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STRENGTH OF LUGS

1. STRENGTH AND PERMANENT DEFORMATION ANALYSIS
11 INTRODUCTION

This Data Item provides data to determine the minimum load to cause failure by rupture or unacceptable
permanent deformation of parallel sided and tapered lugs under in-plane axial, transverse or oblique loading
Methods of allowing for the effects of pin bending on lugs in a double shear joint are also included. The
data are provided in the form of figures and a Fortran computer program. They are applicable to round- or
square-ended lugs made of metallic extrusion, bar, forging plate or sheet but caution should be used in
applying them to hand forgings.

The data given in this Item are based on the analysis presented in Deridadinth®. They have been
compared with theoretical and test data given in Derivatipsand3 and Referencé, the sources on

which the principal design codes used for lugs in many countries are based. These comparisons are give
in Referencel2. The comparisons show that the data represent mean load values, with the extreme
values for tests on axially loaded lugs being withie10 per cent of those given

The Data Item is presented in two parts. The first part provides the rupture and permanent deformation
analysis of lugs. However, only examples can be given for the fidgioused in determining the axial
tensile rupture load. ESDUpac A9108 provides a Fortran computer program that may be used to calculate
this factor appropriate to any metallic material and use of this program is described in the second part of
this Item.

1.2 NOTATION

Both S| and British Units are quoted but any coherent system of units may be used.

Ag effective area of lug under transverse load 2 m in2
Ag = 6/[(3/A]) + (1/A,) + (VA;) + (1/A,)]

A A, critical loaded areas of lug under transverse load (see Sketchm? in?

Az, Ay 1.4

a distance from centre of pin hole to lug end (see SKethh m in

b equivalent moment arm on pin (see Sketch m in

b 1.0 per cent proof bearing stress causing a permanent N/m? Ibf/in?
deformation of 0.0dy, in lug at lug-to-pin interface

c distance from edge of hole to lug end (see Sketth m in

d diameter of pin or hole in lug m in

E modulus of elasticity of lug material Nfm  Ibf/in?

f direct or bending stress in lug or pin material R/m  Ibflin?

feo allowable basic shear stress of pin material N/m  Ibflin?
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g gap between inner and outer lugs in double shear joint (see m in
Sketchl.5)

K factor for lug load (see Equatiofls1)to (1.6))

K'e elastic stress concentration factor for axially loaded lug with

clearance fit pin, wheredenotes percentage clearance between
pin and hole diameters (see Sectiod.])

M bending moment on pin Nm Ibf in

P load on lug or pin N Ibf

t thickness of lug m in

t,t, thickness of inner and outer lugs respectively in a double shear in
joint

t 0.n per cent proof (permanent deformation) stress of lug N/m? Ibf/in?
material

W nominal width of lug (see Sketdhl) m in

X,y coordinate system for lug (see Skeict

Y peaking factor for pin bending in double shear joints

0 angle of oblique load on lug measured frodglirection (see degrees degrees
Sketchl.l)

T mean shear stress in pin (shear load divided by area of pin N/m? Ibf/in?
cross-section)

Suffixes

br denotes bearing

c denotes material cross-grain property (in plane of lug)

E denotes effective area or effective moment arm

h denotes hole

I denotes material longitudinal (with-grain) property

M denotes maximum allowable stress with respect to grain direction, in plane of lug
(chosen from longitudinal, long transverse and short transverse values)

m denotes minimum allowable stress with respect to grain direction, in plane of lug
(chosen from longitudinal, long transverse and short transverse values)

min denotes minimum value of load (see Secfidh2.3

0 denotes load applied at andle xtdirection

p denotes permanent deformation condition
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pin denotes stress, load, moment or dimension related to pin

q denotes shear-bearing

t denotes tensile

u denotes ultimate (rupture) condition

X, Yy denotes stress, load or factor in axial or transverse lug directions respectively (see
Sketchl.l)

V% denotes load peaking effect (see Sectich6.9

{
</ ‘
* 4{ / Prux,Faux Fox
/

(a) Parallel (b) Tapered
sided lug sided lug

Sketch 1.1 General lug geometry and loading
1.3 NOTES
1.3.1 General

This Item provides data that enable the loads that cause failure by rupture and unacceptable permaner
deformation to be determined for lugs under in-plane ax@iréction), transversg-direction) and oblique
(angled) loading. A check is also provided to determine whether or not the load that causes failure by
unacceptable bearing permanent deformation is less than the rupture or overall permanent deformatior
loads. Additional data show whether or not pin bending will affect the lugs in a double shear joint. The
term rupture is taken here to denote complete failure in the lug by fracture of the lug material in tension or
shear. The forms of rupture are shown in Sketéh2andl1.3. The term permanent deformation denotes

that the lug material is strained beyond the elastic range (that is beyond the yield point) of the material
resulting in an irrecoverable permanent set. The use of a chosen allowable proof stress enables the loac
that produce an unacceptable permanent deformation to be determined.
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Data are provided for parallel and tapered sided lugs with round or square ends of the forms shown in
Sketchesdl.1 and1.4. The mode of lug failure can vary with the type of loading. Sectichgto 1.3.4

detail the modes of failure to be considered for each type of loading, axial, transverse and oblique
respectively. They are followed by sections on the bearing permanent deformation of the pin in the lug and
the effects of pin bending.

The data on axially loaded lugs may be applied to any metallic material but they have been obtained by a
combination of theoretical and empirical methods for steel and aluminium alloy lugs made from bar, forging,
extrusion, plate or sheet. The data given for transversely loaded lugs are limited to steel and aluminium
alloy lugs. Caution should be used in applying the data to hand forgings. The analyses have been develope
for lugs for whichl<d,/t<5.5 andl.3<a/d,<2.0 but may be used outside of those limits within the
geometrical range covered by Figures 1 to 6. However, wjgr 1.0 it is recommendeddhae

taken throughout the calculations (but not in the calculation for pin bending) anddwher8.0 it is
advisable to check the stability of the lug.

1.3.2 Axial Loading
For a lug under axial load three modes of lug failure are considered:
() tension

(i) shear tearout
or (iii) bearing.

{"

~t"]
/A

(i) Tension (i) Shear tearout (iii) Bearing

Sketch 1.2 Modes of lug failure under axial load

Failure of the lug under axial load is determined by considering the tensile rupture mode (i) separately
(Sectionl.3.2.) and the shear rupture and bearing permanent deformation modes (ii) and (iii) as a combined
mode, described in this Iltem as shear-bearing (Seti®B.). The assessment of overall lug permanent
deformation is then related to the minimum of these two failure loads (S&édi@3. The bearing load

to cause unacceptable permanent deformation (yield) in the lug at the pin-to-hole interface is given as a
separate check (Sectidn3.5 as this may be a separate requirement, particularly for lugs subject to
compression.
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The tensile rupture mode has been treated separately because Detigatirs that tensile rupture may

be represented by a factég,,, , which for a given material varies with the value of the elastic stress
concentration factol’, . It has also been determined in Derivatibat the shear rupture and bearing
permanent deformation (between the hole and the end of the lug), are interrelated and can therefore b
represented by a single factid,,. In this mode the dominance of either the shear or bearing effect depends
principally on thea/d,, ratio, and to a lesser degree, the relj. For values o/d,,>2.0 shear rupture

can be accompanied by significant bearing permanent deformation.

Because the tensile rupture fadtqy, is material and geometry dependent a Fortran computer program to
calculate values df,, has been written. This is given in ESDUpac A9108 and is explained in the second
part of this Item. Examples &, for particular materials, obtained from the computer program, are given
in Figureslaandlb.

1.3.2.1 Lug failure due to tensile rupture
The load to cause lug failure by tensile rupture is given by the expression:

P, = K

tux tux ftux(W_ d,)t, (1.1)
wheref, is the allowable tensile ultimate stress in the axiglirection, appropriate to the direction of
grain flow in the lug.

The value of the axial tensile rupture facty,, , for a particular lug is dependent on the lug material
properties and its geometry (see Sec8#d@). ESDUpac A9108 provides a Fortran computer program for
calculatingKy,, from K’ and the material properties. Valueskdf, may be obtained from Data Item No.
81006. The program is provided on the Compact Disc and on disk in the Sub-series Software Volume.
Instructions for running the program are given in the second part of this Item. Example v#lyg$oof
various material specifications over a rang&gf and, as an alternative, over a range of materials and lug
geometries, are given in Figuréa and1b respectively. The properties for the materials considered in
Figureslaandlb are given in Tabld.1 The example data in Figudd have been obtained from the
computer program using values of the stress concentration fidGiarbtained from Data Item No. 81006,
appropriate to particular values W d;, anda/W for a lug/pin fit of 0.2 per cent clearance.

1.3.2.2 Lug failure due to shear-bearing rupture

The load to cause failure due to shear-bearing is given by the expression:

Poux = Kou frumnt » (1.2)

qux qux tum
wherefy,,, is the minimum tensile strength, with respect to the grain direction, in the plane of the lug.

Values of the shear-bearing factdp,, , are plotted againstd, for various values ody/t in Figure2. If
the pin is a loose fit in the ludy;, should be used in Equati¢h.2)in place ofd, .

1.3.2.3 Lug failure load due to overall permanent deformation

A lug permanent deformation of greater than 6,02 considered unacceptable. The load to cause this level

Data Item No. 81006 “Stress concentration factors. Axially loaded lugs with clearance-fit pins”.
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of permanent deformation is given by the expression:

]
= tpm]
Pox prH P
tun’D

wh('areP_uxmi_n is t_he lower 0Py, andPg,y . The stres§,y,is a minimum proof stress, with respect to the
grain direction, in the plane of the lug.

(1.3)

uxmin ’

Values of the axial permanent deformation fadfQy,, are plotted again®mi{dnt fmin Figure3. The

tests on which Figur@is based relate to a permanent deformation ot W&h fy,,,=t, . Note that certain
materials with proof stresses that are high compared to their ultimate strength may produce less deformatior
than 0.0, by the time rupture has occurred.

1.3.3 Transverse Loading

In Derivation2 it is shown that failure of a lug under transvessdifection) load is likely to occur as a
rupture due to shear and bearing effects in the section of the lug receiving the pin load or a rupture due tc
tension around the end of the lug (see Skét@h These effects are combined in a single empirical
expression for the rupture load. The load to cause unacceptable permanent deformatignui@d@2
transverse load is also given by a single expression.

sheor

beoring

x
- - ——

tension

Sketch 1.3 Modes of lug failure under transverse loading
1.3.3.1 Lug failure due to rupture

The load to cause rupture under transverse load is given by the expression:

P, = Kyofrumdnt - (1.4)

uy uy'tum

Values of the transverse rupture fackqyy, are plotted againgi/dyt in Figure4 in which curve (a) is for
steel lugs and curve (b) is for aluminium alloy lugs. The effective area is given by

Ag = BI[(3/A)) + (LIA,) + (LIAg) + (L/A)] . (1.5)

Guidance on how to obtain values of the a®asA, , Az andA, for lugs of various forms is given in
Sketchl.4.
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1.3.3.2 Lug failure load due to overall permanent deformation

The load to cause unacceptable permanent deformation of the lug under transverse load is given by

Poy = Koyfipmdnt (1.6)

wherefyynis @ minimum proof stress, with respect to the grain direction, in the plane of the lug. Values of
the transverse permanent deformation fattgy, are plotted agains/dpt in Figures.

For oll diograms A3
is leost areo of
any rodiol section

A4
45:\
e a3
a3
Al A2
4 Py \ Fuy
Areos for straight lug Areos for necked lug

NOTE :— THESE STRESS CONCENTRATIONS ARE NOT
COVERED BY THE ANALYSIS

A4 I'
459
LS. _
\)
45°’ -
. i
Puy PUY
v

Areas for various lug shopes

/Equivolent lug

-
[

A3

Equivalent lug for sudden chonge of cross-section

Sketch 1.4 Definition of areas used in calculation of equivalent area for lugs under transverse load
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1.3.4 Oblique Loading

The failure load of a lug under oblique loading at arfjle  tocttieection may be estimated from the
rupture loads of the lug under axial loading and transverse loading by using the following interaction
formula.

1
P = , 1.7
ué 16 1670625 -7
O cosb O Osined
o + =) O
uxmir(] O uyd

wherePyminis the minimum oPy,, andPg,, , obtained as detailed in Sectidn8.2.1and1.3.2.2 and
Py is obtained as indicated in Sectib:3.3.1

The load,P 4 , to cause permanent deformation of the lug under an oblique load can be obtained from the
same interaction equation by replacPgmin by Ppx andPyy by Py, .

1.3.5 Failure Due to Bearing Permanent Deformation

The load to cause failure due to unacceptable bearing permanent deformation at the lug-to-pin interface is
given by the expression:

I:)pbr = blOdht’ (1.8)

whereb, g is the 1.0 per cent proof bearing stress appropriate to the direction of load. This is the bearing
stress that will cause a permanent deformation ot idXhe lug at the lug-to-pin interface. Valuegf
and guidance on how to obtain such values can be obtained from RefE8ence

1.3.6 Pin Bending in a Double Shear Joint

1.3.6.1 Analysis assuming uniform loading between pin and lug
The lug strength analyses given in Secti@riz2to 1.3.4 assume that the pin through the lug joint is
sufficiently strong to transfer the load between the inner lug and the outer lugs that the lug stresses are
uniform across the thickness of the lug sections. For double shear joints as shown ifh. SKatcts taken

to be so if the bending moment under the application of the minimum rupture load does not exceed the
permissible bending moment for the pin, where the applied moment is

M = Pb/2 (1.9)

in which Py, is taken as the minimum allowable rupture load for the centre lug or twice that for the outer
lugs. Guidance on the maximum permissible bending moment on a circular pin can be obtained from Data
ltem No. Struct. 01.06.01

If the load is assumed to be uniformly distributed across the lug-to-pin interface, as shown in Sketch 1.4a,
the equivalent moment arm is

b = tJ/2+t/4+9. (1.10)

Data Item No. Struct. 01.06.01 “Form factors for circular sections under combined bending and axial load”.
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1.3.6.2 Analysis assuming load peaking between pin and lug

If the pin is found to be inadequate on the basis of the criterion of Eqatid)) it is acceptable to take
into account the tendency of the bearing stresses due to pin loading to peak near the shear faces of the inn
lug so reducing the moment on the pin, see Sketch 1.5(b). If that assumption is made the equivalent momen

arm is obtained from the expression

by = (t,/2)+y (t;/4)+g. (1.11)

Values ofy are plotted agair3§;/(dpintfium) for various values ad/t in Figure6. Although load peaking
is assumed to have occurred, the overall stress distribution in the lug is still considered to be uniform over

the thickness of the lug.

1.3.6.3 Analysis including excess strength of lug

If the pin is still found to be inadequate when load peaking is considered it is possible to take into account
any excess strength that the lug has over the required design load (reserve factor). In that event it may b
assumed that a proportion of the thickness of the lug in the joint is inactive (see Sketch 1.5(c)) so that the
effective lug thicknesses atg- andtjz . The minimum lug rupture load is recalculated using the new
effective thicknesses. The pin bending calculation is then performed again, including the effect of peaking,
with the revised loading and moment arm using Equdfiahl) This process can be repeated with an
increased inactive portion if the pin is still unable to transfer the load and the lug still has excess strength.

by moment arm byg moment orm
v)n" with peaking load

b moment arm
h peaking lood 0
ond reduced width

with uniform lood

Ll i P
2 2 2
4 /
b b } } bye
== slzlz|= z|= sl= A
L ol
")
S Hith . o , S
4 . 0 . _5‘ L ,
T It jhdil b IR
N -
]
9t 9% 9 & 9% e 9 tie lie 9 oe
l l 2| 2
(@) ' (b) ' (©) 4
Sketch 1.5
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15 EXAMPLE

1.5.1 Problem

It is required to find the load, applied at an angle of 30°, that will cause rupture in the critical inner lug in
a balanced joint and the load that will cause a permanent deformation of no more than 0.02 times the hole
diameter. It is also required to ensure that the pin strength is adequate.

The lug material is aluminium alloy to British Standard Aerospace Series specification L168 which has the
following properties in the plane of the lug.

Modulus of elasticity, E = 72000 N/mm.
Ultimate tensile strength, longitudinal, fy = 465N/mnf.
Ultimate tensile strength, cross-grain, fie = 394 N/mnf .
0.2 per cent proof stress, cross-grain, fipc = 360 N/mn? .
1.0 per cent proof bearing stress, b, = 517 N/mn? .

The material grain is aligned in the axisldirection) (see Sketch.6).

The pin material is steel to British Standard Aerospace Series specification S99 which has the following

properties.
Allowable shear stress, fo = 780 N/mnf.
0.2 per cent proof stress, ty = 1080 N/mnf .

The geometry of the lug and joint is shown in Skdté&together with the loading alignment.

------ ¥ S
, Vi -
V’/ (P'ux,Pqux,pr) l )
., A ;
grain fa - 2_‘94 .
24 NOTE :~ All dimensions ore 8| 14 || 8
in millimetres
Sketch 1.6
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