Shear stress due to Shear load (pure bending) multi-cell closed
cross-section
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With resulting distribution of shear flow q(x,y) or q(s)
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for open section portion:
i Q
m_star(s) = J y(s)-t(s) ds q_star(s) = —-m_star(s) IFlyz=0
0 I remember y(s) is distance in y direction

from centroid
otherwise:

$ s
m_stary(s) = J y(s)-t(s) ds m_star,(s) = J z(s)-t(s) ds
0 0
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V()

q_star(s) = 5 '(Iyz m_star,(s) — Iyy mistary(s))
—IyZ + Iyy'Izz
1=1,2,3,...,n
q_celli(s) = q_star_cell(s) + Z Uik 9k =% ~ 9% k= adjacent cell toi (i+1 and i-1 in above figure)
(i,k) = qgi where no adjacent cell
( 1=1,2,3,...n
vds=0 integral is circular
’ this is condition of no slip
1 1 q q
yds=—-| tds=—-| —ds=0 as t=- G=0
J G G t t
=> for each cell i
q 1 1 \ |( q;stari
0= —ds= .—ds — —ds + ds
t Z G t Z Ik t J
cell; common_side i k )

where integration is summed over each wall element (circular integral in q_star case)

but since gi and gk are constant over all walls it can be extracted from the sum =>

1 1, ( q_star; first and rhs integrals are circular
% | T ds — Z U ds = — . ds whereas second is over wall common to
k (
q_stari
. . . iand k an is the integral
this is a system of n linear equations: tand d | t dsis he integ

of the open shear flow around cell i

for example cell 1 lhs
cell 1 cell 2

1 1
qr- T ds—qy | —ds 1

N

=> integral along common wall of 1 and 2
1 => circular integral around cell 1
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and entire system of equations becomes:

( 1 ( [ q_starl
| —ds—qy| —ds =— ds
e )
1 1,2
1 ( (Lstar2
—-q —ds+qy —ds—q3 —ds = - ds
t t
1,2 2 2,3
1 r 1 f 1 ( q_stary
—q2J :ds+q3-J ?ds—q4~ :ds =_J . ds
2,3 3 3,4
( 1 ( q_star
qn_l'J T ds an ds = —J . ds
n-1,n n

let each element of the matrix J( 1 ds be expressed by n
t

where n; = [ ! ds integral along wall separating i and k
t

i,k

and ny; = J %ds integral around cell i

if wall thickness is piecewise constant walls =>

4
Sik Sij St Si2 Si3 Sig
.. = — and —— = — — 4 —
Nik e Nii E £
1 |
j=1
tij is the length and thickness of wall j of cell i

Gt 43 g

where sij ,

we observe that the matrix is symmetrici.e. n, = n; for the figure we are analyzing
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the adjacency can be general as shown:

with contribution => |( q—Stalri

9 Mii — 9 Mi=1,i — 9N~ 9y M i+l — 9, Mim = —J

ds
t

. 1 .
if t not constant n; = J (—) ds along wall between i and k
t(s

we now have n equations and n unknowns; qi

solution:
first calculate q_star from m_star (it's tedious) then

Sik f 1 .
calculate n; = — or —— ds along wall between i and k

tie J t(s)

4 Sij _ Sit Si2 Si3 Si4 f 1 .
calculate n;; = Z —=— 4+ —4—4— or — ds around cell i
o G ot 2 43 ta J t(s

check problem on page 117 Hughes with one additional cell added: new sheet
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