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A New Method to Determine the Characteristic Lengths for the Failure Analysis of
Composite Joint

Hyon-Su Ahn*, Jin-Hwe Kweonm, Jin-Ho Choi'

ABSTRACT

Proposed is a new method to determine the characteristic lengths for the failure analysis of composite joint
without experiments. New method uses the result that the stress distribution in the characteristic length
specimens is linearly proportional to the applied load. The compressive characteristic lengths calculated by the
present method are exactly same as the lengths obtained by the conventional method based on experiment. The
new tensile characteristic length is defined using the strength of the notched laminate, while previous methods
use the strength of the sound laminate. That change allows calculating the tensile characteristic length
numerically without experiment like the compressive characteristic length. Finite element analyses are conducted
by MSC/NASTRAN. The interface between the fastener and laminate is modeled by the contact surface element.
The finite element results based on the new characteristic lengths show the excellent agreement with
experimental results for the Graphite/Epoxy composite joints.
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Schematic diagram of the pin joint.
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Fig. 4 Compressive characteristic length for [0,/45,/90,/-45;]; laminate with w/d=5, e/d=2, t=3.08 mm
(E;=105 GPa, E;=9.8 GPa, G3=6.0 GPa, v;=0.3).
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t =3.08 mm

Fig. 6 Configuration of carbon/epoxy laminate joint.

Table 1 Characteristic lengths of [0:/452/90,/-45,]; laminate
Conventional Present
Model
Rot Roc Rot Roc
2w2e 0.56 1.10 124 1.10
Sw2e 2.50 0.69 315 0.69
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Fig. 7 Joint geometry and boundary conditions.

Table 2 Finite element and experimental failure load(unit: kN)

Model

2w2e . Sw2e

Present 336 391

(Ts};]i:i?h/u) Conventional 261 391
Failure Mode N B

Present 6.01 5.88

(Yaln];]?i‘:tSlln) Conventional 4.69 5.88
Failure Mode N B

* N : Net-Tension Failure, B : Bearing Failure
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Fig. 8 Configuration of glass/epoxy fabric laminate joint.

Table 3 Characteristic lengths of [(£45),/(0/90)]2s laminate

t
€
.
d
d=9.53 mm
t=3.234 mm
w Al ~ A5 : different ‘w’ (w/d = from 2.0 to 4.0)

B1 ~ B5 : different ‘e’ (e/d = from 1.0 to 3.0)

Conventional Present
Model Fig. 9 Configuration of carbon/epoxy unidirection-fabric hybrid
Rot Roc Rot Roc laminate joint.
6w3d 4.04 1.35 3.65 1.35 Table 5 Dimensions of specimens
Model d(mm) w(mm) e(inm) wd ed
Table 4 Finite element and experimental failure load (unit: kN) Al 9.53 19.00 13.40 20 14
Model 6wid A2 953 2380 1340 25 14
o e A3 9.53 26.80 13.40 28 1.4
L A4 9.53 33.40 13.40 35 14
PFEM 12.1
Tsai-Wu Failure Mode B A5 9.53 38.00 13.40 4.0 14
Conventional Error(%) 142 Bl 9.53 26.80 9.60 28 1.0
/Present Prey 123 B2(A3) 953 2680 1340 238 14
Yamada-Sun Failure Mode B
B3 9.53 26.80 19.00 2.8 2.0
Error(%) 16.0
* N : Net-Tension Failure, B : Bearing Failure B4 9.53 26.80 23.80 28 25
B5 9.53 26.80 28.60 2.8 3.0
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Bolt Table 6 Failure loads by experiment
Pin Model P, C, No of Model Pa C, No of
— Composite specimen (kN) (%)  spcmns (kN) (%)  spemns
Al 9.76 6 7 Bl 7.34 8 7
> e A2 1001 3 s | B2 1048 2 6
Fig. 11 Experimental set-up. A3 1048 2 6 B3 11.00 7 3
Ad 10.54 3 4 B4 11.15 5 6
432 A93A ¢ @9y A5 1060 3 7 B5 1145 3 5
AZAR AL 35l Fig. 113 Zo] vy & H(double lap)  « P,, : Failure Load
B ATE B=R Zﬂ&}o}-?j\g\:t], A@7]= INSTRON * C, : Coefficient of variation ( C,=S/P, S: the standard deviation)
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(f) Model Bl

(b) Model A2 (2) Model B2(A3)

Table 7 Failure loads of characteristic length specimens

(h) Model B3

u C
Model D PakN) v Noof
(MPa) (%) Spemns
TTS 75.77 8742 3 10
Al TSH 24.34 794.8 4 5
BS 10.08 327.1 2 5
TSH 33.77 731.8 2 5
A2
BS 10.48 340.0 5 4
TSH 41.85 749.3 1 5
A3
BS 10.62 344.6 4 5
TSH 56.12 727.0 2 5
Ad
BS 11.00 356.9 4 5
A5 TSH 66.36 720.7 3 5
BS 11.15 361.8 . 2 5
Bl BS 11.22 364.1 2 5
B2 BS 10.62 3446 4 5
B3 BS 10.65 345.6 7 4
B4 BS 10.56 3426 6 5
B3 BS 10.56 3426 6 6
* TTS : Sound Tensile Test Specimen, TSH : Tensile Test Specimen
with a Hole
* BS : Bearing Test Specimen, P : Failure Load, o" Ultimate
Strength
* C, : Coefficient of variation ( C,=S/c“, where S is the standard
deviation)

Table 8 Characteristic lengths of [(+45)3/90/(£45),/0/90/04/(+45),/90/
(%45)3] laminate

(d) Model A4 (i) Model B4

(¢) Model AS (i) Model B5

Fig. 12 Specimens after failure.

Rot Roc
Model Conventional/Present
Conventional Present Friction
No Friction
coef.=0.1
Al 1.65 1.96 2.17 2.20
A2 1.77 2.65 1.89 1.89
A3 2.08 3.00 1.78 1.76
Ad 227 3.70 170 1.67
AS 2.61 4.09 1.67 1.63
Bl 2.08 3.00 2.09 2.14
B2 2.08 3.00 1.78 1.78
B3 2.08 3.00 1.76 1.76
B4 2.08 3.00 1.75 1.75
B3 2.08 3.00 1.72 1.72
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(b) Characteristic lengths with various e/d ratios

Fig. 13 Characteristic lengths for various joint shapes.
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I failure loads with various

Table 9 Finite t and experi
width-to-diameter ratios

Model Al A2 A3 A4 AS

P reu(kN) 9.58 981 963 947 932
(Conventional)| (891) (") (") (") (")
Tsai
wa  Emr®) | <18 20 81 -102 -121
(Conventional)| (87) (") (") (") (")
No Fail. Mode N B B B B
Friction PraskN) | 1554 1587 1546 1525 1506
(Conventional)| (1467) (") (") (") (")
Yamada

Sun Error(%) 59.2 585 475 447 421
(Conventional)| (503) (") (") (") (")

Fail. Mode N B B B B
ProdkNy | 978 1020 1086 1067 1050
(Conventional) | (909) (") (") (") (")

Tsai 02 19 36 12 0.9

Wu o Ermor(% oy (my (ma
0w () () () ()

Friction Fail. Mode N N B B B
cef=0.1 Prey®N) | 1613 1639 1734 1708 16,67
(Conventional)| (1521) (") (") (") (")
Yamada

S EmON%) | 653 637 655 620 573
(Conventional)| (558) (") (") (") (")

Fail. Mode N N B B B

* N: Net-Tension Failure, S: Shear-out Failure, B: Bearing Failure
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Table 10 Finite el t and experi tal failure loads with various

edge length-to-diameter ratios

_Experiment
PrekN) | 676 963 1076 10.74 10.56
(Conventional) | (") (") (") (") (")
Tsai
W Error(%) 79  -81 22 37 -78
(Conventional) | ( =y (= Y (") (") (")
No Fail. Mode N B B B B
Friction PreykN) |12.10 1546 16.68 1649 16.03
(Conventional) [ ( ") (") (") (") (")
Yamada
Sun Error(%) 649 475 516 479 400
(Conventional) (") (") (") (") (")
Fail. Mode B B B B B
PraykN) | 743 1086 12.19 1201 11.74
(Conventional) | (") (") (") (") (")
T\ffl'l Ewor(%) | 12 36 108 77 25
(Conventional) | ( =y (= Y (") (") (")
Friction Fail. Mode S B B B B
cef.=0.1 PraykN) [ 1331 1734 1844 1829 17.63
(Conventional)| (*) (") (") (") (")
Yamada
Sun Error(%) 813 655 676 640 3540
(Conventional) | ( » y (") (") (") (")
Fail. Mode B B B B B

* N: Net-Tension Failure, S: Shear-out Failure, B: Bearing Failure
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(a) Failure loads with various w/d ratios
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(b) Failure loads with various e/d ratios

Fig. 14 Finite el t and experimental failure loads based on Tsai-
Wu criteria with friction coefficient=0.1.
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