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Example 9.14. An cccentrically loaded lap riveted joint is to be designed for a steel
pracket as shown in Fig. 9.24.
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Fig. 9.24

The bracket plate is 25 mm thick. All rivets are to be of the same size. Load on the
bracket. P = 50 kN : rivet spacing, C€ = 100 mm ; load arm, ¢ = 400 mm. | |
Permissible shear stress is 65 MPa and crushing stress is 120 MPa. Determine the size
I » used for the joint.
" Husi:;;:.;;:::_h(‘]il:;n .:f.' = 25 mm : P =50 kN = 5(11I x 10N:e =400 mm; n =7,
=65 MPa = 65 N/mm?; 6, = (20 MPa = 120 N/mm~
50 kN

400 ’—_j

l_oii
104)
¥ o
' Fig. 9.25
" First of all, let us find the centre of gravity (G) of tl?c ri.vcl sysl::m.
Let Y = Distance of centre of gravily from OY,

y = Distance of centre of gravity from OX,
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Ny Ag Ay o Distances of centre of gravity of each rivet from Oy,
Vie Yoo Yy o Distanees of centre of gravity of each rivet from 0x,

4 - VR TR B TR R b
We know that N | i MU § TG TN

7
l“”'_.?““._; _‘1{_)_“_[._?9!! [ =} “]“ mimm - X = ,1" - “'f '”j
and = Yetytyytyactyst ety
> n
2004 2004 200+ 1004 100 "
m— =143 mm B G
"i 5 yﬂ ”

S The centre of gravity (G) of the rivet system lics at a distance of 100 mm from oy
and 1143 mm from OX, as shown in g, 9.25,

! . . i ] .
We know that direct shear load on each rivet,

roosoxi1of

lh_v direct shear lond nets parallel to the direction of load P i.e., vertically downward as
shown in Fig. 9,25,

Turning moment produced by the load P due to cccentricity (¢)
=P xe=50x 10" %400 = 20 x 10° N-mm
This turning moment is resisted by seven rivets as shown in Fig. 9.25.
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All dimensions in mm.,
Fig. 9.26

Let Fyy Fa. Fa Fy Fs, Fo and Fy be the secondary shear load on the rivets 1, 2, 3, 4‘.15'
17 plnccd at distances Il'. Iz..h. lg, ls, I and I, respectively from the centre of gravt y
oA et system as shown in Fig. 9.26.
of thd;:rlm the geometry of the figure, we find that
ro

1, = I3 = N(100)*+(200- 114.3)? = 131.7 mm
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l, =200 - 114.3 = 857 mm
ly = 1, = N(100)2+(114.3-100)% = 101 mm
and Is = lg = N(100)2+(114.3)2 = 152 mm

Now equating the turning moment due to eccentricity of the load to the resisting moment
of the rivets, we have

PXe= ﬂ (I 2 / 2 2 2 2 2 2
7 [ D7+ )"+ (1) + (l)” + (15)* + (k) +(l-‘,):|

i
l_ll (2007 + (1) + 20 + 20 . by = by Ly = by and Is = Ig)

F
50 x 10® x 400 = 13; = [2(131.7)2+(35.7)2+2(101)2+2(152)2]

20 x 10% x 131.7 = F,(34 690 + 7345 + 20 402 + 46 208) = 108 645 F,
F, =20 x 10° x 131.7/108 645 = 24 244 N

Since the secondary shear loads are proportional to their radial distances from the centre
of gravity, therefore '

l 85.7
= —_—= : = 6 N

F, = F, X I 24 244 X 317 15 77
!

Fy = F, X z_3= F,=2244 N ol = 1)
]

| ly 101

Fy=Fixq= 24244 x T37== 18593 N
ls 152

Fs=Fixp= 24244 x 7575 = 27981 N
!

F6=le72=F5=27931N (g = 1)
1
! _

F, = F, % 1—7 = F, = 18593 N (ol =1
1 '

By drawing the direct and secondary shear loads on each rivet, we see that the rivets 3,
4 and 5 are heavily loaded. Let us now find the angles between lh_e direct and secondary shear
load for these three rivets. From the geometry of Fig. 9.26, we find that
100 100 '
= ———=——=0.76
cos 83 = 77 = 1317
100 100
cos 9, Iy 101 )

100 100 _  gsg

T~ 152
Now resultant shear load on rivet 3,
R3 = '\!(PI)2+(F3}2+2 Pxx F3 X CO0S 93
= V(7143)7 + (24 244)2+2x 7143 % 24 244 x 0.76 = 30033 N
"Resultant shear load on rivet f-i,
Ry = V(P + (F)* +2 P,x Fyx cos 8
= V(7143)% + (18 593>+ 2 x 7143 x 18 593 % 0.99 = 25684 N

and cos 85 =
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and:resultant shear load on rivet 5, | ;
4 P x FqgXcO%8Ys o
Ry = N(PY 4 (B4 2P 72 Fs7 - _
o V1A T @790t + 2 x T143% 27 98] #0658 = 33 121 N
| raphically, a% shown in Fig. 9.26,

The resultant shear load may be determined g .
‘ ! ant shear load 15 on rivel 5. I d s the

From above we see that the maximum resull i
dinmeter of rivet hole, then maximum resultant shear load (Ks).

2
33 121 = Exd?m:iﬁxfﬁxﬁs-:ﬂ d
d? =13 121/51 = 649.4 or d =255 mm
From Table 9.7, we see that according to 1S : 19291982 .[R'::ilflllf"lﬁd 1996), lhp_ulam];m]
dinmeter of the rivet hole (d ) is 25.5 mm and the corresponding diameter of rivet 15 24 mm.

Let us now check the joint for crushing stress, We know that

Max. load 3 *Rﬁ = 33 121 — 51.95 N/mm? = 51.95 MP;
Crushing area  d=t 255725

| Since this stress is well below the piven crushing stress of 120 MPa, thercfore the design
1s satisfactory,

Crushing stress =
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