HWH#2 Key Solutions

+1-6l. Determine the maximum magnitude P of the load
the beam will support if the average shear stress in each pin
is not to allowed to exceed 60 MPa. All pins are subjected to
double shear as shown, and each has a diameter of 18 mm.

Referring to the FBD of member AB, Fig. a,

C+EMy=0  Fresin30°(6) — P(2) — P@) =0  Fpe = 2P Aon—dom—on
LSE=0;, A, -2Pcos30°=0 A =1732P ‘

p p
+13F, =0 A,~P-P+2Psn30°=0 A,=P

Thus, the force acting on pin A is

Fi=2 A+ A =2 (LT2PF + PP=2P

All pins are subjected to same force and double shear. Referring to the FBD of the
pin, Fig. b,

The cross-sectional area of the pinis A = i [0.0132} = BLO(107%)7 m?. Thus,

_r
81010 %)

P=15268N = 153kN Ans.
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Talw = 60(10°) =
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1-66. Determine the largest load P that can be a applied
to the frame without causing either the average normal
stress or the average shear stress at section a-a to exceed
o =150 MPa and 7 = 60 MPa, respectively. Member CB

has a square cross section of 25 mm on each side.

Analyse the equilibrium of joint C using the FBD Shown in Fig. a,

4
+13E =1 FB._~<E) ~P=0  Fg =125P

Referring to the FBD of the cut segment of member BC Fig. b.

3
% IF, =0, N_,- 1.25?(';) =0 N,_,=075P
. 4
+1-—~F\.= 0:  125P 5 “Via=10 Voa=F
) . ) 0.025
The cross-sectional area of section a-a B A, ;= {D.MSJ(F)
= 1.0417(10~*)m’. For Normal stress,
No_, 0.75P
Uolow = ——31 150(10°) = ———
W A (17 L0417(107%)
F = 2)38.33[103'} N = 208.33 kN
For Shear Stress
VJ— i P
Talow = ———; 60(10F) = ————
T A 199 = T
F = 62.5{103) N = 62.5kN {Controls!) Ans.
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1-71. Determine the average normal stress at section a—a
and the average shear stress at section b-b in member A H.
The cross section is square, (.5 in. on each side.

Consider the FBD of member BC, Fig. a,

C+HEM: =D Fapsin 60°(4) — 15004)(2)

I}
[=]

Referring to the FBD in Fig. b,

TWEFs =1 Ny g+ 34641 =0 Ny_g = 34041 1b

Referring to the FBD in Fig. c.

Fip = 34641 b

+1 EF, =0; o — 346.41 sin 60° = V,_p = 3001b

The cross-sectional areas of section a—a and b—b are A,_, = 0.5(0.5) = 0.25 in® and
=05 — = 0.5 in?

Ap_p =05 (cos 6()‘") 0.5 in~. Thus

 Nap 34641
a-a = Ana - 025

= 1385.64 psi = 1.39 ksi

Re=3¢6411b

60’

Vb-b

Nb-b
)

Ans,

Ans,

Na-a

(b)

150 1b/ft

EE=54¢;.4; Ib




1-87. The 60 mm * 60 mm oak post is supported on
the pine block. If the allowable bearing stresses for
these materials are gy = 43 MPa and o g, = 25 MPa,
determine the greatest load P that can be supported. If
a rigid bearing plate is used between these materials,
determine its required area so that the maximum load F can
be supported. What is this load?

For failure of pine block:

P P
r=— B0 = ———
"=% B0 G500

P =00kN
For failure of oak post:

F
r=— 43100 = ——
"=% B0 G500

P =1548kN
Area of plate based on strength of pine block:
P 154.8(10)°
§o=— 2 -
0= 25(10°) 1

A = 619107’

P = 155kN
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194, If the allowable shear stress for each of the 0.30
in.-diameter steel pins at A, B, and C is rgyq = 12.5 ksi,
and the allowable normal stress for the 0.40-in.-diameter
rod is o gy, = 22 ksi, determine the largest intensity w of
the uniform distributed load that can be suspended from
the beam.

Assume failure of pins B and C:

1667w
Tillow = 125 = ——=
allow - {0.3‘]

]

w=0530kip/ft  (controls)

Assume failure of pins A:

Fo=2 (Qwf + (1333w) = 24k w

1.202w
Talow = 125 = ——
allow T(O.?‘]

w = 0,735 kipyft

Assume failure of rod BC:
3333w

=N =—F
704

Tallow —

w = 0829 kip/ft

Ans.
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¥1-9%. If the allowable bearing stress for the material under 40N /m P
the supports at A and B is {op)gow = 1.5 MPa, determine
the maximum load P that can be applied to the beam. The A
bearing plates 4" and B’ have square cross sections of M
150 mm * 150 mm and 250 mm * 250 mm, respectively. h B
4' E“,—l[l-‘
—15m ! im ! 15 m—

Referring to the FBD of the beam, Fig. a,
GHIM, =0,  Ny3) +40(L5)(0.75) - P435) =0 Nz=15P-15

CHIMz=0;  40(L5)(375) - P(15) - Ny(3) =0 N;=T75-05P

Forplate A',

N o (75 - 05P)(10)
['Ile']ﬂuﬂ“: - A.A-‘ 15{1[' ] - Dlsl{nls]

P =BL5kN

Forplate B',

N (15P - 15)(10°)
Oliow = —: 13(10°) = ——
ohaon =20 L0) =g

P=T15kN (Controls!) Ans,




1-103. Determine the required thickness of member BC
and the diameter of the pins at A and B if the allowable
normal stress for member BC is oy, = 29 ksi and the
allowable shear stress for the pins is 7, = 10 ksi.

Referring to the FBD of member AB, Fig. a,

CHEIM.=1; 2(8)4) — Facsin®0® (B) =0 Fpe = 9.238kip

+
—ZEF, =1 9238 cosBl® — A, =10 A, = 4619 kip

+TZF,

0;  9238sin60° —2(8) + A, =0 A, = 800kip

Thus, the force acting on pin A is

Fo=12 A2+ Al =2 4619 + 8007 = 9.238 kip

Pin A is subjected to single shear, Fig. c. while pin B is subjected to double shear,
Fig. b.

Fa-  9.238
“’;A — -FA = 0,238 kl]J ],‘?a = % = = = 4.619 klp
For member BC
Fac - 0.238 .
» =_f. 20 = t = 0.2124 in.
allow ABC 1.5{” o
Uset = &i A
sef = yin. Ans.
For pin A,
Vi 9.238 .
e = s 0 == d, = 1.085 in.
allow = - T4 - "
Used, = I%in Ans.
For pin B,
‘5 4.619 '
T = Y 10 = ——— dy = 0.7669 in
U A gan
Usedy = % in Ans.

foc

' foc= 7238 Kp
60 (b)
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