HWH#3 Key Solutions

2-3.  The rigid beam is supported by a pin at A and wires
BD» and CE.If the load P on the beam causes the end C to
be displaced 10 mm downward, determine the normal strain
developed in wires CE and BD.
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#2-4. The two wires are connected together at A. If the
force P causes point A to be displaced horizontally 2 mm,
determine the normal strain developed in each wire.

L'y = /3008 + 2% — 2(300)(2) cos 150° = 301.734 mm

o Lhc-Lac 300734 -300
SAC — CAF — LAC - 300

= (00578 mm/mm
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#3-12. The piece of rubber is originally rectangular.
Determine the average shear strain 7., at A if the corners A
and [) are subjected to the displacements that cause the
rubber to distort as shown by the dashed lines.

2
f =tan f = W 0.006667 rad

fh = tan fiy = % = (10075 rad

=6 + b,

}Ix}I

= 0.006667 + 0.0075 = 0.0142 rad

Ans.
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+3-1. A concrete cylinder having a diameter of .00 in. and
gauge length of 12 in. is tested in compression. The results of
the test are reported in the table as load versus contraction.
Draw the stress—strain diagram using scales of 1 in. = 0.5 ksi
and lin. = 0.2{107% in.fin. From the diagram, determine
approximately the modulus of elasticity.

Stress and Strain:

o = %{ksi) B = %{Ln.ﬁn.}l

0 0

0.177 0.00005
0.336 0.00010
0.584 0.000167
0.725 0.000217
0.902 0.000283
1.061 0.000333
1.220 0.000375
1.362 0.000417
1.645 0.000517
1.768 0.000583
1.874 0.000625

Modulus of Elasiiciiy: From the stress—strain diagram

131 -0
=—— = 3275[10") ksi
Eapprox 00000 — 0 3.275(10°) ksi Ans.
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Load (kip) |Contraction (in.)

0 0

50 0.0006
9.5 0.0012
165 0.0020
205 0.0026
255 0.0034
30.0 0.0040
M5 0.0045
85 0.0050
46.5 0.0062
50,0 0.0070
530 0.0075




3-15. The rigid pipe is supported by a pin at A and an
A-36 guy wire BD. If the wire has a diameter of 0.25 in., \B
determine the load P if the end C is displaced 0.075 in. s,
downward. hY
41t AN

B lA \\\ D

B =

B
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Here, we are only interested in determining the force in wire B, Referring to the
FBD in Fig. a

CHEM, =0,  Fpp()3) —P(6)=0 Fpp=250P

The unstretched length for wire BD is Ly, = % 3° + 4° = 5 ft = 60 in. From the
geometry shown in Fig. b, the stretched length of wire B} is

Lgpy = wol© + 0,075 — 2{60)(0.075) cos 143.13% = 60.060017

Thus, the normal strain is

Lap — Lepn _ 60.060017 — 60

— ST )
Lo 60 = LO0003(10" ) in./in.

ERD =

Then, the normal stress can be obtain by applying Hooke’s Law.
vap = Eepp = 29(10%)[1.0003(107%) | = 29.01 ksi

Since o pp << oy = 36 ksi, the result is valid.

Fao . 250P

vy = —2 . 29.01(107) = =

B2 Asp (1) F(0.25%)
P = 569.571b = 5701b Ans,

b P




3-17. A tension test was performed on an aluminum o (ksi)

2014-T# alloy specimen. The resulting stress—strain diagram
is shown in the figure. Estimate (a) the proportional limit, 70
{b) the modulus of elasticity, and (c) the wvield strength 6
based on a 0.2% strain offset method.
50
40
30 L
20 I
10 ¢
0 0.02

Proportional Limit and Yield Strength: From the stress—strain diagram, Fig. a.
“_Da' = 4 ks1 Ans,

oy = 60 ksi Ans,

Maodulus of Elasticity: From the stress—strain diagram. the corresponding strain for
ey = 44 ksiis £y = 0004 in./in. Thus,
44 -0

E=gmi—o

= 11.0{10%) ksi Ans.

Maodulus of Resilience: The modulus of resilience is equal to the area under the

o (ksi)
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3-22. The stress—strain diagram for a polyester resin is
given in the figure. If the rigid beam is supported by a strut
AEB and post CD made from this material, determine the
largest load P that can be applied to the beam before it
ruptures. The diameter of the strut is 12 mm and the
diameter of the post is 40 mm.

Rupture of strut AB:

F P2
or = =20 50(10) = ——
Aun F0.012)

P = 11.3kN (controls)

Rupture of post CD:

Fopn . P2
or=—"2 9510 = ———
7 A 10 = =00y
P = 239kN
ﬁié P

t 1 ]
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o7Em | oFcm |
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338, A short cylindrical block of 6061-T6 aluminum,
having an original diameter of 20 mm and a length of
75 mm. is placed in a compression machine and squeezed
until the axial load applied is 5kN. Determine (a) the
decrease in its length and (b} its new diameter.

P —5(10Y
v =—=——"=>=—15915 MP.
) A (002 N
o= Eeygnyt  —15915(10°) = 68.5(10°) £y,

fong = — 0L0002310 mm/mm

8 = fiopg L = —00002310(75) = —0.0173 mm

Elat Elat
b =8, pg3g =W
) P —0.0002310

£ = 000008085 mm,/mm

Ad = gy d = 0.00008085(20) = 0.0016 mm

d'=d + Ad = 20 + 0.0016 = 20.0016 mm

0.75 m |D.'TS m|
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339, The rigid beam rests in the horizontal position on
two 2014-T6 aluminum cylinders having the unloaded lengths
shown. If each cylinder has a diameter of 30 mm, determine
the placement x of the applied 80-kN load so that the beam
remains horizontal. What is the new diameter of cylinder A
after the load is applied? vg = 0.35.

0
G+ EMy=0; Fa3)-80(x)=0 Fz= Tx

CHIMp=0; —F43)+80(3-x) =0 F=—

Since the beam is held horizontally, &4 = &5

Y |
T A " EE
F
= [A); 2 FL
p=el (E)L_AE
o o) B 210)
N4 = Og] AE = AE

80(3 — x)(220) = 80x(210)
x=153m

From Eq.(2),

F, =307 kN
_F,  39007010°) 5527 MPa
U4 S T ST o
A 5003
v S5.27(10°) E—

dene =T T TR 1010%
. = ~Veiong = —0.35(—0.000756) = 0.0002646

dy=d, + deyg = 30 + 30(0.0002646) = 30,008 mm

80(3 — x)

B0 kN
hx
N |
A B
220 mm 211() mm
(]} I im
lan EH
(2) |
T ;
32-%
A R
Ans.
Ans.




4-1. The copper shaft is subjected to the axial loads — 50 in, —
shown. Determine the displacement of end A with respect .
to end I). The diameters of each segment are d45 = 3in., & kip Zxp 1 kip
e
D

— 7510, — a0 in.

dpc = 2in..and dep = 1in. Take Eqy = 18(10°) ksi. _
A B2Kip ¢ 3kp
The normal forces developed in segment AR, BC and CD are shown in the

FBDS of each segment in Fig. a, b and ¢ respectively. éoa kfp &B B é &IP
h- 1*

The cross-sectional area of segment AB, BC and CD are A 45 = (32) = 2257 in,

)
Ape = j{zz} = rinfand A.p, = ? (1) = 0257 in”.
@)
Thus,
5up = }:PEL.‘ - PisLan ¥ Ppc Lpc n Peplep
’ AE, AEn AscEqy A Eg
B .00 {50) 2.000(75) . —1.00 (60)

 (2250)[18(10%)| " [18010%)]  (0.257) [18(10%)]

= 0.766(107%) in. Ans,

The positive sign indicates that end A moves away from D.

N =~/ 00Kjf
fetookd AR R0k
— >

(b) (c)




4-3. The A-36 steel rod is subjected to the loading shown.
If the cross-sectional area of the rod is 50 mm’, determine
the displacement of its end D. Neglect the size of the
couplings at B, C, and D.

‘-—l m —-|-— 1.5111—--—1.251114‘
|

The normal forces developed in segments AB, BC and €D are shown in the FEDS
of each segment in Fig. a, b and ¢, respectively.

The cross-sectional areas of all the segments are
‘ a Im '\ 2

A=(50mm*) | ——— | = 500(107") m".
(50 mm :I (1030 mm) ( ym

) PRI, 1
6p = Z AL = A_‘Ej_c(P.-lBLAB + Ppc Lpc + PL’D‘LCD)

1
50,0010 [200(10%)]
0.850(10%) m = 0.850 mm Ans.

[—3.00[103)[1} + B00(10°)(1.5) + 2.00(107)(1.25)

The positive sign indicates that end D) moves away from the fixed support.

Ra=-300KkN 7%

+
. ([ < kN
— =1

fh=600kN ‘”"q 2K
— [

(b)

Py=2.00 kKN e

)



4-7. The load of 800 b is supported by the four 304 stainless
steel wires that are connected to the rigid members A8 and
DC. Determine the vertical displacement of the load if the
members were horizontal before the load was applied. Each
wire has a cross-sectional area of 0.05 in’.

Referring to the FAD of member AB, Fig. a
C+HEM, =1 Fgc(5) —800(1) =0 Fgo = 16010

C+EIMg=10; 800(4) — Fuu(5)=0 Fam = 6401b

Using the results of Fp-and F, ;7. and referring to the FBD of member DC, Fig. b

C+HEMp, =0, Fop(T) — 160(7) — 640(2) =0  Fop = M2.861b

C+HEIM,o=0;  640(5) — Fpe(T) =0 Fpe = 457.141b

Since E and F are fixed,
_ FpeLpe  457.14(4)(2)
YAEs 005 [280(107]
FrpLop 34286 (4)(12)

5o = - = 0.01176in |
AE; 005 [280(109)]

From the geometry shown in Fig. e,

= 001567 in +

I;
i = 001176 + ?[0.0156?’ — 0.01176) = 0.01455in 4

Subsequently,
Pl 640d5)(12)
Satsr = =
: AEs  005[280(10°)]
 FecLye | 160(45)(12)
HET U AE. 0082800109

= 002469 in

Thus,

L

= 0006171 in 4

(+1) B4 =dy + By = 0.01455 + 0.02469 = 0.03924in |

(+1) 35=38c+ dgc = 001176 + 0.006171 = 001793 in
From the geometry shown in Fig. d,
= 0.01793 +

" it . A

) 5t
>l " c

{::::: %F‘::::::::-_.F.}f
v’ 2 & y

5;0-0:5575.1‘

(c)

{0.03924 — 0.01793) = 0.0350 in

| e
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|2 ft-§—5 ft—
451t lson Ib
A =
—l
1 fi

5 4

F,= 640lb fac=/601b

Ans.
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§,=0-01176in by=0.0308in ds=0-01793




4-18. The assembly consists of two A-36 steel rods and a
rigid bar B0, Each rod has a diameter of (.75 in. If a force Ej _

of 10 kip is applied to the bar as shown, determine the ¢
vertical displacement of the load.
T A
3ft
It
B E D
Here, Fgr = 10 kip. Referring to the FED shown in Fig. a, - =1 25 ft— — _l'ﬂ
C+HEMg =0; Fop(2) — 10(1.25) =0 Fep = 6.25 kip F
GHEMp =10, 10(075) — Fe(2) =0  F,z=375kip T
10 kip
The cross-sectional area of the rods is 4 = :1_, (0.75%) = 0.140625~ in’. Since points
A and C are fixed, F f
B €p
 FgL,; 375(2)(12) _ A
bg = = — = 0.007025 in. | i o
" AEx 01406257 [20.0(10%)] |25, € Ioft
Fen L 6.25(3)(12
fp= 2B (3)12) — = 0.01756in |
AEq 01406257 [29.0(10%)]
=
From the geometry shown in Fig. b = =l
- 1.25 .
dp = 0007025 + T{D,OITSG — 0.00725) = 0.01361in. |
Here, -
fer =10 Kip
. FepLgr 10(1)(12) _ .
Brjg = = — = 0.009366 in |
AEy 01406257 [20.0(10%)] @1)
Thus,
(+1) 8r = 8 + dpe = 001361 + 0.009366 = 0.0230in | Ans.
4t
g |25t
-[\ E D
}.-;J Te——dd -
‘1 7 ""'J
A
Jg=0-00725m.
E
Jy= 0-0I756m.

b



