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Solutions to Chapter 17 Problems
S.17.1

In Fig. S.17.1 the x axis is an axis of symmetry (i.e. Iy, =0) and the shear centre, S,
lies on this axis. Suppose S is a distance &s from the web 24. To find &g an arbitrary
shear load Sy is applied through S and the internal shear flow distribution determined.
Since Iy =0 and S, =0, Eq. (17.14) reduces to

Sy [ ,
qs = —7— tyds )
Ixx 0

Fig. 5.17.1
in which
Lo fdsinta :
) 12 2
1.e.
th? 3 .2 3
Ly = E(l + 60 + 2p” sin” «) (i)
Then
Sy [
qin = —— ty dsi
Ixx 0
i.e.

S [ [k, ( e
= — = - =S S1n o )
q12 I 0 ) ) 1 1



206 Solutions Manual

so that
Syt . 2 .
q12 = ——(hsy + ds) sina — s7 sin @) (iii)
21
Also
Sy [ Syt %2 |:h (a’ > . ]
g3 = —— tydsy) = = —— = —s)sina|ds;
Ly Jo L Jo 2 2
whence
Syl . 2 . .
g3 = ——(hsy — dsy sina + 55 sin @) @iv)
2Ux
Taking moments about C in Fig. S.17.1
e a2 p
Syés = —2/ q12—= cosadsy + 2/ q32= cos o dsy (v)
0 2 0 2

Substituting in Eq. (v) for g12 and g32 from Eqgs (iii) and (iv)

Sythcos o

Sys =
’ L

dj2
/ —(hs1 + ds1 sina — s% sin r)dsg
0

dJ2
+ / (hsy — dspy sina + s% sin oz)dsz:|
0

from which
£ thd? sin o cos o i)
= vi
S 121

Now substituting for I, from Eq. (ii) in (vi)

p? sina cos
1 +6p+2p3sin«

& =—d

$.17.2

The x axis is an axis of symmetry so that I, =0 and the shear centre, S, lies on this
axis (see Fig. S.17.2). Therefore, an arbitrary shear force, Sy, is applied through S and
the internal shear flow distribution determined.
Since Sy =0 and I, =0, Eq. (17.14) reduces to
Sy [° .
gs = —7— [ tyds @
Ly 0
in which, from Fig. S.17.2.,

a’tsin? «

12

. a . 2 dtsin’a a . 2
L, =2 +at<asmo¢+§sma> +T+at(§sma>
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Fig. 5.17.2

which gives
16a°t sin” o .
Iy = ———— (i)
3
For the flange 54, from Eq. (1)

Sy [° .
qs4 = —— t(s — 2a)sina ds
Ixx 0

from which

Sytsina 52
qs4 = — I 5~ 2as (ii1)
XX

Taking moments about the point 3

a
Syés =2 / gs4asin 2o ds @iv)
0

Substituting in Eq. (iv) for gs4 from Eq. (iii)

2asin2aSytsina (¢ (s
Syés = — — —2as ) ds
Ixx 0 2

which gives

2at sin 2¢ sin o <5a3 )

5 )

S =
IXX

Substituting for I, from Eq. (ii) in (v) gives

Sacosa
8

s =

207



208 Solutions Manual

$.17.3

The shear centre, S, lies on the axis of symmetry a distance &5 from the point 2 as
shown in Fig. S.17.3. Thus, an arbitrary shear load, S), is applied through S and since
Iy, =0, Sy =0, Eq. (17.14) simplifies to

S, [* .
qs = _I_ tyds (1)
xx JO

Fig. 5.17.3

in which I, has the same value as the section in S.16.8, i.e. 3777°¢. Then Eq. (i) becomes

S 6
y
qi2 = — t(r + rcos@)rdb
Ixx 0

or
q12 = 3—7;[9 + sin 0]}
ie.
Sy . ..
4n = 2O +sin0) (i)

Taking moments about the point 2

g
Syés = 2/ q12(r + rcosO)rdo (ii1)
0
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Substituting in Eq. (iii) for g2 from Eq. (ii)

28yr T .
Syés = —— (0 4 sin 6)(1 4 cos 8)do
3 0
Thus
2r 7" . .
Eg = — (0@ 4+ 0 cos B + sinf + sin 6 cos H)do
3n 0
i.e.
2r [62 cos207"
= | 4+ f9sinb —
&s i [2 + 6Osin L
from which
£ = r
T3
S.17.4

The x axis is an axis of symmetry so that /,, =0 and the shear centre, S, lies on this
axis (see Fig. S.17.4). Further S, =0 so that Eq. (17.14) reduces to

Sy [* .
4 =—7" tyds (i)
xx JO
&s
5 1
i 1
t
—>l— Sy
£ S — -> X
S
! —> 51 2 52 €— 3
d Bd

Fig. 5.17.4

Referring to Fig. S.17.4

e ™ a (MY + pa (M) | 2o (s
=T f(i)W (z) = (E*)

209



210 Solutions Manual

From Eq. (i)
qi2 = LA t <—ﬁ) ds)
L Jo 2
i.e.
Syth ..
q12 = mh (i)
Also
q32 = Y (—ﬁ> dsz
L Jo B\ 2
so that
Syth
932 =3 Bl 52 (ii1)
Taking moments about the mid-point of the web
d Bd
Syés = 2/ qr2zds; — 2/ g3 =dsy (iv)
0 2 0 2

Substituting from Eqgs (ii) and (iii) in Eq. (iv) for ¢17 and ¢3»

Syth* 4 Syth* P4
Syés = s1ds; — sp dsp
0 0

2l 2Bl
1.€.
h? (d*  d?
s=a. (7%)
1.e.
th2d*(1 — B)
5= i 1 12d/h)/12
so that
& _ 3p(1=P)
d  (1+12p)
S.17.5

Referring to Fig. S.17.5 the shear centre, S, lies on the axis of symmetry, the x axis, so
that /., = 0. Therefore, apply an arbitrary shear load, Sy, through the shear centre and
determine the internal shear flow distribution. Thus, since S, = 0, Eq. (17.14) becomes

Sy s )
qs = I / tyds (1)
xx JO
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Sy
h _— S
f3
L !
o T I-—'—'—'""—z T
d
Fig. 5.17.5
in which
Bk (4 (b
Ly=—+4+2 d| =
“=Tn T 2
i.e.
h2
L = E[tah +3(t1 + 12)d] (i1)
The thickness ¢ in the flange 12 at any point s is given by
(n —n)
t=H— —
1 p S (iii)

Substituting for ¢ from Eq. (iii) in (i)

- h
q12 = __/ |: ! t2)S1j| (—§> dsy

Syh (Hh — ) S% .
= t — —
q12 o [ 151 ) (iv)

Hence

Taking moments about the mid-point of the web

d h
Syés = 2/ q12 (5) dsy
0

d

Sk | st —n)s

Syés = oy —————
2 |2 d 6|

1.€.

21
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from which
h2 2

§s = 121,

2t + 1)
Substituting for I, from Eq. (ii)

d*Q2n + 1)

§s = 3d(t; + 1) + ht3

S.17.6

The beam section is shown in Fig. S.17.6(a). Clearly the x axis is an axis of symmetry
so that I, =0 and the shear centre, S, lies on this axis. Thus, apply an arbitrary shear
load, Sy, through S and determine the internal shear flow distribution. Since Sy =0, Eq.
(17.14) simplifies to

Sy [° .
qs = _I_ / tyds 6]
xx JO

Fig. 5.17.6(a)

in which, from Fig. S.17.6(a)

b h 2 a h 2
Ly =2 /0 t<2_bs> ds-i—/‘0 t<%s> ds (i1)
where the origin of s in the first integral is the point 1 and the origin of s in the second

integral is the point 3. Equation (ii) then gives

_th*(b+a)
6

Sy Slt h d
= —— —— s
q12 I Jo b 1 1

L (iif)

From Eq. (i)
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from which
Syth s%
q12 = 5%
2bl 2
or, substituting for I, from Eq. (iii)
38y 2 .
2= 200+ a) ! )
and
38yb “)
e v
% 2h(b + a)
Also
Sy [*%? h
g3 = —— t|—5-(a—s2)|ds2+q2
Ixx 0 2a
Substituting for I, from Eq. (iii) and ¢> from Eq. (v)
35, 53 Wb i)
= s — =+ = vi
=0+ \ " 24 2
and
38, (vi)
- i
q3 h v

Equation (iv) shows that g1, varies parabolically but does not change sign between 1
and 2; also dg12/ds; = 0 when 51 = 0. From Eq. (vi) g23 =0 when s, — s§/2a +b/2=0,
i.e. when

53— 2asy —ba =0 (viii)

Solving Eq. (viii)

s =a=x+va?+ ba

Thus, g>3 does not change sign between 2 and 3. Further

dga3 38, (1 5

= ) =0 whens) =a
dsy h(b + a)

a

Therefore g»3 has a turning value at 3. The shear flow distributions in the walls 34 and
45 follow from antisymmetry; the complete distribution is shown in Fig. S.17.6(b).
Referring to Fig. S.17.6(a) and taking moments about the point 3

b
Sk =2 [ qupds (ix)
0

where p is given by
hl

=sina=— ie.p=—

~I
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Fig. 5.17.6(b)

Substituting for p and g1, from Eq. (iv) in (ix) gives

Sybs = bh(b + a) / 2! sidsi
from which
I
S = 30T ab)
S.17.7

Initially the position of the centroid, C, must be found. From Fig. S.17.7, by inspection
y=a. Also taking moments about the web 23

(2at + 2a2t + a2t)x = a2t§ + 2ata

from which x = 3a/8.
To find the horizontal position of the shear centre, S, apply an arbitrary shear load,
Sy, through S. Since Sy =0 Eq. (17.14) simplifies to

Syl §
qs = #yz/ txds — f tyds
Ixxlyy - Ixy 0 Ly yy -

1.e.

Sy A N .
qs = II—Iny (Ixy/(; txds — Iyy/o tyds) )
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4_3_,‘
3 2t] 4
X1
y
pal — 0S4 X —
&s
s y
T T
t) S oy
2 T 1
s <«—]
2a

Fig. 5.17.7

in which, referring to Fig. S.17.7
Ly = a2t(a)? + 2at(a)® + 1(2a)* /12 = 164°t/3

Ly = 2ta®/12 + 2ta(a/8)* + 1(2a)* /12 + 2at(5a/8)* + 4at(3a/8)* = 53a’t/24
Ly = a2t(a/8)(a) + 2at(5a/3)( — a) = —a’t

Substituting for Iy, Iy, and I, in Eq. (i) gives

gs = 93?3: (— /OS xds — ;/()Styds> (ii)
from which
q12 = 997533 [— /OS (1%1 — s) ds — ; /Os (—a)ds:| (iii)
ie.
9S8, (Tas 52 .
912 = o= 3 (E + 2) @iv)
Taking moments about the corner 3 of the section
2a
Syés = — /0 q12(2a)ds v)

Substituting for g1 from Eq. (iv) in (v)

S8 = ISSy/2” 7as+s2 d
WSET912 ), \12 T 2)%

215
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from which

£ = 45a
5T Ty

Now apply an arbitrary shear load S, through the shear centre, S. Since Sy, =0
Eq. (17.14) simplifies to

Sx < \/\S /S
gs=——"—"""71\1 txds — I tyds
T Laly 12\ o *Jo

from which, by comparison with Eq. (iii)
98¢ [16 [* (13a §
=— — | t|— —s])d t(—a)d
g1 T [ 3 ./0 ( 2 s) s+/0 (—a) s:|

(23as — 8s?) (vi)

ie.
J— Sx
q12 = “ 93
Taking moments about the corner 3

2a
Sx(2a —ns) = —/ q12(2a)ds
0

Substituting for g1 from Eq. (vi)

2a
Se(2a — ng) = 97;2 i (23as — 85%)ds
which gives
_ 46a
UN 97

$.17.8

The shear centre is the point in a beam cross-section through which shear loads must
be applied for there to be no twisting of the section.

The x axis is an axis of symmetry so that the shear centre lies on this axis. Its position
is found by applying a shear load S, through the shear centre, determining the shear flow
distribution and then taking moments about some convenient point. Equation (17.14)
reduces to

Sy [° )
gs=——[ tyds @
L Jo

in which, referring to Fig. S.17.8

tr3 /2
Liyx=2 <? +2rtr? + f 1r? cos® Or d9>
0
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> S2

or _11_____ p

| 2r |
Fig. 5.17.8
ie.
Ly = 6.2211°
In the wall 12, y = s1. Therefore substituting in Eq. (i)
Sy [* S, 152
qi2 = ——y/ tspds = ——=—1
Ixx 0 Ixx 2
Then
Sy tr?
q2 = _IZT

In the wall 23, y = r, then

1.e.
A\ ; +tr2
=—|—= s —
q23 T 2 5
and
Sy tr?
BT

In the wall 34, y =r cos 6, then

S 0 5tr2
q34=——y </ tr20059d9+—r)
L \Jo 2

% 2 (sing + 2
= ——tr" (sinf + =
43 =~ 5

1.€.

217
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Taking moments about O

r 2r /2
Syxs = —2 [ f q122rds + f ga3rds + / qar’ de]
0 0 0

The negative sign arises from the fact that the moment of the applied shear load is in
the opposite sense to the moments produced by the internal shear flows. Substituting
for q12, g23 and ¢34 from the above

Sy r S% 2r r2 /2 A . 5
Syxs = —t — | 2rds+ rs) + — ) rds+ r'[sinf+ = ) do
Ly | Jo \ 2 0 2 0 2

which gives

xs = 2.66r

$.17.9

In this problem the axis of symmetry is the vertical y axis and the shear centre will lie on
this axis so that only its vertical position is required. Therefore, we apply a horizontal
shear load Sy through the shear centre, S, as shown in Fig. S.17.9.

S Sy

[ |
25mm 100mm 25mm

Fig. 5.17.9

The thickness of the section is constant and will not appear in the answer for the
shear centre position, therefore assume the section has unit thickness.
Equation (17.14), since I, =0, t =1 and only S, is applied, reduces to

S S
gs=—— | xds @)
Ly Jo
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where
253 ) 5 /2 )
Iyy=E+25x62.5 + 50 x 50 +/ (50 cos 8)°50 d6
0
i.e.
Ly = 6.44 x 10° mm*

In the flange 12, x = —75 + 51 and

Se [* S 2
g =2 (<754 spds = =2 (755 + 2
Ly Jo Ly 2

and when 51 =25mm, g, =1562.55,/I,,
In the wall 23, x = —50 mm, then

S § S
g3 = —— ( / —50ds — 1562.5) = “2(50s, + 1562.5)
Iy 0 Iy
when s, =50 mm, g3 =4062.5S,/1,,.
In the wall 34, x = —50 cos 9, therefore
Sc ([° Sx :
q3s = —— —50c0s050d6 — 4062.5 ) = —(2500sin 0 + 4062.5)
Iy \Jo Lyy
Now taking moments about O

25 50 z
Seys =2 — / g1250ds| + / ¢2350dsy + f ¢3450* d6
0 0 0

Note that the moments due to the shear flows in the walls 23 and 34 are opposite in sign
to the moment produced by the shear flow in the wall 12. Substituting for g7, etc. gives

ys = 8§7.5mm

$.17.10

Apply an arbitrary shear load Sy, through the shear centre S. Then, since the x axis is an
axis of symmetry, I, =0 and Eq. (17.14) reduces to

_ Sy * d
qs = 7 fyds

xx JO

r /4
/ n?ds + / 1r sin@)zrde]
0 0

r

=2 / #(2r sin 45° — sy sin 45°)%ds; + /
0 0

Ly =2
: /4
tr3 sin% 6 d9:|

r r ¢ 3 b4
=2 |sin? 450/ @r? — 4rsy + sD)ds; + %/ (1 — cos 29)d9}
0 0

219
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Fig. 5.17.10

which gives

Ly = 2.62175°
Then
Sy, [
qin = ——y/ t(2r sin 45° — 51 sin 45°)ds;
Ix;x 0
i.e.
~0278, ( s? (.)
=— 2 — 2 i
q12 3 =5
and
—-0.4S
q = 2
.
Also

Sy ¢ [ . o
q23:——/ t|rsin(45° — ¢p)rdo —
0

L

0.4S,
r
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from which

S (45° — ¢)
= - cos —Q)—
2= "% 6or

0.13S, -
r

Taking moments about O

r /4
Syxs = —2 [/ q12r dsy +f q3r? d¢} (iii)
0 0

Substituting for 17 and g3 from Eqgs (i) and (ii) in Eq. (iii) gives

xs = 1.2r

S.17.11

Since the x axis is an axis of symmetry and only Sy is applied Eq. (17.14) reduces to

Sy [*
qs = —7— tyds
Ly 0

6
2mm \ 5
S
YA 4
S
30mm
3 So
‘\/ 5 15mm
XS —r
B e —— |
St I 25mm
60 mm 1

Fig. 5.17.11

Also
530 = (157 + 60%)'/2 = 61.8 mm

221
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and

P 2X253+2 ’s 5752+2x61.83 15 \?
= X X . X
= 12 12 61.8

+2 x61.8 x 37.5% +

2x603]

which gives
I, = 724094 mm*

Then
Sy [
qi2 = —— 2(=70 + s1)dsq
Ixx 0
i.e.
Sy 2 .
q12 = ——(140s1 — s7) ()
Ixx
and
28758,
q2 =
I)C)C
Also
15 28758,
6]23———/ 45+ dsy +
8 Ly
Then
Sy 90s 15 + 2875 (>ii)
3=\ g 5% "

Taking moments about the mid-point of the web 34 (it therefore becomes unnecessary
to determine g34)

25 61.8 60
Syxs =2 —/ 60g12 dsq +/ 30 x ——qn3dsy
0 0 61.8

Substituting for g12 and g»3 from Eqgs (i) and (ii)

xs = 20.2 mm

$.17.12

Referring to Fig. S.17.12 the x axis is an axis of symmetry so that I, =0 and since
Sy =0. Eq. (17.15) reduces to

s =—7 /lde-qso M
xx
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in which
(2r)%t sin? 45° o,
Ly=—"—+2 t(rsin0)“rdo
12 0
Fig. 5.17.12
i.e.

L = 0.62t1°

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

S, o
db,01 = T 0.6003 /0 tr sin Or d6
i.e.
db,01 = —Oéyzr[—cos 9]8
so that
Sy Sy .
qb,01 = _0.62r(COS0 -1 = 1.617(cos9 -1 (i)
and
0.478S,
gb,1 = — p
Also
Sy § .o 0.478S,
qb,12 = _W/o t(r — s)sin45°ds — ;.

223
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which gives
qb.12 = —3(—1.14rs + 0.57s* — 0.47r%) (ii1)
r

Now take moments about the point 2

/4 2
Syr = 2/ qdv,011T do+2 x qu,()
0

Substituting in Eq. (iv) for g 01 from Eq. (ii)

/4 s, ) mr?
Syr = 2/ 1.61—(cos8 — 1)r=dé + qu’o
0 r

i.e.
. /4 | T 2
Syr =3.228,r[sin6 — 0]," " + qu,o
so that
0.80S,
qs,0 =
’

Then, from Eq. (ii)
Sy
go1 = —(1.61cos8 — 0.80)
r
and from Eq. (iii)
S,
q12 = 5(0.57s% — 1.14rs + 0.33r%)
r

The remaining distribution follows from symmetry.

$.17.13

The x axis is an axis of symmetry so that I,; =0 and, since Sy =0, Eq. (17.15)
simplifies to
Sy N .
s = —— tyds + g0 (1)
Ly 0

in which, from Fig. S.17.13(a)

Lo QdPtsine (h+2d) i
SR 212 "
‘Cut’ the section at 1. Then, from the first term on the right-hand side of Eq. (i)

Sytsina 2
T

S, S1
qb,12 = ——}/ t(—sy sina)ds| =
Ixx 0
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Fig. $.17.13(a)

Substituting for I, and sin «

. 3Sy 2
2= Y ih+2d) !

and

_ 38,d
2= 3 h+2d)
Also
Sy [ h
b3 = ——— tl—=+s2)ds2+qpp
Ixx 0 2
so that

65, 55 N d
= ——__ s [ — —
B = Gy h 2\ T w2

Now taking moments about the point 1 (see Eq. (17.18))
" h
0= / gb23d cosadsy + 2§d COS aqs.0
0
ie.
h
0= / gb.23 ds2 + hggp
0

Substituting in Eq. (v) for gp 23 from Eq. (iv)

0 5% /h s%+d dsy +h
= — s — =+ —|ds
hh+2dy J, \2 7 T2 )TN0

225

(iii)

(iv)
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which gives

Sy(h + 3d) i)
= vi
0= " 1 2d)
Then, from Egs (iii) and (i)
38, s Sy(h+3d)
q12 = ST —
hd(h + 2d) h(h + 2d)
i.e.
Sy 3s% ad i)
_ i S A vii
M=+ 2d) \ d
and from Eqgs (iv) and (vi)
_ Sy 6 65% (vii)
q23 = h(h + 2d) 52 A Vil

The remaining distribution follows from symmetry.
From Eq. (vii), g12 is zero when s% = (hd/3) + d?,i.e. when s; > d. Thus there is no
change of sign of g12 between 1 and 2. Further

d 6
12 _ 2 _ ) whens; =0
ds d
and
_ Sy(h+3d)
U= "+ 2d)
Also, when s1 =d
S
P =—"
(h+2d)
From Eq. (viii) 23 is zero when 6s, — (6s3/h) — h =0, i.e. when s3 — 52/ + (h?/6) =0.
Then
h  h
§y) = — ]
2 V12

Thus g»3 is zero at points a distance i/+/12 either side of the x axis. Further, from
Eq. (viii), go3 will be a maximum when s> = //2 and gp3(max ) = Sy/2(h + 2d). The
complete distribution is shown in Fig. S.17.13(b).
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hi\/12

hi\/12

S, (h+3d)
h(h+2d)

Fig. 5.17.13(b)

S.17.14

Since the section is doubly symmetrical the centroid of area, C, and the shear centre, S,
coincide. The applied shear load, S, may be replaced by a shear load, S, acting through
the shear centre together with a torque, T, as shown in Fig. S.17.14. Then

T = Sacos30° = 0.8665a @)

Fig. 5.17.14

The shear flow distribution produced by this torque is given by Eq. (18.1), i.e.

_ T _ 0.866Sa
24 24

qr (from Egq. (1))

227
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where
A = a2acos30° + 2 x acos30° x asin 30° = 2.6a>
Then
qr = g (clockwise) (i1)

The rate of twist is obtained from Eq. (18.4) and is

do  0.866Sa (6a
dz  4(2.642)2G \ t

ie.
de  0.1928
dz ~ Gta?
The shear load, S, through the shear centre produces a shear flow distribution given
by Eq. (17.15) in which S, = —§, Sy =0 and I, = 0. Hence

(1ii)

S S
gs=— [ tyds+gqsp (iv)
Ixx 0
in which
ta’ a . 0 5a3t
Ly=2—+4 t(—a + s1sin30°)°ds; = —
12 0 2

Also on the vertical axis of symmetry the shear flow is zero, i.e. at points 7 and 3.
Therefore, choose 7 as the origin of s in which case ¢; in Eq. (iv) is zero and

S N
gs = | tyds v)
L Jo
From Eq. (v) and referring to Fig. S.17.14

51

S
g8 = — t(—a + s1 sin 30°)ds

Ixx 0
i.e.
AN S
= — — —)d
q78 503/0 ( a+2> s
so that
S 2
978 =733 (2as1 - %) (vi)
and
38 ..
qs = (vii)

" 10a
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Also
S Sz a
81 = — t(——+S2>dS2+ 8
1 Ixx 0 2 7
1.€.
28 %2 ( a 4 )d 35
= — —— + 5 )dsp — —
B =55 ) T2T92)92 7 10,
from which
g3 = i(—2as2 + 253 — 3d%) (viii)
10a3
Thus
1S
= 7504

The remaining distribution follows from symmetry.

The complete shear flow distribution is now found by superimposing the shear flow
produced by the torque, 7', (Eq. (ii)) and the shear flows produced by the shear load
acting through the shear centre. Thus, taking anticlockwise shear flows as negative

0.178 0.35§  0.52§

q1 =
a a a
0.17§ 03§ 0.478 .
q2 =48 = — - = — (from Eq. (vii))
a a
0.178
q3 =41 = —
a
0.178 03§ 0.13§
44 =46 = — + =
a a a
0.17S 035§ 0.18S
qs = — + =
a a a

The distribution in all walls is parabolic.

$.17.15

Referring to Fig. P.17.15, the wall DB is 3m long so that its cross-sectional
area, 3 x 103 x 8 =24 x 103 mm?, is equal to that of the wall EA, 2 x 103x 12=
24 x 103 mm?. If follows that the centroid of area of the section lies mid-way between
DB and EA on the vertical axis of symmetry. Also since S, = 500kN, Sy =0and I, =0,
Eq. (17.15) reduces to

500 x 103 [ _
s = ————— / tyds + g5 1)
Iy 0

229



230 Solutions Manual

If the origin for s is taken on the axis of symmetry, say at O, then ¢, is zero. Also

L =3 x 103 x 8 x (0.43 x 10°)> +2 x 10° x 12 x (0.43 x 10%)?
+2 x (1 x 10%)* x 10 x sin® 60°/12
ie.
L = 101.25 x 10 mm*

Equation (i) then becomes

N
gs = —4.94 x 105/ tyds
0
In the wall OA, y = —0.43 x 103> mm. Then

N
goa = 4.94 x 105/ 12 x 0.43 x 10° ds = 0.25s
0

and when sp =1 x 103 mm, qoa =250 N/mm.
In the wall AB, y=—-0.43 x 103 + sg cos 30°. Then

s
gaB = —4.94 x 107> / 10(—0.43 x 10° + 0.866s5)ds + 250
0

i.e.
gap = 0.21sp — 2.14 x 107*s3 + 250

When sg = 1 x 10° mm, gaB = 246 N/mm.
In the wall BC, y =0.43 x 10°> mm. Then

N
gsc = —4.94 x 105/ 8 x 0.43 x 107 ds + 246
0

i.e.
gsc = —0.17sc + 246

Note that at C where sc = 1.5 x 10> mm, gpc should equal zero; the discrepancy,
—9 N/mm, is due to rounding off errors.

The maximum shear stress will occur in the wall AB (and ED) mid-way along its
length (this coincides with the neutral axis of the section) where sg =500 mm. This
gives, from Eq. (ii), gap (max) = 301.5 N/mm so that the maximum shear stress is equal
to 301.5/10 = 30.2 N/mm?.
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