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Unsymmetrical Bending

1. Unsymmetrical Bending

e Displacement Field
= Uy = —X293 + X392, Ug = UV, U3 = W.

@ Zero shear = 03 =v/, 0y = —w!

@ Direct stress

Jg11 = Ey [Xg _XQ] |:g§;:|

_ [ —Xo] [IaMy + Iy My
Inolss — 125 |I23Ma + I2a M3

e Equilibrium Considerations:

My =V, Vo1 +F,=0
Mz =—Vao, Vi1 +F3=0.
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Shear Stress in Sections

2. Shear Stress in Sections

@ If shear strain is assumed zero, can we still have shear stress?

@ We posit: 712 =0, 113 = 0, 723 = 0. As point quantities, the shear
stresses may still be small (110 = Goi2).

o But the integral quantities are taken to be finite:
[owia=va [onia=v,

/012dX3 = qo, /013dX2 = qs3.

e -
e Consider: - |‘£-| ?iii‘
N
V- tV-
q3(s) 3 /tXQdS— 2 /X2dX2
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0 _h
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Shear Stress in Sections

2. Shear Stress in Sections

o Consider the shear distribution through an
I-section as shown here

@ The shear distribution looks like it is
“flowing”, with more “flow” occurring in the
thin vertical web and less in the flanges.

o If we consider the second moment of area I,
it sums up as,

th? h?
Ioo = Tpep +2 X Iflange = — 42X (ht X )

12 4
_ B

12 27

~—~

~0

which is dominated by the flanges.
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Shear Stress in Sections

2. Shear Stress in Sections

o Consider the shear distribution through an

I-section as shown here m
@ The shear distribution looks like it is

Flanges

“Howing”, with more “flow” occurring in the Flanges .
thin vertical web and less in the flanges. Idealization |~
o If we consider the second moment of area Ios, | — |
it sums up as, q
‘Web
th3 h2 Flanges €y
122:Iweb+2><lflange:7+2x ht X —
12 4
WPt Bt
S Jd2 27 Vs
~0 } RN [ ) ]
which is dominated by the flanges. % JAARRAZ
o It is therefore a useful approximation to lump o
the flange as a “point area” and the web as a
“zero-area line”.

v
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Shear Stress in Sections Shear Flow in Thin Sections

2. Shear Stress in Sections

o Invoking plane stress assumption at the section, the governing equation is,
o111 + 01,5 = 0.

@ Shear flow formula

q(s) —qo = [f(; tDXSds B f(; tDX2dS] |:133Vv3 - 123‘/2:|

Ipols3 — I3, I23V3 — I23Va
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Shear Stress in Sections Shear Center

2. Shear Stress in Sections

e Point of shear load such that Y m; = 0.
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Shear Stress in Sections Closed Sections

2. Shear Stress in Sections

@ Choose constant of integration gy to exclude torsional effects.
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Shear Stress in Sections Shear Lag

2. Shear Stress in Sections

e If loads at boundary are self equilibrated to begin with, what is the
distribution of loads in the member?
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Stringer-Web Idealization

3. Stringer-Web Idealization

e Jump in shear flow across boom with area A,.:

@2 —q1 = —01114,
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Stringer-Web Idealization
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