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Abstract: 

The use of the aluminium alloy 7020 (A1Zn4,5Mgl) in highly stressed 
structures is analysed from a fracture mechanics approach regarding 
the prediction of limit states under monotonic loading. 

The description of the crack growth behaviour is based on tests with 
compact specimens and centre-cracked plates. The evaluation of crack 
resistance is based on ASTM E 813. Comparing the crack driving force 
with crack resistance it is possible to determine the tolerable crack 
length and loading at the point of initial crack propagation and to 
estímate the conditions of instability of specimens and structures. 

l. Introduction 

For a long time, aluminium alloys have been 
the preferred design materials of the 
aircraft and aerospace industries. 
Important features of these materials are 
their high strength to weight ratios and 
good ductil ity. 

For a safe design of highly loaded struc
tures the criteria of limit strength and 
ductility are not sufficient, however. 
Unavoidable flaws or damage occur and 
interrupt the designed stress flow. In that 
case cracks happen to appear and limit the 
service life. Therefore, it is necessary to 
estímate the behaviour of a structure which 
includes these flaws. The described re
quirements of damage tolerance can be 
fulfilled. This is a question of structural 
design, material and production. 

Fracture mechanics methods allow the 
estimation of damage of a structure, where 
concern must be given to the initiation and 
growth of a crack. To use fracture mechan
ics methods in design, it is first neces
sary to characterize the materials beha
viour under local stress-strain conditions 
at a crack tip. Laboratory testing of pre
cracked specimens allows this characteriza
tion. Testing specimens of varying geometry 
and size gives comparative information that 
allows extrapolation from test specimens to 
structures. 

2. Experimental Concept 

An experimental program was developed to 
investigate the following questions: 

- Is it possible to quantify the tenacity 
of a material with the J-Integral con
cept without influence from specimen 
geometry? 

- May damage tolerance of structures be 
estimated from fracture mechanics data, 
which is taken from small specimens? 

Experimental testing was done at the 
Vehicles Institute of the University of the 
German Army. Compact Tension (CT) specimens 
and Centre Crack Tension (CCT) specimens 
were used with different thickness and 
size. The examined material was cold hard
ened aluminium alloy 7020 with 4.5% zinc 
and 1 % magnesium. 

3. Experimental Arrangement 

A servohydraulic test machine (100 kN 
force) from MTS was prepared for testing 
small specimens (figure 1). Testing equip
ment fur structural components was built 
and used for testing larger specimens up to 
500 mm wide and 4 mm thick (figure 2). 
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Figure 1 

Figure 2 

4. Testing Method 

The compliance technique was used t~ deter
mine the specimen crack length dur1ng the 
performance of the test. Compliance 
calculation required applied force and 
deformation data, which was obtained from a 
load cell andan extensometer. 

On line calculation of the specimen crack 
length was done by a computer program. 
Using a compliance calibration curve ~he 
compliance information form the part1al 
unloadings gives the crack growth that has 
occurred since the beginning of the test. 

5. Analysis 

The experimental evaluation of 
integral of a CT-specimen uses an 
tal calculation of the energy of a 
test [1, 2]. The method is equal 
formula presented in ASTM E 813. 
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Figure 3: 
Load-deflection-curve with partial 
unloadings. 
Evaluation of the crack length by com
pliance-curve. 
Crack growth resistance JR as a function 
of the propagating crack length and the 
material thickness. 
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6. Experimental Results 

- The crack growth resistance Ji at the 
beginning of stable crack growth is a 
characteristic value of the material 
toughness. Ji is independent of geome
try, pre-crack length and, under plane 
strain conditions, independent of mate
rial thickness. 

- The tenacity was found to be influenced 
by the production circumstances, batch 
differences, and the orientation of the 
grain (anisotropic properties). 

- Valid J-Integral data is limited to a 
very small amount of stable crack 
growth. Exceeding this limit JR-data is 
dependent upon geometry. 
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Figure 4: 

Correlations between crack growth resist
ance, material thickness, specimen width, 
loading conditions and pre-crack length. 

Accepting the fact of geometry dependence 
the following relations are discovered: 

With decreasing thickness and increasing 
plane stress conditions the crack re
sistance increases. 

- Under pure plane stress conditions, at 
very thin thickness, crack growth re
sistance decreases again. 

- Under conditions of partial plane strain 
the crack growth resistance deceases 
with increasing pre-crack length. 

- With larger specimens, JR-curves are 
valid for longer crack growth than for 
smaller specimens. 

- JR-curves of CT-specimen are below those 
of CCT-specimen. 

A conservative JR-curve depending only 
upon the material thickness can be 
derived from CT-specimen-data. 

7. Crack Sensitivity of structures made of 
7020. 

Comparing the local crack driving force 
Japp and the crack resistance JR the beha
viour befare failure of specimens and 
structures can be evaluated. Based on the 
concept of crack growth resistance curves 
[3] limit loads at the beginning of stable 
crack growth and at instability are calcu
lated. These loads are compared to experi
mental data. 

~m(1- a/W) 

320 

240 

160 

Charge 7 

80 

0,2 0,4 0,6 

crack 1 ength 

Figure 5: 

calculated 
instability 

0,8 a/W 

Diagram of limit loads of large 
specimens 

8. Conclusions 

CCT4-

Taking the resistance Ji at the beginning 
of crack growth as a design criteria for 
monotonic loading strongly reduces the 
application of the alloy 7020. The 
performance of the material can be better 
utilized using JR-curves and allowing a 
certain amount of crack growth. Designing 
structures based on toughness data from 
small CT-specimens with the same thickness 
will underestimate the true load capacity. 
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