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Results are given for rates of propagation of fatigue cracks, from an 
initial central slit up to the length at which the cracks became unstable, 
for four commonly used aluminium alloys. The test specimens in each case 
were flat sheets 48 in. wide and approximately 96 in. long ‘and were 
subjected to fluctuating tensile stresses in a direction parallel to the 
rolling direction of the sheet. The tests confirmed that the high strength 
aluminium-zinc alloy has a high rate of crack propagation and a short unstable 
length compared with aluminium-copper alloys, particularly if the aluminium- 
copper alloy is in the solution treated state. 
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1 INTRODUCTIONS 

In assessing the relative merits of different materials to be used in 
aircraft construction important considerations are the rate at which fatigue 
cracks will grow under various loadings end the length to which they will 
grow before catastrophic failure results, 

A considerable effort has been put into the determination of the 
"unstable crack length" of various materials and the results of such tests 
will appear in the Fatigue Data Sheets of the Royal Aeronautical Society'. 
The tests described in this Note were aimed primarily at dctcrmining rates of 
grotih of fatigue cracks and,by testing wide shcets,it was hoped to minimise 
the effects of the free edges of the sheet, A longtb/width ratio of 2 was 
chosen to avoid as far as possible end effects from the test rig. 

The object of this Note is to compare the behaviour of fatigue cracks 
in four commonly used aluminium alloys under mean and alternating stresses 
corresponding to typical stress levels that occur in flight in the wing of 
B transport aircraft, 

2 TEST SPECIlvlFNS AJ9D XKTHOD OF TEST 

Each specimen consisted of an 8 ft x 1+ ft sheet of clad ctluminium alloy 
with a central slit, 1.25 in. long, of the form indicated in Fig.1. This 
slit was intended to simulate an initial fatigue crack. The following four 
alloys mere tested:- 

(i) DTD546 aluminium-copper alloy, solution treeted and precipitation 
hardened, 

(ii) DTD610 aluminium-copper alloy, solution treated, 

(iii) DTD687 aluminium-zinc alloy, solution treated and precipitation 
hardened. 

(iv) 2024-T3 American aluminium-copper alloy, solution treated. 

Details of the specifioation properties of these alloys are given in 
Appendix 1. Three thicknos'sen of sheet were tested (0.04 ir:., 0.08 in., and 
0.16 in.) but insufficient tests have yet been done to establish whether 
there is a pronounced thickness effect. The thickness of each sheet was 
measured close to the crack after failure. 

Each sheet was tested in tension by means of a horizontally mounted 
hydraulic jack which applied loads to one end, the other end being connected 
by steel links to the vertical. members of a test frame, Hydraulic pressure 
in the jack was used to indicate the applied load but the test rig was first 
calibrated using strain gauged links between the jack and the specimen. 

Fine wires cemented to the surface of the sheet were used to measure 
crack growth. Each wire was in circuit with an electrical counter which 
stopped when the wire broke, hence the rate of growth of the crack could be 
determined from the counter readings. 1Ln approximation to the unstable 
crack length" wss given by the length of crack at the beginning of the load 
cycle in wiiich final failure occurred. 

No attempt was made to prevent lateral buckling of the sheet. 

Further details of the method of test are given in Appendix 2. 

aThe unstable crack length is the length beyond which the crack continues to 
propagate across the sheet without anyibv.rthaT increase im applied. lo& 
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3 DISCTJSSICI'? OF TEST RESULTS 

In Appendix 3 the results of all tests are given but discussion will 
be confined to the 0.08 in. sheets, as there is insufficient evidence to 
show whether there is a significant thickness effect. 

Typical crack growth curves (crack length against number of cycles) 
are given in Fig.2 for'four different alloys tested under the same nominal 
stresses. It is evident from these plots that there is a big difference in 
rate of propagation between the materials tested and that there is some 
correlation between rate of propagation and unstable crack length. The 
high strength Al-Zn alloy DTD687 has only about one ti-lentieth of the life 
and one fifth of the unstable crack length of the solution treated Al-Cu 
alloy 2024-T3. 

In Fig.3 the variation of rate of crack growth, $, is plotted against 
total length of crack to illustrate how the rate of growth varies with crack 
length for the different materials. Again, this shows that DTD687 has a 
somewhat higher rate of growth than the other alloys, albeit of the same order 
as that for DTD54.6 when tho length is short. IIonever the 101~ number of cycles 
to failure in the cast of DTD687 is partly due to the fact that the unstable 
crack length is very much shorter. Unlike the results of Frost's study2 of 
the early stages of a fatigue crack, there does not appear to be a simple 
relationship between s and crack length. Plotting log 5: against log 1 
gives even less consistency, 

In Figs,& to 7, log 54 is plotted against log alternating stress. 
Vhilo the results available are too few to draw reliable conclusions they do 
indicate certain trends. For crack lengths of up to about one fifth of the 
unstable length the rate of growth appears to be roughly proportional to the 
cube of the alternating stress, thus agreeing with Erost's observations2, 
except in the case of DTD687 which seams rather less sensitive to stress 
variation. At longer crack lengths the effect of stress becomes more and 
more marked, reaching something like the fifth power of the alternating stress 
at half the unstable crack length,, 

4 COIJCIXJDING REMRKS 

The results presented are insufficient to drav; definite conclusions 
but they do indicate certain trends. 

The superiority of the solution treated Al-Cu alloys has bean 
demonstrated with regard to both rate of growth of fatigue cracks and the 
length of crack which can bc tolerated without catastrophic failure. 

The sensitivity of rate of crack propagation to alternating stress 
indicates that extreme care must be taken to ensure accuracy of loading and 
of measurement of crack length in any cxpcriments to determine rate of crack 
growth. 

Purther experiments are needed to investigate thickness effects. The 
major contribution to thickness affects is likely to bc lateral buckling of 
the sheet as the crack progresses, but there arc some inconsistencies in the 
prcsent results which need further investigation. 

Further nork is also needed to investigate scatter, both in rate of 
propagation and in unstable lengths. 
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APPEKDIX 1 

SPECIFICATION PROPERTIES OF N~TERIALS USED 

1 IE'D546B Clad, high tensile aluminium alloy sheet. 

(i) Chemical composition 

Copper Not less then 3.5 nor more than 4.8 per cent. 

Iron Not more than 4.0 per cent. 

Silicon Not more than 1.5 per cent. 

Magnesium Not more than 0.6 per Cent. 

Manganese Not more than 1.2 per cent. 

Titanium Not more than 0.3 per cent. 

Aluminium The remainder. 

(ii) Heat treatment 

Solution treated by heating at 510 t5'C.' Quenched in oil or mater. 
Aged at 155 to 205Oc for an appropriate time, 

(iii) Strength properties 

(a) 0.1 per cent proof stress: not less than 21 tons/sq in. 

(b) Ultimate tensile stress: not less than 27 tons/sq in. 

(c) Elongation: not less than 8 per cent for sheets thicker than 
12 s.w,g, (0.104- in,). 

2 DTD61OB Clad, high tensile aluminium alloy sheet. 

(i) Chemical composition 

As given for DTD546B above. 

(ii) Heat treatment 

Solution treated by heating at 510 C5'C. Quenched in oil or water at 
not exceeding &OOC. Aged at room temperature not less than 48 hours. 

(iii) Strength propert* 

(a) 0.1 per cent stress: not less than 15 tons/sq in. 

(b) Ultimate tensile stress: not less than 25 tons/sy in. 

(c) Elongation: not less than 15 per cent for sheets thicker than 
12 s.i;r.g. (0.104. in.). 

3 DTD687A Clad, high tensile aluminium alloy sheet. 

(j-1 Chemical composition 

Copper Hot more than 1.5 per cent. 

Magnesium Not 1~~s than 2.0 nor more than 3.5 per cent. 

Silicon Not more than 0.5 per cent. 
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Appendix 1 

Iron Not more than 0.5 per cent. 

Manganese Not loos than 0.3 nor more than 1.0 per cent. 

Zinc Not, less than 4.5 nor more than 6.5 par Cent. 

Titanium Not more than 0.3 per cent. 

Chromium Mot more than 0.5 per cent. 

Aluminium The remainder. 

Chemical composition of coating. 
Zinc No-t less than 0.8 nor more than 1.2 per cent. 

Aluminium The remainder. 

(ii) Heat treatment 

Solution treated by heating at 465 +5'C. Quenched in water or oil. 
Precipitation treated at 110 - 140°C for an appropriate time. 

(iii) Strength properties 

(a) 0.1 per cent proof stress: not less than 27 tons/sq in. 

(b) Ultimate tensile strength: not less than 32 tondsq in. 

(c) Elongation: not less than 8 per cent for sheets thicker than 
12 3.w.g. (0,104 in.). 

4 2024-T3 Clad, high tensile aluminium alloy sheet. 

(i) Chemical composition 

Copper 
Mngnesium 
Gnganese 
Iron 
Silicon 
Zinc 
Chromium 
Others 
Aluminium 

Not less than 3.8 nor more than 4.9 per cent. 
Not less than 1.2 nor more than 1.8 per cent. 
Not less than 0.3 nor more than 0.9 per cent. 
Not more than 0.5 per cent. 
Not more than 0.5 per cent. 
Not more than 0.25 per cent. 
Not more than 0.1 per cent. 
Not more than 0.15 per cent. 
The remainder. 

(ii) Heat treatmont 

Solution treated by heating at 488 - 499'C. Quenched in water. 
Aged at room temperature for four days. 

(iii) Strength properties 

(4 0.2 per cent proof stress: not less than 18 tons/sq in. 

b) Ultimata tensile strength: not less than 27 tons/sq in. 

(4 Elongation: not less than 15 per cent between IO and 24 s.w.g. 
(0.125 - 0.021 in.) 
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I)EiC~PTION OF IflDRMJJ,lC I,O.ADINr, RX AUD b~?IiOD OF CRACK I!BASUI%IvI%lJ'T 

The sheets were tested in the slow loading hydraulic rig described in 
Ref.3, but with an improved loading jack. The ends of’ each sheet were claqed. 
between pairs of k ft long steel plate s and loaded through connecting links 
by a hydraulic ram. A general view of the rig is shown in Fig.8. 

End clawing by means of forty tight 4 in. diamotcr bolts xss found an 
offcctivu mothod of attaching the shoot. 

All specimens were subjected to 3 repeated loera cycle, alternating 
between some maximum and minimum value, read off? pressure gauges on the line 
of the loading ram. The progress of the fatQue crack was followed by means 
of a number of fine wires cemented to the sheet normal to tho direction of 
cracking and connected to electrical counters. The wires covered a total 
distance of about 20 in., which was usually enough to enable detection and 
progress of the fatigue crack to be followed until complete failure occurred. 
The wire used was No. 47 s.v?.g. (0.002 in. diameter), enamel covered copper 
wiro. The vires were spaced approximately 0.4 in. apart, and each wire Was 
bonded to the sheet by means of' cold setting synthetic resin glue. 

Other methods of fixing the wires to the sheets nere previously tried. 
The first method attempted consisted of the nire sandwiched b&Teen two 
strips of transformer paper, stuck to the sheet with adhesive. A second 
attempt was made using only a single sheet of the paper, under the wire. It 
was found that as the crack approached the paper, it rose from the surface 
of the metal, causing the (fire to break many cycles before the crack reached 
the wire. Hot setting synthetic resin glue was also tried, but this was found 
to have insufficient shear stiffness, and there was a danger that the high 
temperatures required to set it might affect the mechanical properties of 
the sheet. 

The ends of the t&e pr\ojecting from the glue were fixed to the sheet 
by means of adhesive tape until the sheet VW bolted into position in the 
rig. Then a small portion was stripped of insulation and soldered to 
contacts leading to electrical counters. As long as the ~tiro romsinod 
unbroken, a micro switch, operated by extension of the specimen, operated 
the counters and associated indicator lights. As the fatigue crack reached 
and broke each wire the corresponding counter stopped and the indicator light 
writ out l Succcssivo counter readings indicated the number of cycles takon 
for the crack to travel from one Jiire to the next, hence it was possible to 
plot the total length of crack against number of cycles. 

As a check on the accuracy of loading tho rig was calibrated over tha 
whole range of loads applied in the test programme. For this calibration a 
pair of strain gauged steel links was inserted between the loading ram and 
the specimen. The strain gauged links were previously calibrated in a 
Losenhausen static test machino, this boing used as a criterion for all 
test machines in the fatigue laboratory. 

The calibration showed that the loading vias accurate to &thin 
-2 per cent at the highest load s applied and to within -5 per cent at the 
lowest loads. 



APPENDIX 3 

Discussion has been confined to the results of2tests on sheet of one 
thickness at a constant mean stress of ll~~OG0 lb/in. . Hov;ever, a number 
of' other results wre obtained for thinner and thicker sheets with the same 
mean stress and also with other mean stressgs. The results cover four 
alloys under a mean stress of Ii+,000 lb/in.L; three alloys under a mean 
stress of 12,000 lb/in.2 and one slloy (IQD5L+6) under a mean stress of 
10,000 lb/in.'. 

k summary of these results is given in Table -l and all test results 
are given in Table 2. 
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2 TAEXE 

liesalts 0r tests 

For each sgeciien the length7 in ltxc’ie s are given for both 3alves of the crack grov&‘& either side of 
the initial slot (see F:z.?)~ The initial slot leqth (1.2’; In,) fs not fncl~ded in the lemths &fen 

T- 
t : 

1 
-- 

speciizen Ho. IO 
- 

Spec:r-,en No. 7 * Spec izzen X0.1 I 
--1__ 

Top CRCk 1 T 
- 
I 

-- 
Top crack 

-. 
Top crecZ 3ottcG crack Top crack :-ottcm crack i;ottm crack 

.- 

Cycles t t 7 Le?zth [ Cycles Cycles CJClC?S Cycles Length 

0.27 7,390 
O&C 11,!% 
1.08 12,785 
I.51 13,410 
1433 I5,GS 
2.228 13,723 
2.70 13,751 
3.10 13,609 
3.52 ‘13,824 
3.92 13,831 
4.34 13,3% 
4.7:. Ix837 

Length 

0.2; 

0.5j 
1.05 
I,49 
IS9 
2.2.5 
&65 
;. 10 
3.49 
3.2 
4.; 
4*70 
5.10 
5.50 
?,cfJ 

2% 

Len@ 

0.25 
0.62 
1.0; 
1.46 
l*C7 
227 
2.68 

3.03 
3.49 
3.9 

z 
5.10 
5051 
5.91 

Length 
--a 

0.23 
0.70 
1.10 
I.49 
1.37 
&26 
2.66 
3.05 
3.48 
3.88 
4.29 
4.71 
5.10 
5.51 

Lezgth Cycles Length Cycles 

8,r_X 
12,330 
I L;,Oa? 
I i&,$ig 
15,&l 
1:*702 
1 5,Yai, 
I;,135 
15,21:g 
1c,y5 
l&7 
16,429 
lC,LLio 
W.9 
I G&:38 
16,338 

,G Z? ,d'- 5 
I;,yb 
16,544 

0.28 
0.70 
1.08 
I,47 
I.% 

2.26 
2.66 

3&J 
3JJ 
3.86 
I&?8 
4.70 
5.03 
5.49 

6':; 
6.7~ 
7.13 

8,353 
12&g 
14,033 
14,921 
15,492 
15,738 
16,135 
16,295 
16,431 
lG,459 
15,537 
1 v-J39 
$6,543 
16,545 
16,547 
16,549 
I6,5EO 
1 h554 

Cycles 

47,964 
92,635 

103,894 
113,167 
?2j,931 
127,013 
12~,300 
13,351 
I%724 
131,179 
131,463 
131,616 
1g1,723 
Ijl,EO8 
131,867 
131,898 
l3I,W3 

13,543 
a373 
3i;,mg 
26,671L 
27,s.l.z 
28,563 
28,741; 
2W54 
22,395 
.?a,~~.6 
&93 
E&g46 

28,95I 
22,952 

15,945 
19,4io 
23~32 
26&l 9 
27,434 
22,231 
28,563 
2%7G' 
23,c79 
28,914 
%937 
22,945 
28,950 
%9!2 

0,27 
0,69 
1.07 
1.49 
I.83 
2.2s 
2.68 
3*10 
3.50 
3.91 
4.33 
4.73 
5.14 
5.54 
5.95 
5‘3 
* 7i u* L 
7.13 
7.52 
7.93 
3.34 
5,73 

0.26 51,611 
O.GS 9i,IIF 
1.06 102,712 
I.47 120,7G? 
I& 125,051: 

2.23 127,459 
2.66 129,219 
3.03 13,666 
3.44 l71dZ3 
3.84 Ij1,391; 
h-03 73I,W3 

0.24 6l933 
0.63 11,916 
1 *OS 13,025 
1 ' '7 
1:; 

13,515 
13*=3 

2.22 13,m 
2.63 13,cO4 
3-02 13&a 
3.41 ?3,S31 
3.a I 3,826 
&24 13&3 

*Speci?ens nwbered 1-6 and 8 were discarded 
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T.4X.X 2 (C OnM,) 

F specirren No. 16 Specirr.en No. 17 Specfaen No. 19 Specimen Ko. 18 

-i- T 
- 

Top crzck Bottaa crick Top crack Botta crack Top cral: 

Length Cycles 

0.29 
0.68 
1.09 
1 ‘30 
1:; 
2.2c 

12,179 
18,973 
23,5x 
2h,qa 
25,311 
Z5,Z= 

Bottom crack Top crack Eottcn crack 

Length Cycles 

0.23 
03 
1.09 
1.48 

3JB5 r 
,“:z 
8,647 

- 

Ler4gh Cycles Length Cycles 

028 %702 0.27 44&G 
0.71 72,7Z 0.65 66,515 
1.11 84,600 1.04 78,610 
1.48 39,613 1.47 86,634 
1s 9,454 l.85 89,729 
2.27 95#052 2.27 92849 
2.67 g6,2gS 2.69 95,385 
3.05 97,182 3.08 96,805 
3.46 97,845 3.47 97,546 
3.37 98,334 3.89 9S,3?o 
4.29 98,611 4.28 s&600 
4.70 98,709 4.69 9S.689 
5.10 98,741 5.11 98,736 
5.51 98,772 5.53 98,7@ 
5.91 98,788 5.92 SW04 
6.30 9wQ9 6.31 98,820 
G.P 9SdQ5 6.71 98,836 
7.12 9S,S& 7.09 9% 854 
7.55 58,856 7.52 98,866 
7.96 $,868 7.91 98,868 
8.36 98,859 8.33 9WW 

-- -- 

CyClC?S 

2 
459 

Length Qcles 

0.26 3,695 
0.68 O,llD 
1.05 7,495 
1.49 8,353 
1 .ss 8,494 
2.3 8,643 
2.69 8,647 

Length Cycles 

0.26 lis 0.26 
0.68 535 0.69 
1.10 559 1.09 

Length Cycles 

0.25 11,579 
0.67 a,015 
1.06 24,120 
1.45 24re01 
1.83 25,320 

i 
G 
I 
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(contd.1 T&Xi2 2 

i 
-i- 
I 

f 

S~ectien No. 24 Speclmen No. 25 Specimen Ho, 27 SpecfBEn No. 26 

f 

- 

i Top crack T Sottom crack Top crack Bottom crack Top crack Bottcm crack TOP Cr’e&k Bottcm crack 
-- 

Lewth Cycles Lern$ih Qcles Length Cjcles Length 

0.63 
1.06 
1 A7 
137 
2.26 
2.67 
3.09 
3.50 

5:; 

4.69 
5.05 
5.51 
5% 
5.29 
6.69 
7.10 
7.51 
7.92 
3.31 
8,72 
9.13 
9.54 

> 10.0 

l&&823 0.63 137,811: 
153,610 1.04 Y3%37 
?58,&9 1.64 157,56E 
1%977 1.83 I@336 
162,355 2.21 161,570 
163,251 2.62 1 Ex,g2g 
154,128 3.92 163,939 
lGli,~O 3.41 w*479 
164,@7 3.83 liL:,815 
l65,099 4.23 lG5,oy 
165,243 4.65 165,242 
165,;331 5.14 165,380 
165,465 5.u 165,458 
165,513 5.86 165, %4 
165,582 6.24 165.601 
165,638 6.66 165,639 
155,678 7.67 165,666 
W%@7 7.51 l65,-M3 
165,722 7.91 165,734 
165,758 8.29 Ii5*7@ 
165,777 8.69 165,765 
165,73 9.12 165,786 
165,1307 9.52 165,797 
165,819 ,lO,O 165,819 

0.23 
0.64 
1.03 
1.41 
1.81 
2.21 
2.59 
2.99 
3.40 
3.81 
4.23 
4.65 
5.04 
5.45 
5.64 
6.23 
6.64 

;:z 
7.51 
8.3 
S&S 
9.10 
9.51 

7,198 
11,410 
12,872 
13125 
13,446 
13,581 
12533 
13,706 
13,755 
13ri78 
13,800 
13,827 
1x835 
13,848 
13,zg3 
13,910 
13,919 
13,934 
13,9& 
13,970 
13r975 
‘1319s3 
1399530 
13,994 

0.27 
0.66 
1.04 
1.45 
1.86 
2.29 
2.67 
3.08 
3.49 
3.90 

:I; 
5.13 
5.52 

2:; 
6.71 
7.09 
7.51 
7.g2 
53.3 
8.72 
9.12 
9.51 

> 9.6 

Length Cycles Cycles LerGth Length CS;cles Length Cycles 

0.28 13,287 0.25 15,54G 
O.*G? 23,lY 0.55 24,933 
1.07 29,391 1.02 3Q*185 
1.51 32,763 I.42 32,409 
1.92 33,668 l.Sl 33,486 
2.3: Ji@ 1 2.a 34,220 
2.69 34,a 2& 34,426 

0.27 2,szTg 
0.0 3,663 
1.06 4,OGl 
1.46 4,147 
1.89 4,176 

0.26 z&9 
0.67 3,754 
1.09 4,011 
1.8G 4,160 
2.35 4,176 

8,183 
11,469 
w3-75 
13,241 
13,477 
131594 
13,674 
13,717 
13,763 
13,731 
f3@3 
13,816 
13,836 
13,842 
13,885 
13,8g7 
lxx6 
13,9;76 
13,934 
1% 
1;:9 % 
13,9 5 
13, 9L 



TBZE 2 (eontc!.) 

1 
Spocinen Co. 28 i Specimen 110. 29 Specimen No, 30 1 Specinen No, 31 

/ t 

Top eraa:; Eot&x!l crack Bottcm Crack 
---- --- I.- 



-.- 

SpecIizn Ho. p Sgecixen No.33 Sixciuen X0. 34 SpecLr;en lie, 35 

Top crack Zottom crack Top crac:; Bottx,:n creek Top crack Bottcun crack Top crack Bo ttcm crack 

Length Cycles Length Cycles Length Cycles / Length Cycles Length Cycles Length Cycles Length Cycles Length Cycles 
/ 

0.3 107,7tw9 0.23 94P49 0.27 179,Y 1 0.23 1%1+*7eG 0.24 18,518 0.26 1%,935 0.26 8,053 0.26 890% 
0.68 17~,831 0.64 157,453 0.71 3O2,133 0.65 3O‘2,5C7 0.65 35,022 0.67 35,142 0.67 12,411 0.67 12,165 
1.08 220,022 1.02 2129693 1.11 373,G93 1,Oi 375,315 1 .O5 42,702 1.06 422,G22 1.07 14,167 1.09 14,055 
1.4% 249,564 1.42 245,455 1.49 393, F;L& 1.46 4OG, G91 1.47 46,445 1.46 .!J,i82 1.47 15,505 1.47 15,427 
1.93 276, IO4 l.%l 269,514 I .a8 431,059 1.87 445,593 1.87 50,443 1.86 .%,a9 I..38 16,230 1.85 16,168 
2.2 293, GS8 2.20 288,371 2.27 459,945 2.27 G3, e07 2.27 52,415 2.25 52,271 2.28 16,534 2.25 16,517 
2.71 x4,377 2.59 299,765 2.67 471,190 2.66 473,541 ::.z7 53,535 :..G5 53,L; c. 2.66 15,730 z.65 16,727 
3.13 31 !!,OOO 2.99 303,068 3.05 47?, ;eo 3.07 481,1& 3.07 %,I06 3.03 54&l 3007 16,857 3.04 1w57 
3.53 318,634 3J.Q 314,c24 3.45 4%4,59J 3.43 i;87,201 3.48 54,466 3*45 5$,435 3.1+8 16,941 3.46 16,934 
3.94 323rO41 3.31 320,148 3.87 4@,5i9 3.g 492,006 3.00 ’ 54,7x 3.86 54,702 :.09 17,011 3.87 17,002 
4.35 j-G,&% !&.%2 323&I 4.29 49X 257 4.3 k95,72% 4.51 j 54,920 402% 54,863 4.32 17,056 17,056 
4.76 323,675 4.63 37,409 4.71 495,m 4.69 lfga,l+:s 4.70 

I 
55,059 4.68 559027 4.71 17,091 g 17,092 

5*15 550,2G5 5.02 ;E?,c13 5.10 Lrggpll 5co,543 5.10 55,lC5 5.08 55,146 5.11 17,116 5.0% 17,115 
5.56 3jl,G19 5.43 3x797 5.50 

;:;z:: I ;;g 5;$)-) $:% 1 “$5 ::g 
y” 79% 55,x6 5 53 17,lP 5.50 17,126 

5.97 y&543 5.8j 33:,95fJ 5.37 55,289 5:9!+ 17,747 5.90 17,149 
627 33;,2s4 6.22 332.62 0.29 x)5,157 ’ 

I 
L.jz IjOG, 10 c 6.29 55,3$ 6.32 17,155 La 17,152 

G ‘5 33ijjr064 5.53 333&G: c.71 5cG, 553 6.72 507rO34 6:72 1 5;:39O 5.70 55,373 6.72 17,161 6.70 17,156 
;::, 334,307 7.cc: 334,4%3 7.14 507,1p 7.11 507,985 7.11 55,407 7.12 7.11 i7.170 7.12 17.1@3 
7..59 335,417 7.4s 335rCO3 7.53 50%,C02 7.52 :08&M 7?50 1 55,427 7.53 55&2 7.54 17,172 7.52 17,171 
7 r’ O/J 335,e.s 7.90 335,534 7.93 7.91 9%,%27 7.91 ; 55,441 7.93 55,437 17,175 7-34 17,174 
::,37 .5ju,m+ 8.-8 ?j5,380 8.5 508,336 8.32 gs,gEj;: 5.33 55,454 8.32 55, Ul.2 171176 e.33 17,176 
3.75 336,lX c,cfJ 336,138 8.76 !38,997 8.73 y33,0% i3.72 55,461 a.72 
3.18 33&3Q 9.0% 

55,4$ 
336,305 9.15 W&S7 9-13 509, : 03 9.12 55,468 9.13 55,466 

9.57 9.50 33,360 9.5-l 39,lCG 9.52 39,103 9.51 j 55,475 9.53 55,471 
111 03 . 335,527 12.35 336,557 >lo.o 509,119 >10.0 !39,119 >9.6 55,476 z 9.6 55,476 

1 



TABLE 2 (cc&d.) 

F Spocimcn NO. 36 

Top crack 

Length 

0.25 
0.65 
1.07 
1.47 
I l 88 
2.26 
2.68 
3.09 
3.49 
3.90 
4.30 
4.70 
5.10 
5.51 
5.91 

2:: 
7.0? 
7.51 
7 992 
8.31 

CYClSr; 

8,416 
14,967 
16,667 
17,,142 
17,496 
17,707 
17,855 
17,941 
17,954 
A8,036 
18,067 
18,087 
18,105 
18,126 
18Ji41 

-lo,155 
18,164 
18,169 
18,172 
18,177 
18,184 

T- 
4 

Bottom crack 

Len&h ZgClCS 
----..-. _- --- 

0.24 7,389 
0.64 13,863 
1.06 15JO9 
1 A4 16,723 
1.82 l-y,120 
2.22 17,505 
2.61 17,704 
3.03 17,872 
3.41 17,934 
3.83 17,992 
4.25 18,036 
4.67 18,065 
5.05 1 8, 039 
5.45 Iti,105 
5.84 18,121 
6.25 18,129 
6.67 18,li+') 
7.10 l&l59 
7.50 ?8,166 
7.92 18,171 
8.30 i&-176 
8.60 18,180 
9.10 18,184 

Spocimon No, 37 

Top crack 

Lcnf$h 
__--__._ 

CYClM 

0.32 1,349 
0.45 1,577 
0.58 1,732 
0 :72 1 ,842 
0.84 1,347 
9.95 2,035 
1.08 2,094 
1 ,221 2,145 
1 .33 2,166 
1 .45 2,190 
1 .58 2,197 

Bottom crack 

0 .2? +l,Wl 
0.35 1,516 
0.48 1,601 
0.60 1,730 
0.71 1,832 
0 .84 1,947 
0.97 '2,052 
1 ,I0 2,088 
I,22 2,129 
q.35 2,153 
1 l 49 2,172 
1.61 2,191 
1 .74 2,197 

- ?8 - 
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FIG. I. CENTRAL SLIT AND POSITIONING 
OF INDICATOR WIRES. 
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10L5 
2 4 6 8 IO I2 14 16 18 20 

TOTAL LENGTH OF CRACK- IN. 

FIG. 3. VARIATION OF dt/dN WITH 
CRACK LENGTH. 



NOTE: ALL STRESSES ARE NOMINAL STRESSES 
ON GROSS AREA. 

MEAN STRESS 14,000 L6/lN2 

‘0’1 / I 

15 
1,000 2,000 4000 6,000 8,000 IO, 

ALTERNATlNq STRESS - LB/IN’ 

FIG.4. VARIATION OF d%N WITH 
ALTERNATING STRESS - D.T.D. 546. 



NOTE : ALL STRESSES ARE NOMINAL STRESSES 
ON GROSS AREA, 

MEAN STRESS 14,000 LB/IN’ 

IO-" 

lo-” 

lO-4 

/I I/ I 

I I I1 

/ 
/ 

/ 
/ 

I,000 2,000 4,000 6,000 8,000 10J 
- 

ALTERNATlNq STRESS - LB/INZ 

FIG. 5. VARIATION OF de,,, WITH 
ALTERNATING STRESS - D.T.D. 610. 



NOTE: ALL STRESSES ARE NOMINAL STRESSES 
ON CROSS AREA. 

MEAN STRESS 14,000 LB /IN’ 
IO-’ I I I I I I I I 

I I I I I 
I I I I I I I 

an -21 

lO'3 
- 4: 4*0” f-r / 

/ I I I I 
I I I 
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3*01' 

1O'4k / / 

IO -5 
1,000 2, 000 4,000 6,000 8,000 14 

ALTERNATING STRESS - LB /IN2 

000 

FIG. 6. VARIATION OF dQ/dN WITH 
ALTERNATING STRESS - DID. 687. 



NOTE: ALL STRESSES ARE NOMINAL STRESSES 
ON CROSS AREA. 

IO- 
2,000 4,000 6,000 8,000 IO 

ALTERNATlNq STRESS - LB/IN2 

FIG. 7. VARIATION OF dt 
/dN WITH 

ALTERNATING STRESS - 2024 -T3. 
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FIG.8. GENERAL VJEW OF TEST RIG 



A.R.C. C.;‘. lI,i.655 539.431 : 
669.715-4 : 
539.219s 

PROPAGA~IO1~ CF FATIGUE CRXXS 11: I’IX Ui!STIFFLi’ZD ,EUr-iIIJIUI1 

22LLoI SIIECTS. Rnithby, R.D. and Bebb, Ilaric E. 
;eptenbEr, 1961, 

Results are given f-r rates If prcpcgation -f fatigue cracks, fr rl an 
initi?l central slit up tn the length at which the cracks became unstable, 
f r f-,ur c~:~?cnly used aluninim alloys. The test specimens in er.ch case 
i!cre flat sheets 48 in, wide and apprsxin tely 96 in, lrxng and were 
subjected t? fluctuating tensile stresses in ? dircctic-n parallel to the 
rollin:: dir&tin If the sheet, The tests c?nfimed that the high strength 
?lLminlum-zinc alloy has a high r%ate of crack propagation and a shcrt 
unstable length ccmpared :‘ith nluminiu;:-copper all :;is, p?rticul,wly if the 
alumini~~i-ccpper alliy is in the s:lutiqn treated state, 

A.R.C. C.P. Z.655 539.431 : 
669.715-4 : 
539s19.2 

PROF.‘LG~LTIOi! OF r.:TIGLE Ci:ACKS Iii IJIDE Ui’STI?FT;!IED nLUZlI;!IUM 
ALLOY SHXTS D Rai thby, K. 3. and Bebb, Elarie E. 
September, 1961 l 

Results are given fnr rates of prrpagaticn -f fatigue cracks, frrn an 
initial central slit up t: the length ;It I:hich the cracks became unstable, 
for four ccrs!-nl:y used -luniniun r?lloys, The test specimens in each case 
were f1q.t sheets 48 in. wide and apprnxfnately 96 in, lng and v!ere 
subjected to fluctuntirg tensile stresses in a direction parallil tc the 
rolling direction of the sheet, The tests confirmed that the nigh strength 
nluminium-zinc alloy has a high rate cf crack propagntin and a short 
unstable length ccnpared viith aluminium-cc?pper alllys, p?rticui?rly if the 
aluminium-copper allq,y Is in the s?luti::n treated state, 

I--- 
LR.C. C.?. rJq.655 539.431 : 

669,715-4 : 

53Ys219.2 

PROP!IG~~TTIO;J C; “!;rICUE ChXI;S Ii1 :iIDE ‘J~X3iIiYEIl~D ..L,UI’lINIUX 
:LLOT SHEETS ~ Rnithby, K.D. and Bebb, i!a??ic C, 
Septcnber, 1961, 

Results ere Given f:?r rates of prcpcg:.ti<n ,)f fatigue cracks, fr-n an 
initial central slit up t3 the length -t >;ihich the cracks b,camo unstable, 
f:r fcur c’iinonly used alwiiniun clll?ys, The test spcciriens in CCCh CnSC 

l:ore flat sheets 48 in, nidc end ?.ppraxin-itely $36 in. l?ng and ‘Jere 
sub jecteu tc fluctu!:ting tensile stresses in :. dirccti-n pzrailtil t<, the 
r’lling directlen ,)f thi sheet, T!x tests c-niirmed that the high strength 
aluminium-zinc alloy- has a high rate ;f crack prqag:.ti;n <and c, St,-rt 
unstable length c ‘i:p,red \!ith -.i~~iniLm-c;tpp<r ~all~~J-s, pirtiz~l-rly if the 
almninial-c:pl er 211-y 1s in thi sc,luti n r;ri-t?d state. 
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