HW 24 Solutions

11-3. The timber beam is to be loaded as shown. If the
ends support only vertical forces, determine the greatest

magnitude of P that can be applied. oy, = 25 MPa, 150 mm
Tallow = 700 kPa. -
. 7 ¥ 30mm
120 mm
|
~ 40 mm
- (0.015)(0.150)(0.03) + (0.09)(0.04)(0.120) 005371 m
(0.150)(0.03) + (0.04)(0.120)
I= EIE(O. 150)(0.03):' +(0.15)(0.03)(0.05371 - 0.015)3 + %(0.04)(0.120)3 + Maximum shear at end of beam:
(0.04)(0.120)(0.09 - 0.05371)° = 19.162(10*) m* P
Voax = E
Maximum moment at center of beam:
P[1(0.15-0.05371) (0.04) (0.15- 0.05371
P r=!_ﬂ_; 700(10%) = [3( )(0.04) ( )]
Muss =54 = 2P It 19.162(10%)(0.04)
Me @P)(0.15-0.05371) P=519kN
e I T T3TIR
. ) Ths,
P =249kN

P=249kN Ans




#1144, Select the lightest-weight steel wide-flange beam
trom Appendix B that will safely support the machine
loading shown. The allowable bending stress is o, =
24 ksi and the allowable shear stress is 7,0, = 14 ksi.

Bending Stress: From the moment diagram. M, = 30.0 kip - It
Assume bending controls the design. Applying the Hexure formula.

_ '.'fmu
gl = ——
AT

_30.0(12)

= 1500’
71 150 in

Select  WI2xI6 (5§ =1T1in". d=11.99in. r, =0.220in.)

v
Shear Stress: Provide a shear stress check using 1= v for the
Fe

Wlx 16 wide - [lange secuon, From the shear diagram, 1., = 100 kip

10.0

T 02001199
=3.79ksi < 1, = |dksi (0.K 1)

Hence, Use WIi2xI16 Ans
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11-17. The steel cantilevered T-beam is made from two
plates welded together as shown, Determine the maximum
loads P that can be safely supported on the beam if the
allowable bending stress is oy, = 1TOMPa and the
allowable shear stress 18 7, = 95 MPa.

Section properties:
= LyA _ 0.0075(0.15)(0.015) + 0.09(0.15)(0.015) = 0.04875 m
XA 0.15(0.015) + 0.15(0.015)

I= -1-15(0.15](0.015}! + 0.15(0.015)(0.04875~0.0075)°

+ Tliw.msnms)’ + 0.015(0.15)(0.09-0,04875)° = 11.9180(10°°) m"

=3
g=t o B0 6 10052(167) m?
€ (0.165-0.04875)
Oous = YA = (Mizﬂ'@ﬂﬂ}(ams-umm} (0.015) = 0.101355(107°) m®

Maximum load: Assume failure due to bending moment.
Mais = Cuow 83 6P = 170(10°)(0.10252)(107%)

P = 29047 N = 290 kN Ans
Check shear:

_ MouxQmes _ 2(2904.7)(0.101353)(10°°)
It 11.9180(1076)(0.015)

Tmax

= 329MPa < Tupiow = 95 MPa

150 mm
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12-3. Determine the equation of the elastic curve for the
beam using the x coordinate that is valid for 0 = x < [./2.
Specify the slope at A and the beam’s maximum deflection.

ET'is constant. : .
A B
L o« 2

|y

Support Reactions and Elastic Curve: As shown on FBD(a).
| E— \'_.I
Moment Function: As shown on FBD(b). £ L
2 2
Slope and Elastic Curve:
d’v _
Ef E_Mu:)
i_:‘ . ;, The Siope: Substitute the value of C, ino Eq.[1].
duv P
El—=-x'+C, [ dv P P
—=——(4*-1
de 4 & ~rea¥ L)
Elv=—x 3
v sz +Cx +Cy (2] 6, =a‘_u =_PL Ans
dxlemo 16EI
. dv L 3
Boundary Conditions: Due o symmetry, = =0ax= 7 The negative sign indicates clockwise rotation.
Also,v =0 at x =0.
The Elastic Curve: Substimte the values of C, and C, into Eq.[2],
Px
PrLy? PL? =—_ (4as*-31?
From Eq.[1] o=-(-) +C, ¢ =-— V=g (-3 Ans
412 16
L
FromEq.[2] 0=0+0+C G, =0 U,,, OCCURS at x = 3
PL}
Uy =-:’:§5 Ans
Vix)

The negadve sign indicates downward displacement.

=L

£ (6)




12-7. Determine the equations of the elastic curve for the
shalt using the ¥y and x; coordinates. Specify the slope at A
and the displacement at the center of the shaft. £1 is

constant

Elastic curve and slope:
gdy Mix)
ded
For M (x) = Px;

E—“'IP:.

o
Eﬂ x—t{:'

Fﬂ

Elv, -Td-Cyn +Cy

For M;{z) = Pa
pdn

E-Pﬂ
Eﬂ-? +
e ey + Cy

El'l-;-!-;i-vcjjhif‘
Boundary Condigions |
w=0 mu x=0
Feom Eq. (2)
Gy =0
Duse 1o s ymmetry:
dwy L
—_ = =—
& ¥om=3
From Eq. (3)
(I-Pd-ir(.‘,

()]

)

(5

E} M,x)= Px,

4$) M, () = Pa
P

Pﬂ,
=5
“l B
s w“l“’ -=b)
_J.;ﬂ;_l;lj A
P
W = cotlad + 3ala- L) Ans
V= %[M:ML}rB‘] Ans
Vaus = 8] = e’ =30

Ans



12-15. Determine the deflection at the center of the beam

and the slope at B. ET is constant. M,

d*v f B
’— o
T

s:"?;‘- - m(' -f:}« G m
Efv = M.[é —{z} Cix + Cz 2)
Boundary conditions:

v=0ax=0
FromEq (2), C; =0

v=0ax=1L

M
==
£ M
e T
M. ]
(E Moo =M, (1-%)
Mol x

From Eq. (2),
2
O-m(‘?-ﬁ- oL ¢ =-Mt
v _Mpf 2 L 3
dx sr[‘ L s] o
L
%G = 35
From Eq. (1) at x = L,
dv ML
dv M 2 L 8 = — e Ans
&IOCE( T 3) dels=t  6EI
W -6Le+ 2L = 0;  x = 0.42265L
From Eq. (2),
Mo_ 30 - 4 -2 @) ~MoL?
“‘GEH.‘ x) "L'E- ] Ans

*12-16. A torque wrench is used to tighten the nut on a
bolt. If the dial indicates that a torque of 60 1b - ft is applied
when the bolt is fully tightened, determine the force P
acting at the handle and the distance s the needle moves
along the scale. Assume only the portion AB of the beam
distorts. The cross section is square having dimensions of
051in. by 0.5 in. E = 29(10%) ksi.

bo(12):720 Ib-in-

pENC .
r Py 'v'
A‘f /gin. "
@)
720 hin VO
C I) Mlx)= 400X -R0
x
40015
[ (b)

Equations of Equilibrium: From FBD(a),

+IM, =10;
+TIF =0;

720~ P(18) = 0
A, -400=0

P=4001b Ans
A, = 40.0 1b

Moment Function: As shown on FBD(b).

Slope and Elastic Curve:

d*v
EE}? = M(x)
d*v
Bl = =40.0c-720
dv
ﬂEx-=zu.ux’-na:+c] 1]
Elv =6.667x" -360x* + Cyx +C, (21

d
Boundary Conditions: E; =0atx=0andv =0 atx = 0.

FromEq.[l] 0=0-0+C,

FromEq.[2] 0=0-0+0+C, c, =0
The Elastic Curye: Substitte the values of C, and C, into Eg.[2],
I
v=—(6.667x" -360:%) [
Er
Atx=12in., v==-s. FromEgq.[1),

1

—s=— [6.667(12") -360( 12}
(29J(10‘}(ﬁ)f0.5)(0.5’}[ (7) ( J]

5 =0.267 in, Ans



*12-3. Determine the elastic curve for the cantilevered
bBzam using the r coordinate. Also determine the maximum
slope and maximum deflection. ET s constant.

-rt?l‘l‘l‘_llllll

A i
| —
- I o
diy ] i’
e H{n; El e @ =
= e 6L
dw st
. B L I
dx Z4L ! i
£ 4n)n
Eln = —:—‘m"-‘iq-n;+c, e}

Bowndary conditioes

ﬂ--ﬂu:-l‘_
alr

Freen Eq. (1),
[ wigl
= — e [L')+ ;2 Oy = =
Il[i 1 L] L] 14

w=0mx= L

From Eq. (X},
0= - ﬁ"T—L:L‘H""TP:u-rc:; C = ,2“&'
The skape:
From Eq.{i,
E - st YT
3
B = 3| =D Ans
The elastc ocorve:
From Eg. (),
v I;"‘HL:-.:’ + 5l's - 4Lh Ans

£l

v = o] - L am




