CHAPTER T

Eccentric and Moment Connections

i

1

11.1 Different types of Connections

Flaxlble connsction: Connaction of beam to column that is supposed 1o resist and transfer the beam
reaclion only to the column is referred o as liexible conneclion or shear connection. This lype of connection
allows having [ree rotalion a{ the beam end and do not have any moment restrainl,

Rigid connection: Contrary to above type of connection, conneclion of beam to column which do net
permil any rolation at lhe beam end and is supposed 10 resis| and transler the beam reaction 1o the columnis
referred 1o as momant connection or rigid cannectlon. e.9. Welded moment restraint connection whigh Isin
facinearly cent percent rigid,

Semi-rigld connection: In between ha above two lypes of conneclion, there is another type of beam-
column conneclion thal partially resisis end momenls and also allow relative rotation between the beam and
column. This type ol conneciion is referred 1o as seml-rigid connection.

NOTE: Mosl of lhe conneclions are neither perfactly rigic nor latally texible and are partially restrained o’
one degree or another.

Fig. 11.1 shows momenl-rotalion relationship for ditierent lypes of conneclions which shows moment
{Ad) as a lunclion of relative rotation (8) of Ihe elastic tinas of the connecled members at their poirt of inlersection.
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Fig. 11.1 Theoreticatmoment-rolation choracteristics for connections

Fig. 11.2 shows some simpla Nexible conneclions,Fig. 11,3 shows some typical ngid connections and
Fig, 11.4 shows some semi-rigiid conneclions,
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Flg. 11.2 Scmerigid connections
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fig. 11.450me semi-rigid connections
ent developed at the connection 1o the moment that can be
sis lo classify (he type of conneclion.

developed by @

« Tha ratio of the mom!
1otally rigia connection is taken as a ba

nijointed wilh absolutely tixed supports. are capable

Rligld conna c1lona are those whichwhe
Do o . - ) o
- You to developing g% or more ol fixed end mament. In a similar way, simple connections are
Know @ . " gdefined-as those connections which when jointed in a similar vay vill nat develap more than
- . 25%ol lixed Bricd moment. In between ihese two extremes. i8S the segni-rigid connection.
. IS BOG diflerentiates various cannections , .
. Rototion capacily
m = {54- 2013

accordingte their uttimate stre ngth or as per
their iniliat efastic slifiness (Bjorhovde’s
classification) which is based on non- 09
dimensionalmmentparame&er(m: M,,IMP,) 06
and ihe non-imensional rotation paramater '
8=0/0,) where Mmis {he moment in beam
al the intersaction of peam-column g2
centerline, 6, is 1he plastic rolation. 0, is
defined in Appendix F 4320l 1S
800:2007.
« Bjothovde's classification is based on
reference lengih of begm which is egual 0 live imes the beam

various timits {ar'connection classification and Ihe same is represente
inFlg. 11.5. .

moment al ihe Joint {kNm)

o'= 0,
Flg. 11.3 Bjorhovde’s classification of connections

depth. Table 11.1 shows e
din graphical {orm as shown

Table 11.1Limils forclassification of connections

Clasalfication in

Classllication in
lorms of stifinoss

1erms of alrongth

Typo of con pectlon

Rigid connection

Somi rigid connezilon
Fleable fonnaction



11.2 Beam Column Connections
(a) Seat connsction:
¢ Intheseatco i i
nneclion, lhe beamis connected to cotumn wilh an angle called as seat angle provigey
e

atthe bottoy m
m ol beam, whera one leg of the angle Is used 1o ake seal for the beam ang olher gy
8g

Is connecled lo Ihe column flange.

. llladdmoﬂ lo seal angle an i p 1=
, anolt erangle is also ided ca as alan clip an
! . r “gj rovide lled cle la glsl‘ |IP ng Provig d

M . . " . B .
. any a times it ay be qute pOSSIL'vie It al there S not er QUg ) 5pace available atthe IOD of IhE

seat connactlon,

*  Inunstilfened seat connecti i
Clion, the connection bears th
el i j
leg of seat angle that is conngcted o beam, o bending FHengm ofherizona

¢ When reaclio i
10ns are considerably large. the bending sirength of this Seat angle proves to b
{c]

Pacting
Su'llmer/!: Soat angle

{b) Siitfened soat connection
Flg.11.6 Seatconnection (bofted)

{a) Unstifiened sear connigclon

(b) Framed connectian:
. i I
Iiomeumes. angle sections are connected on either side of (
Tr? \:feb of!|he beam lo connect the beam to Ihe eolumn S

is type of connection is referred 1o 3 ' ‘

sframedc i

as shownin Fig, 11,7, ?”neCl‘Dn

*  Seatangle may be provided (o aid in erection byt thig does f

- Column flonge
Framing angla

nol carry any load.

*  Whenabeamis connecled 10 another beam al right angles
1a each other Ihrough angles on either side of one of Ih;
beam then this connecuon s also called as lrame;
cgnner:lion as shown inFig. 11.8.This connection is beiy
primarily designed for shear. J
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Fig. 11.88eam-beam {ramed connection (bolted)

Another recourse of joining Ihe members is welding. Incase of welded connetlions, the members
can he welded direclly lo each other even withoul any additional plates or angles. Bul this direct
conneclion requires butting of the member seclions logether and for Inls, it is essential lo cul the
members of oxact size which is quits difficult in field practice, Thisimpertection {eads o undesirable
stresses which may even alier the behaviour of the connection making the conneclion prone 1o
failure. ,

(¢) Bracket conneclon type-i: Ancther possibiity of connecling a beam 1o column is through brackels
as shown in Fig. 11.9{a). Brackets are made of hwo plales connected to column flanges. The type
of connection shown in Fig. 11.8 {a} is called as bracket connection type-1. Here the cannectors
are subjected to shear force and additional shear dug te lorsion.

{c} Bracket connectlon type-tl: Sometimes, angles are provided on either side of the brackel plate
(Fig. 11.9(b)) or even a T-section is provided as bracket plale (Fig. 11.9{(¢)) and connecled lo
column (lange. This typa of conneclion is calied as bracket connsction type-ii. Here the connecters
are subjecled 1o direct shear and tension due to bending.

Cotymn flange

" ion-ypo Il
{using leo saction)

Bracket fon-type il (e} B
{uglng plals section}

Fig. 11.9Bracket connections{bolied)

(o} Bracket,
conncctiondypa |

11.3 Connection Subjected to Eccentric Shear
Seat connection, {ramed connection and bracket connection are the examples of conneclions

subiecied o shear.



*  Seatand framed connecli i
eclions are so designed that they transmit the Laam reaclion very tlos
210 lhg

columnlace wi ;
. - m:;;h;:s g:cnzraﬂng any censiderable amount of moment
Fu nnecions 1o have minj g :
mﬁumarki s s imum raoment of resi !
. “dng( l&e hznen:icnoln should belight and flexible as (47 as pc:ssigltg ance. the angles useq b
mple end conndelions in these, :
: 8 it L the oo
.(downwards)aspossnble as shownin Fig. 11.10. For ¢}
is provided. B

”nnecn'ng beams must ba as free to rotatg
lis to happen, a gap of around 10~ 15 mm

e, -..J-—-"\_'..:—-
{2} Framod boam ¢ : X y
11 .Io"'"“m“‘? {b} Seated beam connoction
'g- 11.70Connections with stmple endsupport condiions

* The second type of connect
nection L.e.
le. the brackel connection, Supporls reactions {from beams) al

significant distance (i.e, eccentr
_ .. ecceniricity) from :
consitierable amount of fhomenis, Ty, the column. These type of connections do develop

11.4 Framed Connection-Bulted
. . ' .
Mainly Ihe f:onfmclron of floor beams to othar be_ams. columns and.girders is mada through framed
° g E‘r:lj's;n;gnzng:e; ‘are used in pairs one on each side
. Zsm::;f leg of the traming angle is connected

wml “geg g t‘eage 2 | (d )

ot wab of the connecling beam as shown in

to the web of the connecting beam {done

Bemember  The thickness of the framing angls is so adopied tha

2

1141 Procedure for the Design of Framed Connection
s .
lep-1. Compuete the end reaction which the beam will transmit

St .
assuming eth:iof:?mm of he iraming angle with the web s dsi
iameter, the strength of the holt In double shear

The compuled number of bolis is given by,

bearing on the frami t strangth of the bolt |

. ng angles. However Ihj Y . olt is not affecled by

fexibility is ensured, 7 ihickness of the framing ziﬂﬁﬁs aro so limited (hat
. il o

R i
yoand

gned. Thﬁis is usually done in the shap, Aller
and bearing are calculated.

n= _Bdreaction
Strength of he bolt

e At e

Step-3. In case the outstanding leg of the angle is ¢
umag and strength of the boltis arrived al.
Stap-4. The oumber of rows of boll on the connected and

5885

framing angle.

Step-5. The thickness of the angle is arived at by equaling

angle leg.

onnecled 1o the web of the girder, the bolt diameter
lhe outstanding legs govern the size of the

end reaclion 1o the shear sirangth of the

The strength of angle leg (V) is given by.

where

In Eq. (10.1) the thickn

f
V, = —L—2
a Jg'!n-ﬂ )4, «\)
h=Depthotframingangle. f. = Thickness ol [raming angle. Yo
ess {, has been muliiplied by a factor 2because of pair ol angles on

{101}

= Partial factor safeiy = 1.1
each side of

the beam web.

11.5 Seat Connectiop-Bolted

11.5.1 Unstiffened Seat Connection

Cnlur;n
Lcengm of web baaring (b}

i

lb' ‘ITRI
E:lﬂ::"““')"%ff' -
P

(a) b)

Flg. 11.11 Unstilfened seat connection-Bolted

\l is also a flexible conneclion made by using seal angles
below the beam as shown in Fig. 11.6.

The sgat angle aids in erection of beam a1 correcl focation.
Also the seal legs provide a support en which a beam can
rest during the erection process.

Two types of commonly used seat connec
unstilfened seat connaction where an angle is provided
ielow the beam flange and is designed totransmit the beam
reaclion lo tha main beam or column as showninFig. 11.11
and stilfanad seat connection as shown in Fig. 11.12,

lions are the

Seat angle

Apalrof
sulfener anglos

Fig. 11.125tilfened seat
goth connection-Boited
of the

In the unstiffened seat connection. the connecling e
hto check thiz web crippling of the beam.

angle with lhe beam s usually kept as 100 mm long encug
A minimum of two bolts are used for making a conneclion.



*  lisrequiredto keepacleara
nce of aho -
orom Ut 10 - 15 mm between the beam and the alher maip bean,
. i i
Itis a flexible type of cenneclion wherein the seal angie is assumed to be flexibla

*  Forstability reasons, another i
! angle is also provided at th
claat a . 6 lop of upper flange of the
nofolclfi? angle. 1t also provides lateral support (o he compressi ; ft o mcaledag
end support regions. lon flange of the beap, al

“NOTE- . “Rls assume : g - -
= ton :’;:fr:i::}ai'n“l:""“‘.":led Iseat connection does fiot provide any moment festraint (a1

o e vertical plane at the t & and i N f i.8
- eactions only. e plane at the beam ends and i§ thus designed fo trans the:

ol the horizontal leg of the seal angle.
11.5.2 Stiffened Seat Connection

. Far heawer loads seal angf only n icle (2] Ty 3
. esonly a € nal sulfici [{ I fie | tilfent lg]
tioca H 0ad and so stif ng a Q]e.: ara

. H " .
ere the outstanding {eg of the seal is stiffened by an-angie and thus seat angle doas not
S noY remain

Irexible,
. :NO - The outs i i .
i TE o ;jjr:gt‘r:g I(Tg ol 1{\3 seat angle is required 1o ba slifenad when the reaction 1o be
ey . Ty large (i.e. heavy loads are actingonthe beam) and/or 100 mm seating lag

" Is not abl i i i
“ S| e 10 provide the required bearing area_ in addliion to that, due 1o larga reaction, tha

lh_eg segx, angle are provided belween (ha column and sllifener angle,

*  The stilfener a i
orotin oo z?lsee;ellf:e; the dseat from lle}xure, But it is difficul to 1rim the sliffener angle 1o the
o 9ie and thus effective widih of the oulslanding leg of the seal angle ;
R o as a::tual tenglh of the oulstanding teg of (he seal angle less the radius of ﬁﬁ; ;
T angles is provided and curlslandin'g legs are lack riveted/b |
* The bolts connecling the column flange fo the sifi v o
o ‘ ; i ener angle are subjected (o dire
e ! ii?:eg:t:;lr:::n? Izg of lhe‘ stitfener ang'le; are not tack bolted then the f:.;h;?r;:nr:
etionedor mom: and the !)}).ls connecting the slifiener angle 1o the column ffang ¢
| ntand torsion, e

1153 Procedure for the Design of Unstiffened Seat Connection
Step-1. It
P-1. Itis assumed that length B of tha seat angle is equal to width of beam flange

—
Step-2. The length of oulstanding leg o the seat angle is arived al on the basis of web crippling ol the
poam, W is customary to keep the length of seat angle mare than the calculaled bearing lengthwhich is given by,

o= Rfmo ,..(11.2)
. [ -
where A = Reaclion coming from the beam {,,= Web thickness of lhe beam
fw= Yield slrenglh of the web Yo = Partial faclor of safely = 1.1

Stap-3. Load dispersion takes placa at 45° from the bearing onthe seat (o the rool line as showninFlg.

11.11 {b). The length Pf:lff»sﬁpeaﬁng on sealt is given by,
=y b, = b-(f,+ A} {113}
where rt:';'ﬂ!!ge thickness of the beam
A, = Root radius of the beam fiange
Also, the gistance between the ends of bearing on seat o root of the angle is,
B (11.9)

b= b+ c-{,+ A}
where {, = Thickness of angla
R, = Radius of root of the angle as given in 15

' ¢ = Clearance and {olerance
Slep-4. The connecled leg is so chosen thal al least two horizontat rows of bolls can be accemmodated.

Slep-5. ltis assumed lhat besm reaclion is uniformly distributed over the bearing length b,. The lhickn?ss
ofoulstanding leg of the seat angle is so chosen thal the seal angle should not get fail by bending on a section

Handbook No. 1

attoe of the fillet. The bending momentis,

R, b
M= = b, == {115}
b, 2
The flexural capacily of the angle leg is given by,
M= 122,20 118
Tmo

2, = Section modulus of the outsianding leg of ihe seat angle thal providos bearing.

where
If the assumed angle thickness is na! sutficient (i.e. M < M) then section has lo be revised.

Step-6. The shear capacily of the oulstanding leg of e seat angle is given by,
' ‘
v, = 8, —%— WLILT
® ? vfé‘lm
i
whee 8 = Lengthof the angle
= Width of the flange of the supporied beam as staied in Step-1 above.

Step-7. Assume a suilable boll diameter and compule number of bolls required to connect the seat
angle with the column flange as,

Endi reaction
No. of bolts required {n} = Strengih of the boll




. same diame! i :
: ter as provided for the angle leg connacted lo the colurmn flange,

Slep-8. A clipfeleat angle of nominal &
nominal size is i
% provided atthe to m i
wo bolis of preferable the same diameter as provided for the seat ;in:l? thebeam flange andis connecteq oy

The oulstanding leg of the y -
seal angleis con L i — .
ngleis cannected 1o the beam flange with two bolts of pye[etab‘y the ? e
ll

1
52 ;rocedure for the Design of Stiffened Seat Connection
tep-1. i i i requi
p-1. On the basis of bearing lengtfa requirad, the size of tha seat angle is assumed

Step-2, The oulstandi i
avoidt s local buckling, e lan;?h'i?i:‘etzzl::iﬁ;:! :;ngre must picvide the beasing area required and alsg
0 lag must not cxceed , ; : le
The requirad bearing area is worked ouf as Vit whera s the angle thickness
. & '

L
pe e
Uy
where R = Reaclion from the beam baing supponed

f,= Yield stength . :
. ‘-0 = Partial factor of safely for the material = 1.1
e thickness of the stiffenar anglé shou n
- r angle s@ul& be more than tha Lhickness ol the web of the beam being

Stap-3. Here the i quirad | ,
oot malsg;m ree:;m;ac: ’lo ba flexible and thus the reaciion is assumed to hava
. o botsthat 2 "?Oa eg o she. ctlsrumn {lang e are subjected 1o both momant ancgtI :3.319!
e i:avnouamed - mcmg re“mmkmn e ;a or less is like bracket connecrion type-il. To make <:<:;mpulaul'roECI
—— e _guppcrted beam acts al the midd!e of the bearing lenglh e
. ing moment at the tace of the column is computed -

st o P
Bp-ﬁ The compulalion of number of boits equn ed a”d the associaled checks are simila lo that of

2
{ Ve } F)
v ~=1 &1
b T ;
Step-6. A clip/cleat an inat sz
gle of nominal size is providad

atih | i

w0 bolls of preferable the same diameter as provided lor the seata al:glgl iepeem lenge andis comectedty

{118}

11.6 Bolted Bracket Connéction

¢ AsshowninFig. 1 )
b&mmecledigon;gmbowﬁ;ed :’facczfi:ticm}iclcons are required at piacm;‘xhre the bwo members lo
TSecteal er. This leads o enh - N
and the ind enhanced ecceqlr i
member to be joinled and thus structurally it is not preferat:rg1 ‘1‘ !;:t)ﬁbolh inihe connaciion

"}e bells inthis !ypﬂ 0! conneclion are subje o shear and lorsion, dlﬂg duelo
cled to sl ar al 1o fbe ue lo eccenlnc

W‘heﬂ the bﬁf!salc subjecledmd“eﬁt shear andtor fo sh thenthe conne
que due 0 snea 1 ction is Classed

bolt SUB; 2>
When the $ are biecled 1o shear and ler n nnection is called
sion then the co ed as bracket

Tharte are two different approaches for analyzing the brackel conneclion type- viz. the slastic

method and the ultimate sirenglh method.

« inlheelaslic method, the Iriction between ihe connec
ignored and {he connected parns are assumed to be per
alaslic. The elastic method of analysis gives very conservative rosulls.

limate strenglh melhod gives resulls {hat are more close 0 \he

quile diflicult to applyin routing dasigns. 15 800 doos not specily
1 and thus it gepends on the

ted parisi.e. {rictional resistance is aflogetner
{ectly rigid with conneclors being perleclly

« The secend approach viz. the ul
realistic values bul this method is
any particular method for the analysis of brackel conneclion lype

discretion of the designer to use any of the analysis method.

1161 Bolted Bracket ConnectionType-d
«.  Inthisconnection, the twisting momenti

11.13.
»  This occurs when lina of aclion of Ioad s in the ptana of coanecton and the cenler of gravily of the
connaclion in alastic method or the instantaneous center in the ultimate strength method is the

center of rotation. The whole bolt group is subjected {o shear and torsion.

1 the bolls is in the plane of the connection as shown in Fig.

Pl o

®

Flg.11.73Forcesin the beltof bracket connection ope!

Elastic Analysis

The eccentric axial load Pis made concentric along with lorque M as shown in FAg. 11.13({b).

Let F, = Force in lhe bolis due to direct shear, = Force in the balls due to tossion

Tha resullant force in each Boit (dye lo F, and F;) must be less \han (he strengih o the ball. 1tis assumed
(hat foad on the joint is shared equally by all the bolls and thus {orce in any boll due to direct load is,

P
F = -; L(11.9)

Also, force in any boll due i torsion is directly prapartional lo its distance from ihe center of ratation of

the conneclion i.e.

Eer
= F2=kf
k= =



typical bolt, the angle balween t

balt is,

From Eq. (11.12),

Thus torque aboul center of rolalion of the bolt group = F,r = &
=Fyr=

Total resisling torque = T4R = k22 = F—?(!:rz)
r

The resisling torque must be equal

- B
=3 Peﬂ = '?(Ele
= F= f;e,[z,f

This lorce £, is maximum when dislance r is maximum, Iet il be r‘
o

Peyr,

Thus, F,=
2= 2

Er

The two forces F, and £,

10 or greater than tha lorque on the conneclion i.e

{11.1)

SRIIRTH

h:a al q:_i;etenz arfgre's on various balls of the c.on.nec!ion. Letfor any one such
0 said Jorces Is 8. Thus the resultant Fol the forces Fand £, on the critical

F= JFleF?

i +F3 +2FF, cos8
‘ : PRERR]
For connection to be sale, this force F must be less than the slrength of the boll e

Her = i i
e &, = Perpendicular dislance measured from cenler of ratation of

action of load which is callad as eccentricity.

n = Number of bolts in (he bolt group

F, = Forcain Ihe bolt due to direct shear P
£, = Force in the bolt due to torque 44

& = Aconstant

the bell group 10 the line of

+ Iz - 1, = Distances ol the bolts trom Ihe center of rolation of the boll group

it can be seen that resultant lorce Fwill be maximum when angls & is the minimum

Remember: Boll subjected to maximum resultant lorce i.e.

from th

Ihe crilical bol! is the one that is farthest away

e center of gravily of the boll group and nearast to the appliad line ol joad

Ultimate Analysis

The elastic method of analysis is quite easy 1o apply
and gives conservative resulis but (he assumplion
made in elastic analysis thal applied load and bolt
~ch=:1ormau'cm has a linear relationship and yield stress
is not exceeded are not Irye. o

This drawback is overcome by the ultimate melhod of
analysis wherein the melhod uses experimentally
Idez'er‘mined non-linear-load deformalion relalionship for
individual bolis and thus gives quite realistic values
The following are (he assumptions magie in the ummalv.e
load method: )

o cg.
“—;—g‘@—';@
o 4
N
d \@
(Raf Rof |

Fig. 1. 14 instantaneous centerof rotationin
the uliimate meifhod of analysis

(a)

(b}

—rr

(e

(0

At failure, the bolt group rotales about a painl called as instantaneous center of rolation: in
\he ultimate method of analysis, il ane of the outermost bolts slaris to slip or yisid, tha connection
does not fail at all. But the inner bolls will now lake more loads under incteasing ioad and failure
occurs when all the bolts of he bolt group slip or yield. The eccentric load causes relative rotation
and transfation of the connecled parts which is equivalent lo pure tolation of the connection abouta
point called as instantansous center of rotation, represenied by point O situaled at a distance
a,from lhe CG of he bolt group as shown inFig. 11.14.
The deformation In each boll Is proporiional (o iis distance from the inslantaneous center of
rotatlan Iand?af;l,s normal ie the radius of rotation; The ulimate shear force thal a boil in a joint
can resist is ot the pure shear [orce that it can seslstbul it is dependent on the load deformation
cha racte?’is )| The load applied lo a bolt depends on ils posilion in the joint vAr, instanianeous
center of rotation,
The capaclty of the cannection Is sald to have reached whan ultimate sirength of the bolt
{arthest from the Instantaneous center Is reached: The resisling force in the bolts of the conneclicn
are shown as Ry, R,. . . .R,in Fig, 11.14,Each of these force is assumed to acl in the direclion
normal to the line dravm from polnt O to the center of the boll.
The connected paris remaln rigid: In a symmetrical conneclion, tha inslanianeous center of rolation
will ie on a horizontat lina through the GG of the bofl group. This is so because lhe sum of the
momants of the horizontal components of the force R must be zero and also the sum of the momants
of the horizontal compenents about point Q. The positionof poini Ois found by rial and error which
is a quite dillicull process. .

1162 Procedure for the Deslgn of Bolted Bracket Connection Type-l with Elastic Method

Step-1 Assume a suitable diameter of the boll and number of bolls required. Piaca the bolts in two of
more vertical rows al suilable pilch and edge dislance,

Trie number of bolis in one vertical row can be had from Eq.{11.13}

’ M
0= o {11.13)

where  p = Pilch of he bolts

Step-2 The resultant torce on ho critical boll is
computed from €g. (11.12).
Step-3 Strengih of the boltis compuied and it should " /

i = Number of rows of balis ' ' o -
V_, = Design sirength of the bolt ]
] G5

be more than the resultant force.on the crilical boll. {
. - Wi
11.6.3 Bolted Bracket Connection Type-ll // L t
« , Here momentisinthe plane normal to the plane Y=z
ol connection.

Theline of action of load does nol lieinthe plane
of bolt group. Also the line of rotation does not
pass through C.G. of the bolt group.

Fig. 11.15 Boled bracket connection type-fl



The forces acting on bolts are
(} Directshear -
(i} Tension due tomoment

Now force is shared equatly by all the bolls thus,

P
Bolis ‘abave the line of rotation are’i ‘i' .
0 re’in lension and brack:! seclion ba! i
comon ‘ ) st saclion balow the | i i
p essmb- D:t Is as:umsd that lins of rotetion fles at (A7) irain the boltor of b;;:eexo‘;;malmn Hiten
“;E ance rom.bouom of bracket 1o lop mos! bolt in the connection e
bolts above ling of ratation will exparience direc! sl

the line of rotation provides nacassary compressian hear and [épséon dus lo moment. Bracket beloy

Nowtensile forceini®boll, T,y
: - 7; = ky, )
" M L L k=T, . '
-~ Moment of resistance due to lensile force in Soal,
4 M=Ty-= kyfz

Total moment of resislance due lo tansile lorce in bolts,

M = EM = W5P= -;‘.,_zy‘e
L 't

= ' TI = &
- P -{11.15)
-~ Tensile force in farthest bolt, T, = Mys g
" 22 .£11.16)
iorequﬂsbnum. Total compression = Total lension
C=T
= C= __M’Z;,
Al o
S0, External =
moment Mox_'nent of rasistance due 1o tensile force in bolts + Moment of
- resistance due tocompression force on column i lange
M= M+ C; M '
(L
= | M= M+(ME{' IZ i
Z i "iv‘ o !
_ .
‘ e M(H_zy_‘zxg?] L o _2h
Ty 27 Y T2
=3 = M
1+ 2 x _2_&_
2 2}’;2

where, M= Pe, (due o ecceniric load P)
6, = eccentricity of load P lrom the planc of bol; group,

e

1164 Procedure for the Deslgn of Bolted Bracket Connection Type-ll
Stap-1. Assume boll diameter, pitch and edge distance

Step-2. Compute stranglh of lhe bolt

Slep-3. Compute number of bolts required from Eq. {11.13)

Stap-4. Computa shear force Fin the extreme bolt{= Pin)

Slep-5. Compule lensile force Tin the extreme boll from Eq. {11.16)
Step-6. Check the conneclien for collective ellect of shear and tension as:

2 2 ’
=1 #|=] s10
[ Vdsa Tn‘b '

', = Shear force in the boll
V., = Design shear strangth of bolt

T, = Tensite force in the bolt

Where,
T,, = Design tensile strangth ol bolt

11.7 Welded Bracket Connection
$17.1 Welded Bracket ConnectlonType-l

" P
[ ’_. 3___5
3 -7
T P I 7,
I {:
,.EE d ] :rvl::hIW'
L p-é:—n—-——J {
H
(o) ()
Fig. 11.16 Welded bracket connection ype-!
P
i = — .{11.18
Direcl shear siress. (e} [2a+d)r { )]
Shear stress due 1o lwisling moment is computed as
I %
£ r
N T, Peyr
N q,= = ..{11.19)
2 ‘IP !D
where 1, = PolarMOI of the weld group about C.G.
f
— 2 2 - |
Resullanl strass, q= Jm +q5 +20,,0080 €= [‘fé'ﬁrw] (11,20}

11.7.2 Procedure for the Design of Welded Bracket Connection Type-1
Slep-1. Assume overlap of bracket plate on Lhe column [lange and also the weld size.



Step-2. Compule dislance of centroid of weld group
(¥ in Fig. 11.16{b))

Step-3. Compule polar moment of inertia of the weld e oo
group ().

Slep-4. Compute distance 7 of the exireme weld
trom C.G. of weld group.,

Step-5. Shear siress ‘g, and 'g,’ are computed from
Egs. (11.18) and (11,19)

Step-6. Resullanl siress {Q) is compuled from Eq.

!
1

Brackel teo
- : leme Coluipn _,|
. T Ran,
(11.20) and @ s—=% : *
3 Yo - Fig.11.¥7 Brackel conneciion Type-it {welded)
Step-7. Compute weld size as I, = KSwhere (,is the throal Ihickness and S's the size of weld.

11.73 Welded Bracket Connection Type-ii

——————

Inthis connection, the momentisina plane normal to the plane of weld i.e. the CG of the weld group
lies ina plane normal 1o the plane of line of aclion of Igad (exlernal) and Ihe wold group is acted upon
by direcl shear and bending as shawn in Fig. 11.17.
Here the shear siresses and maximum ben ding moment accur at different locations in the joint. So
combining hese two slresses at a paintis not possible inslead these stresses are checked individually,
Thus, when an I-ssclion or channel sections are welded to the plaie elemen, it is cusiomary fo
assume Ihat flange weld carries the bending moment and web weld carries the shear force. But IS
code outlines a procedure to combine these two strasses. Welding can be either bult weld or the

fillet weld.
Stress in the Weld Bue to Shear

The direct shear stress in the weld is given by,

- Load (P)
Ellective weld area
For fillel weld, Qo = % : 1121
w'r
For butl {or groove) weld,
P )
= e . {1122
a,, a (11.22)

where 1. = Eltective length of fillel weld

{, = Efteclive throat thickness of the fillot weig
d = Depth of bult weld

1, = Elleclive throal Ihickness of butt weld
Stress in the weld due to bending moment
P -

{=-— .{11.23)
R

For fillet weld,

For bult weld,

_ homent

~ Section modulus
Py _6Pgy

1,,2 of2
=1, o
8o

A

«{11.24)
fewr=

Combined stress In the weld ) o
As per Cl. 10.5.10.1.1 of IS 800;2007 {or fillet weld, the equivalent stress (£} is given by

- {
v 3 2 s
! " ’;‘ \j"ﬂ,cnl +3qz S \E'fn&

vhere }"'m!englh of the weld connecting the bracket plate with column flange generally egual to
" depth of lha bracke! plate

For bult weld, Ihe equivaleni slress is given by, . )
- . . , .
( 2 Yy
fa = [lf,w! +3Gen S‘Y';;
As per Cl. 10.5.10.1 2 of IS B00:2007 check for the combination of stresses need not be done for:
{a) side fillet welds joining cover pfates and llangs plates, and

{b) fillet welds where sum of normal and shear stresses does not excegd o
where f, ,is stength of a fillet weld. .

. {11.25)

.{11.26}

11.7.4 Procedure forthe Deé{gn of Welded Bracket Co!'mecﬂon Type-ll X
+ Inihe dssignof braci-:ei conneclion type-Il, the size of the weld is assumed beforehand and lengt

of the weld required is determined. )
* I the weld langih requlred is moro than twice the depth of the brackel hen the weld size assumed

earlier needs lo be revised. ‘ » .
Step-1 Assume a size of weld and compute throat thickness. Determine the design sirengih of Fillet wel
per unitlength {f, ). The depth of tha brackel Is determined as given below.

BAM .£11.27)
For bull weld, d= JW {
1 )
. .
where fo= . =11
L]

{11.28)

' { 3y
For jilfet weld, 9= V2t

g

vhere [ = Dakignstrengthof the filet weld per unit weld lenglh. A reduced value of about B0% is
" used in order 1o take into account the effect of direct shear force
/ {11.29)
' = 08 0.?S—J——)
' [ NRI
Slep-2. The direct shear stress is delermined in terms of throat lhif",knEsS trc? £gs. 11.21 am; ::g
Step-3. The bending siress is determined also in lerms of throat thickness from Eqgs, 11.23and 11.24.
Slep-4. Delermine the eguivalent siress as per Eqs. 11.25 and 11.26.



Example11.}
be carried by the brackel conneclion ag ‘shown, The bolts
are of 20 mm diametsr of grede 4.6. The n‘kkness offlange
~of -seclion Is 13.7 mm and that of brackat plate Is 16 mm. 5011 o

Solution:

}

It

4

i

1

i

!

3

?

j 1
'

hd [
i

'

i

‘

H

1

i

Find the safgload Pthat can

>
h-]

tl-eecion
219*——1

-l

20
A - Steel grade is not given and thus assume Fed10 éo:i_
stee! is used with 0,
f,= NONIMN?, £ = 250 Nfmm? ,‘-Wi
For bolls of grade 4.6, , = 400 Njin? s
Parlia! factor Jo safety for bolt material Ty = 1.25
Stress area of 20 mm dia boll, A, = 245 mm?
From figore, pitch ot balls, = 9mm
Edge distance, & =.50mm
Shear strength of bolt in s'ingle shear .
55 ;W 245%400
Jﬂx‘f % =N = 45.26 kN

Strength of bolt in bearsng. g = 2. Skb ﬂi—
Tty

® 5 8 @

g
i

aclf""

For 20 mm diameler bolt, diameter of boit hola, d, = 22 mm
L. .50
3q, 31x22

P 5. %0

k, = Minimumof 43d, —  3x22

=0.758 i

~-025=1.114 =0.758

- ‘ k,=0758

Vo = 250, 25 - 25x 0758 x 20137 210N = 170,81k
Yo 1.25 '

- Strength of bolt minimum of V,,,, and V., won = 45.26 KN

The highly siressed bolt will be lhe bolt A as shown.

Tolat number of bolts in tha joint, 1= 8.

P

n

210

-
-
1
b

4
T R

*
pY

Directforce ineach botl, F =
Foree inthe bolt due to mament, 20 1-
Pe, 1.
g
F 7
r 130

n = J(?} +(d5+ 90 = 149.83

ol
&
o

?;i‘.

IB‘

. .
Qo o.

F =

T.."._
I

2By
]

£ - 4“{12—9]2+452}+[(‘3°) (90+45)?H

4[6250+ 22450] = 1,14,800 mm?

F, = P PRIOM983 _ o041 b newtons (V)
£ 114,800

’

=0.4338

65

652 + (45 + 90)°

Resullant force onbolt, F = fFZ + £2 + 2F, - F, -cos0

cosé@

.= ,[[—J +(02741P) +2( )(02741P)(04338) 0.3471 P

But F< sirength of ball

= . 03471954525)(103N
= P< 13039x10"N—13039kN
13039

Maximum service load = = 6. 93 kN = B6 kN (say)

m It Is requlred to design a balted bracket A o
: nm——l

conneclion for an end-support reaction of 350 kN dug to factered 1851
dead and live load on the beam. The eccentricity of end reactlon
[s 185 mm as shown In figure. Usa bolts of grade 4.6, The column :
section |s 1ISBH200 @ 365.91 N/m.
Solution: t

Let steel grade of Fe4 10 is used |

f,= 410 Nfmm? , £, = 250 Nimm? '

For bolls ol grade 4.6, £, = 400 N/mm?

Parlial factor of salety for bolt malerial, Tt
Yo = 125
For ISBH @ 200 @ 365, =3 Nlﬂ'l ISHB 200 — P
Thickness of flange, - r, =9mm
The factored end reaclion is translerred 1o Ihe two
brackel plates as shown. _’TLAT!_
. Design load coming on one brackel = 95-2-9- = 175kN

L et 20 mm diameter bolts are used

»» Diameter of bolt hole, d; = 22mm
Edge distance, e =33mm
Stross area, A, = 245 mm?




. Minimum pitch,

£=25d=25x 20 = 50 mm = 55 mm (say)

Shear sirength of bolt in single shear

Strength of bolt in bearing, Voo

- Al _ 245%400

= T2 =20 N2 a5 260
dtf,
Tms
e 3B
3cb_3x2_0‘5
K, = Moimumol %-0.2&35522—0.25:0.533
x
fo_ 400,
| 2= 0:09?5
=05
Vo = 26%x05x20x 22410 _ 70 g1y

1.25

Strength ol bolls V. . = Mini
= mumof V. and V, =452
Provide bolls in wio vertical rows “ »e o

~. Numbser of bolls required in ong row.

n=J B - [oxTTS 000 8
pr'Vey — V55%2x45.26x 7000 ~ -2 = 7 bolls par row

Thus provide 7 bolis in each row.

The highly siressed bolt wifl be bolt A as shown ] e i
. +———1B5 mm
Direcl forca on boll A ILARL IV .
e B TR TR LY s A
@ in boll Adue to orque, T o | E B
’ 55 by
. P oG
2% Ty CoiTeo
Here eccenlricity, e, = 185mm "o CE
. o oF
Lel gauge of ISEH200@365.91 Njm, g = 80 mm B I RS
{check from steel table) : u-—.___,_

= (3x 562 + 457 = 171.026 sm

e = 4[{(3x55)2+452}+{(2x55)2+4521+{(1x55)2 +452”+ AP +45%)
= 4[29250 + 14125 + 5050) + 4050 = 197750 mym?
£ - Peor, 170x185%171.025

»T e 197750 KN = 27.2 kN
45 _ a5
cosh= 2= __
5 171026 - 02831

~ Resullant force enboll, F= \JF? + F2 +2F, F, cos0

= JA25F +(27.27 + A125)(27.2)(0.2631) = 32787 kN

< V,4{=45.25kN) oK
Hence provide 20 mm diameler bolls with 07 bolts each in lwo vertical rows.

Deslgn a bcﬂed seat cunnac!ion fora beam reaclion of 105 kN under factored
loads. The bsam section is ISMB 300 @ 433.6 N/m which Is connected lo flange of column section
1SHB350 @ 661.19 Nlm UsB sleel of grade Fe410 and bolls of grads 4.6.

Sofution: ',v'g"

For sleel of grade Fed10, {,= 410 N/mm?, =
For bolls of grade 4.8, f,, = 400 Njmm?
Panial factor of salety for material, 7,,= 1.1

Partial factar of salsty for bolt malerial, y,,, = 1.25
The seclion properlias of beam {ISMB 300 @ 433.6 Nfmm} and column {ISBH 350@861.19N/m)are as

250 Nimm?

followrs.
ISMB 300 @ 433.6 Nfmm I1SBH 350 @ 661.18 Nim
Depth of section, D 300mm 350 mm
Width of flange, b, 140 mm 250mm
Flanga thickness, 1, 124 mm 11.6mm
Web thickness, I, 7.5mm 8.3mm
Aadiusofroot, Ry 14 mm 12mm
MOl aboul z-zaxis, 8603.6 x 10°mm? 18159.7 % 10* mm*
MOI about y-yaxis, 7, 4539 x 10* mm* 2451.4 x (0t mm?
Efaslic seclion modulus. 2,, 5736x i0°mm? 1094.8x 10° mm?
Plaslic seclion modulus, Z,, 651.74 x 10° mn?® 121353 x 10° mim?
247.2mm 302.8mm

Web depth, ¢

Lenglh of seatangle = Width of connecled beam
' = 140 mm{Normal (o plane of paper)
Bearing leg lenglh of seat angle,

ﬁ‘f,w (IOSX 1000)1.1
75%250

’n ")w
i

= G1.6 mm = 75 mm (53}
A clearance of 3 mm between column and bearm is provided
. Required leg length of outstanding leg = 61.6 + 3 = 64.6 mm < 75 mm

Length of bearing on seat. &, = b-(f, + A) =61.6- {124 + 14)=35.2mm
The factored reaction of 105 kN is assumed o be uniformiy distributed over a bearing length of

{OK)

35.2mm.
Try a seatangle of 150 x 75 x 12




- Radius of 100t of seat angle R, =50 mm
~ Endof quing is al a distance of l:;2 on sgal from rool of angle
where, b,=3824+3-{12+10) = 16.2mm

< Morment at critical seclion,M = R‘xgixg’— = 162 162
b <2 = TDng-gzx—-z— = 381,42 kN.mm

Moment capacity of leg of angle,

; 2
My= 122, =15x 140 4 22 % 28y rem
. Ym o _1.7
) = B16.36 xh.mm > 391.42 kN.mﬁ =
Dasign shear capacity of oulstanding leg, : =

_ {140x12) 250

v, =N = 22044 KN > 105 KN _ (OK)

*® L= 1 ’
Thus seal angle of 150 x 75 % 12 is adequals. RN
Connaction of sest angle with column flenge :
Provide 20 mm diameter bolls of grage 4.6 with
Am = 245 mm?
Shear strenglh of boltin single shear, -

ISA150x75x 8
{sealongle)

v Awhs _245%400 " "
” =220y
B VIx125

= 45.26kN boits (Grade 4.6)
Number of b 105 B BN ISA 160 » 157 12
< Number o i = —— ~ — 502! angia)
oltstequited = 25 =232 4 bolis {say) -

Also provide a nominal clear ani Y
gle of 1SA x 150 x 75 x 8 on top of Y it wi
flange for cleat angle, provide 2 nos. 20 mm diameter bolts o each Iegf1 " ) Comact i ok

—_—

Exarmala 114 - -

mm[edh 1 [ A waldad bracket connaction s &s shown Infigure. The bracket plate is

25 o ot o0 wr:fr: “!aa:ga lgt::‘gh 5mm fillet weld. A concentrated ioad P acts at i distance of
ne. pu'e the maximum valus of load P that

brecket connection. Column seclion is ISHB 350 @ 661,19 Nfemm " 057 B iaosd on e

I jlﬂ}\\

ISHR 350 85 mm
e i .y 35mm ‘
T : e
125 mm)
bl
X
125!’»5\ 5 »
i) 3
225
P F—— 85mm-——i
Elovation Plan

Solution:
Lel, size of weld = 6 mm
Effective throat thicknass of weld
t, =07 x6=42mm
Let distance of centroid of weld group (point Q) from

eltweldedge = X :
(2x225x 4‘2)[?%?] +{250%x4.2)0
{(2x225x4.2) +(250 % 4.2)

212625
2940

= 72.3é mm

Computing palar moment of inertia of weld group
Polar momenl of inertia, =4+,

B 12

: 3
= 42%20 2{225 1";'2] (225 % 4.2)1259]mm‘

(5.46876 x 10° + 29.534 x 10°) mm? =35x 108 mm?
225"

u

—
1]

1

(5.4932:(106 +11.0247 x 105}mm‘ = 1652 x 108 mm*

1}

o I, = f+1,={35x 105 + 16,52 x 105)mm* = 51.52 x 10° mm
Distance of extreme polnt from CG of weld group,

r = J225-7232) + 125 = 197.32mm

Computation ol stressas
Direcl shear stress,

R A—
% = A~ (@x225+25014.2
Shear siress due Lo lwisting moment,

g, = TR2B-E+0) g7
2 = TE152% 10

- (225-%) _ 225 -72.32 _ 0.7738
f 197.32

. Resultant shear siress,

q = Ja@ +¢ +2a,9, cos0

— 0.0003401351P Njrm?

P(225 - 72.32 + 85)x 197.32
51,52 x 10"

os8

FEQ—"gﬂ 250x4.2x%2.322]+ 2{4.&—{3’ 4.2x225x (1125~ 72.32)2]

=0.0009103 1P Nfmm?

= /(0000340136 1FF + (0.000910317Y + 2(0.0002401361P¥0.00031031P)(0.7738)

= 1.193 % 1072 PN/mm?
Bul resultam shear Siross.

-



qs L 410 189.371 5 i ~Polar moment of inertia
Borm - JAxi25 - 0337TNimm [,=1,+1,= 135 1+ 10%+ 55341 10° = 19.034 t + 10°mm'
1193 x 10 P 5 189,371 = ‘}250-78,125)’4-1502 =228.125 mm
= P 156.735 % 10° N = 158,735 kN coso o 20=F 28078125 4 555
P 158735 TN 228.125 )
Service lead = 1i5° 1'5 = 105.82 kN Direct shear skress,
. ' . ) '
+. Maximum sepvice load that can be supporied = 2 x 105.82 kN = 211,64 kN a= 7 251015 ‘7; 1(:300 : 1431 .75 14375 o2
—_—— X X X
s ISHB A brackel plate is welded to the column ﬂange a8 shown, T—h; ;olumn::e;u‘u; Shear stress dud lﬁ bising momert,
5
400 @ 759.29 N/m. If a factored load of 115 kN Is required to be supponad by the brackel L | 115x 10° x 261,875 298,125 £ =4 o= L
connecilon then determine the siza of the weld. !f 2 = 19.0341 x 10° - r i ® Ip
N 154N 350 94 2 Nfmm?
\o_250mm | 90 mm ! !
':E' "“‘"‘E’ - - Resullani shear stress, ¢ = Jq? +qZ +2q,g,C058
e 2 2
g o 4(143.75} +[ 3603#] +2(143.75)( 35094] 0.7534 = 47867, o
B 3 t ! { ! {
J_ .. ! Assurning shop welding
. ¥ N . Y = 1.25
" 478.67 L _ 419 _4go371
t B¥m 3x125
Solution: . {2 253mm
Lel = Throal thickness ¢f weld ' ! t 253
Let T = Distance of zentroid of weld group from lelt edge of weld . Size of weld, s = 07 o7 3.61=5mm (say)
- 2252 ;5%1;‘:? - g%%u +r” x0 The figure shows a bracket plate 1o transmit A— 150k
+300+ ; 95
= 78.425mm & reaction of 150 kN a1 en eccentricity of 85 mm from the column =
~ Eceenvricity of load, 200 mm flangs. Design the sultable weld. Assums Fe410 stes! grade and
e={1250- 7)+90 o thickness of brackel plate as 10 mm. Assume shop welding.
= (250-78.125) + 90 Solution: .
= 261.875mm ForsleclofgradcFe410,  f, = ;;0 rhi;m:;
! f, = 250 Nfm *r
3 gl L E
1= 1x300° 2 250t +(250 % 1)150° Partial (actor of safety for malersa'l
12 12 ' =11
Partial factor of salety for shop weld,
= 13,5 105 mm* b [Negrecnngthe leim ~——— 250 xt ] ! Toem = 1.25
300 x5 . 12 Now eilher bult weld or illet weld can be provided
KT R % 2507 : i
I= [ 12‘ +(300 xl)?&.iZS‘}—Z[M 250", (250 (125 - 78.1 25)'*’} Let size of fillet weld = & mm
- -, Eftective throal thickness of weld,
- = a f=07x6=42mm
= [1.831 1 107 + 3.703 { x 10Y] [Negzecur.gthe lerm 30?2’“ } |
! ' 6 M 0.8f, _08x410
= 5.534 1% 10°mm* * 1 . ; - where fuy = 22 o 1515 Nimm”
mm ’ -~ Depthvol bracket plate, d ot 'M where Ly \E'Lr. J— S %125
1




_ [Bx150x1000x 395 1 ;
2x42x1515 =2992mm=280mm (say) |

- Provide 2 bracket plate of depth 260 mm :

Direct shear siress, = J50x1000 2
%= Fx2Boxaz " O BNmm
Flexural stress, [ < 50x1000 2
b 2x280%42 =63.78 Nfmm? ,

Equivalent siress, g = 63.78 + 63.78 = 127.56 Nfmm? |

- An E-section bracket is connected wtha column as shown. The size of weld Is
van web and 10 mm on flangs. Find the safe load that can be carrlag by the connsction.

ARy |

400 m

d & ~L
Solution: ) )
Size of weld onweb (s,J=6mm

- Throal thickness of web weld e} =07 x624,2mm
Size of weld pn fiage () = 10 mm

= Throat thickness of flange we!d,(l,,wu) =07x10=7mm
= Tolal weld area = (280 x 4.2) x 2+ (170 x 7) % 2 = 4732 mm?
Direct shear siress = £ 2

onweld Py Nimm

P
Flexural siress on weld = m)i-zzc%i;

where [ = (170x?}2032x2+% =110.57%10°% rn? ‘
iy

<. Flexutal stress on weld = M: 0.43411Px 100 = -

110.57 x 10° 23035 4: a!
- Equivalent shear stress ()= ‘ja x(_P_.)Z.I. (L)z -
- 4732 2303.4 1761.08
) P
N m < 18837 !
= P < 23335kN

-+ Permissible load in workin iions = 295 _
g conditions = S 22233 kN =~ 222 kiv {say)

f,=240 Nfmm?

Check the safety of joint as shown. Y-soction brackel
pight bolts of 16 mm dlameter used to connect the T-section {39 mm ick)
pracket with the column face. Use stael of grade Fe410 and
polis of grade 4.6

Sofutlen: For sieel ol grade Fe41Q, [, = 410 Nfmm? %

1, = 250 Njmm? \
For bolt of grade 4.6, f, = 400 Nimm? o
e

Hole diameter for 18 mm dia. bolt

dﬂ = 20mm
Partial factor of safely of malerial resistance
governed by yield,
» b0 = 11

Partial factor of salety for material resistance
governed by ullimate siress

Y = 125
Partial (actar of salety for boll malerial
N Yy = 125
Factored lensligload (7} = 180KN

. Horizonlal componentof T,

T, = 180cos 45° = 127 28 kN

Ll

Vertical componenlof 7,
T, = 180sin45" = 127.28 kN
. . 127.28
~ Tension ceming on each bolt dueto T, (T ) = s 15,91kN

Shear comingon eachbaltdugto 7, {V, ) = 12;.28

Here the bolls are in single shear.

n

=15.91kN

Anb’ ub

~ Shear sirength of bollin single shear V= —*
37

Tensile slress area of 1§ mm‘bcll, A= 078x% 5:-(18]2 =198.5 mm?

' T
Note: Tensile area of bolt of dia. d, A, = 0.78x -30’7

Vo = ntlon 1905400y _ 6 67 4y
V37,  J3x1.25
Tensile strength of bokt, Te = 0‘9/,19% = 0.9(400)%31‘—5 N = 64,96 kN
0 .

Ayl Tt = [E « 187 stox % N=72.29 kN

m

A

180 KN

(OK)




For bolls subjected 10 lension and shear, the feliowing interaction formula must be satisfied.

2 2
[—Vi] +(1"-] s1
Vesn Taw
2 2 2 2
s = [ Yo | T 2[15.91) +(15.91)
Vees Ta 3667 64.96
= 0.1882 + 0.05999
= 0.24819
<1 Ok

Thus bolts connecling Ihe T-brackel (o the columin face are sale,
!

- ; : -
In above question, double angle section are used ta connect o the T-section
bracket wilh bolts of grade 4.6. The angls seclions are 10 mm thick. Find lhe number of 18 mm dia,
bolls required,

Solution: ]
The bolls connecling the double angle seclions with T-section bracket will be in double shaar.
. Shear sttgnglh of boll in double shear,

A,-,ﬁlrun - 2x%198.5 x 400

V.. = 2x N =73.35kN
- 3 Tro \[51(1.25
Bearing strength of boll, Vo = 25k,dt Tf"
mb

Minimum pitch {(p} = 2.5 d = 3.5 x 18 = 45 mm = 50 mm (say)
Maximum edge distance for 18 mm bolt (&) = 30 mm 2= 35 mm {say)

e . 35
3d, 3x20
p 50

—-025=-""_._025= R
30, 25 3%20 0.25=0.583
o _ 400

a0 =097
Al

=0.583

¥, = Minimum of ={0.563

~

Thickness (1) = Minimum ol thickness of T-bracke! and aggregate Lhickness of lwo angle section
minimum of 10 mm and {10 + 10) mm
j0mm '

f 1y
Vg = 2.5k, Ot~ = 2.5(0.583)18(10)-12. N = 86,05 kN
o ] 1.25

Strength ol boll = Minimum of Vi and ¥ s
= 73.35kN

180
, | i = -—==245D =4 bol
No, of bolt required 7595 olls=4 bolis

.. Provide 4 nos. 18 mm dia bolts

(say)

Design a sulteble fiilet welded bracket connaciion if a working load of 105 kN
Is acting al &n eccentricity of 140 mm. The thickness of bracket plate ls 12 mm. The column section Is
ISHB 300 @ 618 Nim. 8

/

F

Solution:
Serviceload = 105kN
; Factoredload{P) = 1.5 x 105 &N = 157.5kN
Let sizd'of weld () = 8mm
. Throat thicmﬁ%‘?! weld() =0.75=07xB=56mm

f, 410
Strengtholweld{f )= —4—=———
siholveldth = oy = TEnrs

: fGM _ [6x157.5%x1000% 140 = 249,76 mm =~ 270 mm {say)

Ve, ¥ 2x56x188.37

N/mm?. = 188.37 Nimm?

Depth of weld required (5) =

P 157.5x100D

Di m o= - 52,08 Nimm?
Direct shear stress {q) %5~ 2x5.6%270 52 Hul
T M_ 6M  Bx157.5x3000x140
Bending stress () = T uE T 2x56%aTdR =162.04 Nfmm?

Equivalent stress {f)) = JfZ +3q° = /162,042 + 3x 52.08°

= 185.46 Nfmm? o

< 189.37 N/mm? (CK)

! Is 6 mm on web and 10 mm on flange. Find the safe {oad that can be carrisd by 1he connection.

e
[ 240 m

400

" ap0
Y - L7,
ne—m

280

Solutipn:
Size of weld onweb {s,) = 6 mm
~Throat thickness of web weld {1, ,}=0.7 x 6= 4.2mm

Size of weld on flange {5) = 10mm




- Throat thickness of flange weld { _,,,g‘:} =07 % 10=7mm
-~ Tolal weld area = X4.2)%x 2+ {170 x 7) ¢ 2 = 4732 mm?

Direct shear stress onweld = WP- Nfmm?

Px 250
Flexural siresson weld = ( 11200
4.2
where I= (17{}x 712002 x 2+ xé&o -1L2 8832 % 10% mm*
t? i |
Flexural siress onweld = -5—*—1 :g:f;?; =0.42399P %107 :__2055664
Equivalont shear stress (£) = J +[ P Y = P
47..25 2057.664 1806.88
Design stress of weld = -4——~—-439-—a=; mim?
wﬂ.’m Brizs 89.37 Nfmm
. _F_
- T < 1asa7 )
= P 35? 344N - i
.~ Permissible Icad inworking conditions
el 357.34
=5 - 238.23 kN

-+ ‘Ohjectivé Brain Teasers:

Q.1 The moment of resistance of clip angle is: {c) Single shear with no bearing at all

(a) 0.2112—-!"— (b} D.61° & {d) Daub{eshearand‘bearing
Yo Yra Q.4 Given below are some of the slatemenis
f f, regarding end plate connecti
© o 10122 . P ore:
Tro (@) . {iy End plate is welded to lhe beam end

{ii} End plates exiend above and below lhe
beam seclion,
{iif} End piate’ﬂdv\ed 1o the colurnn flange.
This conneclion is classilied as:
-(a) Rigid and Lmskfiened
{b} Rigid and stilfened
{e) Fiexible and sliffened
{d) Flexible and unstiffened

Q.2 The beam-calumn flexible connection tesist and
transler '
{a} Only moment
{b} Both shear and moment
{c} Shearonly
{d} 10% shaar and 50% moment

Q.3 infamed connections, the bolts connecting the

web of beamtoconnectinganglesaresubjected Q.5
o

{8} Double shear with no bearing at alf

{b) Single shear and bearing

The major dillicuily in analyzing lhe brackel

connection lype-| by ulimate analysis method is:

(i) Determination on non-Fnear bolt deformation
relationship for each and every boit.

(i) Localing Ihe instantaneous center of rotation.

(i) a cumbersome Irial and error method is
required.

Ol the above slatements, the correcl one(s)

is{are):

{a) (i) and (i) () (i) and (i)

{c) (ilyand (iii) {d) (). (i} and (iii)

0.6 Thebearing length of seat angle in beam-column
conneclion is given by, '

R,‘}',m . At
1.5 —ALlmd
(@) —— Tl (o) o
(€ 1.5 Aten (0) 1.1——%{
whyw !\v e

Q.7 In practice, all of ha connections fall in the
calegory of
{a) Rigid connection
{o) Semi-rigid connection

ohven

Q.1 15MB 300 @ 402 N/m transmils an end reaclion
o 402 kN tothe flange of ISHB 300 @ 618 kN/m.
Design a suilable:

{ij Unstillened seat connection.
{ii) Stillened seat connection.

Q.2 ISMB 200 @ 243 Nfm Iransmits a working rezction
of B0KN and a working moment of 90 km to the
flange of ISHB 225 @ 423 Nfm, Design \he
(i} shopwelded connection
{i) silewelded conneclion
(i} bolled connection

Q.3 Forthe ligure, design the suigable weld,

200 WN
— i
. _1B5mm 105 mm I
E
£
W
o™~
~
-+— ISHB 300 @ 577 H'm

- \\ \xJ"n L% T

LILES
.;..‘..al'_{‘ ‘axu ».'h LA

{c) Flexible connection
(d) Datainsufficient

Q.8 Which ol the lollowing statemenl(s) is(are) rug
w.r.{. design of moment and eccentric
conneclions?

1. Momant resistant connections are assumed
lo develop 80% or more of the hxed end
moment.

2. Plexible connections are assumed lo develop
nol more 25% af the momenl.

(@ tonly

(b) 2only

(c) Bolh 1and2

{d) Naither 1 and nor 2

3 (@) 4 () 5. o

8. {¢)

@ 2@

6. (a) 7. (B

e AL

Q.4 In the figure, design the connection with 4.6
grade bolls.
200 &N
185 mm 105 mm
¥
3 !
£ :
& !
o '
ISHB 300 @ 577 M/m
A
N

Q.5 Aload of 160 kN is 1o be ransmnted through a
bsackel plate 14 m lhick welded to flange of
cclumn seclion ISHB 400 @ 806 N/m. The
eccentricily of load from the columnface is 113
mm. Design the conneclion using
(1) v.eld 1o be done al sile
{ii) bolts of grade 4.6.

(]



