Chapter 1
Stress
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¥ ReaClions

TABLE 1-1

Type of connection Reaction Type of connection Reaction
L F é / AF,
E; F, |
Cable Cine unknown: F External pin Two unknowns: £, Frﬂ
AFE,
| F
/{# i ; | [
¥
Roller One unknown: F Internal pin Two unknowns: £, F,
7 M_\F,
% ': F, 4—@
’ 4
F i)
Smooth support Ome unknown: F Fixed support Three unknowns: F,. F,. M
F,
LN | == «ﬁﬂ:
FT K,
Journal bearing One unknown: F Thrust bearing Two unknowns: F,, F,
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Fl-3. Determine the resultant internal normal force,
shear force, and bending moment at point C in the beam.
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Determine the resultant internal normal force,

shear force, and bending moment at point C in the beam.
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*1-4. The shaft 1s supported by a smooth thrust bearing

at Al and a smooth journal bearing at B. Determine the ig
resultant internal loadings acting on the cross section at C. X~ ’
600 N /m
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*1-4. The shaft 1s supported by a smooth thrust bearing
at Al and a smooth journal bearing at B. Determine the
resultant internal loadings acting on the cross section at C. foe M/M
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1-5. Determine the resultant internal loadings in the 5ok
: : : : . Y
beam at cross sections through points 7 and E. Point £ 1s

just to the right of the 15-kN load. 2m l
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Determine the resultant internal normal force,
shear force, and bending moment at point C in the beam.
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EXAMFLE 1.4

Determine the resultant internal loadings acting on the cross section at B of
the pipe shown in Fig. 1-Ta. End A is subjected to a vertical force of 50N, a
horizontal force of 30 N, and a couple moment of 70 N - m. Neglect the
pipe’s mass.

SOLUTION

The problem can be solved by considering segment AB, so we do not need
to calculate the support reactions at C.

Free-Body Diagram. The free-body diagram of segment A is shown in
Fig. 1-7b, where the x, v, z axes are established at B. The resultant force and
moment components at the section are assumed 1o actl in the positive
coordinate directions and 1o pass through the centroid of the cross-sectional
arca at B.

Equations of Equilibrium. Applying the six scalar equations of
equilibrium, we have*

iF =0, (Fg), = 0 Ans.
LF =0 (Fg), + 30N =0 (Fz), = —30N Ans.
IF =10 (Fg): — 50N =0 (Fg). = 50N Ans.

S(Mg), = 0; (Mg), + TON-m — (50 N)(0.5m) = 0

(Mg), = —45N-m Ans.
Z(Mg), = 0 (Mg), + (S0N)(1.25m) = 0

(Mg), = —625N-m Ans.
% (Mg). = 0; (Mg). + (30N)(1.25) = 0 Ans.

(Mg), = —37.5N-m




EXAMPLE 1.4
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1-27. The pipe !1:15 a mass of lx_lkg; m. If it Is fixed to the 2 Mi=Yoox2 Nu
wall at A, determine the resultant internal loadings acting on €

the cross section at B. T :}1-;[]- ™ 300 HN
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Shackle
Chain members (1) and (2) are connected by a shackle and pin. If the
axial force in the chains is P = 28 kN and the allowable shear stress

(1)
in the pin 18 7,w = 90 MPa, determine the minimum acceptable “ (2) P =28 kN

diameter d for the pin. P =28 kN ﬁ
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F1-11. Determine the average normal stress developed at
points A, B, and C. The diameter of each segment 1s

indicated in the figure. R e
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F1-12.  Determine the average normal stress in rod AB if the
load has a mass of 50 kg. The diameter of rod AB 1s 8 mm.
SiA® ‘;S/. 4
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F'1-7. The uniform beam is supported by two rods AB and
CD that have cross-sectional areas of 10 mm® and 15 mm~,
respectively. Determine the intensity w of the distributed
load so that the average normal stress in each rod does not

exceed 300 kPa. KPo —s 155 Pa
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1-47. If P =15 kN, determine the average shear stress in
the pins at A, B, and C. All pins are in double shear, and

each has a diameter of 18 mm. 0.5 mP 0.5.m
v ‘C - l m 1.5 m-—m= 1.5m -
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1-47. If P =15 kN, determine the average shear stress in
the pins at A, B, and C. All pins are in double shear, and
each has a diameter of 18 mm.
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1-39. Determine the average normal stress in each of the

20-mm-diameter bars of the truss. Set P =40 kN.
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*1-40. If the average normal stress in each of the 20-mm-
diameter bars 1s not allowed to exceed 150 MPa, determine
the maximum force P that can be applied to joint C.

¢ AR 1%e O P- L7123 ,80
' EAVNS
AC——a 75 ¢
y - T (w02 P= 6285135
3c _ \,25 P
190 = 5
( = é !
, | L, T (1) (p- 374391
@ A L oo
‘ VéoS’l/l:sJ

2m

Probs. 1-39/40/41

......



1-41. Determine the maximum average shear stress in pin
A of the truss. A horizontal force of P =40 kN 1s applied to
joint C. Each pin has a diameter of 25 mm and is subjected
to double shear.
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Fl-13 Rods AC and BC are used to suspend the 200-kg
mass. If each rod is made of a material for which the average
normal stress cannot exceed 150 MPa, determine the ¢ Ac (6S6a
minimum required diameter of each rod to the nearest mm.
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F1-16. If each of the three nails has a diameter of 4 mm and
can withstand an average shear stress of 60 MPa, determine
the maximum allowable force P that can be applied to

the board.
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1-90. The two aluminum rods support the vertical force

of # = 20 kN. Determine their required diameters if the \
allowable tensile stress for the aluminum is o, = 150 MPa. {\JEQAB
QAC




vertical force P that can be supported. The allowable tensile
stress for the aluminum is o, = 150 MPa.

1-91. The two aluminum rods AB and AC have diameters
of 10 mm and 8§ mm, respectively. Determine the largest |
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Rods AB and BC ¢ach have a diameter of S mm. I
the load of P = 2 kN s apphed to the ring. determine the
average normal stress in each rod f § = 60°.

SE=% ko
\_‘As Sinbo = 2 gAg: 2. 303 KN

ZQJ = T
2656 fg. Sge- ) )5Y kn

2 9 o§
O = ol (7,500 Sge -
Y

......



Determine the maximum magnitude P of the load
the beam will support if the average shear stress i each pin
1§ not to allowed 10 exceed 60 MPa. All pins are subjected 1o
double shear as shown, and each has a diameter of 18 mm.
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