Rivetted, Bolted and Pinned Connections

2.1 Connections
Conneclions are (he weakest point of failure in a slruclure and thus need to be properly anatyzed and
designed.

The various types of fasleners available for making conneclions are rivats, bolls, pins and {he welds.
Bolting has becoma so much popular that high strenglh bolls has almost ceplaced rivets now.

2.2

essontial for assassing I en of.lha ;olnl and alzo for rehabilitation of old struclures.
Analysis and design of rweled cnnnecllon is almosl same as \hat o! bolled connection.

Arivel is maca up /o1 & round ductile steel bar of mIId or high tensile steel which s called as shank
with 2 head al ane o! its ends This head ¢an be of dxﬂerem shapes some of them are as shown in
Fig. 2.1,
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Fig. 2.1 Typesofnivet, thelrgripond fength

Cl. 17.4.1 of IS 800:2007slales that rivels should be heated unilormly and that loo throughout the
length withoul burning or excessive scaling and shall be of siandard lengih fo provide a head of
standard dimension. *

When rivets are driven then these shall fill the rivet holes complately,



» Grip: The grip of tha rivet is the distance between the undersides of the two heads i.e. shank lenglh
inside Ine cannection as shovn inFig. 2.1{e). In casa grip ol the rival becomes longer than what is
required (hen rivet will be subjected to flexural siresses in addition to shear and bearing stresses.

The grip lenglh of a rivel must not be more than lour times the rivet dlameter. The dlamater of
1he shank is referred lo as nominal diameler of the rivet. A hole slighlly greater 1hal'n the -
nominal diarmaler is drilled through the paris to be connected, ths rivael is inserled and head is
formed at the olher end of the shank. This whole process is called as riveting.

- Asper Cl, 17.4.2 of IS 800:2007 for conneclions having mulliple rivets, a service boll shallba
provided in every third of the fourth rivet hole. For connecliong having single rivets, all connected
parls must be held lirmly belore end alier the riveting.

|| o

*  Rivets when heated belore driving are called as hot driven fleld rivats {when placed in fistd} or hot
driven shop rivels (when placed inworkshop).

*  The diameter of hol rivat is equal la the rivet hole diareter and s called as gross diameter.

* . Hotrivetis plaslic, expands and fills ihe hole completely while forming head at lhe other end of the
rivet shank. 8ul on ¢ooling, the rivet shrinks bolh in diameter and length. Due o this shrinkage in
rivalienglh, the connocted parls get stressed resulling in residual tension of unknown amount in the
shank and some compression in the plates to be connecled.

* Colddrivenrivels i.e. rivels driven at room lemperalure requirs high pressure for head formalion at
room lemperalure and thus its use is limited.

Remember  The slrength of cold driven rivel is more than hol driven rivet but thelr clamplng lorce is less as
the cold driven rivets do nol shrink Iike hot driven rivels. Rivel heads for small diameler civels

9 can be lormed manually with an ordinary hammer and are relerred 10 as band driven rivels.
221 Material of the Rivet

As per Cl. 2.3.2 of IS B00:2007, rivels should confonm to IS 1929:1982 and [S 2155:1982.

Cl. 2.3.3 0l IS BCO: 2007 siates ihat high tensile stee! rivets should be made from steel conforming to 1S
1149:1982. ‘

NOTE: As per Cl. 17.4.4 of IS 800:2007, all loose, burnl and daleclive rivats must be cut out and get
replaced well belore e struclure is loaded.

2.2.2 Symbaolsfor Rivets

1

Table 2.7 Rivet symbol

Round head | C Countarsunk | Cour
both sidos naar side . far sido beth sida

Shop rivoly O G ® ®
riasriots | () @ ®

Daoseription

223 Pattéms Used in Riveted Joint

The commonly used rivel palterns are chain riveling (Fig. 2.2 (a)), diamend riveting (Fig. 2.2 {bj),
staggered riveting (Fig. 2.2 (¢) and {d}).
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Fig. 2.2 Patems usedinriveledjoint

NOTE The design of riveted connection is alrmost same as thal of bolted connection with the only
—'i difference that in riveled connection, the diameler {0 be used in calculglions s the diameter of

rivel hole whereas in bolled conneclion, it is the nominal diameter of the bolt. Apart from thal,
the requirements for pilch and edge distances are 1he same as that of bolied conneclions.

2.3 Bolted Connection

» Aboltisasorlof threaded pin with head a1 one end and threads on other end of the shank to receive
nut as shown in Fig. 2.3 (a). )

* Bolt Lenglh: The bolt lengih is the distance from the boltom of bolt head to the end of baolt.

*  Grip Lenglh: Grip of the bolt is the dislance from bottom of the bolt head 10 the back of the washer.

¢ Sleel washsers: The sleal washers are provided below the boll head and under the nut (o distribule
the clamping pressure on the bolled member and to prevent threaded poriion ol the bolt from
bearing on lhg connecting parts.

¢ The holes required for placing the bolts for making connection may eilher be drilled or punched.
Punching is preferred byy commercial {abricators since if is simple, lime saving and economic but
this reducoes the duclility and loughness rendering the material susceplible 1o battie fraciure.

23.1 Usesof Boits
(8) Connection of tension and compression memtyers,
{b} Fabrication of compound and buili-up seclions consisting of two or more sections.



{c) Ashold down bolts to hold the colurmn basesin posilion, ;oxnmg%e column caps with shoe plales (of
trusses) elc.

Advantages and Disadvantages of Polted Connccﬂons oveer Rweted Connactions

Advantages:

{a) Bolted connecilons facililate faster er2ction of structure, '

{b) Nolloo much skilled labours ase req..ired for making the boltediconnections.

{c} Bolled connection is more economizal than rivalgd connection-bacause cost of skilled labour is
reduced as well as cquipmenl cosi¢ are also very loss, 'y

Disadvantagas: :

{a) The cost ol malerialis high almost wwice that of rivets.

{b) Because of reduced area atthe roat ol the thread, the tensile str&‘ th of the boll is reduced and also
stress concentfauon occurs, '

{c) Bolisare usuafiy of low ﬁ! (except the lurned! bolls) a

{d} In case ol dynam!c loads where v'bratzﬁns occu
loosenedup. . - .

5

rd lhu’s thd Fave 1 reduced slrenglh

Classification of Bolted Cdnnectionﬁ

loaded fehs!on ar compress;o:-n mernber
{m Eecsmric connacﬁon Here the load an is aw:ay from the CG of the conneclion. e.g. Bracket

(b} Classmcatton based on the type ¢! ferc Ay .
{i} Tenslon connsctbon' Here the load gel ) ansfar:ed 1hroyg‘n' tenslon on bolls. 8.g. Hanger
conneclion !
(I} Sheer connaction: Here the load gals !ranslarrad lhrough snaar. a.g. Lap join, bull joint elc.
{ilty Combined shear and tenslon connaction: This typa of dontiection is required when an inclined
member is lo be connected to a column through bracket & Q. Gor.nechon tobracings
(c) Clessification based on the type of force machanlsm
{1} Bearing cannection: Here the bolts bear against the ho!es to ransfer the road eq, Slip lype
connection.
{li} Friction conneclion: Here the foad is Iranslerred by friction bewf\qe plales due totansioning
of bolis. e.g. Slip ¢ritical connection, s
I
o i

Types of Bolts B
{a) Unfinlshed bolts

¢ Theselypesolbolis are also called as ordinary, common, rough or tlack balts. These are commonly
used inlight structures subjected primarily lo stalic loads and for seeondary members like purling,
bracinas efe.

*  Theyare not suitable and also not recommendad for connections subjected toimpacl loads, vibrations
and latigue.

« These bolts are made [rom low carbon sleel (circular cods) by torging process. The ordinary struclural
bolts are tabricated [rom mild steel rods wilh either a square ar a hexagonal head.

+ Square headsd bolt costs less but hexagonal headed boli gives belter aeslhelics, are easier to hold
by wrenches and requires less urning space.

« These1ypes of bolls are available in diameters ranging from 5 mm to 36 mm and are designated as
M5 to M35.

+ llisrecommended by IS BOO that lha nel lensile area of bolt 1o be considered is Lthe area of the rool
of the threads and is given in Table 2.2, Somelimes Lhis area is also called as stress area or lhe
proof area,
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Fig. 2.3 Unfinished or ordinary bolts

Table 2.2 Tensile Stresses area of bolts

Boll afzn, o {mm} 12 16 20 22 29 27 30 16

Tonsllo stross aroa{mim)| B43 157 25 300 353 459 561 817
¥
1]

NOTE: In the absence of Tahls 2.2, then as per IS 1367 (Part 1) lhe ralio o} nel tensile area al 100! of the

. . . - K
threads to nominal plain shank area of the bolt is taken as 0.78 l.e., lensile stress area of boll -"-'0.7320"" .

+ Thebolls can be placed in standard size, over size, short slolled or the long slotied hales as shown
in Fig. 2.4. Table 19 of IS B00:2007 gives clearances for the ball holes.

NOTE: When wind load and earlhquake loads are considered, parmissible stresses in slruclural steel and
conneclions (i.e., rivetyboll or weld) are increased by 33.33% and 25% respeclivaly.
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Fig. 2.4 Representation of a typical bolt figle (for Jﬁmn-gdiﬁmererbotlj

The nuls on bolls are tightened with spud wrenches producing little lension and are referced ta as
sung tight balls, Somalimes a hole is drilled through the bolt and a cotter pinwith casiellated nutis

used to prevent the nut from turning aut from the boll as shown is Fig. 2.3 {c).

Bolts of grade (or class) 3.6 o 12.9 are available and among them the most commonly used ones are
lhe grade 4.6 and grade 8.8.

"
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What does grads {or ¢lass) of a bolt Imply?
Bolts are classed as grade x.y where x represents 1/100% of the nominal lensile strength ang
¥y represents the ratio of yield stress to ultimale stress.

For e)éainp!e: A bolt of grade 4.6 Impfies that the ultimale 1ensile strength of the bolt is
400 N/mm2and yield stength is 0.6 x 400 = 240 Njmm2.
Table 2.3 Tensfle Properties of bolt
rduiti Yisld siross, Pf‘:f:;“::":’rf“:“‘“ Elﬁnaall‘!lon
U] . percantage
fNtme) (in) {0 (W/mem’) (i) {min)
18 180 330 25
4B 240 400 22
socrten | 22 = = .
(’:::G; 58 400 520 10
6.8 480 600 8
8.8{d < 16 mm) 840 BOD 12
B.B{d> 16 mm) 660 B30 12
9.8 720 , 200 10
109 940 1040 s
12.9 1100 1220 8
High strangth bolts

-Highsirenglh bolts areabricated from bars of medium carbon heal treated steel and from Ihe alioy

steel.

Their high sirengih is obtained irom the quenching process lollowed by the termpering process or by
the alloying sleel.

-

L d

-

Thess lypes of bolls may be tightened to very high tensila stresses, ebout twice or more times the
ordinary bolls. This allows the load lo be (ransterred through friction and not by shear,

The conlact surfaces must be iree of paint, grease, rust or the mill scales which will otherwise
‘pravent the solid contacl between the surfaces and thereby lowering the sfip factor.

Due 1o friction belween the contact surlaces, the possible slip in the joint {which is present with
ordinary bolis} is entirely eliminated. This friclionis developed by applying a normal load tothe joint
by tightening these bolls lo proo! load, Thus these bolis are also relerred lo as friction type bolis.
*Joints using high strength friclion grip bolts are called as nonslip connsctlon or slip critical
connectlon ;ppé[rlc!ion type connection.

Slegl washers of hard carburized sles! are used lo uniformly disiribute lhe clamping prassure on the

bolied rﬁawﬂr and to prevenl lhe threaded portion of the boll {rom bearing on the connecling

,points,
Table2.4Typlcal Mean Volues for Coefficlent of Friction {p,}

Sl. No. Trostment of Surfocs Coofficiont of friction {3
[0} Surfscos not traated. 0.20
{i} Surfaces blastedwilh shotargritwithany leosa rust d, na pining 050
{ill) Surfaces blastedwith shotor gritand hot-dipgalvanized. Q.10
{iv) Sudacos blasted wih shot or grit and spray malelilzed with Znc (thlckness az5
S0-70 ).

{v} Surfacos dlasied with shot or grit ord palnied with cthyizine siicale coat 030
{thickness 30-60 prj.

(L] Sand diasted sun:taoe. efiarfightrusing. 0.52

{vil} Surfaces bl_:s!od with shot or grit and palnled wilti ethylzine silicate coat 0.30
(thichnass 60-80 pra).

{wil) | Surfacos blasied with shol or grk and palniod with clcalizing sikeato coat 0.3
(thicknass 60-80 im).

164 Surface Yasted with shol o gt ond spay metallized with aluminium 050
{thicknoss > 50 itm).

{x} Cleanmill scnla, 033

{xi} Sond Blasted surdpse, D48

(xil) Red bght painied surface. a4
Washor Washer

P:ﬁ-dlal Ghm.k.ﬂ o i el Parglicl shank l
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(3] Typos of high-strengih bolls

{b) Sip rosistanca
Fig, 2.5 Bolted connection of highstrengthbolts



: - H {i) Fersama strenglh, less number of bolts are required as compared lo the number of rivets or ordinary
M lncaseof high strangth bol: ts, care must be hken fo ﬁgmﬁ the Bialt up 1o the required lanalun 3 bolis raquired thereby offering economy in conslruction.

BEsAs
g . otherwisé siip may ocour ateeivioe loads ardthe Iolnl wxlfbehava Ilkeanordlnary,bulled Joml. : (i) This cosl further gets reduced as less number of persons are required for making the connection.

The corect shank tensitn | s an hieved enhe« w part lummg malhod or, by torque cnntml

method or by employing load | wzﬂcailng wachsts. In case bolls are tlghlaned by part’ turning - 235 Typesof Bolted Joints

method also called as turm of nut methad, the nulis mada snug and Is ughtaned ahall um : Il he Joad line is assumed 1o pass through the CG of the boll group then Ihere are two lypes of bolted
more by hand wrenches; ther: 1ha washers argsnot TEQU"Ed This matfod is used lor maklng : joints viz. 1ap JoInt and buit joint. The other case i.e. whan tha load ting does nol pass through the CG of tha boll
bearing type connactions whare bolts are rstired to provice enough tenslon {oihe cantaal . group gives rise lo eccentiic connections.’

surfaces sa that they bear on each other” In torgue conlrol mathod, a power operated ora”
hand wrench is used to apply a specilied tarque to the ndlL. In load indIGating washer type
connection, the vashers are projected as shavmin Fig-2.6 (a) which crushes downasthe boll -
is lightened. Fig, 2.6 (b) and {c} show lhe bc‘!nd {omt su {uco before and aner nghtenmg lha
balt respeclively.

{a) Lap Joint .

e Herelhe lwo members to be connecled are overlapped and jointed as shown in Fig. 2.7 (a).

e Fig. 2.7 {b and ¢} shows respetlively the single bolted lap joint and the double balted lap joinl. The
load lines in the two members of lap joint do nol caincide and hence fap joint has an eccentricity

. leading to the formation of an undesirable couple there by , inducing tension in boll which may lead to

Load indicaior shor bl hasd - . tailure of joint as shown in Fig. 2.7 (d).

* Due lothis eccentricity onty, the siresses ara dislributed unevenly across the contact area betwaen
the bolts and membars to be connecled.

+ Cl. 10.5.1.2 of IS 800:2007 slates that minlmum length of lap shall not be less than four times
the thickness of thinner pad belrlg onnled or 40 mm, whichever is more.

(b} Butt joint :

« Here the two members o be connecled are placed end to end thereby bringing (he load lines in the
two members in one line and reducing eccentricity to almost zero.

(a}Load Indicator wnsher (k] Bafora tighlening * {«¢) After tightening . = Additional cover plale(s) on either side or bolh sidss can be provided to conneclt the main plates as
shown in Fig. 2,7 (e and h).

¢ Thebutljointiscalled as single cover bult joint if the plate is provided only on one side of the main
plate (Fig. 2.7 (e, t and g}) and is called as double cover butt joint if the plates are provided on
bolh the sides of the main ptale (Fig. 2.7 (h, i and ])).

s Fig. 2.7 (x and I) shows the transter ol forces in iap joinl and double cover buil joint respectively.

Fig.2.6 fixing of balts withloed indicating washers

*  Highslrength bolts are available in sizes of 16 mm lo 38mm and are designated as M16, M20, M24
and M30.

* Thesa bolls are identilied as 85, 8.88, 1085 or 10. QS marked an the bolt head where the lelter §
tepresenis ‘high sirength’. Most commonly used belils are 8.85 and 10.98.

* [S3757:1985and IS 4000:1982 lay down Ihe specificalions fm high strength boits.

Advaniagss of high strength bolts:

{a} Thereisnoslip between lhe members i.e, HSFG bo’ts provide rigid connection.

{b) Large tensile siresses are developad in the bolt wnich in tumn provide large clamping force 10 the
connecling members and due 1o which high frictional resistlance is developed Ihereby providing a

high strength to the jaint. ¥
{c} Because of the clamping aclion, load is ranslerred through friction only and no shear ar bearing
siresses get developed on the balis. Y ' {a} Lap jolnt (b) Singlo boltod fap folnt
{d) As kictional resistance s effeclive outside the boll hole and thus lesser load is transmitted through
the net secionwhich reduces the susceptibility of the failure at nel section. ° o Z
(e} Thereis no siress concentration in the holes and thus fatigue strengih is more, 0 0 !
{) Thereisuniform tension in the bolls and more over baolls are lensionead up (o the proof load and thus 0ol

this prevents the nuls from leosening.
{g) Becauscol the absence of hammaring (like in rivels), noise nuizance is low. -
th) I offers easy alterations. { <) Daubla bolted lap Jaint (S} Eccontriclty In lap jolnt
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Fig. 2.7 Boltedjoints

Advanlages of bult joint over lap-joint:

{8} AsshovminFlg. 2.7 {I}, the total shear that gals ranslerred through double cover butt joint is aimost
nall of that of lap joint (Flg. 2.7 {(k)}.

{b) In case of double cover bult joint, there does nol exisl the eccentricity of load fine and hence
bending is eliminaled. Bul lhis bending exists in ap joint.

Do
Yo

2.4

2.5

. Why washers are provided in bellad connections? L
,  The bolts are provided wilh washers where full bearing area of the boltisto ba dewe!opad“lba

Know @ wesher pr,ovlded under the nut musl be of sulficient thickness so that no paition of Weaded

bon cumesvtmhm thethickness or the parls botted togelherunlessthesamehmbeenmed
L forin qeﬁu (Cl. 17.5.1 of IS BOQ:2007). -

Mechanism of Load Transfer Through Bolts
» Thewansler of force from one member lo another depends on the lype of boll being used.,

« Thislransler of [orce mechanism may be either bearing type where load irensier occurs by shearing
and bearing or slip-criflcal/slip-resistant where load transfer cccurs by Iriction,

« In slip resislant connections, the entire force is ransmilted through friction and 1he joints are nol
really subjecled fo shear or bearing. The bolls ere first brought 1o sung tight condition and then
tightened further. Jolnts with so lightened balls are relerred o as pre-tensioned joints. Bul when
1he load exceeds the [riclional resistance then slippage ocours and consequently the bolis will be
subjected to shear and bearing and will behave iike a bearing type joinl.

+ When high sirength bolis are not tighlened sulficiently so as o signiicanlly squeeze (he plates
lagether, there will be a negligible friction belween the plates. On load application, the plates slip a
litle and the load will tend lo shear off ihe bolts on the interface and press or bear against the side
of the bolls. Now the {oad {ransfer will be like bearing type connection.

Failure of Bolted Joints

{a) Shear fallure of bolts : When plates slip due to the applied forces, shear siresses are gencrated. It
may be possible that maximum lactored shear lorce excesds the shear capacily of the bolt. Shear
tailure of bolt takes place at boll shear plane. Howevar lhe bolt may fail in single shear or double
shear as shown in Fig. 2.8 {a).

{b} Bearing failure of balls : Here the bolt gets crushed around a semi-Circumierence. The plate may
be sirong in bearing and il may happen 1hat (he heaviest stressed plale may press the boll shank as
shownin Fig. 2.8 (b}. In general bearing failure of bolts e nol occur in praclice except when the
plales are made gf high strengih steel and ihe corresponding bolts are of low grade steel.

{c) Tenslon failure of bolis : Bolls subjected to tension may fail at the stress area. In case any of the
connecling plates are llexible encugh then in Ihat case additional {orces due to prying action has
also lo be considered.

{d) Tension/tearing lailure of plates ; Tension failure of plates occurs when holls are stronger than the

plates. Tension on both the gross area (i.e. yielding) and the net effective area (i.e. rupture} must be:
considered. Fig. 2.8 {d) shows the lension failure of plate in ruplure.




(e) Bearing fallure of plales : When orcinary bolls a7 subject

m

to shear forces then slip takes place
155 bla thal plale may get crushed if the
1g. 2.8 (b). This bearing failure getg

and bolls come in conlact with the plates. it may be quile
plate material Is weaker than the bolt materia! zs shown
complicated turther due to the presenca of nearhy ball o

arrisss of an edge inthe load direclion, |

The bearing sirenglh gals aliccied by boll spacing and the edge dislance. Ona of the possiblg

made of failurs resulting from 1o much bearing is the sheégt tear-oul at the end of he connected
member as shownin Fig. 2.8 (c).

Block shear failure : Many a times bolls may Have been mc.ed al a lesser end-dislance than
required which may fead to plates 10 shaar oul which can i
distance. Fig. 2.8 {g) shows ihe failure of joint in block shear (4iiure which may occur when a bloek
of a malerial within the bolted area breaks away from the rgm.,mmg of the area. This possibliity of

fallureincreasos i bolls used are of high strenglh and lewerbolis are used for making lhg connection.

Inthis type of failure, shear onone plane and 1er;

101 on perpiendicular plane cccurs leading lo fall of
aportionof plate. ;

Singloshear Boslé shear
{a} Shaarlng at ot ahank
e G |
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{t] Baaring onplalo and boit {c) Shour tonr-gut of plote
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{d) Tenston falluro of plate

Fig. 2.8 Various types of foilure in bolted joints

Dbe avoided by adharence lo edge |
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Pitch

specifications for the Bolted Joints

Dlameter of the Bolt

« Fawer the number of bolls lasser will the holes required for bolls and less Inslallation work.

« It is more economical lo have less number of large diameter belts than more number of small
diamaler bolts.

« Thelarge diameler bolls are patticularly favorable where shear governs Lhe design because the boll
capacily in shear vafies in proportion lo the square of the boll diameter.

Spacing of Bolt Holes
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{a) Doubla-cover bukt Joint (b} Lop Joint with wida plates

Fig. 2.9 Spacing of holes in bolted Joint

= Pitch {p) is the distance batween the cenlers of twa conseoulive balls in the direct:on of load ie.
along the line paralle! lo the stress in (he member. When bolls are placed in a staggered fashion
thenilis referred as staggered pitch.
{a) Minimom pitch
¢ Aminimum pitch must be ensurad belween the bolts because of the lollowing reasons.
{i) Toprevent bearing lailure of members between Lhe two bolis,
(i) Toeaseininstaliaiion of bolls i.e. sufficient space must be ensured lo lighten the bolts, prevent
overlapping of the washers and provide adequate resislance to tear-out of the bolts.

* The canter 1o cenrer distance belween the holes should nol be less than 2.5 timas the nominal
diameter of bolt. When polts are placed at a dislance lesser than this then very liltle clearance is lefl
belwean the bolts'and installation of bolis become difficult.

{b) Maximum pitch

* Maximumn pitchis ensured (or the foliowing reasons:

(i) Toreduce the length of joint and of gusset plate.

(i} To have uniform stress in the bolls. It is assurmed that load cn the jointis equally distribuled
among all the bolls. In case of short langth joints, a redistribution of lotces in the bolls occurs
due {o plastic action and Ihus the bolts will share Ihe load equally. However this is true wihen
there are only a few bolls in a line,



Gauge

« Incase ol long joinis {> 15 times lhe boll diameter), the shear stress dislribution is not uniform
and bolts at the ends are slressed more as shown in Fig. 2.10.

_LT
~ fom T — I
Botts~—| >
_.H . >
» ' ;
T ¥ =Tenslo lorce !
T n = Number of boils
({a)Boaring-typa {b) Assumad shoar {c) Actual shoor
connaction distibulion (igid platas) distribution{clostie platas)

Flg.2.10Distribution of shear stressInlong bofiedjoints

{c) Limits on Maximum Pitch:

(i) The canter lo center dislance batween the lwo conseculive bolls inthe direction of pilch should
not excead 16 tor 200 mmwhichevaris tess', in tension and 12 {or 200 mm whichever is less,
in compresslon..In case of compression membear where lorces arg transmitted through butting
face, this dislance musl not exceed 4.5 imas he bolt diamaler and lor a distance Irom Lhe
bulling face, equal 1o 1.5 limes lha widih of the membar, where tis the thickness ol thinner
oulside nlate {ln mm}.

{i) The center tocenler distance between ths two adjacent bolls should nol exceed 324 or 300 mm
whichever is less.

(it} The center lo center dislance between any lwo adjacenl bolis in a line adjacent and paralielto
an edge of the oulside plate should not exceed (4t + 100 mm} or 200 mm whichever is less.

{v) Incase of slaggered bolls at equalinlervals and gauge does not exceed 75 mm, the dislance
as givenin (i) and (iif) above should be increesed by 50% subject to a maximum as givenin (i)
abave. }

The gauge (g) is Ihe distance between the adjacenl boll linas or distance belvseen the back of rolled

section and (he first line of bolls, or the center to cenler dislance between lhe wo canseculive bolls measured
along the widih of \he member. The tlerms bolt lines and gauge linas are used synonymnusly.
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Edge Distance !
« [tis the distance from the center ol bolt lo the adjacent edge in a direction normal Lo he direction of
slress. :
*  Boll holes musl not be placed loo close 1o the edge because of the foltowing reasons:
(a} Tension {ailure of plates may lake place.
{b) The steel of the plate opposile to the hole may bulge oul and leading 1o crack.

2.64

Table 2.5 Bolt hole dlameterand minimum edge distance of bolts

wE .| Distaneato, . | Distance torolied,

Nominal Sametar | Holo m@oxar shoarwd orhand - machine flame cul;

*g! ho.ld {‘d) {mm) | {dyord) {mm} ‘flama cist odge om) | - m';‘; )?;::::;d .
12 13 20 12
14 15 2% 23
16 18 30 27
3 20 34 30
20 22 37 a3
LS ] 24 w0 3%
24 26 44 38
\".vﬂi a0 51 as
Ry 33 58 50

Ovor Bmm Bslt d;nrncier 1.7 » holo diametes | 1.5 = hole diomelos

*3mm

The maximum edge dislance to the nearest line of bolls from an edge of any unslilfenad pant should
notexceed 12fewheree = JESO_{I, where {is the thickness ol thinner cuter plate. Thisis proposed
so as lo reducs the chances of moisture gelling between the pars.

When fasteners are too far apari from the edges of ihe parts being connected, in thal case, the
edges may sometimes separate thus aflowing the entry of moisture thereby leading to corresion
causing enhanced separation of paris.

TacKing Bolts .

,These are also called as stitch balls and are provided so that the connecled sections (wheh twoor
‘more sections are in conlact) act as single unit i.e. in unison,

These are provided when the cenler to center dislance belween the two consecutive bolts exceed
12t or 200 mm whichever is less in compression and 16¢ or 200 mm whichever is less in tension.
Thesa bolls are not subjecied fo Ihe calculated siresses.

1Tacking or stilch bolts should comply with tha tollowing requiremenis:

{a} Tacking bolls should have a piich in fine not exceeding 321 or 300 mm whichever is less.
WhenitTs exposed 1o wealher then pitch inline should notexceed 16{ or 200 mm whichever is
less. In both of these cases, the line of bolls should not be aparl al a disiance greater than
lhese pitches. i

' (b} When T-seclion, angle seclions or channel sections are used:
(i) Maximum pilch ol 1acking bolts should not excecd 600 mm for compression members.
(i) Maximum pitch of facking bolts should not exceed 1000 mm for tension members.

2.6.5 Combination of Fasteners .

When dilferent iypes of fasleners are used to carry the shear siresses or when a combipation of

welding and fasleners is used then one {ype of tasiener should normally be designed io carry the

(otal load.

C1.10.1.5 of ($:800:2007 gives an exception (o this wheren i is slated that fully lensioned Iriction
) : grip bolls may be designed 10 share the foad with welding provided the bolis are {ully tightencd to

develop the necessary pretension before welding.



.7

Bearing Type Connection

L3

B
In case of bearing lype connections, il is assumed that Joad io be tfans!errad is grealer lhan the
frictional resistance developed due 1o lightening of bolts and thus members slip over each other
liltle thereby placing the bolts in shear and bearing.

Inthe bearing lype conneclion, the threads of the bolt may ba:. ncluded or excluded from the plane
of shear. The bolis can be inserted from cither side of lhe connec lion.
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Shear Strength of Bolte

= Theshank o the bolt shears along the plane of slip i.e. atinfériace.

* The number of planes along which a bolt can gei shearad md. ates lhe number of shea i.e. single
shear or the double shear. -

=  Theresistance of bollin shearis raterred to as shear capacny of tolt denoted as Visp 1dEpENds on
the ultimale 1ensi es!rength ol the bolt f ., the number of shear planes n, the nominal area of shank
Ay, andthe net tansile stresg area A of boll in each shear plans.

= The nominal shear capacity of a boll s given by, )

A+ AAs) ~(2)
J‘

* The ncminal shear capaclty of balts for long joints, long grip length and with packing plates (il

provided) will be less and is modifiad as
Vi = %(nmwk%)ﬂ@&;g&w A22)
where £, = Ultimate tensile strength of the bolt

Strength of bolt i3 the minimum of sirength in shear, bearing and tenslon (if present). Thus
strength of one-boll wheh mL ‘liplied with the r.umber of ﬂw«» will give the sirength of joint on
the basis of bolts but & joint failure can oceu: aither in tm of in piate. Thus Ihe sirength ola
jointis the minimum o strength ol bolt and tensila strengmo plate {(point &, band drespecliviey
" of seclion 2.5). The remalning types of lailure: as specilied in Section 2.5 can be avoxded by "
‘adhering to specmcaﬂonsof edge distance, end dislante etc.

i

n, = Numberof shear planes with threads mlerceplmg the shear plane,
= Numberof shear planes without threads i intercepting the shear plane
Bs = Reduction factor to aliow for the ovetlpading of the énd bolts occurring in long connections
B, = Reduction factor lo allow for the effectof large grip lggath
Buy = Reduction facter lo account for packing plates in ‘4&1&; ol 6mm

1

o

—_E

Shear Plane =

=

]
%....
i

Shear Plano

(3] Tareads Includad Injha Shesr Plane (b} Threads oxcluded In the Shoar Plane

Fig.2.11 Boltinshear

plales ara havlng tha lenclency to move paranel from each other but inopposila direction. The
!hreads o the bclt may gilher fall In shear plana of may,not fall in shear plane. The capacity of
’the ball m shear ls greatar wnm Ihreads excluded from lhe shear plane,

. For boll lo be ..aIe in shear lhe srrenglh ol bott v, i.e. Ihe maximum raclofeu shear farce the boll
can carry should be greater than the design shear sirength of the boit V., i
Vi 2 Vi
¢ The design shear sirength of bolt is ‘given by,

Vo = Yase {2.3)
Yo -

whare ¥, = Partia! {actor of salely (or the bolt malerial = 1.25
Thus design shear sirenglh of the boll can be expressad as,

Vay '
Vp = E:' Ji - Z 0y Ay + 0, A BB B iy ~{2.4)--

& - For WSM, perrmsslhla shearing stress = 100 MPa,

. Tha lhread of tha bou may’ occurin shear plane and thus effective area for resisiing shear

3 ”-ls laken asnel lenssla stress areaof (he bolt A, . For bolls whose neltensile siress arga is

"‘,nol dofined, A, is; taken as area.at the rool of the threads. In case threads do not fallin
shear plane, t_hen eileclive area is taken as cross sectional area of the shank A,

‘Remember: For narmal bolls and member sizes, Ihreads will ahvays be excluded from lhe shear plane.

-“Assuming the (hreads 1o be in shear plane will be too much conservative approach.

2.7.2 . Reduction Factor for Long Joints (ﬁq)

* Cl.10.3.3.1 of IS BOD:2007 slates that in case length o! the joinl exceeds 15 times the boll diameler
in the load direction ihen shear capacity of Ihe bolt gets reduced to avoid 100 much siresses in the
extreme bolts of the joint.

* This reduction taclor for long joinls is given by,

B, = 1. 075-5(:T v0.755 (3,5 1.0
L= lengm of the joint which is equal (o distance betwaen the first and last rov of bolls in o
{oint measured in the direction of load transter

«{2.5}
where

Remember: Reduction factor (or fong joints (B, J is taken as unily i.e. 1.0 for joints having unitosm shear aver
lhe entire length just like connection of web and llange in a plate girder,

2.7.3 Reduction Factor for Large Grip Length (B,,)

« AsperCi. 10.3.3.2 of IS 800:2007, as the grip lengih of the bolt increases, the boltis subjecled to
flexural moments due lo shear forees being acting on ils shank.

¢ . Itthe total thickness of the connected plales exceeds live limes the naminal diarneter of boit then,

lhe shear capacily of Ihe bolt gets reduced by a factor B, vhich s given by,



8d

a,r = .{2.6) "1 The factor 2,5 In Eq. (2.8) comesporids to hole elongation of aboul 6 mm which may be
¢ 3d+ . constdered tobe excessive deformalion in order lo cause the bearing fallure.
wihere 1= Grip length ""2." Tho end distance (e) and the distance of boli holes parallet lo the ioad (p) may serve to
; - limit the bearing strength which is accounted for in the factor £,
Remember: p"‘ should not be mare than B, and "’ <8d C B [ ' 3. Bearing tailure of low strength bolls Is taken care of by £ 800:2007 through the coefficient
‘ . - I3 ’ , . . :‘: .
27.4 Reduction Factor for Packing Plates (5, K, which includes the factor £,/ :
* Cl. 10.3.3.3 of IS 800:2007 providss a provision when Ihe thickness of the packing piale exceeds k, = Minimum of ( -0.25, "u_b. ) i
& mm then shank of lhe bollis subjected Io flexure which in fact affecls tne nominal shear capacity | s 3d, 3d L
of tha bolt. . e For jOIm to be safe in bearing, the bearing slrength of the bolt (Vﬂph) should be greater than the
¢ The nominal shear capacity ol such bolls is reduced by & faclor which is given ov. dasign s&q*ﬁ of the bolt deb’ ie.
Pag = 1-0.01251,,, {27 Vo ® Vi
where Ly = Thickness of thicker packing plate in mm
» ! The design strength of the bolt in bearing is given by,
2.7.5 Bearing Strength of Bolt » Vo {
= In bearing neither the bolt nor the metal in conlact with he bolt Falluro surfoco | Von = —7——-2 Skt : ~(29)
fails in bearing. But the magniludes of bearing stress do afiect \ ----- ) . i o i
the efficiency of the connecled parts. 5o IS specificalions put where ¥, = Parlial factor of safety for the olt material = 1.25
a limit on the nominal bearing strengih above which il is O . — T WSM = 1.27 ‘
considered that the strenglh of the connected parts gels | *  Permissible bearing siress for = hely ) )
impaired. : Pl « Bearing strength is also a function of typs of boll hole. Bearing strengih as given by Eq.
: Fail o A i :
*  Bolllails in bearing only il the bolls used are of very low grade. £ura surlace (2.8)1s for standard type of bol holes, However, bolt holos may be oversized, Short Siolied

(SSL)or Long Slotled (LSL).

Thus bearing stength of bolled conneclian is a function of Flg. 2.12 Excessive bearing failure:
sirenglh ol the connecled parls and the arrangement of bolts Sheartear-out
irrespective of lhe grade of bolt.

. . . L g of Bait
* One o! lhe possible lailure modes in bearing is the shear tear-out at the end of Ihe connected 276 Tenslle Strength

member as shown in Fig. 2,12, This lear out can lake place either atthe end of connecled part or . The nominal lensile capacity of the bolt is given by,
between two holes in lhe direction of bearing load. Tp=0810A, v -{2.10)
* Inarder (o prevent too much elongation of bolt hole, an upper limit is placed on the nominat bearing ' vhere  f, = Ulimale tensile stress of boli, !, o = Yield swess of boll
strength of the boll. This upper limit is the prajecled area limes the ullimate tensile strength of the A_, = Nel lensile stress area of boll as given in Teble 2.2.
connecled paris. :
»  Except lor bearing of bolls on slotled holes, the nominal bearing strength ol bolt is given as per Cl. NOTE: The laclor 0.9 accounts for salety al ulimate load,
10.3.4 of IS 800:2007 by. .
« For bolt lo be sale in fension, the faclored 1ension force {7, on the bolt should be less than the
Vieo = 256,011, .{2.8) . ’ . ) .
! design tensile sirength of the boltie.
where, e, p=End disiance and pilch dlstance respectively of lhe [astener along Ihe direction of T,87,
bearing where T, is given by,
-f = Ultimatetensife strength of boll ! T, = min {0 oo, {‘*’A‘”} 4210
{,=Unimale tensile sirength of the p1cne Ton Vo
d=Nominal diameier of the bolt ., = Partiat factor of safely for the bott material = 1.25
t= Aggregale thickness of the connected plales having bearing stress in the same g = Partial factor of salety for material resistance governed by yielding = 1.1
direction. For counlersunk bolts, this (hickness is 1aken as thickness of the plate ' A, = Shank area of bolt

£1:
minus hal} the depth of countersunking.



2.8 Tensile Strength of Plate

1 ¢ ; .
* Kiensileload acting onthe plate exceeds tensite sirength of the plale then lailure of joint in the form

of tension ailure or ruplure lakes place.
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{0} Varfatien o1 fiamead patam

{d} Diamond Pattom
Fig.2.13 Net saction in bolted plate connection

NOTE: For main plate critical section s at {1)-(15, while lor cover plates critical seclionis at {3)-{3).

* Diamond nvetting (d}is batter than other (a, b, clatcangemants as only one rivel hole is deducted al

section { 1)-(1) but three holes are deducied at (3)-(3) which makes cover plate weak.

. tT:i elirminale above problem a variation of diamond arcangemient may be provided as shown in {e).tn
S @rtangernent beth main piate and caver plate are relalively strong than other arrangements.

Hence it is best arrangerment,
* Tie nat area of plales and thal of flats is given by,

m 2
A= [B-nd-e-z&-}-:

{tor slaggered bolting)
frt t g

={B-nd) 1 {tor chainglting)
* Thetensile strangth of a plate is given by, [?”\
iy : !
To=084,- 1 Ak e
"" & "2 Y

whers, = Ullimale siress of the material (in Nimm?}

A, = Eflective area ol the plate (in mm?)

Yt = Pastiatfavtor of safety for metesial strengih governed by ullimate sirength = 1.25

Tt = 11 '

lensile srenglh of plate is 1aken as min, { oo T 4_}

{2.12)

-£2.13)
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2.9 Strength and Efficiency of a Bolted Joint
The strenglh of a jointis the minimum of strength of bolls in shear and bearing and strenglh of main

connected member at ihe nel section.
The efficiency of a bolled joinl {n)} is defined a5 the ralio of sirenglh of & joint to the strength of the

main connecled member i.e.

L4

Strength of bolted joint

1 = Srength ol soldplate {2.15)

" NOTE: In design of rivalled/oolted cannection wa have (o ensure thal shearing and bearing strength of rivels
*'are more ihan tearing strength of plale.,
2.10 Combined Tension and Shear

Generally in eccenlrically loaded connection, the bolt is subjecled to lension and shear bath, One of
such casea is shown in Fig. 2.14 where T seclion is connecled 1o the column llange lor atlaching a

braging member.

‘\, Toa-soction for

( connecton of bracing

7- Foreo in brocing
)\' —— r-Seclion column l\,

Fig. 2.14 Bolted cannec:ion subjected (o tension and shear

» This combined el{ect of tension and shear is assessed by the interaction (armula to check Ine safety

of the connection as,
2 2
v, T,
[.ﬁ.] +[.-”-] <10
Va;b TEU

V,, = Faclored shear force onthe bolt, V., = Design shear capacily of the boll
T, = Faclored tensile force on1he boll, T, = Design tension capacily of the bolt

.{2.16)

whore,

2.11 Slip Critical Connection :

* Where lhe member lorces are (oo large andfor where the connection lengih is limited, there high
strength friction grip (HSFG) bolts are the mosl suilable choice since at serviceability load; they do
nol slip and are also'referred 1o as siip resislanl conneclions.

* However at ullimate toads, (hey do skp and alter that the joint behaves like a bearing type conneclian.
This situalion occurs when load exceeds the frictional resistance between Lhe plates being connected.

Theoralically slip-crilical connections are nol subjecled to shear and bearing but thay must
have enough shear sirangth and bearing strength in case over loading occurs that may lead to
slipping of plates, In most of the structures, slipping occurs and there bearing lype connections
canbe used.

NOTE

Remember: Slip critlical connections can be designed using factored loads or he service loads.




2.11.1 Underlying Principle of HSFG Bolts

Tha shank of high strenglh bolis does nat fill Ihe bol! hole completely.

Thus, shear and bearing are nol the deciding criteria unlike in bearing lype conneclion.

The nutis tighten to develop 1he clamping forca on tha plales which is designaled as tensils force T
in Ihe bolt. This tension should be about 80% of the proal load.

When shear loag is also applied to a joint, no slipping will occur untit shear load exceeds The
friclional resislance balween the surfaces of the membars being jointed.

Sfip-occurs when shear load exceeds Ihe Irictionat résistance of Ihe joint. Wilh further increase in
shear load, gradua! slipping brings the
boltin contacl wilh the plate edge . shear
and bearing will then exist and ultimately
allecls the capacity of the joinl.

For slip resislant conneclions, the
horizontal frictional lorce F gels induced
in the jeinl which is equal 1o the Iensile

Yiekd on gross secion
Yiokd on ot soction

g

Failuro

g
T

1

Load transfor by bearing

Avarage bolt ahoar (N}mm)

force T in the boils mulliplied by e :;fdﬂﬁ;n";’;';;‘"
coellicient of friction y,i.e. 100 fddion
Feml ~(2-18) N T R S B
Here y, is lhe coellicient which is called as o} H 10 15 20 25

slipfaclor whichis delined as ratia ol load per effeclive
inlerface required lo produce slip in a pure shear joint
to the proof load induced in boll.

Deformation exceeding u (mmj)
Flg. 2.15 Lood deformation behavior of friction type
connection

Rextember

'

For determination of suenglh capacily of a ganeral grade bolt, Ihe capacity of the boll is
dafined as minimum ol the slip fesistance and Ihe bearing capacity. While the slip resistanca
is based on service load condilions, & design check is mads for factored loads. It is quile
possible that joint may slip and go into beating al loads exceeding sarvice loads and hence
bearing capacily must be checked.

2.11.2 Shear Strength of HSFG Bolts

The resistance lo slip is a lunclion of preduct of coalficient of static friction and normal lorce belween
the connecied parts. ’

Stip can be considered either al serviceability limit slate or al collapse/strength fimit state.

The design slip resistance or Ihe nominal shear capacity of HSFG bolt is given by,

V;n’ = prnannFa ...[2.17)
The design shear strength of HSFG boltis given by,
vn:! ¢
af T T ..{2.18)
Tt

¥, = Slip {aclor as given in Table 2.4
n, = Number of inlerlaces providing Irictional resislance to the slip
K, = 1.0lor tasteners in clearance holes
= 0.85 for fastencrs in oversized and short sloiled holes and lor fasteners in long stotted
holes loaded normal 1o the slot

-

where

= 0.7 lor tasteners in long slolled holes loaded paralle! to siot
F, = Minimum boll iension (proof load) al installation as given in Table 2.8 = A, f,
A, = Netasea of boll al the rool of the [hreads as given in Table 2.6
! f, = Proof stress = 0.7/,
/,, = Ulimate tensile strass of boll
For sale joint, the factored shear force should be less than the design shear sirength of the boit i.e.
Vsl = vda'
Yo = 11 for slip resisiance designed at service load
= 1,25 for slip resistance designed at ulimate load
o ‘ifaﬂez.s Stress area and proof foad of HSFG bohis in clearance holes

'

&"(;ﬁ'k ’ 2{16|n|2|28]j27| 0| 3%

! Stress -~ Throad 843|157 {245 303 | 353 | 459 | 561 | BY7
Broa of

bt {me) Shank 113 | 201 | 314 | 380 | 452 | 572 | 706 | 1017

mm Propany| 885 472 | 87 | 137 | 168 | 197 | 257 { 314 | a57

oz 07 1phy| = [108s|613] 114 [178] 220 | 256 | 334 | 408 | ses

For fong joints, the nominat shear capacity V,,, of the bolt is reduced by a factor 13,‘ which is given by
Eq. (2.5}

2.11.3 Bearing Strength of HSFG Bolts

HSFG bolls come under bearing aclion only aftér slipping takes place.

In case slip cannol be allowed i.¢. for slip-critical connections, lhe slip resistance is computed as
describedin Section 2,11.2.

Where slip is allowed i.e. slip is nof critical, there a need to check the bolt in bearing arises provided
Jimit state methed is used. At ullimale limit state, HSFG bolts slip into bearing and there is a possibility
that bah may deform duc 1o very high localized bearing siresses between the bolt and the plate.
The design bearing capacity of the boll (V) can be determined as per Eq. {2.8).

2.11.4 Tensile Strength of HSFG Bolts

The nominal 1ensile sirength of HSFG bolls subjected to faciored tensile load is assessed ina similar
way as for ordinary bolls as, -

Ty = 08L,A, < fya, o ‘ A219)
. Tro
* The design tenséle sirength ol the bolt is given by,
L {2.20)
2 Tl‘nﬂ
where, v, = Partialfactor of safety for material resistance governed by yield = 1.10
1 = Partialfactor of safety for bolt material = 1.25
' A, = Nettensile area of bolt as given in Table 2.6
A, = Shankareaof ihe bolt
f . = Tensile siress of the bolt as per Table 2.2



2,12 Prying Action

It is assumed that high strerigth boils are non—de?érming anid are subjected to ltensile forces when
lightened. The lension forco is close'to vield sirength of the bolls, A5 shown in Fig. 2.18 (a), a Thanger s
subjected 103 concentric tensile ioad T,- Thus lor atenslie lvad thal is i%;gpiied to sung type of bolt (i.e. bolts with
na initial tension), the lensile force in the bod will ba equal to the appliad tensile load.

Incaseof high strengih bolis Rat ae lultytensioned, pre-siress4n the joinls gel introduced (tensite force |

in the bolls due o full tightening) and the ¢onnected member plates gi! soueezed. The bolls are under initia)
tension T, For siatic equilibrium, the conneciad parts are subjected to comoression C and ara thus prestresseq
as shown in Fig. 2.16 (b). Due to prestressing of the platas, the thickdsss of the plates gets reduced which
cansequently reduces the tension in the conneclors and subsequentiEins compressive slress in the plate. This

) . . L X _
increasos lhe plate thickness. The whole sole effectis tha; neither the arraw thickness nar the connector lension
is changed. Thus the conneclion subjected to tensile load 7 , equals thetelal rension 21, inthe connactars. Thus

the tensile force in high stranglh bolts show!d ba computad without con§ dering any iniliat lension. Application of ;
any adeitionaltensife load lo the connection cannot exerl any additional {fead on the bolts unless Ihe connected :
members are pulled apan 'lhereby crealing additional sirain in the bglts. But this increase in bolt strain is
accompaniad by expansion of plates. Infaci he increase in boll tensior is very small due Lo the additional loag
whichis shared between the plate andthe connectors roughly in proponfcn totheir slilfness and the plales heing
sliffer take the mos! of load, ’

The slifiness (or Rexibility) of lha T nanger liange plays'a promin@»n: role inthe determination of resuliam
tension in bolls. In case of very llexible Harge. il load is increased, the contact stress in the vicinity of boks
decrease and will reducatozero as the Tlange separates from the suppqé - Moreover, since Lhe lfange vill bend,
the outer portion of the flange will ba force against the support ang-develop contact siresses in dilferent
localions as shown in Fig. 2.16 (c). This is called as prying stress. In most ol the connections subjectad to
tension in ganerat, due lo the flexibilily of connected pars, canlead to deiormations thal increase the tension
applied fo bolts. This additional tension forc2 is called as prylag lorce:For static equilibrium, the total forcain
the bolts must be equal 1o the applied force plus the prying forces. This the uselul capacily of the boll gels
dacreased by prying force. The maximum value of prying force will b@;eached only when the corners of the
hanger flange remain in centact with the other connected part. Depending 6n their ralative stiffness of he connected
part 2rd ihe boll, the prying action may be negligible or it may be quite signiticant in proportion o total tension
in the bolts.

On the other hand, for very still llange, the piclure is quile different, its Noxurzl deformations will be
negiigitle relative lo the bolt elongation. Berding will cause tha comprassed zones of the connected parts 10
loose their symmeiry bu! this compression remains lagatized in their bolt regigys as shoan in Fig. 2.16 (d). This
syslemisidentical lo an indoterminale condition. At this slage a very Iime,*d’ﬂ'ike gets exaried by the support
or: Ihe rest of the flange. VYith hurther increase of load, the contact stresls“vzill reduce lo zerg and the system

becomes stalically determrinaie and no additional tansion will be developéﬁ &a llhe fasicners.

The hanger connegtion as shown in Fig. 2.18 (c)and Fig. 2.17 is an instance of conneclion subjecledto
prying action. In this typs of conacction, banding due to the prying action wilt usually conlral the design. The
addirional force Qin the bolts dus 1o prying actlicn should be added 1o tensile lorce T, resulling directly from the
applied forces. :

itis quile cumbersome lo delermine the exactmagnitude ol prying force, and thus approximate formulae
are developed

T, T,
> L+ T,+0 t
Q Q Cc c
Ir 2
T =87 1T, =57
{a) Snugvpa balls {b} Protonsidned bolts {c) Load flexibio ange  (d) Laad on slif! lango
Flg. 2.16 Explanation ol pryfngactionwith T-section hanger
T=T,+Q T=T,t0
Q

[ 7, = Extemaol facionod torsilke

. Torca applied (0 ond bl Stffena
. Q= Prying force comes porkiing plates
. tooap bok |
1 T = Tota! lorca in the ball {7, + Q)
27,

Fig.2.17 Prying attioninfabricated T-section Fig.2.18 Stiffened honger connection

Flg. 2.18 shows flanges of the hanger which are thick and siilf (or ara stiffened). In this case the pring
aclionwill be negliginte, Thus in order to prevent signiflicant detormations in Ihe hanger and other similar cannectians.

tre usa of rigid flanges is recommended.

2.12.1 Analysis and Design for Prying Action

Consider a hanger connection as shown in Fig. 2.17 where a T saclion is being jcinied (o an end plate
wilh high sirongth bolis and acted upon by a tensile forca 2T7,. Prior to the applicalion of tensile lcad, the
balancing compressive force will be equat 1o the pore-terision in the bolts. With further increase of load, if the
flange is flexible enough to doform as shown in Fig. 2.17, the CG ol lhe compressive force will move towards the
edgss of the flange. This redisjribution will after the relationship balween all lorces and boll tension vill gel
increase. R :
Butil the connected parls are sufficiently nigid, 1he shilting of forces will not occur and thus Ihere will be
N3 prying action. The maximum value of Ine prying force will be reached only when the corners of the flange
femain in contact wilh the other connected part and in this case the prying force will shifl o the tip of the flange.
Now since the correct distribulion of prying losces is not known, they are assumed (e act as fine load @Q at the and
of spans iy

The prying foice Qis given by,

1
o- :._[n_nnw ]T_J

= 2 (221)
2l 22| 2



where /, = Dislance from (he bolt cenler line lo Ihe toe of the fillet werd (Fig. 2.17) or lo hall the roct | « Dillerent types of pins used for making pinned connectlions are forged steel pins, drilled pins and

radius lor a rolled section

i, = Distance belween prying
force and bolt canter line
and is minimum ol either
lhe end dislance or the
value given by

n

1.1 a;i

p=tior preflensioned bolt
= 2for non-pre-lensioned bolt
1 = 1.5 (or limi state design
b, = Ellectivawidth o Ihe lange
per palr of bolls
f, = Proof stress

t = Thicknass of end plale

The connection design subjecled lo
prying aclion is a trial and error procedure. While
selecling Ihe diameler and number of bolts, an
allowance tor prying action musl ba made. The
selection of T flange thickness is even more
diflicull sinceilis a function of both boll selection

and Tdimensions.

the undrilled pins,
« A pinmay be subjected to Hlexure, shear and/or bearing. Among these, Hiexure is the mosi crilical.
Tne following timil states are considered for the design ol a pinned connection: -
{a) Shear capaclly: The shear capacily of a pin is defined as follows:
{i) When rotation is not required and also the pinis not 10 be removed then,

Shear capacity of pin = 0.6 A .£2.22)
(i) When rotalion is required or the pin is required to be removed then, _
' " §he.ar capacilyofpin = 057 A ..{2.23)

where! £ = Design sirength of the pin
\4} = (Jross seclional area af the pin
{b) Bearing capacity: The bearing capacily of the pin is delined as foliows:
{ii When rotation Is nol required and afso (he pin is not 10 be removed then,

Yiekling orso ‘ Bearing capacity = 1.5 dt ~{2.24}

(iiy When rotalion is required or the pin is required to tia removed then,
Bearing capacily = 0.8 de! (2,25}

vhere [ =Minimum of deslgn slrenglh of pin and the connected membar

{c} Flexural cepacity: In pinnad connections, flexure is most important. Here the connecled members
are separated by soms distance because we nead lo prevent the friclion.
Because of Inis, large Nlexural momenis get developed and thus the pindiameter is decided by flexure.
The momenl {or flexural) capacily of a pin is given by,
(i) When rotalion is not required and also the pin is not 16 be removed then,
Fig. 2.19 Shows twopossible fimit statesvir. Momenl capacily = 1‘5(92 .{2.26)

Bol

{b} Fallure mochaalsm and hanger Teo

Itis assumed that T section gels failed after the formation of plastic hinges al Ihe face of stem and the (i) When rotalion Is required or the pin is required to be removed then

bofl iine as shown in Fig. 2.19 (a) thereby crealing a beam mechanism, The moment al each of these locations
is equal to the plaslic moment M,. When the momenl at bolt line is less than the moment at the face of siem, it
infers that beam mechanism has not lormed and the deciding limil stale will be tensite (ailure of boll as shownin
Fig. 2.19 (b). The thickness of Tilange is determined so Ihat it does not yleld.

2.13 Pin Connections

Here, \he members are connected
through a cylindrical shaped pin passing
through the members. This connectionis
required where hinged joint is needed.
Hinge conneclians simplity the analysis
by reducing the degree of indeterminacy.
The pininpinned connechon serves as a
shank of a bolt but hecause only one pin
is present and lhus forces acting on a
pin are much larger than forces acting on
a single bolt.

Pins are ade from mild steel. The usual
diameters of pinvary rom9mm{o 330 mm.

Moment capacily = {2 .{2.27}
vhere /,» = Design strengih of the pin
Z = Seclion modulus of the pin
Ll o = Diameter ol the pin 10 be designed
M= Faclored moment on pin
., and the pin is not required 10 be removed then,

M, = 152
3
M, = 1800 42.28)
: VA
#,
i g = 21334 } ..{2.29
, ( "l @29

2.13.1 Pracedure for the Design of Pinned Connection

Step-1: It should be known that if pin is to be removed of nol and if rotation is required or nol,

Step-2: Delermine ihe ultimate pull lo be lransterred through ihe pinned conneclion and moment capacity
ol the ply to be connecled. "

Step-3: Delermine the diameter of the pin rom Eq. (2.31)
Fig.2.20 Pinned connection Step-4: The diameter of pin 5o arrived at must be checked far its shear capacily and beating capacity.




-m;‘m&‘m' e Exampl&s ; »

£asos.

Dazermlne th strangih of 20 mm diameter boll of grade 4.5 for the followling

{a) Lap joint.

{b) Single cover bult joint w:xh 10 mm thick covsr plate.

{c) Double covar bult Jolnl with 8 mm thick caver plates.

The main plates to be ]olned are 14 mm thick. Use Fed10 gtada steel. i
Solution:

For Fe410sleel, f, = 410 N}rnmz = 250 Nfmm?

For 4.8 grade boll, f,, = 400 Nh'nm £, = 240 Nfmm?

Partiat [aclor of safety for bolt matenal (ym} =125

l - '
Mot tensile siress area forb?.ﬂ mm dizmeler bolt (A, ) =245 mm? L: 0.78x% -:-:-x 20"’)

(a} Lap joint
-In lap joint, the bolts are I’ smgle shear f
< Bhear strangth of boltin smg!a shear (V)

F ‘,g, A»y, 403><24:1 N ;
= = 45,26 ki
By, Bxizs e
Strength of boltin bea:mg(vdp.g) - A '
Fms

For 20 mm diameter bolt, diameter of boit hole (¢,) = 22 o
End distance{e} = 33 mm

Let pitch{p} = SOmm i
e __ 8 _ o
3, 3xz2 =
p k, = minimum of | -2 0,25 = _!_do ~0.25= 0508
30’,_, 3xZ
Ly _ 400 1‘376\
ARETCREC
|10 B
=05
Vo = 25K, f:‘ b

_ 410
=2 , —=N =11
oxOSxQOxM.xL?sN 1148 kN

Thus sirength of bolt = Minimumol V., and Voo =45.26kN

(b) Single cover bull jolnt with 10 mm Ihick cover plate
Here also the bolt will be in single shear and bearing. The considerea thickness for bearing will be
the minimum of aggregate thickness of cover plate and minimum Ihickness of main plates lo be
jointed i.e. t= 10 mm
As compuled in part (@) abave, slrength of boll in single shear (

Swength ot the boll in beanng( an) = 2.5k, —% dtly

i

V) = 46.26 kN

10% 410
1.25

N

= 2.5v:<(}.5:-<20:<

= 82KN
= Minimumal V,,, and V.,
= 41526 kN

Thus strength of boll

{c) Double covar butt joint with 8 mm thick cover ptates
Here Ihe bolt will be in double shear and bearing. The considered Ihickness lor bearing wil! be the
minimum of aggregale thickness of cover plates and minimum thickness of main platés lo be
|ointed i.e.
t = Minimum of (8 + 8, 14) mm = 14 mm
Sirengih of bolt in double shear (V)

= axtefw o530
\/rj'!mo
Strangth ol boltin beanng (Vo)

- 25k, J‘f” - 25x05>¢20x14x%%N = 1148 KN
Yena

Thus strength of bolt = Minimum of ¥, and V,,,, = 90.53&N

Find the slrenglh and alhclency of lap Iolm as shown in hgure Bolts al grade

_ 4.6 and dlamatar 20 mm ars used for making the connection. The plates to be joined are 12 mm and

14 mm lhick. Use Fe410 steel,

Solution: i
- Forsleelof grade Fea10, /= 410 N)‘mm2 f,= 250 Nfmm? (. '@ &
For boltof gradc: 4.6, {5 = 400 NAma?, [ = 240 Nfmm?2 50| . B
For 20 mm diameler boit, dlameter of ball hole (d) = 22mm 50 :
Tensile stress area of ball {4 ) = 245 mm? { (B e P

Partial factor of salety for bolt matetial (7,,,,) = 1.25

Fartial factor of safely for resistance governed by ullimate siress (y,,,) = 125

infap joint, bolls are In single shear and bearing where bearing strength is governed by thickness of
thinner plate i.e. f= 12 mm

245 x 40
Al _ 2453400

~—=——— N = 45,26 kN
{_Y, w  ¥3x125

Slrenqth of boltin single shear {V,,,,) =



— J—
i I alerial, v, = 1.25
Strength of boll In bearing (V, ) = 2.5 k, St partal faclor of safely for boll malerial, 1 .
Yo Here the bolls are subjecled to double shear and bearing.
r e a3 ' For assessing the bearing strength of ball, the Ihickness to be used for bearing is
E “3xe2” 65 Main plate thickness = 10 mm
0252 025 = Minimum of 3 4 5qregate thickness of = (8+8)mm = 16 mm cover plate
. 2. =—— 0.50
whete, ky = minimum of | 3dy Thus for bearing. f=10mm
e _ 400 = Dia. of 16 mm diamgler bolt hole
==—=0976 .
L4 d, = 18mm
1.0 Per gauge she,a:,sfcrengm of bolt
=05 ‘ .
o D gl Veem2xE 2’3_4001"3?7 N =58.01 kN 0
- 25%050x20x 12x 20N - 5.4k " Mty
1.25 Per gauge, bearing sirength of boll,
. Strength of joint per pitch inshear = 2 x 45.26 = 90.52 kN k. dil,
Sirenglh of joint per pilch in bearing = 2 x 98.4 = 196.8 kN : Vi = 2‘5—_],;i
0.9 Lo, ,
Tensile strenglh of plate per pitch (T,) = —— An = 09x——{p-dy)i : : e _ 35
d Ym Yt ——=———=0.648
0 3d, 3x18
41 :
= Q9% 52(50-22)x 12 = 99,167 kN j . 2 -02s- —508-1125 0676
Strenglh ol joint per pilch = 99.167 kN where ki, = minlmum of : o o 3
' ‘ e 299 _ 5976
Strength of solid plate per pitch = Ag x o 3= - 50x% szzif- =136.36 kN A, 310
99.1 ’ 1.0 .
Efficiency of joinl = 36, 36 B8 100= 72.73% ' . — 0548
Notice that per pitch length effliciency may be difference (rom total widlh efliciency. Thus Ky = 0.648
V= 200 _ 5 50,648 16x 10X s N = B5.024N i)
il amimrr i - —— . T 1.25
A double cover bult joint which is w . Per pilch, lensile sirength of plate,
single bolted s used ta connecl twa plalas each 10 mm - - : 09r,A, 09,
oo = Tufn.
thick. The cover plates are 8 mm thick and bolls ol grade 50 . Tan= T T {p~-do}t
* ' <
4.6 and diameler 16 mm are used. The gaugs of Joints is mmI v, 0.8x410
50 mm as shown In figure, Determine the strenglh and M 5 = W‘(SO ~18)10 N =94.46kN - i)
elliclency of Joint if form bolis are provided in a line. Use * i ¢ , 250 ’
steel of grade Fe410. I a‘*an T Per pilch strangth of sohd plale= Ay x— = 50x10x Xt 113.64 kN
' { Il lr;: 10 may 1.1
Solution: ' [ Thus strength of joint per pitch = Minimum of {i}, (i} and {ifi} = 88.01 kN
For sieel of grade Fe410.1, = 410 N/mm?, /, = 250 N/jmm? ' 58.01
For boll of grade 4.6, {,,, = 400 Nlrnm? =240 N/mm~ Efficiency of joint = 11364 x100=51.05%
Tonsile siress area ol I; 11 for 16 mm diameter, A , = 157 mm? ( 078 S x 162}
S oll for m 1 | = mm< | =L/Bx— S ——— e - R nttd e -
i 4 Two steo! piales (each oi Femo grade sieel) of size 300 x Bmmare requmzd io
Partial factor of safety for resistance governed by yield ¥y, , = 1.1 be connacled lhrough a lap joint. 20 mm diamater bolis of grade 4.6 are available. Deslgn the joint if
Partial factor of salety for resistance governed by ullimate siress ¥, = 1.26 ths joint is required to trasomit a working load of 160 kN.



For steel of grade Fe410, {, = 410 Nfmm?, ! = 230 Nfmm? .
Forbolt of grade 4.6, {,,, = 400 Nimm?, f 243 Nfmm?

Tensile strass area of 20 mm difnieter bolls,

L
,,7 245 mmZ( 0.78x x202}

Working lensile load-ﬂso RN
=~ Factored lensile Ioad {P) ; = 1.5 x 160 kN =240 kN
Partiat {actor of safety for resisla’nce governed by yiaid,
Y;m 1
Partial factor of safety for rasistance gavernad by ultimate stress
Y = 125
Partial factor of safety for bolt material,
L g 125
Here bearing strenglh of bott affo neads to be getermined whic: involves the factor &, which infact
depends on pilch. But plich at this siage is not knovn. Thus assume k=1
In general bearing strength of ball is greaterthan shear strengthyaiboll and lhus shear strength of ball
decides the strength of joint. :
In fap joint, bolls are in s!ngle shear.
= Shear strength of boll in single shear

i

DAk, | 245%400 :
v@=-\;§';—“’t~rx15 = 4526 KN

Y an ! .
No. of bolts requir ~————- = H |
l+] led 258 53 5(533’) » "f':'"‘"“"'t"; E
These six bolts are arrangad as shown infigure. ?y , . . ...... f . 1} 8
In this arrangement, per pilch there are lwa bolts, P o * i
= Per pitch shear strength of joint = 2 x 45,26 kN som T § 1 i
=90.52kN T IR | - 1amm

Per pitch lensite srenglh of plate. T, =

0.94,f, 0.9,
—_— d
p ——L{p~dy}i

mi ¥ an

Equating lensile strenght of plate per pilch with shear sirength ol jclr]‘ﬁlgs{ive the required pitch, This
pitch is needed o compute the bearing sirength of bolt, N i
)

!
OQf A

= 8052 x 109
DS 4
= L ’°( =22)% =90.52% 107 !
= p= 60.33mm
But p>25d=25x20=50mm

Thus adopt p=65mm

pE——

Thus available edge distance {(6)

300-2p 300-2x65

= =85 mm
2 2
e 85
— =1.288
34, “axez
P 65
025:--—-—0 25=0.735
k, = minimum of ] 3do Ix22
! f"—t’ 400 =0.976
1, ~410
i 1.0
Bearing strength ol boll,
if,,
- 25k, d 410
!mo
= 86,43 kN
> 45.26 kN (= V)
Mow since sirength of joint is minimum of shear T
sirength of bolt, bearing strenglh of boll and =6 515 * 0
tensiie sirenglh of plate. Bul pitch is delemined Tl e
by equating shear sirength of bolt with tensite : . e
strength of plaie and bearing strength ol bolt .
comes olt 10 be greater than shear sirength of 4
polt and thus bearing strength of bolt in (his | — Li = ] B -
case will not aflect lhe design. T

"Example 2. s Daslgn a dlamond pattern double cover bull Joint o join two plBles of size

300 mm

210 % 10 mm each with 20 mm diameler bolls of grade 4.6. The plates are required 1o carry a lactored

tenslle Ioad of 435 kN. Usa steel of grade Fe 410,
Solution:
For steel of grade 410,

1, = 410N/mm?, £ = 250 Nfmm?

For-bolt of grade 4.6, f, = 400 Nfmm?, fy= 240 Nfmm?

Nel .ens;ie area of 20 mm dia. bolls
. A, = 245mm?
Dia. of boll hale for 20 mmidia. boll
d, = 22mm
- Double cover bott joint is required
. Bolt wi!l be in double shear
» Shear slrength ol bolf in double shear

Vo= zx’u::)qnb -
= \'IETn-_'p
Bearing strengthol boll, V., = 2.5k, —% gt
'I'rrJ.l

2x400%x245
\'6)&1,25

-

N = 90.53 kN



Minimum edge distance for 20 mm dia, bolt (¢} = 33 mm
Minimum pitch = 25d = 2.5 x 20 = 50 mm
Let pilch{p} = 55mm

a 33
3d, 3x22 05
P 55
—=0.25= -0.25=0.833
k, = Minimum of 3d, 3x22 =05
fs 400
=g = 0976
10
roy
. atf, 410
V. = =25%0.5x20%x10% —= N =B2kN
@ = Yo 125
Thus slrength qf bolt = Minimum of V., and.V: . :
ofolt = Wi w809 Vago ~ @@@
: - - T T
No. of bolts requlred —35— =5326 (say) / P e N\ 5
82 Lgne + s
Arrange bolts in diamond panem as shown ol - N ? ‘ te "
Assume the Ihickness of ¢ cover plate = 10 mm e @ @ @

- Provide 10'mm lhick cover plates for double cGover butt joinl. :
Atsection (1)-(1), maximum force is (here in main plate bul al section (3)-{3), maximum force is stherein
the cover plates.

Thus section {3)-(3) is critical for cover plates and section (1)-{1)is critical for main plaie
. Tensile sirength of main plale,

0.94,f, 0.8/ 0.9x 410
T =ty b-1xd, 0341016 -
L —( o)t = 5o (210-1x22)10N
= 554.98 KN > 435 kN {OK)

Tensile sirength of cover plate

T, = 09AfL _09x410 .
. R x{210-3x22)10 N
= d25.09KN < 435 kN {Unsale)
~ Revise thickness of caver plate 16 12 mm

09 0.9% 410(210- 3x
Ty = OO, 09X10(210-8x22)

Ym - . 1.25
= 510,11k > 435 kN (OK)

joint is required to transmit a faclored load of 600 kN. Deslgn the joinl using 8 mm thick cover plales
provided on both the sldes of 1he plates. Use stae! of grade Fed10 and 20 mm dia. bolis of grade 4.6,

Examplez 6. Tavo plales of 1h|ckness 20 mm and 12 mm are to be |c:|ned bysn bun |om1 The '

Solution:
For slealof grade Fe410, 1, = 110 Nfmm?, £, = 250 Nfmm?
For bolt of grade 4.6, o = 400 Nfmm?, £, = 240 Nimm?
Partial factor of salety for resisiance governed by yield
g =11
Partial faclor of salely for resistance governed by ullimate siress
Y = 1.25

Partial factor of safety for bolt material,

LU ges=125
For 20 mm d\a bulb, dia ol hole,

0, = 22mm
For bearing, pale thickness
"{ = Minimum of 20 mm, 12 mmand (8+ 8) mm = 16 mm
) = 12mm SO i
Sinca plates lo be connecled are of different thickness gnd thus packing plates will be required and
double cover butt joint is provids,
Thickness of packing plate required, )
g = 20-1Z=8mm>6mm

Now since lhlckness of packing plate exceeds & mmand thus shear slrength of bolthas to bareduced
by a factor B, guven by‘ e
=1-00125¢, .
=1-00125x8=08
Shear strengih of bolt in double shear

2A.h 2x 245400
Vao= By P a1z 09N =8ta8kN

Pag

50 4 -8bols (say) i

. &
No. of bolts reguired = 3148

Provide these 8 bolls in two rows.
Thus per pitch, there will be two bolts, -
. Per pitch shear strengih of joint = 2 » 81.48 = 162.96 kN
Now since pilch is not known at this stage and thus equale per pilch shear strength of joint with nat
lensile strength of plate 1o obtain the pitch (p)

0.94,f, 09x410

LR LB ]
L 2R
L S
L )

i
. Tensile swenglh of plate T, = = =755 ———(p-22)x 12N
Thus 0—‘%’52—';;12(;7-22}12 = 162,96 x 10°
= : p = 68mm
£ 250 =25%20=50mm {CK)

-~ Provide p’xlch {p} = 70mm



R k, = Minimum of 4

.~ Per pilch bearing sirength of boll

Viw 2.5k, dr—

Ymn

5

=984 kN

e 33

EF e =05
52—0*0'25 - 5—)(7%2-»0.25 oent
’—zf’-: g_-?-gwe?e
10
H
= 25%05%20x 12;<%% N

> BLABKN(=V,)
Thus design need not 1o ba revised since bearing siraniglh of boll is greater than Lhé shear steengih of

boll. :

!—-Padﬁnp plote

8mmY 4

1zmm J{
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Q.1 Thevalueoly,, for bolt malerialis -

a) 1.1 b} 1.0

©) 15 {d) 1.25

Slip resistant connections al ullimale loads may
behave as

{a) slip critical connection

(b} pinconnection

(c} bearing type connection

{d} cannol be said with certainty

Slip critical conneclions are designed for

{a} Bearing belween the connecling member
and bolt

{b} Frictionbetveen the connecling members

{c) Compressioninbolls

{d} Shearinbolts

Q.2

Q3

Q.4 When a boll is subjected Io combined {onsion

and shear lhen

t4 2
Yal [T
o i g o

U M 3
(2) sh b -
(o)) (Vdn] +(ch) <1
AN
[(e3] (de}+(7_w)s1.4

2 2
v, T,

o (] () =
¢ Vs Tan ’
Which of 1hi mowing is primarily designed for
flexure? A

{a) Rivel :. " !
© Pin "

{b) Boll
{d) All of lhese

Q.6 Diamond patietn of bolting is beneficial over
chain and staggered bolting because

{a} W transmits maximum lorca

{b} It has maximum efficiency

{c} ltis easy lo fabricale '

{d} Nong of the above

Which of the laliowing has zero accenlricily with
respect to Joad line?

(a} Single cover bul joint

(b) Double cover bult joint

{c) Lapjoint

(d) Insulliciant data

Q7

Q.8 Prying aclionls associated with
(a) additional compressive force on bolls dug
lo flexibility of connecting members
{b) reductionin flexure force on bolts
(c) additional shear lorca on rivels
{d} additional tenslle force on bolls due to
flexibility of connecling members

a8 which type of boll holg is mare preferable?
(a) Punchedhola
{b) Drilled hole
(c) Bolh(a)and(d)
{(d) It depends on nalure of lorce to be
Iranslerred and bolt material

Q.10 HSFG bolts are batler Lhan ordinary black bolts
because
(a) HSFG bolls have high fatigue sirength
{b) HSFG bolls are easy to be used lor
labrication

(c) HSFG bolts are cheaper thanordinary black
bolls
(d) Al of lhe above

Q.11 HSFG bolts can be used lor
{a) slipresistantconnection
(o) bearing type conneclion
(¢) shear conneclion
(d) bolh(a)and{t}

.12 Hanger conneclionis a type of
{a} Compression connection
. (b) Tension connection
(c) Shearconnection
(d) Noneotthese

Q.13 Inwhich ol the lollowing connection, lesser load
s transmiltad through net section of the boll?
{a} HSFG boll (b} Ordinary boll

c) Pin (d) All of tha above
S e Answdrdw 0T L
1. (d) 2. (¢} 3. (b) 4. (a} 5. ()
6. (b) 7.(b) 8. (d)

9. (b} 10.(a) -
11, (d) 12. (b) 13. (a} .

Q.1 AcolumnISHB 300 @577 Nfm carres an axlal
compressive load of 3260 kN under working
condilions. Design the conngclion of column
section with gusse! plates. Use Fed10 Steal.

Q2  Designalap jointtoconncel two plales 310 mm
x 8 mm thick using 16 mm diameler bolts of
¢
grade 4.6, The load-lo ballranslerred through
lhe plates is 350 kN at service conditions,
Q.2 Design a double cover butt joinl lo connect

wo plates one 10 mm thick and other 18 mm
1hick. Both the plates are 280 mm wide. The
load to be transferred thraugh the plates is
250 kN under working conditions.

A portion of an industrial roof russ is shoywn in
igure. The gusset plale lo be used in 120mm
thick. Using 20 mm diameter bolts of grade
4.6, design the connection.
80 KN
180 ki

ISA100x65= 8
. 1SA 100 ® 75 % 12
60° .

350 kN
2188125 %95« 10

300 kN
21ISA125 « 78 % 12



