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#1-12. Determine the resultant internal loadings acting
on (a) section a—a and (b) section b-b. Each section is
located through the centroid, peint C.

NtER =D Ne+5.091s5in45°=0
Ne =—3.60kip Ans
ALF a0 W +500lcos45°~24=0
W = -1.20 kip Ans
(+EMc=0;  ~Mc~2.4(2)+5091 cos 45°(4) = 0
Mo =9.60kip-fi Ans
®

Ne+24c0545° =0

T
b4
po]
]
(=]

Ne = —~1.70 kip Ans
+TEFR =00 W +5091-245in45°=0
Yo =-3.39kip Ans

(+2MC =0; -%—2.4(2)+5.091C0§ 45°4) =0

Me =9.60kp-ft  Ans

1-13. Determine the resuitant internal normal and shear
forces in the member at (a) section a—g and (b) section b-b,
each of which passes through point A. Take ¢ = 60°. The
650-Nload is applied along the centroidal axis of the member.

Equations of Equilibrium : For section a-a

" N&-g
+T ZE=0; 650-N,_,=0
N, =650N Ans. x
+*
- LFE =0 Viea=0 Ans

Equatians of Equilibrium : For section b—b

HEE =0, 650c0s30°~ ¥, =0

V., = 563N Ans
{m; =0; Ny, ~6503in30°=0 I
N,y =325 N Ans Vag
h

"Na-a
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*1-24. The main beam AB supports the load on the wing z
of the airplane. The loads consist of the wheel reaction of
35,000 1b at C, the 1200-1b weight of fuel in the tank of the
wing, having a center of gravity at 13, and the 400-Ib weight of
the wing, having a center of gravity at E. If it is fixed to the
fuselage at A, determine the resultant internal loadings on
the beam at this point. Assume that the wing does not transfer
any of the loads to the fuselage, except through the beam.

LF, =00 Mh =0 Ans

C

LF, =0 M)y, =0 Ans
35,000 1b

LF =10 (¥a), — 1200 ~ 400 + 35000 = 0

(M), = —-33.4kip Ans
M = O {Ma):— 1200(6) + 35000{10) — 400(12) = 0 Wa’
A .
(M), = 338 kip- ft Ans

LM, =0 (5), + 1200(1.5) — 400(1) = ©

(u), = —1.40kip-f Ans

M =0 My). = 0 Ans

1-25.  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 7 Ib/ft? acts
perpendicular to the face of the sign.

LE=0; (W),-105=0; (%) =105 Ans
o5
EF =0; (%), =0 Ans
i
LE=0; (N} =0 Ans
Har el 75’
EM =0,  (Mp).=0 Ans (5/s0=/05 )
o
8,
Ed =0, (M), - M05(1.5)=0;  (Mp), =7881b-f1 Ams ?‘a);g
e
. e)é

LM =0 (I3); — 105(0.5) = 0; (), = 52.51b-ft Ams

13
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1-30. The pipe has a mass of 12 kg/m. If it is fixed to the
wall at A, determine the resultant internal Joadings acting
on the cross section through B.

Eguations of Equilibriurt @ For point B
IE=0 {(Vp), =0 Ans

IE=0; (N, ),+§(750) =0
(N3), =-600N Ans

EE=0; (V) —235.44~235.44- %(750) =0
(Vz),=921N Ans

EM, =0, (M), ~23544(1) ~235.44(2)
- %(150)(2) = ()
(M), = 1606 N-m Ans
IM =0 (I;), =0 Ans

IM,=0; (M), +800=0
(M), =-800N.m Ans

1-31. The curved rod has a radius r and is fixed to the wall
at B. Determine the resultant internal loadings acting on
the cross section through A which is located at an angle ¢
from the horizontal.

Egquations of Equilibrim : For point A

\:-EF_; =0; Peosf ~N, =0
Ny =Pcas & Ans

/% EE =0, V,-Psin8=0
V,=Psing Ans

G}:M,, =0; M, -Plril-cos )] =0
My =Pr{t~cos 8) Ans

r
6 :
}
P
7
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1-37. The thrust bearing is subjected to the loads shown. SO0 N
Determine the average normal stress developed on cross
sections through points B, C, and D. Sketch the results on a
differential volume element located at each section.

65 mm

Average Normal Strass

140 mm

glz-ﬂ-—-=151kl’a Ans

CE =

500
Cp = FTRLRYY =325kPa Ans
§{vews)

285 kpa

oo . ¢

200
O’oam=25.5kl’a Ans
EASTTY

1-38. The small block has a thickness of 5 mm. If the
stress distribution at the support developed by the load
varies as shown, determine the force F applied to the block,
and the distance d to where it is applied.

40 MPa
Fafcdd = volume undes stress disgram
F= %(0‘06}(49)( 10°)(0.005) +1{0.120{40){ 10°K0.005) + é(o. 1201(20)(10°(0,005)
F=36kN  Ans
Roguire
Fd =[xoday o120
X £amp-

36.0{10%)d = gco_oﬁ)(%)(o.os)(m)(m‘)(omﬁ +{0.06+ %(o‘ 120))(0.120(60){ 10°)(0.005) +

0.06+ g(o. 120))(5l (0. 120){20){10%)(0.005)

35,0010 }d = 3960

d=0.110=110mm  Agms
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*1-44. The 50-Ib lamp is supported by three steel rods
connected by a ring at A. Determine the angle of orientation
¢ of AC such that the average normal stress in rod AC is
twice the average normal stress in rod AD. What is the
magnitude of stress in each rod? The diameter of each rod is
given in the figure.

=B g (0.070686)0

1037
Oue =200 = —25—:  Tir = (0.098175)0
Ac AD 50.257 e = ( 040
~ EF,=0; —-Tipcosd5 +Tie cos@=0 (1)

+TEF =0, Ticsin8+Tpsind5®-50=0 (2)

Thus
—{0.070686)0,p ( cos 45°)+ (0.098175)ouplcos B =0
@=15939% = 59.4° Ans
From Eq, (2) :

(0.098175)o,p sin 59.39° + (0.070686)0,4p sin 45°-50 =0

Gup = 371.8 psi= 372 psi Ans
Hence,
Oac = 2(371.8) = 744 psi Ans
Angd,
T
o= 0 =520psi  Ans

70357  F0.351

1-45, The shaft is subjected to the axial force of 30 kN. If

the shaft passes through the 53-mm diameter hole in the

fixed support A, determine the bearing stress acting on the

collar C. Also, what is the average shear stress acting along 30 KkN
the inside surface of the collar where it is fixed connected to

the 52-mm diameter shaft?

Bearing Stress :

=D 0P eavpa Ans
A F(0.06*-0,0332)
Average Shear Stress ;
3
0o 000)  pamps Ans

e = T 20,0523 (001)
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*1-52. The joint is subjected to the axial member force of
5 kM. Determine the average mormal stress acting on
sections AB and BC. Assume the member is smooth and is
50-mm thick.

S EF =0, Ny cos 30°~5cos 45° = 0
Npa = 4.082 kN SN
+TEF =0;  —Npc—4.082 sin 30°+ 5 sin 45° =0 Mg;

%]

Npe = 1494 kN
vy \

_ ey 4082010°)

=204MPa  Ans

Ay (0.08{(0.05) Q‘dsa
. S 4w
3
ope < N . 1494007 o oo Py Ans
Asc (0.05)(0.05)
1-53. The yoke is subjected to the force and couple \ﬁ
moment. Determine the average shear stress in the bolt 80 [b-ft N\

acting on the cross sections through A and B. The bolt has a
diameter of 0.25 in. Hint: The couple moment is resisted by
a set of couple forces developed in the shank of the bolt.

At A force on bolt shank is 2erp, then
T, =0 Ans

Equations of Equilibrium : Force on bolt shank at B, ;&) go bt
LE=0; S500-25=0 F=2500b
1Zin R
IM =0, 801b-ft (T)-a(z in)=0
E =430

Average Shear Stress @ The bolt shank subjected lo a
shear foree of Vg = /3 = /2502 + 480 = 541.2 b,

541.2

= = 11.0 ksi Asns
(fa)“g 5(0_25)3 i

7
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1-69. The frame is subjected to the load of 200 lb.
Determine the average shear stress in the bolt at A as a
function of the bar angle 8. Plot this function, 0 = ¢ = 90°,
and indicate the values of § for which this stress is a
minimum. The bolt has a diameter of 0.25 in. and is
subjected to single shear.

Support Reactlons ;
Qz Me=0;  Fpc0s 6(0.5)+F 50 0(2)
~200(3.5) = 0

Fip (0.5 cos 8 + 25in 8) = 700

PP .. 200 1b
A0 " 05cosG+ 2sind Fre

Average Shear Stress @ Pin 4 is subjected to single %9
shear. Hence, ¥, = £, a5t

G m

. (sramerms v 2R st}
A T g (0259 G 2001

_ 14260 .
" 10%c0s 0+ 25m8 "

= 143 ksi Ans
" |05cos 8 + 2sin 6

(Bedayy (Ksi
drt [ 143 ] o
#=° 285+ h»'a)qu 2| F5eese 2 sine ™
(0-5c0s 8+2sin 0)(0) ~(~0.5 3in @ +2cos B)(14260) 7o N
0.5cos 8 +2 sin 8)2 - P
{ ) &9 il 9(‘{?
° 760 g0
0.5sinf -~ 2cos8 = 0
g =4 Gy, = 760° Ans

1-70. The jib crane is pinned at A and supports a chain
hoist that can travel along the bottom flange of the beam,
1ft = x = 12 ft. If the hoist is rated to support a maximum
of 1500 Ib, determine the maximum average normal stress
in the %—in.-diameter tie rod BC and the maximum average
shear stress in the g-in.-diameter pin at B.

Q—EMA ={; Tacsin 30°(10) - 1500(x) = 0

Maximom T occurs whenx =12 ft

v
¥ x
T = 3600 1b %1500 Ib
3ieadd 10 ft
P !
G=—=83600 =8.15ksi  Anms
A H0.75)
T
P V30002 Lo, Y ;\\
Toom @ = 5 i ns A -
A E(5/8) - f"-—* —1
) AV 1520k
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#]1-76, The two-member frame is subjected to the
distributed loading shown. Determine the largest intensity
w of the uniform loading that can be applied to the frame
without causing either the average normal siress or the
average shear stress at section b-b to exceed o = 15 MPa
and T = 16 MPa, respectively. Member CB has a square
cross-section of 30 mm on each side.

Support Reactions : FBD (a)
4
Q- EMi=0;  chHe(3)-Iw(l5)=0 Fe=1875

Egquations of Equilibrium : For sectton b-b, FBD (b)

4
SEE=0  o(LATSw)-%_, =0 ¥_,=150w £ATT
5 A !
5 P * il 15m
+TEE =0; ST =Ny y =0 Ny_y = 1125w “ :
Average Normal Stress And Shear Sress : The coss - sectional H =3
r
area of section b-b, "= S?A; where A = (0.03)(0.03) = 0.90(10°%) m®. |jtem
5 ; !
Then A’ = 3(050)(10 3} = 1,50(10°7) m®, Apt—bg} i -
(a)
Arsume failure due to normal stress. A B 21875 uF
ORI ST SO H g
bk Thleow ™ T T 1.50{1077) =
w = 20000 N/m = 20.0 kN/m ) ()
Vb p
Assume failure due to shear stress. h
Y s, L.50w
(‘r,,_,)m"— ol 16{!0)-.%
w = L6000 N/m = 16,0 kN/m {Controls 1) Ans

1-77. The pedestal supports a load P at its center, If the
material has a mass density p, determine the radial dimension
r as a function of z so that the average normal stress in the
pedestal remains constant. The cross section is circular.

Require =
G_P+$§{ =P+Hi+a'w
A At odA

PdA + W dA = AdW

w_pe W
A

=0 n

_ LR
dd = m(r + dr} T 2m e dr Pa W,

dw
dW = nri(pg) de
W td
From Eq. {1}, Pru tdu
xritpg) de _
27 rdr

o

regde
2dr

o

pE(r, _ frdr
B frae= ]

hor

z r g
sE o nt. P orpetBh
2 Iy

P
However, ¢ & —
wrd

(e

r=re e
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1-87. The frame is subjected to the load of 1.5 kip.
Determine the required diameter of the pins at 4 and B if
the allowable shear stress for the material is 7,6 = 6 ksi.
Pin A is subjected to double shear, whereas pin B is
subjected to single shear.

Support Reactions ; From FBD (a),

(+r.w,, =0 Bolein 45°}(5) ~1.5(7) =0 o~
Fe = 2570 kip £
From FBD (),
£+EM,. =0; B(0-15N=0 D =105kip 5
*

LTE=0 A -~L5=0 A, =150kp

+TEE=0; L05-4, =0 A, =105kp

Allowable Sheer Stress : Dusign of pin sizes

Forpin A A,
Pin A is subjected to double shear and

F, =/ 1507+ 1.05% = 1.831 kip.

Therefore, Vy = E;— +=0.9155 kip

v 09158

Taew = -— i 6
Ay 3 V=0 955 £p - .
d, = 0441 in. Ang ) s Fa2Rg7e Ep
Forpin B
Pin 8 is subjected to single shear, Therefore,

Yy = = B =2970kip R=t830 kp .
Vaz.Z'g?thP

. SR
allow AB v _§d31

&y = 0794 in. Ans

#1-88. The two steel wires AB and AC are used to support
the load. ¥f both wires have an allowable tensile stress of
Tallow = 200 MPa, determine the required diameter of each
wire if the applied load is P = 5 kN,

+ZF, = O; gﬁj._,_-—&gsinéo‘i=0 )

-

+TEF, = 0; EFA{;-G- Fpoos60° = 5 = 0 @

Solving Eqs. (1} and (2) yields :
Fip = 43496 kN;  Fic = 4.7086 kN

Ella -}

Applying Guitow =
For wire AB,
4.3496(10°)
200010% = —————
Hdu) ¢
Tos T
dig = 000526 m = 526 mm Ans Iy 5 i

_ 4.7086(10°)
Hdic)?

die = 000548 m = 548 mm Ans
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