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Two 10 mm lhick plates are connecled by lap
joint to transmu a'faciored load of 100k using
black ba!lssgf m diameler and grade 4.6.
The minimumWlmber of bolts required {or sale
design would be (given f,=410 MPa)

(@) 3 (b} 4

{©5 {d 6

I diameler of a ball is 22 mm, then maximum
number of boli (s} that can be accommodatedin
ons row in 150 mm wide plate is (are)

(a1 (b} 2

(c) 3 @ 4

Il same number of bolls has been ysed in the
joints, then which of the following patierns il

yield highesl efficiency?

(a} Chain {b) Siaggered

(c} Diamond (d) Staggereddiamond
For reversal of stress, the most suited bolt is -
{a) black {b} wmed

{¢) Kiction grip (d) ordinary

High strenglh bolts are designed on the basis of
(a) ficlion {b) tension
{¢) compression {0} shear

Far the conneclion as shown in the figure, the
bolt value will be

i
10 mm gussel plale
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Q8

Design of Sree! St.ru-:tures

Connectlans

{Take diameler of boll as 20 mm and grade 4.5)
{a) 357kN {b) 70.2kN
{c) 135.7kn! {d} 109.3kN

The total numberof 24 mm diameler bisaring-type
bolis required for the double-bolled double-cover
butt joint for the figure shown below will ba {bolt
is o grade 4.6)

e
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40 75 40 4
g 75 40

{a) 1
{€) 3

) 2
{d) 4

Two stea! plates each of 10 mm thickness are
connecled by double cover bult joint by bolis as
shown in figure. f the bolt diameler is 20 mm

-and steel is of grade Fe 410, thenwhichone of

the foliowing seclion is the most crilical section
for the main plate?
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{a) Sectioni-1

{b) Seclion2-2



{c) Section3-3
¢, {d) Bothseglion 1-1andseclion3-3

Q.8 When the axis of load lies in the plane of rivet
group, then the rivels are subjecledto
.+ {a) onlyshear stresses
'{b} onlylensile siresses
~ {c) only compressive siresses
(¢} torsionat moment

.10 Which of the foliowing lypes of ravelled joint is
free frombending stresses?
ta} Lapjoinl )
{b} Bult joint with single cover plate
{¢) Bult jointwith double cover plates
{0} Noneolheabove K -~

Q.11 The dillerance between gross diameter and
nommal diametgr for the rivels upto 25 mm

. diameteris
{a) 1mm ) 150m
{c} 2mm (d} 25mm
Q.12 As compared to field rivers, the shop fivels are.
{a) stronger {b} weaker
{c} equallystrong {dy any ol the above

Q.13 If the thickness of plais lo be connecled by @
rivel is 15 mm, then suilable size as per Unwin's

formula will be
{8) 15mm (b) 16.5mm
c) 2mm {d) 24mm

Q.14 By providing sulficient edge distance, which of
the following failures of riveted joinl can be
© ' (a) Tension failure of plale.
" {b) Shear failure of rivel.
" {o) Shear failure of the plate.
{d} Crushing failuro of rivel.

€15 For tield rivets, the permissible stresses ate

reduced by what percentage?
@ 10% ) 15%
5% @ 3%

i Q.16 In which of the lollowing cases a struclural is
~fastener over designed?
§. When design is based on Unwin's lormula

2. Lony sustained loading ieading lo creep.

3. Whenrpversal of strosses akes place,

4, Infafigueloadings.

Select tho comect answer using tha codesgnven

below v
(@) 1,2snd4 &) 2and 4
{c) 3and4 {d) none of these

Q.17 Which of the folicwmg slalementis correct?

{a) Mivsrial cost of arivet is higher than that of
a bl .

(b} Tensiie strength of a boll is lesser than that
of avivel.

{c} Bofls are used as temporary fadtanings
whareas rivets arg used as permanent
faslenings.

{d) Riveting is less noisy (han bolling

Q.18 A 16 mm thick plaie is joined by double cover
butt joint using a 10 mm (hick cover plate. The
steel has a peimissible tenslle strength of

150 MPa, What is the efliciency of joint per pitch

ol § cm if 20 mm diameter power dnven shop

rivels are used?

{a) 7281% (b} 21.63%
{c) 16.44% (d) 33.62%
Q.19 Minimum pilch of the rivels shall nol be tess than
{a) 1.5d (b) 2.0d
€} 25d ) 3.0d .
Q.20 Efliciency of ariveled joint, having the minimum
pilch is
{a) 40% (b} 50%
(c) 60% {d)} 70%

Q.21 Asper|3: 800, therivets subjectedto combined
tensile and shear siresseg §re proportioned such
that

vihere f, and /, are respectively actual shearand .
tensile siresses in a rivel and p, and p, are i

respectively permissible shear and fensilo
slresses in the rivet.

Q.22 For rivals in lension wilth counlersunk heads, the
tensilo valug shall be
(a) roduced by 25%
{b) reduced by 33.3%
fc} increased by 25%
{d) increased by 33.3% .

.23 The common assumplion that al rivets share
equally a non-eccentric load is valid at a load
{a) below the working load
(b) equal lo the wotking load
{c) above lhe warking load
{d) equaltothe tallure load

Q.24 It "4 is the area of cross-seclion of a bar, the

gauge lenglh for the measurement of duclility will

be
(a) 5.65x A% {b) 565x A
{c) 6.56x AR {d) 656x A

Q.25 ¢ dand b are rivel diameler and width of plate.
the elliciency {n) of the riveted jainl, is given by

- p T2 —
@ n= -5 &} n bid
_b-d _b+d
€ n=—¢ (@ n=—p—

Q.26 MatciiList- (Type ol siress) with List-11 (Aliowable |
value of siress) and select the carrecl answer |

using the codes given below the lists:
(= minimum vield siress of sleef}
Llst-l ¢ . List-1l
A. Axialtension 1. 0.75f),
B. Bending tension 2, 0861,
C. Maximum shearstress 3. 0.60f,
D. Boaring slress 4, 040 !y
Codas: )
A
fa) 2
(o) 3
© 2
© 3

D
4

N oW N WD
v—khb-lo

1
1
4

.27 The rivels in an eccentrically Yoaded riveted jaint
are shown in ligure below.

250 mm S00kg

75 mm|
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M}g e

100mm

Wﬁich rivets will be siressed o maximum?
(a) 1and4 (b) 1and3
{c) 3and6b (d) 4and6

. Q.28 Toascerlain the sirenglh of 2 double cover buit

joint as shown in tigure, the riveted joinl is

checked (or
RS

S
SRR

(a) tearing the plate

{b) double shearing of the rivets
{c) bearingof the rivels

{d) All of the above

0.29 The greater gauge ol long rivets should not

exceed
(a) 2d by 4d
{c) 6d (d) 8¢

Q.36 Four bolls share the load Pas shown in the ligure
below. The shear strengih of bolt is 30 kN and
tension strength of bolt is 40 ki,




Which one of Ihe lollowing is the value of P?
(&) 96kN () 105kN
{c) NM7kN (d) 134kN

Q.31 What is tha maximum permissible longitudinal
pitch in staggered riveted compressian joints?
(@ S0Cmm {b) 40Qmm
{c) 300mm {d) 100mm

Q.32 Mateh List-I (Faiture mode) with List- 1 {Reason)

and select the correcl answer using the codes

given bolow the lists:

List-1

Shear fzilura of plates

Bearing failure of plates }

Tearing failure of plates

Spliting failure of plates

List-1t

1, Insullicieni edge distance |

2. Stranglh of plale is leas (han lhal ol Ihe rivels

Sowm>

Codes:

A B CD
@ 1 1 2 1
)y 2 1 2 1
ey 1 2 1+ 2
b 1 1 1 2

Q.33 20 mm diameler rivels are used to connecl 10 mm
Ihick plales. The permissible stresses for rivels
in shear and bearing are 80 MPa and 250 MPa
respectively. The difference of rivet value in single
shear and double shear is
(@) 27.6 kN (b) 24.7kN
{c} 32.5kN (d) 34.2kN

Q.34 When (he axis of load lies in the plane of rivel
group, then (he mosl heavily loaded rivet will be
the one which
(a) isatthe CGof the rivet group
(b) is at Ihe minimum distance from €6 ol the
rivet group

{¢) gives the maximum angle between the wo
lorces £, and £,

(d) gives Ihe minimun angle botween the wo
forces £ and £,

where, F, is the load shared by each rivet due to
axial load and F_ is the shearing foad due 10
moment in any rivet

Q.35 For bolls upto 25 mm diameler, the difference
belween gréss diameler and nominal diameter is
(8) 0mm (b) 1.5mm
{©) 2mm & 1mm

Q.36 According lo IS specilications; the maximum
pitch of rivels In compression is
{a) lesserof 200 mmand 12 ¢
{b) lesser of 200 mm and 16 1
() lessarof 300 mmand 32¢
(d) lesserof 300 mmand 24 ¢
where tis thickness of thinnest ouiside plale o

' angle,

Q 37 A member ol a roof fruss consists of two angla
: sections BO x 50 » 6 mm placed back-lo-back on
both sides of a B mm Lhick gussel plate. I carries

| “adirect load of 71 kN, Wnal is the numbsr of

power driven field rivets required for the joint?
! Assume diameter of rivels as 16 mm.

! {a) 3rvals - tb) 4rivels

i (c) 2rive's {d) noneoclthese

- Q.38 The type of siress induced in the foundation bolts
- lixing & column to its fooling is
(a) purecompression (b) bearing
{€) purelension {d) bending

Q.33 When he effect of wind or earthquake load is
considered in the design of rivats and bolis for
steel slructures, by what percentage the
permissible stresses may be exceeded?

{a) 15% {b) 25%
{c) 33.33% {d) 50%

Q.40 A 6 mm thick mild slegl plale is connecled to
. 8 mmihick plate by 16 mm diameter shop rivels.
What is the number of rivels required to carry

80 kN loag?
(@) 2 o3
{c) 4 - {) &

Q.41 What is the ralio of the yield slress in power
driven shop rivels relative 10 (he permissible
bearing stress of mild slgel?

{a) 1.0 (b} 08
{c) 06 {d) 0.4

Q.42 A boll designated as Hex bolt & 16 x 70 NL will
have

{a) diamgterof 16 mm

{b) diameterof 70mm

{€) lengthol 16 mm

(d) cross-seclional areaof 16 x 70 cm?

0.43 Which one of lhe following statements regarding
the riveted )&pﬁ‘shown in the given figure is
correct?

[Teeee] ]

{a) Inelastic theory all rivels carry equal forces

{0} In plasiic theory ali rivets carry cqual forces

(¢} Both in elastic and plaslic thegrizs all rivets
carry equallorces

{d} In plastic theory the outer rivels 4 and O
catry grealer propoftion of load

Q.44 Consider Ihe riveted jolnt shown in ligure. The
maximum permissible value of %' (rivel diametar
20 mm) is

{&) BOmm

(@) 50mm
{c) 72mm i (d) 96mm

Q.45 In which ol the following ‘case we avoid balled
conneclion?

{a) Conneclion subjected (o fire

[05)] .Connecu‘on subjected to lrequent earthauake
load .

{c) Connection subjected to snow load

{d) Connection subjected to corrosion problem

Q.46 The minimum thickness of a sieel plate, whichis
directly exposed to weather andis nol accessible

{or cleaning and repainting, should be
(a) 45mm {o) 6mm
) 8mm {d) 10mm
0.47 The sirength of plate joint shown in below figure:
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Given M 20 bolls of grade 4.6 and FeMG(EESO}

plates are used.

» For M 20 bolis of grade 4.6 ;
d=20mm, d, = 22 mm, I, = 400 MPa,
= 1.25

s ForfFe410plates
f,=410MPa, v, = 1.25

{R) 473.056kN {b) 573.056N

{c} 673.056kN {0) 773.0564N

Q.48 & boiler shall is made up of 14 mm thick Fe415
plates. if the joint is double boted lap joinl with,
1116 boils of grade 4.6 2t distance of 50 mm
The design strength ¢f plaie per pitch width is:
{a) 132.50kN {b) 152.50kN
{c} 112.20kN {d) 172.20kN

Q.49 For a plate having lap joint thaving 6 bolts), he
number of shear planes at thread n, = 1 perbol,
aumber of shear planes 21 shank, n_= 0 per boll.
Assuming o= 20mm, {, =400MPa, ¥, = 1.25,
the design sirength in shear as per fimit state
method;

{a) 1B4.36KN {b) 271.586kN
{c) 284.364M {d) 212.586kN

Q.50 A 18 mm thick plate is joined 1o & 16 mm plate
by 200 mm long {cflective) single V¥ bull wcid
The sirength o the jointis ]
{Assume Fe410and ship welds are used)




.(a) 376kN
{c) 42BkN

{b) 218kN
{d) 328kN

Q.51 Which of the lollowing factors are qonsidezed

correct regarding pin conneclions?
“{d Pinconnections are figid.
“(i}) Secondary stresses do nol occur.
{##i) Moment pin conneclion is zefo.
(iv) Only one pinis used in the connection.
{a) (), (. GEdonly (o) (). (), {ivhonly
e} i), G, (ivyonly  (d} All of the above

Q.52 The sirengih of a 20 mm diameter bolt of grade

4,6 for double covar bull joint, each cover plate

being 8 mm thick. The main plates Io be jointed
are 12mm thick,

Mumeﬂ = 245 mm?, by=4 400,

Q.53 Aplate {200 x 10mm)with holes as shown below,
i yietd and the ultimale strenglh of steel used
are 250 $4Pa and 420 MPa and 20 mm diamete!

bolts are used

i-iOmm
. .“-_‘

50mm 50 mm

The efliclency of iha plate with holes is:

{a). BE%
(0 %%

e

18. (g}

28. {b)
386. {a)
46, (e}

: =125 K, = 0.50.
a} 20.524N o) 86kN
(c) 80.52kN @ o5k
Answars nevetteﬁ, Bofted altﬁ Ptrmed Conn' :
L) 2. 3(¢) 4fc) 5. (8
LML) 12 (@) 13.(8) 1400} 15 (o)
21. (b) 22 (b) 23.(d) 24.(s) 25. (c)
@t (c) 32 (c) 33.{b) 34.(d) 35. (a}
41. (0} 42. {3} 43. {c) 44.(d) 45. (n)
51. {a} 52. {a) 453. {c)

Explanations

1 (@

For grade 4.6 bolts,

fp= 3024MPa
Pen = 125
Net tensils stress area of 12 mm dnamatar boll,
A, = 113mm?
Strength of boltin sing:e shear,

Tmb

_ 113x3924
Bx125

=B

Yrs

= 20,48 kN

(b} 84%
(d) 96%

’ 8.°{c)
18, {d)

7. (b}
17, (¢}

9. (a)
19. (c)

10. (¢}
20. {c})

27. (@)
37. {c)
47, {c}

Revetted; Bolted and Pinned Connections -

28. (d)
38, {c)
48, {a)

24, (d)
39. (b)
49. (b)

Strength of boltis bearing,

ANumber lis=
of bolls 4B

v
Ch Tnb

, Ymo

30. {d)
40. (¢)
50. (a)

B 25xt2x10x410

1.25

=98.4kN
Bolt value = minimumof V., and V,,,
= 20.48kN

100

= 4.88 = 5 bolls.
i

{b)
Minimum edge distance,
e = 1.7 x hole dia.
=17 %22=374mm

Then, numbar of bolts n,

150 = 2e+(ng)+ g ,
where, gis lhe gauge distance.

150=2x 374 +(nx22)+ 22 (1 g=d,)

n=24=2
b) ,
Strength of ball in single shear
= B
\Srm‘,
_ Rmi4x 22‘* %400
" 3%1.25
= 70.23 kN

Srengih of it n bearing Fy = 2.5%22%
b

where, k, is minimum of,”
e

3, 3x22‘0605

L =0735
37 0.25 =0.735

a

i

&= :‘I_F;‘

Thus, = 0,606

_ 2.5%0.606x22x10x410
- 1.25
=109.322 kN

Thus boll valug w‘gll be *minimum of above
two values, i.e., 70.23 kN.

{b)

Number ol bolis =

5‘|

Apgplied pull

Bolt value
In double cover buit joint, bolts ara in double
shearing strenglh of bollin doubla shear

2x%xo‘§xfub

V3Y

11.

13,

2
2;(1'%22, 400
Jaxt.25

=196.18 kN
Strength of bolls in bearing

f

T,- 2.5K,dHf,
T

K, = Minimum of (i) e
(4

_ 40
=33 = 0.51
) 15 _
{it) E-0.25 = 78 0.25 =0.71
fy 4
{iif) ;" a0 =097
() K, =051
2.5%051x24x10x 410
T, =
Hence, ™ 755
. = 108.4KN

Tharalare, number of bolls = 200 =199=2"
106.4

()
il gross diameter and nominal diameter are g
and d respeclively then,

d" = d+ 1.5 mm {lor d<25mm)
=d+2mm{tor d>25mm)
{c)
Diamgter of rivel as per Unwin's formula is given
as, . d= g05¢t MM

where, { = thickness of plate in mm.

d= 605415
= 23.43mm
Adopt 22 mm as unwind lormula gives
diameter on higher side.
{c)
By provind proper edge distance, we can

prevent shear lailure, splitting faiture and bearing
failure of plales.



i8.

19

25,

33.

(d)
Gross dia of rivel = 20 + 1.5 = 21.5mm
Sirength of plate per pitch,

=150 (80-215)x 16

= 164400N
Strength of rivel in bearing,

= 300x 21.5x 16 = 103200 N
Strength of rivet in double shear,

R _ 2
= Z2xT4x=xd
L

" 2)(100):%:-(21.52

= 72610N
Strength al joint per pilch, )
= minimumof above hree
= 72610N
Strength of platg per pitch,
= 150 x 90 x 16 = 216000 N

72610

—3362%
216000 % "¢ ®

~Efticiency of joinl =

{c)
Minimum pilch of rivels shall not be less than
2.5 limes the nominp! diameter of rivet.

(c)
Etficiency of riveled joint,

Sirength of riveled joint
Strenglh of sofid plate

The section 4 - | is most critical and the strength
of joint al section 1 - 1is (b~ d)to,,

The sirenglh ot solid plate is b-ts,

b-d

'n:

4 1

50,1 = ~—x 10

N = 5 V]

(b}
n

Rive value in single shear = Min. of Eoe x
op X dxi

5, 21580
1 1000
250%21,5x%10
1000

=23.04 kN
= Min of
=53.75 kN

=29.04 kN
Rivel value in double shear

L
 —min.ol 2:-:4 %ty

o, xdxt

el

58.08 kN

53.75kN

=53.75kN 43.
Dilference = 53.75- 23,04 = 24.7kN

37. (c) )
For power driven field rivets,
. 1,,= 90MPa
. dy = 270MPa

Gross diameler of rivels,

' _ =16+15=175mm
Skrenglh of rivels on 8 mm gussel;
=g xdxt

= Min.of {

_ 270x%17.5x8 45,

1000
Strength of rivels in double shear,

xd®
4

=378 kN

46,

2x1._fx"

2x90 4
o0 <5 %17
= 43.3 kN
Rivel value = 37.8 kN
-, Number o rivets required,
‘ AN
378

47.
= 1.88 = 2 rivets

40, (¢}
Far shop rivets, peimissible siresses are
In shearing, 1, = 100 MPa
In bearing, o, = 300 MPa
The gross diameter of hole {O)
=16 + 1.5 = 17.5 mm

Strength of riveis in bearing = Dig,,
=175x6x 300 =
Strength of rivels in single shear

n0*

= ——XT

4
s g X (17.5P % 100
= 24.05 kN

o Rivat yalut =24.05 kN
Hance, nurQ.ber ‘of rivels required

e 4

J15 kN

{c)

The rivets are assumed ta resist ihe load equally
inthe efastic theory. Aclually the ouler rivets camry
more load compared {o rivels in the middie rows.
When the load is increased, the more highly
siressed rivels start yielding earlier and there is
redis(ribution of load among rivels. The failure
will occur when all rivels have yielded and the
sirength of he group of rivets Is equal 1o the
sirength of one rivet mulliplied by the number of
rivels.

(&)
Because bolled joints are susceplible lovipration
asin case of earthquake.

{c)

ISNo|Section| Direclly JAccessible [Minimum
exposed {lor cleaninglthickness|
lo wealher| & painling | t{mm)

1. | Steel yes No ]

2. | Seel no no B

3, | Steel no yes 4

(c} i

Thickness of thinner platg, t=20mm
Width of plate & = 180 mm
There is no staggering. P, =0
Number of bolts in weakest sechon = 3
et area al weakes! section,

= [b-nd,+ O}l

= [180-3x22jx 20

= 2280mm’”

48.

§0.

Design strength of plales in the Joint
='o.9(,A,. _ 0.9%410%2280
Yo 1.25

= 573056 N =673.056 kN

(a}
Pitch = 50mm
Diameler of bolis
= d= 16mm
Diameter of bolt hole,
= d,= 18 mm
= {dmm
b-p=50mm,
f,= 410Mpa ,
Numhero! bolls in double boited joint pcrscmm
width, n=1
& Ay=1{50-1x18)x 14 =448 mm?
~  Design strength of plate per 50 mm widin
0.9%410x448 '

Tn= T 132.50'%N

—#

6}
Tolal n, = 1x6=6andlclain =0

A= 0'.78)('}4!’2 = o.7sx§(20)’
= 245 mm?

Assuming no reduction facior,
Nominat shear sirength,

rT—

= —E(ﬁx245+ 0) =330.482 kN

» Designslrengthinshear
339.482

Vm id .
= =2 = el = 271586 KN
Yo 125 a

(&)
Since penciralion isnclcomplele, eﬁec:weﬂmm
thickness,

t=

e

=3 {=

216 =10 mm

ol W



