Cours MSE 340 Composites Polyméres 2025, Exo B avec ESACOMP : résistances, critéres de
rupture Exemples de déterminations de la rupture du premier pli et de I'optimisation des facteurs
de réserve pour éviter les ruptures.

La méme approche est utilisée pour valider vos choix de matériaux et de structure du stratifié pour

votre bouteille sous pression et votre snowboard.
pierre-etienne.bourban@epfl.ch

Strength, First Ply Failure and reserve factor RF

Laminate FPF analysis Laminate FPF analysis
Laminate : C 045908 Laminate : C 045908
Modified : Sun Mov 11 17:28:27 2012 Modified : Sun Mov 11 17:28:27 2012
Lay-up : (0ai+45a/-45a/90a)SE h =184 mm Lay-up : (0ai+45a/-45a/90a)SE h =184 mm
Ply t E1 E2 G112 nu12 631 G223 Ply t E1 E2 G112 nu12 631 G223
mm GPa GPa GPa GPa GFa mm GPa GPa GPa GPa GPa
a EEpoxyUD-230/289/50 023 38 9 36 03 36 346154 a EfEpoxyUD-230/299/50 023 38 9 36 03 36 346154
X we YiYie 5 R Q Kepst X_epsc Y_epst Y. epsc S.e Xt Xe YtYce S R Q  Xeepst X_epsc Y_epst Y epsc S
MPa MPa MPa MPa MPa WPa  MPa % % % % MPa MPa MPa MPa MPa WPa  MPa % % % %
a 930 570 33 M0 70 70 415385 244737 15 0366667 122222 1844 a 930 570 33 110 70 70 415385 244737 15 0.386867 122222 1.944
Load : 5kN sur 10 cm Load : 5kN sur 10 cm
Madified - Sun Nov 11 18:15:35 2012 Modified : Sun Mov 11 18:15:35 2012
Type - Forces and moments (Var;E) Type : Forces and moments (Var,;E)
N_x = 50000 N/m 0 Nmim Nx =50000W/m W_x =0Nmm
Ny = 0 N/m 0 Nmim Ny = ONm Wy =0Nmm
N_xy = OMm  MW_xy = 0Nmim N_xy = ONm  W_xy = 0Nmm
ox = 0H/m Q= 0 M/m
oy = 0 N/m oy = 0 Wim
Factor of safety - FoSw =1 Factor of safety : FoSv =1
Failure criterion - Puck 2D; Mazx strain; Von Mises; Out-of-plane shear, Qut-of-plane s| Failure criterion : Tsai-Wu; Max strain; Von Mises; Out-of-plane shear; Out-of-plane st
{UD; non-UD; homogeneous; honeyc. core; foamiother core; adhes (UD; non-UD; homogeneous; honeye. core; foamiother core; adhes
Failure crit. param. : p_TI+TI-TT-/siM{carbon)}=0.35/0.3/0.275i0.5/0.5;(other)=0.3/0 25iC Failure crit. param. : Tsai-Wu F_12*=-0.5
Stress/strain recovery : layer top/botiom Stress/strain recovery : layer top/bottom
Laminate reserve factors Laminate reserve factors
FPF Mode FPF-only Mode Crit layers ILS Crit interf. FPF Mode FPF-only Mode Crit layers ILS Crit interf.
RF = 270 iff(A) 270 iffi(A) (90%) = i RF = 2.60 2t 2.60 2t (90%) = =
Layer reserve factors, RF_FPF Layer reserve factors, RF_FPF
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Layer reserve factors - FPF Layer reserve factors - FPF
Ply theta RF Ply theta RF
1 a 0 t 3 1674 R 1 a 0t 3 16741t
b 1674 b 16.74
2 a 45t 2 AT2iff(A) 2 a 45 t 2 4952
b 472 b 495
3 2 45 t 2 AT2iff(A) 3 a 45 t 2 4952
b 472 b 495
4 a 90 t 1. 270 iff(A) 4 a 9 t 1. 2602
b 270 b 2560
5 a 90 t 1. 270 iff(A) 5 a 9% t 1. 2602
b 270 b 2560
6 a 45 t 2 472 iff(A) 6 a 45 t 2 4852
b 472 b 485
7 a 45t 2 4TZf(A) 7 a 45 t 2 4952
b 472 b 495
8 a 0 t 3 16741 8 a 0t 3 16741t
b 16.74 b 16.74



Laminate FPF analysis

Laminate FPF analysis
Laminate : C 045905

Laminate : C 045908 Modified : Sun Mav 11 17:28:27 2012

Modified : Sun MNov 11 17:28:27 2012
Lay-up : (Da/+45a/-45a/90a)SE h=1.84 mm

Lay-up : (Dai+45a/-45a/90a)SE h =1.84 mm

Ply t E1 E2 G 12 mui1z G G_23
Ply t E4 E2 G612 nui2 G3 G623 o Gl Ghark o (ot
mm GPa GPa GPa GPa GPa a EEpoxy,UD-230:299/50 0.23 3B 9 36 03 36 3.46154
a E;Epoxy,UD-.Z30/289/50  0.23 38 9 36 03 36 346154
Xt Xe Yt Ye S R Q X epst X epsc Y_epst Y_epsc S
XtXe YiYe S R Q Xepst Xepsc Y.epst Y.eps.c S MPa MPa MPa MPa MPa MPa  MPa % % % %
MPa MPa WMPa WMPa WMPa MPa MPa g, g, 1y, %, a 930 570 33 MO0 FO YO0 41.5385 244737 1.5 0.366667 122222 194
a 930 570 33 110 70 70 415385 244737 15 0386867 122222 194
Load : 5kN sur 10 cm et Mx500Nm sur 25 cm
Load : 5kN sur 10 cm et Mx500Nm sur 25 cm Modified : Sun Nov 11 19:20:02 2012
Wodified : Sun Nov 11 19:20:02 2012 Type : Forces and moments (Var;E)
Type : Forces and moments (Var;E)
N_x = 50000MN/m M_x = 2000 Nm/m
N_x = 50000 N/m M_x = 2000 Hmim Ny = ONm My = 0 Nm/m
Ny = ONm My = 0 Nmvm N_xy = ONm  M_xy = 0 Nm/m
N_xy = ONfm M_xy = 0 Nmém
Qx = 0 Nim
ax = 0 N/m Oy = 0 Nim
Qy = 0 Nim
Factor of safety : FoS™ =1
Factor of safety : FoSw=1 Failure criterion : Tsai-Wu; Max strain; Von Mises; Out-of-plane shear, Out-of-plane s
Failure criterion : Puck 2D; Max strain; Von Mises; Out-of-plane shear; Out-of-plane s (UD; nen-UD; homogeneous; honeyc. core; foamiother core; adhe:

(UD; non-UD; homogeneous; honeyc. core; foam/other core; adhe: Failure crit. param. : Tsai-Wu F_12#=-0.5
Failure crit. param. : p_TI+TIHTT-/s/M(carbon)=0.35/0.3/0.275/0.5/0.5,(other}=0.310.25/  stress/strain recovery : layer top/battom
Stress/strain recovery © layer top/bottom
Laminate reserve factors
Laminate reserve factors

FPF Mode FPF-only Mode Crit layers LS Crit interf.
FPF Wode FPF-only Mode Crit layers ILS Crit interf.

RF = 0.07 2t 0.07 2t 7(45%) = =
RF = 0.07 iff(A) 0.07  iff(A) 7(457%) = =
Layer reserve factors, RF_FPF
Layer reserve factors, RF_FPF
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Layer reserve factors - FPF Layer reserve factors - FPF

Ply theta RF et RF
1 a 0t 2 01 iffA) 1 a ot 2. 0.08 tef2t
b 0.18 b 0.1
2 a &85t 5. 0.16 iff(C) 2 a 45 1 5 016 s
b 0.25 b 0.25
3 a 45 t 7. 025 if(B) 3 @ 45 t 7.025s
b 0.50 b 0.51
4 a 80 t 8. 0.44 iff(a) 4 a 9 8 040 2c
b 270 b 260
5 a 90 t 3 270 iff(A) 5 a 90 t 3. 2602
b 0.12 b 0.1
6 a 45 t 4 024 0f(A) 6 a 45 t 4 025 2s
b 0.12 b 0.13
7 a 45t 1. 0.1 iffA) 7 a 45 t 1012t
b 0.07 b 0.07
8 a 0t 6 0251 3 a 0t B 0231
b 0.18 b 0.17

Sous charge combinée de Nx et Mx, plusieurs RF sont inférieurs a 1. Le plus petit est 0.07.
Donc le bas du pli 7 avec des fibres a 45 va se rompre a une charge de 7% de celle appliquée.

Le critére de Tsai Wu est plus conservateur que Puck



M_x FPF envelope
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Plot x- and y-components not in the same scale.

Failure criterion : Tsai-Wu; Max strain; Von Mises; Out-of-plane shear, Qut-of-plane shear; None
(UD; nen-UD; homaogeneous; honeyc. core; foam/other core; adhesive)
Failure crit. param. : Tsai-Wu F_12*=-0.5
Stress/strain recovery : layer top/bottom

Laminate : C 045905
Modified : Sun Mov 11 17:28:27 2012

Lay-up : (Dal+45a/-45a/903)SE h =184 mm

Ply
a E;Epoxy;UD-.230/299/50

Les Nx et Mx max sont ainsi déterminés pour le composite donné.



Laminate FPF analysis

Laminate : C 045805

Modified : Sun Nov 11 17:28:27 2012 Laminate FPF analysis
Lay-up : (0a/+45al-45a/90a)SE h =184 mm Laminate - C 045908
Madified : Sun Nov 11 17:28:27 2012
Ply t E1 E2 G112 nui2 G G 23
mm GPa GPa GPa GPa GPa Lay-up : (DaM+45a/-45a/90a)SE h=1.84 mm
a EEpoxy,UD-230/289/50 023 38 9 36 03 36 J.46154
Ply t E1 E2 612 nuiz 6.3 G223
Xt Xc Yt ¥Yec s R Q X epst X epsc Y_epst Y. epsc S mm GPa GPa GPa GPa GPa
MPa MPa MPa MPa MPa MPa MPa % % % % a E;Epoxy,UD-230/299/50 023 38 9 38 0.3 36 348154
a 930 570 33 110 70 70 415385 244737 15 0368867 122222 194
Xt Xe YE¥Ye 5 R Q X epst X epsc Y. epst Y epsc S
Load : 5kN10cm Mx125sur25cm MPa MPa MPa MPa MPa MPa WPa % % % %
a 930 570 33 110 70 70 415385 244737 15 0366667 122222 1944

Modified : Sun Nov 11 21:02:20 2012

Tipeafocesandmoments (Var ) Load  SKN10cm Mx25sur25cm

Modified : Sun Nov 11 21:05:33 2012

N_x - S0000NM  M.x = S00Nmim Type : Forces and moments (Var.E)

Ny = ONm My = O0Nmm
My = ONm; cM-xyes: 0N N = 50000 Wim  M_x = 100 Nmim
Ny = ONm My 0 Nmim
0x = 0 Nim M_xy = OMm  Mxy = ONmm
oy = 0 im
Q% = 0 Hm
Factor of safety: FoSw=1 Qy = 0 Nim
Failure criterion : Tsai-Wu; Max strain; Von Mises; Out-of-plane shear, Out-of-plane s
(UD; nen-UD; homageneous; honeye. core; foam/other core; adhe: Factor of safety : FoS% =1
Failure crit. param. : Tsai-Wu F_12*=-05 Failure criterion : Tsai-Wu; Max strain; Yon Mises, Out-of-plane shear, Qut-of-plane st
Stressistrain recovery - layer top/bottom (UD; non-UD; homogeneous; honeye. core; foam/father core; adhes
Failure crit. param. : Tsai-Wu F_12*=-0.5
Laminate reserve factors Stressistrain recovery : layer top/bottom
FPF Mode FPF-only Mode Crit layers ILS Crit interf Laminate reserve factors
RF = 0.28 2 0.28 2 7(45%) - . FPF Mode FPF-only Mode Crit layers ILS Crit interf
RF = 113 2t 1.13 2t 7(45%) = =
Layer reserve factors, RF_FPF
o | | | | \ ﬁ\ Layer reserve factors, RF_FPF
2 a8 :
3 45 3
i 2
4 9y 3
2 4
5 5
T 8
8 7
5 2 25 3 ]
] 0 2 n ] 50 80
Layer reserve factors - FPF
Layer reserve factors - FPF
Ply theta RF
: Ply theta RF
1 a 0ot 2 034 o :
b 0.45 1 a 0t 4 1831c2t
zZ a 45 t 6 068s b 218
b 1.05 2, a 45: 7. 443 s
3 a 45 t 7 106s % & :: 8 ii
" el a 45 i e s
b, @ ROV, Biamc 4 a %0 t 5 50183t
. b 260 b 260
2 @ R Eaanat 5 a o0 t 2 2602
i e b 123
L el 6 a 45 t 3 2542
o .47 b 171
7oa 45t 1040zt 7 a 45t % a2
b 028 b 1.13
8 a ot 5 0891t 8 a 0t 6. 368 1t
b 087 b 28

Le composite ne se rompra pas sous le deuxiéme cas de charge Mx réduit, (tous les RF sont
supérieurs a 1)



Ajouter des plis permet de supporter sans rupture le cas de charge initial:

Normalized laminate stiffness and compliance matrices

Laminate : 04590s 8mm

Modified - Sun Nov 11 22:01:22 2012

Lay-up: ((0a)4/(+45a)4/(-45a)4/(90a)4)SE h =738 mm

Ply

a E;Epoxy;UD-.230/299/50

Hormalized stiffness matrices (N/m?)

[A*]  2.04986e+010
6.27206e+009
0

157 0

[D*]  2.94912e+010
5.61333e+009
1

6.27206e+009
2.04986e+010
0

o

5.61333e+009
1.28234e+010

0

0
7.11326e+009

o

1.38898e+009
1.38898e+009

1.

Hormalized compliance matrices (m?/N)

[a] 538228011
-1.64685e-011

1] 0

@] 3712332011
-1.57522¢-011
-4.59895e-012

-164585e-011
5.38228e-011
-0

-157522e-011
8.65274e-011
-1.52305e-011

6.454!

0

-0
1.40583e-010

-4 .50895e-012
-1.52305e-011
1.59197e-010

Actual stress, Actual {~Eq.) strain

Actual stress, Actual {~Eq.) strain

Layer stresses - sig_1 Layer stresses - sig_x
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Laminate : 045905 8mm
Wodified: Sun Nov 11 22:01:22 2012

Lay-up ((0a)4/(+45a)4/(-45a)4/(30a)4)SE h=7.36 mm

Py tE1 E2 Gz w2
mm GPa GPa
a EEpoXyUD-220209/50 023 38 9 36 03

Load: 5kN sur 10 cm et Mx500Nm sur 25 cm
Wodified : Sun Nov 11 22.02:53 2012
Type : Forces and moments (Var;E)

Nx = 50000 Nim
Ny = ONm
Ny =  ONm
ax oNm

Laminate : 04590 8mm
Modified : Sun Nov 11 22:01:22 2012

Lay-Up ((0a)4i(+A52)4/-452)4/(90aM4)SE h =736 mm

Py t E1 E2 G12 mui2
mm GPa GPa  GPa
a EEpoxyUD-230299150 023 38 3 36 03

Load: 5kN sur 10 cm et Mx500Nm sur 25 cm
Wodified : Sun Nov 11 22:02:53 2012
Type : Forces and moments (Var;E)

50000Nim  W_x = 2000 Nmim
oNm My = ONmm
ONm My = ONmm

Qx = omm

Qy = onm




Laminate FPF analysis

Laminate : 04590s 8mm
Modified * Sun Nov 11 22:01:22 2012

Lay-up : ({0a)4/(+45a)4/(-45a)4/(90a)4)SE h =736 mm

Ply t E1 E2 G12 m12 G3

mm GPs GPa GPa
a EEpoxy,UD-230299/50 023 38 9 38

X Xo ¥EVe 5 R
WPa MPa MPa MPa MPa MPa  MPa
a 930 570 33 MO0 70 70 415385 244737

Load : 5kN sur 10 cm et Mx500Nm sur 25 cm

Modified : Sun Nov 11 22:02:53 2012
Type : Forces and moments (Var,E)

N_x = S0000NMM M_x = 2000 Nmm

Ny = ONm My = ONmwm
Nxy=  ONm Mxy= O0Nmwm
ax =  ONm
oy = 0 Nm

Factor of safety - FoSw =1

Failure criterion : Tsai-Wu; Max strain; Von Mises; Out-of-plane shear, Qut-of-plane sh
(UD; non-UD; homogeneous; honeyc. core; foamiother core; adhesi

Failure crit. param. : Tsai-Wu F_12"=-0.5
Stress/strain recovery : layer top/ottom

Laminate reserve factors
FPF Mode FPF-only Mode Crit layers

RF = 1.1 2t 11 2t 28(45%)

03

ILs

GPa

36 346154

15 0.366667

Crit. interf.

X_epst X_epsc  Y_epst Y_epsc  S_gf
% % % %

122222 1944

Layer reserve factors, RF_F
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Layer reserve factors - FPF

Ply theta

0
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23
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28.
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®
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21

20.

135 1c2t

1.44 1ozt

743 2¢
10.68
1088 2c
18.97
18.97 2c
83.82
83.82 2t

10.38 2t



