ﬁé’ VISION INSTITUTE OF TECHNOLOGY, Subject: STEEL STRUCTURE

ALIGARH
Unit 2:
Riveted Connections

(10 Periods)
e Types of Rivet, Permissible stresses in rivets, types of riveted joints,
specifications
e as per IS800, Failure of riveted joint, strength and efficiency of riveted joint,

o Design of Riveted Connection only axially loaded number (No staggered riveting)
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3 RE V33T @ AT § O T S e & 3R et Y T T &a1 &r g1 37 Rdew Y gic 3d Rdew & & 3 S e gl
TR el FF & faw 16 @, 18 B, 20 e 3 22 Bl =arq & a9 =nfola Reew &1 39T f&ar s g1
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SR T qU F & T T3 gag Y IaeIHA g ¢l 12 Bl 8 22 Bl caw e et R & Rde 33 Tae are Rde g whd &
Fles gsfae 7 Rde & dwd 9g ST g1 3aeds 3UH0T 3T 817 & g1 arel g & FROT Fles 3w Rdcw &1 39der @fAa g
Tole &1 AT & HART Rde F o Reafaad gt @ [uRa & o @ &

1. Unwins’s formula d=6.05 5
2. The French formula d=15t+ 4
3. The German formula d=(50 t - 2)°°

Where d= nominal diameter of rivet in mm and t= thickness of plate in mm.

RIVET HEADS
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(D) ROUND COUNTER
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RIVET HEADS

RIVET HOLES
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DEFINITIONS OF TERMS USED IN RIVETING

Nominal diameter of rivet (d): The nominal diameter of a rivet means the diameter of the cold

shank before driving.

Gross diameter of rivet (D): &¢ &1 ea Rae A% & =arg & AT 31T gar g1 oy & Rae & af

foram ST € 3R TomaT ST 8, Rae 8% F O A ¥ R & ¢ RAT & wFe ar goed g #v 3 § %
a1 §g RaT & o | Rde A A The oI\ ) MR &1l g
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Pitch of rivet (p): Rdc & T e & Rdc aBad W YT TaacaAs Ieg & I Fr fGoar & gAAR AT
TS & FARE RS & dra 1 gl §1 TTad T RaT & AAE a8 & 2.5 T & FA A gl d1MeT |
IS & A F TR RAT & AFAT AW & 3 I F R T ' 3099247 AT g1 3ifwasw g aqer
STET Tore T Al & 32 [T A1 300 RN, S oft wA g, & IfUew ag geh Wikl
Gauge distance of rivets (g):
IS gl 3mHe SIOfRT (FEAT HT FACAR HHewT WWW) F & dMaR Racq & dra ¥ 3weped gff § 3
S TS G968 # go & er & FHEIT W AT S gl
Gross area of rivet:
Rae &1 Toha &7 RAT FT HIF JREA &7 g, ST AT RAT & Thad qF T H ST 1
Rivet line:
RAe omea & BhG oS AT 9o oS AT ISl AT H &9 & o ST S g1 Rde AeA g HloUh @ @
o @ RNaeH & @l odr g1 U088 €&l TR A Rae oAl &I A Bufa @d a8 g1 (e
FFAEN & AT RAT ARAT T A AT I FTT IHTHEN & AT HSTHINS s X 1 § e fohar ar
T gl o9 off gHa g1, Rac amsal #7 57 Aww RFufadt & qfte i I 81 afg smaeas g & fae At
T ATS AT § IEA AT AT GhaT g1 RAT a8l & 3AH 39 910 9T &I fov f9ar R@w ser @nfge
& A Rufaat &1 e fFar a@r & ar A8
Staggered pitch:
ST T * dhfeds BT a1 I BT & & & Y S a1 g1 S &g & Rdc F Fg § s N a5
& Gy AT TS gt F ® A qReG fRar Siar §, S AFeadt aEEier Rde apd R Aeeadt RaT F &g
d% g &1 U HUT @S F TH I g R A el How Y@l @ gEdr & Fg RN svd Rae arsat &
& g 21
TYPES OF JOINTS
Riveted joints are mainly of two types, namely, Lap joints and Butt joints.
Lap Joint: i@ woret & 33 gU &Y ##iaR dol # fR@ gld § o & coiel 1 o9 Sase @Rt 3T g3 el
ST gl M Srst & 3w R av Racw @ dEr R smen v Rdew i saaem & 3aR 3T aefigd
fFar 51 gehar g1 AEaf@a [ffea R & g sig
1. Single riveted lap joint (Fig.5.3),

2. Double riveted lap joint:

a. Chain riveted lap joint (Fig.5.4) b. Zig-zag riveted lap joint (Fi.5.5)
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(A) CHAIN RIVETED LAP JOINT

(B) ZIG-ZAG RIVETED LAP JOINT
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(A) LAP JOINT(SINGLE RIVETED)

Butt Joint:
ST S5 # Tdl & g Y s & dd # ud g {1 e & HE-9 & By U Ar A daR
TIC AT VY TIT ¥ & gl &1 ¢ SN & e oy Afhed Siise, saf $a¥ g¢ Sigeq & ofY
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¢ ([T 5.7)1 39gr fpu a0 RAcH &1 §&1 3R HUAT 90 RATH $1 Fa8AT & AR d¢
St & ot 3mer Fefferd faar o &)

a. Double cover single riveted but joint

b. Double cover chain riveted butt joint
c. Double cover zig-zag riveted butt joint
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(A) SINGLE COVER PLATE BUTT-JOINT \1‘/
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FAILURE OF A RIVETED JOINT

Failure of a riveted joint may take place in any of the following ways
Shear failure of rivets

Bearing failure of rivets

Tearing failure of plates

Shear failure of plates

Bearing failure of plates

© g M w2

Splitting/cracking failure of plates at the edges

Shear failure of rivets :

Tl A U gy Rae FAr oar § 3R de g 9R & 3T Rdew & 39wqur @ GO @ Fehdr
g1 RATw 3a1% el &t o way I § v Sige # g aeh Roer ofer 3R 9T JET A @ arelr o
T (R 5.8)
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Bearing failure of rivets:
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BEARING FAILURE OF RIVETS

Tearing failure of plates:

S TAIE IIE A FI BN § 3 AT R o W@ Y &, df ToIe T Bl fawel g7 Hahal § 99 coie @
dehd Ragw T Jorem o &7 gl &, af o & Y& AT &1 # Fiset HT fAverar gt & (7 5.10)1
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TEARING FAILURE OF PLATES

Shear failure of plates:

sar & R d RErr mar g, v toe & Wi & 91y 3awRqor A e @ Y &1 I§ a9 @ Fhdl g o
et 3R fFar & gl va 78 f S g

i
SHEAR FAILURE OF PLATES

Bearing failure of plates:

e fFe v s & et & gt 3roaTed @) & FROT e F AT Bl @ dadr gl W fawerar # Rae
& foafer & fasg cae & FRer gar §

ot ‘ \Qy\\ p Y
L i

BEARING FAILURE OF PLATES
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Splitting/cracking failure of plates at the edges:
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SPLITTING FAILURE OF PLATES

STRENGTH OF RIVETED JOINT

The strength of a riveted joint is determined by computing the following strengths:

1. Strength of a riveted joint against shearing - Ps
2. Strength of a riveted joint against bearing - Py
3. Strength of plate in tearing - Py

The strength of a riveted joint is the least strength of the above three strength.
Strength of a riveted joint against shearing of the rivets:
The strength of a riveted joint against the shearing of rivets is equal to the product of strength of one
rivet in shear and the number of rivets on each side of the joint. It is given by
Ps = strength of a rivet in shearing x number of rivets on each side of joint

When the rivets are subjected to single shear, then the strength of one rivet in single shear

R & 39w & favg Nae v aw Sz #1 AfFd, HOEIor # Th Rde &I AfFd IR &5 & o dd R®B
Rac T §&ar & PUEES F TR g ¢ @R e T §

Ps = S5 & Ycds X% RAcH & TEAT x ddd A TH Rde & diehd
SI9 Radew & e MR & 3l o Srar g, a e R & v Rde 1 ded

=§D:p:

Therefore, the strength of a riveted joint against shearing of rivets =

B =NID%,

Where N=Number of rivets on each side of the jointt D=Gross diameter of the rivet; ps=Maximum
permissible shear stress in the rivet(1025 ksc).
When the rivets are subjected to double shear, then the strength of one rivet in double shear =

2=D?p,
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Therefore, the strength of a riveted joint against double shearing of rivets,

| .
P. = N[2+D%p,]
<

When the strength of riveted joint against the shearing of the rivets is determined per gauge width of
the plate, then the number of rivets ‘n’ per gauge is taken in to consideration. Therefore,

For single shear of rivets, P,y =n [:'D:p__.]

For double shear of rivets 2., = n[2 ; D*p,]

Strength of riveted joint against the bearing of the rivets:

Raca & 3w & A% v Rde v 9w g & derd W & Tk Rde AT dhd 3R TFFT & Jdh b
Rdew & §&AT F 3c9g & W& @ &1 Ig eaRT &1 T 7,
Pp,=Strength of a rivet in bearing x Number of rivets on each side of the joint
U SaEe & A H, SINT A v Rac Hramdsad = D x t x Py
S8t D = Rde &1 el T,
t = 99 gdell ol & AR,
Py, = R ¥ fre Reiier # sifaas 3 @ (2360 ksc) |
9¢ Sg & AW A, Al Hax Tel H Fel A AT HATT T H A, S A g, F 3R A Rde H
diehd & YR = & v J&r S g
The strength of a riveted joint against the bearing of rivets P, = N x D x t x pp
39 e & gfa et Al gt Raew & 31 & @ RAe v 70 S &Y arhd &) ege & @r oar g, o
gfa e Rdey &1 g&ar "o & Y 39aTrr Sar g1 s,

Pbt =nx D xtxpp

Strength of plate in tearing

The strength of plate in tearing depends upon the resisting section of the plate. The strength of plate in
tearing is given by Pt = Resisting section x p;

Where p; is the maximum permissible stress in the tearing of plate (1500 ksc). When the strength of
plate in tearing per pitch

width of the plate is Pyy = (p-D) x t x py

The strength of a riveted joint is the least of Pg, Py, P;. The strength of riveted joint per gauge width of

plate is the least of Pgq, Ppi, Py

STRENGTH OF LAP AND BUTT JOINT

The strength of riveted lap and butt joint given in the Fig. 5.14 is summarized as follows:

Page 7 Faculty: VISHAL BHARTI
+91-7078513414; vbharti027 @gmail.com




VISION INSTITUTE OF TECHNOLOGY, Subject: STEEL STRUCTURE

ALIGARH

Unit 2

] el
1 O R = 1 =
1 S O ‘
Teooees[]
T Q_@_QJ@@Q} yoolo
900008 |]

bbb b e b o

(8) BUTT JOINT

Strength of lap joint:
1. Strength of riveted joint against shearing 7. = 6 ; D3p,
2. Strength of riveted joint againstbearing Py=6 XD X tX pp
3. Strength ofriveted joint against tearing Py = (b-3D) X t X pt
4. Strength of riveted joint against shearing per gauge width oy = 2 : D3p,
5. Strength of riveted joint against bearing per gauge widthPp1=2X DX tX pp
6. Strength of riveted joint against tearing per gauge width Py = (p-D) X t X ¢
Strength of butt joint:
1. Strength of riveted joint against shearing ~ =9 x 2 x E x D2 xp,
2. Strength of riveted joint against bearing Pp=9xD X tX pp
3. Strength of riveted joint against tearing Py= (b-3D) X t X p¢
4. Strength of riveted joint against shearing per gaugewidth #.y = 3x2 x E xD*xp,
5. Strength of riveted joint against bearing per gauge widthP,i=3xD X t X pp

6. Strength of riveted joint against tearing per gauge width Pyy = (p-D)X t X pt

EFFICIENCY OR PERCENTAGE OF STRENGTH OF RIVETED JOINT

The efficiency of a joint is defined as the ratio of least strength of a riveted joint to the strength of solid

plate. It is known as percentage strength of riveted joint as it is expressed in percentage.
Efficiency of riveted joint

Least strength of riveted joint

n= = e — x 100
Strength of solid plate
Least of P,, Py or P,
n= x 100
P
Where P is the strength of solid plate = b x t x py
Efficiency per pitch width
(p —Dlxtxp;
AN A ol 4 x 100
pXtXp.
(p-D)
=== y100
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RIVET VALUE
The strength of a rivet in shearing and in bearing is computed and the lesser is called the rivet value
(R).
(b=D)X t X p,. _250-235

= - X 100 =
b XtXp. 250

X 100 = 90.6 %
ASSUMPTIONS FOR THE DESIGN OF RIVETED JOINT

[1] o & g Racqg & &g gaA= & & Faka @@ s ar &

[2] arel & 9fded THEAR AR ST §

[3] RaeH & Tohd &F & e dad & THAH & I IR AT ST &
[4] e €e@ & vae 3 Rde H gudk gdel & T A AT JET &
[5] Rac & gt arer defra & 30eT A AT §

[6] Rae gia & RIT g@rr T e & o g3 AT ST ¢

[7] corel & o asor i e & Y &

ARRANGEMENT OF RIVETS

Rivets in a riveted joint are arranged in two forms, namely,
1. Chain riveting,

2. Diamond riveting.

Chain Riveting: 3a Rafter # Racw @ cwaRya fFar smar § or & @7 6.1 & f@mr mr § 3T
fm 11, 2-2 3 3-3  §gFa & A=l 3N AR F @R 7T | T TS A Joem A WS 1-1 Fgeaqor
Ts gl @3 2-2 & 2-2 W BEx & e F drehd & ST g 3T 3R AT Faelt & T RAeq & ampa o oY

1-1 & &7 g1 TS 3-3 | 3-3 & w5 & toe i dred & aUe} & 3R 3 a1 St & Rae f areg o o
H gl (6 1)

CHAIN RIVETING

Therefore,
Strength of plate in tearing at 1-1 = (b-3D).t.p;
Where b= width of the plate; D=Gross diameter of the rivet and t=Thickness of the plate.

When safe load carried by the joint (P) is known, width of the plate can be found as follows;

b= +3D)

t Xp.
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Diamond Riveting:
In diamond riveting, rivets are arranged as shown in Fig.6.2. All the rivets are arranged symmetrically
about the centre line of the plate. Section 1-1 is the critical section. Strength of the plate in tearing in

diamond riveting section 1-1 can be computed as follows

DIAMOND RIVETING

P: = :b —D:'-‘:.p:

When the safe load carried by the joint (P) is known, width of the plate can be found as follows
P
L XPp:

b= + D)
Where b=width of the plate, D=gross diameter of the rivet and t=thickness of the plate.
At section 2-2: All the rivets are stressed uniformly, hence strength of the plate at section 2-2 is

P.=(b —2D).t.p. + strengthof onerivet in shearing & bearing whichever is less
At section 3-3,

P. = (b— 3D).t.p. +strength of threerivet in shearing & bearing whichever is less

In diamond riveting there is saving of material and efficiency is more. Diamond riveting is used in bridge
trusses generally.

SPECIFICATION FOR DESIGN OF RIVETED JOINT

Members meeting at Joint: The centroidal axes of the members meeting at a joint should intersect at
one point, and if there is any eccentricity, adequate resistance should be provided in the connection.
Centre of Gravity: The centre of gravity of group of rivets should be on the line of action of load
whenever practicable.

Pitch:

a. Minimum pitch: The distance between centres of adjacent rivets should not be less than 2.5 times the
gross diameter of the rivet.

b. Maximum pitch: Maximum pitch should not exceed 12t or 200 mm whichever is less in compression
member and 16t or 200 mm whichever is less in case of tension members, when the line of rivets lies

along the line of action of force. If the line of rivets does not lie along the line of action of force, its
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maximum pitch should not exceed 32t or 300 mm whichever is less, where t is the thickness of the
outside plate.
6.4.4 Edge Distance: A minimum edge distance of approximately 1.5 times the gross diameter of the
rivet measured from the centre of the rivet hole is provided in the rivet joint. Table 6.1 gives the
minimum edge distance as per recommendations of BIS in IS : 800-1984.

TABLE 6.1 EDGE DISTANCE OF HOLES

Edge distance of Hole
Gross diameter of rivet (mm) | Distance to sheared or Hand Distance to rolled machine
flame cut edge (mm) flame cut or planed edge (mm)
13.5 and below 19 17
15.5 25 22
175 29 25
19.5 32 29
21.5 32 29
23.5 38 32
255 - 38
29.0 51 44
32.0 57 51
35.0 57 51

DESIGN PROCEDURE FOR RIVETED JOINT

For the design of a lap joint or butt joint, the thickness of plates to be joined is known and the joints
are designed for the full strength of the plate. For the design of a structural steel work, force (pull or
push) to be transmitted by the joint is known and riveted joints can be designed. Following are the
usual steps for the design of the riveted joint:
Step 1:
The size of the rivet is determined by the Unwin’s formula

d =604t
Where d= nominal diameter of rivet in mm and t= thickness of plate in mm.
The diameter of the rivet computed is rounded off to available size of rivets. Rivets are manufactured in
nominal diameters of 12, 14, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 42 and 48 mm
Step 2:
The strength of rivets in shearing and bearing are computed. Working stresses in rivets and plates are
adopted as per ISI. Rivet value R is found. For designing lap joint or butt joint tearing strength of plate
is determined as follows

P:=(p-D).t.p:
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Where p=pitch of rivets adopted, t=thickness of plate and p; = working stress in direct tension for plate.
Tearing strength of plate should not exceed the rivet value R (Ps or P, whichever is less) or
(p-D).t.p. =R
From this relation pitch of the rivets is determined.
Step 3:
In structural steel work, force to be transmitted by the riveted joint and the rivet value are known. Hence

number of rivets required can be computed as follows

Number of rivets required inthe joint = ;ﬂ—

Rivet value
The number of rivets thus obtained is provided on one side of the joint and an equal number of rivets
is provided on the other side of joint also.
Step 4:
For the design of joint in a tie member consisting of a flat, width/thickness of the flat is known. The
section is assumed to be reduced by rivet holes depending upon the arrangements of the rivets to be
provided, strength of flat at the weakest section is equated to the pull transmitted by the joint. For
example, assuming the section to be weakened by one rivet and also assuming that the thickness of the
flat is known we have
(b—-D).t.p.=P

Where b= width of flat, t=thickness of flat, pt=working stress in tension in plate and P=pull to be
transmitted by the joint. From this equation, width of the flat can be determined.

Example 6.1: A single riveted lap joint is used to connect plate 10 mm thick. If 20 mm diameter rivets
are used at 55 mm pitch, determine the strength of joint and its efficiency. Working stress in shear in
rivets=80 N/mm? (MPa). Working stress in bearing in rivets=250 N/mm? (MPa). Working stress in axial
tension in plates=156 N/mm?.

Solution

Assume that power driven field rivets are used. Nominal diameter of rivet (D) is 20 mm and gross

diameter of rivet is 21.5 mm.

Strength of rivet in single shear = (n/4) x 21.5% x 80/1000
Ps = 29.044 kN
Strength of rivet in bearing = 21.5 x 10 x 250/1000
Py = 53.750 kN
Strength of plate in tension per gauge length = P=(p-D).t.p;
Py = (55-21.5) x 10 x 156/1000
= 52.260 kN

Strength of joint is minimum of Pg, Py, or Py
Therefore, the strength of joint is = 29.044 kN

Efficiency of joint
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Strength of joint per pitchlength
Strength of solid plate

n =
"

v 100

29.044 x 10° 06 BB
n = w = 8 Ch
'=%5 x 10 x 156 P

Example 6.2: A double riveted double cover butt joint is used to connect plates 12 mm thick. Using
Unwin’s formula, determine the diameter of rivet, rivet value, pitch and efficiency of joint. Adopt the
following stresses;
Working stress in shear in power driven rivets=100 N/mm? (MPa).
Working stress in bearing in power driven rivets=300 N/mm? (MPa).
For plates working stress in axial tension =156 N/mm?.
Solution
Nominal diameter of rivet from Unwin’s formula
d = 6.0/t = 6.04V12 = 20.923 mm

Adopt nominal diameter of rivet = 22 mm; Gross diameter of rivet = 23.5 mm
2xZx235° x 2 =86,75kN
Strength of rivet in double shear = 4 1000
Strength of rivet in bearing = D x t x pp = 23.5 x 12 x 300/1000 = 84.6 kN
The strength of a rivet in shearing and in bearing is computed and the lesser is called the rivet value
(R). Hence the Rivet value is 84.6 kN.
Let p be the pitch of the rivets. Py = (p-D) x t x pt = ((p-23.5) x 12 x 156/100) =1.872 (p-23.5) kN

In double riveted joint,

Strength of 2 rivets in shear Ps = 2 x 86.75 = 173.5 kN
Strength of 2 rivets in bearing P, =2x 8.6 = 169.2 kN

The pitch of the rivets can be computed by keeping Py = Ps or P, whichever is less
Therefore 1.872 (p-23.5) = 169.2

p-23.5 = (169.2/1.872) = 90.385
p= 90.385 + 23.5 = 113.885 mm

Adopt pitch, p= 100 mm
Efficiency ofjoint 7 = 2222 100
(100~235) .00 _occo
I — = 7659
100 KL

Example 6.3: A double cover butt joint is used to connect plates 16 mm thick. Design the riveted joint
and determine its efficiency.
Solution

Nominal diameter of rivet from Unwin’s formula
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The hot driven rivets of 16 mm, 18 mm, 20 mm and 22 mm diameter are used for the structural steel
works. Unwin’s formula gives higher values. Hence, adopt nominal diameter of rivet = 22 mm; Gross
diameter of rivet = 22 +1.5 = 23.5 mm
In double cover butt joint, rivets are in double shear. As per IS : 800-84,
Shear stress for power driven rivets=100 N/mm? (MPa).
Bearing stress for power driven rivets=300 N/mm? (MPa).
Strength of plate in tension =156 N/mm?.

= en . 100

2xEx23.5 x 22 = 8675 kN
- (e

Strength of rivet in double shear =
Strength of rivet in bearing = D x t x p, = 23.5 x 16 x 300/1000 = 112.8 kN

The strength of a rivet in shearing and in bearing is computed and the lesser is called the rivet value
(R). Hence the Rivet value is 86.75 kN.
Let p be the pitch of the rivets. Py = (p-D) x t x py = ((p-23.5) x 16 x 156/100) =2.496 (p-23.5) kN
The pitch of the rivets can be computed by keeping Py = Pg or P, whichever is less
Therefore 2.496 (p-23.5) = 86.75
(p-23.5) = (86.75/2.496) = 34.756

p= 34.756 + 23.5 = 58.256 mm
Adopt pitch, p= 55 mm
Adopt thickness of each cover plate t = 5/8 x 16 = 10 mm

. gy ip=D)
Efficiencyofjoint 7 == :

x 100

By
ST : B

Example 6.4: Determine the strength of a double cover butt joint used to connect two flats 200 F 12.
The thickness of each cover plate is 8 mm. Flats have been joined by 9 rivets in chain riveting at a
gauge of 60 mm as shown in Fig. 6.3. What is the efficiency of the joint? Adopt working stresses in
rivets and flats as per IS : 800 84.

40mm

TleesTo e e |
Vo [F OO 6 b somm
o [P 46106 0| |

f DOUBLE COVER BUTT JOINT
Solution
Size of flat used =200 F 12
Width of flat = 200 mm
Thickness of flat =12 mm
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Use power driven rivets
Nominal diameter of rivet from Unwin’s formula
d = 6044 = 6.04V12 = 20.923 mm
Adopt nominal diameter of rivet = 22 mm; Gross diameter of rivet D = 23.5 mm

100 TRy
s = 86.75 kN

L

2 %= x23.5% x
Strength of rivet in double shear =
Strength of rivet in bearing = D x t x pp = 23.5 x 12 x 300/1000 = 84.6 kN

Strength of joint in shear, Ps =9 x 86.75 = 780.75 kN

Strength of joint in bearing Py =9 x 84.6 = 761.40 kN

Strength of plate in tearing Py = (b-3D) x t x py
= ((200-3x23.5) x 12 x 156/1000)
= 242.42 kN

Strength of joint is minimum of Ps, Py, or Py
Therefore, the strength of joint is = 24242 kN

Efficiency of joint

Least of P., Pyor P.
n= : —r x 100
Strength of solid piate

242,42 x 103 :
n = 100 = 64.75 %
200 x 12 X 156 :

Example 6.5: In a truss girder of a bridge, a diagonal consists of a 16 mm thick flat and carries a pull
of 750 kN and is connected to a gusset plate by a double cover butt joint. The thickness of each cover
plate is 8 mm. Determine the number of rivets necessary and the width of the flat required. What is the
efficiency of the joint? Sketch the joint. Take

Working stress in shear in power driven rivets=100 N'mm? (MPa).

Working stress in bearing in power driven rivets=300 N/mm? (MPa).

For plates working stress in axial tension =156 N/mm?.

{
i Q}Q ¢
'g}IGOmm -(f}
- ’(4* —<M> <> comm - ¢
-160m 4
.,oi—ma M» ¢

DOUBLE COVER BUTT JOINT

Solution
Nominal diameter of rivet from Unwin’s formula
d=604t= 6.044/16 = 24.16 mm
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The hot driven rivets of 16 mm, 18 mm, 20 mm and 22 mm diameter are used for the structural steel
works. Unwin’s formula gives higher values. Hence, adopt nominal diameter of rivet = 22 mm; Gross

diameter of rivet = 22 +1.5 = 23.5 mm

Strength of rivet in double shear =

Strength of rivet in bearing = D x t x p, = 23.5 x 16 x 300/1000 = 112.8 kN

The strength of a rivet in shearing and in bearing is computed and the lesser is called the rivet value
(R). Hence the Rivet value is 86.75 kN.

Number of rivets required to transmit pull of 750 kN n= (750/86.75) = 8.67 = 9 rivets.

Using diamond group of riveting, flat is weakened by one rivet hole. Strength of plate at section 1-1 in

teaing
P: = (b-d) x t x py = ((b-23.5) x 16 x 156/100) = 2.496 (b-23.5) kN
Since P = 750 kN, 2.496 (b-23.5) = 750
b=(750/2.496)+23.5 =
323.98 mm

Hence provide 400 mm width of diagonal member. The design of joint is shown in Fig. 6.4.
Efficiency of the joint

(b—=D) X t X p. 400 - 235
n= - - X 100 = ——rr

b Xt Xp. 400

X 100 = 94,125 %

Example 6.6: A bridge truss diagonal carries an axial pull of 500 kN. It is to be connected to a gusset
plate 22 mm thick by a double cover butt joint with 22 mm rivets. If the width of the tie bar is 250 mm,
determine the thickness of flat. Design the economical joint. Determine the efficiency of the joint. Adopt
working stresses in rivets and flats as per IS : 800-84.

Solution

Nominal diameter of rivet = 22 mm; Gross diameter of rivet = 23.5 mm

x » _ 100 e R
2X=x%x235" X—— =86.75kN

Strength of power driven rivet in double shear = 1000
Strength of power driven rivet in bearing = D x t x p, = 23.5 x 22 x 300/1000 = 155.1 kN

wn

The strength of a rivet in shearing and in bearing is computed and the lesser is called the rivet value
(R). Hence the Rivet value is 86.75 kN.

Number of rivets required to transmit pull of 500 kN n= (500/86.75) = 5.76 = 6 rivets.

Provide six rivets in diamond group of riveting for efficient joint.

Let the thickness of flat be t mm

Strength of plate at weakest section Py = (b-d) x t x py = ((250-23.5) x t x 156/100) = 500 kN

Therefore t = 14.151 mm; Adopt 16 mm thickness of flat. Keep 40 mm edge distance from centre of
rivet and 85 mm distance between centre to centre of rivet lines as shown in the Fig. 6.5.
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DIAMOND RIVETED DOUBLE COVER BUTT JOINT

Efficiency of joint

_ (b—=D) X t X p, 250 - 235

n - X 100 = -
bXtXp. 250

X 100 = 90.6 %

A bolt is a metal pin with a head at one end and a shank threaded at another end to receve a nut.

Bolts

dlee

T dlec U YT HT T 1l & Foreeh vk R ox v R 81l § 31 g Y s e sfe area et & fote w2t R e &1

shank thread

bolt head ‘j J
n
nominal dia (d) Ay = 0.78% 1 xd?

Sample Bolt

Forvibrationstructure
Foraxial tension [More tensile strength]
Shank dia [nominal dia] 1 - shock absorb capacity |

Type of bolt
1.

unfinished/ black bolt

»  Made by mild steel

»  Head-square/hexagonal
»  Shank—unfinished
>

g g8 FH Tt e %",ﬁ'aav‘r 3UAT static load & i light structure &
o 3Rk secondary members ex- purlins, bracings afe & fow fFar srar %I

»  Theyare not recommended for connections subjectedto
impact load, vibration and fatigue .
»  The boltsareavailable from 5 mm to 36 mm in diameterand

are designated as M5 to M 36
Bolt of property class 4.6 means :

i) Ultimate strength of bolt (f ) = 400 MPa
ii) Yield strength of bolt ()= 0.6x400 = 240Mpa

Finished / Turned Bolts

> TR & U 3T tolerance T ©IeT &lcl & ( 0.15mm¥ 0.5mm)
Made by mild steel

Alec T ¥ Ugel 3 dlec & alignd folv Ay B &Y smaegdar s 2 |

(

| £

"T'_i’
> -
Shank area (A,,)
=
=
Avas at tha vant Af
thread nut runout shank radus head
\ D
\ & \ \\\ /
N\

i-— thread length —-L gnrip length

I nominal lengmj

>

>

> e connectionﬁ@?ftight% ﬁﬂ'ﬁa@'ﬁ’lﬁi’ﬁ@’d?é’lﬂ'a@ﬁm bearing contact ¥&leT T & |

> 5 dleel T 39T FAT wradl & AT A S S - aTfoRlier 7R & 3refier wefel st &Y Shgar o |

High strength friction slip ( HSFG ) Bolts
»  Medium carbon steel ST &&=l @HT % |
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FTATTT: class (8.8) 3R class 10.95RT 39T AT ST % |

TE Black bolt &Y T 3 FHH ductile @l & |

afec & 9ad &1 yield point well deﬁnedﬁﬁ Brar %3‘9@(’ B'Hﬁ proofloadaT 9eT foRar SATaT % |

1.5. 80020073 3HIER proofload T AT 0.7 xSTeT HT TH TeeT Ficiael fordm STl ¢ |

SHA M16, M20, M24 , M30 T ST faham Srelr &

faelal UX ST dieel & YAl elongation oITSRT 12 % &YT & |

dec & 39w+ initial tension &I proof load Fgd & |

W@Uﬁﬁslipfactorﬁﬁgl

HSFG SToe T TeT T8l ol STl & el slip3cdeet o &r |

Sa# g Sael T & EIN WAART Al § | Slec el I UROT & 3efaT 78 @ ¢ |

9 Sloc HRIFNT AR & 37efiT B a9 ,bearingforcem BREZGI % | Costoferectiond T holedhr BIES) ar 3@ SATar % 3R
IUGFIAT T HHY HT #Y AT I@T ST ¢ |

> Ej'\ﬁ?fatiguemmmﬁm,q\q? W?Wﬁﬁ,waﬁmmﬁmm%,mEﬂﬁvsﬁgﬁfatiguemﬁ,
Rde a1 des Ss & Jerew 3 3f0F aFdET AR dgaR Al |

VV V VYV V VYV V VY V V

Types of Bolted connections

1. IRUMAY a9 & ARG & JTYR 9T Faitaor

(i) ¥%fega Concentric ;-5 I CG WUS & g IRl ¢ (36w &R &1 feafa #)

(i) 3ed® Eccentric:- AR CG A5 & ¥ § (SRy-deter #) |

(i) AWTe ;- IS T Addee & 3T A (HH-FlaH SAT1)

2.9 & YR & YR 9T Feifergor

(1) Y FAFAT shear connection:- T & THR & HTUR R Fefexor Arfaf@a §- AR T & garr
TEFaRT a1 Sar §; sd— (o, 1S, ae, Ag)l

(i) a1 F=AeFAT Tension connection:- el G TG CART #AR hT A TedlecdX 0T T Smar §; S -

(iii) gFa T YT ™ FAFAT combined shear and Tension connection 8fhe & faw| (§IX F13)I
ST inclined member; S&- @A AE)|

Types of Bolt Joints
dlee Sg & 9HR & g &-
1. &9 S (Lap Joints) — 5§ & AFRT F NRRT F R THATY ST AT &, 99 S8 3T S5 Fgernar g

® ( X J
o [ X J
® [ X J
[ | I ]
[ i‘ | - [ le
[ | ['" A }
[ S | — |

— eccentricity of lap joint e — eccentricity of lap joint

2. Butt Joint:- 38 Y garT A3 S arell AT A ol A AT T HfANTFT ey T dgdr &
SST ST §1 3H A HT FAX oI (cover plate) Fgdl §1 FAX Tolc FATFARAR TH AT &I TART FHT AT ¢
T el TAT HI W AT Fax 9 A5 JAT @ T TAT A W 39T $Hal §¢ g dod 8l

1. Double coversingle bolted butt joint 2. Double coverdouble bolted butt
e '@
Ited butt e 0 o = o 0
CYRT ) olted ee! jee o e e
oo oe [ J [ ]
i e [
I_L —I—‘ L -
i I [ f‘j— _;—L "l—,_
I T ELr_ T}
| -] T
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Failure of Bolted Joints
diee A s Aefafa o ale & & Rl & off RAwa g war ¢, Tad & Fo RAvaad oo
f3¥&H (edge distance) & TATRASCABY &1 Greled e AT T Aol &1 SHTAT 3oAehT HRF HAgeed o180 &,
et 3T W 3RT A & Y 3naTEar g
1. Slec & 3ITFIUT fqBedr Shear Failure of Bolts slee T JYFIUT Yidddl, dloc A FRIG FTFIOT
gfaad ¥ 3% 8 Thdl g1 NIRIUT 3¢ Bld §—FAIfF TAE ST T ol F FROT T &

* Transfer of forces in lap joint and butt joint
1. Lap joint, bolts are in single shear

2. oIt & HIEIOT fABerar Shear of Plates fAfése & &7 Tar g W W@ W AR fgasr (B & 3w
A TFNS) Soet & HARS gad 37 ABerar & HRUT g4aT §1 30 IS 800 & gary RAfdfese &g &
e I T & Y F ALY 3T v g UG WH Sirar S T g,

3. vorel & dea fawerdr Tension or Tearing Failure of Plates #ic HIT-HaRE W Tolc & ded ALY
FRIEN deg THLd F 30F & FHc §1 Ioa B a9 At § T Ao Tt F HUF ASGI B
%’

5. Tension failure of bolts | [ l [ I

N i
PR 5

6. Tension failure of plate

- EELT -
4. et & faurest Splitting of Plates g ThdT § dledl #1 3MaAFAT § A TS g T @ =7 &Y 5
FROUT TIE 37797 & ST §;
5. carel & fgRar Y fAwaar Bearing Failure of Plates Tolel &1 d de crush fRdT ST ¢ 519 Tole
1 foaRer ¥ FRieRT FaRer wga ¥ 31 gl

3. Bearing failure of bolts I |

4,__

L1

4. Bearing failure of plate

p - )| B -
6. aled ¥ RIANGT ¥ AFerar Bearing Failure of Bolts Siee & ofererer 3mefy aRf T crush a=xa &1
core e & AoEg & Tt § U 98 A 9T ®&H ToT dee &A1 Tl ¢
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TERMINOLOGY

The following terms used in bolted connection should be clearly understood [Ref. Fig. 2.1(3)]:

1. Pitch of the Bolts (p): Itis the centre-to-centre spacing of the bolts in a row, measured along the direction of load.
2. Gauge Distance (g): Itis the distance between the two consecutive bolts of adjacent rows and is measured at right
angles to the direction of load.

3. Edge Distance (e): It is the distance of bolt hole from the adjacent edge of the plate.

o FAFeleT H 3TN T ST arell HFATAd Al P TISC FT T FHSAT ST a1fgT XA =

1. dree &1 R Pitch of the Bolts (p): Jg drec &1 Te dfdd & &g & &g 1 gl ¢, oG 7R 7 fgew & Amr
ST 2

2.3 g Gauge Distance (g): I8 3Heo fFdal & ar AR dreet & dra 7 gl § 3R 37 s #r fGar &
THBIUT G AT ST & |

3. fReT g Edge Distance (e): I§ Tl & 3o+ ik ¥ dloc g AT T ¢

Where = partial safety factor at ultimate stress = 1.25
fu= ultimate stress of the material of plate
An = net effective area at critical section

) -2
= [b—ndo + E'!'” } t

40,
Of

Where b =width of plate

t = thickness of thinner plate

do = diameter of the bolt hole

n = number of bolt holes

Note: If there is no staggering of the bolts, psi= 0 and hence, An=[b —ndo] t

DESIGN STRENGTH OF BEARING BOLTS

(a) In Shear: It is least of the following:
(i) Shear capacity (strength)
(ii) Bearing capacity (strength)
0] Shear capacity of bearing bolts (Vab)

Vnsb

vV, =—"2
dsb
! Ymb

Where gmb = partial safety factor of bolt
and Vnsb = nominal shear capacity of bolt
,f;'b
= Ny (n, A, +n,Ay)

where fub = ultimate tensile strength of bolt
nn = number of shear planes through threads

=1 for each bolt.
ns = number of shear planes intercepting non-threaded portion of shank

= 1, for abolt in double shear

= 0, for a bolt in single shear.
Ash = nominal shank area of the bolt
Anb = net shear area in threaded portion
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_ 0-9‘]‘;{[;} A,! <.f_‘..‘|f?A.‘Ih
dh — Vb - Ymo

where fyo = yield stress of the bolt
An = net area of the bolt at thread

-0.78 g * for 1SO bolts.

A, = shank arca of the bolt = g d*.

DESIGN STRENGTH OF HSFG BOLTS IN SHEAR (Vdsf)
vr;sf

V, .=
dsf VYmf
where
gmf = 1.10, if slip resistance is designed at service load
= 1.25, if the slip resistance is designed at ultimate load.
and Vnst= mfne KnFo
Where mt = coefficient of friction as specified in Table 20 (Clause 10.4.3) in 1S 800-2007.
ne = number of effective interfaces offering frictional resistance to the slip.
[Note: ne=1 for each bolt in lap joint and 2 for each bolt in double cover bolt joint]
Kn = 1.0 for fasteners in clearance hole
= 0.85 for fasteners in oversized and short slotted holes and for long slotted holes loaded perpendicular to the slot.
Fo = minimum bolt tension at installation and may be taken as Anbfo
Anb = net area of the bolt at threads

TT 2!

(0.73 74 )

fo= proof stress = 0.7 fub.

Note:

1. All the reduction factors specified for bearing bolted connection hold good for HSFG
bolted connection also.

2. Since the bearing strength of HSFG bolts is greater than the plates, nocheck on bearing
strength of the bolt is necessary.

HSFG Bolt Strength in Tension ()

_— 0.9 furAn _ Tyb Asi
= Ymb B Ym

mb = 1.25, gm= 1.1
Note: In the design of HSFG bolts subjected to tensile forces additional force Q called prying
forces is to be considered.

27

where

Q = prying force

2Te = total applied tensile force

Iv = distance from the bolt centre line to the toe of the fillet weld or to half the root radius for arolled section

lc = distance between prying forces and bolt centre line and is the minimum of either the end distance or the value given
by:

Bfo

=111

Jy
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b = 2 for non-pretension bolts and 1 for pretension bolts
h=15
be = effective width of flange per pair of bolts
fo= proof stress in consistent units
t = thickness of end plate.

PRINCIPLES TO BE OBSERVED IN THE DESIGN

. Design strength should be more than design load.

. The centre of gravity of bolts should coincide with the centre of gravity of the connected members.

. The length of connection should be kept as small as possible.

. It should satisfy requirements specified in clause 10.2, regarding spacing, such as

. Pitch shall not be less than 2.5 d.

. Minimum edge distance = 1.7 do, in case of hand cut edges and 1.5 doin case of rolled or machine cut edges.
. Diameter of bolt hole for various bolts shall be taken as shown below:

Diameter of bolt (d) : 1214 16 20 22 24 30 36

Diameter of bolt hole (do) : 13 15 18 22 24 26 33 39

6. Area of bolt at shank = T d*

QT 9O B~ WwWNPEF

Area of bolt at threads = 0.78 g d*

7. Material properties of bolts.

Grade 4.6 fyb= 240 MPa fun= 400 MPa
Grade 4.8 fyo= 320 MPa fub= 420 MPa
Grade 5.6 fyo= 300 MPa fub= 500 MPa
Grade 5.8 fyo= 400 MPa fub= 520 MPa.

Example 2.1 Design a lap joint to connect two plates each of width 100 mm, if the thickness of one plate is 12 mm and
the other is 10 mm. The joint has to transfer a working load of 100 kN. The plates are of fe 410 grade. Use bearing type of
bolts and draw connection details.
Solution: Using M16 bolts of grade 4.6,
d =16 mm do= 18 mm fub = 400 N/mmz2
Since it is a lap joint, the bolt is in single shear, the critical section being at the roots of the thread of the bolts.
Nominal strength of a bolt in shear

; _fu.’) T 2

V.o —E(l x0+0.78 7d )

—390 078 xgx 167

'\,’?

=36218 N
Design strength of a bolt in shear

F4 _ — 9 /
‘deb - Vb B 1.25 = 28974 N
Minimum pitch to be provided = 2.5 d= 2.5 x 16 =40 mm
Minimum edge distance = 1.5do= 1.5 x 18 =27 mm
Provide p = 40 mm and e = 30 mm.
Strength in bearing:
30 40 400

ky, is least of —-0.25,——and 1.0
410

3x 18 3x18
ie., k;, =0.4907
Now, thickness of thinner plate = 10 mm, f,, = 400 N/mm?
.. Normal bearing strength of a bolt
Vipp = 2.5 kyy dt f,
=2.5x%x0.4907 x 16 x 10 x 400
=78512 N
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.. Design strength of M16 bolts
=28974 N
Working (nominal load) = 100 kN.

100 x 1.5 = 150 kN.

_ 150 x ]000=5 (8
28974

Provide 6 bolts. They may be provided as shown in Fig. 2.3.

.. Design load

Hence. no. of bolts required

f ! t \
| | 30 mm |
*\\ @ ® ® % /
\ | 40 mm ./
‘.l e @ © % ‘.*'
| | 30 mm \
/ | \
E E E E
ot Enste e S
(<] < ) [32]
Fig. 2.3
Check for the Strength of Plate
_09A,f,
dn Yint

The

gR=:

re are two holes along the critical section,

_0.9><[]DD—2>< 18) x 10 x 410
dn — 1.25

= 188928 N = 188.928 kN > 150 kN.

WELDED CONNECTIONS

3T v T Ui & e e & & Tewd B R arqg & 39T F W@ A Ve I fRAr ST & 3R T @1 SAver e g

TIATCHR

AT HA=! H, Folerelel HFR 308 R Flec gl HI M Fd o

el oY e 3 diee AT dog FI 3TAT F$ HRPI ] IR FAT &, SG F 07, RATT o, FAT0T a1 3R SFer Hr TufASdn dess
AT dloe dlel HAFel T S BIAG Taled hid g, §Telifch 3okh & FhdleT 8|
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Unit 2:
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Fillet weld

A

molten / solidified
base metal

//()
>
B < base metal

weld (bead)

AR g F1 v BV soacis & S B Ser § S fege aRuy # Rewr g & et S gan ster anfAer g g
eMess Acer 3% ST (SMAW) ST # gaedrs 3R 3 Aca & & A @S 7 Fic IwF AT &S 3 gu REd B W Far §
R30S & Red Y B gu dw Aot ¥ o F
- 309YS W TH (A R ardigd @ S § 3R v gRiers A g aeeh 8 S fee gu des arg & 6 8@
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I & des 337 AT g IARTT TAE W T A &, AW AT A Tk R §1 A ¢ N TeET Y 9T H
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