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1.2.1.1 760 HEBHEAEHRE

" import numpy as np
' from scipy.integrate import odeint

def elastic_plastic_model(strain, t, E, sigma_y, H):



stress = E * strain
if stress > sigma_y:

stress = sigma_y + H * (strain - sigma_y / E)
return stress

4 HEEH

| E=200e9 # #MFE, Hf7: Pa
sigma_y = 250e6 # MR #E/E, H1/: Pa
H=1e9 # fi{L1E, #Hf7: Pa

L # PG FAERI ] 5
strain_0=0
t = np.linspace(0, 1, 100)

E # ’Q,

strain_rate = 0.1

Lt BE - A 2
strain = strain_rate * t

stress = odeint(elastic_plastic_model, strain_0, t, args=(E, sigma_y, H))

| # L5 R

import matplotlib.pyplot as plt
plt.plot(strain, stress)

plt.xlabel(')W. 42"

plt.ylabel('. /J")

| plt.title( #IE PR RT3 - R AR H £2)
plt.grid(True)

plt.show()
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2.1.1 700 FREBIEMEHEEAG Python SEIR

' import numpy as np

' class ElasticPlasticMaterial:

def __init__(self, E, sigma_y, H):

selfE=E

self.sigma_y = sigma_y
selfH=H
self.plastic_strain = 0

def stress(self, strain):

if strain <= self.plastic_strain:
return strain * self.E
else:
elastic_strain = strain - self.plastic_strain
return self.E * elastic_strain + self.H * (strain - self.plastic_strain) + self.sigma_y

» material = ElasticPlasticMaterial(E=200e9, sigma_y=235e6, H=10e9)



strain_values = np.linspace(0, 0.005, 100)
stress_values = [material.stress(strain) for strain in strain_values]

« for stress in stress_values:
print(f"). /J{E: {stress} Pa")
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2.2.1 750 ERIUTIFLERRIBIRTS

import numpy as np
from scipy.sparse import diags
from scipy.sparse.linalg import spsolve

+ def geometric_nonlinear_beam_analysis(length, E, I, P, n_elements):

nodes = np.linspace(0, length, n_elements + 1)
elements = np.array([(i, i + 1) for i in range(n_elements)])

k=np.array([12 * E * | / length**3, 6 * E * | / length**2, -12 * E * | / length®**3,6 * E * | / lengt
i h**2]) ]
L K= diags([k[0], k[1], k[2], k[3]], [O, -1, 1, -2], shape=(n_elements + 1, n_elements + 1)).toarray()

K_geo = np.zeros_like(K)
foriin range(n_elements):
K_geoli, i] = P / length

K[O, :] =0
K[:, 0] =0
K[0, 0] = 1
K[-1,-1] =1



F = np.zeros(n_elements + 1)
Fl-1]=P
u = spsolve(diags([K.diagonal() + K_geo.diagonal()], [0]), F)

M = np.zeros(n_elements + 1)
foriin range(n_elements):
MI[i] = E * I * (u[i + 1] / length**2 - u[i] / length**2)

returnu, M

length = 10.0
| E=200e9

{1=1.0

| P=1000e3

n_elements = 10
i displacements, moments = geometric_nonlinear_beam_analysis(length, E, I, P, n_elements)

fori, (d, m) in enumerate(zip(displacements, moments)):
print(f" 17 S {iYi2 % {d} m, Z 5 : {m} Nm")
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2.3.17550: {EF Python I {TIEAAFLLIE DR

import numpy as np
+ from scipy.optimize import fsolve

+ def contact_nonlinear_analysis(gap, force, friction_coeff):

def contact_equation(u):



ifu>0:

return force - friction_coeff * u
else:

return force

u = fsolve(contact_equation, gap)

if u>0:

contact_force = force - friction_coeff * u
else:

contact_force =0

return u, contact_force

gap = 0.01
| force = 1000
 friction_coeff = 500

+ displacement, contact_force = contact_nonlinear_analysis(gap, force, friction_coeff)
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3.1.1.1 RAIKES: EREERRIECHTREZSrRRER

import numpy as np
from scipy.integrate import quad

 #t TR R AL
def jonswap_spectrum(frequency, Hs, Tp, gamma):
: omega =2 * np.pi * frequency
sigma = 0.07 if omega * Tp < 1 else 0.09
S=(5/16)* (Hs ** 2) * (gamma ** 2) * (omega ** (-5)) * np.exp(-1.25 * (omega * Tp) ** (-4))
S *=(1+ (0.5 /gamma) * np.exp(-(omega - omega_peak) ** 2 / (2 * sigma ** 2 * omega_peak
| +x 2)
| return S

T X TR AL
def wave_load(frequency, S, rho, g, A, B):
: omega =2 * np.pi * frequency
returnS *rho * g * (A ** 2+ B ** 2) * omega ** 2

' Hs=4.0 # KA

' Tp=10.0 # UE (/3]
gamma = 3.3 # JZFUE L 57 K] T
rho = 1025 # K% /%
g=9.81 # H L WEE
A=10.0 # JF 1R 7 /%
B=5.0 # FIAH# ] 75/%

# i SEAT
omega_peak =2 * np.pi / Tp
S = jonswap_spectrum(omega_peak, Hs, Tp, gamma)

# 1 FZ IR EC T
load = wave_load(omega_peak, S, rho, g, A, B)

# F it 45
print(f" fEIEME IR T B IR 4m N : {load:.2f} N")

# B R Zr
total_load, _ = quad(wave_load, 0O, 1, args=(S, rho, g, A, B))
print(f" £ YK IR %41 H: {total_load:.2f} N")
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' import numpy as np

def wave_elevation(t, omega, amplitude):
! return amplitude * np.sin(omega * t)

def wave_load_time(t, elevation, rho, g, A, B):
| return rho * g * A * B * elevation

omega =2 * np.pi/ 10
amplitude = 2.0

! tho = 1025

§g=981

A=10.0

iB=50

t = np.linspace(0, 100, 1000)
elevation = wave_elevation(t, omega, amplitude)
loads = wave_load_time(t, elevation, rho, g, A, B)

print(f"7E R 35 B e, IR AT I B K AE A {np.max(loads):.2f} N")
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3.2.1 RHCHES: TSRS EKTEPRASED

» import numpy as np

def drag_force(V, Cd, rho, A):
return 0.5 * Cd *rho *V ** 2 * A

EVﬂo
iCd=0.8

: rho = 1025
i A=50.0

drag = drag_force(V, Cd, rho, A)

print(f"7E /KA N (VY m/s BF, AR EIEE 77 4: {drag:.2f} N")
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3.3.1 HUILES: T RGSEERERE TRIIRA

import numpy as np
from scipy.integrate import odeint

def earthquake_response(y, t, m, c, k, F):
: X, V=y

dxdt =v

dvdt=(-c*v-k*x+F(t)/m

return [dxdt, dvdt]

i def earthquake_force(t, amplitude, frequency):
' return amplitude * np.sin(2 * np.pi * frequency * t)

: m = 10000
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 ¢= 1000

 k = 50000

: amplitude = 10000
frequency = 1.0

t = np.linspace(0, 10, 1000)
i y0 = [0, 0]
sol = odeint(earthquake_response, y0, t, args=(m, c, k, earthquake_force))

print(f /EHLEAE R T, 451085 RA7F2 4 {np.max(np.abs(sol[:, 0])):.2f} m")
DA b RAERBEoR T anfd # f Python #ATHEFEFER M ITHE, BFER
BAT . AU L A7 o R v R AT . X ST SR W R T AR W A ] S ER E A
RS R By TR IR &M E o A TR R 2 AR 2 1

4 S TIRESIGIRE
4.1 1 EEBMIRTTER

EEETRE, SHMARTABRFEEHBERBERNEELR, %
RIT7 i (FEM) M3 H 8 A5 n BRI 2/, B RIA S (R %
T, RERENETRITHN, BIEHFHETHERESRE, URNE
AR A, SR RIE R T AR B, AR Al LT
Bl AR

4.1.1 71: {EE Python BY FEnics BEil TS PRICEEIE
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from fenics import *
' mesh = UnitCubeMesh(10, 10, 10)

1V = VectorFunctionSpace(mesh, 'Lagrange’, 2)
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def boundary(x, on_boundary):
. return on_boundary

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

T

| E=1e5 # LML

nu=0.3 # JHIA
imu=E/(2*(1+nu))
;Imbda=E*nu/((1+nu)*(1—2*nu))

NI

du = TrialFunction(V)

u = Function(V)

v = TestFunction(V)

f = Constant((0, 0, -10)) # /A #; 7y
i T = Constant((1, 0, 0)) # L /R# 7

|t AR
def epsilon(u):
return sym(nabla_grad(u))

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

L #E X GG
' a = inner(sigma(du), epsilon(v))*dx
L = inner(f, v)*dx + inner(T, v)*ds

# KL 11T

solve(a ==L, u, bc)

i
 file = File("displacement.pvd")

i file << u
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 FENICS %, FHATH LLE XM # B M A ELTR N HAER 2K, UTE
“/1\/%%

{E=2.1ell
rnu=0.3

mesh = BoxMesh(Point(0, 0, 0), Point(10, 10, 10), 10, 10, 10)

________________________________________________________________________________________________________________
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————————————————————————————————————————————————————————————————————————————————————————————————————————————————

def boundary(x, on_boundary):
' return on_boundary

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

| f = Constant((0, 0, -1000))
+ T = Constant((100, 0, 0))
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