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Example: Calculate the area moments of inertia for the L section shown

al 7] B
r]L a I‘\q n'L i .
Here A= Jr e, dx, + olx, dx, !

~NAa UD J A i
~ ptpra o a4

i< -é- } (2@ +%eNoholy, + ( X.@ +x,gt3g{;[¢%
N JO L S

e T - L &) )

Ig: I:.}_ ; In fbﬂdbd

use MA7AE +o do ;}7@»’4/3

F |

—page 4



syms x1 x2 a t rbar

integrand = 1

A = simplify(int(int(integrand,x1,[®,a]),x2,[0,t]) + int(int(integrand,x1,[0,t]),x2,[t,a]))
integrand = [x1,x2];

rbar = simplify((int(int(integrand,x1,[@,a]),x2,[0@,t]) + int(int(integrand,x1,[0,t]),x2,[t,a]))/A)
integrand = (x2-rbar(2))"2;

I11 = simplify(int(int(integrand,x1,[®,a]),x2,[0,t]) + int(int(integrand,x1,[0,t]),x2,[t,a]))
integrand = (x1-rbar(1))"2;

122 = simplify(int(int(integrand,x1,[@,a]),x2,[0,t]) + int(int(integrand,x1,[0,t]),x2,[t,a]))
integrand = (x1-rbar(l))*(x2-rbar(2));

112 = simplify(int(int(integrand,x1,[®,a]),x2,[0,t]) + int(iht(integrand,x1,[0,t]),x2,[t,a]))
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~page 12 Beams — summary of equations

Goal: Calculate (1) Displacement of centroid u(x3) =€) + )€, +3€3
(2) Rotation of x-section  0(x3) =6,e, +6,e, +6;e;
(3) Curvature vector «(x;)=adb/dx;

Neglect twist &; here, but ABAQUS will include twist

Section properties:
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Deformation:
Euler-Bernoulli theory (no shear): 6 =—du, / dx; 6, = diy / dxy e,
] ) ) Undeformed % e,
(Timoshenko theory allows x-sect to rotate relative to neutral axis)

Axial strain: &3 =K(x; - 1) -k, (x —7)

(Timoshenko beam has shear strains)

StI‘ESSESZ 633 — 5533

Other stresses zero in E-B beams
—pagel12 (Timoshenko beams have shear stresses)




~page 13 Beams — summary of equations

Internal Forces (forces/moments on section normal to e; :

Force vector T =Te; +T5e5 + T3e;

Moment vector M = Me; + Me; + Mjey

My = _[0'33(-"?3 —R)dd M =—_[ﬂ'33(-"51 —7)dA
A A

No twist means M; =0

Moment-Curvature relations: { Ml} E[ I 113}[;:1]

M, Iy Ipp || %
Equations of motion: —ma- di;
- F=ma: —+ p; = pAa;

dT3

dM dM

Angular Momentum: d—l -1, -61;=0 ?2 +1,-6,13=0
X3 3
Boundary Conditions (at ends):
Fixedend: u=0 A~ | Free to move: T=0
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