5T £.05.07

ENDURANCE OF BONDED DOUBLE STRAP JOINTS
(ALUMINIUM ALLOY SHEET MATERIAL; PHENOLIC RESIN/VINYL POWDER
GLUE, TENSILE LOADING)

1. NOTATION AND UNITS
I length of joint overlap m in
N endurance
d, nominal alternating shear stress in the glue N/m  Ibflin?
R ratio of minimum to maximum load in cycle
S, nominal alternating tensile stress in the sheet N/m  Ibflin®
S nominal mean tensile stress in the sheet N/m? Ibf/in?
t thickness of centre sheet m in
t thickness of straps m in
Im = 39.3701in
lin = 0.0254 m
1N/m? = 1.450 38 x 10* Ibf/in?
11bf/in> = 6.894 76 x 1®N/m?

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

ESDU Copyright material. For current status contact ESDU.

2. NOTES

The results of 130 fatigue tests on double strap joints in aluminium alloy sheet materials bonded with a
phenolic resin/vinyl powder glue to DTD 775 have been analysed to give cuiseagainsiN.

All joints were of the same geometry, given below with an edge view of the joint.
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Three sheet materials were used in the tests, a naturally aged Al-Cu-Mg alloy (L 72 type), an artificially
aged Al-Cu-Mg alloy (L 73 type) and an artificially aged Al-Zn-Mg alloy (DTD 687A). All materials were
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The loading corresponded wikhvalues from zero to 0.67. The joints were tested at about 15°C.

The figure shows mean endurance curves for joints Mital0 t;/t,21.25 and four values of The
limits of the central 90 per cent of the data are also indicated. A conversion chart gives the average shea
stress in the glue for a given tensile stress in the sheéft aihdt is,

The curves given in the figure have been derived in the following manner. The stress analysis given in
Derivationsl and2 was applied to the experimental data of DerivaBidn tests that ended in glue failure,

the endurance was assumed to depend, for a given vaRjeomarily on the maximum elastic theory

shear stress in the glue; for tests that ended in sheet failure, the endurance was assumed to depend on 1
maximum tensile stress in the sheet. By means of the same stress analysis, the experimental data in tern
of theoretical maximum stresses were converted to equivalent nominal stresses for a convenient range o
practical joint dimensions.

For any given joint dimensions the average strength of a given joint is determined by the lower of the two
curves for glue and sheet failure at the required endurance. The upper of the two curves indicates the averac
strength that would have been achieved if the alternative type of failure had not occurred. It can be seen
that in the great majority of practical joints, that is, fer0.128in , failure occurs in the sheet rather than
in the glue. However, owing to the considerable scatter of the strength properties, both glue and sheet
failures are to be expected, the incidence of glue failures diminishing as sheet thickness decreases.

Unless the maximum tensile stress in the sheet approaches the proof stress of the material, the failure ©
the bond is independent of the type of alloy used in the sheet. In the present results, no significant difference:
were found between the fatigue strengths of the three types of alloy when failure occurred in the sheet. One
set of curves thus represents all three types of alloy.

Theory suggests that the effect of/Ris small; reducing its value from 1.25 to 1.0 increases the fatigue
strength of the bond by 5 per cent but the probability of failure occurring in a strap is increased.

Ambient temperature has a marked effect on the fatigue strength of bonded joints. The curves in this Iltem
are valid for temperatures between zero and 50°C approximately. Above this temperature the strength of
the adhesive declines at an increasing rate. The loss of strength may be alleviated by an extended curin
period. At temperatures around —50°C the fatigue strength can be 15 per cent higher than indicated by the
curves.

The available results suggest that for glue failures the effect of mean stress is negligible within the practical
range, while for sheet failures the normal trend for aluminium alloy materials is observed.

All the data on which this Item is based were obtained from specially prepared simple specimens tested
under laboratory conditions. When using this information in practice the following qualifications should
be noted.

The strength of a bonded joint is critically dependent on adequate process control at all stages of
manufacture; the scatter of strength of production joints may be greater than indicated in this Item.
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