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PROBLEM 2.1
A nylon thread is subjected to a 8.5-N tension force. Knowing that E = 3.3 GPa and that the length of the
thread increases by 1.1%, determine (a) the diameter of the thread, (b) the stress in the thread.
SOLUTION
(a)  Strain: €= g Ll 0.011
L 100
Stress: o = Ee = (3.3x10%)(0.011) = 36.3x 10°Pa
P
O =
A
Area: A=P 8'756 = 234.16 x 107 m?
c 36.3x10
. % -9 6
Diameter: d = [— = \/@M—L =546 x10"m d =0.546 mm <«
Y T
(b)  Stress: c =36.3 MPa <
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PROBLEM 2.2

A 4.8-ft-long steel wire of 4l -in.-diameter is subjected to a 750-Ib tensile load. Knowing that E = 29 x 10° psi,
determine (a) the elongation of the wire, (b) the corresponding normal stress.

SOLUTON
PL 2
(a) Deformation: §=——: A_Td”
AE 4
H 2
Area: A= ﬂ@ — 4.9087 x1072in?
_ (750 Ib)(4.8 ftx12 in./ft)
(4.9087 x107%in?)(29 x10° psi)
§ =3.0347 x107%in. 5 —0.0303in. 4
P
. G f— -
(b) Stress: A
Area: (7501b)

O =
(4.9087 x107%in?)

6 =1.52790 x 10* psi c =15.28 ksi «
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PROBLEM 2.3

An 18-m-long steel wire of 5-mm diameter is to be used in the manufacture of a prestressed concrete beam.
It is observed that the wire stretches 45 mm when a tensile force P is applied. Knowing that E =200 GPa,
determine (a) the magnitude of the force P, (b) the corresponding normal stress in the wire.

SOLUTION
(@ o5-TL o p-2AE

AE L

with A= indz = %75(0.005)2 =19.6350 x 10° m?
—6 112 9 2
p _ (0.045 M)(19.6350x10"° m?)(200x10° NIM?) _ g ¢
18 m
P=9.82kN <«
P 98175 N 6

A 19.6350x10°° m?
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PROBLEM 2.4

Two gage marks are placed exactly 250 mm apart on a 12-mm-diameter aluminum rod with E = 73 GPa and
an ultimate strength of 140 MPa. Knowing that the distance between the gage marks is 250.28 mm after a load
is applied, determine (a) the stress in the rod, (b) the factor of safety.

SOLUTION
(@ o=L-L
=250.28 mm - 250 mm

=0.28 mm

e =

4o

_ 0.28 mm
250 mm

=1.11643x107*
o =Eg

=(73x10°Pa)(1.11643x107*)

=8.1760x10" Pa

c =81.8 MPa «
b) FS.=%
(b) S
140 MPa
~ 81.760 MPa
=1.71233 FS.=1712 4
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PROBLEM 2.5

An aluminum pipe must not stretch more than 0.05 in. when it is subjected to a tensile load. Knowing that
E =10.1x10° psi and that the maximum allowable normal stress is 14 ksi, determine (a) the maximum
allowable length of the pipe, (b) the required area of the pipe if the tensile load is 127.5 Kips.

SULUITTON
PL
(@ &=
AE
L _EM _ES _ (10.1x 108) (0.05)
Thus, P o 14 % 10°
L=36.1in. 4
P
b c =
(b) A
P 127.5x10° )
Thus, A= — ===—"— A=9.11in?
us G 14 x 103 Ul
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PROBLEM 2.6

A control rod made of yellow brass must not stretch more than 3 mm when the tension in the wire is 4 kN.
Knowing that E = 105 GPa and that the maximum allowable normal stress is 180 MPa, determine (a) the
smallest diameter rod that should be used, (b) the corresponding maximum length of the rod.

SOLUTION
2
@ o= B.ooa-d
A 4

Substituting, we have
4P

c = = d=
(nd?) on

wy
4o | Alx 10° N)
1/ (180 x 10° Pa)

d =5.3192x10°m

d=5.32 mm <«
5
(b) o=Eg; ¢ =|—_
Substituting, we have
c = E§ = L= Eo
L c
| _ (105x 10° Pa) (3 x 1073 m) L 1750m <

(180 x 10° Pa)
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PROBLEM 2.7

A steel control rod is 5.5 ft long and must not stretch more than 0.04 in. when a 2-kip tensile load is applied to it.
Knowing that E =29x10°psi, determine (a) the smallest diameter rod that should be used, (b) the

corresponding normal stress caused by the load.

SOLUTION
) 2000 Ib) (5.5x12 in.
@ 5= PL: 0.04 |n.:( 000 b)(556>< in.)
AE A(29x10 psi)
A= indz =0.113793 in?
d =0.38063 in. d =0.381in. «
(b) P 20000 ~=17575.8 psi 6-=17.58 ksi—¢—
A 0.113793in
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PROBLEM 2.8

A cast-iron tube is used to support a compressive load. Knowing that E = 10 x 10° psi and that the maximum
allowable change in length is 0.025%, determine (a) the maximum normal stress in the tube, (b) the minimum
wall thickness for a load of 1600 Ib if the outside diameter of the tube is 2.0 in.

SOLUTION
() ® _ % 000025
L 100
oc=Ee; ¢ :§L
G=E§
L

6 = (10 x 10°psi)(0.00025)

6 =2.50x10° psi

6 =2.50 ksi «
b o=-o: - _B_ 1600 6y
A 6  2.50x10°psi
T
A=, (0 -d?)
42 = g2 - 48
T
d? = 20in)? - 4064 ) _ 31851 in?
Tt
d, =1.78469 in.
1 1 . .
t="(d —d)="(2.0in.-1.78469in.)
2 ° ' 2
t = 0.107655 in.
t=0.1077 <«
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PROBLEM 2.9

A 4-m-long steel rod must not stretch more than 3 mm and the normal stress must not exceed 150 MPa when
the rod is subjected to a 10-kN axial load. Knowing that E = 200 GPa, determine the required diameter of
the rod.

SOLUTION

L=4m
§ =3x10°m, o =150x10°Pa

E =200x10°Pa, P =10x10°N

Stress: c = P
A
3
A=t JOAON 66667, 100m? = 66.667 mm?
c 150x10°Pa
Deformation: d = P
AE
o BL_ MOXIOYA oo 106m? — 66667 mr’
Es (200 x10%)(3x 10°%)
The larger value of A governs: A = 66.667 mm?

A=Tqz g= [4A - |HE0L0T d=9.21mm <«
4 T T
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PROBLEM 2.10

A nylon thread is to be subjected to a 10-N tension. Knowing that E = 3.2 GPa, that the maximum allowable
normal stress is 40 MPa, and that the length of the thread must not increase by more than 1%, determine the
required diameter of the thread.

SOLUTION
Stress criterion:

6 =40 MPa = 40x10°Pa P =10 N

o=t A=Po 107'1: 250 x 10~°m?

A c 40 x 10° Pa

-9

A=Td% g -= 2\/5 =2 /M ~ 564.19 x10°%m

4 T b

d = 0.564 mm
Elongation criterion:

5 =1% = 0.01
L
o = ﬂ:

AE

9

A= P/E :lO N/3.2 x10° Pa = 3125x10°° m?

S/L 0.01

-9
_ A _ 312.5 x10 _ —6,..2
d—ZI—_Zf——63O.78><10 m

VeV ox

d = 0.631 mm

The required diameter is the larger value: d=0.631mm <
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PROBLEM 2.11

A block of 10-in. length and 1.8 x 1.6-in. cross section is to support a centric compressive load P. The
material to be used is a bronze for which E = 14 x 10° psi. Determine the largest load that can be applied,
knowing that the normal stress must not exceed 18 ksi and that the decrease in length of the block should be at
most 0.12% of its original length.

SOLUTION
Considering allowable stress, c=18ksi or 18x10°psi
Cross-sectional area: A=(18in.)(1.6 in.) = 2.880 in*
P
sz = P=cA

= (18x10%psi)(2.880 in?)
=5.1840x10* Ib
or 51.840 Kips

Considering allowable deformation, I_S_ =0.12% or 0.0012in.
PL 3)

_= P =AE
= ( L)

P = (2.880 in?)(14 x10° psi)(0.0012 in.)

=4.8384x10* Ib
or 48.384 Kips

The smaller value for P resulting from the required deformation criteria governs.

48.4 kips «
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PROBLEM 2.12

A square yellow-brass bar must not stretch more than 2.5 mm when it is subjected to a tensile load. Knowing
that E = 105 GPa and that the allowable tensile strength is 180 MPa, determine (a) the maximum allowable

length of the bar, (b) the required dimensions of the cross section if the tensile load is 40 kN.

SOLUTION
c =180x10°Pa P =40x10°N

E =105x10°Pa & =25x10°m

(@ s=-tc-Ot
AE E
9 -3
LB _(105x10725x107) _, ygqa3y
G 180x10
L=1.458m <
b o=-
A
3
A=P_ A0 _ 59222 x 1078 m? = 222.22 mm?
G 180x10
A=a? a=+A=122222 a=1491mm <«
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P 130kips PROBLEM 2.13
Rod BD is made of steel (E=29x10°psi) and is used to brace the axially
A compressed member ABC. The maximum force that can be developed in member
i BD is 0.02P. If the stress must not exceed 18 ksi and the maximum change in length
i of BD must not exceed 0.001 times the length of ABC, determine the smallest-
- D‘ diameter rod that can be used for member BD.
72 1in.
|
o4 1n.
SOLUTION

Fap = 0.02P = (0.02)(130) = 2.6 Kips = 2.6 x10° Ib

Considering stress, ¢ =18 ksi =18x10°psi

Considering deformation, & = (0.001)(144) = 0.144 in.

§ =

G- . Ao _28 614000 in2
A c 18
Foolgo . a-Feolen _ (26x10°)54) _ ) 13565 in2
AE ES (29x10°)(0.144)

Larger area governs. A =0.14444 in? / /
. 4A

d= 2A_ (4)(0.14444 d=0.429in. <




PROBLEM 2.14
The 4-mm-diameter cable BC is made of a steel with £ =200 GPa. Knowing
that the maximum stress in the cable must not exceed 190 MPa and that the

elongation of the cable must not exceed 6 mm, find the maximum load P that
can be applied as shown.

SOLUTION

Use bar AB as a free body.

Loc = JM =7.2111m

5

| N

F o0 Fac.

)M =0: 3.5P—(6){L
A |K7‘2111 BC)

P =0.9509F = A,
Considering allowable stress, ¢ =190x10°Pa fA?’
A= ﬁ d2 =i (0.004)% =12.566 x 105 m?
c= F% . Fae =0 A=(190x10°)(12.566x10°) = 2.388x 10°N
Considering allowable elongation, & =6x10°m
AE 12. 10°%)(2 10° 1078
5 Fac L R ) _ (12.566 x10~°)(200 x10°)(6 x10~°) —2091x10°N
AE Lgc 7.2111
Smaller value governs. Fye =2.091x10°N
P =0.9509F; = (0.9509)(2.091x10%) =1.988x10°N P=1988 kN <«
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j 1.25-in. diameter
/ d

A \ 7/
\\¢/ﬂ:i; in \BL\\; N
\;‘ C
~3ft_

PROBLEM 2.15

A single axial load of magnitude P = 15 Kips is applied at end C of the steel
rod ABC. Knowing that E = 30 x 10° psi, determine the diameter d of portion

BC for which the deflection of point C will be 0.05 in.

SOLUTION

Substituting, we have

5 :ZP_Li_:(ﬂ\ L(PL)
¢ AE LAEJAB LAEJBC

Lyg = 4ft=48in; Ly, = 3ft=36in.

2 - 2 2
Aug = “—i _I 1'2‘2'”' = 1.22718 in
(15x10%1b [ 48in. 360, )
0.05in. = +
| 30x10%psi | 12272802 Ao |

Agc = 0.59127 in?

nd?
Agc = e
or d = |4Pec
T
d - 14(0.59127 in?)
B T
d = 0.86766 in.

d=0.868in. «
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PROBLEM 2.16
A 250-mm-long aluminum tube (E =70 GPa) of 36-mm outer

36 mm 28 mm diameter and 28-mm inner diameter can be closed at both ends by

| | means of single-threaded screw-on covers of 1.5-mm pitch. With

E | : = j one cover screwed on tight, a solid brass rod (E =105 GPa) of
A\ — 25-mm diameter is placed inside the tube and the second cover is

25mm | | screwed on. Since the rod is slightly longer than the tube, it is
250 mm —»l observed that the cover must be forced against the rod by rotating
it one-quarter of a turn before it can be tightly closed. Determine
(a) the average normal stress in the tube and in the rod, (b) the
deformations of the tube and of the rod.

SOLUTION
Aupe = ﬁ (d2 —d?) = ﬁ (362 — 28%) = 402.12 mm? = 402.12x10"° m?
A =242 =% (25)2 — 490.87 mm? = 490.87 x10~° m?
rod — 4 - 4 - * - *
5 ——Pb—_ P(0.250) ~8.8815x10°°P
M B beAue  (70x10°)(402.12x10°6)
Orod =— PL__ 5(0'250) ——=-4.8505x10"°P
ErodAos  (105x10 )(490.87x10 )
* 1 -6
o = 4 turn [x1.5mMm=0.375mm =375x10"m
8 =8"+8 or & -85 =&~
tube rod tube rod
8.8815x107°P + 4.8505x10~°P =375x107°
-3
- — 030" 57 308x10° N
(8.8815 + 4.8505)(10%)
P 27.308x10°
(@  Ouwbe = = —=67.9x10°Pa G b, = 67.9 MPa <
Aue 402.12x10
3
Gpog = - = 23O gg 6 100pa G g = —55.6 MPa 4
-6
A, 490.87x10
(b) -9 3 -6
8 e = (8:8815x10 )(27.308x10 )=242.5x10 m 8, = 0.243mm <«
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8,0q = —(4.8505x107%)(27.308 x10%) = -132.5x107° m 8,4 =—0.1325 mm <
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PROBLEM 2.17
A B 04in. C D

P53501Ib (", \—¢ 4 ] P5350Ib
4
- | The specimen shown has been cut from a < -in.-thick sheet

of vinyl (E = 0.45 x 10° psi) and is subjected to a 350-Ib
tensile load. Determine (a) the total deformation of the
specimen, (b) the deformation of its central portion BC.

>‘

‘416 in.><—2in. *»‘(16 in.

SOLUTION

_ Pl _ (350 Ib)(1.6in.) _ 4.9778x10%in

A EAg  (0.45x10° psi)(1in)(0.25in.)

_Plgc _ (350 Ib)(2in.)

BC AR — =15.5556x10"2in.
EAs:  (0.45x10°psi)(0.4in.)(0.25in.)

dcp =05 =4.9778x1073in.

(@) Total deformation:

§ =25.511x10" in.

8=255x10"in. «

(b)  Deformation of portion BC :

8pc =15.56x107% in. «
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PROBLEM 2.18
The brass tube AB (E =105 GPa) has a cross-sectional area of

! 1mm 140 mm? and is fitted with a plug at A. The tube is attached at B to a

Total deflection:

D rigid plate that is itself attached at C to the bottom of an aluminum
A cylinder (E = 72 GPa) with a cross-sectional area of 250 mm?. The
cylinder is then hung from a support at D. In order to close the cylinder,
the plug must move down through 1 mm. Determine the force P
that must be applied to the cylinder.
3751 m
B
= !
SOLUTION

Shortening of brass tube AB:

|_AB =375+1=2376 mm = 0.376 m AAB =140 mm? =140 x 10°® m?

Exg =105 x 10° Pa
S, = —Pbas  _ P(0.376)
"B T EaAas (105 x 10%)(140 x 107°)

= 25578 x 10°P

Lengthening of aluminum cylinder CD:

L =0375m A =250mm?=250x10°m? E =72x10°Pa
CD CD CD

__Ply P(0.375)
T ELAp  (72x10°)(250x10°°)

) =20.833x10°P

dp =0, +Ocp Where 5, = 0.001 m

0.001 = (25.578 x 107° + 20.833 x 10 °)P
P = 21547 x10°N P=215kN <«




PROBLEM 2.19
— A Both portions of the rod ABC are made of an aluminum for which E =70 GPa.
Knowing that the magnitude of P is 4 kN, determine (a) the value of Q so that
the deflection at A is zero, (b) the corresponding deflection of B.

04m 20-mm diameter

U 60-mm diameter

SOLUTION
@ A =%d? ="(0.020)=314.16x10°m’
AB 4 AB 4
A ="d2 =" (0.060)? =2.8274x10°m’
BC 4 BC 4
Force in member AB is P tension.

Elongation:

_Plug _ (4x10%)(0.4)
EA;  (70x10°)(314.16x107°)

S s =72.756x10°m
Force in member BC is Q — P compression.
Shartening:

8BC

_{QPMee QPO ;5563100 -p)
EAsc (70x10%)(2.8274x10°%)

For zero deflection at A, 8gc =05

2.5263x10°%(Q -P)=72.756x10"° - Q-P=28.8x10°N

Q=28.3x10° + 4x10° =32.8x10°N Q=32.8kN «

() & =5 =8 =72756x10°m § =0.0728mm{ <«

AB BC B AB




PROBLEM 2.20

— A The rod ABC is made of an aluminum for which E =70 GPa. Knowing that
P =6 kN and Q=42 kN, determine the deflection of (a) point A, (b) point B.
0dm 20-mm diameter
J_ Bl
L 60-mm diameter
©
SOLUTION
,r P A =%d? =T (0.020)2 =314.16x10°m?
T AB 4 AB 4
A ="d? =" (0.060)% = 2.8274x10 > m?
BC 4 BC 4
Py =P =6x10°N
ey Pye =P -Q=6x10°-42x10° =-36x10°N
I ) Lyg =04m Lgc=05m
5= Boln | (610004 150155, 0%y
= AT AgEs  (314.16x107°)(70x10°)
3
8y = bokee | (CI0AOOS)___ 45447, 40,
AicE  (2.8274x1073)(70x10°)
(@ & =8 +8 =109.135x10"°-90.947x10°m=18.19x10°m 5 =0.01819mm7T «
A AB BC A

(b) &g =8gc =—-90.9%x10°m=-0.0909 mm or 85 =0.0909 mm | «




228 kN PROBLEM 2.21

B For the steel truss (E =200 GPa) and loading shown, determine
Z_Qm the deformations of the members AB and AD, knowing that their
A D C | cross-sectional areas are 2400 mm? and 1800 mm?, respectively.
40m 40m
SOLUTION

Statics: Reactions are 114 kN upward at A and C.

Lpg = Jﬁ%ﬂ—c@ =4.717m

Member BD is a zero force member.

Use joint A as a free body.

+TEF =0:114+_25_ _0
AB —

y 4717 /
- Fro
Frs =—215.10 kN
4

F»3F =0: F

+ F =0
X ADg717 P8 W4 kN
_ (4)(=215.10)
Fao = 4717 =182.4 kN
Member AB:
Foelap  (-215.10x10%)(4.717)
Opn = =
BT EA  (200x10°)(2400x10°°)
=-2.11x107°m Spp =—2.11mm «
MeraborAD: FaoLap (182-4><103)(4-0)
IVICTTTIOCT AU, UAD — —

EAyp,  (200x10°)(1800x10°%)

=2.03x107m Sap =2.03mm <«
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_ s0kips 4 PROBLEM 2.22

8 ft \ For the steel truss (g — 29x10°psi) and loading shown, determine the
it C deformations of the members BD and DE, knowing that their cross-
T \ sectional areas are 2 in® and 3 in®, respectively.

8 ft

30-kips

f .

8 ft
i - e

-~
15 ft
SOLUTION

Free body: Portion ABC of truss

+‘> IMg =0: Fgp (15 ft) — (30 Kips)(8 ft) — (30 Kips)(16 ft) =0
Fgp = +48.0 kips

+> ¥F, =0: 30 kips +30 kips— Fy =0
PL  (+48.0x10%Ib)(8x12 in.)

S == = Sap =+79.4x107%in. 4
B AE  (2in?)(29x10°psi) B0

PL _ (+60.0x10°Ib)(15%12 in.)

5§ = 5 =+124.1x10"in. «

"5 AE  (3in?)(29x10°psi) -
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~ 6 ft— <6 ft PROBLEM 2.23
N
Members AB and BC are made of steel (E = 29 x 10%psi) with cross-
sectional areas of 0.80 in? and 0.64 in’, respectively. For the loading
shown, determine the elongation of (a) member AB, (b) member BC.
Z8Kips 54 KIps
SOLUTION
(8) Lxg =+/6% +52 = 7.810 ft = 93.72 in.
Use joint A as a free body. Fag
A
AsF 00 —2—F _28-0 Fro
y AB
7.8_10 . 28 kips
Fas =43.74 kip = 43.74x10%Ib
F (43.74 x 10%)(93.72) .
Spg=- 28 = S5 = 0.1767 in. «
" L (29 x 10°)(0.80) AB
 EAsg
(b)  Use joint B as a free body.
+ N
B Fee “>3F =0: F LF -0
X BC AB
7.810
Fae
Fas Foe— 2431 _ 33 60 kip— 33601654
8¢ 7810 R

Fgc Lpc _ (33.60 x10°)(72)
EAsc (29 x10%)(0.64)

dpc = Sgc = 0.1304 in. «
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P PROBLEM 2.24

1B C
The steel frame (E = 200 GPa) shown has a diagonal brace BD with
an area of 1920 mm’. Determine the largest allowable load P if the
change in length of member BD is not to exceed 1.6 mm.
6m
A &°
I 5 m |
SOLUTION
§ =16x10°m, A =1920 mm? =1920x107°m?
BD BD
Lep = V5% + 62 = 7.810 m, Egp = 200 x 10° Pa
F L
§gp = —BD BD
EBE)/\BD
£ _ EspAsodep (200 10°)(1920 x 107°)(1.6 x 1073)
7.81
=BD
Lep
= 78.67 x10°N
Use joint B as a free body. +»XF, = 0:
8 P :
— F -P=0
7.810 °°
Fe o Fe
5 (5)(78.67 x 10°)
7.810 7.810
=50.4x10°N P =50.4 kN <
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L_\ PROBLEM 2.25
=i

Link BD is made of brass (E =105 GPa) and has a cross-sectional area of

240 mm?. Link CE is made of aluminum (E = 72 GPa) and has a cross-

€ e
N
sectional area of 300 mm?. Knowing that they support rigid member ABC,
A B determine the maximum force P that can be applied vertically at point A if
o the deflection of A is not to exceed 0.35 mm.
225 mm
125 mm
SOLUTION
Free body member AC:
T‘%’p +‘>EMC =0: 0.350P —0.225Fg, =0
A <
P 3 Fgp =1.55556P
¢ ® +‘>EM =0: 0.125P —-0.225F =0
P e o =0 0.125P ~0.225Fc, =

Fee =0.55556P

5 5 = Fgp Lep _ (1.55556P)(0.225) —13.8889 x 10-°P

8B B AL (105x10%)(240 x 10°°)

5 =5 _ Feelee _ (0.55556P)(0.150) —38581x10°P

© % EAx  (72x10%)(300x107°)

Deformation Diagram:

From the deformation diagram,

-9
(aﬂs . Slope: 6 _ 9 #0¢ _LT.74710x107P _ 74 g76,10-9p
I Lac 0.225
A

=13.8889 x107°P + (0.125)(78.876 x107°P)
=23.748x10°P

Apply displacement limit. §,, = 0.35x1073m = 23.748 x 10~°P
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P =14.7381x 10° N

P=1474 kN 4
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N~ o\ F PROBLEM 2.26

C

180 mm Members ABC and DEF are joined with steel links (E = 200 GPa).
® o|E Each of the links is made of a pair of 25 x 35-mm plates. Determine

B the change in length of (a) member BE, (b) member CF.
260 mm
L L
18BKN | _ogomm |  18KN
SOLUTION

Free body diagram of Member ABC:

TY

¥ ¢CM— -Fc.\: +‘)ZMB =0:
OBen (0.26 m)(18 kN) — (0.18 m) Fop =0
1 el |— F.c F.. =26.0 kN
tTTER =0:
Ovtlom 18 kN + Fye +26.0kN =0
Foe = —44.0 kN
-t ] A —_— BE
\& &N x

Area for link made of two plates:

A=2(0.025m)(0.035 m) =1.750x 107> m?

Feel  (~44.0x10° N)(0.240 m)

a) Oge= =
@ Oee =" gy (200x10° Pa)(1.75x10~° m?)

=-30.171x10°%m

Sge =—0.0302 mm <

F L (26.0x10° N)(0.240 m)
(b) 8CF =

BE  _
EA  (200x10°Pa)(1.75x10° m?)

=17.8286x10°m

Ser =0.01783mm «
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PROBLEM 2.27

ﬁsT F-;,,T
C ) 2
B c

J’ixw?‘ ™

Oan = =
A8 EA  (10.9x10°)(0.2)
e = Folep  _ (3125)18)

A (10.9x10°)(0.2)

Deformation diagram:

B £ c
b 6c.
£
5| e !
El
Bl

_Faslag _ (687.5)(18 _

® A ©
P =1kip Each of the links AB and CD is made of aluminum (E = 10.9 x 10° psi)
18in. and has a cross-sectional area of 0.2 in®. Knowing that they support the
l E rigid member BC, determine the deflection of point E.
® ()
C
B B
10in.
SOLUTION
Free body BC:

*V)ZMC =0: —(32)F s +(22) (1x10*) =0

Fps =687.51b
+T2F =0: 687.5-1x10
, *+Fp =0
5.6766x107%in.=8p
2.5803x107%in. =8,
& -8  3.0963x10°°
Slope® =-8—C =
Lac 32
=96.759 x10®rad
O =0, + L0

=2.5803x107 +(22)(96.759%x107°)

=4.7090 x10%in.

5. =4.7IxXI0%In.¢ 4
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PROBLEM 2.28

The length of the 3% -in.-diameter steel wire CD has been adjusted so that
125in. with no load applied, a gap of ﬁ in. exists between the end B of the rigid

7‘ ’_TXﬁ beam ACB and a contact point E. Knowing that E =29 x 10° psi,
S c/ % 7: determine where a 50-Ib block should be placed on the beam in order to
A I_ ) % cause contact between B and E.
5 in.
16 in.
41in
SOLUTION

Rigid beam ACB rotates through angle 0 to close gap.

0= 116 _ 3.125x10 2 rad
20

Point C moves downward.
8. =40 =4(3.125x107°) =12.5x10%in.
8cp =8c =12.5x107%in.

2
A =Tg2 T ﬁi} —6.9029x103in?
4 4' 32
8 _ FCD LCD
CDh —
EAp
EA & (29x10°)(6.9029%x107%)(12.5x107%)
Fep = CD CD _
Leo 125
=200.18 Ib
Free body ACB:
A FcpT lso ‘o —+‘>§M—9—4F—(59)€29_)Q—9—A -0 - =
A — 5
4)(200.1
h | 20— x= (4)(200.18) =16.0144
AN oo >0
o-x X = 3.9856 in.
For contact, Xx<3.99in. 4
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PROBLEM 2.29

A homogeneous cable of length L and uniform cross section is suspended from one end. (a) Denoting by p the
density (mass per unit volume) of the cable and by E its modulus of elasticity, determine the elongation of the
cable due to its own weight. (b) Show that the same elongation would be obtained if the cable were horizontal
and if a force equal to half of its weight were applied at each end.

SOLUTION

() Forelement at point identified by coordinate v,

L1441
I i }\
P = weight of portion below the point
J =poAL-Y)
L ds = PAY _ pOA(L-y)dy _ pa(L-y)
\ EA EA E
L
L pa(L=y) pg( 1,)
i S = dy = -
L"‘\j .[o E y Eky 3( Jo
F L _pal , L) 1 pgl?
L 8 =
el 2 ) 2 g ¢
(b)  Total weight: W = pgAL
EAS EA 1pgl® 1 1
F=——=— ——=_pgAL F= W <
£ t—2—F 2 2
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P PROBLEM 2.30

A vertical load P is applied at the center A of the upper section of a homogeneous
frustum of a circular cone of height h, minimum radius a, and maximum radius b.
Denoting by E the modulus of elasticity of the material and neglecting the effect
of its weight, determine the deflection of point A.

SOLUTION

Extend the slant sides of the cone to meet at a point O and place the origin of the coordinate system there.

|
b,
b-a
From geometry, tana = H
a b
a = , = , r=ytan
' tano b tana yano
At coordinate pointy, A=rr?
. . . Pdy
Deformation of element of heightdy: dd =

AE
45 _Pdy P dy

CEnr? nEtan’a y?

Total deformation:

" P (1 1)

. :nEtanzocLa_l_le

1

P blﬂ P 1

(1)
8 :— :— —
AT rEtan?a da y? nEtanzocL YJ
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P Db-a_Ph-a)
B 2 - S, =P—h¢ <
nEtan o ab; nEab n Eab
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PROBLEM 2.31

Denoting by ¢ the “engineering strain” in a tensile specimen, show that the true strain is ¢, =In(1+¢).

SULUTIUN

€ :In—:lnl—"i =In 1+ =In(l+¢)

Thus, g, =In(l+¢) 4
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PROBLEM 2.32

The volume of a tensile specimen is essentially constant while plastic deformation occurs. If the initial
diameter of the specimen is d,, show that when the diameter is d, the true strain is g, = 2 In(d,/d).

SOLUTION
. T 2 T 2
If the volume is constant, =~ d“L =" d; L,
4 4
L_d_(dY
L, d> \d
2
g =In"=In M gt:ZIng <
L, d)J d
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Brass core PROBLEM 2.33
(E = 105 GPa) Rigid

Al(uEm:m#(;n G?Dlg;e R, 2 plate An axial centric force of magnitude P = 450 kN is applied
T to the composite block shown by means of a rigid end plate.
Knowing that h = 10 mm, determine the normal stress in
(a) the brass core, (b) the aluminum plates.

300|mm

P

-

0 mm
40 mm
SOLUTION
0o=085=08; P=P,+Pg
) Pk and S = Bl
EaAn EsAg
Therefore, P =(EA )(ﬁ\; P=(EA )(é\
A A A | | B B B | |
\L) \L)
SubStItUtIng, PA = (EAAA + EBAB)(%)
8 P
L (EaAs + EgAg)
e (450 x 10° N)
(70 x 10° Pa)(2)(0.06 m)(0.01 m) + (105 x 10° Pa)(0.06 m)(0.04 m)
e=1.33929x 1073
Now, c = Ee
(@) Brass-core: s(b)  Aluminum: c =(105x10°

Pa)(1.33929x107%)
=1.40625x108 Pa
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o =(70x10°
Pa)(1.33929 x10®)

=9.3750 x 10’
Pa

65 =140.6 MPa <

G, =93.8MPa «
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Brass core PROBLEM 2.34

(E = 105 GPa) Rigid

AI(UEm:m;J(;n GFI)DI:;E R, 2 plate For the composite block shown in Prob. 2.33, determine
T (a) the value of h if the portion of the load carried by the
aluminum plates is half the portion of the load carried by
the brass core, (b) the total load if the stress in the brass is

80 MPa.
300mm PROBLEM 2.33. An axial centric force of magnitude
/ P = 450 kN is applied to the composite block shown by
means of a rigid end plate. Knowing that h = 10 mm,
?< determine the normal stress in (a) the brass core, (b) the

} aluminum plates.
s

SOLUTION

5=5,=8,, P=P,+PR

S = PRl and S _hlL
E.A ExA
Therefore,
5 (3)
P, = (EaAa)_L; R = (EpA,) L
@) p-1p
a 2 b
ISRV
1 E,)
A= 5 E: A
1(105 GPa
A = 2( 20GPa 1(40 mm)(60 mm)
A, =1800 mm?

1800 mm? = 2(60 mm)(h)
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h=15.00mm <«

(b) cb:EQ: PoGAandP = p
Ab b b b a 2b
P=P,+PR
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PROBLEM 2.34 (Continued)

1
P="(0cA)+c A
o bb b b

P =(c,A)L5
P = (80 x 10° Pa)(0.04 m)(0.06 m)(1.5)
P =2880x10°N

P =288 kN <«
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P PROBLEM 2.35

P o The 4.5-ft concrete post is reinforced with six steel bars, each with a 11 -in. diameter.
" >¢ Knowing that Es = 29 x 10° psi and E, = 4.2 x 10° psi, determine the formal stresses
\( 4™ in the steel and in the concrete when a 350-kip axial centric force P is applied to the

post.
45 ft
-
SOLUTION

Let P, = portion of axial force carried by concrete.
P, = portion carried by the six steel rods.

PL  p _EAS
= - c —

EA L
8 :_PQL PS — ESA56

EA L

)

P=R+R=(EA+ ESAS)I

6 __ P
€ = =

L EA +EA

A = Gf d2 = 64—“ (1.125in)? =5.9641in’

A ="d2-A =" (18in)? —5.9641 in’
c 4 c S 4
=248.51in?
L=45ft=54in.
&= — —_3250x1® b —— = _28767x10"
(4.2x10° psi)(248.51 in“)+ (29%10° psi)(5.9641in“)

o, = Ee = (29 x10° psi)(-2.8767 x10™*) = —8.3424 x 10° psi o, =-8.34ksi «
o, = E.& = (4.2x10° psi)(-2.8767 x10™*) =1.20821x10° psi c.=-1.208 ksi ¢
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: PROBLEM 2.36

Allowable strain in each material:

Steel: g,="
ES
(¢}
Concrete: g =" ¢
C EC
d
Smaller value governs. €= L

Let P, = Portion of load carried by concrete.

P, = Portion of load carried by 6 steel rods.

el e

A :G(ﬂdf -%a

S N For the post of Prob. 2.35, determine the maximum centric force that can be applied if the
- % allowable normal stress is 20 ksi in the steel and 2.4 ksi in the concrete.
\( PROBLEM 2.35 The 4.5-ft concrete post is reinforced with six steel bars, each with
e a 11 -in. diameter. Knowing that E; = 29 x 10° psi and E. = 4.2 x 10° psi, determine
the %ormal stresses in the steel and in the concrete when a 350-kip axial centric force P
is applied to the post.
- 4
SOLUTION

3 -
Os . 20x10°psi g 0966, 1074

29x10° psi
_24x10°psi g 4y 4n. 104

4.2x10° psi
=5.7143x107

P = (é\: E A€

C ECA:LLJ cC C

P = (é\:E A e

S ESA%kL S S

125in.)? =5.9641in?

A = d2— A =" (18in.)? —5.9641in? = 2.4851x 102 in?

P=P,+P,=E.Ac + E,Ac
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P =[(4.2 x10° psi)(2.4851x10% in?) + (29 x10° psi)(5.9641in?)](5.7143x10~)
P =6.9526x10°Ib
P =695 kips <
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25mm PROBLEM 2.37
H/ Brass core
/ £ 105GPa An axial force of 200 kN is applied to the assembly shown by means of
rigid end plates. Determine (a) the normal stress in the aluminum shell,
(b) the corresponding deformation of the assembly.

300{mm
Aluminium shell
E 70GPa

I —

6o |

SOLUTION

Let P, = Portion of axial force carried by shell.
P, = Portion of axial force carried by core.

PL EA
5=, o P=a a0
E,A L
5-——*t o R _BhAy
EyA L
5
Thus, P=P,+R =(E.A +EbAb)E
with A, :ﬁ[(o.oeso)2 — (0.025)%] = 2.3366 x 10-3 m?

A =ﬁ (0.025)2 = 0.49087 x 1072 m?

P =[(70 x 10%)(2.3366 x 107°) + (105 x 10°)(0.49087 x 107%)] |_8_

P = 215.10 x 10° %

3
Strain: g =0 P _ 200107 _ ) 59980 x 102

L 215.10x10° 215.10 x10°

(@) o,=E,=(70x10%)(0.92980x10%) =65.1x10°Pa G, =65.1 MPa <«

(b) & =¢eL=(0.92980x10"%)(300 mm) §=0.279 mm «
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25 mm PROBLEM 2.38

A:—:L/ Brass core
E 105GPa

T The length of the assembly shown decreases by 0.40 mm when an axial force
is applied by means of rigid end plates. Determine (a) the magnitude of the
applied force, (b) the corresponding stress in the brass core.

300/mm
Aluminium shell
E 70GPa
~ [eomm |
SOLUTION

Let P, = Portion of axial force carried by shell and Py, = Portion of axial force carried by core.

8 — _PaL, Or Pa — EGAB—S
E.A L

E,A,
BL R ="2"*%§
§=—"2=, or b L

CEA

Thus, P=Pa+Pb=(EaAa+EbAb)6t

with A, = ﬁ[(O.OGO)Z — (0.025)2] = 2.3366 x 102 m?

_ T 0.025)% = 0.49087 x 103 m?
b=y

P = [(70 x 10°)(2.3366 x 10~%) + (105 x 10°)(0.49087 x 107%)] 9 _ 21510x10° 2

L L
with 8 = 0.40 mm, L =300 mm
6y 0.40 3
(@) P =(215.10x10°) 200 = 2868X10°N P =287 kN <«

) o - _ Ed _ (105x10%(0.40x10 ']

=140 x10% Pa

\ 6, =140.0 MPa <
AL 300 x 10"
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1.25in. A polystyrene rod consisting of two cylindrical portions AB and BC is restrained at

25in. o Kips 6 kips both ends and supports two 6-kip loads as shown. Knowing that E = 0.45x10° psi,
determine (a) the reactions at A and C, (b) the normal stress in each portion of

15in. 2in.

SOLUTION

(@) We express that the elongation of the rod is zero.

_Puslss |, Packec _g

Ra Td*E td*E
4 AB 4 BC
A
But Pag =+Rp Pac =R
: kg - o
6l © kupe Substituting and simplifying,
L I\ 4
B Ralws Rolae
die  dic
c L (d Y 2502
TRC_ R = AE5| BC|RA: | | Ra
Lec | das ) 15(1.25)
R. =4.2667R, (@)
From the free body diagram, Ra + Re =12 kips @)
Substituting (1) into (2), 5.2667R, =12
R, = 2.2785 kips R,=2.28kips T «
From (1), Rc =4.2667(2.2785) = 9.7217 kips
Re =9.72 kips T <«
AB G g =+1.857 ksi 4
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BC A

R _S12l Ogc =-3.09 ksi <
— = A
BC BC 4
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PROBLEM 2.40

P o0; Three steel rods (E = 29 x 10° psi) support an 8.5-kip load P. Each of the
- rods AB and CD has a 0.32-in? cross-sectional area and rod EF has a 1-in’
B D# cross-sectional area. Neglecting the deformation of bar BED, determine
[ Q £ J] | (a) the change in length of rod EF, (b) the stress in each rod.
16 in.
. |
SOLUTION

Use member BED as a free body.
fe T i—P Tf’cv
1=} ’ 3 fE q D

Fer

By symmetry, or by > Mg =0:

Peo = Pas
+HXF, =0: Py +Pop +Per —P =0
P =2P,g + Per
— P&Lﬁ — P@L@ — PELE
Opp = Scp = Ogp =
EAxs EAco EAer
Since Lag = Lep @nd Agg = Acp, 8p8 =8cp

Since points A, C, and F are fixed, d; =8 ,5,05 =8¢p, Og =0
Since member BED is rigid, 6z =65 =9¢

Prelng _Beelee . p _As Leep _032 16, 4 06
EA EA oA o1 20 FF EF
AB EF EF AB

P 8.5
Per = =
1512 1512

=5.6217 Kkips

(@) &, = eetee  GOZNAO) 450310161 5 =0.00310in. «

EF

EA::  (29x10°%)(D)
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_ Py _ 143016

) o =o = = 4.4974 ksi
DAL 032
o e BT 5607y
EF Acr 1

G =0

AB CD

()
EF

=450ksi <4

=5.62 ksi 4

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted

on a website, in whalenetysite, in whole or part.

141

141




Dimensions in mm PROBLEM 2.41

180120~ 23100
A ‘ C D| E C and restrained by rigid supports at A and E. For the loading shown
Steel B Brass and knowing that E, =200 GPa and E, =105 GPa, determine
60 kN 40 kKN . . .
L / (@) the reactions at A and E, (b) the deflection of point C.

/

40-mm diam. 30-mm diam.

SOLUTION
Ato C: E =200x10°Pa

A= ﬁ (40)% =1.25664 x 10°mm? =1.25664 x10°m?
EA=251.327x10°N
CtoE: E =105x10°Pa

A= ﬁ (30)? = 706.86 mm? = 706.86 x 10° m?

EA=74.220x10°N

A 2 o 0 =
i B Spnse [ Eri— Fa
Ra COkN 4o kN o

AtoB:  P=R,
L =180 mm = 0.180 m

_PL__R,(0.180)
EA 251.327x10°

AB

=716.20x107*R,
BtoC: P=R,-60x10°
L =120 mm=0.120 m
PL (R —-60x10%)(0.120)
A

8 = —=
5T EA 251.327x10°
=447.47x10 ?R, —26.848x10°°
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CtoD P=R,-60x10°
L =100 mm =0.100 m
PL (R —60x10%)(0.100)
6 = —_— = A
5 EA 74.220x10°
=1.34735x10°R, —80.841x10°°
DtoE P =R, -100x10°
L =100 mm=0.100 m
PL (R —100x10%)(0.100)
8 == A
PE T EA 74.220x10°
=1.34735x10°R, —134.735x10°°
AtOE SAEZSAB +88C +60D+8DE
=3.85837x10°R, —242.424x107°
Since point E cannot move relative to A, Spe =0
(@) 3.85837x10°R —242.424x107° =0
A A
R =R —100x10°=62.8x10° —100x10° = -37.2x10° N

PROBLEM 2.41 (Continued)

R =62.831x10°N

R =62.8kN « <«

A

R =372kN« <«

E

(b) o

C

=0 +0

A

AB BC A

=(1.16369x107°)(62.831x10°) — 26.848 x10°

=46.3x10°m

=1.16367x10°R —26.848x107°

E

5c =463 um—> <
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Dimensions in mm PROBLEM 2.42

180120 04100 .
A ‘ ¢ D| E rod CE is made of steel.
Steel B Brass
/ 60KN /40 KN PROBLEM 2.41_ 'I_'WO cylindrical ro_ds, one _of steel and the
other of brass, are joined at C and restrained by rigid supports at A
40_mm/ diam. 30_mm/ diam. and E. For the loading shown and knowing that E, =200 GPa
and E, =105 GPa, determine (a) the reactions at A and E, (b) the
deflection of point C.
SOLUTION

Ato C: E =105x10°Pa
A= ﬁ (40)? =1.25664 x10°mm? =1.25664 x10°m?
EA=131.947x10°N
CtoE: E =200x10°Pa

A= ﬁ (30)2 =706.86 mm? = 706.86 x107° m?

EA=141.372x10°N

AtoB: P=Ra A B c D £
L =180 mm =0.180 m . —‘——_' é
_PL__R,(0.180) R, | E
A8 = EA T 131,947 x10° cokN fo kM

=1.36418x10°R,
B to C: P=R, -60x10°

L=120 mm=0.120 m

PL (R —60x10%)(0.120)
A

8 = —=
5T EA 131.947 x10°
=909.456x10 2R, —54.567 x10°°

Cto D: P=R, -60x10°

L =100 mm=0.100 m

PL (R —60x10%)(0.100)
A

8 = —_—=
“©EA 141.372x10°
=707.354x10"?R, —42.441x10°°
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PROBLEM 2.42 (Continued)

DtoE: P =R, -100x10°

L =100 mm =0.100 m
PL (R —100x10%)(0.100)

6 = —_— = A
PE T EA 141.372x10°

=707.354x107*?R, —70.735x10°°

Ato E: SAEZSAB +85C+6CD+8DE

=3.68834x10°R, —167.743x10°°

Since point E cannot move relative to A, O =0
(@) 3.68834x10°R -167.743x10°=0 R =45479x10°N R =455kN « <
A A A
R =R -100x10® =45.479x10° ~100x10% = -54.521x10° R =545kN « <
E A E
By & =8 8§ —227364x10°R _54 567%10°°
C AB BC A
=(2.27364x107°)(45.479x10%) —54.567 x10™°
=48.8x10°m 5. =48.8um— <

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

145 145



PROBLEM 2.43

p]’) ElQ —
N T Each of the rods BD and CE is made of brass (E = 105 GPa)
225mm  and has a cross-sectional area of 200 mm?. Determine the
A© Bl ﬁ o‘\—L deflection of end A of the rigid member ABC caused by the
c 2-kN load.
550 mm || |
75mi 160 mm
SOLUTION

Let © be the rotation of member ABC as shown.

8 /
A %5 B Se
, F ¢ But o, ek
SA B B AE
A EAS  (105x10%)(200 x107°)(0.0750)
P,,=—"2=
L 0.225
=7x10°0
Free body ABC: P L
2 kN EBD -CE 8(: = %
J T F l EA5  (105x10°)(200 x107°)(0.16)
- -~ Pee = —C=
- Lee 0.225

(- Y
A S T
=9.3333x10°0
From free body of member ABC:
+‘>z Mg =0: (0.625)(2000) —0.075P,, —0.1P-z =0
or (0.625)(2000) —0.075(7 x10° ) —0.1(9.3333x10°0) =0
0 =0.85714x103rad

and  §, =06250 =0625(085714x10-%) = 053571x10m

5, =0.536 mm «
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PROBLEM 2.44

—VF
A
Si” Ve The rigid bar AD is supported by two steel wires of X -in. diameter
y E (E = 29 x 10° psi) and a pin and bracket at A. Knowing that the
10in. wires were initially taut, determine (a) the additional tension in each
t A—32B  1C P wire when a 220-Ib load P is applied at D, (b) the corresponding
e deflection of point D.
SR
121in. 12 in. 12 in.
SOLUTION
Let 6 be the notation of bar ABCD.
Then 65 =120
60 = 249
A P c D
a0 R
N 5T AE
C' -
o (29x107) Z (l\ | 120)
P =R k 5)
leg I¢F r P = BE _
1 |
A 8 ¢ X =106.765x10° 0
]
5. = LLQ
" EA
6 T ( 1
EAS (29x10°%) 4 1?} (240)
P =t €t =
CF
=118.628x10° 0
Using free body ABCD,
+‘)zlle:o: 12P,; + 24P —36P =0

( )b)

PB E
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Per ( 83x10°6 =(36)(220)
1

dp 2 0 =1.91847 x10-° rad.)
= (106.765x10°)(1.91847 x107%) = 204.83 Ib

=(118.628 x110°)(1.91847 x107%) = 227.58 Ib Pee =2051b <«
_ _ -3y _ -3
=36 0 _(36)21.91847x10 ) =69.1x10"%in. P =228 Ib «

OR R~ ~DBRN~+ D WO X 01O "

P ol ~oMmMNMN~A~O0O W~ | D 20FL X ONO®"
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0.0691 in. |«

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

149 149



L L— PROBLEM 2.45
I

The rigid bar ABC is suspended from three wires of the same material. The cross-
sectional area of the wire at B is equal to half of the cross-sectional area of the
A(/\ bDAB A c Wwiresat Aand C. Determine the tension in each wire caused by the load P shown.
4 L P
SOLUTION
)M =0: 2LP +LP _31p=0
A Cc B
4
g P p
- "B -C PC =§P—EPB
t 8 2
C )]
l )ZM =0: -2LP -LP +2LP=0
C A B
F 5 1 )
PA = § P - E PB

Let | be the length of the wires.

Pd 1 (5 1)
—A_—l=p_=p
ATEA EAls 2 BJ

_ Rl 21
% "E(A2) EA °
Pl 1 (3 1_)
==="_|"P-"P
& =ea”Eals” 2 ° )
From the deformation diagram,
1
or SB=2(6A+8C)

p-1p. p_1p P —0.200P <«

2 B 2 B 5 B
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PROBLEM 2.45 (Continued)

P :%-ﬂmzﬁp P =0525P <«
A8 25 40 A
P :gp_ﬂg\:gp P =0.275P «
8 25 40 ¢

Check:

Py+ Py + . =1.000P Ok
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PROBLEM 2.46

EY—
’ The rigid baer AD is supported by two steel wires of e -in. diameter
_ VY. (E=29x10" psi) and a pin and bracket at D. Know the wires
15in- I ing that
‘ 8in. were initially taut, determine (a) the additional tension in each wire when
R 1 a 120-1b load P is applied at B, (b) the corresponding deflection of point B.
A B ¢ @
< 8in.—~<8in. —{<38 in.J

P

SOLUTION

Let O be the rotation of bar ABCD.
Then &, =240 dc. =80

a g C ¥ > &, = Pag Lae
AT AE
EAS  (29x10°%) % (1)2(240)
A P = A _ 4 16
Loe 15
Paef\ . Pcr_ar D, —~142.353x10°0
A ‘L c D 8¢ = %
F)
A (29x10°) % (L) (80)
P = _ 4 16
Ler
=88.971x10°0
Using free body ABCD,
+)SMp = 0: —24Pye +16P — 8P =0

—24(142.353 x 10%9) + 16(120) — 8(88.971 x 10%9) = 0
0 = 0.46510 x 10~ rad

(@) P, =(142.353x10%)(0.46510x107%) P =66.21b <
P =(88.971x10°%)(0.46510x107%) Pr =414 10 <
(b) 85 =160 =16(0.46510x107°) 8, =7.44x1072 in.{ <«
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25 mm PROBLEM 2.47

/J:}\ B The aluminum shell is fully bonded to the brass core and the
rass core . . .

E  105GPa assembly is unstressed at a temperature of 15°C. Considering only

209 109 cC axial deformations, determine the stress in the aluminum when the

temperature reaches 195°C.

Aluminum shell
E 70GPa

v 236 10°% C

~— 60 mm —

SOLUTION
Brass core:

E =105 GPa

o =20.9x107%/°C
Aluminum shell:

E =70 GPa

o =23.6x107%/°C
Let L be the length of the assembly.

Free thermal expansion:

AT =195-15=180°C
Brass core: (O7)p = Lo, (AT)

Aluminum shell:  (81), = Lo, (AT)

Net expansion of shell with respect to the core: 6 =L(a, —a,)(AT)

Let P be the tensile force in the core and the compressive force in the shell. P
Brass core: E, =105x10°Pa l
A, = ﬁ (25)% = 490.87 mm?

=490.87x107°m?
PL

(©py “EA J
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PROBLEM 2.47 (Continued)

Aluminum shell: (zsp)a zi
E.A

E, =70x10°Pa
A =", (60° ~25%)

=2.3366 x10°mm?
=2.3366x10°m?
§=0p), +6p),
PL PL _pL
EA  EA

L((xb _aa)(AT) =

where
1 1
+ —

CEA EA

K

1 1
= +
(105x10°)(490.87x107%)  (70x10°)(2.3366x107%)
=25.516x10N™*

Then
p _ (05 —05)(AT)
K
~ (23.6x107° - 20.9x107°)(180)
B 25.516x107°
=19.047x10°N

P 19.047x10°
- _M=—8_15X106 Pa o =—8.15 Mpa 4

Stress in aluminum: c =
° A 2.3366x107°

&
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25 mm PROBLEM 2.48

Solve Prob. 2.47, assuming that the core is made of steel (E, =200 GPa,

Brass core
S
Aﬁ E 105GPa o =11.7x107%/°C) instead of brass.

209 10% C

PROBLEM 2.47 The aluminum shell is fully bonded to the brass core

A'”gi””;g (Sj:g" and the assembly is unstressed at a temperature of 15°C. Considering
536 106 c only axial deformations, determine the stress in the aluminum when the
v temperature reaches 195°C.
~— 60 mm —
SOLUTION
Aluminum shell: E =70 GPa o =23.6x107%/°C
Let L be the length of the assembly. P P
Free thermal expansion: AT =195-15=180°C $ ( [}LS\\
- :
Steel core: (O7) = Lo (AT)
Aluminum shell: (07), = Lo, (AT)
Net expansion of shell with respect to the core: 8 =L(o, —o)(AT) T
Let P be the tensile force in the core and the compressive force in the shell. P ¢
Steel core: E —200x10°Pa, A = (25)? = 490.87 mm? = 490.87 x 10™°m?
S S 4
PL
8 =
Ok "EA
Aluminum shell: E, =70x10°Pa
PL
o) =g
afa

A= ﬁ (60° - 25)% =2.3366x10°mm? = 2.3366x 10> m’
d= (SP)S +(6P)a
PL  PL
+
EA E

S a

= KPL

L(aa _as)(AT) =

where
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1 1
+
EA  EA

K:

1 1
= +
(200x10°)(490.87x107°)  (70x10%)(2.3366x107%)

=16.2999x10°N™*
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PROBLEM 2.48 (Continued)

Then
(@ —a )(AT) (23.6x107°-11.7x107°)(180)
p-——2 s _ - =131.412x10°N
K 16.2999 x 10

_ : P _ 131.412x10°
Stress in aluminum: 6, =-""= ~ESRSReXAT — 56.241x10°Pa o, =-56.2 MPa <

A, 2.3366x10°°
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PROBLEM 2.49

lin \
2K .
Lin. AL T
s 1 § 2~ +™  The brass shell (o, =11.6x107/°F) is fully bonded to the steel core
(g =6.5 ><10’6/°F). Determine the largest allowable increase in
Steel core i i i i
Seelzore M temperature if the stress in the steel core is not to exceed 8 ksi.
Brass shell
E 15 10psi 12/in.
SOLUTION
Let P, =axial force developed in the steel core.
For equilibrium with zero total force, the compressive force in the brass shell is P;.
. R
Strains: g, = +0o,(AT)
S
R
&y = +(Xb(AT)
EyA
Matching: € = €y
P, P
— 35— 4 0 (AT) = — = 35— + 0 (AT)
EA EoA
(1 1)
+ P =(a —a )(AT) (1)
(EA EBAJ:
A, = (1.5)(1.5) - (1.0)(1.0) =1.25 in®
A =(1.0)(1.0)=1.0 in?
o, —0lg =5.1x107°/°F
P_cA 107)(1.0) -8 -10° b

—(Q
=0

—
=0
S

s S
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From (1),

1 1 1 1

EA TEA  (29x10°)(L0) | (15x10°)(1.25)

—87.816x107° Ib!

(87.816 x 107°)(8 x 10%) = (5.1x 107°)(AT)

AT =137.8°F <
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5§55 — PROBLEM 2.50

The concrete post (E, = 3.6x10° psi and o, = 5.5x107%/°F) is reinforced with six steel
bars, each of J[-in. diameter (E = 29x10° psi and a,, = 6.5x10°%/°F). Determine the

normal stresses induced in the steel and in the concrete by a temperature rise of 65°F.

SOLUTION

2
T, n(7 i
A. = = =3.

s 64d 64(8} 3.6079 in

A =102 - A =10% —3.6079 =96.392 in?

c S

Let P, = tensile force developed in the concrete.

For equilibrium with zero total force, the compressive force in the six steel rods equals P,.

Strains: g, =— + 0, (AT) € :Ei +a,(AT)
S C
. P P
Matching: g, =&, — & 4o (AT) =—— & +0o(AT)
EA EsA
(1 \
L J (oc —o )(AT)
[ 1 1 T
| + | = (1.0x10°°)(65)
| (3.6x10°)(96.392) (29x10°)(3.6079) | °
P. =5.2254x10° Ib
P 5.2254x10°
6, == ———=>54.210psi o, =54.2 psi
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A 96.392

3
o, =—Te__52254x10° _ 444837 psi o, =—1.448 ksi

A 3.6079
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A
250 . .
>omm L ends. Portion AB is made of steel (E; =200 GPa, o :11.76>< 1075/°C) and
1T— B ) that the rod is initially unstressed, determine the compressive force induced in
= S0-mm diameter - ABC when there is a temperature rise of 50°C.
300'mm
4 S
SOLUTION
A ="d? =" (30)? =706.86 mm? = 706.86x10°m’

AB 4 AB 4
A ="d2 =T (50)2 =1.9635x10°mm? =1.9635x 10 >m?
BC 4 BC 4

Free thermal expansion:

01 = Lag0 (AT) + Lgco, (AT)
=(0.250)(11.7 x107%)(50) + (0.300)(20.9 x107¢)(50)
=459.75%x10°m
Shortening due to induced compressive force P:

PL PL
Bp=—
Es/\AB Eb/\BC F} T

~ 0.250P . 0.300P
(200x10°)(706.86x107®) = (105x10°)(1.9635x107%)

=3.2235x107°P

For zero net deflection, dp =07

32235x10 P =459.75x10 °
P =142.624x10° N P=142.6 kN <«
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- 2410~ 32in. | PROBLEM 2.52

A B I A rod consisting of two cylindrical portions AB and BC is restrained at both

/ ‘\ ends. Portion AB is made of steel (E, =29 x10° psi, o, =6.5x10°/°F) and
portion BC is made of aluminum (E, =10.4x10° psi, o =13.3x10°°/°F),
1L-in. diameter Knowing that the rod is initially unstressed, determine (a) the normal stresses

induced in portions AB and BC by a temperature rise of 70°F, (b) the
corresponding deflection of point B.

2% -in. diameter

SOLUTION
A = ﬁ (2.25)* =3.9761in? Ag = ﬁ (1.5)2 =1.76715 in?
A ey DL
Free thermal expansion. AT =70°F
6 ) =L o (AT)=(24)(6.5x107°)(70)=10.92x103in.
T AB AB s
6) =L a (AT)=(32)13.3x107%)(70) =29.792x10%in.
T BC BC a
Total: 8§ =) +() =40.712x1072in.
T T AB T BC
Shortening due to induced compressive force P.
) —Tlw _ 24P _208.14x10°P
P AB 6
E.Ag  (29x10°)(3.9761)
PL
6) =—kec _ 32P _1741.18x10°°P
P B¢ E,A (10.4x10°)(L.76715)
Total: 5 =@ ) +(@ ) =1949.32x107°P
P P AB P BC
For zero net deflection, 8, =5, 1949.32x10°P = 40.712x10°® P =20.885x10°Ib
P 20.885x10° ’
@ o =———=-% =-5.25x10 psi 6 =-525ksi «
B Ag 3.9761 A8
3
c =- P :—20'885X10 =-11.82x108 psi c =-11.82ksi 4
A 1.76715 B¢
(b)
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Gp =
(208.1
4

)AB
x107°
)(20.8
85x1
0°) =
4.347
)
x1073
in.

8 =) —->+@ ) <«=10.92x10" - +4.3470x107° « 8 =657x107 in.—> <«
B T AB P AB B

or

(6 ) =(1741.18x107°)(20.885x10%) = 36.365x10in.
P BC

§ =0 ) «+@ ) —>=29792x10" « +36.365x107° — =6.57x10%in. > (checks)
B T BC P BC
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< 24 in.—>]<—32in. —]
A B C

/ \

1 1% -in. diameter

24——in. diameter 2

SOLUTION

Aug = ﬁ (2.25)2 =3.9761 in’

Free thermal expansion.

Total:

PROBLEM 2.53

Solve Prob. 2.52, assuming that portion AB of the composite rod is made of
aluminum and portion BC is made of steel.

PROBLEM 2.52 A rod consisting of two cylindrical portions AB and BC is
restrained at both ends. Portion AB is made of steel (E =29 x 10° psi,

s -
o =6.5x107%/°F) and portion BC is made of aluminum (E, =10.4 x 10° psi,
as =13.3x107%/°F). Knowing that the rod is initially unstressed, determine

(5) the normal stresses induced in portions AB and BC by a temperature rise of
70°F, (b) the corresponding deflection of point B.

N N T

Agc = ﬁ (1.5)2 =1.76715 in?

AT =70°F

6 ) =L o (AT)=(24)(13.3x107%)(70) = 22.344 x103in.
T AB AB a
6 ) =L o (AT)=(32)(6.5x107°)(70) =14.56x10"3in.

T BC BC s

Shortening due to induced compressive force P.

Total:

For zero net deflection, &, =9,

P _ 30.631x10°

5 =@ ) +( ) =36.904x1073in.
T T AB T BC
6 ) =——Tha _ 1P ~580.39x10°°P
PR E,Ag  (10.4x10°)(3.9761)
PL
6) =T _ 32P — 624.42x10°°P
P ¢ EAye (29x10°)(1.76715)
8 =@ ) +(@ ) =1204.81x10"°P
P P AB P BC

1204.81x10°P =36.904x1073 P =30.631x10° Ib

3

@ o =——-=

=-7.70x10 psi c =-7.70ksi 4
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B Ag 3.9761 AB

P 30.631x10°
c =- =

BC 1.76715

3 .
-17.33x10 psi c =-17.33ksi 4
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PROBLEM 2.53 (Continued)

(b)  (Bp)ap = (580.39x107)(30.631x10%) =17.7779x10 3 in.

8 =@ ) —>+0 ) <« =22344x10"° - +17.7779x107% « 8 =457x10%in.—» <«
B T AB P AB B

or  (8p)sc =(624.42x1077)(30.631x10%) =19.1266 x10%in.

§ =(8) «+(§) —>=1456x10"« +19.1266x10° »>=4.57x10"in. > (checks)

B T BC P BC
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PROBLEM 2.54

The steel rails of a railroad track (Es = 200 GPa, a5 = 11.7 x 102’6/°C) were laid at a temperature of 6°C.
Determine the normal stress in the rails when the temperature reaches 48°C, assuming that the rails (a) are
welded to form a continuous track, (b) are 10 m long with 3-mm gaps between them.

SOLUTION
(@ & =o(AT)L=(11.7x107°)(48—-6)(10) =4.914x107° m

T

6P ﬂ_l—_c _(m)G—ZSOX]_OleG

AE  E  200x10°

§ =8; +8p =4.914x107% +50x10 %5 =0
6 =-98.3x10° Pa o =-98.3 MPa

(b) &=08; +8p =4.914x10° +50x10 %6 =3x10°°

o 3x107° -4.914x10°°

EN .. 10-12
JU LU

=-38.3x10° Pa c =-38.3 MPa
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PROBLEM 2.55
Two steel bars (E, =200 GPaand o, =11.7x107%°C) are used to

toiaftwad arbragblan(ENVhdDFBRiel bard0gerd afificattut isesdligtanted
between the centers offthe holes thatbwere to fit on the pins was made
0.5 mm smaller than the 2 m needed. The steel bars were then placed in
an oven to increase their length so that they would just fit on the pins.
Following fabrication, the temperature in the steel bars dropped back to
room temperature. Determine (a) the increase in temperature that was
required to fit the steel bars on the pins, (b) the stress in the brass bar
after the load is applied to it.

SOLUTION
(@)

(b)

Required temperature change for fabrication:

8, =05mm=0.5x10"m
Temperature change required to expand steel bar by this amount:
8; = Lo AT, 0.5x107° =(2.00)(11.7 x107°)(AT),

AT =0.5x107% = (2)(11.7 10 °)(AT)
AT =21.368°C 21.4°C <

Once assembled, a tensile force P™ develops in the steel, and a compressive force P develops in the
brass, in order to elongate the steel and contract the brass.
Elongation of steel: A, =(2)(5)(40) = 400 mm? = 400x10"°m?

F'L P*(2.00)
©Gp)s=""7"= -6 9
AE, (400x107)(200x10%)

= 25%x10°P"

Contraction of brass: A, = (40)(15) = 600 mm? =600x10°m?
PL _ P"(2.00)

©p)y = =31.746x10° P

AE, (600x107%)(105x10°)

But (8p), +(8p), isequal to the initial amount of misfit:

(6 ) +( ) =05x107°, 56.746x10°P" =0.5x10""
P s P b

P"=8.8112x10°N

Stresses due to fabrication:

Steel:
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3

~ P° 88112x10C°

o, = = ~, =22.028x10°Pa = 22.028 MPa
A, 400x10

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

170 170



PROBLEM 2.55 (Continued)

* 3
Brass: 6" =-F _ _M& = -14.6853x10° Pa = -14.685 MPa
A 600x10°°

To these stresses must be added the stresses due to the 25-kN load.

For the added load, the additional deformation is the same for both the steel and the brass. Let &' be the

additional displacement. Also, let Ps and P, be the additional forces developed in the steel and brass,
respectively.

6/: PSL :&
AR AR
-6 9
p - ABig,_ (400x10 )(200x10 )y, _ 40, 1065
L 2.00
-6 9
R = oE gy (8001000510 5, _ 31 5,555
L 2.00

Total: P=P,+P, =25x10°N

40x10%8 ' +31.5x10%8 ' =25%x10°  &'=349.65x10°m

P, = (40 x 10°)(349.65 x 10°) = 13.9860 x 10°N
P, =(31.5x10°)(349.65x107°) =11.0140 x 10°N

_ P, 13.9860x10°

o, ="%= =34.965x 10°Pa
A 400x10°
oy = Do - LLOMOXIO g 5566 105
A, 600x10

Add stress due to fabrication.
Total stresses:

o. = 34.965x 10° + 22.028 x 10° =56.991 x 10°Pa

o, =57.0 MPa
o, =18.3566x10° —14.6853x10° = 3.6713x10°Pa c, =3.67 MPa «
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PROBLEM 2.56

Determine the maximum load P that may be applied to the brass bar of
Prob. 2.55 if the allowable stress in the steel bars is 30 MPa and the
allowable stress in the brass bar is 25 MPa.

PROBLEM 2.55 Two steel bars (E, = 200 GPa and o, =11.7 x 10°°/°C)

are used to reinforce a brass bar (E =105 GPa, . =20.9 x 10°%/°C)

that is subjected to a load P =25 kN. V\/bhen the steel bakl)rs were fabricated,
the distance between the centers of the holes that were to fit on the pins
was made 0.5 mm smaller than the 2 m needed. The steel bars were then
placed in an oven to increase their length so that they would just fit on the
pins. Following fabrication, the temperature in the steel bars dropped back
to room temperature. Determine (a) the increase in temperature that was
required to fit the steel bars on the pins, (b) the stress in the brass bar after
the load is applied to it.

SOLUTION

See solution to Problem 2.55 to obtain the fabrication stresses.
o, =22.028 MPa
o, =14.6853 MPa
Allowable stresses: G5 =30 MPa, 6, , = 25 MPa

Available stress increase from load.

6, =30-22.028=7.9720 MPa
o, = 25+14.6853 =39.685MPa
Corresponding available strains.

o, 7.9720x10

= ==—39.860x10°°
* E;  200x10°
g, = B - 39685x10 _ 57y g5 g0
E, 105x10

Smaller value governs .. & =39.860x107°

Areas: A = (2)(5)(40) = 400 mm? = 400x10"°m?
A = (15)(40) =600 mm? =600 x10"°m?
Forces P = E A g =(200x10°)(400 x107%)(39.860 x107%) =3.1888 x 10°N

S s S

P, = E,Ae = (105x10°)(600 x 107°)(39.860 x 107°) =2.5112 x 103N
Total allowable additional force:

P=P, TP, =3.1888%10° ¥ 2.5112%10° =5.70x 10°N P=570KN 4
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Dimensions in mm PROBLEM 2.57

0.15
e | An aluminum rod (E, = 70 GPa, a, = 23.6 x 107°/°C) and a steel link
) (Es x 200 GPa, a, = 11.7 x 10°%/°C) have the dimensions shown at a
temperature of 20°C. The steel link is heated until the aluminum rod
200 can be fitted freely into the link. The temperature of the whole
20| | 20 130 assembly is then raised to 150°C. Determine the final normal stress

- T T j (a) in the rod, (b) in the link.

A
20 \4
] Q Section A-A

SOLUTION
AT =T, — T, = 150°C — 20°C = 130°C

Unrestrained thermal expansion of each part:
Aluminum rod: (87), = Lo, (AT)

(37)a = (0.200 m)(23.6 x107%/°C)(130°C)
=6.1360 x10™*m
Steel link: (87) = Lo (AT)
(37)s = (0.200 m)(11.7 x1078/°C)(130°C)

=3.0420x10™*m
Let P be the compressive force developed in the aluminum rod. It is also the tensile force in the steel link.

. PL
Aluminum rod: (0p), =
TEA
B P(0.200 m)
(70 x10° Pa)(n/4)(0.03 m)?
=4.0420x107°P
Steel link: ©p)s = PL
EA

~ P(0.200)
(200 x10° Pa)(2)(0.02 m)?

=1.250x10"°P
Setting the total deformed lengths in the link and rod equal gives

(0.200)+(5 ) +(3 ) =(0.200)+(0.15x10°)+ (3 ) —(5 )
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PROBLEM 2.57 (Continued)

©p)s+©Gp)a=015%x10" + (37)a— (7).
1.25x10°°P + 4.0420 x 10 °P = 0.15x 102 + 6.1360 x 10~* — 3.0420 x 10~*
P = 8.6810 x 10* N

(@) Stressinrod: c =

Ogr = w =-1.22811x10° Pa
(n/4)(0.030 m)
o =-122.8MPa <«

(b)  Stressin link:
4

8.6810 x10 N 3
oL = (2)(0.020 )2 08513 x 10° Pa

o, =1085MPa 4
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0.02 in. PROBLEM 2.58

—| <—14in.—>}«——18in.

Knowing that a 0.02-in. gap exists when the temperature is 75°F,
determine (a) the temperature at which the normal stress in the
aluminum bar will be equal to —11 ksi, (b) the corresponding exact

Bronze Aluminum length of the aluminum bar.
A 24in? A 28in?
E 15 10%psi E 106 10%psi
12 105 F 129 109 F
SOLUTION

o, =-11ksi=-11x10%psi
P=-0,A =(11x10%)(2.8) =30.8x10°Ib
Shortening due to P:

P o
] f

PL, PL,
P tE A
Eoy  EiA

_ (30.8x10%)(14) . (30.8x10%)(18)
© (15x10°%)(2.4)  (10.6x10°)(2.8)

=30.657x103%in.
Available elongation for thermal expansion:

8; =0.02 +30.657 x102 =50.657 x10%in.

= (14)(12x107%)(AT) + (18)(12.9x107%)(AT) = (400.2 x107%)AT
Equating, (400.2x107°)AT =50.657x10° AT =126.6°F

(@)  Thot =Teog + AT =75+126.6 = 201.6°F Thot = 201.6°F <«

O Laaa(AT)—;LZa

= (18)(12.9x107°)(26.6) — (30.8x10 )(18)
(10.6x10°)(2.8)
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=10.712x107%in.
Loyeet =18+10.712x107% =18.0107 in.

L =18.0107 in. <
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0.02 in. PROBLEM 2.59

—| <—14in.—>}~——18in.

Determine (a) the compressive force in the bars shown after a
temperature rise of 180°F, (b) the corresponding change in length of
the bronze bar.

Bronze Aluminum

A 24in? A 28in?

E 15 10%psi E 106 10%psi
12 109 F 129 108 F

SOLUTION

Thermal expansion if free of constraint:
81 = Lyoty (AT) + L0t (AT)
= (14)(12x107°)(180) + (18)(12.9x107%)(180)
=72.036x10%in.

Constrained expansion: & =0.02 in.

Shortening due to induced compressive force P:

P P
T -

8p =72.036x10"° —0.02 =52.036 x107%in.

:PLh+PLR:(Lh L )p

But Op

EsA EA (BA EA)

= 1‘; + 186 P =995.36x10°P

(15x10%)(2.4) (10.6x10°)(2.8)

Equating, 995.36x107°P =52.036x10°®
P =52.279x10°Ib
(@) P =52.3 kips <
PL,

(b) &, =Lyo,(AT) _EbAb

=(14)(12 x107°
\ 7\

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

178 178

—_—



180) - (52.279x10 )(14) _
9.91x107%in. (15x10°)(2.4) 8y = 9.91x103in. «
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PROBLEM 2.60

0.5 mm

— /& 250 mm ﬂ‘

_ 300mm At room temperature (20°C) a 0.5-mm gap exists between the ends of

the rods shown. At a later time when the temperature has reached

A 140°C, determine (a) the normal stress in the aluminum rod, (b) the
E change in length of the aluminum rod.

Aluminum Stainless steel

A 5 2000 mm? A 5 800 mm?

E 5 75GPa E 5190 GPa

a523310" a5173310 9/4C

6/¢C

SOLUTION

AT =140-20=120°C
Free thermal expansion:

o7 = Lo, (AT) + Lyo (AT)
=(0.300)(23x107%)(120) + (0.250)(17.3x107°)(120)
=1.347x103m
Shortening due to P to meet constraint:

8p =1.347x107° -~ 0.5x107 = 0.847x10°m
PL PL (L L)

EAa EA5| kEAa EAs)
0.300

= +
( (75x10°)(2000x107°)
=3.6447x107°P

Op =

0.250
(190x10°)(800x10°°)

i

Equating, 3.6447x107°P =0.847x107°
P =232.39x10°N
232.39x10°

) Ga:_i =_72000><>£0_6 ~-116.2x10°Pa ~_116.2 MPa 4

PL
b 8, = Lo, (AT) —
(b) a, (AT) = Aa

(232.39x103%)(0.300)

= (0. 23x107%)(120) - - 10°® —0
(0.300)(23x107%)(120) (75 107)(200010.%) 363x10°°m 5, =0.363mm <«
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° PROBLEM 2.61
A standard tension test is used to determine the properties of an experimental plastic.
T The test specimen is a 2 -in.-diameter rod and it is subjected to an 800-Ib tensile
I force. Knowing that an ejongation of 0.45 in. and a decrease in diameter of 0.025 in.
50in g in.diameter  are observed in a 5-in. gage length, determine the modulus of elasticity, the modulus
' ‘ ' of rigidity, and Poisson’s ratio for the material.
12
o
SOLUTION
2
A=Eq2 T (5) —0.306796 in’
4 4\ 8
P =8001b
o, = B B0 ;607610 psi
A 0.306796
S
e, = =045 0090
L 50
o, —0.025
="%=—"—""—"=-0.040
747 0625
8, 2.6076x10° .
E= "t =" =28973x10° psi E =29.0x10° psi <«
€y 0.090
vo 8 70080 paaa v=0.444 <
g, 0.090
E 28.973x10° , :
= = =10.0291x10? psi =10. 3
O T 20+v) T (2)(1+0.44444) P © =10.03x10"psi 4
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640 kN PROBLEM 2.62

A 2-m length of an aluminum pipe of 240-mm outer diameter and 10-mm
wall thickness is used as a short column to carry a 640-kN centric axial load.
| Knowing that E = 73 GPa and v = 0.33, determine (a) the change in length of

) the pipe, (b) the change in its outer diameter, (c) the change in its wall thickness.

i 2m :
] |
d, =0.240 t=0.010 L=2.0

d, =d, —2t =0.240-2(0.010) =0.220 m P =640x10° N
A= ﬁ (d2-d?)= ﬁ (0.240 — 0.220) = 7.2257 x10~° m?
PL 2.
(@) d--—Tt__ (640x10°)(2.0)
EA  (73x10°)(7.2257x107%)
=-2.4267x10°m § =-2.43mm <«
8 —2.4267

L 2o " -1.21335x10°°
g.ar =—Ve = —(0.33)(-1.21335x107%)
=4.0041x107*
(b)  Ad, =dge a1 = (240 mm)(4.0041x107*) =9.6098 x1072 mm
Ad, =0.0961 mm <«

At=te ,; = (10 mm)(4.0041x10*) = 4.0041x 10> mm

At =0.00400 mm <
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. o PROBLEM 2.63

200 kN 200 kN
150mm A line of slope 4:10 has been scribed on a cold-rolled yellow-brass
plate, 150 mm wide and 6 mm thick. Knowing that E = 105 GPa and
—F v = 0.34, determine the slope of the line when the plate is subjected to
~— 200 mm — a 200-kN centric axial load as shown.
SOLUTION

A=(0.150)(0.006) = 0.9x1073 m?

3
oy =D =200x10° _ 955 22x106 Pa
A 09x10
6
g, = = —222'22§10= 2.1164x10°°
E 105x10
g, =-vg, =—(0.34)(2.1164x10"%)
=-0.71958x1073
41+¢
tan © =u
4(1+g) 10(1+¢,)
CJ _ 4(1-0.71958x107%)
10(] + £x) 10(1+2.1164x107)
=0.39887

tan® =0.399 «
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PROBLEM 2.64

A 2.75-kN tensile load is
applied to a test coupon
made from 1.6-mm flat

AA=A- A =Wy (e, +&, +negligible term) = 2wytye,

=(2)(0.012)(0.0016)(-214.84x107°) =-8.25x10" m?

50 mm steel plate (E = 200 GPa,
~— — v = 0.30). Determine the
. — 2.75kN s .
S l A L resulting change (a) in the
™ 50-mm gage length, (b) in
12%" the width of portion AB
of the test coupon, (c) in
the thickness of portion
AB, (d) in the cross-
sectional area of portion
AB.
SOLUTION
A=(1.6)(12) =19.20 mm?
=19.20x10° m?
P=275x10°N
P 275x10°
S i —
A 19.20x10
=143.229x10° Pa
o, 143.229x10° %
T ET 200x10° *
g =¢ =-ve =-(0.30)(716.15x107°) =-214.84x10°°
y z X
@ L=0.050 m 8, =Le, =(0.50)(716.15x10°) =35.808x10° m
0.0358 mm <«
(b) w=0.012m 8, =we, =(0.012)(-214.84x10°) =-2.5781x10° m
—-0.00258 mm <«
() t=0.0016 m 5, =te, =(0.0016)(—214.84x107%) = -343.74x10° m
—-0.000344 mm <«
(d) A=wy(l+e )ty(L+¢e,) =Woto(L+e, +&, +€€,) Ay =Wty

-0.00825 mm? <«
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PROBLEM 2.65

/ 22-mmdiameter - |n a standard tensile test, a steel rod of 22-mm diameter is subjected to a

75 kN
)
\% — tension force of 75 kN. Knowing that v = 0.3 and E = 200 GPa,
200 mm determine (a) the elongation of the rod in a 200-mm gage length, (b) the
change i diameter of the Tod:
SOLUTION

n

P-75kN = 75x10° N A= . d? = f(o.ozz)z — 380.13 x107® m?

3
o= BB 19750110 pa
A 380.13x10
6
g, = & =100 ga651, 1070
E  200x10
8, = Ley, = (200 mm)(986.51 x 107°)

@ 6, =01973mm <

gy = Ve, = —(0.3)(986.51x 107°) = —295.95x 10°

(b) 8, = -0.00651mm <«
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8y =-05x102in. d =25in.
-3
€
gy = ¥ = i P L
d 25
-3
vo_ & . . _ =& _02x10
€ oy

25in. PROBLEM 2.66
'
i Wl The change in diameter of a large steel bolt is carefully measured as the
f nut is tightened. Knowing that E = 29 x 10 psi and v = 0.30, determine
\ the internal force in the bolt if the diameter is observed to decrease by
0.5x10%in.
SOLUTION

= 0.66667 x 1073

oy = Eg, = (29 x10°%)(0.66667 x 10~) = 19.3334 x 10° psi

A="d2 =T (25?2 = 49087 in?
4 4

F =0, A = (19.3334 x 10%)(4.9087) = 94.902 x 10° Ib

F = 94.9 kips <«
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Aby—————— 1 PROBLEM 2.67

The brass rod AD is fitted with a jacket that is used to apply a hydrostatic
pressure of 48 MPa to the 240-mm portion BC of the rod. Knowing that
E = 105 GPa and v = 0.33, determine (a) the change in the total length

AD, (b) the change in diameter at the middle of the rod.
600/mm

SOLUTION

o, =0, =—p=-48x10° Pa, G,
1

€ =~ (0 -vo -vo)

X E X y z

1 o -
= 05107 48710° —(0:33)(0) - (0.33)(-48x10°%)]

=306.29x107°

€ =l(—uo -0 —ULG )
y E X y z

1 . s
= L0 10 (03948 x10°) + 0~ (0.33)(-48x10°)]

=301.71x10°

(@) Change in length: only portion BC is strained. L = 240 mm
3, =Le, =(240)(-301.71x10°) = -0.0724 mm <

(b) Change in diameter: d = 50 mm
3, =8, =dg, =(50)(-306.29x10-°) =-0.01531 mm |
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y PROBLEM 2.68

o /\ sin__ A fabric used in air-inflated structures is subjected to a biaxial
\Qn. A / loading that results in normal stresses 6, = 18 ksi and 6, = 24 ksi.
C g < T
7 Knowing that the properties of the fabric can be approximated as
S B

b e x E=12.6 x 10° psi and v = 0.34, determine the change in length of

z C . (a) side AB, (b) side BC, (c) diagonal AC.

SOLUTION

o, =18ksi c,=0 G, =24 ksi

A (c -vo -vo )=#[18,000—(0.34)(24,000)]=780.95><10‘6
“E y ' 12.6x10°

#[—(0.34)(18, 000) +24,000] =1.41905x10"

' E X Yoot 12.6x10°

€ :l(—oc -VUG +06 )=

(@) Sag = (AB)e, =(4in.)(780.95x10°°) = 0.0031238 in.

0.00312in. 4
(b) dgc =(BC)e, =(3in.)(1.41905x107%) = 0.0042572 in.
0.00426 in. <
A < B Label sides of right triangle ABC as a, b, c.
2 _ a2 2
b Then c“=a"+b
c
Obtain differentials by calculus.
¢ 2cdc = 2ada + 2bdb
dc=2da+2db
c c
But a=4in. b=3in. c:\/424=33:5in.
da =3,z =0.0031238 in. db =35: =0.0042572 in.

© 5 =dc="2(0.0031238)+3(0.0042572)

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

188 188



AC 5 5
0.00505in. <
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6 ksi PROBLEM 2.69

y

A B A 1-in. square was scribed on the side of a large steel pressure vessel.
T After pressurization the biaxial stress condition at the square is as
6
1[n_ . 12ksi  shown. Knowing that E = 29 x 10 psi and v = 0.30, determine the
change in length of (a) side AB, (b) side BC, (c) diagonal AC.
D C
lin.
SOLUTION
£, =1 (o, ~08,) = ——12x10° - (0.30)(6 x10°)
E Y7 29%10°
=351.72x10°°
B [6x10° - (0.30)(12x10°%)
VETY Y 29x10° '
=82.759x10°°
(@) 85 = (AB)yg, =(1.00)(351.72x107%) =352 x10° in. <
()  Sgc =(BC),e, =(1.00)(82.759x10°) =82.8 x10~° in. <

©  (AC) =(AB)? +(BC)? =,[(AB, +3,)* + (BC, +3, )’

= \/(1+ 351.72x107°)? + (1+82.759x107%)?

=1.41452
(AC) =2 AC — (AC) =307x10°° |
0 0
or use calculus as follows:
B Label sides using a, b, and c as shown.
e b c? =a?+b?
Obtain differentials. 2cdc = 2ada + 2bdc

D oo

from which dc= a da+ b dc

c c

But a=100in.,b=1.00in.,c=+/2 in.

da=8 =351.72x10"%in., db=8 =82.8x10"Cin.
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AB BC

§,c =dc= 1.00 (351.7x107%) + 1.9 (82.8x107%)

2 2

=307x107%in.
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PROBLEM 2.70

!/\.\J |

A0
40 mm D

G @

.

o The block shown is made of a magnesium alloy, for which
TN E =45 GPa and v=0.35. Knowing that o, =-180 MPa,

25 mm =

determine (a) the magnitude of o, for which the change in

the height of the block will be zero, (b) the corresponding
change in the area of the face ABCD, (c) the corresponding
change in the volume of the block.

.y

LilyB
<
s P |
x g .
74 100 mm\/F & \‘\ X

SOLUTION

€ =;(cs -Vo —-Vo )
y E X y z

6 =vo =(0.35)(-180x10°)
y X

=—-63x10%Pa c, =-63.0 MPa <
0.35)(—243x10° ~
€ =;(G V6 -v6 )=—"(© +o y=-— = )=+1.890><103
N = 45x10°
_ 6
1 ( G, Vo, 157.95x10 3510 10~
€= 0 —-Vo —-Vo = =-— =- X
x g X y oz E 45x10°
(b)  Ag=LL,
A=L (1+e )L, (A+e,)=L L, 1+, +¢&, +&,¢,) AV =
AA=A-A =L,L, (e, +¢, +&,¢,) = L, (e, +¢,) (100)(40)(25)(-3.510
103 .01 89();4 H)*S
A A= (100 mm)(25 mm)(-3.510x10~° +1.890x107°) =T ’
(C) VOZLxLyLz

V=L @1+e,)L, (1+e )L, (1+e,)
=LLL,(L+e, +e, +E, +&4&, +€E, +E,8, +E4EE,)

AV =V -V, =L,L L, (g, +€&, +¢&, +small terms)
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-162.

mm
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y PROBLEM 2.71
The homogeneous plate ABCD is subjected to a biaxial loading as
A shown. It is known that 6, =, and that the change in length of
/\/\ the plate in the x direction must be zero, that is, ¢, =0. Denoting
/ B, . = by E the modulus of elasticity and by v Poisson’s ratio, determine
, e - . (a) the required magnitude of c,, (b) the ratio o,/¢,.
SOLUTION
G6,=0y, 6,=0, & =0
€ =l(c5 -VGo —-Vo )=i(cs —Vo )
X E X y z E X 0
(@) o, =Vo, 4
2
(b) e =l(—VG —Vo +c)=i(—v20 _O+G)=1;v o g—=i <
z E X y z E 0 0 E 0 €, 1—V2
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PROBLEM 2.72

For a member under axial loading, express the normal strain €' in a
direction forming an angle of 45° with the axis of the load in terms of the
axial strain g, by (a) comparing the hypotenuses of the triangles shown in
Fig. 2.43, which represent, respectively, an element before and after
deformation, (b) using the values of the corresponding stresses of ¢ and
oy shown in Fig. 1.38, and the generalized Hooke’s law.

SOLUTION
1 1-ve,
1 1+e€
(a) (b) (c)
Figure 2.49
(@  [N2@+e)P =@+e)? +Q-ve,)’
200+2¢'+e'%)=1+2¢ +e2+1-2ve +vc?
X X X X
de'+2' =2¢ +e%—-2ve +vi?
X X X X
/ , 1-v
Neglect squares as small. 4’ =2¢, —2ve, g'=
2
Jz Jz(14+€")
\ 1-2&
| | +Ex
Refore detormation After deformation
(A) (B)
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PROBLEM 2.72 (Continued)

;:Qi_v_ci 6" [l

E E ¢
1w P >/

E 2A
1y
2 /<

1-v . '

5 €x 5 (5 <4
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PROBLEM 2.73

In many situations, it is known that the normal stress in a given direction is zero.
For example, o, =0 in the case of the thin plate shown. For this case, which is

known as plane stress, show that if the strains &, and €, have been determined
experimentally, we can express ¢,, 6, and &, as follows:

g, Ve g, Ve, v
=B Te TR e a=mEre)
SOLUTION
c,=0
L 1
&x = E(Gx _ch) ( )
4 2
g, = = (~vo, +o,) 2
Multiplying (2) by v and adding to (1),
2
a+va=1vc or c5=E(s+va) <
X y E X X 1—V2 X y
Multiplying (1) by v and adding to (2)—— —
2
—v /E
€ +ve = o or g = (e +ve) |
y X E Y Yooq_y?2 Y X

€ zl(—VG —Vo )=—V— = (e +ve +& +ve )
z E X y E l—V2 X y y X
v(d+v) v
=_1—V2 (gx+8y)=_l_v(8x+gy) <

.ed




PROBLEM 2.74

In many situations, physical constraints
prevent strain from occurring in a given
direction. For example, &, =0 in the case

y shown, where longitudinal movement of
the long prism is prevented at every point.

Plane sections perpendicular to the

longitudinal axis remain plane and the

T~ same distance apart. Show that for this

- situation, which is known as plane strain,

- We can express o ,, &, and ¢, as follows:
L@ (b) o, =V(o,+0y)

b =é [1-v¥), —v(1+V)o, ]

o :lrm_v?\n 1+ 1
=t Jo, vilivio |
SOLUTION
1
¢ =0=""(-Vvo -Vvo +06) or c =V(c +0 ) <4
z E X y z z X y
1
e =" (0 -vo -vo)
X E X y z
1 2
="[c -vo -Vv°(c +0o )]
E X y X oy
1
= £ l0-v)o, ~vL+v), ] <

€ Zl(—VG +6 —vo )

y E X y z

:l[—VG +o —V3(c +0 )]
E X y X y

:é[(l—vz)cy—v(lJrv)cx] <




PROBLEM 2.75

The plastic block shown is bonded to a rigid support and to a vertical plate to
which a 55-kip load P is applied. Knowing that for the plastic used G =150 ksi,
determine the deflection of the plate.

4.8in.
SOLUTION L,
A = (3.2)(4.8) = 15.36 in
P=55x10°Ib
P 55x10° :
=D 22X 35807
4 Ty "T AT 1536 el
: t\ G =150 x 10° psi
- S 380 s 714107
V G 150x10

h h=2in.

5 =hy = (2)(23.871x107%)
= 47.7x107% in.

S =0.0477in. 4 «
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PROBLEM 2.76

What load P should be applied to the plate of Prob. 2.75 to produce a %-in.
deflection?

PROBLEM 2.75 The plastic block shown is bonded to a rigid support and to a
vertical plate to which a 55-kip load P is applied. Knowing that for the plastic used
G =150 ksi, determine the deflection of the plate.

SOL UTION

4 y S = lin. = 0.0625 in.

4 LI 10

1 } h=2in.

y :'t Y=%]:m:o.03125

G =150 x 10° psi
T = Gy = (150 x 10%)(0.03125)
= 4687.5 psi
A = (3.2)(4.8) = 15.36 in
P =TA = (4687.5)(15.36)
=72.0x10%Ib
72.0 kips <
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7\ PROBLEM 2.77

Two blocks of rubber with a modulus of rigidity G =12 MPa are

bonded to rigid supports and to a plate AB. Knowing that ¢ = 100 mm

and P = 45 KN, determine the smallest allowable dimensions a and b of
the blocks if the shearing stress in the rubber is not to exceed 1.4 MPa

and the deflection of the plate is to be at least 5 mm.

SOLUTION

SR
NEERNA
—>ip
— kP

/ /i {a

CLANR T P

2ct 2(0.1m)(1.4x10° Pa)

Shearing strain: Y= 8 =3
a G
6
a:@ = (12x10" Pa)(0.005 m) =0.0429 m a=429mm <
T 1.4x10° Pa
3 P
Shearing stress: ==
A 2bc
P 5% 105N
b=—= =0.1607 m b =160.7 mm 4
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~a. 2« PROBLEM 2.78
o <
b / Two blocks of rubber with a modulus of rigidity G =10 MPa are bonded
< to rigid supports and to a plate AB. Knowing that b=200 mm and
¢ =125 mm, determine the largest allowable load P and the smallest
allowable thickness a of the blocks if the shearing stress in the rubber
is not to exceed 1.5 MPa and the deflection of the plate is to be at least
¢ 6 mm.
P C
SOLUTION
YP o
__\ I
—= %P
/ /i 1=
lo~—
T ek
7 P
Shearing stress: T=4—=__
A 2bc
P = 2bct =2(0.2 m)(0.125 m)(1.5x10° kPa) P =75.0kN «
Shearing strain: y = 8_z
a G

6
a=@= (10x10° Pa)(0.006 m) —0.04m a = 40.0 mm <«

T 1.5x10° Pa
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e
- 8in. HVb

PROBLEM 2.79

An elastomeric bearing (G = 130 psi) is used to support a bridge girder
as shown to provide flexibility during earthquakes. The beam must not
displace more than g in. when a 5-kip lateral load is applied as shown.
Knowing that the maximum allowable shearing stress is 60 psi,
determine (a) the smallest allowable dimension b, (b) the smallest

required thickness a.

SOLUTION
Shearing force:

Shearing stress:

P =5 Kips = 5000 Ib

T =60 psi
’C=E, or  A=L 3000 _gqaq5502
A T 60

and A=(8in.)(b)

P
A _83.333 . :
(@) b=g= g =104166in b=10.42in. €
=2 =8 46150510 rad
130
S 0.3751in
(b) Buty :;, or a=- = 2461.54x10-2 a=0.813in. <
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PROBLEM 2.80

For the elastomeric bearing in Prob. 2.79 withb =10 in.and a=1 in,,
) determine the shearing modulus G and the shear stress t for a
\ maximum lateral load P = 5 kips and a maximum displacement
L 5 =04in.

e
~— 8in. HVb

SOLUTION
Shearing force: P =5 kips =5000 Ib
. _ - - _ -2
t‘_ s P Avrea; A=(8in.)(10in.)=80in
Shearing stress:
= 22000 T =625psi 4
A 80
Shearing strain: Y= 0 = O'Af - _ 0.400 rad
a 1in.
T 625
. _ gt _5625 _ .
Shearing modulus: v = 0.400 G =156.3psi 4
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0 mm

PROBLEM 2.81

A vibration isolation unit consists of two blocks of hard rubber bonded
to a plate AB and to rigid supports as shown. Knowing that a force of
magnitude P = 25 kN causes a deflection 6 =1.5mm of plate AB,

determine the modulus of rigidity of the rubber used.

SOLUTION

¥ )
%PTEFP %?E
S

1P

F-lp_ %(25><103 N) =12.5x10° N

1
2
3
o F_oU25x0°N) _ gaga0 103 p,
A (0.15m)(0.1m)

8§ =15x102m h=003m

& 15x10°°
=0 _1ox107 405
T 0.03
t  833.33x103 6
= B 1667 x10°P
G " o5 6.67 x 10° Pa

G =16.67 MPa «
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P PROBLEM 2.82
A vibration isolation unit consists of two blocks of hard rubber with a
modulus of rigidity G =19 MPa bonded to a plate AB and to rigid
X supports as shown. Denoting by P the magnitude of the force applied
0 mm to the plate and by & the corresponding deflection, determine the
effective spring constant, k = P/§, of the system.
30 mm -
SOLUTION
g J Shearing strain: Yy = %
!
ol l1p
* el ° . G5
Shearing stress: T =0y = T
‘;“l l‘\.‘; Force: lP:Arzw or P=M(S
2 h h
Effective spring constant:  k = g = K;—A
with A = (0.15)(0.1) = 0.015m? h =0.03m
PG 105 PY(O-015 M=) :
k = ' =19.00 x10 N/m
0.03m

k =19.00 x 10° kN/m <«
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PROBLEM 2.83"

A 6-in.-diameter solid steel sphere is lowered into the ocean to a point where the pressure is 7.1 ksi (about
3 miles below the surface). Knowing that E =29x10° psi and v=0.30, determine (a) the decrease in

diameter of the sphere, (b) the decrease in volume of the sphere, (c) the percent increase in the density of the

sphere.
SOLUTION
. T 3
For a solid sphere, V ="d
0 6 0
E 3
=~ (6.00
6( )
=113.097 in®
GX =Gy =GZ =—p
=—7.1x10° psi
€ =l(c5 -Vo —-Vo )
X E X y z
@-2v)p  (0.4)(7.1x10%)
TE T 29x10°
=-97.93x10°°
Likewise, g, =¢,=-97.93x10"°

e=¢ +¢& +& =-293.79x10°

X y z

(@) —Ad=-dge, =—(6.00)(-97.93x107°) =588x10®in.
()  —AV =-V,e =—(113.097)(-293.79x10 *)=33.2x10 _in’
0 ( )( )

(c) Let m=mass of sphere. m = constant.

m=pVy=pV =pVy(l+e)
PPo_p 4 . m Vo , 1 ,
Vo(d+e) m 1+e

Po Po

—Ad =588x107%in. «

_AV =332x10 in’ <

=(l-e+e?-e*+)-1=—e+e? -+
~-e=293.79x10°
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Po , 100% = (293.79 x 107)(100%)
Po

0.0294% <
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85 mmj PROBLEM 2.84"
T (a) For the axial loading shown, determine the change in height and the

M| SyS 256 MPa change in volume of the brass cylinder shown. (b) Solve part a,
ES 105GPa assuming that the loading is hydrostatic with 6, =6, =6, =-70 MPa.
— n50.33
135 mm
SOLUTION
hy =135mm=0.135m
Ay= ﬁ d2 = ﬁ (85)2 = 5.6745 x10° mm? = 5.6745x 107> m?
V =A h =766.06x10°mm?® = 766.06 x10° m*
0 00
(@ o =0, o =-58x10°Pa, ¢ =0
X y z
6
€ :l(—VG +0 —-vo )=gl _58x10 =-552.38x10
Y E o ‘* E  105x10°
Ah=hge  =(135 mm)(-552.38x10°°) Ah =-0.0746 mm <
1-2v (1-2v)o, (0.34)(-58x10°)
e= (c +6 +0 )= = =-187.81x10°°
E 7 7 E 105x10°
AV =V,e = (766.06 x10° mm?3)(-187.81x10°°) AV =-143.9 mm® <
(b) o =6 =c =-70x10°Pa 6 +0 +0 =-210x10°Pa
X y z X y z
—_ _ 6
€ =l (~vo +o —-Vvo )=1 2V6 = (0.34)(=70x10 ):—226.67><10_6
Y OE oy E 7 105x10°
Ah=he, = (135 mm)(-226.67x10™°) Ah =-0.0306 mm <«
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6
Y v )= (030210:10°) _ gag 106

e=""" (o +o

E * Y ¢ 105x10°

AV =V,e = (766.06x 10° mm?)(—680x10°) AV =-521mm® <
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1in. diameter PROBLEM 2.85*
11 Kips - 11 kips
\H Hl Determine the dilatation e and the change in volume of the 8-in. length
gin. of the rod shown if (a) the rod is made of steel with E = 29 x 10° psi and
v =0.30, (b) the rod is made of aluminum with E = 10.6 x 10° psi and v
=0.35.
SOLUTION
=242 =% 1)2 =0.78540in?
4 4
P=11x10°%Ib
Stresses : P 11x10* 3
6,= = =14.0056 x10 psi
A 0.78540
c,=0,=0
(a)  Steel. E =29x10° psi v=0.30
3
€ = 1 (c -vo —vo )= G 120055 100 482.95x10°°
“E 7V " E 29x10°
€ = 1 (vo +0 —-vo )=- o, _ —ve =—(0.30)(482.95x107°)
y E X y z E X
=-144.885x10°°
¢ =2 (Vo —vo 4o )=— "0 _; =_144.885x10°
z E X y z E y
e=¢ +¢ +& =193.2x10°° <
X y z
AV =ve = ALe = (0.78540)(8)(193.2x107%) =1.214x107% in® |
(b)  Aluminum. E=10.6x10%psi ~ v=0.35
3
= 14005010, 55155, 90
E 10.6x10
g, =—Ve, = —(0.35)(1.32128 x10°) = —462.45x10°
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g, =&, =—462.45x10°

e=¢ +& +& =396x10°° <
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PROBLEM 2.86

Determine the change in volume of the 50-mm gage length segment AB in Prob. 2.64 (a) by computing the
dilatation of the material, (b) by subtracting the original volume of portion AB from its final volume.

PROBLEM 2.64 A 2.75-kN tensile load is applied to a test coupon made from 1.6-mm flat steel plate
(E = 200 GPa, v = 0.30). Determine the resulting change (a) in the 50-mm gage length, (b) in the width of
portion AB of the test coupon, (c) in the thickness of portion AB, (d) in the cross-sectional area of portion AB.

2.75kN \ l ‘ o 2.75 kN
A e
I N
-

12

SOLUTION
@ A =(@2)(1.6)=19.2mm? =19.2x10° m?

Volume V =L A =(50)(19.2) =960 mm?®
0 00

3
o, = =200 _143909x10Pa o

Ay, 19.2x10

o, 143.229x10°

£ =% (0 —v6 —vo )= . 716.15x10°°

“E y ‘' E 200x10°

g =g =-ve =—(0.30)(716.15x107%) =—214.84x107°

y oz x
e=¢ +& +& =286.46x107°
x oy oz
AV = Ve = (960)(286.46 x107°) = 0.275 mm® |
(b)  From the solution to problem 2.64,
5, =0.035808 mm §, =-0.0025781 8, =—0.00034374 mm

The dimensions when under the 2.75-kN load are
Length: L =L, +9, =50+0.035808 =50.035808 mm
Width: W =W, +6y =12 -0.0025781=11.997422 mm

Thickness: t= o=+ SZ =16-0.00034374 =1.599656_mm

Volume: V= Lwt = (50.03581)(11.997422)(1.599656) = 960.275 mm®
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AV =V -V, =960.275-960=0.275 mm? <
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P PROBLEM 2.87"
A vibration isolation support consists of a rod A of radius R, =10 mm and

a tube B of inner radius R, =25 mm bonded to an 80-mm-long hollow

rubber cylinder with a modulus of rigidity G = 12 MPa. Determine the
largest allowable force P that can be applied to rod A if its deflection is not

to exceed 2.50 mm.

SOLUTION
Let r be a radial coordinate. Over the hollow rubber cylinder, R, <r <R,. ! P
Shearing stress t acting on a cylindrical surface of radius r is
P__P_ 1 |
T = =
A 2rnrh
The shearing strain is
T P
’Y = =
G 2nGhr
Shearing deformation over radial length dr:
a8 =Y
dr
P dr
do =ydr="——"_""
"= onGh
Total deformation.
5| " d5="— RTX
R 2nGhJrR 1
P Ry P
= nr' = InR,-InR
onGh "k T 2nen (MR )
———n R or P= SARbhe
2nGh R In(R,/R))
R, =10mm=0.010m

Data:
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R, =25
mm=
0.025 m,

h=80 mm=0.080 m

G =12x10°%Pa 8 =250x10"°m

6 -3
_ (2m)(12x10 )(0.080) (2.50x10 )
B In (0.025/0.010)

P =16.46x10°N 16.46 kN <
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P PROBLEM 2.88

A vibration isolation support consists of a rod A of radius R; and a tube B of
inner radius R, bonded to a 80-mm-long hollow rubber cylinder with a
modulus of rigidity G = 10.93 MPa. Determine the required value of the ratio
R,/R; if a 10-kN force P is to cause a 2-mm deflection of rod A.

SOLUTION
Let r be a radial coordinate. Over the hollow rubber cylinder, R, <r <R,. i P
Shearing stress t acting on a cylindrical surface of radius r is
P__P_
T = =
A 2rrh
The shearing strain is
T P
’Y = =
G 2rnGhr

Shearing deformation over radial length dr:

65 _
dr Y
ds =y dr

P dr
drd =" Gh r

Total deformation.

Ry P Rdr
=] dS_znGhJer r

P Ry P
= Inr' = InR,—InR
2nGh " r = oneh MR 1)
= P In R,
2nGh R,
6
In R, _ 2nGhd _ (2m)(10.93x10”)(0.080) (0.002) —1.0988
R, P 10.10°
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= exp (1.0988) =3.00 R,/R, = 3.00 «

e
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PROBLEM 2.89"
The material constants E, G, k, and v are related by Egs. (2.33) and (2.43). Show that any one of these constants
may be expressed in terms of any other two constants. For example, show that (a) k = GE/(9G — 3E) and
(b) v=(3k — 2G)/(6k + 2G).
SOLUTION
k= E and G= 2
3(1-2v) 2(L+v)
@ 1+v=— or V:L—l
2G
. E _ 2EG __2EG K- EG <
[ (E Y] 32G-2E+4G] 18G-6E 9G - 6E
3|1-2) — 1|
L (26 )]
(b) k  2(1+v)
G 3(1-2v)
3k —6kv =2G + 2Gv
3k - 2G = 2G + 6k y= K=£E
6k + 2G
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PROBLEM 2.90°

Show that for any given material, the ratio G/E of the modulus of rigidity over the modulus of elasticity is

always less than ! but more than % [Hint: Refer to Eq. (2.43) and to Sec. 2.13.]

SOLUTION

G E
2(L+v)

E
or — =2(1+v
G @+v)

Assume v >0 for almost all materials, and v < 2 for a positive bulk modulus.

Applying the bounds, 2< E < 2(1+ 1 =3
s [ 2
1
Taking the reciprocals, 1 > G > =
2 E 3
or 1_G_1
3 E 2
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E, 50GPa  , 0254
E, 152GPa , 0.254
E, 152GPa , 0428

SOLUTION
Stress-to-strain equations are

The constraint conditions are

PROBLEM 2.91"

A composite cube with 40-mm sides and the properties shown is made
with glass polymer fibers aligned in the x direction. The cube is
constrained against deformations in the y and z directions and is
subjected to a tensile load of 65 kN in the x direction. Determine
(a) the change in the length of the cube in the x direction, (b) the

stresses 6,,6,, and 6.
E, =50 GPa v,, =0.254
E, =152 GPa v,, =0.254
E, =15.2 GPa v,, =0.428

c, V0, V,C
.= x o »xXTy - YxMz (1)
E, E, E,
V,O, O, V,0O
__ wxPx 2y Y
y=- F = 2
E, E, E,
g, = — 2O _ Vv o, 3)
E, E, E,
v v
= @
Ex E
e _ o ©)
E, E,
s (6)
EZ EX
e, =0 and ¢, =
1 Vyy Vyy
ES%y " £0,=_60 ()
Ey Ez ’ Ex "
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Vv
Lyz
o ,ls Yug (8)
E, ¥ E, * E
_ 0.254
L, 0428 Do, o 5 0428 —0.0772160

y z X

152 ¥ 152 * 50 *

_048 o L o 024 o 04285 10 =00772160

X y z X

152 Y 152 * 50
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PROBLEM 2.91" (Continued)

Solving simultaneously, o, =0,=0.134993c,
. . 1 Vyy v
Using (4) and (5) in (1), € =—0c - 7o -%¢

E, =Ei[l—(o.254)(o.134993)—(0.254)(0.134993)]0 )

_ 0931426,
E

A = (40)(40) =1600 mm? =1600x10~° m?
P 65x103
A 1600x10°°
_ (0.93142)(40.625x10%)
N 50 x 10°

(@ &, =L, =(40 mm)(756.78x107°) 5, =0.0303mm <«

=40.625x10°Pa

Gy

=756.78x10°

X

(b) o, =40.625x10°Pa o, =40.6 MPa <
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E, socPa ,, 0254 PROBLEM 2.92"
E, 152GPa ,, 0.254
E, 152GPa , 0428  The composite cube of Prob. 2.91 is constrained against deformation in
y the z direction and elongated in the x direction by 0.035 mm due to a tensile
load in the x direction. Determine (a) the stresses c,, ¢, andc,and (b)
the change in the dimension in the y direction.
E, =50GPa v,, =0.254
E, =15.2 GPa v,, =0.254
E, =15.2 GPa v,, =0.428
Z
X
SOLUTION
g, = o _VuOy VO, 1)
E. E E,
Ex E, E
V,,C.
82=_V Ox _ Y% O 3)
E, E, E
B @
E. E,
He ©
E, E
Yo e (6)
E, E
Constraint condition: ¢, =0
Load condition : c,=0
. sz _l
From Equation (3), 0 E OxtL O
X z
G, = %a - 0'25: 015'2 =0.0772160,
X
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PROBLEM 2.92" (Continued)

From Equation (1) with 6, =0,

~ Lo —02546 1= L11- (0.254)(0.077216)c

EX X z Ex X
0.98039
= o
E, *
o, - E.&y
0.98039
But ¢, =Or= 0085MM _ g7 1o
L, 40 mm
(50 x10°) (875 x10-°) 3
= =44.625x10° P =44,
(@ oy 0.98039 X a o, =44.6 MPa <«
c,=0 <«
o, = (0.077216)(44.625x10°) = 3.446 x10° Pa o, =3.45 MPa <
Vv Vv
From (2), P
Y E. Y E, Y E ?
_(0.254)(44.625x10°) Lo (0.428)(3.446 x10°)
50%10° 15.2x10°
=-323.73x10°°
(b) &, =L,e, =(40 mm)(-323.73x10"°) §,=-0.0129 mm <«
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P PROBLEM 2.93
Knowing that, for the plate shown, the allowable stress is 125 MPa, determine
the maximum allowable value of P when (a) r =12 mm, (b) r = 18 mm.
60 m r
e
[~
120 mm\!/
N 15mm
SOLUTION
A= (60)(15) =900 mm? =900 x107°® m?
D _ 120 mm — 200
d 60mm
@ r=12mm —r=1zﬂ=0.2
d 60mm
From Fig. 2.60b, K =1.92 O max = K%
—6 6
P AC ox _ (900x10~°)(125x10° _586x10°N
K 1.92
=58.3kN <«
) r=i8mm,  *=8MD 35 FomFig260b, K =175
d 60mm
p DO (00x10)AZ5XI0Y) o\ o ooy — ik kN4
K 1.75
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P PROBLEM 2.94

Knowing that P = 38 kN, determine the maximum stress when (a) r = 10 mm,
(b) r=16 mm, (c) r=18 mm.
60 m /r

[~
120 mm\!/
AN

15 mm

SOLUTION

A= (60)(15) = 900 mm? =900x10° m?
D 10mm
d 60mm

r 10mm

=2.00

(@ r=10mm =0.1667

d 60mm

From Fig. 2.60b, K =206 O max = ——

(2.06)(38x10%)
6 gy = 200U _ g7 00pa ~87.0MPa <
90010

r_16mm _ o667

(b) r=16mm
d 60mm

From Fig. 2.60b, K =178

3
S e = 1‘23()33}2 ) _752x10°Pa =75.2MPa 4

r 18mm

() r=18mm, =0.30

d 60mm
From Fig 2.60b, K =175

3
_(L.75)38x10%) _ 509, 408p, =73.9MPa «

Omax T 900x107°
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PROBLEM 2.95
A hole is to be drilled in the plate at A. The diameters of the
bits available to drill the hole range from % to 1Y, in. in
2
p %-in. increments. If the allowable stress in the plate is 21 ksi,
determine (a) the diameter d of the largest bit that can be
used if the allowable load P at the hole is to exceed that at
the-fillets; (b) the buncapuudillg aHowabtetoadP-
SOLUTION
At the fillets: D_48855_,5 _03B_,,,
d 3.125 d 3125
From Fig. 2.60b, K =210
Aqin = (3.125)(0.5) = 1.5625 in?
(e} = K _Pﬂ =0
max Amin all
py = Aninan _ (19629)2D _ 45 675 yipg
K 2.10
At the hole: At = (D - 2n)t, K from Fig. 2.60a
c = KL =c P = A”%ga—"
max A1et all all
with D =4.6875in. t=05in. oy = 21ksi
Hole diam. r d=D-2r 2r/D K Anet P
0.5in. 0.25in. 4.1875in. 0.107 2.68 2.0938 in’ 16.41 Kips
0.751n. 0.375in. 3.9375in. 0.16 2.58 1.96875 in? 16.02 kips
lin. 0.5in. 3.6875 in. 0.213 2.49 1.84375in’ 15.55 Kips
1.25in. 0.625in. 3.4375in. 0.267 241 1.71875in’ 14.98 Kkips
1.5in. 0.75in. 3.1875in. 0.32 2.34 1.59375 in’ 14.30 Kips
(@) Largest hole with Py, > 15.625 kips is the 2 -in.-diameter hole. <
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(b)  Allowable load P, = 15.63 kips <
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PROBLEM 2.96

(@) For P =13kips and d = 1 in., determine the maximum

. 2 .
stress in the plate shown. (b) Solve part a, assuming that the
> hole at A'is not drilled.

SOLUTION
Maximum stress at hole:

Use Fig. 2.60a for values of K.

& = 05 = 0.017, K = 2.68
D 4.6875
At = (0.5)(4.6875 — 0.5) = 2.0938 in?

P 268)3) _ 16.64 ksi

Omax = K= =
A 2.0938
Maximum stress at fillets:
Use Fig. 2.60b for values of K.
ﬁ :ﬁ’—;g’:o.lz 5:%:15 K = 2.10

A.in = (0.5)(3.125) = 1.5625 in?
P__ (210)(13)

= 17.47 ksi

O max = K

Ayn 15625

(@  With hole and fillets: 17.47 ksi <
(b)  Without hole: 17.47 ksi <
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PROBLEM 2.97
Knowing that the hole has a diameter of 9 mm, determine (a) the radius
r; of the fillets for which the same maximum stress occurs at the hole A
and at the fillets, (b) the corresponding maximum allowable load P if
the allowable stress is 100 MPa.
P
SOLUTION
For the circular hole, r= (%](9) =4.5mm
d=96-9=87mm &:2(@):0_09375
D 96
A = dt = (0.087 m)(0.009 m) = 783 x 10° m?
From Fig. 2.60a, Khole = 2.72
KhoIeP
c = —
" A
b _ AeCma _ (7183x107°)A00x10°)  _ oo oo 103
K hole 2.72
(@) Forfillet, D =96 mm,d = 60 mm
D_9% _ 1.60
d 60
Ayin = dt = (0.060 m)(0.009 m) = 540 x 10 m?
K P A o (5.40 x 107%)(100 x 10°)
G _ _fillet K = min _max _
"X A filet P 28.787 x 103
=1.876

=~ O I90—0: =

(o) P =288kN «
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PROBLEM 2.98

For P =100 kN, determine the minimum plate thickness t required if the

allowable stress is 125 MPa.

ra520mm —=
~
515 T
rg mm > t
64 mm
IJ
SOLUTION
At the hole: ry =20 mm dp, =88-40=48mm
20y _ 2A20) _ g 455
D, 88
From Fig. 2.60a, K =220
KP _KP | _KP__
= = fot=
'Ahet dAt dA(Smax
3
- (220000010 N) _ 557, 493 1y — 36,7 ;om
(0.048 m)(125 x 10° Pa)
At the fillet: D=8smm dy=64mm 2 -8 _ 1375
dg 64
hy = 15 mm arB— _ 1502344
5 64
From Fig. 2.60b, K =170
s KP _KP
e Anin dBt
3
KB __(LIOAOAON) 5 55,103 m = 21.25mm

t = =
dgG ey (0.064 m)(125 x 10° Pa)

The larger value is the required minimum plate thickness.
t =36.7mm <«
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. PROBLEM 2.99
(a) Knowing that the allowable stress is 20 ksi, determine the maximum
allowable magnitude of the centric load P. (b) Determine the percent
P~ change in the maximum allowable magnitude of P if the raised portions
are removed at the ends of the specimen.
SOLUTION
D_3_150 I _0230_ 4455
d 2 d 2
From Fig. 2.60b, K=2.08
A, =td =(0.625)(2) =1.25in?
@ om= L o poBenCm LBy 4, P =12.02 kips <
Kips
Avin K 2.08
(b)  Without raised section, K =1.00
P = A.inC max = (1.25)(20) = 25 kips
% change = (25-12.02) x100% =108.0% <«

12.02
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PROBLEM 2.100
A centric axial force is applied to the steel bar shown. Knowing that

G, = 20 ksi, determine the maximum allowable load P

P
SOLUTION
At the hole: r=0.5in. d=5-1=4in.
ar = 2(05) =0.2 From Fig. 2.60a, K =251
d 5
A, =td =(0.75)(4) =3in?
... =KP
max lAhet
Awetcmax M H
P= = =239k
K 251 1Ps
At the fillet : D=6.5in., d=5in,, D=®=1.3
d 5
r=0.5in. =%=0.1
d 5
From Fig. 2.60b, K=2.04
A, =td =(0.75)(5) =3.75in?
s = KP
max Amin
p = AmOma _ 3.50Z0) _ 56 g i
K 2.04
Smaller value for P controls. P =23.9kips «
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_ PROBLEM 2.101

B

The cylindrical rod AB has a length L =5 ft and a 0.75-in. diameter; it is made of a mild steel

that is assumed to be elastoplastic with E = 29 x 10° psi and oy = 36ksi. A force P is applied
L to the bar and then removed to give it a permanent set &,. Determine the maximum value of

the force P and the maximum amount &, by which the bar should be stretched if the desired

value of 5p is (a) 0.1 in., (b) 0.2 in.

A
l_)
SOLUTION
T 2 T 2 P02 ;
A= 4d =4(0.75) =0.44179in L=5ft=60in.
3
5, =L, =% = (OO0 4 0740835,

E 29x10°

When &, exceeds 3y, thus causing permanent stretch 8 ,, the maximum force is

P =Ac =(0.44179)(36x10°%) =15.9043x10° Ib
Y

m

P =15.90 kips <«

& =6 -8 =8 -8 sothat & =8 +8

p m m Y m p Y
(@) Sp:O.lin. 8, =0.1+0.074483=0.1745Iin. |
(b) 8p=0.2in. 0, =0.2+0.074483=0.274in. |
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_ 5 PROBLEM 2.102
The cylindrical rod AB has a length L = 6 ft and a 1.25-in. diameter; it is made of a mild steel
that is assumed to be elastoplastic with E = 29 x 10° psi and oy = 36ksi. A force P is
L applied to the bar until end A has moved down by an amount 5,, . Determine the maximum
value of the force P and the permanent set of the bar after the force has been removed,
knowing (a) &, = 0.125in., (b) &, = 0.250in.
4y | A
P
SOLUTION
A=ﬁo|2 =ﬁ(1.25)2 =1.22718in? L=6ft=72in.
3
8, =Le, = -3 = (12E6I0)_4 489379in,
E 29x10
I£8,, > 8y, Pn = Aoy = (1.22718)(36 x 10°%)
=44.179x10° Ib = 44.2 kips
(@ 3§, =0.125in. >3, so that P, =44.2 kips <
Bl _ovl o _
) AE - E =0Jy =0.089379
8, =0, -8"=0.125-0.089379=0.356 in. <
(b) &, =0.250in. >3, sothat P, =44.2 kips <
&' =9y
8, =8, —-06"'=0.250-0.089379 = 0.1606 in. <
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PROBLEM 2.103

9 . Rod AB is made of a mild steel that is assumed to be elastoplastic
»— 9-mm diameter

with E = 200 GPa and oy = 345MPa. After the rod has been

1.25m attached to the rigid lever CD, it is found that end C is 6 mm too

8 high. A vertical force Q is then applied at C until this point has
% X moved to position C’. Determine the required magnitude of Q and

the deflection o, if the lever is to snap back to a horizontal position
smm} ‘ ~ J after Q is removed.

0.7m
04m

SOLUTION
Aug = ﬁ (9)2 =63.617 mm? = 63.617 x10™® m?

Since rod AB is to be stretched permanently,

(Fag)max = AagOy = (63.617 x107°)(345x10°)
=21.948x10°N

’:)ZMD =0: 1.1Q-07F =0

Qmax = % (21.948 x 10°%) = 13.9669 x 10> N 13.97kN <«
3
8 = (F8lmabp | (LY4EXI0NA2S) 45605, 1021y
EAus (200x107)(63.617 x10°°)
8AB

0’ ==28 -30804x10"°rad
0.7

8 =110"=339%x103m 3.39mm <«
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PROBLEM 2.104

Solve Prob. 2.103, assuming that the yield point of the mild steel is
250 MPa.

»— 9-mm diameter

Lzm PROBLEM 2.103 Rod AB is made of a mild steel that is assumed to

C i be elastoplastic with E = 200 GPa and 6, = 345 MPa . After the rod

— B
6 mm | %@ - has been attached to the rigid lever CD, it is found that end C is 6 mm

too high. A vertical force Q is then applied at C until this point has

moved to position C’'. Determine the required magnitude of Q and

07m the deflection 6, if the lever is to snap back to a horizontal position

£4 O3 A
ditctT 15 1T1Tiuveu.

SOLUTION
Aug = ﬁ (9)? =63.617 mm? =63.617x10° m?

Since rod AB is to be stretched permanently,

(Fag ) max = AngOy = (63.617 x 107°)(250 x 10°)
=15.9043x10°N

+‘)zMD =0: 11Q-0.7Fy =0

Quax = % (15.9043x 10%) =10.12x10° N 10.12 kN <«
(E ) L (15.9043x10°)(1.25)
87,5 = BEMEXTAB _ ; 6. =1.5625x10° m
EAx (200x10°)(63.617x10°°)

0= O _ 2.2321x107 rad
0.7

& =1.10" =2.46x10">m 2.46 mm <
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‘ 2 PROBLEM 2.105
‘ 40-mm Rod ABC consists of two cylindrical portions AB and BC; it is made of a mild
1'2\'“ - diameter steel that is assumed to be elastoplastic with E =200 GPa and o, =250 MPa.
B A force P is applied to the rod and then removed to give it a permanent set
j— o 8, =2 mm. Determine the maximum value of the force P and the maximum
s o zértmunt 3,, by which the rod should be stretched to give it the desired permanent
X :
P
SOLUTION
Ang = ﬁ (30)% = 706.86 mm? =706.86 x10° m?
_n 2 3 2 -3 12
Age = A (40)° =1.25664 x10°mm*“ =1.25664 x10> m
P =A o =(706.86x10"°)(250x10°)=176.715x10°N
max min Y
Pax =176.7 kN <«
PL PL (176.715x10°%)(0.8) (176.715x10°%)(1.2)
S5’ = AB BC _ +
EA  EAgc  (200x10°)(706.86x107°) (200x10%)(1.25664 x10™°)

=1.84375x10 M =1.84375mm

§,=8,-8"or 8, =8, +8'=2+1.84375 §,=3.84mm <«
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A c PROBLEM 2.106
‘ 40-mm Rod ABC consists of two cylindrical portions AB and BC; it is made of a mild
1'2‘m - diameter steel that is assumed to be elastoplastic with E =200 GPa and o, =250 MPa.
B A force P is applied to the rod until its end A has moved down by an amount
j— o O, =5 mm. Determine the maximum value of the force P and the permanent
30-mm set of the rod after the force has been removed.
0.8m | diameter
| A
P
SOLUTION
Ang = ﬁ (30) = 706.86 mm? = 706.86 x 107 m?
Agc = ﬁ (40)? =1.25664 x10° mm? =1.25644 x10~% m?
P =A o =(706.86x10"°)(250x10°)=176.715x10°N
max min Y
Pux =176.7 kKN <
PL PL (176.715x10°%)(0.8) (176.715x10°%)(1.2)
5= AB + BC _ +
EAy;  EAsxc  (200x10%)(706.68x107°) (200x107)(1.25664x10™°)

=1.84375x10°m =1.84375 mm
8, =0,—-0"=5-1.84375=3.16 mm 5, =316 mm <
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PROBLEM 2.107

T A
190Tmm Rod AB consists of two cylindrical portions AC and BC, each with a cross-sectional
L L. area of 1750 mm’. Portion AC is made of a mild steel with E =200 GPa and
g oy =250 MPa, and portion CB is made of a high-strength steel with E =200 GPa
190 mm elastoplastic, determine (a) the maximum deflection of C if P is gradually increased
L P from zero to 975 kN and then reduced back to zero, (b) the maximum stress in each
B portion of the rod, (c) the permanent deflection of C.

SOLUTION
Displacement at C to cause yielding of AC.

LacOy.ac  (0.190)(250x10°)

_0.2375,10°m

Sov b =g T gp0sa0
Corresponding force. F =Ac  =(1750x107°)(250x10°) = 437.5x10° N
AC Y,AC
9 -6 -
P EM . (200x10°)(1750x10°)(0.2375x107%) _ 00 e 103
ce Leg 0.190

For equilibrium of element at C,
F —-(F +P)=0 P =F -F =875x10°N
AC CB Y Y AC CB

Since applied load P =975x10°N >875x10% N, portion AC yields.

F =F —P=4375x10°-975x10°N =-537.5x10°N L
CB AC C
3
@ __Felep _(37.5x109(0190) oo l Fa+P
6C 9 -6
EA (200x10°)(1750 x107°)

0.292 mm <4

(b) Maximum stresses: ¢ ac =06y pc =250 MPa 250 MPa 4

3

c = Foe | 531.5x10 _ ~307.14x10° Pa = -307 MPa —-307 MPa <«

B¢ A 1750x107¢

(c) Deflection and forces for unloading.

=

8 = E,A,QL&:_—PéEl:Cj . P! —_p' &:_P’

EA EA CB AC LAB AC

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

241 241



P _g75x10° = pr —P' =2P" P’ =4875x10°N
AC CB AC AC
57— (487.5x10°)(0.190)
(200x10°)(1750x10°)

8, =08, -58'=0.29179x10"° - 0.26464 x10™°

=0.26464x10°m

=0.02715x103m 0.0272 mm <«
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PROBLEM 2.108

For the composite rod of Prob. 2.107, if P is gradually increased from zero until the
A deflection of point C reaches a maximum value of &, =0.3 mm and then decreased

190 mm back to zero, determine (a) the maximum value of P, (b) the maximum stress in each
portion of the rod, (c) the permanent deflection of C after the load is removed.
T PROBLEM 2.107 Rod AB consists of two cylindrical portions AC and BC, each with a

190'mm cross-sectional area of 1750 mm . Portion AC is made of a mild steel with E =200 GPa

P and o, =250 MPa, and portion CB is made of a high-strength steel with E =200 GPa

B and oy =345 MPa. A load P is applied at C as shown. Assuming both steels to be
elastoplastic, determine (a) the maximum deflection of C if P is gradually increased

from zero to 975 kN and then reduced back to zero, (b) the maximum stress in each
portion of the rod, (c) the permanent deflection of C.

SOLUTION

Displacement at C is d,, =0.30 mm. The corresponding strains are

gpe = Om =030MM _y 709,103
Lac 190 mm
_ % _ 030mm _ o0 4073

fe T, 190 mm

Strains at initial yielding:

Oy.ac _ 250 10°

.=
Y. AC E 200 x10°
c _ Ov BC :_345><106
veew g 200x10°

=1.25x10"°  (yielding)

=-1.725x10°  (elastic)

(@) Forces: F =Ac =(1750x107°)(250x10°) =437.5x10° N
AC Y

F =EAc =(200x10°)(1750x107®)(-1.5789x107) = -552.6x10°N
CB CB

For equilibrium of element at C, Fyc —F.g —P =0

P=F —-F =4375x10°+552.6x10%=990.1x10°N 990 kN <«
AC CD
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_Fes _ 5526x10°

CB: © =-316x10° Pa ~316 MPa 4

A 1750107
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PROBLEM 2.108 (Continued)

(c) Deflection and forces for unloading.

S/ZEAQL&:_—éELCj P =—P’ L&:_P

CB AC AC
EA EA Lag
P'=P' —P' =2P" =990.1x10°N .. P’ =495.05x10°N
AC CB AC AC

5= (495.05x10°%)(0.190)

= —. =0. x107™ m=0. mm
9 . =0.26874x10 3 0.26874
(200x10°)(1750x10°°)

8, =06, —0"=0.30 mm-0.26874 mm 0.0313mm <«
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PROBLEM 2.109

Each cable has a cross-sectional area of 100 mm? and is made of an
elastoplastic material for which ¢, =345 MPa and E =200 GPa. A force

Q is applied at C to the rigid bar ABC and is gradually increased from 0 to
50 kN and then reduced to zero. Knowing that the cables were initially taut,
determine (a) the maximum stress that occurs in cable BD, (b) the
B maximum deflection of point C, (c) the final displacement of point C.
= - <€ (Hint: In part c, cable CE is not taut.)

SOLUTION
Elongation constraints for taut cables.

Let 6 =rotation angle of rigid bar ABC.

0= 8@ — %
LAB LAC
5 —tmg -1; M
BD LAC CE 2 CE

Equilibrium of bar ABC.

a
A

c
Q

R"T FSD/L %Fc.e
©

+‘DMAZO: LagFep + LacFee —Lac Q=0

1
Q=F chep g L 1p )

CE BD CE 2 BD

Lac

Assume cable CE isyielded. F =Ac =(100x107°)(345x10°) =34.5x10°N
CE Y

From (2), F =2(Q-F )=(2)(50x10%-34.5x10%) =31.0x10°N

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

246 246



BD CE

Since F <Ac =34.5x10°N, cable BD is elastic when Q =50 kN.
BD Y
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PROBLEM 2.109 (Continued)

(@ Maximum stresses. Gce =0y =345 MPa
3
o =—te 8LO0X10° 44, 100p, c =310 MPa «
A 100x10° °°
(b) Maximum of deflection of point C.
EF L (31.0x10%)(2)
8gp = £2 BD - . e =3.1x107m
EA (200x107)(100x107")
From (1), § =8 =25 =62x10"m 6.20 mm{ <
C CE BD
: . _ __ Oy Lee
Permanent elongation of cable CE: (8¢g), = (6ce) =
Oylce

(6CE)P=(6CE)max_ E
6
=6.20x107% - 345x107)(2 =2.75x103%m

200%10°
(c)  Unloading. Cable CE is slack (Fz =0) at Q =0.
From (2), Fap =2(Q-F)=2(0-0)=0
Since cable BD remained elastic, dgp = % =0. 0«
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PROBLEM 2.110

Solve Prob. 2.109, assuming that the cables are replaced by rods of the
same cross-sectional area and material. Further assume that the rods are
braced so that they can carry compressive forces.

PROBLEM 2.109 Each cable has a cross-sectional area of 100 mm?
and is made of an elastoplastic material for which o, =345 MPa and

A[Oi O E =200 GPa. A force Q is applied at C to the rigid bar ABC and is

gradually increased from 0 to 50 kN and then reduced to zero. Knowing
L S R that the cables were initially taut, determine (a) the maximum stress
im

Q that occurs in cable BD, (b) the maximum deflection of point C, (c) the
im final displacement of point C. (Hint: In part c, cable CE is not taut.)

SOLUTION
Elongation constraints.

Let © = rotation angle of rigid bar ABC.

0= SLC — %
LAB LAC
5 =ty _1lg 1)
BD LAC CE 2 CE

Equilibrium of bar ABC.

Rp.1\ I‘\FBD tiE
],

J:)MA =0: LagFgp + LacFce —LacQ=0

Q=F N ®)

CE BD CE 2 BD

Lac

Assume cable CE isyielded. F = As = (100x107%)(345x10°%) = 34.5x10° N
CE Y
From (2),
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F = 2 =
Fp=20@ Q%)gsoxjﬁ -
2x107) =
3LOXION
Since F <Ac =34.5x10%N, cable BD is elastic when Q =50 kN.
BD Y
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PROBLEM 2.110 (Continued)

(@ Maximum stresses. Gce =0y =345 MPa

Fep _ 31.0x10°

c = =310x10° Pa c =310 MPa 4
A 100x10°® o0
(b) Maximum of deflection of point C.
E L (31.0x10%)(2)
8gp= B2 BD - . o =3.1x107%m
EA  (200x10%)(100x10°°)
From (1), § =8 =25 =62x10"m 6.20 mm{ <
C CE BD
Unloading. Q" =50x10°N, §' =§’
CE C
From (1), &' =18’
BD 2 C
9 -6 1
' 200x10 )(100x10 )(,&
Elastic F" = EASgp _ (20010 )00 )(1—9)=5><1066'
BD Lep 2 c
[ 9 —6 [
Fr - EASge _ (200x10°)(100x10)BY _ ;. 1065 3
Lee 2
From (2), Q' =F" +1F =125x10%"'
CE 2 BD c
C
Equating expressions for Q',  12.5x10%' =50x10?
8¢ =4x1073m
(c)  Final displacement. § =0 ) -8 =6.2x10°-4x10°=22x10"m 220 mm{ <
C Cm C
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” PROBLEM 2.111

£ Two tempered-steel bars, each - in. thick, are bonded to a £ -in. mild-steel
bar. This composite bar is subjected as shown to a centric axial load of
X /Ieiﬂ- magnitude P. Both steels are elastoplastic with E =29x10° psi and with
T yield strengths equal to 100 ksi and 50 ksi, respectively, for the tempered

i, and mild steel. The load P is gradually increased from zero until the

\ deformation of the bar reaches a maximum value 6, =0.04in. and then

decreased back to zero. Determine (a) the maximum value of P, (b) the
maximum stress in the tempered-steel bars, (c) the permanent set after the
load is removed.

2.01in.

SOLUTION
3

For the mild steel, A = £)(2)=1.00 in? 5 = Lou_@AE0I0) 4 44938in,

2 L = 29x10°

3
For the tempered steel, A =2(§\(2)=0.75 in®> & = Loy, _ (14)100x10 )=0.048276 in.

2 e 2 E 29x10°
Total area: A=A + A, =1.75in?

Oy <8, <Oy,. The mild steel yields. Tempered steel is elastic.

(a) Forces: P, = Acy, =(1.00)(50x10°%) =50x10°%Ib

3
P, = EASy _ (29x10°)(0.75)(0.04) _ ¢y 14 10% 10
L 14
P=P, +P,=112.14x10%lb =112.1 kips P =112.1kips «
. P 3 -
(b)  Stresses: o, =E=GY1 =50x10" psi =50 ksi
3
o, =12 - 8218xX10°_ g5 g6 103 psi —82.86 ksi 82.86 ksi 4

A, 0.75
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PL _ (112.14x10%)(14) _ 0.03094 in

Unloading: 6'=
EA  (29x10°)(1.75)
(c) Permanentset: 5, =5, —8"=0.04-0.03094 = 0.00906 in. 0.00906 in. 4
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pr
1 136 in.
- 1*36 in.
PN
14in. -
Y»O{\
P
SOLUTION

Areas: Mild steel:

Tempered steel:

Total:

PROBLEM 2.112

For the composite bar of Prob. 2.111, if P is gradually increased from zero
to 98 kips and then decreased back to zero, determine (a) the maximum
deformation of the bar, (b) the maximum stress in the tempered-steel bars, (c)
the permanent set after the load is removed.

PROBLEM 2.111 Two tempered-steel bars, each % in. thick, are bonded to

& -in. mild-steel bar. This composite bar is subjected as shown to a centric
axial load of magnitude P. Both steels are elastoplastic with E =29x10° psi
and with yield strengths equal to 100 ksi and 50 ksi, respectively, for the
tempered and mild steel. The load P is gradually increased from zero until
the deformation of the bar reaches a maximum value §_=0.04in. and

then decreased back to zero. Determine (a) the maximum value of P, (b) the
maximum stress in the tempered-steel bars, (c) the permanent set after the
load is removed.

(1) 2
A=~ 1(2)=1.00 in
t2)
A =2(§\(2)=o.75 in?
2 |16

A=A+ A, =1.75in?

Total force to yield the mild steel:

Oy1 =

3 3
" R, =Ac,, =(L75)(50x10 ) =87.50x10 Ib

P > R/, therefore, mild steel yields.

Let P, =force carried by mild steel.

P, =force carried by tempered steel.

3

P, = Ao, = (1.00)(50x10%) =50x10°Ib

P+P, =P, P,=P—P =98x10°—50x10° = 48x10%Ib

_(48x10 )(14) :
@ & =k 48”06 14 0.0309in. «
m EA, (29x10 )(0.75)
3
(b) GZ:EZ_: 481D =64x10%psi 64.0ksi <
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A, 075

Unloading: d&'=

PL  (98x10°)(14)

EA  (29x10°)(1.75)

() 8p=0,-58"=0.03090-0.02703=0.003870 in.

=0.02703 in.

0.00387in. 4
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PROBLEM 2.113

(®
O

The rigid bar ABC is supported by two links, AD and BE, of uniform

— 37.5x 6-mm rectangular cross section and made of a mild steel that is
17 E assumed to be elastoplastic with E =200 GPa and o, =250 MPa.
The magnitude of the force Q applied at B is gradually increased

from zero to 260 kN. Knowing that a =0.640 m, determine (a) the

"1
1lm

—— e 0 |

value of the normal stress in each link, (b) the maximum deflection
of point B.

204
Z. 0% TIT

SOLUTION

Statics: EMc =0: 0.640(Q — P ) —2.64P,p =0

Deformation: 6, =2.640, &5 =ab =0.6400

Elastic analysis: ‘
Fio Fe Gy
A=(37.5)(6) = 225 mm? = 225x10~® m? T fi
.
9 -6
P, = EA 5, - Q00XI0N225x107) 5 o6 479065,
Lo 1.7
Q

=(26.47x10°)(2.640) = 69.88x10%0 f)
S0 =PATD=310.6X1099 %’ Se %

EA (200x10°)(225x10°°)
Pee = Op =
Loc 1.0

85 = 45%10%,

= (45x10°)(0.6400) = 28.80x10°

P
Cge = %=128><1096
From statics, Q=P + 264 P =P +4.125P
BE 0.640 AD BE AD

=[28.80x10° + (4.125)(69.88 x10°)}p =317.06x10°
0, at yielding of link AD: 6,5 =0, =250x10° =310.6x10%

0, =804.89x107°
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Q = (317.06x10°)(804.89x107%) = 255.2x10° N
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PROBLEM 2.113 (Continued)

(@) Since Q =260x10° >Q,, link AD yields.

P =Ac =(225x107°)(250x107°)=56.25x10° N
AD Y

Fromstatics, P =Q-4.125P =260x10° —(4.125)(56.25x10°%)
BE AD

Pae =27.97x10° N

3
_ P 2197107 1005 10°Pa

BE A 225x10°°

6 ap =250 MPa 4

(¢
BE

=124.3 MPa <

1 3
L (Z7.97 X107 )(1.U)
(b) _ BE BE _ =621.53x10°m

EA  (200x10°)(225x10™°)

& =0.622mmJ{ «
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PROBLEM 2.114

Solve Prob. 2.113, knowing that a = 1.76 m and that the magnitude of
— the force Q applied at B is gradually increased from zero to 135 kN.

17
PROBLEM 2.113 The rigid bar ABC is supported by two links, AD

m T
T and BE, of uniform 37.5x 6-mm rectangular cross section and made

A D 3] 9] of a mild steel that is assumed to be elastoplastic with E =200 GPa

A and o, =250 MPa. The magnitude of the force Q applied at B is

gradually increased from zero to 260 kN. Knowing that a =0.640 m,
Q determine (a) the value of the normal stress in each link, (b) the
maximum deflection of point B.

D

2.64m

SOLUTION
Statics: EMc =0: 1.76(Q — Psg) —2.64P,5 =0

Deformation: 5, =2.640, 65 =1.760
Elastic Analysis:

A= (37.5)(6) = 225 mm? = 225x10~° m? TPM’ TPBE 1\51
9 -6
P, = tA 5, - (Q000N225107) 5 o6 479065, [ |
Lo 1.7

= (26.47x10°)(2.640) = 69.88 x10°)

P
Oap = f =310.6x10% _ {

EA (200x10°)(225x10°%)
PBE = 55 =

85 = 45x10°
Lo 1.0 B =TI 08

= (45x10°)(1.760) = 79.2x10%

P
Cge = % =352x10%
From statics, Q=P + 264 P =P +1.500P
BE 176 AD BE AD

=[73.8x10° + (1.500)(69.88x10°)J0 =178.62x10°
0, at yielding of link BE: 65 =6y =250x10° = 352x10%,
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0, =710.23x10°
Q, =(178.62x10°)(710.23x107°) =126.86 x10°N

(@ Since Q =135x10°N > Q,, link BE yields. Gge =0y =250 MPa <

P =Ac =(225x107°)(250x10°%) =56.25x10°N
BE Y

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

260 260



PROBLEM 2.114 (Continued)

From statics, P =———(Q—P )=525x10°N
A 1500 BE

3
o =t _ 525x10°_ 5335, 00 c =233 MPa «
A A 225x10° A
i i Pan -3
From elastic analysis of AD, 0=—""—-=751.29x10""rad
69.88x10
(b) 85 =1.760=1.322%10~m Sg=L322mmy €
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PROBLEM 2.115

Solve Prob. 2.113, assuming that the magnitude of the force Q
T =B applied at B is gradually increased from zero to 260 kN and then
o decreased back to zero. Knowing that a =0.640 m, determine (a) the
residual stress in each link, (b) the final deflection of point B.
17m Assume that the links are braced so that they can carry compressive
1? forces without buckling.

PROBLEM 2.113 The rigid bar ABC is supported by two links, AD
and BE, of uniform 37.5x 6-mm rectangular cross section and made

\
3
®
w
@]
2]

—a of a mild steel that is assumed to be elastoplastic with E =200 GPa

Q and o, =250 MPa. The magnitude of the force Q applied at B is

264 m gradually increased from zero to 260 kN. Knowing that
a=0.640 m, determine (a) the value of the normal stress in each

link, (b) the maximum deflection of point B.

SOLUTION
See solution to Problem 2.113 for the normal stresses in each link and the deflection of Point B after loading.
G ap = 250x10°Pa
oge =124.3x10°Pa
8 =621.53x10°m

The elastic analysis given in the solution to Problem 2.113 applies to the unloading.

Q' =317.06x10%'
o Q 260 x10°

= .= 5 =820.03x10°°

317.06x10° 317.06x10
4o =310.6x10% = (310.6x10°)(820.03x10°%) = 254.70x10° Pa
o4 =128x10% = (128x10°)(820.03x107°) =104.96 x 10° Pa

84 =0.6400" =524.82x10° m

(a) Residual stresses.

G pp.1es =0 ap —O pp = 250x10° — 254.70x107° =—4.70x10°Pa =—-4.70MPa <«
g res =Ope —Ope =124.3x10° —~104.96x10° =19.34x10°Pa =19.34 MPa <
-6 -6 -6

(b)
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8y p =85 —84 =621.53x10 —524.82x10 =96.71x10 m ~0.0967 mm{ <«
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PROBLEM 2.116

A uniform steel rod of cross-sectional area A is attached to rigid supports and is
unstressed at a temperature of 45°F. The steel is assumed to be elastoplastic
with o, =36 ksi and E =29x10°psi. Knowing that o =6.5x10"°/°F,

L determine the stress in the bar (a) when the temperature is raised to 320°F,
(b) after the temperature has returned to 45°F.

SOLUTION

Let P be the compressive force in the rod.

Determine temperature change to cause vielding.

PL L
§=—gE+ Loc(AT):—GY?+ Lo (AT)y =0

3
(AT), =2 = 3? x10 ——=190.98°F
Ea  (29x10°)(6.5x10°°)

But AT =320 - 45=275°F > (AT,)

(@  Yielding occurs. 6 =-0y, =—-36.0 ksi «

Cooling: (AT)' =275°F

’ ’ ’ PIL
8 :6P :61' = AE

+ La(AT) =0

’

P
"= — =-Ea(AT)
c A o (AT)

=—(29x10°)(6.5x107°)(275) = -51.8375x 10 psi

(b) Residual stress:

G, =—0y —6'=-36x10% +51.8375x10° =15.84 x10 psi 15.84 ksi <

res
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PROBLEM 2.117

A 500 mm? A 300 mm2 ) o )
X : The steel rod ABC is attached to rigid supports and is unstressed
5 at a temperature of 25°C. The steel is assumed elastoplastic, with
E = 200 GPa and o, =250 MPa. The temperature of both
250
— 190 o m portions of the rod is then raised to 150°C. Knowing that
a =11.7x107°/°C, determine (a) the stress in both portions of the
rod, (b) the deflection of point C.
SOLUTION
A =500x10""m? L =0.150m
AC AC
A =300x10"°m? L =0.250m
CB CB
Constraint: Op +0; =0

Determine AT to cause yielding in portion CB.

PL,. P c
_ —=AC _ —LQB — LABa (AT) A ‘BJ
EAAC E'ACB

P (L Leg)
AT = =AC |, CB
LABEOLLAAC " ACBJ

Atyielding, P=P =A & =(300x107)(2.50x10°) =75x10°N
Y CB Y

P (L L )

(AT)y =] 4+ -8 |
LABEOL\AAC ACB]

3
75x10 ( 0150 . 0.250 ):90_81200

(0.400)(200x10°)(11.7x107®) ( 500x10°  300x107° )

Actual AT: 150°C — 25°C =125°C > (AT),
Yielding occurs. For AT >(AT) , P=P =75x10°N
Y Y

3
@ o =—-—— I8 455, 10%p, c =-150.0 MPa <«
A A 500x10°° he
P
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6o =—250 MPa <

(b) For AT > (AT)y, portion AC remains elastic.

P L
Sem="cn C +Lc(AT)
C/A EAAC AC

3
(75x10 )(0.150)

=— +(0.150)(11.7x107°)(125) =106.9x10°m

(200 10° Y500 % 10=5)
2 107}(500x1072)
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PROBLEM 2.118"

Solve Prob. 2.117, assuming that the temperature of the rod is raised to

A SOO\mmZ A 300 mm? 150°C and then returned to 25°C.
A 1 =
PROBLEM 2.117 The steel rod ABC is attached to rigid supports and is
unstressed at a temperature of 25°C. The steel is assumed elastoplastic,
150 250 with E =200 GPa and 6, =250 MPa. The temperature of both portions
mm mm - - -
-— —— —  of the rod is then raised to 150°C. Knowing that o. =11.7x107%/°C,
determine (a) the stress in both portions of the rod, (b) the deflection
of point C.
SOLUTION
A =500x10°m* L =0150m A =300x10°m?’ L =0.250m
AC AC CB CB
Constraint: 6 +6; =0
Determine AT to cause yielding in portion CB. A - B
PL,. Pl ] e—
- Re LB | a(AT)
EAAC EACB he 'P ?
; P (L L)
A = | AC + CB |
LasE\ Axc Acs )
Atyielding, P=P =A o =(300x107°)(250x10°%) =75x10°N
Y CB Y
P (L L ) 75%10° ( 0.150 0.250 )
(AT)y =—"—| #&+ 2 |= | + |
LigEotl Axc Acs ) (0.400)(200x10°)(11.7x107°)(500x107° 300x10° )
=90.812°C
Actual AT : 150°C — 25°C =125°C > (AT),
Yielding occurs. For AT > (AT) ,  P=P =75x10°N A c 2
Y Y
Cooling: n - : PE ;
EL,a(ATY (200x10 )(0.400)(11.7x10 )(12 f
(AT) =125°C P'= EL g0 _ (20010 )(0.400)(11.7x10 )(125) _103.235x10°N
(_LAC +Lca) 0150 4 0.250
T - 6 6
A A 500x10"  300x10°

Residual force: P

res
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103.235
x10° —
75x10°

28.235
x10°N
(tension

)
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PROBLEM 2.118" (Continued)

3
() Residual stresses. o _Pes _ 28235x10

A A 500x10°
P 28.235x10°

c =56.5MPa «
AC

c =941MPa 4

res

(¢}
“  Ag  300x107° 8
P L
(b)  Permanent deflection of point C. 8. = ﬁ“c 8. =0.0424 mm — <«
‘AC

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

269 269



P! PROBLEM 2.119"
For the composite bar of Prob. 2.111, determine the residual stresses in

1 3in. the tempered-steel bars if P is gradually increased from zero to
- 2in. 98 kips and then decreased back to zero.
>2i > < PROBLEM 2.111 Two tempered-steel bars, each -2 in. thick, are
. 6
i bonded to a ;! -in. mild-steel bar. This composite bar s subjected as
_ shown to a centric axial load of magnitude P. Both steels are
ein. elastoplastic with E =29x10° psi and with yield strengths equal to
100 ksi and 50 ksi, respectively, for the tempered and mild steel. The
load P is gradually increased from zero until the deformation of the bar
reaches a maximum value §_=0.04 in. and then decreased back to
zero. Determine (a) the maximum value of P, (b) the maximum stress
in the tempered-steel bars, (c) the permanent set after the load is
removed.
P
SOLUTION
. 1 -
Areas. Mild steel: A, = ) (2)=1.00in
3 2
Tempered steel: A, =(2) 16 (2)=0.751in
Total: A=A+A, =1.75in?
Total force to yield the mild steel: o Bp =(1.75)(50x10°) =87.50x10%Ib
Y1 A Y Y1
P > Py; therefore, mild steel yields.
Let P, = force carried by mild steel

P, = force carried by tempered steel
P = AGy; = (1.00)(50x10%) =50x10° Ib

P+P =P, P=P-P =98x10%-50x10%=48x10%Ib

1 2 2 1
3
c, _ B _48d0T o 100 psi
A, 075
3
Unloading. ¢'= P _98x10 =56 x10%psi
A Mild steel:

Residual stresses.
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1.75

O1res =01 -c'=50
x10° —
56 x10°
=—6
x10~psi
=—6 ksi
Temperedsteel: o =0 —c =64x10°-56x10° =8x10°psi 8.00 ksi «

2,res 2 1
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14 in.

PROBLEM 2.120°
For the composite bar in Prob. 2.111, determine the residual stresses in

o S the tempered-steel bars if P is gradually increased from zero until the
SN g in. deformation of the bar reaches a maximum value 6, =0.04 in. and is
L then decreased back to zero.
Lin.

PROBLEM 2.111 Two tempered-steel bars, each = in. thick, are bonded
to a ;-in. mild-steel bar. This composite bar is subjected as shown to a

Foin. centric axial load of magnitude P. Both steels are elastoplastic
with E =29x10° psi and with yield strengths equal to 100 ksi and 50 ksi,
respectively, for the tempered and mild steel. The load P is gradually

g increased from zero until the deformation of the bar reaches a maximum
value 3, =0.04 in. and then decreased back to zero. Determine (a) the
maximum value of P, (b) the maximum stress in the tempered-steel bars,

. (c) the permanent set after the load is removed.
SOLUTION
3
For the mild steel, a-ll \ @ =1.00in? 5 = Ou_(AE0I0) 4040354,
ey "E 29x10°
3
For the tempered steel, A = (3\ (2)=0.75in* § _ Loy, _ (14)100x10 =0.048276 in.
? L ZE 29x10°
Total area: A=A +A =175in?

1

2

Oy1 <08, <Oy,

The mild steel yields. Tempered steel is elastic.

Forces: P = ASy, = (1.00)(50x10%) =50 x 10%Ib
6
E
p, - EAB, _ (29x10)(0.75)0.04) _ or 14 1011
L 14
P, N :
Stresses: c,="+=8 =50x10%psi o = % - 021805 gex10° psi
A M 2, 0.75
Unloading: o= 11214 64.08 x10° psi
A 175
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Residual stresses. 3 3 3 .
1res =01 —6'=50x10" - 64.08x10° = —14.08 x10°psi = —14.08 ksi

Gy res =0, —C' =82.86x10° —64.08x10° =18.78 x10%psi =18.78 ki <

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

273 273



SOLUTION

PROBLEM 2.121"

Narrow bars of aluminum are bonded to the two sides of a thick steel plate as
shown. Initially, at T, =70°F, all stresses are zero. Knowing that the

temperature will be slowly raised to T, and then reduced to T;, determine
(a) the highest temperature T, that does not result in residual stresses, (b) the
temperature T, that will result in a residual stress in the aluminum equal to
58 ksi. Assume o, =12.8x107%/°F for the aluminum and o.° = 6.5x10"%/°F

for the steel. Further assume that the aluminum is elastoplastic, with
E =10.9x10°psi and o, =58 ksi. (Hint: Neglect the small stresses in the

plate.)

Determine temperature change to cause yielding.

PL
:a—f' L(X,a(AT)Y = L(X,S(AT)Y

o =—E(0a ~,)(AT)y = oy

3

(AT)y =—F—= 658X10 —=844.62°F
E(x, —a,) (10.9x10°)(12.8—6.5)(107°)
(@ T, =T, +(AT), =70+844.62 =915°F 915°F «
After yielding,
oy L
o= ?+ Lo, (AT) = Lo (AT)
Cooling:

The residual stress is

Set Cres =

8’:PL
AE

+ Lo, (AT)' = Lo (AT)’

c =06 - =0 -Ea —-a AT
res Y A Y (a S)( )

oy =0y — E(a, — 0 )(AT)

26 (2)(58x10°%)
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Ty . _—1689°F
E(o, —t;)  (10.9x10°)(12.8—6.5)(10°°)

(b) T,=T,+AT =70+1689=1759°F 1759°F <

If T, >1759°F, the aluminum bar will most likely yield in compression.
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PROBLEM 2.122°

A C B
3 Bar AB has a cross-sectional area of 1200 mm? and is made of a steel
that is assumed to be elastoplastic with E = 200 GPa and ¢, =250 MPa.
a 120 mm Knowing that the force F increases from 0 to 520 kN and then
440 mm decreases to zero, determine (a) the permanent deflection of point C,
(b) the residual stress in the bar.
SOLUTION
A =1200 mm? =1200x10°m?
Force to yield portion AC: P =Ac =(1200x107%)(250x10°)
AC Y
=300x10°N

e
N SR

For equilibrium, F + Pz — Py =0.

P =P —F=300x10°-520x10°
CB AC

=-220x10°N
 Pesles  (220x 10%)(0.440 —0.120)

8 = =
¢ EA (200x10°)(1200x10°°)
=0.29333x107°m
o _ Fes _ 220x10°
“ 7 A 1200x10°
=-183.333x10°Pa
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PROBLEM 2.122* (Continued)
Unloading:
5. - Picbac __Plslos _ (F=PLo)ley
" EA EA EA
b (Lac L Lec ) _ Fles
AC( EA EA) EA
3
Pl = Fleg  _(520x10°)(0.440-0.120) _ o040 103N
Lac + Leg 0.440
P’ =P’ —F =378.18x10° -520x10° =-141.820x10°N
CB AC
P, . ’
Opc = 2= % =315.150x10°Pa
A 1200x10
3
PI
Cpe = = —% =-118.183x10°Pa
A 1200x10
3
378.18x10 )(0.120
o = -BB8ABA0OLZ0). _, 1gq090, 102
(200x10°)(1200x107°)
(a) -3 -3 -3
8c,p=8c —8¢ =0.29333x10 —0.189090x10 =0.104240x10 m =0.1042 mm <«
(0)  Oac.res =Oy —Opc =250x10° —315.150 x 10° = —65.150 x 10°Pa =—65.2 MPa <
g res =Ocp —Obg =—183.333x10° +118.183 x 10° = —65.150 x 10°Pa =—65.2 MPa <«
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PROBLEM 2.123"

A < B Solve Prob. 2.122, assuming that a =180 mm.
F
~ omm PROBLEM 2.122 Bar AB has a cross-sectional area of 1200 mm? and
240 mm is made of a steel that is assumed to be elastoplastic with E =200 GPa
and o, =250 MPa. Knowing that the force F increases from 0 to
520 ki\\: adl Id thCl I dCbl TAdSTO tU LC1TU, dUtCI LIL| I;I 1T (a) thc |JCI 1Tt It
deflection of point C, (b) the residual stress in the bar.
SOLUTION
A =1200 mm? =1200x10"°m?
Force to yield portion AC: P =Ac =(1200x107%)(250x10°)
AC Y

=300x10°N

For equilibrium, F + Pz — Py =0.

P&c_ Pc 2

<] — = >
P =P —F=300x10%-520x10°
CB AC
=-220x10°N

_ Pegles . (220x10°)(0.440-0.180)
EA (200 x10°)(1200x107°)

8C:

=0.23833x10°m
P 220x10°

Crr = =
“7 A 1200x10°°

=-183.333x10°Pa
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G res = Ocs — Ol = ~183.333 % 10° +177.275 x 10° = —6.0580 x 10°Pa

PROBLEM 2.123* (Continued)
Unloading:
5. - Piclac __ Phlen _ (F=Pic)ley
¢ EA EA EA
_pr (Lac  Lac)_Flg
AC( EA EA ) EA
3 —
Pl = Fles  _ (520x10°)(0.440-0.180) _ 30727 x10° N
Lac + Leg 0.440
P' =P’ —F =307.27x10% -520x10° = —212.73x10° N
CB AC
3
5. = (307.279>< 10 )(0.182 _0.23045x10° m
(200x10°)(1200x107)
' 3
o = e - 01200 oo6 o588 pa
A 1200x10
3
oty = 18 = =2L213X0 177 575,105 pa
A 1200x10
@ -3 -3 -3
8¢, =8c —8¢ =0.23833x10 —0.23045x10 =0.00788x10 m

=0.00788 mm <«

=-6.06 MPa <
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PROBLEM 2.124
| I I The uniform wire ABC, of unstretched length 2I, is attached to the
supports shown and a vertical load P is applied at the midpoint B.
Denoting by A the cross-sectional area of the wire and by E the
modulus of elasticity, show that, for 6 [ | the deflection at the
midpoint B is I,
P
5 =13
AE
SOLUTION
Use approximation.
sin® ~ tan® zél
Statics: +T2FY =0: 2Pgsin@—P=0 ra P..
Pp =t ) 5
AB T 2sinG 28
. Pgl PI? P
Elongation: Opg ==
AE 2AES
Deflection:
From the right triangle,
(1+8,5)° =12 +82
52= ) + 25,5 +8% — V¥
=216 (1+l§ﬁ\zzl6
AB| | AB
2 1
)
_ PP
—AES

A

53~ . §ala=
AE \}AE
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28 kips 28 kips PROBLEM 2.125

The aluminum rod ABC (E =10.1x10° psi), which consists of two

A Dry cylindrical portions AB and BC, is to be replaced with a cylindrical steel
121in. L5in. minimum required diameter d of the steel rod if its vertical deformation is
not to exceed the deformation of the aluminum rod under the same load and
1 4B if the allowable stress in the steel rod is not to exceed 24 ksi.
1 T 2.25i0n. —~ |<d
18in.
L C E
SOLUTION

Deformation of aluminum rod.

PLys; Plge
AT A EtT A E
AgE  AgcE

:E(LAMLBC)
ElAs A

:28><103( 12 18 )

10.1x10°| = @5)2 = (2.25)? |
\ 4 4 )

=0.031376 in.
Steel rod. 5 =0.031376 in.
3
5Pt . a-PL_(2xI0NE0) 4 g9597p2
EA ES (29x10°)(0.031376)
3
=B o AP0 ) 6ee7in?
A G 24x10°
Required area is the larger value. A=1.16667 in*

4)(1.16667 d=1.219 in. 4

Diameter: d= 4A =
Ve T
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PROBLEM 2.126

[
w0 . Two solid cylindrical rods are joined at B and loaded as shown. Rod AB is

n. — -~ 351N,
made of steel (E =29x10° psi), and rod BC of brass (E =15x10° psi).

L]
B Determine (a) the total deformation of the composite rod ABC, (b) the
deflection of point B.
30 kips 30 kips
40in. — 2in.

T

P 40 kips
SOLUTION
Portion AB: Py = 40x10°Ib
d=2in.
T2 _ T o2 P02
A ="d°="(2)°=3.1416in
'‘AB 4 4 ( )
E s = 29x10°psi
3
S s _ Pl _(40x1000(40) 47 5619510 in.
EaxsAse  (29x10°)(3.1416)
Portion BC: Pye =—20x10%Ib
Lgc =301in.
d=3in.
A == d? =" (3)2 =7.0686 in’
4 4
Ege =15x10°psi
— 3 _1.
5, = actec - (F20x100@0) _ g 585, 102in,
EpcAge  (15x10°)(7.0686)
(@ 8 =58, +0pc =17.5619%107° —5.6588x10°° 8 =11.90x1073%in.4 «
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(b) 85 =—Bsc 85 =5.66x107%in. T <
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Brass strip: PROBLEM 2.127
E 5105GPa 100 kg
26 A . -
as 203107~ 5 ?\40 mm The brass strip AB has been attached to a fixed
= | rd 7 support at A and rests on a rough support at B.
/ > Knowing that the coefficient of friction is 0.60
3mm 20mm_~ g ‘ between the strip and the support at B, determine
the decrease in temperature for which slipping
will impend.
SOLUHON
Brass strip: V\:
E =105 GPa P
o = 20x10°%/°C —> =
LN N
A3F 0 N-w=0 N-w
A >3F =0: P-uN=0 P=pW =pmg
5 =—PLila(aT)=0 AT=—F—_uMmd
EA EAu EAx
Data: n=0.60
A=(20)(3) =60 mm? = 60x10"°m?
m =100 kg
g =9.81 m/s?
E =105x10°Pa
.60)(1 .81
_ (0960)( 00)(_2 81) - AT = 4.67°C 4
(105 x10°)(60x10~°)(20x1Q°)

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

284 284



1L-in. diameter PROBLEM 2.128
>
o 1-in/diameter The specimen shown is made from a 1-in.-diameter cylindrical steel rod
13-in/diameter ~ With two 1.5-in.-outer-diameter sleeves bonded to the rod as shown.
q\ Knowing that E =29 x 10° psi, determine (a) the load P so that the
2in \L\ 5 total deformation is 0.002 in., (b) the corresponding deformation of the
3in central portion BC.
P
2in.
\1
SOLUTION
@ o-xnb_Psl
AE, E
(LY
P-gs ¥ ! A="d°
L /\ J i 4 i
L, in. d, in. A, in? L/A, in™
AB 2 15 1.7671 1.1318
BC 3 1.0 0.7854 3.8197
CD 2 15 1.7671 1.1318
6.083 < sum
P =(29x10°)(0.002)(6.083) ™ = 9.353x10°Ib P =9.53 kips <
Plee PL : X :
(b) Spc =sc —Plac _9585x10% 56197 5 =1.254x10"in. 4

AgcE E A 29x10°
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PROBLEM 2.129

Each of the four vertical links connecting the
two rigid horizontal members is made of

aluminum (E =70 GPa) and has a uniform

rectangular cross section of 10 x 40 mm. For
the loading shown, determine the deflection
of (a) point E, (b) point F, (c) point G.

24 kN

SOLUTION
Statics. Free body EFG:
2
f‘,)‘FB o A e
E G

|-<— L}DO e 250 mMpa _—;if 24 kN

)M =0 —(400)(2Fye ) — (250)(24) =0
Foe =—7.5kN =-75x10°N

+)SM; =0 (400)(2F<p ) — (650)(24) =0
Fer =19.5 kN =19.5x10°N

Area of one link:

A = (10)(40) = 400 mm?
=400x10°m?
Length: L =300 mm=0.300 m

Deformations.
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3
ek (1510003000 _ g4 357,100
EA  (70x10°)(400x107°)
Foel  (19.5x10°)(0.300)

Ocp = =, = o ~=208.93x10°m
A (70x10°)(400x107°)

6BE =
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PROBLEM 2.129 (Continued)

(a) Deflection of PointE. 8¢ = |34 5: =804 umT <«
(b)  Deflection of Point F. &y =8¢ 8. =209 pm{ «
Geometry change.
S £ r
Jo
0O mwmn

Let 6 be the small change in slope angle.

-6 -6
_ Be+8; _80.357x10°+208.93x10 ° o) (o6 o
Ler 0.400

0

(c)  Deflection of Point G. 85 =8 + Lgg 6

8 =8 +L 0=208.93x10"° +(0.250)(723.22x107°)
G FG

F
Q
[e]

-6 N |
=389 7316~ m O =390 pm~<¢—
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: PROBLEM 2.130

15 A 4-ft concrete post is reinforced with four steel bars, each with a 43 -in. diameter.
Knowing that E, =29x10° psi and E, =3.6x10° psi, determine the normal

stresses in the steel and in the concrete when a 150-kip axial centric force P is
4t applied to the post.

B2

8in.

SOLUTION

[m(3Y] L,
A =4 =1.76715iIn
4 4

U]

A =82 - A =62.233in?

C S
_RL P, (48)
* AE, (1.76715)(29x10°)

=0.93663x107°P,

PL P.(48)
¢ AE. (62.233)(3.6x10°)

=0.21425x10°P,

But 8, =3, : 0.93663x107°P, =0.21425x10°P,

P, =0.22875P, 1)
Also, P, + P, = P =150 kips 2
Substituting (1) into (2), 1.22875P, =150 kips

P, =122.075 kips

Erom (1), P_=0.22875(122 075) = 27 925 Kips
P
c=— P © € 27.925
o =-A® ==
A ¢ 1.76715
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_ 122075

62233 o, =
~15.80 ksi
<

G, =
—1.962 ksi
<
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PROBLEM 2.131

©) A
150Tmm The steel rods BE and CD each have a 16-mm diameter
{ B —= E (E =200 GPa); the ends of the rods are single-threaded with a
100 3 i pitch of 2.5 mm. Knowing that after being snugly fitted, the nut at
inm b c C is tightened one full turn, determine (a) the tension in rod CD,
o 7 (b) the deflection of point C of the rigid member ABC.
‘}«— 2m 3 m——
SOLUTION

Let © be the rotation of bar ABC as shown.

Then g =015 6, =0.250
Pep e
But §.=5, —- <D
C turn ECD ACD

E
PCD =P ECD (Sturn _SC)

D

9 T 2
_ (200x10°Pa) * (0.016 395 m — 0.250)

Ra 2m
A =50.265x10° —5.0265x10°%
Pl Ege Ag
P 88 — EBE AiE or PBE — BE E SB
BE BE E BE
B | p—>
200x10° Pg)  (0.016 m)?
, (200-107Pa) * ( Yo.150)
- 3m
Pep —2.0106 x10%

From free body of member ABC:
)M A=0: 0.15P; —0.25P,; =0
0.15(2.0106 x10°0) — 0.25(50.265x 10° —5.0265x10°0) = 0
0 =8.0645x107 rad

=2.0161x10° m
(@) P.p =50.265x10° —5.0265x10°(8.0645x10"%)

=9.7288x10° N

(b) 8. =0.250 =0.25(8.0645x10°%)
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PROBLEM 2.132

The assembly shown consists of an aluminum shell (E, =10.6 x 10° psi,
o = 12.9 x 107°/°F) fully bonded to a steel core (E, =29 x 10° psi,

as = 6.5 x 107%/°F) and is unstressed. Determine (a) the largest allowable
_ steel  change in temperature if the stress in the aluminum shell is not to exceed
1.251in" core 6 ksi, (b) the corresponding change in length of the assembly.

Aluminum shell

SOLUTION
Since a, >a,, the shell is in compression for a positive temperature rise.

Let G, =6 ksi=—-6x10° psi
Y 2\ _ T 2 2 - 2
A= (d2-d?)= , (125" ~0.75%) =0.78540 in

A = ﬁ 42 = ﬁ (0.75)* =0.44179 in®

P=-0,A =0,A
where P is the tensile force in the steel core.
oA, (6x10°)(0.78540) s
O =— =~ = 10.667 10 psi
044179 *
_Os _0Oa
€= E, +0o, (AT) = E, +a, (AT)
o (¢}
_ AT)=2s _2a
(0, —0,)AT) = g -

10.667 x10° N 6x10°

; 5 =0.93385x10°°
29x10°  10.6x10

(6.4x107°)(AT) =

(a) AT =14591°F AT =145.9°F <
3
() &=22080I0, (65.10%)(145.91) =1.3163x10
2010
or
_ 3
e = 0X40° | 159,108 ya45.91) ~1.3163x10°
T06x10°
5 = Le = (8.0)(1.3163x10%) = 0.01053 in. 5 =0.01053 in. 4
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PROBLEM 2.133

The plastic block shown is bonded to a fixed base and to a horizontal
SR rigid plate to which a force P is applied. Knowing that for the
2 plastic used G =55 ksi, determine the deflection of the plate

when P =9 Kips.

T~

SOLUTION

Consider the plastic block. The shearing force carried is P = 9x 10° Ib
The areais A = (3.5)(5.5) = 19.25 in?

P 9x10°
Shearing stress: T=" = = 467.52 psi
A 19.25
. . T 467.52
g ; ===——==0.
Shearing strain Y G = 55x10° 0.0085006
But y = % 8 = hy = (2.2)(0.0085006) 8 =001870in o |
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PROBLEM 2.134

The aluminum test specimen shown is subjected to two equal and opposite
centric axial forces of magnitude P. (a) Knowing that E = 70 GPa

and o,, =200 MPa, determine the maximum allowable value of P and the
corresponding total elongation of the specimen. (b) Solve part a, assuming that

the specimen has been replaced by an aluminum bar of the same length and a
uniform 60 x 15-mm rectangular cross section.

SOLUTION

(@) Test specimen.

From Fig. 2.60b,

G =200x10°Pa E =70x10°Pa

A, = (60 mm)(15 mm) = 900 mm? =900x107° m?

D=75mm, d =60 mm, r =6 mm

D_B_1,5 F_6_4q
d 60 d 60
P
K2195 Gmax :KK
—6 6
o O (900x107°)(200x10°) oo oo 1o o 023K <
K 1.95

Wide area A" = (75 mm)(15 mm) =1125 mm? =1.125x10% m?

PL P L 92308x10°[ 0.150 0.300 0.150 ]
=X t=_X- = ——— YT 3

AE, E A 70x10° L1.125><10_ 900x10° 1.125x10~ J

=7.91x10%m 5=0791mm «
(b)  Uniform bar.
P = Ac,, = (900x10°)(200x10°) =180x10°N P=180.0 kN «
3

5 =L _ (180x10°)(0600)  _, 71, 10-2, & =1.714 mm <
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AE  (900x107°)(70x10%)
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PROBLEM 2.135

The uniform rod BC has a cross-sectional area A and is made of a
L—¢ mild steel that can be assumed to be elastoplastic with a modulus of
elasticity E and a yield strength o,. Using the block-and-spring

system shown, it is desired to simulate the deflection of end C of the

B’ K . rod as the axial force P is gradually applied and removed, that is, the

_:‘/‘/‘/‘/‘, ¢ P deflection of points C and C’ should be the same for all values of P.

Denoting by p the coefficient of friction between the block and the

horizontal surface, derive an expression for (a) the required mass m
of the block, (b) the required constant k of the spring.

SOLUTION
Force-deflection diagram for Point C or rod BC. P
For P<R =Ac, j
60=% P:E_LAE)C Lo 0
Pax =R = Aoy
Force-deflection diagram for Point C'of block-and-spring system. mng

+T2Fy=0: N-mg=0 N =mg

m —F

+> ¥F, =0: P-F; =0 P=F; FF _—F
N
If block does not move, i.e., F; <uN=umg or P <pumg,
P
then d. = Kk o P =kd;

If P = pumg, then slip at P = F,, = umg occurs.

If the force P is the removed, the spring returns to its initial length.

(@) Equating Py and Fpay,

(b)  Equating slopes,
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PROBLEM 2.C1

A rod consisting of n elements, each of which is homogeneous and
Element n Element 1 OF uniform cross section, is subjected to the loading shown. The length

j:/' of element i is denoted by L, its cross-sectional area by A, modulus of

Fh 1 elasticity by E;, and the load applied to its right end by P,, the magnitude
P; of this load being assumed to be positive if P, is directed to the right

and negative otherwise. (a) Write a computer program that can be used
to determine the average normal stress in each element, the deformation

of each element and the total deformation-of the rod (h) Lise this nroaram
O-ea6H-e1eMeRtaRGHREtota-aEtorHRatOR-01HREFO06—{HB)-SSe- HHSProgran

to solve Probs. 2.20 and 2.126.

SOLUTION
For each element, enter
LI’ /\1 EI
Compute deformation
Update axial load P=P+P
Compute for each element
c = P/A
6i = PLIIA Ei
Total deformation:
Update through n elements
5 =0+9;
Proaram OQutputs
Problem 2.20
Element Stress (MPa) Deformation (mm)
1 19.0986 0.1091
2 -12.7324 —0.0909
Total Deformation = 0.0182 mm
Problem 2.126
Element Stress (ksi) Deformation (in.)
1 12.7324 0.0176
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2 -2.8294 —-0.0057
Total Deformation = 0.01190 in.
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PROBLEM 2.C2
Rod AB is horizontal with both ends fixed; it consists of n elements, each

Element n Element 1 of which is homogeneous and of uniform cross section, and is subjected to

A/ \ the loading shown. The length of element i is denoted by L;, its cross-
P, a1 sectional area by A, its modulus of elasticity by E;, and the load applied

to its right end by P,, the magnitude P, of this load being assumed to be

P2 positive if P; is directed to the right and negative otherwise. (Note that

P, =0.) (a) Write a computer program which can be used to determine the
reactions at A and B, the average normal stress in each element, and the
deformation of each element. (b) Use this program to solve Probs. 2.41
and 2.42.

SOLUTION

We Consider the reaction at B redundant and release the rod at B

Compute sz with Rg =0

For each element, enter

L, A, E
Update axial load
P=P+P
Compute for each element
o, =P/A
6; = PL/AE;
Update total deformation
dg =05 +9;
Compute 6 due to unit load at B
Unit o; =1/A
Unit §; = L/AE;

Update total unit deformation
Unit 6 = Unit 55 + Unit ;
Superposition
For total displacement at B=0
dg+Rg Unit ;=0

PROPRIETARYPRAPRFAARS Ay THER 12\ 20 Co i eig hav@ 1 & 8lo@tiaw.- il B poapiisetafyhmate i ad makhy yfonatetialriddlynfbruetahaiseed instructor use.
Not authorized fidatadeithodizedtfoti sal ncmyi strabudonTini sy coamerer niklyi s oibbameptetaycaohed, chyiidatednfrdyatdpt cdisttiforedrdegyadistibuted, or posted
on a website, in whalenetysite, in whole or part.

300 300



Solving:
Rg =—-05/Unit &g
Then: Ry =ZP +Rg
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PROBLEM 2.C2 (Continued)
For each element
c=0;+Rg Unito;
Proaram Outputs
Problem 2.41
RA =-62.809 kN
RB =-37.191 kN
Element Stress (MPa) Deformation (mm)
1 -52.615 -0.05011
2 3.974 0.00378
3 2.235 0.00134
4 49.982 0.04498
Problem 2.42
RA =-45.479 kN
RB =-54.521 kN
Element Stress (MPa) Deformation (mm)
1 -77.131 —-0.03857
2 —-20.542 -0.01027
3 —-11.555 -0.01321
4 36.191 0.06204
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PROBLEM 2.C3
Rod AB consists of n elements, each of which is homogeneous and of
uniform cross section. End A is fixed, while initially there is a gap d¢

Element n  Element 1 % between end B and the fixed vertical surface on the right. The length of
j\: element i is denoted by L, its cross-sectional area by A, its modulus of
elasticity by E;, and its coefficient of thermal expansion by ;. After the

temperature of the rod has been increased by AT, the gap at B is closed

A and the vertical surfaces exert equal and opposite forces on the rod.
(a) Write a computer program which can be used to determine the
magnitude of the reactions at A and B, the normal stress in each element,
and the deformation of each element. (b) Use this program to solve

Drabe 2 EO and 2 &0
rTUUS. 4.9 iU 4.UVU,

SOLUTION
We compute the displacements at B.

Assuming there is no support at B,
enter L, A, E., o

Enter temperature change T. Compute for each element.

& =a; 4T
Update total deformation.
8g =05 +9;
Compute 35 due to unit load at B.
Unit §; = L, /AE;

Update total unit deformation.

Unit &g = Unit 85 + Unit J;
Compute reactions.

From superposition,
Then
RA = _RB

For each element,
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PROBLEM 2.C3 (Continued)

Proaram Outputs

Problem 2.59.
R =52.279 Kkips
Element Stress (ksi) Deformation (10*-3in.)
t =21783 9-969
2 -18.671 10.091
Problem 2.60.
R =232.390 kN
Element Stress (MPa) Deformation (microm)
1 -116.195 363.220
2 —290.487 136.780
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PROBLEM 2.C4
Bar AB has a length L and is made of two different materials of given cross-
AEs( ) sectional area, modulus of elasticity, and yield strength. The bar is subjected
bR Y as shown to a load P that is gradually increased from zero until

the deformation of the bar has reached a maximum value 3 and then

decreased back to zero. (a) Write a computer program that, for each of 25
values of 3, equally spaced over a range extending from 0 to a value

P equal to 120% of the deformation causing both materials to yield, can be
used to determine the maximum value P, of the load, the maximum

A, E,, Plate N ! )
2 B2 ()2 normal stress in each material, the permanent deformation &, of the bar,
and the residual stress in each material (b) Use this program to solve
Probs. 2.111 and 2.112.
SOLUTION
Note: The following assumes (oy), <(oy),

Displacement increment

Displacements at vielding

8, =(oy)L/E, 8g=(oy),L/E,
For each displacement If 9, <0,
c,=0,E/L Fn
G, =0,E,/L
P,=0,/L)(AE, +AE,)
If 8,<0,<0g:
o;=(oy)
62 =8mE2/L
Pn =Aoc; +@n/L)AE,
If 5, >0g:
o, =0y}
0, =(0y);
Pn = AG1+ A0,

e
SNl
b
=
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PROBLEM 2.C4 (Continued)
Permanent deformations, residual stresses Enl
Slope of first (elastic) segment
Slope = (AE, + A,E,)/L ,/|~
Op =0,, — (P,/Slope) /1
(01)1es =01~ (EsPy/(L Slope)) —SLOPE
(62)res =02 — (E;Py/(L Slope)) 2 / ! > Sm
Program tput: HPJ J'm ‘
Problems 2.111 and 2.112
DM PM SIGM (1)  SIGM (2) DP SIGR(1) SIG(2)
10** - 3iin. kips ksi ksi 10%* - 3in. ksi ksi
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.414 8.750 5.000 5.000 0.000 0.000 0.000
4.828 17.500 10.000 10.000 0.000 0.000 0.000
7.241 26.250 15.000 15.000 0.000 0.000 0.000
9.655 35.000 20.000 20.000 0.000 0.000 0.000
12.069 43.750 25.000 25.000 0.000 0.000 0.000
14.483 52.500 30.000 30.000 0.000 0.000 0.000
16.897 61.250 35.000 35.000 0.000 0.000 0.000
19.310 70.000 40.000 40.000 0.000 0.000 0.000
21.724 78.750 45.000 45.000 0.000 0.000 0.000
24.138 87.500 50.000 50.000 0.000 0.000 0.000
26.552 91.250 50.000 55.000 1.379 ~2.143 2.857
28.966 95.000 50.000 60.000 2.759 —4.286 5.714
31.379 98.750 50.000 65.000 4.138 ~6.429 g571 2112 4
33.793 102.500 50.000 70.000 5.517 -8.571 11.429
36.207 106.250 50.000 75.000 6.897 ~10.714 14.286
38.621 110.000 50.000 80.000 8.276 ~12.857 17.143
41.034 113.750 50.000 85.000 9.655  —15.000 20.000 2111 <
43.448 117.500 50.000 90.000 11.034  -17.143 22.857
45.862 121.250 50.000 95.000 12414  -19.286 25.714
48.276 125.000 50.000 100.000 13.793 —21.429 28.571
50.690 125.000 50.000 100.000 16.207 —21.429 28.571
53.103 125.000 50.000 100.000 18.621 —21.429 28.571
55.517 125.000 50.000 100.000 21.034  -21.429 28.571
57.931 125.000 50.000 100.000 23.448 —21.429 28.571
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PROBLEM 2.C5

The plate has a hole centered across the width. The stress concentration factor
for a flat bar under axial loading with a centric hole is

P2 ¢®/ t] ° K:3.00—3.13(2ﬂ+3.66(2—ﬂ —1.53(’”)

\D) \D) \D)

where r is the radius of the hole and D is the width of the bar. Write a computer
program to determine the allowable load P for the given values of r, D, the
thickness t of the bar, and the allowable stress o, of the material. Knowing

O

N =
o
I
|

that t=7 in, D=3.0in, and 6, =16 ksi, determine the allowable load P for

values of r from 0.125 in. to 0.75 in.. using 0.125 in. increments.

SOLUTION
Enter

r, D, t, oy
Compute K

RD =2.0r/D

K =3.00-3.13RD + 3.66RD? —1.53RD?

Compute average stress

Gave =cSaII/K
Allowable load
Pa” =Gave(D - 20r)t

Program Qutput

Radius Allowable Load
(in) (Kips)
0.1250 3.9802
0.2500 3.8866
0.3750 3.7154
0.5000 3.4682
0.6250 3.1523
0.7500 2.7794
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PROBLEM 2.C6

A solid truncated cone is subjected to an axial force P as shown. The exact
elongation is (PL)/(2nc?E). By replacing the cone by n circular cylinders
P of equal thickness, write a computer program that can be used to calculate
the elongation of the truncated cone. What is the percentage error in the
answer obtained from the program using (a) n=6, (b) n=12, (c) n=60?

SOLUTION
For

Area:

Displacement:

Exact displacement:

Percentage error:

Program Qutput

i=1lton:
L = (i +0.5)(L/n)
r, =2c—c(L/L)

2c

>
Il
a
_-‘I\J
L(——:-|
|
—
-
ke
o

s

z
s|

§ =5 + P(L/n)/(AE)

Sexact = PL/(2.0nC%E)
Percent = 100(0 — O exact /O exact
n Approximate Exact Percent
6 0.15852 0.15915 —0.40083
12 0.15899 0.15915 —-0.10100
60 0.15915 0.15915 —0.00405
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