AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

COMMON STEFI STRUCTURES:

. Roof Trusses

. Crane or gantry girder
. Stanchion

1
2
3
4. Transmission towers (space trss)
2
6

. Plate girder
. Water tanks, Chimneys etc.,

ADVANTAGES OF STEEL:-

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 Construction

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.

DISADVANTAGES OF STEELN NSTRUCTURES:-

» It is susceptible to comrosion

VYyVY Y ¥
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» Maintenance cost is significant (frequent painting is read to prevent
corrosion)
» Steel members are costly (Initial cost)

Prepared by Er.Durga M



AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

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 qty 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 STEEL:-

# 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 vield stress of steel.

» High tensile steel (Weldable quality Steel) is designated as E410 &
E450. where 4108450 are tensile stress of steel as given in 1S2062.

L. 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?
» 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 B00-2007
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AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

WORKING STRESS METHOD OF DESIGN:-

» Previously working stress method was used for steel design as per
1.5.800 1984, here F.O.S is applied only for a material and no F.O.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.O.S 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 1.5 800-2007 comprises of the W.S.M of design.

3. The code aspects the use of W.S.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

5.  Brittle fracture, these are maintain.

The limit state of strength found for members in tension and compression,

flexure and shear.
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AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

LIMIT STATE OF SERVICEABILITY:-

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.
‘- Vibrations in structures (or) any part of its component
limiting its functioned effectiveness.

. ¥ Repairable damage (or) crack due to fatigue.
4. Corrosion
-y Fire

LOADS ON STRUCTURES:-

1. DEAD LOAD: [1.5. 875 Part-1]

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

2. LIVE LOAD: [1.S. 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?

. Wind Load [1.S 875 Part-1II]

Snow Load [1.S 875 Part-1V]

Seismic Load (or) Earth quake Load [1.S 1893-2002]
Accidental Loads

Errection Loads

Crane Loads

©NO W W
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AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

CHARACTERISTICS OF LOAD:-
It is designed as the action of the load which are not expected more than
five pﬂtemage probability during the life of the structure.
. Partial safety factor for loads for limit state “yf* is given in table 4 [I.S
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.S 800 recommands 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 concentration 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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AR3602 — DESIGN OF STEEL STRUCTURES UNIT =1

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
1o 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:
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AR3602 — Design of Steel Structures Unit — 11 Bolted & Welded Connections

WELDED CONNECTIONS:- [IS 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
elc.
(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.

—

_-'*|_-

Leg size

o ®)
Typical fillet welds.

3 jo— —| s p— ? —] 5 f— ?
3 (2) Concave - " (b) Convex (¢) Mitre
5 - size t - 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 Welds:-
i)  Lapweld
ii) Buit weld
iii) Slot weld
iv) Plug weld
(i) Lap weld:-
(ii) Butt weld:-

1. Single square butt weld

2. Double square butt weld
3. Single “V' butt weld

4. Double "V’ butt weld _
5. Single ‘U’ butt weld (e) Single U butt joint
b. Double “U" butt weld

7. 'Y Butt weld

(iii) Slot & Plug weld:-

0] Single J-butt joint 1

Types of butt weld _
SLNo.  Type of Butt Weld Sketch
(a) Square butt weld, on one side @__
®) Square butt weld, both sides 1 @
() SingleV buut joint &2
() Double V-butt joint l @
&
2
/7

® Single bevel butt joint

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

= = e o e

o o — i — —

Plug welds.
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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

L.S. 800-2007 PROVISIONS FOR WELDED CONNECTION:-

Wb = 12 o Platter
mdb D7
F o == - - - - = =— For
D R ST evalie
{j _hi 1.5 man
i )
1. Butt weld:-

#» The size of weld is specified by effective throat tks.
» In case of complete peneiration 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.

-

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 Smm,
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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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

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 fillet, 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/\3
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

i
«12-02 (10
B 1501

1j == 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” butt 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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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

Sin:-
(i) Double “V" butt joint:-

Strength of weld = Design stress of weld X Eff. Area
=fwd xIlw xt

f

f =
wd "
fu

f =
- B

For double “V" butt joint complete penetration of the takes place.

f_ =236.7IN/mm’

236.71

- =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]
=5M8x16
t = 10mm

fu/
Strength of weld = . 'ﬁ}flwxl

=189.368 x 200 x 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.

1t

Given:-
TKS of Plate = 12mm
Grade of Plate Fe410
fu =410 N/mm’
fy = 250 N/mm’
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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

The strength of the weld is equated to the design strength of the smaller
plate.

B
Design strength of weld = %xi‘wm

Mini size of weld = Smm [from Table-21 pg.No:78]
Maxi size of weld = tp- 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] = 1~
Where, 1, =11
Strength of smaller plate
(vielding criteria) = S
=272.72 KN
Strength of weld = ﬁ%ﬂwm
_ 410143
2272 x 107 1.5 wiwx7

w=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 10mim 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 100x75xBmm
Tks of guset plate = 10mm
L J.
Cer=31 mm - ) . | I Ca
/ ] ISA 10075, 8 mm T
——
f—Ly —* /
Fillet at rounded end ||
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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

Sln:-
Factored load = 1.5x300
=450 KN

Each ISA 100x75x8mm takes 45072 = 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 B = bmm
Throat tks, t=0.7xS [ - Angle of fusion = 90°]

=0.7x6

t = 4.2mm

Strength of weld = Design stress of weld x Eff. Area

= ;'"3 X lw Xt

225x% 1u~"=‘1“35—’ﬁx Iwx4.2

 iw=282.89mm=283mm
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 to lie at 31mm from the outstanding leg
s Lyx31=L,(100—31)
L,=2.23l,
L, xL,=283
2.231,+1,=283
3.23L,=283

L: =87.62mm <90mm
L =195.39mm=200mm
Provide 200mm length of weld @ the top and 90mm length of weld @ the
bottom
4 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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AR3602 — Design of Steel Structures Unit — 1T Bolted & Welded Connections

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 § 10 mm g homn

f ‘ 1

8 mm weld

HE

Sln:-

1. Strength of the solid plate:-
fvAg
Yo
250 200 > 10
1.1

454.5 KN

Mini. Size of weld = 3mm

Maxi. Size of weld = 10 -1.5=8.5mm
Assume size of weld as Bmm 78.5mm
Strength of the weld = Desig_n stress of weld x Eff. Area

= %HI‘H’H[

—
454 .5 x m,_-lllﬂ.;:‘. w lwx0,7x8

lw = 428.6mm
Total length available for weld 1 = 200+200
1 = 400mm
Eff. Length available for weld, lew =1-25x 2
= 400-2x8x2
lew = 368mm
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AR3602 — Design of Steel Structures Unit — II Bolted & Welded Connections

To find strength of weld for 368mm:-
*» End filled weld is provided for left = 368mm
* Design strength of weld for end fillet
_fuls3
VYrew

_ 410443
T 5t % 368x5.6

Design strength of weld for end filled = 390.2KN

wlwxt

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,
Area of plug weld reqd = AT EILTC.
64.3x10°
_ 410/43
1.25
Aw=339.5mm’
. Provide one side of 10mm with 2 rectangular plug welds.
L] *of oneside = 10mm
', other side = 2(10)x = 339.54
S Xx=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 = IS MC 250(2Nos)
e = 1
60
30
ISMC 250 re—x—n] 70 250
30
60

\— Gusset Plate

Prepared by Er.Durga M

Prepaey Er.Durga M



AR3602 — Design of Steel Structures

Sin:-
ISMC 250 - Properties:-
A = 3867mm*
Ir = 14.1lmm
t. = 7.1lmm
Strength of solid Plate:-
_ bAg
Strength of solid plate [channel] y
_ 250x3867
1.1
= 878.86KN

- Strengthof weldread = 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
o Throattks,t=0.7x S
=0.7x4
t = 2.8mm
Strength of weld = «F&’Ex}wxr

878.86 x 10°= "fl“f whw2.8

Iw = 1657.48mm

Unit — I Bolted & Welded Connections

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

1657—1050+2x4
. Reqd length of slot = ———— B
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DESIGN OF CONNECTIONS:- [Section-10 IS 800-2007]

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

F.--'_:_‘[ g .__‘_:
ZN ETI—:
R \Z
AT Rivet holes N #
ol b
b b / ) Manufactured
/1 s head

AT f ; o B
LA™ ' Driven head -
TN L Red hot rivet ~ 1~
;j:: ag

- h“-\. .r'"-.
Fom, N
CAN 1]
oy N
N N

"‘H-r'
2S Nz
Riveting.
DISADVANTAGES:-

1. 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 Fedl15 steel

Boh Head

* f-Nmmnal Diameter

& ALMRLNY "

T L Shank '] \— Thread

Bolt and nut.
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AR3602 — Design of Steel Structures Unit — Il Bolted & Welded Connections

a) Block Bolts:- [Unfinished Bolts]

#» These bolts are made from mild steel with square or hexagonal
heads.

» The nominal dia(d) available are 12,16,20,22,24,27 30 & 36 mm
designated as M16 M20 etc.,

» As the shank is unfinished, there is no contact with the members at
the entire shown of contact surface.

# Joints remain quite loose result into large deflections & loosening of
nuts in course of time.

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.5.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
-Idl‘

» Here aligning the bolt holes needs special care.

TERMINOLOGY:-
1. Pitch [C/c distance b/w the bolt holes along the direction of load]
2. Gauge [C/c distance b/w the bolt holes to the direction of load]

3. Edge distance
4. End distance
5. Staggered distance
= . - -_1!:..
p M. | p

e

= L |_-— e

1

Pitch, gauge distance and edge distance.

Prepared by Er.Durga M



AR3602 — Design of Steel Structures Unit — Il Bolted & Welded Connections

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.
(if) 1.5 times hole dia in case of machine flame cut.
(u1) Maxi. Edge distance should not exceed 16t 3. where
¥=V250/ty=F.
Also max edge distance should not exceed 40+ 4t
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AR3602 — Design of Steel Structures Unit — Il Bolted & Welded Connections

Types of Bolted Connections:-
1. Lap Joint

2. Butt Joint
a) Single cover butt joint, b) Double cover butt joint

F- I_Li F
J :F—_—:—ﬁl% -
f J -

N

I
f L= i " Ff : T |_ -
I

| L

in} Singie line bolung (b Double line bolung

1¢) Chain Bolted (d) Zig-way bolwd

Types of lap joints

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

1. Single shear

2. Double shear

3. Pure tension

4. Pure moment

5. Shear & moment in the plane of connection
6. Shear & tension
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Figure 3.14 Rupture of plate.
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Jomt with staggered pitch,

# Friction b/w plates negligible
» Shear is uniform over the c/s of the bolit.
# Distribution of truss on the plates b/w the bolt hole is uniform.

» Bolts in a groove subjected to direct loads, share the load equally.
» Bending stress developed in the holes is neglected.

Design Strength of Plates:-
Plates may fail due to

» 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 Te=0.9An fu
Yal
Where,

‘Yar 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 it

(ii) bndEF]
A:—' f;
il -
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Where,
(i) for single line for bolts
(ii) for staggered pitch of bolts
Here, ‘b’ is width of plate
‘t’ 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
(i) Bearing Capacity

(i) Shear capacity of bolts:- [cls 10:3:3] IS 800-2007
Vv
Shear strength of bolts F#=r—""
mi

Vﬂ=%[nn%+ﬂl‘qﬁ;
Where,
f, =>Ultimate tensile strength of bolt.
n. =>No. of shear planes with threads = 1
n; => No. of shear planes without threads intercepting the shear plan
Asa => Net shear area of a bolt at threads
Ay => Nominal plan shank area of the plane

Am = %ld—u.m]*

For ISO threads = 0.78 ﬁ

e aiibmiien e nit it iliethon Sl i disar i following

(i)  If the joint is too long [ cls 10:33.1 IS 800-2007]

(i)  If the distance b/w the first & the lost hole in the joint exceeds
1.5d, the shear capacity ‘Vs ' shall be reduced by the factor g
g Is given by

B y = 1.075 - 0.005 %
Limitof 0.75 ¢ f 4 ¢ 1.0
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(u)  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

bolLThemducﬁm&tlactu'fnrlargegaugelengﬂusgtmby.

By= 3d+lg
(v) Reduction factor if packing plates are used
[cls 10:23.3 IS 800-2007] if packing plates of tks more than
6mm are used in the joint R.F B x is given by
B w= 1-0.0125 tpk
(v)  Thus the capacity of bolt in shear is

Vﬂ%{"ldﬂ_r . Aﬁ;ﬂﬁxﬁj xB;.t
(ii) Bearing Capacity of Bolts:- [cis 10.3.1 IS 800-2007]
The design bearing strength of the bolt is V= ﬁ

Where,
Ve =25kbdtfu
Vay == Nominal bearing strength of bolt
Ky => Smaller value of least of
e P _ogxle
3d,’3d, 0.25, . 1.0
E => End distance of the bolt
P => Pitch distance
do => Dia of bolt hole
d => Nominal dia of bolt
t => Sumation of tks of connecting plates experiencing
bearing streis in same direction
fub => Ultimate tensile stress of the bolt
fu => Ultimate tensile stress of plate
EFFICIENCY THE JOINT:-
It is defined as ratio of strength of the joint to strength of the solid plate.
= strengthof 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.
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NOTE:-

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

For a example: Considering M.S. steel where

fr=250 17 mW,.,a-t.\°u=.uﬂn’y -~
Design strength of solid plate

O mnyieding = Ty=277" .
@hnrpwe = 2240 50 217

~ Strength of solid plateisgoﬂmbysu-eugm in yielding.

1. Find the efficiency of the lap joint shown in fig. given M20 bolt of grade
4.6 and plate of grade Fe410 [E250] are used.

* i 200 mm

I ' =1 a—-l J j‘_l M rrum
! — - T |
- felb e 1-: * X
{20 i | 1
it -:Iw i . .
Enllln'mr
o 1IN e
:ﬂilmm |
| : 4 4 ,
-
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 — .S 800 — 2007]
Efficiency of the joint =gstrengthofjoint  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
Tensile force Ta.=TME

=
A =b—ndt
ps =0[ - Bolts are on a straight line]
=(180-3x22)20 [ d,=20+2=22]
An = 2280mm’
Y=: = 1.25 [from table 5- 1.S 800-2007]
[d. - Dia of bolt hole = 20+2=22mm]

Te=09x2280x410
1.25

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

(i) Strength of bolt in shear Vs = :—‘*

=i

?ni - %INF% +H1:Aib]

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]

Au=0.78x 2 [This formula for ISO thread]

= 0.78x2 x2’
' 4
Ag = 245mm’
V=301 %245 6]
Fﬂ=339_ﬁlﬂﬁ - Vﬂ:ﬁ

Vs =27158 KN

(ii) Strength of bolt in bearing: [cls 10.3.41S ]
Take

ﬁu=ﬂg=ﬁ#=l
Vv

V=2
" Yms

Ve =25kbdt fu
Kb = least of e/3ds, p/3d-0.25, fub, 1.0
Fu

E = end distance [centre of the extreme end bolt to the edge ¢ Ir
tudirecﬂnnufluaii:
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30 60
=0.
k"=3x22'3:~:22 5
k,=0.45,0 659,0.976,1

Take K value of whichever less [ .. Kus= 0.45]
F_,=1.5xn-45x20:=<2ﬂ:-:4m
Ve =1863KN
v 186.3

& 1.25

Vap =149.04 KN
“. Design strength of bolt = 6 x 149.04
Ve bolt=89424 KN
Design strength of the joint = 271.58 KN

Unit — Il Bolted & Welded Connections

Design strength of jt is the least of strength of joint 673.06 KN, 271.58 KN

& 894.24 KN

Strength of Solid Plate:-
Strength of Solid Plate = ﬁ%
[vielding sides the strength of solid plate]

250
= Hxlﬂﬂ:u:!ﬂ

Strength of solid plate = 818.18 KN

. Efficiency of joint =250 x 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, 1.S 800-2007] [Pg.No.13]
Plate:-

Fe410 [250]

Fu = 410 N/mm°

Fy = 250 N/mm’

Bolt:-

M20, Grade 4.6
¢ of bolt = 20 mm
fus = 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:-

7. = 0.9 Anfu

-

¥t

A,=|b—nd,|t

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

_ 2280x0.9x410

1.5
T,=673.056 KN

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

v
_ ¥ms
F#=2.5H.Lut‘fu E
M
K,=—,=—-0.25,—.1.0
i e -

_0 60 400
= 3x'3xn V-Sigppe 0
K,=0.45,0.659,0.976,1
Take kb value of whichever is less
K, =0.45
V#-—*E.Exﬂ.d&ﬂﬂxmx-ﬂﬂ
F#=IEE.3H.'H
v 186.3
»"1.25
V gy =149.04 KN
 Strength of bolt in bearing = 6 x 149.04
V g, =894.24 KN
(il) Strength of bolt in shear:- [cls:10.3.3 IS 800-2007]
v _Yas
dep Yo

V= ﬁ[”nﬂu*ﬂm‘}
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-+ Double cover butt jt provided each bolts resists shear along two planes, the

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

A, -ﬂ.m“%

0.78xmx 207

A, =314.16mm’
AV - %ﬁx 245+ 6% 314.16]
.V, =7748KN
V. = 619.84KN

Reduction factors By =Py =B =1

-+ Design Strength of the joint = 619.84 KN [least of 673 KN, 894.4 KN,
619.84 KN]J

f
Strength of the solid plate = —’i'-

ml
= %xlﬁﬂxzﬂ [Tks of thinner plate is the least of
sum of cover plate 20(or) 24mimn]
Strength of the solid plate = 818.18KN
619.84
x100
818.18
n="75.76%
(3) A boiler shell is made up of 14mm tk Fed15 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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\
I||.._ ——150 mmp— \

"4
P
/ - ,..-Ej%ﬂ__ - il il i T
_— P ’

Given:-
Grade 4.6
Bolt:-
fu, = 400 N/mm*
fy, = 240 N/mm’
Plate:- fu = 410 N/mm® , fy = 250 N/mm’

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

Strength of Plate @ joint:- [S0mm width]
T,,,:M

¥ome
An={b—nd |t
Provide 18mm dia of bolt hole.
=[50-1x 18] x 14
An = 448 mm?

r_=“*9";“:;4‘“[y_,-mue5rsaun—mu'?]

Ta=132.25 KN

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]
Vv

VvV, ==
iy o
Vu==[nA, +nA ,]
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Forlap joint n, =1
n; =0
nd"
Ay=0.78=
_ 0.78xmx16°
4

A_:]ﬁ_um’

v, =39015 1%156.8]
msh J -

V_,=72.422KN

v _72.42

v 125
?’_=5?.54EN

Assume dia of bolt 16mm for IS

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

vﬂ':‘f&
¥
el
v__:z Skb., djr’um
—_f.252 " 1.0
g:" 3d“5u 400
~ 3x18'3x18 ey auu'l 9

K,=10.676,0.975,1.0
[ - elis not given, so it is assume that sufficient edge distance is provided]

Take K value whichever is less [Ks = 0.676]
V#=2- 5x0.676x16x14x 410

V,p=155.210KN

v -155.210
de™ 1.25

V4p=124 16 KN

For 2 bolts V. =2%x124.16
Va,=248.32KN \
~ Design strength of bearing for 50mm width = 248.32 KN
~ Design strength of the joint per 50mm width is the least of 57.94 KN
132.25KN
248.32 KN

~ Design strength of jt/50mm width = 57.94 KN
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The action of force
Hoop tension on shell = %
Where,
P = Internal Pressure, D = Dia of Shell
T = Tks of the shell
_ 12x1000
- x4
= 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 bolts are
provided as shown in the fig.

= 50 mm = = S0mm e \

[ :
1 : - ST

. e "SI i _-r"'__-a- - P

-'- -'-J

| - 5 .
__________ - - r — '

in
!
"
'-."_‘ 'h.l-

Given Data:-

Bolt : Grade 4.6
fuy = 400 N/mm-
fy, = 240 N/mm’

Plate:- fu = 410 N/mm°®
fy = 250 N/mm*

=lni-

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

Prepared by Er.Durga M



AR3602 — Design of Steel Structures Unit — Il Bolted & Welded Connections

=[50-1x18] 14
Aﬂ] = 448 mm*
(ii) along section 2-2

An,={b—nd +3 [%:1 I

Where
P, = 40mm
g = 25mm

—[Sﬂ—l * IH-- Exdﬂ

14

Theieaﬂmdeddesthefaﬂmafplﬂe.
. Section 1-1 is weaker

Ve
_ 0.9x448x410
125
T=13225KN

_ 0.78xnx16

4
Ag. IEE.HI:IIIII

V= 5-’2::1:-:156 8]
W
V,,=72.42KN
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(ii) Strength of bolt in bearing:- [S0mm width]
v
V. =12
& ¥ms
Ve =25kb. dt fu
ﬁ'a.
—ﬂ 25—, 1.0
Ki=3g%,
Assuming mﬂidﬂﬂedgedimm is available
Kl - g‘l |5u u Erdm " n
%18’ 3x18 410

K,=1,0.676,0.975,1.0
Take K, wvalue is the least of 0.676
V,.:E,Sxﬂ,ﬁ?ﬁxlﬁxldxllﬂ
V. =155 21 KN

V“=EEB,3-KH
*, Design strength of bearing for 50mm width = 248.23 KN

Check Hoop Tension:-
PD

Hoop tension on shell = ETS

1000x 12
2x14
= 428.57 N/mm-
For 50mm width of hoop tension = 428.57 x 50
=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
=2143x 1.5
=32.14 KN < 57.94

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]

Unit — Il Bolted & Welded Connections
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10 16 m
e e | | ‘_L.‘ "
f 1
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Given Data:-

TKS of plate = 16mm

Bolt:-

M0 ©=20mm, fub=400 N /mnt’

Grade 4.6
Shn:-
(i) LAP JOINT:-

1. Strength of bolt in shear: [cls 10.3.3 1S800-2007]

v
".i"#=_ﬂ
Vb

Vaa=Tzn Ay en ALl

ns= 1, n=0
" _0.78%20°%n
" 4
A, =245 mm’
de%hﬂdﬂ
Vet =56.58 KN
v, _96.58
i B
Ve = 45.26KN

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

Unit — Il Bolted & Welded Connections
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Take

Vip=25x1x20x 16 x 410
Vi =328KN

v =328

a_ 1.2

V{. = 262 4 KN
Design strength of bolt in bearing = 262.4 KN
Design strength of bolt = 45.26 KN [Least Value]

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

v
- mb
el
L

an=‘%{nn"qd+"i "ql.l
_0.78xnd’
4
_ 0.78xnx20°
s
A =245mnr
nd’
Aﬁ‘_‘T
_ mx20°
4
Ao=314.1mm’
n"=1'j'I’=l
v“=%[1ﬂ45+11314.11

V,,=129.1KN

_12%.1
Vg™ 1.25

V,,=103.28KN

Ay

Unit — Il Bolted & Welded Connections
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2. Strength of bolt in bearing : [cls 10.3.4 IS 800-2007]
v
v = ﬂ
=y
V#=I_ih&_ﬁf
x,=3‘%.—3&-'—-u.25.%,1
Take
K:=1 [‘t" is least of 16mm (2x10mm)]
!
Vip=25x1x20x 16x 410

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.

— b mm cover plale
I mun plate ) | '

5 I II_!P 1T|..r' ']ﬂmpht-:
L [ F H——‘W
Ty '[_E o g l

. — Tacking rivet
- 6 mm cover plate

- Packing plate

—_

, 40 [
® @ @ ® T o (
il
® @ | o ® *. \
f:I-'IJ |
/ @ e  ® ® il_,l o JIII
0| 60 | 40| F All dimensions (o mm
(ii) BUTT JOINT:-
1. Strength of the bolt in shear: [cls 10.3.3 IS 800-2007]
v
V., = by
dw Yoo
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v_=%|1x145+1x314.1[

V=129 1KN
v 1291
% 1.5
V,,=103.28KN

Design strength of bolt in shear = 103.28 KN

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

V*=1.5k.dl'.ﬂ.l

e fub
Ky=3 =y 0.25, !

Take
=1 [t is least of 16mm (2x6mm)]

i
Ve =2.5x1x20x 12 %410

V 4y =246 KN
v, =236
» 1.25

Vs = 1968 KN
Design strength of bolt in bearing = 1x196.8 KN

Vs = 1968 KN
Design strength of bolt = 103.28 KN [Least Value]
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Unit — Il Bolted & Welded Connections

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 jt 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 bolts required A = BoliValve

Where

i!uﬂvalueistheleastufsﬁmgﬂ:uthnltinsingleshear&heaﬂng.

Bolt Value:-

(i) Strength of bolt in single shear:- [cls 10.3.3 IS 800-2007]

T

n.=1, n=0

A, a

A,=156.83mm"

400

= —=1x156.83]
v3
ws=36.218 KN

—

" re
36.218
125

v
Y
v

_0.78xnx16

V# = 2897 KN

Design strength of bolt in single shear = 28.97 KN

| fromtable —5|

(ii) Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]
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Assume the edge distance e = 1.5d, 27 mm, 30mm
p= 2.5d = 40mm
K.=3.+,—3;-'—-n*15,%,1
o
=3xia'axig o
=0.556,0.491,1,1

Take K: =0.491
V5 =2.5x0.49x16x12x 400
Vi =408 KN
v, =34.08
il 7
V" =75.26 KN
Design strength of bolt in bearing = 75.26 KN
. Design strength of bolt value = 28.97 KN

. No.of bolts required n = >0 o=
n=>5.5~6 Nos.

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.

S of plate i:-

g 0.9A_fu
¥mi
A =[b-nd |t
=[120-2 x 18]12
A,=1008mm"
_ 0.9x1008x 410

1.25
T=297 .56 KN >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

alnc-
No.of bolts required A = v
BOLT VALUE:-

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

n=1, n=0 "
0.78xnx16
Ap= 3
A,,=156.83 mm’
nx16°
Ay="
A, =201mm"

vﬂ:;‘%“[lxls&-aaﬂxm]
;

=82.637 KN
_82.637

& 1.25
V 4, =66.109 KN

v

Design Strength of bolt in bearing :- [cls 10.3.4 IS 800-2007]
‘_l'
V. =_ns
- Yo
vm"ﬂiﬁu&m#
Ky = 3x133xs 0211
=0.556, 0.491, 1.1
Take Ks = 0.491
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l’_.:lExﬂ.ﬂlxlﬁx 12 x 401

Vs =9663KN
v _96.63
- 15
Vg, =77.304KN
Design strength of bolt value = 66.109 KN

_ 160
HD. ﬂf m, n= m_lm
= 2.4 ~ 4Nos.

Ve
A,={b-nd |t
= [120-3x18/12
A =924 mm’
_ 0.9x924x<410
= 1.25
T, =27276 KN {160KN

. The plate is safe against tearing.

Unit — Il Bolted & Welded Connections
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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
(u1) Block shear @ end of connection
Generally tension members are known as tie member.

o

— =' , |
B
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)
Al

s L5 5
Vo
2. Design strength due to rupture of critical section:- [cls 6.3 IS 800-2007] (Ulumate)
T =M
ol

¥ i

T*=

Where,
An={b—nd,+Y 251}
i "':
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AR3602 - Design of Steel Structures UNIT - lll Design of Tension Members

-t
N 1[' ™
“'I “l‘
L
| T = ] 4 i
E— Wi ————
bh=w+w —! b,=w
a}FnrAnguLarseﬂjﬂndeﬂgnmngmﬂfnmhﬂe:u
nsa..f, BALf,
dn Vo

B=1.4— uu?m/}ir/]r/ ""”")_u?

3. Design strength ufmenﬂ:er:h!tubludcshearfaﬂm'e (@ the end connection:- [cls 6.4

IS 800-2007]
) Bolted Connections - [cls 6.4.1]
A]" {I,Q.&mfu
‘3."". r.-l
for)
| 098l Aol
"'31".-1 rm
—
A e e | —— —— — — =
1 A 1 2 ]
- 1B N
| 40
e N ; :3 [
et e |
- —4—T o
I-—ﬁ- —-— --t
—lﬂ-ir--———ll—l |
(a} (b)

Prepared by Er.Durga M
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b) Welded Connection:-
Appropriate length of member is considered around the end weld.

Prelimmary section:- [cls 6.3.3 IS 800-2007]
Preliminary section 1s assumed from the relation is based on
1- _mﬂr.‘
=

Yui
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 1s Fed10.

 — Criticalsection
5

| 2
351 _____ -

I
: 130 |
l |
¢ ————— -0
35 3

le—35—s}w— 60 —

Size of plate = 200mm x 1Zmm

Diaof bolt = 16mm

Grade Fed10 => fu = 410 N/'mm’
fy = 250 N/'mm*

Given

Sin:-
1. Design strength due to yielding - [cls 6.2 IS 800-2007]
Al
T:h Yo
Ag = 130x12 = 1560mm’
_ 1560x250
"~ 1.1=(table5)
T4=3545KN
2. Design strength of plate @ rupture: [Along cnitical section] [cls 6.3 1S 800-2007]
The cnitical section is along the line having 2 bolts
. _09Af,
gy
) Yot
A,=b—nd,t
n=2
b=130mm
= [130-2x18]12
A, =1128mm*

Prepared by Er.Durga M
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_ _0.9x1128x 410
~ 1.25=[Table-5]

T, =3329KN
3. Design strength due to block shear:- [cls 6.4 IS 800-2007]
| Al] {055
\:31!,., ¥
(or)
ﬂgﬂ_fu ‘-f}r
n-i iy
Where,
Section considered for A. 1s (e+n'p) x t
Section considered for A is (n'g) xt

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

. 114n:-:25&} [n.sxsmxaml
e | V3x1.1 1.25
Ta, =29836 KN
(or)
r,= 0.9x924x410] [720x250
v3%1.25 1.1
Ta =321.12KN

. The least of the above 4 strength value is the design strength of the plate.
~. Design strength of the plate = 298 36 KN

1. A single unequal angle 1SA 90x60x6mm 1s 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, il 90 mm leg is connected
=30 min, if 60 mm leg is connected
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Unequal angle = ISA 90x60x6
Tks of gusset plate = 10mm
@ of boli = 16mm
Nos of bolt =5 Nos.
Sin:-
1 8 Dengnstrmgﬂmfmgbmnehimg [cls 6.2 1S 800-2007]

T =196. EEK'H

r mm#mm%ﬂlﬂﬁWMH

ﬂ14ﬂﬂ?ﬁ (

fll ,-rm!
Where,
A,=> Net area of the connected leg = (90-6/2-18) 6
A=414mm’
A;=> Gross area of the outstanding leg = (60-62) x 6
A, = 342mmy’
w => outstanding leg width = 60mm
t =>tks of angle = 6mm
b,=> shear lag width = w+wt
Assume, w,=90/2=45mm ~ 50mm
Provide w: = 50mm
b=60+50-6

b, = 104mm
L=> length of the end connection = S0mm
60 ISIJ 1D4
1.4-0.076x & 410 %0
.410x1.1
“260x1.25 =7
f=0.864<1.4420.7
Whichistrue [0.7 { 0864 { 144]
- p=0.864
7. =0.9x414x410  0.864 x 342250
- 1.25 1.1

gﬁl&ﬂ.ﬂ
KN




AR3602 - Design of Steel Structures UNIT - lll Design of Tension Members

3. Design strength of plate against block shear of end connection: [cls 6.4 IS 800-2007]
0.9A,
T*=%’IL+ fy

Yt

(or)

0.9A_ 1, ﬁf »
T‘ ;| 3 F-_ .'I"-,

Where,

A= (30+4x50)6=1380mm*

Aw= [230-{4.5x18))6=894mm"
Block shear failure takes place along line 1to 3

‘A, is found along line 1-2

A.; = (30+4x50)6=1380mm*

Ay is taken along line 2-3
A,:[dﬂ—%xlﬂlﬁ
A, = 186mm’
1380x 250 _ 0.9 186x 410
" Bx1.1 1.25
T ,=235.98KN
(or)
7 =0.9x894x410 240 %250
* J3x1.25 1.1
Ta =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 15 connected to the gusset plate as in the
above problem.

plate
/—:ussﬂ

Fd

T\"I‘\‘.\\"x‘\k\. Y e |

gussct plate

(@) b)
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Sin:-
Here the 60mm side 1s 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]

[T, =19636KN
2. Design strength of angle against rupture [cls 6.3.3 IS 800-2007]
. ﬂﬂ.l_f, .M!f:
™

=

L
Where, [ds 6.3.3 1S 800-2007]

A.:[su-%-m)ﬁ
= 234mm’
6
Aﬁ(ﬂu—i)xﬁ
= 522mm’

w => 90mm
t=> 6mm
b, = ww-t
= 90+30-6=114mm
b= 114mm
L, = 60mm

B=1.4-0. wﬁ[ﬂu](m (114H41n:-:1 1 ] 0.7

250x1.25
f=0.079=1.4420.7

Max. limit for ﬁuﬁr—'-?»
fyVui
. Provide B =0.7
0.9x234 %410 L 0.7x522%x 250

“ Ta=—73s 1.1

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

%i:fl: 0.9A_f,

Te= -

o Ymi
(or)

_0.9A,f, Af

T
- 3Y i ¥ mo

A, =/30+4x50]|6
A,=1380mm"
A.=leﬁ==lﬂ]mm:
A= :m—l;- X6
A, = 126mm’
A_=[230-(4.5x18]6
A =894 mm’
. -1380x250 0.9x126x 410
& VEx11 1.25

T, =21827 KN

- _0.9X894x410  180X250
& Jax1.25 1.1

T, =19327 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.

m

¥ 1

2 Select suitable section depending upon the type of structure & 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 appropnately.
[design of connection]
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4. Find the strength of the assumed section considering

(1) Strength of section in y1elding of gross area

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

(1) 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 section.
6. The slendemness ratio has to be check for the tension member, as per table-3, IS
800-2007 [Pg-No:20]

!
Slenderness ratio, A=—2"

Y min
‘Where,
Ymi= == The least of y = & ¥  of the section. [from steel table]

1. Design a single angle section for tension member of a roof truss to canmy 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
connechion
Given -
T~ 225 KN
= 20mm

f, =400 /mm?

Grade 46 =>
-150
/mmJ

d,=22mm
Sln:-
I,
n=—
v
_ 13
Required area, A = f
¥
_ 1.1x225x10°
250
A =990 mm*
To select ISA 100x75x8mm
A,;=1336mm" [from steel table]
¥ ==314dmm ¥y , =21 8mm
Yoie =21 Bmm
A=2T'B 1s connected to the gusset plate (assumed tks 10mm) by lap jt along the 100mm
ide.
* 75
meme— e
40 T
. 4 e e 9 mu mm
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BOLT VALUE:-[M20]
(i) Strength of bolt in single shear-- [cls 10.3.3 IS 800-2007]
v, =—ue
dy ¥t
\f’_=%{nnﬂﬂ+n,ﬁt}
= f. Innﬂ'rub*“iﬁﬂl}
- 400/, mx20°x0.78
V3 4

1.25Table5 - IS 800-2007

Va=45.27TKN

(1) Strength of the bolt in bearing"- [cls 10.3 4 IS 800-2007]
Ve 2.5k, d.f,

v": z —

Y mb Yo
= P _g3fs,
h M,IHE ¥ r.‘ ¥

Assume, e=1.5d.=1.5x 22 = 33mm { 40mm
p=25d=25x20=50mm ¢ 60mm
40 6l 400
b = 355733 020

= 0.606, 0.659, 0.975, 1

5 ky=0.606 (least value)
v —2.5%0.606x20x8x410
dop 1.25

Vap =795 KN

. Design strength of bolt value = 45.27 KN
*. No. of bolts, n=£;-
_ 228
45.27

=497 i 5Nos.
. 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
Tﬁ=_.l_..“.

o))

A ,=1336mm’
_ 1336x 250
R =

[T, =303 636 KN

8
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2. Design strength of the section against rupture:- [cls 6.3.3 IS 800-2007]
091, M,

sl
b+

A 4(?5-*—}3

_smm
W= ?Sm
t = 50mm
h|,=w:|_-l
= 75+50-8
b,= 117mm

p=1.4-0. n?ﬁ(ﬁ](m)["?] (‘““"‘“ zu.?

250x1.25

=0.89<1.44=20.7
p=0.07<0.89<1 44
= B=0.89

T _0.9x592x 410 _0.89x568x250

o 1.25 1.1
T, =2896 KN
> 225 KN

3. Design strength of plate against block shear - [cls 6.4 IS 800-2007]

%fz 0.9A.f,
T'_\" - Vi

(or)

0.9A,1, Ayf,

=
- rf-l Vmo

A =|40+(4x60|x8
A, =2240mm’
A'—Eﬂxﬂ

A, =400mm" :
A_=[280—4.5x22|'8

A,.=1448mm’
22
A = 5ﬂ--—- x 8

Armmf
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0.9x312x 410
1.25

240%250 |
Vix1.1

[T, =386026 KN

0.9x1448 410
\-'ib{ 1.25

|T =33?_Eﬂ?ﬁ|
il
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 ISA 100x75x8mm is safe.

Gt 4ur.:lesn

Y
itk

1Ihmmmmmmmmmmﬁdﬁufmm

Given:
T.= 225KN Aﬂc:r:—!'f—
¥ mas
d = 20mm Amax =350rable 3
d.= 22mm Aact < Amax
Grade 4.6 => f,= 400 N'mm*
f,= 250 N'mm*
Sln:-
—= 40 |<— 60 x 4 =240 —~—| l —] 50 [}— i
35 T Tﬂmm

o]
o
o
Q
Q9
|
~J
s

w = 50 mm ] 12 mm
b, =350+ 30-10=T70 mm
Tofind A -
1.1T,
A=
I
y
_ 1.1x225x%10°
250 :
A!=5Hirmt"

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]
Vo =21.5mm

¥, =21.5mm

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

vq={.'=3' [ﬂ_ﬂ a1y Aﬁ]
n=n,=1
_0.78xnx20’ n%20°

= 4
- Ay 3 314 .16 mm

Ay

400 -
1x245+1x314.16
—E'I. I

v
. 1.25

V4 =103.3KN
(11) Strength of bolt in bearmg:-
L4

V. =N

- e
=I_5k,d,f_

¥mb
Assume e=15 d.= 33mm ( 40mm
P2 et
=3x3'3x3 V- Prg10+]
=0.606, 0.639, 0.975, 1
. Take ks = 0.606 [least value]
v _2.5x0.606x20x10x410
dhp 1.25

\"'*:
99 38KN
. Design strength of bolt value = 99.38KN
- No. of bolts = 225/99.38
=226 < 3 Nos.
< Provide 3 nos. of 20mm belts 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 800-2007]
A f
T.u:—'_'lr_
5 5
A’=[[(?ﬂ—i)+l?ﬂ—5] X5Ix2
A,=1334mm1
e 1334 %250
1.1
T*=Illtﬂﬂi’ > 225KN
2. Strength of section agamst rupture:- [cls 6.3.3 IS 800-2007]
0.9A.f, BA.l,
T.= lomks
dn
rd l"-
‘Where,
b,| _f.¥,
=1.4—u.n?ﬁ[!] L(EARATY,
ﬁ f rl L.t f,'fm
5
A__=[?ﬁ-21--2-|15!2
Al=455mm’
dm_3
A= i)xm
A,=E}‘Sm1
w = 70mm
wi=35mm < 40mm
b= wHw-t
= 70+40-10
=100
it 70 1250 1/100)\ [(410x1.1
B=14 u.n:'ﬁ[m] m](m)s[mm}au.?
=1.89<1.44>0.7
p=0.7<1.19<1.44
s p=1.19
T _0.9%456x410 _ 1.19%675x250
e
1.5 1.1
T! =316.87 KN
>225 KN

3. Design strength of plate against block shear- [cls 6.4 IS 800-2007]

f. 0.9A_f,
Tﬁ:h};l’:* Y mi

(or)
1 05Auly A,

‘Erﬁ ¥ me
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A, & 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,=]130-0.5(22)|5]2
= 190mm’
1600250 , 0.9x 190 x410
1 v3xll 1.25

Ty =

 Ta, =26603KN

For 2 angles
_0.9x 1050x 410 300x250
® JAx1S 1.1

Ta, =247.137KN

For 2 angles
Ta= 247 137TKN [least value of these two]

UNIT - lll Design of Tension Members

Hence 2 nos. of ISA 70x70x5mm 1s safe against yielding, rupture & block shear

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.

» 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 tks 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 = S00KN

Sin-

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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L. Strength of bolt in double shear:- [cls 10.3.3 15 800-2007]

v
FH =t

Yt

f,
V,#H[nld.m,ﬂ,]
n.=n_=1

A_=E*m"”mr =245mm’

7 % 20°

Ap=y— =314 16mm’
B u=I1-0.0125pk|

2 Strength of bolt in bearing - [cls 10.3 4 IS 800-2007]
V

V. ="
- Yo
= 2.5k,d,f,
Assume e=1.5 d.= 33mm < 40mm
p=2.5d=50mm { 60mm
40 60 400
Ix22'3Ix22 ﬁ'E'dlﬂ'l
=(0.606, 0659, 0975, 1
. Take ky = 0.606 [least value]

F"=1.53{ﬂ.ﬁiﬁ 22010 410

=124 23 KN

Ky

',f#:
99.38KN
»~ Design strength of bolt value = 90.39 KN
T
. No, of bolts = T‘
_ 200
90.35

n=5.5=6Nos,
. Provide 6 nos. of 20mm bolts on each side

UNIT - lll Design of Tension Members

= [1-]0.0125x 10|
Bu =0.875

v_,:%{nmaﬂx 314.16]x0.875

=11299 KN

112.99
Y, ==
i ¥

Vg =90.392

- L i .

Providing the 6 bolts on each side of the connecting plate, it can be arrange along
2 vertical 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]
A

At

¥mo

A =300 10=3000mm" [Tks of thinner plate]

_ 3000250
e

T# = 681.81 KN > 500KN
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2. Strength of the plate against rupture - [cls 6.3.1 IS 800-2007]
0.9A f,
¥t
A.= The critical section where carrying of plate is ocowrs along the vertical line
passing through the 3 bolts.
= [300-3x(22)}x10
A, = 2340mm’
_ 0.9x2340x410
1.25
T ,,=690.77 KN>500 KN
3. Strength of the plate against block shear- [cls 6.4 IS 800-2007]
o _Agly 09Af,
T iNe Ya
(or)
T‘=D.9Amf_+ﬂgrj
ﬁr-ﬂ L™
The block shear failure takes place along the lines 1,2,3.4 as shown in fig. [The
path of block shear failure is given in fig:7 1S 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+80)-1.5(22]]10
= 670mm?
Ay=12x110]10=2200 mm"
A, =[2(110}-2(22]]10
= 1760mm*
T 1000>250 _ 0.9x 1760 x410

TR T 1.75

' Ta, =65076 KN
_0.9x670x 410 _ 2200250
% \Bx1.25 11

T, =614.190 KN>500 KN
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.
¢ There is savings in gusset plate but additional cost is ncurred from the
matenal 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 whach 1s share equally by the connected leg and the
outstanding leg.
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mmmmmmum

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

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

A mini of 2 bolts or rnivets, are provided.

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

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

B o

w

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

o o o
f T—1—F —
i
|
( o 0 0 & K
Y
_.—————J . Main member—Angle
{a)
Main member-
Channel
¢ o |
O O
o o
c O

(b

1. Design a tension member of a roof truss which carmies a factored axial tension of
430KN,
Design the connection when
§ Tolelunte &l
Hh::_l Lug angle 1s provided
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1. Without lug angle, the connections are designed for “T,” and member 1s
check for design strength for "T.".

2. When lug angle 1s provided, connection in main member is design for
“T/2' and the connection in lug angle is design for “TJ/2’, where the
connection plate & lug angle is increased by 20% and connechion b/w lug
angle & main plate is increased by 40%

T.=430KN

Given:-

Sln--
(1) No lug angle 1s provided:-
Assume, d = 20mm
d.=22mm
Tks of gusset plate = 12mm

BOLT VALUE:- [M20]
giE. A

i’
_ 1.1x440x10°
250
A =1892mm’
Select a section from steel table having area 30% more than the reqd area.
Select ISA 110x110x12mm
A =2502mm’
Viu =Y =33.4mm
(i) Strength of bolt in single shear- [cls 10.3.3 IS 800-2007]
Vv
.
V. Ve

f
VIF:;'HEI"!A-& +n,A,|
n=1,n=0
A =245mm’

= ‘1“—.%[ 1x 2451

v

V_,=56.58KN
56.58
1.25
Ve =45264 KN
(i1) Strength of bolt in bearing - [cls 10.3.4 IS 800-2007]
v
= iy
V" |

Vﬂ=
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Vop=2.5kyd,f,
Assume e = 40mm
#DP=%EIM 4III

Ky 3x22'3x22 0.25, 300 41&’
K, =0.606, 0.66, 0.959,1

. Take K, =0.606
v =2.5xﬂ.ﬁmx2ﬂxﬂx4m

“ 1.25

V4 = 11926 KN
. Design strength of bolt value = 45264 KN

=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 vielding - [cls 6.2 IS 800-2007]
T&=1.r

e o8
A,-[(uu A)+
A, = 249%mm’
_ 2496% 250
1.1

Ty=56727 KN > 430 KN
2. Strength of section against rupture- [cls 6.3.3 IS 800-2007]
T*=u‘gﬂtr‘+%

r-l F_-

12

110— x12

4

‘Where,
f J'l'
- i Wity g Fmo
B=1.4 uu?E[ ](f .";.:E”
12
2
=1248mm"

A=’11D-22-1%]H12
= 984mm*
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w=110 mm
w;= 60mm
b, = wtwy-t
= 110+60-12
= 158mm
L. =580 mm
410x1.1

p=1.4- nwa[llﬂ (uu}(ﬂﬂ) [ x1.25|%

=1.28<1.442>0.7
- f=1.28
0.9x984x410 _1.28x 1248x250
15 1.1

Tl=

TF = 65353 KN
> 430 KN

3. Strength of the section against block shear-- [cls 6.4.1 IS 800-2007]

"-A::r 0.9A_f,
Ta VN o Vet

(or)

0.9A,.f, Ayl

&= "]31".4 -

A, = 40+(9x60]|12

= 6960mm*
A, =/50x12]

= 600mm’
A_=/580-9.5x22)/12

= 452mm*
A, [su——}u

= 468mm’

_ 6960 %250 0.9x468x 410
HE TR T
T, =997.5 KN > 430KN

_0.9x4452x410 600x250
®  Bx1.5 11
T4, =895.13 KN > 430KN

(1) Lug Angle is Provided -
* When lug angle is provided the member of bolts reqd for establishing
the connection reduces thereby reducing the overall length of overlap.
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* The connection b/w main member gusset plate is designed for %
* ‘Ihehrgqhis:hsignedknfmmdjz [Increased by 30%]
* The connection b/w the main member lug angle is designed for 40% of

T . . T
%mmwm&mmmmmmf %
Connection for Main Member:-

T/ BT
. 215 T
- vz 5 [ v=45.26KN]

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

Lug Angles-

1 et 1.3 iy
e . Ax » = 1.1x215x1.3x1 =1mm“1
& 7 250
Try ISA 80x80x12mm
A, =1781mm*
¥ o=V =23. 9mm
Connection b/w gusset plate & lug angle:-
2xT,
No.ofbols= /2
v
1.2x215
45.26
n=57 ¢ 6 Nos
= Prowvide 6 nos of bolts b/w gusset plate and lug angle.

Comnection b/w lug angle & main membe:-

4xT
™)
3 b

n=
¥
_ 1.4x215
~ 45.26
n=665 < 7 Nos

. Provide 7 nos of bolts b'w lug angle and main member.

ISA 100 100, 10 mm




UNIT — 1V Design of Compression Members.

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

a) Class 1 [Plastic]:-

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

d) Class 4 [Slender]:-

C/S 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 esther 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
limat.

< Generally steel sections carrying axial compression fail by flexural
buckling.

< The buckling strength of the compression members are affected by

< 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.

Prepared by Er.Durga M



Table 6.1 Buckling class of cross-sections

[Refer Table 10 in IS 800]

Cross-Section Limits Buckling About Axis Buckling Class
(1) (2) (3) (4)
Rolled I-Sections hib, > 1.2;
f, S 40 mm 2-2 a
¥y b
z-z h
I 40 mm <¢, < 100 mm oy a
h
l hib, > 1.2:
t, < 100 mm -z b
»y &
z-Z i
I_'ir} 100 mm -y d
Welded I-Scction f, < 40 mm z-z h
k) yy ¢
= —
z-z ¢
E" N t.*"""" !; t. > 40 mm :
J f‘ :.-’ '!.-' d
: s .0 .
25 [ -_t.l'-
Hollow Section
Hot rolled Any i
O . Cold formed Any b
Welded Box Section Generally Any b
- (except as below) '
[ I T
| = Thick welds and
h a1 ] EH .ﬁfﬁr{l 30 I=Z e
=5 a P hit, < 30 ¥y c
—
Channel, Angle, T"and Solid Sections
1 L T de Any :
A L_i H <
=1
Built-up Member
Any ¢

Prepared by Er.Durga

M






DESIGN COMPRESSIVE STRENGTH:- [cls 7.1 1S 800-2007]

— — —

Where,
P4 = Design compressive strength of column
P. = External compression (or) design load.
P, = Aexfcd

d

9=0.51+a(A—0.2+ ]
A = non-dimensional eff. Slenderness ratio.
7 [, (=P
:#.EL = |f!‘(T]
fee s
f . = Ruler buckling stress
E_

"7

Where,

- . i, g

KL/t = eff. Slender ratio (or) eff. length, KL to appropnate radius of gyration

a = Imperfection factor given in table 7

Prepared by Er.Durga M



X = Stress reduction factor [see table-8]
1

- 1
EET
A_.= Partial safety factor for material strength.
KL = Depends on support condition given in table — 11
The only vanable in finding the permissible comp. stress (fcd) is slenderness ratio
(L/r) for the given section coming under any of the buckling class a,b,c&d.
. Based on the slendemess ratio, design compressive stress can be taken from
table 9, 9a, 9b, 9¢ (or) 9d IS 800-2007.
% 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.
Bde 6.2 Effective length of prismatic compression members
[ifer Table 11 in 1S 800]

Boundary Conditions Schematie Effective
- Representation Lengih
Al One End At the Other End
Emhlhn Rotation | Translation Rotation
n (2) 3) “) (5) (6)

femined Restrained Free Free 20L

e Restrained Free Restrained

Egained Froe Restruined Free 1.0L
Resrained Restrained Free Restrained 1:2L
Restrained Restrained Restrained Free 8L
Eesirained Restratned Restrained Restrained 0BSL




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

Given:-
Section => ISHB 300@577 N/'m.
L=>3m
End condition => Both ends are pmned.
Sin:-
To find slendemess ration:-
=KL
-
Where,
K=10 [from table-11 IS 800-2007]
¥ =129. 5mm
5P =54, 1 mm
_ 1x3000
54.1
A=55,45
To find design comp. stress:- [cls 7.1.2.1 IS 800-2007]
P=Afu
Where,
f,
Yomes xf, [,
= = <
£ ol =2"" Vao Vo
9=0.51+a[A—0.2}+1?]
| (KL
\f Wn{v}‘
& T E
Buckling Class - [Table-10 IS 800-2007)
Rolled steel I-section
..f'..:l“.l_*; 2
bf 250
tf = 10.6 < 100
About z-z axis b
About y-y axis
. The section need to be check for buckling
Class-C

a=0.49 [from table-7 IS 800-2007)
mE__mx2x10°

rﬂ: 5=
KL (55.44F
WA

f.. =641.98 N/mm®




| Ir 250

V7. " Vearss
A =0624
* 9=0.5(1+0.49(0.624—0.2/+(0.624F]
¢ =079

h
* Design compressive stress [ — 1-} -
0.79+/(0.797~(0.624F]"
ru = 178 33 N/'mm’
: P, =7485%178.33
P, =13347KN

8|8
2|8

Also referring table 9c 1S 800-2007 [for buckling class-c] and A = 55.45
f o = 174.8 N/'mm?
Pﬂ‘ =7485x174.8
P, =13085 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

fs = 90 N/'mm® for builtup sections carrying

large loads assume fs = 200N/mm*

Step-2 => Reqd eff. Sectional area, A-f‘
o

Step:3 => Select the section for the eff. Area and calculate. r, [least of ¥, AV, ]
Step:4 => From the end co-ordinations, [decide the type of connection] determine the eff
Length

Step:> => Find the slendemness ratio 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 [P], revise
the section.

1. Design a single angle strut connected to a gusset plate to camry a factored load of
180KN. Length of the strut is b/w 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=08a5
Sin:-
To find f.q-

Assume a design comp. stress fs = 90 N'mm’
To find A reqd -



Refer Table ¢, IS 800-2007

140 | 662 | f=61615N/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=202mm’
I,=I,=40.3
I =51.0mm,I_=25.5mm
KL _0.85x<3000
r 255
rﬁ=l!:l]I
f« = 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 A -

Assume a design comp. stress f; = 90N/mm*
To find Areqd:-



Try ISA 130x130x8mm
A = 2022mm’
Ine= 25.5mm
KL _1x3000
r 25.5

B -wes

110 | 94.6 | [from table 9© IS 800-2007]

120 | 83.7

f.«= 86.26 N/mm*

. Strength of section = 2022 x 86.26
= 174 4KN < 180KN
Hence unsafe
. Rewvise the section with I'ss more than 25 5mm
Try ISA 150x150x10mm
A = 2903mm’
o= 293 mm
KL _ 1x3000
r 8.3
KL

L 10239

100 | 107 | From table 9€ f.: = 104 N/mm®

', 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 ngid.
#® Forwelded joints case equal to K=0.651t0 0.7
For Bolted Connection -
a) When single bolts are provided on both sides.
b) When double bolts are provided.
K=085



1. In a truss a strut which 1s 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
(1) One bolt (1i) Two bolts (1ii) A ngid jt by welding

| mm (HLELL |

- — = & =

|- =
{ | 1A LIEBLIND. & i
1

- L -

Given: -
L=3m
2 ISA 100x100x6mm

Tks of gusset plate = 12mm
Sin:-

Section Properties of ISA 100x 100x6mm:-

A=1167mm’ I,=111.3 x 10°mm®

Iy = I = 30 9mm I.=1113x 10'mm*

Ca=0C,;=26.7 mm

The local axis along the C5 1s y-y & z-z as shown in fig.

I'mis 1S the least of 1,y & .. of the composite section including 2 angles and a
portion of gusset plate of size 100x12mm.

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

Sinceihez-zaﬂshmfnrhummecltimﬂeﬂcﬁm&:h:ghmghmﬁm.

“+ Tes Of composite section = Ji;;
_ 111.3x10*

Y1167

Iy = 30.9mm

Iy, of composite section = ,.E‘f_
Where,
I, =M.O. of composite section
I, =2[1,, of one angle section +A(t/2 +cy)

P 12 :
= 2[111.3x10 +115?{T+25,?]
I, =472x10°mm*



—— fa.nxln“
e 2/1167|

Fy =4497mm
ve Fege= 30.9 mm

(1) One Bolt :- [Bolt ends hinged]

~K=1
ﬂ.=lx3mﬂ
r 30.9
-K%' =97 09
90 | 121 | [from table Sc IS800-2007]
100 | 107

The member belongs to buckling class-c since it is a angle section.
‘. Refer table-9 (C)
fs=111.07 N'mm®
Design strength of section = fa x A
=111.07 x 2 x 1167
=25924 KN
(it) Two Bolts:-
s K=085
KL _ 0.85x3000
r 3.9
=5
80 | 136 | [from table 9¢c IS 800-2007]
90 | 121 |

fs = 132.22 N'mm®

. Design strength of section = fax A
=13222x2x 1167
=308.6 KN

(i) A ngid joint by welding:-

. K=07
KL 0.7 x3000
r 30.9
% = 6796

60 | 168 | [from table 9¢ IS 800-2007]

70 | 152

f.4 = 155.26 N/'mm’

. Design strength of section=fax A
=15526x 2 x 1167

=362 38 KN



2. Determine the load carrying capacity of a column section as shown in fig. The actual
length of the column i1s 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

Sin:-

The design stress ‘{5’ of the composite section depends on ;E'L"' ratio and the
ma
buckling class.

Properties of ISMB 400:- | it e Y0
h=400mm, bf=140mm, tf= -t»
16mm |
tw=89mm, r,=202mm, 1=
161 5mm [ | . [ %Al A
I = 20458.4 x 10'mm’, I, = N 7
622.1 x 10*mm* e 3 il
T is least of 1, (or) 1, !
where, r= {1! !
e W | i
L., of Composite section:- s e

r,=m.4xlu‘+ﬂ“ﬁ+[mxmx[m—nﬂf}+?“m’ +/300 %20 (220 107]

I,=734.18x10°mm*

I,, of Composite section -

1 ”=Ezz.1xlu'+'g“m3+[mxmxl1ﬁn—1su F]*i?—w*{mxmwllﬁﬂ—lmﬂ

I"=$_221:n’.1ﬂ'mm"
1

Sre=\7
A = 7846 + (2x300x20)
A = 19846mm’

734.18x 10°

'54-152:-::10‘

15846
rﬂ=JL_§L



Fe =192.34mm

I
My = A

_ 96.221x10°
\ 19846
Iy= 69.63mm
~ Teie = 69.63mm

To find slendemess ratio:-
KL _0.8x4500

T, 69.63

KL
== =517

L]
The buckling class of the built up section based on table-10 1S 800-2007. Tks of flange 1s
16+20 = 36mm < 40mm
. Along buckling about z-z axis is buckling class ‘B" and buckling about y-y
axis, therefore L is less than I,
50 | 183 | Fromtable 9( C ) IS 800-2007

60 | 168
fes= 180.45 N'mm’
. Load carrying capacity of the section = 180.45 x 19846
=35812 KN
: 3581.2
Safe working load = 15
=23875KN

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 ISHB 450 @ 907 N/m
Given:-
L =4m
Factor Load = 6000KN
One end fixed and other end hinged
& K=08
Sin--
The given section ISHB is checked for the axial load camying capacity
s Pa=Axty
Properties of ISHB450 @ 907 N/m:-
A = 11789mm’
I = 40349 9x10'mm’, 1, = 3045x10°*mm*
Assuming f.4 = 200N/mm’ »
» Aragd=ES010°

= 30000mm’



. Area deficit = 30000-11789
= 18211mm*
Selecting 20mm tk plate @ top 2 bottom flange portion.
2(20xb) = 18211
b=455275mm < 500mm
. Assume the size of plate @ as 500x20mm @ top and bottom.

I of composite section:-
|
:;m.sxm‘ﬁlg“”m +{5mxznx:m-zﬁl’]fg“«ﬂqumgzﬁ-mﬁ
I_=1508.66x10"mm"*
lyy of composite section -

:,,:mmhig"w =!m:¢5mx|zsn—zsnﬂf§g“5m: +|20%500 (250250 ]

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

L .=~‘!IT“
A = 11789+(2x500x20)
A = 31789mm’
1508. 66 x 10°
31789

r==‘i

_ |447.12x10°
\31789
r =118.60mm
Lo F e = 11860 mm
To find slendemess ratio:-
KL _ 0.8x4000
r_ 118,60

KL
—=2698

P
20 | 224 From table 9 © IS800-2007

30 | 211
fes = 214,926 N'mm’




. Design load camrying capacity of the section =f4 x A
=214926 x 31789
P, =6832.3 KN > 6000KN

Hence the assume section is safe.

Laced & Battened Columns:-
[cls 7.6 IS B00-2007] [cls 7.7 IS 800-2007]

— — W

Lacing on Lacing on
Face A Face B
Preferved Lacing
Armmangement
{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. Radius
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 nomunal
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 eff. 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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Reg. No. :

Question Paper Goileis 50112

B.Arch. DEGREE EXAMIRATIONS, APRIL/MAY 2024.
Sixth Semester

AR 3602 — STRUCTURAL DESIGN OF EfEEL

(Regulations 2021)

Time : Three hours Maximum : 100 marks

el

I

® o 2o

11.

(Use of IS 800 and IS SP-6 is allowed)
Answer ALL questions,

PART A — (10 x 2 = 20 marks)

Write how standard sections are designated as per 1S7 What do the numbers in
these designations indicate?

What are the disadvantages of using steel in construction?
With neat sketches show the possible fallure modes of a bolted joint.
Show how the strength of a welded joint i1s determined.

How the sectional area of a tension member 1s modified when used with boltéd
connection?

What are splices and when they are used?

State the significance of effective length for compression members.
Sketch four typical built up sections used in heavy compression members.
What is meant by lateral support in beams?

Why symmetric sections are preferred for beams?

PART B — (5 x 16 = 80 marks)

(a) Listing out the required characteristics of structural steel, explain the
significance of its ductility in design and construction,

Or

(b)  What are the different types of structural steel? Define and explain all
the mechanical properties to be tested and satisfied as per codal
requirements,



12. (a) Using M16 bolts of grade 4.6, design the bolted connection for joining two
steel plates of grade 410, width 800 mm and thickness 20 mm each by

(i)  Lap Joint (8)
(1) Double cover butt joint with 12 mm cover plates. Axial tensile force
transferred by the plates is 300 kN. (8)

Or

(b) (i) Tweo plates of thickness 12 mm each are to be connected by groove
weld by butting the plates against each other. The joint has to carry
a tensile force of 350 kN. Assuming the effective length as 150 mm,
find the size of the weld required both for single V-groove and

Double V-groove joints. (1)
_h.}/;‘r{ii} Find the size of the weld if it is provided as a fillet by rapping the
: plates one over the other. (6)

Determine the tensile strength of a roof truss diagonal, 100 x 75 x 6 mm
connected to a gusset plate by a 4 mm weld with an effective length of
200 mm on each side of the connected leg. Assume vield strength of steel
as 250 MPa.

Or

(b)Y A tensile force of 350 kN is to be carried by a single unequal angle
through a gusset plate using 20 mm black bolts. Design the section with
the required number of bolts to transmit the force. Take yield strength of
steel as 250 MPa.

14. (a) Design the load carrying capacity of a single discontinuous
50 = 50 x 5 mm angle, when used as a compression member connected to
a gusset plate with two bolts. The centre to centre of end connections is
1.5 m. The grade of steel is E250.

Or

(b) Design a single angle section to carry a compressive force of 120 kN with
centre to centre between end connections being 2 m. Grade of steel is

E250.

15. (a) An ISMB 350 at 52.4 kg/m section is used as a simply supported beam
with an effective span of 5 m. Find the design bending strength and
design shear strength of the beam.

Or

(b) Design a simply supported 1 section of clear span of 8.5 m to carry a
factored bending moment of 275 kNm and a factored shear force of
125 kN. Grade of steel is E250. Assume that adequate lateral support is
provided to the compresstion flange.
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Reg. No. :

Question Paper Code : 90119 ‘

B.Arch. DEGREE EXAMINATIONS, APRIL/MAY 2025.
Sixth Semester

AR 3602 — STRUCTURAL DESIGN OF STEEL

(Regulations 2021)

4 Time : Three hours Maximum : 100 marks

(Use of [S 800 and steel hand book is permitted)
Answer ALL guestions.
PART A — (10 x 2 = 20 marks)

1. What are the properties of mild steel?
2. List any four standard steel section available in market.

3.  State the advantages of bolt connection over welded connection.
4. Differentiate between a i..ap joint and Butt Joint.

5. What are the various types of tension members?

6. What is net sectional area?

7.  Define slenderness ratio of a compression member.

8.  What is meant by built-up compression members?

9. What is a laterally supported beam?

10. How does a laterally supported beam fail?

PART B — (5 x 16 = 80 marks)

11. (a) Sketch the typical stress-strain curve of mild steel, indicating the three
important regions and write a short note on each of them?

Or



12.

14.

15.

(h)
(a)

(b)

(b)

(a)

(b)

(a)

(b)

State the advantages and disadvantage of steel as a structural material.

Two plates 10 mm and 18-mm thick are to be joined by a double cover
butt joint. Assuming cover plates of 8-mm thickness, design the joint to
transmit a factored load of 500 kN. Assume Fe 410 plate and grade 4.06
balt.

Or

Determine the size and length of the fillet weld for the lap joint to
transmit a factored load of 120 kN shown in Fig. 1; assuming site welds,
Fe 410 steel. Assume width of the plate as 75 mm.

-

Fig. 1

Design a tension splice to connect two plates of size 220mm x20mm and
200mm x10mm, for a design load of 220 kN. Also sketch the details of
the bolt joint. Assume 4.6 grade bolt.

Or

Design a single angle to carry a tensile load of 500 kN, Assume that the
length of the member is 3 m.

Design a rolled steel beam section column to carry an axial load 1100 kN.
The column is 4 m long and adequately restrained in position but not in
direction at both ends.

Or

A rolled steel beam section ISHB 350 @ 0.674 kN/m is used as a
stanchion. If the unsupported length of the stanchion is 4 m, determine

safe load carrving capacity of the section,

A beam simply supported over an effective span of 7 m, carries an
uniformly distributed load of 50 kN/m inclusive of its own weight. The
depth of the beam is restricted to 450 mm design the beam, assuming
that the compression flange of the beam is laterally supported by a floor

construction. Take f, =250N/mm* and E =2x10°N/mm"®. Assume width

of the support 1s 230 mm.
Or

ISMB 550 @ 1.037 kN/m has been used as simply supported beam over a
span of 4 m. The ends of beam are restrained against torsion and lateral

bending. Determine the safe UDL per metre, which the beam can carry.
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Question Paper Code : 40124 ‘

B Arch. DEGREE EXAMINATIONS, NOVEMBER/DECEMBER 2024,
Sixth Semester

AR 3602 — STRUCTURAL DESIGN OF STEEL
(Regulations 2021)

Time : Three hours Maximum : 100 marks

- e, SR S

10.

11

Answer ALL questions.

PART A — (10 x 2 = 20 marks)
Define the term tensile strength.

State any two advantages and two disadvantages of jbe
construction.

Name any types of welded joints commonly used in structufalap l.i.catiﬂns_:_,,,f_.l_.
State any two factors affecting the permissible stresses in é%ﬁiﬁg
Define the term net sectional area for a tension member.

Define the term “slenderness ratio” with respect to compression members.

State the importance of the limit state method in the design of columns.

State the function of flexural member in structural engineering.

Define the term “moment of inertia” in relation to beam design.

PART B — (5 = 16 = 80 marks)

(a) Discuss the properties of steel and compare the advantages and
disadvantages of using steel versus concrete as the primary material for
a high-rise building structure, in terms of strength, flexibility, time,
construction and cost.

Or

(b} Discuss about the various steel section available in the market and their
application in building construction with suitable sketches.



12. (a) Describe the various types of bolted and welded joints used for axially
loaded members and the failure modes associated with bolted and welded
joints under axial loading.

*Or

(b) Explain in detail the key assumptions made in the design of bolted and
welded joints for axially loaded members using the limit state method.

13. (a) Explain the factors affecting the net sectional area in the design of
axially loaded tension members.

Or

(b) Ilustrate the function and design considerations of a lug angle in tension
members,

14. (a) Explain the behavior of different cross-sectional shapes used for
compression members under axial loading.

Or
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) iscuss the factors affecting the bending strength of a laterally supported
beam.
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