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STRESS CONCENTRATION FACTORS
AXIALLY LOADED LUGS WITH CLEARANCE-FIT PINS

1. NOTATION

E,.E,

max

K U

distance from centre of hole to lug end (see SkettHesand m
1.1b

diameter of hole m

pin-to-hole clearance as a percentage of

moduli of elasticity of lug and pin materials, respectively R/m  Ibffin?

maximum tensile stress in lug around hole perimeter 2

stress concentration factoresper cent clearance for lugs with N/m?
t/d less than 0.5, defined by
f =K!f

max ref
= _...........E.....—_
ref (W —d)t

(ThusKy 5 relates to 0.5 per cent clearance between pin and
hole andK'100 is used for the limiting case of point loading.
Note that for round-ended lufjg; remains as defined here even
whena < W/2 )

where f

value ofK; whert/d is greater than 0.5 (see Sectibf)

stress concentration factor for waisted lug with flat and slot
(related toK,s, See SectioB.4)

stress concentration factor for waisted lug (related to particular
value ofK; , see Sectidh4)

stress concentration factor for waisted lug with additional flat
(related to a particular value &, , see Sectigh

distance between lug hole and slot in waisted lug (see Sectiom

2.4)

tensile load on lug applied via pin N

thickness of lug (see Sketéhl g m
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w width of lug (see Sketchdslaandl.1b m in
Ne correction factor for clearanesbased orKj, and defined by
- K Koo
® Ko =Koy
so that

Ke = Koo *NelKigg =Koz )
0 angle indicating position df,,y(see Sketchek.laandl1.1b degree degree

Both S| and British units are quoted but any coherent system of units may be used.
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Sketch 1.1a Square- Sketch 1.1b Round-ended Sketch 1.1c Section

ended lugs lugs through lug assembly
centre line

2. GENERAL NOTES

This Item provides the maximum elastic stress concentration factors at the perimeter of the hole in lugs
loaded axially by single central clearance-fit pins. In Figlies3 data are provided for thin square- and
round-ended plain lugs to which the following notes up to Se2t®apply. In Figure$, 6, 7 and8 data

are given on particular examples of thin waisted round-ended lugs as guidance on the stress concentration
to be expected for such geometries. The notes in S&tdayualify the use of the waisted lug data and

their relationship to the data for plain lugs. In Figidata on the effect of lug thickness are given, notes

on the use of this figure being given in Sectzdh
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In addition to lug geometry the pin/hole clearance significantly affects the stress concentration. For both
square- and round-ended lugs having perfect-fit pins the theoretical posijgrisfat Points 1 shown in
Sketchesl.laand1.1h As clearance between the pin and hole is introduced the valyg,@ficreases

and its position moves. Thus for most practical good quality clearan¢gzfitsccurs at Points 2 on the
sketch for whichB is typically between 10 and 35 degrees. Sec8amovides data that may be used to
account for pin-to-hole clearances when estimakifig . Note thatifif2) is small then significant

local bending of the thin sectioa £ d/2) wide will occur so transferring the maximum tensile stress in the
lug to Point 3 on the outside of the lug. This will only occur outside the range of geometries covered by
this Item.

Figuresl and?2 provide curves for the limiting condition afW = o« . In practice this limit applies at
values ofa/W in excess of about 1.5. For lugs witd<0.5 , variation in the Eang, between 1.0 and
3.0 has no significant effect df, . See Secfidifor lugs witht/d>0.5 .

2.1 Square Ended Lugs witht/d<0.5

Figurelprovides curves df;  plotted agaidAtVfor three values a/\WW. Two sets of curves are provided

and each set relates to a different quality pin-fit. The dashed curves relate to very small clearances betwee
pin and hole, such as would normally only be obtained in laboratory specimens, that is by careful
manufacture and individual pairing of lug-hole and pin. Typicak0.1 per cent for such cases which
therefore represent a lower practical limit to the stress concentration factor. The solid curves relate to
assemblies with pin clearances of about 0.2 per caht ®hese are therefoi€; ,, values. An estimate

of the stress concentration factor for the upper limit case of point loading, &igjjs , may be obtained
from Figure2, see Sectio.2 (Note that point loading is strictly a line loading applied uniformly across

the thickness of the lug at location 6, indicated on Sketthiesndl.1h)

2.2 Round-Ended Lugs witht/d<0.5

Figure2 provides curves df;  plotted agaidftV for three values ai/W. The chain dotted curves relate

to point loading and are therefokg, values. The solid lines relate to pin-fits having about 0.2 per cent
clearance and are therefdtg , values. (The solid lines strictly relate to a sinusoidal type loading applied
to the hole. Comparison of these data with Figurnd with experimental results shows that they
approximate to 0.2 per cent clearance.)

2.3 Effect of Pin-to-Hole Clearancet/d<0.5

Figure3 provides values afl, plotted agaiestThe data are based on a datum valu€of , that is, the
solid curves of Figure$ and2, and strictly relate to round-ended lugs wdfklV = 0.5 or 0.7 and with
a/W=0.5. The curve of Figurgd may be used to provide an indication of the effea oh the stress
concentration factor for other geometries and lug forms. However, within set tolerances the effect of
non-circularity coupled with surface finish effects can lead to considerable variatjgn in about the value
obtained from Figur8. This is particularly so whee<0.1 , that is, over the dashed portion of the curve.
For this reason the dashed portion of the curve should be considered tentative. Atthe other end of the scal
Figure3 shows that conditions similar to point loading apply at clearances greater than about 10 per cent.

2.4 Waisted Round-Ended Lugst/d<0.5

Figuresb, 6 and7 give the elastic stress concentration factors for the particular waisted lug geometries
shown in the respective figures. They are based on the photoelastic tests of D&apiparted by data

from Derivationl in particular. While limited ta/W = 0.5 they give guidance on the effect that the
geometrical variations shown will have on the lug stress concentr&tjoarsdK, s for a range o&/W, and

K for a/W = 0.5 (for which alone data were available).
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In Figures5 and6 the stress concentratiog andK,,; are respectively related Ky, ,;,  for round-ended

lugs, whereK,, ,, is taken from the tests in the same derivation for consistency. The difference between
values ofK ,» from Derivatio® and values oK ,, obtained using Figueand3 of this Item are

shown in Figure8. Figure8 is provided only to support the application of the factors given in Figures
and6 to the values oK,  obtained from Figuteand3 which have a more sound basis statistically. In
Figure7 values of the stress concentratiquue to the introduction of a long slot (slot with length to width

ratio 22.5) in the waisted section are related to valuég,efrom Figure6 to which they may be directly
applied to obtain the stress concentration for a slotted, waisted lug since

Ks =&x Kwt

K0.27 wa K0.27

For waisted lugs (with and without a slot) with a clearao€0.27 per cent the position B, is close

to the Point 1 of Sketch.1aand for larges/\WW may even move beyond it towards the waisted section. For
looser fit pins the position df,,, Will move towards Point 2 of Sketdhlg as in the case of plain lugs.
While the data relate strictly tiW = 0.5 ance = 0.27 tests for other valuesd/iV ande in Derivationsl

and3 indicate that effects similar to those shown are likely to occur within the rarged/W<0.6 and
0.2<e<1.5.

2.5 Effect of Lug Thicknesst/d>0.5

Figure4 provides curves of; /K,  plotted agait'stfor lugs with small clearance between pin and hole

and with negligible clearance between the loading fork ends and the sides of the lug. These data strictly
apply to square-ended lugs withV = 0.45 and/W = 0.67 but may be used as a guide to the effadéd of

on both round- and square-ended lugs wlitv between about 0.3 and 0.6. The solid line relates to
assemblies witle/E; = 1.0. Only one data point exists fy/E, = 3.0, at/d = 2.24. The dashed line,

which is of the same form as the solid line, has been drawn through this single data point and should therefore
be considered tentative.

The major effect of increasirtd is to induce pin bending which increases the loading at the ends of the
hole (cross sections 4-4 on Skefctig and relieves it over the central portion of the hole (cross section
5-5 on Sketcl.19. Note that below/d of about 0.5 the stress distribution through the lug is sensibly
uniform; hence the limits stated in the titles of Sectnis2.2, 2.3and2.4.

The use of radiused corners for the lug hole or the introduction of clearance between the faces of the lug
and the loading fork will allow further pin bending thus increafdg’k; above the value shown on
Figure4. The only data available on this effect relate to an assemblyEy#rtE, , t/d = 2.24 and corner

radii of 0.1&l (equal to 0.083 which gaveK] /K, = 2.6, compared with 2.07 where no radius existed.
Thus, the effect of the corner radii and loading fork clearances should be taken into account when estimating

Ke -

The data may be used as a guide to the asymmetric stress concentration factor in fork ends loading a luc
However, as Figurd shows, pin bending has a significant effect on the stress concentration and for the
asymmetric loading experienced by one side of a fork this effect may be expected to be more severe.
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4.1 It is required to estimate the maximum stress concentration factor acting at the lug shown i 3ketch
The pin is to be85-3 88
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Sketch 4.1 All dimensions in mm
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The maximum clearance will be 0.10 + 0.08 = 0.18 mm.

Thus,

e= o______.12><5 100_ ¢ 51,
Also,

\%v - 3§S =05
and VEV = 335 5= 0.6.

Thus, from Figure for round-ended IugsK'ol2 = 2.68 anb{'loo =3.61

From Figure3, n, = 0.22 so that, from the definition af,  given in the notation, the maximum stress
concentration is estimated as

Ke=2.68+ 0.27 3.61-2.68) = 2.88.

Repeating the calculation for the minimum clearamrce @.06) gives a minimum stress concentration of
K. = 2.46.
e

4.2 It is required to know the likely effects of waisting and slotting on the maximum elastic stress
concentration factor for the lug considered in example 4.1. The dimensions given in that example remain
the same, dimensions relating to the waisting and slotting are those given in the diagrams irbFigures
and7, whereL = 17.5 mm.

Figures5, 6 and7 are valid for a clearance ef= 0.27 which falls between the minimum and maximum
clearance of the lug,= 0.06 ana& = 0.51, respectively. The three forms of lug geometry shown in Figures
5, 6 and7 will be considered in turn.

(a) Figure5 lug form, waisted lug with no additional side flat or slot.
From Figures, Whenv% =0.6,
K
—_ = 1.26.
K'0.27

This means an increase of 26 per cent in the elastic stress concentration should be
expected. While=0.27 in this expression, a better estimate of the possible maximum

stress concentration factor will be obtained uskig:, from Exasmple

Hence Kw(may = 288 x 1.26 = 3.63.

(b) Figure6 lug form, waisted lug with additional side flat but no slot.

From Figures, whenv% =0.6,
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