Tension Members

4.1 Tension Member

L

in a lension member, pulling fosces are applicd in the oppe:ie directions al the wo ends of the
member. S ' .
The bending siresses in the tension member du to its self-weighl are not taken into consideration.
However in case ec:centfiéi&y exists in the member due lo :ha lact that member is not perleclly
straight of there exns!seccenlnc ty in conneclions, then In that case either the flexural slresses are
considesed in design or the net area of tenslon :nember Is mcdified.

Svengthola fension member gals adversely affected dueto the pfasence of nuls, bolls and pins
at conneclions duélo shesrfa, raversal of stisssas, llexurat momenls in end conneclions due to
eccentricily elc. -
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As per.theoretical aspebis, tansion memiar is considared as the mosl alficient structural

' nﬁnbar because: thera doas nol occur the possibility of buckling and also'the member can be
stressed up to-and bayond the yield point anid also the whole cross seclion is under a uniform
lena'lq siress,

The presence of bollrivet/pin holes influence the stress distrizulion at the section passing lhrough
these holes,

Critical lensile stress in a tension member gecurs al the seciion where the cross seclional area is
the minimum, As far as possible
bolis/rivets/pins are placed in ong o sl Sc.w a\
line to have minimum reduction in
the cross sectional area of the
member but often the required
length of the connection makes il
necessary to provid conneclion in
more lhan one line. Thus in this
case, the rivets/bolts/pins are
placed in a slagqgered lashion as
showninFig. 4.1 (b).
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{a) Chain balling {) Stoggared balting

Fig.4.1 Choinond stoggered pattem

.~ Critical Section

4.2 Various Types of Tension Members

(8) Wire and cable: Wirg and cable are the simplest form of lension member. Sieel wires are used as

guy wires in steel stacks. Many a times, a number of wires are wound helically to form sirands of the
ropes as shown in Fig. 4.2.

e Strand: The term sirand implies number of wires wound helically around a central core (Fig.

4.2(a))

Wire: Wire implies @ number of strands wound helically around a core (Fig. 4.2(b)), The

biggest advanlage of wire and cable is hal they are too llexible and also has very high
tensile strenglh.

{a) Strand

Fig. 4,2 Strand and rope of wires

*  Wire ropes are used as suspsenders in cable bridgas,

{b) Rods and bars: Bars and rods are used in lightly loaded struclures like the roof trusses.

They are used as sag rods to support the purlins and 2Iso 1o support dirts in industrial
huildings,
. Bars can eilher be lhreaded and bolted (Fig. 4.3(a)) or they may be givan Ihe shape of a
loap (Flg. 4.3(b)).
Disadvantagss of rods and bars

(i) Large slenderaess ratio of lension members make them quite unsuitable 1o be used as
compression members.

{i} They donol have enough flexural slrength even ta bear their awn weight and thus there occurs

a signilicant amount of sag in these members due to their own weighl.

This problem is overcoma by limiling the length 1o thickness ratio {os length Lo diamelter ratig in
case of circular sections) or by shghily making the length of lension member less than what is
required and then placing the member in the struclure to provide some initial lension and the
same can also be achieved by the use of a turn buckle (Fig. 4.3(d)).

nJ Thicaded and bolted (b)Loopred {c) Eye barend (d) Tum-buckle

Fig. 4.3 Different forms of connections of bars and rods



{c} Fiat ptates and fla1 bars: These are predominanlly used in loot bridges, transmission lowers and
also as lacings and battens in built up compression membars.

{d) Rolied sectlons and bulit up saclions: The advanlage of angle section s that il gives mare rigidity
to the siruclure as compared to llal bar and also angle seclions do nol vibrate undar the loads unlikg
flal bars. Angle seclions are vsed as lacings, in bridges etc.

Built up sectlons : Buill up seclions are used primarily lo mesl the requirement of area requiredio
suslain a load which othenvise cannot be provided by a single section.
»  Built up sections are more rigid and offer grealer moment of inertia. Built up members are
tequired 10 be tied up so that all the component members acl in unisen i.e. as a single unit,
»  When the loads are heavy and along with hal, rigidily is also required, in that case channe|
seclions are préferred, Closed seclions like (utles and pipes are used as main members of
trusses and bracings in space framas. With the advent of welding, connection of tubes and
pipes has now becoma aasy.

4.3 Net Sectional Area of Tension Members. (A, )
«  Thanel seclional areaol amember is the gross area of the section of the member iess (he area of
holes for rivets/holts.
+  Presence ol holes in a member increases the stress al the section due lo reduclion in the sectional
area.
= Apar fromthat, concentralxon 01’ 51resses occurs along lhe edges of the holes.

43.1 NetSectional Area of Flatsand Plates oL
»  Theoretically a tension member without a bolt hole can la«e tens:le road up 1o the yield point of the

malerial.
*  This lensile load carrymg capacily of lhe member gets reduced due 10 the boll holes.
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Fig. 4.4 Netsectional areaof riveted/bofied plate
«  Asshown in Fig. 4.4 (a). the plate is provided with bolls along two straighl lines called as chain
bolling. Section ABCD gives the least net sectional area i.e. section passing thraugh 1he bols.
+  Thus nel seclional area is the gross sectional area of the plale less the area of boll holes (two boll
holes here), ie., » .
A= AU - Area of holes

= bi - ndyf
= (b-ndt ERY
where A= Netssclional area of plale A, = Gross area of the plale

il

Thickness ol the plale
n = Number of rivel/bolt holes in the section

b = Width of the plate
d, = Diamater ol rivel/bolt hole

» Flg. 4.4{b) shows balling in the same (wo straight lines but in a staggered manner. The deduclion
of area in lhis case will be the sum of tha sectional areas of all the holes less pif4gloreachinclinad
line between the two holes except the lines in the direclion normal 1o the direction of applied tensile
stress.

« ForFig. 4.4{c), nei sectional area will be given as:

Deduclions = Total sectional area of the holes - (

2

and Netléé’ciibnal area(A,) = A

\"‘.,\f"

2 2
—| Tota! sectional area of the holes —(&ia--&’i
4g; 4g;

= bi- ndal+p2f 2]

s

4ge

e e » R

RN b-nd, +_p_2_*_pi}f : 142
Ll ( *" 4, 4] ~442)

where p= Slaggered p1tch g= Gaagedxsiarce 11 = Total number of holes in the zig-zag line

L Dudlo co:mpfex natire of,slyess variation in slaggared arrangemenl of bolis, the térm p?l4g is
only an ap prcmmate one ' and me same hes beeér am\red al usmg lhe mmm slress theory
.-:ol' l‘aﬂura R :
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432 WNetSectional Area of Angles and T-Sections

»  Normally, only one leg of the angle seclion is connected cal ed as connected leg and the other leg
is kept free called as oulstanding leg.

¢ Whan load is applied through one teg only then non-uniform siress distribution occurs in the angle
section because of shear lag effect. Moreover eccentric forces produce bending siresses in the
section also.

*  Whan allthe legs of the section {angles and T sections) are connecied then, egs. (4.1) and {4.2) can
be used for compuling the nel seclional area. The overall widih and gauge length are arrived at as
'shown inFlg. 4.5.
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Flg. 4.5 Explapation of gaugeforanglesection



Incase of built up tension memiers where the tvo sactions ars placed backicback In diract
conlact or separated back o back by a cente!: distance but not greater than the aggregate
\hickness of tha connected individual membes=, there tacking bolts are provided in line ale
pitch not greater than 1000 mm. : ’

4.4 Net Effective Area of Tensioii Members (A )

Factors that alfect elficiency of lhe tanson member are. i

{a} Ductility of the member {y) Shaar Ia%i;,fiect

(¢} Geomelricconfiguration {! Method of fabricalion

Among sli the above laclors, shear lag allect is the mos! prominent one. The nel effective area ofa
section is defined as:

Ay = KR iR A, .(8.3)
where Kk, = Ductility factor k, = Hole forming faglor
ky = Geometry factor k, = Shearlag lactor
A, = Netellective area A_= Neiseclional area

The various faclors are as described balow:

« Tha ductility factor {k}: As tha duclilily of Ihe material of lension member increases, the strenglh
of he tenston member also increases since dug to high ductility stress distribulion around the bolt
holes gel modified and a more uniform siress distribulion takes place when lhe sleel is in plastic
slate. So for ductile materials, it is assumed that thare is a uniform stress distribution when the
material is loaded beyond its yield paini, For commonly available stesl with specified minimum
duclility, the duciility taclor is unity 1.e. k, =1.

e Hole forming factor (k) This lactor is also known as {actor tor method of fabricatlon.!n case of
bolted connections, the ball holes arg formed elliver by punching or drilling. In punched hales, the
malerial around the hole geis detormed in shear and thus Lhe strength of the mémber get reduced
by about 10 lo 15% 1o that compared 1o drilled holes, This occurs due lo sirain hardening of the
material which causes ha loss of duclifity. This facter {k,) is taken as 0.85 for punched holes and
1.0 for drilled holes as some of the standards specify. |S 800 : 2007 recommands lo increase the
holo diameter by 2 mm while computing the net area of punched hole rather han using k, as 0.85,

* The geomstry factor (k): As gauge to diameler ratio (g/d) ol z bolied jointincreases, the efiiciency
of bolled joint decreases. For widely spacad bolls i.e. for large gauge distances {or large g/d'ratio).
the melal in between the holes expariences non unitorm slrain which leads to local Iraclure well
before the strain gels equalized lo thae nel section. This ~.-aluﬁﬂ.\k3 varies from 0.9 10 1.14 but
IS 800:2007 recommends this value as unity. g N :

«  Shear lag laclor (k) Leaving membaers like flats and bars, the gq;uél tensile slress in the lension
member till iracture that occurs at its critical section, isless than the claimed tensile sirength of the
steel except in that case whare all Ihe alements of a tension member are so arranged thal unilorm
siress dislribution occurs aver the entite section.

The phenomenon of shear lag occurs when some eleragnts af the momber cross section are not connecled.

in Fig. 4.6(a). an angle seclion is acting as a lension member connecied with ane leg only. Thus, the connected
teg will gel over siressed and the uncennected leg will not be siressed lully. At conneclions, large amount of load

n

is carried by the connected leg and it requires some dislance called as Iransition distance o spread the stress

uniformly across the whole angle section (Fig, 4.8(b)).
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Fig. 4.6 Explonation of shearlag

In Ihe transition length of the angle section, the slress inthe connecled leg may exceed yield slress (£}
and may go into slrain hardening zone thereby making the member liable lo [raclure premalurely. As one rnove’s
away Irom the joint conneclion. the stress dislribulion becomeas more uniform, In Ihe transilion region, shear
Iransfer gets lagged. This shear lag reduces the elleclivaness ol Lhe component element of the lension member
that is not connecled directly to the gussel plate. Thus oulstanding legs of the unaqual angle sections are kept
smalli.e. long leg is made as the connecled leg and the short leg as unconnected leg. Shear lag is independent
ol Iha type of load and applies ta both the welded and bolted conneclions. But due lo reduclionin net area bolted
conneclion gets aftecled more as compared to welded connection, This shear {agis laken care of by using the
nel elleclive area. This is done by using Lhe shear fag lactor (k,) as:

X
k= 1—f (4.4}
viee © = Distance {rom the face ol the gusse! plate 10 the cenlroid of the cennecled leg
L = Lenglh of the conneclion in the direction of load as shown in Fig. 4.7.
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Fig. 8.7 Explanationof U forwelded and bolted connection

From Eq. (4.4), as {¥/L} decreases, factor k, increases and hence lhe nel elfective area of the seclion
and thus the strenglh ol the lension member increases.
Nows clubbing all the above four faclors viz. k,, k,. ky and k,, Eq. (4.3} reduces lo,
Ay = kA, (4.5)
‘ {- k, = /g = 1, &, is taken care of in arca of bolt holes)
1S 800:2007 detines \his factor &, as a and thus £q.{4.5) can be expressed as,
A, = UA,
wihere « = 0.6 when number ol bolis € 2
= 0.7 when number of balls = 3

= 0.8 when number of bolts 24
= 0.8 for welds



4.5 Different Types of Failure in Tension Members

{a) Yielding of gross secllon (T,,DJ: In this type of lailure wherein the yielding of the gross section
occurs lhere a signilicant amount of deformalion eccurs before the material aclually ges fraclured,
This significant amount of deformalion makes the slruclure unserviceable,

{b) Ruplure of net section (or fraclure) (T,}: When the net section of lhe member reaches lhe
ullimate stress, then ruplure {or fracture) of member takes place.

{c) Block shear failure (T,,.): Here a segment of the block of the material al the corner of the connection
shears out due to possible high bearing sirengih of steel and high strangth of bolls.

Design Strength of a Tension Member '

The design sirength of a lension member is based on two fimil states viz.:

4.6

(2) Limil slate based on yield sirength of the member due toils large elongalioh

{b) Limit state based on ulimale sirength of the member. This limil S!ale is particutarly crucial where the

section of the tansion mamber gels reduced dus lo the presence of bolls holes etc.

A tension member with boll holes at the ends for connection purpose ei¢., gven il subjected to tensile
stresses in excess of yield siress {o as high as ultimale slress, (he member may not elongate excessively.
because ol the presence of so called non active metal behind the bolt holesin the duecucm of lensile force. Juslt
at the point of fracture {i.e. breakmg). the metal tends to narrow out at that polnlwhere the racture occurs bul the
additional mela! present behind the bolt hole reslricts this contraction of he strained melal thereby increasing the
ultimale strenglh. Thus fraclure strength al the net seclion passing through the bolt holes is considered as
anolher limil stale. i

The design strengih af a \gnsion member is the minimum of the following:

{a} Design sirength due to yielding of (he gross seclion (7, o)

{b) Rupture sirength of crilical seclion (7.}

{c) Blockshearsirenglh(T,)

4.6.1 Limit state — 1: Design Strength Due to Yielding of the Gross Section (T,

«  This limii slale trigs 10 prevent (he excessive elongation ol \ho lension member.

« in order lo prevent the allainment of this limil state, the stress on the gross section must be less
than the yield strass of Ihe material (1)).

«  Though yield siress may reach at Ihe nel seclion prior lo the gross section but this Ienglh ol connection
is 100 small as compared lo overdll length ol the tension member and thus elongation in the unreduced

seclional part will be more than the efongation in the hales region.

NOTE: It is the larger elongalion and not the atlainment.of yiald first that Is considered as a limil state.
= Thus lo prevent the excessive elongation in the {ension member, the stress on the gross seclion
must be less than the yicld siress ie.
T
a, <l

Te fyAﬂ

|

¢ The design strength due to yielding of the gross seclion is given by,
- A £,
W= Y. m
vheie T, = Design strength of (he tension member
Ao Gross area of hs section
! = Yield strength of the material
1;,0 = Partial factor of safely for failure in tension member by yielding = 1.1

..{4.6}

462 Limit State +2»Design Strength Due to Rupture of Net Section

. Presen e oS olas in the section causa stress redistribulion around the holes and makes the siress
near zo les 1o be targer than the average stress al the ball hole {=P¥4) as shown in Fig.48.

{b) Nomina! strength condtion

) ] Eumic' sirass distibution

’ Fig 4.8 Stressredistribution aroundthe hofes

¢ This stress vanauan across the net section will become uniform as the siress approaches theyield
siress thergby epproa_chlng the plastic state.

- NOTE: The ralio of maximum elastlc strass{f _Jtathemeanslress (£ g 18 Oflenknown as strass concentration

' factor.

* Theslressin the fibers near o the hole reaches the vield stress (I.}andremams constantas thelpad

\ isincreased bul the stress in the sectional regions away irom the hole gradualiy increases Hill they
reach he yield slress (( ).

¢ Becausgofthe ducuhly af stecl, initially yielded zone undergoes more delormation till the member

Iraclures through the holes. A1 this stage, the stress in'ths enlire net ssction reaches the ullimate

stress ({).
* Inorder lo prevent the nel seclion [raclure of a lension member,
T<Al
. The design ;Ireﬁglh due 1o rupture of net section is given by.
' 0.94,,
. . = T 4.7}
where A, = Nelelfective area at the crilical seclion

4w = Parlial factor of safety for ihe material sirength governed by ultimate siress = 1.25

NOTE: In Eq. {4.7) the faclor of 0.9 has been introduced since there is not available any kind of rééewe
slrength beyond ullimaie strength and this faclor of 0.9 gives some Jactor of safoly,



»  For angle section: Ruplure sirengih of engle secton connecled through one leg only gets affecled
by shear lag. Inthis case tha design strength due 1 rupture i nel section is given by,

0.9l , BAccl, |

= ..44.8)
Tm T Yoty
where, A, = Netareaol cennei;ted leg
A,, = Gross area of outdtanding leg
w {y b, L¥m . ' .{4.9)
= 1.4-0076|— || = |= ¢ == 207 3 .
J (’](ru)l-e Y m :

w= Lengih of outstanding leg of angle sectian
b, = Shearlag widthas shown in Flg, 4.9
1 = Thickness of the leg
L, = Lengthot {he end connaclion L.e. distance of the outarmost bolt of the end joint measured
in the loading ditacticn or the length ol the weld inine dirgclion of load

f

pde B Ewe gt T bEw
{n;snmmmum . {b)Wnldudmmcdm

F!g 4.9 Single ongleax terfronmember

For prefiminary design purpose, IS code :ecommends me following expression:
oAy

= {4.10)
Tm - Tm
where a = 0.6 when numbsr ol balls£ 2
= 0.7 when numberof bolis= 3
= 0.8 when number ol bolls2 4
= 0.8 lorwelds
However it is difficult to delermine the equivatent weld langth and thus designers are required lojudgeil
rationally. } !‘ \.4‘\\ ’
«  Bolts and threaded rods: o ‘ o !
T,.= O—Q&Q L4411
el Tm
where A, = Net effective area al the threaded saction which is given by,

= %{d—O.QSBZp)z where p is the pilchal the thread

= 0.78%6’ for 1SO threads

«  Forother saclions: The ruplure strength for olher seclions like 1he double angla, T-seclion, I-section,
channel etc. may be determined by the same equations as for single angle section wilh b, taken
trom larthest edge ol the outstanding leg lo the nearest bolt line or weld lina in the connecled leg.

463 Limit State-3: Block Shear Strength
=  Atlha connacted end of a lension member, failure may occur along a path which Involvas shear
along one plane and lension on the arlhogonal plane along 1he fastener. This type of failure is
referred Lo as block failure. :
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Flg.4.10 Blockshear faflure
s inFlg. 4.10(a) lailure along planes 1-2 and 34 is shear failure and thai along plana 2-3 is lension
{ailure. '

* InFlg. 4.10 (b), shear failure occurs along 1-2 and tension [ailure along 2-3,
» For bolted connections, IS 800 : 2007 recommends the Iollowing expression for block shear

sirenglh:
A,,,! 0 QA.,,
J_‘{mo Tent ‘
T = whichever is less 412
= 10940, Ay @12
J_ fml Too

Amand A, = Minimum gross and nel area in shear (1-2, 3-4 in Fig. 4.10{a} and 1-2in Fig. 4.10(b))
Ajand A, = Minimurh grogs and net area in tension (2-3in Fig. 4.10(a) and (b))

NOTE: The biock shear strenglh 7,
Suilable seclion around the weld,

» Shall be checked lor the welded connection by laking into account a

4.7 Slenderness Ratio of Tension Members
*  Since buckling is not invalved in a lension member and hence theoretically there is no limit op the
slenderness ralio of a tension member.

* Incasethereis a possibility of slress revarsal (due 1o wind, ransportation etc.) Ihen stabilily of the
member is a concern and in thal case it is needed lc pul a imit on the maximum slenderness ratio,



Table 4.1 Maximum slenderness ratio for varlaus types of tension members

S.No. Typu of Tenslon Mombar o Max{mum Slondormous Ratle
1. | Tension mombor i wiich there can be reversal of direst stress dua lo loads 180
olhar than wing or parthquake foroo,
2. | A mambar nonraly acling a5 a tie in a rool lruss or 0 bracing sysiem but 350
subfoded 10 possidis roversal of stross dua (o wind oraarthquake forzas,
3, | Tension member |.c., mambers ahvays under lonsion {ather than pretensloned 400
members)

Procedure for the Deslgn of Tension Member
Step-1, Delerming Ihe required gross area to carry the factored 1ens-|e load (7,) considering the strength
in yielding as:

48

LA ‘T 4.13)

u
AN

Step-2. Select a suilable shape of the seclion dependmg on struclural and architectural raquirements
with gross area of the seclion aboul 25 (0 40% mora than the gross area computed in Step-1 above.

Step-3. Delermine the number of bolls required in case of bolted connection and lenglh and size of the
weld required in case ol welded connection.

Step-4. Delermine the sirength of the member and assoclaled connection(s) uonsudenng the following
ypes of sirength:

@) Strenglhin yielding of the gross area

(v) Strength in rupture of crilical seclion

{c) Strengthinblock shear

in genera!, if the requirements of edge distance and minimum pitch are mainlained then strenglh in
yielding gives the least value and hence thz design is safe if gross erea provided is more than the gross area
required,

Step-5. The sirength obtained must be grealer than the factored lensmn Bul it should not exceed the
faclored lension too much otherwise revise the section by selecting another suilable section. 4

Slep-6. Check the slenderness ralio of the tension member as per IS 800:2007 which is given in
Table 4.1.

4.9 Splicing in Tension Member
» ltasingle piece of a lension membar is not available tor the required length then lension members
are spliced ta transler the required lension uom one piece to another.
«  The strenglh of the splice plates and bolts / welded connections must have sirength at {zas! equal
lo the design load. .
+  Incase, connecting lension members are of dlllerent Ihickness, then liller plates are used.
«  Asper Cl. 10.3.3.3 of IS 800:2007, the design shear stiength of bolls carrying shear lhrough a
packing plate of thickress in excess of & mm shall be reduced by a factor given by,
By =1-001251, -
= Thickness of thicker packing plate {in mm)

fA.14)

where I

4.10 Lug Angles

4.11

* Foraheavily loaded lension member, the length of the conneclion comes oul 1o be tos latgewobe
accommodated on a gusset plate.

*  This length of connection can be reduced by using lug angles as shown in Fig. 4.11.

¢ Use of lug angles saves the cost of gusset plale but this saving is offsel by additional fasleners
and angles required.

! Ny | —Lug anglo

i
%
.‘)

Fig.4,11LugAngles

Maln momber (anglo)

@)

Cl. 10 12 of IS 800 : 2007 specifios cerlain requirements for lug angles which are as given below:

{a) The effeciive conngction of the lug angle shall be as far as possible, ferminate al the end of the
member,

(b} The conneclion of the lug angle (o the main member shall preferably start in advance of the member
1o the gussel plals,

{c) For connecting lug angle lc the gusset, a minimum aof two bolis or rivets or aquivalent weld
langth should be used.

{d) Incase, the main member is an angle lhen:

(i)  Tho whole area of the main member shall be taken as effactive instead of net effective
section. The whole area of the member is the gross area of the member less deduction for
lhe rivel/bolt holes.

(@)  The strengih of lug angles and fasteners conngcling lug angle (o gusset plate musl be at

least 20% maore then tha force in the oulstanding leg.

The strength of fzstener connecling lug angle and main member shali be at least 40% more
than the force cardied by the oulstanding leg.

(e) ln case the main member is a channel section then,

{}  Asfar as possible, the channel should be symmetric,

(i} The strength of fasteners connecting {ug angle to the gussel should be atieast 10% more
than the idrca in the outslanding leg.

Tha strength of fasteners connecting lug angie to the main member should be at least 20%
more than the force in the culsianding feg.

(i)

it

Gusset Plate

*  Gusset plate aids in making the conrection where more than one member are required 1o be joined.

* The lines of action of force in the members are assumed 1o be coinciding at a poinl as shown in
Fig, 4.12.
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Flg.4.12 Gusset plate connectig themem bffs

+ When these lines of action (io nol coincide then this gives rise 1o secondary stresses,
*  Thesize and shapsof the gsset 1//ate dapends cri he direclion of the members meeling al a join),
«  Theprofile of the plate is sofixed inat specilicat.n of edge distances are complied with.

N i

O

NOTE: The top edge ol the gusset plate is siifaned if It exceads 42 Eviere £ = [B50, o

»  There are no elaborale deéjgn specifications [c: the thicknass design of gusset plate but in any
case it should niol be less than 12 mm.

+  Stuclutally a gusset plate shouid be able to resist shear slresses, llexural siresses and ihe direct
siresses.

B P itstritye Briiple

emrmlns !hefdeslgn 1ensile strength of plate 150 mm x 12 mm size with holes
for 16 mm diameter bolls as shown inligure below. Use Fed10

Sohution: ‘ 425
Strength of plala is the minimum of 1§+ P2
{a) Yielding of gross-section (T,,) 5 150

{b)Rupiture of crilical-section (7))
{c) Block shear strength{T .}

'H? Ya2s

18
[P

Critical section is having two holes

{a) Design sirength due 1o ylelding of gross-section 35— G5 ——med
Al {All dimersians ln mm)
aly
2= Yo
where A =150 » 12 = 1800 mm? !lﬂ"‘\
ForFed1s, f, = 260 N/mm? N ST
Y= 11 AN
Critical section
1800 x 250 :
- = —N= LTRN +
- Ton = 409 ; .
{b) Design sirength dus 1o rupture of crilical saction ;
09 AL :
7. = —=ti 4y
o ?mt é ‘Z'h

Gross diameter of hales {d,) = 18mm  {From Table 2.5)

Nat elfective area{A ) = [b— nd, + E%]t

= [150-2 x 18 + 0]12 = 1368 mm?

9 A
= 09 AL _ 0.901368)470, _ 4038kN

C Y 1.25
{c) Block shear sirenglh !
Gross area in shear {A,) = (85 + 35)12 = 1200 mm? o o
Netareain shear(A_) = (65 + 35~ 1.5 x 18)12
= B76 mmé
(-~ 1.5 boll holes are getting intercepted in shear areas) -—0———? 125
mm

Gross areaintension {A,g) = 425 % 12 = 510 mm? S & ram
Net areain tension (A, ) = (42.5-0.5 x 18)12 b
= 402 mm? '
Block shear sirenglh is minimum of the following:
{iyShear yield and tension fracture

. _ Agh 094 1200x250 '09x402x 410
" By Y A% 125

= (157.5+ 118.7) kN = 276.2kN
{ii) Tension yield and shear fracture

_ Agly DBALL  510%x250 0.9x876x410
dDZ_T__+T———F 11 + \!{_
o0 3Ym . 3%1.25
= (115.9 + 149.3) kN = 265.2 kN
T, = Minimumof T, and T,
= 265.2kN
Thus slrength of plale = Minimum of {a), (o) and (c}
= 265.2kN

p
1

wﬁm uneguel angle 1SA 90 x 60 x 6 is connecled 1o a 10 mm gusset plaie al the
ond with four nos. 16 mm dlamater bolls. The angle Is to be used as a tension member. Find the design
tansile strengih of the angleil '

(a) 90 mm tegis connecled to lhe gusset plate (g = 50 mm)

{b) 60 mm leg is connected ta the gussel plate (g = 30 mm).

Use Fe410.
Solution: \‘\
{a) 80 m lag is connecled ta the gusset =
Strength of the angle is the minimum of 4+ i .
{i)  Yielding of gross-section (T,,) 1 %’ .!2 tg | | [15A%0 <50 x5
{iil  Rupturc of crilical section (7} —3.;«159:,.:( = 1 —

(it} B!ockshearstrenglh(Tdb)



{I) Deslgn sirangth due ta yislging of gross-section
Al
7. = 2%
o=y

From slael table, lor ISA 80 % 60 x 6, A, = 885 mm?

T, = MN 196.59 kN

(i) Deslgn strength dus to niplure or c:nucal saction
09 A,,! cpleh W

Tmt Ymo
Whera net area of connectedleg !

Tgn =

n

6 2
Ape = (90- 5}6 =522 mm
Gross area of oulslanding leg

Ay [so - 2}6 = 342mm

p=14- 0076( )(’ )b< <090, 47
{ Iu. L\: !y'fml
w= widlh of culstanding feg = 60 mm :
= 50mm
b, = shear lag width = ¥ + v/~ {
=60 +50-6= 104 mm
L, =3x50=150mm

607( 250( 104
= 1.4-0076| = || == | -== | = 1.0787
o= 1a-oore( (%) - o
{
0.8 s Yot - DQX4IOX11= 1.2988 2 0.7
b Tm 250%1.25
Mhus pg 0hYm 507
mil
= 10787
09 A4 ”+l3 wly _ 0.9x522x41G  1.0787 % 342250
“ Ay - 1.25 1.1

= {(154.09 + 33.54) KN = 237 93 N

{iil} Block shear slrenglh .

Failure may occur along the section 1-2-3
For 16 mmdia. bolt.  dy = 18mm

Toaring lenghvin lension = 90 ~ 50 = 40 mm

Gross areain shear (A ) = (150 +35)6 = 1 110 mm?

Net areain shear (A n) {150 + 35 - 3.5 x 18)6 = 732 mm”
Gross area intension (A, ) = 40 x 6 = 240 mm? b
Netareain IEJ'I\IOI(AM) = (40 - 0.5 % 18)6 = 186 mm?

Shear yield and lension fracture (7}
- Agl, +0.9ﬂm){, _ 1110x250+0.9x185x410
' *VBYeg tm - Bxid 1.25

= {145.65 + 54.91)kN = 200.56 kN
Tension yield and shear fracture (T}

‘ _ Agly 09ALG 240% 250 | 09x732x 410

nal Tt Bym 4 JAx1.5
- '!3 = (54.55 + 124.76)kN = 179.31 kN
Block she‘aﬂ‘t ength(T,) = Minimumof T, and 7,
= 179.31kN
- Slrength of angle }SA 90 x 60 x 6 with 90 mm leg as connected leg
= Minimum of (7). {ii} and (| b]
="179.31 kN

(b) €0 mm leg Is connecled to the gussel

Strength of the angleis the minimum of 7, T, and 7,
Asl,  BB5x250
Yoo~ 11
Design strength due to ruplura of crllical secﬁon (T, n)

T = N= 19659 kN

Net arez of connectsd leg (A= (60 - g] x6= 342 mm?

Gross area of oulsianding leg (AW) = (90 - g) %6 =522 mn:u"’

A EALP I
p= 1.4-0.076(3)( ]—’s ™ > 0.7
4 !v L I Tov

v/here vidth of oulslanding leg = w=80mm
w; = 30mm
b= waw, =t

=80+30-6=114mm
L, =3x50=180mm

901 250114
= 1.4 -D.07 2212 —o8n7
p=14-00 5(6}(410)150
: 09],7m _ 0.3x410x1.1
L¥m — 250%1.25 = 1.2088<07
Thus [} P 9.'9_!‘4_11’2
Lo
B =08717
_ 0944 PAxl  09x%342%410 0.8717x522x250
LU A Yoo 1.25 1.1

(100.96 + 103.42)kN = 204.38 kN



Biock shesr sirength (T,)
Tearing fength intension = Sé 30 =30 mm
Diamaeter of bolt hole for 16 mm digfboil
g = 1?6; 2=18mm
Grossarea in shear (Am} = {150 + 35)6 = 1110 m?
Nelareain shear (A, )} = {150 + 35 - 3.5 x 18j1 = 732 mm?
Gross areain lension (A i = 3@ x & = 180 mm?
Netarea intension {4, ) = {Qp 0.5% 18)6 = 126 mm?
Shear yield and tension fracture (T, ,) :
Adh  094nl,  1110x250 ,09x126x410
B Y J3x1.1 1.25
= (14565 + 37.2)kN = 182,85 kN
Tension yield and shear fractura (T .. i
y GQA“ _ 150x250  09x732x410
‘ij J_{m, - o 11 ' ,J§x1.25
= (4031 + 124.76)kN = 165.67kN
> Blockshearstrength(T,) = Mimmufncf T and T, = 165.67 kN .
. Strength ol angle ISAS0 x 60 x vah €0 mmleg as connecied leg
= Minimum af 7, p8nd T, and 7, = 165.67 kN

1

In the sxample 4:2, if instead of siny'e angle. two angles are cannectsed then
determine the tanslie strength If H
{a} the two angles are connecled on tha same slds of the gusset p!ate through 80 mm leg
(b} the o angles are connectad on aither slds of ths gusset plals through 60 mm leg

== =

As per iS5 800:2007, sirength of double angle is lwice of single angle as oblained in example 2 above.
The earier version of Ihe code i.e. 1S 800:1984 uszd lo give sirength more than gyuble.
Incase tacking riveisfoolts are pzov}tdad even then there isno changﬂ st‘agnglh of lensile member.

Detamina the tansile slrenglh of an angla seclton‘!SA 150 x 115 x 8 whlch is

connected to gussat plate [or the loflowing casas:
{a} vielding of gross-section

k?‘
. 115—1 |

{b} rupwrs sirangth of crilical section 8
Use Fa410. : ) g 8 T
Solution: : : j
ForFed10steel, i, = 410N/mme T

f, = 250 Njmn?? /ﬁ/ ah_

From steel lables, for ISA 150 x 115 x 8, A,
= 2058 mm®
(a) Tensilg strength due lo gross-section yielding
Al
= Doy 209820y se7.73kN
7 e 11
{D) Tensile sirenglh due ta rupture of critical section
Length of oulslanding leg (1¥) = 115 mm

Weld length along the direclion of loag (L) = 150 mm

Width of shear lag (8,) = w = 115mm

Il

{, 094,y
- L4~o.076(1‘i)[L]( )s ™ 507
B t ’u Lc [ TYm

11532503/ 115
14-0 0?5(—)(7{6)(@) =0.8893

0.9f ¥mp _ 0.9x410x1.1

= =1,2988>0.7
1 250 % 1.25
pe Lidm o7 (OK)
‘(y Tm)
B = 0.8893

Netarea of connected leg (A,.) = (150 - g)e =1168 mm?

Gross area of oulslanding leg (A ) = [115—%)8= 888 mm’

_ 094k o Awl  09(1168)410  0.8893(883)250
@ Yoy Tmo 1.25 1.1
= (344,79 + 179.4B)4N = 524,27 kN

Find tha block shear slrenglh oi a

tension member as shown in figure below. The stesl is of - IS:«/&O x50x8
grade Feq10, = 1
¥ 115 45
Sofution: ; ! of-ir-- 'ﬁ?b
Gross area as shear (A, ) f : a5

(1 15 + 50)8 1320 mm?
. 18 mm dig
Melarea as shear (A_) = {115+ 50 - 1.5 x 18)8 = 1104 mm? hola
Gross area in lension (A, ) = 35 x 8 = 280 mm?
Net area inlension (4, ) = (35-0.5 x 18)8 = 208 mm?
Shear yield and tension Iracture (T, }

_ Agly , 094, .
b \!3';',71] Tem



_ 1320x250 09x2A3x410

ISAB0 x50 8
Bxi1 1>®

/

.
(1?321+614)kN 234.61kN 50 115 j '
Tension yield and sheat fracture (T,,,.) Lo
uf@—,T-b i a 5
Ady , 094, e dM
- d < <
T J_!n-n
- 280x250+0.9111041x410
= 1 J3x1.25

= (63.64 + 188.16)kN = 251 8kN '
~Block shear sirengih (7,,,)

= Minimumol T, and T_,

= 234,61 kN

ALK Find the block shear strenglh of
welded tension member as shown in figure. Use Fe410

steal,
Soiution:

For Fe4 10, f,= 410 NJmm, f = 250 Nimm2. -
Gross areain shear (A, ) = 2% 120 % 10 = 2400 mm?
Netareainshear(A4 ) = 2% 120x 10= 2400 mm? _
Gross areaintension (A, ) = 250 x 10 = 2500 mm?

Nelarea inlension (A,,) = 250 x 10 = 2500 mm?
Shear yield and lension fraclure (T, ot}

Ar; Ogﬁmf
h ‘/_Yrrﬂ Yrn

F-120--

Shear plano

2400x 250 . 0.9x2500x 410
J3x 11 1.25

(314.92 + 73B)kN = 1052.92 kN

il

Tension yield-and shear lracture (T
_ Aol 09444 _ 2500x250  0.9x 2400 410
Yoo BYm 1.1 ¥3x1.25

{568.18 + 409.04)kN = 977 22 kN
~Block shear strength= Minimumol T, | and T =977.22kN

h

and a service live load of 50 kN. Design a reclanguiar bar of siesl grade Fe410 assuming that the

member is connecled by one line ol 16 mm diameter bolls of grade 4.6.

',Efcar;jple 47 A lensnon memba! 1 m long is requued to reslst a sewlca dead load ol 20 kN

Solution:

For Fea10 grade of sleel, £, = 410 Njmm? £, = 250 Njmm?
Partial safety factors for material, ¥y = 1.1, ¥, = 1.25
Pariial safety lactor [or dead and live load, y,= 1.5

For 16 mm diameter bolls, diameter of hole, gy = 18 mm
Deslgn factored tensile load, 7= 1.5 % {20 + 50} = 105kN
Area requlred on the basis of nel seclion fracture

. _G8A
v ’f [ - Tt

L] | T¥m _105%1000x1.25
’ - =T T Y 35569
" Ar= Gaf = 08x4l0 it

This net area required should be increasad by 25% to have gross area required
‘ = 1.25x35569= 4‘1461mm2
Areare quired on the ba.fns of gross-sechon yielding

P "’
T2 2’12

= Tme i
G Tfmy U 105%1000%11 L 2
= o mye T A dm

Thus required‘triéi.érea = Larger ol 444,61 mm? and 462 mm? = 462 mm?
Let thickness of rectangular bar = 10 mm .

. : 462 P
width of bar required = ST 46,2 mm =-50.mm
Mémber is connected by one line of bolls
.. Rectangular section is weakened by one bolt hole only
Nel arga prov)ded (A} = (B~ ndyit

={50-1x 18}10
= 320 mm? < 365.69 mm? {Nol 0K
Thus revise widlh of bar to 80 mm
Net area provided (A,) = {60 - 1 18) 10 = 420 mm? > 356 Bgmmz {OK)
Connaction
Given 16 mm diameler Dous of grade 4.6 ’f
Area of 16 mm diameter bolts (4_,} = 157 mm? . l{ R . T
i f.s
Shear capacily of 16mm dname{er bolt{V,) = A;"Y
iy
= MN = 29 kil
V3x1.25
. 105
No of bolls required = o = 3.62 =~ 4 nos (say)

Provide 4-16 me diameter bolls al a pitch of 45 mm with an end distance of 35 mm and edge distanct

of 30 mm,



Block shear strangih » ,

Gross shear area (A,,) = (35+3x45)10-1700m1 35,45 45 T
Nel shear area (A, ) = (3x 45 485 - 3.5 x 18)10 = {C70mme o _-,¢...¢--_$-..§, """"" ¥
Gross tension area {A, ) = 30 x 10 = 300 mm? ' : J‘
Net tension area {4,) = (30-0. §% 18)10 = 210 mm?
Strength due lo shear yiald and Einslan fracture
ot S Aqh 094 _ 1700250 09x210x410

S tm T Bxp1 | JAxiS

7 (23307 + 61.99) k] = 285.08 ki
Strength due totension yield and shear fracture (T, ) o ‘ o

; Ady 094, 300x250 0.9x1070x410

T YD Jg/mt - 1.1 J3x1.25

- Bosken ‘-(ES 18+ 182.36) ki~ = 250,54 kN
~ ear strengih(?’“) = Minimumol T, and T 2505
2= 250,54 kN > 1
Thus section is sale against b!ock shear failure »! - >

Radius of . o fbr 2 _ 1t 10
ius gyratmn().).i J; = -b—t—~;!;2-=—f = 2,887 mm

Length of the rectangular bar, {L) = 3 rn = 1000 mm

~Slenderness ratio (A) =—=-’—@—-
ia(A} = 2837 346.38 < 400 (OK)

tt Is raqulred to design a bridge thus dlagonal to carry e facloted tenslle load of

250 kN. i
The length of the diagenal is 2.8 m. The tension mamber s connectad to a gusset plata 16 mm

thick with ons line ¢! 20 mm diemetsr b
o sieel of oo 210 olts of grade 8.8. Design the member uging angle section and

Solution:
For Fed10, £, = 410 N/mm? and {, = 250 Njmm?
Partial sa!ely factor for material

Yo = 1.1

Y =1.25 ‘
] Y= 125 ]l'l“\ i

or bolt of grade 8.8, ultimale lensile stress {f /,5) = B30 N/mm? for ¢g> 16mm

For 20 mm diameter bol, siress area of boll {4,) = 245 mm? ~ * * "
Assuming the threads 10 be included in the shear plane,

Shear strength of boll = === 830 (245)
J- An..o 7 1251\1 = 93.92 kN
Let Pitch of the bolls = 65 mm
End distance = 45mm
Edge distance = 50 am

a 435

—= =0.682
3d, 3x22
65
P _g25= -025=0735
k, = minimum of | 3d, 3Ax 22 =0.682
b _ 839 _ 5004
(u 410
1.0

_Deslgn bearing steenglh of the bol

2.5k,dtf, 25x0582x20x8x410
Design bearing strength of the bolt = il W.__Té—g—-——-—
mb
{Assuming thickness of member section as B mm)
= 89.48kN

«  Numiber of bolts required = %S-SE = 2.8~ 3 bolls (say) -

Provide 3 - 20 mm diameler bolls of grade 8.8inane fine
Required net areaon the basls of nal section fraclura is given by,

09A[,
= Yo
- Mm 250 x 1000x 1.25 - B46.88 mm?
a® . 9( 0.9x410

This net area should b increased by 20% lo get he gross area
o Gross arearequired = 1.2 x 846.88 = 1016.26 mm?
Required gross area on lha basis of gross-section yiglding is given by,

Anly
T= 2L
Yo
Tee  250x1000x 1.1 2
o = 1100 mm
= A= ¢ 250 i

TryISA100x 758
Grossarea, (A} = 1336 mm?
Diarneler olhole(do} = 22mm

Net area of connecled leg (A,.) = {100 22— -2-)8 592 mmé
s I
; . 6 ,
Gross area of outslanding leg (Ax) = 75— 3 8 =568 mm
Now (e learing strenglh ol the angle section, connecled through one leg only is aftected by shear lag

an

also. The design strength due lo net soclion fraclure (T.,) which is govemed by tearing al net section is given
by, '

09 Al g Agoly
'I'rr b 'I'mD

A5 ), 090 .
= {4 —0075(1}(L)(_"-) LZulow 5 0,7
P tAL L oY

Tm=

where,



Length of cutslanding leg (w) = 75 mm —75—d L
W, = 50mm ] 'I' = ~7 8
Shearlagvadin (b)) = v+ w, -1 T
=75+50-8 1 ISA100x75% 8
= 117 mm J.
Distance between end bolts (L) =2 x 65 b =
= 130mm 45 85 65
2503117
= 14-0.076 1,
P (B ](410](130) 009
09,0 0.9%410x1.1 .
= =1. 3 P
e - 250x1.25 288>p7 ©9
B < 094y
/y'fml
B =1.009 _ _
i T _'0.9.\<592x410+1,009x558x250
” w 1.25 1.1 _
= (174.76 + 130.25)kN = 305.01 kN > 250 kN (OK)
Check for block shaar strenglh .
Gross areain shear (.4 Y= (2% 65+ 45)8 1400 mm?
Netareain shear(Aw) = (2% 65 + 45 - 2.5 x 22)8 = 960 mn?
Gross area in tension (4, ) = 50 x B8 = 400 mm?
Nglarez inlension (A,) = (50~ 0.5 x 22)8 = 312 mm?
Shear yield and lenslon fraclure (7,
Ady 09AS,  Agly 094,
= + = +
Yoo 3 ¥m \G"fno Tt
1400 250 . 09x312x410N
Jax11 1.25
= (183.7 + 921} kN = 275.8 kN
Tension yield and shear fracture (7,,)
Ady 09&,,/1, 4A00% 250 0.9x9%60x410
= = b3
Yo -J_'y"n RN ¥3x1.25

= (80.9 + 163. ﬁ)kN 254.5kN
Block shear strengih (T,) = Minimumol 7, and
= 2545 kN
> 250 kN
-, Member is sale In btock shear

Example4.9 QMU tenswn membars of sections 170 x 10 and 250 x 16 are requlred lo be
joined through splicing. The member is carrying a lactered lensile load ol 280 kN. Design (he splice
using Fe410 grada of stael and provide 20 mm diameter bolts of 4.6 grade for correclion purpose.

Solution:
Far Fe410 grade of steel, f, = 410 N/mm? and £, = 250 N/mm?
Pertial safely taclor for material
‘fn.o =11

= 1.25
Pamal safety factor for boll '{m =1.25
For boll of grade 4.6, ultimale tensile stress {£,,) = 400 Nfmm?
Diameter of 20 mm boll hole (d) = 22mm
Splice plates are nrovided on both the sides ol tensicn members

Deslgn tensdg stre glh of the mamber

Design streng hm.o 1o gross-seclion yielding will ba governed by sirengih of smeller section ie,
170 x 10.
H
. Ty = A" (m)mo) N‘ 386.4 kN
Design sirength due {o net seclion ruplure.
- 08AL
& Temt

Now the arrangement of bolls at this stage is nol known and thus it is assumed thal section s weakened

by one boll hole only

' A, = (b= do)t = (170-22J10 = 1480 mm?
0.9%x1480x 410

= ———————N=4360kN
Ton 1.25

- Dasign tensile slrength of the member = Minimumof 7, and =386.4 kN

Now as per (S specifications, the splica connection should be desxgned for a force of atleast 0.3 times
{i.e. 30%) the design capacity of the member in tensicn or the design action, which ever is more.

. Splice connection will be designed for 0.3 x 386.4 kN (= 115.92kNj or factored tensile load (= 280 kN),
which ever is more i.e. 280 kN. Now the members connecled are of ditferent thickness and thus packing will be
required.

Thickness of packing (f, ) = 16~ 10 =6 mm but <6 mm

The bolts will be in double shear and bearing

For 20 mm diameter bolts, A, = 245mm?

Sirength of boltin double shear (V,,,,)

2x At 2x245x400N
= = =90.53 kN
i J§-,-m,, J3x1.95
s 25 x1x20x10% 410
Strenglh of boll in bearing (V)= 25kl _Z3% 125 N = 164 kN
Yotr -

{Assuming k, = 1 and aggregate thickness of splice plates should be more than minimunm thickness of
member plates i.e. 10mmand 16mm} -
Thus sirength of bolt = Minimum ol Vi, and V.,
= B0.63kN



A

_Kin plala 250 % 16

-. Number of bolts required = —-Z-BE- =3.09~5D0ols iz .y} : mnﬁ:n
- 8053 = it B 4
Provide 5- 20 mm diameler bolls with arrangement as ~iown é ? e 8 o
Size of the splice platle 3 é o o

Width of splice plate = Widih of main membe:
= T70mm
Critical section for main plate will be 1- 1 and critical =ection ior sp;.ua plate will ba 2-2,
Let t,, = Thicknass of splice pale

Design action at {(2)-(2) = Oésign lensile strenzth
839 4,1, _ 080170 - 2 x 22)21,, x 410

EA 280x 1000 = - ‘
 Fma 3.25%x10

= 280::1000 43304,

= 3(76r:‘m

The aggregate thickness of 'Lhe splice piate should not be less lha') he maxlmum thickness of main
connecled member (= 16mm) > i

Thus provide 10 mmihick splice .

Provide bolis al a pitch of 2.5 d= 25 x 20 =50 mm

Edge distance for 20 mm bolts = 33mm = 35 mm

Length of splice plate = (35 + 50)4°= 340 mm « 350 mn (say)

Previde 350 x 170 x 10 mm splice plale on each side of the main member with 6 mm packing plate in
between the splice plates.

disiance of 45 mm

Daslgn tha saction for dlagonal memberof a reof turs which carrles a tanslle
Ioed of 270 kN, Dasign the connection of mamber to 16 mm thick gusset plate also. The lengih of tha
conaection is nol to sxcaad 350 mm. Provide lug angles Il required. Use Fe410 grede df steel and balts
of grade 4.6. RS
y
For Fedi0gradesteel,  /,= 410 N/mm?and {, = 250 Mimm?
For 4.6 grade bolt, {5 = 400 Nfmm?
Factored lensileload = 1.5 % 270 =405 kN
MNet area required on the basis of nel section fracture

" .‘\':\\
Tfm, 405x1000%1.25 _ 137195 mrrnz

_ - A= osf, 0.9x410 T \
Increase this ateabyabeul 25% to have gross area .
Ay = 1.25% 1371.95 = 1714.94 mm?
Ty ISA 150 75 % 10

A, = 2156 mmé
r=158mm i

Let 20 mm diameler bolls are provided
Ay = 245 mm?

Diameter of bolthole (d) = 22mm

Connection of diagonal member with gussat plate
Awly _ 245x400

kN

in si vV, )= lrhu - N = 45.26
Suenglh of boll in single shear (V,,,) Ay Jax125
) 405
I d= —— =8.95~10(sa
Number of bolis require e y) T

150
Provida 10 - 20 mm diameler bolts at a pilch of S0 mm and edge

Lug onglo
L~

Lenglh of gussel plate required for. making the conneclion
=9x50+45+45= 540 mm
! > 350mm

. Provide lug angles
Let us pravide 6 bolls for connecling the main member la the

gusset plate and 4 bolts lor connecting lug angle with tha gussel plate

Let the bolts are providad in slaggered pattern as shown

]

o]
a4
[+
©
L]
'
ot

.}‘:'._

10

25 25

Length of gusset plate required =5 x 50 + 2 x 45 = 340 mm < 350 mm
Met section along 1-2-3=A,, =(215-22)10 = 1930 mm?

1% 25
i -4-2-3= - : 0
Wel section along 1 - 4 2-3 A,,zs[215 2x22+ 4x9_5]1

= 1726.45mm?
> 137195 M
Fraclure strength of the section (7))
g 094,/ _ 0.9x1726.45x4 10 N
' T Y 1.25
] = 509,65 kN > 105 kN

Daslgn of lug angle

o
-44‘
31”&‘
T—g—
2
et
W~ "‘"o.‘
n
Q
-}
Solo |
o i
o &
&
5

Main momber
(SA150=x?5= 10

(OK}

(CK)

(OK)

For 1the design of lug angle, the load in the outslanding leg of the main angle is determined by

proportioning lhe loads in lhe legs as per the areas.

10 2
- Giross arca of connecled leg of main angle = (‘50 - ?] 10 = 1450 mm

10 2
Gross area of outslanding leg of main angle = (?5 - —2—)10 = 700 mm
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Q.1 The design ensile strength of a slee! section

Q.2 Thedesign strength of a tension member isgen

700
1450 + 700

- Design load for lug angle (T,)=1.2x 131.86 kN = 15B.23 kN

- Load Iaken up by culslanding leg of main angle = ( )405 =131.86 kN

- Tt _ 158.23 %1000 x 1,25
2= 091, 0.9x410

Try ISA 150 x 75 x 8 with 150 may leg connecled to the gusset plate

= Netarea required for fug angle = A =536,01 mme
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b
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1)

Nel sectionalong 1-2-4,{A )

= (217 - 22)8 = 1560 mm?
Net seclion along 1- 2 -3-5{A,)

(217 2x?p+1"25 ]e Lo wicto
4x9 1SA 150 % 75 = 8

= 1396.89 M > 536.01 mim? hrso
= =
. Number ot bolis required for conncchng lhe lug Hxme
angle 1o gussel plale
158 23 Gussel plate
= 1576 =35 =4 (say)
Number of bolts required for connecling outstanding - 5
leg of the main angle o Ihe leg angle ¢ B
1.4%131.86
= wm 4.08 = 6 (say)

“ Objective. Brain Telisers

, () Block shear sirengih of end region
(i) Rupture of crilical section
(i)} Yielding of gross-seclion

due 1o gross-section yielding ng is given by
At Ayt

9’y ¢
{a) Yoo {b) Yo : - Ol he above stalements, Ihe correct one(s} is/
‘are
Ty, Tas ' i i
© 5 @ 75 @ (ponly B andt)
o fy ah c) (iiyand (iii) (d) (i), {in) and {iiiy

by minimurmn of of crilical seclion is given by

Q.3 Thedesigntensile strength of plate due Iomplurﬂ

Q4

Qs

Q.6

Q.7

Q8

Qs

~ slaggered bolls,

07544, 084, 1,
© Ty, ©
0,84 094/,
{ y.,ﬂu o=

For the design lensile sivength of plate due lo
ruplure of crilical section which of Ihe following
isfare considered?

(i) Shearslress” |

(i) Bearing stiess

(iily Directslre gf'
The correclone(s) isfare
{8) (i)and{ii)

{c) (i) and {iii)

{b) {li} and {iii}
(d) ). {ii) and (i}

The minimurn thickness ol gusser plate to be
used should not be less than

{a} 6mm (&) Bmm

{c) 10mm (d) 12mm

Agnsion splice section is designed for

{a) Maximum taciored {ensile ioad

{b) Design sirength of the tenslon member

(c) Maximum service load

(d) Maximum of faclored tensile load and 0.3
limes the design strength ol tension member

For arriving at net area of flat provide with
areaisreduced {rom

the gross-sectional area.
v 7

np n 2
(a) [ndn—Tg-']l (b) 42 H

o2
© (nd,, +-42—]l {d) None ol these

The preferred leg of unequal angle ssction {or
making connection 1o be used as a tension
memberis i

{a) Shortleg

{b) Longleg

{c) Anyof short along leg

{d) Depends onmagnitude of tensile (orce

Block shear strength of a tension member is
{iy Fracture strength of shear plane and yield
strength of lension plane

(ii} Fraclure strength of {ension plane and yvield
swength ol shear plane

Choose the correcl stalement

{8} Maximum of {{}and {ii})

{b) Minimum ol (i) and (i)

{c} Summationof {i}and (i)

{d) Noneofthese

Q.10 The block shear {allure of tension member
involves failurc planes which are
{a) twomutually perpendicular lension planes
{b} twomutually perpendicutar shearplang
{c) tension on one plane and shear on olher

perpendicularplane
{d} 1ension on cne plana and compression on
- other perpendicular plane

Q.it Whicﬁ limil states aflow the excessive slongation
“of atension mamber?
&) Tg, ) Ty
& Ty - - {d) All of the above

Q.12 Thetop edgeof gussel plateis stilfened if lengih
of lop edgs éxceeds
(a} 42te
(¢} 10te

(b} 301e
{d)94ts

Q.13 Strictly, a gussst plale mus!t be able lo resist
{a) shearsiress {b} bending siress
{c) direclstress {d) Al of the above

Q.14 Duclility enhances the strength of bolted member

by

{a} having a more uniform strass distribution in
the plaslic stale

{b) concenlrating stress distribution around the
bolt holes

{c) carrying more load in elastic slate

{d) resulling in reduced netsectional area

Q.15 Geomelry factor is defined as
{a} pilen/oolt diameler
{0} gaugefooit hole diameter
{c) gauge/boltdiameter
{d} pitch/bolt hole diameter

Q.16 The effect of shearlag is
(a) lessin small length of connection
(by lessintarge length of connection



{c} nonexistentin angle seclions ..
{d) nonexistentinchannel seclion

Q.17 Whichis more prelerable as a lension mambdar?
{a) Channel sectionconnected wiltrweb
{b) Equallegged angle saction
{c} Unequal angle section with smaller leg as
connecledleg
{d) Unequal angle section with Iarge
connecledleg

Q.18 Whenless numberof high strength bolls areused
for making the conneclion with smaller connection
length, which of the following lypcs ol failure is
prove tooceur?

{a} Yielding ol gross-section

(b} Rupture failure A
{c) Tearing lailure of plate
{d) Blockshearfailure

=g as

APy Conven
Q.1  ATseclion32mlongis requ‘szed o carry a
tensile [oad of 280 k. Design the seclion,
Design atension member wilh chahne! seetion
whichis 3.6m Iang and is raquired 1o canty a
tensile load of 565 kN. :
Twoangles ate placed back la backithlong
legs as connecled leg. The leagth of the
membar is 3.5 m and is required to carry a
tensile force of 220 kN, Desugn the tension
member,

20 mm diameler bolts of grada 4.8 are used
to connect two plates of thickness 12 mm,
Determine ihe maximum service ipad thal can
be applied under tension through the member.

R OROT AL
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SR -;;u.ﬂ R '1.95‘ .a.-

Q.18 which of the following is considered as a limg
slate?
(i) Attainment ol yield poinl of tension membey
{iiy Excessive alongalion of the tension membey
(@ (yonly {b} (ii}only
©) {iYand{i) {d) Neither {i} nor (i)

Q.Z0 "Stress coricentration factor” is defined as

fa,

@ %1 (b) !fnm s mul
fm_u
f' £

{c) EL {d} ’m:uJum
livp

ViSWER SR

1. (8) 2 (d) 3 (d) atd 5 ()
6 (d) T.(a) B id) 9 (b} 10.(c)
1. (¢) 12, (a) 3. (d) 14. {a) 15.(c)

16. {b) 17.(d) 18. {d) 18. (b} 20.(c)

Q.5  Designaluganglelobe provided withatension

member subjecledloa tensile load of 320 kN.-

The length of the membar being 2.95 m,

250 kN sarvice lansile load Is required (o be

ransmitied through steel flats 250 mm wide x

10 mm thick. Design a suilable splice 1o

connecl the (lals.

0.7  Twoequal angle seclions are used as tension
membar 10 carry a tersile force of 710 kN.
Using 20 mm diameter bols of grade 4.6,

designthe seclion,
230 mm

Qs

e




