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Lecture - 18
Design of Simple Seated Angle Connections
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So, we have just seen how to design a double angle connection, including the effect of
eccentricities. Now, let us also do one example wherein we will solve a simple connection
which uses a seat angle. As we had discussed before, in a seat angle type of a connection, the
angle that is provided at the top is often known as top angle or cleat angle. That only helps
provide stability to the connection; it does not really help with the resistance of the load,

because such an angle does not have very high stiffness when we pull it downward.

However, so, most of the load is basically transferred to the bottom angle that is called the
seat angle. And the loads that are acting on the beam have to be transferred through bearing
mostly between the bottom flange of the beam and the top edge of the seat angle. Subsequent
to that, this force has to be transferred from this leg of the angle to the vertical leg of the
angle. And then, that has to flow through the bolt here to the column flange.

This type of a connection usually is not possible to be provided on floor systems, that is

between the girder to beam connections. Because of the presence of these two angles, it
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makes it relatively cumbersome for floor systems. However, it is relatively easy to provide it
with a column. Here, one must realise that there is again a gap left between the beam and the

column.

And the purpose is the same that it should allow some flexibility for the beam to rotate. So,
therefore, there is a gap left. Now, if that gap is too little, it will not give the beam any
flexibility to rotate. And when the beam wants to rotate, it will pull on this cleat angle and it
will introduce unnecessary tension force demand, which we can avoid simply by increasing

this gap.

However, the downside of it is that, if this gap is too high, then the angle here will be loaded
with a very large eccentricity. You can appreciate that if this gap is increased, the gap
between the beam and the column flange is increased, that increases the eccentricity which is
acting on this angle. So, if 1 may draw this angle; if this is that angle, and depending on
where this load is acting, whether if the load is acting close to this edge like shown here, then
the moment demand will be less; therefore, we do not require a very strong angle here.
(Refer Slide Time: 03:10)
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However, if we increase that distance for the same amount of shear force that we are
applying, the distance meaning that the lever arm would increase and therefore the moment
demand would increase;
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283



Seat Angle Connection Design U.
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And that may require a very strong, very high strength angle to be utilised. Typically, the
bearing surface is basically, the angle would cover the entire bearing surface of the bottom
flange; so, the effective width of the angle will be same as the width of the beam flange.
Here, what we may appreciate is that, not only that we need to design this angle, the top leg
of this angle for the moment and shear demand which is acting at this location, right at the
beginning of the root of this fillet, the demands here, but also we should be careful about the

high stress that may develop in the beam because of this localised bearing area.

So, the portion of the beam web which has the smallest cross-section is right above the root.
Here what you may see is that, this is the flange of the beam which is marked as T, that is the
thickness of the flange of the beam. Then there is a root of the beam.

(Refer Slide Time: 04:24)
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So, if I can look at the cross-section of the beam, typically, the beam cross-section near the
bottom flange would look somewhat like this. So, we have got T which represents the
thickness of the flange. Then there is a root which is represented with r here in this diagram.
So, T + r is the initial portion, after which the cross-section in the web is the smallest. And

that is where we will have the highest stresses developing.

So, we should look at the possibility of crippling failure of the beam web in this cross-
section. So, these are the 3 primary limit states that we need to design it for. So, we should be
able to design the angle to resist this load and we should be able to make sure that the web
does not cripple under this concentrated force at this location.

(Refer Slide Time: 05:11)
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{ 131 mm = (100 x 1000)/(7.7 x 250/1.1) = 57.15 mm
T 4:M20 of grade 4.6

3}

U\ 150 x 75 % 12- 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
57.15 End| | | by Ten <75mm. 0K
il dusd by =57.15-13.1 - 14 = 30.05 mm
b, =30.05+ 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) % (18.05/2) = 542 Nm

So, let us do an example. Let me describe with a problem. This is a column of section SC
200. This is supporting a beam of ISMB 300 size. Of course, this beam we all know that it
should have a total depth of 300 millimetre. And ISMB 300 beam has a flange width of 140
millimetres. Now, how is this load transferred? This load is transferred with the help of these
two angles.

(Refer Slide Time: 05:41)
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Seat Angle Connection Design Example
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Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam
= RU S 1)
= (100 x 1000(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm
<75mm. OK.
b, =57.15-13.1 - 14 =30.05 mm
b,=30.05+ 10— (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

One angle is the seat angle. This is an

Anil Agarwal (anil@ce ith ac n)

angle of size 150x75x12. So, 150 is the vertical

dimension of this angle, vertical leg. And the horizontal leg is 75 millimetre wide. And 12

millimetre is the thickness of both these legs.

(Refer Slide Time: 05:59)
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Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam
= RISy 1)
= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm
<75mm. OK.
by =57.15-13.1 - 14 =30.05 mm
b,=30.05 +10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm
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And 140 here represents the length of the weld which is basically equal to the width of the

beam flange in the direction perpendicular to the screen. Also, additional information which

is relevant here is that we are leaving a gap of about 10 millimetres between the beam and the

column surface. The column dimensions are given, 15 millimetres thick flange is present.

(Refer Slide Time: 06:26)
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Seat Anale Connection Design Example ".
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[ o] [#) Moment demand at point B =
| (T = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
@ s |-t
| D) p—— 2 2

And also there are these bolts there, which we can design these bolts based on our
understanding. So, for this example, we will not worry about designing of these bolts; we are
just going to focus on designing of this angle;

(Refer Slide Time: 06:40)

Seat Angle Connection Design Example ".
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o] [[[ Moot gado 46
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57.15 oo [1 5 il <75mm. OK.
— ‘/7 e ) by =575~ 13.1 - 14 = 30.05 mm
e
- e| 1.77/5, b, =30.05+10 - (t+ ra.)= 40.05-12-10 = 18.06 mm
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| FT%‘_ = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
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And making sure that we have sufficient bearing surface available, to prevent a crippling kind
of failure at the beam web.
(Refer Slide Time: 06:47)
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Seat Angle Connection Design Example ﬂl.
!

Factored shear load = 100 kN.
Clip angle 60 x 60 x 6 - 140 mm .

Sl SRS Let us say that the shear strength of one bolt is
LMoot gnse 46 @iorom 2erisaml 453N Check the adequacy.

Flango widh ]| 10mm| T
200 mm

> 1415 mn) Required bearing length at the root of the beam
= RIS/ T

= (100 x 1000)/(7.7 x 250/1.1) = 57.15 mm

65
a— 1~ 4-M20 of grade 4.6

~— 1150 X 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
5715 oo || b <75mm. OK.
— ‘/7 ke r i by =57.15- 13.1-14=30.05 mm
- we| | [T/ b, =300 + 10 - (t+ 1,)= 40.05 - 12- 10 = 18.05 mm
L,/.;KW 45°
| el | A T Moment demand at point B =
| [T = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

S E———

The factored shear load is given us 100 kilonewton. Of course, there is no explicit moment
acting here. At the end, only 100 kilonewton shear force is acting. And let us say we already
know that the shear strength of each bolt is 75 kilonewton. So, 1 bolt can resist a shear force
of 45 kilonewton; and the external load is 100 kilonewton. Now, we will start with looking at
the design of the crippling failure in the beam web.

(Refer Slide Time: 07:22)
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[
T Factored shear load = 100 kN.
— Clip angle 60 x 60 x 6 - 140 mm .
=2 ERCT— Let us say that the shear strength of one bolt is
[ ritedEsteesmm 453 kN. Check the adequacy.
Fango vidh | 10mm|[ T 1 Finge “
200 mm ]vmm | 300
Hetsmnl MBI | 140mm ‘ = Required bearing length at the root of the beam
JB—= = Rl )
5 131 mm = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
T [ Mot grade 46
— N\ 1150 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
57.15 o [T & 1 <75mm. OK.
|2 -1 - by = 57.15- 131~ 142 30,05 rm
- | ‘Li“/;s b, =30.05+10 - (t+ r,.)= 40.05-12-10= 18,05 mm
| [ J Moment demand at point B =
[ ( FTF_ = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

1

So, let me zoom-in into this area here. So, where should we worry about a crippling failure?
(Refer Slide Time: 07:31)
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This is the angle, what you see here; this is the horizontal leg of this angle. This is where the

beam starts.

Seat Angle Connection Design Example

Flange width -
200 mm

>

=

SC200;

X 416 of grado 46 (2 or column, 2/or bearr)

I 4M20 of grade 46

Clip angle 60 x 60 x 6 - 140 mm

1150 x 75 x 12 - 140 mm
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So, this first, this length is or this depth is the thickness of the flange. Then this is the radius

of the fillet.
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FEERY

Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is

45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= Rty teg)

= (100 x 1000)/(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm

by =57.15-13.1-14=30.05 mm

b, =30.05 +10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm

Moment demand at point B =

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

<75 mm. OK.

Ani Agarwal (ani@c ith ac in)

Seat Angle Connection Design Example

Flange width !
200 mm

{1415 mm(

5] |[F

ST 4M20 of grade 4.6

o

$§C200

10mm
m

=
|
&

Clip angle 60 x 60 x 6 - 140 mm
A-M16 of grade 4.6 (2 for column, 2 for beam)

)
- Flange

width 1300
MB300 | 140mm ] o

i

131 mm

L150x 75 x 12 140 mm
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Factored shear load = 100 kN.

%

Let us say that the shear strength of one bolt is

45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= Rilt )

= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm

b, =57.15~13.1-14 =30.05 mm

b,=30.05 + 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm

Moment demand at point B =

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

<75mm. OK.
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Seat Angle Connection Design Example

e
] Clip angle 60 x 60 x 6 - 140 mm

J JE 4:M16 of grado 4.6 2 or colum, 2or bea)

Flange width ]| 10mm [T
200 mm imﬂm |
>{[«15mm

$C200
=i

131 mm
T 4-M20 of grade 4.6

Eia

- 1150 % 75 x 12.- 140 mm

0

7 o

- ce |
|
|

57.15 m}_ [l

]

) 2

3]
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Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam
= R/(thr; W/Teo)
= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm
<75 mm. OK.
by =57.15-13.1 - 14 = 30.05 mm
b, =30.05 + 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Anil Agarwal (ani@e ith ac i

So, this is the cross-section; this should be critical cross-section above the radius of the fillet;

that is where the crippling failure could occur. So, we should look at this cross-section and

we should; generally, we assume that if the stress is acting over this length between, at the

bearing surface;
(Refer Slide Time: 08:12)
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e
sl Clip angle 60 x 60 6 - 140 mm
T A ] 4416 of grade 4.6 (2 for colum, 2 for bear)
Flange wigh ]| 10mm [T 7;,3,,9‘,
200mm widh | 300
>letsmm|(  MBI00  |1g0mm | =
L i
51 | T —
6| 13.1mm
I 4
] [IL ¢Meclgade 45
"\ L150x75x12- 140mm
——— s
57.15 od| [ [ b e
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Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam
= Rilt, S/ teo)
= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm

Required length of the leg = 57.15 + 10 = 67.15 mm
<75mm. OK.
b, =57.15-13.1 - 14 = 30.05 mm
b, =30.05 + 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05)  (18.05/2) = 542 Nm

As we go up, the stress distribution or the area over which the stresses are distributed would

be spreading out at an angle of 45 degrees. This is the general assumption we can make that

is used for steel structures. So, if we go with that assumption;

(Refer Slide Time: 08:25)
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Seat Angle Connection Design Example Hl.

i
i Factored shear load = 100 kN.
angle 60 x 60 x 6 - 140 mr
Scal w‘pw - mm - Let us say that the shear strength of one bolt is
I 4:M16 of grad 4.6 (2 for cotumn, 2ot bea
L ) ) 45.3 kN. Check the adequacy.
Flangewidn | 10mm|[ T | Fage |
200mm e v |30
Hfetsmny|  MBAO 4o ‘ o Required bearing length at the root of the beam
%T|7 : - = RIS/ Yo
o 131 mn = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
Ba_ T 4:M20 of grade 4.6
— \l-!SD\ 75 % 12- 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
57115 o b T <75mm. OK.
{1 /7 o NN b, =57.15-13.1 - 14 = 30.05 mm
- | e b, =30.05+ 10 - (t+ 1,)= 40.05 - 12- 10 = 18.05 mm
| g[ Tu ‘] Moment demand at point B =
e = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
]

£\ —
¥ O
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And let us say there was certain length over which this force was applied, that length would
increase as we go up further into the flange and then the fillet.
(Refer Slide Time: 08:39)

Seat Angle Connection Design Example HI.
Feoe “

Factored shear load = 100 kN.
Clip angle 60 x 60 x 6 - 140 mm

x= 6ot 46 2or o 2| L1 US S3Y that the shear strength of one bolt is
[ 1ol guce 6{Elorosum 2K 453 KN, Check the adequacy.
Flange width 7]| 10mm| T Famge ‘
width | 300
>esmafll  MB300 |14 ml - Required bearing length at the root of the beam
B e el R
[ 131 mm = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
o [[[ 4M0of gade 46
P\ 1150 x 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
nd b T <75 mm. OK.
oo I by =57.15 - 13.1 - 14= 30,05 mm
| | ===~
- nce| r\ﬁ b,=30.05+10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
o] [ Moment demand at point B =
‘ I Fr = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

So, let us try to first find out how much is that length over which this stress should be
distributed, so that we do not have a crippling failure of the web. So, that length will be b1 +
T + r. So, let us try to find out that. So, the crippling failure of the web; so, this web is
subjected to compression. So, it will be governed by the yielding of the web surface.

(Refer Slide Time: 09:00)
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Seat Angle Connection Design Example ' I.

=
=T N Factored shear load = 100 kN.
lip angle 60 x 60 » 6 - 140
So0) N;f . mm o Let us say that the shear strength of one bolt is
I aM16 of g 1 cotumn, 2/or bear
L ) ) 45.3 kN. Check the adequacy.
Fiange wigh | 10mn [T 1 range |
200mm wiath | 300
>«tsmm|  MBI0  gomm | = Required bearing length at the root of the beam
7| = L = RS o)
® 131 mm = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
s ([T Moot rado 46 =
— - 1150 % 75 x 12.- 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
m}»‘ [ o <75mm. OK.

el [T b, =57.15-13.1 - 14 = 30,05 mm
] | -

- b, =30.05+10 - (+ r,}=40.05 - 12- 10 = 18.05 mm
| a< A J— Moment demand at point B =
| { b = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

So, the total force is given as 100 kilonewton. Converting that to newtons, meaning that I will
multiply with 1000, then the web thickness for as ISMB 300 section is 7.7 millimetres. So,
what we are doing is that, we are calculating the total force that is acting on this beam and we
are calculating the area, cross-section area of the web which will be resisting that force. So,
that web cross-section area is this length multiplied by 7.7 millimetre. That is the thickness of
the web.

(Refer Slide Time: 09:31)

Seat Angle Connection Design Example I.
2]
T Factored shear load = 100 kN.

Clip angle 60 60 6 - 140 mm ¢
Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

[
5c200| /
b & {I-M!Gel grade 4.6 (2 for column, 2 for bearn)|
-

Flange width ]| 10mm [T - )F‘ﬂfﬂe “
0mm widh | 300 g .
He1smn|  MEXO A 1g0mm | = Required bearing length at the root of the beam
| apf— -+ = Rty Sy )
® 131 mn = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
T ([T 4M0of gade 46 _—T Yy
I\ 1150 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
T <75 mm. OK.

nd by (Ted
ey

b, =57.15-13.1 - 14 = 30.05 mm
b,=30.05 + 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm

: |
ndf | L--kLlJ-
ce| | 1 /4

| | s
1e] |4 ‘] Moment demand at point B =
[’ L = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Then, divided by the yield stress and a factor of safety of 1.1; these are taken. So, this is
because this primarily compression. So, it is governed by yield stress. And what we get is a
57.15 millimetre.

(Refer Slide Time: 09:45)
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Seat Angle Connection Design Example I.

e
M Factored shear load = 100 kN.
dip angle 60 x 60 x 8 - 140 mn
S_@‘L‘r /‘ M;ef’mwm . "2'0 " Let us say that the shear strength of one bolt is
[ qlutaneotgasess @hrcobmn Zorbear) 45 3 kN, Check the adequacy.
Flange widh | 10mm [T | Fange |
200 mm width 300
Hetsmnl  MBXO | 1gomm (= Required bearing length at the root of the beam
T ;3;4: A = Rt Sy )
& 131 mm = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
T [ 4Me0of grade 46 S IR oY e
g 1150 X 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
57.15 al [T % 5l <75mm. OK.
{2 Wil H;\ by=57.15-13.1 - 14 =30.05 mm
| A b, =30.05+ 10 - (t# r,)= 40.05 - 12- 10 = 18.05 mm
o ,..245'
For [ Moment demand at point B =
( = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

So, basically, this length, that is by + T + r is; we need at least 57.15 millimetre length here,
so that the web crippling can be prevented for the given load. Now, since we know that the
area over which this stress is acting spreads starting from here to here at an angle of 45
degrees;

(Refer Slide Time: 10:08)

Seat Angle Connection Design Example I-
e
i — Factored shear load = 100 kN.
sl e M:;ge is 2 i ’ " ( Let us say that the shear strength of one bolt is
L eofgade 46 oresmn 2obean) 453 kN Check the adequacy.
Flange width || 10 mm ‘T o "’);Ww 1
0mm widh | 300
H«1smny| M0 ‘lwnm o Required bearing length at the root of the beam
oF :#z:zi - = RS o)
sl L = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
JOT T~ 4-M20 of grade 4.6 e i ' |
—'\ 1150 x 75 x 12 - 140 mm Required length of the leg = §7_1§ +10=67.15mm
b <75mm. OK.
F [T by =575~ 131~ 14 = 30.05 mm
| F\:U';Sf b, =30.05+10 - (t+ la‘)= 40.05-12- 10 = 18.05 mm
787 "T/] Moment demand at point B =
| [ ol = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

% /

So, what we will do is, we will take this 57.15, and then we will remove the 13.1 millimetre.
What is 13.1 millimetre? 13.1 millimetre is the thickness of the bottom flange of this beam.
So, first we remove the 13.1 millimetre which is thickness also this width. So, first we
remove this portion which is basically T. So, we take away T. And then we take away 14
millimetres, which is the fillet radius approximately. So, we take T and r out.

(Refer Slide Time: 10:44)
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Seat Angle Connection Design

e

50200 }

Clp angle 60 x 60 « 6 - 140 mm

i #4016 of grado 46 21orotmn, 2o bear)

Flange width -] wm'& "_ \’Fiarge“
200mm lwicn|ao0
>etsmayl  MBHO  frgomn | =
| ik 2|
el —
®|  @m
a7 [T Mot rado 45

- L1150 x 75 % 12- 140 mm

Example

Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= R/(lhr; w0

= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
A ol

Required length of the leg = m +10=67.15mm
<75mm. OK.
by =57.15-13.1 - 14 = 30.05 mm
b, =30.05+ 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

So, what we are left with is 30.05. That is my by value. That is the minimum bearing surface

we need between the angle and the beam. Now, the leg, of course, needs to be longer than

that.
(Refer Slide Time: 11:12)

Seat Angle Connection Design Example

-2
sca| Clip angle 60 x 60 x 6 - 140 mm
T 1 4-M16 of grade 4.6 (2 for column, 2 for bear)
Flange wigh ]| 10mm [T 1 Fange |
200 mm widh | 300
>{le15mnff  MB-300 {mmm .
_— - L k J
T F .
[ @y
ST 4-M20 of grade 4.6

9 I's
- 1150 x 75 x 13- 140 mm

Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= Rl 1)

= (100 x 1000)47.7 x 250/1.1) = 57.15 mm
) =

Required length of the leg = g7_1§ + 19 = g15 mm
<75 mm. OK.
by =57.15 - 13.1 - 14 = 30.0§ mm
b, =30.05+ 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Anil Aganwal (anil@ce iith ac i

So, the leg can be taken as whatever the total length of this force was, in addition to that, we

will add some additional 10 millimetres

to account for the gap between the beam and the

supporting column. And for that we add 10 millimetres, which we get as 67.15 millimetres.

And that is what we will use here. So, we need the leg to have at least a dimension of 67.15

and the angle that we are using has a leg width of 75 millimetres, which is more than what is

minimum required. And therefore, this is safe.

(Refer Slide Time: 11:43)
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Seat Angle Connection Design Example ﬂ

fe
T s Factored shear load = 100 kN.
| Jlip angle 60 x 60 x 6 - 140 mn i
55_2‘3"# N‘: :‘?wwb nm » Let us say that the shear strength of one bolt is
| t - i ‘ ), ea
1 et gase 48 @iorcolm, Zorbear) 15 3 kN, Check the adequacy.
Fiange width (| 10mn [T 1range |
200 mm ddth | 300
{15 mm M!ﬁw‘ (‘on L Required bearing length at the root of the beam
== = Rl foo)
& @om = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
o] [[[ 4Mevotgrade 46 AR INRSLISSSR =
— 1150 x 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
571.15 ool [ b o1 <75mm. 0K,
€ /7 me%' [ - by =57.15-13.1 - 14 = 30.05 mm
- b,=30.05 +10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
| Moment demand at point B =

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

@ 7
)

So, we have enough width available in our leg to handle this kind of a load. And now we
know that we need a by of at least 30.05 millimetre. Now, if we make sure that b1 is this
much, we will ensure that there is no web crippling happening in the web. Now we need to
worry about the failure at this interface, which is the critical interface. Which interface it is?
This is the column angle interface; this is the thickness of the vertical leg of this angle; then
there is this fillet radius of this angle. So, basically we are talking about the interface that is
right after that fillet.

(Refer Slide Time: 12:36)

Seat Angle Connection Design Example ﬂ[
s
[
T . Factored shear load = 100 kN.
lip angle 60 x 60 x 6 - 140 mn
@"l m;olg WO, Mm N Let us say that the shear strength of one bolt is
2 41601 g i
[t olguede@iorcoumn. 2ertean)l 5 54N Check the adequacy.
Flange width 7| 10mm [T “;ng t
20mm I {widh {300
15 - MB-X0 Juomn | = Required bearing length at the root of the beam
T ;f:——:' -t = Rt S/ 1)
& @ = (100 x 1000)/(7.7 x 250/1.1) = 57.15 mm
a7 [ 4Me0olgrade 46 IS TSN e Ly e
—U\ 1150 x75 % 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
<75mm.OK.
- by =57.15-13.1 - 14 = 30.05 mm
b, =30.05 +10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Anil Agarwal (ani@ce ith ac i

So, for that location, in order to find this location, we will call this distance b, the distance
between the point where the bearing started or the bearing stresses start developing to the
point where the critical section is; that distance, let it be ba.

(Refer Slide Time: 12:54)
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Seat Angle Connection Design Example

e

0200 (
=

Flange widh -7} 1

200 mm
>

1

Clip angle 60 x 60 x 6 - 140 mm

i #4416f grado 46 2orcoum, 2 o bear)

| — ;

= Fiame |
Flange

width 300

VB0 Y1domm [ =

1 .

)
13.1)mm
= 4-M20 of grade 46

Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= Rl fy/ 1)

=(100 x ‘ICLOQ)/(L? % 250/1.1) = 57.15 mm
— ) =

- 1150 % 75 % 12- 140 mm

Required length of the leg = 57.15 + 10 = 67.15 mm

nd E,) 0]
o] ]
nd| | |-
ce | i

==

F

-
A

<75 mm. OK.

by =567.15-13.1-14=30.05 mm
b, =30.05 + 10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at point B =

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Anil Agarw

al (anil@ce ith ac in

We already know the by value. b: value is also the distance between the point over which the
force is distributed, stress is distributed to the end of the beam, that is b1 . So, now, in order
for us to calculate by, what we can do is;

(Refer Slide Time: 13:07)

Seat Angle Connection Design Example

$C200

Flange widih 7|
200 mm

e

Clip angle 60 x 60 « 6 - 140 mm

:t A-M16 of grado 4.6 (2 for column, 2 for beam)|

j
| Fiange |

width
Wiw Jtomm | =

[
&L
T~ 4-M20 of grade 4.6

Y

Factored shear load = 100 kN.

Let us say that the shear strength of one bolt is
45.3 kN. Check the adequacy.

Required bearing length at the root of the beam

= Rty Sy o)

= (100 x 1000)7.7 x 250/1.1) = 57.15 mm
= =

Required length of the leg = 57.15 + 10 = 67.15 mm

- 1150 % 75 x 12- 140 mm
nd

e
nd
|

<75mm. OK.

- by =57.15-13.1 - 14 = 30.05 mm
by =30.05 + 10 - (t+ 1,)= 40.05 - 12- 10 = 18.05 mm
Moment demand a?p?)int B=

= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

First we can use b, then we can add this gap to that. So, we will know the full distance.

Then, from there we deduct the thickness of the angle and then deduct the radius of the fillet.

So, that is what we do. We take b1; we add 10 millimetres for the gap; then we deduct the

thickness of the leg; and then we deduct the radius of the fillet. And these numbers basically

lead us to reach a value of 18.05 millimetres.

(Refer Slide Time: 13:40)
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Seat Angle Connection Design Example

o]

Clip angle 60 x 60 x 6 - 140 mm

Factored shear load = 100 kN.

Scaoofl T Let us say that the shear strength of one bolt is
1 gase 40 @lrostmn 204 45 3 kN, Check the adequacy.
Flange widih 7!

200 mm

>

Required bearing length at the root of the beam

= R/(Inf)“/ o)

= (100 x 1000)(7.7 x 250/1.1) = §7.15 mm
= =

Required length of the leg = 57.15 + 10 = 67_1§ mm
<75mm. OK.
b, =5715-131-14=3005mm
b, =30.05 + 10 - (t+ 1,)= 40.05 - 12- 10 = 18.05 mm
Morment demand at p—oint B=
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Ani Agarval (anik@ce ith ac n)

za/«"

So, now what is happening is, by ensuring a leg of size 67.15 millimetre or greater;
(Refer Slide Time: 13:43)

Seat Angle Connection Design Example

|
i [ Factored shear load = 100 kN.
an %606~
sl /4 _M:;MWWG - MM " Let us say that the shear strength of one bolt is
1 gade 6 iresum 2Rrbearl 45 3 kN, Check the adequacy.
Flange widhh -7]| 10mm [T T” Flange 4
200 mm width {300
Hietsmny  MBXRO  igomn | = Required bearing length at the root of the beam
sT|F T - = RS/t
® @ = (100 x 1000y(7.7 x 250/1.1) = 57.15 mm
ol | ™= 4-M20 of grade 4.6 —— T Ly e—
— \uso\ 75512 140mn Required length of the leg = 57.15 + 10 = 67.15 mm
57.15 od b it <75mm. OK.
{2 e [T by =57.45-13.1 - 142 30,05 mm
H == 0,305+ 10~ ¢ 1, 4005 - 12-10= 1805 mm
] Tw Moment demand at point B =
D = (100 x 18.05/30.05) x (18.05/2) = 542 Nm

Ani Agarwal (ani@ce ith ac in

w®»

They have ensured that there is no crippling failure here. Also, now we need to make sure
that for whatever dimensions we got, we calculated bs.
(Refer Slide Time: 13:55)
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Seat Angle Connection Design Example I-
e
—— Factored shear load = 100 kN.

[ Clip angle 60 60 6 - 140 mm 0
&"""4? SORCHN——— Let us say that the shear strength of one bolt is
e o 453 kN. Check the adequacy.

Flange width 7]| 10mm| [T Flange
200mm widh | 300

{415 mm Mﬁi‘m 140mm | = Required bearing length at the root of the beam
TEe—= = Rl )
® @m = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
T [[[ +Me0of grade 46 il Y
N 1150 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
57.15, <75 mm. OK.
e ‘7 by=57.45-131-14=3005mm
- b, =30.05 +10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand a?p?nim B=
— = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
OW.a Ll
) P—

And now we need to make sure that the stresses here, the flexural stresses as well as the shear

stresses do not exceed the desirable limits.
(Refer Slide Time: 14:08)

Seat Angle Connection Design Example I-
P
— Factored shear load = 100 kN.
[ Clip angle 60 60 6 - 140 mm — 7
&"""4? SEOREARR— Let us say that the shear strength of one bolt is
e oum 20Tl 453 kN, Check the adequacy.
Flange width 7]| 10mm| i Flange 1
200mm width | 300 " .
H«tsmnyl M0 ! 140mm | = Required bearing length at the root of the beam
JE—= = Rltyh/ o)
sl  @Dm = (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
a7 [ 4Me0of grade &5 SR S SR N e | pe—
'\ 1150 75 x 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.15 mm
5715 od [ [ it <75 mm. OK.
i ‘/7 el "\ - by =57.15-13.1-14.= 30,05 mm
- )| — ;30,05 + 10~ (t 1= 40.05 - 12- 10 = 18.05 mm
| ENE Moment demand at point B =
ffw" = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
@ N |-
& -
| v‘\;;.;? Ani Agarwal (a

So, as | had discussed, for the angle, if I just look at this angle surface, the forces are
distributed over this length. That total force is 100 kilonewton that is distributed over this
length from here to here. And this is my critical section; that is where | need to worry about
how much force is getting transferred. Now, for us to calculate the moment demand here, we
obviously know that the entire force is not getting transferred on this side of this interface or

this critical section; some of the force is getting transferred directly to the vertical leg through

(Refer Slide Time: 14:47)
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Seat Angle Connection Design Example HI.
[
—— Factored shear load = 100 kN.

Clip angle 60 60 x 6 - 140 mm b

sl e B T TR Let us say that the shear strength of one bolt is
Ll olaseeEioresbn 2triean) 453 kN, Check the adequacy.

Flange width 7| 10mm [T Flange
200mm idth
Hetsmmyl  MBAO Yomm 2 Required bearing length at the root of the beam
= T - 5 R/Un’y\\/ym(?)
& @ = (100 x 1000)/(7.7 x 250/1.1) = 57.15 mm
a7 || “Me0of gade 46 e THESN ey —
— - 150 x 75 % 12 - 140 mm Required length of the leg = 57.15 + 10 = 67.1§ mm
57.15 o <75mm. OK.
e 2 - by=57.15-13.1-14=30.05 mm

by =30.05+10 - (t+ r,)= 40.05 - 12- 10 = 18.05 mm
Moment demand at p?)im B=
= (100 x 18.05/30.05) x (18.05/2) = 542 Nm

O )
]llllﬂi?@

So, we need not consider that; we need not consider this part. So, how do we ignore this part?
(Refer Slide Time: 14:50)

Seat Angle Connection Design Example ﬂl.

[

T Factored shear load = 100 kN.
Clip ange 60 x 60 « 6 - 140 mm Sy

ﬂ_ EERE—— Let us say that the shear strength of one bolt is
T -M16 of g "  bean)
[ {10t gace 462 roskmn 2rbean) 45 3 kN, Check the adequacy.
Funge widin || 10mm| [T — Fage “
200 mm width {300
>e1smnyl| M0 | 14omm | = Required bearing length at the root of the beam
a7 gpz _t = RSy o)
[ G = (100 X 1000)(7.7 x 250/1.1) = §7.15 mm
JOT T~ 4-M20 of grade 4.6 p— = —
~I\ 1150 % 75 x 12 - 140 mm Required length of the leg = 57.15+ 10 = 67.15 mm
57.15 nd | <75mm. OK.
i | I v “f M - by =57.15-13.1 - 14 = 30.05 mm
- oo | e 45 b, =30.05 +10 - (t+ 1,)= 40.05 - 12- 10 = 18.05 mm
o]—o4 ] Moment demand at point B =
| l’ b = (100 x 18.05/30.05) x (18.05/2) = 542 Nm
el o~ N P

® SN
e p—

The total force was 100 kilonewton. Assuming that this force is uniformly distributed over
this length, we can multiply it with bz and divide by b». So, total by, that was a total length,
that was 30 millimetres. And only proportionally large, the length that is proportional to by,
only that much length will be resisting this force; so, we multiply with that length. And that
gives us the total force that is actually acting on that interface. Now, that much of force; let
me erase these 2 arrows.

(Refer Slide Time: 15:27)
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Seat Angle Connection Design Example

e

$C200
—_—

Flange width 7]
20mm

Clip angle 60 x 60 x 6 - 140 mm

T i #4416 gado 46 2 or o, 2forbar)
(N—

ED

T~ 4-M20 of grade 4.6

- 1150 % 75 x 12- 140 mm

Factored shear load = 100 kN.

45.3 kN. Check the adequacy.

= R/(tnr; w0

So, this is the force for which we need to design this interface. Now, this force has its
centroid at a distance b, divided by 2 from the interface. So, this is the interface, and the
resulted force is acting here, and it is at a distance of b 2 divided by 2. So, that b, divided by 2

will be equal to 18.05 divided by 2. If we multiply this lever arm with the resultant force, we

nd [ by [u!
o] [
nd | S A I
| —+ /
s o
e A ]
| "-Blft\_ lo
|

A z

P—— =T

by =57.15 - 13.1 - 14 = 30,05 mm
b, = 30,05+ 10~ (t+ )= 40.05 - 12- 10 = 18,05 mm

Moment dem;d a?p?)int B=

= (]J()&x ]%);/3_/0\,25) % (18.05/2) = 542 Nm

Let us say that the shear strength of one bolt is

Required bearing length at the root of the beam
= (100 x 1000y(7.7 x 250/1.1) = 57.15 mm
= =

Required length of the leg = 57.15 + 10 = 67.15 mm

<75 mm. OK.

il Agarwal (ans

I@ce ith ac.n

will get the moment demand at the interface.

(Refer Slide Time: 15:54)

Seat Angle Connection Design Example

Pl

§C200
===

Flange width || 10 mm|["T
200 mm =

> [+15mm

P

Clip angle 60 %60 x 6 - 140 mm

: t 4-M16 of grade 4.6 (2 for column, 2 for beam)|

5 —7
Flange
width | 300
MB-300 J1domm | =
) T

)
@

4-M20 of grade 4.6

1150 % 75 x 12 - 140 mm

Factored shear load = 100 kN.

45.3 kN. Check the adequacy.

= Rt/ too)

MHV by li"\[
o7 [ ""‘
nd calilesl

- by =57.15-13.1 - 14 = 30.05 mm

b, =30.05+ 10 - (t 1,)= 40.05 - 12- 10 = 1805 mm

Moment demand a?pT)int B=

= q]OO X 18.05/30.05} % (18.05/2) = 542 Nm

Let us say that the shear strength of one bolt is

Required bearing length at the root of the beam

= (100 x 1000)(7.7 x 250/1.1) = 57.15 mm
==

Required length of the leg = 57.15 + 10 = 67.15 mm

<75mm. OK.

So, we get a moment demand of 542 newton metre at this interface. Similarly, the shear force
demand at that interface will be only this much. So, now, we have calculated the moment
demand at the critical interface and the shear force demand at the critical interface; we can

rwal (anil@ce ith ac in

calculate the capacity of the critical interface.

(Refer Slide Time: 16:11)
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Seat Angle Connection Design Example m.

j
Moment capacity of the outstanding leg = 1.2%f,/#

“ 200 " =1.2x(250/1.1) x 140 x 122/6/10
= =916 Nm > 542 Nm
50200’/ |/ Chp 300l 000 6~ 140 Hence, the seat angle is safe in moment,
- _% 4M16 of grade 4.6 (2 for column, 2 for bean)
Fango widh 7| 10mn| Fi — Fange | Shear capacity of the outstanding leg = wf/(¥3 X 1.10)
LGN BFISE!| RV | T =140x 12x 250 3/1.1/1000
== L =220 kN. > 100x(18.05/30.05) kN
i he Hence, the connection is safe in shear.
% 1 mm
57.15 30? T~ 4-M20 of grade 4.6
e F.a = 14150 x 75 x 12 - 140 mm
U i‘;*i
Illlj\/ (N Anil Agarwal (anil@ce iith ac ir

\ N\

Bl

So, that critical section here in this angle can be considered to have a moment capacity of 1.2
times Z times fy divided by ymo. What is the reason for 1.2? Basically, we are saying that even
though Z we are taking the elastic section modulus, when we multiply with 1.2, that means
we are willing to accept the plasticisation and we are actually accounting for the
plasticisation of the section.

(Refer Slide Time: 16:42)

Seat Angle Connection Design Example B-
Moment capacity of the outstanding leg = 1.22/#
fra0-| =1.2x(250/1.1) x 140 x 122/6/10°
msd =916Nm>542Nm
sca H Clgang 80806140 Hence, the seat angle is safe in moment.
“( 3 tiM\e of grade 4.6 (2 for column, 2 for beam)|
Fangowidh | 10mlIT— | punge | Shear capacity of the outstanding leg = wif(¥3 X 1.10)
ol g (o 30 =140 x 12X 250 3 /1.1/1000
' | ST T A = 220 kN. > 100x(18.05/30.05) kN
5!l SRz ) L
= i Hence, the connection is safe in shear.
65 || mn
5715, |7l #M20olgudess
R = ~\ L5122 uomm /|M/
|IE ;
O
&
0 —

So, we will take 1.2 times the Z value. The Z value has been calculated for this cross-section
multiplied by f_y divided by ymo. And this is basically the Z value, that is the Z value for this
angle. So, the leg of this angle, the width of this thing is 140 millimetres and the depth is 12
millimetres. So, based on that, the Z of this angle about the neutral axis which is at the mid
height can be calculated, which is calculated here. And then, the moment capacity is

301



calculated to be 916 newton metre which is significantly greater than the demand which was
542.

(Refer Slide Time: 17:20)

Seat Angle Connection Design Example I.
Moment capacity of the outstanding leg = 1.22f/#y
fea0| =1.2x (250 1.1) x 140 x 122/6/10°
. =916 Nm > 542 Nm :
s czcor Clip angle 60 % 60 x 6 - 140 mm Hence, the seat angle is safe in moment.

4-M16 of grade 4.6 (2 for column, 2 for beam)

Fango widh ]| 10mm [T 7 Fge “ Shear capacily of the outstanding leg = /(Y3 x 1.10)
o Mol s ‘{;;;';“mf“ =140x 12x250/\‘3/1Az/1000

- <sfis =220 kN. > 100x(18.05/30.05) kN
5:* B } Hence, the connection is safe in shear.
i 4:M20 of grade 4.6

™ L4150 x 75 x 12 - 140 mm

Anil Agarwal (ansi@ce ith ac.

Therefore, this angle can resist the moment demand. Now, it comes to the shear capacity. For
the shear capacity, again we will take the entire cross-section; width was 140, the thickness
that is 12 millimetres; and we will take fy divided by V3 as the capacity, because that is the
shear capacity of a ductile material.

(Refer Slide Time: 17:45)

Seat Angle Connection Design Example I.
Moment capacity of the outstanding leg = 1.22f,/#
“'200*‘ =1.2x(250/1.1) x 140 x 124/6/10°
S =916 Nm > 542 Nm :
sczwr | Clip angle 60 %60 x 6 - 140 mm Hence, the seat angle is safe in moment.
T - 46 ofgrac 45 2t coam, 2frbar)
Flango i | 10mn T Fange | Shear capacity of the outstanding leg = wif/(¥3 X 1.10)
LB PP I tiona | ™ =140x 12X 250 /\3/1.1/1000
1 =220 kN. > 100x(18.05/30.05) kN
5] "Fyt?::’ —L il _‘(——)
== b Hence, the connection is safe in shear.
6 1 mn s
5715, |7l *Me00lgade 46
- 7 ~ L+150 x 75 x 12 - 140 mm

So, which is taken as 250 divided by V3 divided by the factor of safety. And this is just to

correct the units into kilonewtons. And as a result, we get the shear capacity of the leg of this
angle as 220 kilonewton, which is much greater than the overall shear force demand; but
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actual shear force acting at that interface is only much smaller than 100 kilonewton.

Therefore, this connection is safe to resist the shear as well.
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