2. WEAK FORM (ELASTIC CONTRIBUTION) 3. RELATION BETWEEN k AND UMANSKY CONSTANT Jy

With the dimensionless parameter k (0 < k < 1): Define:
2 kGJ k
W= [ [ELe 860+ 11 @ - $)(60-89) Gla=r2GI | =
5 z T =
+GI0'60" | dx
Substituting, the weak form becomes:
where E = Young's modulus, G = shear modulus, L g8 g " o
J = St. Venant torsion constant, /,, = warping constant. OWin = /0 El, ¢'6¢'+ GJg(8'— ¢)(56' — 5¢) + GJ 6’6" | dx
4. EQUATIONS OF EQUILIBRIUM (EULER-LAGRANGE) ) T Seagngitms
* Variation 60 : « Variation ¢ : My : total torsional moment
d GJ @' : St. Venant torsion
— |GJO +GJy(60'— ]:0 — (El, ¢')+GJy(0'-9) =0
= | 20~ 9) = (Ely ¢) + GJy(6'~9) L PNy

The total torsional moment is constant warping (bitorque) torque

(no distributed torsional loads): El, ¢' : warping moment

My = GJ 0"+ GJy(0' — ¢) = constant

5. ENERGETIC DEFINITION OF J; (ENERGY EQUIVALENCE)
Analogy with Timoshenko shear area

Strain energy per unit length associated | The real warping shear stress field 7y, in the

Define the warping (bitorque) torque: £ x q
with warping shear in the model: section produces the strain energy: L 1 / 2 dA
2 " i 8 W Y sh
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T, =GJyg(0'-¢) U == =W = warp
model = 2 GJ Ureal = 5 3 - dA
L ) a 2% G Same concept:

equate strain energy of the
real stress field to that of

; . T2 he simplified model
Tg‘ = / Twarp dA ) Jg = 2—“ the simplified model.
GJ4 a G fA Toarp dA

Energy equivalence principle:




