APPENDIX I

Methods of Improving the Fatique Resistance of Welds

Various methods of improving the fatigue strength
of welded joints are available, the most feasible method
depending on the application.

(a) Annealing. A considerable improvement in the
fatigue strength of welds can be achieved by normalizing
at a suitable temperature. This effect could arise from
metallurgical changes in the heat-affected zone but it
has recently been shown that it is almost entirely due
to the relief of residual stresses induced by thermal
effects during welding.

(b) Inducing favorable internal stresses after weld-

;gg; It has been found possible to increase the fatigue
life of certain welded details by deliberately inducing
a favorable internal stress system after welding.

In critical areas the adverse tensile stresses due
to welding are feplaced by high compressive stresses pro-
duced by either spot heating or local compression, The
beneficial effect obtained by this method is shown in
Fig. 19, which is reproduced from Ref. 32. The ends of

longitudinal fillet or butt welds are suitable areas for
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the application of this technique.

(c) Plastic coating. Considerable improvement in

the fatigue strength of butt welds has been obtained by
covering the reinforcement area with a plastic coating.
The mechanism of this process is not clear but it has been
suggested that its action is to inhibit corrosion by ex-
cluding air and moisture. Such coatings are known to in-
crease the fatigue strength of plain specimens.

(d) Treatment of the weld reinforcement. A recent

investigation5 on both carbon and alloy steels showed that
the shape of the weld bead had a major influence on the
fatigue strength, and overshadowed other factors such as
weld joint design, heat input, tensile strength of weld
metal and metal cleanliness. The beneficial effect of ma-
chining or grinding the weld reinforcement flush with the
surface of the plate has already been referred to in Sec-
tion 2a(i). Similarly, shot blasting or glass blasting
of the reinforcement is beneficial, both by inducing fa-
vorable compressive stresses at the surface of the joint
and by the smooth profile obtained by peening action of

the shot.

(e) Cold straining. The application of a static

preload prior to fatigue loading has been used to achieve
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more favorable stress distribution and improved load trans-
fer. When the preload is applied in the same direction as
the normal service loads it is possible to obtain consider-
able improvement in fatigue resistance in this way. If
this process could be closely controlled it would offer a
great advantage in cases such as aircraft pressure cabins
and submarine hulls which could be preloaded by deliberate-

ly applying a very heavy service load.
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APPENDIX TII

Design of Program Load Test For Aircraft Wing

The load program was designed from a damage curve
estimated by the method described in Section 4b using
basic data. From this curve (Fig. 20) the most damag-

was selected; loads A, and A, were then

ing load A 9 4

3°
determined having fatigue lives of one-fifth and five
times that of A2 as proposed by Payne.15

In this case the damage curve has a second maximum,
indicated in Fig. 20, which arises from the load fluctu-
ations of reduced mean load which are produced by combin-
ing the landing loads with positive gust loads. The am-
plitude and mean load of this second maximum are repre-
sented by the load Al.
Frequencies were chosen so that the loads Al’ AZ’

A3, A4 each applied an equal amount of estimated damage.

thus defining the complete load program shown in Fig. 21.

The amplitude of A_ is slightly below the expected

5
endurance limit of the structure and it was introduced

to allow for the possibly damaging effect of such loads

as found in simple specimen tests.
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TABLE I

Fatigue Strength of Butt Welds.

MATERIAL FATIGUE STRENGTH (T.S.I.) AT 2 x 109
CYCLES FORR 0
BLACK MACHINED UNFINISHED
PLATE BUTT WELD BUTT WELD
1/2 in,
plate B.S.
15 16 16 11 1/2
1/2 plate
A.S.T.M,- ,
AT, 15 1/2 12-13 1/2 11 3/4
9/16 in.
rlate, ) '
ST37. 16 3/4 16 1/2 13 1/4
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TABLE III

__S"crain Concentration Factors For Pressure
Vessel Details (Rel. 9)

STEEL VESSEL DETAIL CYCLES TO STRAIN CON-
FAILURE CENTRATION
FACTOR
1201 Sharp Nozzle 51,000 4.6
£201 " " 90,000 4.6
2302 " " 10,000 5.0
£302 " " 19,000 4.9
4201 V Notch 159,000 3.8
2302 v 42,000 3.8
£302 v " 57,000 4,2
£302 Rounded Nozzle 50,000 4.4
4302 " " 37,000 4,0
4201 " " 270,000 3.9
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CROSS SECTIONS OF LARGE SCALE PVRC TEST VESSEL SHOWING NOZZLE LOCATIONS
AND CONFIGURATIONS

11
Fig. l4. Pressure vessel of A201 steel.
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