Bolts under fatigue loading

Bolts and screws have high stress concentration at the fillet under the bolt head and at the
begging of the thread on the bolt shank. The following table (table 8-11, Shigly) gives K
for Rolled threads, Cut threads, and the Fillet.

SAE Metric Rolled Cut Thread Fillet
Grade Grade Thread
0-2 3.6-5.8 2.2 2.8 2.1
4-8 6.6-10.9 3.0 3.8 2.3

Table (8-11) K¢ for Threaded elements.
If not specified use: Rolled thread with machine finish.

Fatigue Loading:

Most critical situation: Load varies between no load = max. load.
P= (0 = Pmax)

Bolt Load:
No externalload = P=0 =2 P=Fu=F
Max. external load =2 P=Ppax 2 Pv= Fmax = Pomax)

Bolt stress:
Fa F a F max _ * min
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When o, =0 >

Using the Goodman line:
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‘"‘ Note:
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1. In equation (3) Ky must be used as a strength reduction factor

) e
Otherwise - e
o

m

2. Table (8-12) =» S, (fully corrected including Ky effect) for SAE and ISO bolts.

Static Failure:
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Bolted and Riveted Joints in SHEAR:

(a)

Shear Stress in the rivet: (Fig a)

T=— , Where: A= cro_Ss-sectio'n area of the rivet (bolt), not hole diameter.

Tensile F ailure of a revited member (Rupture): (Fi g.b) |

o= % , A=net area of the plate

= (cross-sectional are of the plate — area of the rivet holes) = (L - 2d)t

DR

Stress concentratlon factor must be included for fatlgue loadlng and brlttle materail .

Crushing (Bearing ) of a rlveted plate: (Flg c)

Bearing stress: it is dssumed that the stress is uniformly distributed over the projected are
of the rivet or bolt hole.

. . F ' ‘ :
Bearing stress = o, = 7 , A= prOJected area of the rivet hole

, for one nvet A=td
Tearmg (or shearing ) the margin of the riveted member: (Fi 1g d and €)

It is avoided by placmg the rivet (1 —d ) away from the margin,
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Shear of Bolts due to Eccentric Loading:

The beam in the figure is subjected to a eccentric load F at a distance L from the support.
At the fixed support the beam is subjected to a Bending moment M and a shear force V.
The rivet (bolt) group is subjected to the same load (i.e. M and V) but in the opposite
direction. It is required to find the force taken by each rivet due to M and V.

1. Find the centroid of the bolt group

n
S
1 1
A x, +Apxg+A-x. +Apx, B

i=1

X =

A, +A4, +A. + 4, iAi
i=1

where: n=number of bolts (rivets), 4;= Area of bolt i.

2. Shear force distribution
a- Shear force due to direct shear force V

Force V =» divided equally for each bolt

2> v, = K ,  Where: v; = shear force on bolt  due to V.
n
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b- Shear load due to moment M :
M=FxL
M= MA+MB+Mc+MD= TA F A‘f'I'B FB+TC F C+rD FD (1)

F=Force taken by bolt i due to the moment M.
r; =radial distance from the cetriode to the bolt.

The magnitude of F; depends on the radial distance of the bolt i from the centroide.
The bolt - with the largest distance form centriode will have the largest force

-> FiOC r;

F F, F
> _A_B_"C )

Substituting (2) in (1): >

Bolts under shear and tensile loading:

Given a bolted joint thickness (grip) = Lg
Find:

1- Nut height H from table/= = ¢ (or use, H Zga’ )

/ 2R

2- Washer thickness ty, from table provided in the notes. s pe- ==
£ 3- Thread length Ly

Inch- series bolts:

2D+i, L<6in
L, = 1
2D+5’ L>6in

Metric bolts:

2D+6, L<125 D<48
L, =1 2D+, 125<L <200

2D+25, L>200
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4. Boltlength: L>L;+H (use Table A-17 for Standard length)
5. Length of unthreaded portion: /, = L - L,
6. Length of threaded portion within the grip: /, =L, — L,

: nd?
7. Area of unthreaded portion: A4, = 1

8. Area of threaded portion A, (tensile area from tables 8-1, 8-2)

Shear Stress on Bolts:

If the shear force will act at the unthreaded portion = 7 = ZF~
d

If the shear force acts at the threaded portion = 7 = 5

14
Tesile Stress on Bolts:

Max combined Stress:

-—7
o' =40 +77%3

Bolt Design:

Using the proof Strength: n=—%

(e}

Using yield strength: n=—=
c

!
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Cap- Screw:

Find: A 3)
1. Washer thickness (provided tables) (E' 3

¢
t,+t+2,t, <d
2. Grip:l=g= 2 , Where: tw= wahser thickness if any,
t, +1t +—2;—,t2 >d

t1= thickness of unthreaded member, t2= thickness of threaded member
3. Thread length L; same as bolts
4. Length of unthreaded portion: /, =L - L,
5. Length of useful threaded portion: [, =L, - L,
Uf\ - ﬂ'dz
6. Area of threaded portion: 4, = 2

7. Area of threaded portion A; (tensile area from tables 8-1, 8-2)
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TABLE £ - “3Dimensions of Metric Plain Washers. All dimensions in millimeters.

—ﬁ;shfr Min. Max. Max. Washer Min, Max. Max.
size 1D oD thick. cize’ n oD thick.
1.6 N 1.95 4.00 0.70 10 N 10.85 20.00 2.30
1.6 R 1.95 5.00 0.70 10 R 10.85 28.00 2.80
1.6 W 1.95 6.00 0.90 10 W 10.85 39.00 3.50
2 N 2.50 5.00 0.90 12 N 13.30 25.40 2.80
2R 2.50 6.00 0.90 12 R 13.30 34.00 3.50
2 W 2.50 8.00 0.90 12 W 13.30 44,00 3.50
2.5 N 3.00 6.00 0.90 14 X 15.2 28.00 2.80
2.5 R 3.00 8.00 0.90 14 R 15.25 39.00 3.50
2.5 W 3.00 10.00 1.20 4 W 15.25 50.00 4.00
2N 3.50 7.00 0.90 16 N 17.25 32.00 3.50

2 3.50 10.00 1.20 16 R 17.25 44,00 4.00
3 W 3.50 12.00 1.40 16 W 17.25 56.00 4,60
3.5 N 4.00 9.00 1.20 20N 21.80 39.00 4.00
3.5 R 4.00 10.00 1.40 20 R 21.80 50.00 4.60
3.5 W 4.00 15.00 1.75 20 W 21.80 66.00 5.10
4 N 4,70 10.00 1.20 24 N 25.60 44,00 4.60
4 R 4.79 12.00 1.40 24 R 25.60 56.00 5.10
AR 4.70 16.00 2.3 24 4 25.60 72.00 5.60
5 N 5.50 11.00 1.40 30 N 32.40 56.00 5.10
5 R 5.50 15.00 1.75 70 R 32.40 72.00 5.60
5 W 5.50 20.00 2.130 30 W 32.40 90.00 6.40
6 N 6.65 13.00 1.75 36 N 38.30 66.00 5.60
6 R 6.6° 18.80 1.75 36 R 38.30 90.00 6.40
6 W 6.65 25.40 2.30 36 W 38.30 110.00 8.50
’ { 8.90 18.80 2.30
8§ R 8.90 25.40 2.2
8 W 8.90 32.00 2.80

1 Same as screw or bolt size.
N = narrow; R = regular; W = wide
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