MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Thursday, January 18, 2018 21:16:04
Design of Compression Members: Introduction, Failure modes, Behaviour of

compression members, Sections used for compression members, Effective
length of compression members, Design of compression members and built up
Compression members, Design of Laced and Battened Systems.

Introduction :

The structural members carrying compressive load in truss are called struts.
The vertical members carrying axial loads in a building are called columns or
stanchions. The compression member of a crane is called a boom the main
compression members of a roof truss are called rafters (Principal rafter and
common rafter).

Common hot rolled and built — up steel members used for carrying axial
compression, usually fail by flexural buckling. The buckling strength of these
members is affected by residual stresses, initial low and accidental eccentricities of
load. To account for all these factors, the strength of members subjected to axial
compression is defined by class a, b, ¢, or d as given in Table 7, P - 35.
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Analysis of single angle struts:
Data given: IS angle section, length of member.

Its required to determine the
compressive strength of member
Procedure:

P-34, cl:7.1.2

Gusset Plate

P,=f,xA, ®
Compressive Strength of member
Py = Compressive Stress (fq) X
Area of the member
f.q can be obtained (P- 34)

f, /v
fa = yz/ 5 = 28 Tmo <F, [V
p+[p? - N]
$=05[L+a(A, —0.2)+ A2

A= Non - dimensional elective slenderness ratio

f [

Where, = Euler Buckling stress =

72E
2

(ki)
Where, KL/r = Effective slenderness ratio“or ratio of effective length, KL to
appropriate radius of gyration 'r'.

a = Imperfection factor given in‘Table 7 (Page 35).

Based on buckling classifications
Ref P-44, for buckling classification, Table 10, for angles section buckling

classification is “c”.
Table 7: Imperfection factor, o

Buckling Class A B C D

a 0.21 0.34 0.49 0.76

y = Stress reduction factor (Table 8) for different buckling class, slenderness ratio
and yield stress.

el )]

7m = Partial safety factor for material strength.

E = Young’s modulus of the member = 2 x 10°> N/mm?
Effective slenderness ratio: P-48, Cl 7.5.1.2:

2o = Jk + KA + k22

k,,k,,k; = Constants depending upon the end condition as given in Table 12.
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

[rlj 250 )
A, = = ¢ = Yield stress ratio = [f—J

Y

\ _ by +by)/2t

’ /ﬂZE
8 -
250

Strength of the member P4 = Compressive Stress (f.q) X Area of the member
Pd =fcd X Ae

Problem:®
A single angle discontinuous strut ISA 150 x 150 x 12 Th. @ 0.272KN/m with single

Bolted connection is 3.5 m long. Calculate flexural buckling strength of section.
Assume the fixidity as hinged.

Solution:
Properties of ISA 150 x ISA150 X150 X 12
150 x12 @ 0.272 KN /
m.

Gusset Plate

a =34.59cm? = 3459mm?*
f,y = 2.93cm =29.3mm
r,, =29.3m

Effective length(KL) = 3.5m = 3500mm

P-34,cl:7.1.2
Compressive Strength of member P4 = Compressive Stress (f.q) x Area of the

member

57
—
AN NEAN | AN N

Py =foax A,
P- 34 f_ can be obtained
f
foe T <250 99707 Ny
p+lp* - N2f 1.1

Effective slenderness ratio: P-48, Cl 7.5.1.2:
Ae = Ky +k, A2, +k N
k,,k,,k; = Constants depending upon the end condition as given in Table 12.
k, =1.25, k, =0.5, k; =60

('] 3500
)\ — rVV — 29- 3 _ 1 34

v 7°E /7z2><2><105 -
€/l— 1x.,)—
250 250
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

250

e = Yield stress ratio = (—J (250)

250
_ (b, +b,)/2t _ 150+150)/2><12

- e 2 /7[ ><2><105
250

A, =+1.25+0.5x1.34% + 60 x0.14> =1.82
$=0.5xL+a(\, —0.2)+A]

A =0.14

I'I'I

Where,

a = Imperfection factor given in Table 7. Based on buckling classification.
Ref P-44, for buckling classification, Table 10, for angles section buckling
classification is “c”.

a =049

$=0.5x[1+a(A, —0.2)+A2|=0.5[L +0.49(1.82 —0.2)+ 1.82% |- 2.55
£ B /T 250/1.1

gl -N]° 25542552 —1.82f

fog =52.42N/mm? <f, /3, :% =227.27N/mm? Safe

Compressive Strength of member P4 =/Compressive Stress (f.q) x Area of the
member
Pd =fcd XA
P, = 52:42 x 3459 =181.30 KN

1000
Problem:®
A single angle discontinuous strut ISA"150 x 150 x 12 Th. @ 0.272KN/m is 3.5 m

long is fixed with more than 2 bolts. Calculate flexural buckling strength of section.
Assume the end as fixed.

Solution: _
. ISA150X 115X 12 L
Properties of ISA 150 x 150
x12 @ 0.272 KN / m. ; ; —
— 2 _ 2 | ; [ 1
a = 34.59cm? = 3459mm . 00 [/
r,; =r,, =4.61cm = 46.1mm ' ! 1
I

r,, = 5.83cm =58.3mm

f,, = 2.93cm = 29.3mm

Fin =y =29.3M

Effective length(KL)=3.5m = 3500mm

Effective slenderness ratio (P-48, Cl 7.5.1.2)
Ae = K, +k, A2, +kN

k,,k,,k; = Constants depending upon the end condition as given in Table 12.
k, =0.2, k, =0.35, k; =20
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

['j 3500
)\vv = rvv = 29.3 =1.34
/7z2E /7z2><2><105
€/l— I1x.,)/—
250 250

2 0.5 2 0.5
e = Yield stress ratio = iO = iO -
f 250

b, +b,) /2t (150 +150)/2x 12

f /7[ ><2><105
250

A, =+0.2+0.35x1.34% +20x0.14% =1.1
From P- 34 f can be obtained

=0.14

fy Vo
fcd:¢+|:;2/}:)\2:|0.5 < y/7/mo

Where,
¢ =0.5[1+ (A, —0.2)+ A2]
a = Imperfection factor given in Table 7. Based on buckling classification.
Ref P-44, for buckling classification, [Table 10, for angles section buckling
classification is “c”.
a =0.49

—0.51+0.49(1.1-0.2)+ 1.12|= 1133

foo /T 250/1.1
“ gl NP 1334332 -1a]
£, =109.27N/mm? <, /y., =% — 227.27 N/mm?’ Safe

Buckling Strength of the member Py = Compressive Stress (f.q) x Area of the
member

Pg =feg XA
p _109.27 x3459 _ 377.95 KN
d 1000 '

Clause 7.5.2.1, P- 48, Double Angle Struts
A) Double angle discontinuous struts back to back connected on both
sides of the gusseted by not less than 2 rivets(Bolts) in a line or

welding

_é_ _
5]
5]

® O o
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2

. ah

g s !

Data given: Double angle section, length of member.
It's required to determine the compressive strength of member

Procedure:
Effective length :
KL=0.7xL to 0.85xL
Effective slenderness ratio
A, = KL
rmin
Ref Table 9(c) and find f
Strength of the member P4 = Compressive Stress (f.q) X Area of the member

# 180 P - 20, Table 3.

B) Clause 7.5.2.2, P-48,Double angle discontinuous struts back to back
connected to one side of a gusset by one or more rivets (Bolts) or welding in

each angle
® e B oo
® © @ I\ i/vi LD @@
TACK BOLTS a
Problem:®

A double angle discontinuous strut ISA 125 x 95 x12 mm, Jong legs back to back
is connected to both the sides of gusset plate 10 mm thick with 2 bolts. The length

of strut b/w c/c of intersection is 4 m. determine the flexural torsional strength of
the section.
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Solution:
GUSSET PLATE 10 TH

2-15?25X95X12 \ » 2—153 125X95X12

.  —
o @ R 1125

®
®

Properties of 2-ISA 125 x 95 x 12

a=49.96 cm® = 4996 mm?

r,, =3.91cm=39.1mm

r,y, =4.05cm =40.5 mm(10mm th. gusset plate)

Fin =y =39.1mm
KL=0.7xL to 0.85xL
AssumingKL = 0.85 xL = 0.85 x4m = 3400 mm

KL = ﬂ =86.96 <180 Safe
r 39.1

min

Ref Table 9(c) , P — 42 for f, =250N/mm’

Effective slenderness ratio =

)\ fcd

f, for 86.96 =136 — 6.96 x15 —125.56 N/mm? 80 136

10 86.96 ?
Buckling Strength of the member= Safe stress x area 90 121
provided 10 s

~fyxA= 122030 i3k, 6.96 2(x)
1000

Problem:®

A double angle discontinuous strut ISA 125 x 95 x12 mm, short legs back to
back is connected to both the sides of gusset plate 10 mm thick with 2 bolts. The
length of strut b/w c/c of intersection is 4 m. Determine the flexural torsional

strength of the section.
2-1SA ]7.25 X95X12

& ]:95
Properties of 2-ISA 125 x 95 x 12

a = 49.96cm’ = 4996mm? r,, = 5.93cm = 59.3mm(10mm th. gusset plate)
r,, = 2.76cm = 27.6mm Fonin
KL=0.7xL to 0.85xL

AssumingKL = 0.85 xL = 0.85 x 4m = 3400 mm
KL 3400
27.6

GUSSET PLATE 10 TH

Solution: 2-15?,45x95x12

ANEANEANE |

®
®

ANEANIN
\\

=r,, =27.6mm

Effective slenderness ratio = =123.20 <180 Safe

rmin
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Ref Table 9(c) , P — 42 for f, =250 N/mm’

A f
3.2x9.4 .
f, for 123.20 =83.7 - = 80.69 N/mm’ 120 83.7
Buckling Strength of the member= Safe stress x 123.20 ?
area provided 130 4.3
P, = f,x A= 006934996 _ 443 13y, 0 o
1000 3.20 ?(x)

Double angles connected to the same side of gusset plate
Problem:®
A double angle discontinuous strut ISA 125 x 95 x12 mm, Jong legs back to back

is connected to same side of gusset plate 10 mm thick with 10 bolts on each end.
The length of strut b/w c/c of intersection is 4 m. Determine the flexural torsional
strength of the section.

Solution:

Gussgt plate10 th 2-ISA 125 X 95 X 12

GBEBGBGBGBE EGBGBGBGBGB E/ﬁn'f
E ! I—
GBGBGBGBGB: :GBGBGBGBGB E‘E :
! 1
Properties of 2-ISA 125 x 95 x 12
a =49.96cm? = 4996mm? r,, = 3.7cm = 37mm('0"'mm th. gusset plate)
r;; = 3.91cm = 39.1mm Fin = Myy =37mMm
KL=0.7xL to 0.85xL
Assuming KL = 0.85 xL = 0.85 x 4m = 3400 mm
Effective slenderness ratio= rKL _ 3400 91.89 <180 Safe
Ref Table 9(c) , P — 42 for f, =250 N/mm’
A f
1.89 x14 cd
fcd fOI‘ 91.89 = 121 - T 90 121
£ -11835N/mm? < = 20 _ 997 57 Njmm? oLE ’
4 =118.35 N/mm~ < v =11 =22 /mm 90 107
Buckling Strength of the member= Safe stress x area 10 14
provided 1.89 ?(x)
_f, x A= 1183534996 5o 55y
1000
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Problem:®
A double angle discontinuous strut ISA 125 x 95 x12 mm, short legs back to

back is connected to same side of gusset plate 10 mm thick with 2 bolts or more
bolts. The length of strut b/w c/c of intersection is 4 m. Determine the flexural
torsional strength of the section.

Solution:

Short legs back to back

Gusset plate 8 th 2-isa125x95x12
/A Short legs back 2 back

®OODD S \L
® 00O @
Properties of 2-ISA 125 x 95 x 12
a = 49.96cm?* = 4996 mm? r,, = 5.57cm = 55.7mm('0'mm th. gap)
r,, = 2.76cm = 27.6 mm Fin = zz = 27.6 mm
KL=0.7xL to 0.85xL
Assuming KL = 0.85 x L = 0.85 x 4m = 3400mm
Effective slenderness ratio = KL ¢ 3400 =123.20 <180 Safe
Fon & 27.6
Ref Table 9(c) , P — 42 for f, =250 Nfmim?’
£ for 123.20 =83.7 - 3:2*94 _ g9 60 N/mm? A fey
10 120 83.7
Buckling Strength of the member= Safe stress x area 123.20 2
provided 130 74.3
P, —f, xA= w _ 403.13KN. 10 9.4
3.20 ? (x)
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Saturday, September 01, 2001 6:18:03 PM
DESIGN PROBLEMS

a) Design Procedure for single angle Struts:
1. Assume Compressive stress between 0.4f, to 0.6f, where, f =250 N/mm?

2. Calculate Area of section required
Load
Compressive  stress
3. Choose a suitable section from the steel table by assuming 15 % to 25%

more than Area required.
4. Calculate Effective slenderness Ratio

Ae = Ky +kAZ, +k N

k,,k,,k; = Constants depending upon the end condition as given in Table 12.

o
A, =\ and A, = (b, +b,)/2t
7°E 7°E
o €| =—
250 250
Where,
I = C/c length of the supporting member,
rw = radius of gyration about the minor.axis,

b; , b, = Width of the two legs of the angle
t = Thickness of the leg, and

Area=

0.5
¢ = Yield stress ratio = [?j

y

Ref P- 42,

f, [y
T, N—
gy el

Where,
¢ =0.5[1+ (A, —0.2)+ A?]
a = Imperfection factor given in Table 7.
a =0.49
Strength of the member P4 = Compressive Stress (fog) X Area of the member
Py =f.g XxXA>P
End Connection:

1) Bolted connection:
Bolt Value (BV):

The strength of a bolt in shearing and in bearing is computed and the
lesser is called the Bolt value (BV) (i.e., Least of Vnsy and Vipp)
1) Strength of one bolt in single shear
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f, n.A,, +NA
o (e
mb

2) Strength of bolt in bearing
2.5k, xdxtxf
Wm:( . C
7/mb

Force
Bolt value

ANEEAN

(AN

No of bolts =

2) Welded connection:
Size of weld:
a) Min size as given table based on thickness of connecting material

b) Max size #—%xt

1-ISA A XB Xt

Taking f, =410 N/mm?.

Strength of weld at bottom(P,) = 0.707x'D)x |, x L N/ mm
V3% ¥

Strength of weld at top(P,) =0.707 xD x 1, x W N/ mm

NERY
P, +P, =P
Distributing weldin such a way that c.g. of the weld coincides with that of the angle section
Taking moment about P,
P,xA=Pxe,
L=? and I,=7?

Prob:®
Design a single angle strut for a roof truss carrying a compressive load of 100 KN.
The length of strut between c¢/c intersections is 210 cm. Also design

a) Bolted End Connection, b) Welded End Connection.
Solution:

Load = 100 KN, Factored load = 1.5 x 100 = 150 KN
L= 210 cm = 2100 mm
Assuming 2 or more bolts for connections
Assuming Compressive stress between 0.4f, to 0.6f, where, f =250 N/mm?

6. Ravindra Kumar, Associate Professor, CED, Govt Engg College, Chamarajanagar Page 11 of 76



MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Permissible stress = 0.4 x f, = 0.4 x 250 = 100 N/mm?
Area of section required

FactoredLoad (P,)  150x10°
Compressive stress(f,) 100

Try 1-ISA 100 x 100 x 10 mm @146.2 N/m
Properties of ISA 100 x 100 x 10 mm @ 0.272 KN / m.

r,, = 3.85cm = 38.5mm
r,, =1.94cm =19.4mm
Fin = Fyy =19.4M
Effective length (KL)=210 cm = 2100 mm

Area=

=1500 mm?

a=19.03cm® =1903mm?
r;; =r,, =3.05cm = 30.5mm

P-48, Cl 7.5.1.2:
Effective slenderness ratio

2, = Jk koA +k 2

k,,k,,k; = Constants depending upon the end condition as given in Table12, P -48.
k, =0.2, =0.35, ky; =20

('j 2100
T 19.4
e 72'2E 2 % 2 x 105
250 V
0.5
¢ = Yield stress ratio = {ZSOJ 250] =1

f 250
b, +b,) /2t (100 +100)/2%10

= =0.11
/ /7[ ><2><105
250

A, =40.2+0.35x1.222 +20x0.11% =0.98
Ref P-34, f4 can be obtained
f /7
R T, —
d ¢+[¢2_)\Z]0.5 y/

Where,
¢ =0.5[1+ (A, —0.2)+ A?]
a = Imperfection factor given in Table 7 for class ‘c’.
a =0.49
¢ =0.5[1+0.49(0.98 - 0.2) + 0.98?|=1.17

£ fy /Yo 250/1.1

g+l N 117+ L1772 —0.98)

=125.63N/mm* <f, /y,, =% =227.27N/mm? Safe
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Buckling Strength of the member P4y = Compressive Stress (fg) x Area of the
member

P4 =fcd XA
~ 125.63 x1903

IDd
1000

= 239.10KN > 150KN

Safe
Provide 1-ISA100 x 100 x 10 mm .

Connection Details:
Assuming 20 mm bolts of grade 4.6
Dia of hole (dp) = 20+2 = 22 mm
P-75, Cl: 10.3.3
1) For Single shear of bolts

fu nnAnb+nsAsb
Vip =| —= [X| ————
[\/5] [ 7mb j

Assuming Thread is interfering the shear plane
n,=1 n, =0, Yoo =1.25

A, =0.78 x%dz =0.78 x % x 202 = 245.04 mm>

v _400 (1x245.04
@ /3 "11.25x1000

2) Strength of bolt in Bearing V,,, =

j =45.27 KN

2.5xKk, xdxtxf,

7mb
ky is the least of the following:
1) & - 61 Edge distance e = 1.5 x 22 =33 mm say 40 mm
3d, 3x22
) P 025--% _025_066
3d, 3x22 P = 2.5 x 20 = 50 mm, Say 60mm
£ 400
3) -—=0.98 4) 1
) f 410 )
ko = 0.51
Vi = 2.5x0.61x20x10x400 _ 97.6 KN
1.25 1000

Bolt value (BV) = 45.27 KN.

No of bolts = 4155% =3.31
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1-ISA100X 100X 10

® & & & ©_& O

&
A~

4 - BOLTS 20 mm dia

[ANEANEAN !!' AN
0OLXO0ULX0O0L VSI-L

Welded connection:
Cz = 2.84 cm =28.4mm, e, = 7.16 cm =71.6 mm,
Size of weld:
a) Minsize = 3 mm

1-ISA 100X 100X 10

N

\ 4
71\i/6mm 100 ﬁ | &
E 150 KN Y DR . — 1 50KN

L

b) Max size }%xt:%x10=7.5mm Say D = 6 mm.

Assuming field weld, y,,, =1.50
Taking f, =410 N/mm?’.

Strength of weld at bottom(P,) = 0.707xDx|, XL
V3x7,
410
=0.707x6x ———=6701.N / mm
J3x1.50 N/
Strength of weld at top(P,) =0.707 xD x|, x o =670, N/ mm
V3 X Vi

P, +P, =P
Distributing weld in such a way that c.g. of the weld coincides with that of
the angle section. Taking moment about P,

P, x100 =P x 71.6
670 x 1, x100 =150 x10° x 71.6
_ 150 x 10°x71.6
670100
P, =670 x165 =110.55 x10°N
P, =P-P, =150 x10° -110.55 x 10° = 39.45 x 10°N
P, = 6701, =39.45x10°N
L= 39.45 x10°
? 670

I, =160.30 mm Say 165 mm

=58.88 mm Say 65 mm
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FEB 1997 —15 MARKS

3) b) Design a compression member of a roof truss to carry an axial load of 150
KN. Design the member using a single unequal angle and the corresponding
connections to a gusset plate using 20mm dia bolts of 4.6 grade, connecting
the Jlonger legs to the gusset plate of 8mm thick. Take length of the
member = 2.5 m

Solution:
Load = 150 KN, Factored load = 1.5 x 150 = 225 KN
L= 2.5m = 2500 mm

Assuming Compressive stress between 0.4f, to 0.6f, where, f =250 N/mm?

Permissible stress = 0.4 x f, = 0.4 x 250 = 100 N/mm?
Area of section required

FactoredLoad (P,)  225x10°

Area= : = 2250 mm?
Compressive stress(f,,) 100
Try 1-ISA 150 x 75 x 12 mm
Properties of ISA 150 x 75 x 12 mm
a = 25.62cm?* = 2562mm° r,, = 4.93cm = 49.3mm
r,; = 4.79cm = 39.6mm r,, =1.58cm =15.8mm
r, =1.97cm =19.7mm Ffin =F, =15.8mm

Effective length(])= 2.5m = 2500mm
Ref P-34, f4 can be obtained
¢ b/rm
p+lpt - 2]
Effective slenderness ratio (P-48, Cl 7.5.1.2):
Ao =k + ko2 k22

Assuming 2 or more bolts for connections and end is fixed
k,,k,,k; = Constants depending upon the end condition as given in Table12, P -48.

k, =0.2, k, =0.35, k, =20
['J 2500
7Z'2E /72 X 2 X 105
250
¢ = Yield stress ratio = @ 250 _1
f 250
\ _ (b +b,)/2t _ (150 +75)/2x10

- e 7l /7[ ><2><1O5
250

A, =+/0.2+0.35x1.78% + 20 x0.1052 =1.236

=% o <5 /o

€

=0.105

I'I'I
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

¢ =0.5L+ (A, —0.2)+ AZ]
a = Imperfection factor given in Table 7 for class ‘c'.

a =0.49
— 0.5[1+0.49(1.78 - 0.2) +1.782 | = 1.517
£ B /7 _ 250/1.1
“ g - 1764|1767 —1.392)
foq =94.83N/mm?* <f, /y,, :% = 227.27N/mm? Safe

Buckling Strength of the member P4y = Compressive Stress (f.q) x Area of the
member
Pd =fcd XA
_ 94.83 x 2562
~ 1000
Provide 1- ISA 150 x 75 x 12 mm.

P, =242.95KN > 225KN Safe

Connection Details:
Taking 20 mm bolts of grade 4.6
Dia of hole (dp) = 20 +2 =22 mm
P-75, Cl: 10.3.3
1) Strength of one bolt in Singlesshear:

v (f][uj
o \/§ ymb

Assuming thread is interfering the shear plane
n,=1 n, =0 ,7, =125

A, =0.78x %dz = 0.78 x % x 202 = 245,04 mm>

400 1x245.04
V., = =45.27 KN
AN X(1.25><1000j
2) Strength of bolt in Bearing V,,, = 2.5 %Ky x dxtxf,
7mb
kpis the least of the following:
1) e 4 =0.61 Edge distance e = 1.5 x 22 =33 mm say 40 mm
3d, 3x22
) P _025-20 _25-0s51
3d, 3x22 P =2.5x 20 = 50 mm
f. 400
3) ®-_—-0.98 4 1
) f, 410 )
ky =0.51
Vi = 2.5x0.51 x20 x 8 x 400 _ 65.28KN
1.25x1000
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Bolt value (BV) = 45.27 KN.

No of bolts = 222 _4.97
45.27
1-1SA150 X 75 X 12 T
£
: - >:é
® ® ® o @ ‘e ® @ ® @ o s
Ly U [ L
2o 60 160 1 go 1o a0 06060 g0 Moo 5 - Bolts of
= 20 mm dia
Welded connection:
Cz =5.41 cm =54.1 mm, e = 9.59 cm =95.9 mm,
Size of weld:
a) Minsize = 3 mm
b) Max size }%xt:%x12=9mm Say D = 6 mm.
1-ISA 150X 75X 12
N 4
95.9mm 150 $
C,y =54.1 7 ] = — 225 KN

Assuming field weld, y,., =1.50
Taking f, =410 N/mm?.

f

Strength of weld at bottom(P,) =0.707 xD x I, x —*—
V3% ¥
410
=0.707 x6x ———— =670ILN/ mm
J3 x1.50 '
Strength of weld at top(P,) =0.707 xD x |, x N =670, N/ mm
\/5 X j/mw

P, +P, =P
Distributing weld in such a way that c.g. of the weld coincides with that of
the angle section. Taking moment about P,
P, x150 =P x95.9
670 x I, x150 = 225 x10° x 95.9
_225x10°x95.9
' 670x150

=214.7 mm Say 220 mm
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P, =670 x 220 = 147.4 x 10°N
P, =P-P, =225x10° -147.4 x 10° = 77.6 x10°N
P, = 6701, = 77.6 x10°N
), 776 x10°
670

b) Design Procedure for double angle Struts:

1. Assume Compressive stress between
0.4f, to 0.6f, where, f, =250 N/mm’

2. Calculate Area of section required
Factored Load(P, )
Area =

~ Compressive stress(f.,)

=115.82 mm Say 120 mm

3. Choose a suitable section from the steel table by assuming 15 % to 25%
more than Area required.

P-48, Cl 7.5.2.1, Effective length:
KL=0.7xL to 0.85xL

Effective slenderness ratio

A, = rKL + 180

Ref P-42, Table 9(c) and find f
Strength of the member P4y = Compressive Stress (f.q) x Area of the member
Po=faxA>P

1995 Aug - 06 marks

prob:
4(b) Design a compression member using double angles to

carry 200 KN load. The length of the member between
intersection is 1.5 m. The thickness of gusset plate is 10mm.

Solution:
Load = 200KN, Factored load = 1.5 x 200 = 300 KN ¥
N

Assuming, stress f,, = 0.7f, =0.7 x 250 =175 N/mm?
300 x10°

2-ISA 60 X 60 X 10

Area required = =1714.30 mm? =17.14 cm?

Case 1: Equal angles on either side of gusset plate
Try 2-ISA 60 x 60 x 10
a=22cm? =2200mm? r,, = 2.95cm = 29.5mm(10mm th. gusset plate)
r,;, =1.78cm =17.8mm r_ =r,, =17.8mm
KL=0.7xL to 0.85xL
Assuming KL = 0.8 xL = 0.8 x1500mm =1200mm

KL _ @ =67.42 <180 Safe

Effective slenderness ratio = =
17.8

min
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Ref Table 9(c) , P— 42 for f, =250 N/mm’

A f
7.42x16 , "
fq for 67.42 =168 - ———— =156.13 N/mm 60 168
Buckling Strength of the member= Safe stress x area 67.42 ?
provided 70 152
P, xA=20:13x2200 545 5N 300kn, | 1O 16
1000 7.42 ?(x)
Safe

Provide 2-ISA 60 x 60 x 10

Connection Details:

1) Bolted Connection:
t* = Min thickness of a) Thickness of gusset plate = 10 mm

b) Sum of the thickness of angles =10+10 =20mm
Dia of bolt using unwin’s formula

d = 6.04Jt" = 6.04410 =19.10mm
say 18mm

Dia of hole (dp) = 18 + 2 = 20 mm
1) Strength of bolts in double shear :

fu nnAnb +nsAsb
V., =|— x| —"——>=
o [\/5} [ 7mb J

Assuming shank and thread both interferethe shear plane
n,=1 n, =1, Vb =1.25

T

A, =2 d =2 %207 =314.16 mm’?
4 4

A, =0.78x %dz =0.78 x % x 202 = 245.04 mm>

v 400 (1x245.04+1x314.16
@ =3 1.25x1000

2) Strength of bolt in Bearing V, , =

j =103.31KN

2.5xk, xdxtxf,

7mb
ky is the least of the following:
1) e _ 3 0.53 Edge distance e = 1.5 x 20 =30 mm say 35 mm
3d, 3x22
) P 025-20 _025-051
3d, 3x22 P = 2.5 x 18 = 45 mm, Say 50mm
f, 400
3) ®=—=0.98 4) 1
) f, 410 )
kb = 0.51
Vs = 2.5x0.51 x18 x10 x 400 _ 73.44 KN
1.25 %1000
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Bolt value (BV) = 73.44 KN.
No of bolts = 73;% =4.08

1-ISA 60 X 60 X 10

2-ISA 60 X 60 X 10

3 - Bolts 18 mm dia L
Welded connection:
Cz=185cm =18.5mm, e; = 4.15cm = 41.5 mm,

Size of weld:
a) Minsize = 3 mm

b) Max size %%xt:%x10=7.5mm Say D = 6 mm.

10 mm th

N [ gusset plate 2 -ISA 60 X 60 X 10
=
: v
0 ? , $
150KN A ._._._._._._4_._._4_._._._= _______________ - - f— 150 KN

Assuming field weld, y,,, =1.50
Taking f, =410 N/mm?.

Strength of weld at bottom(P,) =0.707 xD x I, x ——*—

f 3% Vi
410
=0.707 x6x ———— =6701LN/ mm
J§x15o '
Strength of weld at top(P,) =0.707 xD x|, x —— \/_ =670, N/ mm
3% Vi

Welding is done to both the angles on either side of the gusset plate, let us design
one side of the gusset plate for a load of P’ = P/2 = 300/2 =150 KN
P,+P, =P
Distributing weldin such a way that c.g. of the weld coincides with that of the angle section
Taking moment about P,
P, x60=P'x71.6
670 x I, x 60 =150 x10° x 41.5
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3
| = 10107415 45y 85 mm Say 160 mm
670 x 60

P, =670 x 160 = 107.20 x10°N

P, =P-P, =150 x 10% - 107.20 x 10° = 42.80 x10°N

P, = 6701, = 42.80 x10°N

= 42.80 x10°
670

=63.88mm Say 70 mm

Case 2: Equal angles on same side of gusset plate
Try 2-ISA 60 x 60 x 10

a=22cm? =2200 mm? r,y = 2.95cm = 29.5mm (10mm th. gusset plate)
r,, =1.78cm =17.8 mm Fin = Fzz =17.8 mm
KL=0.7xL to 0.85xL ] iy
Assuming KL = 0.8 xL = 0.8 x1500mm =1200 mm ‘Z’
o}
Effective slenderness ratio = KL _ 1200 =67.42 <180 Safe >
min 178 8
Ref Table 9(c) , P — 42 for f, = 250N/mm? -
£ for 67.42 =168 - 2 *2>16 _ 156 13n/mm? —
cd
Buckling Strength of the member= Safe stress x area 60 168
provided 67 42 ?
P, xA=120:13x2200 3450 40 300 kN, 70 152
1000
10 16
Safe )
Provide 2-ISA 60 x 60 x 10 742 ?(x)

Connection Details:

A) Bolted Connection:
t* = Min thickness of a) Thickness of gusset plate = 10 mm

b) Thickness of angle =10 mm
Dia of bolt using unwin’s formula

d = 6.04/t" = 6.0410 =19.10mm
say 18mm
Dia of hole (dg) = 18 + 2 = 20 mm
1) Strength of bolts in single shear :

fu nnAnb+nsAsb
V,, =% x|+ s
o [\/5] [ 7mb J

Assuming shank is interfering the shear plane
n, =1,  y,=125 A, :%dz :%xzo2 =314.16 mm?

400 X( 1x314.16

V,, = = 58.04KN
“ /3 1.25><1000j
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2.5xk, xdxtxf,

2) Strength of bolt in Bearing V,, =

7mb
ky is the least of the following:
1) © 35 =0.53 Edge distance e = 1.5 x 20 =30 mm say 35 mm
3d, 3x22
) P 025-2% _025_051
3d, 3x22 P = 2.5 x 18 = 45 mm, Say 50mm
f 400
3) - _—=098 4) 1
) f, 410 )
kp = 0.51
V., - 2.5x0.51 x18 x10 x 400 _ 73.44 KN
P 1.25 %1000
Bolt value (BV) = 58.04 KN.
No of bolts = 538% =5.17 Say 6 No’s

Gus?te 0th 2-ISA60 X60X 10

o DD

5]
®
®

5]
®
5]
@
5]
®

6-Bolts of 18 mm dia
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Welded connection:
Size of weld:
a) Minsize = 3 mm

b) Max size %%xt:%xlO:lSmm Say D = 6 mm.

—

\ P; <«
60
300 KN 14

P1

GUSSET \PLATE 10 TH

2-ISA60 X 60X 10

120

Assuming field weld, y,,, =1.50
Taking f, =410 N/mm?.

Strength of weld at bottom(P,) =0.707 xD x I, x fy

V3% ¥
410
=0.707 x6x ————=670LN/ mm
{3 x1.50 '
Strength of weld at top(P,) = 0.707 xD X, x A =670, N/ mm
V3 X Vi

P, +P, =P
Distributing weldin such a way that c.g-of the weld coincides with that of the angle section
Taking moment about P,
P, x120 =P x 60 | - 300 x10° x 60
670 x 1, x120 = 300 x 10> x 60 ' 670x120

=223.88 mm Say 230 mm

Since the load is acting exactly at the centre of its connection,
therefore I; =1, = 230 mm.

Case 3: Unequal angles on either side of gusset plate (Short legs back to back)
Case 4: Unequal angles on either side of gusset plate (Long legs back to back)
Case 5: Unequal angles on same side of gusset plate (Short legs back to back)

Case 6: Unequal angles on same side of gusset plate (Long legs back to back)

Feb-1996 —10 marks
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Prob:

4(b) A strut in a roof truss carries an axial load of 200 KN. Design a suitable
double angle section for the strut. The effective length of the strut is 2 m and yield
stress for the steel is 260 MPa.The thickness of the gusset plate is 20mm.

Prob: Negi

A strut in a roof truss carries an axial compressive load of 180 KN. Design a suitable
double angle section for the compression member. The length of strut between
center to center of intersection is 2.3 m and yield stress of steel is 250 Mpa.
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COLUMNS (STANCHION):

ANALYSIS PROBLEMS:

1) Depending on the boundary condition
Lesr is calculated using table 11, P — 45

2) Determine buckling class of cross section from Table 10, Page 44

h & t; values
by
3) Effective Slenderness ratio A,, = Kg Ay = KL
zZZ rYY

4) Based on Slenderness ratio obtain the f,4 value from corresponding table
from page No’s 40 to 44.

5) Design stress foq = Min of the feayzz & feayvy

6) Safe load = Design stress (f,,) x Area provided

Problem:
A rolled steel beam section ISHB 350 @ 0.674 KN/m is 1Y
used as stanchion. If the unsupported length of stanchion @fg'iiii’/m
is 4 m, determine the safe load carrying capacity of — .
stanchion. |
Solution:

Properties of ISHB 350 @ 0.674 KN/m z Z

a = 85.91cm? = 85.91 x 100mm?*

h=350mm, b;=250mm, t; #11.6 mm, t, =8.3 mm.
r;; =14.93cm =149.3mm, r, =5.34¢m = 53.4mm e |
lz =4m =4000mm

Determination of buckling class of cross section
Since
£=@=1.4>1.2 and t;=11.6 <40 mm
b, 250
We should use buckling class ‘a’ about Z-Z axis and ‘b’ about y-y axis, Referring to
Table 10, P- 44, IS 800 — 2007.
P-34,Cl7.1.2.1
Compressive Stress (f.4):
1) About Z-Z axis :

£ £,/ ¥mo
cd —

B+ =\
Where, ¢ = 0.5[1 + a(A —0.2)+ \?|

A =non dimensional effective slenderness ratio

KL)*
f fy r 7’E
A= L =\—5— Euler buckling stress=f = ———
f, n’E KL
r

J
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Where,
KL/r = Effective slenderness ratio or ratio of effective length, KL to appropriate
radius of gyration 'r'.
a = Imperfection factor given in Table 7, P -35
1

Z =
¢+[¢2 _/12]0.5
Effective length based on end condition
L= 4000 mm

Ay =
¢ =05[1+0a(1-0.2)+ 2]
$=05[1+0.21x(0.3-0.2)+0.32]=0.56
- 1
¢ + [¢2 _/12]0.5
1
z = = 0-97
0.56 + [0.562 — 0.3 ["*
fog = 222 220,04 N/mm?
2) About Y-Y axis :
fy [V mo
fcd =¢+[¢2 _12]0_5 =xx fy /}/mo 3 fy/7mo

Table 7, P -35
a = Imperfection factor =0.34
Effective length based on end condition
L= 4000 mm

2
j =0.84
72 x2x10°

$=0.5[1+a(A-0.2)+A?]
¢ =0.5[1+0.34 % (0.84 - 0.2)+ 0.842| = 0.96
1

Z =
b+|p? - 2]
1
Z = = 0.70
0.96 +[0.962 — 0.84°[**
fly= % —159.52N/mm?

Compressive stress min of the above two values
f, = 75N/mm?
Load carrying capacity = Safe stress x area provided
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_ 159.52 x 85.91 x 10°

=1370.50 KN.
1000

OR
We should use buckling class ‘a’ about Z-Z axis and ‘b’ about y-y axis, Referring to
Table 10, P- 44, IS 800 — 2007.
Compressive Stress (f.q): P- 34, Cl 7.1.2.1
About Z-Z axis :
_ KL _ 4000

=———=26.80
2 r, 149.3
REF TO TABLE 9(a) P-40
)\zz 1:cd
20 226
26.80 ? . for 26.80 = 226 - 28206 _ 551 97 N/mm?
30 220
10 06
6.80 ?
Compressive Stress (f.4):
About Y-Y axis : Ay fea
A, - KL_4000 .0 70 166
r, 53.4 74.91 ?
80 150
REF TO TABLE 9(b) P-41 10 16
4.91 ?
4.91x16

f, for 74.91 =166 — — 158.14N/mm?

fg is the min of 164.95 N/mm?, and 158.14 N/mm?.
i.e., fog = 158.14N/mm?.

Load carrying capacity = Safe stress x Area provided
_ 158.14 x 8591

=1358.60 KN.
1000

Problem:

Determine the design strength of the rolled steel beam section ISHB 300 @ 0.588

kN/m to be used as stanchion. Effective length of stanchion is 3 m.
Solution: P v

Properties of ISHB 300 @ 0.588 KN/m ISHB 304
a = 74.85cm? = 7485mm?
h=300mm, b, =250 mm, t; =10.6 mm.
r,, =12.95cm =129.5mm, r, =5.41cm =54.1mm
KL = 3000mm

Determination of buckling curve classification
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Since
h _300_ 1.2 and t;=10.6 <100 mm
b, 250

We should use buckling class ‘b’ about Z-Z axis and ‘¢’ about y-y axis, Referring to
Table 10, P- 44, IS 800 — 2007.

P-34,Cl7.1.2.1 A f,
Compressive Stress (f.4): 2(2)2 22;
About Z-Z axis :use buckling class ‘b’ 53.17 )
A, = Kb _3000 5347 ' '
r, 129.5 30 216
REF TO TABLE 9(b) P-41 10 09
3.17 ?
f, for 23.17 =225 - 31{—8(09 =222.15 N/mm?
Compressive Stress (f.4):
About Y-Y axis : use buckling class ‘c’ N c
KL 3000 z od
)\ZZ :E:m :55.45 50 183
REF TO TABLE 9(c) P-42 55.45 ?
- 5.45x15 2 60 168
f, for 55.45 =183 - 0 174.83N/mm 10 -
f.q is the min of 222.15 N/mm?, and474.83 Nfmm?. 5.45 ?

i.e., fog = 174.83 N/mm?>,

Load carrying capacity = Safe stress x Area provided

_ 174.83x7485 _ 1308.60 KN.
1000

Problem: 1996-Feb (B.U) 20 marks

A steel stanchion is formed of two channels of ISMC 350 placed back to back with a clear
spacing of 200 mm. If the effective length of channel is 6m, find safe axial load that the

column can carry.
Calculate the extra load the column can carry if 2 plates of 400mm x 10 mm are welded to

the channel flanges one on each side.
Solution:

Case-I Properties of ISMC 350
a=107.32cm? =107.32 x100mm?

r,, =13.66cm =1366mm, r,, =12.76cm =1276mm 7
n =y =1276mm

Effective slenderness ratio v

- 4.2

1276

200

7\
v

rm
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Buckling curve classification according to Table 10 — P- 44 is class ‘¢’
Ref page 42 Table 9 (c) for f, = 250N/mm’

£ for 47.02 =198 - %0“5 _ 187.47N/mm?’ A o

ac

40 198
47.02 ?
= 2007.50 KN. 50 183

10 15
3
Safe load= 2007'15?( 10 =1338.33 KN. 7.02 ?

Case-I1 Properties of 2- ISMC 350

a=107.32cm? =107.32 x100mm?

I,, =20016cm* = 20016 x10*mm* ,
I,, =17469.4cm* =17469.4 x10*mm* !
|, =KL =L = 6m = 6000mm | N N p—
Area(A)=10732 + 2 x 400 x 10 = 18732mm? 240

flexural buckling strength = Safe stress x Area provided
_ 187.47 x107.08 x 102
1000

I7z of the built up section !

3 2 i

1, =20016x10* + 2| 399%10° 400,10/ 329  19] | | f |
12 = 2

= 459.43 x10°mm*
1,y of the built up section

I,, =17469.4 x10* + 2{

10 x 400°
12

= 281.36 x10°mm*
n =1, =281.36 x10°mm*

6
/ o _ [28136x10° o —_—
18732

Effective slenderness ratio
6000 A Oac
.R(A)= =48.

S.R(A) 157 cc — 18.95 40 198

Buckling curve classification according to Table 10 — P- 44 is 48.95 ?
class ‘c’ 50 183
Ref page 42, Table9 (c) for f, = 250N/mm’ 10 15

?
f, for 48.95=198 %{?15 _ 184.58N/mm? 8.95 .

flexural buckling strength = = Safe stress x area provided
_ 184.58 x18732
1000

= 3457.55KN.
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3
Safe load= 2%27:55x107 _ 5345y,

1.5

P-187 , DSS BY B.C. PUNMIA:
An I- joist ISMB 250 @ 37.3 kg/m has an effective length of 5 m. It is used as

a stanchion with two plates 250 x 10 mm welded to its sides, as shown in fig.

compute the load carrying capacity. What will be its load carrying capacity if one

plate is attached to each flange.

Solution: Properties of ISMB 250 37.3 kg/m. @1?7483,(2;?“

a = 47.55 cm%; Izz—51316x104mm :

Iy = 334.5 x 10* mm*. 'S
A = 4755 + 2 x (250 x 10) = 9755 mm?. z | z
a) Plates attached to sides: S 1 S | B
I,; of the built up section | mm
3 i
I,, =5131.6 x10* +2{10X1ﬁ} =77.35x10°mm* );\
I,y of the built up section Y
3
I, =334.5x10%+2 250107 +250 x10] — 125 10 =26.17 x10°mm*
i 12 2 2
=1, =26.17x10° mm*
6
/ i 26.17 x10° ~ 1'8%m A o,
9755 90 121
Effective slenderness ratio 96.53 5
KL _ 5000 ' '
S.R(\)= —=Tig =953 100 107
oo T _ . 10 14
Buckling curve classification according to Table 10 — P- 44 is 6.53 5
class ‘c’ ) '
Ref page 42, Table9 (c) for f, = 250N/mm’
fq for 96.53 =121 - 653—Xl4 =111.86N/mm?
: 10 Y ! ;;311510 mm
Load carrying capacity = Safe stress x area provided | :v/ ,
_111.86x9755 T =5
= 1000 =1091.20 KN. : TSHB 250

@37.3 kg/m

b) Plates attached to the flange: @~ | i}
I2z of the built up section i

3 2
I, =5131.6 x10* + 2| 2202107 | 50 ,90( 220 , 10 )
12 2 2

—135.86 x10°mm* Y
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I,y of the built up section
10 2503}

I, =334.5x10*+2
12

=29.387 x10°mm*
min =1L,y =29.387 x10°mm”*

6
/ min /29 387 x10 _54.89 mm N .
9755 ac
Effective sIenderness ratio 90 121
?
s.R(A):@:91.1 911 '
54.89 100 107
Buckling curve classification according to Table 10 — 10 14
P- 44 is class ‘c’ 1.1 2
Ref page 42, Tabled (c) for f, = 250N/mm?

1.1x14 119.46N/mm?

f, for 96.53=121—

Load carrying capacity = Safe stress x area provided
_ 119.46 x 9755
1000

=1155.33 KN.

PROBLEM:

A built — up column consists of three rolled steel beam
sections WB 450 @ 0.794 KN/m,/connected effectively
to act as one column as shown in fig. [determine the safe
load carrying capacity of built — up seetion. Unsupported
length of column is 4.25m.

Solution: Ly
Properties of 1- ISWB 450 0.794KN/m.

a =101.15cm? I =35057.6 x 10* mm*; Iy = 1706.7 x 10* mm*, t, =
9.2 mm. ISHB 3P0

Total area of built up section 0.588KN/m

A = 10115 + 2 x (10115) = 30345mm?>.

I, of the built up section:
I, =2x35057.6 x10% +1706.7 x10* = 718.22 x 10°mm*

of the built up section: — /O

(%

=35057.6 x10* + 2 x {1706 7 x10* + 10115(420 922j } 1451.15 x10°mm*

Z

Z

o1 =1, =718.22x10°mm*

6
A 718.22 x10 _153.84 mm
A 30345
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Effective slenderness ratio
S.R(A)= 4250 _ 5762
153.84

Buckling curve classification according to Table 10 — P- 44 is class ‘c’
Ref page 42, Table9 (c) for f, =250 N/mm?

£, for 27.62 =224~ 75213 _ 514 09 N/mny? A fe
10 2 22
Load carrying capacity = Safe stress x Area provided 22 62 2 *
_ 214.09 x 30345 ' '
= 1000 = 6496.56 kN. 30 211
6496.56 10 13
Safe load = = 4331 kN. 7.62 ?

Jan / Feb 2006 — 10 marks

Determine the allowable load which the member shown in fig can support, if the
member is of 5.5 m effective length. Assume f, = 250 N/mm?,

Solution:
Properties of 1- ISMC 400 IO
a =62.93 cm?;, br = 100mm, h = 400mm,

I,z =15082.8 x 10* mm*; 1I,, = 504.8 x 10* mm®*, h ISMC 400

tw = 9.2 mm. ¢ = 2.42 cm = 24.2 mm.
Width of plate at top = br + gap + bs

= 100 + 300 + 100 = 500 mm < b > 3007 b >
A =2 x 6293 + 500 x 16 = 20586 mm?
Centroidal axis distance from Bottom AA reference axis Y Y
Y = ay; +aY, +ds¥; _ !
a, +a, +a, . ,
2% 6293 x {4(2)0 H + [500 x10 (400 + fﬂ
= 280.83 mm
2 x6293]+[500 x 16 S
'Cyy

I, of the built up section:

3 2
I,,=2x [15082.8 x10% + 6293 x (280.83 - 420 ﬂ + {500;216 +500 x 16 x (1 19.17 + ?j ]
I,, =512.40 x 10°mm*
'y
. . [ i ] 16mm
I,y of the built up section: !
) 1}19.17 : z
I 2 48 1 4 629 300 242 F-m i _._,_! ___________________
yy= X 50. X 0 + 374‘ . I i ISMC 400
280.83 :
3 i
,16%3007 _ o6 694105 mm* % N _A
12 300
Y
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

A1 =1, =512.4x10°mm?

6
/ i /5124><10 _157.76 mm
20586

Effective sIenderness ratio
KL 5500

Buckling curve classification according to Table 10 — P- 44 is class ‘'c’
Ref page 42, Table9 (c) for f, = 250N/mm’

min

A fq

30 211

34.86 ? £ for 34.86 =211 — 8513 _ 504 68 N/mm?

40 198 10

10 13

4.86 ?

Flexural Strength of member = Safe stress x Area provided
_ 204.68 x20586 _ 4213.58 kN.
1000
Allowable load = +213:58 _ 5509 66 kN.
OR

Solution: 16 mm
Properties of 2- ISMC 400 A
a = 125.86 cm?= 12586 mm?;
Iz =30165.6 x 10* mm*; I, = 39202.6x 10* mm*. h ISMC 400

Breadth and depth of single channel section
bf = 100mm, h = 400mm,

Width of plate at top = br + gap + bs < b > 007 be >
100 + 300 + 100 = 500 mm

A = 12586 + 500 x 16 = 20586 mm~.

Centroidal axis distance from Bottom AA reference axis Y

12586 {400} 41500 %10 (400 L16
y =Y T3y, 2 2

a, +a, [12586 ]+ [500 x 16]
I, of the built up section:

ﬂ =280.83 mm

I,, = {30165.6 x 10* x10* +12586 x (280 83 - ?j ] +

+500 x16 x (119 17 + %] } 512.40 x10° mm*

500 x 16°
12

1,, of the built up section:
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3
- [39202.6 x10* |+ @ ~ 558.69 x 10°mm*
I,, =512.4x10°mm* $19.17 :

6 :
/ min 51;)45;610 _157.76 mm 250 8:{[ I ISMC 400

Effective slenderness ratio LY. e ‘*‘51)0_9 e

SR(\)= - = % _34.86 v

Buckling curve classification according to Table 10 — P- 44 is class ‘c’
Ref page 42, Table9 (c) for f, =250 N/mm’
A fq

30 211

34.86 ? f, for 34.86 =211— @ = 204.68 N/mm?

40 198 0
10 13
4.86 ?
Flexural Strength of member = Safe stress x Area provided
_ 204.68 x 20586
B 1000
4213.58

= 4213.58 kN.

Allowable load = = 2809.06 kN.

Problem: Y

|
|
A column height 5m is hinged at the ends. It is square in i : )
cross section (plan) of side 360 mm and consists of 4 i
angles of ISA 80 x 80 x 10 mm at each corner suitably Z_ _ _41sA80x80x10_ | Z_
laced. Find the minimum load on the column. l i 1 [360
Solution: i
Properties of 1- ISA 80 x 80 x 10 mm .
|
|

360 !
a=15.05cm? =1505mm?,C,, = 2.34cm = 23.4mm,
I,, =87.7cm* =87.7 x10* mm* ,L =5m

End condition: Both ends hinged
l.s =KL =L =5m = 5000 mm

I,,= Iyy of the built up section:

2
I, =1y = 4{87.7 x10* +1505 x (? - 23. 4) } =151.14 x10°mm*

6
[ i 151.14 x10° _ 158.45mm
4 x 1505
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Effective slenderness ratio
KL 5000

=31.56
. ~158.45
Buckling curve classification according to Table 10 — P- 44 is class ‘¢’

Ref page 42 Table 9 (c) for f, =250N/mm’ \ o
f, for 31.56 =211 15613 _ 208.97 N/mm? 30 211
10 31.56 2
Load carrying capacity = Safe stress x Area provided 40 198

208.97 x4 x 1505
= =1258 kN.
1000 10 13
1.56 ?

Prob: P-334, Ex : 7.7, LSD of Steel Structure . S.K. Duggal

For a column section built up of shape as shown in fig, determine the axial
load capacity of compression for the data indicated against the fig. f, = 250 MPa,
L=6m,ty, =20 mm, tt = 30 mm. End condition:- Both ends restrained in direction
& position , 200
Solution: Vv
A = 2 x 300 x 30 + 500 x 20 = 28000 mm?>. ' AT

I, of the built up section:

3 3 500
122 300x307 500 30,500 , 301820500 0
12 2.2 12
=1473.73 x10°mm’ - -
of the built up section:
3 3
I, =2x30%3007 500207 _ 3533, 106 mm?
i 12 12
6
_ ;E J147373x10 _929.41 mm
28000

6
/yy 135.33x10°  69.52 mm
28000

Determmatmn of Buckling curve classification according to Table 10 — P-
44: t, =30mm <40 mm

We should use buckling class ‘b’ about Z-Z axis and ‘¢’ about y-y axis.
Effective slenderness ratio
sR(\)= Kt
r
End Condition: Both ends restrained in direction & position
L=6m, KL = 0.65 x 6000 = 3900 mm

SR\, )=KE_ 390 _47 gy, )=KE 2390 5609
22941 " 69.52

yz4
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DESIGN OF COMPRESSION MEMBERS

Compressive Stress (f.q): About Z-Z axis : use buckling class 'b’

Ref page 41, Table9 (b) for f, =250 N/mm’

A fgq
10 227
17 ? £, for 17 =227 - 792 _ 255 6 Njmm?
20 225
10 02
07 ?
About Y — Y axis : use buckling class ‘c’
Ref page 42, Table - 9 (c) for f, =250 N/mm’
A fq
50 183
56.09 ? £, for 56.09 =183 — 2015 _ 173 87 N/mm?
60 168
10 15
6.09 ?

Design fg = 173.87 N/mm?

Load carrying capacity of member = Safe stress x Area provided

_ 173.87 28000
1000
4868.36

= 4868.36/kN.

Allowable load = = 3245.57 kN.

P- 759, Design of steel structures by N. Subramaniam:
A heavy column is required to support a gantry Girder and a
special H — Section is to be fabricated. The trial section is shown
in fig. check its suitability to support a fabricated load of 11,000
KN, assuming both ends are pinned and a length of 8m. Steel of
design strength 250 N/mm? is to be used.
Solution:
A =2 x 500 x 60 + 500 x 50 = 85000 mm?.

I, of the built up section:

I, =2

2

500 x 60°
12

I,y of the built up section:
60 x 500° N 500 x 503
12 12

9
M = L _ ,/w =248.36 mm r, = Ly
A 85000 Y A

I, =2x ~1.255 x10°mm*

500

60

500
50

2 3
+500x60: (52 D L [2200] 52030

9
\ 85000
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Determination of Buckling curve classification according to Table 10 —
P- 44:
t; =60 mm > 40 mm

We should use buckling class ‘¢’ about Z-Z axis and ‘d" about y-y axis.
Effective slenderness ratio

SJQ(A)z!%E
End Condition: Both ends pinned.

L=8m, KL = L = 8000 mm

KL 8000 KL 8000
SR(\,)= 29836 32.21 SR\, )= T TonE 65.84
Compressive Stress (fq):
About Z-Z axis : use buckling class ‘c’
Ref page 42, Table9 (c)  for f, =250N/mm’
A fq
30 211
3221 ’ £, for 32.21=211-3%221_ 508 13 N/mm?
40 198 1
10 13
2.21 ?

About Y — Y axis : use bucklinglass ‘d’
Ref page 43, Table - 9 (d) for, f, %250 N/mm’

A fea

60 168

65.84 ? £, for 65.84 =168 257216 _ 158 65 N/mm?
70 152

10 16

5.84 ?

Design foq = 158.65 N/mm?

Load carrying capacity of member = Safe stress x Area provided
_158.65 x 85000

- 1000

13487.8

=13487.8 kN.

Allowable load = = 8992 kN.
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Design Problems:
Problem:
Design a rolled steel beam section column to carry an axial load of 1100 KN.
The column is 4 m long and adequately restrained in position, but not in direction at
both ends.
Solution:
Axial load =1100 KN
Factored load = 1.5 x 1100 = 1650 KN
loct =4m.

A

Ieff = Iact

End condition:  Adequately restrained in position but not in B

direction at both ends.
Ref page 45 Table 11 letf = lact =4mM

Assuming permissible stress (f.,)=0.6 f, =0.6x250 =150 N / mm? (0.4 f, to 0.6 f,)

3
Area required = % =11000 mm? =110 cm?
Try ISHB 450 @ 92.5 kg/m. B 450
a=117.89cm? =11789mm?,h = 450mm, b, = 250mm, t, = 13.7mm 225 kam

ry =18.5cm =185mm,r,, =5.08cm = 50.8mm.

ryy

Foin =Ty = 50.8mm

min

Determination of buckling curve classification
E = 40 =1.8>1.2
b, 250
t, =13.7 <40 mm
We should use buckling class ‘a’ about Z-Z axis and ‘b’ about y-y axis, Referring to

Table 10, P- 44, IS 800 — 2007.

)\zz fcd
P- 34, CI 7-1-2-1 20 225
Compressive Stress (f.q): 21.62 )
About Z-Z axis :use buckling class ‘b’
A, = KL _ 4000 _ 21.62 > £
27y T 185 10 09
5
REF TO TABLE 9(a) P-40 1.62 )
f, for 21.62 =225 - % =225.03 N/mm?
Compressive Stress (f.): )‘YY fes
About Y-Y axis :use buckling class ‘c’ /70 166
L= KL _ 4000 _ g4 78.74 ?
r, 0.8 80 150
REF TO TABLE 9(b) P-41 10 16
8.74 x16 8.74 ?

fcd fOI‘ 78.74 == 166 - T == 152.02N/mm2
fg is the min of 222.15 N/mm?, and 174.83 N/mm?.
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i.e., fog = 174.83 N/mm?.
Load carrying capacity = Safe stress x Area provided
_ 152.02x11789

1000
Safe Provide ISHB 450 @ 92.5 kg / m.

=1792.16KN > 1650KN

P- 332, LSD by steel structures, S.K.Duggal
Design a column to support a factored load of 1050 KN.

The column has an effective length of 7 m with respect to
Z- axis and 5 m with respect to Y- axis. Use steel of grade
Fe 410

Iz=

Solution:
Factored load = 1050 KN
l,, =7m, l,, =5m,

Assuming permissible stress(f.,)=0.6f, (0.4f, t00.6f,)

=0.6x250 =150 N / mm?
3
Area required = % =7000mm? = 70cm?
Try ISHB 350 @ 67.4 kg/m.
a=85.91cm?* = 8591mm?,h = 350mm, b, = 250mm, t, =11.6mm

r =14.95cm =149.5mm, r,, = 5.34cm =53.4mm.

I'yy
Determination of buckling curve
classification
£=@=1.4>1.2 t; =11.6 <100 mm
b, 250

We should use buckling class ‘a’ about Z-Z axis

Foin =Ty = 53.4mm
ISHB 450 @

7m

92.5

and ‘b’ about y-y axis, Referring to

Table 10, P- 44, IS 800 — 2007.

P-34,Cl 7.1.2.1

Compressive Stress (f.q): PLAN
About Z-Z axis :use buckling class ‘a’
A, =KL _ 7000 _ 4680 A, f
r, 149.5
40 213
REF TO TABLE 9(a) P-40 46.82 ?
£, for 46.82 = 213 - 282208 _ 507 5 \/mm? 50 205
10 10 08
6.8 2 fa
Compressive Stress (f.4): 90 134
About Y-Y axis :use buckling class ‘b 93.63 5
10 16
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

A, = KL = @ =93.63
Fyy 53.4
REF TO TABLE 9(b) P-41

f, for 93.63 =134 - % =144.192 N/mm’®
fg is the min of 207.5 N/mm?, and 144.19 N/mm?.
i.e., fog = 144.19 N/mm?,
Load carrying capacity = Safe stress x Area provided
_ 144.19x 8591
~ 1000
Safe Provide ISHB 350 @ 67.4 kg / m

=1238.75 kN > 1050 kN

P- 332, LSD by steel structures, S.K.Duggal
Design a column to support a factored load of 800 KN. The column has an effective

length of 7 m with respect to Y - axis and 5 m with respect to Z - axis. Use steel of
grade Fe 410

Problem: A
Design a rolled steel beam section column to carry an axial
load of 2500 KN. The column is 5 m long effectively held in
position and restrained against rotatien at both ends.
Solution: ler = 0.651,,,
Axial load = 2500 KN
Factored Load = 1.5 x 2500"= 3750 kN oo
B

loee =5M.

End condition: Effectively held in position and restrained
against rotation at both ends.
|l =0.65], =0.65x5=3.25m (P45, T-11)

L
Assuming permissible stress(f_,)=0.8f, =0.8x250 =200 N / mm? \ l
’ \J

3 L/
Area required = M =18750 mm2 =187.50 sz - Isgfés/?n@ 'Ever plate
200 , 320 x 20 mm
Try ISHB 250 @ 51 kg/m. with additional plates on both flanges of v /
size 320 x 20 mm.

Area (a) = 192.96 cm?,  rmin = 8.17 cm = 81.7 mm

Slenderness ratio A,, = KL _3250 39.78 = 40
r

817
Ref page 42 Table 9(c)  for f, = 250N/mm?

For buckling class ‘c’ for built up section
f , for 40 =198 N /mm?
Load carrying capacity = stress x area provided

zz
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- 19819296 _ 3820.61 kN > 3750 kN
1000
Safe
Provide ISHB 250 @ 51 kg/m. with additional plates on both flanges of
size 320 x 25 mm.

Problem:
A column 5 m long is to support a load of 4500 KN. The ends of the columns
are effectively held in position and directions. Design the column if rolled steel

beams and 18 mm plates are only available. A
Solution: cr
Axial load = 4500 KN, la¢t =5m. \
End condition:  Effectively held in position and | =0.65I_
direction.
Ref page 41 Table 5.2 |
ls = 0.65l,, =0.65x5=3.25m rFaT

Assuming, stress g, =150 N/mm?

Load 4500 x 103 , ) ' '
Oac — 150 = 30000 mm® = 300 cm ISHB 450 @

907.4 N/m
Ref steel table, Try ISHB 450 @ 907.4 N/m
a=117.89cm? =11789mm?,1. = 40349.9cm? " =40349.9 x 10*mm*

I = xx

Iyy = 3045cm4 = 3045 x 1O4mm4 : Cover plate

550 x 18 mm
Area required for the two cover plates =, 300 -117.89 =182.11 cm®.
182.11

Area required =

Area of one cover plate = =91.06 cm? = 9106 mm?>. IN

Given Th. of cover plate = 18 mm.

Width of cover plate = 9106 =505.9mm, say 550mm \ '
18 " ISHB 450 @ \

Try a cover plate of size = 550 x 18 mm. ~ 907.4N/m  Cover plate
y 550 x 18 mm

Check for local buckling ’( /
Outsta|t1d|ng width 416
thickness

550 -140

+ =11.38 <16 Satisfactory

Area(A) = 11789 + 2(550 x 18) = 31589 mm?
Ixx of the built up section
550 x 183
1

450 18

2
I, =40349.9 x10* +2 +550 x 18(7 + ?j } =1.49 x 10°mm*

Iyy of the built up section
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3
I,, =3045x10* + 2{%} — 529 x10° mm*

o =1, =529x10°mm*

6
1/ fin 1/529)(10 =129.4 mm
31589

S.R(A)= @ =25.11
129.4
Ref page 42, Table 9(c) ,for f, =250 N/ mm? A fea
13x5.11 20 224
f, for 25.11=224- ‘== =217.36 N/ mm? 25 11 ?
Load carrying capacity = Safe stress x area provided 30 211
= 10 13
5.11 ?
217.36x 31589 _ go66 kN > 6750 kN
1000
SAFE

Provide ISHB 450 907.4N/m with additional cover plates of size 550 x
18mm one on each side.
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Lacing system
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Friday, September 14, 2001 9:37:38 PM

LACING FOR BUILT-UP COMPRESSION MEMBERS (P - 48,
49,50Cl: 7.6)

The different components of the built-up section should be placed uniformly at a
maximum possible distance from the axis of the column for greater strength of the
column. The different components of the built up section are connected together so
that they act as single column. Lacing is generally preferred in case of eccentric
loads. Battening is normally used for axially loaded columns and where the
components are not for apart. Flat bars are generally used for lacing. Angles,
channels, and tubular sections are also used for the lacing of very heavy columns.
Plates are used for battens.

Design procedure
Cl 7.6.4 page 50
1. The angle of inclination of the lacing with the longitudinal axis of the
column should be between 40° to 70°.

Cl 7.6.6.3 page 50

I
2. The slenderness ratio —— of the lacing bars should not exceed 145. The

Tmin
effective length 'l of the lacing bars*should be taken as follows.

Type of lacing Effective length (le)
Single lacing, bolted at ends Length b/w inner ends of bolts on
lacing bar
Double lacing, bolted at ends at 0.7 times b/w inner ends of bolts on lacing
Intersection bars (0.7x L)
Welded lacing 0.7 times distance b/w inner ends of

effective lengths of welds at ends (0.7 x L)

If flat bars of width ‘b" and thickness ‘t" are used for lacing, the maximum

slenderness
Ratio is given by
Max. S.R(\)= e L L ='e‘/ﬁ>145

-

A 12 bt
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Cl 5.7.6.1 page 51
1. For bolted or welded lacing
system- ----spacing

LACING BAR LACING BAR

% ¥ 50 or 0.7 times max SR of the
1 X
compression member as a -
whole, whichever is less.
Where,

a; = Distance b/w the centers g g «— 5 —>
of connections of the lattice bars to << s ><| — —
each components as shown in fig. : | I : \ 7,: ',

ri= Min radius of gyration of | ! i Ly i L ® e
the components of compression || ¢ / A ) v | |as
members. : a | i ! ® :\

$ 1 In : : ai ):/ \:\L
Cl 7.6.2 page 50 : —>! roy o | oo

Width of lacing bars: In [ﬁ\: ! N:\Q'\ /,é{‘.(/

bolted/riveted construction, | | o i 1 !

the minimum width of lacing i :\blé,;l E K& ; | az

bars shall be three times the | 1/ i | ® !
| 1 1 I 1 \
nominal diameter of the end | I\ { / :‘;ﬂj ':/E/ \':\:

bolt. P\ 5 N g

e Zdn R o
Cl 7.6.3 page 50 8 o 0 -

Thickness of lacing bars L ! L ® !

I ! 1 : ~ | :

t%% for Single lacing ),/E/_>v !

I
t« % for Double lacing bolted or welded at intersection.

Where,
I = length b/w inner end bolts.

Design of Lacings: Cl : 7.6.6

The lacing of compression members should be designed to resist to

transverse shear V = 2.5% of the axial force in member.
This shear is divided equally among all transverse lacing system in parallel
planes. The lacing system should be designed to resist additional shear
due to bending if the compression member carries bending due to
eccentric load, applied end moments, and lateral loading.
For single lacing system on two parallel faces, the force (compressive or
tensile) in each bar.

Feoo
2Sin6
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For double lacing system on two parallel planes,

the force
(compressive or tensile) in each bar.

-
4Sin 6 vt

If the flat lacing bars of width ‘b’ and thickness 't have bolts of diameter ‘d’

then
. . Force F
Compressive stressin bar = ¥ 0,
Grossarea bxt
. . Force F
Tensile stressin each bar =

= o
Netarea (b—d,)t ? Oa
0, = 0.6f,

Compressive Force = Compressive Stress x Areaof lacingbar « F
Tensile Force (P-32)

T - 0.9Af, , or
7/m1

_0.9(b-d, )Jtxf,
}/ml

T

n

Connection Details: No. ofybolts'= i

P-75, Cl: 10.3.3
1) Strength of bolt in Single shear:

f, n.A,, +NA;
Vo :(ﬁ}{ P b]
mb

2) Strength of bolt in Bearing V,,, = 2.5 Ky xdxt xf,
Y mb

kp is the least of the following:

1) % Edge distance e = 1.5 x d,

0

P
2) —-0.25

3)1:;‘—b 4) 1

u

t* = Min of 1) Thickness of flange of column section and
2) Thickness of lacing bar

P=25xd

Bolt value (BV) = Min of above two values.
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Welded connection;
Lap joint: Overlap «4 times thickness of bar or member, whichever is less.

Butt joint: Full penetration butt weld or fillet weld on each side. Lacing bar should
be placed opposite to flange or stiffening member of main member.

Welded connection:
Max Size of weld S = thickness of flat - 1.5
Force in lacing bar = Strength of the weld

I1
f, =410 N/mm?. o

Strength of weld =0.707 xD x | x f—“

Bxy, /
F Iz

fu
\/5 X 7mw
Provide Length of weld on each side of flat

Effective length of weld =

0.707 xD x

JAN / FEB 2004 — 8 marks

Why are lacing / battens provided in steel columns consisting of more than

one section ? Explain with neat sketches the details of different types of lacing and
battening system.
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2 — CHANNELS TOE TO TOE v 13 4T
LACED TOGETHER BY : ‘
Double lacing system TOP

VIEW

o P
) ‘ I
° Tie plate  ©
o L=
FRONT VIEW SIDE VIEW
2 - GHANNELS BACK TOBACK ‘.~ | o b ql
LACED TOSETHER BY J i ' _
H Spacing ToF ]
Double lacing system ¥ e Spacing b/w
: fj—————— VIEW webs
! ]
_ IJ_ B ﬁ_fl:' R'..:I_.T L
Packing
plate -]
W, -
Angle off ‘
Inclinatig
FY
]‘] L
I .
&
L
L= [=] g &
I :
© Tie Plate ° o
) o
FRONT SIDE VIEW ISOMETRIC
VIEW VIEW

Problem:
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Design a built- up column with 2 channel sections back to back to carry
an axial factored load of 1300 KN. The height of the column is 7 m and
effectively held in position at both ends, but not restrained against rotation. Take
fy =250MPa. Design single lacing system with 16 mm dia bolt of 4.6 grade.

Solution:

Design of compression member
Factored Load= 1300 KN

Assuming permissible stress= 0.5 f, = 0.5x250 =125N / mm? (0.4 f, t0 0.6 f,)
Load 1300x10°
fq 125
Try 2-ISMC 350 @ 84.2Kg/m with spacing b/w webs S =220 mm
P-48, Cl:7.6.1.1
Note:- The spacing is choosen insuchaway that
I,~L, &r, >r,;
a=107.32 cm® =10732 mm?
r,, =13.66 cm=136.6 mm, r, =13.74 cm=137.4 mm

P-48, Cl: 7.6.1.5

Area of 2 channels = =10400 mm? =104 cm?

LACING BAR

Slenderness ratio of builtup section (A) = 1105 %

Y
Effective length (Tablel1l, Cl: 7.2.2,P-45)
A
End condition : Effectively held in postion atiboth ends, FIES.
but not restained againstirotation. (Both ends Hinged)
KL =L =7 m = 7000 mm Lt =l
P-44, Table 10, Buckling curve class about any axis ‘c’.
P-42, Table 9(c) for f, = 250 N/mm?Z. N
B a4
Compressive stress about ZZ- axis,
M fq
(f cd-zz)
7000 50 183
)\ZZ —1.05X%—53.81 53.81 ?
Compressive stress foq= 177.30 N/mm?. 60 168
10 15
Load carrying capacity = f_, x Area 3.81 ?
_177.30x10732 445 g0 kN > 1300 KN fo-183-381X15 400 30N/ mm?
1000 < 10
Safe

Provide 2 - ISMC 350 @ 84.2Kg / m.
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Design Of Lacing: single lacing system
Check for local buckling of column section (P -50, cl 60 60
7.6.5) S>< 20 >

i—l # 50 or 0.7A.7 builtup section, whichever is less.
1

D

%

0.7 timesminof A,, and A,y
Inclination Of Lacing : (P-50, Cl 7.6.4)

Assuming Inclination Of Lacing = 45° (400 <0< 700)
The gauge distance 'g' for ISMC 350 is 60 mm.

r, =2.83cm

.. Horizontal length of lacing I, =60 + 220 + 60 = 340 mm
Spacing of lacingis c/c distance of adjacent bolts

=a, =2X 340 =680 mm

3 _ 080 _54.03 <50and<0.7x53.81 = 37.45

r, 283

The local buckling of the column does not occur,

Hence single lacing system can be adopted.

Dimension of lacing 340

Width of lacing bar (P- 50, Cl 7.6.2) "
Assuming dia of bolt = 16 mm

Width of lacing = 3 x dia of bolt =(3 x 16 = 48 mm Say 50 mm

Thickness of bar (t) (P- 50, Cl 7.6.3)

—

A, SRR .® —-

ai

- = -4 AN

/*7/—

Ao\

IR

oo NN

t« 41—0 of distance of inner bolts » Legr
sinB = 340
eff
340 _ ?’40 = 480.83mm
lgs  sind5
|« =480.83mm For single lacing system
t= 1 Xl = e x480.83 =12.04 mm Say 16 mm
40 40
Try alacing bar of 50 mm width and 16 mm thick

i.e., 50 ISF 16
Note: (P-50, Cl 7.6.3) Double lacing system t= %x |

Check for slenderness ratio: (P-50, Cl 7.6.6.3)

A=le 145
r.

min

lr xV12  480.83 x+/12
t 16

)\: IEff =
f

min

=104.10 < 145 Safe
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MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Note: - (P-50, Cl 7.6.3)
For double lacing system I = 0.7 x Length of lacing bar b/w inner bolts.

0.7 x| 4 4
I

A= 145

min

L

Check for Compressiwe Forceand TensileForce:
e ¢

Forceinlacing bar (F):(P-48, Cl5.7.2.1)

Transverse Shear (V) = 2.5 % of axial load

_ 22 1300 =32.5KN
100

Vv
Force (F)= -
n x sind Ref Page 42, Table 9(c)
n = 2 for single lacing system
M fq
n =4 for double lacing system
395 100 107
= ————=22.98 KN
2 xsin45 104.10 ?
OR 110 94.6
. ) - Vv 5 10 12.4
orce ( )_%xcosec 410 5
n =1 for single lacing system
I 1acing 5y £ —107- 212124 161 99 N/ mm?
n = 2 for double lacing system 10
Compressive Stress

for 1=104.10
Compressive Force = CompressiveStress x Areaof lacingbar « F
101.92 x50 x 16

Compressive Force = =81.54 > 22.98KN  Safe
1000 -

Tensile force (P-32):

0.9A f,
= =T

Tin F
7/m1
T, - 0.9(b-d, Jrxf, _ 0.9(50 ~18)x16x410 _ 11 1aen - 998 KN Safe
Yot 1.25 x 1000
Provide 50 ISF 16 as lacing bar
Connection Details: No of bolts = %

Dia of bolt = 16 mm.
Dia of hole (dp) = 16 + 2 =18 mm
Strength of one bolt in Single shear: P-75, Cl: 10.3.3

Vdsb — [%) x (nnAnb + nsAsb J
7/mb

Assuming thread is interfering the shear plane

n

n,=1 n, =0 ,vy,=125 , A, =0.78><%d2 =o.78><%><162 = 156.83mm’
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v :4OOX(1><156.83
@ /3 7(1.25 %1000

2) Strength of one bolt in Bearing V,

] = 28.97KN

2.5xk, xdxt" xf,

pb =

7/mb
kp is the least of the following:
1) & - 35 =0.65 Edge distance e = 1.5 x 18 = 27 mm say 35 mm
3d, 3x18
) P 025-2Y _025-068
3d, 3x18 P=2.5x16 = 40 mm Say 50 mm
f 400
3) ®£-—""-098 4 1
) f, 410 )
k, =0.65
t* =2 Min of 1) Thickness of flange of channel (13.5) and
2) thickness of lacing bar (16 mm)
V= 2.5x0.65x16x13.5" x400 _ 112.32KN
1.25x1000
Bolt value (BV) = 28.97 KN.
22.98 YT .
No of bolts = =——— =0.79 Say 2 No/§ (Min) One on each sidé
28.97
Problem:

Design a built- up column withg2 channel sections back to back to carry an
axial factored load of 1300 KN. Theyheight of the column is 7 m and effectively held
in position at both ends, but not restrained against rotation. Take f, =250MPa.

Design single lacing system with field weld.

Solution:

Design of compression member
Factored Load= 1300 KN

Assuming permissible stress =0.5 f, =0.5x 250 =125N/ mm? (0.4 f, to 0.6 fy)

3
Load _ 1300 x10 _ 10400 mm? = 104 cm? LACING BAR
o 125 \: v

ac |

Areaof 2 channels =

Try 2-ISMC 350 @ 84.2Kg/m with spacing b/w webs S =220 mm 220
P-48, Cl:7.6.1.1

Note: - The spacing is choosen insuch a way that =l L L
Io=L, &r, >r, !

a=107.32 cm® =10732 mm? ,r,, =13.66 cm =136.6 mm,
r,, =13.74 cm=137.4 mm
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P-48, Cl: 7.6.1.5

Slenderness ratio of builtup section (A) = 1.05 x %

Effective length (Tablell, ClI: 7.2.2,P-45)

End condition : Effectively held in postion at both ends,
but not restained against rotation. (Both ends Hinged)
KL =L =7m =7000 mm
P-44, Table 10, Buckling curve class about any axis ‘c’.
P-42, Table 9(c) for f, = 250 N/mm?.

M fq
Compressive stress about ZZ- axis, (f .- 50 183
2z) 53.81 ?
A,y =1.05x 2090 _ 5381 60 168
136.6 10 15
3.81 ?
Compressive stress f = 177.30 N/mm?. 3.81x15
Load carrying capacity = f_, x Area fq =183 - 10 - 177.30N / mm?
_177.30x10732 445 g0 kN > 1300 KN
1000
Safe
Provide 2 - ISMC 350 @ 84.2Kg / m.
Design Of Lacing: single lacing system 420
Check for local buckling of column section (P -50, cl 7.6.5)
al

ra # 50 or 0.7A.7 builtup section, whichever is less.
1

0.7 timesminof A,, andA,,
Inclination Of Lacing : (P-50, Cl 7.6.4)
Assuming Inclination Of Lacing = 45° (400 <0< 700)
The minradius of gyration for ISMC 350
r, =2.83cm =28.3mm
. Horizontal length of lacing I, =100 + 220 +100 - 50 =370 mm

Spacing of lacingis c/c distance of adjacent bars

= a, =2x 370 =740 mm

a _ 740 _ 26.15 <50 and < 0.7 x53.81 = 37.45
r, 283

The local buckling of the column does not occur,

Hence single lacing system can be adopted.

6. Ravindra Kumar, Associate Professor, CED, Govt Engg College, Chamarajanagar Page 53 of 76



MODULE - 3

Dimension of lacing
Width of lacing bar (P- 50, Cl 7.6.2)

DESIGN OF COMPRESSION MEMBERS

Assuming, Width of lacing = 60 mm 2
Thickness of bar (t) (P- 50, Cl 7.6.3)
t« 4i of distance of inner welds
220 °
Sin@ = N Loy
eff
l = _220 =311.13mm
sin45
|l =311.13mm For single lacing system
t= ix|eﬁ ~ 1 311.13-7.77mm Say 8 mm It°
40 40 12
Try alacing bar of 60 mm width and 8 mm thick min Tt

i.e., 60 ISF 8

Note: (P-50, Cl 7.6.3) Double lacing system t= %x I
Check for slenderness ratio: (P-50, Cl 7.6.6.3)

A= ety qas
rmin
\ el xV12_311.13x4/12
Fonin t 8
=134.72 <145 Safe

Note: - (P-50, Cl 7.6.3)

min

Il

&~ >
Il

|

< oy —>
B A ¢t

For double lacing system I, = 0.7 x Length of lacing bar b/w inner bolts.

Check for Compressie Forceand TensileForce:
Forceinlacing bar (F):(P-48, Cl5.7.2.1)

Transverse Shear (V) = 2.5 % of axial load

_ 22 1300 =32.5KN
100

Vv
nxsing
n =2 for single lacing system
n = 4 for double lacing system

325
~ 2xsin45

Force (F)=

=22.98 KN
OR

Force (F)= v x coseco
2n

n =1 for single lacing system,

Ref Page 42, Table 9(c)

A f,
130 74.3

134.72 ?

140 66.2

10 8.1

4.72 ?

f, =743 81x472 6 48N/ mm?

n = 2 for double lacing system
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Compressive Stress
for 1=134.72

Compressive Force = Compressive Stress x Areaof lacingbar « F

Compressive Force = 7048 %608 = 33.82KN > 22.98KN Safe

1000

Tensile Force (P-32)

T, - 0.9A,f, ZF
le
T, = 0.9xbxtxf, _ 0.9x60x8x%x410 _141.70KN > 22.98 KN Safe
Yot 1.25x1000

Provide 60 ISF 8 as lacing bar

Welded connection:
Max Size of weld S=8-1.5= 6.5 mm
Say S =5 mm

60 mm
Force = Strength of the weld erd returm /

f, =410 N/mm?. ™

Strength of weld = 0.707 xD x | x _f A

\/§ X }/mw
0707 x5x1x—19 66943 1N~ mim
V3 x1.25
3
Effective length of weld = 22.98 x107 =34.33mm Say 40 mm
669.43

Length of weld on each side of flat =40/2 =20 mm.

Length of longitudinal weld : It is the max of the following
1. Overlap length a) 4t = 4 x 8 = 32mm, b) 40 mm
2. Width of plate = 60 mm

Therefore provide Overlap length of 60 mm.

The overall length of weld provided with end return of (2 x D) = 2 x (60 +
2x5) =140 mm

Problem:

Design a built up member to carry an factored load of 1400 KN and effective length
in both planes is 6.5m. The column is restrained in position but not in direction at
both the ends. Provide double lacing system with bolted connections. Assume steel
of grade Fe 410 and bolts of grade 4.6. Design the column with two channels placed
toe- to — toe.
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Solution:

Design of compression member ( Channels toe to toe) LACING BAR
Factored Load= 1400 KN LY

Assuming permissible stress = 0.6 f, = 0.6 x 250 =150 N / mm?

Load 1400 x10°
-~ 10 T

Area of 2 channels =

ac

= 9333.33 mm*® = 93.33 cm?

Try 2 - ISMC 350 @ 42.1 kg /m. Properties of each channels are <« _ '316 _
a=>53.66 cm’ = 5366 mm’ I,,=430.6 cm® =430x10*mm?*,

I,, =10008 cm* =10008 x10*mm*,  C, =2.44 cm=24.4 mm

Spacing (S): Equate Iz = Iyy of builtup sections
2x1,, =2x1

S 2
2x1,, :2X|:IYY+AX[E_CYYJ :l

2
210008 x 10 = 2 x {430 «10* + 5366 x @ X 24.4] }

S =316mm

P-48, Cl: 7.6.1.5

Slenderness ratio of builtup section (A)= 1,05 x %

Effective length (Table11, Cl: 7.2.2,P-45)

End condition : Effectively held in postion at both ends,
but not restained against rotation. (Both ends Hinged)
KL=L=6.5 m=6500 mm

4
. lz\/2x10008><10 _136.57
A 2x5366

44, Table 10, Buckling curve class about any axis ‘c’.
P-42, Table 9(c) for f, = 250 N/mm?.

Compressive stress about ZZ- axis, (f cd-zz)
6500
136.57
Compressive stress f g = 183 N/mm?.
Load carrying capacity = f_, x Area= 183 X13;(;5366 =1964 KN > 1400 KN

Safe Provide 2 - ISMC 350

=50

A, =1.05x%
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Design Of Lacing: Double lacing system
Check for local buckling of column section (P -50, cl 7.6.5)

LACING BAR

i—l # 50 or 0.7A.7 builtup section, whichever is less.
1

0.7 timesminof A,, andA,,
Inclination Of Lacing : (P-50, Cl 7.6.4)
Assuming Inclination Of Lacing = 45° (400 <0< 700)
The gauge distance 'g' for ISMC 350 is 60 mm.
r, =2.83cm
.. Horizontal length of lacing b/w bolts I, =316 — 60 - 60 =196 mm
Spacing of lacingis c/c distance of adjacent bolts

100 116 100

=a, = 196 mm | B

\ A /: E /
3 _19%6 _¢93_.50and<0.7 x50 = 35 |
b 283 o 7

The local buckling of the column does not occur,
Hence double lacing system can be adopted.

&

_—
¥

\

Dimension of lacing
Width of lacing bar (P- 50, Cl 7.6.2)

Assuming dia of bolt = 16 mm
Width of lacing = 3 x dia of bolt =3 x 16 =48 mm Say 50 mm

give

a;

IR T AL L

\

28X

7//,

B2
A

Thickness of bar (t) (P- 50, Cl 7.6.3)

t« 61_0 of distance of inner bolts

C
sinB = 196 \
off 196 \'} 1 5
lg = %96 =277.20mm
sin45
For double lacing system
6
t= 1 Xl = 1 x277.20 =4.62 mm Say 6 mm
60 60 N Legy
Try a lacing bar of 50 mm width and 6 mm thick
i.e., 50 ISF 6
Check for slenderness ratio: (P-50, Cl 7.6.6.3) It3
e _ 12
)\:0.7x|eﬁ:0.7x|eﬁx\/ﬁ fin = A =\ )0
JRALERNPPT. Fin t P b
rmin min
_0.7x 2776'20 V12410032145 safe V12
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Check for Compressive Force and Tensile Force:

Forceinlacing bar (F):(P-48, Cl5.7.2.1)

Transverse Shear (V)= 2.5 % of axial load Ref Page 42, Table 9(c)
_ 120;5(’) <1400 = 35 KN M fog
v 100 107
Force (F)= - 112.03 ?
n>xsing 110 94.6
n = 2 for single lacing system :
n =4 for double lacing system 10 12.4
35 2.03 ?
T 4xsind5 12.37 KN 2.03x12.4 2
fq=107-—"——" =104.48 N/ mm
OR 10

Force (F)= v x cosecH
2n

n =1 for single lacing system
n = 2 for double lacing system

s =104.48 N/mm?

Compressive Force = Compressive Stress’x Areaof lacingbar « F

Compressive Force = 104.48 x50 % 6 =31.34 >12.37KN Safe

1000

Compressive Stress for A=112.03, f

C

Tensile Force (P-32)

T, - 0.9A f, ZF
le
T 0.9(b-d, Jtxf, 0.9x(50-18)x6x410
an Voo 1.25 %1000
= 56.68KN >12.37 KN Safe
Provide 50 ISF 6 as lacing bar
Connection Details: No of bolts = %

Dia of bolt = 16 mm.
Dia of hole (dp) = 16 + 2 =18 mm
1) Strength of one bolt in Single shear :

Vdsb _ [%j ~ (nnAnb + nsAsb J
7mb

Assuming thread is interfering the shear plane
n,=1 n, =0 ,y,, =125 A, =0.78><%d2 =0.78><%><162 = 156.83mm?

400 X( 1x156.83

V,, = = 28.97KN
@3 1.25><1000j
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2) Strength of bolt in Bearing V,, = 2:5xk, xdxt xf,

7mb
Ky is the least of the following:
e 35 .

1) E =3x18 0.65 Edge distance e = 1.5 x 18 =27 mm say 35 mm
) P 025-2Y _025-068

3d, 3x18 P =2.5x16 = 40 mm Say 50 mm

f 400
3) - —-0.98 4) 1

) f, 410 )
kp =0.65

t* 2> Min of 1) Thickness of flange of channel (13.5) and
2) thickness of lacing bar (6 mm)
2.5x0.65x16x6" x 400

V,, = = 49.92KN
P 1.25x1000
Bolt value (BV) = 28.97 KN.
No of bolts = 1237 _ 0.43 \Say 2 No’s (Min) One on each side\
28.97
Problem:

Design a built up member to carry_.an factored load of 1400 KN and effective
length in both planes is 6.5m. The celumnyis restrained in position but not in
direction at both the ends. Provide4double lacing system with fillet field weld
connections. Assume steel of grade Fe 410. Design the column with two channels
placed toe — to — toe.

Solution:
Design of compression member ( Channels toe to toe)
Factored Load= 1400 KN

Assuming permissible stress=0.6 f, =0.6x250 =150 N / mm?
Load _1400x10°

Area of 2 channels = =9333.33 mm? =93.33 cm?

O, 150
Try 2-ISMC 350 @ 42.1Kg /m Properties of each channels are
a=53.66 cm” =5366 mm’ 1,, =430.6 cm* =430x10*mm”*,
LACING BAR
I, =10008 cm* =10008 x10*mm* , C,, =244cm=244mm \ Y

Spacing (S): Equate Iz; = Iyy of builtup sections
2x1,, =2x1

S 2
2x1,, :ZXI:IYY-FAX(E_CYYJ }
S

2 Y
210008 x 10* = 2x{430x104 +5366 x(i—24.4j } NI

S =316mm
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P-48, Cl: 7.6.1.5

Slenderness ratio of builtup section (A) = 1.05 x %

Effective length (Tablel1l, Cl: 7.2.2,P-45)

End condition : Effectively held in postion at both ends,
but not restained against rotation. (Both ends Hinged)
KL=L=6.5 m=6500 mm

. l_\/2x10008><104
VAV 2x5366

=136.57

A

44, Table 10, Buckling curve class about any axis ‘c’.
P-42, Table 9(c) for f, = 250 N/mm?.

Compressive stress about ZZ- axis, (f cd-zz)
A, =1.05x 2290 _5g
136.57
Compressive stress f g = 183 N/mm?.
183 x 2x 5366
1000
=1964 KN > 1400 KN ‘Safe

Provide 2 -.ISMC 350

Load carrying capacity = f_, x Area=

Design Of Lacing:  (Double lacingsystem)
Check for local buckling of columnrsection (P -50, cl 7.6.5)

A # 50 or 0.7A.7 builtup section, whichever is less.
I'-1

0.7 timesminof A,, and A,y

Inclination Of Lacing : (P-50, Cl 7.6.4) LACING BAR

Assuming Inclination Of Lacing = 45° (40° <8 < 70°) |

The radius of gyration for single ISMC 350
r, = 2.83cm = 28.3mm

.. Horizontal length of lacingl, =316 — 50 = 266 mm

Spacing of lacing=a, = 266 mm v

8 _ 2% _g40.50and<0.7 x50 = 35
r, 28.3
The local buckling of the column does not occur,

Hence double lacing system can be adopted.
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Dimension of lacing
Width of lacing bar (P- 50, Cl 7.6.2) 100 116 100

Assuming,
Width of lacing = 60 mm

Thickness of bar (t) (P- 50, Cl 7.6.3)

t« % of distance of inner welds

Horizontal length b/winner welds =316-100-100 =116mm

sinezﬁ

eff

ls = %16 =164.05mm
sin45
For double lacing system

t= 1 Xl = 1 x164.05 =2.73 mm Say 6 mm
60 60

Try a lacing bar of 60 mm width and 6 mm thick
i.e., 60 ISF 6

/‘ : \W / :

aj

A\

ANVZANZANN

N4
e

Check for slenderness ratio: (P-50, Cl/7.6.6.3)
- 0.7 x| ¢ 4145

[uny

16
rmin

L 07xlg  0.7xlyg x12

Coor t

min

6
_ 0.7x164.05 x V12 — 66.30 < 145 Safe I
6 == ™ eff

A

Check for Compressie Forceand TensileForce:
Force inlacing bar (F): (P-48, CI5.7.2.1)

Transverse Shear (V) = 2.5 % of axial load
_ 22,1400 =35 KN
100
Vv
nxsinég
n =2 for single lacing system
n = 4 for double lacing system
S
4 x sin45
OR

Force (F)=

=12.37KN

Force (F)= v x cosecH
2n

n =1 for single lacing system
n = 2 for double lacing system
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Compressive Stress

for 1 =66.30
Compressive Force = Compressive Stress x Areaof lacing bar « F
Compressive Force = 157.92x60x6 =56.85 >12.37KN
1000
Safe
Ref Page 42, Table 9(c)
Tensile Force (P-32) ) ¢
cd

Ton = 0-9R.f, «F 60 168

Vm 66.30 ?
Tdnzo.gxbxtxfu:0.9><6O><6><410 70 152
Tdn =106.27 kN >12.37 kN Sa£ 6.30 ?

Provide 60 ISF 6 as lacing bar 6.30x16 ,

Welded connection: feg =168- 10 =157.92N /mm
Max Size of weld S =6 - 1.5 = 4.5 mm

Say S =4 mm

Force = Strength of the weld
f, =410 N/mm?.
Strength of weld=0.707 xD x | x f—“

\/5 X 7mw
=O.707><4><|><4—10 = 535.54'IN"- mm
J3x1.25
3
Effective length of weld = 223710 _>3mm  say 30 mm
535.54

Length of weld on each side of flat =30/2=15mm.
Length of longitudinal weld : It is the max of the following

1. Overlap length a) 4t = 4 x 6 = 24mm, b) 40 mm
2. Width of plate = 60 mm

Therefore provide Overlap length of 60 mm.

The overall length of weld provided with end return of (2 x D) = 2 x (60 +
2x5) =140 mm

Problems on two — I sections laced together
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9-1SECTIONS LACED TOGETHER | |~ S |
BY SINGLE LACING SYSTEM Spacing | o | '
b/w cifcof
_ ot VIEW
Spacing webs
.
b/w webs {
= - ‘ 43 o
I 1
e
o 1 ™ Q
\ ISF
N )
Sy

~
s/

b |i®
Tie Plate
o o glp & -
* L= g
L3
[
ISOMETRIC FRONT VIEW ISOMETRIC
VIEW SIDE VIEW
2- ] SECTIONS LACED TOGETHER ‘\; - 5 - -[ih‘ AT
Double lacing system é L e w1
Spacing b/w Top | Spacing biw £/ |
pacing b/w
Spacing C/C webs VIEW wehs I
b/w webs 1 i
o
Angle of
Inclination | |© o H ol
o o ﬂ:
> 1sF
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- —Q Tie Plate
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Problem:

The axial load on a steel column is 2000 KN. The column of length 5 m is
effectively held in position at both ends and restrained in direction at one end.
Design a suitable built up I-section for the column adopting single lacing and sketch
the elevation and plan of the column. Permissible stresses confirm to the
specification of IS 800 — 2007.

Solution:

Design of compression member
Axial Load= 2000 KN

Factored load = 1.5 x 2000 = 3000 KN
Assuming permissible stress(f,) =180 N/ mm?
Load 3000x10°
o, 180
=16666.66 mm?* =166.67 cm*
Try 2-ISHB 350 @ 144.8Kg /m with spacing b/w webs S =275 mm
P- 48, Cl:7.6.1.1 2- ISHB 350
Note:- The spacing is choosen insuch away that @144.8Kg/m
Ly=1, &r, >r,
a=184.42 cm’ =18442 mm?
r,, =14.65 cm =146.5 mm,
r,, =14.71cm=147.1 mm

Area of 21-sections =

P-48, Cl: 7.6.1.5 LACING BAR

Slenderness ratio of builtup section (A) = 1.05 x %

Effective length (Table1l1l, Cl: 7.2.2,P-45)

End condition : Effectively held in postion at both ends,
but not restained against rotation. (One end fixed and one end Hinged)
KL=0.8xL=0.8x5=4m=4000 mm

P-44, Table 10, Buckling curve class about any M fq
axis ‘c’. 20 224
P-42, Table 9(c) for f, = 250 N/mm?’. 78.67 5

. . 30 211
Compressive stress about ZZ- axis, (f cd4-zz) 10 13

4000 .
A,, =1.05x ——=28.67 Compressive
77 X 1465 Y 8.67 ?
stress f 4 = 215.73 N/mm?, f, =224 _8.67x13 _ 215.73 N/ mm?
‘ 10
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Load carrying capacity = f_, x Area
~ 215.73 x18442

1000
Safe

Provide 2 -ISHB 350 @ 144.8 Kg / m.

Design Of Lacing: (single lacing system)
Check for local buckling of column section (P -50, cl 7.6.5.1

= 3978.50 KN > 3000 KN

9 ¥ 50 or 0.7A.7 builtup section, whichever is less.

r 140 140
Inclination Of Lacing : (P-50, Cl 7.6.4) E: ”9 <“>:
Assuming Inclination Of Lacing = 45° (40° <8 < 70°) e | s | o®

The gauge distance'g' for ISHB 350 is 140 mm. .. A
r, =5.22cm = 52.2 mm |
.. Horizontal length of lacing =140/2 + 275 +140/2 <

I, =415 mm L
Spacing of lacingis c/c distance of adjacent bolts '
=3, =2X 415 =830 mm

1o | as

/AR

8 _830 159 <50and<0.7x28.67 =\2007 }
r 52.2 P ::
The local buckling of the column doeS not\occur, & ii

Hence single lacing system can be adepted. T e

Dimension of lacing

Width of lacing bar (P- 50, Cl 7.6.2)
Assuming dia of bolt = 20 mm

Width of lacing = 3 x dia of bolt = 3 x 20 = 60 mm
Thickness of bar (t) (P- 50, Cl 7.6.3)

t« 41—0 of distance of inner bolts

sinB = 415
eff
of = ‘_}15 = 586.9mm
sin45

|+ =586.9mm For single lacing system

t= 1 Xl = e x586.9 =14.67 mm Say 16 mm

40 40
Try alacing bar of 60 mm width and 16 mm thick

i.e.,, 60ISF16
Note: (P-50, Cl 7.6.3) Double lacing system t = 61_0X e

6. Ravindra Kumar, Associate Professor, CED, Govt Engg College, Chamarajanagar Page 65 of 76



MODULE - 3 DESIGN OF COMPRESSION MEMBERS

Check for slenderness ratio: (P-50, Cl 7.6.6.3)

Ieff
A= * 145 ,— It
r-min \/_ r Ixx E
| | 12 min — A" x | Ty
gt ¥ V12 586.9xV12 ooy jae AR
rmin t 16 r = t
Safe "oN12

Check for Compressie Forceand TensileForce:
Forceinlacing bar (F):(P-50, Cl7.6.6.1)
Transverse Shear (V,) = 2.5 % of axial load

_25 2000 = 75 KN Ref Page 42, Table 9(c)
100 1 f
Force (F)= Vt_ 120 83.7
nxsing
. : 127.1 ?
n = 2 for single lacing system
. 130 74.3
n =4 for double lacing system
25 10 9.4
F= ————=53.03KN
2 xsin45 7.1 ?
Compressive Stress f -837- 94x7.1 _ 27 03N/ mm?
forA=127.1 10

Compressive Force =Compressive Stréss <Areaof lacingbar « F
Compressive Force = 77'0?;;: 1873195 - 53.03kN

Safe
Tensile Force (P-32)

T, - 09Af, ,p
7/m1
_0.9(b-d, )txf, 0.9(60 —22)x16 x 410
" Voot 1.25x 1000

Provide 60 ISF 16 as lacing bar

T, —179.48KN >53.03 KN Safe

Connection Details: No of bolts = %

Dia of bolt = 20 mm.
Dia of hole (dp) =20 + 2 =22 mm
P-75, Cl: 10.3.3
1) Strength of one bolt in Single shear:

f nA_ +nA
VS = 4 |x n” *nb s” *sb
o [\/5] ( 7mb ]
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Assuming shank is interfering the shear plane

T

n,=0 n, =1 ,y,, =125 A, :Zdz :%xzo2 = 314.16 mm?

v _4OOX(1x31416
@ /3 7(1.25 %1000

2) Strength of bolt in Bearing V,

] = 58.04KN

2.5xk, xdxt" xf,

pb

ymb
kp is the least of the following:
1) & . 40 =0.57 Edge distance e = 1.5 x 22 =33 mm say 40 mm
3d, 3x22
) P _025-2 _025-051
3d, 3x22 P=25x20=50mm
f 400
3) &-_"—""-0.98 4) 1
) f, 410 )
ky =0.51
t* =2 Min of 1) Thickness of flange of I-section (11.6) and
2) Thickness of lacing bar (16 mm)
Vi = 2.5x0.51x20x11.6" x400 9466 kN
1.25 x1000
Bolt value (BV) = 58.04 KN.

53.03

No of bolts = =a04 = 00! Say 2 No's (Min) One on each side|

Problem:

The axial load on a steel column is 2000 KN. The column of length 5 m is
effectively held in position at both ends and restrained in direction at one end.
Design a suitable built up I-section for the column adopting single lacing system
with site welded connection and sketch the elevation and plan of the column.
Permissible stresses confirm to the specification of IS 800 — 2007.

Solution:
Design of compression member
Axial Load= 2000 KN
Factored load = 1.5 x 2000 = 3000 KN
Assuming permissible stress(f,) =180 N/ mm?
Load 3000 x10°
. 180

Try 2-ISHB 350 @ 144.8Kg /m with spacing b/w webs S =275 mm
[P-48, Cl:7.6.1.1 ]

Area of 21-sections = =16666.66 mm? =166.67 cm?
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Note: - The spacing is choosen insuch a way that

Lo = IYY & My > M e T e
a=184.42 cm® =18442 mm?® ,r,, =14.65 cm =146.5 mm, s=275mm |l 2°SHB350

@144.8Kg/m
Fyy = 14.71 cm=147.1 mm

P-48, Cl: 7.6.1.5 gﬁﬂg
Slenderness ratio of builtup section (A)=1.05x % LACING BAR

Effective length (Tablel1l, Cl: 7.2.2,P-45)

End condition : Effectively held in postion at both ends,
but not restained against rotation. (One end fixed and one end Hinged)
KL=0.8xL=0.8x5=4m=4000 mm

P-44, Table 10, Buckling curve class about any axis ‘c’.

P-42, Table 9(c) for f, = 250 N/mm?Z.

Compressive stress about ZZ- axis, (f .- A feq
22) 20 224
?
A, =1.05x 090 _ 5867 28.67 '
146.5 30 211
Compressive stress f g = 215.73 N/mm?, 10 13
Load carrying capacity = f_, x Area 8.67 ?
_ 2157318442 _ 3974 50 KN >\3000KN f2224-8087x13 515 23N/ mm 2
1000 cd 10 '
Safe
Provide 2 -ISHB 350 @ 144.8 Kg / m.
Design Of Lacing: sm_ le lacing system _
Check for local buckling of column section (P -50, cl - -
7.6.5.1) n 275 ||
N - Al
a, . . . : ' ~- L
— % 50 or 0.7\.7 builtup section, whichever is less. ) i y
" o
Inclination Of Lacing : (P-50, Cl 7.6.4) " a1

Assuming Inclination Of Lacing = 45° (400 <0< 700) :i n
r, = 5.22cm = 52.2mm [:;k
The horizontal distance (i, ): ¥
I, =250/2 + 275 +250/2-250/2-50 = 475mm
Spacing of lacingis c/c distance of adjacent bolts
=a, =2Xx 475 =950 mm

N/

6. Ravindra Kumar, Associate Professor, CED, Govt Engg College, Chamarajanagar Page 68 of 76



MODULE - 3 DESIGN OF COMPRESSION MEMBERS

8 _ 90 _ 1820 <50and<0.7 x 28.67 = 20.10
rh  52.2
The local buckling of the column does not occur,

Hence single lacing system canbe adopted.

Dimension of lacing 275
Width of lacing bar (P- 50, Cl 7.6.2) ' '

Assuming ,
Width of lacing = 60 mm

Thickness of bar (t) (P- 50, Cl 7.6.3) 0

t ¢ 41—0 of distance of inner welds N Legr

horizontal distance b/w inner welds = 275 - Z(b?fj =275-250=25

sin@ = 2
eff
Il = 2—5 =35.36mm
sin45
I, =35.36mm
For single lacing system
t= L1, =L x3536-088mm~™ Bay 6mm
40 40
Try alacing bar of 60 mm width and.6 mm thick
i.e., 60 ISF 6
Check for slenderness ratio: (P-50, Cl 7.6.6.3) It3
| bl
A= 3145 S LI V]
PP x+12 35.36x+/12 r :L
A= -~ = " = 6 =20.42 <145 min = 12
Safe
Ref Page 42, Table 9(c)
Check for Compressie Forceand TensileForce: ) ¢
cd
Force inlacing bar (F) : (P - 50, C17.6.6.1) 2200 . 22;‘
oo ; . :
Transverse Shear (V,) 22.55 %o of axial load 40 11
= m x 3000 = 75 KN 10 13
0.42 ?
Force (F)= —= 0.42x13
nxsing fg=224-———"= =22345N/mm?
n =2 for single lacing system 10

n =4 for double lacing system
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F= 7_5 =53.03KN
2xsin45
Compressive Stress
for A =20.42
Compressive Force = Compressive Stress x Area of lacing bar « F
Compressive Force = 223'412350 <6 =80.44 > 53.03 kN Safe

Tensile Force (P-32)

T, - 0.9A.f, ZF
le
T, = 0.9xbxtxf, _ 0.9x60x6x410 _106.27KN > 53.03 KN Safe
Yo 1.25 x1000 -

Provide 60ISF 6 as lacing bar

Welded connection:
Max Size of weld S =6 - 1.5 = 4.5 mm

Say S =4 mm

Force = Strength of the weld my
fu _ 410 N/mmz End return \
Strength of weld =0.707 xD x | x f—“ A

VB <
=0.707x4x|x£=535.54|N-mm
J3x1.25
3

Effective length of weld = % =99.02 mm Say 100 mm

Length of weld on each side of flat =100/2 =50 mm.
Length of longitudinal weld: It is the max of the following

1. Overlap length a) 4t =4 x 6 = 24mm, b) 40 mm
2. Width of plate = 60 mm

Therefore provide Overlap length of 60 mm.

The overall length of weld provided with end return of (2 x D) = 2 x (60 +
2x5) =140 mm
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Problem on double lacing system joined together by 4 angles

| 4 ANGLES JOINED TOGETHER BY — "
Double lacing system g b—v_’—\_vj
Gize of [
/ \ column
o
\
.1
. Angle of -
.. Inclination
¢ g
A
»

£

NS
5

“@

o

\ 4

—

- ‘k °/,-
| 1 o
ISOMETRIC i o Tieplate
VIEW FROKT ARD SIDE
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Problem: 1996 Aug
A mild steel built-up column is to be designed to carry an axial
load of 1800 KN. The height of the column is 7 m. The column is
considered to be held effectively in position at both the ends and
restrained in direction at one end. The column is to be designed using
4-angle section suitably laced together.
—SOIUtion: LACING BAR
Design of compression member —_

Design of compression member
Axial Load= 1800 KN

Factored load = 1.5 x 1800 = 3000 KN X
Assuming permissible stress(f,) =180 N / mm?

3
Load _ 2700x107 _ 15000mm? =150cm? !
fed 180 :

1
1
1
1
|
e T I - 500
1
1
1
1
1
1

Areaod 4 -angles =

Areaof each angle = ? =37.5cm?

Try 4-1ISA 130 x130 x 158 mm @ 28.9Kg/ m
having the following properties
a=36.81cm* =3681mm?

I,=1,= 574.6cm* =574.6 x10* mm?*,

C =C,, =3.78cm=37.8 mm

P-48, Cl: 7.6.1.5

Slenderness ratio of builtup section (Ay=1.05 x %

Effectivelength (Tablel1l, Cl: 7.2.2,P-45)

End condition : Effectively held in postion at both ends and
restainedin direction at one end.
ls =0.8x1,, =0.8x7m=5.6m=5600 mm
Let the size of the built-up column with 4 angles
be 400 mm x 400 mm

2
L7 ofbuitupcolumn = 4{574.6 x10* + 36.81(? — 37.8j }

=410.36 x10® mm*

6
Radius of gyrationr,, =r, = 1/% =166.94 mm
X

2600 _ 35.22
4

Slenderness ratio A =1.05 x .
P-44, Table 10, Buckling curve class about any axis ‘c’.

P-42, Table 9(c) for f, = 250 N/mm?.
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Compressive stress about ZZ- axis, (f .-
A f,
ZZ)
_ 5 30 211
Compressive stress f 4 = 204.21 N/mm*. 35.22 2
Load carrying capacity = f_, x Area 40 198
10 13
_ 204.21 x4 x 3681 3007 KN > 2700 KN
1000 5.22 ?
Saf
=9 f =211-% _204.21 N / mm?>
Provide 4-1ISA 130 x 130 x 15mm @ 28.9Kg / m.

400

Design Of Lacing:
Assuming Double lacing system:
Check for local buckling of column section (P -50, cl

7.6.5)

?—1 # 50 or 0.7A.7 builtup section, whichever is less.
1

0.7 timesminof A,, andA,,
Inclination Of Lacing : (P-50, Cl 7.6.4)

Assuming Inclination Of Lacing = 45° (40° <0< 70°)
The gauge distance 'g' for ISA 130 x 130X 15%iS“80 mm.
. Horizontal length of lacing |,, =400 -80%80 =240 mm
Spacing of lacingis c/c diatance oftadjacent bolts

=a, =240 mm

r_. for single channel ISA 130 x130 x 15 =2.53cm=25.3mm _ |

8 _ 290 _ 949 <50and<0.7x35.22 = 24.65

r, 253

The local buckling of the column does not occur,
hence Double lacing system can be adopted.
Dimension of lacing

Width of lacing bar (P- 50, Cl 7.6.2)

Assuming dia of bolt = 16 mm
Width of lacing = 3 x dia of bolt = 3 x 16 =48 mm Say 0  e=30 g=80
mm 240

Thickness of bar (t) (P- 50, Cl 7.6.3)

t¢ % of distance of inner bolts

240 N Loy

eff

Sin @ =

6. Ravindra Kumar, Associate Professor, CED, Govt Engg College, Chamarajanagar Page 73 of 76



MODULE - 3

DESIGN OF COMPRESSION MEMBERS

ls = ?40 =339.41mm
sin45
t= i><|eff :ix339.41 =5.66 mm Say 8 mm
60 60
Try a lacing bar of 60 mm width and 8 mm thick i
i.e., 60 ISF 8 e
Check for slenderness ratio: (P-50, Cl 7.6.6.3)
A= 0.7l # 145 It?
rmin A
Foz e 412
A:o.7x|eﬁ:o.7x|eﬁx\/ﬁ min =V A =\t
rmin t t
rmin ==
_07x 339;1 M2 4068145 Safe e
Check for Compressie Forceand TensileForce:
Force inlacing bar (F): (P-50, Cl7.6.6.1)
Transverse Shear (V,) = 2.5 % of axial load
=25 9700 = 67.5KN
100
Force (F)= Vt_
nxsingd
n =2 for single lacing system
n =4 for double lacing system
_ 575 _5386KN
4 xsin45
Ref Page 42, Table 9(c)
M f,
100 107
102.88 ? fq =107 - 288124 103.43N/ mm?
110 94.6
10 12.4
2.88 ?

Compressive Force = Compressive Stress x Areaof lacingbar « F

Compressive Force =

103.43 x60x 8
1000

Safe

=49.65 > 23.86KN
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Tensile Force (P-32)

T, - 0.9A.f, ZF
7m1
T, - 0.9(b-d, Jxf, _0.9x(60-18)x8x410 _ o0 50n - 93 86 KN Safe
Vi 1.25x1000
Provide 60 ISF 8 as lacing bar
Connection Details: No of bolts = F

Dia of bolt = 16 mm.
Dia of hole (dp) = 16 + 2 =18 mm
P-75, Cl: 10.3.3

1) Strength of one bolt in Double shear :

fu r‘nAnb +nsAsb
V,, =% |x| ™ s 5
dSb (\/5] ( 7mb J

Assuming both thread and shank is interfering the shear plane
n, =1, n, =1, Ymp =1.25

A, = 0.78x%d2 ~ 0.78x%x162 = 156.83mm?>

A, =Zd> =2 x16% = 201.06mm?
4 4

v _400 (1x156.83+1x201.06
“ =3 1.25» 1000

2) Strength of bolt in Bearing V,

} = 66.12KN

2.5xk, xdxt" xf,

pb

ymb
Ky is the least of the following:
1) e _.3 _ 0.65 Edge distance e = 1.5 x 18 =27 mm say 35 mm
3d, 3x18 ' Y
) P 025-29 _025-068
3d, 3x18 P=25x16=40mm  Say 50 mm
f 400
3) ®-_—=098 4) 1
) f, 410 )
ko = 0.65
t* =2 Min of 1) Thickness of angle (15) and
2) Thickness of lacing bar (8mm)
Vi = 2.5x0.65x16x8 x400 — 66.56 KN

1.25x1000
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Bolt value (BV) = 66.12 KN.

No of bolts = 23.86
66.12

=0.35 Say 2 No's (Min) One on each sidel

Problem:

The ¢/s of a 6 m long, pin ended column consists of 4- ISA 100 x 100 x 10
mm suitably connected with lacing bars. The angles face inwards and the outside
dimensions of the ¢/s are 350 x 350 mm.

1. Determine the safe axial compressive load for the column
2. Also design the lacing bars and their connection of angles.

LACING BAR

350

350
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