[> # Prof. Dr. Serkan Dag
# ME 451 Introduction to Conposite Structures

(> # File 7.2
# Exanple on failure | oads of a |lamnate (cont'd)

> restart:
with(LinearAlgebra) :
> # Enter the nunber of plies
> n:==3:
> # Define extensional, coupling, and bending stiffness matrices
> A := Matrix(3) :
B := Matrix(3) :
Dm := Matrix(3) :
> # Define ply surface coordinate vector in nmeters
[ 75 ]
1000

25
1000

2.5
1000

75
1000
> # Define ply angle vector in radians

> theta:=

OI\J|IJ.O

> # Define Qobar array
Qbar := Array(1..3,1..3,1..n) :
ArrayNumElems(Qbar );
27 Q
> # Enter properties of the unidirectional |am na
# From Table 2.1 for graphite/ epoxy (unit = MPa)

> E1:= 181000 :

E2 := 10300 :
nul?2 := 0.28:
G12 := 7170:

> # Calculate elenments of the conpliance matrix for the
uni di rectional |am na

- 1.
> Sl := =
nul2
2:=- :
=t El
822:=i




_ 1
6 = Gl12 °

"> # Calculate elenents of the reduced stiffness matrix for the
uni di rectional | am na

> Qll:= S22 >
S11-522 — S12
022 = s11 :
S11-522 — S12
012 = - S12 :
S11-522 — S12
N
QB6:= -

> # Calculate elenents of transforned reduced stiffness matrix for
each angl e | am na
# Unit = MPa

> forifromlbylton

whiletruedo

Qbar[1,1,i] = Q11 ( cos (thetali, 11) Q22 sin(thetali, 1]) -(Q12 + 2-Q66)
(cos(theta[l 1])) - (sin(theta[ i, 1]))

Qbar[1, 2, i] (QLL+ Q22 — 4-Q66)- (sm(theta[i,1]))2-(cos(theta[i,1]))2—|—Q12
((cos(theta[l 11))*+ (sin(thetali, 11))*)

Qbar[1, 3,i] (Q11— Q12— 2-Q66) - (sin(theta[i, 1])) - (cos(thetali, 1]) )~ — (Q22

3

Qbar[2, 2,i] := Q11-(sin(theta[i, 1]))* + Q22: (cos(theta[i, 11))* + 2- (Q12 + 2-Q66)
(cos(theta[l 1]))2 (sin(theta[i, 11))?:

Qbar(2, 3,i] (Q11— Q12— 2-Q66) - (cos(thetali, 11) ) - (sin(theta[i, 11) )~ — (Q22
—Q12—2- Q66 (cos(thetali, 11))>-sin(thetali, 1]) :

i,
)

— Q12— 2Q66 (sin(theta[i, 1]) )°-cos(theta[i, 17]) :
)
]

Qbar[3, 3,i] := (Q11+ Q22 — 2-Q12 — 2-Q66) - (cos(thetal i, 1]) )% (sin(theta[i, 11))?
+ Q66- ( (cos(thetali, 11))* + (sin(thetali, 11))*) :

Qbar[2,1,i] := Qbar[ 1, 2 |]

Qbar[3,1,i] = Qbar[1, 3,i]:

Qbar[3,2,i] :==Qbar[2, 3,i]:

end do:
> # Calculate elenents of extensional stiffness matrix [A],
coupling stiffness matrix [B], and bending stiffness matrix [ Dnj
# Units: [Al--> MPa.m [B]--> MPa.m'2; [Dn]--> MPa. m3
# Do not consider contributions fromthe 90-degree ply

> forifromlbylto3

whiletruedo

for jfrom1lby1to3
whiletruedo
Ali,j1=0:
B[i,j]1:=0:
Dm(i,j] ==0:
for k from1by1ton
whiletruedo
if k=2then

U
\




next
end if:
All,j] = All,j] +Qbarli, ], k]-(h[k+1,1] —h[k 1]) :

B[i,j] == B[i,j] + % .Qbar(i,j, k]- (h[k + 1, 17 — h{k 172 :

Dm[i, ] := Dm(i,j] + %-Qbar[i,j, K- (h[k+1, 1 —h[k 1) :

end do:
end do:
| enddo
> evalf ( A);
1818.111388 28.96924444 0.
28.96924444 103.4615873 0.
0. 0. 71.70000000
> evdf(B);
0. 0. O
0. 0. O
0. 0. O
> evaf( Dm);
0.04924051676 0.0007845837034 0.
0.0007845837034 0.002802084656 0.
0. 0. 0.001941875000

> # Conpute Astar matrix in 1/ (MPa. m
> Astar := Matrixinverse( A );

5525x 10 -1.547 x 10™* 0.000 x 10°
Astar :=| -1547x10™* 9.709x 103 0.000 x 10°
0.000 x 10°  0.000 x 10° 1.395 x 1072

> # Define | oad vector
NXx

> # Find strains (Note that strains in this case are equal
pl ane strains)

> Eps := Multiply( Astar, N );

to m d-

)

3

(4)

®)

(6)



5.5249 x 10" % Nx
Eps:=| -1.5470 x 10 *Nx @

0.0000 x 10°

> # Calculate global stresses in the 0-degree ply (n=1)
> sigmaxl:= Qbar[1, 1, 1]-Eps[1, 1] + Qbar[1, 2, 1]-Eps[2, 1] + Qbar[1, 3, 1]-Eps[3, 1];
sigmayl := Qbar[2, 1,1]-Eps[1, 1] + Qbar[2, 2, 1]-Eps[2, 1] + Qbar[2, 3, 1]-Eps[3, 1];
tauxyl := Qbar[3,1, 1]-Eps[1, 1] + Qbar[3, 2, 1]-Eps[2, 1] + Qbar[3, 3, 1]-Eps[3, 1];
sigmax1 := 99.99999999 Nx
sigmayl:=0.
i tauxyl:= 0. €))
;> # Cal cul ate gl obal stresses in the O-degree ply (n=3)
> sigmax3:= Qbar[1, 1, 3]-Eps[1, 1] + Qbar[1, 2, 3]-Eps[2, 1] + Qbar[1, 3, 3]-Eps[3, 1];
sigmay3 := Qbar[2, 1, 3]-Eps[1, 1] + Qbar[2, 2, 3]-Eps[2, 1] + Qbar[2, 3, 3]-Eps[3, 1];
tauxy3 := Qbar[3, 1, 3]-Eps[1, 1] + Qbar[3, 2, 3]-Eps[2, 1] + Qbar[3, 3, 3]-Eps[3, 1];
sigmax3 := 99.99999999 Nx
sigmay3:=0.
i tauxy3:=0. 9
;> # Cal cul ate | ocal stresses in the 0O-degree ply (n=1)
> sigmall:= (cos(theta[1, 1])) sigmaxl + (sin(theta[1, 11))?-sigmayl + 2-sin(theta[ 1, 1])
-cos(theta[ 1, 1]) -tauxyl;
sigma2l := (sin(theta[ 1, 11))?-sigmaxl + (cos(thetal 1, 11) )% sigmay1-2-sin(thetal 1, 1])
-cos(theta[ 1, 1]) -tauxyl,
taul2l :=-sin(theta[1, 1]) -cos(theta[ 1, 1]) -sigmax1 + sin(theta[ 1, 1]) -cos(theta[ 1, 1])
-sigmay1 + ( (cos(theta[1, 11))% — (sin(thetal 1, 11))?) -cos(theta[ 1, 17) -tauxyl;
011 :=99.99999999 Nx
021 :=0.
7121 :=0. (20
:> # Calculate | ocal stresses in the O-degree ply (n=3)
> sigmal3:= (cos(theta[3, 1]) ) sigmax3 + (sin(theta[3, 1]))*sigmay3 + 2-sin(theta[3, 1])
-cos(thetal 3, 1]) -tauxy3,
sigma23 := (sin(theta[3, 1]) )2 sigmax3+ (cos(theta[3, 1]))*-sigmay3 — 2-sin(theta[3, 1])
-cos(thetal 3, 1]) -tauxy3,
taul23 z—sm(theta[3 17) -cos(theta[ 3, 1])-sigmax3+sn(theta[3 1])-cos(theta[3, 1])
-sigmay3 + ( (cos(theta[3, 1)) — (sin(theta[ 3, 1]))?) -cos(theta[ 3, 1]) -tauxy3;
013 :=99.99999999 Nx

023 :=0.
7123:=0. (12)
> # I nput strength values for graphite/epoxy |am na

> sigmalTult := 1500 :
sigmalCult := 1500 :
sigma2Tult := 40 :
sigma2Cult := 246 :
taul2ult := 68 :




| > # Deternine coefficients of Tsai-W failure criterion

— 1 _ 1 :
> Hl= sgmalTult  sigmalCult
H2im —— 1 __.
sigma2Tult  sigma2Cult
1
H11l := — - :
sigmalTult-sigmalCult
H22 := L

sigma2Tult-sigma2Cult :

H12 '=—i-sqrt(

1
sigmalTult-sigmalCult-sigma2Tult-sigma2Cult )

> # Apply Tsai-Wi failure criterion for the O- degree ply (n=1)
> egl = Hl-sigmall + H2-S|gma21+H11-011 +H22-621 +H66-ﬂ21 +2-H12-sigmall

-sigma2l;
solve(egl =1, Nx);

eql := 0.004444444444 NxX*
i 15.00000000, -15.00000000 (12
;> # Cal culate m d-plane strain at this |evel of |oading

> Nx := 15.00000000 :
epsx0 := Eps[1,1];

ensx0 ;= 0.008287292820 (13)



