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Development of Progressive Failure Analysis Method for Composite
Laminates based on Puck's Failure Criterion—Damage Mechanics

Coupling Theories
Chi-Seung Lee- Jae—Myung Lee”
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permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In the present study, an evaluation method for progressive failure of composite laminates has been proposed based on Puck’ s failure
criterion and damage mechanics, The initial failure (or initiation of crack/delamination) has been assessed using Puck's failure criterion,
and the progressive failure (or growth of crack/delamination) has been evaluated using fiber— and matrix—dependent damage variables,
Based on PucK's failure criterion—damage mechanics coupling theories, the ABAQUS user—defined subroutine UMAT has been developed
in order to analyze the progressive failure of glass/carbon fiber—reinforced composite laminates efficiently, In addition, the developed
subroutine has been applied to progressive failure problem of industrial composite laminates, and the analysis results has been compared
to experimental results which have been already reported in publications, It was confirmed that the simulation results were coincided well
with the reported composite failure results,

Keywords : Composite materials (28Xl|&), Damage mechanics (A8 Progressive failure (BXAIE Iy Puck’ s failure
criterion (Puck IEA7|Z), ABAQUS user—defined subroutine (ABAQUS AFEZXE Ho| MEZRZEI)
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Table 2 Recommendation of the inclination parameters

Terms | Values (GFRP/Epoxy) | Values (CFRP/Epoxy)
Dup 0.30 0.35
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IABAQUS/Standard

( START OF ANALYSIS )

| Establishment of stiffness matrix (G;) |
| Calculation of stresses (") |‘—

I
[ABAQUS UMAT ]

Evaluation of failure based on Puck criteria (Ips and lpye) |

Initial Failure 2

YES

| Application of EWM to stiffness matrix (D and Dy) |<—

| Calculation of damage effective stresses (C;and oy) |

!

| Evaluation of progressive failure (Ipee and lpye) |

Final Failure ? L0

YES

(]
( END OF ANALYSIS )

Fig. 1 Computational algorithm for initial and
progressive failures of composite laminates in
ABAQUS/Standard and ABAQUS UMAT
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MM HMEE Table 30 LIERACE 3L 2t SRRl F2 X
EEMX|= Table 42} Zcl 047|M E—glass/LY556 ME =&
2E FASkE 90°et £30° Z2lole| & ( 15 FH)= 242t
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Table 3 Details of laminates and loading conditions

Case |Laminate layup Material Loading case

Biaxial failure
B | [90/+30/-30]s | E-glass/LY556 |stress envelope

(o, vs 7,,)

Table 4 Material properties of E—glass/LY556 laminate

Terms Values Terms Values
Ey,(MPa) 53,480 X 7(MPa) 1,140
Ey,(MPa) 17,700 X (MPa) 570
G5 (MPa) 5,830 Y /(MPa) 35

V1o 0.278 Y (MPa) 114
E; (MPa) 80,000 S5 (MPa) 72

Vg 0.2

e (%) 2.132
e10(%) 1.065

3.3 Relesnd o Mz

Fig. 2= E-glass/LY556 ME SEIE2| ABAQUS A
wotesmtHo AlE MRuiekE Z2jo| MEuiPnt 2t Z2|
o] & MRuaks LIERHD UCt SeE oA Al &

HE Melst 712 Y Mzl XF== T 25|
ooz elofe| Zo| (10mm)E Foisd FElAZRHS MM

Soden S0l 2fal £=

Azt St 37|/E';§°| 3% (Table 32
( , 1998a; 1998Db).

(a) Ply stacking sequence
[90/+30/-30]s

(b) 90° fiber angle
direction at first ply

PLY-2 (middle) PLY-3 (middle)
1-ais L-axis

(c) 30° fiber angle
direction at second ply

(d) =30° fiber angle

direction at third ply

Fig. 2 Ply stacking sequence and fiber angle direction
for E-glass/LY556 composite laminate
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== |nitial failure stress envelope
@ Analysis cases
80 — L L) [ —
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o
£
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><I Case B-2
>
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—
40 — —
@® |cCase B-1
0 | | . I
-300 -200 -100 0 100

Sigma_x (MPa)
Fig. 3 Initial failure stress envelope for E-glass/LY556
composite laminate and analysis cases

Table 5 Analysis cases for initial failure of E—glass/
LY556 composite laminate

+2.500e-01
+1.6672-01
+3.333e-02

+1.000e+00
+9,167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+35.833e-01
+3.,000e-01
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+3.333e-01
+0.000e+00
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X

(a) Puck fiber failure contour
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Case Loading condition Failure (b) Puck matrix failure contour
B-1 0, =10MPa,,,=30MPa X" Fig. 4 Fiber and matrix failure contour for Case B-2
B-2 o, =10MPa,T =60MPa 0?
B3 . =—50MPa, 7,, = 40MPa Table 6 Initial fgilure anglysis results and their
- o = 501MPu.r,, — S0MPa 5 comparison to literature resglts
. 150MPu,r, — 40P X Case | PFFI" | PMFP |Failure F,\fk')':f Consistency”
B-6 o, =— 150MPa,T =80MPa 0 B-1 | 0.0661 | 0.7311 X - O
B-7 o, =—200MPa,T,, = 40MPa N B-2 | 0.1384 | 1.8240 | O B 0
B-8 o, =—200MPa,T,, =80MPa @) B-3 | 0.1674 | 0.3495 X - 0
No failure B-4 | 0.2333 | 4.3120 @) A @)
3Fai|ure | B-5 | 0.3727 | 0.8922 | X - 0
Close o failure B-6 | 0.4379 | 9.7880 | O A 0
4.2 =7| & 2 MARHA Zo) B-7 | 0.4767 | 1.0430 | A - 0
B-8 | 0.5415 | 1.6640 0 A 0
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UPFFI: Puck Fiber Failure Index
2PMFI: Puck Matrix Failure Index
IConsistency between literature and present analyses
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