|\Compression Members

1. INTRODUCTION
o

Pure compression members are structural clements subjected to axial compressive forces only.
pxial compressive force means forces applied along the centroid of a longitudinal a.xis of the cross
cection. A column is defined as a structural member whose longitudinal dimension is c.ornparatw.cly
more than its lateral dimensions and is predominantly subjected to compressive force in a direction
parallel o its longitudinal axis. End posts are the end compression members in truss bridge girders. The
siructural members carrying compressive load in a truss are called struts. Heavy compression memb.crs
inbuilding are called stanchions. The compression member of a crane is called a boom. The compression

© members may also be subjected to both axial compression and bending, In this chapter, the compression
members subjected to axiat loads only are discussed.

6.2: COMMON SHAPES OF COMPRESSION MEMBERS
-

Rolled steel sections are generally used as compression members. Different types of sections
and their uses are described in Table 6.1.

Table-6.1.

SINo.| Types of rolled stecl sections Uscs

I. | Single angles I. Lightrooftrusses, bracing in plate girders and

built up columns

Double angles back to back 2. Top chord members of roof truss .
3. | Tsections 3. Welded roof truss
4. | Single channels 4.

Rarely used as columns. Not suitable due to
low value of radius of gyration.

Tall buildings. Most efficient due to equal
value of radius of gyration in every axis.
Tall buildings.Easy fabrication and erection

3. | Circular hollow sections 3,

Square and rectangular hollow sections |6.

T | Isections 7. Suitable for columns. Difference in radius of
gyration about two axes is the smallest.
8. | Built up sections 8. Compression members subjected to heavy
loads.
. The choice of a particular section depends on its availability in the market, problem to connect
With other stuctural

components and slenderness ratio. The different cross sections shapes for rolled
Steel compression members are shown in figure 6.1.

Scanned with CamScanner



—voign

=

c) Tee
(@) Single Angle (b) Double Angle (
(d) Channel Circular Hollow () Rectangular Hollow
Y Channe I’E)SE:;;' (CHS; Section (RHS)
e —
1 Section
L (h) Built up Section

Fig. 6.1 Different Shapes for Rolled Steel Compression Members
B.i: BUCKLING OF COLUMNS

Buckling is defined as the sudden bending, warping or crumpling of the compression members
under compression.Due to buckling, deformation developed ina column occurs in a direction or plane

normal to the direction of the loading. Buckling resistance depends on magnitude of the applicd load,
bending stiffness of the member and length of the member.Buckling of column is shown in Fig 6.2,
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Fig. 6.2 Buckling of column
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() When end conditions can be assessed- Where the boundary conditions in the p & op
" buckling can be assessed, the effective length, KL, can be calculated on the bagj y
Table 6.2.
(i) Compression member in trusses- In case of bolted or .welded trusses and braceq "
the effective length, KL, shall be taken as 0.7 t0 1.0 times lhff actual length, del}eﬂdin&‘
upon the degree of end restraints provided. However, the effective length may be gy,
actual length for buckling in the plane perpendicular to the plane of truss [Ref. Cl: 75,
IS 800 : 2007].>
(iii) Frames- Where frame analysis does not consider the equilibrium of a framed strycyyy, .
' the deformed shape (Second-order analysis or advanced analysis), the cf:feclive length of
compression members in such cases can be calculated using the procedure given in Appeng;,
D.1. of IS: 800.
(iw:) Stepped columns- The effective length of stepped column in individual buildings cap be
calculated using the procedure given in Appendix D.2. of IS: 800.
6.4.2 : Appropriate radius of gyration

The radius of gyration of member may be different about different transverse axes (YY, ZZ, Uy,

VYV etc.). However, the radius of gyration of the compression member about the.axis of buckling i
known as appropriate radius of gyration.

6.4.3: Slenderness ratio
o It is defined as the ratio of effective length to the corresponding radius of gyration of the section

Thus R:!E.:._@

. The maximum slenderness ratio corresponding to minimum radius of gyrationan
r r

/ or maximum effective length, governs the design strength.

The maximum value of effective slenderness ratio for different member as per 1S 800: 2007
shown in Table 6.2. The effective length is cosidered as Table 6.3.
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: DESIGN OF AXIALLY LOADED COMPRESSION MEMBERS

The following procedure may be adopted in the design of avially loadcd cnmpn_:,mﬂn e
I.  Assume slenderness retio and determine design compressive siress considerin

' . ¢
stcel and assuming buckling class. (The slendemness ratio may be considered as 79 oty

rolled stecl beams, 110 to 130 for angle struts and 40 for members _can}ring large jo,
Alternatively the design stress in compression members may be directly assum
range of (a) 130 Mpa to 140 Mpa for rollcd steel 1 - scctions, (b) 80 to 100 Mpa

or
for

&,
dip h:

i X for an
struts and channels and (c) 190 to 200 Mpa for heavy / built up scctions. Ul

Calculate effective sectional area required A, = Py/f
Choose a trial section from steel table
and Find r_, ofthe trial section

3.  Find effective length and maximum slenderness ratio 8 A =1/ 1 cunsideringw
conditions and type of connections.

4. Determine permissible compressive stress f considering grade of steel and actya) bu:k]i,,
class and Compute the strength of the member P, =4,/

S.  Redesign if P, differs considerably from the design load.

6.

The scclion may be checked for limiting thickness also.

Thus the most economical section can be arrived at by trial and error i.e. repeating g,
above process.

xample-6.7: Design a column section (using channel section only) to carry a factored gy

al
of 400 kN. The column is 4mlong and Is effectively held in position at boy) mi::ﬂf
restrained against rotation at one end only. Consider f, = 250 N/mmv’. Assuym, S
/earthquake actions. -
olution: (All the clauses and tables mentioned in the solution refer to IS 800: 2007)
(_l] Assuming permissible design compressive stress 80 MPa
A= 49“3’;‘01 - 5000 mm?
(2) Try ISMC350 @ 413 N/m, having A = 5366 mm? (From steel table)
r-=136.6 mm, r,_ =283 mm
Tein = Ty =283 mm
(3) Forone end fixed and other end pinned, T
KL=0.8 L=0.8x4000=32 [Table =11}
- 00 mm [Table=11)
Apaye 22 - 3200 <2 aBIE=AT
. 283 11307 =20 ITablez3) 1S3
H - e 413 Hrm
(4) The l:nr:klmg class ls. ¢’ for channel section 'I‘r'ﬁi;'l_’{..a;q"ﬁ
For —=113.07 and f, =250 MPq —
” Fig 6.12
Permisible comp. stress Jor =91.25 N/ mm?

(by interpolation)  JTABIEZ9(1
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(6) J: J'_nl

1 1ables, b= 100 mm, h =159
prom 516 4 W, 135, <8, Imm, R, = fmm
ere b= 100mm, d=h=2( 2 R)e350_20135 1 g
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) Design of Steel Beams

e
1. INTRODUCTION

is a struct : ;
- / . A bc:::s ey Sl;z:;:er;lber subjected to bending, It is subjected to transverse loads normal to
its axIs- Be B ) § that support floor construction are termed as joists. Horizontal beams
anning between th‘? adjacent trusses are known as purlins. Lintel is a beam that spans over openings
in buildings- Header is 2 beam framed to two beams at right angles and supports joists on one side of it.
geam that supports th_t-: headers is termed as trimmer. The beam supporting the stair steps is termed as
giringer- Rolled I SFCIIOHS with and without cover plates are normally used for floor beams. Channel,
tee and angle_sectlons are used in roof trusses as purlins and common rafters. Laterally stable steel
heams can fail only by (a) flexure (b) shear or (c) bearing, assuming that local buckling of slender
componeats does not oceur. These three conditions are the criteria for limit state of collapse for steel
beams. Steel beams would also become unserviceable due to excessive deflection and this is classified
a5 a limit state of serviceability.
72: BASIC CONCEPTS OF PLASTIC THEOREY

To understand plastic theory, consider a rectangular shape steel beam, simply supported at both
ends, subjected to a concentrated load at the centre. Consider the section at the midspan.
(a) When maximum bending moment (M) is less than yield moment (Mpy), all the extreme

fibres are stressed below yield point.
(b) With increase in load, maximum bending moment equals to the yield moment i.e. M=My.

The stress in extreme fibres reach the value of yield stress and begins to yield.

(c) With further increase in load, the maximum bending moment lies between yield moment

and plastic moment (Mp).
(d) Practically, all the fibres at the section reach the yield stress and the section become fully

plastic. The moment corresponding to this state is called the plastic moment of the section.

Plastic moment may also be defined as the magnitude of the bending moment at which a plastic
hinge is formed. Consider an arbitary section subjected to a plastic moment Mp as shown in Fig 7.1.

Considering the equilibrium condition Z H=0 .1)

Total force in compression =Total force in tension

(1.2)

6,A, =0,A, or A=A
ion into two equal halves is known as plastic neutral

The neutral axis that divides the cross sect
axis.
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Elements of Steel and Timber D‘-'Sig,

%
Plastic
Neutral “—0o4
i axis
{' gA, ——»
HJ'
Fig. 7.1
A=A = ’% (713
Where A, = Area in tension, A, = Arca in compression and A =Total area
Considering equilibrium condition ZM =0 (7.4
Mp =(“1Ar)}'r+(ﬂ,4:)}'r =uy("‘r)'r +AlJ":) '_‘Urzp (7,5]
Where Z,

= Plastic section modulous = Ay,

Shape factor of a Crosss section is defj

0,2, Z,
Shape faxtor= —%£=—2"¢ _ 5
pe or urzt zt {T 6}
3)3’ LocaL BUCKUHG
Any plate element s

ubjected to direcy Compression, i
stresses may buck|e Prematurely, Plate elements may
buckling or overall beam

failure due 1g yielding or laterg) buckling, This 1
ling, this reduces stiff;

ness and strength of locally buckie
Carryiong Cpacity of columns and beams i

tplate elemeny of the beam, they are classified
shown in Table 7,1, geers

leristics (Fig. 7.3). The code has

plastic a¢
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75 : DESIGN STRENGTH OF LATERALLY SUPPORTED BEAM IN FLEXURE

(Codal Provisions IS 800:2007) ' _
The design bending strength of beam, adequately supported against lateral torsional bl&kling
(laterally supported beam) is governed by the yicld stress (see Cl8.2.1). w?'““::':fm IS not ‘d"-'qltnte[y
supported against lateral buckling (laterally un-supported beams) the dﬂi'gnd naing strength may b,
governed by lateral torsional buckling strength (see C/ 8.2.2). The factored design moment, Af at 45,

section, in a beam duc to external actions, shall satisfy Af < Af,, (CI. 3-2.-1 2)
where M, = design bending strength of the section, calculated as given in €7 8.2.1.2.0f'IS :800:20¢;

Laterally Supported Beam ‘
A beam may be assumed to be adequately supported at the supports, provided the compression

flange has full lateral restraint and nominal torsional restraint at supports supplied b}'l web cleats, Partia)
depth end plates, fin plates or continuity with the adjacent span. Full lateral restraint to compressiog
flange may be assumed to exist if the frictional or other positive restraint of a floor connection 1 g,
compression flange of the member is capable of resisting a lateral force not less than 2.5 percent of th
maximum force in the compression flange of the member. This may be considered to be uniformiy
distributed along the flange, provided gravity loads constitute the dominant loading on the member ang
the floor construction is capable of resisting this lateral force. The design bending strength of a section
which is not susceptible to web buckling under shear before yielding (where d /1, <67¢) shall be
determined according to €/ 8.2.1.2.(CI 8.2.1)

When the factored design shear force does not exceed 0.6 ¥, where V4 1s the design shear
strength of the cross-section (see 8.4), the design bending strength, Af, shall be taken as:

M, =BZ,f, 11 |C18.2.1.2] (7.7)
To avoid irreversible deformation under serviceability loads, Af, shall be less than 122, Ll

in case of simply supported and 1.5Z, £, /y,, in cantilever beams:
where :
B = 1.0 for plastic and compact sections
B.=21Z » for semi-compact sections:
Z, Z,.= plastic and elastic section modulii of the cross-section, respectively;
J, = yield stress of the material; and
Two = partial safety factor (sce 5.4.1),
When the design shear force (factored), V exceeds 0.6 ¥, where ¥, is the design shear strength
of the cross-section (see C| 8.4) the design bending strength, M, shall be taken as M,=M
) ) e
C18.2.1.3), where A » = design bending strength under high shear as defined in 9.2
“ombined Shear and Bending (C1: 9.2)
No reduction in moment capacity of the section is nec i
' : essary as long as the cross-section is not
ubjected to high shear force (factored value of a pplied shear force is less than or equal to 60 percent of

e shear strength of the section as given in CL: 8.4). The mo :
- 8.4). ment capa |
¢ Cl 8.2) without any reduction, [CI; 9.2:1). city may be taken as M,
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& Section
’ M
"Jﬁ -p (M, =MV 1y,
VA ’ "
n-['g'"]
(2 (19)
- design moment of the whoje seclion ﬂﬂm
glzﬁm:h::ﬁ;-ﬁmhmum TR Rt itha
lied -Mhhﬁm buckling,
,4‘: ,: ﬁﬂ_muxﬁz:rhﬁ-ﬂ::;hnumnw
area
.:g;;’:: : -,,.,,. g Frou-section xcludin the shear ares, ronsidering

mmﬂﬂuhﬂth:hhummm e
r.-l-ﬁrnuﬂ' =V, [ Yog[Ref : Cl: 84) S
where 7., = F""'""?ﬁﬂrqﬁlhﬂum

The nominal shear strength of a crom section, V be
:04.1) or strength of the web governed by shear bocking by plasic shear resitance
The nominal plastic shear resistance under pure whear is Erves by

=,

-”"
saklar i _ (11
‘{:m-ﬂf,-rwwﬂu-ﬁ

area may be

e may be calculated as given below:  [GIRENY

Major Avis Bending -
Het-Rolled -
Welded 3
hdﬂ:ﬁ'-’m-
Hot-Rolled or Welded

I
U

—
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Elements of Steel and Timpey 1y, .
168 Desigy

Rectangular hollow sections of uniform thickness:

Ah
Loaded parallel to depth th)— 5k

Ab
Loaded parallel to width () — ok

Circular hollow tubes of uniform thickness — 2 A/=
Plates and solid bars — A

A = cross-section area o

b = overall breadth of tubular section, breadth of I-section flanges,
d = clear depth of the web between flanges,

h = overall depth of the section,

f,= thickness of the flange, and

1, =thickness of the web.

NOTE: Fastener holes need not be accounted for in plastic design shear strength calculation Provided
that :

L l'L] /0
’LZ[L][T-@ Bt

I 4,,, does not satisfy the above condition, the effective shear area ma

in _ : : y be taken as that say;
the above limit. Block shear failure criteria may be verified at the end connections, Section 9 mlE l|ssfysing
maybe referred to for design strength under combined high shear and bending, -

1.7 : WEB BUCKLING AND WEB CRIPPLING
7-7.1 : Web buckiing : [C] :8.7.3]

(7.12)
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ks c0.7d T-lﬁ:.d-muruum
]
d
oce the slendemess ratio of deaised stut is approximately taken as 4 = 2.5 7. It may b

that at interior point where concentrated load is acting, dispersion o’ will be twice that a
;ﬁw—&.%h

Fig. 7.6 Area of corm section to be considered for wed buclling
172 Weh crippling : [CTERITS]
' cave of web crippling mmmawm:mmmﬂ,
where 1, is the length obtained by dispersion through the flange 1o web junction 3t & slope of 12510
e plane of the Nlangs (Le. ny=2.54,) a1 shown in g 7.7. -
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Elements of Steel and Timber Design

170
The crippling strength of the web at supports is calculated as
P,y =B +1)h Sy Yoo (7.15)
where fﬂ is the design yield strength of the web.
where b, = Stiff bearing length
t,, = thickness of web o
At an interior point, where concentrated load is acting, the crippling strength is given by,
Py =0+ 20 fyu Voo (7.16)
# by flz
| 1:2.5 slope 1
! ,.u*ﬂ' i
= 73 d,= f{.«-"‘ R)

””“”“ Root
radius R,
Fig. 7.7 Effective width of web bearing

7.8 : LIMIT STATE OF SERVICEABILITY - DEFLECTION
tural component under serviceability loads shall not affect

The deflection of a structure or struc
o finishings. Excessive deflection in a floor

strength of the structure of components or cause damages't
of a building damages non stuctural components and causes discomfort and insecurity to the occupants

in the building. Excessive deflection in industrial structures cause more vibration and damages 10 the
machines. Deflections are 1o be checked by elastic analysis for the combination of service loads and

their arrangements.The span o depth ratio (Z/d) is only a guiding parameter to satisfy the Limit stal€
of serviceability. The deflection limit for different structural members and systems are given in table

7.2.
DESIGN PROCEDURE OF LATERALLY SUPPORTED BEAMS

79:
The steps for design are as follows :

1. Design moment and shear :
(a) Determine the service load on the beam and multiply with Y10 find the ultimate load/

factored load.
(b) Determine the effective span of the beam.
(c) Calculate the maximum bending moment M and maximum shear force V.
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i II'."I 1
: mi}mmmiu’ﬂ secton e etion using e ormul

ZH_., '”T—l"‘f;

A= Maximum bending moment d¢
material

" = Yield stress of the

© Check the classification of section (sée Table —2 of 1S 800)

bendin trength : .
’ ?‘;ﬁtﬂfﬂmlm 5: ;hr:l:ﬂ'l of the section (Cl 8.4 of IS 800) and comparc with maximum
a

shear force ¥ determined in step-1 ()

(b) Find design bending strength depending 0n ¥ <06V, or V>06

9. 1.S. 800 :2007 )
g':kuﬁ ?:rmuimm bending moment) < Design bending strength.
If not satisfied, repeat from step -2 (b) to 3 (b)
ng and web crippling :
ﬁﬂik“ib;ﬁms for web buckling (C! 8.7.3.1). The web buckling strength should be
greater than end reaction at the support.
(b) Check for web crippling (C1 8.7.4). The web bearing strength should be greater than load
transferred by bearing i.¢. reaction or concentrated load.
Check for deflection :
Check for deflection (Cl 5.6.1 & Table 6). Calculate the maximum deflection in the beam
considering effective span, loading and support condition. The maximum deflection shall be less
than the permissible value given in Table 6 of IS 800,
7.10: BUILT-UP BEAMS

Built up beams are made up of two or more single rolled steel sections such as single 1 section
MWPIHH.mlmﬂmwﬂhmﬁphusmhuﬂ:mpmdbuﬂumﬂmp,phmﬁrﬂmmd
mgi:ﬂ:mBulltmhwm|rnmdwhm1ﬁuhmllﬁdhmuﬂhnhmnﬂhhﬂfuﬁm
ummlmuwmuicﬁmnrhmndmn:duummhﬁmﬁnlmmuﬂmwumsmhllrg:.tt:
mpmu:hnllhupmpulymmmdhmlhdbmnhyhufﬁnguwcldhg.ﬂmuutﬂmﬂmfm
r,::;h:m hm ratio to prevent possibility of local buckling.

-%.1:  Determine maoment capacify and plastic section
' mm”_rduhuamu-:m&umnhmzl B e

v,,asCl:8.2.1.20r

-

. "

W . b "
= l", J_:-EH]‘ F.E'L
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mm e

.'.-- -::-l. i [ - — - * F
M, =F*372h ¢, v il I Wy
— w*
H -lml T '
72: Determine the plastic Fig. 78

Distance between F, fm-lﬂ-lll-ni,lm
1735-142
Mhﬂmﬁﬁmu-h '-——-1_ ].|m_
5 M, = Fx3358+ F, <1608 =140« 2y ISR 1608xR.11, %1608
6675704 f,nmmm,i;-m;,
M

5 Z, =L =871.009%10"mm’
’ h'_ 1“_q "
T‘ ‘j !\m -, F,
| & -+ K
Wmm i3
Fyo——m
Q| T

4

b
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(b) ﬁhnutr-rn:h: i i
N-Ais at :
ﬁ:hrminﬂmmnr:tuzumu 14.2 mm and F, be force in web of

size 0.5 * (350 -2 x 14.2) 8,1 mm.
Hence, F, = 140 x 14.2,
F,=05%321.6 8.1 1,

140
Distance between F, force -T=?D mm
Distance between F, force !?:4_{}5 i

. M, =190x142x f, x70+0.5%321.6x8,1 £, % 4.05
=139160 1, +5275.044 £, = 144435.04 f,

M
- oy ?‘L“ 144435,04 mm’

¥

L i - -

Scanned with CamScanner



JLRF LI

Exanmple -7.8: w-mwmgmm 1.2mearrying a nitated,
260 kN af mid span. Width of support is 200 mm. Consider f, ::;;‘Mh-'h

Solution: (All the clowses and tables mentioned in the solution refer 1o IS 800 - 2007)
Load calculation:

Selfl weight (assumed) = | kN/m
Effective span = Centre to centre of supports = (1.2+ 2 022)= |4 m

Dead load = Self weight » Effective span
Factored load = working load x 7,

¥, =15 m
.+, Total Factored load T;’{Hhﬂlmhpﬂdlﬂﬂ
=] 5x(Ix].4+260 kN)=392.] kN
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[G‘l dejlgn moment ang g}, -
vﬂal‘ pan of the Sim]ﬂ}‘ sup :d
’.EJ{‘C Epan‘12+02-.|4m b!a‘ma

ume”
oot bending mo O Center g
i{{mﬂ" jmum B moment oceyr S distance of o
PPorted beam wih ol

W

. ,n moment, M =15 =% W
pesié [4 +T] 15[2m"'4+1x14’
4 T [F13687 kN,

183

W ow
. shear force V=l§[-+__, 3N
esiE" 2 2 |T 5 =1%0s

'Mﬁl'l m W

~ gection modulus required =."‘If_m
3 ¥
z’=”5.3?xm":l_| & 14m

250 C2Bmm’ Fig 717

trial section:

?kdiuﬂ 'ﬂr

0@ SI4N/ i b
Try [SMB 350 @ m having Z, =889600 mm’ (rom teltable

pepth of the section & =350 mm

width of flange b= 140 mm

gectional area A= = 6670 mm?

Thickness of flange 1, = 142 mm
Thickness of web 7, = 8.1 mm
Depth ofwebd=h —2(.\}+ r,}
=350 -2(14.2+ 14)=293.6 mm
Moment of inertia about z-z axis I, -136303x10" mm'

Elastic section Modulus Z, -778.9x10" mm’
Section classification: m

12
250 250
=1 = =]
Here, € [ f, ] [ 250]
Out stand b-__=_—-1ommm

10 -493<94e = Plastic section

4.8
Out stand of comp. flange for rolled sechnl'l. Iy [, 142

d 193.6 =624 <84e — Plastic section

Web of Lsection with N. A-atmid deph 7"=7g
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. : ourable classification)
Hence the section is classified as plastic section. (least fav
Check for assumed self weight: "
Weight of section = 0.514 KN/m < | KN/m (assumed) Hence O.K. .
: [CTE ]
Check for shear strength:
Design shear V= 196.05 kN M= 140mm,_,
Design shear strength of the section %
Ve = - x—x Shear area (For rolled section, shear area = ht,)
ISMB 350 @ S5I14N/m 350
= -j;—'- x 3 xhxt, @ T im
Y3 11
250 1
= 77 %330x8.1 N=371997 N =371.997 kN >196.05 kN Hence safe
BT 2 =
Check for design moment capacity: &- /.18
Here, ?‘f—=3514 <67€=67 [CIZ82.1]
0.67, =0.6x371.997 = 223,198 kN > 196,05 kN [Cr#82132)

Hence, M, =g,z 5oy Z /11,5, (for s/s beam) [CIT8:2:1:2]
Y

For plastic section, f, = |

M,

=1.0%889.6x10’ xzst-l—'l-=2oz.13xw‘ N-mm

=202.18 kNm < 1.2 x 7789 x 10

X —— =

212.427 x 10° Nmm = 212,43 kNm

*

M, =202.18 kNm > 136.87 kNm.
Hence the section is safe

Check for deflection: r[ffl?:fsr‘ﬁ’l":& Tableg
P —— . . : i "*-':L'-:-ni.-_u. 2 _a___?-:_ !
ermissible deflection for a beam in building assuming brittle cladding !

-t _laoo

Total working

260.72 kN = w

WL 260.72x10° x 1400
4BEl  48x2x10° =0.546
x13630.3x 10" MM <4.67 mm Hence sectjon is safe
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for
#Wmﬂnm'llu‘m.“E :
=25 O+ R)=250424 1) 2 g (From seelble)
. Strength of web against crippling '
|

E = (B +n,}r.f,_ .
Yos

|

- PovideISMB 350@ S Nmm e,

Scanned with CamScanner



Column Bases
and Foundations

e

—

-"——-—-H_

8. : INTRODUCTION

.The load on CDlll‘mn .is transferred to the soj] through column footing. The design compressive
stress In @ concrete footing i myqp, Smaller than that in a steel column, So it is necessary to provide a
suitable base plate below the col

umn to distribute the load from it evenly to the footing below. A
column base spreads the oag ove

ra larger area so that the intensity of bearing pressure on the concrete
block or masonry block does nog ex issi
sufficient strength, stiffness ang a

The column bascs are of lWo types

(a) Slab base (b) Gusseted base
(a) Slab base : When the column
loads and the loading s mostly axial, a

used to transmitt loads to the conce
plate is called slab base and
support. For purely axial loadi
by assuming a uniform bearin
base plate directly attached to the column can be used to
transmit the loads to the concrete pedesta. But when th columns
are subjected to up lift or over turning forces, angle sections
are attached to the flanges of the column which are anchored
to the concrete pedestal through foundation bolts. Even if the
column is subjeced to direct force only nominal angle sections called cleat angle are provided to keep
the column in place and to resist any tension due to errection or accidental loads. However, angles may
be omitted if base plate is directly welded to the column, Column

(b) Gusseted base : For columns carrying heavy loads
oraxial load accompanied by bending moments, gusseted bases
are used. In addition to base plate, it consits of gusset plates,
susset angles and cleat angles for bolted connections (angles ~Susset angle
may be omitted in case of welded connections). The gusset ' : Foundation
Plates and angles are attached to the flanges of I - section where Qo A bolts
A cleat angles are used to connect web with base plate for

is subjected to small
steel plate alone s
rete pedestal. Such a base
is considered to be g pinned
ng, the base may be desi gned
& pressure from below and 3

Concrete
pedestal

(Fig. 8.1)

Gusset plate

yBase plate
correct positioning, Generally welded gusset bases are used i
Ormoderate loads. For same magnitude of load, the thickness e
of base plate for gusseted base in less than that of slab base s P
i€ 1o the following reasons. pedestal
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' is ﬂmﬂwhﬁmﬂﬂnm”mmh
mﬂ:f:::u::::::h:ﬂﬂhyﬂhhufhwlmmﬂmﬂrhh
s effective in ransferring the cohumn load Fig 8.3 (Fig 9 of 1S 800), such that beam pressurc on the

effective area does not exceed bearing capacity of concrete base. [Ref. C1: 7.4.1.1 of LS. 800 : 2007)
Guneted Baves ©

For stanchion with gusseted bases, the gusset plates, angle cleats, stiffeners, fastenings, et in
combination with the bearing area of the shaft, shall be sufficient 1o take the loads, bending moments

and reactions 10 the base plate without exceeding specified strength. All the bearing surfaces shall be
machined 1o ensure perfect contact, [Ref. C1: 7.4.2. of LS. 500 : 2007)

Where the ends of the column shafl and the gusset plates are not faced for complete bearing, the

welding, fastenings connecting them 10 the base plate shall be sufficient to transmit all the forces 1o
Which the base is subjected. [Ref. C1:7.42.1 of LS. 800 : 2007)
Column and Rase Plate Connections :
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Fig. 8.3 (a) Effective Area of « Base Plate (Fig. 9 of IS 800)

When only the effective area of the base plate is used as in C1 : 7.4.1.1 of 15:800:2007 instead of
('-0.35%), * may be used in the above equation (see Fig 8.3(a)) [Ref. C1 : 7.4.3.1 of IS : 800:2007]

When the slab does not distribute the column load uniformly, due 1o eccentricity of the load etc,
special calculation shall be made 1o show that the base is adequate to resist the moment due to the non-
uniform pressure from below. [Ref. C1: 7.4.3.2 of 1S : 80O : 2007)

Bases for bearing upon concrete or masonry need not be machined on the underside. [Ref.
Cl:7.43.3 of IS : 800 ; 2007)

In cases where the cap or base is fillet welded directly to the end of the column without boring
and shouldering, the contact surfaces shall be machined to give a perfect bearing and the welding shall

be sufficient o transmit the forces as required in C1 : 7.4.3. Where full strength butt welds are provided,
machining of contact surfaces is not required. (Ref, C1: 7.4.3.4]

8.3: GENERAL GUIDE LINES FOR COLUMN BASE

A critical phase in the erection of a steel building is the proper positioning of column base plates,
If they are not located at their correct elevations, serious stress changes may occur in the beams and
columns of the steel frame. In many cases, leveling plates of the same dimensions as the base plate are
carefully grouted in place to the proper elevations first and then the columns with attached base plates

The lengths and widths of column base plates are usually selected in multiples of 10 mm and the
thickness chosen 10 conform to rolled stee! plates. Usually the thickness of base plates is in the range of

40-50 mm. If plates of this range are the applied bending moment or if thinner
Plates are used, some form of stiffening must

e
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198 Elements of Steel and mﬂbm-%

Concrete support area should be significantly Wmﬂwhnphlammﬂmﬂu.mﬁ
load can disperse satisfactorily on 1o the foundation. To spread the column loads uniformly over
mﬂmmmmmummwhmilhmmmmmh
mﬂtdd:nt‘lh:hﬁephm.hmwithpiu |
8.4 : DESIGN OF SLAB BASE

Slab bases are suitable and economical for lightly loaded columns only. ﬂnlhhhwurhu
plate in decided from the consideration of bending of the portions of the base plate that extend byyg,,
the calumn profile. Here the plate bending In two directions is taken into account, The MOMeNt in g
direction of greater projection is reduced by the co-existent moment at right angles, Poissons ratig op
0.3 is used 10 allow for this effect The design of slab bases with concentric load i'whlmh
TAdolIS 800 : 2007, where the rectangular plate is loaded by 1, H, box or rectangular hollow sa

In cases whete the projections are large or the loads are heavy, it may require double hjwnrphh“
the use of stiflencrs (vertical plates) 1o reduce the base plate thickness.
8.4.1 : Design Procedure for Slab Base Subjected to Axial Loading

The design of slab base consists in finding out its size and thickness. For uxial loading preggy,
distribution is uniform under the slab base.

(A) Size of slab base ;

1. Find maximum allowable bearing strength =0451, dnpmﬂiniupmmﬂunrw
2. Determine area of the base plate required by dividing factored load P, with allowsty,
bearing strength 045/,
Choose size of the base plate and find its area. For economy, as far as possible, the projection
aand b are kept equal.
(B) Thickness of base plate :
4. Determine the actual Imnuhynfpmmm:mnﬂ:rw]bydhidhufmmw,

with the actual area of the base plate. The actual intensity of pressure on concrete (i) shal

be less than aliowabic bearing strength 0.45,_

lb

Determine base plate thickness £, = Jljw{n’ -03 Yy 1y,

birt not less than the thickness of the Mange of the supported column,

W = pressure inH!mm‘mummenl‘phu.ming a uniform distribution.
a = larger plate projection from column [See Fig. 8.3 (b))

b = smaller plate projection from column

(C) Connections :

The column is suitably connected with the base plate.
(3) 1M bolted connection is used for conneeting the column to the base plale, two equal
angles with suitable diameter of bolts are used.

(b) If weld is used for connecting the column to base, fillet weld of suitable size and
length is 1o be provided.

Emihchﬂphthhuﬂuimnﬂhﬂﬂhg#m;lﬂmﬁ’mmﬂmmhﬂ!
anchor bolls.
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foundation without exceeding the
;mm::wu Anchor bolts snESRER o and concrete/grout may be calculated
using a friction coefTicient of 0.45.

and the support below may be determineg
The nominal bearing pressure between the base plate .
on the basis of linearly varying distribution of pressurc. mwﬂpﬁmu
mﬂhmwwhw‘m{.hhm characteristic strength of
concrete of bedding material. [Ref C1: 7.4.1. of LS. 800 : 2007)

1f the size of the base plate is larger than that required 10 limit the bearing pressure on the base
m-q.um::u:#whﬁmfhm"ﬂmm&m
as effective in transferring the column load Fig 8.3 (Fig 9 of IS 800), such that beam pressure on the

effective area does not exceed bearing capacity of concrete base. [Ref. Cl : 7.4.1.1 of LS. 800 : 2007)
Guxveted Baves ©

For stanchion with gusseted bases, the gusset plates, angle cleats, stifTeners, fastenings, etc., in
combination with the bearing area of the shaft, shall be sufficient to take the loads, bending momens
and reactions 1o the base plate without exceeding specified strength. All the bearing surfaces shal| be
machined 10 ensure perfect contact, [Ref. €1:7.4.2. of LS, $00 : 2007)
muwduhmuummnmmmmm

welding, fastenings connecting them 1o the base plate shall be sufficient to transmit all lhnl'ntu::
Which the base Is subjected. [Ref. C1:7.4.2.1 of LS. 300 : 2007)

Column and Bave Plate Connectiony :

mudﬂHMHMMuhh—

plate by means of

:ulﬁ.l-mhnﬂhhﬁumuhl" all the by e full penetration
column is subjected Mﬂ:?!ﬂﬂl&.m:m s and moments to which

Slab Bases :

mwm&

resist all

mm‘ arising duri mafm_mhmﬂ”“

(§) Thinkness of slsb base : The + inloading and erection, [Ref. C1: 7.4.3)
Compression thall be 't“fwn;hbhu,m
L= |
= I'“‘hhuﬂ-
h!!ﬂhh%dhuu.m factored loag
"-hhﬂmm

axial compression o b=
M“ﬂmm;w
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underside of the base plate, but grout it in place.
8.4 : DESIGN OF SLAB BASE

MMmmmwfwwwmmmmMﬁh
plate in decided from the consideration of bending of the postions of the base plate that extend baygy
the column profile. Here the plate bending in two directions is taken into account. The moment in g,
mammumwmwmnmmmmﬁ
0.3 is used 10 allow for this cffect. The design of slab bases with concentric load s covered in secsjoy
7.430f1S 800 : 2007, where the rectangular plate is loaded by |, H, box or rectangular hollow sectigny
hthWw“uhMmM&mmﬂthﬁﬁmm
the use of stiffeners (vertical m)umummthm
8.4.1: Design Procedure for Slab Base Subjected to Axial Loading

The design of stab base consists in finding out its size and thickness. For uxial loading pregy,
distribution Is uniform under the slab base.

(A) Size of slab base :

I.  Find maximum allowable bearing strength = 0.45 f, depending upon grade of concree

2. Determine area of the base plate required by dividing factored load P with allowah,
: bearing strength 0.45 /,

Choose size of the base plate and find its arca. For economy, as far as possible, the projection
@ and b are kept cqual.

(B) Thickness of base plate :

4

Determine the actual intensity of pressure on concrete (w) by dividing factored load p
with the actual arca of the base plate. The actual intensity of pressure on concrets () shall
be less than allowabie bearing strength 0,45,

5. Determine base plate thickness 1, = J2Sw(a’ - 036"y / /,
but not less than the thickness of the flange of the supported column.

w = pressure in N/mm?® on underside of plate, assuming a uniform distribution.
@ = larger plate projection from column (See Fig. 8.3 (b))

b = smaller plate projection from column

Conncctions :

The column is suitably connected with the base plate.

(a) 1 bolted connection is used for connecting the column to the base wo
angles with suitable diameter of bolts are used. o

(b) If weld is used for
length is to be provided.
7. Connect the base plate to

ol using 4 nos 20mm dia. and 300 mm long

G

to base, fillet weld of suitable size and
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Bases and Foundations o
Ppﬂ"

i
-
=

Fig. 8.3 (b) Base plates subjected 1o concentric forces

grample=4.1: A column section of ISHB400 @ 806.4N/m s to carry a factored load of 2000 AN.

Use M2S grade of concrete for foundation, and Fe 410 grade of steel. Load Is
transferred (o the base plate by direct bearing of column flanges. Design the slab
base along with plain concrete footing. (SBC of soil = 200 kN/nr’)

: [All the clauses and tables refer 1o 1S 800 : 2007 unless specified otherwise]
(1) Arcaof base plate :

For M25 conreete, [, =25 Mpa.
Bearing strength of concrote = 0,45, = 0.45 x 2§ = 11.25 N/mm* [CIFS3AGI ISHSEZ000]
Area of basc plate required = 2000 = 10%/11.25 = 177778 mm?*
Let us provided a base plate of 550 ¥ 350 mm.
Area provided = 192500 mm® > Area required
(2) Thickness of base plate :
For ISHE 400, h = 400mm, b, = 250 mm, 1, = 12.7mm (from steel tablex)

. L=h _3350-400
Projections are g = 3 - 3

=75 mm

D-b, 150-250
- = -ﬂm-
¢ 2 2

2000 10"
Pressure at base, w = 550 %350

Now thickness of slab base, 1,

}- 10.39 N/mm’

1= J25we" - 030", 1 f, >, [(SEEERN)}

- u"“ﬂﬂ5‘;-3“w""m » 23,60 mm> 127 mm = OK

Since the available next higher thickness of plate is 25 mm, let us provide a base plate of

size 550 = 350 = 25 mm.

basz plate have been machined. Further, there

base need not be designed. Two cleat anghes
1o keep the column in position.

(3) Connection of column to base plate :
As the load is transferred to the base

bearing. it implics that the column end and
moment. So the connection of columa with
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(6)

ESHI 400 4 MM
60+« 60 = | mam

hmmumummwmwmu "“Hm
hmhmmﬂm»mmmﬂhmmrmm:mg
mmmmmumpHMhm .

Concrete pedestal :
(a) Area of concrete of base
Factored Axial load = 2000 kN

load = 2200 _
Working T5 = 133333 kN [MRGIe=d)

= 133333 x0.15 = 200 kN
Total load = (1333.33 + 200) KN = 1533.33 kN
Given safe bearing capacity of soil = 200 kN/my?

Area of concrete base *%ﬁ-?ﬂ m*
muﬂiun
Arca provided = 7.84 m*> 7,67 m?

Depth of concrete base -

Mmunlqm:ﬁ: 153333
w B —— 1
I b | 9 195.58 kN/m
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MMWW 201

If e is the angle of dispersion of load, tan ‘Mﬂﬁlirﬂ :

or, Bna £09 'w"’i"”"" +1 =1200ra=50.23*

28-035
Maximum projection of concrete pedestal beyand stab basep = =——5— ~ 1.225m

Depth of concrete pedestal, D=ptana = | 225 x |2 = l,ﬂn.n:rl__im.
Hence let us provided a plain concrete nedestal of size = 28m « 2.8 m x 1L.Sm
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grample ~8.2: A column ISWB 3003 471.8 N/m s to carry an axial factored load of 800 AN. M20
concrete is used for the foundation, Design the slab base. Provide welded connection
between column and base plate, Given that the column end and the base plate are
not machined for bearing,
Solution: [All the clouses and tables refer (o IS 800: 2007 unless otherwise specified]
(1) Area of base plate :

Bearing strength of concrete =045 £, =0.45 20 =9 Nimm’ [CIF 3474 6115456 72000)
Factored load P_= 800 kN

|
Area of base plate roquired = m; 0 . 88888.89 mm

Let us provide 360 mm = 250 (L=B) size plate.
Aren provided = 360 = 250 = 90000 mm, > 88888.89 mm’ = OK
(2) Thickness of base plate ;

Base Pressure w _EIII'IH.'I’

=8.89 N/mm*

For ISWB 300 @ 471.8 N/m, h =300 mm, b, = 200mm, {,= 10mm (from stcel tables)
(L-h) _360-300
z 2
b:iﬂ-ﬂ _250-200
2 2

1, -J‘L'i wa’ =036" W ! f, >4

Projections are a=

= 30 mm

25 mm

o 2.5x8.89(30° =03x25")x1.1
ol 350

Hence provide t = 12 mm

- Size of base plate 360 mm x 250 mm x 12 mm.

i
]ﬂ =8.124 mm <, = |0mm
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Klemeonts ufﬂnﬂi and Timber Du%

(1) Connection of column to the base plate ;
The column is 10 be connected 1o base plate using Milet weld,
For shop welding, y__ = 1.25 [Tuble - 5], £ ~ 250 Mpa [TEble=1]
Total length available for welding
2 (200 4 200 - 7.4 1 300 ~ (10%2)] ~ 1345.2 mm

Strenpth of weld [, / mm « 22, LA -L= i '
e ; % - .J.j, n T IK9.37 Nimun IQL{{I ls‘?‘.!:“
Let s be the stre of weld Then the efMective arca of weld - 0.7 5 /1 . glﬁ
. = ). L ICH - 3
when L_is the effective length, : -~ _—

The design condition is Effective area = strength of weld / mm = py
0.751, = 18937 = 500 x 10"

f L, = 603508

Minimum size of weld fior 1 2mm plate = 5 mm,
Maximum of size weld = 10 - 1.5 = 8.5mm.

G058,

o

T

Fig. 7.5
Using 6 mm weld, £, =1005.84 mm.

A :
vailable efective length afler deducting for end retum @ twice the weld s
= 13452 -2 % 6 % No of Retumns €12 105,41 -

13452 -2 xfx |2=
Henee 6 mm weld |y Mequale. e o

(5) Connection of base
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pending momentat y =y = MA=2B7 wp

M " actunl intensity of pressiyre oq ol 2
g ¥ jilever projection beyond the face of

w6 ilover projection beyond the. face of o

o Cont [ thick Busset plate,

i-' : nlﬂ'fﬂlmﬂ 1 ﬂﬂ!ﬁl&ﬂ%l‘mmlﬂhh

T apward pressure from below the base cayges adopled,
e

edi® i;‘r Emﬂ platc 50 as to satisfy fnilmﬁnn " Fm"""mbﬂhiihgﬂu width to thickness
{r:;lu for portion of the gusset plate wwelded

ﬂﬂ“ﬂmphmsmur be desipned 1o resist shear and bending, The momet in the gusset should

geceed 1E bending strength of the gusse| plate given by M, = -Ti, 7, where Z, = elastic section
P -
ol
i51

us-
. pesign Procedure for Gusse ted Base Subjected to Axall Loading

he design procedure for gusseted basc: subjected 1o axial load with concrete footing is as follows.
M Approximate area of base plate

find maximum allowble bearing strength of concrete = 0.45 f, and determine arca of the

base plate required by dividing fisctored load 2, with allowable bearing strength 0.45 f,
(2) Selection of the gusset material

(0) Assume thickness of gusset plate (generally in the ranige of 14 to 20 mm).
(b) Assume size of gussel angh: such that its vertical leg can accommodate two bolts in
one vertical line and the oth er leg can saccommodate one bolt. The thickness of gusset

angle is approximately equ:al 1o the thickness of gusset plate. Generally, ISA 150 =
115 % 15 mm is used.

(3) Actual size of gusset plate

(a) Determine the width of the | sase plate (B) = width of column + 2x (thickness of cover
plate + thickness of gusset: plate + connected leg of gusset angle to base plate +
projection of base plate out side the gusset angle).

(b) Determine length of the gus set plate (L) by dividing arca of the base plate required to

the widﬁumwbamphm[jEﬁ.FwﬂlhurﬂnfﬂuhuplﬂumdndLm L=B
(4) Thickness of base plate

(n) Determine the actual intenssity of pressurc on concrele (w) by dividing factored load

P, with the actual area ol the base plate provided, The actual intensity of pressure on
concrete (w) shall be less ‘than o lowable bearing strength 0.45 1,

(b) Compute the thickness of the bas € plate by flexural strength at the critical section L.e,

one st the face of the vettical leg of the gusset angel X-X and the other being at the
middle of the central portion Y-Y.
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Elements of Steel and nmrbes"an

Enlhccnnnecli f ropriate loading y.:
Cither by on between gusset plate and column for app _ g
ll‘ansl'l:l'l'l‘.'uctls 10]- Welds. The connection is designed for 50 percent of the design load

(b)  Proy; © both face of the column,

© Size of the g,c,:;::];?:::mmiﬂss for connecting cleat angle with column and base,

: ' OF the gusset plate - base plate farallel to whig,
IS Provideq. .- Prale is kepy equal to the side of the
length of 1e v :c'gh‘ ©f the gusset is govemed by the number of rows of bolts OF the

> ¢ wel ’ 1 plate is checked
bucking and hcndir:;, be accomodated. The thickness of the gusset p cd for

(M ¢o
.nncﬁ. the base Plate 1o foundation concrete by suitable number of anchor bolts,
on . 878 pussate, base for a colump ISHB250@537 N/m with two plates 400 ny,
- ‘;nm Carrying q working load of 2000 kN, The column is to be supported on concrag,
Solution. (Al ”:8 ~1alto be ujjy With M20 concrete. Consider E250 (Fe 410 W)

e clayses and tables mentioned in the solution refer 1o IS 800 : 2007)
Area of base Plate (approy)

Faclnrrd load '-'*Working load x 7, =2000x1.5=3000 kN I'Ehfé.?i—l
For concrete grage M20, 1, =20 Nimm?and bearing strength = 0454
IC1:34.4 of 154562205
P

i
Area required 4= — .3.*’_0.2’5’_“_ =333333.3 mm*
0457, 045x20

(2)  Selection of gusset material

Sciccling ISA 150115, 15 mm a5 gusset angle and 16 mm thick gusset plate
() Actual size of gusset plate

For ISHB 250 @ 537 Nim, h = 250mm b,= 250 mm, §,=9.7mm, f = 250Mpa
Minimum width required =250+2x20+2x16+2x] 15=552 mm
Adopt B = 600 mm wide plate with projection on each side = (600-552)/2=24 mm

. Required length of base plate I, < 133-—?;%{3);3_"9 =555.55 mm

Let us provide 600mm = 600mm base plate,
x

S 7 N
s wim length
X y o

A EMEL-"‘T"' ‘Y(u;—,i e
e w7 w %o

x Qwe " _—

(E-W)U”;’m V

Section X - X 2 Section Y -y
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of base plate
Thi‘krﬁ; ywo critical sections X- X & Y- Y

4) cck
(* ch 3000x10"

pressure under base plate w o =833 NNmm®

; At section X - X (At the face of the gusset angle)
(a

" 600 - (250 +20
Cantilever projection, = [ x: HSkE S 124

(wxa®)

M at section X-X per mm width =

2
-8.33 x-l-z—i- =64041.04 N-mm
Mu ™ 2 . .
M. at section X-X will be resisted by by base plate and angle leg together. This portion

may be considered as semi compact section, B, = Z/Z .
MR. =M, = By Z S Vo™ 2/ Ve {Here M, = least of the two
Forcantilevcrdl.ﬁz,f;fym ED = Zf/ Voo

dth, M.R. = B.M.

ICl; 8

For unit Wi

11
Check for shear V ¥ 0.6Vd [(E8d]

B B 600
Design shear V/mm = WE' —wh= w{-z- - b] = 8.33(—2— - 139) =134113N

0
.:,_;.xl(mls)’ « 20 6404104 = 1 =2612mm

. 2612 x 250,
Shear strength V,/mm = Aol L= = 3427.36N
V3 o 3x1l
5 V=1341.13 <0.6 V,=0.6 x 3427.36 =2056.4N = OK
B-2b) wb’
(b) At section Y-Y, maximum net bending moment at mid span M, = " 3 -/ w2

Where b = projection beyond face of gusset plate

_ 600—(250+2x20+2x16)

= 139m
2
1 " |
M, = 8.33x (5(:-03— 2x139) 833 ’;‘ 39 _ 27489 IN-mm

B.M. at section Y-Y well be resisted by base plate alorie.This portion may be considered as
compact section, B, =1.0 &MR.=M, =B, Zf/¥..= ZL! Y
For s/s case, <<1.2 ZJ{/ 7,
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Hence M, = e —
Considering unit width and equating M-&
Hnﬁlrl:f’x.";_ig:ﬂmn't-ﬂjﬂmm.
s <06V, = OK
cc us

1 Angle 150%115%15

' mmuumrhm
il cover Plaie 400 MM = 20MM

. — p——t—

Yrorsdescosananahogealbograpueneses E&:ﬂﬂﬂl
250 @ SITNM
Cleat Angle
O — ——— ===t s S o B Mk X
B
| i [}
i | []
por
'
P F 1
I 3 i
Fig. &7 B
'
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dedole
|: L
TSP a3tz —fim
(5) Fastenings "

Part of the load is transfored to the base from the column and cover p
and the rest of the Joad is transfored to the gusset material at the face of the cover plates

Projection beyond face of the cover plates = 600 — (250 + 2 = 20) = 310mm.

Duiplnnd-%x.’rMﬂﬁt]kN

f.0ad o oach fhoe ='_f-'=m KN.

Using 24 mm diameter siop bolts of grade 4.6,
d, =d, =24 +2=26mm, e =39mm to planned edge

Strength of boltin single shear ¥4, =(n, 4, +n.A..J§§ B, BB . [CIEIIET]
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Column Bases and Foundations

(6)

Here, n, =1.0, n, =0, f =400 AMPa, ﬂ* uﬂk nﬂ'. =)0

n[lnn.?uui-:u‘ +ﬂ)u%: I.;S «1=65192 N
e _ 39 _os4l
3d, 3x24
60
_L... - —ﬂ,ﬁ:ﬂjs
?H-Mkhdl;!"—whmkflnmarqyi 043 Ix24 =054
= Lo 400 _ o075
£ 410
10 .

400
=25=054) = —_— 3
x |24 |§5x 125 155.81kN

Strength in bearing is higher.
- Bolt value = 65192 N.

Load on each ﬁmnmxm' ~11.89
Bolt value 65192 '

Provide 12 numbers bolts of 24 mm diameter on each flange for connecting column o
gusset plate slong gauge line (g = 140mm). Connect the gusset plate and the angle with
equal number of bolts as shown in the figure.
Minimum pitch = 2.5d = 2.5 » 24 = 60mm [Gld0.2:2
Maximum pitch = 121 or 200mm for compression members {C |
and = 100 + 4t or 200mm adjacent and parallel to edge of an outside plate.{{Gk

Heret= 15mm

Nominal number of 8 bolts may be used to connect cleat angle 2 1SA 9090,12mm to base
plate.

Gussat plate

Height of gusset plate = 150 +2 = 39+ 1 x 60 = 288 mm =290mm

Length of gusset = width of base plate = 600mm

600 —400

». No. of bolts required =

= 100 mm

Gusset out stand from the column =

0+(290-150)
Averate height of the out stand for gusset angle = 2

= H= E‘inlmd = |6mm
Hmt-!fr J’; Y

5 136 £t = 13.6 % 1x 16=217.6mm = 0K

T0mm
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