Column Bases and Foundations

7.1  Introduction

*  When column loads are large and hearing strength of concrete is low then failure may occur.

*  Thuscolumnloads are lirst distributed on the sleel column bases which are placed on the concrete
blacks. Base plate not only transfers (he column load 1o the concrete block salely but also it keeps
the proper alignmenl of column in plan, ensures verticality of the column and cenirols column
defleclions.

» Column bases are mainly subjecled lo bearing pressures from below and bending moments and
shearing forces.

*  When soil is having very low bearing capacily, large concrele blocks may become uneconomical
and in that case grillage looling is resorted t0.

Column caps are the plates provided between Ihe member transferring the reaction to the column and
the top al (he column. For example: Columns supporting beams or rool trusses as shown inFig. 7.1. The force
on the column cap may eilher be compression or lension (uplift due to wind in trusses etc.). Column caps are
designed in a same way as thal of column bases.
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Fig. 7.1 Column caps

7.2 Types of Column Bases
(a) Column base lransmilling direct oad only
(b} Column base Iransmitling bending moment in addition to direcl load



The column base of lype (a) above does nol require any design conslderalion but simply a Sleg|
plale is provided to dislribute ihe column load over a sufficiant area of concrele pedestal 5o thgy
bearing sirenglh of concrete pedestalis not exceedad.

For this type of axially loaded column, the bearing pressure disribution between the base plate
and concrete pedeslal is assumed to ba unilorm as shown in Flg.7.2.

|

Flg. 7.2 Assumed unlform base
pressutedistribulion under base plate

Column bases which (ransmil moment in
addition lo axial load, angles enchorad Io the
looting are used with angles being designed for
uplilt forces as shown in Flg, 7.3 -

The two prevalenl column bases are the slab
base and Ihe gussel base as shown in Fig. 7.3
andFig.7.4. °

Fig. 7.6 shows some of the welded column
bases lor small loads. Fig. 7.5 (). column is
shop welded to the base plate of the column,
Fig. 7.5 (b and ¢) show column bases wherein
angles are shop welded lo the calumns and
column is field welded (0 the base plale afler
ereclion.

Concmle pedestal
Flg. 7.4 Gusset base

(e)

Flg.7.5Lightly loaded welded cofurn bases

*

Fig. 7.6 shows some of the typlcat welded column bases.
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Slab Base .

When column is subjected only to axial loads ien
column base plate can be dasigned by assuming a
uniferm basa pressura distribulisn from below,

For smallloads, a steel plate shc"ﬁ welded o the column
can be usedotransmil the colurrin load to the concre:a
pedestal as showninFig. 7.7.

For bofted construction, cleal angles are bolted to e
base plale in shop and column isplaced between them
while ereclion. g

When column i# subjected to bending moments alcng

with axial load. angle sections are altached la the
llanges of the calumn, These angles are anchored wiih

the foundation bolls lo the concrets pedesial. (Flg. 7.8

Evenif a column is subjecled to'direcl axial load cnly,
there also nominal angle sections ara provided in order
tokeep ihe columnal place and (o resist tension during
erection and connection. These angles may salely to
omilted in case base plale is shop welded lo mn
column,

Oepending on the values of axial load and bending
moment coming over the column, it may be possibla
that whole of the column base is under comprassion or
apart of the base Is under compression and part under
tension Hold down bolls are provided 1o resist tension
forces which also help in fixing the column to the base.

The thickness ol the base plate is designed from
consideration of bending of the portion of base plats
that extends beyond the column profile, In case where
such prejections are large. or the loads are very heavy,
or the moments are large, there the thickness ol the
base plale may be reduced by lhe use of vertical
stilfeners or plates (Fig. 7.6}

Design of Slab Base

]

Fig. 7.7 Column base with column subjecred
to axigl foad only

Flg. 7.8 Cofumn basewith column
subjectedtoaxialloadand bending

moment
sl
B

i

The projection of slab base beyond (he column pralile acis as cantilavers and thus maximum

bending mament occurs at the edge of the column,

The slab tends to bend simullangously about the 1wo principal axes of the slab and {herelore the
stresses induced in one direction are influenced by the stresses due to bendmg in other axis. A
Poissan's ratio of 0.3 is generally used to account for this effecl.
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wol a2 p = Larger everhong

b = Smalar overhang
Fig. 7.9D‘e5)gn of siab base

Consider 1 mm thick slrip of slab projection along y-y axis.
Let w=Iniensily of bearing pressure from concrete below 1he base plate

wxlxaxa _ wa?
Maximum bending momenl = 5 =5

Similarly, consider 1 mm lhick strip of stab projection along x-x axis.

wxixbxb wh
Maximum bending moment ==

2 2
wa wb® Wy o 5
Thus net momenl M, = ?-0.3 5 =§(a -0.3b )
Noment capacuy of Ihe plale is given by,
M = 1.2 Z
where Zc = Elasuc seclion modulus of iha base plate

Thus moment capacity of 1 mm strip is,
{2 2
= 1.2 )<1)<—-12/,,6

where ' t, = Thickness of lhe base plale
Equatng M, with M, i.c., Eq. (7 3)and Eq. {7.5)

-
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Applying pantial salety factor lor the material,

f 2
1.2%% = %(32~0.3D2)
0]

B
2 - 2 2_0 2 - 2y Ymo
L 2x1'2(3 3b )—-y 2.5w(a® -0.36%) {r

= ‘2.511/(3"’ -0.35%) 1o 78
¥

The Ihickness of base plale as determined from Eq. (7.6) above mus! bo greater than Ihe thickness of
the column flange (1,

]
S
i
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732 Procedure for the Design of Slab Base !

Step-1 Assume a suitable grade of concrate (if not already menlioned) and compule bearing capacily
of concrele as 0.451,,. )
Step-2 The required arga of the slab base is computed as, | .

A= G5t o A7)
where  A=Required araa of the
base plate in mm?
£ =Factored load’ trom
column
Step-3 In general, a square siab base is
provided the side of which is given by,

L=B=JA
Another practice of column base design is
that projections beyond Ihe column profile i.e. & and
b may be kept equal and the sides of the base
plale is worked out as,
(D+20).(b+2a)= A
where, L = Lengthofihe base plale inmm
8 = Widlh of the base plaleinmm  Baso plate
& = Larger projection of base plate
beyond columnin mm
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b = Smaller projeclion of base , hid
plate beyond column in mm =P 0 ——
D = Overall depth of the column . T
seclion in mm
b,= Width of llange of column i
SECTON in mm Top viow

Step-4 The intensily of Ihe base pressure Flg.7.10 Design of column base plate

w [rom concrele pedestal is calculaled as,

)
we (78)

whete A, = Area of base plate provided in mm?
w= Intensily of base pressure from concrete padestal in Nfmm?

Step-5 The minimum required Ihickness of the base plate {1,)is compuled from Eq. {7.8} and il mustnot
be less than thickness of the column flanga ().

Slep-8 Holding down bolis 2 or 4 in numbers of 20 mm diameler are generally provided.

Step-7 Welded joint between the column and basa plate is designed. i however, column and base
have machined ends and perlect bearing is assumed then axial joad is assumsd 1o be iranslerred direclly and
welding is designed for momenis only.

b
7.4 Gusset Base

. Gussel\ﬁm‘is providad whare columin load is 100 heavy of when the axial column load is

accompanied by bending moments.

¢ It usually consisis of lwo gussel plales, a base plate and two gusset angles when bolieg
connections are mads, The gussel plates and the angles are placecon the column flanges as
shown in Fig. 7 11. ’

Fig.7.71 Gusset Base

* Gussel plales increase the bearing area there by

. \ D
reducing the base plate thickness, s
» Aiso, lhe gusset material supporls the base plate
against bending and thus results in smaller thickness ~ Sirgset g SP1sE

of base plate. ¥ NG

* , This lype of base is considered as rigid. 22

¢ Where welded connections are used, there gussel 7= §‘§_ .
angles are not required. Baze plate 323

¢« The upward agling pressure Irom betow the base 5 vl 5 E z
causes bending of gusset plates thereby bringing T — 0_5 £

the top> edge of gussel in compression which may
therefore buckle.This may be prevented by fimiting ° - T

the widlh to thickness ratio for lhe gusset plate. .
.7.12 gusse plate
Referring 10 Flg, 7,12, Fig-7.12 Welded rbase

D € 28.3 ., for portion of gussel plale welded 1o the column llange v
S, S 13.6¢.1, for the culstand of gussel plate from the cdge of the column flange




Whece 1, = Thickness of gusset plale
* Gusset plates are designed to resisi shear and beiding. The rzinenl in the gusset must not
exceed Ihe bending sirength of the gusset plate.
* Bending strength of gusset plale is given by,
¥
My, = ;’izo 7.9
f.5= Design yield strengif of gussel plale
where, 2Z, = Elastic section moduius of the gusset ;2.
Yo = Partial salety factor= 1.1
*  For columng provided with gusse{hd base, the guss:! plates, gus 1 angles, stiffeners, lasteners,
elc. in combination wilh the heatmg area of lhe coluran should be sulliciant 1o 1ake the imposed
and dead loads, bending moments and réactions to tha base plale vilhout exceeding the specitied
sirength. 5
* inordertoensured parfeclcomast allthe bearing sudaces must !:s machined.
¢ Where the column ends and gusset plates are not faced for compiate baaring there the walding

and {aslenars connecting them L the basa plale must be sulficient to Iransmit all the forces o
which the basa iss&b;eeled. )

s

741  Procedurefor the Design of Gusset ste Co.

Step-1 Assume asuitabls grade of concrete m nol a!reaﬁy menﬁoned} snd compule bearing capacity

of concrete as 0.457,

~ Step-2 The required area of the slab basais compulad &3,

Fu
A= 0451,
where  A=Requitedareaol l\i\e base plala inmm?, P, = Faciored load
Siep-3
* The size ol the gussel material is assumed,
« The thickness of gusset plate must nol be less than 16 mm for bolied gusset plalé.
= The gusset aﬁgle is so chosen so as to accommoedate wo rows of balls in the vertical leg and one

tow of bolts in the horizomal leg. Thus an unequal angle seclion is provided, The lhicknass of
gusset angle must be almost sarme as thal of gussel plate.

= Thelengthof the gusset is usually kept equal to 1he length of the b’#ﬁ‘fste parallel o the llange
of the column. For welded gusset bases, gusset angles are nol reqmred :

Length of base plate paralie! 1o the web, e
i = depib of section + 2{thickness of gusset plate + leg length ¢l angle + overhang)

{For bolted gusset plale)
L = depth of section + 2 x thickness of gussel plate + overhang ‘
) (For welded gusset plale}
The dimension of base plale parallel 1o flange is,
B= AL

Slep-4 The bearing pressura intensily w from concrete below tha base is compuled as,
P

w= 7, where A, = Areaof base plate provided
t

Stap-5

-+ Thethickness of the base plale is computed by equaling lhe moment al the critical section to the

maoment of rasislance of lhe gussel at that section.
*  This criical section is assumed io lie at the root of the fillet of the angle section for bolled connections
as lhe load from the flanges of the column is transferred (o he base plale through gussel malerial.
«  Thicker the gussel angle, lasser will be the required base plale thickness.
«  Forwelded conneclions, the criltcal section is assumed to lie at the face of the column flange.
Referring to Fig. 7.11,

Bending moment at crilical seclion,

wei
M= —L
2

Dasign bending strength at the critical section is given by,

f f, 1 0.2
_ ¥ _ y it 2)_Jey g2
M, = '1.27 Zy = 1.2? [sz ) X A

Thus, M= M,
wef o 02, .
= y'

2 1.1

]
W

w
c ’2.757 A7.10)
.

Aggregale thickness of the base plale and gussel angle for bolled gusset base and
lhickness of the base plale for welded gussel base, al the critical seclion

vhere |

W

Intensily of pressure Irom concrele under the slab base in Nfmm?
fy = Yield siress of steel in Nfmm?

Slep-6 Holding down balls 2 or 4 in numbers of 20 mm diameter are generally provided.

Slep-7

¢ Welded joint benween column and base plate is designed. Il howaver, column and base have
machined ends and perfect bearing is assumegd lhen axial load is assumed lo be translterred
direclly and welding is designed for moments only.

*  For bolted gussel plate, the sirenglh of the bolt in single shear is determined. The number of bolls
required to connect the column llange with the gusset plate are worked out. Same numbers of bolls
are provided to connect the gussel plale with the gussel angle since the farce (o be transierred
from gussel plate 1o gusset angle will be the same.

Step-8
* The size ol lhe gussel plate is delermined.

* The lenglh of the gussel plate is kept equal o the side of Ihe base plale paralle lo which il is
provided.



* The height of gussel plate Is governed from the number of rows of bolls {far bolted conneclion} or
by lenglh of weld to ba accommodated (for welded connection).
*  The lhickness ol gusset plate may be assumed and buckling ol lop edge is checked by,
05 293¢ &
S,5 136¢ A
The thickness of gussel plata may also be delermined as,
14
Ma = _T:Zﬂ'z o
where f,p = Design yield sirength ol gussel plate, £; = Thickness of gussel plate
Z, = Elaslic section modulus of the gussal plata, -(,m'»é Partial safely factor

7.5 Moment Resisting Base Plate and its Design

* When base plates are eccentrically loaded or when the base plates are subjected lo axial load
along with momenl lhen pressure distribulion from the concrete bafow does not rem ain unilorm and
it in fact varies from one end to olher. .

*  Pure axial load causes unitorm compression belwsen the base plate and he supporling concrele
(Fig. 7.13 (a)). ‘

*  Whenmomentis also acting on the base plate then it increases the compressian on one side and
decreases on olher sida of lhe base plate. :
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Fig. 7.13 Stress distribution in bases

Lel, P = Axial load acting on the column
¢ = Eccentricily of the column load
Thus moment, M= Pe
This moment M and axial load P leads lo axial compressive stress and bending stress. Dus lo axial
load P, the slress disribution is uniform (Fig. 7.13(a)) and is given as,
- P P
Axlal compressive siress = A—. = B
whele A =Aw¢a of base plale provided = L8
Due lo moment M, bending siress developed is given as,

ol 1)
'fBending slress = i-AIi y

' L oaeM

L., 71

173 a2 -
o BL /2 : 8 E _
The combined siress due 1o axfal load and bending moment i;shawn inFig. 7.13(c)ywhich are given by,

Comblned stress = f N .

' P 6P P Ga)

= ToITS = TRhA 1+ —

T30 LB_( Ly

Now concrete cannol resist any tension and thus it is desirable to have compressive stress throughoul

and no where there is any tension. Thus depending on the eccenlricity e and length of the base plate L, wemay
have lhree cases as;

Case 1: When thers [s no lension i.e.

-A7.12}

= e= -!é 713}

Case 2: When lension developed is quite substantial i.e. -
ax -;—' {7.34)
Case 3: When tension developed is smalli.e.
L L
< < €< 7.
5 < 3 {7.15)
7.5.1 Base Plate Deslgn Consideration
* Base plale design can be done either with elastic method or the plastic method.
* Inthe elaslic mathod of base plate design, it is assumed thal pressure from the concrete below
varies linearly trom maximum lo minimum Irom one side of the base plate io the other side.
*  However in the plastic method of base plate design, the pressure from the concrele below s assumed
{c be constant from the neulral axis to the edge of the base plaie being equal 100.45¢,.

7.52 Procedure for the Design of Moment Resisting Base Plate

{_,
Casel: e< 3



In this case the enlire base plate is under campression. Afso the maximum pressure from concrele mug
not exceed 0.45/,,. As shown in Fig, 7,13(c), the pressure distribi tion varias lir early.

Step 1: By subslituting the value o eceentricity @, the stress diagram i drawn just like as shown in Fig,
7.13(c). In the imiting case, when e = 1/6, the combined siressas will be 2F/LR and zero.

Step 2: The widih of the base plate is anrived at as,
?ﬂ 3 0451,

2p oy

8 2‘0.5ud 2 A7.16)

Thus length and width of base plale is now known.,

Step 3: Tha thickness of the base plate is dotermined by equalihg lh& momenl capacily of tha base
plate with eritical moment at the critical section. The critical seclion is the ouler adge of the column and section
flange, The moment capacity of the base plate s given by,

l o ,
M,= i. 2;;2 {77

L L
Cass II: §<c<§

In this case, most of the part of base plale is under compression and a vary liltle pan inin tension. Itis

assumed that tension in the far side of the baltis neghglbla. Here aL,o. the bearing stress on concrete must aot
exceed 0.45(,,

Step 1: Referring Io Fig. 7.13{a), et length of plate under compression is.x.

. X t i
Thus, ' E+§ = 5 N
A1
= x= 3(5-8) ..{7.18)

Step 2: The widih of the base plale is delermined as follows.
Compressive force in concrete (C) = Area ol stress diagram x width
0.45'51,!

C= B
‘ 2
This compressive force (C) should be equal (o the load acting on the base plale (P).
0.45).x ‘
Th . = L= 8=F [}
us €= 3 !‘»’ N\
2P W
= 8= —0.4511,,,;: AR ‘ SA7R
Substituting the value of x as determined in Slep-1, '
2P
8= T -{7.20}
04sty, 3[5- H

Step 3: The thickness of the base plate is determinad by equating the moment capacily of the base
plate with the moment al erilical section which is outer edge of the column flange. As stated earlicr. the momenl
capacity of ihe base plate is given by,

ly
M, = 12-L-7,
Ymo

L
Casa lll: > 3

Here in this case, a part of the base plale will be in
compression and substantial part will be in tension, This tension b
is laken up by anchor bolls,

Step 1: The size of the base plate is eiliier determined . P
as given earlier or is assumed. . : -G -
Step 2: Il Pis the axial compressive lorce, F, is the H J:]
{ensite lorce in the boll then from stalic equilibrium of forces, -6 . -6-
P=045(,8c-F, o ; :
4 L
M= 0.45@&(-‘2:—-;»)1-&3 .(7.21) . L "j—'j
A i :
From above two equalions, he value of x is obtained Fo h— % —
as, C —a— !
L LY 2(M+Ps) / | | ]
= |=+a|- | ora! —~ - :
X (2 ) . (2 é ] 0.45/,B ..(7.22) N:ﬁu \0.45 “

if ¢, is the outstang of base plale from column flange

Fig.7.14 Bas| H. ithapart of itin compression
then the maximum moment al crilical seclion is given by, 7 epaewiapa compressh

with tensionin anchor bofts

M= 0.45!,,,8.{62 '%] .(7.23)

Slep-3: By equating the momant capacily of the base plate wilh the moment al critical seclion, the
thickness of Ihe base plale is arrived al. The mamenl capacity of the base plate is given as,

{)'
M;1= 1,2;;;2‘0 ...(7.24)

Siep-4: Now, by subdstiluting the value of x the design lensile force in the bolt can be daterminad as,
P =045/, 8Bc-F,
Fp = 0.45{,Bc - P

Step-5: Welded conneclion it designed to join the column section with the base plate for maximum
1ension In the column flange dus (o the applied moment.

7.6 Foundation Bolts
s The loundation biolls are also referred 1o as ancher balls and are provided 10 check the uplilt of
base plate,
» The boalts are anchored into the loundalion by a hook or a washer plale or by some olher
arrangements.
»  These bolts may either be cast-in-place (i.e. placed before Ihe concrete is cdst) o post-installed.
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Fig.7.15 Sometypical anchorbofts

*+  Thelransler of tensile load occurs due lo bond bietwaen anchor bolt and concrele (in case of casl-
in-place anchor bolls} or epoxy/groul filling (in case of post-Installed anchor bolls),

*  Forvery heavy uplift forcés. a plalé may be bolled at the lower end of the bolt,

»  Castin-place anchor bolts generally fail due to yielding and fracture of ancher shank and breakout
of concrele. . :

*  Aminimum of four bolls, one each at the corners of tha base plale are provided which are in fact
sufficien! also. .

¢ Larger number af bolls may also be provided il required bul it should nol exceed eight {08) from
consideralions of conslruclion aspecls.

*  Aminimum of two anchor bolts are provided even if column is subjecled to only axial loads.

* Inpresence of bending maments, foundalion bolls must be of adequate size so as (o hold down
the column lo the concrele pedestal,
*  Thecapacily of these bolls 1o resisl lension depends on thair lengths available (o deform elastically.
Their capacily can be increased by pre-tensioning them.
Relerting to Fig. 7.10, let the column is subjected 1o an axial load P and a momenl M, This caltmn will
Iry to overiurn either about 1-1 or 2-2 passing through Ihe bolls depending on whether the moment 1s clockvise
or anti-clockwise, The slabilizing moment (=Px/2) is provided by the axial load P.

When a clockwisa moment M acls on the column {Fig. 7.10), boits

A and B will experience uplitt and C and D 10 Ihrus! as shown inFlg. 7.16. ) 5
This uplift and thrust wil provide a resisting couple (=2F,x). g}
. A c
Thus toral stabilizing moment = ? +2F,x . {7.25) £ [
2 K 3 B
. Px '
Alequilibrium, M= T+ 2F,x 8 o
= F= M7 7.26 ] '
6= a¢ 4 - (7.26) Flg.7.16 Forces on bolts under

momenton a column

vhere  F, = Uplilt lorce on ball {in N}
x = Dislance belwesn ths boll lines

The tansile capacity based on concrale pull out failure is given by,
N, = kJi, 172 727}

where # = 13.5 Ior post - installed anchor bolls
= 15,5 for cast-in-silu anchor bolls
f., = Characleristic strength of concrete
i= rITe..ng@h of embedment
Incase of grduted~£héhors, failure may occur by bond failure at the groul - cancrele interface. The bond
strength is ‘given by, mtl
N, = 1 -{7.28)
where 1, = Bond strength ol groul - concrete )
d, = Diameler of bol hols
1 = Length of embedment

7.6.3 Procedure for the Design of Founidation Bolts
Step-1.The uplilt forcs F, on the bolts is determined from Eg.{7.26}.
Step-2.The diameler ol the bolls Is assumed belorehand and siress area is referted from the Table 7.1.
' Tabie 7.1 Tensile stress area of bolt

Bott size, o (mm) 12 | | 20| 2] 2af 2| w{ 36
Tonsllo etross area fmm’} | B43 | 157 | 245 | 303 | 353 | 453 | 561 | aw7

, The tensile strenath of the bolt is,

To= 2 2091 4
&= Yon R
o Rlalm (729)
. Yo
where A, = Area of boll at the root of the thread i.e. siress area, in mm?
f,, = Ultimate slress of the bolt
Y = Parlial tactor of salety = 1.25

Stap-3.Tho number of balls required 1o resist the upfilt force are given by,

n= ¥
i Tdb
Slep-4.The Iensile force lo be lranslerred by the bolt is resisled by the bond belween the anchor bolt
and the copcrele. ’

Length of balt, f= —.—— {7.30)
g "ﬁud ‘fm:
where 7, = Bond stress, in Nimm?
d = Diameter of the bolt, inmm

= Partial facior of satety = 1.10

T



The bngutol the boltcan be calculated from eg. {iv}i.e. based on concrete pull - out failure and larger
- ofthe twolengths i.e. Irom eq (iv) and eq. (vi) should be adopted in design. '

Table 7.2 Bond stress for plain bars In concrete (N/muo)
Conerseto grade - M25 M25 MG M35 M40
Bond strass (Nimm') | 1.2 14 15 17 19

VNME 1. The boll diameter may be assumed between 20to 36 mm. :
. % 2. ForHYSDand other rowh bars, bond slresa as g:ven inTasle ? 2 may be Increased by

60%.
ugt;:atve Examplés

A column section Is ISHB 350 '@ 72.4 kg/m and s subjscted fo an axtal |
compressive load of 1050 kN under semvice conditions. Design the slab base {or the column {s load
gets lransmitted to the base plate by welded connections and coiumn end and base plate are not
machined for bearing. The base sets on & Toncrete padaslal ot M20 congrete. Dstermine whelher
undation bolts are raquired?

Solution:

——

i

For Fed10steel, £, = 250 Njmm2, F, = 410 Njm2
Bearing strengih of M20 concrele, /, = D.45 [, =0.45 x 20 = 9 Njmm?
For shop weld, pariial factor of salely for malerial, e =125
and partial factor of salely againsl yielding, Yog = 1.1
For ISHB 350 @72.4 kg/m,
Depthof section, D = 350mm
Flange width, 5, = 250 mim
Flange thickness, f, = 11.6mm
Web thickness, 1, = 10.1mm

1.5% 1050x 107

) =1,75,000 mm? ﬁj‘h’ﬁmz
Provide areclangular base plale of side L x 5. with equal overhangs beyomd lhe columnilangesie a=b
Area of base plate = (L + 2a){B + 2a)

Area of slab base required, A =

= 0.175x 10° = (350 + 2a)(250 + 24)
= 175000 = 67500 + 1200a + 48°
= a+300a-21875 = 0

_ -300+ y300° + 4{21875)

2

= w (Neglecting -ve sign) = 60.654 mm =~ 65 mm (say)
Thus provide overhangs of 685 mm
t = 350 + 2 x65=480mm
8 = 250 + 2 % 65 = 380 mm
Bearing pressure due to concrete,
P P 15x%1050x10°

= — = = B.635 Nfmm?< 9 Nfmm?
Arcaproviced A, | 480x380 <

W=
Thickness of slab base required,

2 5w(a? —o.3b?)1%“-

Jz 5x8. aasx(ss? 0. 3x652)— =16.761 mm = 18 mm (say)

Flexural strength of weld,

dw-liz_ = 1.2x 91875xﬂN.mm

Yo
= 25.057 kNm
> 22 5kNm
Thus design llexural sirengih of weld > factored bending moment
Double U/bult used sala in bending )
taclored shearfoice = 1.5 x 170 = 255kN

Design shear sirength of used, V,, = Ly ta- J-*w

= {, = 122.687 mm < 17Smm
Length of weld required < Lengih of weld provided
Double Ubutt weld is sale in shear. (i)

From, (i) and (ji), double Ubutt weld provided Is adequate and is sale.

A column seclion 1SHB 450 @ 859 Nfm is sublected {o an axial comprasswe
load of 485 kN and a momant of 103 kNm. Using M30 cancreta far the pedestal, deslgn lhe base plate
and anchor bolts. Deslgn weld also. Use Fe410 stesl )

Salutlon:

For Fe410 grade of sleel,

f, = 410Nimm?
f,=250 Nfmm?
Bearing sltength of concrete = 0 45 [, =0.45x 30 = 13.5 Nfmm®

Parlial faclor of saiely for material,
’ Y = H1



Partial factor of salety for shop welding,
Yo = 1.25
Farlial factor of salely for sile welding.
Y= 15
Seclion properties of ISHB 450@ 859 Nm are as under:
Deplh ol section, h = 450 mm
Flanga width, b, = 250 mm
Flange thickness, 1, = 13.7 mm
web thickness, 1, = 9.8 mm
Axial compressiva load {A) = 485kN !
Bending momanl (M) = 103kNm !

M 103x10°

. Eccentricity (g) = i m =212.37 mm
Lel projection of base plate beyond column langes
. = 150mm

= Minimum fength of base plate {£) - = 450 + 2 x 150 = 750 mm

Ge 6x%212.37

T = —?ED-_ = 1.695> 1

%)

t ;
=> There will be tension In Ihe anchor bolls. ;
Take L=8=750mm — : )

~2x50 750-
a.—.AL 22)(5 - 5022x50=325mm

EAR AV

50 A
el frEE T

(750 750, oY 2103x 408 + 485x 107 . 325)
- ( 2 +325) Ka’ 4325) 0.45%30% 750

= 37.793mm
«Tensile force on anchor boll
ly=045/, B -P
= (0.45(30)(750) 37.793 - 485 x 1000}N
= -102.345 kN (Tension)

Design of anchar baolis

Tensite sirength of boll (7,,) = 0.0 Aple> A,‘(,}m,-"ﬂ
T

Let 20 mm diameler bolls of grade 4.6 are provided.

04518 b

«. For 20 mm diemater bolls, A, = 245 mm2 (: G.?&x%xzo")

Ay = %(2012 = 314,16 mo?

T, = 0.9(245) 400N = BB.2kN'
o _ 1.25

Also - Aw_frk_m (314.15)250)“-:‘7 N =89.25kN
b ;
Lo T, < Aphy ™ (OK)
W, If" Yoo
. . T, 88.2
Design tensile strength of bolt, T, = -2 = —— =70.56 kN
' Yirr 1.25
. F, _ 102.345
=2 e =1 4502
No. of bolts required (n) T 7056 1.45 = 02 {say)

. Provide 2 nos. 20 mm dlameter anchor bolls.

Length of belt
a4 ,5_ = A x-"—z-?-(2
ATy T 4Xx15 11

= 757.58 mm = 760 mm {(say)
Lenglh of boll required from pull out criterions,

Lengthof bolt, i=

Nu - RJEJU’ N
= 70.56 % 109 = 15.5V30.1'°
= {=88.4mm< 760mm

.+, Provide 2-20 mm dia anchor balis 760 long.

Thickness of base plate

Maximum moment = 0.45%, 5‘(% - %)

37.793
2

0.45(30) (?50)(3?.733)( 150~
= 8017 kNm

) N.mm

I 3ok, 250 (3 2Y nerer
Moment capacily of Base plate.Af, = 1- P =12x— Ex?SDx( N.mm

1.1
= 34090.91 P N.mm
50.17 x 10% = 3409091 F
= { = 38.36 mm < 40 mm (say}
Design of column conneclion with base plale

The axial compressive load will be ranslerred directly due lo jull bearing avaitable. Thus weld will be
designed only for moment.



Y

1085 106 ‘ Size ol plale

Maximum tension inflange = —— = =236.06 kN
Mo T aso-may C 00N -
Lengih available for weiding on one flahge = ' - @
=30+@50-98)= 40200 | | | o0 -
Let size of weld (s) = 6mm 5| o 250

~ strangth of weld per mm length = !Ef,—ﬁ’—- = w—fw(—) = §62.8 Nfmm Yo M -

o Jéjfm JZx15 ¥ i / e 350 e

%36 08 % 1000 ) Biw @ s
Length of weld required = —875?;8_- = 355.2 mm. < 490.2 mm

.
«» Provide 6 mm filel weld around Ihefsanges. Lengthol plate (L) = 350 + 2 x 33 + 2 x 33 = 482 mm = 500 mm

widlh of plate (B) = 250 + 2 x 33 + 2 x 33 = 382 mm = 400 mm

A cokumn section ISHB 350 @ 710 Nim support a roof truss and transfer factored
loads (OL + LL) and (DL + WL). Dus'to the lbad combination (DL + LL), & compressive foad of 105 kn
acts downwards. Also dua to upliftforce of (DL + WL), tensile load of 63 kN acts on the column. Dasign Thickness of plate
the column cap. Use Fed10 grade of stesl. - , Thickness of base plate required is givan by

Sofution: ‘ ) ) E Swia? Dab")vﬁ
ForFe410grade of steel, {, = 410 Nfmm?, ‘ A f,

. Provide a plate of 500 x 400 as column cap.

S f, = 250 Njmn??
Partial factor of salety for material, ‘ projection along tength of eolumn cap,
.- - Tm= M ' L-h _500-350 .
Partial factor of salely for weld, Yoy = 1.25 a=— = 2 =em
Partial facior of salely lor sile weld, Y= 15 Projection along width of column cap.
Propaties of ISHB 350 @ 410 Nfm are as shown: B-b  400-250
Depth ol section, h=350 i b= == = 75 mm
C fonat area, = 2 ) .
w::fﬁ:;ge area ;: - z:;:“'?nm Outof 105 kN and 63 kN, 105 kN is longer and thus,
: =
. _ P 105x1000 5
ke lange, b= Hamn Unit pressure (W) = 7 = 555, a9 = 0.525 Nimm
!u‘ess » W - Al
MO about 227, 4, = 19802.8 x 10* mm? : : [ 5 2, 1.1
' ! - —03%75%)—— =477 mm
MO} about V-Y, 1, = 25105 10'mm* ’.N ', o | 1= 2.5(0.525)(75 - 0.3 ]250
Radfusofgyra:‘ibnabautzz r, = 146.5mm , ‘“ = and {,= 11.6mm
::::i:d gyfa:;:n :obz‘u?;?. ;” = ffs’a;rgm 108 ' Thus pravide a cotumn cap of 12 mm Lhickness. Thus size of column cap is 500 x 400 x 12 mm.
modulus al -Z, = 6% 100 mm
L4 .
Section of modulus about Y-Y, Z, = 199.4x 107 mm? Conneclion of column cap with top of column
Radius of resl, f = 12mm ' The column cap is required to be welded la the lop of column.
Plastic section modulus, Z,, = 1268.7 x 10° min? Let size of weld (s} = 5mm

Assuming truss shoe plale lo be connecled o column cap by 20 mm diameter bolts.
Minimurn edge distance for 20 mm dia bolt {€) = 33mm
Assuming all loads given are factored loads.

Length availabte for welding afong the column prolite
‘ = 2 x 250+ 2% ({250 ~ 10.1) + (350 -2 x 11.6} = 1306.6 mm




compression ol 1800 kN. Design gussel base for this column. Assume padestal concrete of grade
M20. Use 24 mm diameter bolts of grade 4.6 lor connactions. Uso steel of grade Fed10, {

Thera are 12 edges available for welding as shown.
.. Overall elfeclive weld length available

= Total weld lenglh available - (2% SxTotal no. of weld edges available
13066-(2x5%12)=11866mm
Strength of weld per mm length

g
£ . 410 M
= [w!T—-—" - = 1x(0.7 e —
"37:1:« A(O XS):. J3X1.5 : !

+

= 5§52.33 MN/mm
~Length of weld required \

. 105x1000 ¢ -

* “5goa3 - 190.1 mm << 1186.6 mm
Conneclion of column cap wilh roof iruss shoe 1 2
Here the bolts will be designed for the tensile force of 63 kN,
Used bolts of grade 4.6 and thus{, = 400 Nfmim?
Tensile slrength of 20 mm dia bolt (T,,) = 0.9 A, 2 5143-.7,,,,

Tro

For 20 mm dia bolts, A, = 245 mm? ['—“ 0.78 x-Ed"J

A = 31amm?
T, =09(245) 100N =88.2kN

{0 5
bt 250QMN25

Tra x =893.2KkN E

, !

Thus T,> fots Yoo !

Tmo !

B o r .
Design tensile sirenglh of 20 mm dia bolt (7, ) = =2 - g2 = 70.56 kN

8T Y 1.25 )

- No. of balis ro ] 63 ‘
= X olis required = ﬁ)—S_G = 0.893 ~ 4 bolls (say)

Provide 4 nos. 20 mm dizmeter bolis of grade 4.6 at each corner cf column cap.

GERELEEY A column section ISHB 350 @ 710 N/m is required 1o cary a faclored axial

Solution:
For steel grade Fe410, \
f, = 410 Njmm”, - |
f, = 250Njmm’ |

Bearing sirength of concrele, 045 F,, = 0.45(20) = 9 N/mm?
Properties of ISHB 350 € 710 N/m are as follows:
Depth of section, i = 350mm
Cross-sectional area, A = 9221 mm?
Width of flange, b, = 250mm
Thickness of llange, t,= 11.6mm
Thickness of web, {, = 10.1mm

MOlabout 2.2, , I, = 19802.8 x 10" mm*
MOl about ¥y, - *' f,= 25105 10 mm®
Section modiusgifout Z-Z Zy= 131.6x% 100 mm’
Section modulu'about Y-, Z,= 1994 103 mim?
Plaslic section modulus, 2, = 1268.7 % 100 mm*

For bolt of grade 4.5, /,, = 400 Nfmn??
Partial lactor of safety for boll material, v, = 1.25
For 24 mm dlameter bolls, A, = 363 mm? (= 0-70K§dz )

Diamgter of bolt hole for2a mmdiaball, ¢, = 24+ 2=26mm
Minimum edge dislance lor 24 mm diameter bok,

&= 33mm
\ Axial compressive lcad (P} = 1800kN
1
Area of base plale required {4) = _1_813.;_03 =200 x 1P mm®

Let thus 16 mm thick guest plates are provided on each side of the column flange along vith two
gusset angles 200 x 150 x 15mm.

- 1,= 250
4 ~ 16 mim thiek i
30, 1sHA 350 | L4 gwswal pinig
s © F °
30 T :
! 2% ISA - ° 2
' ] 1) {200 = 150% 15 ¢ © ® ° ¢ o
[ e & o o & o o
‘Let pileh of bolts {p} = 85 mm
Minimum widlh of gqusse1 plate required
i = 350 + {2 x 16) + {2 x 150)
K = BB2 mm = 700 mm {say)
« Projeclion ol base plate beyond flange angle o2
700 -682
, = a—————— = g mm
2
200x 107

lengih of base plate = o0 285.7 mm =~ 300 mm {say)

Thus provide a base plate of size 700 x 300 mm



Bearing pressure olooncre‘e{m

- _!': »1800)(1000 *
A T A00x%700 A

=857 {u;mlnz <ONimm?  (OK)
The critical seciion for base plate is the seclion XX as shawn.
Length of base plate acling as cantilever (c)

T
T

=84+ (1"5'0— 15) = 144 mm T Tr—
—
] S
Total thicknass of base plate and gussat angle al critical seclion X-X X o
Maximum bending momont at X- X,
,.!
we®  B57x 1442

M‘.-.:.:-—- = = = B8853,76 N.mm
Combined moment capaclty of base) pia te and anglo is given by, ‘
12’-? 12(250) S
M, = =57 = 45,455 2

'l'mo

Equating moment capagity with maximum bending moment,

" 45.455F = 8885376
= . . £=44232mm .
Thickness ol base pate = 44.212- 15 = 20.212 mm =~ 32

The thickness of base plate = 32 mm > (,{= 11.6 mimn} {o.k)
-~ Provide a base plate of 700 % 300 x 32 mm,
Boited connactlons
The bolis provided are in single shear and bearing.

Strength of bolt in single shear (V)= ?—‘:ﬂ: —?{Z%ﬂg—gf\' = 65.22 kN

Strengthof balt in bearing (Vpb) 25k oty i
Tmy

where k, > minimum of

e 36

3d;  2xz6 =075

p-025 55-025
T34, = Taxmg <0455

Ix26
Le _ 400
—_— —— -O =
T 976 = 1.0 ,
32(410)
V= 250.455)(24) 28 i =
in = 2.50.455)(24) 1295 N = 286.5 kN

Let column end and gusset material have 100% bearing and thus 50% of axiat load will get transferred
directly and remaining 50% through bolts.
0.5x 1800
£65.22
!, provide 16 nos, 24 mm diameter bolts on each column flange as shown.
Heighl of gusset plale -—- 200 + 2 x 39 + 60 = 338 mm = 340 mm (say)
Lenglh of gussel plale = Length ol base plale = 300 mm
. Provida a gusset plate of size 340 x 300 x 16 mm.

No. of bolts required = = 13.8 =~ 16 bolls (say)

Check for buckling of compression edge of gusset plate

250 [250 .
E’\J§=JE§6=’ | e g0 3

0 ~250 a9
-3—0-——2'— = 25 mm

"1333 +982 = 140.25 mm

But So 1386€ {, = 13,66 x 1x 16 = 218.56 mm
" § = 1402551366 € 4, (OK)

|Q ‘: Objective Brain Teasers

Q.1 Thelength of anchor boll is given by:

df, df
z ®)

39+60+39
=123 mm

[t}

Qutsland of gussel

Slanl edge of outstand (8;)

Q.3 The fasleners in gusseted base plate are
designed lor
Mgt o (a) 25% columnload
{b) 1005 of column load
Al, Al () 30% of column load
@ TeaYmi {d) 50% of columnload

(a)

2tpgT 0

)

Ayt ma
Q.4 Theminimum thickness of (he reclangular base
plate is given by,

_ 125 Ymot .2 2
@ 1= '—G—”(a ~0.36%)

1.2M :
(b) |=J_Ty7—"£{a2 -0.307)

Q.2 The purposa of anchor dolls in column basa is
lo ]
fi) aclasreinforcementinthe concrele pedestal
of he sleel column
(i} loresistlensionforces
{iiy lakeep the column in place as per plan
Qi the abova slatements, lhe correcl one(s}

is{are): ‘ i © 1= /m
(b} (i) and (i} \ f

(a) (nonly

{c) (iijyand {ii} {d} {i). (it} and {jii)

¥

@ (= ’Swap‘{ -
\ f,

¥



Qs

Qs

The thickness of base plate is assessed from:;
(a) Shear capacity of the plate

{b) Flexural capacily of the plals

(c) Bearing sirenglh of concrele

(d) Twoway shear slrenglh of concrate

The oulstand of gusset plate from the column
flange edge is limited lo because o!
buckling consideration.

{a) 9.4t {b) 16.651

(c} B.4del - (d) 13.6el
1. (@) 2. (c) 3.(d) 4.(a) 5 (b}
6. (d}

Q.1

Design 2 suilable base plate lor steel column
carrying a faclored axial load of 2500 kN. The
eltective length of the column is 4.2 m. Use
concrete of grade M25 for pedastral supporing
tha column. :

Q.2

Qa3

L
Design a column cap lor a Iruss to transler a
reaclionof 100 kN lo a column section ISHB 400,

Design & suilable base plate for a column section
ISHB 350 @ 661 N/m supporting an axial load of
450 kN, Use concrela of grade M20for pedesiral
supporling the column.



