitable section depending upon the type of sttuchire & location of member
such that the gross area is 25 to 40% [generally 30%] more than A, calculated.

3. Determine the no. of bolts are length of weld reqd and arrange them appropriately.
[design of connection]
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4_Find the strength of the assumed section considering

(1) Strength of section in yielding of gross area

(11) Strength of section in rupture of critical section.

(1i1) Strength of section against block shear at the end of connection.
5. The strength of section obtained [Design strength of section] should be more than a
factored tensile force ting on the section. If not, the section has to be revised and redesign
the saction.
6. The slendemess ratio has to be check for the tension member, as per table-3, IS
B800-2007 [Pg.No:20]

[

Slenderness ratio, A=—4
rlﬂ.ill

Where,
¥min == Theleastof ¥ = & V¥ ;; of the section. [from steel table]

1. Design a single angle section for tension member of a roof truss to carmy a factored
load of 225KN. The member is subjected to possible reversal of stress due to the action
of wind. The length of the member is 3m. Use 20mm shop bolts of grade 4.6 for the

connection
Given:-
T=225EKN
d = 20mm
N
=400
fy mm®
Grade 4.6 == fj=25[]1|7 ,
i
d, =22 mm
Shn:-
rl.l
n=—
) 1.1T,
Required area, Ag: 7
¥
_ 1.1x225x10°
250
A =990 mm®

To select ISA 100x75x8mm
A, =1336mm’ [from steel table]
¥ ==314mm ¥y ,=218mm
Yoz =21.8mm
A=Z1.8 is connected to the gusset plate (assumed tks 10mm) by lap jt along the 100mm
iide.

+ 75

[———
40 ‘
S © 4 100 mm |
l =3

—=140 |[<— 60x4=240mm —p|

o

(0]
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BOLT VALUE:-[M20]
(1) Strength of bolt In single shear:- [cls 10.3.3 I5 800-2007]

1% =£3E
dp ¥ s
fa
V”*F:vn'grnrrﬂnb-'-ns‘qﬂ]l
n A . +n A
szf_il_ﬂ nb s s[:-||l$ n= f S ss
V3 Ymp
_ 400, mx20°x0.78
V3 4
1.25Table5 — IS 800-2007
V4, =45.27 KN |
(ii) Strength of the bolt in bearing:- [cls 10.3.4 IS 800-2007]
V b 2 5k, d,f,
Vig= =
]"mb rmh
= L g5, fw 1
ke = 3:1 3d, "fy]

Assume, e=15 d,,-l.Sx 22 = 33mm { 40mm
p=25d=25x20=50mm { 60mm
40 60 400

ke = 333973%22 02100 )

= 0.606, 0.655, 0.975, 1
", ky=0.606 (least value)

v —2:.5X0.606x20x8x410
dbp 1.25

Vap =795 KN

< Design strength of bolt value = 45.27 KN
T
~. No. of bolts, n= ?"
225

T 45,27
=497 {5 Nos.

. Provide 5 Nos of 20mm dia bolts pitch 60mm and the edge distance 40mm.

Check for strength of section:-
1. Strength of section against yielding - [cls 6.2 IS 800-2007]
A f
Td§= V.

|'mn /|+|'?5 /|

Ag:1335mm
_ 1336x%250
B 1.1

ng:BDS.ESEKNl
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2. Design strength of the section against mpture:- [cls 6.3.3 IS 800-2007]
_0SA,f, BT,

e ¥ Yo

Where,
rH Fil'l'll!il

|fuJLJ fy¥m

Am=[lﬂﬂ—22—%lﬂ

=0.7

B=1.4- UD?E[ ‘

Am—SQE mm”
A, ?5——]3

Ag =5EiB mm”

w = 75mm

t = S50mm

b: = wHwy-t
= 75+50-8

b.= 117mm

L.= lﬂﬂmm

?5 ‘
1.4-0 D?B
B= ldlﬂ I

=0. E‘Qﬂl 44“3-[] '?
p=0.07=0.89=1.44

11?' Ja10%1.1 |
-

(=== 1>0.7
100 ~|250%1.25 |

- B=0.89
T —0.9x592x410 0 .89x568x%250
dn 1.25 11
| Ty, =2896KN |
> 225 KN

3. Design strength of plate against block shear- [cls 6.4 IS 800-2007]
A.f, 09A f,
T:ﬂI: I L+
E . Vi
(ar)
0.9A ,
Td‘b: 1|'sz: : Atgf}
1il'E.II'I.rJ]r !"'rrw

Where, _
A, =[40+(4x60]x8
A, =2240 mm*

A,=50%8

_ 2
Am—eﬂ:ﬂ}mm

A, =|280—(4.5x22|8
A, =1448 mm”

A [51]—E 8

Am=312mm
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2240 %250
V3x1.1

+

0.9x312:410
1.25

=

| Ty, =386.026 KN |

4002250
1.1

0.9%1448 %410
J3x1.25

+

T,=

| Tn,b2=33?. B97 KN |
The above 2 values of strength against block shear 337.697 KN = 225KN
The strength of the section against yielding, rupture & block shear are greater than the

external load of 225KN.
.~ The assume section IS4 100x75x8mm is safe.

2. Solve the abowve problem using angle section on opposite sides of gusset plate

Given:-
i
T.= 225KN Aact=—L
min
d = 20mm Amax=350table3
d,= 22mm Adgct < Amax
Grade 4.6 == f,= 400 N/mm?*
f,= 250 N/mm*
Sln:-
40 60 x4 =240 — l —] 50 [l— l
) 35 T 18 mm
40 l
w =50 mm l 12 mm

b;=50+30-10=70 mm

To find A -
11T

O,
_ 1.1x225%10°
250
A,=990mm’
Area each angle reqd = 990/2 = 495mm’
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». Select the section from steel table having area 30% more than 495mm’
Try ISA 70x70x5mm
A~667mm’ [from steel table]
¥ =21.5mm

¥y =21.5mm

Bolt Value:- [M20]
(1) Strength of bolt in double shear:-
Assuming gusset plate of ths = 10mm

v :i-*ﬂ
deh
¥ inbs

Iy
szﬁ[nnanbm,am]
nﬂzns=1
_0.78xmx20°
B 4

_ax20°

A VA =314 .16mm*

200 11« 245+1x314.16

v -3

deb 1.25

[ V,,=103.3KN|
(ii) Strength of bolt in bearing:-

Assume e=1.5d.= 33mm { 40mm
p=25d = 50mm { 60mm
40 60 400
T 3x22°3x22 0.25,410 1
=606, 0.659, 0.975, 1
. Take k» = 0.606 [least value]
v _ 2.5x0.606x20x10x410
dbp ™ 1.25

Ky

thp =
99_38KN
.. Design strength of bolt value = 99 38KN
. No. of bolts = 225/99.38
=226 < 3 Nos.
. Provide 3 nos. of 20mm bolts for pitch 60mm & tks edge distance 40mm.
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Check for strength of section:-
1. Strength of section against yielding:- [cls 6.2 IS B00-2007]

Af
=_4 ¥
ng

¥
(»

A,=1334mm*
_ 1334250
1.1

A= K5|=2

g

+{m_g]

| T®=3D3.IBI{N| = 225KN

2. Strength of section against rupture:- [cls 6.3.3 IS 800-2007]
_ 0.9A f, : BAT,
¥omi Yoo

Where,

wi=35mm ¢ A0mm
b= wtw-t
= T0+40-10
=100
25[: (100 | [410=1.1
p=1.4 I:II'[]I?EIIEI'[]' 41[:“160;' [ESDXI 25|
=1. E‘_v'.l'il 44=0.7
f=0.7=1.19=1.44
~B=1.19
ﬂ_9x455x41l3+1.19x6?5><25l]
1.25 1.1

| T,, =31687KN |
=225 KN
3. Design strength of plate against block shear: [cls 6.4 IS 800-2007]
A f 05A f
TﬂI: I'I-‘g ¥ + meu
VW ¥
(or)
IE! SA..f. Am fy
1il'_.ll'rr;ur !"Irrw

]}D.?

T.,=
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A,y & A, are found along section 1-2 and
A, & A, are found along section 2-3
A, =[[40+2(60]]5]2
= 1600mm’*
A, =[40+2(60]-2.5(22]|5]2
= 1050mm’
A, =30X5x2=300mm’
A,=[[30-0.5(22|5]2
= 190mm’
_1600%250 _ 0.9x190x410
iy JIx1l 1.25

T, =266.03 KN

For 2 angles
_ 0.9 1050410 300250

T. =
% 3x1.25 1.1

| Ta, =247 137KN |
For 2 angles
Tg= 247 137KN [least value of these twa]
Hence 2 nos. of ISA 70x70x5mm 15 safe against yielding, rupture & block shear
conditions.

TENSION SPLICE:-

*  When a single piece of reqd length is not available, for a tension member,
splice plates are used to transverse the reqd tension force from 1 piece to
another.

s The strength of the splice plates & the bolts connecting them should have
strength atleast equal to a design load.

1. Design a splice to connect a plate of size 300x20mm width a plate of size 300x10mm.
The design load is S00KN. Use 20mm block bolts fabricated in the shop. Provide a
double cover butt joint with ths of cover as 10mm.
Given:-
1. Plate of size = 300x20mm
2. Plate of size = 300x10mm
Tks of cover plate = 6mm
d = 20mm
d, =22mm
Design load = 500K

Sln:=-

Since plates have varying tks need to be provided packing plate is reqd to provide
the two cover plates.

The bolts are under double shear.
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1. Strength of bolt in double shear:- [cls 10.3.3 IS 800-2007]

v
V,jfr—: = [1-]0.0125x10]]
B, =0875
. v, =290 11%245+1x 314.16]x0.875
i m_ﬁ[nn‘qnﬁ+nsﬂsb v~
—n o1 = 11299 KN
s 112.99
2 =
Anbzg.?ﬂanZD =24Emm2 dih 1.75
2
A,=2%20 314 16mm? Vs =90.352
4 KN

B =I1—0.0125tpk] ST e e e

2. Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]
Vv

= 2.5k, d,f,

Assume e=15 d.= 33mm < 40mm
p=2.5d =50mm { 60mm

40 60 400

= — 02 —1

B 3x22'3x22 "410°

={).606, 0.659, 0.975, 1

< Take ky = 0.606 [least value]

dep=2.5XD.EﬂEX2[]X1[]K41D

=124 23 KN

leh]:‘ =
99 38KN
", Design strength of bolt value = 9039 KN

T
~ No. of baolts = T“
_ 500
~90.39
n=>5.5=6Nos.
.. Provide 6 nos. of 20mm bolts on each side
Prowviding the 6 bolts on each side of the connecting plate, it can be arrange along
2 wvertical rows with 3 bolts on each vertical row as shown in fig.
Check for strength of section:-
1. Strength of the plate against yielding:- [cls 6.2 IS 800-2007]
_Adfy
ng— Y
A =300>10=3000 mm" [Tks of thinner plate]
_ 3000250
B 1.1

T, =681.81 KN > 500KN
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2. Strength of the plate against rupture:- [cls 6.3.1 IS 800-2007]
_0.9Af,
o Vimi
A.= The crifical section where carrying of plate is occurs along the vertical line
passing through the 3 bolts.
= [300-3x(22)]x10
A; = 2340mm?*
_ 0.9x2340x 410
- 1.25
T ,,=690.77 KN>500 KN
3. Strength of the plate against block shear:- [cls 6.4 IS 800-2007]
Trﬂ,:ﬁ"g fy : 0.9A,f,
‘|'|3Ym Yo
(or)
T.= D'9A1'rzru+ Azyf}
T By, ¥
mi g
The block shear failure takes place along the lines 1,234 as shown in fig. [The
path of block shear failure is given in fig:7 IS 800-2007]
A, & A, are found along section 1-2 and
A, & A, are found along section 2-3
A= 40+60[x10=1000mm"
A_=[[40+60)—1.5(22]]10
= 670mm’
A,=[2x110]10=2200mm"
A, =[2(110]-2(22]]10
= 1760mm*
_1000x250 _0.9x1760x410
® VBx11 1.25

T, =650.76 KN
_0.9x670x 410 2200%250
% 3x1.25 1.1

T, =614.190 KN =500 KN
4
Hence the connection is safe.

LUG ANGLES:-
<+ The length of end connections of heavily loaded tension members may be

reduced by using lug angles as shown in fig.
4+ There is savings in gusset plate but additional cost is incurred from the
material of lug angles & the connections for the lug angles.

<+ The design of tension member with the use of lug angles needs to be check
for the load which is share equally by the connected leg and the
outstanding leg.
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The following guidelines need to be satisfied.

1. The eff. Connection of the lug angle shall as for as possible.

2. It is preferable to start the lug angle in advance of a member
connected.

3. A mini of 2 bolts or rivets, are provided.

4. In case of angles, the whole area can be taken rather than the net eff.
Area.

5. In case of channels, the lug angles should be placed simitrical and the
strength of fasterness connecting lug angle to the gusset be 10% more
than the outstanding leg.

[When main member is a channel]

6. In case of angle [Main member] the above values are 20% & 40%

respectively.

Main member-Angle

Main member-
Channel

-

®)

1. Design a tension member of a roof truss which carries a factored axial tension of
430KN.
Deesign the connection when
(1) Mo lug angle is provided
(i)  Lug angle is provided
Hints:-
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1. Without lug angle, the connections are designed for “T,” and member is
check for design strength for “T.".
2. When Iug angle is provided, connection in main member is design for
‘Tw2" and the connection in Iug angle is design for “T./2°, where the
connection plate & lug angle is increased by 20% and connection b/w lug
angle & main plate is increased by 40%
Given:-
Tu= 430KN
Sln-
(1) No lug angle is provided:-
Assume, d = 20mm
d.=22mm
Tks of gusset plate = 12mm

BOLT VALUE:- [M20]
11T,

Tf,
_ 1.1x440%10°
250

A,=1892mm"

Select a section from steel table having area 30% more than the reqd area.
Select ISA 110x110x12mm

A =2502mm*

¥ =¥ =334 mm
(1) Strength of bolt in single shear:- [cls 10.3.3 IS 800-2007]

v

dsh
Fmb

f
Ifm=r%[nnﬂm+nsﬂjh]
n= 1, n,=EI'

A ,=245mm"
_ 40014 045

V3
V_,=56.58KN
v, _96.58

™ 125
Ve =45264 KN
(ii) Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]

U
v, ="
b ¥ ot

82
Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

‘L"’nbp=2_5kbdtfu
Assume e = 40mm

P = 60mm
40 60 400
= ——0.25, —.1
b 3w2273%22 4107

K, =0.606, 0.66, 0.959,1

-, Take K, =0.606

v _2:5%0.606x20x12x410
dip 1.25

Vi = 11926 KN

". Design strength of bolt value = 45.264 KN
T
. No. of bolts = T“
_ 430
"~ 45264

=949 { 10 Nos.
", Provide 10 nos of 20mm dia to bolts edge distance 40mm & pitch of 60mm.

Check for strength of section:-
1. Strength of section against yielding - [cls 6.2 IS 500-2007]

T, ——uﬂf

||11[] /| +[110- /|

A= 249'Emm
_ 2496x250

1.1

x12

Ta= 56727 KN = 430 KN
2. Strength of section against mpture:- [cls 6.3.3 IS 800-2007]
_0.9A,f, PALT,

o Fm.! an

Where,

B=1.4- IJD?E[. “.?':_J

A, [11[]—12
2

8-
=2 =07
LJfI’r

#12

=1248mm"”

A:llm—zz—l%

= 984mm?

=12
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w =110 mm
wy= 60mm
b. = wwi-t
= 110+60-12
= 158mm
L. =580 mm
110 1250 _[410x1.1 |
p=1.4- ”?5[ l41 ]|550 250%1.25 207
=1. 23{1 4-'-1-}[] 7
. B=1.28
0.9x984x410 1.28x1248x250
1.25 i 1.1

Ty=

| T,, =65353KN |
> 430 KN

3. Strength of the section against block shear:- [cls 6.4.1 IS 800-2007]
r Aufy 09,
‘-'IS‘Hm -.rrl'lﬂ
(or)
0.9A,f, Ayf,

aih_ 1!"_}’

rI'ICr

Where,
A, =[40+{9x60][12
= 6960mm?>
A, =[50x12]
= 600mm’ .
A, =[580—9.5x22]/12
= 4452mm*
Am=[50—3}12
= 468mm?
_BOGR0x250  0.9x468x 410
1 Bx1.1 1.25
T, =997.5 KN > 430KN
7. _0-9x4452x410 600x250
®:  J3x1.25 1.1

T4, =895.13 KN > 430KN

db

(ii) Lug Angle is Provided:-

* When lug angle is provided the member of bolts regd for establishing
the connection reduces thereby reducing the owverall length of overlap.
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* The connection b/w main member gusset plate is designed for ;72
T
* The lug angle is designed for a force of % [Increased by 30%]
* The connection b'w the main member lug angle is designed for 40% of

T T
% and connection b/w angle & gusset plate designed for 20% of %

Connection for Main Member:-

T
v 215
e A = E356 [ v=45.26KN]
v

n=475 { 5Nos
. Provide 5 nos of 20mm bolts.

Lug Angles:-

1%T, ;
1) /><1.3 _ 1.1x215x1.3x10

2 =
250
fy

Ag—

Try ISA 80x80x12mm
A, =1781mm?
¥ =yﬂ=23. 9 mm
Connection biw gusset plate & Iug angle:-

2XT,
No. of bolts = 1* A

v
_1.2%215
~ 45.26
n=57 ¢ 6 Nos
" Provide 6 nos of bolts bfw gusset plate and lug angle.

Connection b/w lug angle & main membe:-

4xT,
R/
="
_ 1.4x215
~ 45.26
n=665 ¢ 7 Nos
. Provide 7 nos of bolts bfw lug angle and main member.

n

= 1230mm?

/——ISA 100 100, 6 mm

ISA 100 100, 10 mm

Gusset plate
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Classes of sections:- 1. Column - Stanchion
2. Truss -= Strut
3. Beam -> Girder

a) Class 1 [Plastic]:-

Cross sections, which can develop plastic hinges and hawve the rotation
capacity reqd for failure of the structures by formation of plastic mechanism. The width
to tks ratio of plate elements shall be less than that specified under class 1 (plastic) in
table 21.

b) Class 2 [Compact]:-

Cross-sections which can develop plastic moment of resistance, but have
inadegquate plastic hinge rotation capacity for formation of plastic mechanism due to local
buckling. The width to tks ratio of plate elements shall be less than that specified under
class-2 (compact), but greater than that specified under class-1 (Plastic) in table 21.

c) Class 3 [Semi-Compact]:-

C/5 in which the extreme fiber in compression can reach yield stress, but
cannot develop the plastic moment of resistance, due to local buckling. The width to ths
of plate element shall be less than that specified under class-3 (Semi-Compact) but
greater than that specified under class-2 in table-21.

d) Class 4 [Slender]:-
C/5 in which the elements buckle locally even before reaching yield stress.
The width to tks ratio of plate elements shall be greater than that specified under class-3
in table 21. In such cases, the eff. Sections for design shall be calculated either by
following the provisions of IS 801 to account for the Post-local-buckling strength or by
deducting width of the compression plate element in excess of the semi-compact section
limnit.
4+ Generally steel sections carrying axial compression fail by flexural
buckling.
<+ The buckling strength of the compression members are affected by
residual stresses, accidental eccentricities & slendemness ratio.
< To account for these factors the strength of members is subjected to axial
compression defined by the above buckling classes 1,2,38&4 [Plastic,
Compact, Semi-Compact & slender] given in table 10 IS 800-2007.
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Table 6.1 Buckling class of cross-sections
[Refer Table 10 in IS 800]

Cross-Section Limits Buckling About Axis Buckling Class
0)) 2 3 C))
Rolled I-Sections h/b,>1.2:
t, <40 mm z-z a
Yy b
< z-z b
40 mm <#, < 100 mm Y-y &
hib,>1.2:
1,< 100 mm z-z b
' yy ¢
z-z d
17> 100 mm Y-y d
Welded I-Section ¢, <40 mm z-z b
yy ¢
z-z (s
t,>40 mm y-y d
Hollow Section
Hot rolled Any a
: Cold formed Any b
Welded Box Section Generally Any b
v | (except as below) '
— —t
| o Thick welds and
" B blt;<30 zz ¢
: = 1 hit,, <30 yy c
Channel, Angle, 7 and Solid Sections
Any c
Built-up Member
Any c
Z|
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DESIGN COMPRESSIVE STRENGTH:- [cls 7.1 IS 800-2007]

|
|
|
| l |
i

Where,
P4 = Design compressive strength of column.
= = External compression (or) design load.
Py = Aexfcd
A.=Eff. Area
f-s= design compressive siress
¥
f M:%:ﬁi L
gp+[q;2—}|12] Yoo Yoo
Where, _
@=0.5]1+a[A—0.2]+A?]
A = non-dimensional eff. Slenderness ratio.

Where,
KL/r = eff. Slender ratio (or) eff. length, KL to appropriate radius of gyration.
& = Imperfection factor given in table 7
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X = Stress reduction factor [see table-8]
1

[p+lg2—2"*]

A_,= Partial safety factor for material strength.

KL = Depends on support condition given in table — 11

The only variable in finding the permissible comp. stress (fcd) is slenderness ratio
(L/T) for the given section coming under any of the buckling class a,b,c&d.

.. Based on the slenderness ratio, design compressive stress can be taken from
table S, 9a, 9b, S¢ (or) 9d IS 800-2007.

4+ The buckling class for various section are given in Table-10 IS 800-2007 and
slendemess ratio is based on eff. length given in table-11; IS 800-2007.

[ible 6.2 Effective length of prismatic compression members
[Refer Table 11 in IS 800]

Boundary Conditions Schematic Effective
— Representation Length
At One End At the Other End
[Translation Rotation Translation Rotation
m Q@) 3) @) ) (6)
festrained Restrained Free Free 2.0L
i
free Restrained Free Restrained :
LA 77
Restrained Free Restrained Free 1.0L
Restrained Restrained Free Restrained 1.2L
S
Restrained Restrained Restrained Free 0.8L
XY
S\\SS
Restrained Restrained Restrained Restrained 0.65L
NN
89

Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

1. Determine the design axial load capacity of the column ISHB 300{@ 577 N/m if the
length of the colurmn is 3m and both ends are pined.

Given: -
Section == ISHB 300@577 N/m.
L=+3m
End condition == Both ends are pinned.
Sln:-
To find slendemess ration:-
KL
A=—
-
Where,
K=10 [from table-11 IS 800-2007]
¥ =129.5mm
Vs —54 1mm [from steel table]
F i = 54.1mm
_ 1x3000
T 541
A=55.45
To find design comp. stress:- [cls 7.1.2.1 IS 800-2007]
a= A o
Where,
fy
oLt My 1y

Tl Y o
mzﬂ.S[ha[ﬁ—D 2]+ %]

KL
:x'f_r |f r[ \
fee 1! =E

Buckling Class:- [Table-10 IS 800-2007]
Eolled steel I-section

h _300_

bf 250
tf=10.6 < 100

About z-z axis b
About y-v axis —
. The section need to be check for buckling
Class-C
e=0. 49 [fmm tahle—? IS 800-2007]
_m Fx2x10°

(55.44

[ e 641.98 N/mm’
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-
aedfy - [250
Vr. ~Vear.98
A =0624
- 9=0.5[1+0.49(0.624—0.2)+(0.624F]
o =079

25?
. Design compressive stress f — 1.1
cd I 5 2705
0.79+/(0.79—(0.624 /]
e =178.33 N/mm?
. P,=7485x178.33
Fy =13347KN

o0 | 183
B0 | 168

Also referring table 9c IS 800-2007 [for buckling class-c] and A = 55.45
f ., = 174.8 N/mm®

P, =7485x1748
P, =1308.5 KN

DESIGN OF COMPRESSION MEMBERS:-
Step:1 == Assume the design comp. stress of the member [Generally for rolled steel
sections assume f;= 135 N/mm’, for angle section assume

f: = 90 N/mm? for builtup sections carrying

large loads assume f.; = 200N/mm?

P
Step:2 => Reqd eff. Sectional area, A:r—d
ed

Step:3 == Select the section for the eff. Area and calculate. 1, [least of ¥, AV, ]
Step:d == From the end co-ordinations, [decide the type of connection] determine the eff.
Length.
Step:> == Find the slendemess ratic and hence the design comp. stress f
Step:6 == Find the actual load carrying capacity of the compression member.
Step:7 == If the calculated value of differs considering from the design load [F], revise
the section.

1. Design a single angle strut connected to a gusset plate to carry a factored load of
180EMN. Length of the stmut is biw c/c of intersection is 3m and the support condition is
one end fixed & other end hinge with K=0.85
Given:-
Factored load, P = 180KN

L=3m

K=0385
Sln:-
To find f.a-

Assume a design comp. stress f-3 = 90 N/mm®

To find A reqd--
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P,
Reqd Area A=—
od
_180x10°
90
A = 2000mm?
Try ISA 90x90x12mm
Properties of ISA 90x50x12mm:-
A=2019mm"”
Y=Yy =27.1mm
¥o=34.1mm,y =17.4mm

Buckling Class:-
Angle come under buckling class-c
KL _0.85x3000
r 17.4
E:145.55
r

Refer Table ¢, IS 800-2007

140 [ 66.2 | f.=61.615 N/mm’

150 | 59.2

. Strength of strut = 2019 x 61.615
P, = 232 7N/mm?
P,=124 4 KN < 180KN
Revise the section:- Try ISA 130x130x8mm
A=2022mm’
I,=1,=40.3
I,=51.0mm,I_=25.5mm
KL _0.85x3000
r  25.5
“Ez 100
f.2 = 107 N/mm’ [from table 9¢ IS 800-2007]
. Strength of strut = 2022x107
=216.35 KN = 180KN

2. Design the above member when both ends are hinged.
Given:-

P = 180KN
L =3m
Sin:-
To find Aa-

Assume a design comp. stress f_; = 90N/mm’*
To find Areqd:-
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Pd
fes
_ 180x10°
90
A = 2000mm?
Try ISA 130x130x8mm
A = 2022mm?
Imx= 25.5mm
KL _1x3000
F o 25.5

% = 11765

A

110 | 946 | [from table 3© IS 800-2007]

120 | 83.7

fa= 86.26 N/mm’

. Strength of section = 2022 x 86.26
=174 AKN < 180KN
Hence unsafe
.~ Revise the section with rg, more than 25 5mm
Try ISA 150x150x10mm
A =2903mm’
Ipe= 29.3 mm
KL _ 13000

r 29.3

% =102.39

100 | 107 | From table 9€ {4 = 104 N/mm®

110 | 946

. Strength of section = 2903 x 104
=301.9 KN = 180KN
Hence safe

Effective length based on connection:-

*  Generally eff. Length is computed based on table-11 IS 800-2007.
* Based on connectivity, welded joints are considered to be rigid.

* For welded joints case equal to K=0.65t0 0.7

For Bolted Connection:-
a) When single bolts are provided on both sides.
b) When double bolts are provided.
K=085
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1. In a truss a strut which is IM long consists of 2 angles ISA 100x100x6mm.

Find the design strength of the member if the angles are connected on both sides of a
12mm gusset plate using.

(1) One bolt (ii) Two bolts (1ii) A rigid jt by welding

12 mm gusset

.

SA 100100, 6 m

Given:-
L=3m
2 15A 100x100x6mm
Tks of gusset plate = 12mm
Sln:-
Section Properties of ISA 100x100x6mm:-
A=1167mm’ I,= 1113 x 10°*mm*
Iyy = I= = 30.9mm [.=1113x 10°mm*
Ca=C;=26.7mm

The local axis along the C/S is y-y & z-z as shown in fig.

Tmin 15 the least of 1y, & 12; of the composite section including 2 angles and a
portion of gusset plate of size 100x12mm.

Iz Of the composite section is the same as 1z of a single angle section.

Since the z-z axis is same for both the composite section & single angle section.
—

. Iz of composite section = 1#'1_2;

_ (111.3x10*
V1167
I, = 30.9mm

I, of composite section = 1I|IITW

Where,
I, =M.OI of composite section

I, =201, ufuneangle;ecﬁnn+5(zhf2+cyj
|
= 2[111_3X1D4+116?l%+25.?]
I, =472x10°mm* |
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_ |4.72x10°
Y 201167
Iy =4497mm
5P = 309 mm
(i) One Bolt :- [Bolt ends hinged]
~K=1
KL _ 13000
Fo30.9

% =97.09

90 | 121 | [from table 9c IS800-2007]

100 | 107

The member belongs to buckling class-c since it is a angle section.

" Refer table-3 (C)
fs=111.07 N'mm*
Design strength of secion = fa x A
=111.07x 2 x 1167
=259 24 KN
{i1) Two Bolts:-
s K=085
KL _0.85x3000
r 309
L. 82.52

80| 136 | [from table Sc IS BOO-2007]

80121

fa= 13222 N/mm’

. Design strength of section =f. x A
=132.22x 2 x 1167
=308.6 KN

(ii1) A ngid joint by welding:-
s K=07
KL _ 0.7x3000
r30.9
% =67.96

60 | 168 | [from table Sc IS5 B00-2007]

70| 152

fea = 155.26 N/mm’

. Design strength of section = f.x A
=15526x2 x 1167

= 36238 KN
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2. Determine the load carrying capacity of a column section as shown in fig. The actual
length of the column is 4.5m. One end of the column is assumed as fixed and the other
end hinged. The grade of steel [E250]

Given:-
L=45m
Support condition = One end fixed & other end hing
s~ K=08
Sln:-
The design stress “f.;" of the composite section depends on rE ratio and the
min
buckling class.
Properties of ISMB 400:- . TREEY T i
h=400mm, bf=140mm, tf= —» ————
16mm :
tw=89mm, r,=282mm, rx= |
161.5mm [ (| — smB a0
L. = 20458 4 x 10*mm*, I, = ! ‘,f "
622.1 x 10*mm* 2 L .
Tz 15 least of 1, (o1) 1y [ |
- .
where, r=1||,'i :
o A l L |
I.. of Composite section:- — 10 T

i
| B SO 200

2 3
IH=20453-4><lﬂ“+ig”ﬂ+[mﬂxzux:dan—zzn]z]Jf_fg”ﬂ”

I,=734.18x10°mm*

+/300 203|220 10

I+ of Composite section:-

20x300°

= +[20x300%(150—150]

3
I =622.1x10%+ 2]20x300
¥ 12

+20% 300 %(150—150 |
IW=QE.221><1EIBmm‘

A
A = 7846 + (2x300x20)
A = 19846mm?
73418 10°

94.152x 10°

19846

o T

Sore=

|

ey »
=ik
n f.nbl'.:

96
Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

r =192.34mm
_ L
¥ A
_ |96.221x10°
19845
I'y= 69.63mm
', Ty = 69.63mm
To find slendemess ratio:-
KL _ 0.8x4500
Foin T 69.63
KL
— =517

rI.:|'|:|.i|:|
The buckling class of the built up section based on table-10 I5 800-2007. Tks of flange is
16+20 = 36mm < 40mm
. Along buckling about z-z axis is buckling class “B” and buckling about y-y
axis, therefore I, is less than I,

50 | 183 | Fromtable 9 ( C) IS B00-2007

60 | 168

f-a= 180.45 N/mm”

. Load carrying capacity of the section = 180.45 x 19846
=3581.2 KN
Safe working load = 35? 15' 2

=23875 KN

3. Design a column 4m long to carrying a factor load of 6000KN column is effectively
held at both ends and restrain in direction at one end. Design the column using beam
section ISHBE 450 @ S07 N/m
Given:-

L=4m

Factor Load = G000EN
One end fixed and other end hinged

S K=08

Sln:-

The given section ISHB is checked for the axial load carrying capacity

S PamAxfa
Properties of ISHB450 (@ 907 N/m:-
A = 11789mm’
I = 40345.9x10*mm*, I, = 3045x10*mm*
Assuming f_; = 200N/mm?
6000 x 10°

Areqdzzm
= 30000mm’
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-~ Area deficit = 30000-11789
=18211mm’
Selecting 20mm tk plate @ top 2 bottom flange portion.
2(20xb) = 18211
b=455.275mm ¢ 500mm
~ Assume the size of plate (@ as 500x20mm (@ top and bottom.

I.; of composite section:-
3 3 .
I =40349.9x 1u4+§'g“ﬂ+[5m 20 480 —245]2]{39ﬂ+ 500%20(245—10f
1,,=1508.66>10°mm*
I;; of composite section:-

20500

I,=3045x1 D

+| 20500250250 7|+

3
ﬂ4+ig><5m} +[ 20500 %(250—250 |

1,,=447.12x10°mm*
Check for over hang:-
The over hang length is limited to “Ibt" over hang length = 500-250
. = 250mm < 16(20) = 320mm
|IJr =
Ve rz—ﬁi I
A = 11789+(2x500x20)
A =31789mm’
. _|1508.66x10°
=~ )31789
e =217.85 mm
I
Ear
= [447.12x10°
V31780
Fu =118.60mm
o P i = 118 .60 mm
To find slendemess ratio:-
KL _ 0.8x4000
r.. 118.60

KL
— =26158

r]ﬂ.ill

20 | 224 | From table 9 © I5800-2007

301211

fea = 214 926 N/'mm?
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. Design load carrying capacity of the section=f ;x A
=214.926 x 31789
P; =6832.3 KN > 6000KN

Hence the assume section is safe.

Laced & Battened Columns:-
[cls 7.6 IS 800-2007] [cls 7.7 IS 800-2007]

E
N~
|

Laf:ing on Lacing on Lacing on Lacing on
Face A Face B Face A Face B
Preferred Lacing Preferred Lacing
Arrangement Arrangement
(A) Single Laced System (B) Double Laced System
<+ Lacings and battens are provided to establish a built up section. [generally
using channels and angles]

%+ They do not increase the area of the section, but increase the mini. Radins
of gyration [achieve by placing the members away from principle axis]
<+ The commonly used lateral systems are lacings or latticings battering.

Design of Laced Columns:-*

The general guide lines reqd are

1. The latticing system shall be uniform throughout.

2. In single lacing system, the direction of lattices on the opposite face should be the
shadow of the other and not mutually opposite.

3. In bolted construction, the mini width of lacing bars shall be 3 times the nominal
dia of bolts.

4. Tks of flat lacing bars shall not be less than 1/140 th of its eff. Length for single
lacing & 1/16™ of ff. Length for double lacings.

5. Lacing bars shall be inclined at 40° to 70° to the axis of the built up members.
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6. The distance b/w the two main member should be kept, such that
- where,
Iy = Radius of gyration about the weaker axis.
r=. = Radius of gyration of stronger axis [major axis] of the individual members.

7. Maxi Spacing of lacing bars shall be such that, the maxi. Slendermness ratio of the
main member biw consecutive lacing connections is not greater than 50 (or) 0.7
times of the unfavourable slenderness ratio of the member as a hole.

8. The lacing shall be design to resist a transverse shear, "V, = 2 5% P” [Axial load
of column] If there are two transverse parallel systems then each system has to
resist a shear force of “Vy/2°

9. If the column is subjected to bending also the shear due to bending moment has to
be added with "V,

10. The eff. Length of a single laced system is equal to the length b/w the inner faster
ness. For welded joints and double lacing system, Effectively connected at the
intersection, eff. Length is taken as 0.7 times the actual length.

11. The slenderness ratio KL/ for lacing shall not exceed 145.[ ﬂm=145]

12 The eff Slenderness ratio of laced columns shall be taken as 1.05 times the actual
maxi. Slendermess ratio in order to account for shear deformation effects.

Design of Batten column:-

1. Similar to lacings, battens are design for i .
transverse force V,=2.5%P !
2. The batten plates should be symmetrical e _J_ E——
& spaced uniformly throughout. The eff.
Slendemess ratio is 1.1 times the maxi. !
Actual slenderness ratio of the column to = BT
account for shear deformation. .
3. Spacing shall be such that slenderness | ||
ratio of the column in any part is not ]
greater than 50 and not greater than 0.7 . i
times the slenderness ratio of the |
member as a hole about z-z axis. i : |
4. The design shear and moment for the .
batten plates is given by the following
relations.

oooD
QOO0

BE=]elela <
-

G
[eLelale]
(Malelala]
-

'

Towaod

v.C
N

£
V,C
"IN - ||
.‘.I'ﬂThEIE, oo - — i' oo ¥
C = c/c distance along i )
longitudinal direction. e .
IN = No. of batten plates. - .
1. Design a laced column with 2 channels T _
back to back of length 10m to carry an axial ' )

V=
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factored load of 1400KN. The column may be assume to have restrain in position but not
in direction at both ends. [Hinged ends]

/- Lacing system
E’_; & B B B B E oy

)

e

=220 mm TR
Vertical

spacing |

—l =

—~124 4 l-—\

() Cross-Section

45°
Lacing system - —— 220 —o|
cing syster K k
b ™ -
: Horizontal
spacing

(b) Elevation

Given:-
P =1400KN, L =10m, K=1
Condition Both ends are hinged.
Skn:-
Assume f_4 as 135N/mm?
To find Aree:-
P

Ae= 1

_ 1400x10°
135
Aceqs = 10370.37mm’

. Area of each channel reqd

= 5185.2mm*
Try 2-ISMC 350 @ 421 Nim
A = 5366mm’
W =421N/m; I, =10008.0x10"*mm®; I = 430.6x10*mm*
I, = 136 6mm; r,=283mm; c,=24.4mm
The lacing system 1s provided such that ry, > r=. This is achieve by providing sufficient
spacing b/w the two channels.

R S

r,, of combined section = r,, of individual channel section.
. T, of combined section = 136.6mm

_ 1037037
-T2
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Slendemess ratio:-
KL _1x10000

r. 136.6

mn

KL
P 73.206
min

For laced columns the maxi. Slenderness ratio can be increased by 5%

KL
;= 73.206x105
min

=76.86

70 | 152 | From table 3 © [SB00-2007

80 136

From table 10 the builtup section comes under the buckling class ‘C’
fra =141 024N/mm’
.. Load carrying capacity of column, P =fax A
=141.024 x 5366 x 2
Pa=1513.46 KN = 1400KN
. Assumed section 2ISMC 350 is sufficient.
Diesign of Lateral system:- [Lacing System]
The clear distance b/w the two channels is ammived based on the condifion ry { I=
Iy =l
L:: of composite section is twice the I of an individual channel section.
I,(comp|=21_, |individual |
=2 x 10008 x 10°
I =2.0016 x 10°mm*
Ly=-
I.; of composite section is found for the 2 channels from the cenfroidal Axis
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I :EII}THI+M12]
[ﬂnechannel]l
=2 431].E><lﬂ‘+5355><l|§+24.4:|2
=L |
2430 6% 1u4+5355l'%+24_4ﬂ=2.umsxm"

¥¥!comp|

=2_0016x 10°

[ 52
21430 .6x 1[}4+5365[%+585.35+24_dd\

|
2|430.6x10%+1341.5d*+3194701 .?E+130930.4d]=2.m15><10“
2[1341.5d%+130 930 x 10°d +750.07 % 10%|=2. 0016 10°

1341 5d°+130 93x10° d+750.07x 10*=100_08x 10°
1341 5d°+130 .93 x10° d=92 579 x10°
d=218
o d=220mm
Assume the lacings to be provided at 45° to the horizontal.
Horizontal Spacing = d+24 4+24. 4
=220+4838
= 268 8mm
Hori spacing = 268.8mm
Wertical spacing = 2[horizontal spacing]
=2x)688
=537 6mm
he limit for slendemness ratio for each channel bfw the lacings vertically is 50
", Slendermness ratio for vertical spacing

[Each Channel]

r
_ 1x537.6
T 283
=1899 < 50
Tansverse shear fo be resisted by each lacing system is 2.5% of axial load. [Clause
6.6.115 800-2007]

2.5x1400
Load = 100
=35KN
", Transverse shear to be resisted by each lacing bar is 17.5KN
_268.8
L= :
cos 45
L = 380.14mm
Mini tks of lacing bar = 0
_ 380.14
~ 40
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= 9.5mm
. Provide 10mm tk flat plates for lacing bar. Assume dia of bolt as 20mm,
width of lacing bar = 3xdia
= 3x20
b = 60mm
. The assumed lacing bar is 60x10mm

Connection for lacing Bar:- [20mm dia]
1. Strength of bolt is single shear:- [cls 10.3.3 IS 800-2007]

2_ Strength of bolt in bearing - [cls 10.3 4 IS 800-2007]
v Vap_25Kdf,
dip = =

Vo Vous
_e P _gochw
k, 34,734 D'ZE’fu’l
e=1.5d =33 mm =40 mm
p=25.d=50 mm=60mm
k; =0.606, 0.659, 0.975, 1
.k, =0.606
_ 2.5x%0.606 x20x10x410
B 1.25
def_. =99 384KN
", The strength of bolt value = 45 272KN

17.5 N
. = =0.39
. No. of bolts = 5= A‘.

o Provide one 20mm ¢ bolt on each side of connection.
Strength of lacing bar:- [60x10mm]

KL
Slendemess ratio of lacing bar = -
_ 1x380.14

Yom

m={ A %
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_60x10°
= 17
_60°x10

w12
Y600
rmln =288
_ 1=380.14
- 2.88

Slendemess ratio = 131.55 < 145 [cls 7.6.6.3 I5 800-2007]

130 1743
140 | 66.2
f.s = 72.68 N/mm’

CE8601 DESIGN OF STEEL STRUCTURES

=5000 mm*

=180 10°mm*

From table 5@ IS 800-2007

Load Carrying capacity of section = 72.68 x 60 x 10
pa = 43.61KN = 17.5KN
Hence the lacing system is safe.

2. Design the above built up column using battens as lateral system. The sections selected
are 2ISMC350{@413N/m with clear spacing of 220mm.
[ .~ The section is design as per the previous problem]

| 410 |
/‘
/
<8 | ISMC 350 @ 413 N/m
40/, N R
30!, :
2—8 ° 6 mm ° 280 mm
E : thick : ]
40 =
1200 mm ==
20 mm bott
/—‘ e
i - T
v . 6 mm ) 270 + 2x35 = 340 mm
- thick .
L ] L ] -— 35 A l
&_ e | e — — —u—
210 —
244 24.4
1\ '
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d = 220mm
; KL
Slenderness ratio = T=?3.21

Slendemess ratio of battens 1s 1.1 times %
=7321x11
=80.53

C/C honzontal distance b/w the batten plate S = d+24.4+24.4
5 =268 8mm

If °C" is the spacing of the battens. The value of ‘C" is found based the relation
C/rmin<50 [The slendemess ratio of each channel biw 2 battens plates is limited to 50]
C=283x50
C =141 S5mm
5 Assume C = 1200mm
s _ 2.5%1400
Transverse shear } T
V, =35KN
As per clause 7.7.2.1 15 800-2007, shear to be resisted by Batten plate

v Vi€

5TONS
v,C

M_

"~ 2N

Where,
N=2
LV _ 35x1200
T )%268.8
Vy, =78.125KN
351200
M= %)
= 105.00KN mm
M= 105KN.m

Width & tks of Batten Plate:-
The end batten plate should hawve width (depth) greater than 5 (268.8mm)

.. Provide width of batten plate as 270mm width of intermediate batten plate should be
greater than 32 width of end batten plate.

. Provide width of intermediate batten plate = %x 270

= 202.5mm
. Width as 210mm

Tks of batten plate should be greater than 5/50
_768.8

50
t = 5.376mm
*. Provide the tks of 6mm

r
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Check for stresses in Batten Plate:-
V
Shear stress = —&
_ 78.125x10°
210=6
= 62 N/mm’

f

Permissible shear stress = 4
1.143
=131.21 N/mm*
Shear Act stress <~ Permissible shear stress

M
Actnal bending stress U":E

_ 10.5x10°x6
td”

_ 10.5x10°x6

C Bx210°

= 38.09 N/mm*
Permissible bending stress = li}rf
= 22727 N/mm*
Act bending stress < Permissible bending stress
Hence the breadth of the section has to be increased.
Providing an edge of 35mm on both sides owver all depth of section 1s 210+35+35 =
280mm
To find Actual bending stress:-

10 5x105%6
Actual bending stress = ————————
. B SIS = a0 %6

=133.9 N/mm*
Shear stress = 46.5 N/mm®
. Provide intermediate plate of size 280 x 6mm and end batten plate of size
[270+70=340mm] 340 x 6mm
Connections for intermediate batten plate:-
% Bolts are placed along a vertical line on the batten plate.
% Force in the extreme bolt should be less than the bolt value for the
connection to be safe.
Assuyme 20mm dia bolt
. Balt value = 4527 KN
The transverse shear acting on a connection = 78.125KN
78.125
. Mo. of bolts = i 77
=172 { 3 Nos.
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Since moment also acts on the connection provide 3 Nos of bolts.
The force due to moment on extreme.

F =
Bolt £y E }‘2
_ 10.5x10°x10°
|105%+105%
F, =50KN
F 78.125
F= n 3
=26.04 KN
Resultant force = |F 2*F »
= |50%+26.042
=56 57 KN = 4527 KN
*. 3 bolts are not sufficient we hawve to increase the no. of bolts.
. Assume 5 Nos of bolt along the vertical line.

M
Force due to moment F, =?:;_2

_ 10.5x10°x10°
2(105%)+2/1052]

=25KN
78.125
F = =%
=1562 KN
Resultant Force = |257+15,62°
=29 48 KN <4527 KN

Hence 5 Nos of 20mm dia bolts are provided in both sides.
COLUMN SPLICE:-
——¢i —— 41«7 7—4,——!—&—— —1—

| oo Sk : 4 [0 o
-;—!-(- oo oo b 4 o o
L | 4 oo oo d> | 4Hb o o
b | 4 oo o e ¢ | 4P [0 ©
P 4 (o 3Ke) P+ 90 ° 0 :
b 1T 4 oo | R o o < T 44 [o o
| 4 oo 1l N oo <t | 4+ o
-p- (o} 1 R | oo P 41 )
L b I 4- folke) i'a | -4 O O I

| | |

| | |
L o e o —— L L

(@) (b) ©
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% When two pieces of the section are connected together to get the reqd

length of column, is called a column splice.

%+ In abuilding the section of column may be change from storey to storey
(for economy) and in cases when the length reqd exceeds standard size of

the section available.

COLUMN BASES:-
(i) Slab Base, (ii) Gussetted Base, (iii) Grillage Foundation

- Column

~ Cleat Angle

’
~~ Base Plate
)
fan L7< r R.C.C Foundation
. 1
« v ’ 2
. & g R Lo

4 <

— = f—

Slab Base

o~ gusset plate
/
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(1) Slab Base:-
# It is used in columns carrying small loads. [Approximately upto 1000KN]
#  The load is transferred to the base plate through bearing, with the help of
cleat angles.
{i1) Gussetted Base:-
e Gussetted Base when the column carries heavy load [App. 1000-2000EIN]
% The column is connected to the base plate using gusset plates and cleat angles.
% The load is transferred to the base party to bearing & party to gusset.
Design of slab base (or) simple base:-

1. The beanng strength of concrete is 0.45f,

P
2. Area of base plate reqd is ——
0.4f,

Assume the size of plate such that the projections of base plate from the
column on both sides (afb) are kept more or less same.

3. Find the base intensity pressure
P

W= Areaofbaseplate
4. Min thickness of base plate reqd. is

2.5wla®=0.36%y,_ |~
-
T, U
5. Connection: If bolted connection is provided 2 cleat angles of size [SA
B5x65x6mm are used which are connected with 20mm dia of bolts.
If welded connection is used the size of weld is ammrived based on the length of
weld available alround the column.

6. The Base Plate is connected to the foundation concrete using 4 Nos of 20mm
dia and 300mm long Anchor bolts.

t.=

110
Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

1. Design a slab base for a column ISHB 300@577 N/m which is subjected to factored
axial load of 1000KN use M20 concrete for the concrete pedestal.

10.6

f—— 300 -

O (@)
t
360 o
Given:-
ISHB 300@577 N/m
P. = 1000KN
fa = 20N/mm?
Sin:-
1. Bearing stress in concrete 0, =0.45f
=045x20
Oy =9 N/mm®
pl.l'
2. Area of base plate reqd, Azﬂ.dﬁfd
_ 1000x10°
9

A=11111x 10°mm’
Assuming equal projection on both sides with a = b =30mm, size of base plate assumed is
310x360mm.
- Area Provided = 111.6x10°mm*
P

3. Pressure 1 teusit}r b - &8
o @base v Areanfbas?!are
_ 100010
111.6x10°
w = 8.96 N/mm® < 9N/mm”
i 1 0.5
2 Sw|a®—0.3b% ym,
fy
' 1 5
2 5x8.96(30°-0.3x30% x1.1
250
|t,]7.87 mm<10.6mm|t |
] r

+» Provide tks of base plate as 12mm

4. Mini. Tks of base plate =
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Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

5. Bolted Connection:-
Provide 2 cleat angle ISA 65x65x6mm connected using 20mm dia “J

anchor bolts for a length of 300mm.
2) Design the above problem using welded connection
Sln-
1. Bearing stress in concrete 0,,=0.45f

=045x20

O, =9 Nmm*
PI.I

2. Area of base plate reqd, A:D.dEfﬁ

_ 1000x10°

9
A=11111x 10°mm?
Assuming equal projection on both sides (for economy) size of plate adopted is

310x360mm.
. AreaProvided =1116x 10°mm’
P
3 Br ntensi b - e
essure intensity (@ base W= Actualarea
_ 1000x10°_
111.6x10°

w = 8.96 N/mm? < 9N/mm?

E.EW:az—lil.a'lf:i.-'rn,J -
fy

2.5%8.96(30°—0.3%30%)x1.1 r'5

4 Mini. Tks of base plate

~ 250

Tks of flange = 10.6mm
. Provide tks of base plate as 12mm.
5. Welded Connection:-

Providing fillet weld alround the I-section, length available is
Length available = 4{250)-2(7.6)+2(300)-2(10)

lw = 1563.6mm
Design strength of weld:-
Providing a weld of grade 410 N/mm(f,)
Stress x Area
+ 4

o
Design strength of weld = /43 x|lw ]

W

'ﬂy_
= /93 11563.6%0.7]

For the available length, the size of weld reqd is found.
1000 x 10° = 18937 x 0.73 x 1563 6
g = 1000x10°
189 37x0.7x1563.6
S =482mm
Provide 6mm fillet weld alroumd the column provide 20mm dia *J" anchor bolts at
the 4 comers of the base plate with length 300mm.
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Gusseted Base:-
*  When the load on the column is higher gusset plates are provided
along the flanges of the C/5.
% The load is transferred by bearing through the base plate and also
partly through the gusset plate.

Design Procedure:-

L
1 Area of base plate, A_ﬂ-dE‘fck

2. Assume various members of gusset base
(1) Tks of gusset plate assumed as 16mm
(i1)  Size of gusset angle is assume such that the
wvertical leg can accomadate 2 bolts in one
vertical line. The other leg is assume such that 1
bolt can be provided.
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(iti)  The tks of angle is kept approximately equal to
the tks of gusset plate.
3. 'Width of gusseted base is kept suc that it will just project
the outside the gusset angle and hence

Length= Area_nﬁg{me
width
4. The load is assumed to be transferred 50% by bearing and
5% by fasteners.
5. Tks of base plate is computed by flextural strength at the
critical sections.
1. Design a gusseted base for a column ISHB 350(@7 10MN/m with 2 plates 450 x 20mm
carrying a factored load of 3600KN. The column is to be supported on concrete pedestals

to be built with M20 concrete.
X Yy
16 ISA 150 x 115 x 15
T JrER]
450 x 20 r
\
ISHB 350 ||
f @ 577 N/m
600
I
350
a |x y
700
i y All Linear Dimensions in mm
X Yy
f——a |

d=350+20+16+15
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2. Beam ISLB 500 at 750 N/m carries total factored ude of 300KN. It is supported on
columns ISHB 300 at 630N/m at each end. The connection is made using M20 bolts of

grade 4.6 and steel Fed10. Design the connection.
Given:-
ISLB 500
D = 500mm, bf=180mm, tf=14 lmm, tw=9.2mm
ISHB 300
D = 300mm, bf=250mm, tf=10.6mm
Sln:-
Try angle 100x100x8mm one on each side of beam.
a) Angle connecting beam web:-
The connecting bolts will be in double shear
Strength of bolts in double shear = 2| 0.462f,n, A ||
462 400245
= 2x0. A 000
=90.55KN
Strength of bolts in bearing = 2d 5
= 2205 2x410
= 147KN
Least bolt value = 90 55KN
No. of balts = Reaction (@ eachend
boltvalue
300
= 2
90.55
Mos. of bolt = 1.7 says 2 Nos.
Provide 2 bolts (@ 50mm pitch with edge distance of 40mm.
Mini. Length of angle reqd = 2x40+50
= 130mm
b) Angle connecting column flange:-

Connecting bolts will be in single shear and bearing on 8mm tks of angle

Strength of bolts in single shear = 0.462f,(n, A,
= 0.462x400x245
= 453KN

Strength of bolts in bearing = 24t f,

= 2x20x8x410
= 31KN
Least bolt value = 45 3KN

VA
No. of bolts = 2

453
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_ 2.5k,dif,

Fmi':
Assume,
e=15d,=3%mm { 40mm
p=25d =50mm ¢ 60mm
40 60 400
b= 3%22°3x22 2 a10”
=0.606, 0.66, 0959, 1
Take k, = 0606
_ 2.5x0.606x20x8x410
- 1.25
Vip =79.5KN
. Design strength of bolt value = 45.27KN

340

~. No. of bolts = 57

=751 ¢ 8Nos
s Provide 20mm ¢ bolt of 8 Nos.
Check for strength of section:-
(1) Design strength of section against yielding:- [cls 6.2 IS 800-2007]

1

=349. DdE{N
(i)  Design strength of sechon against mupture:- [cls 6.3.3 IS 800-2007]
_0SA,T, BAT,

dn=

.'I"mj Fmo
Where, o
| |
wlfy)(2s 5—1"—f Yo -9 7
) 1 Fall 'r:' I fu]‘rm.!
w =100
wi =50
b, = 100+50-8
b, = 142mm
L. = 460mm

o 100 \/2 142 | 250%1.1
f=1.4 n.u?a[ g ,llldlﬂ '{45[] =410%1.25
=122 { 144 ¢ 0.7

B=122

=0.7

A,_L.=|:1Du—22 y
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_100-8/a= 2
Agu—l:llﬂﬂ AJB—?EEmm

_ 0.9:592x 410 1.22%768%250
- 1.25 ' 1.1
T =387.7KN > 340KN
3) Design strength of plate against block shear:- [cls 6.3.4 ISB00-2007]
Awfu 0.9A f,
+—
V3 m, ¥
(or)
Tyu= 09 mlu, Al
db "Elr'mr Vo

Ty=

Where,
A, =[40+7(60] =3680mn’
A, =[460-7.5(22|f
= 2360mm’
A, =50 x8=400mm*

| L1
22/
Ay =| 50— AJ

= 312mm’

_3680x250 , 0.9%312x 410
@1 Bx11 1.25

= 574 97KN
. 0.9x2360x410  400x250
b2 J3x1.25 1.1

=493 13KN > 340KN
Design strength of section is against yielding rupture & block shear as greater
than the external load of 340KN
. The assumed section [Sx100x100x8mm is safe.
2. Explain different modes of failure of tension member.
1. Cross section yielding:-

Generally a tension member without bolt holes, can resist loads upto the
ultimate load without failure. But such a member will deform in the longitudinal direction
considerably nears 10% to 15% of its original length before fracture. At such a large
deformation a structure become in serviceable.

_fA

Vino

Tyq

2. Met section Rupture:-

A tension member is after connected to the main of other members by
bolts or welds, when connected using bolts tension members have holes & hence reduced
cross section being referred to the net area.

Fmr
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= 3.31 says 4Nos.
Provide 2 bolts on each side of flange check the tks of the angle:-
A'ﬂ'lf Il."h'
V3V
= 05254,
= 0.525x2x100x8x250
= 209 9KN = 150KN

Factored shear resistance =

Hence safe
FLOOIVTINIVEILLIN 111
1. Design a tension member to carry a factored load of 340K use 20mm dia of black
bolt and gusset plate of 8mm thickness.
Given:-
Factored load = 340KN
d=20mm, d, = 22mm
Thickness of gusset plate = 8m
Sln:-
No. of bolts = Tw/V
To find Ag-
1.1xT,
[ fr
_ 1.1x340x10°
250
A, =1496mm’
Try ISA 100x100x8mm
A, =1539mm’
Vix =¥, =30.7 mm
BOLT VALUE:-
(1) Strength of bolt in single shear - [cls 10.3.3 IS 800-2007]

v
v@:_f“‘b

¥t
fu
T3
n.=1, n.=0
0.78% mx 20°
"q'nb:—
4
= 245mm?
_ 400 [1x245.04
T3 12
Ve =4527KN
(ii) Strength of belt in bearing:- [cls 10.3.4 IS 800-2007]

1}'
_ mbp
Vet

nrz AI’J[‘.‘ +ns "q'sb
¥omb

Vg =
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_ 2.5Kdif,

rmi:
Assume,
e =15d.=33mm <& 40mm
p=2.5d =50mm ¢ 60mm
40 60 400
2=3x32 320 A0
=0.606, 0.66, 0.553, 1
Take k; = 0.606
_ 2.5%0.606x20x8=410
- 1.25
Vaip = 79.3KN
. Design strength of bolt value = 45.27KN
340
. No. of bolts = 57
=751 ¢ BNos
. Provide 20mm ¢ bolt of 8§ Nos.
“heck for strength of section:-

1

(1) Design strength of section against yielding:- [cls 6.2 IS 800-2007]

Af

T,=—t
Yo
| 8 \
l1m—/2|><25n
AQZ%

1.1
T,, =349.04KN

(if)  Design strength of section against mpture:- [cls 6.3.3 IS 800-2007]

0.9A,f, BALf,

dn !"'mj Fmo
Where, .
s| fy¥
1.4-0. D?E[ \ e =0.
ﬁ | fu I f Fil'l'll!
w =100
wi =20
b, = 100+50-8
b. = 142mm
L.= 4EDH]I|]

100 1250 142- ~250%1.1
1.4-0. []?E[ ] =0.7
p= | llldlﬂ 1460 | 41[])(1.25

=122 { 144 L 07
=122

Amzl:lm—zl—%|ﬂ=592mmz
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{1008/ a— 2
Agu_{lnﬂ AJE—?EEmm

_ 0.9x552x410 1.22x768x250
- 1.25 1.1
T =387 . 7KN > 3J40KN
3) Design strength of plate against block shear:- [cls 6.3.4 ISB00-2007]
_Agf, 0.9A,f,
\"3 mﬂ ¥ i
(or)
T _D'gﬁmfu \ Atgf}
dbs "Efmr Vi

Tdb

Where,
A,,=[40+7(60|]" = 3680mm’
A, =|460-7.5(22|]
= 2360mm’
A, =50 X8=400mm*

I (1
22/
A,=| 50~ A}

= 312mm?
_3680x250 , 0.9x312x410
@l 3kl 1.25
- 574.97KN
0.9x2360410 400%250
Tor=" 5125 = 11
Bxl .
= 493.13KN > 340KN

Design strength of section is against yielding rupture & block shear as greater
than the external load of 340KN
. The assumed section ISx100x100xBmm is safe.
2. Explain different modes of failure of tension member.
1. Cross section yielding:-

Generally a tension member without bolt holes, can resist loads upto the
ultimate load without failure. But such a member will deform in the longitudinal direction
considerably nears 10% to 15% of its original length before fracture. At such a large
deformation a structure become In serviceable.

_fyA,

Vina

2. Net section Rupture:-

A tension member is after connected to the main of other members by
bolts or welds, when connected using bolts tension members have holes & hence reduced
cross section being referred to the net area.

. _09FA

dn
Yo
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(111) Block shear failure:-

Originally observed is bolted shear connection at sloped bei
Block shear is now reqd as potential failure of made the ends of axially loz
member also.

In this failure made the failure of member occurs along a pe
fussion on one plates & shear on & Ir plane along the fasterners as shown i

_Af, 0.9FA,

T, =
db -"'Iaym -le'
(or)
L YO 2
1".3‘|"lr|'|.! an

Where,

A A =min gross area & net area In shear along section |

Ay, Ax = min gross area & net area from hole to toe of the :
(2-3)

Working stress method of steel design:-
Permissible stresses:-
1. Axial tension, 0,=0.6f,
2. Axial compression, ¢, =0.6f [depends upon L/R ratic]
3. Bending compression, @, =0-66f y
4. Per shear stress, 7,=0.45[, [generally taken as 0.4f,]

1. Procedure for finding permissible and compressive siress of steel sections:-
PROCEDURE:-
*  Assume design stress of the member (generally rolled steel section
assumed f_; = 135N/mm?) for angle section f_; = 90N/mm?, for builtup
section f.z = 200N/mm*

P
*  Required eff. Sectional areais A =f—“'
od
*  Select a section for the eff. Area calculate ¥, (least of V. "V, )

* From the end condition (decide the type of connection) determine
eff. Length

*  Find slenderness ratio and hence design stress f.4

*  Find actual load carrying capacity of compression member.
ps=Fa*A,

%  [f the calculating value of p; difference consider by from design
load P, revise the section.

2. Design a double angle discontimes stmut to carry factored axdial load 170KN. The
length of the strut b/w c/c of intersection is 3.85m, f, =250N/mm*
Glven:-
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[=3.85m
fy = 250N/mm’
P=170KN
Sln:-
Assume f.; =90 me:;]z
17010
Ag= 290
A, =944 4mmy’
For safe design increase 30%
A 9=94-1-. 4x1.3
A, =1227.2mm’
& Try 215A 90x90x8mm
1,=I,=104.2x10"mm"
Vi Yy =23-1mm
¥ =yﬂ=2?.5mm
r,=34.7mm
r..=17.5mm
A* = 2x1379 = 2758mm’
L *= 2[104.2x10°+1379(25.1+10/2)
- wi,3.583x10°
» V2758

v*¢ = 40.76mm

L
K=1
. KL _1x3850
275

r

. Yo
EL
— =140
Tm.in.

N
. =66.2
. fe Amz [from table Sc]
L P=f_xA
= 66252758
=182 58KMN = 170KN

. Hence the assumed section is safe.
ﬁr.u:t{ auil'r.".mr
.. Hence the section is safe in deflection
4. Check for web buckling- .
Fﬂ‘dwz |_b]+ nI.,l'rwfl.'
n =%=¥= 300 mm
b, =100mm
Aw =—2 >d
w
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_ 2.5x523.4
T 112
dw =116.83
110946 [from table 9 © IS800-2007]
120 | 83.7

- f.=87.155 N/mm’
- Rdw=(100+300)x11.2x87.155
Adw =390454KN > 225KN
Hence the section is safe against web buckling.

5. Check for web crippling:- .
F = Byt )Ly

w Yoo

n,=2.5(t.+t,|
=25(21.3+17) = 82.5mm
F =|_1EID+EE.5:11 2% 250
" 1.1
F, =464 545KN > 225KN
Hence the section is safe against web crippling.

3. An ISMB section of depth 300mm is used as a beam over as a span of 6m with s.s
ends. Determine the maxi. Factored udl that the beam can carry if the ends are resirained
against torsion, but compression flange is laterally unsupported.

Given:-
Span = 6m
Depth = 500mm
Section == ISMB 500
Sln:-
Section Properties of ISMB5S00:-

A =11074mm’, be = 180mm, t;= 17.2mm, t., = 10.2mm, I = 45218 3x10°mm*, I, =
1369.8x10°mm*, r; = 17mm, z,, = 2074.67x10°mm’, z,, = 1808.7x10°mm’, 1,, = 35.2mm,
I = 202.1mm
d=h—2|:rr+r1:|
= 500-2(17.2+17)
d=431.6mm
To find maxi Moment & 5. F:-
wl’

The maxi. Moment of the beam M = e

The design moment capacity of the section M,=f,Z f,,
Where,
f.s == Taken from table-13 for £, b given in table-14 [cls 8.2.2 IS800-2007]
fo, b - [Table-14 IS 800-2007]

123

Prepared by Dr.J.SAHAYA RUBEN M.E.,Ph.D.,



CE8601 DESIGN OF STEEL STRUCTURES

The critical stress f, b is found based on slenderness ratio % and h ratio

Ly
Here, K=1
KL __ 1X6000
>3 5 =170.45
h__ 500
t——:=~ 73 =29.07
KL V
r If
25 29.07 30
170 136.7 124.16 1213
17045 | 13626 123.75 120.89
180 127.1 114.97 1122
From table-14 [IS 800-2007]
. Critical stress f,,b=123.75N/mm"
fio -

Refer [table-13 ISB00-2007] @y =0.21 (for R.5 section)
. Refer table — 13(a) IS 800-2007

150 [ 106.8 | From table-13(a)

1001773

= fia=91.31 N/mm? (for £, b = 123.75N/mm’
- The design bending strength of ISMB M,=8,Z f,
Buckling Class:- [Table-2 IS 800-2007]

0.5b
b_ "% W 55794
Lt 17.2

4]
d_431.6 .
—= =42.31 » B4
t, 10.2 L8l
.
*, The section comes under plastic
. B,=1 [cls 8.2.2 IS 800-2007]
MJ=1><21J?4.E?><1[]3><91_31
M; =189 44KN.m
wl®
M= 8
M, =18944KN.m
The safe udl the section can carry is found by equating M & M.

M=M,
189 44x10° = WX 6000°
’ a8
w =42 19KN/m
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