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Failure of composite sandwich joints under pull-out loading

Yong-Bin Park’, Hyeon-Jeong Yang*, Jin-Hwe Kweon ', Jin-Ho Choi” and Hyun-I1 Cho™

ABSTRACT

The failure of composite sandwich joints was experimentally investigated. A total of 30 joint specimens of 5
different types were tested with various fastening methods and core materials. In the NomexTM core sandwich
joints, the core shear buckling was commonly observed in all the specimens which was followed by the slope
change of the load-displacement curve. After the shear buckling, however, the joints carried additional loads of
50~200% over the buckling loads and then finally failed in the upper face breakage. The joints of PMI foam
core showed the shear failure of the core instead of shear buckling and experienced the sharp drop of the
carried load. Considering the failure modes, while both the core and face properties are important in the
Nomex™ core joints, core shear strength seems to be the critical factor for the foam core joints.
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Table 1 Specimen details
Face Core
D Insert type : Potting Face/core
No. of Cell size . Densit c()mpound adhesive
Type plies Layer Type (mm) eight (mm (k g/m?),
POl | Floating Nut |Carbonepoxy fabric] 4 4071 Nomex™ | 4.7625 25.4 2 Magnobond | g1k 08
0/45 6398

P02 [Through ClearancelCarbon/epoxy fibrie] 2 450 | Nomex™ | 3.175 127 48 Magnobond | AR191K .08

P03 No Insert  |Catbonfepoxy fabrid 4 ‘gg Nomex™ | 4.7625 254 48 |EC-3500 B/A| AFI91K.08

P04 | Floating Nut  |Carbon/epoxy fabrie] 2 450 | PMI-foam | N/A 20 52 Magnobond | AF191K.08

POS No Insert  |Corbonepoxy fabrie] 2 450 | PMI-foam | N/A 1 s2 | Beocast 16181 Ari91k.08
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Insert type

Potting type

Fig. 1 Typical sandwich joint specimens (top-view).

Loading Loading

< Floating Nut > <No Insert> < Through Clearance >

Fig. 2 Configuration of various joint types.
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Fig. 4 Load-displacement curve and cross-section of a Nomex " core
joint with floating nut insert (P01).

AMEEE AR Po19] SHE-HY] T4 mhE FARE Fig 49
Vel s FAeIA 1, 2, 3, 4 AFE Z+d Ao
of Atxg, FAYE UHakE(crushing), oFAR AL} LA
(potting material)©] ¥ )(debonding), RAA 2] g ongh
ok 3 A Wacrz@elLs 2ele] AdEtEo] WS
gt AR s Zae duiEht A AR £ AR o= A
oj(“2° 7ol Foje Atkatait hEuhdzol HAA, ¢
HRog AYPse AL BofErh v 2P 2 F
3 gErhdA, F A 932 & A3 “3rofA] ofiiAeke]
Harial @afo] dAisiu(AlEe] Aol met AME F:9]
ZgAel shgo] FAjol AR ) F 2o A A
X slFo] A st AMEA FRE7EE AT
A A HAZRA “47) ojHell= F7HEQ dHEol ZtsiE
S QEAet Fojo| o8] duizhe] shFo] AR EHAT
A7} DojrHA E&etvie Héof o3 Adie T
H 7)15& S8 sk o
9 lmm AL Folo) ARHZ(1I" AL £71 A
Ho R FUS AP fste] of RN g AlAstL
& Aohste] ge Fahs oz Seistyrh & W
H PN wS IR oMo st 2 Fuld
(47 hyerEske] vlwE e 4= vk “37A Yoo xH
Ao} ofwAle] Heje AE Al Stez Fvbssith 47
oA 0] YA e B S0 T BE THedih

O

M

PNoyie ox



20 ugdl - e - B - HAE - 29

BREAHESEE

Table 2 Core shear buckling loads and maximum loads (PO1)

Specimen ID buck%ﬁ‘; lf)‘;ff“(km Maximum load (kN)
1 3.04 486
2 3.10 440
3 2.90 4.49
4 3.04 4.94
5 302 485
6 3.01 446
Average 3.04 457
gg:ft:gf“{cﬁ’f) 0.026 0.052
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Fig. 5 Lead-displacement curve and cross-section of a Nomex " core
joint with through clearance insert (P92).

Table 3 Core shear buckling loads and maximum loads (P02)

Specimen 1D buck(ﬁglg li};fiar(kN) Maximum load {(kN)
1 1.66 3.41
2 1.47 3.65
3 1.51 3.23
4 1.39 339
5 1.48 3.26
6 1.34 3.22
Average 1.48 3.36
Coefficient of 0.074 0.048

Variation (CV)
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Fig. 6 Load-displacement curve and cross-section of a Nomex ™

joint without insert (P03).
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Table 4 Core shear buckling loads and maximum loads (P93)

Specimen 1D buck(lji(t)lrge lii%ar(kN) Maximum load {kN)
i 357 11.18
2 3.74 10.89
3 341 10.48
4 3.32 10.08
5 3.64 10.37
6 3.62 10.62
Average 3.55 10.60
\Sa"rfggf“(tc"vt; 0.044 0.037
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Fig. 7 Load-displacement curve and cross-section of a foam core

joint with floating nut insert (P04).
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Fig. 8 Load-displacement curve and cross-section of a foam core joint
without insert (P95).

Table 5 Failure loads (P04)

Specimen 1D Core failure load (kN) | Maximum load (kN)
I 1.66 1.78
2 1.73 1.85
3 1.74 2.04
4 1.77 2.05
5 .77 1.94
6 1.57 1.57
Average 1.71 1.87
5::2&3“(‘6{,% 0.046 0.097
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Table 6 Failure loads (P05)

Specimen 1D Core failure load (kN) | Maximum load (kN}
H 0.90 42
2 0.88 3.26
3 0.89 4.11
4 0.84 3.86
5 0.96 5.04
6 0.90 3.45
Average 0.90 3.99
Nt 0.043 0.159
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