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The failure analysis of patch bonded repair on Al 6061-T6 alloy structures
with cracked bolt hole

Young Ki Yoon, Guk Gi Kim, Jong Jun Park and Hi Seak Yoon
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Abstract

The aluminum atloy 6061-T6 has been successfully used in structural applications especially the pressure
vessel of the Advanced Neutron Source research reactor. And aluminum alloys, including 6061-T6, have a
face-centered-cubic crystals structure. Under normal circumstances face-centered-cubic crystal structures do
not exhibit cleavage fractures even at very low temperatures. In aluminum-based structures, plates frequently
find use as connecting links. Mechanical fasteners are often utilized in instances where ease of application,
familiarity with fabrication processes, and severe dynamic loading are of concern. Plates frequently find use
as connecting elements in structures built from aluminum alloys. Many structural elements employ
mechanical fasteners. Twenty and twenty aluminum alloy 6061-T6 plates, representing four different bolt
patterns, were mechanically deformed. And variable materials such as Al 6061-T6, Al 2024-T3,
Carbon/Epoxy, Glass/Epoxy Composite and Woven fiber composite, are used as patch materials. From this
experiment, it has been shown that the strength of patch-repaired specimens is different with the patch
materials.
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Table 1 Chemical composition and physical/mechanical
property of Al 6061 alloy

Table 2 Mechanical properties and dimensions of patch

materials
E, (GPa) E, v v
i (GPa) 12, 23

6061 66
2024 72 0.33
C/IE 130 12 0.3
G/E 38.6 8.27 0.168 0.035
w 659 0.05

Tensile

Chemical compositions (wt.%) strength f:;))nganon
(MPa) v

Mg [Si [Mn |[Cr {Fe | Al
316 20

1.00 | 0.60 | 028 | 0.20 | 0.05 | Bal.

WX AEE Al 2024-T3, Al 6061-T6, Carbon/Epoxy,
Glass/Epoxy 58 9 Axy &4 HIAE 5
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* 6061:A16061-T6, 2024:A12024-T3, C/E:Carbon/Epoxy,
G/E:Glass/Epoxy, W:Woven
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Fig. 1 Shape and dimension of (a) the specimen for material
properties and (b) single-sided patch bonded to a
cracked hole tensile specimen (all dimensions in mm)
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Fig. 2 Diagram of the cure cycle for specimens
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Fig. 3 The setup for tensile test of patched Al 6061-T6
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Fig. 4 Tensile load vs. D/W values of the specimens with
a hole
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s7s curve (w=50) S-S CURVE (PATCH MATERIAL:
carbon/epoxy )
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Fig. 5 Stress-strain curve of non-patched specimen without Fig. 8 Stress-strain curve of patched specimen with

crack hole (W=50mm, 1=0.8) 10mm crack hole diameter (Patch material:
Carbon/Epoxy composite)
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Fig. 6 Stress-strain curve of patched specimen with Fig. 9 Stress-strain curve of patched specimen with
10mm crack hole diameter (Patch material: 2024- 10mm crack hole diameter (Patch material:
T3 Al alloy) Glass/Epoxy composite)
s—s curve (patch X 2: 6061T6 Al alioy) S-S CURVE (PATCH MATERIAL: Woven carbon/epoxy )
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Fig. 7 Stress-strain curve of patched specimen with Fig. 10 Stress-strain curve of patched specimen with
g
10mm crack hole diameter (Patch material: 6061- 10mm crack hole diameter (Patch material:
T6 Al alloy) Woven Carbon/Epoxy composite)
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Table 3 The comparison of mechanical properties for different patched Al 6061-T6 alloy specimens

Struct}lre Patch materials O, (MPa) > (kN) O (%) Patch strength effect.
materials ( strength after patching /
strength with hole)
Al 6061-T6 (without hole) 316.86 12.67 17.68 1.024
‘Al 6061-T6 (with hole) 309.39 9.90 4.71 1
Al 6061-T6 | Al 6061-T6 400.42 12.81 5 1.294
Al 6061-T6 | Al 2024-T3 399.31 12.78 9.7 1.290
Al16061-T6 | Carbon/Epoxy 394.66 12.63 6.7 1.276
Al 6061-T6 | Glass/Epoxy 398.90 12.76 6.7 1.289
Al 6061-T6 | Woven Carbon | 389.22 12.46 39 1.258
O/ : Tensile strength (MPa) F’max (kN): Max. Loads O : Elongation (%)
BolZn gk ol2RE felt T a3g 7R
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