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UNIT 1 - INTRODUCTION AND CONNECTIONS

1. Find the efficiency of the lap joint shown in fig.1.with the following data: M20 bolts of
grade 4.6 and Fe410 plates are used.
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Figure 1

Solution:
For M20 bolts of grade 4.6,

diameter of bolt, d = 20 mm
diameter of bolt hole, dy = 22 mm
Ultimate strength f,,;, = 400 MPa
Partial safety factor, y,,, = 1.25
For Fe 410 (E 250) plates,

Ultimate stress, f,, = 410 MPa

Partial safety factor,

n

,=1.25

Strength of plates in the joint:
Thickness of thinner plate, r = 20 mm
Width of plate & = 180 min
There is no staggering p; = 0
Number of bolt holes in the weakest section = 3
.. Net area at weakest section
A,=[b—ndy+ 0]t
=[180 — 3 x 22] x 20 = 2280 mm?
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Design strength of plates in the joint

0.9 f, 4, _0.9x410x2280
Yl 1.25

Tan =

= 673056 N =673.056 kN.
Strength of Bolts:
Total number of bolts = 6
(1) Design Strength in Shear:
Number of shear planes at thread »,, = 1 per bolt.
Number of shear planes at shank »n; = 0 per bolt.

Total n,,= 1 X 6 = 6 and total n, = 0.

A, =0.78 ><%ar2 =0.78 % % x20% =245 mm?2

There are no reduction factors i.e. ;= S, = S = |

Nominal shear strength,

Tub
== ()‘l" Anb +ng Asb)

Vnsb - \/5

= -4% (6x245+0)=339482 N =339.482 kN

Design strength in shear,

Vs _ 339.482
v, 125

Smb

g =271.586 kN

(i) Design Strength in Bearing:
Nominal strength

Voo = 2.5 Kpdt 1,
where K, = least of the following:

e 30

(), —=—= =0.4545
3d, 3%22

® L-—025= o0 5951659
3d, 3% 22

©) T . A _ 5 60
£, 410

(d) 1.0.
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Note: Edge distance provided is less. Hence it is critical in this case.
K, =0.4545

o V= 2.5 % 04545 x 20 x 20 x 410 = 186345 N per bolt
Vap _ 186345

Design strength = =149076 N
Vmb
Design strength of joint = 6 x 149076 = 894456.8 N
=894.456 kN

Design strength of bolts in joint = 271.586 kN < T ,.
Strength of joint = 271.586 kN.

Efficiency of Joint:
Area of solid plate = 180 X 20 = 3600 mm®.

Design strength of solid plate

~

/v 250 r
=L x4, =——x3600=818181.8 N =818.818 kN
Vmb 1
Efficiency of the joint = Suapth ot joint x 100 percent

Strength of solid plate
271.586

— —X].OO = 3 . 9
818.818 =l

2. Find the maximum force which can be transferred through the double covered butt

joint shown in fig. Find the efficiency of the joint also. Given M20 bolts of grade 4.6 and
Fe410 steel plates are used.

Solution:

For M20 bolts of Grade 4.16,
d=20mm dy=22mm  f, =400 N/mm.
For grade Fe 410 plates, £,, = 410 N/mm?.
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Figure 3.19

Nominal strength of one bolt in shear (double shear)

NE)

_ 400

V3

=129143 N

=1"£(1x5d2+0.78x5’-d2J
4 4

(1.78)x% 20?

Design strength of one bolt in double shear

A0 107619 N

Design strength of joint in double shear
=6x 107619 = 645715 N =645.715 kN

Strength of bolts in bearing:

K, is the least of the following:

€ P g5 dw 1g

3d, " 3d, o

For bolts at section (3) — (3), it is least of

N 20 2 g

3x22°3x22 410
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ie. K,=0.6061
For bolts on section (2)—(2) and (1)—(1), ‘e’ in large. Hence
Ky = Ky = 0.6591, which is governed by —35—0
Nominal strength of bolts in bearing

=3(2.5%0.6061 x20x 16 x410) + 3 (2.5 x0.6591 x 20 x 16 x 410)

= 1244957 N
Design strength in bearing = %955—7
=995965 N

'=9895.965 kN > 645.715 kN
Strength of bolts in the joint = 645.715 kN and strength of each bolt = 107619 N
Strength of plate:
It is to be checked along all the three sections.
Now, #= 16 mm (least of the thicknesses of cover plates and main plate)

£, =410 N/mm*

(a) Atsection (1) —(1)
09,4, 0.9%410(420-22)x16
dn =125 125

= 1879833 N

(b) At section (2) —(2)
When this section fails, bolt in section (1) — (1) also has to fail. Hence strength of plate at section
(2)-(2)
0.9%x410 (420-2x22)x16
Tan, = 1.25

= 1883542 N

+107619

At section (3) — (3)
T, = Flate strength + strength of 3 bolts

_0.9%410(420-3%x22)x16
a 1.25

+3x107619

=1994870 N
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Strength of plate in the joint = 1879.833 N
= 1879.833 kN
Strength of joint = 645.715 kN

Maximum design force that can be transferred safely = 645.715 kN.

I'ermissible force at working condition = 64%;”5 =430.477 kN

Denipn strength of solid plate = 250><12(1)O>< 1o =727272 N
=727.272 kN
I‘tliciency of the joint = Mx 100 = 88.78%
127272

3. Two cover plates, 10mm and 18mm thick are connected by a double cover butt joint
using 6mm cover plates as shown in fig. Find the strength of the joint. Given M20 bolts of

grade 4.6 and Fe410 plates are used.

6 mm cover plate .
18 mm plate ; e / Packing plate
fi l FA AN A j /,/T/////rj fl()mmplate
= =L = = s O Tacking rivet
6 mm cover plate | Bxive
|
| 40
® o} : o] ® -+ O
| 60
o @ | o] ® %
[ 610
|
® o] ® © - 0O
' 40
[}
| 40| 60 | 40| " Al dimensions in mm
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Solution:

Note: Strength of tacking rivets are not to be considered in the design.

In this connection packing plate of 8 mm thickness is to be used. Hence there shall be reduction in the
shear strength of bolt. The reduction factor is given by

Bor=(1-0.0125 1,,)
=1-0.0125x8=0.9

Nominal shear strength of one bolts in double shear
= B L8 (1 Z 42 1+ 0,785 % 42
i ) 4 4
=0.9><@(1.78)><§><202

5

=116228 N

Design shear strength of one bolt in shear

116228
1.25

=02982.6 N

Design shear strength of 6 bolts in the joint
=6x92982.6 =557896 N
=557.896 kN
Strength of bolts in bearing:

K} is the minimum of

€ P g5 w1y

3d,’ 3d, i
ie. 40 . oo —0.25, @, 1.0
3%’ 3% 410
K, =0.6061.

Nominal strength of one bolt in bearing = 2.5 K, dt f,
=2.5%x0.6061 x20x 10 x 410

=124250.5N
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Note: Thickness of thinner plate 7= 10 mm

. Design strength of a bolt = 12380 =99400 N

1.25
Design strength of 6 bolts = 6 x 99400

= 59640 N.

=596.4 kN > 557.896 kN
. Strength of bolts in connection = 557.896 kN.
Strength of plates in the joint = Strength of thinner plate at weakest section.
.. Design strength of plate

_0.94, £, 0.9%[200-3x22]x10x400
Yom 1.25

=385920 N
=385.920 kN < 597.896 kN
Design strength of the joint = 385.920 kN.

4. Design a lap joint between the two plates each of width 120mm,if the thickness of one
plate is 16mm and the other is 12mm.the joint has to transfer a design load of 160Kn.the
plates are of Fe410grade.use bearing type bolts.

Solution:

Using M16 bolts of grade 4.6,
d=16mm dy=18mm and £, =400 N/mm?

Strength of a bolt:
Since it is lap joint bolt is in single shear, the critical section being at the root of bolt.
Nominal strength of a bolt in shear = Ju 1x0+0.78x Z 4?
NE) 4
= @x0.78xzx162
el 4
=36218 N.
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Design shear strength = % =28974 N.

Minimum edge distance to be provided = 1.5 x 18 = 27 mm
Minimum pitch to be provided = 2.5 x 16 = 40 mm.

Providing ¢ = 30 mm, p =40 mm,

K, is least of 29 . 0 —0.25, A0 and 1.0.
3x18 3x18 410
Le. K, =0.4907

Nominal bearing strength = 2.5 K, dt f,
=2.5x0.4907 x 16 x 12 x 400
=94222 N

94222
Design bearing strength = 15 =75378 N

Design strength of a M16 bolt = 28974 N
=28.974 kN

Hence to transfer a design force of 160 kN,

160
28.974

=355

No. of bolts required =

Provide 6 bolts. They may be provided in two rows with a pitch of 40 mm as shown in Fig.

16 mm plate 12 mm plate
A\ [~
N 7 —\

I 30

| 0} (O] @ L

1 !

| 60

: 0} O] [0} %

; 30
¥

| 30 40 | 40 | 60 |
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(heck for the strength of plate:

0.94, f, 0.9x(120-2x18)x12x400

T, =
Ty 1.25

=290304 N =290.304 kN > 160 kN safe.

i [ joi boiler plates of thickness
5. Design a single bolted double cover butt joint to connect _
12mm for maximum efficiency. Use M16 bolts of grade 4.6.boiler plates are of Fe 410
grade. Find the efficiency of the joint

Solution:
d=16mm dy=18mm f, =410 N/mm>
/,=410 N/mm® 7=12 mm

Since it is double cover butt joint, the bolts are in double shear one section at shank and another at
root.

Nominal strength of a bolt in shear

_ 400

V3

=82651 N (a)

(lx%x162+1x0.78x%x162]

82651
Design strength in shear = 42651 =66121 N

1.25

Assume bearing strength is more than it. To get maximum efficiency, strength of plate per pitch width
should be equated to strength of a bolt.

To avoid failure of cover plates, the total thickness of cover plates should be more than the thickness
of main plates. Provide cover plates of 8 mm thicknesses.

Design strength of plate per pitch width

_ 0.9%410(p-18)x12
- 1.25

=3542.4 (p- 18) (b)

Equating (a) to (b) to get maximum efficiency, we get,

3542.5 (p—18)=66121
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p=36.67 mm.
Minimum pitch = 2.5 X 16 =40 mm.
Provide bolts at p = 40 mm.

Check for strength of bolt in bearing:

K} is the minimum of ., L—O.ZS, Jub s 10
3dy  3d,

u
Assuming sufficient ‘e’ will be provided
K, =0.4907

Design strength of bolt in bearing

_2.5%0.4907x16x12x400
1.25

=75372N>66121N

Hence assumption is correct.

Since pitch provided is slightly more than required from strength consideration of the plate, the
strength of plate is more than the strength of the bolt.

Design strength of joint per 40 mm width = 66121 N.
Design strength of solid plate per 40 mm width

_ 250x40x12
Ll

=109091 N.

Maximum efficiency of joint = 66121 x100

109091

=60.61%

6. A bracket bolted to a vertical column is loaded as shown in fig. If M20 bolts of grade
4.6 are used, determine the maximum value of factored load P which can be carried
safely.

Solution:

For M20 bolts of grade 4.6, d=20 dy=22mm f,=400 N/mm*®
For rolled steel sections, f, =410 N/mm?
Thickness of web of ISMC 300, is

= 7.6 mm [Refer steel table].
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250

B

Since this is a lap joint between bracket plate and web of ISMC 300, the bolts are in single shear.

Design strength of bolts in shear

=Lx@(0.78x§><ZOZJ

125 3

=45272 N
Strength in bearing against 7.6 mm web of ISMC 300:

K, is the least of

& ) 75 @’ 1.0

3d,” 3d, £,
i.e. least of 150_60, 80 -0.25, @, 1.0
Ix22 ~ 3x22 410
i.e. K, =0.96212

Design strength of a bolt in bearing

]
= %25k, dt
1.25 bty

=%x2.5x0.96212><20x7.6x410

=119919 N >45272 N
Design strength of a bolt is = 45272 N
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Force in extreme bolt:

Direct shear force F = ? =0.2P

Centre of gravity of bolted connection is at the centre of central bolt.

For four bolts, » =+/80% + 60> =100 mm.
For central bolt » =0

Y % =4x100” +0=4x100x100
For extreme bolt » = 100 mm.

Pxexr Px250x100

F t . t . t ot —
orce due to bending moment in extreme bol Z"Z 4100100

=0.625P

Angle between the two forces is given by, 8 where cos0 = 50 =10.6

100
Total shear force on extreme bolt

- \/(0.213)2 +(0.625P)% +2x0.2Px0.625Px 0.6

= P\J(0.2)% +(0.625)% +2x0.2x0.625% 0.6

=0.76199 P
Equating it to strength of bolt we get

0.76199 P = 45272
P=59413 N
P=59413 kN

7. A bracket is bolted to the flange of a column as shown in fig. Using 8mm thick bracket
plate. Using M20 bolts of grade 4.6 design the connection.

Solution:

Flange thickness of ISHB 300 @ 577 N/m is 10.6 mm. Thickness of bracket plate is § mm. Hence
thickness of thinner member in the connection is 8 mm. For M20 bolts of grade 4.6,

d=20mm dy=22mm £, =400 N/mm>
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\_/‘ 300 kN

350 mm

8 mm bracket plate

ISHB 300 @ 577 N/m

For the rolled section f,, = 410 N/mm?
Bolts are in single shear.

Design strength of a bolt = ——l—x@ (0 +0.78x &g
1.5 3

L 4

1.e de =45272 N

Strength of bolt in bearing:
K, is the least of % _£__0.25, Jub gnd 1.0
3dy  3d, &

Adopting two rows of bolting, with edge distance of 55 mm and pitch of 50 mm (2.5 d), K} is the
least of

55 30 55, 2% nd 10

3x22 3x22 410

K, =0.5076

1
Vaps :EX2.5X0.659IX2OX8X410
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Design strength of bolt, V=V, = 45272 N
M=300 x 350 kN/mm = 300 x 1000 x 350 N-mm.

Number of bolts required per row

6M
2XVp

_\/6><300><1000><350
2x45272x50

=11.79

Provide 12 bolts in each row as shown in Fig. 3.27.

Distance of extreme bolt from centre of gravity of bolts

r=470% +275% =283.77 mm

5 =4[§6;(x,.2 +y,2)J

i=1

=4[6><702 +252 +752 +1252 +1752 + 2052 +2752]

=832600 mm?
Fl
—{ 70 | 70 [~
F
-T— et @ e _:
50 O ©
Ll ® 590
50 I'
— ® ®
50
275 _ ® ®
50
= ® ®
50
- T B S O
® ®
® ®
® ®
® ®
® ®
® ®
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Force in extreme bolt due to bending

_ Per _ 300x1000x350x283.77
Z,-Z 832600

F,=35786.5 N

3001000

Direct shear force = =12500 N
2x12

Resultant force on extreme bolt

= JF? + F2 +2F F,cos0

— 125002 +35786.52 + 2x12500 % 35786.5% 0.24668
=37907 N <V

Design is safe.

Hence provide 24 M20 bolts as shown in Fig.
8. Design a suitable longitudinal fillet welds to connect the plates as shown in fig. To

transmit a pull equal to the full strength of small plate. Given: plates are 12mm thick,
grade of plates Fe410 and welding to be made in workshop.

100 mm 160 mm

Solution:

Minimum size to be used =5 mm
Maximum size = 12 — 1.5 =10.5 mm
Use s = 10 mm fillet weld

S, =410 N/mm?, Yone=1.25, thickness of plate = 12 mm, breadth of plate = 100 mm

. Agfy
~.  Full design strength of smaller plate =
leO
S, =250 MPa,  ¥,,= 1.1
= 12x100xg]% =272727 N

Let effective length of welds be L,
Assuming normal weld, throat thickness

r=0.7x10=7 mm
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Design strength of weld =L ¢ Su 5% B
V3

1:25

Equating it to the strength of plate, we get

L, x7 ><ﬁ X " - 2002727
1.25

NE)

L, =205.7 mm

Provide effective length of 105 mm on each side.

9. atie member of aroof truss consists of 2 ISA 10075, 8mm.the angles are_connected to
either side of a 10mm gusset plates and the member is subjected to aworking pull of
300Kn.design the weld connection. Assume connections are made in the workshop.

Solution:
Working Load = 300 kN
Factored Load = 300 x 1.5 =450 kN
Thickness of weld:
(1) At the rounded toe of the angle section, size of weld should not exceed = % X thickness
s= % X 8 =6 mm
(i) At top (Ref. Fig.)) the thickness should not exceed
§=t-15=8-15=6.5 mm.
Hence provide s = 6 mm, weld.

Each angle carries a factored pull of % =225kN.

Let L,, be the total length of the weld required.

Assuming normal weld, £=0.7 X 6 mm

Jii o7, 1

Design strength of the weld = L ¢~ x —

J3 125

=L, x0.7x6x o

410
3125
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Iiquating it to the factored load, we get

wa07x6x519x—l-=225xuﬁ
43 125

L, =283 mm.
Centre of gravity of the section is at a distance 31 mm from top.

Let L, be the length of top weld and L, be the length of lower weld. To make centre of gravity of weld
to coincide with that of angle,

L x31=L, (100 -31)

or L,=8&7 mm.

Ll =195 mm.
Provide 6 mm weld of L, = 195 mm and L, = 87 mm as shown in the Fig. 4.10.

Fillet at rounded end

—
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10. Design a welded connection to connect two plates of width 200mm and thickness
10mm for 100 percent efficiency.

Sotution:
Agf_\,. _ 200x10x250
Vi 1:1

Minimum size of weld = 5 mm.

Strength of plates =

=454545 N

Maximum size = 10— 1.5 = 8.5 mm.
Use s = 8 mm weld.
Effective length of fillet welds = 2 (200 — 2 x 8)

L, =368 mm.

Throat thickness 7=0.7 x 8

Design strength of fillet welds = Lurix 1

. \/-3_ }/"Ht'
=368x0.7x8x 0 L _ 390256 N
<3 125
Slot welds are to be provided to resist a force of = 454545 — 390256 = 64289 N
Strength of the slot weld = Jun o _Ju
Y mw \/gymw
=9 _ 189,37 N/mm?
J3x1.25
‘ 10 mm 1 l 10 mm
{ D | !
t t
T ‘
|1 17
|1 10 N
: : 200 mm
I 17
8 mm weld \| | 10
[ 1 v

8 min weld
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64289

Area of the slot weld required = - =339.5 mm?

Provide two slot welds of size 10 mm X 17 mm as shown in Fig. -

11. A tie member consists of two ISMC 250.the channels are connected on either side of

a 12mm thick gusset plate. Design the welded joint to develop the full strength of the tie.
However the overlap is to be limited to 400mm.

Solution:
For ISMC 250, [From steel tables]

Thickness of weld = 7.1 mm
Thickness of flange = 14.1 mm

Sectional area = 3867 mm?
Agfy,  3867x250

Tensile design strength of each channel = - 73 =878864 N
Weld thickness:
Minimum thickness = 3 mm.
Maximum thickness = 0.7t =0.7 x 7.1 =4.97 mm.
Provide s = 4 mm weld.
Throat thickness, 7=0.7 x 4 =2.8 mm
Ju 1
Strength of weld = L %=X
\/—3_ ymw
=L, x2.8xﬂx L
3 125
Equating strength of weld to tensile strength of the channel, we get
410 1
L,x28X—x——=2_878804
3125
L,,= 1658 mm.
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Since allowable length is limited to 400 + 400 mm it needs slot weld. The arrangement can be as
shown in the figure with two slots of length ‘x’. Then

400 + 400 + (250 — 2 x 30) + 4x = 1658
x =167 mm.

Provide x = 170 mm as shown in the Fig. 4.13.

o

(=)

_
ISMC 250 f—x—

—

o 'O

D W N W N
EYSR Y
| N

W
(=)

e

N
\— Gusset Plate

12. Determine the maximum load that can resist by the bracket shown in fig. By fillet weld
of size 6mm, if it is shop welding.

/—\_'/
T P
| 140 240 mm — =
v

|
|
¥ \
Bottom right corner

Solution:

Size of weld = 6 mm.
Throat thickness = 0.7 x 6 =4.2 mm
Consider the area of the weld which has channel shape and has width 4.2 mm throughout.
Total area of weld =320 X 4.2 + 140 x 4.2 x 2
=600 x 4.2 mm*
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Due to symmetry, centroidal x-x axis is at the mid height of vertical weld. Let centroidal y-y axis be
at a distance X from the vertical weld. Then

_ 14 ;
- 0X42X70xz=32.67mm
600x4.2

I, =%x4.2x3203 +140%4.2x160% x 2

= 41574400 mm*

I,, =320x4.2(32.67)% + Z[éx 140% x 4.2 + 4.2x140(70 — 32.67)2]

= 4994080 mm*
1. =1l +1I,=46568480 mm®*

Fmax = \/1602 +(140-32.67)° =192.66 mm.

tan9=—160—~ . 8=56.15°
140 — 32.67
Eccentricity.of load from the centre of gravity of weld
e =240+ 140 — 32.67 = 347.33 mm.

[L.et P be in kilo newtons.

£ >=1000 P x1000
Total area 600x 4.2

Direct shear stress g; =

= 0.3968 P N/mm”
Shear stress at extreme edge due to torsional moment

P ReEX Fax

[_":

q2 =

_ P x1000x347.33x192.66
46568480

= 1.4370 P N/mm?

Resultant stress = \ﬁ]lz + q% + 2419, cos©

— PJ0.39682 +1.43702 +2x 0.3968 x1.4370 < cos 56.15

= 1.69046 P

weld can resist a stress of = oy > d = 410
37125 JBx12s

Equating maximum stress to resisting stress, we get,
2.69046 P = 189.32
P=111996 N =111.996 kN

=189.32
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13. The 10mm thick bracket plate shown in fig. Is connected with the flange of column
ISHB 3002577N/mm. find the size of the weld to transmit a factored load of 250Kn.

250 kN

All dimensions in mm

Solution:

Let ° be the throat thickness of the weld re

quired and X be the distance of c.g.
weld. Then istance of ¢.g. of weld from vertical

Area of the weld = 400 ¢ + 180 tx2=760 ¢

_ 2x180rx90
X=—— =42,
2600 63 mm.

1
I, = EX4003 Xt +180x 200% x 2 =19733333¢ mm*

I, =400rx42.63% +2B><t><1803 +180tx(90—42.63)2J

= 2506737/ mm’*
< I, =22240070¢f mm*
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Distance of extreme point of the weld from c. g.

B \/2002 +(180-42.63)° =242.63 mm

20
tan6=—290 1 4559

180—-42.63

0=55.17°

Eccentricity e = 120 + 180 — 42.63 = 257.37 mm.

250x10° _328.95

‘ 760t
Maximum shear stress due to twisting moment

N/mm?

Direct shear stress = q =

4= PXeXTnay _250x10° x257.37x242.63
I, 22240070t

701.
L2 N/mm?

S = \/qf +q5 +24,4, cos®

2 2
328.95 701.95
:\/( ) +( J 4232895 701.950

t t t t

10309
t

1 410 1

Su

wist ld ===R-orx™=
llesistance of the we \/5 1.25 ﬁ 1.25

= 189.37 N/mm?
ks —
t

|'quating maximum shear to it, we get

t=5.44 mm

44
Size of normal fillet = 50—7 =7.777 mm

Provide 8 mm fillet weld.

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) Page 24



ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES
’wv‘m»""s TIRUPATI '-5 1 75 20
Estd: 2007 DEPARTMENT OF CIVIL ENGINEERING

7,

14. Design a suitable fillet weld for the bracket shown in fig. If working load P=100Kn and
eccentricity e=150mm.thickness of the bracket plate is 12mm and the column used is
ISHB 300 @618N/m.

Nolution:
[.oad =100 kN

Factored load, P=100x1.5=150kN
[hickness of flange of ISHB 300 @ 618 N/m is 10.6 mm.
Minimum size of weld = 5 mm.
Use 8 mm weld on each side of bracket plate.

[hroat thickness, #=0.7 x 8§ mm.

Resistance of weld = Ju xL = iQXL =189.37 N/mm?.
VB e 3125
S5 103
Depth of weld required to resist bending alone =4’ = \/ b 1“_0X Ly ¥ =252.3mm
2x0.7x8x189.37

About 10 percent extra depth is to be provided.
Let h =280 mm.
Check for the stresses:

P 15x10°

- = 47.83 N/mm’
2xtXh  2x0.7x8x280

Direct shear stress g =

3
Bending stress 7= = _6M__ 6x150x10°x150

Z uxh®  2x0.7x8x2802
= 153.744 N/mm>

o 2 43g? 21537442 +3%047 83
= 174.6 N/mm? < 189.37 N/mm>

Hence design is safe.
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UNIT Il = COMPRESSION MEMBERS

1. in a truss a strut 3m long consists of two angles ISA 100100, 6mm. find the

factored strength of the member if the angles are connected on both sides of 12mm
gusset plate by

i) One bolt

ii) Two bolt

iii) Welding, which makes the joint rigid.
Solution:
From steel table for a ISA 100100, 6 mm,

arca= 1167 mmz; C.= C_“. =26.7 mm.
Vez =1y, =30.9 mm.
Figure shows the details of the member.

12 mm gusset

L‘ S__ ISA 100100, 6 m
z : z

] &
Figure
r.. of the member is the same as 7, of single angle, since the z-z axis for both is the same, resulting
into doubling of /.. and area.
r..=30.9 mm.
I, =21, of one angle + Area of one angle x (C,,, + 6)2].

From steel table, I):\, of one angle = 111.3 X 10*

1,,, of the member = 2[1 11.3%10* +1167x(26.7 +6)2]

=4721723 mm*

< op = IL___ Mzmgg
W \IA \/2><1167 '

r.. is governing the strength of member.
Case (i): When a single bolt is used
r=r..=30.9 mm
KL =L =3000 mm.

KL _3000 _
» 309
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The member belongs to buckling class ¢ (Ref. Table 6.4)

Hence referring to Table 6.4(c), for &L =97, corresponding to £, = 250 MPa,
7 ]

7
g =121-—(121-107
f;,(l 10( )

= 111.2 N/mm?.
Py=A.fca
=2x1167x111.2=259541 N.
ie. P;=259.541 kN Answer

Case (ii): When two bolts are used
The effective length is reduced. It may be taken as 0.85 times actual length.
KL =0.85 x 3000 = 2550 mm.

Hence in this case ﬁ = @ =82.5

¥ 30.9
From Table 6.4(c), for steel with £, = 250 N/mm?,

fur for ZE_80 is 136 N/mm?
r

for XL _ 99 is 121 N/mm?

-
Linearly interpolating, ., for — =82.5 is
¥
Jea =136— %x(l36—121)
=132.25 N/mm?

P; =2x1167x132.25
=308672 N =308.672 kN Answer

Case (iii): Rigid joint by welding
Effective length KL = 0.7 x L = 0.7 x 3000 = 2100 mm

r 309 -
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From the table, f., values are
for 2L _60 ., =168 N/mm?
7

— =70 [z =152 N/mm?
»

7.96
For 55 =67.96, fuq=168—">(168-152)

~
=155.26 N/mm?

Py;=2x%x1167 % 155.26 = 362386 N
=362.386 kN Answer

2. Determine the load carrying capacity of the column section shown in fig. If its actual
length is 4.5m.its one end may be assumed fixed and other end hinged. The grade of
steel is Fe415.

¥y
1 300x<20
] j=— 140 | a
_7 20 L — —1
A

ISMB 400

P _

400 mm = S =
|
'L— 20 [ — -
T Il T 300=<20
3
Solution:

For ISMB 400,
h=400 mm, b,=140mm, #=16mm, I,,=20458.4x 10*mm®*
I, =622.1x 10 mm®, Area=7846 mm”

Yy
i=4—00>1.2andtf:l6mmS4Ornrn

by 140
Hence it belongs buckling class (Table 6.1) a about z-z axis and to b about y-y axis.

Sectional Properties:
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I, =20458.4 x10*+ 2 x 300 x 20 x (200 + 10)?
= 733784000 mm*
(Note: MLIL. of plate about its own axis neglected)

I =622.1x10% + L %20%3003 x2
» 12

= 96221000 mm*
1, <L,

Buckling about z-z axis governs the design.

_ [
zZZ A

r=r,
A=7846+ 2 x 300 x 20 = 19846 mm”

F=r_= M =192.28
= Y 19846

Effective length KL = 0.8 L = 0.8 X 4500 = 3600 mm.

. KL 3600
Slenderness ratio — =
¥ 192.28

=18.72

Referring to Table 6.4(b), for KL =]18.72
r

fog =227- %(227 —224)

=224.384
P, =Af.;=19846 x 224384
=4453125 N

=4453.125 kN.
3 : : 4453.125
Load (working load) carrying capacity of the column = s =2968.75 kN

3. Acolumn am long has to support a factored load of 6000kN.the column is effectively
held at both and restrained in direction at one of the ends. Design the column using
beam section and plates.

Solution:
Assuming f_;= 200 N/mm?,
. 6000x10°
Area required = T = 30000 mm?
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Using ISHB 450 @ 907 N/m,
Area provided = 11789 mm?, width of flange = 250 mm.
Area to be provided by plates = 30000 — 11789 = 18211 mm?.

Selecting 20 mm plates, breadth required ‘b’ is obtained from,

2 bx20=18211

b=4553

Provide 20 mm X 500 mm plate.
Check for overhang:

Overhang -5%02& =12.5<16t

Iutal arca provided
A,= 11789 + 500 x 20 X 2
= 31789 mm?
ISHB 450 @ 907 N/m
I..=40349.9 x 10* mm*
,, = 3045 x 10* mm*
IFor the section selected,
I..=40349.9 x 10*+ 2 x 500 % 20 (225 + 10)”
= 1507.994 x 10° mm*

1,, =3045x10% +2x -1 x20x500°
12

— 447.1167 % 10° mm?*

. Iy;v 447.1167X106
e r=}‘}lv — =
A 31789

=118.6 mm
Effective length KL = 0.8 L = 0.8 < 4000 = 3200 mm.
KL _ 3200 — 26.98
I3 118.6

tf=tfoflsection+20= 13.7 +20=31.7 <40 mm.
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It belongs to buckling class ¢ for buckling about y-y axis.
From Table 6.1(c)

[ =224—%§(224—211)

=214.9 N/mm?

Py=A, foq=31789 x 214.9
= 6831456 N

— 6831.456 kN > Factored load

Hence safe.

4. Design a single angle strut connected to the gusset plate to carry 180Kn factored load.
The length of the strut between centre to centre intersections is 3m.

Solution:

Assuming f,;=90 N/mm’,

_180x10°
90

Try ISA 9090, 12 mm, which has 4 = 2019 mm?

A =2000 mm?

Yin =y = 17.4 mm.

Assuming the strut will be connected to the gusset plate with at least 2 bolts (Note: Strength of 20 mm
bolt in single shear is about 45 kN)

KL =0.85L =0.85 x 3000 = 2550 mm

’ ﬁ =@=145.55
r 174

From the Table 6.4(c),

Jed=66.2 —% (66.2—59.2) = 66.32 N/mm>
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Py=Af,;=2019 x 66.32 = 125813 < 180000 N

Hence revise the section.
Try ISA 130130, 8 mm.
Area provided = 2022 mm?, r = r,, = 25.5

KL _ 2300 _ 346

¥ 23.5
foq = 107 N/mm?

P_,;=2022 x 107 =216354 > 180,000 N.

Provide ISA 130130, 8 mm.

5. Design a laced column with two channels back to back of length 10m to carry an axial
factored load of 1400kN.the column may be assumed to have restrained in position but
not in direction at both ends.

Solution:
Assuming f_;= 135 N/mm?
Area required = li{)—;% =1037 mm?

Try 2 ISMC 350 @ 413 N/m.
Area provided = 2 x 5366 = 10732 mm?

¥..,=136.6 mm

Distance will be maintained so as‘ to getr,, > 1.
KL _ 1x10000
r 136.6
Since it is a laced column

KL
7
IF'rom Table 6.4(c),

T =152—6—i’-30Z (156 —136)

Actual =73.206

=1.05%x73.206 =76.87

= 138.26 N/mm?
l.oad carrying capacity = 10732 < 138.26
= 1483.806 x 10°
= 1483.806 kN = 1400 kN
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Spacing between the channels:
l.ct it be a clear distance ‘d’,

Now: I, =2 x 10008 x 10* =20016 x 10* mm*

2
lyy = 2[430.6><104 +5366 (g + 24.4) ]

Equation 7, to I

x> WE get

2
2[430.6><104 +5366 (521-+ 24.4) ]: 20016x10%

d 2
i (5+24.4) =17848.3

d=218.4 mm
Provide d =220 mm as shown in Fig. 6.7.
Lacings: Let the lacings be provided at 45° to horizontal.
Horizontal spacing of lacing = 220 + 60 + 60
=340 mm [Note: g = 60 is gauge distance.]
Vertical spacing = 340 sin 45° x 2
= 680 mm

d \
=220 mm Vertical
spacing
%
 — —
—=124.4 ,.._V\ k 4 45
-

Lacing system = 220

—

e o B

— =

(a) Cross-Section ’ Horizontal

spacing

(b) Elevation
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Least » of one channel = Fyy = 28.3

= of channel between lacing = ;—88% =24.03<50

¥

Transverse shear to be resisted by lacing systems = lsz) %1400%10> =35000 N .

L 17500 N .

Shear to be resisted by each lacing systems =

Length of lacing = (240 + 60 + 60) =480.83 mm.

cos45

1
Minimum thickness of lacing = 0 %x 480.83

=12.02 mm.
Use 14 mm flats

Minimum width of lacing, if 20 mm bolts are used = 3 X 20 = 60 mm.

Use 60 ISF 14

Sectional area = 60 x 14 = 840 mm?>

1
— %<6 &
1 oOx14

Frai = —
min 60<14 4.041 mm

KT _ 480.83
¥ 4.041

=118.97 <145

Strength of 20 mm shop bolt:

(a) in single shear = 0.78x Z %202 x 90 4
; P ARITIN
4 V3 x1.25

Edge distance = % =30

_ 30
3x22

K, = 0.4545
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25Ky ditf,

Strength in bearing = T 5%

_ 2.5%0.4545x20x14x< 400

1.25
= 101808 N
Bolt value = 45272.
Number of bolt required = Lo =0.387
45272

Provide one bolt.
Check for the strength of lacing:

£L 11897

7
A flat belongs to buckling class c.

8.97
fea =94.6 === (94.6 —83.7)

= 84.82 N/mm?
Load carrying capacity in compression = 84.82 x 60 x 14 = 71251 N

17500

sin45

=24749 N < 71251 N

Force in lacing =

Safe.

Hence provide 60 ISF 10 flats at 45° and connect them to centre of gravity of channels with one bolt
of 20 mm nominal diameter.

6. Design the built up section as shown in fig. Using battens.
Solution:

The design of column is same as in the previous example i.e. use 2ISMC 350 @ 413 N/m

KL 10000
with clear spacing of 220 mm. — =1.1X - =80.52

r 1
Distance between centres of channels S =220 + 24.4 + 24.4 = 268.8 mm

Design of battens:
Let C be the spacing of battens, longitudinally.

Radius of gyration of one channel = 28.3 mm

£ <50 je. C<1415.
28.3
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It should also satisfy the condition,

L< 0.7%x80.52 ie. C<1595.
28.3

Let us select C = 1200 mm.

V,= 25 . 1400x10% =35000 N
100

_¥.C _35000%1200

v
b7 NS T 2x268.8

=78125N
1y Vi C _ 350001200

=10500000 N-
IN 2%2 i

Size of battens:

Effective depth of end batten « 268.8 mm and also « 2 % 100 mm.
Provide 270 mm depth for end battens, overall depth =270 +2 X 35 =340 mm.

3
For intermediate battens it is « 1 % 268.8 mm and ¥ 200 mm.

Provide depth =210 mm
Giving edge distance of 35 mm,

Overall depth =210 + 2 X 35 =280 mm
Thickness of battens « glax 268.8

+5.36
Use 6 mm thick plates.

Check for stresses in batten plates:

78125 _ 46.5 N/mm? < f—yxi

806 J3 11

Shear stress =

6M _ 6x10500000 _ fy

Bending stress =
td? 6% 2807 1

= 133.9 < 227.27 N/mm?

Obviously end plate satisfies these requirements since it is deeper.
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Connections:

It is to be designed to transmit both shear and bending moment.

Using 20 mm bolts,
400

s T 2
Strenegth in single shear =0.78 — X 20" X ————= 45272 N
&t & 4 J3x1.25

Strength in bearing is much higher.

Bolt value =45272 N.

78125 172
45272

Let us provide 3 bolts to take into account stresses due to bending also.

Number of bolts required =

{ hecok:
} uice in cach bolt due to shear = - =26042 N
I ¢t the pitch be =105 mm
| orce due to moment = Mr
> 2
_ 1050(;000><1205 — 50000
105° +105

Resultant force = 260422 +50000% > 45272 N

Try S bolts as shown in Fig. 6.8.

L 15625 N

i.c. Force in each bolt due to shear =

Mr _10500000x100

2 2(50 +100?)

Force due to moment in extreme bolt = =42000 N

Resultant force =~/156252 442000

=44812 N < 45272 N

Provide the bolts as shown in Fig.

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) Page 12



ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES
TIRUPATT -517520
DEPARTMENT OF CIVIL ENGINEERING

7. A column section ISHB 300@577 N/m is carrying a factored axial load of 600 kKN. A
factored moment of 30N-m and a factored shear force of 60 kN. Design a suitable column
splice. Assume ends are milled.

Solution:
Since the ends are milled, 50% of axial load is transferred through bearing and splice plates transfer
the remaining 50% of the load. '
Load to be transferred by splice plate = 300 kN
i.e. load to be transferred by each splice plate = 150 kN

Assuming the thickness of splice plate 6 mm, for the calculation of lever arm,
a=300+ 6 =306 mm.

3
30x10° _ o¢ 04 kN

Force in each plate due to moment =

Total load in each splice plate = 150 + 98.04 = 248.04 kN

For rolled steel section, £, = 250 N/mm’.

Area required = 24804510 =1091.376 mm?

250/1.1
Width of splice plate = width of flange = 250 mm.

Thickness required = 191,170 =4.365 mm

250

I'rovide 6 mm plates.

Using 20 mm bolts of grade 4.6,
4
Strength in single shear = 0.78x % x 202 x& =45272 N
4 J3x1.25

Strength in bearing is much higher, if more than minimum specified edge distance is provided.

Bolt value =45272 N

3
Number of bolts required = ZAB0AX10" =547
45272

Provide 3 bolts on each side of web.
To resist the shear splice plates are provided on each side of web.

Maximum shear force = 60 kN.
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AW:£&=M43Wmm2

BB

Yield strength of the web [clause 8.4.1 in IS 800] =

60%10°

Area of plate required = =416 mm?

3
Number of bolts required = BOX10" =1.32

45272

Provide 2 bolts. Using 6 mm web splice the arrangement may be made as shown in Fig.

"_\_'/1

35T 1]
50 l
so| ||
70 N _ L

NI 40
50 * a5 T

+ M 20 mm bolt
50 t
33l [ 6 mm plate ”“\

6 mm plate

8.a upper storey column ISHB 300 @577N/m carries a factored load of 1200 kN and a
factored moment of 12 kN-m.it is to be spliced with lower storey column ISHB 400
@806N/m. design a suitable splice.

Solution:

Assuming that column load is transferred by flanges only,

Load on each flange = @ =600 kN.

Distance between the flanges of ISHB 300 @ 577 N/m =300 — 10.6 = 289.4 mm
Distance between the flanges in ISHB 400 @ 806 N/m =400 — 12.7 = 387.3 mm.

387.3-2894
2
=48.95 mm

Distance a =
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|
|
“ 600 kN ‘600kN

- 3873mm — »
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<S> 2770,

G <

\y <
s, >
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* *
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Q &
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T
600 kN 600 kN
289.4 mm
a 1 v a

Moment in bearing plate = 600 X 48.95 kN-mm
Width of bearing plate = Width of flange

=250 mm
Design bending stress = l‘-— = 234 =227.27 N/mm”
Ymo 11

Equating moment of resistance to bending moment, we get,
l btszs =M
6
1
X250 £ x227.27 = 600x48.95x10°

t=55.43 mm
Adopt 56 mm thickness.
Splice Plate:

(‘olumn ends are milled for complete bearing. Hence splice plates are designed for 50% of load

l.oad on splice plates = ? =600 kN.

Load on each splice plate = 300 kN.
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QO &

Assuming 6 mm thick plates, distance between splice plates = 400 + 6 = 406 mm.

12x10°

Load due to bending = =29.6 kN

lenee, Total load = 300 + 29.6 = 329.6 kN

Width of splice plate = Width of column
=250 mm.

329.6x1000 _

Thickness of splice plate = =58 mm
250%227.27

I'rovide 6 mm plates.

lolts: Using 20 mm bolts

Strength in single shear = 0.78x%>< 20% x i X % =45272 N

3

Icaring strength is higher as long as minimum end distance is maintained.
Bolt value = 45272 N.

329.4x1000
45272
I''ovide 8 bolts in two rows on each plate as shown in Fig. 6.13.

No. of bolts required = 13

400-300 _

I'hickness of filler plate = 50 mm > 6 mm.

According to clause 10.3.3.3,
Boe=1-0.0125 Lok
=1-0.0125x50=0.375

Shear capacity of bolt = (0.375) 45272
=16977TN
Number of bolts required to connect splice plate with ISHB 300 @ 577 N/m

_329.4x1000 _
16977

Provide 12 additional bolts, 6 on each side in the filler portion.

19.4
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The details of connection are shown in

T ———
ﬁ-‘ﬂ;ﬁ/ ISHB 300 @ 577 N/m
I -
I
25(?,mm
1!
e Il o Filler plate
1] ISHB300 [[] RN . :: O,/
L. @577 N/m {f | . 1
At Ll 50x4 o :
‘ 2. :: °l | Cover plate
32 e |l o
56 | Ke——
35 s
t: ::b 50 ° j.l )
U1 i 35 © 4, ©
i
i
|
ISHB 400 |~ ISHB400 @806 N/m
@806 N/m 25q:mm
L
L
TR L A
(a) Elevation (b) Side view

9. Design a slab base for a column ISHB 300 @577N/m carrying an axial factored load of
1000 kN.M20 concrete is used for the foundation. Provide welded connection between
column and base plate.

Solution:
Bearing strength of concrete = 0.45 fox
=0.45 x 20 =9 N/mm’

Factored load P, = 1000 kN.-

1000x10°

9
=111111 mm?

Area of base plate required =

Provide 360 x 310 size plate.
Area provided = 360 x 310 = 111600 mm?’.

1000x10° )
Pressure = ————— = 8.96 N/mm

111600

Projections are

a=£(—);—30—0=30mm
EILE N
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t, =

0.5
2.5><8.96(302 —0.3x302)x1.1
250

=7.88 mm.

Thickness of flange of ISHB 300 @ 577 N/m is 10.6 mm.

Provide 12 mm thick plate.

Connecting 360 x 310 x 12 mm plate to concrete foundation:

Use 4 bolts of 20 mm diameter 300 mm long to anchor the plate.
Welds: Properly machined column is to be connected to base plate using fillet weld.
Total length available for welding (Ref. Fig. 6.16)

=2(250 +250 - 7.6 + 300 - 10.6) = 1563.6 mm.

Strength of weld = MXI% ~189.37 N/mm’

N

Let ¢ be the size of weld. Then effective area of weld = 0.7¢L,
where L, is effective length.
The design condition is 0.7 £ L, x 189.37=1000 X 10°
tL,=7543.8
Using 6 mm weld, L, = 1257 mm.

After deducting for end return of the weld at the rate of twice the size of the weld at each end.
Available effective length = 1563.6 — 2 x 6 X No. of returns

=1563.6-2x6x12

=1419.6 > 1257 mm.

___ Hence 6 mm weld is adequate.
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10. Design a gusseted base for a column ISHB 350 @710N/m with two plates
450mmx20mm carrying a factored load of 3600 kN. The column is to be supported on
concrete pedestal to be built with M20 concrete.

Solution:

fop = 20 N/mm?

B, 3600x10°

- - = 400000 mm?>
045f, 0.45%20

Sclecting ISA 150115, 15 mm angle and 16 mm thick gusset plate

|
|
|
<) o|o o
l‘o olo o!
| |
o oio ollo oio o
T o o|o oio o|o o
s T [;ID 1 — :
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ISA 150 115.15 mm
X

o |||=— 16 mm gusset plate ||| o
® l«— 20 mm cover plate e
o || 1 Normal [|Jj] e
é cleat
\ [ T 1

ISHB 350 i
@ @ 710 N/m ®
<) '_ 1)
@ (o]
x p/l2 ¥ p/2

3 \&_ w = 8.57 N/mm?
T —d }
d=350+2%x20+2%x16+2x%x115=652 mm

Minimum width required =350 +2 x20+2x 16 +2 x 115
= 652 mm.

Use 700 mm wide plate.

Length of base plate = F00000. =571 mm

700
Provide 700 x 600 mm plate.

At section Y-Y, bending moment [Note: Per mm width P = 8.57 x 350 N]

2
M,, _g 57350 _T00 g 575330 4204 16H10
- g 2 2 2

= 106482 N-mm
Design moment = 106482 N-mm.

Ty _ @ =227.27 N/mm?

Bending strength =

mo

Equating moment of resistance to bending moment we get,

%x 1% 2 % 227.27 =10648>

=53 mm.

Use 56 mm base plate of size 700 X 600 mm.
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Assuming ends of columns are faced for complete bearing, the connection between gusset plate and
column will be designed for 50 percent of axial load.

Design load = 0.5 x 3600 = 1800 kN.

Load on each splice = @ =900 kN.

Using 24 mm shop bolts,
o T .. 400 1
Strength of bolt in single shear =0.78X—X24" X —=X——
4 3125
=65192 N.
Strength in bearing is higher.
Bolt value = 65192 N.
3
No. of bolts required = PY 13.8
65192

Provide 16 bolts as shown in Fig. , for connecting column to gusset plate. Use another 8 bolts to
connect cleat angle to gusset plate.

Strength in bearing is higher.

Bolt value = 65192 N.

900x10° _
65192

138

No. of bolts required =

Provide 16 bolts as shown in Fig. 6.18, for connecting column to gusset plate. Use another 8 bolts to
connect cleat angle to gusset plate.
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UNIT 3 - DESIGN OF BEAMS

1. Aroof of a hall measuring 8mx12m consists of 200mm thick R.C slab supporting on
steel | beam spaced 3m apart as shown in fig. The finishing load may be taken as

1.5kN/m?.design the steel beam.
Solution:

Each beam has a clear span of 8 m and takes care of 3 m width of slab. Hence the load per metre
length of the beam is as follows:

Weight of R.C. slab=0.1 x 1 x3 x25=7.5 kN/m
Finishing load = 1.5 x 3 = 4.5 kN/m
Self weight (assumed) = 0.8 kN/m

ymat] o vy I}
Total dead load = 12.8 kN/m.
Live load =1 x3 x 1.5=4.5 kN/m.
Factored dead load = 1.5 x 12.8 = 19.2 kN/m
Factored live load = 1.5 X 4.5 = 6.75 kN/m
Total factored load = 25.95 kN/m.
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Effective span of the simply supported beam = centre to centre distance of supports
Assuming width of support = 0.3 m,
Effective span =8+ 0.3 =8.3 m.

T2
Design moment, M = WT
2
_ 25.95%8.3 — 993 46 kKN-m
Design shear force V' = 2—952—%—3- =107.61 kN
. ) M
Section modulus required = 7 X Ymo
y
6
_ 223.46x%x10° x1.1 — 983224 mm?
2 250

Try ISMB 400 which has Z, = 1175.2 x 10° mm’.
The properties of the section are as follows:
Depth of section # = 400 mm
Width of flange b = 140 mm
Sectional area A = 7846 mm”
Thickness of flange #,= 16.0 mm
Thickness of web 7, = 8.9 mm
Depth of webd=h—2 (ty+ r1)

=400 —2(16 + 14) =340 mm
Moment of inertia about z-z axis

I, =20458.4 x 10* mm*

Elastic section Modulus Z, = 1020 x 10> mm*

Section Classification:

€

1/2
250" =(250)‘/2_10
5 250)

b _ 140

=8.75<94¢
t; 16
230 _sshefis
t, 8.9
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IHence the section is classified as plastic section check for assumed self weight:
Weight of the section = 0.604 kN/m.
Assumed weight = 0.8 kN/m.

Difference is not much. Hence the design is continued with moments and shears calculated as
carlier.

(heck for shear strength:
Design shear ¥'=107.61 kN

Design shear strength of the section

_
NE}

=—fi><ixh><tw :
o L1

=@x-1—x400x8.9
J3 14

=467128 N=467.128 kN >107.61 kN

Vy X ﬁ x shear area

Hence the section is adequate.
0.6 V;=0.6 x 467.128 = 280.277 > 107.61 kN
Check for design moment capacity:

i =38.2 which is less than 67 €, since € = 1.

t

w

Iy

mo

Hence, M, =4, Z,

B, = 1.0 since it is plastic section.

M, =1.0x1175.2x10° x21—519= 267.091x10° N-mm

=267.091 kKN-m> 223.46 kN-m.
Hence adequate.
Check for deflection:
Total working load = 12.8 + 4.5 =17.3 kN/m.
=17.3 N/mm
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Maximum deflection

g, P wL'
384 EI
5 17.3x(8300)*
384" 2x10° x20458.4x10"
=26.127 mm.
- : : — [, 8300
Permissible deflection for a beam in building (Ref. Table 7.2) = 300 = 500 =27.67 mm

Hence deflection is within the permissible limit.

Provide ISMB 400.

2. Design a simply supported beam of effective span 1.5m carrying a factored
concentrated load of 360 kN at mid span.

Solution:

Maximum moment occurs at mid span and is given by

_ WL _300xL5
4

M —135 kN-m =140x10° N-m

Z
Z, required is obtained from the relation f, P -m

mo

. 135%10°
P 250

Select trial section as ISMB 300 which has Z, = 651.7 % 103 mm?>.

or = <1.1=594.0%10> mm?>

The sectional properties of ISMB 300 are
Overall depth A =300 mm.
Width of flange » = 140 mm
Thickness of flange 7y = 12.4 mm
Depth of webd=h—2 (¢ +71)
=300—2(12.4 + 14) =247.2 mm

Thickness of web z,,= 7.5 mm

1. = 8603 x 10* mm*

Z,=573.6 < 10> mm*

Z,=651.7 x 10> mm*
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Self weight of beam = 0.452 kN/m.
Factored weight = 1.5 X 0.452 kN/m
Additional factored moment due to self at =1.5%0.452 1;—2 =0.190 kN-m
Total factored moment

M=135+0.190 = 135.190 kN-m.

Factored shear force due to self weight =1.5x0.492x 1_8§ =0.508 kN

Total factored shear force on section = % +0.508=180.508 kN
250 ’250
e= |[/—/—=,|—=1
fy 250

L] lﬂ=11.29<15.7E
2.4

Section Classification:

Ly
4 _2472 55 96<84¢
t, 15

It is classified as a semi compact (class 3) section:

Shear capacity of the section:

deﬁxixhxtw
B o
250 1

=——X—x300%7.5
3L

=295.235 % 10° N'=295.235 kN
section 1s adequate to resist shear
0.6 ¥,;=0.6x295.235=177.145kN
V>06V,
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Moment capacity of the section:

Since V> 0.6 V; and the section belongs to class 3 (semi compact) category

Z, f. 3
My=M, = ety _ 573.6x10° x250
%710 11

=130.36 x 10° N-mm = 130.36 kN-m < M
IHence the section is not safe. Revise the section. Try ISMB 350.
Sectional properties:
Overall depth # = 350 mm
Width of flange b = 140 mm
Thickness of flange 7, = 14.2 mm
Thickness of web #,, = 8.1 mm
Depth of web d =350 -2 (14.2 + 140) = 293.6 mm
Z,=778.9x 10° mm®> Z,=889.6 x 10> mm
I..=13630.3 x 10* mm*

Section Classification:

e =1.

i=ﬂ=9.86 between 9.4e and 104 ¢
tr 14.2

d 2936

t—=T=36.24 between 33.5¢ and 42

W

It belongs to class 3 (semicompact) section.

Shear capacity of the section:

:f_J lxhxtn
3 Vo
zjf’ Lx350x81_371997x103N

=371.997 kN > 180.508 kN

Section is adequate to resist shear
— 0.6 V;=0.6x371.997 = 223.198 kN > 180.508 kN —
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Moment capacity of the section:

Since * <67 e and V< 0.6V,

w

Md —_—ﬂb ZP f;,X
mo
zZ, 7789x10°

Z, 889.6x10°

Wy =

3
_T789X10° 29 6x10% x250% ——

~ 889.6x10° 1.1
—194.725x%10% N-mm

d

= 194.725 % 10° N-mm
—194.725 kN-m > 135.19 ie. M.
The section is adequate to resist moment.

Maximum deflection corresponding to working load

5o wr 360%10> x1500°
48EI  48x2x10° x13630.3x10"
=0.928mm<ﬂ
300

Hence section is adequate.

Hence use ISMB 350 as beam.

3.check the section shown in fig for web buckling and ippling if sti ing i
over a length b,=75mm. g web crippling if stiff hearing is

ERER TN | jEf
FT T N siome 1 2,
R ||
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Solution:
Section selected was ISMB 400.

End reaction = End shear = 107.61 kN.
Stiff bearing at ends = 75 mm.
From steel table,
t,=8.9 mm, lr= 16.0 mm,
radius at root = 14.0 mm.
Depth of section # = 400 mm.
Depth of web =400 - 2 (77+ r) =400 -2 (16 + 14)
=340 mm.

Check for web buckling:

PRSI MY
t 8.9

w

Hence from Table 9.c of IS 800-2007 (Table 6.4) we get,

¥ =121—%(121-107) =113.3 N/mm?

n1=ﬂ=200mm
2

Web buckling resistance of the section,
Fegy=(by +np) 1 f,
=(75+200) x 8.9 x 113.3 =277.302 X 10° N=277.302 kN > 107.61 kN

Hence the section is safe against web buckling.
Check for web crippling:
Flange thickness = 16.0 radius at root = 14.0

ny=2.5(16+14) =75 mm.

Strength of web against web crippling

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) Page 8
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1
B =(b1 +n2)tw flfwx—_

mo

=(75+75) 8.9><250><11—1 =303.409x10° N

=303.409 kN > load transferred by bearing in this case (107.61 kN).

Hence safe.

4. Determine the uniformly distributed load carrying capacity of the welded plate girder
shown in fig. When it is used as a cantilever beam of 4m effective span and checks it for

shear, deflection, web buckling and web crippling. Assuming stiff bearing length as
100mm.

Solution:

Section Moduli

I =1i2[200><8323 —184x8003]=1748.173x106 mm?*

I.. 1748.173x10°
Z =—%Z =

© Y (832
2

Plastic N-A is at mid depth since stress is f,, (comp) in top half and £, (tensile) in bottom half

—4202.338%10° mm>

M, =(200x16x 816 +400x16x400) f,

M
P _5171.199x10° mm’

Z 5 =
>4
I 200 mm | |
L 1 —=-16mm — 200 <16/
— 400 % 16 7,
200
800 mm 816
200
16 m‘m—/—"r _—— 400 < 167
—— —/ =16 mm I
| 200 % 16 7.
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Section classification:

e=1
i = @ =125, between 9.4¢ and 13.6¢
1y 16
i = 800 =51() <84 e
L 16

It belongs to semicompact class of section.

Trial section:

Assuming V' < 0.6 V,
1

My=pZ,iy—=
Pl mo Zp . }/mo
7]"0
- 4202'313f>‘250 = 955.0768x10° N-mm = 955.0768 kN-m

Let factored ud! be wkN per metre length. Then,

2 2
M= li = wX 3 =8w
2 2
Equating it to M, we get
8w = 955.0768

w=119.385 kN/m.
Shear V=wL=119.385x4=477.538 kN.
Check for shear:

— =g§9x%x832x16

T Yoo V3

= 1746.747 % 10° = 1746.74TkKN >V  safe.
0.6 V;=286.523kN>V

Vy=
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Hence calculated M, is correct.

Check for deflection:

For a cantilever beam
P WL4
SEL,

w = working load = I3 8811000 N/
1.5x100

= 79.587 N/mm.

79.587x(4000)*

T 8x2x10° x1748.173%10°
4000

=728 mm< ——
300

Hence safe.

Check for web buckling:

Slendemess ratio 4 =2.5 —h— =2.5 x%%é =1275
t

W

I'rom Table 9(c), f. =83.7— % (83.7-74.3)

= 76.65 N/mm?.
Fopo=(b; + 1)) t,,f. = (100 + 416) x 16 X 76.65
=632.822x10° N

=632.822kN>V
Web is safe.
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Check for web crippling:

F,=(bi+2.5t;) f, yL ‘.,
mo

= (100+2.5><16)><250 ﬁx16

=509.09 x 10° N

=509.09kN>V
Hence safe.

We conclude that the load carrying capacity (factored) is 119.38 kN/m.

5.design a simply supported beam of 10m effective span carrying a total load of 60 kN/m.
the depth of beam should not exceed 500mm.the compression flange of the beam is
laterally supported by floor construction. Assume stiff end bearing is 75mm.

Solution:

L=10m = 10000 mm, w = 60 kN/m

Trial Section:

wi? _ 60x10?
8 8

=750 x 10° N-mm.

Maximum BM, M =

= 750 kN-m

M fo _ 250%10°x1.1
250

Z , required =
y

=3300 % 10° mm’.
Since depth restricted is 500 mm, select ISMB 450 and suitable plates over flanges.
Z, of ISMB 450 = 1553.4 x 10°
Z,to be provided by cover plates
— (3300 - 1553.4) x 10°
= 1746.6 x 10° mm’

IfA_is the area of cover plate on each side tensile force and compressive forces developed at the time
of hinge formation = 4, ,

If the distance between the two plates is ‘d’, plastic moment resisted = 4, h 4

Hence the additional Z, provided by the cover plates may be taken as
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A, f,d 1 Apd
Z of plates = p_y X =
p p j_} 7]710 1'1

A d
1—p1—=l746.6x103

Taking d = 450+ = 450 mm.

1746.6x10° x1.1
450

Provide 220 x 20 mm plates on either side.

= 4269.5 mm?>

we get 4, =

Check for shear:

Vd=fy ! Xhxt =£Q><1—11-x450x9.4

— = w
$B Fona J3
=555.044 x 10 N = 559.044 kN

0.6V,=333.026 kN

V:60><129=300kN

Hence section is safe in shear.

Scction classification: Internal element of compression flange:

b 15
28 e swroneaia
tr 174
d _450—2(17.4+15)
—= =409<84¢
‘., 9.4
Hence plastic section.
Z r
M, = 1,0><P¥f-‘
7/1710
= (Zp of I section +Zp ofplates) e
7/1710
=[1553.4x10° +220x20x(450+20)]x%

= 823.0455 x 10° N.mm
= 823.0455 kN.m > M. Hence safe.
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Check for deflection:
. 60
Working load = T kN/m =40 kN/m =40 N/mm

_swIt 5x40x(10000)*
384E1,, 384x2x10°x1,,

where
I.. =1 of ISMB 400 + /.. due to plates

2
=30390.8x10* +2%4, Lij
2

=30390.8 x 10* + 2 x 20 x 220 (225 + 10)
= 789.888 x 10® mm*

5o 5%40x(10000)"
384x2x10° x789.884 x10°

=32.97 mm

o permissible, if elastic cladding is assured

L 10,000

(Table 6 of IS 800) =41.67 mm
240 240

Hence safe.

Check for web buckling:

h =450 mm. , s

=2, =25x——=119.68
A=2.5 =
From Table 9.c of IS 800-2007
Sfoa =94.6— 205 (94.6 —83.7) = 84.13 N/mm”

10

450
FCdH’ = (bl +n1)t“I fcd =(75 +—2—)9.4X84.13

= 237.246 x 10° N < 300 kN.

= Hence needs increased effective bearing length . Provide b = 175 mm Then
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Fope =(175+£20) x9.4x84.13

=316.94 % 10> >300kN. .. Safe.
Check for web crippling:

1
F;‘, =(b1+2.5tf)f:v —;)_tw

=[175+2.5%(17.4+20)]250x L 9.4

1.1

=573.614x10° N >300 kKN  Hence safe.

Design of connection between flange plates and flange:

Bolts/welds joining the plates and flange are to be designed for the horizontal shear at that level.

Shear stress at the level of plates and flanges

- ()

300x10°

T 150%789.884 x10° (220%20x22)

=2.506 N/mm”>

L
1.25

If bearing type bolts are used, strength in single shear = :/C‘;_— x0.78 %dz X

Using 16 mm bolts

A
1.25

400

& % 7T ]
Strength in single shear= ——x0.78x—x16" X =28974 N
V3 4

Strength in bearing is more, if minimum specified edge distances are provided. There are two bolts
in a pitch distance (one on either side of web). Hence shear force per pitch length = shear strength of

2 bolts
ie. P % (150 x 2.506) = 2 x 28974

p=154.16 mm

Provide 20 mm bolts at 150 mm c/c.

[Vote: As per clause 10.2.3.2 in IS 800-2007, the distance between the centres of any two adjacent
fasteners in a line lying in the direction of stress shall not exceed 167 or 200 mm whichever is less in
tension members and 127 or 200 mm whichever is less, in compression members].
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6. An ISMB 500 section IA used as a beam over a span of 6 m, with simply supported
ends. Determine the maximum factored uniformly distributed load that the beam can
carry if the ends are restrained against torsion but compression flange is laterally

unsupported.
Solution:

For ISMB 500,

overall depth # =500 mm

width of flange » = 180 mm

Thickness of flange tr=17.2 mm

Thickness of web = 10.2 mm

ryy=35.2 mm

Effective length for torsional buckling = 6 m.

KL
s _BEU. s
r 352
/
2390 3006
¢ 172

From Table 14 of IS 800 (Table 7.3), we get

Jerp values as shown below:

é—) 25 29.6 30
kL
r
l
170 136.7 X 1213
170.45 - 0]

I8 1271 ¥ 1122

h KL
To get the value for — =29.6 and — =170.45 it needs double linear interpolation.

tf ¥
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First get the values at X and Y corresponding to L =296
t

KL h
To get the value at X(— =170, —= 29-6J
s tf

fory =136.7 —% (136.7-121.3) =124.16 N/mm?>

To get the value at Y(ﬁ =180, LA = 29.6J

¥V tf
4.6 2
Lop & 127.1—? (127.1-112.2) =114.57 N/mm

The value of £, at i, =29.6 and S 170.45 .
tv -

f !
To get the value at O.
0.45

fcrb = 12416_?

(124.16-114.57) =123.5 N/mm*

Referring to Table 13(a) in IS 800 [7.4(a)], for £, =250 N/mm2,
we find f;,=77.3 N/mm? £, = 100
and fy;=106.8 N/mm? for £,,, = 150.

' For f,,=123.5,

foa =713+ %(106.8 —77.3)

=91.165 N/mm?>

Section classification:

e= —2—52=1.0

250
i: ﬂ: 1046<10.5€
te 17.2
d=h —2(zf +R)=500-2(17.2+17)=431.6 mm

d _43L6
t, 102

<105¢

w
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Estd: 2007

Hence it belongs to class 2 (compact) category.

My= By Zp foa
By=1, Z,=2074.7x10° mm’, foq=91.165 N/mm®
M,=1x2047.7x 10° x 91.165 = 189.14 x 10° N-mm

= 189.14 kN-m

wI?

If udl w is in kN/m, then T M,
2
WX O 189.14
8
w =42.03 kKN/m.
Self weight = 86.9 kg/m = 86.9 X 9.81 =852 N/m

=0.852 kKN/m.
Factored self weight = 1.5 x 0.852 = 1.278 kIN/m.
Super imposed ud/ that beam can carry

=42.03 - 1.278 =40.752 kN/m

7. Symmetric trusses of span 20m and height 5m are spaced at 4.5m centre to centre.
Design the channel section purlins to be placed at suitable distances to resist the
following loads:

Weight of sheeting including bolts=171 kN/m?

Live load=0.4 kN/m?

Wind load=1.2 kN/m?

Spacing of purlins=1.4m

Solution:
Height of truss =5 m Span of truss =20 m
Slope of main rafter of symmetric truss
tanB = 2 or 0 =26.565

10
Design for DL + LL:
D.L from sheeting = 171 N/m?
Self weight of purlins = 125 N/m?. (assumed)
Total dead load = 171 + 125 = 296 N/m? = 0.296 kN/m?
Live load = 0.4 kN/m?
Factored DL + LL is
=1.5(0.296 + 0.4)
= 1.044 KN/m?
= 1.044 x 1.4 = 1.46 kN/m, vertically downward
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.. Load normal to sheeting
=1.46 cos B = 1.46 cos 26.965
=1.306 kN/m

Load in the direction parallel to sheeting
= 1.46 sin© = 0.653 N/m.

Bending moments are:

4.5
M. =1.306x = 3.306 kIN-m
4.5%
M, =0.653x =1.653 kN-m
Shear forces are:
4.5

F, = 1.306x7 =2.939 kN

F, = 0.653><% =1.469 kN

Try ISMC 100 section.

d=100—2(7.5+4.5) =76 mm b =50 mm
6 6
Z . required :Mxl.l +2.SXEXMXI.1
RE 250 50 250

=42.185%10> mm’
Z,. of ISMC 100 is 43.8 x 10> mm?. Hence adequate.

Check for shear:

Vy, = Iy x;xht“,=@xix100x4.7=61671N>F__
N3 P g3 1.1
Iy 1 250 1

V, =——X——X[2btf )=—F—X—x%x2%x50x7.5

T B s %) 43 11

=94412 N> F,

Section is adequate to resist shear.

Design capacity of the section:
Section classification:

b S0 EEraas
Ir

d
iy

ANV}

=——=16.17<42

T
7
ol

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES
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Mence the section is plastic.
Z ; 4 3
pzf) 3.8x10 %250 9.955X106 N-

M, = =
=y 1.1
=9.955 kN-m
Ly T
Md_v — py /Yy
77710

7 = It may be taken as contribution by flanges only

( b2t

£

=bt, X—=| ——
779 5

- %><7.5><502 =9375 mm>

f—_9375 715? 2.131x10% N-mm

M, =2
y ~“py
}/I)IO

=2.131kN-m

M,
M, My 3306 1653 40
Mg, Mg, 9 955 ' 2.131

Section fails to satisfy interaction formula.

Ity ISMC 125.
2= Ti2x10?

My, =7712x 21—5?_17 545%10% N-mm
 =17.545KN-m

M, =%x8.1x652 x?iif=3.889x106 N-mm

54
=3.889 kN-m

M,
M y 3306 1653 _ 00 g

Z

+ =
My, Mg, 17545 3.889

Hence adequate.
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Check for wind condition:

At this stage live load is not to be considered since wind force is suction and hence critical load condi-
tion is when there is no live load.

For this condition of loading:
Factored DL = 1.5 X 0.4135 = 0.620 kN/m, vertically downward.

[Note: Though DL reduces net moment about z-axis, it increases moment about y-axis. Hence load
factor should be taken as 1.5.]

Wind load = 102 kN/m? = 1.2 x 1.4 = 1.68 kN/m
Factored wind load = 1.5 x 1.68 = 2.52 kN/m, suction wind load acts normal to sheeting,
Load normal to sheeting =—2.52 + 0.620 cos 26.565°
=1.965 kN/m.
Load parallel to sheeting = 0.620 sin 26.965°

=0.277 KN/m
4.5%
M. =1.965x -2 =4.974 kN-m
= 8
4.5%
M, =0277x =0.701 KN-m .

M. for laterally unsupported compression flange is to be found.

Effective length of simply supported beam with destabilizing loading (since load do not act through
shear centre) = 1.2 L = 1.2 X 4500 = 5400 mm.

r,=19.2 mm

e POy 5
ry 19.2
L. 15.43
tr 8.1
From Table 14 of IS 800 (Table 7.3), f,,;, is to be found by double linear interpolation. From the tablg

]
tp —> 14 15.43 16
A
¥
280 126.9 X 111.9
281.25 (@)
290 122.3 Y 107.8
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AtX, £, =126. 9—%(1269 111.9)=116.18 N/mm?

AtY, fc,,,—1223—%(1223 107.8)=111.93 N/mm?

At O, f.p 11618—12(11618—11193)—11565N/mm
s 10

I'rom Table 13.a in IS 800 (Table 7.4)
15.65

foa =773+ (106.8 —77.3) = 86.53 N/mm?>

My =Py 2, fyg=1x77.2 x 10° x 86.53
=66.8 x 10° N-mm = 66.8 kN-m
My, =2.593 kN-m (as found earlier).

M, | M, 4974 L0701
Mg, Mg, 668 2. 593 ©

Hence the section ISMC 125 is adequate.
Check for Deflection
=416.4x 10*mm* w=1.306 kN/m = 1.306 N/mm.
5 wL'_ 5 1.306x4500"

o= — _
384 65 384 2x10°x416.4x10%
=6.5 mm.
Permissible deflection = L = ﬂ =30 mm
150 150

Hence safe.

Provide ISMC 125 as purlin.

8.An ISLB 300 carrying udl of 50 kN/m has effective span of 8m.this is to be connected to
the web of girder ISMB 450.Design the framed connection using 20mm black bolts.

Solution:

1. Connection of cleat angle with the web of secondary beam:
Strength of M20 bolts in double shear

=f;tbx

1
\/§ Y mb

=300 1 ot 785X 3 T «20?

J3 125

=103.314x 10> N = 103.314 kN.
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Strength in bearing over web of ISLB 300:

Providing an edge distance e =40 mm and pitch p = 60 mm, we find

40 60 s 400
3%22° 3x22 410’

K, =0.606, Now ¢t =1¢,,=6.7 mm

K, as the minimum of 1.0.

Strength in bearing = 2.5 K}, dt f, X

Vmb

= 2.5x0.606x20x6.7x410x1—;—5

= 66594 N = 66.594 kN
Bolt value = 66.594 kN

End reaction = 50 X —i— =200 kN
Factored reaction = 1.5 x 200 = 300 kN

300 _,s0
66.594

No. of bolts required =

Provide 6 bolts in two rows.

2. Connection of angle with web of girder:
Thickness of web of girder (ISMB 450) = 9.4 mm

Strength of bolt in single shear

_Jw o 1 s 078xZa?

3125 4

=ﬂ><—l—xo.78x%xzo2 = 45272 N

J3 125

=45.272 kN
Strength in bearing is more than it.
Bolt value = 45.272 kN.

No. of bolts required = L. 6.6

45272

Provide 4 bolts in each angle at 50 mm spacing [Note even with this spacing strength of bolt in bear-
ing is more than strength in single shear].
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Design of cleat angle:

To keep the bearing strength on cleat angle greater than strength in single shear, thickness of cleat
angle is given by

25K, dt f, x— —@xLxmsx%xdz

}/mb—\/g Vb
2.5%0.606x20x¢x410x —— =390 1 . 0.78xF x202
125 3 125 4
t=4.56 mm.

Use 6 mm thick angle.

Provide ISA 15075, 6 mm angle with 150 mm leg on secondary beam so that, two rows of bolts may
be provided in it.

Depth of angle required on secondary beam =40 + 60 + 60 + 40 = 200 mm
Depth of angle required on main beam (girder) = 40 + 50 + 50 + 50 + 40 = 230 mm.

Provide 230 mm long cleat angle as shown in Fig. 8.7.

ISA 15075, 6 mm I ISLB 300
(O — e

40 ]| Ny
50 (o] o

—+ 60
50 o o L 230
50 60

1 (o] o
40 k2

~ ISMB 450

9. An ISMB 400 beam is to be connected to an ISHB 250@537 N/m to transfer a end force
of 140 kN. Design the double plated welded connection.

Solution:

Factored V=140 x 1.5=210 kN

Using 50 mm wide plates, factored moment on weld connecting plate and web of beam (weld B)
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M=210x 50 =kN-mm = 210 X 50 x 10°> N-mm.
I'hickness of plate should be 1.5 mm more than the web thickness of the beam.
Thickness of plate =7, + 1.5=8.9 + 1.5 = 10.4 mm.

lse 12 mm plates.

Since one weld is shop weld and the other is field weld, design is made for field weld and the same is
adopted for shop weld also. For field weld partial safety factor ¥, = 1.5. Hence

1
Strength of weld = Ax— = ﬂx !

B1s 315

fig = 157.81 N/mm?

Desien of Weld B:

1" 210 kKN-m; M =210 x 50 x 10° N-mm. Assuming 6 mm as the size of weld, throat thickness of
weld = 0.7 x 6. Since there are two rows of welds,

L[ oM _\/6x210><50x103
2XtX fig  Y2x0.7x6x157.81

=218 mm.

I'he above depth is required to resist bending alone. Since the weld has to resist shear also, try 15 to
0"y additional depth.

Il depth #=1.2 X218 =261.6 mm
ly /1 =260 mm

“elected A 1s between %to % rd of depth of beam.

Bending stress ¢, = M _SM

2th?

_ 6x210x50x10°

_ 2
T X0 7x6x2607 1023 Nimm

» 210x10°
Iirect shear stress ) =—=

2th  2x%x0.7x6x260
=96.15 N/mm?

Resultant stress g = \/l 10.95% +96.152
=146.8 N/'mm? < 157.81 N/mm?>

Ienee adequate. Provide 6 mm size fillet welds, 260 mm long.
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Design of Weld A:

This weld carries only shear.

V=210kN
The length of this weld is also kept 260 mm.
Let size of the weld be s.

Throat thickness of weld 7= 0.7 s. Since there are two weld lines equating strength of
welds to shear, we get

2 tdf;vd= V
2% 0.7 5 %260 % 157.81 =210 x 10°
s=3.65

Provide 5 mm welds.

10. An ISMB 400 transfers an end reaction of 160 kN to the flange of an ISHB 300
@577N/m. design an unstiffened welded seat connection. take f,=185N/mm?

Solution:
For ISMB 400,

Width of the flange, bf= 140 mm, tr= 16.0

£,=89mm r; =14 mm.

F _ 160x10°
fot,, 185x10.2

b=B—-3(t,+1n)=848—--/3(16+14)

=32.8 mm ¢£

2
b=%‘8—=42-4mm

B=

=84.8 mm

10 mm
——

X
45—

T

X

ISA 150115 .12
bH=42.4

| =
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(a) Design of Seating Angle:

Assuming 12 mm thick angle of size 150115, the distance of end reaction from critical section

= 10+%><42.4-(12+13.5)

=5.7 mm
Bending moment at the critical section in the angle = 160 x 10° x 5.7 N-mm
Length of seating angle = 140 mm
Moment of resistance
1 2
.2z _ 250XZXI4OXt

My="2F = =7000£2
i 125

Equating it to the applied moment, we get
70007 = 160 x 10° x 5.7

t=11.41 mm

Hence 12 mm thick angle is adequate.

(b) Design of weld:
Length of vertical weld = 150 mm
If ‘7’ is the throat thickness of weld,

_ 160x10° _ 533.3
T = o x150%1 t

The distance of end reaction from this weld

=£2'4+10:31.2mm

Mat weld = 160 x 10> x 31.2 =4992 x 10° N
Hence horizontal shear

4992x10°  665.6
t

qn = 1
2><gxtx1502

t Tt

8529
t

2 2
Resultant shear stress = \/(—533'3 ) + (—665'6 J
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Strength of weld = A>< - =189.37 N/mm

3 1.25

Equating resultant shear stress to it, we get

52.
852.9 _189:37
t=4.504
s oPweld, pes e O
07 07
=6.43 mm

Provide 8 mm weld.
Since angle thickness is 12 mm, 8 mm weld can be provided at the edge of angle | s # %12 . Hence

selected angle is ISA 150 x 115, 12 mm and is connected by 8 mm welds. At the top cleat angle
ISA 100100, 6 mm may be field welded with 6 mm weld.
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UNIT 4 -PLATE GIRDER

Plate girders are typically used as long-span floor girders in buildings, as bridge girders, and
as crane girders in industrial structures.
Commonly term girder refers to a flexural cross section made up of a number of elements.

They are generally considerably deeper than the deepest rolled sections and usually have webs
thinner than rolled sections. Plate girders are at their most impressive in modern bridge construction
where main spans of well over 200m are feasible, with corresponding cross- section depths, over the
supports, in the range of 5-10m.

Need:

1. Large Spans (above 20m)

2. Heavy Loads

3. Road or Rail Bridges

4. When rolled I-Sections are not available (i.e., above 500mm depth)

Elements of Plate Girder: (Welded)

1. Web

2. Flanges

3. Stiffeners (to avoid Web Buckling & Web Crippling Failure)

a. Transverse Stiffener (Vertical)

i. End Bearing Stiffener

ii. Intermediate Stiffener

b. Longitudinal Stiffener (Horizontal)

I. 1st stiffener at 0.20d from top

ii. 2nd stiffener at 0.50 d from top

Selection of Stiffeners:

Case | k=d/ty End Bearing Intermediate Longitudinal bi/tg
Stiffener Stiffener Stiffer
I <67 NO NO NO 8.4
1] 100-110 YES NO NO
11 200 YES YES NO 13.6
IV >250 YES YES YES
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Case I: Design is Simple (similar to beam). But, uneconomical

Case II: Economical. Example: For k=67,

depth=67 x tw and b= 8.4 x tf

Stiffeners are provided to transfer transverse concentrated compressive force on the flange into the
web and are essential for desired performance of web panels. These are referred to as bearing
stiffeners. Intermediate web stiffeners are provided to improve its shear capacity. Design of these
stiffeners is discussed below.

Load bearing stiffeners Whenever there is a risk of the buckling resistance of the web being
exceeded, especially owing to concentrated loads, load-bearing stiffeners are provided. Normally a
web width of 20 t on both sides as shown in Fig. is assumed to act along with the stiffener provided
to resist the compression as an equivalent cruciform shaped strut of effective length 0.7 times its
actual length between the top and bottom flanges. The bearing stress in the stiffener is checked using
the area of that portion of the stiffener in contact with the flange through which compressive force is
transmitted.

Intermediate stiffeners The intermediate stiffeners are provided to prevent out of plane buckling of
web at the location of stiffeners. The buckling resistance Pq of the stiffener acting as a strut (with a
cruciform section as described earlier) should be not less than (Vt -Vs) where Vt is the maximum
shear force in the panel and Vs is the buckling resistance of web without considering tension field
action. In its limit Vs will be equal to VVcv of the web without stiffeners. Sometimes the stiffeners are
provided for more than one of the above purposes. In such cases stiffeners are considered for their
satisfactory resistance under combined load effects. Such combined loads are common.

longitudinal
stiffeners

W

transverse
stiffeners
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Flange splices A joint in the flange element provided to increase the length of flange plate is known
as flange splice. The flange splices should be avoided as far as possible. Generally, the flange plates
can be obtained for full length of the plate girder. In spite of the availability of full length of flange
plates, sometimes it becomes necessary to make flange splices. Flange joints should not be located
at the points of maximum bending moment.

DESIGN PROCEDURE FOR PLATE GIRDER

Design of Plate Girder:
Step 1: Assume Self Weight of Beam @ WL/2000
Where,
W = Superimposed Load on
beamL = Effective Span
Step 2: Calculate Bending Moment & Shear Force
Step 3: Find economical depth, d

d=[M. k/ fy]*?

Where, k = d/tw =67 or 100 or 200 or 250 (based on case 1, 2, 3, 4)
tw=k.d

Select suitable Web Plate
Step 4: Select suitable Flange
Equate M=C x Zor T x Z and find Af
Where,
C = Compressive Force = Area of Flange x Design Stress
= Af x (fy/mo)
Z = Lever Arm = C/c of two flanges
Step 5: Equate Af=b. tf and find tfand b
Where,
tf = thickness of flange plateb
= 8.4 tf for Case |
b =13.6 tf for Case II, III, IV
Step 6: Check for moment carrying capacity of beam

Md > Mu
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Md = Z. (fy/ymo)
Where,
Z = Ixx / Ymax
Ixx = 2 [b.tf*/12 + (b. tf) Y?] (Note: Ixx of web is negligible)
Ymax = Neutral Axis to Top of the flange
Step 7: Check for Shear Resistance (clause 8.4 of 1S 800:2007)
Vd > Vu
Step 8: Check for web crippling (at supports)
Fw > Vu
Fw = [(b1+n2) tw].[(fyw/ ymo)]

THE CONSTRUCTIONS OF DEDUCTT®

Shear Studs
Top Fiange Wed
Web stiffener Bottom Fiange
Flange to web
fillet wed

Flange Horizontal Stiffner

|

AN BN

N X
End stiffiner Intermediate stiffner
Fig : Plate Girder
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1. Design a welded plate girder of span 30m to carry on superimposed load of 35kN/m.avoid use
of bearing and intermediate stiffeners. Use Fe415 steel.

Solution:

1. Moment and shear force:
Span =24 m.
Super-imposed load = 35 kN/m

Factored load =35 x 1.5 =52.5 kN/m

Self weight = s =6.3 kN/m.
200

Total factored load = 52.5 + 6.3 = 58.8 kKN/m.

wl? _ 58.8x247
g8 8

Maximum moment M =

=4233.6 kN-m.
Maximum shear force = End reaction

wL _ 58.8x24

2 2
=705.6 kIN
2. Depth of web plate:
If stiffeners are to be avoided,
ey
t\l’

Economical depth of web

6 1/3
[P _(4233.6x10° x 67
d= =
N 7 250

= 4043 mm.
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O,

Use 1000 mm plates.

£, 22090 > 14,92
67
Select 7, = 16 mm.

Thus web plate selected is 1000 mm X 16 mm.

3. Selection of Flange:
Neglecting the moment capacity of web, area of flange required is

Ay Jyl
Il

=M

Af x250x1000
1.1

>4233.6x10°

Ay=18628 mm’

To keep the flange in semi compact category tﬂ <13.6

F
Assuming f,= —
AT

weget, Ar=1214= 18628
ty=39.33 mm
Select 40 mm plates. Width of plate required = 12 x 40 = 480 mm.

Hence use 480 mm wide and 40 mm plates. Section selected is shown in Fig,

480

1000 mm

— |=— 16 mm

40 “— [

+
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4. Check for the moment capacity of the girder:

Since it is assumed that only flanges resist the moment and flange is a semi compact section, (clause
8.2.1.2).

m,=Zeh
ymo
2
Now .= 2[%x480x403+480x40x(w)]

=2x%5196.24 x 10° mm*

I.. _ 2x5199424x10°
Ymax 540

7z =

e

=19.238%10° mm?>

6
: 2
M,,=19238X1110 X230 _ 4372.256 105 N-mm

=4372.256 kKN-m > M Hence section is adequate.

5. Shear resistance of web [clause 8.4]

V,, A, f:vw dt, f:vts'
Vd - = ==

7”10 . 7m0-\/§_ 7/"10\/5

L _ 1000 x16x250
d 1.1/3

= 2099 kN > 705.6 kN
Hence section is adequate.

=2099x10° N

No stiffeners are required.
6. Check for end bearing:
Bearing strength of web

Ev :(b] +n2)tw&

no

Assuming that the minimum stiff bearing provided support = 100 mm.

Dispersion length 7, = 2.5 X 40 = 100 mm

F,, =(100+100)><16><71—5;)=727><103 N = 727 kN.

> 705.6 kN
Hence adequate.

End stiffener is also not required.
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7. Design of weld connecting web plate and flange:
Maximum shear force = 705.6 kN.

Shear stress in flange at the level of junction of web and flange

F
—E(

ay)

3
o WBORID 6[480><16>< 500+ 18 ]
480X 2% 5601.28x10 2

q

=0.512 N/mm®
Shear force per mm length in the junction

=0.512x480=245.76 N

If 5 is the size of shop weld, threat thickness is 0.7s. Providing weld on both sides of web strength
per unit length

=2x0.7sx4—quL=265.1s
1.25

NG

Equating it to shear force, we get
265.1 s =245.76
s =0.92 mm.

But a minimum of 5 mm is to be provided since thickness of web is 16 mm. Intermittent welds may
be provided [clause (0.5.5)].

% of weld length = %XIOO=18.4

Use 40 mm long welds with a gap of 160 mm which satisfies the clauses that

(a) Minimum weld length 40 mm
(b) Maximum unwelded length 12 X 16 = 192 mm

and also the required percentage welding.
Final Design:

Web: 1000 x 16 mm.

Flange: 480 x 40 mm.

No stiffeners are required.

Weld: 5 mm intermittent of length 40 mm and a gap of 160 mm.
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_2. Design_ a welded plate girder of span 30m to carry on superimposed load of 35kN/m. use
intermediate stiffeners. Use Fe415 steel.

Solution:

1. Moment and shear

Maximum moment = 4233.6 kN-m

Maximum shear force = 705.6 kN

2. Depth of web

If stiffener spacing ‘¢’ is between ‘d" and ‘3d" where *d" is depth of web, then serviceability require-

mentis k= ‘—!- <200
t

W

Taking f = L =190, we get economical depth as

t
(]
d=|—
| S

W

6 1’3
4233.6x10° x190
[ 250

1476 mm
Use 1500 mm wide plates.

{om= 15—09 =7.89 mm
190

W

Use 1500 mm wide, & mm thick plates.

Provide stiffeners at every 2 m interval (3d 2 ¢ 2 d).

3. Flange
Assuming flange alone resists the moment,
Agx f,xd "

1.1
A,xZSOxlSOO

M
>4233.6x10°

Asz 12418 mm®.
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I keep flange in semi plastic class,

b= 13.6 7
luking  Abe=13.61,
weget, 13.60x6= 12418
e = 30.2
Provide 32 mm plates,
y = 1—;;23 = 388 mm

Use 400 mm wide, 32 mm thick plates.

The trial section selected is shown in Fig.

4. Checok jor shear buckling:

Using simple post critical method {clause 8.4.2.2 a)

[ 300 —={
C ] 32 mm
1500
£ mm
[ 32 mm
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For & =1.0
d

- 5.35+; =7.6

(c]z (2000)2
d 1500
K.PE  16xx x2x10°

12{1_(,2)[:{)2 12(1—0.32)(%]2

w

K,=535+

v 250

4 =1.92
" YV3r, VYV3x3908

Since A.>1.2,

. 2
B A e 290 e

PT(Ba2) ez

V,=V.,=A1,
= 1500 x 8 x 39.15
=469.800 x 10° N = 469.8 kN < 705.6 kN.
Hence intermediate stiffeners are to be used to improve buckling strength of the slender web and
shear capacity of end panel should be checked.
5. Check for the end panel
Since it is going to be stiffened web panel, it should be checked as per clause 8.5.3 of IS 800,
po Sty _ 15008 250

)
! \'fg

=1732.05x10° N

=1732.05 kN

0.5
469
=l.25xl732.05[l— 469.8 )

1732.05

= 1848.26 kN
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HQ
Ry =—1=924.13kN

_H,d 1848.26x1500

My = = 277239 KN-mm
10 10

=277.239 kN-m.
The end panel is to be checked as a beam spanning between the flanges to resist R,cand M.

Area resisting shear = 1,4 =8 x 1506 = 12000 mm’

5 A, S 12000% 250

By Bxl

= 1574.59 kN > 705.6 kN.

=1574.59x10° N

End panel can safely carry the shear due to the anchoring forces.

I= 1_12"'“’03 =ll7x8x20003 =5333.3x10° mm*

I £ 53333x10° 250
X = X
Ymax  Ymo 1000 11

=1212.12 x 10° N-mm
=1212.12 KkN-m > M,

Hence the end panel can carry the bending moment due to anchor forces.

6. Design of end stiffeners
Reaction at end = 705.6 kN.
Compressive force due to the moment M,

_ My 277.239x10°
¢ 2000

=138.62x10° N

= 138.62 kN
Total compression = 705.6 + 138.62
= 844.22 kN.
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Strength of the stiffener (clause 8.7.5.2):
:i‘l,fi = A, %250
08y, 08xll1

:p.vd

Equating strength to the force to be resisted we get,
2

A, %250

8T —844.22x10°
0.8x1.1

A,=2972 mm*
Provide 200 mm wide, 10 mm thick flats on either side of web. Then Ag provided
=2 %200 x 10 = 4000 mm? > 2972 mm".
Check for outstand:
It should not be more than 20 7, = 20 x 10 = 200 mm
This requirement is satisfied.

Since it is more than 14 x 10, the core section is based on the width 14 x 10 = 140 mm®

Core area of each stiffener = 140 x 10 = 1400 mm-.

Buckling check for stiffeners
Considering stiffeners only,
I —l—xl()x(-'lOO —8)3 ~ L xioxg?
12 12

=50.196 x 10° mm*.

Effective area =2 x 140 x 10 = 2800 mm?

v
r= \/Zz,’”"%x'o— ~133.89
A 2800

kL,=0.7%d=0.7x 1500 = 1050 mm.

From Table 9¢ of IS 800 (Table 6.4 in this book)
fea=227 N/mm?.
Assuming 20 x web thickness on only one side, effective area =2 x 140 X 10 + 20 x 20x 8
= 6000 mm”.
Buckling resistance of stiffener = 6000 x 227 = 1362 x 10° N = 1362 kN
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This is more than 844.22 kN,

Hence stiffener is adequate.

Checking stiffener for load bearing (clause 8.7,4):
Taking stiff bearing b, =0
ny=2.5X1;=2.5%32 =80 mm.

Local capacity of web

Fo= (bl +n2)f“._/;.“. _ (O+80)X8X250

Y 1.1

= 145454 N
= 145454 kN
The stiffener is to be designed for a force = 844.22 — 145.454
= 698.766 kN.
foa=227 N/mm?
Area of stiffener alone = 2 x 200 x 10 = 4000 mm”.
Bearing capacity of stiffener alone

_ 227X4000 _ oo 4s4x10° N

= 825.454 kN > 698,766 kN.
Hence the stiffener is safe.

Thus end stiffeners of size 200 mm x 10 mm are adequate.

1. Design of intermediate stiffeners

As the shear force goes on reducing towards mid span, the first stiffener from end is critical. Since
first intermediate stiffener is at ¢ = 2 m from end,

shear on this stiffener = R - 2w
=705.6 -2 x 58.8 = 588 kN.
In this case ¢ = 2000 mm
d = 1500 mm.

¢ 2000
L
d 1500 <\2
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1.5d%

~

Hence minimum /; =

_ 1.5x1500° x 8’

= = 648000 mm*

Try intermediate stiffeners of size 120 X 10 mm on cach side. This is not violating outstand clause
(=201,

1. =L x10% (12048 +120) ——x10x8’
12 12

=12.71 x 10° mm* > I, required.
Hence adequate.
Check for buckling
Shear buckling resistance of the web alone
V., =469.8 kN (as found in 4)
V-V, _588-469.8

Shear strength of stiffeners alone required = =107.45kN

}'mo
Buckling resistance of intermediate stiffener (clause 8.7.15):

Considering 20 x £, = 20 x 8 = 160 mm width of web on both side along with stiffeners [Ref. Fig.
I.=1+ 2% - x160x8*
’ 12

=12.71 x 10° + 13653

=1 2:73eK 10° mm*.

10
-
160
18
160
(-
|t 160 —|a— |60 —!
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Area=2x 120 % 10 + 2 % 160 x 8 = 4960 mm"*

o B | 6
i I2PX10 o 5066
\ 4960

kL =0.7 x 1500 = 1050 mm.

A= 1004 =20.73
50.66

From Table 9¢ in IS 800 (Table 6.4c¢ in this book)
foy =224 N/mm®,
Buckling resistance = 224 x 4960 = 1111 x 10° N-= 1111 kN

This is more than required resistance of 107.45 kN. Hence the stiffener is safe.
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3. Design a truss of span 15m spacing 4m to be built near Visakhapatnam with the
following details:

Class of building=general with life of 50 years

Terrain: category 2

Max.dimension:40m Width

of building: 15m Height at

eve level: 8m Topography:

less than 30°

Solution:

L. Selection of Configuration:

Let a pitch of l be provided.

; - L
Height of truss = i 15=3m

a5

Slope of top chord = tan™’ -_;E =21.8°

I purlins are to be placed on top panel point only, pancl length should be around 1.4 m so that suf-
ficient lap can be provided when 1.65 m A.C. sheets are used.

Length of top chord \."T.ﬁ:" +3¥ =5078m

-

If we sclect 6 pancls, length of panel = AL i =1.Mém  say 1.35m

4]

H{':TIFL‘ Ean-Type truss shown in Fig. 12,12 is selected. [Nore: It is not absolutely necessary 1o provide
purlins always on panel point, When they are not on panel pomts, top chord members are to be de-
signed for bending also].

2, Loads:
DL: As inthe example 12,3,
Wt. of sheeting including laps and connections = 170 N/m”

Wi of purling = 120 N/m®

15

— | o — o 20X 0 ]S Y — — -
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Self wt. of truss =20+ 6.6 L
=20+ 6.6x15=120N/m°
Total dead load = 170 + 120 + 120 = 410 N/'m*
Each purlin takes care of an area = 1.35 x 4 m™.

Load on cach intermediate panel point =410 x 1.35 x4

=2214 N
=2.214 kN.
; = M = 1.35 045
Load on shoe: Taking 450 mm roof projection load = 410 x R 4=1476 N =1.476 kN

Live load:
LL =750 - (21.8 10} %20 =514 N/m’
LL on intermediate panel point = 514 x 1.35 x4 =2776 N = 2.776 kKN

1.35  0.45
-

- “~

LLunshoc=514x[ ) »4=1850 N = 1.§850 kN
Wind Load.:

As in example 12.3,

Wind pressure on windward side = 1.872 kN/m?*

and wind pressure on leeward side = -1.636 kN/m?’,

Wind load on panel points on windward side:

ta) Intermediate panels = — 1 872 % 135 w4 = - 10110 kN
(b} Atecrown joint = - 3050

{c) Atshoe =—1_3?z[w5”’.] d

=674 kN
Wind load on leeward side:

{a} Imtermediate panel= -1.636 = [ 35 x4 = B 81 kN
(b} At ¢crown joint = — 4,415 kN

{c) Shoe = —I-fﬁﬁ[@'ﬁj_u] wd

=59 kM.
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3. Analvsis:

The truss is analysed for the dead loads as shown in Fig. 12,13 and dead load forces in various mem-
bers are entered in column 3 of Table 12.5. Since live loads are in direct preportion of live load in the

ool B . ; : . .
ratio ﬁ » the forces in various members due to live load are found by the ratio 4—:; and arc listed

in column 4 of Table 12,5,

2214
1470 kN

|
|
J
i
I

Figure 12.13

Wind load analysis 1s carried out for the loads as shown in Fig. 12.14 and the member forces are
entered in Table 12.5.

The above analyses were carmied out using software STAAD PRO 2005, They may be carmied out
using method of joint clubbed with method of scction also.

4. Design Forees:

It may be observed that in a member dead loads and live load produce forces of same nature while
wind load produces force of opposite nature. Hence for getting design forces the following combina-
tions are to be considered:
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Table 12.5 Member forces [Tension +Ve, compression —Ve]

Group Member D.L in kN L.L.in kN Wt. in kN
[ 1 —-41.105 ~41.105 133.438
2 - 29.807 ~37.368 122.823
3 - 29.807 ~37.368 126.867
4 —-28.317 - 35.500 123.581
5 -25336 ~31.763 112.966
6 —-25.336 - 31,763 117.010
7 —-25.336 - 31,763 112.621
8 —-25.336 -31.763 109.084
9 -28.317 —~ 44,500 118.360
10 -29.807 - 37.368 121.230
11 - 29.807 - 37.368 117.698
12 —-32.784 -41.105 126.970
1 13 30.443 38.165 ~ 124,466
14 24.908 31.226 —~97.244
15 16.605 20,817 -56.410
16 16.605 20.817 -56.410
17 24908 31.226 -92.071
18 30.443 38.165 - 115.845
11 27 10.807 13.548 - 53.154
24 6.484 8.041 -31.892
29 10.807 13.548 —-46.420
33 6.484 8.041 -~ 27.852
v 22 - 6.484 - 8.041 31.892
34 - 6.484 - 8.041 27.852
v 23 5.535 6939 ~27.223
32 5.535 6,939 -23.774
21 4.323 5,420 -21.261
35 4.323 5,420 - 18.568
Vi 19 — 2,981 - 3.757 14.660
20 -2.214 -2.776 10.889
25 - 20981 -3.737 14.660
26 -2214 -3.737 14.660
37 - 2981 -2776 10.889
36 -2214 -3.737 12.809
31 2.281 - 3.737 12.803
30 -2.244 - 2813 9.510
28 0 0 0
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(i) DL+ LL
(1) DL + WL

From Table 4 of 1S 800-2007, we find load factor is 1.5 for load case (1) whercas for load case (i) it is
0.9* for DL and 1.5 for WL. Hence the factored force in a member 15 to be found for

(1) 1.5 % (Force due to DL + Force due to LL)
{11} 1.5 x Force due to DL + 1.5 Force due to WL

In r:::;h group combination of design forces arc checked for various members and the one which gives
maximum +ve and maximum -ve force is picked up.
For group I (Tap chord members) the design forces are

L5(- 32,788 - 41.105) = - 110.840 kN

and 1.5 (-32.788) + 1.5 % 133,438 = 150.975 kN

For group IT; (Bottom chord members)
1.5 (30,443 + 38.165) = 102.912 kN
and 1.5« 30,443 - 1.5 % 124.466 = -141 035 kN

For group [IF: [Main slings]
L5 (10,807 4 13.548) = 36.533 kN
and L5 > 10807 - 1.5 % 53,154 = 63,520 kN

For group [V
L5(-6.484 - 8.041) = - 21.788 kN
and 1.5 (- 6.484) + 1.5 % 31 892 = 38112 kN

For group V-
1.5 (5.535 + 6.939) = 18.711 kN
1.5 x5.535—-1.5%23.774=—27.359 kN

For group VI:
1.5 (—2.881 —3.737) =—9.927 kN
1.5%(—2.981) + 1.5 x 14.660 = 17.519 kN
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5. Design of Members:

A member in each group is designed for the major force and checked for minor force. The design pro-
cedure for tension is already explained in chapter 5 and the procedure for the design of compression
member has been explained in chapter 6.

6. Design of Connections:

Using gusset plates of thickness more than the thickness of members and connections are designed
using bolts or welding. Bolted connection design has been already explained in chapter 3 and welded
connection design procedure has been explained in chapter 4.

7. Suitable end bearings are designed, which depend whether the truss is supported on steel col-
umn or concrete column or on masonry.
8. Drawing: Figure 12.15 shows the detailed drawing.

1SA 5050.6

21SA 7550,6

25m ] 25m l

Design details of trusses.
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UNIT 5—- DESIGN OF GANTRY GIRDER

In manufacturing plant it is essential to provide overhead travelling crane to transport heavy
components of machines from one place to another. The movement of the load is of three dimensional
nature. The crane is required to lift heavy mass vertically and horizontally, also the crane with load is
required to move along the length of the shed. The cranes are either hand-or-electrically operated. The
crane moves on rails which are at its ends. The rails are provided on a girder known as a gantry girder.
The gantry girder spans over gantry columns. If capacity of crane is moderate, the gantry girders rest on
brackets connected to roof column of industrial shed.

Characteristics

+«» Design of gantry girder is a classic example of laterally unsupported beam

«» It is subjected to in addition to vertical loads and horizontal loads along and perpendicular to
its axis

» Loads are of dynamic nature and produce vibration

Compression flange requires critical attention

DS

X3

8

Codal Provisions

Partial safety factor for both dead load and crane load is 1.5 (Table 4, p.29)
Partial safety factor for serviceability for both dead load and crane load is 1 (Table 4, p.29)
Deflection Limits (Table 6, p.31)

Category Maximum Deflection
Vertical Manually Operated — Span/500
deflection Electric operated- Span/750 upto 50t capacity
Electric operated- Span/1000 over 50t capacity
Lateral Relative displacement between rails supporting 10 mm or crane- span/400
deflection

Other Considerations

Diaphragm must be provided to connect compression flange to roof column of industrial building to
ensure restraint against lateral torsional buckling at ends.
Span is considered to be simply supported to avoid bumping effect.

Design Steps

The design of the gantry girder subjected to lateral loads is a trial-and-error procedure. It is assumed
that the lateral load is resisted entirely by the compression top flange of the beam and any reinforcing
plates, channels, etc. and that the vertical load is resisted by the combined beam. Various steps involved
in the design are as follows:

1. Maximum wheel load is to be calculated. The wheel load is maximum when the trolley is closest to
the gantry girder. This load is to be correspondingly increased for the impact.
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2. Maximum bending moment in the gantry girder due to vertical loads is to be computed. This
consists of the bending moment due to maximum wheel loads (including impact) and the bending
moment due to dead load of the gantry and rails. The bending moment due to dead loads is maximum at
the centre of the girder, whereas the bending moment due to wheel load is maximum below one of the
wheels. For simplicity, the maximum bending moment due to dead load is directly added to the maximum
wheel load moment.

3. Maximum shear force is to be calculated. This consists of the shear force due to wheel loads and
dead loads from the gantry girder and rails.

Generally an I-section with a channel section is chosen, though an I-section with a plate at the top
flange may be used for light cranes.

When the gantry is not laterally supported, the equation to be used to select a trial section is as
follows:

Zp = Mu/fy(1)

Zp (trial) = kZp, (k = 1.4-1.5) (2)

Generally, the economic depth of a gantry girder is about (1/12)th of the span. The width of the flange
is chosen to be between (1/40) and (1/30)th of the span to prevent the excessive lateral deflection.

4. The plastic section modulus of the assumed combined section is found out by considering a neutral
axis which divides the area in two equal parts, at distance y to the area centroid from the neutral axis.
Thus,

Mp = 2fyA/2y = Ayfy, where Ay = plastic modulus Zp (3)

5. When lateral support is provided at the compression (top) flange, the chosen section should be
checked for the moment capacity of the whole section (clause 8.2.1.2 of 1S800):

Mdz = BbZpty/ymo < 1.2Zefy/ymo (4)

6. Above value should be greater than applied bending moment. The top flange should be checked for
bending in both the axes using the following interaction equation:

(My/Mndy) + (Mz/Mndz) < 1 (5)

7. If the top (compression) flange is not supported, the buckling resistance is to be checked in the same
way as in step 4 but replacing fy with the design bending compressive stress fbd (calculated using Section
8.2.2 of the code).

8. At points of concentrated load (wheel load or reactions) the web of the girder must be checked for
local buckling and, if necessary, load carrying stiffeners must be introduced to prevent local buckling of
the web.

9. At points of concentrated load (wheel load or reactions) the web of the girder must be checked for
local crushing. If necessary, bearing stiffeners should be introduced to prevent local crushing of the web.

The maximum deflection under working loads has to be checked.

10. The gantry girder is subjected to fatigue effects due to moving loads. Normally, light-and medium-
duty cranes are not checked for fatigue effects if the number of cycles of load is less than 5 x 106. For
heavy-duty cranes, the gantry girders are to be checked for fatigue loads (see IS 1024 and IS 807). Refer
section 13 of the code for design provisions for fatigue effects. The fatigue strength is to be checked at
working loads.
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1. Design principles of gantry girder.

The step by step design procedure of a gantry girder is as follows:
e The maximum wheel load is determined.
e The maximum bending moment in the gantry girder due to vertical
loads.The maximum shear force is computed.
This consists of shear force due to wheel load and dead loads from the gantry girder andrails. The
shear due to the wheel load is maximum when one of the wheels is at the support.
e The lateral forces on the girder and the maximum bending moments and shear due to these are
calculated. The position of the wheels should be same as that in step 1 and step3.
s The plastic section modulus of the trial section is determined by
Mp=f,x2XAI2Xy=Zf,
Zpreg=(1.4 to 1.5)M/f,

Section is classified.

The girder is checked for moment capacity.

Local moment carrying capacity of the girder is checked.The
girder is checked for buckling resistance.

The section is checked for shear capacity. Buckling of

the web under wheel load is checked.The girder is

checked for bearing.

Rivets/bolts or welds connecting the channel to the | section are designed.Deflection of the
gantry girder is checked.

The girder is checked for fatigue strength.

The bracket and the connection with column are designed.

2. Design a simply supported gantry girder to carry one electric overhead travellingcrane,
Given Data:

Span of the gantry crane=6.5m

Span of the crane girder=16m

Crane capacity=250kN

Self weight of crane excluding trolley=280 kN

Self weight of the trolley=50 kN

Minimum hook approach=1.0m

Distance between wheels=3.5m

Self weight of rails=0.3 kN/m

Solution:

1. Moments and Shears
Load for Maximum Moment
Weight of trolley + lifted load = 250 + 50 = 300 kN

Self weight of crane girder = 200 kN.
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For ma ~ Dead load due to self weight + rails =2 4+ 0.3 = 2.3 kN/m y as possible.
Figure

Factored DL=2.3 x 1.5 =3.45 kN/m,

2

Moment due to DL = 3.45x 6';

=18.22 kN-m.

Factored moment due to vertical loads
M, =496.375 + 124.094 + 18.22 = 638,689 kN-m.

Maximum moment due to horizontal force (surge):

Horizontal force transverse to rails = 10% of weight of trolley plus load lifted

=19 (250+50)=30kN.
100

_300x15+200x8
16

R, =381.25kN

This load is transferred to gantry girder through two wheels, the wheel base being 3.5 m.

Load on gantry girder from each wheel = % =190.63 kN

Factored wheel load = 190.63 x 1.5 =286 kN.

Maximum moment duc to moving loads occur under a wheel when the c.g. of wheel load and the
wheel are equidistant from the centre of girder. This is shown in Fig.

; 35m {
286 kN ; 286 kN
A lD : {C £ B
0.62s | 1.75 I 08751 0.875 | 2.375 1
- 3.25 } 325 m——=|
286 % 0.625 +286(3.25+0.875
8= 65 ( ) =209 kN,

Max moment M = 209 x 2.375 = 496.375 kN-m.
Moment due to impact = 0.25 x 496.375 = 124.094 kKN-m,

Assume self weight of girder = 2 kN/m.
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This is distributed over 4 wheels
Horizontal force on each wheel =7.5kN
Factored horizontal force on each wheel = 1.5 x 7.5
=11.25kN

For maximum moment in gantry girder the position of loads is same as shown in Fig. 11.7 except that
it is horizontal. Hence by proportioning we get,

11.25
M, = ——x496.375=19.525 KN-m
Y286

Shear Forces:

For maximum shear force on the girder, the trailing wheel should be just on the girder as shown in

Fig. 11.8.
286 x3.0
Vertical shear due to wheel loads = 286 + 25630 =418kN.
Vertical shear due to impact = 0.25 x 418
= 104.5 kN,
286 kN 286 kN

| 3Sm 3.0m

| ,

4

l

| 6.5m -

Vertical shear due to self weight = 3.45x% =27.6 kN.

Total vertical shear = 418 +104.5 + 27.6 = 549.9 kN.

. 2
By proportioning lateral shear due to surge = ]2] 23
86

x148.4=1644 kN.

Preliminary Section:

L 6500

e S LS

12 12 b
L 6500

25 -?-—Zwmm

Let us try ISWB 600 with ISMC 300 on compression flange as shown in
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' ISMC 300 I3
o .
236 = — =
T JL 13213 |
e
Elastic §é ,
N INTE: !
600
, |
y=3623
/—ISWB 600
- L ot RE
Properties of ISWB 600 @ 1.312 kN/m Properties of ISMC 300
A=17038 mm’ A =4564 mm’
b =250 mm b =90 mm
ty=21.3 mm l/=13.6 mm
f,,=11.2 mm t,.=7.6 mm
I.=106198.5 x 10* mm* I..=6362.6 x 10* mm*
I,,=4702.5 x 10* mm* I,,,=310.8 x 10* mm*
C,,=23.6 mm

Let distance of N-4 from the tension flange be .
Then,

17038 300 + 4564 x (600 +13.6 —23.6)
17038 + 4564

=362.3 mm

j?:

I.=106198.5 x 10* + 17038 (362.3  300) + 310.8 x 10* + 4564 x (590 — 362.3)°
=1207.28 x 10® mm*
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I,. 1207.28x10°
362.3

Z,= =333.227x10* mm*

'
Ymax

For compression flange about y-y axis,

I =$x21.3x2503 +6362.6x10% =9136.04x10* mm®*,

9136.04x10%
150

Z,. for compression flange = = 609.069x10° mm”

Plastic Modulus of Section: [Ref. Fig. 11.10]
Total area of the section = 17038 + 4564 = 21602
Let plastic N-A be at a distance ¥, from tension flange. Then

A 21602

2 2

(v, —21.3)x11.2+250x21.3=

Y,, =510.2 mm.

y,=510.3
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M, = £ Moment of forces at yield about plastic N-4

(510.3-21.3)°
2

21.3

=2l.3x250(510.3-——2—)f_‘,+ x11.2 f,

, (600213 -510.3)°
2
+4564 (600+13.6—23.6-510.3) 7,

x11.2 f, +2].3x250(600—2—12'§—5]0.3]f‘.

M
Z, =—"=4810.07x10° mm’.

¥

For top flange,

W
=t = 21 3% 2507 + -
SV 3

(300-2x13.6)° x7.8+2x90xl3.6(150—137'6]

=828.485x10° mm’>.

Check for Moment Capacity:

b 250112
—of flange of ISWB60) = ————=56<94
§ e 2x213

% of web of ISWB 600 = %:2]3 =4976<839

bl S

and ?of flange of channel =

Hence it is a plastic section.

Local moment capacity for bending in vertical plane:

_Syzp 250

My == ﬁx4810.o7x103 =1093.2x10° N-mm

=1093.2 kN-m.

12z, fy _1.2x333.227x10° x 250
1.1 L1

=908.8%10° N-mm

= 908.8 kN-m.

M. =908.8 kKN-m.
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For top flange: 'z
My = fl La @ x 828.485x10° =188.29% 10® N-mm

=188.29 kKN-m

122, £, 1.2x609.069 x10° x 250
N 1.1

=166.11x10° N-mn

=166.11 kN-m
For top flange, My, = 166.11 kN-m.
Check for Combined Local Capacity:
638.689 4 19.525 —082<1
908.8  166.11
Hence adequate,
Check for Buckling Resistance [clause 8.2.2]:
My=By Z, fpa
For plastic section f;, =1.0
de - prbd
> 0.5
1L122E 1| Ler/ry
J= 7| 20y,
(LLT )3,) f { f

Lyr=6500mm E=2x10°N/mm® hy=600+7.6=607.6 mm
1,=4702.5 x 10° + 6362.6 x 10* = 11065.1 x 10* mm*
A= 17038 + 4564 = 21602 mm’.

1. 4
r, =,’+‘ = ’———”065"’210 =71.56 mm
*“"Na4 2160°

0.5
Lix 2 x2x10%[ 1 (65007156 2
(6500,/71.56)° 20{ 607.6/21.3

-/::rb =

=323.06 N/mm>.
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(Note: Table 14 of IS 800 also may be used to find £,,).
From Table 13(a),
frg=167.8 N/mm*
M= 1.0 x 167.8 x 481007 x 10° = 807.13 x 10° N-mm
= 807.13 kN-m > 638.689 kN-m
Hence the section is adequate.

Check for Biaxial Bending:

_ SZ,y
L T
4
Z, =i=——' 10631310 =737.67x10° mm’.
150 150
M,y = i:) x 737.67x10° =167.65x10° N-mm

=167.65 kN-m

M., M, 638.689 L 19525
My My 80713  167.65

=0.908<1
Hence adequate.
Check for Shear:
V.= 549.9 kN,
A 600x11.6%250
Shear capacity = \ﬁxl.l_ Bxll
=913x10° N=913kN > 549.9kN OK.

0.6 x 913 = 547.8, slightly less than V. Considering it as high shear case may be ignored.

Hence there is no reduction in moment capacity. Hence moment capacity is adequate as found
earlier.
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Weld Design:
Kz _
Shear stress = ¢ = 5] (a¥)

V

Shear per unit length = °F: (av)

V'=549.9 kN

a = Area of channel = 4564 mm”

I=1.=1207.28 x 10° mm*

¥ = Distance of channel from N-A4 = 600 + 7.6 ~ 362.3 = 254.3 mm

549.9x10°
1207.28 x10°

= 559.3 N/mm

Shear force per unit length ¢ = (4564 x 245.3)

If *s’ is the size of weld provided on cach side, then shear strength of weld

=25x0.7x112xi%=265.12sN/mm

3

Equating it to shear force, we get
265.12 s =559.2
s=2.10 N/mm

Hence provide 3 mm fillet weld (which is minimum) on both sides.

Check for Web Buckling:
Assuming b, = 150 mm,
n; =300+ 7.6 = 307.6 mm

d=600-2(213+17)=5234mm, = 11.2 mm

1=2422 224253234 _ 13,
; 1.2

From Table 9(a) in IS 800,
foq=110.8 N/mm’
Buckling resistance = (b; + n)) 1/,
=(150+307.6)11.2x110.8
=443.6 x10>°N
=443.6 kN = 286 kN.

Hence adequate.
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Check for Deflection:
At working load, deflection is to be limited to 3%6 At this condition wheel load is as shown in

Figures 11.1(a) and (b) shows the conjugate beam with % diagram.

Reaction in conjugate beam

1 M
= — total — diagram
El

2
=lxl.5x2&+286x1.75=—7—]—5—
2 El El

M , .
Maximum deflection occurs at mid span = Moment of T load in conjugate beam

ITJ.()J I‘Xi.()}
) |
-+ 1.5m ::-: 3i5m {ﬁ 1.5 m—]

286/ EY 286 / Ef

Ny
ns ns
Efl El
6.5 1 1.75

EIA=715x7——5x286><l.5x2.75—l.75x286xT
=1295.9

Taking E7 in kN-m? unit,
EI =2x10° x1207.8x10° x 1-(-');)— =200x1207.8 kN-mZ,

12959
200x1207.8
5 w5 200%6.5°

Deflection due to self weight = — x =X
384  EI 384 200x1207.8

=0.0054 m = 5.4 mm

=0.003m=3mm

Total deflection = 8.4 mm.

Permissible A= —L—- = ﬂ =8.66 mm.
750 750

Deflection requirement is satisfied.

Hence use ISWB 600 with ISMC 300 on compression flange as shown in |
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3. A roof truss shed is to be built in lucknow for an industry. The size of shed is 24mx40m.the
height of building is 12m at the eves. Determine the basic wind pressure.

Solution:
From wind zone map of country (IS 875 part 3) the basic wind speed in Lucknow is
Vy =47 m/sec.

Risk Coefficient ky: From Table 12,1, for all general buildings with probable design life of structure
50 years,

I\' 1= ]0
Terrain, Height and Structure Size Factor ks

Since the shed is in an industrial area, it may be considered belonging to category 3. Its greatest di-
mension being 40 m, it belongs to class B structure. For category 3, class B building

k=088 if h=10m,
=094 if h=15m,

Forh=12m,

ky =088+ (0.94 0.88)§ =0.904,

Topography Factor &3: In Lucknow, the ground near shed may be assumed plain.

k3= 1+ CS

where c=—=0
L

K;=1.0
Design wind speed
V=K, K; K3V,
=1.0x0.904 x 1.0 x 47
=42 488 m/scc.

Hence basic wind pressure
p. =06V =0.6x42.488’

= 1083 N/m’
p. = 1.083 kN/m* Answer
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4. Design a hand operated travelling crane simply supported by gantry girderfor the given data:

Span of gantry girder =5m Span
of crane girder =15m
Crane capacity =200 KN

Self weight of crane girder excluding trolley = 200 KNSelf

weight of trolley =30 KN
Minimum hook approach =1m
Distance between wheels =3.5m
c/c Self weight of rails =0.3
KN/m

Solution:

Step : 1 For calculating maximum moment

(a) Weight of trolley + load lifted by crane
= 30+200
=230 KN

(b) Self weight of crane girder
=200 KN

For maximum reaction on gantry girder, the moving load should be placedclose to

Gantry girder .

230kN
- 200kN(total)
A
. T 4
1m B
I 15m
A A
RA RB
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>Mg = 0 ie) taking moment of all forces about BRa
X 15-230X7.5 =0
Ra = 4720/15

= 314.67 KN

This load is transferred to gantry girder through two wheels base which are at 3.5m c/c.

.- Load on gantry from each wheel
= 314.67/2
=157.33 KN

Factored wheel load =157.33x 1.5

= 236.00KN

The maximum moment due to moving loads occur under a wheel when the C.G (Centerof gravity)

Wheel load and the wheel are equidistance from the center of girder.

236 KN 236 KN
. 3.5m .

A D C E B

h ¥
3

0.75m 1.75m 0.875m 1.625m

- 2.5m L Z.am N
5m .

F 3

Rs =[236X0.75 + 236 x (2.5+0.875)]/5
=194.7 kN
Maximum moment at E =194.7 x 1.625 ( from support B)

= 316.38 KNm
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Moment due to impact = 20% of max moment
=0.2x 316.38
=63.277 KNm
Assume self weight of girder =2 KN/m
:- Dead load due to self weight + rails(given)
=2+0.3
= 2.3 KN/m
Factored dead load =23x15
=3.45 KN/m
Moment due to dead load = WL"2/8
= 3.45x 5"2/8
=10.781 KNm
.- Factored moment due to vertical load (M)
=10.781+63.277+316.38
= 390.438 kNm
Maximum moment due to horizontal force,
Horizontal force transverse to rails = 10% of weight of trolley + load lifted
= 10/100 (200+30)

=23 KN
Assuming double framed wheels, this is distributed over 4 wheels.

.. Horizontal force on each wheel =23/4

= 5.75kN
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Factored horizontal force on each wheel

1.5x5.75

8.625 Kn
For max bending moment in gantry the position of loads is same except in horizontal,
My =8.625/236 x 316.38
=11.56 kNm

Step 2Shear force

For max shear force on the girder the trailing wheel should be just on the girder.

236kN

236kN
35m 1.5m

hJ
F 3
T

F 3

¥ ’

F 3

5m |

= Vertical shear due to wheel loads = 236 + 236x1.5/5
=306.8 KN
Vertical shear due to impact = 0.2x306.8
=61.36 KN
Vertical shear due to self weight =WL/2
= 3.45X5/2

= 8.625kN
Total vertical shear = 306.8+61.36+8.625

=376.785 KN
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By proportioning lateral shear due to surge

= (8.625/236)x306.8
= 11.21kN
Step 3 Selection of section
(i) Economic depth of section =L/12
=5000/12

=416mm = 500mm

(if) Compression flange width = L/25
=5000/25
=200mm

Let us try ISWB 500 with ISMC 300 on compression flange,

Properties of ISWB 500 @ 9.52N/m Properties of ISMC 300
A =12,122mm"2 A = 4564mm”2
h =500mm h = 300mm
b = 250mm bt =90mm
tf =14.7mm t5 =13.6mm
tw  =9.9mm tw =7.6mm
l,, =522.90x10"6mm~4 | = 6362.6x10"4mm”"4
7z
lyy =29.878x10"6mm"4 | = 310.8x10"4mm~4
yy
ny =23.6mm
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I5MC 300

7.6mm l 14.7mm
i :
23.6 o l t
90mm T *Hﬁ 13.6mm
N A
— *—9.9mm 500
¥ =314mm
Y,=486/21mm | «— ISWB 500
Y r

F

v

250mm

To find N.A of the section from bottom flange (tension)

% = [12122x250 + 4564x(500+7.6-23.6)]/(12122+4564)

Y

314.00mm (from bottom flange)

IZZ

522.90x10%6 + 12122(314-250)"2 + 310.8x10"4 +
4564(484-314)2

=1.015x10"9 mm™4
Ze = 1,y

=1.015x10"9/314

3.233x10"6mm”3For compression flange about yy

axis,

lyy = 14.7x250"3 /12 +6362.6x10"4

= 82.766x10"6mm”™4
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Z.y for compression flange = 82.766x10"6/150
= 551.77x10"3 mm”3
Now, plastic modulus of section
Total area of the section = 12122 + 4564
=16686mm”"2

Let plastic N.A be a distance Y, from bottom flange,

- (Yp—14.7)x9.9+250x14.7 = A2
9.9Y, —145.53+3675 =686/2
Yp =4813.53/9.9
=486.21mm

Plastic moment capacity of section M, = > Moment of forces at yield about plastic N.AM,

= 147x250[486.21 — 14.7/2]x fy + [(486.21-

14.7)/2]x9.9 fy+[(500-14.7-486.21)"2/2] x 9.9 fy
+ 14.7x250[500-(14.7/2)-486.21]fy + 4564(500+13.6-23.6-

486.21) fy

= 1.75x1076 fy + 2.34x10"3 fy + 23.66x10"3 fy +17.29x10"3
fy

= 1.793x10"6 fy
A = Mpl/fy
=1.793x10"6 mm”3

For top flange,
Zpy = Mpl/fy = ¥ x 14.7x250"2 + ¥4(300-2x13.6)"2 x 7.6

+2x90x13.6[150 — 13.6/2]
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= 229.68x10"3 + 141.39x10"3 + 350.55x10"3

=721.62x10"3mm"3

Check for moment capacity,
b/t of flange of ISWB 500 = (250-9.9)/(2x14.7)
=8.16 < 8.4e
d/t of web of ISWB 500 = (500-2 x 14.7)/9.9
=47.53<84e¢
b/t of flange of channel section ISMC 300
=(90-7.6)/13.6
= 6.06<8.4¢
.- The section is plastic.
Local moment capacity for bending in vertical plane,
Md, =(fy. Zp)/1.1
=250x1.793x10"6 / 1.1
= 407.5x10"6 Nmm
=407.5 kNm
12xZefyl/l.1 =1.2x5.233x10"6x250/ 1.1
= 881.72x10"6 Nmm
=881.721 kNm
Lesser of two values Md, =
407.5kNmFor top flange, Md,= fy.

Zp/1.1
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= (250x721.62x10"3)/1.1

= Md,
=150.48kKNm

For top flange,Md, = 150.48KNm

Md,Check for combined local capacity,
M2/Mg; + My/Mgy < 1
390.438/407.5 + 11.56/150.48 =0.95 +
0.076
=1.02 =1
.- Section is adequate and economic
Check for buckling resistance,
Mg =By . Zp fou

Bb =1 (for plastic section)

fern = 11" 2E/(Ly+/ry)"2 [1+1/20[ (L v/ry)/(he/te)]°2]"0.5L .1
=5.0m
=5000mm
E =2X10"5

N/mm~2h; =500+7.6

=507.6mm

ts =14.7mm

lyy =29.878x10"6 + 6362.6x10"4
= 93.50x10"*6mm
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forp =(1.1xm"2x1075)/(5000/74.85)"2 { 1+1/20
[(5000/74.85)/(507.6/14.7)]"2}10.5
= 486.59 [ 1+1/20(66.80/34.53)"2]"0.5
= 530.165 N/mm~2

IS code:800-2007, clause 8.2.2

- Tod =191.34 N/mm”2 (by linear interpolation)
My =1.0x191.34x1.793x10"6

= 343.07x10"6 Nmm < 407.5x10"6

Check for biaxial bending,

Mgy =

fy.Zy/1.12Z, =

lyy/150
= 93.50x10"6/150
=623.33x10"3 mm”3

Mgy  =250x623.33x1073/1.1
= 141.67x10"6Nmm

=141.67 KNm

At working load, deflection is limited to L/750
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339.25/El 5 ? 339.25/El
Maximum deflection occurs at midspan = moment of M/EI load in conjugate beam
Reaction in conjugate beam =1 x total M/EI diagram
=% x0.75x118/El + 118/EIl x5/2
= 339.25/El
EIA = 339.25X5/2 — 1/2X118X0.75X2 — 1/2x3.5x118x1.75/2
= 848.125 - 88.8 — 180.68
=578.94
El = (2x10"5x1.015x10"9)/(1000x1000x1000)
= 203x10"3 KNm”2
A =578.94/203x10"3
=2.85x10"-3 m
=2.85mm
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S
S

Estd: 2007

Permissible deflection A =L/750

5000/750

6.67 mm

= Deflection requirement is satisfied

Hence, ISWB 500 with ISMC 300 can be suitable for gantry girder.
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