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Solutions to Chapter 19 Problems
$.19.1

From Example 19.1
I, =145 x 10° mm*
From Eq. (16.18) in which My, =0 and I, =0
M

X
Oz = Ey
Therefore
6

oy = %y — 1.38y (i)
The C; axis is 75 mm (see Example 19.1) from the upper wall 2367 so that, from Eq. (i),
the maximum direct stress due to bending will occur in the wall 45 where y = —125 mm.
Then

o;(max) = 1.38 x (—125) = —172.5 N/mm2 (compression)
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Take moments of areas about 23
2(4 x 500 + 2 x 200 + 2 x 400 4 600)y = 2(2 x 500 x 50 4+ 2 x 500 x 350
+ 2 x 400 x 200 + 2 x 200 x 200)
from which

y = 168.4 mm



Solutions to Chapter 19 Problems

Then (see Section 16.4.5)

4 % 500% x 2 /100>
mz%(—> +2 %500 x 2 x 118.4% +2 x 500 x 2 x 181.6%

500
2 x 4003

) 2 x 2003
+2><T+2x2x400x31.6 +2 X —

12
+2x 2 x 200 x 31.6% +2 x 600 x 168.42

ie.
L = 157.8 x 10® mm*

Since O lies on an axis of symmetry ¢ at O is zero. Then, from Eq. (17.14), the ‘basic’
or ‘open section’ shear flows are

S
qo3 = ——=1(168.4)s1
IX)C

and

, Syt Syt
g3 in 03 = ——= x 168.4 x 300 = —505207-

XX XX

‘Cut’ the section at mid-point of 54. Then

Syt [%2 Syt (3
qos4 = —— (5o —31.6)dsy) = —— | == — 31.657
Ixx 0 2

Ixx

Then

Syt
qs = —1840—

IXX

=M /% 316+ sy ) dss + 1840
q43 = It 0 . 500S3 53

which gives

_ 31.6 +s§+1840
q43 = 7 053 10

XX

and

. Syt
g3 (in43) = —42 6401—

XX

Syt $4
g6 = _IL [/ (168.4 — s4)dss + 50520 + 42 640]
0

XX
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i.e.
Syt 52
y 4
qig = —— | 168.4s4 — = + 93160
Ly 2
and
Syt
= —80520—
Ixx
Similarly
Syt 2
=-——212316 — + 80520
q65 It S5 + 10 2
and
Syt
=10280—
Ly
Also
gs9 = —Ii (131 656 — 2 — 10280)

From Eq. (17.28)

300 100 500 400
?g gpds = — / qo3 ds1 — / qo4 dsy — / q43 ds3 — / q36 dsa
0 0 0

500 100
- / ges5dss — / qs9 dsg
0

Then, substituting for g3, etc.

Syt
g ds = —65 8858012

XX

Also
ygds:4x500+2x400+2x200+600:3800

Then

Syt
gso = 34 677%

XX

Hence, the total shear flows are

Syt
go3 = ~168.4-"s)

XX

S 2
a6 =—== (168 dsy — % +93 160+34677)

XX
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and so on and at the mid-point of 36.
g = —179.4N/mm (in direction 63)

and the shear stress is

179.4
— =897 N/mm?

S.19.3

For the closed part of the section, from Eq. (18.4)

4A%G 4A% x 25000 :
GJ (closed) = f i = 2(400 + 200 + 2 x 500) ®
P 2

But
A= %(400 + 200)(500% — 100%)1/2 x 2 = 293 938.8 mm>
Substituting in Eq. (i)
GJ (closed) = 5.4 x 10'2 N mm?
From Eq. (18.11)

£ 25000 x 600 x 23
GJ (open) = G S? = X3 x =40 x 10° N mm?

(negligible compared to GJ (closed))

Therefore
Total GJ = 5.4 x 10'2 N mm?

From Eq. (18.4)

de 100 x 10°
& X T 185 x 10 % rad/mm
dz 5.4 x 1012
Then
T GJ(closed)dd 5.4 x10'2 x 18.5x 107°
T 24 24 dz 2 x 293938.8
2
i.e.

g = 340N/mm (in closed part)
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Therefore
Tmax = 170 N/mm?
The maximum shear stress in the open part is, from Eqs (18.12) and (18.13)

Tmax = 225000 x 2 x 18.5 x 1076 = £0.9N/mm?

Solutions to Chapter 20 Problems

S.20.1
From either Eq. (20.1) or (20.2)
500 x 10 300 x 10
B =60 x 10 +40 x 10 + T(Z—i—l)—f—T(Z— 1)
Sy
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Fig. S.20.1(a)
i.e.
By = 4000 mm? = By
500 x 10 300 x 8

BZ=50x8+30x8+T(2+1)+ 2-1)

6
1.e.
By = 3540mm” = B3

Since the section is now idealized, the shear flow distribution due to an arbitrary shear
load S, applied through the shear centre is, from Eq. (20.11), given by

Sy « .
qs = -2 ZBrYr + 45,0 )
IXX

r=1
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