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SUPPLEMENTS 5-3

Example 5.9 (From the book, p. 174)

' The two-cell box beam section shown in the figure is symmetrical about the y-axis. Assume
that the sheets are ineffective in bending.

4V, = 4800 N

t,=0.1 cm

A= A= 20w

A= Ay=3on’

5
3

Solution:

First, we need to calculate the centroidal y and z axes. First, 7, is not needed, so it will
not be calculated. On the other hand, because symmetry, z, = 20cm . Then, to calculate the

I, = Z Az} =(lcm2 XZOcm)2 + (lu_c‘m2 X— 2“0cm)2 + (Ecm2 XZO(:m)2 + (Zc:m2 X— 20cm) +
+ (3cm2 X2Oc’m)2 + (3cm2 X— 20cm)’
1, = 4,800cm*

Then, “cut” the sheets between stringers 1 and 6 and between 5 and 6, and set up the
contours s; and s; as shown in the figure.




Each contour must start from the cut (the free edge). The positive shear flow direction is
assumed to be in the contour direction. In the flowing, q; is used to denote the shear flow
‘between stringer i and .
Cell 1:
AV, = 4800 N

O,n =4z = (1szx206m) = 20cm’

‘ N APN 4,800N 3 N
=g~ =0————20cm” = -20—
'Q12 961 I, O, 2.8000m" —
Q:v,23 = A222 = (1cm2 X‘-“ 20Cm) = —200m3
_ Vo N 4800N ;
=dn =7 =-20——-———(-20cm’ |=0
9y =45 7 O, om 4.8000m” ( )

¥




Cell 2:

9;6 =0

Q:v553 = AGZG = (26m2 Xzoam) = 4Ocm3
' . Vv o,
g63_=qS6 — == =0 M4Ocm3 m—40£_

1, 4,800cm* cm

- Q;;,34 = Ayz, = (2cm2 X— 20(:m) = ~40cm’
And because,

Q2

W

. . Vo N 4800N _ 3
= +q., ——% =0-40—~-—"—""_|—-40cm” |=0
Qg =9 Tdg Iy Qy,34 - 4,8000m4 ( )

Q. 45 = 4,2, = (3cm’ \20cm) = 60cm’

V, 4,800N

I_ZQyAS =0

¥y

60cm® = —60ﬂ

Qa5 = a4 — "4,8000m4 -




The Shear flow are completed by adding the constant shear flows ¢ and q2 (see the
figure) in the individual cells, respectively. The equations needed for determining q; and q are
obtained from the moment equation and the compatibility equation.
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Moment Equation: The in-plane moment produced by V, about any axis must be equal to

the in-plane moment about the same axis resulting from the shear flows. Taking the moment
about stringer 1, we have

2

V,-0=24q, +24,q, + 45, (40cm)40cm) + g, (40cm)40cm)+ g5 (40cm f80cm) — g5, (40cm ) 40cm)
where 4, = 4, = (40em)40cm) = 1,600cm’ |
Substituting the sumerical values of q’jj, we obtain
0 =3,200(g, + g, )+1,600{g.; + g3y — g1s )+ 3,200{g,s )
0=3,200(g, +q, )+1,600(0 + 0 — (- 40))+ 3,200(60)
0 _ 3,200(g, + g, )+ 64,000 +192,000

-~ 64,000 -192,000
3,200

9, tq, =

N
g+, =-80—
cm

Compatibility Equation: The compatibility condition requires that the twist angle of Cell
1 must be equal to that of Cell 2.
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L [&40+qi40+12140—€ﬁ40} L [qi40+@40+@40+?i40}

2G4, | t, t t, 1, 2G4, | t, P, 2 t,

And

2

G =9de 9 =4

Gy, =4+ = ¢, —20

In =dn +q =4

I =9 —q1 +4, =—40—g, +q,
Gs1 =5 +4, = 4,

Qus = Gus + 4 =60+g,

Gss = s T4 = G



Substituting back,

40 40 | g5 o3 |, Q3 s
NG G F Gy — Gy )= | E 4 T I3 T8
2GAL, [‘]51 912 Tdn Q63] 2G4, l: PP

| (G G 4 4
[do + 00+ — e |=1,| L 4 Gy S0 s
L rl Il tz t2

¢ t
[‘Isl T4 T4 “9’63]:Z—1 B "‘t—z%a tqy ""]45}
. 2| 1

[g,)+(g, —20)+(g,)—(-40-g, +qz)]=%[(q'z)+2(~"40—ql +4,)+(g,)+(60+4,)]
2[4g, —q, +20]=[{g, )+ (-80-2¢, +24,)+(g,)+(60+¢, )]
' [SCI] —-2q, +4O]:[5‘?2 —20_2‘?1] |

7,(8+2)+¢,(~2~5)=-60

10g, —7g, = —60
Solving these system of equations,

g, +q, =-80

10¢, —7g, =—60

We get that,
g rg, =80 = ¢, =-80-g,

10g, — 79, =—60 = 10{(-80-¢,)-7¢, =60 = —800-17q, =—60 =

T
: 17 cm

q,=-80—q, = ¢, =-80-(~4353) = |g, =-3647—
. : Cin




Shear Center: To find the shear center, we assume that the applied force passes through
the shear center as shown in the figure. The resultant torque of the shear flow and the torque
produced by V, must be equal. Taking the moment about stringer 1, we have,
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Ve, = 21_4_1ql + ZZZ g, + an (40cm)(40cm) + q; 4 (40cm)('40cm)+ q ;5 (400m)(800m) - q:ﬁ (40cm)(400m)

V.e, =3,200(q, +g, )+ 64,000 +192,000

Ve, =3,200(g, +q¢, )+ 256,000
By definition of shear center, we require that,

6, =0= [9'61 Tq T4y _%3]

t
g,=0 :|:456 +t_2‘163 + g ""9'63}

1

These three equations are sufficient to solve for qi, qo, and the shear center location e,.

Thesolutions are. ... ... . .

From the first equation,

4,800e, =3,200(g, +g, )+ 256,000

L, 4800, -256000
4, v4, = 3,200 e ey |

From the second equation,



[%1 + G Ty _9'63]:0
4q, —q, +20=0

From the third equation,
1

3 .
{9’55 +?2—('Iﬁ3 Tq6 t Q63] =0
5q,-20~2q,=0
Solving for g; and q» we get that,

49, ~q,+20=0 = g, =4g +20

59, -20-2¢, =0 = 5(49';4‘20)‘“‘20—2@1’50 = 20¢,+100-20-2¢, =0 =

18, =80 =|g =-0 o 4442%
_ 18 cm
| N
g, =49, +20 = q,=4(-444)+20 =|g,=222"
cm

Substituting back,

g, +4, =15¢, —80
| —4444222=15¢,-80
1.5¢, =—2.22+80

7778

e
’ L5

€, = 51.85cm




