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1-1. A force of 80 N is supported by the bracket as
shown. Determine the resultant internal loadings acting on
the section through point A.

SOLUTION
Equations of Equilibrium:
*ASF. =0 Ny, — 80cos15° =0
N4y =773N Ans.
N" 2F, =0; V4 —80sin15° = 0
V4 =20.7N Ans.

C+ =M,=0;, My, + 80cos45°(0.3 cos 30°)
—80'sin 45°(0.1 + 0.3 sin 30°) = 0

My = —0555N-m Ans.

or
C+ =ZM,=0; M4 + 80sin 15°(0.3 + 0.1 sin 30°)
—80 cos 15°(0.1 cos 30°) = 0

M, = —0.555N-m Ans.

Negative sign indicates that M , acts in the opposite direction to that shown on FBD.

o M,

Ans:
Ny=7I3N,V, =207N,M, = —0.555N-m




1-2.

Determine the resultant internal loadings on the
cross section at point D.

SOLUTION

Support Reactions: Member BC is the two force member.

C+SM, = 0; %FBC(I.S) ~ 1.875(0.75) = 0
Fye = 1.1719kN

+1SF, =0, A, + 2(1.1719) ~ 1875 =0
A, = 0.9375kN

+ 3F, = 0; %(1.1719) —A,=0
A, = 0.7031 kN

Equations of Equilibrium: For point D

£H32F=0; Np-—07031 =0

Np = 0.703 kKN Ans.

+13F,=0; 09375 -0.625 - Vp =0

Vp = 03125kN Ans.

CHSMp = 0; My + 0.625(0.25) — 0.9375(0.5) = 0

Mp = 03125kN-m Ans.

C
Im 1
F 2 m

1.25 kN/m
D [~E |B
1.5m
0.5m 0.5m 0.5m
125G45)=(875 kW

fae

12500:8)= 0635 k1)

I ‘ Mp
07031 k. T B - p
wastoE %
09375 K

Ans:

Np = 0.703 kN,

Vp = 0.3125 kN,
Mp = 0.3125kN -m




1-3.

Determine the resultant internal loadings at cross
sections at points E and F on the assembly.

SOLUTION

Support Reactions: Member BC is the two-force member.

C+HIM, = 0; gFBC(l.S) — 1.875(0.75) = 0
Fpe = 11719kN

+13F,=0; A, + %(1.1719) - 1875=0
A, = 0.9375kN

3 =0; %(1.1719) - A,=0
A, = 0.7031 kN

Equations of Equilibrium: For point F

+/3F, =0, Np—11719=0

Ny = 1.17kN
N+3F, = 0; V=0
Q"‘EMp = 0, MF =0

Equations of Equilibrium: For point E£

3
ESF=0; Ng-— 5(1.1719) =0
Ng = 0.703 kN
4
+13F, =0; Vg — 0625+ g(1.1719) =0

Vi = —03125kN

4
C+EMg = 0;  —Mg — 0.625(0.25) + S (11719)(05) = 0

My = 03125kN-m

Negative sign indicates that Vg acts in the opposite direction to that shown on FBD.

Ve

Ans.
Ans.
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Ans.
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Ans:

Np = 1.17 kN,

Vi =0,

My =0,

Ng = 0.703 kN,

Vg = —0.3125 kN,
My = 03125kN+m




*1-4.

The shaft is supported by a smooth thrust bearing at A and
a smooth journal bearing at B. Determine the resultant
internal loadings acting on the cross section at C.

SOLUTION

Support Reactions: We will only need to compute By by writing the moment
equation of equilibrium about A with reference to the free-body diagram of the
entire shaft, Fig. a.

C+IM,y =0;  By(4.5) — 600(2)(2) — 900(6) = 0 B, = 1733.33N

Internal Loadings: Using the result of B, section CD of the shaft will be

considered. Referring to the free-body diagram of this part, Fig. b,

HIF =0 Ne=0 Ans.

+13E = 0; Ve —600(1) + 1733.33 — 900 = 0 Ve = —233N Ans.

C+IMe = 0; 1733.33(2.5) — 600(1)(0.5) — 900(4) — M =0
Mc=433N-m  Ans.

The negative sign indicates that V¢ acts in the opposite sense to that shown on the
free-body diagram.

600 N/m

~lm—-<~1lm-><lm-~—1.5m——1.5m

900 N
boo(2) N
Ax- -
am v 2.5m [-5m
A‘f 313 Q00N
@
600N
Ve
Mc
s
NC AY |‘ I
T 2m I-5Ml
0.5m { 0ooN
57 =1733.33N
(b)
Ans:
NC = 0,
Ve = —233N,
My = 433N-m




1-5. Determine the resultant internal loadings in the
beam at cross sections through points D and E. Point E is

just to the right of the 15-kN load.

SOLUTION

Support Reactions: For member AB
C+ Mz =0, 50(4/3) - Ay (4)=0
L SF =0 B, =0
+T2Fy:O; B, +16.67-50=0
Equations of Equilibrium: For point D
LSk =0 Np =0
+15F,=0; 16.67-125-Vp=0

Vp=417kN

CH+IMp=0;  Mp+12252)-16.67(2) =0

Mp=2517kN -m

Equations of Equilibrium: For point E

L SF =0 Ny =0
13F, =0, -3333-15-Vp=0
Vi =—48.33 kN

CH+3SMp =0, Mp+3333(1.5)=0

Mg =-50.00kN - m

A, =16.67kN

B, =3333kN

15 kN
25 kN/m

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Negative signs indicate that M and V; act in the opposite direction to that shown

on FBD.

1(25)(4) = 50 kN

1(12.5)(2) = 12.5kN 3333kN ISkN

e e -1, Mp Mg
Cx yP—_L-&-)w, -
v

16.67 kN

"

1.5m

Ans:

Np = 0,Vp = 417kN,

Mp = 25.0kN-m, N = 0, Vg = —483kN,
Mg = —50.0kN-m




1-6. The shaft is supported by a smooth thrust bearing at B
and a journal bearing at C. Determine the resultant internal
loadings acting on the cross section at E.

b

SOLUTION

Support Reactions: We will only need to compute Cy by writing the moment
equation of equilibrium about B with reference to the free-body diagram of the
entire shaft, Fig. a.

C+EMg=0; C,(2) + 1800(1) — 3600(3) =0  C, = 4500 N

Internal Loadings: Using the result for Cy, section DE of the shaft will be
considered. Referring to the free-body diagram, Fig. b,

L3k, =0 N =0 Ans.
+13F, = 0; Vi + 4500 —3600 =0 Vi = —900N Ans.
C +3 My = 0;4500(1) — 3600(2) — My=0

Mp = —2700N-m = —2.70kN-m  Ans.

The negative signs indicates that V; and M; act in the opposite sense to that shown
on the free-body diagram.

Im

1800 N

Imv | 2w

1800 N B4

%

@)

Ve

Ne

Ans:
NE = 0, VE = -

1mv

3600 N

I1mv Imv

(y=4500 N 3600 N

(k)

900N, My =

—2.7 kN -m




1-7. Determine the resultant internal normal and shear a b
force in the member at (a) section a—a and (b) section b-b,
each of which passes through point A. The 2000-N load is
applied along the centroidal axis of the member. |

2000 N €——— ——> 2000 N

/ \
A
b a
(a)
+
LsF =0 N, — 2000 = 0
a
N, = 2000 N Ans. 2000 N Y,
i N
+IZF, =0; V,=0 Ans. i
a
(b)
sF, = o N, — 2000 cos 30° = 0
N, =1732N Ans. 20
TASF, =0, Vv, - 2000sin30° = * NN
V, = 1000 N Ans.
Ans:

N, = 2000N,V, = 0,
Ny = 1732N,V, = 1000 N




*1-8.

The floor crane is used to lift a 600-kg concrete pipe. Determine
the resultant internal loadings acting on the cross section at G.

SOLUTION

Support Reactions: We will only need to compute F, by writing the moment
equation of equilibrium about D with reference to the free-body diagram of the
hook, Fig. a.

C+3IMp = 0; Fer(0.3) — 600(9.81)(0.5) = 0 Fpp = 9810N

Internal Loadings: Using the result for Fyz, section FG of member EF will be
considered. Referring to the free-body diagram, Fig. b,

S3F =0 9810 — Ng = 0 Ng = 9810N = 9.81 kN Ans.
+13F, = 0 Vg =0 Ans.
C+=Mg = 0; M;=0 Ans.
0-5m 7

5 Mg el By = 980N
EF & A’; E

0:3m

gy )
D, T
Dy

600 (981N

@)

Ans:
Ng =981kN, V5=0, MG =0




1-9. The floor crane is used to lift a 600-kg concrete pipe.
Determine the resultant internal loadings acting on the
cross section at H.

SOLUTION

Support Reactions: Referring to the free-body diagram of the hook, Fig. a.

C+SMy=0; D,(0.3) — 600(9.81)(0.5) = 0 D, = 9810N

+1SF,=0; D, - 60009.81) = 0 D, = 5836 N

Subsequently, referring to the free-body diagram of member BCD, Fig. b,

CH+SMp=0; Fucsin75°(04) — 5886(1.8) = 0 F,c = 2742136 N

B SFE =0. B, +2742136c0s75° — 9810 =0 B, = 2712.83N

+13F, =0; 2742136sin75° — 5886 — B, =0 B, = 20601 N

Internal Loadings: Using the results of B, and B, section BH of member BCD will
be considered. Referring to the free-body diagram of this part shown in Fig. c,

BSF =0 Ny +27128 =0 Ny = —2712.83N = —271kN  Ans.

+T2Fy =0 —Vy — 2060 =0 Vg = —20601 N = —20.6 KN Ans.

C+SMp=0; My +20601002) =0 My = —41202N-m

= —412kN-m Amns.

The negative signs indicates that N, V,;, and M, act in the opposite sense to that
shown on the free-body diagram.

Dy=5886M
By' 0.4 [-4m ?'

>

R=q8/0N

osm
fr peld )
0:3m
D, i

éoo‘%éﬁ/)/«l
(@)

Ans:

Ny = —2.71kN, V;; = —20.6 kN,
My = —412kN-m




1-10.

The beam supports the distributed load shown. Determine 4 kN/m

the resultant internal loadings acting on the cross section at
point C. Assume the reactions at the supports A and B are
vertical.

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,
1
C+3IMy = 0; B,(6) — 5(4)(6)(2) =0 B, = 4.00 kN

Internal Loadings: Referring to the FBD of the right segment of the beam sectioned
through C, Fig. b,

+ SF, = 0; Ne=0 Ans.

HISE =00 Vet 400 - (@5 =0 Ve=275kN Ans.

GHEMc =0 4.00(45) = S(3)E5)(15) — Mc =0

Mc=T7875kN m Ans.
S (4)(6) kN
E2E L6535k
=~ = 3kfm
| S~—— M e B
o - S “ * T
Ne
C
m 4m < zm

o) (b)

Ans:
N¢e =0,
Ve = 2.75kN,

My = 7.875kN-m

10




1-11.

The beam supports the distributed load shown. Determine 4 kN/m

the resultant internal loadings acting on the cross section at
point D. Assume the reactions at the supports A and B are
vertical.

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,
1
CHIM, = 0; B,(6) — 5(4)(6)(2) =0 B, = 4.00 kN

Internal Loadings: Referring to the FBD of the right segment of the beam sectioned
through D, Fig. b,

BKSF =0; Np=0 Ans.

+1IE =00 Vp+ 400 = S(1L00)(15) =0 Vp = -325kN Ans.

CHEMp = 0; 400(15) = 5 (1.00)(1.5)(0.5) = Mp = 0

Mp = 5.625kN-m Ans.
The negative sign indicates that Vp acts in the sense opposite to that shown on
the FBD.
|
(4)(6) kN
ZHANE) ()4 FGonusk
- =/.00 /W /m
I
| B
A i 2N ==
LM 4-m
Ay %
@)

Ans:

ND == 0,

Vp = —3.25kN,
Mp = 5.625kN-m

1




*1-12.

The blade of the hacksaw is subjected to a pretension force
of F =100 N. Determine the resultant internal loadings
acting on section a—a that passes through point D.

SOLUTION

Internal Loadings: Referring to the free-body diagram of the section of the hacksaw
shown in Fig. a,

FSE=0; N, , +100 = 0 N, , = —100 N Ans.
+13F, = 0 V,e=20 Ans.
G+3SMp = 0; M, , —100(015) =0 M, ,=—15N-m Ans.

The negative sign indicates that N,_, and M,_, act in the opposite sense to that
shown on the free-body diagram.

Ans:

Na—a =

~100 N,V,_, = 0,M,_, =

—15 N'm

12




1-13.

The blade of the hacksaw is subjected to a pretension force a
of F = 100 N. Determine the resultant internal loadings
acting on section b-b that passes through point D.

SOLUTION

Internal Loadings: Referring to the free-body diagram of the section of the hacksaw
shown in Fig. a,

SE =0 Np—p + 100 cos 30° = 0 Ny_p= —86.6N Ans.
3E =0 Vi—p — 100 sin 30° = 0 Vp—p = 50N Ans.
CG+SMp =0; =M, , —10000.15) =0 M, , = —-15N-m Ans.

The negative sign indicates that N, , and M,_, act in the opposite sense to that
shown on the free-body diagram.

Ans:
Nb—b: —86.6 N, Vb—b =50 N,
Mb—b: —15N-m

13




1-14. The boom DF of the jib crane and the column DE
have a uniform wieght of 750 N/m. If the hoist and load
weigh 1500 N, determine the resultant internal loadings in
the crane on cross sections through points A, B, and C.

D °B A | F
L
‘ \ 2.4 m 0.9 m
1500 N

21m

SOLUTION .
Equations of Equilibrium: For point A 0.750(0.9) = 0.675 kN
Esrk =0 Ny=0 Ans.
+12F,=0; V4-0675-1.500=0
V4=2175kN Ans. 1.500 kN
C+ZM,=0; -M 4 —0.675(0.45) — 1.500(0.9) =0
0.750(3.3) = 2.475 kN
My= —1.65kN.m Ans. %
e S SR -
Negative sign indicates that M , acts in the opposite direction to that shown on FBD. Ns ?
—
Equations of Equilibrium: For point B tosm Ea .l.
1.500 kKN
EsE =0 Ny =0 Ans.
+12 Fy, =0 Vp-2475-15=0 0.750(3.9) = 2.925 kN
Vg =3.975 kN Ans. S S <
g +3 Mg = 0; -Mp— 2.475(1.65) = 1.500(3.3) =0 1 0.750(1.5) = 1.125 kN ?
B |
Mp= —9.03kN.m Ans. 195m | 195m
1.500 kKN
Negative sign indicates that M acts in the opposite direction to that shown on FBD. v"'-&
Ne
Equations of Equilibrium: For point C
Esrk=o Ve=0 Ans.
+1= F, = 0; ~N¢-1.125-2.925-1.500=0
N¢=-555kN Ans.
C+3IMe =0; ~Mc—2.925(1.95) - 1.500(3.9) =0
Mc= —11.6kN. m Ans.

Negative signs indicate that N~ and M- act in the opposite direction to that shown

on FBD.

Ans:

Noi=0,V,=2175kN, My = —1.65kN - m,
Np=0,Vz=3.975kN, Mg= —9.03kN - m,
VCZO,NC: _S.SSKN,MC: —11.6 kN - m

14




1-15.

The metal stud punch is subjected to a force of 120 N on the 120 N
handle. Determine the magnitude of the reactive force at the
pin A and in the short link BC. Also, determine the resultant
internal loadings acting on the cross section at point D.

SOLUTION
Member:
C+3IM, = 0; Fyc cos 30°(50) — 120(500) = 0
Fge = 13856 N = 1.39 kN Ans.
+13F, = 0 A, — 1385.6 — 120 cos 30° = 0
A, = 148956 N
ESF =0 A, — 120 sin 30° = 0; A, = 60N
Fy = V1489562 + 602
= 1491 N = 1.49kN Ans.
Segment:
FSF = 0; Np — 120 = 0
Np = 120N Ans.
73F, = 0; V=0 Ans.
C+IMp = 0; My — 120(0.3) = 0
Mp = 36.0N-m Ans.

Ans:
Fge = 1.39kN,Fy, = 1.49kN,Np = 120N,
VD = O,MD =36.0N-m

15




*1-16.

Determine the resultant internal loadings acting on the cross
section at point E of the handle arm, and on the cross section
of the short link BC.

SOLUTION
Member:
C+2M, = 0; Fgc cos 30°(50) — 120(500) = 0

Fye = 1385.6 N = 1.3856 kN

Segment:

VSE =o; Nz =0

N+2E = 0; Vi — 120 = 0, Vg = 120N
C+3IMg = 0; Mg — 120(04) = 0, My =480N-
Short link:

ESF =0; V=0

+13F = 0 1.3856 — N = 0; N = 1.39kN
C+3IMy = 0, M=0

120 N

Ans.
Ans.
Ans.

Ans.
Ans.
Ans.

Ans:
Ng =0,V = 120N, My = 480N -m,
Shortlink: V =0, N = 1.39kN, M = 0

16




1-17. The forged steel clamp exerts a force of F = 900 N
on the wooden block. Determine the resultant internal
loadings acting on section a—a passing through point A.

SOLUTION

Internal Loadings: Referring to the free-body diagram of the section of the clamp
shown in Fig. a,

2F, = 0; 900 cos 30° = N,_, =0 N,_,=T7719N Ans.
SF. = 0; V,_, — 900 sin 30° = V,_y = 450N Ans.
C+ZM, = 0; 900(0.2) — M,_,=0 M, ,=180N-m Ans.

Ans:
N,,=79N,V,, = 450N,

900(0.2) — M,y = 0, M, , = 180N -m

17
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1-18. Determine the resultant internal loadings acting on
the cross section through point B of the signpost. The post is
fixed to the ground and a uniform pressure of 500 N/m? acts
perpendicular to the face of the sign.

SOLUTION

SE, =0, (Vg), -7500=0;  (Vj), = 7500 N =7.5 kN
SF, =0,  (Vg), =0
SF, =0, (Ng),=0

IM, =0, (Mp),=0

SM,=0;  (Mg), ~7500(7.5) = 0; (Mg),=56250N-m =56.25kN -m

SM,=0; (Tg), —7500(0.5)=0; (Tp),=3750N-m=3.75kN-m

500(5)(3) = 7500 N

Ans.
Ans.
Ans.
Ans.
Ans.

Ans.

Ans:

(V). = 1.5kN, (Vp), = 0, (Np), = 0,
(Mp), = 0,(Mp), = 56.25kN -m,
(Tg), = 3.75kN-m

18




1-19.

Determine the resultant internal loadings acting on the
cross section at point C in the beam. The load D has a mass
of 300 kg and is being hoisted by the motor M with constant
velocity.

SOLUTION

ESF =0 Ne + 2943 = 0; Ne = —2.94 kN
+13F, = 0; Ve — 2.943 = 0; Ve = 2.94kN
C+IMp=0;  —Mc — 2.943(0.6) + 2.943(0.1) = 0

Me = —147kN-m

Ans.

—

T T 2/m "9, "
5886k~ 300(981)
2903 KN e

Ans.

Ans.

[
M‘Z'Z” 0-lm °
Ne £
06

2.943 "

-]

Ans:

Nc = —2.94 kN,
Ve = 2.94 kN,

Mc = —147kN-m

19




*1-20.

Determine the resultant internal loadings acting on the 2m
cross section at point E. The load D has a mass of 300 kg
and is being hoisted by the motor M with constant velocity. .
A
SOLUTION
X 3F, =0 Ng + 2943 =0
Mg
Ng = =294 kN Ans. e
.___ai__._._-- e Ne
SR =0, 2943 -V =0 ssa Ll TN
e
Vg = —2.94kN Ans. FLLAN
C+3IMg = 0; Mg +2943(1) = 0
Mg = —294kN-m Ans.
Ans:
Np = —2.94 kN,
Vg = —2.94 kN,

My = —2.94kN-m

20




1-21.

Determine the resultant internal loading on the

cross section through point C of the pliers. There is a pin at
A, and the jaws at B are smooth.

SOLUTION

+12F, =0, —Vc+60=0;

VC = 60N
LsE =0, N

0

+9SMe =0, M + 60(0.015) = 0;  Mc = 0.9N.m

Ans.

Ans.

Ans.

Ans:

VC = 6ON,NC = O,MC =09N-m




1-22. Determine the resultant internal loading on the
cross section through point D of the pliers.

SOLUTION

NHIF, = 0; Vp — 20 cos 30° = 0; Vp =173 N Ans.

+v3F, = 0; Np — 205sin 30° = 0; Np = 10N Ans.

+D3Mp = 0; Mp — 20(0.08) = 0; Mp = 1.60 N.m Ans.
Ans:

Vp =173N,Np = 10N, Mp = 1.60N-m

22



1-23.

The shaft is supported at its ends by two bearings
A and B and is subjected to the forces applied to the pulleys
fixed to the shaft. Determine the resultant internal loadings
acting on the cross section at point C. The 400-N forces act
in the —z direction and the 200-N and 80-N forces act in the
+y direction. The journal bearings at A and B exert only y
and z components of force on the shaft.

SOLUTION

Support Reactions:

SM, =0;  160(0.4) + 400(0.7) — A,(1.4) = 0

A, = 24571N
SE =0, —24571— B, + 400 + 160 = 0
B, = 31429N

SM,=0; 800(L1) — A(1.4) =0 A, =62857N
SF,=0;, B, +62857-800=0 B, =171.43N

Equations of Equilibrium: For point C

F =0 (No)x =0
SF =0, —24571+ (Vo), =0
(Vo)y = —246N

SF,=0; 62857 — 800 + (V¢), = 0
(Ve), = —171N

M, = 0; (To)x =0

SM, =0, (M), — 62857(0.5) + 800(0.2) = 0
(M), = —154N-m

SM, =0, (M), — 245.71(0.5) = 0
(M¢), = —123N-m

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

Ans:

(NC)x = 0’

(VC)y = —246 N,
(VC)z = —171N,
(TC)x = 07

(Mc), = —154N-m,
(M¢), = —123N-m

23




*1.24.

The force F = 400 N acts on the gear tooth. Determine the
resultant internal loadings on the root of the tooth, i.e., at
the centroid point A of section a—a.

SOLUTION

Equations of Equilibrium: For section a—a

YASFy = 0; Va4 —400cos 15° = 0

V, = 38637N
N"EF, =0; N4—400sin15° =0

N, = 10353 N
C+3M,=0;  —My,—400 sin 15°(0.004) + 400 cos 15°(0.00575) = 0

M, =1808N-m

Ans.

Ans.

Ans.

4 mm

Ans:
V4 =380637TN, N, = 103.53 N,

M,y = 1808 N-m

24




1-25.

The shaft is supported at its ends by two bearings
A and B and is subjected to the forces applied to the pulleys
fixed to the shaft. Determine the resultant internal loadings
acting on the cross section at point D. The 400-N forces act
in the —z direction and the 200-N and 80-N forces act in the
+y direction. The journal bearings at A and B exert only y
and z components of force on the shaft.

SOLUTION

Support Reactions:

SM, =0;  160(0.4) + 400(0.7) — A,(1.4) = 0

A, = 24571N
SF =0, —24571— B, + 400 + 160 = 0
B, = 31429N

SM,=0; 800(L1) — A(14) =0 A, =62857N
SF,=0;, B, +62857-80=0 B, =171.43N

Equations of Equilibrium: For point D

SF, =0, (Np), =0 Ans.
SF=0;  (Vp), — 31429 + 160 = 0
(Vp), = 154N Ans.

SE =0, 17143+ (Vp). =0

(Vo). = ~17IN A
M, = 0; (Tp): =0 A
SM, =0;  171.43(0.55) + (Mp), = 0

(Mp), = —943N-m Ans.
SM,=0; 31429(0.55) — 160(0.15) + (Mp), = 0
(Mp), = —149N-m Ans.

Ans:

(ND)X = 0’
(VD)y = 154 N,
(VD)z = —171N,
(TD)x = 0’

(Mp), = —943N-m,
(Mp), = —149N-m
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