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Types of Bolted Joints

If the load line is assumed to pass through the CG of the bolt group then there are
two types of bolted joints viz. lap joint and butt joint. The other case ie when the
Join line does not pass through the CG of the bolt group gives rise to eccentric
connections.

(a) Lap joint

¢ Here the two members to be connected are overlapped and jointed as shown
in Fig 1.1(a).

e Fig. 1.1 (b and c) shows respectively the single bolted lap joint and the double
bolted lap joint. The load lines in the two members of lap joint do not coincide
and hence lap joint has an eccentricity leading to the formation of an
undesirable couple there by inducing tension in bolt which may lead to failure
of joint as shown in Fig. 1.1(d).

e Due to this eccentricity only, the stresses are distributed unevenly across the
contact area between the bolts arid members to be connected

e CI.10.5.1.2 of IS 800:2007 states that minimum length of lap shall not be less
than four times the thickness of thinner part being jointed or 40 mm,
whichever is more.

Fig 1.1 lap joint

(b) Butt joint



Here the two members to be connected are placed end to end thereby
bringing the load lines in the two members in one line and reducing

eccentricity to almost zero.
Additional cover plate(s) on either side or bath sides can be provided to

connect the main plates as shown in Fig. 1.1 (e and h).

The butt joint is called as single cover butt joint if the plate is provided only
on one side of the main plate (Fig. 1.1 (e, f and g) and is called as double
cover butt joint if the plates are provided on both the sides of the main plate
(Figl.1 (h, i andj).

Fig. 1.1 (k ard 1) shows the transfer of forces in lap joint and double cover butt
joint respectively



1.1 butt joint

Failure of Bolted Joints

(a) Shear failure of bolts: When plates slip due to the applied forces, shear
stresses are generated. It may be possible that maximum factored shear force
exceeds the shear capacity of the bolt. Shear failure of bolt takes place at bolt shear




plane. However the bolt may fail in single shear or double shear as shown in Fig.
1.2(a).

(b) Bearing failure of bolts : Here the bolt gets crushed around a semi-
circumference The plate may be strong in bearing and it may happen that the
heaviest stressed plate may press the bolt shank as shown in Fig. 1.2 (b). In general
bearing failure of bolts do not occur in practice except when the plates are made of
high strength steel and the corresporiding bolts are of low grade steel.

(c) Tension failure of bolts : Bolts subjected to tension may fail at the stress
area: In case any of the connecting plates are flexible enough then in that case
additional forces due to prying action has also to be considered.

(d) Tension/tearing failure of plates : Tension Failure of plates occurs when bolts
are stronger than the plates, Tension on both the gross area (i.e yielding) and the
net effective area (i.e rupture) must be considered. Figl.2 (d) shows the tension
failure of plate in rupture.

(e) bearing failure of plates: When ordinary bolts are subjected to shear forces
then sip takes place and bolts come in contact with the plates, It may be quite
possible that plate may get crushed mule Prate material is weaker than the bolt
material as shown in Fig. 2.8 (b). This bearing failure gets Complicated further due
to the presence of nearby bolt or nearness of an edge in the load direction. he
bearing strength gets affected by bolt spacing and the edge distance. One of the
possible mode of failure resulting from too much bearing is the shear tear-out at the
end of the connected, member as shown in Fig. 1.2 (c).

(f) Block shear failure : Many a times bolts may have been placed at a lesser
end-distance than required which may lead to plates to shear out which can in fact
be avoided by adherence to edge distance. Fig. 1.2 (e) shows the failure of joint in
block shear failure which may occur when a block of a material within the bolted
area breaks away from the remaining of the area. This possibility of failure increases
if bolts used are of high strength and fewer bolts are used for making the
connection. In this type of failure, shear on one plane and tension on perpendicular
plane occurs leading to fall of a portion of plate.



1.2 various types of failure in bolted joints

Specifications of bolted joint

a) Diameter of bolt holes (d,):

do= Nominal diameter of bolt (d)+ 1 mm (for d- 12mm to 14mm)
do = Nominal diameter of bolt (d)+ 2mm (for d- 16mm to 24mm)
do = Nominal diameter of bolt (d)+ 3mm (for d2 27 mm)

b) Pitch (P) It is distance between centers of two consecutive bolts measured along
parallel to direction of force or stress in a member. For wide plates pitch may also
defined as the centre to centre distance of bolts measured along the length of
member on the connection. When bolts are placed staggered the pitch will be
referred to as staggered pitch

1. Minimum pitch (Pmin) :



2.5 x Nominal diameter of bolt (2.5d)
2. Maximum pitch (Pmax):

12t or 200mm whichever is less for compression member

16 t or 200mm whichever is less for tension member

The distance between the centers of any two consecutive bolts should
not exceed 32 t or 300mm whichever is less

Maximum gauge should nol more than 100 + 4t or 200 mm whichever
is less

32t or 300mm whichever is less for tacking or stitch bolts (when plates
are not exposed to weather)

16t or 200mm whichever is less for tacking or stitch holts (when plates
are exposed to weather) In case of two lats, angles, channels or lee
section maximum pitch of tack bolts (In which tack or stitch bolts are
to be provided along length to connectcach of them)

Not exceeding 600mm for compression members

Not exceeding 1000mm for tension members

c) Gauge (9g): It is distance between adjacent bolt lines, or it is centre to centre
distance between two consecutive bolts measured along the width of member or

connection

d) End distance(e): It is the distance from centre of bolt hole to the nearest edge
of member or cover plate in the direction of stress or force.

e) Edge distance: It is the distance from centre of bolt hole to the nearest edge of
member or cover plate at right angle to the direction of stress. n

.  Minimum edge distance : Minimum edge distance 1.7 x diameter of hole
for sheared or hand flame cut edges
Minimum edge distance =1.7 x diameter of hole in case of rolled machine
flame cut edges

.  Maximum edge distance 15 x hole diameter incase of rolled, machine
flame cut edges (H) Maximum edge distance Maximum edge distance to
nearest edge of bolt hole to an edge of un stiffened part should not exceed
250 where t is 12te where e- thickness of thinner outside plate 40mm + 4t,
where t is thickness of thinner outside plate (for corrosive Environments)
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