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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
1 2
L 4 @
Xs
300 mm — S -
@ @
4 3
| 500 mm |
~ "
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



Solutions to Chapter 20 Problems
in which
Lee = 2 x 4000 x 1507 4+ 2 x 3540 x 150> = 339 x 10° mm*.

‘Cut’ the section in the wall 12. Then
gb12 = qb43 =0

Sy
Go41 = —I—> x 4000 x (—150) = 1.77 x 10738,

XX

SY
g2 = ——> x 3540 x (—150) = 1.57 x 10735,
Lex ’
Since the shear load is applied through the shear centre the rate of twist is zero and g, o
is given by Eq. (17.28) in which
ds 500 300 300
—=2X —+ — 4+ — =1675
O TR TR
Then

1 300 300
=—— 8§ [157x1073x == - 1.77x 1073 x =—
0= "1675 y( g S 10)

which gives
gso = —0.034 x 10735,

The complete shear flow distribution is then as shown in Fig. S.20.1(b).

0.034x 10735,

1.804x10°%S, B B 1.536x 10735,

0.034x 10735,

Fig. 5.20.1(b)

Taking moments about the intersection of the horizontal axis of symmetry and the
left-hand web

Syxs = 1.536 x 10_3Sy x 300 x 500 — 2 x 0.034 x 10_3Sy x 500 x 150
from which

xs = 225 mm
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S$.20.2

From Eq. (20.6)

r=1
Sy
7 6
8 ‘\E -
50 mm s 20 mm 80 mm
- - 40 mm
50 mi_ Xs / 80 mm
1 .
2 3
| 1somm | 200mm | 150mm |
Fig. S.20.2(a)
where
Lo = 4 x 2.0 x 80% + 2 x 200 x 507 4+ 2 x 200 x 40>

ie.

Ly = 8.04 x 10® mm*
Then

n
gs =—1.86 x 107> "By,
r=1

from which

q12 = —1.86 x 107* x 200 x (—50) = 1.86N/mm

gs3 = —1.86 x 107* x 200 x (—40) = 1.49N/mm

g3 = 1.49 — 1.86 x 107 x 250 x (—80) = 5.21 N/mm

¢27 = 1.86 +5.21 — 1.86 x 107 x 250(—80) = 10.79 N/mm.

The remaining shear flow distribution follows from symmetry; the complete distribution
is shown in Fig. S.20.2(b).
Taking moments about the mid-point of web 27

Syxs = 2(q12 x 150 x 80 — g32 x 200 x 80 — g43 x 150 x 80 — g43 x 40 x 200)
which gives

xs = —122mm (i.e. to the left of web 27)



Solutions to Chapter 20 Problems
. 5.21
1.86 6 1.49
S, 5
10.79 T I
‘ <—>Xs | / All _shﬁr;lr flows
1 4 In mm
m ° 1\4

2 <~—— 3

5.21
Fig. 5.20.2(b)

$.20.3

The shear centre, S, lies on the horizontal axis of symmetry, the x axis. Therefore
apply an arbitrary shear load, Sy, through S (Fig. S.20.3(a)). The internal shear flow
distribution is given by Eq. (20.11) which, since I, =0, Sy = 0 and tp = 0, simplifies to

Sy« :
qs = _E ZBrYr + G50 6]
r=1
_ 0.8mm 1
& ASy 1.2mm 100mm
— e > x
100 mm
v 0.8mm | 4
500mm
Fig. 5.20.3(a)
in which

Lo = 2 x 450 x 100% + 2 x 550 x 100> = 20 x 10° mm*

Equation (i) then becomes

n
gs = =0.5x 10778, > " Bryr + g0 (i)

r=1

The first term on the right-hand side of Eq. (ii) is the gy distribution (see Eq. (17.16)).
To determine ¢y, ‘cut’ the section in the wall 23. Then

b3 =0
gb3a = —0.5 x 10778, x 550 x (—100) = 2.75 x 107>Sy = gb.12
goa1 = 2.75 x 10738, — 0.5 x 10778, x 450 x (—100) = 5.0 x 10735,
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The value of shear flow at the ‘cut’ is obtained using Eq. (17.28) which, since
G = constant becomes

qs0 = —% (iii)
In Eq. (iii)

% @+2x@+@=1996.7

t 1.0 0.8 1.2

Then, from Eq. (iii) and the above g, distribution

Sy 2.75 x 1072 x 500 5.0 x 1073 x 200
qs0 = — X +
1996.7 0.8 1.2
i.e.
gs0 = —2.14 x 10735,

The complete shear flow distribution is shown in Fig. S.20.3(b).

0.61x10735,
2.14x10735, —

2.86x1073S,

0.61x107%5,
Fig. 5.20.3(b)
Now taking moments about O in Fig. S.20.3(b) and using the result of Eq. (20.10)

SyEs =2 x 0.61 x 10738, x 500 x 100 +2.86 x 10738, x 200 x 500
—2.14 x 10738, x 2(135000 — 500 x 200)

which gives

& = 197.2mm

$.20.4

The x axis is an axis of symmetry so that /, =0, also the shear centre, S, lies on this
axis. Apply an arbitrary shear load, Sy, through S. The internal shear flow distribution
is then given by Eq. (20.11) in which Sy =0 and I, =0. Thus

S K n .
qs = _I_:; (/ tpy ds + ZBrYr> + 45,0 (1)

0 r=1



Solutions to Chapter 20 Problems

in which from Fig. S.20.4

0.36 x 80°  0.64 x 803

Ly = 4 % 100 x 407 4 2 x 0.64 x 240 x 40% + T
i.e.
Ly = 1.17 x 10® mm*
e_
2 0.64mm) Sz |1
33¢ 151
e e ———— _.1° > X |80mm
036mm | “Toeamm
3% 0.64mm 4
240 mm

Fig. 5.20.4

‘Cut’ the section at O. Then, from the first two terms on the right-hand side of Eq. (i)

Sy [
4b,01 = __y/ 0.64s; dsy
Ly 0

ie.
gvo1 = —0.27 x 1070857 (i)
and
gby = —4.32 x 10718,
Also
S 52
b12 = —i (fo 0.64 x 40ds; + 100 x 40) —4.32 x 10745,
1.€.
qv.12 = —10745,(0.225, + 38.52) (i)
whence
gb2 = —91.32 x 10775,
Finally

Sy [ [
Gos =~ [/ 0.36(40 — s3)ds3 + 100 x 40] —91.32 x 1074,
0

XX
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i.e.
qv23 = —10748,(0.1253 — 0.15 x 107253 + 125.52) (iv)

The remaining gy, distribution follows from symmetry. From Eq. (17.27)

_ § (gv/1)ds

§ds/t ®

5,0 =

in which

— = =1097.2
t 0.64 * 0.64 * 0.36 0

f ds 80 2 x 240 80

Now substituting in Eq. (v) for g» 01, gb,12 and gy 23 from Eqs (ii)—(iv), respectively

_2x 1071, /40 0.27 X107 5 +/240 L (0225, +38.52)d
450 = 155 i oo S1ds Y 52 .52)ds»

40 1
+ / —(0.1253 — 0.15 x 107253 + 125.52)ds3
o 0.64

from which
gs0 = 70.3 x 1074S,,

The complete shear flow distribution is then

go1 = —10745,(0.27 x 10725} — 70.3) (vi)
g2 = q34 = —107%5,(0.225, — 31.78) (vii)
g3 = —10745,(0.1253 — 0.15 x 107253 — 55.22) (viii)

Taking moments about the mid-point of the wall 23

40 240
SySS =2 |:-/ qo1 X 240ds; + / q12 X 40dS2] (ix)
0 0

Substituting for go; and g2 from Eqs (vi) and (vii) in Eq. (ix)
40
Syks = —2 x 10748, [ / (0.27 x 107253 — 70.3) x 240ds;
0

240
+/ (0.2255 — 31.78) x 40 dszi|
0

from which

&g = 142.5mm



Solutions to Chapter 20 Problems
S.20.5

Referring to Fig. S.20.5(a) the x axis of the beam cross-section is an axis of symmetry
so that I, =0. Further, S, at the end A is equal to —4450N and S, =0. The total
deflection, A, at one end of the beam is then, from Eqs (20.17) and (20.19)

M, M
A= | Zele0, o / ( / 4091 ds) dz )
L EIxx L sect Gt

in which g, from Eqs (20.20) and (20.11) is given by

Sy.0 " ..
g0 =—7" Bryr +4s50 (ii)
XX

r=1

100 mm
100 mm
4450N
1250 mm 500 mm 1250 mm
I I
(b)
Fig. S.20.5
and
_ 490
N = 4450

Since the booms carrying all the direct stresses, I, in Eq. (i) is, from Fig. S.20.5(a)
Le = 2 x 650 x 100% +2 x 650 x 75% +2 x 1300 x 100* = 46.3 x 10° mm*
Also, from Fig. S.20.5(b) and taking moments about C
Rp x 500 — 4450 x 1750 — 4450 x 1250 =0
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from which
R =26700N
Therefore in AB
Mo = 4450z My =z
and in BC

My =334 x10° —222507 M, = 7500 — 57

Thus the deflection, Ay, due to bending at the end A of the beam is, from the first term
on the right-hand side of Eq. (i)

1 1250 1500
AMm / 445072 dz + / 4450(7500 — 5z)%dz
0 1

- l?lxx 250
ie.
1250
4450 z 1 371500
Am = | - —<l7500 -5
M= 69000 x 46.3 x 106 {[3 L 151 2’11250
from which
Ay = 1.09 mm

Now ‘cut’ the beam section in the wall 12. From Eq. (20.11), i.e.

Sy —
qs = _é ZBryr + 45,0 (iii)

r=1
b2 =0
Sy S,
gb23 = 1 x 1300 x 100 = —1300001—

XX XX

S, S, S,
gbaa = —130000-2 — 22 % 650 x 100 = —195 000>

XX XX XX

Sy Sy
qb,16 = I x 650 x 75 = —487501—

XX XX

The remaining distribution follows from symmetry. The shear load is applied through
the shear centre of the cross-section so that d9/dz = 0 and g o is given by Eq. (17.28), i.e.

_ $avds
QS,O - l¢‘ds

(t = constant)

in which

%ds=2x300+2x250—|—2x100—|—2x75=1450mm



Solutions to Chapter 20 Problems
i.e.
28,
gs0 = — (—130000 x 250 — 195000 x 100 + 48750 x 75)
’ 14501,
from which
qs0 = 666818, /1,
Then

q12 = 666818, /1,
q23 = —63319S8,/1,
q3s4 = —1283198, /I,x
qi6 = — 1154318}, /1,

Therefore the deflection, Ag, due to shear is, from the second term in Eq. (i)

q091
As:/(/ —ds)dz
L sect Gt

i.e.
Sy,OSul 2 2 2
Ag = 222 (1154317 x 75 + 66 6817 x 300 + 633197 x 250
L Gl
+128319% x 100)} dz
Thus
A / Sy0Sy.1 x 4.98 x 1012 q /6 96 x 10-55. 5. 1 d
— = . X
ST ],726700 x 2.5 x (46.3 x 1002 < J, »09y.1 €
Then
1250 1500
Ag = / 6.96 x 108 x 4450 x ldz—i—/ 6.96 x 1078 x 22250 x 5dz
0 1250
from which
As = 2.32 mm

The total deflection, A, is then

A =AM+ As =1.094+232 =341 mm
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S.20.6

At any section of the beam the applied loading is equivalent to bending moments in
vertical and horizontal planes, to vertical and horizontal shear forces through the shear
centre (the centre of symmetry C) plus a torque. However, only the vertical deflection
of A is required so that the bending moments and shear forces in the horizontal plane
do not contribute directly to this deflection. The total deflection is, from Eqs (20.14),
(20.17) and (20.19)

ToT MM
A :/ 0 ldz+/ 1 x,odz+/ (/ CIthds) dz 0
L GJ L ElL L sect Gr

Fig. 5.20.6

Referring to Fig. S.20.6 the vertical force/unit length on the beam is
1.2p0= + po= + 0.8p0= — po= = poc  (upwards)
. P02 p02 . P02 Do 5= poc (upwards

acting at a distance of 0.2c¢ to the right of the vertical axis of symmetry. Also the
horizontal force/unit length on the beam is

o pos +0.8p0% — pos = pot
5 p02 -P02 p02—p0

acting to the right and at a distance 0.2¢ above the horizontal axis of symmetry. Thus,
the torque/unit length on the beam is

1.2pg

poc x 0.2¢ — pot x 0.2t = 0.2po(c* — %)

acting in an anticlockwise sense. Then, at any section, a distance z from the built-in
end of the beam

Ty = O.Zp()(c2 — t2)(L -2 T = —1% (unit load acting upwards at A)



Solutions to Chapter 20 Problems
Comparing Eqs (3.12) and (18.4)

4A2
ds
t

ie.
J—afatc) /2 _ e
22 to 2a
Then
L1oT L 0.1po(c? — ) 0.1pgal®(t* — ¢? .
071 :_/ p(;(2 )(L—z)dz: Po 2( ) (ii)
o GJ 0 Gt>c*ty/2a Gt<toc

The bending moment due to the applied loading at any section a distance z from the
built-in end is given by

C
Mo = —p%(L —2)% alsoM,; = —1(L—7z)

Thus
M. M
/ oMo, poc / (L — 27dz
= 2EI,
in which
; _2(a)3tosin2a_a3to t/2\*  at*t
o 12 6 \a2) 6
Then
MM 3 1 L 3pger?
f oMo o SPoc _S(L—ot| = Poc (iii)
" Eaty 4Eatt

The shear load at any section a distance z from the built-in end produced by the actual
loading system is given by

Syo0 =poc(L —z) alsoSy,; =1
From Eq. (17.15), in which I;;, =0 and S, =0

S, [* .
gs=—7—| tyds+gso (iv)
Ly 0

If the origin of s is taken at the point I, g5 o = 0 since the shear load is applied on the
vertical axis of symmetry, Eq. (iv) then becomes

Sy s
qs = —7— tyds
Ly 0
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and
0% [ + d
= —— —— +ssina ) ds
q12 21 Jo o\ ~5
ie.
68, (1 s
a2 2 \2 a?
Thus

The remaining distribution follows from symmetry. Then

Qa1 9pocL—z2) (92 2\
Phlds=ax s— =) ds
sect Gt Ga“t*ty Jo a

i.e.

/ 091 4 3poca(L — z)
S =
et Gt 5Gt2t

Then

L q0491 _ 3poca 3pocal?
—ds 3 ( —z)dz = 3
0 sect Gt ~ 5Gt 1o 10Gt41y
Now substituting in Eq. (i) from Eqgs (ii), (iii) and (v)

0. lpoaL2(t2 -3 3pocL4 3pocaL2

A=
Gt2tyc 4Eaf’ty = 10G#ty

ie.

_ poL2 a(t* — ¢  3cl? 4 3ca
21 10Ge 4Ea  10G

Substituting the given values and taking a = ¢

A po(2¢)* [ ¢l(0.05¢)* — ¢?] 3c(2c)2 +
(0.05¢)21y AE 4Ec 4E

Neglecting the term (0.05¢)? in [(0.05¢)% — ¢%] gives

_5600poc?
o Ety

)



Solutions to Chapter 20 Problems

S.20.7

The pressure loading is equivalent to a shear force/unit length of 3bp/2 acting in the ver-
tical plane of symmetry together with a torque = 3bp((3b/2 —b)/2 = 3b*po/4 as shown
in Fig. S.20.7. The deflection of the beam is then, from Eqs (20.14), (20.17) and (20.19)

ToT M, M
/01 . o1 xod,—l—/(/ 610611d>d 0
L Elxx L sect Gt

¢3bp0/2
Ay
2 (A) S €— 1
52¢ T= 3b2p0/4
- T'_- ————— —-—-—>»x |b
| |
3 Ll
Tt |
3b

Fig. 5.20.7

Now
To = 3b%po(L — z)/4 T) = 3b/2
Also, from Eqgs (3.12) and (18.4)

447 A@BbHE 9b

ggds/t 8b/t 2
Thus
ToT L L?
ToThy _ / PO pyap = P50 (ii)
. GJ o 4Gt 8Gt
Also
My = 3bpo(L — 2)*/4 My = 1(L —2)
Then
M. M L 3p
/ 1Mo :/ PO (1 — 23dz
El o 4EL,
in which

Lo = 2 x 3bt x (b/2)> + 21b° /12 = 5b%1/3
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Thus
Mx 1My, 0 9po 34 9P0L4
2 ( - Z) 2 (111)
Elxx 20Eb SOEb t
Further
3bpo
Sy0 = ——p(L —2) Spi=-1

Taking the origin for s at 1 in the plane of symmetry where g, =0 and since I, =0
and S, =0, Eq. (17.15) simplifies to

S N
xx JO
Then
38y [ (b
= —— t|=)d
q12 3h3; fo <2> S1
i.e.
38y
= s
q12 Top2 !
from which
_ 9,
2= 750
Also
Sy [ (b 95,
= [ — ds) — —
q23 Ixx/() (2 S2> 52 20b
i.e.
38, (b s3\  9S,
= —— —s —_ = —_
D=7535\22 72 " 20m
Hence
38y (.52 55
=——= 12 3
23 20b< b Cp T )
Then

Qa1 /2 3bpo(L—2) {3\,
——ds = s7dsy
et Gt o 2Gt 1062

b 2 2
bpo(L —
+2/ Spok=2) (3\* (52,55 . ds»
3b/2 2Gt 20 b b?



Solutions to Chapter 21 Problems

which gives

1359
f W9 4o _ PO
sect

Gr T 1000Gt

Hence

L 1359 1359poL?
/ </ g dS) 7 / (L—7)dg = — D0 @iv)
0 sect Gt ~ 1000Gt 2000Gt
Substituting in Eq. (i) from Egs (ii)-(iv) gives

_ poL? | 9poL* | 1359pyL?
~ 8Gt  80Eb*t  2000Gt

Thus

A =

pol? [ 9L? N 1609
t \80Eh? = 2000G

Solutions to Chapter 21 Problems
S.21.1

Referring to Fig. P.21.1 the bending moment at section 1 is given by

15 x 12
Thus
P,yu=—-P,1 = 73 = 25kN
U= b T 300 % 103 ©
Also
100
Pyy=0 and Py =-25x Tx108 = —2.5kN (see Egs (21.1))

Then

Py =[P}y + Py =25kN (tension)

P = —+/252 +2.52 = —25.1kN (compression)

The shear force at section 1 is 15 x 1 =15kN. This is resisted by Py, the shear
force in the web. Thus

shear in web = 15 — 2.5 = 12.5kN
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