Equilibrium of Force System

The body is said to be in equilibrium if the resultant of all forces acting on it is zero. There are

two major types of static equilibrium, namely, translational equilibrium and rotational
equilibrium.

Formulas
Concurrent force system
LF, =1

VE,

y =10

Parallel Force System
YE =1

LMo =10

Non-Concurrent Non-Parallel Force System

EF. =1
YE, =1
LMo =1

1.Equilibrium of Concurrent Force System

In static, a body is said to be in equilibrium when the force system acting upon it has a zero
resultant.

Conditions of Static Equilibrium of Concurrent Forces

The sum of all forces in the x-direction or horizontal is zero.

EFF ={}‘ or EFI{ ={}

The sum of all forces in the y-direction or vertical is zero.

LF, =0 o BF-=0



Important Points for Equilibrium Forces
e Two forces are in equilibrium if they are equal and oppositely directed.

e Three coplanar forces in equilibrium are concurrent.

e Three or more concurrent forces in equilibrium form a close polygon when connected in head-
to-tail manner.

Problem 308 | Equilibrium of Concurrent
Force System

The cable and boom shown in Fig. P-308 support a load of 600 1b. Determine the tensile force T
in the cable and the compressive for C in the boom.

Figure P-308

Solution 308
EFy =10
(" eos 45" = T eos 30°

€' = 1.2247T



YF = ()

T sin 307 + Ceos457 = G0

Tsin 307 + (1.2247T) cos 457 = 600
La66td = 6N

T=430.24 b answer

c

1.2247(439.24)

"= 53794 1b answer

Another Solution (By Rotation of Axes)
LE, =10
T sin 75°% = GO0 sin 457

T = 439.23 1b (ok!)



/ 600 Ib

LF, =0
=T eosTH" 4 GO0 cos 457
(= A439.23 cos T + 600 cos 457

' =537.94 b (ok!)

Another Solution (By Force Polygon)
T

T C E00

sin 45%  sln 60 sin 7H°

T"=439.23 1b (ok!)



C'=537.94 Ib (Ok ! )
Problem 309 | Equilibrium of Concurrent
Force System

A cylinder weighing 400 1b is held against a smooth incline by means of the weightless rod AB
in Fig. P-309. Determine the forces P and N exerted on the cylinder by the rod and the incline.

Figure P-309

Solution 309
NFy =0
Peos 25 = Nsin bhs"

Pr=10.00380N

400 Ib




YEy =1

Psin 25% + N cos 55° = 400
(LO03EN ) 510 25 + N cos 55% = 40
(L9556N = 400

N = 418.60 b answer

P =11.9038(418.60)

P=378.34 1 answer

Another Solution (By Rotation of Axes)
EF. =10

Poos 307 = Al sin 557

P=2375.35 1b (Ok-’)

YE,

=1
N = Psin 30° 4 4(0) cos 55°

N = 378350 307 + 400 cos55°



N = 418.60 1b (ok!)

Another Solution (By Force Polygon)
400 b

400 b }

Force Polygon

H N AN

sin 55° sin65°  sin 60°
P=373.35 1b (ok!)

N = 418.60 1b (ok!)

Problem 310 - 311 | Equilibrium of
Concurrent Force System

Problem 310

A 300-Ib box is held at rest on a smooth plane by a force P inclined at an angle 6 with the plane
as shown in Fig. P-310. If 6 = 45°, determine the value of P and the normal pressure N exerted
by the plane.



W =3001Ib

Figure P-310 and P-311

Solution 310
YE =1
Poeosd = Wsin 30°

Peos 457 = 30sin 307
P=21213 b answer

W =300Ib

£F, =0

N =FPsinf + W cos30°

N = 21213 sin 45% 4 300 cos 307



N = 409.81 1b answer

Problem 311

If the value of P in Fig. P-310 is 180 Ib, determine the angle 6 at which it must be inclined with
the smooth plane to hold 300-1b box in equilibrium.

Solution 311
LE. =10
Poeost = Wsln 307

180 cos 8 = 300 sin 307

5

rosf = N

f = 33.56° answer

Problem 312 | Equilibrium of Concurrent
Force System

Determine the magnitude of P and F necessary to keep the concurrent force system in Fig. P-312
in equilibrium.

Solution 312
Yl =1
Fleos G007 4 200 cos 45° = 300 4+ Peos 30°

F'=317.16 + L.7320F

YEy =1
Fsin 60° = 200 sin 45° + P sin 30°
(B17.16 4+ L7320P) sin 60° = 200 sin 45" + P sin 30°

27467 + 1oF = 14142 + 058



HF= 133525 N answer

F=317.16 + 1.7320( —-133.25)

F =837 N answer

Problem 313 | Equilibrium of Concurrent
Force System

Problem 313 | Equilibrium of Concurrent Force SystFigure P-313 represents the concurrent force
system acting at a joint of a bridge truss. Determine the value of P and E to maintain equilibrium
of the forces.

Figure P-313

Solution 313
YF, =0
Frosi0® 4+ 300 = Peos 157 + 400 cos 30°

F=1.9318F + 92.82



YE, =0
Flain 60° + P sin 15° = 200 + 400sin 307

(LOZISP + 92.82) sin G0° + Psin 157 = 200 + 400sin 307
LGETIOP + 8038 4 (1.2588F = 2000 + 200

LU31IsF = 51062

P =165.45 1b answer
F = 1.0318(165.45) + 02.82

F=412.44 1b answer
Problem 314 | Equilibrium of Concurrent
Force System

The five forces shown in Fig. P-314 are in equilibrium. Compute the values of P and F.



Figure P-314

Solution 314
LE, =1
Fain 0% 4 40 cos 15° = 30 sin 307 4+ 20sin 60°

LOF = —6.3165

F==12.63 kN answer

VE, =10
P4 20 cos 60" 4 40sin 15% = 3ceos 30° 4+ Foos 30°
P+ 10 + 10035 = 2598 + (—12.63)(0.8660)

P=-531 kN answer



Problem 315 | Equilibrium of Concurrent
Force System

The 300-Ib force and the 400-1b force shown in Fig. P-315 are to be held in equilibrium by a
third force F acting at an unknown angle 6 with the horizontal. Determine the values of F and 6.

400 Ib
300 Ib

Figure P-315

Solution 315

By Cosine Law
F? = 4007 + 3007 — 2(400)(300) cos 30°

F? =42153.90 lb

F=205.31 b answer

4007 = 3007 + F? — 300F cos @
J0F cos @ = 300° + F2 — 40072
300(205.31) cos 8 = 300% 4 42 153.90 = 400*

G1593 cos fl = —27 B8d6.1



cosf = —0.452 0098452 T

f = 116.87" answer

The correct position of F would be as shown below.

400 Ib
300 b \ 30°

F=20531lb

Problem 316 | Equilibrium of Concurrent
Force System

Determine the values of a and 0 so that the forces shown in Fig. P-316 will be in equilibrium.

20 kN

“Ni?}\k 40 kN
| h-
H 1

30 kN

Figure P-316

Solution 316

By Cosine Law
J0° = 207 4 40° — 2(20)(40) cos &



2(20)(40) cos a = 20% 4 40° — 30?
LGN eos ey = 1100

cosa = [LERTH

oy = AG.57° answer

207 = 307 + 40° — 2(30)(40) cos @
2({30){40) cos § = 30% + 40 — 20?
2400 eos & = 2100

rosf = (0875

f = 28967 answer

Problem 317 | Equilibrium of Concurrent
Force System

The system of knotted cords shown in Fig. P-317 support the indicated weights. Compute the
tensile force in each cord.



Solution 317

Figure P-317

From the knot containing 400-1b load

YFy =0

Dsin 75% = s 30°

400 Ib



D =0.5176C

Yy =0
Deos 75 + O cos 307 = 400
((LB1T6C) cos TH° + Cleos 307 = 400

"= 4 b answer

D = 0.5176(400)

0 =207.06 1b answer

From the knot containing 300-1b load

1::-

300 Ib C

LRy =10
Bsin 45% = 300 + ' eos 30°
Bsin 457 = 30 + 400 cos 30°

B =1914.16 b answer

NFy =0

A= DBeosdh® + Csin 07



A =914.16 cosdh" 4 D) =in 30°

A =846.41 b answer

Problem 318 | Equilibrium of Concurrent
Force System

Three bars, hinged at A and D and pinned at B and C as shown in Fig. P-318, form a four-link
mechanism. Determine the value of P that will prevent motion.

Figure P-318

Solution 318

At joint B

Joint B

N, =0



Flapeos3® = 20sin45°

Fap = 1633 kN

SF, =10
Fpe = 2000s45°% + Fy gsin 30°
Fpe = 2000s45° + 16.33 sin 307

Fpo = 22.31 kN

At joint C

JointC

SF, =0
Frpeos 15% = Psin 60°

Frp = L8966

LF, =0
Pceosbl)® + Fopsin1h® = Fpo
FPoos 07 + ((L8266F ) sin 157 = 22,01

0.7320F =22.31



P=3048 kN answer

Problem 319 | Equilibrium of Concurrent
Force System

Cords are loop around a small spacer separating two cylinders each weighing 400 b and pass, as
shown in Fig. P-319 over a frictionless pulleys to weights of 200 1b and 400 1b . Determine the
angle 0 and the normal pressure N between the cylinders and the smooth horizontal surface.

Total W = 800 Ib

Figure P-319
Solution 319
400 |b
800 Ib /
B
200 b \
— kL




Yk =0

A0 eos 8 = 2000

rosf = (0.5
f = G0~ answer
YE = ()

N 4 A0 sin & = 800
N AN sin GO = SO0

N = 45359 1b answer

Problem 322 | Equilibrium of Force System

The Fink truss shown in Fig. P-322 is supported by a roller at A and a hinge at B. The given
loads are normal to the inclined member. Determine the reactions at A and B. Hint: Replace the
loads by their resultant.

Figure P-322



Solution 322
R = 2(1000) + 3(2000)

R = #5000 1h

R, = Hsn 307
R, = 8 sin 30°

R, = 4000 1b

Ry = Hocos 307
Ry = B0 eos 307
1-?.3)l = {025.20 1h
EMg =1

G0H 4 = 0K,

GOR 4 = 40(6928.20)

R4 = 4618.80 b answer




LMy =0
0Ly = 208,
OBy = 2{]'{!]5358.2{]'}

By = 2309.40 1b

Yk =1
By =H,

BH = AN 1h

Rp =By~ + By~
Rp = V40002 4 2300.402

Rp = 4618.80 1b

H'I'_-'
tanfp, = —
By
24309 .40
tflll!‘;BJ-_ = W
B, = 30°
Thus,

Rg =4618.80 Ib at 30° with horizontal

answer



Another Solution
Wl

ol _
a.l‘:,_ . HE;
30*.". b - .
R = 8000 Ib AN
"'r S
@ P
e
a o \"a\\
o H“"n .
~._ B
}!\. (] o (4] o i \
R ke 20 ft 40 ft Re
20
tan J° = —
¥

y = 3464 tt

y
tanfg, = —
R T
34.64
tanfp, = ———
e = T

HEJ’. = 30" (Okay‘/)

From the Force Polygon
Ry  Rp 8000

sin 30°  sin30°  sin 120°

R4 = 4618.80 1b (okay!)

Rp = 4618.80 1b (okay!)

Problem 323 | Equilibrium of Force System



The truss shown in Fig. P-323 is supported by a hinge at A and a roller at B. A load of 20 kN is
applied at C. Determine the reactions at A and B.

D C
. 30°
Im 20 kN
B ¥
JE. Y.
A A v1.5 m
; 7
h( 9 m e — 3 M —
Figure P-323
Solution 323
LMy =1
ORp = (34 1.5)(20 cos307) + (9 + 3)(20 sin 307)
HHp = 197.04
Rp=21.99% kN answer
D C
AN 30°
Im 20 kN
BL/ Y.
Ay A 4 £ 1.Ir]..EF'I"I
g
Re
o
Ay 9 m se— 3 —»

YFy =0



Ag = 200c0= 307

Ay =17.32 kN

SMp — 0
Ay = LoAg + 3(20 cos 307) + 3(20sin 307)
DAy = LA(17.32) + 3(20 cos 307) + 3(20sin 307)
A, = 107.94

Ay = 11.99 kN

Ray=+Ag~ + Ay~
R4 =+/17.322 4 11.092

Ry =21.06 kN

Ay
tanfa, = v

Ay

11.949
tanfy, — —o
AiPar = 1732
B4, = 34.7°
Thus,

Ra =21.06 kN down to the left at 34.7° with the horizontal.

Another Solution
tan 30° = %

y = L7432 m

: R
tanf 4, = w

answer



tanf ., =

EJIA_J-. — -.‘;'J.TD (Okay./)

o= 00° — 0, = 00° — 34.7°

ir = 55.3°

180% — o — 607 = 180° — 55.3° — 60°

I
s
Il

3 =64.7°

R, R, 20)

s1n 60© sin G0© sirn o

R, Ry R

s1n 60© sin 64.7° sin Hh.g°

Rp=21.99 kN (okay!)

Problem 325 | Equilibrium of Three-force
System



Determine the amount and direction of the smallest force P required to start the wheel in Fig. P-
325 over the block. What is the reaction at the block?

Figure P-325

Solution 325
. 1.5
ros T = 53

8 =41.41°

2000 Ib

30° + 4 = 71.41°

= 18.59° 4 o

= 0" — o

.E-' 2IHN)

sin 71.41° sin 3

AN sin 7L.A1"

 sin(18.59° + a)

dP  =2000sin 71417 cos(18.59° + a)
do sin*(18.59° + a)

=10

—2000sin 71417 cos(18.59 + a) =0



cos(18.50° + a) =0
I8.59° 4 o = 90"
v = 71.41° answer

20000 sin 71.41°

Poin = ‘
i E-;ill{l't"lla!-_lsjo i Tl.-ilr)}

Prin = 1895.65 1b answer
¢ = 18.59% 4 71.41° = Q0"
= 90" — TLAL" = 18.59°

R 2000
sinf sing

H 2000

sin 18.59°  sin 90°

R =637.59 1b answer

Problem 326 | Equilibrium of Force System

The cylinders in Fig. P-326 have the indicated weights and dimensions. Assuming smooth
contact surfaces, determine the reactions at A, B, C, and D on the cylinders.



W =200 kN

Figure P-326

Solution 326

4.6

2+ 1

rosf =

fi = 20.93%

W = 200 kN

L 5.6 m >

From the FBD of 200 kN cylinder
v F‘I;" =1l

Re-sinf = 200

Resin 29.93°% = 200



by =10
Rp = R eosfd
Rp =485 cos 29,937

Rp =347.39 kN answer

400 kN

From the FBD of 400 kN cylinder

EFy =0
R4 = Recost
Ry = 485 cos 20 937

Ry = 347.39 kN answer

Yy =0

Rp =40+ R sind

200 kN



Rp = 400 + 400.85 sin 29.93°

RB — EJ{H} I‘EN answer

Problem 327 | Equilibrium of Force System

Forces P and F acting along the bars shown in Fig. P-327 maintain equilibrium of pin A.
Determine the values of P and F.

TIEHN

Figure P-327

Solution 327
g =1l
F(3) = P(Z3z) + 30

F=YPpP450 Equation (1)

-

P(=)+ F(3) =18




YEP 4+ F = 225

Substitute F of Equation (1)
EP 4 (5P 4+ 50) = 22.5
Wip— 275

1]

P=-14.76 kN answer

From Equation (1)
F = $2(-14.76) + 50

F=239 kN answer

Problem 328 | Equilibrium of Force System

Two weightless bars pinned together as shown in Fig. P-328 support a load of 35 kN. Determine
the forces P and F acting respectively along bars AB and AC that maintain equilibrium of pin A.

4m 1m

Figure P-328



Solution 328

i
EFH =1l 'j;
P/ AL
F(1) =P~ ,,x”’-—fT
il V13 5
F
F=07LM4P
A
LEy =1

P(45) = FF7) + 35 -

(.3883F =35

P=9014 kN answer

F = 0.7104{90.14)

F=64.03 kN answer

2.Equilibrium of Parallel Force System

Conditions for Equilibrium of Parallel Forces
The sum of all the forces is zero.

SF =10
The sum of moment at any point O is zero.

S Mo =10

Problem 329 | Equilibrium of Force System

Two cylinders A and B, weighing 100 Ib and 200 Ib respectively, are connected by a rigid rod
curved parallel to the smooth cylindrical surface shown in Fig. P-329. Determine the angles o
and B that define the position of equilibrium.



Figure P-329

Solution 329
YMa =10
LR cos v = 200R cos 3

coso = 2oeos J

200 Ib
100 Ib

From the figure
a+ 4 =9

o= 90 - 37

Thus,
cos(90° — 3) = 2cos 3



sin @ = 2cos 3

sin 3 _9

eos 3

tan g = 2

7 = 63.43° answer
e = 907 — 63.43°

o = 26.57° answer

Problem 332 | Equilibrium of Parallel Force
System

Determine the reactions for the beam shown in Fig. P-332.

300 b

MATHalind.dom
‘T'f‘r”\-' WY Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

400 Ib
100 Ib/ft ‘

Figure P-332

Solution 332
LMps =1
LOR, 4 -1{:-1{1-[}} = 1Ei{::~5{J'[}} | EJ[I-I{:I{J{J'}]

Hl = 1O8(0) l]} answer



300 Ib

4001b
Y 100 Ib/ft ‘
]
Ei j Ei 2! j 4!
1 < 9’
Ry Rz

Y Mgy, =0
LOR, + 6(300) = 14(400) + 1] 14( 100 ]

Ry =520 1l answer

Problem 333 | Equilibrium of Parallel Force
System

Determine the reactions R; and R; of the beam in Fig. P-333 loaded with a concentrated load of
1600 1b and a load varying from zero to an intensity of 400 1b per ft.

1600 b {

l 0 il 'HUHHWHLL-.WM'|.~l~.cmn-g
Ij‘ 3 J 1 L 12 ’t

Figure P-333

Solution 333
My, =10

12Ry = 4 3(12)(400) ]



R:; = #H() ].]::'

l:lrul_n:; — “
12R, = B[ 1{12)(400) |

R, = 1600 1b

Ra R4

1600 |b R; R4
— !
T(— 3 {1« 12 4
R]_ RJ.

MMpy =0
16R; = 13(1600) + 12(800)

Ry = 1900 1b answer

YNMpy =10
16R, = 3(1600) + 4R, + 16R,

16R, = 3(1600) + 4(800) + 16(1600)



Ry = 2100 1b answer

Problem 334 | Equilibrium of Parallel Force
System

Determine the reactions for the beam loaded as shown in Fig. P-334.

12 kN

I P okum ﬂ_r.].m-[-mﬂ'lmm {

T<~1.5rn—H—3rn e 3 m ——
Ri

Rz
Figure P-334

Solution 334
YMpoy =10
7.5Ry = 6(12) + 4.5[3(6)] + 1[3(3)(15) ]

Ry =123.4 kN answer

12 kN

' 6 kKN/m

. ,mﬂ'[ﬂﬂﬂmm "‘
Ll.Emrtl.Em‘Ll.Sm}{ 2m )Ll

Ry

m

22

YMpy =0



==l

ORy = 1.5(12) + 3[3(6) ] + 6.5] 3(3)(15)]

R, =201 kN answer

Problem 335 | Equilibrium of Parallel Force
System

The roof truss in Fig. P-335 is supported by a roller at A and a hinge at B. Find the values of the
reactions.

20 kN

10 kN

>m >m %
? l i -
60 kN 50 kN

Figure P-335

Solution 335
l:_"UB =1
I5R 4 = 10(60) + 7.5(80) + 5(50)

R4 = 96.67 kN answer



MMy =)
15RE = 5(60) + 7.5(80) + 10{50)

Rp=93.33 kN answer

Problem 336 | Equilibrium of Parallel Force
System

The cantilever beam shown in Fig. P-336 is built into a wall 2 ft thick so that it rests against
points A and B. The beam is 12 ft long and weighs 100 Ib per ft.

2000 1b

L

10 ft

-

100 Ib/ft

Figure P-336



Solution 336

My =0

2R 4 = 10(2000) + 4] 12(100) |

Ry =12400 Ib answer
2000 Ib R
100 Ib/ft Y
Tvx'wvmﬁrv\ ALNARAARAAA AL ANAANS A AL LALN)
10 ft ' 2ft
Rs
MMy =0
2Rp = 12(2000) + 6][12(100) ]
Rp = 15600 1b answer

Problem 337 | Equilibrium of Parallel Force
System

The upper beam in Fig. P-337 is supported at D and a roller at C which separates the upper and
lower beams. Determine the values of the reactions at A, B, C, and D. Neglect the weight of the

beams.

/3
i "
10 m > I m < 10 m

Figure P-337

[-—

ol -

0 k]
.




Solution 337
Yo =1
LORL 4 d{!]{}} = E]{IEB{}])

Rp =90 kN answer

Y Mp =1

10R- = 14(60) + 4(190)

Ry = 160 kN answer
400 kN
4m 1
A
10m
Ra
LMy =0

10Rg = 4(400) + 14(160)

Rp =384 kN answer

| 3\
c
Re
4 m 4* 10 m
Rc =160 kKN
=) |
B
4 m —»
Rs



EMp =1
10R 4 + 4(160) = 6(400)

Ry=176 kN answer

Problem 338 | Equilibrium of Parallel Force
System

The two 12-ft beams shown in Fig. 3-16 are to be moved horizontally with respect to each other
and load P shifted to a new position on CD so that all three reactions are equal. How far apart
will R, and R; then be? How far will P be from D?

P=960Ib
Figure 3-16
A C D
T - 1 B u
t 8 -
12’ R-

Ry R

Solution 338

From FBD of beam CD

Lhy =10

H(‘- { R:!, - P

Re + 0.5R- = 960

Re = 640 1b

.[Ei':!_ = {}.ril{“H}__:' — :gg{} ].]} answer



= 960 Ib

< ¥ -11 12 — X e
A 3] Cl D
| %] B l
6 »
12 R-
Rl RE
= 960 Ib
< ¥ >1< 12 — % »
g g
R R3 = 0.5R¢
R
A 6 Y 6 B
[ ]
R; = 0.5R: R; = 0.5R¢
M~ =0
12K, = Dlx
12(320) = 960z
r=d4 ft
Thus, P is 8 ft to the left of D. answer

From the figure above, R is at the midspan of AB to produce equal reactions R; and R,. Thus,
R, and R; are 6 ft apart. answer

From FBD of beam AB
Ry = 05(640) = 320 1b answer



Ry = 0.5(640) = 320 b answer

Problem 339 | Equilibrium of Parallel Force
System

The differential chain hoist shown in Fig. P-339 consists of two concentric pulleys rigidly
fastened together. The pulleys form two sprockets for an endless chain looped over them in two
loops. In one loop is mounted a movable pulley supporting a load W. Neglecting friction,
determine the maximum load W that can just be raised by a pull P supplied as shown.

Figure P-339

Solution 339

YA, =0



FW(3D) = P(3D) + 3W (3d)

}T'H_r D= %PD 4 %H"{i

Ly 1Wd =
WD - iwd = 1PD

1
2

WD—-dW =1PD

1pp
W = 19—
E{ D —d)
2PD
W=

D—d answer



Problem 340 - 341 | Equilibrium of Parallel
Force System

For the system of pulleys shown in Fig. P-340, determine the ratio of W to P to maintain
equilibrium. Neglect axle friction and the weights of the pulleys.

7

1
e

Figure P-340 and P-341



Solution 340

MATHalino.com

I LH3|iLo*coLu

3y




From the lowermost pulley
Yy =1

W= gp

W/p =9 answer

Problem 341

If each pulley shown in Fig. P-340 weighs 36 kg and W = 720 kg, find P to maintain
equilibrium.

Solution 341

From pulley A
SFy =10

J47 = 36 4 720
3Ty = T26

T, = 252 ke



Wod oulleH 1A

W = 720 kg




From pulley B
LRy =10

3y = 36 41,
3T, = 36 + 252

3T = 288

T5 =96 ke

From pulley C
=115

Thus, P =96 kg answer

Problem 342 | Equilibrium of Parallel Force
System

The wheel loads on a jeep are given in Fig. P-342. Determine the distance x so that the reaction
of the beam at A is twice as great as the reaction at B.

Figure P-342



Solution 342

The reaction at A is twice as the reaction at B

R.=2Rp
600 Ib 200 Ib
X 4
)

f, |
A B

. e

Ra € 15 | Re

NF, =0

R4+ Rp = 600+ 200

2Hp + Hp = 800

3Rp = 800
Ry = 266.67 1b
LMy =0

600z + 200(x + 4) = 15Rp
GO0z + 2002 + 800 = 15(266.67)
8O0z = 3200

r=4 ft answer

Problem 343 | Equilibrium of Parallel Force
System



The weight W of a traveling crane is 20 tons acting as shown in Fig. P-343. To prevent the crane
from tipping to the right when carrying a load P of 20 tons, a counterweight Q is used. Determine

the value and position of Q so that the crane will remain in equilibrium both when the maximum
load P is applied and when the load P is removed.

W = 20 tons
Q
,mm
P=20tons J

LY

¥ 5

o 10° i

Figure P-343

Solution 343

When load P is removed
YMy =0

Qr=20(5+1)

(Qr =120 Equation (1)



W = 20 tons

S

L]
WHDODOIDIB

B

P= 20 tons ]‘

%

%‘xﬁ’%’/ﬁ //’;’fﬁ%‘?“

|

When load P is applied
YMp =10

Q(x+5) = 20(1) + 20(10)

CJx + HEr = 220

From Equation (1), Qx = 120, thus,
120+ 50 = 220

He) = 1N

EJ = 200 tons answer
Substitute Q = 20 tons to Equation (1)
20 = 120}

r =10 1t answer

3.Equilibrium of Non-Concurrent Force
System



Problem 346 | Equilibrium of Non-
Concurrent Force System

boom

cable

equilibrium
non-concurrent forces
non-parallel forces
reaction

static equilibrium
support reaction
tensile force

tension member

Problem 346

A boom AB is supported in a horizontal position by a hinge A and a cable which runs from C
over a small pulley at D as shown in Fig. P-346. Compute the tension T in the cable and the
horizontal and vertical components of the reaction at A. Neglect the size of the pulley at D.

%

200 b 100 Ib

Figure P-346 and P-347



Solution 346
Yy =1
.q{;;frrjz 2(200) + 6(100}

T =279.51 1b answer

Yk =0
Ay 4 ;’-T = 200 4 100

A —2— a7 15 l‘ ::
Ay 4 v_.ﬁ{...r.i..:l} YN

f!.y-' =4l b answer
YFy =0

e fr— —1—

Apg= 2T

Ay = :{;{2?53.5 1)

Ay =625 1b answer

Problem 347 | Equilibrium of Non-
Concurrent Force System



e boom

o cable

e equilibrium

e non-concurrent forces
e non-paralle] forces

e reaction

e static equilibrium

e support reaction

e tensile force

e tension member

Problem 347

Repeat Problem 346 if the cable pulls the boom AB into a position at which it is inclined at 30°
above the horizontal. The loads remain vertical.

%

200 Ib 100 Ib

Figure P-346 and P-347



Solution 347
sin Gl° = 1

r = dsin GOF

tanf = E
@
£
tanf = ——
Y Ten60e
tanf = /3
f = Bl

Because 0 = 60°, T is perpendicular to AB.
XYMy =1

AT = 20002 cos 30%) + 100{6 cos 307)

T =216.51 1b answer

YEg =10
Ag=Tcosd
A = 21651 cos60°

NF =0
Ay 4+ Tsin € = 200 + 100

Ay + 216.51 sin 607 = 2000+ 100

fl;: = 11250 b answer




Problem 348 | Equilibrium of Non-
Concurrent Force System

Problem 348

The frame shown in Fig. P-348 is supported in pivots at A and B. Each member weighs 5 kN/m.

Compute the horizontal reaction at A and the horizontal and vertical components of the reaction
at B.

Figure P-348

Solution 348

Length of DF
Lppt =42 432

Lpp?=25
Lprp=5o 11
Weights of members

Wap =6(5) = 30 kN

Wep = 6(5) = 30 kN



Wpr = 5(5) = 25 kN

im

Wae

1.5m

i O ——
=

Bu

i
1

YMpg =10
bAy = 3Wep 4+ 2Wpp 4 E]{E{H}}

Ay = 3(30) + 2(25) + 6(200)

Ay = 22333 kN answer
EFH =10
By =Ayg

By = 223.33 kN answer

YF = ()
B;{: = LF-A =l 1'1"',: fole LFDF = 200)

Ly = S+ 30+ 25 + 200

200 kM



By = 285 kN answer

Problem 349 | Equilibrium of Non-
Concurrent Force System

Problem 349

The truss shown in Fig. P-349 is supported on roller at A and hinge at B. Solve for the
components of the reactions.

600 Ib

Figure P-349

Solution 349
EMp =1
244 4 16(240) = 36(400) + 12(600)

Ay = T40 b answer



600 Ib

VMg =1

248y + 12(400) = 16(240) + 12(600)

-ET;" = 260 1h answer
By =210 1b answer

Problem 350 | Equilibrium of Non-
Concurrent Force System

Problem 350

Compute the total reactions at A and B for the truss shown in Fig. P-350.



b E G 30kN

4m

c A F B
Sm%Sm 4m % 4m
o i

60 kN 120 kN 50 kN

Figure P-350

Solution 350
YMp =1
Ty 4{3{}) 1 4{5{}} = 1(1{!]{}} i -'1{12{}}

R,y = 10857 kN answer

b E G 30kN

60 kN Ry 120 kN By 50 kN

YMy =1
7By + 3(60) = 3(120) + 4(30) + 11(50)

By =121.43 kN

Yk =0



By = 30 kN

Rp =/ By> + By > = 302 1 121.432

Rp = 125.08 kN

By 12143
tanfp, = — =
B = By 30
B, = 76.12°
Thus, Hpg =12.08 kN up to the left at 76.12° from horizontal. answer

Problem 351 | Equilibrium of Non-
Concurrent Force System

Problem 351

The beam shown in Fig. P-351 is supported by a hinge at A and a roller on a 1 to 2 slope at B.
Determine the resultant reactions at A and B.

40 kN
im 1m

2 =

Figure P-351 2

Solution 351 40 kN

VA, =)
3m

-1{;%35’.3} = 3(40)




Rp = 3351 kN

VMg =1
44y = 1(40)

Ay = 100 kN

Yk =0
Ay =LRp = L(33.50)

Ay =15 kN

Ra=+VAg~ + Ay~ = /152 + 12

R, =18.03 kN
Ay 10
tanf 4, = Ay 15
4. = 33.69°
Thus, Ha=18.03 kN uptotherightat 33.60° from horizontal. answer

Another Solution

From Equilibrium of Concurrent Force System, three coplanar forces in equilibrium are
concurrent.

y 2
1 1
y=2m

u
tanf 4, = =
and 4. 3




LA b

tanf ., =

EJIA_J-. — -.‘;;";EJ':.;U Okay

= | D

tanfp, =

A, = 63.43°

o =00° — 0, = 56.31°

3=00°—fg, = 2657°

¢ =04, +0p, =07.12°

Ky  Hp A0

sin @ siner sing

K Rp

sin 26.57°  sin 56.31°
R_i = 18,03 kN Okay

Problem 352 | Equilibrium of Non-
Concurrent Force System

beam
beam reaction

equilibrium

non-parallel forces

pulley

Problem 352

[ )
[ ]
[ )
e non-concurrent forces
[ )
[ ]

40 kN

A pulley 4 ft in diameter and supporting a load 200 1b is mounted at B on a horizontal beam as
shown in Fig. P-352. The beam is supported by a hinge at A and rollers at C. Neglecting the



weight of the beam, determine the reactions at A and C.

Solution 352

From FBD of pulley
T =200 b

YF = ()
By + T'sin 30° = 200
By + 200sin 30° = 200

BV = ].{H} ].b

Figure P-352

FBD of Pulley

Y

200 Ib



EFy =0
Ly = T vcos 307
By = 200 cos 307

By = 173.20 b

From FBD of beam
YMy =0
HR(‘_' == 1 BV

8Re = 4(100)

Re =50 1b

answer
B,
A B Y
E—— C
Ay
R A -
4 ft > 4 ft >
Ay | Re
FBD of Beam

LMo =1
H_f"lg.' = 1}_?1

8A, = 4(100)

Ay =50 1b
EFy =10
Ay =By

Ay =173.20 1b



A=+ Ay
R4 = VIT3.202 1 502

R, = 180.27 Ib

Thus, F4 = 18027 lb up to the right at 16.1° from horizontal. answer

Problem 353 | Equilibrium of Non-
Concurrent Force System

Problem 353

The forces acting on a 1-m length of a dam are shown in Fig. P-353. The upward ground reaction
varies uniformly from an intensity of p; kN/m to p2 kN/m at B. Determine p1 and p2 and also the
horizontal resistance to sliding.

=
7m
l”
P = 1000 kN S
ﬁ-—
6 m
'
A
i 18 m

Figure P-353



Solution 353

Horizontal resistance to sliding
YEg =10

R, + Fsind0° = 1000

R+ 600 sin 30 = 1000

R, =700 kN answer
W = 2400 kN
P = 1000 kN 600 kN
4 m
6m \
L4 /

SFy =10

R, =W + Fsind0®

R, = 2400 + 600sin 30°
R, =2700 kN

Righting moment

My = 112400} + 4(600)

Mp = 28800 kN -m



Overturning moment
Mg = 6(1000)

Ma = 6000 kN - m

VMg =1
ER, = My — M,
F(2700) = 28 800 — 6000

=844 m tothe left of B

Eccentricity
e=3B—x=21(18) - 844

e =Lo6 m

Foundation pressure (See Dams at CE Review for more information)

R, tie
=— (1 —=
=5 (1+5)

2700 [, 6(0.59)
pi= = 1= (0.59) =122 kN/m
15 L 18 J answer
= . =8|
Dy — 2700 14 6(0.59) | 178 kN/m
18 L 13 J answer



Related post: Resultant of forces in gravity dam

Problem 354 | Equilibrium of Non-

Concurrent Force System

equilibrium
non-concurrent forces
non-parallel forces
truss

truss reaction

Problem 354

Compute the total reactions at A and B on the truss shown in Fig. P-354.

22.4 kN
20 kN
....f"/; o
A g e, B
35 %5 Em Em 6Em 6 m %
o )
10 kN 20 kN 30 kN
Figure P-354

Solution 354

YA, =0

24Rp + 3(20) + 3(—)(22.4) = 15{%}{22.-1} F 18(30) + 12(20) 4+ 6(10)

Rp=4627 kN gnswer



An

YMg =0

24 Ay = 3(20) 4 :3{31:){22.4} + si{??:}{zz.d} 6300 + 12(20) + 18(10)
Ay = 33.76 kN

Yy =0

z’lH =204 Tﬁ:{ii-‘j}

Ray=+Ag~ + Ay~

Ry = /30.022 4 33.762

R4 =45.18 kN
Ay

tanfa, = il
Ap
Jd.T6

tanf =

e T

tanf 4, = 48.36°

Thus, Ha=45.18 kN yp to the right at 48.36° from horizontal. answer



Problem 355 | Equilibrium of Non-
Concurrent Force System

equilibrium

fink truss
non-concurrent forces
non-parallel forces
reaction at the support
sloping support
support reaction

truss

truss reaction

Problem 355

Determine the reactions at A and B on the Fink truss shown in Fig. P-355. Members CD and FG
are respectively perpendicular to AE and BE at their midpoints.

10 kN

20 kN 40 kN

,\ 18 m

L3

Figure P-355

Solution 355

tanf = 4.5/9



fl = 2(.567

vosf = 4.5/ AC
AC = 4.5/ cost = 4.5/ cos 26.56°

AT =503 m

12 kN

AD = 5.626 m FB = 5.626 m

cosfl = AC/AD
A = AC cos6 = 503/ cos 26.567

AD =54626 m

FB=AD

B =00

Y Mp =0
I8(R4cos307) = 12(18 — 4.5) + (40 cos@)(FB) + 40(FB) + 20(18 — AD)

18(R_4 cos 30°) = 12(13.5) 4 (40c0s 26.56°)(5.626) +40(5.626) +20(18=5.626)

Bx



15.50R , = 835.81

R, =53.61 kN answer

Yk =1
By + Absin 8 = R 4 sin 30°

By 4 Albsin 26.56° = 533.61 sin 30°

By =892 kN answer

LMy =0

188y = 12(4.5) + (40cos8)(18 = FB) + 40(18 = FB) + 20(AD)

IBBy- = 12(4.5) + (40 cos 26.56°)(18 — 5.626) + 40(18 — 5.626) + 20{5.626)
188y = 110:4.20

By =61.34 kN answer

Problem 356 | Equilibrium of Non-
Concurrent Force System

cantilever truss
equilibrium
strut

support reaction
truss

truss reaction

Problem 356

The cantilever truss shown in Fig. P-356 is supported by a hinge at A and a strut BC. Determine
the reactions at A and B.



10 kN

Figure P-356

Solution 356
From right triangles ACD and ACB.

AC T AC
6 AR

cos A" =

AB =10 m

Notice also that triangle ABD is an equilateral triangle of sides 6 m.



My =0
G{Rpcos30°) = 3(10) + 6(10) + 9(10)
Rp = 20n/3 kN

Rp=34.64 kN answer

YEy =0
A+ 410sin 30%) = Rpcos30°
Ay + 4(10sin 30%) = 204/3 cos 30°

:’1[[ = 10 kN

LFy =0
Ay + Hpsin 0¥ = 4{10 cos 307)
Ay 4+ 204/35in 30° = 4(10 cos 30°)

Ay = 103 kN



_-'.!.'I;" =17.32 kN

R4

|
e

b
bt
i

-

Ry — th,.--"1{}? - (104/3)2

R, =20 kN

Ay
tanf 4, = i—T‘
SAH

10+/'3

tanf 4, = 0

B4, = 60°

Thus, f4 =20 kN up to the right at 60° from horizontal. answer

Problem 357 | Equilibrium of Non-
Concurrent Force System

Problem 357

The uniform rod in Fig. P-357 weighs 420 1b and has its center of gravity at G. Determine the
tension in the cable and the reactions at the smooth surfaces at A and B.



Figure P-357

Solution 357

Distance AB
AD =824 82 =82 m

Yy =0



T = Rpcosds”

MMy =10

2T + 6(420) = 8v2Rp

2T + 2520 = 8+/2Rp

T+ 1260 = 4v2Rp
Rpcosd5° 4 1260 = 44/2Rg
LUA9T R = 1260

Rp = 25456 1h answer

T = 254.56 cos 457

T =180 b answer

Yy =0
R4+ Rpsind5® = 420
R+ 254.56 sin 45° = 420

R_Jl = 240 Ib answer

Problem 358 | Equilibrium of Non-
Concurrent Force System

Problem 358

A bar AE is in equilibrium under the action of the five forces shown in Fig. P-358. Determine P,
R,and T.



60 kN

4 Figure P-358

Solution 358
Yy =1
1T+ R=60

B = 60— gT




NMy =0

10T + 4(4)R = 4(60) + 3(3)(40)
10T 4 16R = 600

51+ B8R = 300

5T+ 8(6G0 — 2T7) = 300

—£T 4 480 = 300

ST =180

T'=12557 kN up to the left answer

R =60~ 3(128.57)

R ==42386 kN

R =42.86 kN downward answer

LFy =0
P4 2T =40
P+ 2(12857) =40

P=-37.14 kN

P =37.14 kN to the right answer

Problem 359 | Equilibrium of Non-
Concurrent Force System

Problem 359

A 4-m bar of negligible weight rests in a horizontal position on the smooth planes shown in Fig.
P-359. Compute the distance x at which load T = 10 kN should be placed from point B to keep



the bar horizontal.

1m P =20 kN T X
a5 Ed
A 30° 45°\ /| B
< - 4m >

Figure P-359, P-360, and P-361

Solution 359

P=20kN T=10kN

1m X

4m

Free Body Diagram

From the Force Polygon
Hy 20410

sin 45%  sin 105*

P = 20 kN
R4 =21.96 kN

From the Free Body Diagram

EMp =0 T =10 kN

U R, cos307) =2003) + 10z

Force Polygon



442196 cos 307) = 20(3) + 10z
Ly = 16.072

r=1.Hl m answer

Problem 360 | Equilibrium of Non-
Concurrent Force System

Problem 360

Referring to Problem 359, what value of T acting at x = 1 m from B will keep the bar horizontal.

1 m = 20 kN T X
< >

p— —/

A | 30° y B

e . 4 m »|

Figure P-359, P-360, and P-361

Solution 360

=

P=20kN

4m

Free Body Diagram



From the Force Polygon
Hy 2047

sin 45°  sln 105"

‘ P = 20 kN
R4 =0.732(20 + T

Ha = 14641 + 0.7321

From the Free Body Diagram
YMp =1

Force Polygon
(R4 cos30%) = 3(20) + 1(T)

4(14.641 4+ 0.732T) c0s 30° =60 + T
DOLTLTY + 253571 =6l + 1
1.5357T =9.2821

T =604 kN answer

Problem 361 | Equilibrium of Non-
Concurrent Force System

Problem 361

Referring to Problem 359, if T = 30 kN and x = 1 m, determine the angle 6 at which the bar will
be inclined to the horizontal when it is in a position of equilibrium.

1m | P=20kN T X
o3 ey
ATNL30° a5\ /) B
< - 4m >

Figure P-359, P-360, and P-361



Solution 361

T=30kN

auls

4cos@

Free Body Diagram

From the Force Polygon
Ry 20430

sl 45° sin 1057

Ry = 36,60 kN

P= 20 kN

T =30 kN

Force Polygon

From the Free Body Diagram
2Mp =1

(AeosO)( Ry cos 307) = (4sin 0)( R 4 sin 307) + (3eos#)(20) + (1 eosd)(30)



(4eos)(36.60 cos 307) = (4sin #)(36.60 sin 30°) + (3 cos)(20) + {Leos 6)(30)
126.7861 cos = 73.28in 8 + G0cos @ + 30cosd

JO.780lcos =T3.2:in 0

J6.7861 sin H
732 cosB

tanf = (L6502 5423497

f = 26687 answer



