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Environmental Fracture of Pin-Loaded Cylindrical AA 7075 Al
Alloy at Ambient Temperature
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Department of Materials Science and Engineering, Korea Advanced Instituie of

Science and Technology, Daejon 305-701, Korea

The present work examined the fracture of pin-loaded cylindrical AA 7075-T6 Al-Zn-Mg-Cu
alloy member in air at ambient temperature with help of service failure analysis. In order to assess
the service performance of the Al-Zn-Mg-Cu -T6 alloy part, susceptibility to the stress-corrosion
cracking (SCC) was complementarily evaluated using double cantilever beam (DCB) specimens of
the Al-Zn-Mg-Cu -T6 and -T73 alloys in 3.5 wt. % NaCl solution. The stress intensity factor around
fastener hole caused by press-fit was calculated from measured crack length and stress measured
from strain gauges placed around the hole as circumferential membrane stress of the cylindrical
shell made of the T6-alloy. The cumulative fraction of fracture occurrence in the cylindrical AA
7075-T6 Al alloy components exposed to air rapidly increased with exposure time and finally
attained a constant value of 8 -9% after three years. The stress intensity factor around the hole
including optically measurable microcrack (crack length = 0.01 mm) was estimated to be about 20-
27 MPa myz. Optical and SEM micrography showed that the crack propagation of the cylin-
drical T6-alloy exposed to air discontinuously occurs in the longitudinal direction and intergranu-
larly in brittle manner. The critical stress intensity factor necessary for the occurrence of SCC,
KlSCC’ and the crack propagation rate in the region II, ip for the AA 7075-T6 alloy were deter-
mined to be about 14 - 17 MPa m’% and about 2 x 102 -1 x 108

KISCC and i1 for the AA 7075-T73 alloy were measured to be about 27 - 30 MPa ml/z and 2 x
9

m s'l, respectively, while the
10'10 -2x107 m s'l, respectively. From the service failure analysis, fracture surface analysis and
the SCC tests, it is strongly suggested that the fracture of the Al-Zn-Mg-Cu -T6 alloy components in
air is caused by SCC.
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Table 1. Chemical composition of AA 7075 alloy
in weight percent.

element | Zn Mg Cu Cr Fe Al

wt. % 5.6 2.5 1.6 0.23 | 0.35 | balance
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Flow chart of experimental procedure.
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Fig. 2 Sketch of cylindrical AA 7075-T6 Al-Zn-
Mg-Cu alloy component.

(mm)

o Lopael
strength), 2%
A Al & (elongation)§ T-3}9lowi, ST whgke] %
Bapl Al gl REo sinkwol 423 ub
= Abg-sl9lch ST wlako)
9] FAle|
o s #3El =2 extensiometerd R ad 4 glol
gaeel dAEE AT + ok Ade ¥
Gk X4t ASTMol 4 F48ha e ARAZE
Al# 9] subsizeZ 7}ttt DCB A|#H-2 Fdc]
ST(short transverse) u¥}sF(glzvlgkol iabgl ub
ghyoll 2%k v 4ol 4 L(longitudinal) 4h3k(}tss
ap gt whehoe s AulsiE & A gch

g A W gdel dupbabaky
Aol w8 W A5 E 28 3o veligich w
£ 23l height gauge
& o] 83l DCB AJH2] ofFwle] 05m w9l

ol dutakal AJHeo 7 dE-7x (yield

7} % (ultimate tensile strength) =!

el Aulgkel A)zl2 A3 o) Aol tlzr

ol &A1 3.2 subsize ¢l&AA]# o2 Model 4206
Instronel 4] 15 ton load cell& A}&3}o] 0.75 ton
full scaleoll 4} Al X1 o o], oju} cross head specd
% lam min "2 8}glch & 5 ol Al g (elongatior),

0.2% offset 347} % (yield strength) & o1& 7} ¢



184 4554 58] %)

) 204

A3%  1991. 9

steel bolt

stee! || 2

_\\4— see detail
ball

6.4—» 445»"15 |+

127 >

E J—detanl
25

>
———rl F_B}\OO

Fig. 3 Schematic geometry of test specimens : (a),
(b), ASTM sub-size tensile test specimen (S-T type) ;

type) ;
specimen.
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Table 2. Mechanical properties of AA 7075 alloy

L-S and S-T type tensile test and DCB specimens.

Yield Tensile % Ko**
Strength Strength | Elongation "
(MPa) (MPa) (%) (MPa m'®%)
T6 526 622(511*) 12.3 30
T73 450 501(493*) 23.5 30

* Short transverse tensile strength

** Crack-extension resistance of S-. DCB specimens
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as a function of stress intensity obtained from
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9% NaCl solution at 30°C.
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Fig. 7 Stress corrosion crack propagation rate
as a function of stress intensity obtained from
S-L DCB specimens of AA 7075-T73 alloy in 3.5wt.
9% NaCl solution at 30°C.
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Fig. 8 Optical micrograph for stress corrosion cracks emanating from a fastener hole in the

cylindrical AA 7075-T6 Al-Zn-Mg-Cu alloy component.
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