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Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the patrticipation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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NOTATION

Both Sl and British units are quoted but any coherent system of units may be used.

a distance from centre of hole to lug end (see Sketches 1.1aand m in
1.1b)
d diameter of hole m in
e pin-to-hole clearance as a percentage of d
E.E, moduli of elasticity of lug and pin materials, respectively N/m? Ibf/in?
fnax maximum tensile stress in lug around hole perimeter N/m Ibf/in
Ke stress concentration factor at e per cent clearance for lugs with N/m? Ibf/in?
t/d less than 0.5, defined by
fmax = Ke fref
=]
where fref = m
(Thus K 5 relatesto 0.5 per cent clearance between pin and
hole and K, isused for the limiting case of point loading.
Note that for round-ended lugs f, remains as defined here even
when a < W/2.)
Ka value of K. when t/d is greater than 0.5 (see Section 2.5)
Ky stress concentration factor for waisted lug with flat and slot
(related to K, , See Section 2.4)
Kw stress concentration factor for waisted lug (related to particular
value of Ke’ , See Section 2.4)
Kwi stress concentration factor for waisted lug with additional flat
(related to aparticular value of K, see Section 2.4)
L distance between lug hole and slot in waisted lug (see m in
Section 2.4)
P tensile load on lug applied via pin N | bf
t thickness of lug (see Sketch 1.1¢) m in
w width of lug (see Sketches 1.1aand 1.1b) m in
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w width of waisted lug (see Figures 5, 6 and 7) m in
Ne correction factor for clearance e based on K , and defined by
LS
® Ko =Koz
so that
Ke = Koo +ne(Kygo —Kgz)

0 angle indicating position of f,,,, (See Sketches 1.1a and 1.1b) degree degree
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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 Figures 1 to 3 data are provided for thin square- and
round-ended plain lugs to which the following notes up to Section 2.3 apply. InFigures5, 6, 7 and 8 data
are given on particular examples of thin waisted round-ended |ugs as guidance on the stress concentrations
to be expected for such geometries. The notes in Section 2.4 qualify the use of the waisted lug data and
their relationship to the datafor plain lugs. In Figure 4 data on the effect of lug thickness are given, notes
on the use of thisfigure being given in Section 2.5.
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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 position of 5 isat Points 1 shownin
Sketches 1.1aand 1.1b. As clearance between the pin and hole is introduced the value of f,,, increases
and its position moves. Thus for most practical good quality clearance-fits f,, 5 occurs at Points 2 on the
sketch for which 6 istypically between 10 and 35 degrees. Section 2.3 provides data that may be used to
account for pin-to-hole clearanceswhen estimating K . Notethat if (a—d/2) issmall then significant local
bending of the thin section (a — d/2) wide will occur so transferring the maximum tensile stress in the lug
to Point 3ontheoutsideof thelug. Thiswill only occur outsidetherange of geometriescovered by thisItem.

Figures 1 and 2 provide curves for the limiting condition of a/W = «. In practice this limit applies at
values of a/Win excess of about 1.5. For lugswith t/d<0.5, variation in the ratio E,/E, between 1.0 and
3.0 has no significant effect on K . See Section 2.5 for lugs with t/d>0.5.

2.1 Square-ended Lugswith t/d<0.5

Figure 1 providescurvesof K plotted against d/Wfor threevalues of a/\WW. Two setsof curvesare provided
and each set relatesto adifferent quality pin-fit. The dashed curvesrelateto very small clearances between
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. Typically e<0.1 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 cent of d. These are therefore Ky, values. An estimate
of the stress concentration factor for the upper limit case of point loading, that is K}, , may be obtained
from Figure 2, see Section 2.2. (Note that point loading is strictly aline loading applied uniformly across
the thickness of the lug at location 6, indicated on Sketches 1.1aand 1.1b.)

22 Round-ended Lugswith t/d<0.5

Figure 2 provides curves of K plotted against d/W for three values of a/W. The chain dotted curvesrelate
to point loading and are therefore K, values. The solid linesrelate to pin-fits having about 0.2 per cent
clearance and are therefore K , values. (Thesolid linesstrictly relate to asinusoidal type loading applied
to the hole. Comparison of these data with Figure 1 and with experimental results shows that they
approximate to 0.2 per cent clearance.)

2.3 Effect of Pin-to-hole Clearance, t/d< 0.5

ESDU Copyright material. For current status contact ESDU.

Figure 3 provides values of n, plotted against e. The data are based on adatum value of K ,, that is, the
solid curves of Figures 1 and 2, and strictly relate to round-ended lugs with d/W = 0.5 or 0.7 and with
a/W=0.5. The curve of Figure 3 may be used to provide an indication of the effect of e on 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 variation in n, about the value
obtained from Figure 3. Thisisparticularly so when e<0.1, that is, over the dashed portion of the curve.
For thisreason the dashed portion of the curve should be considered tentative. At the other end of the scale
Figure 3 shows that conditions similar to point loading apply at clearances greater than about 10 per cent.

2.4 Waisted Round-ended L ugs, t/d<0.5

Figures 5, 6 and 7 give the elastic stress concentration factors for the particular waisted lug geometries
shown in the respective figures. They are based on the photoel astic tests of Derivation 3 supported by data
from Derivation 1 in particular. While limited to d/W = 0.5 they give guidance on the effect that the
geometrical variations shown will have on the lug stress concentrations K,,, and K.+ for arange of a/W, and
K for &/W = 0.5 (for which alone data were available).
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