Extra Problems for Mechanics of Materials 2 1
In the Name of GOD
Problem 8-1 In the truss shown, all members are made of the same | ; |
material and have the uniform cross-sectional area indicated. Determine the _
le to e }J o C
strain energy of the truss when the load P is applied. Answer: I.SH B Y
SOLUTION ) V4
+T IF, =0: £FCD -P=0 Fop=——F=P
Fa | 2 3 /®
1 1 V4
}_—c.n T "E..F;_. = D _FBC _FCD = {] FBC = —3P 20
Joint C posEL _1SFL
“2E4 2E“ 4 .
Member F I A FL/A
1 |
BC EP i A EP “1i4 ) )
{_;=L 3&] r :1_5£q
2 8 2ElT 4 EA
() ——F 21 A — P4 y
NE) 3
2 3P4
80 kN

Problem 8-2 Each member of the truss shown is made
of aluminum and has the cross-sectional area shown.
Using E =72 GPa, determine the strain energy of the

truss for the loading shown. Answer: 59.8J

SOLUTION

Lee = (327 +240%2 =am
BC );

Lep = (1P +240Y2 =26m

E=72GPa=72x10° Pa

Equilibrium of truss.

+)Z My = 0: (30)(2.4) - (80)(3.2) + D,(2.2) = 0

D, =83.636kN T

+ XF,=0: D,-B,-80 =0

83.636 -B,-80=0 B, =3.636kN \
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Member forces.

4 C 4
Fae = B,—— = (3.636 kN)[ — | = 6.061 kN
Y24m L 2.4 )
2.6m . | 2.6 )
Fep =Dy —= —(83.636 M\j[‘ﬂ ] = —90.606 kN
. EL
T4 S— T — 77T T s i
Stramm energy. U =Ug- +Upqp =2 S iE
FiL FA4L (6.061 x 10%)%(4) (90.606 x 10°)*(2.6)
;7 = fBctee | Feptep _ : 4 - <.

2EAge 2EAcp  (2)(72x107)(2x107)  (2)(72 % 10°)(2.5 % 107)

= 0.510J +59.290 17 [ =598] 4

Problem 8-3 Taking into account only the effect of normal
M,
stresses, determine the strain energy of the prismatic beam AB for i -
A . B
the loading shown. A Dy o
M g (a3 +b 3) a ! b
Answer: ————— "
6EIL ’
SOLUTION
M
+)IMy=0: -R,L-My=0 R,=—21
’ L
M Myx
YA =) — W = = ™o M = 0 4 =
+)IM,=0: RyL-M,=0 Ry - T H)Im, = T +M =0
Ato D: M=- Myx A D M
L
A ] 7 3 M“ V‘_ p 4 -J
U, J *M7dx _ M, 1 J “ 2 M, (Jq T V
0 2E7] 2E[L"40 6EIL”
Myv M
DtoB: +)IMg=0: M+ =20
L
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2,3 v
vidv = %;ﬁa ¢
OLIL K
M ( |

b M dv M, J-b

7 :J' _
D2 Jo 21 2EIP

2003, 13
Total: U=U,+Upy =ol@*0) v Mo
6EIL L
Problem 8-4 For the beam and loading shown, 5 kN/m |<_> 40 —
determine the deflection at point B. Use £ =200 GPa.
Answer: 7.25 mm Al B C D Sk o
4 kN
0.6 m ! 09 m
SOLUTION
a A 2 L / 2 ST T a =l I y kI
7= J‘ M~ o J‘ M~ . 5, =" U _ J- MM, (tMEM
0 2ET a 2ET EP 0 E] AP a EI &P
Portion 4B: (0<x<a) M = —lnxl M _ 0
2 P
|
MM, o o L
— |-‘|.-:
0 E] &P w
Portion BC: (a<x=L) '_-l_‘l_l,_l_u__]‘_u,_l_l y
=1 P A I B
ﬂf——Enm — P(x —a) - O 5 b
eM - _(x—a)
cP
LM éM '
2 =" J ¥ (x —a)dx +—J (x—a)dx
a EI &P 2E]
el 5 P b 4 3 4 4 3
= (.1"—(?1“){;’.1‘+—J vodv ‘[ _ak _a a9 +—Pb
2ETYa ETJo 7}:} 4 3 4 3| 3E]
N w (I} al’ a*) PZ)3
S5 = D+—‘ .
2EIl 4 3 12 %Ef
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Data: a=06m 5»=09m. L=a+h=15m. w=5x10"N/m

1 e - > _
P=4x10"N I:F(4D)(80)3 =1.70667 x10°mm* =1.70667 x 10 m*
EI =(200x10°)(1.70667 x107°) = 341.333 N-m’

-

5x10° (1.5)“_((15)(1.5)3+(ﬂ.6)3 +(4><103}(D.9)3

og =0+
(2)(341.333)| 4 3 12 (3)(341.333)
=7.25%10" m dg =7.25 mmJ 4
Problem 8-5 Two rods 4B and BC of the same flexural rigidity E/ are * [ '
I)
welded together at B. For the loading shown, determine (a) the 2 még
deflection of point C, (b) the slope of member BC at point C.
l
2PL PL’
Answer: (a) -, (b)
3EI 6E1
%
SOLUTION
Add horizontal force QO and couple M, at C.
+)IM;=0: Rel+Mq—(P+0)=0
M
R.=P+0+=5
t=—XF =0 P+O+R,. =0 R, =P+Q0¢
M M
M=R,v={P+0Q)y. —=y. —— =
Member 4B: cQ oM
172
i = :J fj dv
Set 0=0 and M, =0. o2
N7 ! : I 3 U I 7
dfi o i M cM dv = ij (Py)(v)dy = l il (_. 48— ij M i—Mr dx=0
60 EIJ0 20 ErJo 3 EI M. EI‘0 JM,
3 M)
Member BC: M =M, +R.x=M, +‘ P+ Q+T' X
2 oM - LM
cM o cM g X Upc :j i
cQ oM / 0 2F7
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Set0=0 and M, =0.
AU, 1 M 1 PP
i:—J M J (Px)x dx=—
0  EI EQ 3 ET
cu 1 f.:'ﬂrf
P ﬂf J (P1)|]—— J ‘1—— dx
cM, EI M,
_if_; Llp|_L1PP
El 3 6 EI
cu U, . 2PP
) Deflectionat C. §,.=—=8 45 S — 4
(a1) etlection a Oc 20 0 c= 3ET
x _Us U PI’
(b)  Slope at C. 6. =—=8 B¢ 6, =— <
)6 = ¢ M{ M, © err
Problem 8-6 A uniform rod of flexural rigidity EI is bent and | —— p
, C
loaded as shown. Determine (a) the horizontal deflection of
point D, (b) the slope at point D. (c) the vertical deflection of | [
point D, (d) the slope of BC at point C. Answer: ;
A )
5PL 2PL2 PL3 3P — By
a -, (b — T , (d
(a) 35 (b) , (0 (d) I | 1 |
SOLUTION
Add couple M at point D.
Reactionsat4: R, =0. R, =P«. M, =M
Member 4B8:
M M
M=M,+Ry=My+Py == il
i f.:P (.?_ﬂ{D
LM
U= | ——d Set M, = 0.
48~ Jo2Er oo
AT 3
cUp :_ f {'ﬂf(h :_J Pf
cP El cP
U 1 M, ?
Clap _ - J' M= :—J' (Py)(1)dy =
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M M
Member BC: M =M, +R,j=My+Pl =], = =1
i f.?P {:ﬂ'{D
Lt
U =J' dx  Set M, =0.
3¢ Joogr v
U Lt oM PP
‘fi—— <= ax _—J' (PIY(I)dx="—
éP  EI AP EI
L ! A 2
ﬂzij M g _j (enWyde =L
M, EIJo MD EI
M M
Member CD: M =My, +Py —=y — =1
cP cMp
) L M? ,
Upp = J‘,;, v SetMp=0.
Uep _ 1 M PP
—<L = £ Al Z—J (Py)(v)dv=
AP EI AP 3EI
U 1 ¢l M 1 ! Pl
Do [ My =— [ Py =
M, EIJo &M, EIJo
(@)  Horizontal deflection of point D.
- T -r T AT T 3 3
5, = f-{jAB (-[;;BC . c EjCD _ l+ +l i 5, = SPI N
éP EP AP\ 3 3 ) EI 3EI
(b)  Slope at point D.
- f.i[xt{B f.ib};,(ﬁ N f.iUﬂ_J B "'l+1+ 1) Pf“ - 2P ‘) <
M, M, M, \2 | Er EI

Problem 8-7 For the beam and loading shown and using
Castigliano’s theorem, determine (a) the horizontal deflection of

point B, (b) the vertical deflection of point B.

3 3
PR S ) PR
2FEI 4E1

Answer: (a)
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SOLUTION
Add horizontal force Q at point B.
Use polar coordinate @. "
2 M
U=[—Rd
0 2F7

Bending moment.

+)EM,; =0: M —Pa-0b=0

M =Pa+ Qb
= PR sm ¢+ OR (1 —cos @)
7\
LU—R%IHI;D : f:R(l—cos@)
P 7

U 1 =2 M
@ S,=Z=— [ "ME
> 20 EIJlo cQ

1 par .
Rdn;ﬁ?:—J PRsm@R(l—cos @)Rd@
ElJo

Answer: FBC :m

PR’ T R PR’ RSSO i
=— S111 (2 — S111 ¢ COS =——(—cos@——sm
ET o it Ef 2 o 0
PR ( T 1 T 1 3 PR’
—— | —cos =+ cos 0 — —sin® = + —sin? ﬂ|_£ [}+1—l+[]‘ T — 4
ET | 2 2 2 2 ¢ EE Y ) 2ET
cU 1 p= M 1 pF=2
b) = =— ﬂf Rdp= —J PRsin@ Rsing Rd
A N op T E o : e
PR o PR® p 721
= | sinfede=" (l—cos 20)d
7 do gag= I3 I > plag
PR(1 1 < PR(1 7 1 1 .
—jahmal —gp——sln._g?‘ = | ————-0——sinT+—-sin0
BT 2 P W 2 y:
PRJ f 3
[——0 ﬂ+r:r L
Eri 4 AET
Problem 8-8 Three members of the same material and same cross- % 5 3
sectional area are used to support the loading P. Determine the force in W - \‘*i“‘ qi | " ,ji,/" .
member BC. l \k\) *\7 :
P \ \l/
7
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SOLUTION
FaoX 1% F
s : ee ge
Detach member BC at support C. Add reaction R as a load.
gosFL e SU _ FL OF _
2EA CR, EA R, P
Joint C: Fon==Rp
JointB: +—XF =0: Fpsing—Fp,sing=0 Fp=Fp,
P—R
+TZFF:O: Fppcos@+ Fppcos@+ Ry — P Fpp =Fpp = ‘»’cosgrBJ
Member F EF/ORy i (FL/EA) (FF/ERy)
BD (P—Rg)/2cos@ —1/2cos @ l/cos@ (Rg — P)I/AEA cos’@
BE (P—R3)/2cos@ —1/2cos @ [/ cos @ (Rg — P)I/AEA cos’ @
B C RB ]. I" RB‘? ."I-EJ‘J.
vg =—Pl/2EAcos’ ¢+ Ryl/2EAcos® @+ Rgl/EA=0
P
& F,.=— 4
I TR, oG 2 cos’
B 1+2cos3¢9 BC B l+2cos’@
Problem 8-9 Three members of the same material and same
cross-sectional area are used to support the loading P. Determine
the force in member BC.
A
Answer: F,. =0.652P o
L(— l -
P
SOLUTION R ¢ .
2]
Cut member BC at end B and replace member force F;. by B v
load F; acting on member BC at B.
U & _FL 1 éF
Op =——=——L1L = LF—L=0 4——1;;
('-FB C-FB E;‘J. E.:d (.-FB g F-
Py F& co
e 2 2
Joint C: +Tx— A _3 _ p_ - = p__=
Jomt & IF, =0: 5 Fop+Fpe —P=0 F¢ SP J‘;FB Fac
P 1 1 1

2 NORs
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Member F G L F(JF/F,)L
AC F, 1 ! Eyl
1 1 1 1 1
BC — s A / ——Pi+—=F,l
30 BBF 3 37 03°°
2 g = F - > / i Pi i ol
03 —P-— —— — —-—Pl+—
NERN R V3 3 NN

(1. 8Y_,.(4, 8)
)3 —|—+—=|PI+| —+—= | F,l
- ‘-.\ 34 ..-| E NED
; 1,8
. (1 8P (4 3hg 8++/3
. _+_‘_ - ] FB:i *fp: ‘/_on.éizp
Fpe =F3  Fp.=0.652P 4
Problem 8-10 A block of weight 7 is dropped from a height
h onto the horizontal beam 4B and hits point D. Denoting by Wi
vm the exact value of the maximum deflection at D and by f
/
y ! the value obtained by neglecting the effect of this D J
-  pten g i
deflection on the change in potential energy of the block, S I/ 73
show that the absolute value of the relative error is DT o
(2 =v.)/y.,never exceedingy!, /2h.
SOLUTION Ph
D-' = lj‘I-_‘:H'--rm' :lf’(‘]; L
. 2 - |

where £ 1s the spring constant for a load at point D. 77%,7 Q
/s

Work of falling weight:  exact: Work =W (h+ v, ) approximate: Work ~#h

S pres bl e ‘
Equating work and energy. ?fg-m =Wih+y,) (1) exact

i

- :
= kv, =Wh (2) approximate

where y;, is the approximate value for v,

W

’I"?{-TE il s ): Hﬁ-m -Trzn _-T:nl — (-Trrr _-Tr’rr }(-Trrf +-T:n) ==

Subtracting. v,
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10

. v, — 2w W v
Relative error: —2—™ = . But — =" fromEq. (2).
v, (v, +v k h
Relative error =2m _Mm _ - m < Im
v, vy, +v.) 2h
Problem 9-1 A 2-m-long pin-ended column of square cross section is to be made of
wood. iaxummcr E = 13 GPa, oy = 12 MPa, and using a factor of safety
of 2.5 in computing Euler’s critical load for buckling, determine the size
of the cross section if the column is to safely support (a) a 100-kN load,
(b) a 200-kN load.
(a) For the 100-kN Load. Using the given factor of safety, we
make

in Eulers formula and solve for I. We have

m°E 77(13 x 10° Pa)
Recalling that, for a square of side a, we have I = a*/12, we write
ﬁ-£ = = 5 —6 4 -
1_"’ = 7794 xX 10 "m a = 98.3 mm = 100 mm

We check the value of the normal stress in the column:

Since o is smaller than the allowable stress, a 100 > 100-mm cross section
is acceptable.

making now P, = 2.5(200) = 500 kN, we have

The value of the normal stress is

P, = 2.5(100 kN) = 250 kN L=2m E = 13 GPa

P12 250 % 10° N)(2 m)®
= == ( (2 m) = 7.794 X 10~ % m?*

F 100 kN
og=—=—""">73= 10MPa
A (0.100 m)”

(b) For the 200-kN Load. Solving again for I, but

I=155588%10 °m*

4
[/

l_‘? = 15588 % 10°° g = 116.95 mm

P 200 kN
o=—= — = 14.62 MPa
A (0.11695 m)?
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Since this value is larger than the allowable stress, the dimension obtained
is not acceptable, and we must select the cross section on the basis of its
resistance to compression. We write

P 200 kN -
A= = = 16.67 * 10 " m"~
Cr._ﬂ'_ 1.2 -\[ P'r.l
a> = 16.67 % 10 m? a = 129.1 mm

A 130 * 130-mm cross section is um_-f:ptahk-.

Problem 9-2 Two rigid bars AC and BC are connected as shown to a P

spring of constant k. Knowing that the spring can act in either tension or :
(@)

compression, determine the critical load Pc; for the system. k

2KL

Answer: P_=
9

wl[\)
i

Problem 9-3 An axial load P is applied at a point located on Y
the x axis at a distance e =12 mm from the geometric axis of =
the rolled-steel column BC. Assuming that L =3.5m and P
using E =200 GPa, determine (a) the load P for which the 8 >
horizontal deflection at end C is 15 mm, (b) the corresponding P ~ >§

maximum stress in the column. (Help: 4 =7590x10°m” , ) g

W310 X 60
I, =125x10°m* , I.=18.4x10"° m").

Answer: (a) 36828 kN , (b)103.8 MPa
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1= 2.8m le= 2L = 7.0 wm
_ mEEI | mYRooxct X18.3x107¢) " i
P:r_‘ le® = (7_9]1. = 737.2x%jc"N = 7370.2 kN

yo e[ sec(BEN-1] sec(HE) = B () v
E.[2 arccas =2 Ve [3 arceos 22| = 049957

(@) P = 0.49957 B, = 368.28 kN

Mees = P @4y ) 7 (38.28x0*)X12+15)(107) = 9999 Nom

Mc . P, M . 3¢828x(0% a9  _ |43 3,00% R
(b) G....,,,?—E‘+‘-' = At T 7590 x \o¢ + (86x]0* " A
A 1 . % = |0%.8 MPe




