CHAPTER 3 STATICS

EXERCISE 20, Page 62

1. Determine the reactions R, and R for the simply supported beams shown.

(@) 6 kN
Cc /
3m ——»}(-—2 m—>
RA RB
(b) 6 kNm
' ]
L
3 M————>fe—2 m—>
Ra Rs

(a) Taking moments about A gives:

Rgx5=6x3
from which, Rg = % =3.6 kN

Resolving vertically gives:

R,+Rg=6
i.e. R,+3.6=6
from which, R, =6-36=24KkN

(b) Taking moments about A gives:

R;x5+6=0
. —6
from which, Rg = ? =—1.2kN

Resolving vertically gives:
R,+Rg=0
ie. R,-1.2=0
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from which, R, =1.2kN

2. Determine the reactions R, and R, for the simply supported beams shown.

(a) 4 kN 4 kN
A B
C D
JIm 3m - 2m
I < |
Ra Rs
(b)
4KkNm 4 kNm
C D
i i
LIm 3m 2m i
< et }

(a) Taking moments about A gives:
Rgx3+4x1=4x5

e Re = % =5.333kN

Resolving vertically gives:
Ra+Rg=4+4
from which, Ra=8-5.333 = 2.667 kN
(b) Taking moments about A gives:
Rex3=4-4
from which, Rg =0

Resolving vertically gives:
Ra+Rg=0

from which, Ro=0
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3. Determine the internal forces in the members of the plane pin-jointed trusses shown below.

(b) 4 kN
(a) J
\ c
NE 15 | L

(@) Assume unknown internal forces are in tension, and consider the equilibrium of joint C.

Resolving forces vertically gives:

Fac
3
Flr c °
. J 4 KN
Facsin 30°=4
. 4 .
from which, Fi,=— =8 kN (tension)
sin30°

Resolving forces horizontally gives:

Fac COos 300 + Fbc = 0
ie. 8c0s30°+ F,.=0
and Fpc =—8 cos 30° = - 6.928 kN (compression)

(b) Assume all unknown internal forces are in tension and consider the equilibrium of joint C.

Resolving horizontally gives:

Fac cos 30 = Fy cos 60
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_ cos60°

from which, Fac
cos30°

=0.5774 Fyc

Resolving vertically gives:

4 + Fye sin 30 + Fpe sin 60 =0
or 4=—-0.5F;—0.866 Fpc
Substituting equation (1) into equation (2) gives:

=—0.2887 Fpc — 0.866 Fyc

i.e. 4 =—1.1547 Fy
and Foc = 4 =—3.464 kN (compression)
©T 1547 T T P

Substituting equation (3) into equation (1) gives:
Fac =0.5774 F,. =0.5774(— 3.464) = — 2 kN (compression)

Consider Joint A

Fols

Resolving horizontally gives:
Fac Cos 30 + Fab = O
i.e. Fap = — Fac cos 30°

=—(—2) cos 30° = 1.732 kN (tension)

1)

@)

3)

4)
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4. A plane pin-jointed truss is firmly pinned at its base, as shown below. Determine the forces in the

members of this truss, stating whether they are in tension or compression.

A A 1kN
30°
c 2 kN

15° .

\ , ©

o Le
> 30 €
F al 45° G
H 45° T
K 45\ L

AT

Assume all unknown forces are in tension, and consider equilibrium of Joint A.

Folr —

\ 257

Foc ~ T2Kn

Resolving vertically gives:
FacSin30°+2=0

-2

from which, Fac= —
sin30°

=—4 kN (compression)

Resolving horizontally gives:
Fab + Fac Ccos 300 = 1
i.e. Fap=1-0.866 Foc =1 —0.866(—4) = 4.464 kN (tension)

Joint B
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Resolving horizontally gives:
Frq cos 45° = Fy

i.e. Fog = 4.464 =6.313 kN (tension)

cos45°

Resolving vertically gives:

Foe + Fpgcos45°=0

ie. Fpc =—6.313 cos 45° = — 4.464 kN (compression)
Joint C
it C
Fcd

Resolving horizontally gives:

Fac cos 30 = F¢q cos 30 + F¢ cos 60
i.e. Fed = Fac — 0.5774 Fe
and Feg=—4—0.5774 Fee 1)
Resolving vertically gives:

Foc + Fac Sin 30 = F¢q sin 30 + Fe sin 60
ie. 4464 —2=0.5Fey + 0.866 Fee @)
Substituting equation (1) into equation (2) gives:

—6.464 = —2—-0.2887 Fe. + 0.866 Fce

i.e. —4.464 = 0.5773 Fee
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from which, Fee = —4.464 = —7.733 kN (compression)
0.5773

Substituting equation (3) into equation (1) gives:

Fog=—4—0.5774(-7.733)

ie. Feq = 0.465 kN (tension)
Joint E
Fce
r 0
Flo — =2
Fegq

Resolving horizontally gives:
Fee c0s 60 = Fge
ie. Fge =— 7.733 cos 60° = — 3.867 kN (compression)
Resolving vertically gives:
Fee Sin 60 = Fgq
ie. Feqg =—7.733 sin 60° = — 6.70 KN (compression)

Joint D

Resolving horizontally gives:
Fog COS 45° + Feq oS 30° + Fge + Fyq COS 45° =0

e 6.313 x 0.707 + 0.465 x 0.866 — 3.867 + 0.707 Fgq =0
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_ -(6.313x0.707 +0.465 x0.866 —3.867)

from which, Fag 0707

=—1.413 kKN (compression)
Resolving vertically gives:

Fog Sin 45 + Fcysin 30 = ng sin 45 + Fy

i.e. 6.313 x 0.707 + 0.465 x 0.5 =—1.413 x 0.707 + Fys
from which, Far = 6.313 x 0.707 + 0.465 x 0.5 + 1.413 x 0.707
ie. Fqr = 5.695 KN (tension)
Joint G

Fdg Fae

f

,
..

Resolving horizontally gives:

—Fuy X 0.707 = Fy
i.e. Fgt = — (- 1.413) x 0.707 = 1.0 KN (tension)
Resolving vertically gives:

ie. ~6.70-1.413 x0.707 = Fy
e Fgj =—7.699 kN (compression)
Joint F
Fdf
l
F - Ff J
Mg
\ ng

[
FFh
J
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Resolving horizontally gives:

— Ffj x 0.707 = ng

ie Fy= o L0
h 1= 0707 0707

Resolving vertically gives:

=—1.414 kN (compression)

Fef = Ffj x 0.707 + Fg,

le. Ff =5.695 — —1.414 x 0.707 = 6.695 kN (tension)
Joint J
"if \\ Fqj
F‘ n J
I F:L
J

Resolving horizontally gives:

—Fyx 0.707 = Fj,
i.e. Fih =—(—1.414) x 0.707 = 1.0 KN (tension)
Resolving vertically gives:

ng + ij x 0.707 = Fj|

i.e. —7.699-1.414 x0.707 = Fj|
ie. Fji =—8.699 kN (compression)
JointH

éff‘n

~

H ke Fh;

1
1 . LS

i

‘{ Fnt
|
TR

Resolving horizontally gives:

Fp cos 45° = — th
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ie. Fri = 10 14k (compression)
cos45°

Resolving vertically gives:
Fih = Fy x 0.707 + Fri
i.e. Frk = Fim — Fr x 0.707 = + 6.695 — (— 1.414) x 0.707

=7.695 kN (tension)

5. The plane pin-jointed truss shown below is firmly pinned at A and B and subjected to two point
loads at point F. Determine the forces in the members, stating whether they are tensile or

compressive.

Joint F

ér—o
T

olving vertically 4,

Resolving vertically gives:
Fre X 0.707 =4

ie. Fre = _4 =5.658 kN (tensile)

0.707
Resolving horizontally gives:
Fre x 0.707 + Fiy =2
ie. Ffg =2 — Fg x 0.707 =2 - 5.658 x 0.707
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=—2.0 kN (compressive)

Joint E
E
45 ‘R
fe'c N fe-
Fed
Resolving horizontally gives:
Fec = Fre = 5.658 kN (tensile)
Resolving vertically gives:
Fec X 0.707 + Fge X 0.707 + Feg = 0
i.e. Fed = — Fec X 0.707 — Fg % 0.707
i.e. Feq =—5.658 x 0.707 — 5.658 x 0.707
=—8.039 kN (compressive)
Joint C
Fec
h—}-_cA
FCX (.
Resolving horizontally gives:
Fec X 0.707 + Fg =0
i.e. Fed = — Fec X 0.707 = —5.658 x 0.707
=—4.0 kN (compressive)
Resolving vertically gives:
Fec X 0.707 = Fy
ie. Fac =5.658 x 0.707 = 4.0 kN (tensile)
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Joint D

Fde
Fed _
Fe J
Fod Pl
Resolving horizontally gives:
Ffg = Feg + Fog X 0.707
ie. Fag = Fo—Foo _ 2774 _ 5 go9 kN (tensile)

0.707 0.707
Resolving vertically gives:
Fge = Fpg + Fag X 0.707

i, Fod = Fge — Fag X 0.707
= - 8.039 - 2.829 x 0.707

=—10.039 kN (compressive)

6. An overhanging pin-jointed roof truss, which may be assumed to be pinned rigidly to the wall at
the joints A and B, is subjected to the loading shown below. Determine the forces in the members of

the truss, stating whether they are tensile or compressive. Determine, also, the reactions.

Hs BZ G

NN

4m

}4;
>

F

<
>
AARAETHRATENATARANARREEARRRRRRRARRRARNS

H1okn i20kN§

im  1m "1im !

4
3
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oy =tan~ ' 3 = 71.565°
0, = tan™ 14 = 75.964°
oz = tan ! (1/2) = 26.565°

Joint F

Fd -
20KN
Resolving vertically gives;
Fer Sin op =20
: 20 .
from which, Fef = ———————— =21.08 kN (tensile)
sin 71.565°

Resolving horizontally gives:
Faf+ Fer COS 01 =0
i.e. Far = — Fer COS o = — 21.08 x cos 71.565°
=—6.666 KN (compressive)

Joint E

Resolving vertically gives:

© Carl Ross, John Bird & Andrew Little Published by Taylor and Francis



Fec Sin o3 = 30 + (Feq + Fer) COs (18.435°)

ie. Fec Sin 26.5650 = 30 + (Feq + 21.08) cos (18.435°)
le. 0.447 Fec = 30 + 0.949 Fey + 20

Resolving horizontally gives:

Fec COS o3 + Feq Sin (18.435°) = F¢¢ sin (18.4359)
i.e. 0.894 Fe + 0.316 Feq = 6.666 2
Substituting equation (1) into equation (2) gives:

0.894 (111.86 + 2.123 Feq) + 0.316 Feg = 6.666
i.e. 100 + 2.214 Feq = 6.666
i.e. Feqd = —42.16 KN (compressive) (3)
Substituting equation (3) into equation (1) gives:

Fec =111.86 + 2.123 Fgy
= 111.86 + 2.123(— 42.16) = 22.35 kN (tensile)

Joint D

Fcd Fed

F&A\ - Sl e - FF C\.

|OKN

Resolving horizontally gives:

Fag + Feq €COS oo = Frg + Feq COS 01

i.e. Fad + Feq COS 75.965° = — 6.666 — 42.16 cos 71.565°
i.e. Fag + 0.243 Feg = — 6.666 —42.16 x 0.316
i.e. Fag =—20—-0.243 F¢q 4)
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Resolving vertically gives:

Feq Sin oo + Feg Sin g = 10

i.e. Fea SiN 75.964° + Fq sin 71.565° = 10
i.e. Feq = 10/0.970 ——42.16 x 0.949/0.970
ie. Feq =51.557 kN (tensile)

Substituting equation (5) into equation (4) gives:
Fag =—20-0.243 Fy
=—20-0.243(51.557) = - 32.528 kN (compressive)

Joint C
Foc -

X2 X33

Foc. Fee
Fca.

Resolving vertically gives:

Fac Sin o + Feg SiN iz + Fee Sin a3 =0
i.e. Fac SIN 75.964° + F¢q Sin 75.964° + Fe sin 26.565° =0
i.e. 0.970 F4 +51.557 x 0.970 + 22.35x 0.447 =0

_ -51557 x0.970 - 22.35 x0.447

and F
% 0.970

Resolving horizontally gives:

Fic + Fac €OS oo = Feg €OS o + Fee COS 013

i.e. Fpc —61.856 cos 75.964° = 51.557 cos 75.964° + 22.35 cos 26.565°

Foc = + 61.856 x 0.243 + 51.557 x 0.243 + 22.35 x 0.894
Foc = 47.540 kN (tensile)

Reactions

Joint B

Hg = Fuoc = 47.540 kN
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Foc

HA i CRe Fad

Joint A

Resolving vertically gives:

Va =—Fy sin o =— (—61.856) sin 75.964° = 60.01 kN

Resolving horizontally gives:

Ha = — Fag — Fac COS op = ——32.528 + 61.856 x 0.243 = 47.559 kKN

7. Determine the forces in the symmetrical pin-jointed truss shown, stating whether they are tensile

or compressive.

7.5 M—>je—7.5 M—>}e—7.5 m—>|

o = tan1(7'5 X3j 1= 80.538°
3.75

15
7 tan o

2=125m
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|2: 25m

7.5
— —-1_ '~ A
7.5
— a1 -
7.5

— tap 1 £ _

Joint A
3
Fals

Resolving vertically gives:
3+ Facsin 0(2:0

. 3 3
e Fac = =—
a 0.986

'~ 5in80.538°
=—3.043 kKN (compressive)
Resolving horizontally gives:
Fap = Fac COS 02 + 4
i.e. Fab =—3.043 cos 80.538° + 4

=+ 3.50 kN (tensile)
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Joint B

- Fols
Xz / <4
/ Flre
Fisd

Resolving vertically gives:

Fog sin o + Fye Sinoy =0

ie. Fog Sin 80.538° + Fy sin 40.60°=0
i.e. 0.986 Fog =— 0.651 Foc
i.e. Fod = — 0.660 Fyc

Resolving horizontally gives:

Fpa €OS otp = Fap + Fpc COS 014
i.e. Fuq cos 80.538° = F,, + F cos 40.60°
I.e. 0.164 Fyg = 3.50 + 0.759 Fye

Substituting equation (1) into equation (2) gives:

i.e. 0.164(— 0.660 Fpc) = 3.50 + 0.759 Fy
and (0.759 + 0.108) Fpc =—3.50
ie. Fnc = —4.037 KN (compressive)

Substituting equation (3) into equation (1) gives:

Fpa =—0.660 Fpe=—0.660 x —4.037

ie. Fna = 2.664 kN (tensile)
Joint C
FCLC.
Flre
Fod-ne@s

© Carl Ross, John Bird & Andrew Little Published by Taylor and Francis

(1)

@)

©)



Resolving horizontally gives:
Fed + Foc COS 0t + Fae COS 02 = Fee €OS 012
i.e. Fea =4.037 x 0.759 + 3.043 x 0.164 + F¢. x 0.164
e Feg = 3.563 + 0.164 F.
Resolving vertically gives:

Fac Sin o + Fye Sin o = Fee SiN o

i.e. 0.986 F4 + 0.651 Fpc = 0.986 Fce

ie. 0.986(— 3.043) + 0.651(— 4.037) = 0.986 Fee

i.e. —5.6285 = 0.986 Fce

and Fe = —5.6285/0.986 = — 5.708 KN (compressive)

Substituting equation (5) into equation (4) gives:

Foq = 3.563 + 0.164(— 5.708)

i.e. Feq = 2.627 kN (tensile)
Joint D
Flsd
———Fcd
X
/—— = Fde
Fag
Resolving vertically gives:
Fpa SIN oz = Fge SiN g + Fge SiN o
i.e. 2.664 x 0.986 = Fge x 0.555 + 0.986 Fgs

and Far = 2.664 — 0.563 Fye
Resolving horizontally gives:
Fpa COS atp + Feg + Fye COS 03 = Fyr COS o

i.e. 0.164 x 2.664 + 2.627 + 0.832 Fge = 0.164 Fyt
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Substituting equation (5) into equation (6) gives:
0.164 x 2.664 + 2.627 + 0.832 Fg. = 0.164(2.664 — 0.563 Fy)
le. 0.437 + 2.627 = Fge (— 0.832 — 0.0923) + 0.437
from which, Fae = —2.842 kN (compressive) (8)
Substituting equation (8) into equation (6) gives:
Far =2.664 — 0.563(— 2.842)
Far = 4.264 kN (tensile)

Joint E

Fee

Resolving vertically gives:
Fde SIN o3 + Fee SIN 01z = Feg SIN 0t
i.e. —2.842 x 0.555 —5.708 x 0.986 = 0.986 Fqq
ie. Feg =—7.2054/0.986 = — 7.308 kN (compressive)
Resolving horizontally gives:

i.e. Fer =—0.164 x 7.308 + 0.832 x 2.842 + 0.164 x 5.708
and Fer = 2.102 KN (tensile)
Joint F
Fdg
=i Fe.f
Feh

Resolving vertically gives:
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Far Sin o = Frg Sin o + Fan Sin o
i.e. 4.264 x 0.986 = Fgg x 0.479 + Fg x 0.986
ie. Fm = 4.264 — 0.486 Fy 9)
Resolving horizontally gives:

Far COS o + Fer + Frg COS 01y = Fem COS ot

e 4.264 x 0.164 + 2.102 = 0.164 x Fm — 0.878 Fyy

e 2.801=0.164 x Fm —0.878 Fyy

i.e. 0.164 x Fs,=2.801 + 0.878 Fyy

and Ffn=2.801/0.164 + 0.878/0.164 Fr4

i.e. Fm=17.079 + 5.354 Fy (10)

Substituting equation (10) into equation (9) gives:
17.079 + 5.354 Fq = 4.264 — 0.486 Fyy
5.840 Fg = —-12.815
ie. Frg =—12.815/5.840 = — 2.194 kN (compressive) (11)
Substituting equation (11) into equation (9) gives:
Fm = 4.264 — 0.486(— 2.194)

ie. Fs = 5.330 kN (tensile)

8. Determine the reactions R, and R; for the simply supported beams shown below.

@) 10 kN

l

D ——>

3m 2m

A Rg

(b) 10 kN m
B
= ]
1 c
By
: |
= 3m = 2m |
Ra Rg
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(a) Taking moments about A gives:

R, x5=10x3
from which, RB=H?3=6KN

Resolving vertically gives:

R,+R;=10
i.e. R,+6=10
from which, R, =10-6=4kN

(b) Taking moments about A gives:

R, x5+10=0
from which, Rg = _?10 =-2kN

Resolving vertically gives:

R,+Rz;=0
I.e. R,—2=0
from which, R, =2kN

9. Determine the reactions R, and R; for the simply supported beams shown below.

{@) bkN bwn
i A B
c D
pIm 3m 2m
i |
Ry Rs
{b)
bkNm binm
] i D
Th]  sm o™

(a) Taking moments about A gives:

Rgx3+6x1=6x5
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o R T g

Resolving vertically gives:
Ra+Rg=6+6
from which, Ra=12-8=4kN
(b) Taking moments about A gives:
Rgx3=6-6
from which, Rg =0
Resolving vertically gives:
Ra+Rg=0

from which, Rao=0

10. Determine the internal forces in the members of the plane pin-jointed trusses shown below.

(a)

()

(@) Assume unknown internal forces are in tension, and consider the equilibrium of joint C.

Resolving forces vertically gives:

Y

|
Yl’é KN
Facsin30°=6
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6
n30°

from which, Fi = =12 kN (tension)
S

Resolving forces horizontally gives:
Fac C0s 30°+ Fpc =0
I.e. 12 cos 30° + Fpc =0
and Fpc =—12 cos 30° = —10.392 kN (compression)

(b) Assume all unknown internal forces are in tension and consider the equilibrium of joint C.

1

— Tggo ATt - —
S0_1\60°,
Fac " N Flre
Resolving horizontally gives:
Fac cos 30 = Fy cos 60
from which, Fa= S0 05774 Ry (1)
cos30°
Resolving vertically gives:
6+ F,sin30+ Fy,.sin60=0
or = 0.5 Fa — 0.866 Fye ©)
Substituting equation (1) into equation (2) gives:
6 =—0.2887 Fpc — 0.866 Fpc
i.e. =—1.1547 Fyc
and Foc = 0 =—5.196 kN (compression) 3)
-1.1547
Substituting equation (3) into equation (1) gives:
Fac =0.5774 F,. =0.5774(—5.196) = — 3 KN (compression) ()]

Consider Joint A
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Resolving horizontally gives:
Fac Cos 30 + Fab = O
I.e. Fab = — Fac cOs 30°

=—(—3) cos 30° = 2.598 kN (tension)

11. A plane pin-jointed truss is firmly pinned at its base, as shown. Determine the forces in the

members of this truss, stating whether they are in tension or compression.

2 A 2kN
30°
c 4 kN

15°\ \i,c"
» 30 e
F ] 45° G
H =] 45° :)"
K [ 45°\! L,

e 7

Assume all unknown forces are in tension, and consider equilibrium of Joint A.

F()\LY’ —E )y//A e ZKN
5 |
Foc —~ §45"§N‘

Resolving vertically gives:

FacSin30°+4 =0
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from which, Fac = — 4 8 kN (compression)
sin30°

Resolving horizontally gives:
Fab + Fac COS 300 = 2
i.e. Fap =2 —0.866 Fyc =2 —0.866(— 8) = 8.928 kN (tension)

Joint B

Fird

Resolving horizontally gives:
Frg cOs 45° = Fy,

i.e. Fog = 8.928 =12.626 kN (tension)
cos45°

Resolving vertically gives:
Foe + Fpgcos 45° =0
i.e. Foc =—12.626 cos 45° = — 8.928 kN (compression)

Joint C
Firc

o Fo.c

Fcd

Resolving horizontally gives:
Fa cos 30 = F¢4 cos 30 + F cos 60
ie. Fed = Fac — 0.5774 Fe
and Feg=— 8- 0.5774 Fee 1)

Resolving vertically gives:
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i.e. —8.928 —4 =0.5 F¢y + 0.866 F¢e
Substituting equation (1) into equation (2) gives:

—12.928 = -4 —-0.2887 F¢. + 0.866 Fee

i.e. —8.928 = 0.5774 F¢
from which, Fee = ﬂ = —15.462 kN (compression)
0.5774

Substituting equation (3) into equation (1) gives:

Fet =— 8- 0.5774(- 15.462)

i.e. Feq =0.928 kN (tension)
Joint E
Fce
F , ) é: Clo
F@g

Resolving horizontally gives:

Fce Ccos 60 = Fde

ie. Fge = — 15.462 cos 60° = — 7.731 KN (compression)

Resolving vertically gives:

Fee Sin 60 = Feq

ie. Feqg =— 15.462 sin 60° = — 13.390 kN (compression)

Joint D
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Resolving horizontally gives:
Fog COS 45° + F¢q €0s 30° + Fge + Fyq COS 45° =0
i.e. 12.626 x 0.707 + 0.928 x 0.866 —7.731 + 0.707 Fg3 =0

- (12.626 x0.707 +0.928 x0.866 —7.731)
0.707

from which, Fag =

=—2.828 kN (compression)
Resolving vertically gives:

Fog Sin 45 + Fcysin 30 = ng sin 45 + Fy

i.e. 12.626 x 0.707 + 0.928 x 0.5 =—2.828 x 0.707 + Fys
from which, Far = 12.626 x 0.707 + 0.928 x 0.5 + 2.828 x 0.707
ie. Fgr = 11.390 KN (tension)
Joint G
FA q FQ e
A

Resolving horizontally gives:

— Fag % 0.707 = Fy
i.e. Fgt = — (—2.828) x 0.707 = 2.0 kN (tension)
Resolving vertically gives:

i.e. —13.390 — 2.828 x 0.707 = Fg;
ie. Fgj =— 15.390 kN (compression)
Joint F
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;
F - Ff d
™
\ Fe i
| JJ
FJF h
Resolving horizontally gives:
- Ffj x 0.707 = ng
F
ie. Fj= —o =— 20 _ )28 kN (compression)
0.707  0.707

Resolving vertically gives:

Fge= Ffj x 0.707 + Fg,

i.e. Ffn=11.390 — — 2.828 x 0.707 = 13.390 kN (tension)
Joint J
F jf \ Fa J'
I F:L
J

Resolving horizontally gives:

—Fjtx 0.707 = Fy,
i.e. Fih =—(—2.828) x 0.707 = 2.0 KN (tension)
Resolving vertically gives:

Fg + Fje X 0.707 = Fii

i.e. —15.390 - 2.828 x 0.707 = F;
ie. Fji =—17.390 kN (compression)
JointH
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Resolving horizontally gives:
Fnicos 45° = — Fyy

-2.0
cos45°

ie. Fri = =—2.828 kN (compression)
Resolving vertically gives:

Fim = Frni X 0.707 + Frg
i.e. Frk = F — Fr x 0.707 = + 13.390 — (— 2.828) x 0.707

=15.390 kN (tension)

12. The plane pin-jointed truss shown is firmly pinned at A and B and subjected to two point loads

at point F. Determine the forces in the members, stating whether they are tensile or compressive.

Joint F

Fed Kr‘ F
k <k 4 AN

8 KN

Resolving vertically gives:

Fre X 0.707 =8
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i.e. Fr = L =11.315 kN (tensile)
0.707

Resolving horizontally gives:
Frex0.707+Fy=4
i.e. Fta =4 — F x 0.707 =4 - 11.315 x 0.707

=—4.0 KN (compressive)

Joint E
E
45 ‘&
fe'c N fe-
Fed
Resolving horizontally gives:
Fec = Fre = 11.315 kN (tensile)
Resolving vertically gives:
Fec X 0.707 + Fge x 0.707 + Fg =0
i.e. Fed = — Fec X 0.707 — Fg x 0.707
ie. Feq =—11.315 x 0.707 — 11.315 x 0.707
=—16.0 kN (compressive)
JointC
Fec
T Fed
Foe
Resolving horizontally gives:
Fec X 0.707+Fq =0
ie. Fed = — Fec X 0.707 = —11.315 x 0.707
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=—8.0 kN (compressive)
Resolving vertically gives:

Fec X 0.707 = Fy

i.e. Fac =11.315 x 0.707 = 8.0 kN (tensile)
Joint D
F:.{.ﬁ
Fcd _
Fe d
Fod Pl

Resolving horizontally gives:
Ffg = Feg + Fog X 0.707

_ F,-F, -4-—- .
i.e. Fog= 24— = 4-8 _ 5.658 kN (tensile)
0.707 0.707

Resolving vertically gives:
Fae = Fpa + Fag X 0.707
i.e. Fbd = Fge — Fag X 0.707
=-16.0-5.658 x 0.707

=—20.0 KN (compressive)

13. An overhanging pin-jointed roof truss, which may be assumed to be pinned rigidly to the wall at
the joints A and B, is subjected to the loading shown. Determine the forces in the members of the

truss, stating whether they are tensile or compressive. Determine also the reactions.
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o =tan 3 =71.565°
0, = tan 4 = 75.964°
oz =tan * (1/2) = 26.565°

Joint F
P
| &x_ \\
o
Fa ?
O KN
Resolving vertically gives;
Fef Sin o1 =40
: 40 .
from which, Fef = ———————— =42.16 kN (tensile)
sin 71.565°

Resolving horizontally gives:

Fee+ Fegcos on =0

© Carl Ross, John Bird & Andrew Little Published by Taylor and Francis




ie. Faf = — Fer COS 0p = —42.16 % cos 71.565°
=—13.332 KN (compressive)

Joint E

Resolving vertically gives:

Fec Sin o3 = 60 + (Feq + Fer) COS (18.435°)

ie. Fec Sin 26.565° = 60 + (Feq + 42.16) cos (18.435°)
ie. 0.447 Fec = 60 + 0.949 F¢y + 40

Resolving horizontally gives:

Fec COS o3 + Feg Sin (18.435°) = Fet sin (18.435°)
i.e. 0.894 Fec + 0.316 Feg = 13.332
Substituting equation (1) into equation (2) gives:

0.894 (233.71 + 2.123 F¢g) + 0.316 Feq = 13.332
i.e. 208.94 + 2.214 Feq = 13.332
ie. Feq = —88.35 kN (compressive)
Substituting equation (3) into equation (1) gives:

= 233.71 + 2.123(— 88.35) = 46.14 kN (tensile)

Joint D
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Fcd Fed

FQC\\ . - S o Ff (t\
20KN
Resolving horizontally gives:

Fag + Feq €OS oo = Frg + Feg COS 01

i.e. Fad + Feg cOS 75.965° = — 13.332 — 88.35 cos 71.565°
i.e. Fag+ 0.243 F.y =—13.332 - 88.35 x 0.316
i.e. Faa=—41.25-0.243 Fq

Resolving vertically gives:

Fea Sin o + Feg Sin g = 20

i.e. Feq Sin 75.964° + F¢q sin 71.565° = 20
i.e. Feq =20/0.970 — — 88.35 x 0.949/0.970
i.e. Feq =107.06 KN (tensile)

Substituting equation (5) into equation (4) gives:
Fag =—41.25-0.243 F¢y
=—41.25-0.243(107.06) = - 67.27 KN (compressive)

Joint C
Foc -

X2 X33

Foc Fee
Fcd.
Resolving vertically gives:
Fac Sin 0(2 + FCd Sin Ol2 + Fce Sln 0(3 = 0

i.e. F.c sin 75.964° + F sin 75.964° + F. sin 26.565° =0
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i.e. 0.970 F5c +107.06 X 0.970 + 46.14 x 0.447 =0

and Fac = ~107.06 x0.9;09-736.14 DT 19832kN (compressive)

Resolving horizontally gives:
Foc + Fac COS oz = Feg COS op + Fee COS 013

i.e. Foc — 197.67 cos 75.964° = 107.06 cos 75.964° + 46.14 cos 26.565°
Foc =+ 197.67 x 0.243 + 107.06 x 0.243 + 46.14 x 0.894

Foc = 98.45 kN (tensile)

Reactions
Joint B
Hg = Fye = 98.45 kN
Foc
HA . N g |
VA
Joint A

Resolving vertically gives:
Va =—Fg Sinop = — (—128.322) sin 75.964° = 124.49 kKN
Resolving horizontally gives:

Ha = — Fag — Fac COS 0p = —— 67.27 + 128.322 x 0.243 = 98.45 kN

14. Determine the forces in the symmetrical pin-jointed truss shown stating whether they are tensile

or compressive.
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= tan1(7'5xsj 6= 80.538°
3.75

l, = ta7n'i27 =1.25m

lb=25m

op=tan ! ﬁs = 28.61°

az=tan ! ﬁg = 33.69°

75
- —1
o =1an 5375 2 5)

10 = 40.60°

Joint A
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Resolving vertically gives:
6+ Facsin 0(2:0

. 6 6
l.e. Fac = — N =
sin80.538° 0.986

=—6.085 kKN (compressive)
Resolving horizontally gives:
Fap = Fac COS 02 + 8
i.e. Fan = —6.085c0s 80.538° + 8

=+ 7.0 KN (tensile)

Joint B
— W Fals
/ Flre
Flsd

Resolving vertically gives:

Fog Sin oo + Fpe Sin oy =0
i.e. Fpa sin 80.538° + Fy sin 40.60° = 0
i.e. 0.986 Fpg = —0.651 Fy
ie. Fpg = — 0.660 Fyc 1)
Resolving horizontally gives:

Fpa €OS o2 = Fap + Fpc COS 01
ie. Fog cos 80.538° = F,, + Fy,c cos 40.60°
ie. 0.164 Fpg = 7.0 + 0.759 Fe ©)
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Substituting equation (1) into equation (2) gives:

i.e. 0.164(- 0.660 Fyc) = 7.0 +0.759 Fy
and (0.759 + 0.108) Fpc =— 7.0
ie. Fnc =—8.074 KN (compressive)

Substituting equation (3) into equation (1) gives:
Fpg =— 0.660 Fy,c=—0.660 x —8.074
ie. Fna = 5.329 kN (tensile)

Joint C

Foc

Flre \

P
\Fca

Feg + Foc €OS oy + Fac €OS otp = Fee COS o2

Resolving horizontally gives:

i.e. Fea = 8.074 x 0.759 + 6.085 x 0.164 + F¢ x 0.164
i.e. Feg =7.126 + 0.164 Fee
Resolving vertically gives:

Fac Sin o + Fpe Sin oy = Fee SiN o

ie. 0.986 F, + 0.651 Fyc = 0.986 Fee

i.e. 0.986(— 6.085) + 0.651(— 8.074) = 0.986 F.

i.e. —11.256 = 0.986 F.

and Fee =—11.256/0.986 = — 11.416 kN (compressive)

Substituting equation (5) into equation (4) gives:
Feg = 7.126 + 0.164(— 11.416)
ie. Feq = 5.254 kN (tensile)

Joint D

© Carl Ross, John Bird & Andrew Little Published by Taylor and Francis

3)

4)

©)



——Fcd
X2
/F‘—C\—F— Fle
Resolving vertically gives:
Fia SIN o2 = Fye SiN oz + Fgr Sin o
i.e. 5.329 x 0.986 = Fge x 0.555 + 0.986 Fgs
and Fer =5.329 — 0.563 Fee (6)

Resolving horizontally gives:
Fpd COS o + Feg + Fge COS a3 = Fgr COS otz

i.e. 5.329 x 0.164 + 5.254 + 0.832 Fye = 0.164 Fyr (7)
Substituting equation (6) into equation (7) gives:

5.329 x 0.164 + 5.254 + 0.832 Fge = 0.164(5.329 — 0.563 Fge)
ie. 0.874 +5.254 = Fg, (— 0.832 — 0.0923) + 0.874
from which, Fge =—5.684 kKN (compressive) (8)
Substituting equation (8) into equation (6) gives:

For =5.329 — 0.563(— 5.684)

Far = 8.529 kN (tensile)

Joint E

Resolving vertically gives:
Fae SIN oz + Fee SIN 0o = Feg SIN 0t

e —5.684 x 0.555 - 11.416 % 0.986 = 0.986 F¢q
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i.e.

Feg =—14.411/0.986 = — 14.615 kN (compressive)

Resolving horizontally gives:

and

Joint F

Fer + Fge COS o3 + Fce COS ctp = Feg COS 12
Fer =0.164 x —14.615 + 0.832 x 5.684 + 0.164 x 11.416

Fer = 4.204 KN (tensile)

th

Resolving vertically gives:

ie.

ie.

Far SN oz = Frg Sin o1 + Fa Sin o
8.529 x 0.986 = Fgy x 0.479 + Fg x 0.986

th =8.529 - 0.486 ng

Resolving horizontally gives:

Far COS orp + Fet + Frg COS oy = Fyy COS ot

8.529 x 0.164 + 4.204 = 0.164 x Fm — 0.878 Fyy
5.603 =0.164 x Fm —0.878 Fyy

0.164 x Fg,=5.603 + 0.878 Fyy

F = 5.603/0.164 + 0.878/0.164 Fr4

Frn=34.165 + 5.354 Fy

Substituting equation (10) into equation (9) gives:

34.165 + 5.354 Fr, = 8.529 — 0.486 Fy
5.840 Fry = — 25.636

Fry = — 25.636/5.840 = — 4.390 kN (compressive)
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Substituting equation (11) into equation (9) gives:
Fm = 8.529 — 0.486(— 4.390)

le. Fn = 10.663 KN (tensile)
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EXERCISE 21, Page 76

1. Determine the bending moments and shearing forces at the points A, B, C, D and E for the

simply supported beam shown. Determine, also, the position of the point of contraflexure.

S5kN 2kN
2 kN/m

A B c D
e —

2m 2m 2m 2m

E

Taking moments about D gives:
Rax6=5x4+2x2
=24
from which, Ra=4 kN
Resolving vertically gives:
RatRp=5+2+2x4
ie. Rp=15-Ra=15-4
from which, Rp=11 kN
Bending moments (M)
Ma=0
Mg=Rax2=8kNm
Mc=Rax4-5x2=6KNm
Mp=RaAX6-5%x4-2%x2-2%x2x1=—4kNm
Meg=0
Shearing forces (F)
Fa=4kN
Fe_=4kN; Fgs=4-5=—1kN
Fc.=4-5=—1kN; Fc,=4-5-2=—3kN
Fo.=4-5-2-2x2=-7kN; Fps=4-5-2-2x2+Rp=4kN
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FE=O

The point of contraflexure lies in span CD, and let this be at distance x from A

M= Ryxx—5(x—2)-2(x—4)-2(x—4)x E= =g

2
ie. 0=4x—5x +10-2x+8— (x*~8x+16)
i.e. =-3x+ 18- x*+8x-16
i.e. 0=— x*+5x+2 which is a quadratic equation

By quadratic formula or by calculator, x =5.37 m

Hence, the point of contraflexure, x = 5.37 m from A

2. Determine the bending moments and shearing forces at the points A, B, C and 0 on the cantilever

shown.

3kNm SkNm 2kNm

* 3 « %
A Bl _1Ic A
IR AR L Zm;"

Bending moments (M)
Ma=3 kN m
Mg_-=3kNm; Mg;=3-5=-2KkNm
Mc_=3-5=—2kNm; Mc:=3-5+2=0
Shearing Forces (F)

FA:FB:FC:FD:O

3. Determine the bending moments and shearing forces at the points A, B, C and D on the beam

shown.
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. - 10 kN/m .
f BL— c t

3|
im im im

Taking moments about D gives:
Rax3=3+10x1x0.5
from which, Ra=8/3=2.667 kN
Resolving vertically gives:
Ra+Rp=10x1
from which, Rp=10—-Ra=10-2.667 = 7.333 kKN
Bending moments (M)
Ma=0
Mg_=Rax1=2.667 kKN m
Mg.+=2.667-3=-0.333kNm
Mc=Rax2-3=233kNm
Mp=0
Shearing Forces (F)
Fa=Ra=2.667 kKN
Fg =2.667 kN
Fc =2.667 kN

Fo=—Rp=-7.333 kN

4. A uniform-section beam is simply supported at A and B, as shown. Determine the bending

moments and shearing forces at the points C, A, D, E and B.
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4 kN 10 kN m
-~ 2 kN/m

e N
. TA D j T

[«<—1 m—r}<—1 m—>f<«—1 m—>}<—1 m—>|

Taking moments about B gives:
Rax3+10=2x1x35+4x2
i.e. Rax3=15-10
from which, Ra=1.667 kN
Resolving vertically gives:
Ra+Rg=2x1+4
from which, Rg=6—1.667 = 4.333 kKN

Bending moments (M)
Mc =0

Ma=-2%1%x05=—1kNm
Mp=-2x1x15+Rax1

i.e. Mp=-3+1.667=—1.333 kN m
Mg_=-2x1x25+Rax2-4%x1=-5667kNm
Meg.=-5.667+10=4.333 kN m
Mg=0

Shearing Forces (F)
FC =0

Fa_=—2%x1=-2kN
Far=—2+Ra=-0.333 kN
Fo_=-0.333kN

Fp+ =—0.333—-4=-4.333 kN
Fe=-4.333 kN

FB =-— RB =—-4.333 kN
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5. A simply supported beam supports a distributed load, as shown below. Obtain an expression for

the value of a, so that the bending moment at the support will be of the same magnitude as that at

mid-span.
1 kN/m
Rl b Rl e
le 6m —
2a+2b=6
a+b=3 Q)
a a
Wa=23p = 511
+
R= aTb = 1512
a a a’
Ma= ax—x—=— 13
6 3 18
Mcentra]zz X 3 X 1X 1_15 X b: 15_15 (3_a)
Ma = Meentral
3
a _ _§+§(3_a)
18 2 2
a3
—=-15+15%x3-1.5a14
18
3
ie. 9 115a=3
18
from which, a=1788m (by calculator or the Newton-Raphson method)

6. Determine the bending moments and shearing forces at the points A, B, C, D and E for the

simply supported beam shown. Determine also the position of the point of contraflexure.
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5kN  3kN
l l 3 kN/m
A (RN ERY AN N
T B G D
e
2m 2m 2m 2m
Taking moments about D gives:
RaXx6=5x4+3x2
=26
from which, Ra=26/6 = 4.333 kKN
Resolving vertically gives:
Ra+Rp=5+3+3x4
i.e. Rp =20—-Ra=20-4.333

from which, Rp = 15.667 KN

Bending moments (M)
Ma=0
Mg=Ra % 2 =28.666 KN m
Mc=Rax4-5x2=7.332kNm
Mp=RaX6-5x4-3%x2-3%x2%x1=-6.0kNm
Me=0

Shearing forces (F)
Fa=4.333 kN
Fg_=4.333kN; Fg+ =4.333-5=-0.667 kKN
Fc-=4.333—-5=-0.667 kN; Fc;=4.333-5-3=-3.667 kN

Fp_.=4.333-5-3-3%x2=-9.667KkN; Fp+=4333-5-3-3%x2+Rp=6.0kN
FE:O

The point of contraflexure lies in span CD, and let this be at distance x from A

M= R, xX—5(x—2)—3(x—4)-3(x—4)x (X;4):0
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ie. 0=4.333x - 5x + 10—3x+12—1.5(x2—8x+16)

ie. 0=4.333x—5x + 10 — 3x + 12 — 1.5x* +12x—24
le. 0 =— 1.5x* +8.333x—2 which is a quadratic equation
By quadratic formula or by calculator, x = 5.30 m

Hence, the point of contraflexure, x =5.30 m from A

7. Determine the bending moments and shearing forces at the points A, B, C and D on the cantilever

shown.
3kNm bkNm 3 kNm
1~ P
Al BL_ _Ic Z
=i5m Tin T gZm

Bending moments (M)
Ma=3KkNm
Mg_=3KkNmM; Mg:=3-6=-—3kNm
Mc_.=3-6=-3KkNm; Mc,=3-6+3=0
Shearing Forces (F)

FA:FB:FC:FD:O

8. Determine the bending moments and shearing forces at the points A, B, C and D on the beam

shown below.

Taking moments about D gives:

Rax3=6+10x1x0.5
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from which, Ra=11/3=3.667 KN
Resolving vertically gives:
Ra+Rp=10x1
from which, Rp=10-Ra=10-3.667 =6.333 kKN
Bending moments (M)
Ma=0
Mg_=Rax1=3.667 kKN m
Mg.+=3.667-6=—2.333kNm
Mc=Rax2-6=1333kNm
Mp=0
Shearing Forces (F)
Fa=Ra=3.667 kN
Fg =3.667 kN
Fc =3.667 kN

Fo=—Rp=-6.333 kN

9. A uniform-section beam is simply supported at A and B, as shown. Determine the bending

moments and shearing forces at points C, A, D, E and B.

SkN  b6kNm
2 kNfm h

¢ acnans |
’A D f_] T

le—1 m—sle—1 m—le—1 m—>j«—1 m—]

Taking moments about B gives:
Rax3+6=2x1x35+5x%x2

ie. Rax3=17-6

from which, Ra=11/3 =3.667 kN
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Resolving vertically gives:

from which,

Bending moments (M)

Shearing Forces (F)

Ra+Rg=2x1+5

Rg=7-3.667 = 3.333 kN

Mc=0

Ma=—-2x1x05=-1kNm
Mp=-2x1x15+Rax1

Mp=-3+3.667 =—0.667 KN m
Mg_=—-2x1x25+Rax2-5x1=-2.666kNm
Mg+ =-2.667 +6=3.333 kN m

MB:0

Fe=0
Fa_=—2x1=—2kN
Fas=—2+Ra=—1667 kN
Fo-=—1.667 kN

Fo. =—1.667 —5=—6.667 kN
Fe = —6.667 kN

FB :—RB =-3.333 kN

10. A simply supported beam supports a distributed load, as shown below. Obtain an expression for

the value of a, so that the bending moment at the support will be of the same magnitude as that at

mid-span.
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In the diagram below, R,=R; and a+b=6m

and RA:RB:(a+b)x§ =6 kN

fzﬂ‘\'/m

2
The bending moment at A, BM , :ixgxgzgxa—
a+th 2 3 6 6

2

. a
l.e. BM, =— 1
=18 €
b
The bending moment at C, BM_ = RAxb—(a+b)x§x (a;— )
= 6b—6><g><§
2 3
ie. BM. =6b-12 2
However, equation (1) = equation (2),
a2
ie. —=6b-12 3
18 @)
But, a+b=6 o b=6-a 4)

Substituting equation (4) into equation (3) gives:

a2
2 —6(6-a)-12
15 = 0(6-2)
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a2

Ie. E:36—6a—12:24—6a
i.e. a’=18(24-6a)

i.e. a’ =432-108a

or a’®+108a—-432=0

Using the quadratic formula or by calculator, a = 3.862 m (or —111.86 m, which is not possible)
Hence, the value of a, so that the bending moment at the support will be of the same

magnitude as that at mid-spanis: a=3.862m
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EXERCISE 22, Page 81

1. Determine expressions for the shearing force and bending moment distributions for the
hydrostatically loaded beam shown, which is simply supported at its ends. Find also the position

and value of the maximum bending moment.

4 kN/m
7y y %
< 2m —>
e 7@’ 24/@\//,1,\,
. : ey
/ 7 B
At X, w=-2X
d—F=W=—2x
dx
2 2x2
hence, F:j 2xdx=——"—+A
0 2
i.e. F=—xX>+A Q)
M = on Fdx= jox(—xz + A) dx
X3
M =—§+AX+B 2
Atx=0, M=0
Hence, B=0
Atx=2, M=0
23
Hence, O=—§+2A 3)
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23

From equation (3), A= =1.333 4
q @) 30) (4)
Hence, F=-—x"+1.333
X3
From equation (2), M = oy +1.333x  or M =-0.333x%+1.333x (5)

For maximum bending moment,

dM

—=0=-x"+1.333
dx
from which, X =+/1.333 =1.155m (6)

Hence, maximum bending moment,

3 3
M = —% +1.333x = —@ +1.333x1.155
ie. M =1.026 KN m

2. Determine expressions for the shearing force and bending moment diagrams for the

hydrostatically load beam shown, which is simply supported at its ends. Hence, or otherwise,

determine the position and value of the maximum bending moment.

d—F=W:—3+x 1)
dx
hence, F :J' (=3+X) dx
X2
i.e. F =—3x+?+A 2
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“; )%_

?k,\r( M@A

. ¢

—=F
dx
X X X2
hence, M:J. Fdx:J. [—3x+—+Ade
0 0 2
2 3
e M :—3L+X—+AX+B 3)
2 6
Atx =0, M=0
hence, B=0 (4)
Atx =3, M=0
2 3
hence, 0=—3(3) +%+ AQ3)
i.e. 0=-13.5+45+3A
. 9
le. A=—-=3 5
3 )

Hence, from equation (2),

F=-3x+05x*+3 or F=3-3x+0.5x%>

3 3

From equation (3), M:—1.5x2+%+3x or M:3x—1.5x2+% (6)

For maximum bending moment,

2
d—M:0:—3x+x—+3
dx 2
ie. 0.5x*-3x+3=0
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X = ——3i«/’(—3)2 ~40.5)(3) _ 3+.3

from which,
2(0.5) 1

=1.268 m or 4.73 mwhich is ignored

Hence, maximum bending moment,

(1.268)°

M =—1.5(1.268)° + +3(1.268)

ie. M =1.732kN m
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EXERCISE 23, Page 86

1. Determine the maximum tensile force in the cable shown, and the vertical reactions at its ends,

given the following: w= 200 N/m and H= 30 kN

OV YN Y N YO
l |
| B e H=30Kn
T 1 fV?_
EOTT‘..I
i
A
H=20KN
Vi 100m.

Taking moments about B gives:

H x 20 + V1 x 100 = 200 x 100 x 50

i.e. 30000 x 20 + V4 x 100 = 1000000
6 —
and V, = 10 —600000 15
100
e V1 =4 kN

Resolving vertically gives:
V1 +V, =200 x 100
ie. V, = 20000 — 4000 = 16 kN

To find maximum tension:
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Ta=[[42+30° ] =3027 kN

and Tg= [162 +302] = 34.0 kN = maximum tension

2. Determine the tensile forces in the cable shown, together with the end reactions.

op =tan ! (1/3) = 18.43°
o = tan ! (20/5016) = 21.80°
oz =tan ! (1) = 45°
Joint C
Resolving horizontally gives:
T /cos oq = T, €COS o
and Ty = (cos aw/cos o) T2, =0.979 T, 1)
Resolving vertically gives:
Tisinog + Tasinop =20

ie. 0.316 T, + 0.371 T, = 20 @)
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Substituting equation (1) into equation (2) gives:
0.316(0.979T,) +0.371 T, =20
i.e. 0.680T,=20
from which, T, =20/0.680 = 29.41 kKN (3)
Substituting equation (3) into equation (1) gives:
T1=0.979(29.41)
i.e. T,=28.79 kN
Joint A
Resolving horizontally gives:
H =Ty cos oy
= (28.79)(cos 18.43°)
i.e. H=27.31kN (4)
Resolving vertically gives:
Vi=Tisinm
ie. V1 =28.79 sin 18.43°=9.10 kN
Joint D
Resolving horizontally gives:

T3 cos oz = T, COS cin

i.e. T3 cos 45° = 29.41 cos 21.80°
from which, T3 =27.307/cos 45° = 38.62 kN
Joint B
Vo =Tz sin a3
ie. V, =38.62 sin 45° = 27.31 kN
and H, = T30S a3
= 38.62 cos 45°
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H,=27.31kN
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