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Problem 5.3 The beam is subjected to a load F = F
400 N and is supported by the rope and the smooth
surfaces at A and B.

(a) Draw the free-body diagram of the beam.
(b) What are the magnitudes of the reactions at A
and B?

Solution:

3 Fx=0: Acosd5 —Bsin30° =0

3 Fr=0: Asind5 +Boos30 —T —40¢N =0

,(+ S My=0: — 12T —2.7(400) + 3.7Bc0s 30" = 0

Solving, we get

i A=271N
B=383 N
T=124 N

Problem 54 (a) Draw the free-body diagram of the
beam. (b) Determine the tension in the rope and the
reactions at B.

i
! Solution: Let T be the teasion in the rape. T
} . tags/ 6001b
I The equilibrium ecquations are: 309 :-’
:
i B
BF: : —Tsin30° — (600 Ib)sin30° + B, =0 ) ! * |
£ E
BFy: Teos30° — (600 Ib)cos30° + By =0
5ft 9f
£Mp : (600 1b) cos 30°(9 f1y — T cos 30°(14 iy =10 B
¥

Solving yields | T = 368 Ib, By = 493 tb, By = 186 Ib

(€ 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protecled under atl copyright laws as they
currently £xist. No portien of this material may be reproduced, in any form or by any means, without pennission in wriling from the publisber.

269

—-



——

Problem 5.6 The masses of the person and the diving  Soludion:
board are 54 kg and 36 kg, respectively. Assume that

they are in equilibrium. @

(a) Draw the free-body diagram of the diving board.
(b) Determine the reactions at the supports A and B. 0 D Fx=0 Ax=0

N Fy=0 Ay + By — {S4)(0.81) — 36(9.81) =0
STMa=0: 128y — (2.4)36)9.81)

—(4.6)(54)(0.81} = 0

Solving: Ax =0 N

Ay = —185 kN
By =274 kN
4.6m 46m
E e 24m ey
A = 1.2m -l
X
—ti

> =1
TA,. ?ﬂ, l Wp Wp

Problem 5.7 The ironing board has supports at A and
B that can be modeled as roller supports.

(a) Draw the free-body diagram of the ironing board.
(b} Determine the reactions at A and B,

Solation: The system is in equilibrium. Substitute into the force balance equation:

(ay The free-body diagram is shown. Fa=13— Fp= 115833 1b
(by The sums of the forces are:

|
3 Fx=0,
: 4 B s
: Fy=—Fp+Fp—10-3=0 o £ o ———
; 2 I
] =12 in =310 28 in ~—{ 3 b
: The sum of the moments aboul A i
My = 12Fg — 22(10) — 42(3) = ©, ) -
D M= 1275 = 2200) - )= Fy IFH lmm J’}lb

. 346 R
from which Fg = .y = 28.833 in.
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Problem 512 (a)} Draw the free-body diagram of the
beam.

(b} Determine the reactions at the pin support A.

Solution: SkN S kN

(a) The FBD
{b) The equilibrium equations

A

ST M- B KNYO.G m) + (8 kN1 m) — 2 kNm ___*__+

—Beos30°(23m) =0

Y Fy Ay - Bsind0® =0

S FyiAy —BKN+ 8N - Bcos30" =0

Solving

|Ax = D.5S02 KN, Ay = 0870 kN, B = 1.004 XN

Problem 5.13 (a) Draw the free-body diagram of the
beam.

(b} Determine the reactions at the supports.

N

Solution:

{a) The FBD
{b) The equilibrium equations

3 M (40 KN4 m) + A6 m) = 0 40N

S Fei At B =0 B |

Y Fy:d0KN+ By =0

Solving we find

{4 =B, =267 kN, By = —40 kN
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the point shown, The 10-1b weight of bar AD acts at the
midpoint of the bar. Determine the tension in the cable
AE and the reactions at D.

Problem 5.34 The sign’s weight Wy = 32 Ib acts at 17 in~} 30 in 11 in—|

30°

152

| 33in

Solation: Treat the bar AD and sign as one sirgle object. Let Tax
be the tension in the cable. The equilibivm equations are

BF, i Tapcos15° + D, =0

TFy:Tagsinls" + Dy —W; ~(101) =0

EMp : —Tag cos 15°{52 in) t2n 30

— T sin 15°(52 in)
+ (32 1b)(33 in) + (10 IbH26 ) =0

Solving yields

Tae =310 1
Dy =-299Tb
Dy =340Tb

© 2008 Pearson Education, Inc., Upper Saddle River, NI. All rights reserved. This material is proiecied under all copyright laws as they
currently exist. No portien of his material may be repreduced, in any form or by any means, withoul permissien in writing from the publisher,

——

289




-

Problem 542 The plate is supported by a pin in a
smooth slot at B. What are the reactions at the supports?

Solufion: The pinned support is 2 two ferce reaction support. The
smooth pin is a roller suppert, with a one force reaction. The reaction
at B forms an angle of 90° + 60° = 150° with the positive x axis. The
sum of the forces:

S Fx =Ax +Beos150° =0
S Fp=Ay +Bsinl50° =0

The sum of the moments about B is

N Mp=—24y +2-6=0,

from which
4
Ay = 3= —2kN

and Ay = ~Bcos 150" = 3.464 kN.

The horizontal and vertical reactions at B are
By = 4cos150° = —3.464 kN,

and By = 45in150° = 2 kN.
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Problem 5.76 State whether each of the F-shaped bars
shown is properly or improperly supported. If a bar
is properly supporied, determine the reactions at ifs
supports. (See Active Example 5.6.)

; Solution:

(1) is improperly constrained. The reactions intersect at a point P,
and the force exerts a moment about that point.

(2) s improperly constrained. The reactions intersect at a point P
and the force exerts 2 moment ahout that point.

{3) is properly constrained. The sum of the forces:

Y Fx=C-F=0,

from which € = F.

N Fy=-A+8=0,

fme wkich A = B. The sum nf]the mumentslﬂbuul B: LA+
5 F - LC =0, from which A = 2 F, and 8 = o F (€
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Problem 5.78 The bar AB has a built-in support at A.
The tension in cable BC is 8 kN, Determine the reactions

at A.

Solution:
My = Maei + Mayd + Mk
We need the unit vector epe

(x¢ — xpii+ (g — ya)i + (zc — zp)k
Ve — 18)? + (yc — yo)* + (zc — z8)°

epc =

ege = 0.8161 + 0.408) — 0.408k
Tae = (8 kN)ezc
Tpe = 6.53 + 3.27 — 3.27k (kN)
The moment of Tge about A is
G t
Mpc =ragx Tpc = | 2 ¢ [
€53 3.27 -3.27
Mpc = rap x Tpe = 0i+ 6.53f + 6.53k (kN-m)
Equilibriam Eqns.
ZFX: Ax 4 Tacy =0
EFy: Ay +Tpc, =0
Zin Az +Tpoy =0
ZMx: Max +Mpcy =0

EM}': May + Macy =0

ZMz: Maz -+ Mpc, =0
Solving, we get

Ay = —6.53 {kN),

Ay = —3.27 (kN),
Az =3.27 (kN)
Ma =0,

May = —6.53 (kN-m),

M p = ~6.53 (kN-m)

Tpc e
C{3,05,-05)
x

T

B{2,0,0)
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Problem 5.98

The 1.1-m bar is supported by a ball

and socket support at A and the fwo smooth walls. The
tension in the vertical cable CD is 1 kN.

(a) Draw the free-body diagram of the bar.
(b) Determine the reactions af A and B.

Solution:

@

(v)

The ball and socket cannot support a couple reaction, but can
support a three force reaction. The smooth surface supports one-
force normal to the surface. The cable supports one force parallel
to the cable.

The strategy is to determine the moments about A, which will
contain only the unknown veaction at B. This will require the
positien vectors of 5 and D relative to A, which in tum will
require the unit vector parallel to the red. The angle formed by the
bar with the horizontal is required to determine the coordinates
of B:

-1 VOE+0.72 .
o = COS§ i =33.1°.

The coordinates of the points are: A (0.7, 0, 0.6), B (0, 1.1
(sin33.1°), 0} = (0, 0.6, 0), from which the vector paraliel to the
bar is
tap =g —ra = —0.7i+ 0.6} — 0.6k {m).
The unit vector parallel to the bar is
e = r{‘% = —0,63641 + 0.5455] — 0.5455K.
The vector location of the point D relative 1o A is
rap = (1.1 — 0.4)esp = 0. 7e4p
= —0.4455i 4+ 0.3819j — 0.3819k.

The reaction at ¥ is horizonial, with unknown x-component and
z-components, The sum of the moments about A is

i ) Kk
ZMA:rABxB—}—rADxD:O: ~07 06 —06
Bx 0 B
i § i
+|—0.4455 03819 —0.3819| =0
o -1 0

Expand and collect like terms:

ZMA = {0.68z - (.3819) — (0.6Bx — &.7Bz)j

+(—0.6By + 0.4455)k = 0.

600 mm

Froen which,

0.3819
T 0.6365 kN,

0.4455

By = -T2 = 0. 7425 kN.
AT 06
The reaclicns at A are etermined from the sums of the forces:

ZFX = {By + Ax)i = 0, from which Ay = —0.7425 kN.
ZFY = {Ay — 1)j = 0, from which Ay =1 kN.

sz =(Bz + Az)k =0, from which Az = ~0.6365 XN

Fy
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Problem 5.126 Use the fact that the horizontal bar is
a three-force member to determine the angle o and the
magnitudes of the reactions at 4 and B. Assume that
0 <o <90

Solution: ‘The forees at A and B are parallel to the respectve bars
since these bars are 2-force members. Since the herizontal bar is a
3-foree member, all of the forces must intersect at a peint. Thos we
have the following picture:

From geometry we sec that

d=1m cos30°

dsin30° = esine

deos30° +ecosa =3 m

Solving we find

To find the other forces we look at the force triangle

Fp =3 kN cos40.89" = 2.27 kN

Fa=3kN sind40.89" = 1.964 kN
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Problem 6.4 Determine the axial forces in members
BC and CD of the truss.

Solution: The frec-body diagrams for joints E, D, and € are 600 1b E
shown. The angle o is

o = tan~1(3/4} = 36.9°
Using Joint E, we have a
EF;: —{600 Ib) — Topsina =0
LFy: =Tcecoso~Tpp =0
Using Joint D, we have
BFy: =Tecp —Tppsine =0
IFy:Tpg —Tppeosa =0
Finally, using Joint C, we have
LF :Tep+Tepsing — Tacsing =0

LFy:Topcosw — Taccosa —Tye =0

Solving these six equations yields TAC
Tecg =—1060 1b, Tpe = 800 1b
Teop = —600 1b, Tac = —2000 b

Tac = 800 lb, Typ = 1000 Ib

A positive value means tension and a nepative value means compres-
sion

Thus | BC : 800 1b (T}, CD: 600 1b (C)

© 2008 Pearson Bducation, Inc., Upper Saddle Kiver, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this materiai may be reproduced, in amy form or by any means, without permission in writing from the publisher.

388

o



—p—

Problem 6.10 Determine the axial forces in members
BD, CD, and CE of the truss.

Solution: The free-body diagrams of the entire trass and of joints
A, B, aud C are shown, The angle

o = tan1(3/4) = 36.9°

From the free-body diagram of the entire truss
EF;:Ay—6kN=0
Mg (6 kN)Y400 mm) 4 A, (600 mm)
— A, (1200 mm) =0
Solving, Ay == 8 kN, Ay = 6 kN
Using joint A,
EF A+ Tap+ Taccose =0
EFy Ay + Tacsine =0

Solving we find
Tag=0, Tac=-10kN

Because joint B consists of three members, two of which are parailel,
and is subjected to no exteraal lead, we ¢an recepgpize that

Tegn=Tag=0 and Tpp=10
Finally we examine joint C

LFEy : Teg+ Tepoosa — Taccosa =0
= Tep =N, Top = —16 kN
LFy: =Tacsine— Tepsing ~Tye =0

In summary (BD:0, CD:10kN(T), CE:16kN (C)l

pa
G
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