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Low Cycle Fatigue Life Behavior of GFRP Coated Aluminum Plates
According to Layup Number

Nohjun Myung*, Jihye Seo**, Eunkyun Lee**, Nak-Sam Choi****

ABSTRACT: Fiber metal hybrid laminate (FML) can be used as an economic material with superior mechanical
properties and light weight than conventional metal by bonding of metal and FRP. However, there are disadvantages
that it is difficult to predict fracture behavior because of the large difference in properties depending on the type of
fiber and lamination conditions. In this paper, we study the failure behavior of hybrid materials with laminated glass
fiber reinforced plastics (GFRP, GEP118, woven type) in Al6061-T6 alloy. The Al alloys were coated with GFRP 1, 3,
and 5 layers, and fracture behavior was analyzed by using a static test and a low cycle fatigue test. In the low cycle
fatigue test, strain - life analysis and the total strain energy density method were used to analyze and predict the
fatigue life. The Al alloy did not have tensile properties strengthening effect due to the GFRP coating. The fatigue
hysteresis geometry followed the behavior of the Al alloy, the base material, regardless of the GFRP coating and
number of coatings. As a result of the low cycle fatigue test, the fatigue strength was increased by the coating of
GFRP, but it did not increase proportionally with the number of GFRP layers.
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Fig. 1. Sketching order of GFRP and adhensive film

Table 1. Thickness of specimen and GFRP fraction

Al | Al+1ply | Al+3plies | Al+5 plies
Thickness (mm)| 4 [4.275 +0.026|4.556 + 0.039(4.897 + 0.106
GFRP volume
- . 13. 22.4
fraction (%) 689 3-89 3
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Table 2. Tensile test results of rolling direction of Al6061-T6 plate

Length Ultimate stress Young’s Elongation
direction (MPa) modulus (GPa) (%)
Transverse 299.66 + 0.70 68.3 + 1.6 114 + 0.3

Rolling 295.13 £ 1.45 67.2 £ 1.2 124 + 0.4
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Fig. 2. Tensile test curves of aluminum alloy and Al/GFRP lami-

nates
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Fig. 3. Nominal stress-strain curves of aluminum alloy at the
cycle of half lives

3.2 M HMEE 27|0| HHE SH-HEE O|HTM Wy
Fig. 32 A E 2AEE AST gubgls AlgEe
Ty ol A o] §-8-H & o] 2 A (hysteresis loop)o| T

Ae/2 = 0.15, 0.2, 0.3% AZo|A= Ao AFor et

et ol g HPEY F2ZAFo A LA F o] T

AYBEaL QA k=t Aol shx|yk MEFH] 20| R =

0o = E81L, & = 091 A oA G o] 42 A5

o] WA= A2 WY Fotof Qe a/dHF ol

olu] HHAIS-L OF 4= QIT}. Ae/2 = 0.15% ZZof| At 1)



Low Cycle Fatigue Life Behavior of GFRP Coated Aluminum Plates According to Layup Number 335

300

200

100

-100

Nominal Stress, o (MPa)
(=]

=200 -o-Al -0-Al + 5 plies

-300
Strain, € (%)

Fig. 4. Nominal stress-strain curves of aluminum alloy and Al/
GFRP laminates at the cycle of half lives

Table 3. Average of the internal area of the hysteresis loop at half
life

Al + 1 ply
110.724 109.371

+ 3 plies
101.469

+ 5 plies
122.633

Hysteresis area

2A9 AR o] AA 24w o] A8 WASHA 2ok, 9
AEHPA| A BT A0 Z SXHE Ag/2 = 0.2, 0.3%9]
AT HZABF £ UGl WAl HRATY o
%92 o] (shift)o] Aolrhel ZolTh. B3] Ae/2 = 0.5% %
Aol a4 ojo] A@FoIE Agste] 2 24uEel o
Hog Q) Szt AY R = 1] 77HE: A5 A

+ 5 pliese] W A] A 23t S HGE o2 Ao|c. Al
st vl IaA + 5 pliese] 29 H) ezt Sz0] Yo}
A GFRPEFe) ul o] 7 X|WA ekt Azfol. o
= Fig 20)l4] HIE 19%671212] QAT Ztet Ak}
o sjure] W] W SZEHA s 2nl okre] 5
olet ez Lpertet.

Table 3§50 419] 5| 28 2] 4] 2 £31.9] Ll
ol 449le] 2712 AL Aolth. + 1 plye] Hot= Alg
T} B 25519 + 3 plies )3 W Ao] ZtobAlc. Wy
oA el dx|e] 277} 2olHlrhs AL 37 9] GERP
of sjuto] H2ATe| £& S 1AM 9L vEhd
Ch SHATE + 5 plies®] -9~ 2244 2] 2717} Al HTt 7|
Rk 71412 g o] W GFRP¥9}3-9] H|&o] Uit =
obAW 232 T2AF] L e T3 9l Holch

-

3.3 Mo|Z = B7I0f| ME S ol 5

Fig. 5&= Al + 3 pliesE tjA}t o2 AHHFHE(Ae) 1.0%2] %
Aol A AF7] HZAIAA] AHA, FHA Kpo] oA <
S| AH| 2 A A T ok QA BHE RhaErg of A 9] 5] A 2] A
& B35 yehd Aot

300

200

100

-100

-200

Nominal Stress, o (MPa)

—o—] cycle --#-2cycles - 600 cycles

-300
Strain, € (%)

Fig. 5. Nominal stress-strain curves of Al + 3 plies at 1,2 and 600
cycles

A A ol Fol 4 we Ay Yol wasdon £
WA Aol 2R B AR S| AEe AL R A AF
2 vhehy ook T 719 Fof, 4 e A ]

Bt o Astatgiet. o] 29 ofgko] A& XYt Ao
o 27] & AP OR el Am o] e Mstrh et
o Aol ok FY el Wk of A 9 8] AE| ] Al A A T}
27|ASS vastd g ZA o] Meyglel uteh Bt-&-2
o] At A Y WA o] ZropHtt. o] = RHE G o=
Qlel A= 9] WhEAskrt whaget Aotk 27] E 7oA

FEo o] WhAYsh, 1 o] A oY st Aot
ol#gt S0l AF S| AH AL FEA YR
o] 719] gl Ae/2 = 0.20%) A = LERGTE 3] AH Al A
Fxo A 249 YEA] ghksolE HAE R it
&2 o] Astatn WHE- A7} kA g} o] 23t A it 3
SEEAA R dARto 2= 24 5= gl 249AF

o] HZAIY KpolZofA BAYFZE HoE

3.4 o2y Yoh MHEE-TY SN

AP E Aol AF7] Al oA AHEE-5 (Ae - 2Np)

0.008
N =
S~
w
< 0.004
)
=
£
g
<
= 0.002
< .
E --#--- Al + 3 plies
Al + 5 plies
0.001
1000 10000 100000

Reversals to failure, 2N¢

Fig. 6. Fatigue test results of aluminum alloy and Al/GFRP lami-
nates



336 Nohjun Myung, Jihye Seo, Eunkyun Lee, Nak-Sam Choi

Table 4. Experimental constants in total strain energy density

method
C m R2 (=SSR/SST)
Al 0.0387 -0.2845 0.9653
Al+1 ply 0.0352 -0.2691 0.9771
Al + 3 plies 0.0386 -0.2760 0.9687
Al + 5 plies 0.0384 -0.2802 0.9701
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Table 5. Experimental constants in total strain energy density

method
X a R* (=SSR/SST)
Al 21.8182 -0.4056 0.9419
Al +1ply 14.4262 -0.3629 0.8947
Al + 3 plies 20.0547 -0.4006 0.8774
Al + 5 plies 30.0931 -0.4604 0.9014
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Al6061

Fig. 11. Fractography of GFRP-coated Al specimen at the
fatigue test
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