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Design a suitable | beam for a simply supported span of 5 m. and carrying a
dead load of 20 kN/m and imposed load of 40 kN/m. Take fy = 250 MPa

Design load calculations :
Factored load = yipx 20 + yi . X 40

Using partial safety factors for D.L yip = 1.50 and for LL y,. = 1.5
(Cl. 5.3.3 Table 4, Page 29)

Total factored load = 1.50 x 20 + 1.5 x 40 = 90 kN/m
Factored Bending Moment M =90x5x5/8
=281.25 kN.m
Zp required for value of fy = 250 MPa and

Ymo = 1.10

(Table 5, Page 30)

Zp =(281.25 x 1000 x 1000 x 1.1) / 250 = 1237500 mm?
=1237.50cm3

Using shape factor = 1.14, Ze = 1237.50/1.14 =1085.52 cm3

Options ISWB 400 @ 66.7 kg/m or ISLB 450 @ 65.3 kg/m

Try ISLB 450

Ze = 1223.8 cm® > 1085.52

Geometrical Properties : ISLB 450



D=450mm,B=170mm, tf=13.4mm,tw=86 mm,6 h1=384 mm,b h2 =33

mm
Ixx = 27536.1 cm4
As fy =250 MPa,
Section Classification :
B/2tf =85/13.4=6.34 < 9.4¢
h1/tw = 384/8.6 = 44.65<83.9¢
Section is Classified as Plastic
Zp = 1.14 x 1223.8 = 1395.132 cm3

Design Bending Strength: Md

=

i 2 1.0x1305:132x1000x250
= L

—317.075kVm

Yo o L "

> 281.25 kN.m

Bb = 1.0 for plastic section (Cl. 8.2.1.2, Page 53)

Check for Serviceability — Deflection

[ oad factor = yLD and yLL = 1.00 both, (Cl. 5.6.1, Page 31)

Design load = 20 + 40 = 60 kN/m

I nave |3 &14



: 5x60x(5000)"
5

= = 8.866mm
384 x2x10°x27536.1x10"

Limiting deflection = Span/360 (Table.5.3, Page 52)
= 5000/360=13.889 mm....OK
Hence Use ISLB 450

Working Stress Method
IS : 800 - 1984

Max Bending Moment = 60 x 5 x 5/8 = 187.5 kKN.m
Max Shear Force =60 x 5/2 = 150 kN

187.5x10°
Zreq -2 _11363cm]
165

Select ISLB 450 Zxx = 1223.8 Moment Capacity
=201.927 kKN.m

Check for Shear
i 150x1000

g5 =
1o = 1502806

—38.76 MPa < 100 MPa




Check for Deflection

O =

5x60x(5000)"

= 8.866 mm

384 x2x10°x27536.1x10%

Limiting deﬂectlon Span/32a— 3000/325
= 15.38 mm... OK

Comparlson of ISLB 4%) Section

Wog%mg Stress
Method

'u' it State Method

Moment
Capacity

201,927 kKN.m >
187.5 KNm

317. 075 KNm >
281 25 KNm

Shear
Capacity

387 KN > 150 KN

507.497KN > 225
KN ?’1

Section
Designed

ISLB 450@ 65.3
Kg/m

ISLB 450 @ 65.3
kg/m

The Section designed as per LSM is having more reserve
capacity for both BM and SF as compared to WSM




- weld, groove w
of efficiency,

gn nnection.
connections — Lap joint, butt joint — single cover and double cover
Analysis — Computation of efficiency, strength of joint.
b. Design of connection.

BOLTED CONNECTIONS

tension failure of net section, d)
bolt shear failure










plate.

Yr* = summation of radius from the CGC to all the
bolts in the connection

cos = angle between F, and F, = p/r

Figures for reference

Washer
Nut

Plate, ‘\ ,- \\

b,

(c) Bolted connection with gusset plate




elded connections i.  Fillet weld
ii.  Grove weld (or butt weld)
Plug weld
Slot weld
Spot weld

;Ty'pés of fillet weld

TYPES OF FILLET WELD
Fillet weld — fails mostly by shear

Throat=a xcos4s
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<— Weld size leg

Weld sizo
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~Weld face
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Thickness
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|
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(b) Components in Fillet weld

(d) Groove weld







Nominal diameter of the rivet =6.04Vt
(when thickness of plates to be
connected is provided)
Joint efficiency (Strength of rivet/ Strength of solid un-riveted plate) x
100
Permissible stresses in rivet fi fs fiy
Power driven
i.| Shop rivet 100 100 300
ii.| Field rivet 90 90 270
Hand driven 80 80 250
1
| HEAD
:
‘ BODY
i (SHANK)

J

(b) Rivet connection

STEPS INVOLVED IN SOLVING PROBLEMS

BOLTED CONNECTION — ANALYSIS:

Calculate the shear strength of bolt

Calculate the bearing strength of bolt

Calculate the tensile strength of plate when bolts are provided
Strength of bolt = least of [1], [2] and [3]

Calculate the strength of plate.

Determine efficiency.

DW=

BOLTED CONNECTION — DESIGN:






2. Calculate the length of weld.

3. Calculate the strength of weld [Lowest of tensile strength and shear strength for
- groove weld, shear strength for fillet weld].
4. Calculate the strength of plate.
5. Determine efficiency.

WELDED CONNECTION — DESIGN:

1. Calculate the thickness of weld/size of weld.

2. Calculate the strength of weld, keeping length of weld as Imm. [Lowest of tensile
strength and shear strength for groove weld, shear strength for fillet weld]
Calculate the load acting on plate, if not given in question.

Determine the length of weld = Load acting on plate/Strength of weld.

Arrange the weld in straight line of as plug welded connection [if 1,>b]

Detail with diagram.

o v oW

RIVETED CONNECTION — ANALYSIS:

Calculate the shear strength of rivet.
Calculate the bearing strength of rivet
Calculate the tearing strength of plate.
Strength of rivet = least of [1], [2] and [3]
Calculate the strength of un-riveted plate.
Determine efficiency.

Detail with diagram.

SRl AR R DR

RIVETED CONNECTION — DESIGN:

1. Determine the nominal diameter and gross diameter of rivet.
2. Calculate the shear strength of rivet.
late the bearing strength of rivet
ength of rivet = least of [1] and [2]
r of rivets = Factored load/Strength of rivet
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DEPARTMENT OF CIVIL ENGINEERING
2 MARKS
UNIT-1& 2

1. Define Rivet line.

2. What is slip factor?

3. What are the advantages of riveted connections?

4. Define the efficiency of a joint.

5. List any two limit states.

6. Name the various types of bolted connections.

7. Write the equation for calculating the effective throat thickness of a weld.

8. A ssingle riveted double cover butt joint in plates 12mm thick is made with 20mm diameter power driven
rivets at a pitch of 90 mm. Find the safe load per pitch length of the joint.

9. A circular plate of 150 mm diameter is welded to another plate by means of 6 mm fillet weld. Calculate
the greatest twisting moment that can be resisted by the weld if the permissible shearing stress in the weld
is 110 N/mm?.

10. List out some major types of connections.

11. In what circumstances the joints are most suitable.

12. What is the difference between pitch and staggered pitch?

13. The minimum pitch allowed in the code is ------------ :

14. The maximum longitudinal pitch allowed in a bolted compression member is ----------- .

15. The maximum longitudinal pitch allowed in a bolted tension member is ----------- .

16. The minimum edge distance in a member with rolled edge is approximately ---------- .

17. Write short notes on pinned connection.

18. List out some simple connections used in steel structures.

19. Write short notes on :i) Lap joint ii) Butt joint.

20. What is the difference between unstiffened and stiffened seat connection?

21. List some important advantages of welding over bolting.

22. List some important disadvantages of welding ? What are they?

23. List out four types of welds.

24. Minimum thickness of fillet weld should be ------- . Minimum length of fillet weld should be ---------- :

25. What is the main drawback of a butt joint?

16 MARKS

UNIT-1&2
1. Design riveted connections for a bracket as shown in fig, carrying an eccentric load of 250 kN at a distance of
300 mm from the centre line. Adopt limit state design concepts.

2. (i) Explain the advantages and disadvantages of bolted connections.
(if) Two plates of 15 mm thickness have been connected in a lap joint using high strength friction grip bolts.
Design the joint so as to transmit a pull equal to full strength of the plate.

3. Explain the possible failures of a riveted joint.
4. Fig. shows an arranged to support a bracket plate. The load applied to the bracket plate is 100kN. Find the

greatest resistance offered by the weld per mm length. If 6 mm fillet welds are used, find the greatest stress intensity
in the weld.

5. A plate girder has flange plate of 440 x 25mm and it was found from the beam analysis that this place where a
joint has to be provided is subjected to a tension of 1150 kN.Design a butt weld.

6. A 16m span truss has a rafter consisting of 21SA 40,40,6 and which is subjected to 56.70 kN compression, design
using rivets.

7. A 6 mm thick angle section is jointed to a 10 mm thick gusset plate. The angle is supporting a load of 60 kN.
Find out the number of 16 mm diameter rivets.



8. A tie member 75 mm X 8 mm is to transmit a load of 90 kN. Design the fillet weld and calculate the necessary
overlap.

9. Calculate the maximum load carried by any rivet shown in fig. Rivet and B are 200 mm? cross sectional area and
rivet C of 400 mm? area.

10. Design the welded joint of a truss shown in fig. take the permissible shear stress in the weld is 110 N/mm?.
Need not design the connection of the member.

11. Two plates 12 mm and 10 mm thick are joined by triple riveted lap joint, in which the pitch of the central row
of rivets is 0.6 times the pitch of rivets in the outer rows. Design the joint and find its efficiency. Take ca = 150
N/mm?, Tt = 80 N/mm? and ovs = 250 N /mm?.

12. A bracket carrying a load of 100 kN is connected to column by means of two horizontal fillet welds, of 130 mm
effective length and 10 mm thick. the load acts at 70 mm from the face of the column as shown in fig. Find the
throat stress.

13. Explain the possible failures of a riveted joint.
14. Fig. shows an arranged to support a bracket plate. The load applied to the bracket plate is 100kN. Find the
greatest resistance offered by the weld per mm length. If 6 mm fillet welds are used, find the greatest stress intensity

in the weld.
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UNIT 11l — DESIGN OF TENSION MEMBER

UNIT-III
DESIGN OF TENSION
Tension Members:-
Tension members are design to satisfy the design strength of the member against
Q) Yielding of gross section
(i) Rupture of critical section
(ili)  Block shear @ end of connection
Generally tension members are known as tie member.

V ' \ esmmp—— ' (e

The various shapes of tension members are solid circular sections, plates, angles,
channels, I-sections, T-section & built-up section.
1. Design strength of Tension Members are due to yielding:- [cls 6.2 IS 800-2007]
A, f
gy

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

0.9 Anfu
T dn = yml

Where,

An=[b-nd +> %]t
I o



=
7

& =

— W; f———
by=w+w;—t bi=w

a) For Angular section design strength of rupture:-
T, - _0.9Af, /)’Ago y
Tmi Vmo

Where,

1.4-0.076 (V/)( )< “ym°
- / / / yyml)Z

3. Design strength of member due to block shear failure @ the end connection:- [cls 6.4

IS 800-2007]
a) Bolted Connections:- [cls 6.4.1]
T, Avgfy 0.9Amfu
V3il  Tm
(or)
0 9A,, f, Atgfy
\/‘éJ’mI 7mo
A . : \]
1 21 __]‘°____T2
— - N
S SN 3 : 4 :3 |
|
|—> -0 <—T
| |

(a) (b)



b) Welded Connection:-

Appropriate length of member is considered around the end weld.

Preliminary section:- [cls 6.3.3 IS 800-2007]
Preliminary section is assumed from the relation is based on
aAnfu
dn Vil

1. Determine the design tensile strength of the plate of size 200x12mm with holes having
bolts of dia 16mm (M16). The grade of steel used is Fe410.

/— Critical section

|
|

arr—| 60 ] 130 -
|

fe—35 —»j= 60 |
Given:-
Size of plate = 200mm x 12mm
Dia of bolt =16mm
Grade Fe410 => fu = 410 N/mm?
fy = 250 N/mm?
Sin:-
1. Design strength due to yielding:- [cls 6.2 IS 800-2007]
Agf y
Vo
Ag = 130x12 = 1560mm?
_ 1560%250
1.1=>(table5)
Tag=354.5 KN

2. Design strength of plate @ rupture: [Along critical section] [cls 6.3 IS 800-2007]
The critical section is along the line having 2 bolts
_0.9A f,
dn” P
A,=|b—nd,]t
n=2
b =130mm
=[130-2x18]12
A, =1128mm?



__0.9%1128x410
1.25=[Table-5]

_ Tan = 332.9 KN
3. Design strength due to block shear:- [cls 6.4 IS 800-2007]

Agf,] [0.9A,f,

/3¥mo mi

Tgp=

_I_

(or)
0.9A,,f,

\/3 7mn
Where,
Section considered for Ayg is (e+tn’p) X t
Section considered for Aygis (n’g) X t
Section considered for Avn & A is the net area after detecting the bolt hole.
Ayg = (35+60)12= 1140mm?
Ay = 60x12 = 720mm?
Auyn = [35+60-18] x 12 = 924mm?
A = [60-18] 12 = 504mm?
_[1140x250 |,10.9x504x 410
Tdbl_[ Jaxt. 1 H 1.25 ]
T x1.

®  =298.36 KN

At
ymo

y

T_

= +
dn

(or)
T - o.9><924><410]+[720>< 250 ]
d V/3x1. 25 1.1

T 4, =321.12KN



.. The least of the above 4 strength value is the design strength of the plate.
.. Design strength of the plate = 298.36 KN

1. A single unequal angle ISA 90x60x6mm is connected to a 10mm tk gusset plate at the
ends with 5 Nos of 16mm dia bolts to transfer tension. Determine the design tensile
strength of the angle if the gusset is connected to the 90mm leg.

Given:-
]P ISA 9060, 6 mm
g =50 mm, if 90 mm leg is connected
=30 mm, if 60 mm leg is connected
Unequal angle = ISA 90x60x6
Tks of gusset plate = 10mm
@ of bolt = 16mm
Nos of bolt =5 Nos.
Sln:-
1. Design strength of angle in yielding:- [cls 6.2 IS 800-2007]
A f
_'9'y
dg Vmo
6 6
_|(90-°/)+({60- / )
A9 [( ARGl
A 4 =864mm?
_ 864x250
- 1.1

T4;=196.36 KN

2. Design strength of angle against rupture [cls 6.3.3 1S 800-2007]
_ 0.9A .f, N BAy T,

an mi Ymo

f, /\/bs Fu Yo
,6‘=1.4—O.076(Vy/t)( /fu)(ﬁc)sfﬂm. =

Where,



An=> Net area of the connected leg = (90-6/2-18) 6
An=414mm?
Ag=> Gross area of the outstanding leg = (60-6/2) x 6
Ag = 342mm?
w => outstanding leg width = 60mm
t =>tks of angle = 6mm
bs=> shear lag width = w+w;-t
Assume, w1=90/2=45mm ~ 50mm
Provide w1 = 50mm
bs=60+50-6 bs= 104mm

Lc=> length of the end connection = 90mm

1.4-0.076x 89 %339 x 94

¢'410X1'1 ~0.7
250%1.25
f=0.864<1.44>0.7
Whichis true [0.7 ; 0.864 ; 1.44]
. p=0.864
T o= 0.9%x414x410 + 0.864x342x250
dn 1.25 1.1

T 4n=189.369
KN

3. Design strength of plate against block shear of end connection: [cls 6.4 1S 800-2007]

. _Avgfy 09Amfu

R (or)
0.9A  f A f

vniu gy

db \/3 Vil ymo
Where,

Avg= (30+4x50)6=1380mm?
Aun= [230-(4.5x18)]6=894mm?

Block shear failure takes place along line 1 to 3
‘Atg’ is found along line 1-2

Ayg = (30+4x50)6=1380mm?
Atg is taken along line 2-3

Am=’40—%><18]6

A, = 186mm?

;. _1380x250 , 0.9x186x410
db ™~ /3x1.1 1.25

T4, =235.98 KN
(or)

_ 0.9x894x410 , 240X250

V3x1.25 1.1




T4 =206.9 KN
.. The least of strength of section in yielding, rupture and block shear is the design
strength of the section.
.". Design strength of the section = 189.369 KN
3. Find the design strength if the 60mm side is connected to the gusset plate as in the
above problem.

gusset plate
o8 P

/ »

= = | <

gusset plate

(a) (b)

Sin:-
Here the 60mm side is connected to gusset plate.

.. Assume the line of bolts to be placed at a distance 60/2 = 30mm

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

Aty

49 Vmo

Ag=[(90—6/2)+( 60—6/2)

A, = 864mm?
_ 864x250
o141

X6

T4y =196.36 KN

2. Design strength of angle against rupture [cls 6.3.3 IS 800-2007]
_ 0.9A . f, N BAg T,

dn yml ymo




/3=1.4—0.076(W)(W)(E)s%zm

U
Where, [cls 6.3.3 IS 800-2007]

6
Anc=(60— 2 —18)6
=234mm
/)
Ag—(90 2—) %6
= 522mm?
w =>90mm
t=> 6mm
bs = w+wi-t
= 90+30-6=114mm

bs= 114mm
L. =60mm

ﬁ=1.4—0.o76(95Q %‘}%)(114

p=0.079<1.44>0 7
V4
Max. limit for gis_“"™

BU_)S(410>>21'.1 )20.7

yyml
.. Provide p=0.7
T :0.9><234><410+0.7><522><250
Toon 1.25 1.1

T4y =152.12 KN

3. Design strength of plate against block shear:- [cls 6.4 IS 800-2007]
A ofy O 9A  f

T th'u
0.9A  f A f

vniu , gy

db \/3 Yl Ymo

Where,
A,,=[30+(4x50)[6

A =1380mm?
A, =30x6=180 mm?

A, :[30—1?1%
Am ='126mm
A, =|230—(4.5x18)|6



A =894 mm?
_1380x250  0.9x126x410

db \/3)(1.1 1.25

Ty =218.27 KN

_ 0.9x894x410 , 180x250
db/3x1.25 1.1

T 4,=193.27 KN

". Design strength
of the section =
152.12 KN




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

2. Select suitable section depending upon the type of structure & location of member
such that the gross area is 25 to 40% [generally 30%] more than ‘A4’ calculated.
3. Determine the no. of bolts are length of weld reqd and arrange them appropriately.
[design of connection]
4. Find the strength of the assumed section considering

(1) Strength of section in yielding of gross area

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

(ii1) Strength of section against block shear at the end o connection.
5. The strength of section obtained [Design strength of section] should be more than a
factored tensile force ting on the section. If not, the section has to be revised and redesign
the section.
6. The slenderness ratio has to be check for the tension member, as per table-3, IS
800-2007 [Pg.No:20]

I
. ff
Slenderness ratio, A= _°

ymin
Where,
Ymin => The least of y xx & y yy of the section. [from steel table]

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

Given:-
Tu=225 KN
d=20mm
N
f =400 /
y mm?
Grade 4.6 => :250'\'/
y mm2
d,=22mm
Sin:-



1.17

Required area, Angiu
_ 1.y1><225><103
250
A 3=990 mm?

To select ISA 100x75x8mm
A¢=1336mm? [from steel table]
7y xx=31.4mm y yy=21.8mm
Y min = 21.8mm

2=21.8 is connected to the gusset plate (assumed tks 10mm) by lap jt along the 200mm
side.

y 75
ﬁ\ T et e
40
© © © © —Q T 100 mm 21 i
=8
L |

*., 40 ’«—— 60 X 4 =240 mm \—>’

BOLT VALUE:-[M20]
(i) Strength of bolt in single shear:- [cls 10.3.3 IS 800-2007]

Vap= 73 : anbS - n=0 f - ss
400 1><7L'><202X0.78
\/3 4

1.25Table5 — 1S 800-2007

Vyp=45 27 KN
(i1) Strength of the bolt in bearing:- [cls 10.3.4 IS 800-2007]

vV | 25k,
S mb
f

k=—2 —R -025_*1
3d '3d, f,

Assume, e=1.5 do=1.5 x 22 = 33mm ; 40mm

p= 25 2.5 x.20 = 50mm 0Omm
g 95 2 ébz _0254031

b 3><22 3X22 410

= 0.606, 0.659, 0.975, 1



". ko=10.606 (least value)
v _2.5%0.606x20x8x410
dop 1.25

dep =79.5 KN

". Design strength of bolt \4|@1Iue =45.27 KN

". No. of bolts, n= __
v
225

= 45,27
= 4.97 ; 5 Nos.

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

Check for strength of section:-
1. Strength of section against yielding:- [cls 6.2 IS 800-2007]

A, f

_g'y
ng Ymo

[(100 H75 )

A 4=1336 mm?
_1336X%250
11

T ;=303 .636 KN

2. Design strength of the section against rupture:- [cls 6.3.3 IS 800-2007]
0.9A,.f, [)’Ago y

yml ymo

dn—
Where,

/)’:1.4—0.076(%)(%)(%)5%20.7

Anc=[100—22—§]8
Anc=592 mm?

A 0:(75— %)8
A 4=568 mm?
w = 75mm
t = 50mm
bs = w+ws-t

= 75+50-8
bs=117mm



L =100mm

/3:1.4—0.076(%? )(%)(%)S(%)ZO]
~0.89<1.44>0.7
=0.07<0.89<1.44

".f=0.89
T 0.9x502x410 , 0.89X568x250
dn 1.25 1.1
Tan =289.6 KN |
> 225 KN
3. Design strength of plate against block shear:- [cls 6.4 1S 800-2007]
A, f, 0.09A f
T =9 v, nu
yml
db mo
\/3Y (or)
T :o.9,§mfu+ At
db \/3le Vmo
Where,
A,,=[40+(4x60)|x8
Ag=2240 mm?
A,=50x8
Atg=400mm?
A, =[280—(4.5x22)|8
An=1448 mm?
Am=’50—§2]><8
Ay=312 mm?
T _[2240%250],[0.9x312x 410
db, : 1.25
v /3xL1 :

Tan, = 386.026 KN

T o=

[0.9&[344825410 ‘ +[4001@50 ]

The above 2 values of strength against block shear 337.697 KN > 225KN
The strength of the section against yielding, rupture & block shear are greater than the
external load of 225KN.

.". The assume section ISA 100x75x8mm is safe.




2. Solve the above problem using angle section on opposite sides of gusset plate
Given:-

I
T = 225KN Jact=_*"
’ ymin
d=20mm Amax=350table 3
do=22mm Aact < Amax

Grade 4.6 => f,= 400 N/mm?
f,= 250 N/mm?

Sln:-
— 40 =—— 60x4=240 ~——>‘ i — 50 [l=— l
35 T J Th’ mm
© 1S © © © T 75 ]
40
!
w =50 mm U 12 mm
b;=50+30-10=70 mm
To find Ag:-
1T,
Ag = fy
_ 1. 1x225x%x10°
250
A 4=990 mm?

Area each angle reqd = 990/2 = 495mm?
.". Select the section from steel table having area 30% more than 495mm?
Try ISA 70x70x5mm
Ag=667mm? [from steel table]
P =21.5mm

Yy =21.5mm

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

V — V nsp
dsb y
mb

f
Vnsp: 71& nn Anb +ns Asb]

N,

=n_=1
°0. 78 XX 202 7 X202 2
A= 7 A= Z =314 .16 mm




400 11 9245+1%314 . 16]

Vdsb: \/§ 125

| V,,=103.3KN |
(i1) Strength of bolt in bearing:-

an
dep_y_m;l
2.5k, d.f,
ymb
Assume e=1.5 do=33mm ; 40mm
p d =50mm mm
a0 PTRFI=50mm 4 ggm
b 3322 3x22 410
=0.606, 0.659, 0.975, 1
.. Take kp = 0.606 [least value]
v _2.5X0.606x20x10x410
dbp 1.25

Vipp =
99.38KN
". Design strength of bolt value = 99.38KN
". No. of bolts = 225/99.38

=2.26 ; 3 Nos.

". Provide 3 nos. of 20mm bolts for pitch 60mm & tks edge distance 40mm.

Check for strength of section:-
1. Strength of section against yielding:- [cls 6.2 IS 800-2007]
A, f
_9y

{6943

A ;=1334 mm?
_ 1334250
11

X5]|X2

T,,=303.18 KN > 225KN

2. Strength of section against rupture:- [cls 6.3.3 IS 800-2007]
0.9A . f ﬂAgo y

nc'u

J)ml ymo

dn

Where,



u c

f\(By)  Fudee
ﬁ=1.4—0.076(¥)(?‘)(f)5f >0.7

A, = 70—22—§]><5><2

Anc= 456 mm?

Ag={70-2)x5x2
A g=675mm?
w = 70mm
wi=35mm ; 40mm
bs= w+wi-t
=70+40-10
=100

p=1.4-0. 076( )(%?I()o)(*lr%%)ﬁ(m4lo>§l'.l )20.7

1.89<1.44>0.7
=0.7<1.19<1.44
- p=1.19
_ 0.9X456x410 , 1.19X675x250
n 1.25 1.1

Ty

Ton =316.87 KN |
> 225 KN

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

o _Agf, 09Af,

yml

¢3Ym0 (or)

o _09ALf, A,

do- \/éyml Vmo
A,, are found along section 1-2 and
A, are found along section 2-3
_[[4o+2(60)]5]2
=1600mm?

A, =[40+2(60)—2.5(22)| 5|2
=1050mm?
g=30X5x2=300 mm?
A,=[[30-0. 5(22)]5]2
=190mm?

_1600x250 N 0.9%x190x410

db1 \/3><1 1 1.25

Ay &
Ay &

T



Tdbl =266.03 KN

For 2 angles
~0.9x1050%x410 +300><250

P Jaxi 2 11

oo, =247.137 KN

For 2 angles

Tap=247.137KN [least value of these two]
Hence 2 nos. of ISA 70x70x5mm is safe against yielding, rupture & block shear
conditions.

TENSION SPLICE:-

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

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

1. Design a splice to connect a plate of size 300x20mm width a plate of size 300x10mm.
The design load is 500KN. Use 20mm block bolts fabricated in the shop. Provide a
double cover butt joint with tks of cover as 10mm.

Given:-

1. Plate of size = 300x20mm

2. Plate of size = 300x10mm
Tks of cover plate = 6mm

d =20mm
do =22mm
Design load = 500KN
Sin:-

Since plates have varying tks need to be provided packing plate is reqd to provide

the two cover plates.

The bolts are under double shear.

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

V. = \ nsp
dsb
Ymb

f
Vnsp: ngnﬂ Anb +ns Asb]

n,=n,=1
2
A= Z. 78X X202 _, e 2
X 20° 2
Aw=7 =314.16mm

B y=[1-0.0125tpkK|



= [1-(0.0125%10))

B =0.875

v 4?[1><245+1><314 16]x0.875
3

nsb

=112.99 KN
112.99
Vb=

1.25

Vdsb =90.392
KN

1. Strength of bolt in bearing:- [cls 10.3.4 1S 800-2007]

V _ang

dbp Vinb
= 2.5k, d, f,
Assume e=1.5 do=33mm ; 40mm
p d =50mm mm
( 40 P7600= 2ITT a6
b 3322 3x22 410
=0.606, 0.659, 0.975, 1
". Take kp = 0.606 [least value]
Vipp =2. 5X0. 606x20%10x410
=124.23 KN

dep =
99.38KN
". Design strength of bolt value = 90.39 KN

T
". No.of bolts= _“
v
_ 500
~90.39
n=5.5=~6Nos.
". Provide 6 nos. of 20mm bolts on each side
Providing the 6 bolts on each side of the connecting plate, it can be arrange along
2 vertical rows with 3 bolts on each vertical row as shown in fig.
Check for strength of section:-
1. Strength of the plate against yielding:- [cls 6.2 1S 800-2007]
Agfy

T =
9 Yo

A 4=300x10=3000mm? [Tks of thinner plate]
_ 3000x250
11

T4y = 681.81 KN > 500KN



2. Strength of the plate against rupture:- [cls 6.3.1 IS 800-2007]
0.9A f,
dn yml
An= The critical section where carrying of plate is occurs along the vertical line
passing through the 3 bolts.
= [300-3x(22)]x10
An = 2340mm?
_0.9%2340x410
- 1.25
T ;,=690.77 KN >500 KN

3. Strength of the plate against block shear:- [cls 6.4 IS 800-2007]

o _Agf, 09AT,

yml
db mo
B (o
C0.9A,f, A

wniu , Mgy

T = f
db \/é Yml mo

The block shear failure takes place along the lines 1,2,3,4 as shown in fig. [The
path of block shear failure is given in fig:7 IS 800-2007]

Ayg & Ay, are found along section 1-2 and
Ay & Ay, are found along section 2-3
Avg=[40+60]x10=1000mm?
A,,=|(40+60)—1.5(22)|10
= 670mm?
Ag=[2x110]10=2200 mm?
A,,=[2(110)-2(22)|10

= 1760mm?
T _1000x250 , 0.9x1760x410
db,~ 7, +
1 \/3><1. 1 1.25
T, =650.76 KN
T _0.9X670x410  2200x250

P2 J3x1 25 1.1

T,, =614.190 KN >500 KN
2
Hence the connection is safe.

LUG ANGLES:-

«» The length of end connections of heavily loaded tension members may be
reduced by using lug angles as shown in fig.

< There is savings in gusset plate but additional cost is incurred from the
material of lug angles & the connections for the lug angles.



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

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

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

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

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

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

[When main member is a channel]

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

respectively.

\
\\_’,’—’/’/’J — Main member—Angle

Main member-

/\ ‘\—_ Channel
// \
O O \
1 i :
1 .
O @) O (@) /
\ (
\ o) o) o O \
O O
|

(b)
1. Design a tension member of a roof truss which carries a factored axial tension of
430KN.
Design the connection when
(1 No lug angle is provided
(i) Lug angle is provided
Hints:-



1. Without lug angle, the connections are designed for ‘Ty” and member is
check for design strength for ‘Ty’.
2. When lug angle is provided, connection in main member is design for
“Tu/2” and the connection in lug angle is design for ‘Tu/2’°, where the
connection plate & lug angle is increased by 20% and connection b/w lug
angle & main plate is increased by 40%
Given:-
Tu=430KN
Sin:-
(i) No lug angle is provided:-
Assume, d = 20mm
do=22mm
Tks of gusset plate = 12mm

BOLT VALUE:- [M20]
11T,

Ay =
y
_1.1x440x10°
250
A =1892mm?
Select a section from steel table having area 30% more than the reqd area.
Select ISA 110x110x12mm
A ,=2502mm’
Vax =V yy=33. 4 mm
(i) Strength of bolt in single shear:- [cls 10.3.3 IS 800-2007]
Vv
Vip="0
7mb

f
Vnspzj’cdnnAnbms Ayl

n,=1,n,=0
A= 245 mm?
=200 193 ou5]
V3
V_,=56.58 KN
Vdsb:%

Ve = 45.264 KN
(i) Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]

V _ang

dop Ymb



anpzz. 5k, d, f,
Assume e = 40mm

P =60mm
K :40_1607_0_25,@,1
b 3%22 3x22 410

K, =0.606, 0.66, 0.959,1

.. Take K, =0.606

Vv _2.5X0.606x%x20x12x410
dbp 1.25

Viop = 119.26 KN

.". Design strength of bolt_ value = 45.264 KN

3
.. No.ofbolts= _“
v
430
~ 45.264
=9.49; 10 Nos.

". Provide 10 nos of 20mm dia to bolts edge distance 40mm & pitch of 60mm.

Check for strength of section:-
1. Strength of section against yielding:- [cls 6.2 IS 800-2007]

A f
__ 9y
ng_ ’mo

Ag=[(110—12/2)+(110—1%)

A4 = 2496mm?
_ 2496250
11

x12

Tag=567.27 KN > 430 KN
2. Strength of section against rupture:- [cls 6.3.3 IS 800-2007]
_ 0.9A . f, N BAy T,

dn J)m| ymo

Where,

b\ fivee
Lc Sfyym|20.7

Ago=[110—¥lx 12

=1248 mm?

/;:1.4—0.076(%)(%

1
A=L110—22— lelz
84mm?



w =110 mm
= 60mm
bs W+HW1-t
=110+60-12
=158mm
=580 mm

/3:1.4—0.076(1129 m)(m)s(mg)zm
—1.28<1.44B0 7
- p=1.28
_ 0.9x984X410 1 28X1248x250
" 1.25 1.1

Ty

| Tyy = 65353 KN |
> 430 KN

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

o _Agf, 09AT,

Tmi
mo
\/3Y (or)
0.9A  f A f

vniu, “tgly

db \/3 Vml 7mo

Where,

o =40+(9x 60)]12
= 6960mm?

A, =[50%x12]

= 4452mm

lzszfl”

T _6960%250 +O.9><468><410

do,— . /3x1. 1 1.25
T

d =997.5 KN > 430KN
_0.9%X4452x%410 +600><250

@ J3x1 25 1.1

Tan, =895.13 KN > 430KN

T

(i) Lug Angle is Provided:-
. When lug angle is provided the member of bolts reqd for establishing
the connection reduces thereby reducing the overall length of overlap.



The connection b/w main member gusset plate is designed for T

2
The lug angle is designed for a force of To [Increased by 30%]
The connection b/w the main member lug angle is de5|gned for 40% of
7 and connection b/w angle & gusset plate designed for 20% of
2
Connection for Main Member:-
T
ﬁ S 25 ['V_45.26KN
n= v 45.26
n=4.75; 5Nos
". Provide 5 nos of 20mm bolts.
Lug Angles:-
i 1><Tu/><1.3 1.1x215x1.3x10°
A = 2 = =1230mm?
- 7
g f 250
y
Try ISA 80x80x12mm
A =1781mm?

Yxx =7 yy =23.9mm
Connection b/w gusset plate & lug angle:-

2XT,
No. of bolts = 1- A

v
_1.2%215
~ 45.26
n=>5.7; 6 Nos
". Provide 6 nos of bolts b/w gusset plate and lug angle.

Connection b/w lug angle & main membe:-

1 4XT,
n— /2

v
_1.4%215
~ 45.26
n=6.65; 7 Nos

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



v

/—ISA 100 100, 6 mm

ISA 100 100, 10 mm

Gusset plate




UNIT IV - DESIGN OF COMPRESSION MEMBER

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

a) Class 1 [Plastic]:-

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

b) Class 2 [Compact]:-

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

c) Class 3 [Semi-Compact]:-

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

d) Class 4 [Slender]:-
C/S in which the elements buckle locally even before reaching yield stress.
The width to tks ratio of plate elements shall be greater than that specified under class-3
in table 21. In such cases, the eff. Sections for design shall be calculated either by
following the provisions of 1S 801 to account for the Post-local-buckling strength or by
deducting width of the compression plate element in excess of the semi-compact section
limit.
< Generally steel sections carrying axial compression fail by flexural
buckling.
¢ The buckling strength of the compression members are affected by
residual stresses, accidental eccentricities & slenderness ratio.

¢ To account for these factors the strength of members is subjected to axial
compression defined by the above buckling classes 1,2,3&4 [Plastic,
Compact, Semi-Compact & slender] given in table 10 1S 800-2007.



Table 6.1 Buckling class of cross-sections
[Refer Table 10 in IS 800]

Cross-Section Limits Buckling About Axis Buckling Class
)] ) 3) )
Rolled I-Sections h/b; >1.2:
1, <40 mm z-z a
yy b
z-z b
40 mm <7, < 100 mm y-y 2
h/b,>1.2:
1,< 100 mm z-z b
yy ¢
z-z d
ty> 100 mm Y-y d
Welded I-Section ¢, <40 mm z-z b
»y ¢
Z-Z c
t,.> 40 mm y-y d
Hollow Section
— Hot rolled Any a
@ Cold formed Any b
Welded Box Section Generally Any b
. (except as below) '
| i Thick welds and
A 2 B blty<30 z-z c
—1=" — hlt,, <30 y-y c
—Y
Channel, Angle, 7 and Solid Sections
Any c

Built-up Member

Z|




DESIGN COMPRESSIVE STRENGTH:- [cls 7.1 IS 800-2007]
S CRR n
j

| |

Pd > Pu
Where,
P4 = Design compressive strength of column.
Pu = External compression (or) design load.

P4 = Aexfcd
Ae = Eff. Area
fea = design compressive stress
f
y
f f
f = J}mo == X y < y
“ ot Tmo o
Where,
=0.5[1+a[1—=0.2]+ 22
(//f = norl—d?r%e[)nsiongl] ef# ]Slenderness ratio.
Where,

KL/r = eff. Slender ratio (or) eff. length, KL to appropriate radius of gyration.
a = Imperfection factor given in table 7



X = Stress reduction factor [see table-8]

- [¢+(¢2—/12)0'5]
Zmo= Partial safety factor for material strength.
KL = Depends on support condition given in table — 11
The only variable in finding the permissible comp. stress (fcd) is slenderness ratio
(L/r) for the given section coming under any of the buckling class a,b,c&d.
.. Based on the slenderness ratio, design compressive stress can be taken from
table 9, 9a, 9b, 9c (or) 9d IS 800-2007.

<+ The buckling class for various section are given in Table-10 IS 800-2007 and
slenderness ratio is based on eff. length given in table-11; IS 800-2007.
Table 6.2 Effective length of prismatic compression members
[Refer Table 11 in IS 800]

Boundary Conditions Schematic Effective
Representation Length
At One End At the Other End
Translation Rotation Translation Rotation
(1) ) A3) 4) &)} (6)
Restrained Restrained Free Free J 2.0L
free Restrained Free Restrained :
Restrained Free Restrained Free 1.0L
vy
L
Restrained Restrained Free Restrained \ [
S
NN
NN
Restrained Restrained Restrained Free \\ 81
Restrained Restrained Restrained Restrained ).651




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

Given:-
Section => ISHB 300@577 N/m.
L =>3m.
End condition => Both ends are pinned.
Sin:-
To find slenderness ration:-
_KL
A=
r
Where,
K=1.0 [from table-11 IS 800-2007]
Yo =129.5mm
y,, =54.1mm [from steel table]
ST in=24.1mm
_ 1x3000
T 54.1
2=55. 45

To find design comp. stress:- [cls 7.1.2.1 1S 800-2007]
Pd: Ae f ed

fy
f = Aﬂo =XfySfy

ed ¢+[¢2_12]0.5 m ymo
0=0.51+a[1=0.2]+ 2]

Where,

y _

fCC

Buckling Class:- [Table-lO\/S 800-2
Rolled steel I-section h o 300

bf 250
tf = 10.6 <100

1.2

About z-z axis —b
About y-y axis —c
.. The section need to be check for buckling

Class-C

a=0.49 [from table-7 1S 800-2007]
T X 2x10°

fc"_(KL/)Z (55.44)?
i

f .. = 641.98 N/mm?




= | = (250

fo, 641.98
A =0.624
*.9=0.5[1+0.49(0.624—0.2)+(0.624 2

¢ =0.79

25y
.. Design compressive stress f — 1.1
@ 0.79+](0.7972—(0.624""
f g = 178.33 N/mm?
.. P,=7485x178.33
Py =1334.7 KN

50 | 183

60 | 168

Also referring table 9c¢ 1S 800-2007 [for buckling class-c] and 4 = 55.45
f g =174.8 N/mm?
Py=7485x174.8
P4=1308.5 KN

DESIGN OF COMPRESSION MEMBERS:-
Step:1 => Assume the design comp. stress of the member [Generally for rolled steel
sections assume fea= 135 N/mm?, for angle section assume
fea = 90 N/mm? for builtup sections carrying
large loads assume feq = I2300N/mm2
Step:2 => Reqd eff. Sectional area, A= f—:j

Step:3 => Select the section for the eff. Area and calculate. rmin [least of VA7 yy ]

Step:4 => From the end co-ordinations, [decide the type of connection] determine the eff.
Length.

Step:5 => Find the slenderness ratio and hence the design comp. stress fcq

Step:6 => Find the actual load carrying capacity of the compression member.

Step:7 => If the calculated value of differs considering from the design load [P], revise
the section.

1. Design a single angle strut connected to a gusset plate to carry a factored load of
180KN. Length of the strut is b/w c/c of intersection is 3m and the support condition is
one end fixed & other end hinge with K=0.85

Given:-
Factored load, P = 180KN
L=3m
K=0.85
Sln:-
To find feq:-

Assume a design comp. stress feg = 90 N/mm?
To find A reqd:-



I:)d
Reqd Area A=___

cd
_180><1O3
90
A = 2000mm?
Try ISA 90x90x12mm
Properties of ISA 90x90x12mm:-
A=2019mm?
Pax =7 yy =27.1mm

Yu=34.1mm,y =17.4mm
Buckling Class:-
Angle come under buckling class-c
KL _0.85%3000

r 17.4

KL =146.55
r

Refer Table 9c, IS 800-2007

140 [ 66.2 | fog=61.615 N/mm?

150 | 59.2

.. Strength of strut = 2019 x 61.615
Pd = 232.7N/mm?
Py = 124.4 KN < 180KN
Revise the section:- Try ISA 130x130x8mm
A=2022mm?
l=1,=40.3
l,=51.0mm, I ,=25.5mm
KL _0.85%3000

r 255
KL

— =100
r
fea = 107 N/mm? [from table 9c IS 800-2007]

.". Strength of strut = 2022x107
= 216.35 KN > 180KN

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

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

Assume a design comp. stress fcg = 90N/mm?
To find Areqd:-



A=_"
fcd
180x10°
90

A =2000mm?

Try ISA 130x130x8mm
A = 2022mm?
Mmin=25.5mm
KL 1x3000
r 255

KL 117.65
r

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

120 | 83.7

foa = 86.26 N/mm?

.". Strength of section = 2022 x 86.26
=174.4KN < 180KN
Hence unsafe
.. Revise the section with rmin more than 25.5mm
Try ISA 150x150x10mm
A = 2903mm?
Mmin=29.3 Mm
KL 1x3000
r 29.3

KL =102.39
r

100 | 107 | From table 9© fcq = 104 N/mm?

110 | 94.6

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

Effective length based on connection:-
¢  Generally eff. Length is computed based on table-11 IS 800-2007.
& Based on connectivity, welded joints are considered to be rigid.

& For welded joints case equal to K=0.65 to 0.7
For Bolted Connection:-

a) When single bolts are provided on both sides.
b) When double bolts are provided.
K=0.85



1. In atruss a strut which is IM long consists of 2 angles ISA 100x100x6mm.

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

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

[2 mm gusset

AT,,

= : - =
l ; ‘r ‘ ISA 100100, 6 m
|
|

Given:-
L=3m
2 ISA 100x100x6mm
Tks of gusset plate = 12mm
Sin:-
Section Properties of ISA 100x100x6mm:-
A=1167mm? lyy=111.3 x 10*mm?*
fyy = Iz = 30.9mm l,=111.3 x 10*mm?*

Cxx = ny =26.7 mm
The local axis along the C/S is y-y & z-z as shown in fig.
rmin 1S the least of ryy & rz; of the composite section including 2 angles and a
portion of gusset plate of size 100x12mm.
I,z of the composite section is the same as rz, of a single angle section.
Since the z-z axis is same for both the composite section & single angle section.

. . I
.". Iz of composite section= |_Z

A
- 111.3x10*
1167
.z =30.9mm

. . I
ryy of composite section = \/ W
A

Where,
Iy, =M.O.I of composite section
Iy, =21, of one angle section +A(t/2 +cy)
4 12 ?
= 2[111.3x10+1167(% +26.7

Iy, =472 x 10°mm*



4.72x10°
WAl 2(1167)
Fyy =44.97mm
rmm: 30.9 mm
(i) One Bolt :- [Bolt ends hinged]

LK=1
_1x3000
30.9

=97.09

- R

90 | 121 | [from table 9c 1S800-2007]

100 | 107

The member belongs to buckling class-c since it is a angle section.
". Refer table-9 (C)
fea = 111.07 N/mm?
Design strength of section = feq X A

=111.07 x 2 x 1167
=259.24 KN
(it) Two Bolts:-
. K=0.85
KL _ 0.85%3000
KrL 30.9
— =8252

r

80 | 136 | [from table 9c IS 800-2007]

90 | 121

fed = 132.22 N/mm?

.". Design strength of section = fcg X A
=132.22 x 2 x 1167
=308.6 KN
(iii) A rigid joint by welding:-
. K=0.7

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

70 | 152

fea = 155.26 N/mm?

.". Design strength of section = feg X A
=155.26 x 2 x 1167



=362.38 KN

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

L =4.5m

Support condition = One end fixed & other end hing

S.K=0.38

Sin:-

The design stress ‘fcq” of the composite section depends on ratio and the

min
buckling class.

300x20

Properties of ISMB 400:- N
h=400mm, bf =140mm, tf= \ 20

|e— 140 —+|

LLISMB 400

16mm
tw =8.9mm, ryy =28.2mm, rxx =
161.5mm
Izz = 204584 X 104mm4, Iyy =
622.1x 10*mm*

400 mm TR

Fmin iS least of rz; (or) ryy '
where, r= ! \
A
I.; of Composite section:- et :%
T | 300x20
3 00X’
|,,=20458.4x10° +300X20._+ (30020 x (430 ~220)" J+ === +[300 x 20 (220~ 10/

|,,=734.18x10° mm*

lyy of Composite section:-

4 20%300° 2 20X300° 2
l,,=622.1x10 + +[20x 300 % (150—150) ]+12—+[2o><300><(150—150) |

lyy=96. 221x10% mm*

.'.rZZ= JJE
A = 7846 + (2x300x20)
A = 19846mm?
734.18x108

94.152x10°
19846

12

. rZZz\/Cgé



r, =192.34mm
|

Yy
My =1—

yy A
_ |96.221x10°
19846
ryy= 69.63mm
" Imin = 69.63mm
To find slenderness ratio:-
KL  0.8x4500
Fin 69.63
KL
=51.7

I’min
The buckling class of the built up section based on table-10 IS 800-2007. Tks of flange is
16+20 = 36mm < 40mm
.. Along buckling about z-z axis is buckling class ‘B’ and buckling about y-y
axis, therefore lyy is less than I,

50 |183 From table 9 ( C) IS 800-2007

60 | 168

fea= 180.45 N/mm?

.. Load carrying capacity of the section = 180.45 x 19846
=3581.2 KN
3581.2

15
=2387.5 KN

Safe working load =

3. Design a column 4m long to carrying a factor load of 6000KN column is effectively
held at both ends and restrain in direction at one end. Design the column using beam
section ISHB 450 @ 907 N/m
Given:-

L=4m

Factor Load = 6000KN
One end fixed and other end hinged

.. K=0.8
Sin:-
The given section ISHB is checked for the axial load carrying capacity
. Pa=AXTy
Properties of ISHB450 @ 907 N/m:-

A = 11789mm?
Ixx = 40349.9x10*mm?, Iy = 3045x10*mm?*
Assuming fcq = 200N/mm?
6000x10°
. Areqd= S —

= 30000mm?



.". Area deficit = 30000-11789
=18211mm?

Selecting 20mm tk plate @ top 2 bottom flange portion.
2(20xb) = 18211

b =455.275mm ; 500mm
.. Assume the size of plate @ as 500x20mm @ top and bottom.

I, of composite seﬁtlcgb()xzog , 500%203 )
| =40349.9x10 +12—+[500><20><(480—245) ]+12—+[500><20(245—10) |

|,,=1508 . 66x10° mm?
lyy of composite section:-

4 20x500° » 20x500° 2
l,,=3045x10 +127+[20><500><(250—250) |+ +]20%500 % (250—250) |

|, =447 12x10° mm*

Check for over hang:-

The over hang length is limited to ‘1bt” over hang length = 500-250
=250mm < 16(20) = 320mm

12

.'.rZZ: Jlﬁ
A = 11789+(2x500x20)
A = 31789mm?
r = 1508. 66x10°
z 1/31789
r, ='217.85 mm
Fyy \/W
- 447 .12x10°8
31789

ry =118.60mm

ST in=118 .60 mm
To find slenderness ratio:-
KL _ 0.8x4000
Fin  118.60

KL
=26.98

rmin

20 | 224 | From table 9 © 1S800-2007
30| 211
fed = 214.926 N/mm?




.". Design load carrying capacity of the section = fcg X A
=214.926 x 31789
P4 =6832.3 KN > 6000KN
Hence the assume section is safe.

Laced & Battened Columns:-
[cls 7.6 1S 800-2007] [cls 7.7 1S 800-2007]

Lacing on Lacing on
Face A Face B

Lacing on Lacing on
Face A Face B
Preferred Lacing Preferred Lacing

Arrangement Arrangement g
(A) Single Laced System (B) Double Laced System
<+ Lacings and battens are provided to establish a built up section. [generally
using channels and angles]
<+ They do not increase the area of the section, but increase the mini. Radius
of gyration [achieve by placing the members away from principle axis]

% The commonly used lateral systems are lacings or latticings battering.

Design of Laced Columns:-°

The general guide lines reqd are

1. The latticing system shall be uniform throughout.

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

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

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

5. Lacing bars shall be inclined at 40° to 70° to the axis of the built up members.



9.

10.

11.
12.

The distance b/w the two main member should be kept, such that

fyy > Iz where,
ryy = Radius of gyration about the weaker axis.
r. = Radius of gyration of stronger axis [major axis] of the individual members.
Maxi. Spacing of lacing bars shall be such that, the maxi. Slenderness ratio of the
main member b/w consecutive lacing connections is not greater than 50 (or) 0.7
times of the unfavourable slenderness ratio of the member as a hole.
The lacing shall be design to resist a transverse shear, ‘Vi = 2.5% P’ [Axial load
of column] If there are two transverse parallel systems then each system has to
resist a shear force of ‘Vy/2’
If the column is subjected to bending also the shear due to bending moment has to
be added with V¢’
The eff. Length of a single laced system is equal to the length b/w the inner faster
ness. For welded joints and double lacing system, Effectively connected at the
intersection, eff. Length is taken as 0.7 times the actual length.

The slenderness ratio KL/r for lacing shall not exceed 145. [ . Ana=1451
The eff. Slenderness ratio of laced columns shall be taken as 1.05 times the actual

maxi. Slenderness ratio in order to account for shear deformation effects.
Design of Batten column:-

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

0000

_v.C
b Ns
V,C
2N . ||

\Y

M=

Where,
C = c/c distance along
longitudinal direction.
N = No. of batten plates.
1. Design a laced column with 2 channels . S——
back to back of length 10m to carry an axial 1 Ly




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

_— Lacing system

Y G
= T = D

4/ |

s A |

T :

I \ :

- d —» 1
=220 mm a1l
Vertical
spacing ‘
e -
R e
,,,,,,, ———
i —
—|24.4 DJ e
>~ Lacing system L 1K = 590
o R- 24.4

L L

(a) Cross-Section o

spacing

(b) Elevation

Given:-
P = 1400KN, L =10m, K=1
Condition Both ends are hinged.
Sln:-
Assume feq as 135N/mm?
TO flnd Areqd:'

Areqd = f_
cd



_ 1400x103

135
Aveqd = 10370.37mm?

.. Area of each channel reqd = 10370.37

2
=5185.2mm?
Try 2-1ISMC 350 @ 421 N/m
A =5366mm?

W = 421N/m; 1z = 10008.0x10*mm?; lyy = 430.6x10*mm?*
Iz =136.6mm; ryy = 28.3mm; cyy = 24.4mm
The lacing system is provided such that ryy > rz;. This is achieve by providing sufficient
spacing b/w the two channels.

' 'rmin:rzz

r,, of combined section = I',, of individual channel section.
. I',, of combined section = 136.6mm

Slenderness ratio:-

KL _1X10000
rmin 136 .6
KL

=73.206

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

KL
=73.206 x 1.05
rmin

=76.86

70 | 152 From table 9 © 1S800-2007

80 | 136

From table 10 the builtup section comes under the buckling class ‘C’
fea =141.024N/mm?
.. Load carrying capacity of column, Pg = feg X A
=141.024 x 5366 x 2
P4 =1513.46 KN > 1400KN
.. Assumed section 2ISMC 350 is sufficient.
Design of Lateral system:- [Lacing System]
The clear distance b/w the two channels is arrived based on the condition ryy ¢ rz
lyy = lzz
I, of composite section is twice the I, of an individual channel section.
l,,(comp)=2l,, (individual )
=2 x 10008 x 10*
I,z =2.0016 x 108mm*
lyy:-
lyy of composite section is found for the 2 channels from the centroidal Axis



I yy(comp):2 [I Wier T Ah?

(one channel)

2
=2[43O.6><104+5366><(g+24.4) ]

lyy =z

2
430.6><104+5366(gz+24.4) ]:2.0016><108

N

2 430.6><104+5366(df+595.36+24.4d)J2.0016>< 108

2[430.6x10+1341.5d%+3194701.76+ 130930. 4d]:2 .0016x 108

2(1341.5d2+130.930x103d +750.07 X 104|=2.0016 x 108
1341. 5d°+130 .93x10° d+750 . 07x10*=100 . 08 10°
1341. 5d2+130 .93x10° d=92 579x10°
d=218
C.d=220mm
Assume the lacings to be provided at 45° to the horizontal.
Horizontal Spacing = d+24.4+24.4
=220+48.8
=268.8mm
Hori spacing = 268.8mm
Vertical spacing = 2[horizontal spacing]
= 2x268.8
=537.6mm
The limit for slenderness ratio for each channel b/w the lacings vertically is 50
". Slenderness ratio for vertical spacing

[Each Channel]

A
a

H
X =

_ 1x537.6

~ 283

=18.99<50
Transverse shear to be resisted by each lacing system is 2.5% of axial load. [Clause
7.6.6.1 IS 800-2007]

_ 2.5x%1400
Load = 100
= 35KN
". Transverse shear to be resisted by each lacing bar is 17.5KN
L _268.8
Cos 45°
L =380.14mm
Mini tks of lacing bar = —
40
_380.14

40



=9.5mm
". Provide 10mm tk flat plates for lacing bar. Assume dia of bolt as 20mm,
width of lacing bar = 3xdia
= 3x20
b =60mm

". The assumed lacing bar is 60x10mm

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

vV :Vnsp
dsp Ymb
fu
Vnspz\f:_l,nnAnb +nS Asb]
n, =1, ng =

2
= @T1><0.78><”><20 ]

/3 4

Vo =56.59 KN

Vg = 45.272 KN
2. Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]

vV 25K df,
PP Yo Vb
& _p-025 "1
b 3d, ' 3d, f

e=1 .5d,=33 mm=40 mm
p=25 . d=50 mm=60 mm
K, = 0.606, 0.659, 0.975, 1
. Kk, =0.606
_ 2.5X%0.606x20x10x410
B 1.25
V gop = 99.384KN
". The strength of bolt value = 45.272KN

. 175 _ N
. No. of bolts =,z =0 -39A0

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

Slenderness ratio of lacing bar = =
r

_1x380.14

o /'W

min \/ A
— 77

Y min



60x10° 4
=5000mm

IZZ:
%3><10 3 4
I yy=127=180><10 mm

_ /m
600
Fmin =2.88
_ 1x380.14

- 2.88
Slenderness ratio = 131.99 < 145 [cls 7.6.6.3 IS 800-2007]

130 | 74.3 | From table 9© IS 800-2007

140 | 66.2

fea = 72.68 N/mm?

Load Carrying capacity of section = 72.68 x 60 x 10
pd = 43.61KN > 17.5KN

Hence the lacing system is safe.

2. Design the above built up column using battens as lateral system. The sections selected
are 2ISMC350@413N/m with clear spacing of 220mm.

[ .. The section is design as per the previous problem]

Sin:-



p 410 =

/‘
e
— | ISMC 350 @ 413 N/m
40(, 8 R
20} .
01, 6 mm . 280 mm
50 -
—3——0— : thl(.k : l
40 = , ;
1200 mm e e
20 mm bott
, -] T
3 . 6 mm . 270 + 2x35 = 340 mm
. thick "
L L] - 35 l
&_ e — — — — ._ﬁ_
— 210 —
24.4 24 .4
1\ /s
e == = =

d =220mm KL
Slenderness ratio = — =73.21

) ] ] KL
Slenderness ratio of battens is 1.1 times —
r

=7321x1.1
=80.53
C/C horizontal distance b/w the batten plate S = d+24.4+24.4
S =268.8mm
If ‘C’ is the spacing of the battens. The value of ‘C’ is found based the relation
C/rmin<50 [The slenderness ratio of each channel b/w 2 battens plates is limited to 50]
C=28.3x50
C=141.5mm
.. Assume C =2_1§9<01'E'66
Transverse shear V. ="
t 100
Vi =35KN
As per clause 7.7.2.1 IS 800-2007, shear to be resisted by Batten plate



Where,

N=2
~ 35x1200
b 2% 268 .8

V, =78.125KN
M _35x1200

2X2
=105.00KN mm

M = 10.5KN.m

SV

Width & tks of Batten Plate:-

The end batten plate should have width (depth) greater than S (268.8mm)
.. Provide width of batten plate as 270mm width of intermediate batten plate should be
greater than ¥ width of end batten plate.

. Provide width of intermediate batten plate = = X270
4

=202.5mm
.. Width as 210mm
Tks of batten plate should be greater than S/50

t=5.376mm
". Provide the tks of 6mm

Check for stresses in Batten Plate:-

\% b
Shear stress = —
.125%10°
~210x6
=62 N/mm?
f
Permissible shear stress = y _
1.1/3

=131.21 N/mm?
Shear Act stress < Permissible shear stress

Actual bending stress o= %
10.5%x10°%6
—gr—
10.5x10°%6

62102



=38.09 N/m];n2

y

Permissible bending stress= __
1.1

=227.27 N/mm?
Act bending stress < Permissible bending stress

Hence the breadth of the section has to be increased.
Providing an edge of 35mm on both sides over all depth of section is 210+35+35 =

280mm
To find Actual bending stress:-
10 .5x10°%6

Actual bending stress =
J (280)%x6

=133.9 N/mm?
Shear stress = 46.5 N/mm?
.. Provide intermediate plate of size 280 x 6mm and end batten plate of size

[270+70=340mm] 340 x 6mm
Connections for intermediate batten plate:-
& Bolts are placed along a vertical line on the batten plate.

<& Force in the extreme bolt should be less than the bolt value for the
connection to be safe.
Assume 20mm dia bolt

.. Bolt value =45.27 KN
The transverse shear acting_on a connection = 78.125KN

. No.ofbolts= ——
45 .27

=1.72 ; 3 Nos.
Since moment also acts on the connection provide 3 Nos of bolts.
The force due to moment on extreme.

My
Bolt I:m:
2
1% Bx106x10°
(105% +105?)
F., =50KN
r _F_78.125
S n 3
=26.04 KN
Resultant force = IF ,tF ,
= |502+26 . 042

=56.57 KN > 45.27 KN
.. 3 bolts are not sufficient we have to increase the no. of bolts.
". Assume 5 Nos of bolt along the vertical line.

My
Force due to moment Fn =

>



10 5x10°x10°

~ 2(1052)+2 (1059
= 25KN
F, =B%
=15.62 KN
Resultant Force = |25%2+15. 622
=29.48 KN < 45.27 KN

Hence 5 Nos of 20mm dia bolts are provided in both sides.

COLUMN SPLICE:-

__,1,.[ A "’HJ"W —1—
| b 1 Ha— )
L b- | - [o}Ke) Hp- + 4 o O
b | <4 oo - | e
L b | 4 OO0 HP- I -4H o O
b 44 0 O np- . 4 © ©°
b | 41 X P | 4 00
L b l 4 OO0 I'a | 2 (o)
Lh  4- OO - G oo
R A o o b | 0 o
| |
| |
S L e 1 —
(a) (b)

< When two pieces of the section are connected together to get the reqd

length of column, is called a column splice.

b : <Hp- O O
b 0 4 oo
d-Hb l ¢Hp [o O
¢ | a e o O
415 i 4 |o o
4t | 4+p |o o
S ana | 41 [0 0

|

\

< In a building the section of column may be change from storey to storey

(for economy) and in cases when the length reqd exceeds standard size of

the section available.

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




— Column

[ Cleat Angle

Base Plate
L i
/_.J {1/_ R.C.C Foundation
I <7
< AN
~J d A 4
- i 4 <
h " 7
b
[e) T (@]
o) O
a
Slab Base
.

/ gusset plate

1

(i) Slab Base:-

> Itis used in columns carrying small loads. [Approximately upto 1000KN]

> The load is transferred to the base plate through bearing, with the help of
cleat angles.

(i) Gussetted Base:-
> Gussetted Base when the column carries heavy load [App. 1000-2000KN]
> The column is connected to the base plate using gusset plates and cleat angles.

> The load is transferred to the base party to bearing & party to gusset.
Design of slab base (or) simple base:-



1. The bearing strength of concrlgte iS 0.45f

2. Areaofbaseplatereqdis
0.4f
Assume the size of plate such that the projections of base plate from the
column on both sides (a&b) are kept more or less same.
3. Find the base intensity pressurtleD

u

Areaofbaseplate
4. Min thickness of base plate reqd. is

2.5w (a2—0. 302) y,,

fy

5. Connection: If bolted connection is provided 2 cleat angles of size ISA
65x65x6mm are used which are connected with 20mm dia of bolts.
If welded connection is used the size of weld is arrived based on the length of
weld available alround the column.

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

W=

0.5

>t
f

t =

S

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

O o)
— 10.6
T/ 7.6 F [
l 1 250 310
T J |
I I
“*" ————=300 ——‘—»,
o) o)

| - — 360— ‘

Given:-
ISHB 300@577 N/m
Pu=1000KN
fok = 20N/mm?
SiIn:-

1. Bearing stress in concrete  0,,=0.45f
=0.45x20



Ope =9 N/mm?

u

0.45f
1ooo><ﬁo3

9
A=111.11 x 10°mm?
Assuming equal projection on both sides with a = b =30mm, size of base plate assumed is
310x360mm.

2. Area of base plate reqd, A=

. Area Provided =111.6x10°mm?

u

Areaofbas late
10 x1 e30

T 111, 6x10°
w = 8.96 N/mm? < 9N/mm?

2.5w (a2-0.3b2) ym,
f

3. Pressure intensity @ base W=

4. Mini. Tks of base plate o5
, .

. 5
_ 2.5><8.96(302—0.3><_302)><1.1[
250
(ts)7.87mm<10.6mm(t;)
". Provide tks of base plate as 12mm

5. Bolted Connection:-
Provide 2 cleat angle ISA 65x65x6mm connected using 20mm dia ‘J’
anchor bolts for a length of 300mm.

2) Design the above problem using welded connection

Sin:-
1. Bearing stress in concrete  0,,=0.45f
=0.45x 20
Oy =9 N/mm?
PU
2. Area of base plate reqd, A= WIS,
1000>¢10°
= —g

A=111.11 x 10°mm?
Assuming equal projection on both sides (for economy) size of plate adopted is
310x360mm.
. Area Provided = 111[36 x 103mm?

3. Pressure intensity @ base W= u

Actualarea3

111. 6x10°



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

2 5w (a%—0.3b2) ym,

fy

4. Mini. Tks of base plate

0.5

250
Tks of flange =10.6mm
.. Provide tks of base plate as 12mm.
5. Welded Connection:-
Providing fillet weld alround the I-section, length available is
Length available = 4(250)-2(7.6)+2(300)-2(10)
1w = 1563.6mm

. 5
_ 2.5><8.96(302—0.3><_302)><1.1[

Design strength of weld:-

Providing a weld of grade 410 N/mm?(f,)
Stress x Area

| |
fu
Design strength of weld = V3 X (Iw xt)
Yy
410 i
= V3 X (1563.6x0.7)
1.25

For the available length, the size of weld reqd is found.
1000 x 10° = 189.37 x,0.73 x 1563.6
100010

S 189.37x0.7x1563.6
S =4.82mm
Provide 6mm fillet weld alround the column provide 20mm dia ‘J* anchor bolts at
the 4 corners of the base plate with length 300mm.

Gusseted Base:-
¢ When the load on the column is higher gusset plates are provided
along the flanges of the C/S.
& Theload is transferred by bearing through the base plate and also
partly through the gusset plate.

Design Procedure:- b

u

0.45f
2. Assume various members of gusset base
(1) Tks of gusset plate assumed as 16mm
(i) Size of gusset angle is assume such that the
vertical leg can accomadate 2 bolts in one
vertical line. The other leg is assume such that 1
bolt can be provided.

1. Area of base plate, A=



(ili)  The tks of angle is kept approximately equal to
the tks of gusset plate.
3. Width of gusseted base is kept suc that it will just project
the outside the gusset angle and hence
Lenath = Areagfplate
width
4. The load is assumed to be transferred 50% by bearing and
50% by fasteners.
5. Tks of base plate is computed by flexural strength at the
critical sections.
1. Design a gusseted base for a column ISHB 350@710N/m with 2 plates 450 x 20mm
carrying a factored load of 3600KN. The column is to be supported on concrete pedestals
to be built with M20 concrete.

X )
16 ISA 150 x 115 x 15
X /f e
450 x 20 |
\
ISHB 350 ||

/ @ 577 N/m
600

A

a X V ‘

o
All Linear Dimensions in mm

d=350+20+16+15

ASSIGNMENT-I
1. Draw the various possible forces in bolted connections:-
a) Shear Plane on thread:-
b) Two planes subject to shear:-



¢) Bolts in Direct Tension:-
d) Bolts resisting pure moment:-
e) Bolts subject to shear and tension:-

2. Beam ISLB 500 at 750 N/m carries total factored ude of 300KN. It is supported on
columns ISHB 300 at 630N/m at each end. The connection is made using M20 bolts of
grade 4.6 and steel Fe410. Design the connection.

Given:-
ISLB 500
D =500mm, bf=180mm, tf=14.1mm, tw=9.2mm
ISHB 300
D = 300mm, bf=250mm, tf=10.6mm
SiIn:-

Try angle 100x100x8mm one on each side of beam.

a) Angle connecting beam web:-
The connecting bolts will be in double shear

Strength of bolts in double shear = 2><[0- 462fu(nnAne)]

462x400x 245
= 2X0. AOOO
=90.55KN
Strength of bolts in bearing = 20y,
= 2x20x9.2x410
= 147KN

Least bolt value = 90.55KN
No. of bolts = Re action @eachend

boltvalue

300
=_2
90.55
Nos. of bolt = 1.7 says 2 Nos.
Provide 2 bolts @ 50mm pitch with edge distance of 40mm.
Mini. Length of angle reqd = 2x40+50
=130mm
b) Angle connecting column flange:-
Connecting bolts will be in single shear and bearing on 8mm tks of angle
Strength of bolts in single shear = 0.462f (n A )

= 0.462x400x245
=45.3KN
Strength of bolts in bearing = 2dt,
= 2x20x8x410
= 31KN
Least bolt value = 45.3KN

300
No.of bolts= /2

45.3



= 3.31 says 4Nos.
Provide 2 bolts on each side of flange check the tks of the angle:-
Ao

Factored shear resistance =
\/ Ymo

=0.525 A, f,

= 0.525x2x100x8x250

= 209.9KN > 150KN
Hence safe

ASSIGNMENT-II
1. Design a tension member to carry a factored load of 340KN use 20mm dia of black
bolt and gusset plate of 8mm thickness.
Given:-
Factored load = 340KN
d =20mm, do = 22mm
Thickness of gusset plate = 8m

Sin:-
No. of bolts = Tu/V
Tofind Ag:-
A 1.1XT,
g fy
_1.1x340x10°
- 250
A= 1496mm?
Try ISA 100x100x8mm
A 4 =1539mm?
Vi =7 yy =30.7mm
BOLT VALUE:-
Q) Strength of bolt in single shear:- [cls 10.3.3 IS 800-2007]
V. = Vnsb
dsb™ Ymp
= = A —TTA—
\/> me ‘
nn=1,ns=0
'0. 78X X202
Anb: 4
= 245mm?
_ 49911_@42;%]
Visp = 45.27KN
(ii) Strength of bolt in bearing:- [cls 10.3.4 IS 800-2007]
Vv ;
V= n

Ymb



2.5k, d. f,
Vmb
Assume,
e = 1.5do = 33mm ; 40mm
p=2. 5d =50mm ;. 60mm
R %@ 60 ) g 400
b 3322 3x22 410
=0.606, 0.66, 0.959, 1
Take Kk, = 0.606
~2.5%0.606x20x8x%x410
B 1.25
dep = 79.5KN
". Design strength of bolt value = 45.27KN

". No. of bolts =

45.27
=7.51 ; 8Nos
. Provide 20mm ¢ bolt of 8 Nos.
Check for strength of section:-

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

A f
—__ 9y
Tag™ Yo
(100—8/)><250
2
Ag= 1.1

Ty =349.04KN

(i) Design strength of section against rupture:- [cls 6.3.3 IS 800-2007]
0.9A . f, ﬁAgO y

ym| ymo

dn—
Where,
£\ (be\ fov
ﬁ=1.4—0.076(¥)£fﬁ)( |j)s 0.7
w =100
w1 =50
bs = 100+50-8

bs = 142mm
Ls=460mm

40.076(1% (7 Més
2¢ 144

§/)8=592 mm?
=(100 2272



— 2
Agoz(loO—%)8—768 mm
0.9x592x410 , 1.22X768x250
1.25 1.1
T4n =387.7KN > 340KN

3) Design strength of plate against block shear:- [cls 6.3.4 1S800-2007]
A, f  0.9A f

T = vg u+ tn'u
SR m. -
(or)
C0.9Af, Aty

db \/Byml | 7o
Where,

A,=[40+7(60) = 3680mm’

A,,=[460-7.5(22)
= 2360mm?
Ag=50x8=400 mm?

Atn=(50—2§/2)8

= 312mm?
_3680x250 | 0.9x312x410
b1 /3x1.1 1.25
= 574.97KN

_ 0.9x2360x410 N 400x250
27 /3x1. 25 1.1
=493.13KN > 340KN
Design strength of section is against yielding rupture & block shear as greater
than the external load of 340KN
.. The assumed section 1Sx100x100x8mm is safe.
2. Explain different modes of failure of tension member.
1. Cross section yielding:-

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

_fyAg

T

N Yo

2. Net section Rupture:-

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

_0.9f A,

dn
ym



(iii) Block shear failure:-

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

In this failure made the failure of member occurs along a parts including
fussion on one plates & shear on ¢ Ir plane along the fasterners as shown in fig.

L_Af, 09fA,
17" 73 . Vo
(or)

:O.g_fy Avn+ fyAtg
db2 \/3 yml ymo
Where,

Avg, Avn = min gross area & net area in shear along section (1-2) & (4-3)
Ay, Atn = min gross area & net area from hole to toe of the angle section

(2-3)

Working stress method of steel design:-
Permissible stresses:-
1. Axial tension, 0,=0.6f,
2. Axial compression, 0,.=0.6f, [depends upon L/R ratio]
3. Bending compression, o, =0.66f,
4. Per shear stress, 7.=0.45f  [generally taken as 0.4f,]

ASSIGNMENT-III
1. Procedure for finding permissible and compressive stress of steel sections:-
PROCEDURE:-
& Assume design stress of the member (generally rolled steel section

assumed fcq = 135N/mm?) for angle section fca = 90N/mm?, for builtup
section fcg = 200N/mm?

& Required eff. Sectional area is A= f_d
cd
¢ Select a section for the eff. Area calculate ?min (least of ?xx/\Vyy )

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

& Find slenderness ratio and hence design stress fcq
& Find actual load carrying capacity of compression member.
pd:f cd X Ae
& If the calculating value of pq difference consider by from design
load P, revise the section.
2. Design a double angle discontinues strut to carry factored axial load 170KN. The
length of the strut b/w c/c of intersection is 3.85m, f, =250N/mm?
Given:-



L=3.85m

fy = 250N/mm?

P =170KN
Sln:-

Assume feq = 90 N/mgw
70%x10

A= 2%90
Ay =944.4mm?

For safe design increase 30%
A g:944 .4x1.3

A4 =1227.2 mm?
". Try 2ISA 90x90x8mm i 4
=1y =104.2X10 mm
Yo Yy =25.1mm
Ve =7y =27 .omm
r,=34.7mm
r,=17.5mm
A* = 2x1379 = 2758mm?
*=2[104.2x10%+1379(25.1+10/2)?
. 14.583x10°
rokg |l————
Y- "1/2758
fy*¢ = 40.76mm
12
K=1
. KL _ 1x3850
. ymin 27.5

C

©f =66 2'\/ , [from table 9]

Py=f 4 XA
= 66.2x2758
=182.58KN > 170KN

". Hence the assumed section is safe.

act < aallow

.". Hence the section is safe in deflection
4. Check for web buckling'-



S 112
/w =116.83
110 | 94.6 [from table 9 © 1S800-2007]

120 | 83.7

.. fc=87.155 N/mm?
. hdw=(100+300)x11.2x87.155

hdw = 390.454KN > 225KN
Hence the section is safe against web buckling.

5. Check for web crippling:-
_(Bytnp)t, o,

w Tmo
n,=2.5(t;+t,)
=2.5(21.3+17) = 82.5mm
_ (100+82.5)11 . 2x250
W 1.1
F. =464.545KN > 225KN
Hence the section is safe against web crippling.

F

3. An ISMB section of depth 500mm is used as a beam over as a span of 6m with s.s
ends. Determine the maxi. Factored udl that the beam can carry if the ends are restrained
against torsion, but compression flange is laterally unsupported.

Given:-
Span = 6m
Depth = 500mm
Section => ISMB 500
Sin:-

Section Properties of ISMB500:-
A = 11074mm?, br = 180mm, tr= 17.2mm, tw = 10.2mm, l; = 45218.3x10°*mm*, lyy =
1369.8x10°mm?*, r1 = 17mm, zp; = 2074.67x10°mm?, ze; = 1808.7x10°mm?, ryy = 35.2mm,
Iz = 202.1mm
d=h-2(t;+r,)
= 500-2(17.2+17)
d=431.6mm
To find maxi.Moment & S.F:-
wl?

The maxi. Moment of the beam M = e

The design moment capacity of the section My=/5,Z, f,
Where,
foa => Taken from table-13 for fc, b given in table-14 [cls 8.2.2 1S800-2007]
for, b :- [Table-14 1S 800-2007]



. . . KL
The critical stress f , b is found based on slenderness ratio — and h ratio
cr r tf

HereI< K=1
KL, 1X6000 ;74 45
7 min 35.2
h__500 =29.07
t, 17.2
A
r t;
25 29.07 30
170 136.7 124.16 121.3
170.45 | 136.26 123.75 120.89
180 127.1 114.97 112.2
From table-14 [IS 800-2007]
. Critical stress f ,b=123.75N / mm?
fa :-

Refer [table-13 1S800-2007] «+ =0.21 (for R.S section)
". Refer table — 13(a) IS 800-2007

150 | 106.8 | From table-13(a)

100 | 77.3

.. foa = 91.31 N/mm? (for fer, b = 123.75N/mm?
.. The design bending strength of ISMB My=8,Z, f,,
Bucklin Claésg [Table-2 1S 800-2007]
.5b
b 20 5725943,

t, ot 17.2

i
d_481.6 31584y ;
t, 10.2

w

é

.. The section comes under plastic
. Bp=1 [cls 8.2.2 1S 800-2007]
M=1x2074.67x103x91.31

My =189.44KN.m
wl
M=
My = 189.44KN.m
The safe udl the section can carry is found by equating M & Mgy
M = Mgy



189.44x10° = WX6000”
' 8

w =42.09KN/m
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