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APPENDIX

import math

import numpy as np

# Dimensions
w_ft=30.0 #ft
hO_ft =45.0 # ft
h1_ft=37.0 #ft

h2_ft=22.0 #ft

# Steel Cable Properties
E_s_ksi=29e3 # ksi (10”3 psi)
sigma_y_ksi =36.0 # ksi
d_in=0.25 #in

alpha_per_F=7e-6 # 1/°F

# Other Design Variables
FS=2.0 # dimensionless

Ft_lb =250.0 # lb (force)



FT_TO_M=0.3048 #1ft=0.3048m

IN_.TO_M=0.0254 #1in=0.0254 m

KSI_TO_PA =6.894757293e6 # 1 ksi=6,894,757.293 Pa (N/m"2)
LB_TO_N =4.4482216152605 # 1 bf =4.44822 N

DELTA_F_TO_DELTA_K=5.0/9.0 #1 /°F=(9/5) /°C or /K

# Lengths & Diameters (m)
w_m=w_ft*FT_TO_ M
hO_m =h0_ft* FT_TO_M
h1_m=h1_ft*FT_TO_M
h2_m=h2_ft*FT_TO_M

d_m=d_in *IN_TO_M

# Cross-sectional area (m”"2)

area_m2 = math.pi*(d_m/2.0)** 2

# Stresses & Moduli (Pa, MPa, GPa)
E_s Pa=E_s_ksi*KSI_TO_PA

E s GPa=E_s Pa/1e9

sigma_y_Pa =sigma_y_ksi * KSI_TO_PA

sigma_y_MPa =sigma_y_Pa/ 1e6



# Thermal expansion coefficient (1/K or 1/°C)
# Note: For changes/gradients, 1 /°F =(9/5) /K

alpha_per_K = alpha_per_F *(9.0/5.0)

# Thrust force (N)

Ft N=Ft_lb*LB_TO_N

results =
("Width (w)", f"{w_ft} ft", f"{w_m:.4f} m"),
("Height h0", f"{h0_ft} ft", f"{h0_m:.4f} m"),
("Height h1", f"{h1_ft} ft", f"{h1_m:.4f} m"),
("Height h2", f"{h2_ft} ft", f"{h2_m:.4f} m"),
("Cable diameter (d)", f"{d_in}in", f"{d_m * 1€3:.3f} mm ({d_m:.5f} m)"),
("Cable area (A)", f"~0.0491 in*" f"{area_m2 * 1e6:.3f} mm2"),
(
"Young's modulus (Es)",
f"{E_s_ksi:g} ksi",

f"{E_s_GPa:.2f} GPa ({E_s_Pa:.3e} Pa)",

"Yield strength (oy)",
f"{sigma_y_ksi} ksi",

f"{sigma_y_MPa:.2f} MPa ({sigma_y_Pa:.3e} Pa)",



),
("Thermal expansion (a)", f"{alpha_per_F:.1e} /°F", f"{alpha_per_K:.2e} /K"),
("Thrust force (Ft)", f"{Ft_Lb} Lb", f"{Ft_N:.2f} N"),

("Factor of safety (FS)", f"{FS}", f"{FS} (dimensionless)"),

print(f"{'"Parameter':<25} | {'Original (US)':<18} | {'Converted (Sl)':<30}")
print("-" * 80)
for param, orig, siin results:

print(f"{param:<25} | {orig:<18} | {si:<30}")

L1 =np.sgrt(w_m**2 + h1_m**2)
L2 = np.sgrt(w_m**2 + h2_m**2)
thetal_rad = np.arctan(w_m/h1_m)

theta2_rad = np.arctan(w_m/h2_m)

Placeholder_A = (L2*h1_m*np.sin(thetal1_rad))/(L1*h2_m*np.sin(theta2_rad))
Placeholder_B = np.sin(thetal_rad)*h1_m

Placeholder_C = np.sin(theta2_rad)*h2_m

F2_N = Ft_N*h0_m/(Placeholder_A*Placeholder_B + Placeholder_C)

F1_N=F2_N*Placeholder_A

print(F1_N)

print(F2_N)



del_1=F1_N*L1/(E_s_Pa*area_m2)

print(del_1)

del_2 =del_1*np.sin(theta2_rad)*h2_m/(np.sin(thetal_rad)*h1_m)

print(del_2)

sigmal1_Pa =E_s_Pa*del_1/L1

sigma2_Pa =E_s_Pa*del_2/L2

FS=sigma_y_Pa/sigmal_Pa

print(sigmal_Pa*1e-6)
print(sigma2_Pa*1e-6)

print(FS)

import numpy as np

# Lengths of cables 1 and 2 using Pythagorean theorem



L1 =np.sgrt(w_m**2 + h1_m**2)

L2 = np.sgrt(w_m**2 + h2_m**2)

# Cable angles relative to the vertical post
thetal_rad = np.arctan(w_m/h1_m)

theta2_rad = np.arctan(w_m/h2_m)

# Cable force ratio from geometric compatibility:

# Rotation theta causes cable elongations delta = h * sin(theta_cable) * theta_post
#anddelta=F*L/(A*E), leadingto: F1/F2=(L2 * h1 * sin(theta1))/ (L1 * h2 * sin(theta2))
force_ratio_F1_to_F2=(L2* h1_m * np.sin(theta1_rad)) / (

L1 *h2_m * np.sin(theta2_rad)

# Moment arm contributions about the post base:
moment_arm_cable1 = np.sin(thetal_rad) * h1_m

moment_arm_cable2 = np.sin(theta2_rad) * h2_m

# Moment equilibrium about base: sum(M) =Ft* h0 - (F1 * moment_arm1 +F2 *
moment_arm2) =0



# Substituting F1 = F2 * force_ratio allows solving directly for F2:
F2_ N=(Ft_N*hO0_m)/(
force_ratio_F1_to_F2 * moment_arm_cable1 + moment_arm_cable2

)

F1_N=F2_N * force_ratio_F1_to_F2

del_1=(F1_N*L1)/(E_s_Pa* area_m2)

# Elongation of cable 2 from geometric compatibility
del_2=(

del 1

* (np.sin(theta2_rad) * h2_m)

/ (np.sin(theta1_rad) * h1_m)

# 4. NORMAL STRESSES & FACTOR OF SAFETY



# Stress (sigma=E *epsilon=E*delta/L=F/A)
sigmal_Pa=E_s_Pa*del_1/L1

sigma2_Pa=E_s_Pa*del 2/L2

# Critical factor of safety (governed by the more heavily stressed cable)
critical_sigma_Pa = max(sigma1_Pa, sigma2_Pa)

FS =sigma_y_Pa/ critical_sigma_Pa

print("="* 60)
print(" STRUCTURAL ANALYSIS RESULTS (SI UNITS) ")

print("="* 60)

print("\n--- Cable Geometry ---")
print(
f'Cable 1 Length (L1) :{L1:8.3f}m | Angle: {np.degrees(thetal_rad):6.2f}"
)
print(

f"Cable 2 Length (L2) :{L2:8.3f} m | Angle: {np.degrees(theta2_rad):6.2f}"



print("\n--- Cable Tensile Forces ---")
print(
f"Cable 1 Force (F1) :{F1_N:8.2f} N ({F1_N/1e3:6.3f} kN)"
)
print(

f"Cable 2 Force (F2) :{F2_N:8.2f}N ({F2_N/1e3:6.3f} kN)"

print("\n--- Cable Elongations ---")
print(
f"Cable 1 Elongation (51): {del_1 * 1€3:8.3f} mm ({del_1:10.4e} m)"
)
print(

f"Cable 2 Elongation (82): {del_2 * 1e€3:8.3f} mm ({del_2:10.4e} m)"

print("\n--- Normal Stresses & Safety Margin ---")

print(f"Cable 1 Stress (c1) :{sigmal_Pa * 1e-6:8.2f} MPa")
print(f"Cable 2 Stress (02) :{sigma2_Pa * 1e-6:8.2f} MPa")
print(f"Yield Strength (oy) :{sigma_y_Pa * 1e-6:8.2f} MPa")

print(f"Computed Factor of Safety (FS): {FS:6.2f}")

status = (

"PASS (FS >=2.0)"



if FS>=2.0
else "FAIL (FS < 2.0 - design criteria not met)"

)
print(f"Design Verification : {status}")

print("="* 60)

Full transcript of the Generative Al usage:
https://share.gemini.google/BFPsenX52iFo



