AOE 3024: Thin Walled Structures
Solutions to Homework # 11

For the thin-walled section shown, determine the shear flow in all the panels and
determine the location of the shear center.

Fig. 1 Symmetrically thin-walled channel section.

FIRST: Understand the problem

Since this is a symmetrical thin-walled section, we do not need to calculate I,, because it is zero.
Therefore, only I, and I, needs to be calculated. The location of the centroid will be needed. By
inspection y. = 0 and z. needs to be calculated.

Next, before we proceed let us decide where to take the torque equivalence. Recall that the
torque equivalence about a point, say O,, determines the location of the shear center. Further,
arbitrarily apply shear loads S, and S, at the shear center S. Note because of symmetry S, = 0.

Torque equivalence can be taken about any point. However, for some points less calculation will
be needed. For instance, if we take moment about the shear center then the shear flow acting at
each branch will have to be calculated. If we choose point 1 or 4, then the shear flow acting in two
branches will have to be calculated.

For point 2 or 3, only the shear flow along one of the branches needs to be calculated. If torque
equivalence is taken about a point 3, then only calculate g12(s). If torque equivalence is taken about
a point 2, then only calculate gu3(s).

Regardless about what point we take the torque equivalence, we should get the same answer.
Let us choose point 2 for these solutions.
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If point O4 = 2, then we should consider Fig. 2
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Fig. 2 Shear flow convention

BASIC EQUATIONS:

Shear flow distribution

When S, is applied through the shear center then no torsion exists and the shear flow distribution
is given by (S, =0 and I,, = 0)

G(5) = o — (f—) | teomis)as 1)

where ¢,, is found by evaluating ¢;(s = 0). When the thickness is constant along each branch:

Shear flow across the stiffener,
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Torque equivalence

Torque equivalence about point 2, determines the location & of the shear center. For a positive

torque counterclockwise (see Fig. 2),
for S; =0 and S, >0

5,6=Y /O U Rs) x Tols) ds (3)

where i represents the i branch, a; the length of the branch, and r;(s) the distance perpendicular
from the point 2 to the contour s;.

For the present solution we will take torque equivalence about point 2 and use Fig. 2. In solving
this problem, consider a three-step solution procedure:

1. Calculate the centroid: z,
2. Determine the second moments of area about the centroid: I,

3. Find the shear flow distribution in each branch, ¢;(s), to find the horizontal location, &, of
the shear center by considering S, = 0 and S, > 0
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I. Centroid

I'<

Fig. 3 Calculation of the centroid.

Let’s place the origin at the middle of the web (23) and calculate z. and ..

Section ‘ z; ‘ Y A;
h h L h g ht
BRANCHES: 12 1 cosa 5 T 7 sinao 5
23 0 0 ht
34 % COS (v —%—% sin «v %
Section ‘ xS; ‘ YSi B,
1 % COS & % + % sin o %
STRINGERS: 9 0 % %
CH I B
4 gcosa —%—%sina %

Ap=> A;+) B, =4ht

Qx:inAi—l—sziBsi = %thcosa Qy:ZyiAi—l—ZysiBsi =0

Qx 3 Qy

C:_:_h e = —/— =

x A, 16 cos o v A, 0
3

.= —h cosa Ye =0 (4)
16
Ans.
4 or 11
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II. Second moments of area

Using thin-walled assumption

Section I, I

Ye, TeYey

12 (th?)/12 0 0
BRANCHES:

23 (t(h/2)?) /12 sin*a | (t(h/2)?) /12 cos?a | O

34 | (t(h/2)3) /12 sina | (t(h/2)3) /12 cos’a | O

The stringers are assumed not having any second moment of area. From symmetry I,, = 0.
Second Moment of area I, is

]leg = ]1'012 + A [0]2

Logyy = Iy, + Ao [g + Zsin oz] 2
Ly = Ly, + Ass H 2 i a} 2
Is,,, = DBy g + g sin 04} :

Is,., = DBy, g} 2

Isypy = Bs, —g] 2

1Sy, = DBs, _—g — gsinar

Lo = liwyy + Lowgs + Lowgy + LSuuy + ISpuy + 1Spuy + ISu,
5hit 3h*tsina  hPtsin®a

6 + 4 * 3
3h3t
42

= Rh3t+ = 1.53033 W3¢
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Second Moment of area I,

Yyi2

Yy23

Yy3a

]Sy?h

ISyy2

ISyy,

Isyy,

]y(:12 + A12 [_xC]Q

h 2
Iy, + Az {Z cos o — xc}
h 2
vess T Ass {Z cos o — :ccl
h 2
B, [— cosa — xc}
2
BSQ [_xc]2
2
B, -]
h 2
B, [— cos @ — xc}
2
]yy12 + Iyy23 + Iyy34 + Isyyl + -[Syy2 + [Syyg + ISyy4
37 9
—— cos’ o
192
37

— =0. 42 h3 ¢
281 0.09635

Second moments of area about the centroid

I, =1.53033h%¢t
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ITI. Shear Flow and shear center

ya AV A

Fig. 4 Free body diagram of each section. These are consistent with the assumed shear flow
convention.

In order to calculate the shear flow in each flange, we need to first find the y;(s;) for each part

Following the assumed flow convention in Fig. 4 and from the geometry of the cross-section we get
(about the centroid)

For flange 21,

ag] = h/2 S91 =0 = Y21 = 5 (6)
h h h
So91 = 5 = Y21 = § + 5 sin o (7)
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For flange 32,

asy = h 539 =0 = Y32 = — = (8)

| S

S30 = h = Ys2 = = 9)

For flange 43,

h h
43 = h/2 s43 =20 = Ya3 = —E — 5 sin « (10)
h h
_h __h 11
13 = 5 = Ya3 5 (11)

Since these are straight lines, the equation of the line to can be used to calculate y;(s;),

yi(._ )_yi( o)
i\Si) = S Sl i + b h b= i 12
yi(si) p—" s where Uil o) (12)

where a; is the length of the i*" branch.

Across stringer 4, (g,, = 0, because it is a free edge)

ht h )
Bs4 = 5 ys4:—§—§SIHOé
S, (5+Vv2) S,
= ——B = 1
Q4 q04 Ixm S4 y34 23h ( 3)
For flange 43, (t43 =1)
h h 543
Si3) = —————+ —
y43( 43) 9 2\/5 \/5
Sy s
q13(8) = Qous — T ta3 Yaz(Sa) dsa3
xzxr JO
(5++v?2) S,
oyzs = Q43(0) =q4 = T
2h%S V2h%S
Q3(s) = — + = (14)
8h3+3vV2h3  8h3+3V2h3
N 4hsS, N 2v2hsS, B 21/25%8,
8h3+3vV2h3 8h3+3V2h3 8h3+3V2h3
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Across stringer 3,

For flange 32, (t30 = t)
Ysa(s32) =
g32(s) =
Qozn =
q32(s) =
Across stringer 2,
B;,
a2
Go,
a2

° 2

q3

Qo

g3 (15)

—h 1
- S
92 32

qozy, —

S S
I—y / t32 Ys2(S32) dssa
xTr 0

3 (13-2v2) S,
46 h

Q32(0) =q3 =

12428,
16 h3 + 6 /2 h3
n 8hsS, B
16 h3 4+ 62 h3

3V2h%S,
16 h3 + 6 /2 h3
8325y
16 h3 + 6 /2 h3

(16)

~ 3 (13-2v2) 5,
a 46 h

Q32(h)

Sy
2h
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For flange 21, (91 = 1)

o h 521
Yor(S21) = §+\/§
Sy [
@i(s) = q021_I_ ta1 Yo1(S21) dsar
xx JO
S,
q021 = (21 (0) - QQﬁ
(5) = 8h2 S, 3V2h2S,
B 6 h 1 6V2h | 1617 + 62 k8
B 8hs S, 4\/§SQSy
16h3+6v2h3  16h3 +6/2h3

Check: at stringer 1 the static equilibrium must be satisfied,

a1 must be zero
ht .
Bs, = 5 Ys, = 5 + 5 Sin o
S,
Q1 - qu - I_y B82 y32

o = (=YD S

2 23 h
7l 0 ...GOOD!
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/ 3= hcosa

Fig. 5
The shear center is found as follows
a43
-5y & = — / r43(8) qu3(s) ds (20)
0
where 743(s) is shown in Fig. 5.
Therefore,
a43
- / ras(5) qua(s) ds (21)
0

Ny

— _/0 (h cosa) qu3(s)ds

Substituting gu3(s) from Eq. (14) and integrating

(5+24v2) S,
276

Multiplying by -1

(5+24v2) n S,

Sy&s = 576 (22)
(5424v2) h
s=—— " — =0.141h
: 276 !
Ans.
11 or 11
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