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' import numpy as np



tensile_strength_data = np.array([1200, 1250, 1230, 1240, 1220])

IR
i average_tensile_strength = np.mean(tensile_strength_data)

L# IR
» std_deviation = np.std(tensile_strength_data)

W
| print(f" 12 47 {111/ : {average_tensile_strength} MPa")
{ print(f L 552 5 ) bR ifE 22 : (std_deviation} MPa")
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import lammps
! Imp = lammps.lammps()
Imp.file('carbon_fiber_epoxy.Imp')

Imp.command('units metal')
Imp.command('atom_style atomic')

Imp.command('timestep 0.005')



Imp.create_box(3, 'carbon_fiber_epoxy.data')

Imp.command('run 1000')
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' import fenics
i mesh = fenics.UnitCubeMesh(10, 10, 10)
V = fenics.VectorFunctionSpace(mesh, 'Lagrange’, 1)

def boundary(x, on_boundary):
. return on_boundary

bc = fenics.DirichletBC(V, fenics.Constant((0, 0, 0)), boundary)

L E=1.0e9
‘nu=0.3

u = fenics.TrialFunction(V)

v = fenics.TestFunction(V)

f = fenics.Constant((0, 0, -10))
T = fenics.Constant((1, 0, 0))

imu=E/(2*(1+nu))

Imbda=E *nu/((1+nu)*(1-2%*nu))

def sigma(v):

| return Imbda * fenics.div(v) * fenics.ldentity(len(v)) + 2 * mu * fenics.sym(fenics.grad(v))

a = fenics.inner(sigma(u), fenics.grad(v)) * fenics.dx
i L = fenics.inner(f, v) * fenics.dx + fenics.inner(T, v) * fenics.ds



Lt SR
u = fenics.Function(V)
fenics.solve(a == L, u, bc)
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import abaqus

g D

i model = abaqus.Model(name='CompositeMaterial')

# BUE AT
part = model.Part(name='Composite', dimensionality=THREE_D, type=DEFORMABLE_BODY)

| GIRILITIE
part.BaseSolidExtrude(sketch=abaqus.Sketch(name='CompositeSketch'), depth=10.0)

| HERE BB
i material = model.Material(name='CompositeMaterial')

material.Elastic(table=((E, nu),))
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' materiallnstance = part.Section(name='CompositeSection', material="CompositeMaterial', thickn

' ess=None)

# MR
! part.PartitionCellByPlane(point1=(0, 0, 0), point2=(1, 0, 0), point3=(0, 1, 0), cells=part.cells)
part.CellSectionAssignment(region=part.cells, sectionName='CompositeSection')

| Y TR TR

part.DisplacementBC(name='BC-1', createStepName='"Initial', region=part.Set(name='Set-1'), ul=
0.0, u2=0.0, u3=0.0, ur1=0.0, ur2=0.0, ur3=0.0, amplitude=abaqus.DataTable((0.0, 0.0), ((1.0, 1.
0),), StringToKey={'type': 'D', 'field": "})

L # BT T
 model.StaticStep(name='Step-1', previous="Initial’, initialinc=0.1, maxNumlInc=100)
: model.submit(consistencyChecking=0OFF)
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import lammps
Imp = lammps.lammps()

i Imp.command("units metal")

' Imp.command("atom_style atomic")
! Imp.command("read_data data.lammps")

Imp.command("pair_style lj/cut 10.0")

Imp.command("pair_coeff * * |j.data")
Imp.command("minimize 1.0e-6 1.0e-4 1000 10000")

Imp.command("fix 1 all nve")



Imp.command("fix 2 bottom setforce 0.0 0.0 0.0")
Imp.command("fix 3 top setforce 0.0 0.0 1.0")
Imp.command("run 100000")

energy = Imp.extract_variable("pe", None, 0)
L print(" LR Z5 FE L, energy)
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+ from fenics import *
i mesh = RectangleMesh(Point(0, 0), Point(1, 1), 10, 10)
!V = VectorFunctionSpace(mesh, 'Lagrange’, 1)

def boundary(x, on_boundary):
' return on_boundary



bc = DirichletBC(V, Constant((0, 0)), boundary)

u = TrialFunction(V)

v = TestFunction(V)

f = Constant((0, -1))

a = dot(grad(u), grad(v))*dx
L = dot(f, v)*dx

' u = Function(V)
' solve(a == L, u, bc)

plot(u)
interactive()
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import numpy as np
from dem import DEM



model = DEM()

model.set_material_properties(fiber_modulus=100e9, matrix_modulus=3€9, interface_strength=
' 1e6)

fibers = np.random.uniform(0, 1, (100, 3))
model.add_fibers(fibers)
model.run_simulation()

stress = model.get_stress()
Fprint(" = AR ZE LS T, stress)
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' from dolfin import *

' mesh = UnitSquareMesh(32, 32)
V = FunctionSpace(mesh, "Lagrange", 1)

def boundary(x, on_boundary):
! return on_boundary

bc = DirichletBC(V, Constant(0), boundary)

E_matrix = 3.5e9
nu_matrix = 0.3

E_fiber = 1.5e11
nu_fiber = 0.2

fiber_region = CompiledSubDomain("near(x[0], 0.5) && on_boundary")
matrix_region = CompiledSubDomain("true")

material_properties = Function(V)
material_properties.set_allow_extrapolation(True)
: fiber_region.mark(material_properties, 1)

i matrix_region.mark(material_properties, 0)
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E = Expression("x[0] < 0.5 ? E_matrix : E_fiber", E_matrix=E_matrix, E_fiber=E_fiber, degree=1)
nu = Expression("x[0] < 0.5 ? nu_matrix : nu_fiber", nu_matrix=nu_matrix, nu_fiber=nu_fiber, deg

ree=1)

def constitutive_relation(E, nu):
mu=E/(2*(1+nu))
Imbda=E *nu/((1+nu)*(1-2%*nu))

return mu, Imbda

' mu, Imbda = constitutive_relation(E, nu)

u = TrialFunction(V)
v = TestFunction(V)
f = Constant(0)
T = Constant(1)

def sigma(u, mu, Imbda):
return Imbda * tr(eps(u)) * Identity(len(u)) + 2 * mu * eps(u)

def eps(u):
return sym(nabla_grad(u))

a = inner(sigma(u, mu, Imbda), eps(v)) * dx
L = inner(f, v) * dx + inner(T, v) * ds

u = Function(V)
solve(a ==L, u, bc)

| plot(u)
" interactive()
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import numpy as np

E_fiber = 1.5e11
E_matrix = 3.5e9
V_fiber = 0.5

E_effective = E_fiber * V_fiber + E_matrix * (1 - V_fiber)

| orint(" G AR " E_effective, "Pa")
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from dolfin import *
import numpy as np

mesh = UnitSquareMesh(64, 64)
V = FunctionSpace(mesh, "Lagrange", 1)

def boundary(x, on_boundary):
return on_boundary
' be = DirichletBC(V, Constant(0), boundary)
' E=1.5el1l
nu=0.2
sigma_yield = 1e9
damage = Function(V)
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