Solution 2.2-1 T-shaped arm

FREE-BODY DIAGRAM OF ARM F = tensile force in the spring
M, =02 =~
W /b W /3b w
Fo)——(=) - — (=)= =(@b) =
»-3()-3(3)-Fen -0
4W
F=—
: 3
: & = elongation of the spring
‘ _F_ 4w
| ko 3k
Lot
Solution 2.2-10 Bar supported by two springs
My =0 s &
Reference line
WL
E F?.L_PX_""E":O (Eq. 1)

ZFe=0 1T, |
F+F,—P-W=0 (Eq. 2)

SoLvE Eqgs. (1) AND (2):

x w P, W
F=P1-2)+2 F="2+2
L 2 L 2

SUBSTITUTE NUMERICAL VALUES:

Unrrs: Newtons and meters

L
] x
F, = (18)(1 - M) +12.5 =30.5 — 51.429x
W=25N 0.350
k. = 300 N/
! o F,= (18)(L)+ 12.5 =51.429x + 12.5
k, = 400 N/m 0.350
L =350 mm ELONGATIONS OF THE SPRINGS
= 80 mm F, F
, =—=—=0.10167 — 0.17143x
P=18N ko 300
FZ FZ
INATURAL LENGTHS OF SPRINGS b = oy o 200 =(0.12857x + 0.031250

L,=250mm L, =200 mm

BAR AB REMAINS HORIZONTAL
QEIECITE Points A and B are the same distance below the
Find distance x for bar AB to be horizontal. reference line (see figure above).
L 48 =h+I,+3,

or 0.250 + 0.10167 — 0.17143 x

FREE-BODY DIAGRAM OF BAR AR

TF] \ Fy = (0.080 + 0.200 + 0.12857 x + 0.031250
Al SOLVE FOR x
0.300 x = 0.040420 x=0.1347Tm
x=135mm =
i




Steel shell

d, =025in.  E,=15 X 10°psi

d, =028 in. E =30 X 10 psi

dy=035in. A,= %d% — d2) =0.03464 in2
B w
L=40in. A,= de = 0.04909 in.?

{(ay DECREASE IN LENGTH (6 = 0.003 in.)
Use Eq. (2-13) of Example 2-5.

PL

§=——— or
ExA:+EbAb

&
P=(EATE, Ab)(z)

Brass core

Substitute numerical values:
E A, + E, Ay = (30 X 10° psi)(0.03464 in.2)
+ (15 X 10° psi)(0.04909 in.?)
=1.776 X 10°1b

0.003 in.)

P=(1776 X 10°1b (
( ) 4.0 in.

=13301b <+—
(b) ALLOWABLE LOAD
a =22 ksi o, =16 ksi
Use Egs. (2-12a and b) of Example 2-5.
For steel:

PE,

5

YT FATEA
sfls b e

T,
Ps = (Es As + Eb Ab)E

5

, 22 ksi
P, = (1.776 X 105 Ib){ ———————| = 1300 Ib
30 X 10° psi

For brass:

PEb Ty
Oy = PS:(EsAerEbAb}“i
E A+ E A, E,

16 ksi

P, =(1.776 x 10° 1b)(ﬁ
15 X 10° psi

)= 1890 Ib

Steel governs. Py, = 130010  <+—




STEEL WIRES
d_=2mm o, = 220 MPa
ALUMINUM WIRES
d, =4 mm

E, = 70 GPa

0, =80 MPa

FREE-BODY DIAGRAM OF RIGID BAR

£y

Fs Fg

i
P+ W
¥

| EQUATION oF EQUILIBRIUM

2P, +F, -P-W=0

| EQUATION OF COMPATIBILITY
65 = 8A

Force DISPLACEMENT RELATIONS

F,L il
2 T A

55 T A
E.A, EA,

E, =210 GPa

(Eg. 1)

(Eq- 2)

(Egs. 3, 4)

SOLUTION OF EQUATIONS

Substitute (3) and (4} into Eq. (2):

FL _F,L
ESAS EAAA

Solve simultaneously Egs. (1) and (5):

E,A,

EA,+ 2E, A,)
EI AI

EA, + ZEIAI)

Fy=(P+ W)(
F,z(P+W}(

STRESSES IN THE WIRES
_Fi  (P+WE,

o, = =
Ay EA,+2EA,

F,  (P+W)E,
0" _—=aa— =
T A, EA,+2EA,

ALLOWABLE LOADS (FROM Egs. (8) anD (9)

T4
Py=——(E,A, + ZEA)—-W
E,

o-.!'
P = E"(EAAA T2EA) - W

(Eq. 5)

(Eq. 6)

(Eq. 7)

(Eg. 8)

(Eq. 9)

(Eq. 10)

(Eg. 11)

SUBSTITUTE NUMERICAL VALUES INTO EQs. (10) aND (11):

T , B
A ZZ (2 mm)* =3.1416 mm

ao
Ay = 1 (4 mm)® = 12.5664 mm?

P, =1713N
P = 1504 N

35

Steel governs. Paow = 1500N  <—




Solution 2.5-3 Bar supported by three wires

Rigid w
Bar
S5 = steel A = aluminum
W=17501b
4 1.
=—1in
8
el

¥

A, =—=0.012272 in.?
4

E_ =30 X 10° psi
EA_=368,1551b

a =65 X 107%°F

& =i25CE0 R F

L = Initial length of wires

6, = increase in length of a steel wire due to
temperature increase AT

= & (AT)L

8, = increase in length of a steel wire due to load
Wr2

WL
2E.A,

8, = increase in length of aluminum wire due to
temperature increase A7

= a, (AT)L
For no load in the aluminum wire:
3, +8,=25,
a {ATYL+ JEA =a (AT)L
or
W

Tr=—
2E Afa, — a,)
Substitute numerical values:

o 750 1b
(2)(368,155 1b)(5.5 X 107%°F)

=185°F <+—

Note: If the temperature increase is larger than AT,
the aluminum wire would be in compression, which |
is not possible. Therefore, the steel wires continue to
carry all of the load. If the temperature increase is
less than AT, the aluminum wire will be in tension,
and carry part of the load.




!Sn!utiun 2.5-16 Plate supported by three posts

P

Stee] plate

o

,"dﬁ'o‘
@
=

s = size of gap = 1.0 mm
L = length of posts = 2.0 m
A = 40,000 mm?

T ow = 20 MPa
E =30 GPa

C = concrete post

DOES THE GAP CLOSE?

Stress in the two outer posts when the gap is JUS[
closed:

UIE8=E(Z.)*(3OGP )(10mm)

2.0m
=15 MPa

Since this stress is less than the allowable stress, the
allowable force P will close the gap.

EQUILIBRIUM EQUATION
P

2P, + P, =P (Eq. )

Py 1P R

COMPATIBILITY EQUATION

6, = shortening of outer posts
6, = shortening of inner post .
6, =48,+s {Eq. 2)

FORCE-DISPLACEMENT RELATIONS

P L P,L
5 =—— 8§, ="

Egs. 3, 4
EA EA Gl

SOLUTION ©F EQUATIONS
Substitute (3) and (4) into Eq. (2):
L Pl EAs

EA—EA+5 or P,*PQZT (Eq. 5)

Solve simultaneously Egs. (1) and (5):
P=3p - ===

By inspection, we know that P| is larger than P,.
Therefore, P, will control and will be equal to

O‘ullow A.
EAs
P:ﬂluw = 30—uimw P ey —3
L
= 2400 kN — 600 kN = 1800 kN
=18MN <+—

 Solution 2.6-3  Standard brick in compression

A=25in. X 40in. = 10.0in.2

Maximum normal stress:

Maximum shear stress:

o P
Thmax = o ==
2 24
O = 3600 psi = 1200 psi

Because 7., 18 less than one-half of o . the shear
stress governs.

P

Toax = ‘—,22 or m.sx =2A7t

ulr

P = 2(10.0 in. %) (1200 psi)

=24,0001b +—




Solution 2.6-12  Copper bar between rigid supports

a =17 % 1078°C
| E= 120 GPa

Plane pg: 6 = 55°

Allowable stresses on plane pg:
= 60 MPa (Compression)
= 30 MPa (Shear)

(on

allow

Tz\llow

(a) MAXIMUM PERMISSIBLE TEMPERATURE RISE AT

o, = o, cos’8® —60MPa = o _(cos 55°)

o, = —182.4 MPa

Ty = —0, sin @ cos 8

30 MPa = —o_ (sin 55)(cos 55°)

X

o, = —63.85 MPa

Solution 2.7-6  Truss subjected to a load P

Shear stress governs. o = —63.85 MPa

Due to temperature increase AT:

o, = —Ea(AT) (See Eq. 2-18 in Section 2.5)

—63.85 MPa = — (120 GPa)(17 X 10 S/°C)AT)
AT=313°C <+—

(b) STRESSES ON PLANE pg

o = —63.85 MPa

o, = o _cos?d = (—63.85 MPa)(cos 55°)*
= —21.0 MPa (Compression) <—
T, = —o,sinfcosd

= —(—63.85 MPa){sin 55%)(cos 55°)

= 30.0 MPa (Counter clockwise) <4

| B =060
Lig=Ly=1L
sin 8 = V372
cos 3 =1/2

FREE-BODY DIAGRAM OF JOINT B

B, F

i ;ﬁ

Fap Fpe
Fp =0 e |
—FipsinB+ Fp.sing =10
E= Fn (Eq. 1)
ZF, =0

orz

—F,gcos B — Foocos3+P=0
P P

Fon=Fp = ———— = =p

AT T 2 cos B 2(1/2)

(Eq. 2)

Axial forces: NV, = P (lension)

Nge = —P (compression)

(a)} STRAIN ENERGY OF TRUSS (EQ. 2-40)
NiL,  (N.)L  (Npe)'L

U = 2 [l R ( AB) + ( BC)
2EA;  2FA 2FA

(b) HORIZONTAL DISPLACEMENT OF JOINT B (EQ. 2-42)

mg72<P2L)_2PL
T P P\EA/ EA

by




Solution 2.8-7 Weight falling on a wood pole

W =45001b d=12Zin.
L=15ft=180in.

Z

d N
A :”T: 113.10 in2

£=1.6 % 10%psi
= 2500 psi (= ¢,

g m;lx)

allow

Find h

nax

h

STATIC STRESS

_W_ 45001b

- e OVLDE
T A 113.10in.2

MAXIMUM HEIGHT B

X

Eq. (2-39): o, = U_,.,[l +(

or

0111ux 2hE 2
] = ( 1+ _)

Ty o

=39.79 psi

Square both sides and solve for &:

Lo /0.
h = hm_‘u = ZE.IX ( ;ﬂdx

5T

WZ) —

SUBSTITUTE NUMERICAL VALUES:

_ (180in.)(2500 psi)

2500 psi

™ 2(1.6 X 108 psi)

=855in. <+—

(

39.79 psi

2!15)"@:;
g ks
Lo,

-2)
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